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The Evolution of Scienc

Thousand years ago:
science was empirical
describing natural phenomena
Last few hundred years:

theoretical branch
using models, generalizations
Last few decades:
a computational branch
simulating complex phenomena
Today:
data exploration (eScience)
synthesizing theory, experiment and

computation with advanced data
management and statistics
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 Especially attractive for the wide public

* It has no commercial value
— No privacy concerns, freely share results with others
— Great for experimenting with algorithms
* It is real and well documented
— High-dimensional (with confidence intervals)
— Spatial, temporal
 Diverse and distributed
— Many different instruments from
many different places and
many different times

* The questions are interesting
* There is a lot of it (soon petabytes)




Background: :':::::::::i

The Sloan Digital Sky Survey (SDSS)

The “Cosmic Genome Project”
— 5 color images of _ of the sky
— Pictures of 300 million celestial objects
— Distances to the closest 1 million galaxies

JHU: build the public archive for the SDSS

Lots of debate who the archive is for

— “power users”

— “astronomers”

— “students and amateurs”

— “wide public”

Interesting challenge in digital publishing
— We have to publish first in order to analyze
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« SkyServer is an educational website

« Access to an underlying multiterabyte database
« More than 50 hours of educational exercises

« Background on astronomy

« Tutorials and documentation

- Searchable web pages B ama

* Interactive visual tools for
data exploration

* Prototype eScience lab

http://skyserver.sdss.org/
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Database

— Started with Objectivity/DB

— Switched to MS SQL Server (Szalay, Gray, Kunszt) as a
‘hobby”, using the MS Terraserver (Gray,Barclay) as a basis

Web Interface

— Started as an experiment, built in one week, to showcase at
an Intel meeting for higher education in SF (Jan 2001)

— Goal: integrate pixel space with catalog space (Terraserver)
— Initial test pages by a JHU undergraduate (Blair Lanier)

— Color images built by Szalay, using custom code and
Photoshop
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EDR: Early Data Release
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SDSS Early Data Release (June 6, 2001)

100 GB catalogs, few hundred square degrees
SkyServer aimed solely at public outreach

Built in 2 weeks by Szalay and Gray (20 hour days)
Web site design by Szalay

Content writing done by Stephen Landy

Hardware donated by Compaq

Highly interactive, using browser independent
DHTML (“browser hell”)
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Provide easy, visual access to exciting new data
— “hot off the press”

lllustrate that advanced content does not mean a
cumbersome interface

Understand new ways of publishing scientific data

Target audience
— Advanced high-school students
— amateur astronomers
— wide public
Multilingual capabilities built in from the start
— Heavy use of stylesheets, language branches
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Developed by Jordan Raddick over the first year
— Science writer with good physics background

— Collaborating with high school teachers (Rob Sparks
@Fermilab)

Various exercise levels

— Advanced, Basic, Quiz

Teacher and student registration
— Teacher guides developed

Rosa Gonzales (Mexico) used in a summer program
— Developed an exercise in Spanish, then translated to English



Tutorials and Guides

« Developed by Jordan and Postdocs
— How to use Excel

— How to use a database (guide to SQL)
— Expert advice on SQL

« Automated on-line documentation
— Ani Thakar, Roy Gal

— Database information, Glossary, Algorithms
— Searchable Help

— All stored in the DB, and generated on the fly
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The first main data release of SDSS (May 2003)
1.1TB of catalogs, linked to 6TB of low level data

SkyServer has undergone a major facelift
— New graphic design by Curtis Wong, Asta Roseway (MS)
— Modified stylesheets and embedded scripts only
— Web site translated in 2 days

New visual tools using Web Services
— Szalay, Gray, Maria Nieto-SantiSteban

API’'s published
Formal helpdesk in place

Created MySkyServer
— 0.65GB laptop version
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Live in March 15, 2004, with 2.2 TB of catalogs
Only incremental changes in interface

Web site under source control

Color images dramatically improved

New translations under way
— Japanese, French, German, Spanish, Hungarian

Tools overhauled
— now embraced by professional astonomers

Enormously increased traffic
Moving to 3-way web front end + 3 DB servers
Collaborative tools: MyDB with group access



oo
| ||
+—1—+—+

et e
5S W, I, SN W T . -

[ e

! | S N S T T T W . S - -
1
i § &

e rl cs | | [ | [ | I [ I 08 !
. h L T e S e S S S =

d t o r 4 1 L b 4 L i 1 i 4 - P I 4 I

« All traffic logged
— Web logs, SQL logs, Web service logs
— Will reach 40M hits next few days
« Clearly stated privacy policy
— Aggregate traffic visible to every one
— IP addresses queryable
— All registered user information is secure

— Contents of SQL queries logged, but not visible
— Used for optimizing DB design

« Several research projects by CS groups
— Workflow analysis (optimal caching, virtual data expt)
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Immense amount of volunteer time
SDSS Project provided the DB development effort
Fermilab did data processing, supported Rob Sparks

Close links to iVDGL/GriPhyN
— Raddick works closely with M. Campanelli

Direct financial contributions:

— NSF SGER $ 50K
— NASA IDEAS grant $ 50K
— NASA MD Space grant Consortium $ BK
— Howard Hughes Inst. $ 20K
— Microsoft Research $ 100K
— Compaq/HP § 50K

— Intel $ 100K
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Gary Greenberg (Northwestern U)

— Collaboratory => recent joint NSF grant

Carl Pennypacker (Berkeley)
— Hands On Universe -- link to on-line student telescopes
— Astrophysics Journal for High School Students
Western Maryland College
— New modules developed
National Virtual Observatory

— Standard Web Service interfaces for discovering and
delivering educational content

Lots of volunteer help from teachers
— Feedack about content level
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Presentations and demo booths at various meetings
— NSF Astronomy Open Day

— AAS meetings

— Physics teacher conferences

Summer courses (R.Kron @ Yerkes Observatory)
Papers published

— Physics Teacher, Sky and Telescope
— Various conference proceedings, posters

Slashdot, Microsoft Research

10 mirror sites over the world (“sneakernet”)

— Canada, Japan, Germany, India, China, Australia,
UK, Hungary
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Amazing journey, happened gradually

Very enthusiastic welcome by teachers and public
Now embraced by professional astronomers
Clear that we need lot of help from educators

Like a “folk tale” of the 21st century:
many individuals and institutions added their
contributions, and the whole is much more
than the sum of the parts

Expect real discoveries to be made by high-school
students




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


