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Trends

* Future dominated by detector improvements

1000« Moore’s Law growth in
CCD capabilities

100 » Gigapixel arrays on the
horizon
10  New Detector Technologies (e.g., STJ)

sImprovements in computing
and storage will track growth
in data volume

* Investment in software is

2000 critical, and growing

1995
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1970 ‘ECCDs mGlass |

Total area of 3m+ telescopes in the world in m?, total number of CCD
pixels in Megapixels, as a function of time. Growth over 25 years is a
factor of 30 in glass, 3000 in pixels.



Astronomical Data

* Image
— Standard file format: FITS

« Standardized ¢.1980
« Keyword-value dictionary + binary block

« Catalog

— Derived from image
« Connected set of bright pixels

— “Table of stars”
— Standard format:; VOTable

o Standardized 2002 new instruments

« XML with remote binary new astronomy
new requirements

o Spectrum, Time series, ... > more DIVERSITY




First NVO Discovery

Database crossmatch
of two massive
databases creates new
science

“The sumis
greater than
the parts”




SDSS
database

Crossmatch Services

Crossmatch
service

scientific
knowledge!



Networks of Services

Catalog
Service Query Check Query _
Service Estimator Arc:h_lve
Service
User’s code Crossmatch
Service
Archive
Service
Storage
Service

What is the meaning of the service?

Who is responsible?

How can | use the service from Perl/Java/C++/IDL/IRAF?
Is there a simple web client for the service?

What is the request and response syntax?

What authentication do | need?



% Discover Compute Publish CoIIaborate% 2

Portals, User Interfaces, Tools
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Existing Data Centers

My Space storage services Grid Middleware
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Databases, Persistency, Replication SOAP, GridFTP

Disks, Tapes, CPUs, Fiber




VOTable

* Full metadata representation

« Hierarchy of RESOURCEsSs
« containing PARAMs and TABLEs

« UCD (unified content descriptor)

— a has unit meter
— ahas UCD ORBIT_SIZE_SMAJ (Semi-maijor axis of the orbit )

e Can reference remote and/or binary streams

« Table can be
— Pure XML
— "Simple Binary"
— FITS Binary Table



Dafe@
Cone/SIAP/SSAP @@%

Simple, pragmatic solutions
 quickly Specified, Created, Registered, Utilized!

e Cone

* request is cone, response is VOTable with RA, Dec
* many of these since 2/02

« SIAP

* request is cone, response is VOTable of image
links

« SSAP

» under development
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Simple Image Protocol %,
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» Specify box by position and size

-~ « SIAP server returns relevant images

4

* Footprint
* Logical Name
* URL

Can choose:

standard URL:

o http://.......

SRB URL
srb://nvo.npaci.edu/.....
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« UCD is a “semantic type”

PHOT.INT-MAG.B Integrated total blue magnitude
ORBIT.ECCENTRICITY Orbital eccentricity
STAT.MEDIAN Statistics Median Value
INST.QE Detector's Quantum Efficiency

« Can be resolved by web service
— to description, examples, etc

« Base + Specifiers

» eg error in default right ascension
« POS.EQ.RA, MAIN, ERROR



Dafe@
OpenSkyNode @%%

 Exposes a relational DB
— select® from tables
— select * from columns of table
— select a,b,c where d>3 and e<4

— select ra, dec where REGION(ra, dec, .....)
— select from Xmatch (SDSS, 2MASS) .....
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Registry Services @@%
* Publish
« Caltech, NCSA registries
* Query

* ADQL (borrow from OpenSkyNode)
« XQuery/XPath

« Harvest
« OAI from NCSA, Caltech, JHU, Vizier (France)

What entities are described by registry?

— Service
« VO standard or arbitrary

— Project, Data Collection
— (person, community, VD object, etc etc ...?)
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Data Inventory Service

» Federates multiple
cone, SIAP services
JHU/StSci

NCSA Registry |

Registry | OAI || Query

Publish || OAI }._
Caltech 3 odda £
Registry , ’
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Data Inventory Service
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fddress @J httpsf{heasarc.gsfc.nasa, govicgi-bingvo/rvoDsply, pl?position=+40%:2e441375%:2 Address @j http:/fheasarc.gsfr.nasa.gov//cgi-binfvofimageRender . plFing | a o
‘ﬂ Data Inventory Results: ==
NV“ Data Inventory Results NV” Render Image: nvss.fits
" Home
Mote: Inventory request completed
Relevant pmrx Dec  Size NVSS
02414593 +00 27405025
Images Image
an d [Un]Check Al
Images (FITS/GIF) £
Catalogs rado ®nvss
Observations (VOTable)
Xray — FIROSATIS) @ XM 4) ¢ >)
hisc. HSTI2) Address | @] http:fhe.
Ohjects (VOTable) R T
SUNG'};"S NED{S1 USMO{TTS Conkains commands For working with the selected items,
Galaxies MGSC2.2(4 MAMCG(T unique_id seq id Imstrument exposure ra dec name
MPGCH MPsCzld 5863 RH701352401 HRI 72050 0242 40.80 -00 00 36.0 NGC1068
AGNs [ Veroni1 5866  RH700347N00 HRI 22623 0242 40.80 -00 00 36.0 NGC 1068
Stars MUSNO-AZ(178) MUSMNO-SAZ(17E]| 5564 RHE1500200700 HRI 20093 02 42 40.80 -00 00 36.0 NGC1068
FSAD(Z [7] Sley2000(2 5865  RP150021402 PSPCB 5471 02424080 -0000 36 0 NG S A T
Misc. [MMNCSAADIZ) MHPEZ) 10012519 RP150021401 PSPCB 3097 0242 40.80 -00 00 26.0 GC1068
ACZ2000.2(6) 5862 RHE701352H00 HRI 2241 0242 40.80 -00 00 36.0 NG&@@t alo g
8 5867 RP700093H00 PSPCE 1211 0242 40.80 -00 00 36.0 NGC1068
_ 5850 RHE150020001 HRI 52 02 42 23.50 -00 05 26.5 NGC1068




Re-gl.g@

VOResource /L%

A mandatory form plus other supporting forms

Schedule R = - [ DME No 1545
(Form 1040) uth@ﬂrz:a%@ﬁd a.,,fl.u ;
Deparimant of tha Treasury . Attachment
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Mames) shown on Form 1040 | “vour sccial security num
. []
. 5754 SPLrDesariptiffs cambing Winnings
orm
{Rew. July 2000) P Recipients of gambling winnings should see the instructions on the back of this form. Cindl
O Y T S B Pavors af namblinn winninns shnnld csoo tho conarato Instryctions for Forms W-2G Retur
SE
. Machine numkbsr
SCHEDULE ) s e F g |
Form 1040 [VIC
{ ) e e Altach 1 I
Capartrment of the Tressury
E Department of the Treasury—Internal Revenue Service 02 Social security Address
E = = |
£ 1040 u's individual income Tax Return 20 o)
For the year Jan. 1-Dec. 31, 2002, or other tax year beginning P:ncing A
- — - nt on line 1 2
Lab Your first name and initial Last pg 3
L] Amount received Fet
(See les, Capital
INstructig L.
an pag
Use i
label.
Otherw
please E—
or type. . 5EE page
President’s

Election Campaign ’ Mote. Checking "Yes" will not change your tax or reduce your refund.
(See page 21.) Do you, or your spouse if filing a joint return, want $3 to go to this fund
[ [
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Service Paradigm %@%

. VOResource
Registry +vostdsenice
+ WSDL
1. publish 2 find
fill in forms :

hit I
standard service types by white, yellow, green pages

Provider Client

3. bind:

request & response
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VO ldentifiers “‘3@%

ivo://mydomain.com / mySkySurvey #  file00037 fits

Authority 1D Resource ID Record ID
* Registered with IVOA » Created by Authority * Not known to registry
» Must correspond to a registry * Resolved by registry
delimiter delimiter
 URI form

 Resolved by registries



Open Archives Initiative
(OAI)

* For harvesting registries
 allows distributed control/fault-tolerance

 Queries

« Changes since last week

 Give metadata in different views
— Dublin Core, VOResource, VOVD?

 Examples
 Heasarc, Vizier, NCSA

Publish
Query

OAl

Publish
Query

OAl

Regs

Publish

%

Query
OAl



Services

 Why services

o distributed & relocatable

« workflow components

 described by request/response protocols
« self-describing (WSDL etc)
 architecture independent

e Questions

« What's wrong with remote objects?
Security framework

On-ramp for the normal human?
Toolkits for services

Bulk data and SOAP



The Sky Is a Database:
Catalog Space

Hcﬁar DATABASE='§QL: FROM tmassr.pts_samp_cat (2MASS Sampler Point Source Cata

Y char EQUINOX ="|2000"

Ychar SKYAREA ="No constraint'

vchar WHERE ='SQL: WHERE k_m BETWEEN 12.0 AND 12.1'

Ychar SELECT =%0L: SELECT (5elected column names follow in next row.)"

| ra| dec| j_m|j_msig| h_m|h_msig| k_m|k_msig|rd_flg|cc_flg|lextd_fl
346.995577 27962376 12.282 0.031 11.990 0.035 12.000 0.034 222 000
40202781 28.413649 12.679 0.030 12.152 0.033 12.000 0.030222 000
40.956840 29.456654 12.645 0.029 12.165 0.032 12.000 0.031 222 000
106165728 20975992 12,250 A020 17 ALL 04021 172 00 0 020 00 Qi

106.556947 20.133484 12. ra right ascension (12000 decimal degl
134.320346 14.391330 12..
135.038423 17.798285 12
344606603 29.220026 12.
344.850216 25.119240 12.
346.759144 28.661133 12..
43.087673 29.482285 12.:
43.960498 28.390268 12.:

106.135655 19.268063 12
1R 224147 17 Gd1AR2? 12

dec declination (12000 decimal deg)

arr_maij major axis of position error ellipse

err_min minor axis of position error ellipse

arr_ang position angle af error ellipse major axis (E of NI

selected "default" magnitude or 35% confidence upper Timit
"default" mag uncertainty

selected "default" magnitude or 35% confidence upper Timit

]

]

H

H "default" mag uncertainty

K selected "default" magnitude or 35% confidence upper Timit
K

k_msig "default" mag uncertainty

rd_fl1g source of JHE "default" mags (AKA "read flag")

b1 _f1g indicates # JHK components fit to source (each digit=0[1]2)

cc_flg indicates artifact contamination andSor confusion

extd_flg indicates src associated with or contaminated by an ext. src

TRJAOAXAIAIAXRAIIITTT0XF

R | ' P



Catalog Space:
The Final Frontier

p2

Figure 1. A schematic illustration of the problem of clustering analysis in some parameter
space. The outliers, which do not fit well into any of the existing clusters, may be the
new, previously unknown, and interesting objects.




Statistical Services

Convert pointset to density plus outliers

I I I | | 1 | I 1 | 1 I | . | L2 I

| 50000 stars in color-color space _




Image Federation
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Crab Nebula.

Moffet Field California.

224 channels from 400 nm to 2500 nm 3 channels: X-ray in blue, optical in
green, and radio in red.



Multi-Wavelength Image °°""’%%

Morphology %
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It"s A\ New Winecow!

Image Federation

(50/7,'0%zs

Images of the same galaxy taken

subtracted from one another, and
remaining bright spots may be

several days apart are automatically

supernova candidates. (NEAT project)
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Stacking allows detection of faint

sources. A 1-sigma detection in M

each of many bands becomes a 3-

sigma detection.

/\/\/\_/\/\/\/\/

detection

band)

Image subtraction allows detection
of narrow-line features that are not
also wide-band (eg Ha but not R-
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Atlasmaker y
B
Federated Images:
] wavelength, time, ...
VO Registry \
TERAGRID
SYIETE
I-imontage
Hyperatl S source detection —

average/max S RB

subtraction

STORAGE
RESOURCE
BROKER



Atlasmaker DAG %,

Dependency from T | /
Scale /]

Dependency from
Compression




Atlasmaker DAG

Dependency from
Federation

Dependency from

i% Data Mining
L W A
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Atlasmaker 8,
Virtual Data System "%é'
e Rt 55
MR Metadata repositories
Mosaicked — —— Federated by OAI

datais on
file

i i i Data repositories

S —— Federated by SRB

2a. Mosaicked
data is not on file

2d: Store
result &
return result

* 2c: Compute
on TG/IPG

Compute resources
Federated by TG/IPG

2b. Get raw
data from
NVO
resources




Grist

» Grid Data Mining for Astronomy

* Williams, Djorgovski, Graham, Jacob, Katz,

Architecture
» Persistent Grid Services
* VO Registry
* Virtual Data
 Distributed file system

Mahabal, Miller et al

e

]

Desktop

Grid

Triana, Viper, ...?

Teragrid, UK Grid, ...?



GRIST Objectives

— Workflow
» Portal, Batch, Grazing
» Virtual Data
— VO Data services
» OpenSkyNode for crossmatch
» Palomar-Quest exposure
» SIAP exposure
— Mining Palomar-Quest
» Hi-z Quasar candidates
» Cluster/outlier/correlation
— Image Processing
» Hyperatlas library
» Faint source detection
» Education
— Grid computing and massive data
» Teragrid
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