Australian Virtual Observatory

" overview

" publishing catalogues
" ntegration

" visualisation

" theory portals

Centre de Donneées astronomiques de Strasbourg
19th January 2004, Strasbourg

David Barnes
The University of Melbourne




AuUs-VO Structure

 Rachel Webster (Melb) - Lead Investigator

e David Barnes (Melb) - Project Scientist
— (sometimes Project Manager!)

 Funded year-by-year by the Australian
Research Council Linkage Infrastructure -
Equipment and Facilities grant program

 |nstitutes are broadly:

— University astronomy research groups
— National telescope facilities (AAO & ATNF)
— University and partnership computing groups




Aus-VO Partner Institutes

« The University of Melbourne

2003 LIEF . The University of Sydney

AUD 260K ¢ CSIRO Australia Telescope National Facility
 Anglo-Australian Observatory

e« Swinburne University of Technology
« The University of Queensland 2004 LIEF
. Monash Umyersﬂy AUD 306K
 The University of New South Wales
* Victorian Partnership for Advanced
Computing
« ANU Mount Stromlo Observatory &
Supercomputing Facility

e CSIRO Mathematical and Information
unfunded Sciences

partners « Australian Partnership for Advanced

Computing ‘m




Our take on virtual observatories

e bring legacy astronomy archives on-line and ensure
future project compliance

e provide access to archived realisations of
simulations and to resources for computing against
new parameter sets

e describe all data fully, and support a small and
well-chosen set of interoperability protocols

e develop (ools and interfaces to find, acquire,
process and visualise data

* build national and international grids to host the
data, tools and interfaces




Aus-VO projects 2003-04

« Common format on-line archive projects:

— HIPASS catalog: HI Parkes All Sky Survey: neutral
Hydrogen spectral line survey, 4,300 sources with ~30
parameters and 1024-channel radio spectra

— SUMSS catalog: Sydney University Molonglo Sky Survey:
radio continuum survey at 843 MHz, 107,000 sources with
~15 parameters

— 2dFGRS QSO catalog: 2-degree Field Galaxy Redshift
Survey: optical spectra of >20,000 southern quasi-stellar
objects

— ATCA archive: Australia Telescope Compact Array
archive: all observations since 1988, circa 1.5 TB of more

than 1,000 separate observing projects! Substantial
exercise in describing data with metadata.

— MACHO, RAVE, Pulsar timing archives, Gemini archive

and more in 2004! l! ’
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Aus-VO projects 2003-04

e Server- and client-based visualisation tools:

— client canvas for legacy software package
AIPS++ to draw upon from a remote server.

— 3d visualisation of catalogues
e Data reduction pipelines for:
— Molonglo Observatory Synthesis Telescope
— AT Compact Array archive
— Geminli, for Australian-used instruments
e Portals for theoretical astrophysics jobs:
— configuration and execution
— monitoring
— result retrieval and initial analysis and display
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Niche role: V|suaI|sat|on

e A
for AIPS++ display %
apps to be deployed -
as #
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Using
CORBA & JAVA.

 AIPS++ Is modern,
OpenSource software J
for reducing (radio)
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lines of code.

- Chandra, Marquarding, et al.




Collaborative role: grid-based
volume rendering

 With AstroGrid we developed our existing distributed-data
volume rendering code into a fully-fledged
demonstrated at the IAU 2003 GA.

High velocity gas (~200 km/s) NGC 3109 (403 km/s)

- this Is
volume rendering and
may offer new
Insights to complex
data collections,
Images and catalogs.

Galactic gas (~0 km/s) m

- Beeson et al., 2003

Rixon et al., 2004




General future challenges &
opportunities

. replica catalogs done properly,
pandwidth (esp. regional), certificate
authority, virtual data grids?, ...

e Services for ‘1S a
sandbox needed?, compiler and library
versions, IS a cluster needed?

e Grid management - Globus,
Tomcat, ... versions, legacy software,
account names, geographical location,
firewalls, ... - use MDS?

0N




UHNIY. QUEENSLAND

— GrangeNet & nodes
— AARNet nodes

data mining

AAD (SYDMNEY)
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“j Australian Virtual Observatory
The Australian Virtual Observatory

Aus-¥0O home The Australian Virtual Observatory (Aus-YO) will be a facility that provides a distributed, uniform
I;Iutjx;_atjun interface to the data archives of Australia's major astronomical chservatories.

LFCTIan
Reading Aus-Y O will be a key component of the International Virtual Observatory, a worldwide facility which
Partners ill link the archives of the world's major astronomical ohservatories into one distributed database.
Projects W I
EEE';D""EI Astronomers will explore Aus-v O and the |V using advanced data mining and visualisation tools.
Meetings These tools will exploit a unified data interface to enable cross-correlation and combined processing
Paper trail of data from otherwise disparate sources.
Links
Aus-Y0 Wikl

Preliminary wark on Aus-v'0 has bheen funded for the 2003 calendar year by an Australian Research
Council Linkage Infrastructure (Equipment and Facilities) grant. The funded institutions are the
Universities of belbourne and Sydney, the C5IRO Australia Telescope Mational Facility and the
Anglo-Australian Observatory,

This is the primary reference site for Aus-%O. The motivation and function of Aus-%C are described,
and some detail is given on specific contributing projects to Aus-Y O,

Subrscribe now o the Ausirafian Virfual Observatory e-mai fist. Leave the subject Blank, and
inciude the single word subscribe in the body of the e-mail. You can browse the archives of
this fist pere.

Subseribe now fa the VOA forums al wwwivoa net.
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Publishing catalogues:
HIPASS and SUMSS

David Barnes, Brett Beeson,
Travis Stenborg and Michael Lancaster

The University of Melbourne




a learning experience

VOTable standard
+

ConeSearch standard

VO compliant catalogue service

= two catalogues: HIPASS and SUMSS
» two approaches: Commercial and in-house

» high-level integration with VOTable “consumers” I' l




The HI Parkes All Sky Survey

 Parkes 64m radio
telescope in NSW.

e Hyperfine transition of
atomic Hydrogen,
Ao=21cm.

o 280 days over 4 years;
40 observers; 1000GB
raw data.

400 image “cubes”
searched by computer
for significant signals.

e 30000+ potential
detections examined by
three HI observers
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|« 4300
galaxies
Mostly spiral
disk galaxies
HI mass

Redshift

Kinematic
data

Large scale
structure

Galaxy HI
mass
function

The Catalogue

Pre-computed MPEG movie

QuickTime™ and a
YUV420 codec decompressor
re needed to see this picture.

“Interactive model” mm===>» HIPASS VRML model A




commercial;
IBM Lotus (Domino) Notes

e Domino R6 backend database
— database access
— web server for remote browsing

» Lotus clients
— Designer: client to create interface/s
— Notes: client for local browsing

 HIPASS catalogue (HICAT)

— 4300 sources, 172 parameters
— 32 assigned UCDs and queryable

nes



domino: applet view

http: /flocalhost/HICAT nsf/Y0TableHICAT _Web?0penForm - Microsoft Intemnet Explorer

File Edit “iew Favartes Tool:  Help |
d=Back - = - b | Q) Search [ Favortes ZMedia ¢4 | S-S H - e
Address I@ http: /flocalhostHICAT nsf AYOT ableHICAT _wWeb?OpenForm j 6}50 | Lirks ¥
=
PASS
ID . Detection numhber HIPASS name RA - | Dec
HICAT view 1 11 HIPASSI015613-891849 02426  01:586:13.1 -pg=
2 7 HIPASS.230801-890638_02503  23:08:01.3 -Bo:
UCD view 3 2 HIPASS5J085425-860359 04900  08:54:24.7 -ga:
4 13 HIPASSJ143016-874845 02234  14:30:16.5 -BT:
Generate VOTable 5 12 HIPASS153308-872611_02269 1533076 -BT:
5 10 HIPASSJ171201-872335 02297  17:12:01.1 -BT:
Search 7 5 HIPASSJ0S0248-870208_01750 0502478 -BT:
8 3 HIPASSI060430-863550_01847  06:04:29 5 -BE:
Conesearch 10 14 HIPASSJ111435-862015 02169  11:14:35.2 -BE:
12 4 HIPASSJ051446-861529 01831 0514455 -BE:
4 13 272 HIPASS)204103-860602_05028  20:41:03.1 -B6:
Options i
14 = HIPASSJ192960-860052_ 02426  19:2%:59.7 -BE:
15 1 HIPASSI095840-854554 01954  09:58:39.7 -B5:
18 396 HIPASSI010010-853215_04585  01:00:09.9 -B4:
20 295 HIPASSJ182114-852148_ 02535  18:21:13 6 -85:
21 304 HIPASSJ173809-851808_02418  17.38:08.7 -85
=

@ [ione l_l_l_ (28 Local intranet




domino: view settings

ttp: fflocalhost/HICAT ntf/Options ?0penForm - Microzoft Intemet Explorer

File Edit “iew Favartes Tool:  Help |
qmBack » = - @ it | @Search [3] Favarites @Media 8 | %v == R E
Address I@ http: A localhost HICAT nbt/ O plions P0penF arm j @ Go | Lirks ¥
PASS
v D generic source identifier
Submit o
I Detection number alternate source identifier
Toggle the checkbosxes I HIPASS name HIPASS catalogue source name
to modify which -_—
HIPAZE parameters are v RA fight ascension
displayed.
I Dec declination
Il RAbox night ascension of mihial fitted gaussian
I Dec box declination of mitial fitted gaussian
v Raell right ascension of final fitted gaussian
v Dec ell declination of final fitted ganssian
v X pix orig finder scnipt based detection position (image x-ams)
v Y pix orig finder script based detection postion (image v-ams)
v X pix final final best detection position (mage x-ams) =

|&] Dane l_l_l_ E Local intranet




domino: VOTable output

ntitled] - Page - Lotus Domino Designer

File=  Edit “iew Create Tools Design  Text Help

J{:}H%“Jf@l JA%} Drefault Sans Serif Y|1U "lB fﬁ%'EIéﬂﬁ b '*4%%@5[’211
| @ &|
‘ £ (Urtitled) - Page ¢
E’? S SHROTYEE ATRY PSS W F 0 N OTRATRE F T Transidonsl LR T -
WA <htrml>
<head>»
fheady

<hoddy text="#000000">

<?xmlwersion="1.0" encoding="UTF-§"7>

O LHNOTVEE VOTASIE SYETEAS T sl g ws - e org S O VETESE D o T
<CYOTABLE wersion="1.10">

<RESOURCE>

«TABLE name="HIFPASS entries">

<DEZCRIFTION>HIFAZS enties</DESCRIFTION>

<FIELD name="I0" ucd="|0_MNUMEER" datatype="int" width="6"{>

<FIELD name="Detection number" ucd="I0_ALTERMNATIVE" datatype="int" width="6"/>

<FIELD name="HIFAZZ name" ucd="I0_CATALOG" datatype="char" arraysize="26"/>

<FIELD name="FA" ucd="FOS_EQ_RA_PAIN" unit="deq" datatype="char" arraysize="10"/>

<FIELD name="Dec" ucd="FOS_EC_DEC_MMAIN" unit="deq" datatype="char" arraysize="10"/>

<FIELD name="FA box" ycd="FPOS_ECQ_RFA_BOX" unit="deg" datatype="char" arraysize="12"f>

<FIELD name="Dec box" ucd="FOS_EC_DEC BOX" unit="deqg" datatype="char" arraysize="12"/>

<FIELD name="FEA el ucd="POS_ECQ_FA_ELL" unit="deq" datatype="char" arraysize="12"/>

<FIELD name="Dec ell" ucd="FPOS_EC_DEC _ELL"wunit="deg" datatype="char" arraysize="13"/>

<FIELD name=" pix orig" ucd="DATA_=Fl-_ORIG" datatype="int" arraysize="3"{>

<FIELD name="y" pix arig" ucd="DATA_vFlx_DRIG" datatype="int" arraysize="3"/»

<FIELD name="# pixfinal" ucd="DATA_=FPl<_FINAL" datatype="float" precision="F2"/>

<FIELD name="+ pixfinal" ucd="DATA_YFlI=_FINAL" datatype="float" precision="F2"{>

<FIELD narme="ve[" ucd="vELOC" datatype="float" precision="F3"/>

<FIELD name="vel lo" ucd="vELDC_MIMN" datatype="{loat" precision="F3"/>

<FIELD name="vel hi" ucd="vELOC_k~x" datatype="loat" precision="F3"f>

<FIELD name="vel mask" ucd="VELOC_MINMAX" datatype="char" arraysize="78"/>

«FIELD name="vel 50 max" ucd=""ELOC_RMEAN_FLL_S0rAX" datatype="int" arraysize="10"/>

<FIELD name="vel 20 max" ucd="vELOC_MEAN_FLLUX_20rMAX" datatype="int" arraysize="10"/>

<FIELD narme="vel 50 rmin" ucd="YELOC_MEARN_FLL_S0RIN" datatype="int" arraysize="10"/

«FIELD name="vel 20 min" ucd=""ELOC_MMEAN_FLL_20MIN" datatype="int" arraysize="10"f>

<FIELD name="vel mom" ucd="vELOC_MOMENT" datatype="int" arraysize="10"/>

<FIELD name="vel sp" ucd="vELOC_FROFILE_FEAK" datatype="int" arraysize="10"f>

<FIELD name="vel pk1" ucd="vELOC_PEAK_LOW kA" datatype="int" arraysize="10"/>

<FIELD name="vel pk" ucd="vELOC_PEAK_HIGH_MMA=" datatype="int" arraysize="10"/>

<FIELD name="#/idth 20 min" ucd="vELOC_DIFF_FLLE_20rIMN" datatype="int" arraysize="49"{>

Ty T n RTINS TR - T TR 1 R B e E

- | | |gland a| ] =




In-house:
MySQL + Java + Tomcat

e database stored in MySQL, an open source
DB

 Java API used to access DB
e Java code to format HTML, VOTable, CSV,

e conforms to ConeSearch protocol
 Tomcat server to deploy the service
 HICAT (~4300 sources, 33 columns)
« SUMSS (~100K sources, 18 columns)

0N




skycat: query form

Skycat Vit

Current Ty,
database ﬂ

Submit [ Submit Query |

Format of results r HTML H

See the "Help’ section for more information about Java Web Start

Help Results
Displaying 100 of a total of 121 records

Define Cone  ||POS_EQ_DEC_MAIN|[POS_EQ_RA_MAIN|| HIPASS_NAME |[POS_EQ_RA_MAIN_STR|[POS_EQ_DEC_MAIN_ST
-32.920 |[38.413 |[HIPASSI0237-32 [[02:37:38.0 [-32:55:12

RA (0330000 |-27.403 |[3.747 |[HIPASSI0238-27 [[02:38:59.2 |[-27:24:12

— ||-2ze88 |[40.888 |[HIPASSI0243-28 |[02:43:28.3 ||-29:41:08

Dec [ -3000.00.0 |0 508 |[40.934 [HIPASS10243-28 |[02:43:44 1 [-28:00:31

Radius | 12 [-30.273 |[41.574 |[HIPASSI0246-30 [[02:46:17.7 |[-30:16:22
-23.338 |[41.044 |[HIPASSI0247-23 [[02:47:46.5 [-23:20:17
|-38.582 ||42 208 |[HIPASSJ0248-38 ||02:48:50.2 |[-38:35:30
-31.556 |[42.209 |[HIPASSI0248-31 [[02:48:50.2 |[-31:33:23
-30.983 |[42.430 |[HIPASSI0248-30 |[02:48:43.2 [-30:58:58
[-33.348 |[42.974 |[HIPASSI0251-33 [[02:51:53.7 |[-33:20:58
-32.884 |[43.183 |[HIPASSI0252-32 |[02:52:46.4 [-32:53:38
|-26.517 |[43.388 |[HIPASSJ0253-28 ||02:53:33.4 |[-26:31:00




skcat: votable output

end Netscape =]

4 . 2 .9 ‘%"h:h' .org:8080 hre: v | Smh]ﬁ'v
Back Forward Reload  Stop g& S/ HipESSIs VO org i e il &2 Searc Print @

' B, £LMail 4% Home BlNetscape ©4 Search ﬂﬂookmrks

This XML file does not appear to have any style information associated with it. The document tree is shown below. @

-<VOTABLE>

-<DESCRIPTION-

Created by SkyCat, Australian Virtual Observatory (http://www aus-vo.org)

</DESCRIPTION

-<RESOURCE-

-<TABLEname="Skycat Data">
<FIELDID="POS_EQ_DEC_MAIN" unit="degrees" datatype="double" name="POS_EQ_DEC_MAIN"
ucd="POS_EQ_DEC_MAIN"/>
<FIELDID="POS_EQ_RA_MAIN" unit="degrees" datatype="double" name="POS_EQ_RA_MAIN"
ued="POS_EQ_RA_MAIN"/>
<FIELDID="HIPASS_NAME" datatype"char' name="HIPASS_NAME" ued="MOSAIC_NAME"/>
<FIELDID="POS_EQ_RA_MAIN_STR" unit="hrs" datatype="char" name="POS_EQ_RA_MAIN_STR"
ucd="NOTE"/>
<FIELDID="POS_EQ DEC_MAIN_STR" unit="deg" datatype="char"
name="POS_EQ_DEC_MAIN_STR" ued="NOTE"/>
<FIELDID="VEL_50_MAX" unit="kms-1" datatype="double" name="VEL_50_MAX"
ucd="VELOC_MEAN"/>
<FIELDID="VEL_50_MIN" unit="kms-1" datatype="double" name="VEL_50_MIN"
ued="VELOC_MEAN"/>
<FIELDID="VEL_20_MAX" unit="kms-1" datatype="double" name="VEL_20_MAX"
ucd="VELOC_MEAN"/>
<FIELDID="VEL_20_MIN" unit="kms-1" datatype="double" name="VEL_20 MIN"
ucd="VELOC_MEAN"/>
<FIELDID="VEL_MON" unit="kms-1" datatype:"double" name="VEL_MON" ved="VELOC_MEAN"/>
<FIELDID="VEL_SP" unit="kms-1" datatype"double" name="VEL_SP" ued="VELOC_MEAN"/>
<FIELDID="VEL_GSR" unit="kms-1" datatype"double" name="VEL_GSR" ved="VELOC_MEAN"/>

<FIELD]D="VEL LG" unit: kms 1" datatypc:"doublc" nama:"VEL LG" ucdz"VELOC  MEAN"S »
,;g,mﬁ 7 &3 E&] Done == = &

0N



tying things together

 VOTable good, but who has an application which
uses it?

« TOPCAT is a Java application from Starlink for
viewing and plotting tabular data, including
VOTables.

 We have hooked TOPCAT into the output of skycat
using Java Web Start technology...

e User can configure their search then drop the result
directly into TOPCAT!

* High-level integration of VO services.

0N




(o ila s TOPCAT: Skycat Data
File Windows Subsets Help

Xialh|E s al | e

Data for all rows (121 rows x 22 columns)
POS_EQ_RA_MAIN POS_EQ_DEC_MAIN  VEL_S0_MAX | VELS0MIN | VEL 20 MAX
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visualising VOTables

VOTable is XML - easily transformed
VRML is markup language for 3d graphical content

Components for VOTable to VRML.:
— upload or provide URL to VOTable

— select columns to map to geometry

— VRML viewer eg. Cortona, VRMLview, ...

Paul Bourke’s 6dF explorer
VOTable to VRML web servlet & service

nes, Beeson



L S,

http:/ /astronomy.swin.edu.au/~

it | | & | [@htp://astronomy.swin.

pbourke/other/vrml/

edu.au/~pbourke/other

iTexiract

-D\_,

c

VRML viewer
exploring 6dF
data

Paul Bourke
(Swinburne)






legacy software: aips++ quantities

A6 iQuant
iQuant quantity conversion utility
units conform
guantity 4 km | | [4000 m in base units
Convert
convert to unit kn h 2.15845 kn.h in target units
[ prefix base S| extended "
unit description definition
d FEctareg LYV IWN 4y W
hp horsepower 745.7 m2.kg.s-3 r
in inch 0.0254 m
kn knot (Imp) 0.514773333333 m.s-1
lambda lambda E.. G
b pound (avoirdupois) 0.45359237 kg
ly light year 9.46073047e+15 m Iy




Astrophysics on the Grid

e MHD portal with Zeus3D
e Brett Beeson

e Collaborators
— David Barnes (VO)
— Andrew Melatos (MHD)
— Slavisa Garic (NimrodG)
— Astrogrid (MySpace)




Astrophysics and the VO

e Synthetic telescopes.

— “convolve” simulations to compare statistically
with observations.
e Access to pre-computed, high-demand
simulation realisations, eg. Virgo data.

e Access to well-described codes for
download.

e Access to well-described codes and HPC
resources to run them, storage services
to archive results, retrieval, display,
analysis, ...

0N




Zeus Overview

e The Good
— F77 (language of the Gods)
— Free for academic use
— Widely used, flexible

e The Bad

— F77 (language of the Gods)
— Complex to build (CPP,G77,libraries)
— Difficult to use, easy to break




Portal Overview

« Make Zeus3D available to researchers
— Use Grid to distribute computation
— Visualise results quickly

e EXxplore integration of existing components.
— Globus, MySpace, Tomcat, NimRod

 Demonstrator of theory on the VO, it is a
nrototype!

 Have decide to adopt GridSphere and work
with Experimental Particle Physics group

 In future expand to include multiple codes,

output formats, ... b




User’s
rowser

ySpace

System Overview

+t——>

(Ethernet)

/

Zeus Portal

Web Server

Tomcat
NimrodG
Globus

(GrangeNet)

-

Cluster

NimrodG
Globus A

Zeus




MHD Setup

Zeus Portal

Wealecome, Demo User

Simulation Type

= = T self grasity e Physical parameters
Simulation Parameters e A
Viscosity fream | [step =] - .
i — ] Soggfien * Initial conditions
Mag Field fram | [step =] nimrado
¥ bead
Initial Conditions o « Java for processing
exrperment

* Interactivity possible




Job Submission

Zeus Portal
e NimrodG and Globus

Web Server

Tomcat _ |
NimrodG « Dynamic loading

Globhus
» Robust
I e Secure
Cluster

NimrodG
Globhus

oS A



Job Monitoring

Zeus Portal

Weleame, Demo User
Results

1[2[3 [+ Title
BRBE zus Test 1
| | T
||| | R

PBR =z-us MHD Shock
BER z-u= MHD Collap
BN z-us MHD Test 2
BB z:u:mHD
1| | P
B BRz-us meD

Load

Slatus
L) 8

Fail

O

O

] 4
Running
REunning
REunning
Running

View Results

Experiments

W CoodFlan
nimrodo
bead

i
W

5 1]
u

Eezource manag

Laogaiik

Mid-process monitoring
Dead jobs restarted

Monitor across clusters



Zeus Portal

Web Server

Tomcat

NimrodG

Globhus

Post Processing
— Transparent

Storage
— MySpace — portal or Astrogrid tools

Data
— Statistics, HDF, VOTable

Visualise
— Slices
— Volume render



R Rendering
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* Proposal to VPAC (Victorian Partnership for Advanced

Computing) to develop our prototype into a more general service,
requesting AUD8OK in 2004

* include many astrophysics codes used in Australia
* include Experimental Particle Physics analysis
 describe theory codes with data models, UCDs, ...,
 boundary and initial conditions
e equations solved or evolved

e input parameters and output data

 add further analysis and display tools, eg. VOPIot, VoLume,
VOstats service, ...

« Theory WG in IVOA? A




What | want to do @ CDS...

« import HICAT and related catalogues into CDS/Vizier
* |earn about UCDs: past, present and future!
* include HIPASS spectra or links in CDS/Vizier

* incorporate HICAT & HIPASS images in CDS/Vizier and/or
work on SIA for HIPASS images

e review and demo our Aus-VO skycat service
* |earn how to include VOPIot in our Aus-VO skycat service

* review and demo our progress with VOTable to VRML
transformations - VoLume - and discuss inclusion in
CDS/Vizier

» discuss potential and requirements for a CDS mirror in
Australia

 |earn about the Aladin and ACE services and how we can
build them into Aus-VO sites / demos

til 11 February 2004...
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