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http://localhost/en/tools/
http://localhost/en/proj/
http://localhost/en/sdss/
http://www.sdss.org/
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« Data growing exponentially, in all science
« All science is becoming data-driven

e This is happening very rapidly

« Data becoming increasingly open/public
* Non-incremental!

* Convergence of physical and life sciences
through Big Data (statistics and computing)

 The “long tail” is important
« A scientific revolution in how discovery takes place
=> a rare and unique opportunity
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THOUSAND YEARS AGO
science was empirical .
describing natural phenomena

LAST FEW HUNDRED YEARS a| _4Gp_
theoretical branch using models, a 3 a’
generalizations

LAST FEW DECADES
a computational branch simulating
complex phenomena

TODAY

data intensive science, synthesizing theory,
experiment and computation with statistics
» new way of thinking required!




e “The Cosmic Genome Project”
o Started in 1992, finished in 2008

o Data is public
— 2.5 Terapixels of images => 5 Tpx
— 10 TB of raw data => 120TB processed
— 0.5 TB catalogs => 35TB in the end

« Database and spectrograph
built at JHU (SkyServer)

 Data served from FNAL
 Now SDSS-3, imaging completed
e SDSS-3 data served from JHU
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Special 2.5m telescope
3 degree field of view
Wind screen moved separately




Continuous data rate of 8 Mbytes/sec

Northern Galactic Cap u g r iz
drift scan of 10,000 square degrees 22.3 23.3 23.1 22.3 20.8

5 broad-band filters

exposure time: 55 sec el
pixel size: 0.4 arcsec _
astrometry: 60 mas !
calibration: 2% at r'=19.8 o - /ﬁ
done only in best seeing |
(20 nights/year)
Southern Galactic Cap
multiple scans (> 30 times)
of the same stripe k 2 J
izovc;lehgth {?}DG "

System Respanse




The Spectroscoplc--Surveyrr:r:r::-

SDSS Redshift Survey
1 million galaxies
900,000 r’ limited
100,000 red galaxies
volume limited to z=0.45
100,000 quasars
100,000 stars
Two high throughput spectrographs
spectral range 3900-9200 A
640 spectra simultaneously
R=2000 resolution, 1.3 A
Features
Automated reduction of spectra
Very high sampling density and completeness
Obijects in other catalogs also targeted
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e Prototype in 21st Century data access
—1.2B web hits in 12 years
— 200M external SQL queries
— 4,000,000 distinct users vs. 15,000 astronomers
— The emergence of the “Internet scientist”
— The world’s most used astronomy facility today

— Collaborative server-side analysis done by 7K
astronomers

Jim Gray
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* 40 million visual galaxy classifications by the public
 Enormous publicity (CNN, Times, Washington Post, BBC)
e 300,000 people participating, blogs, poems...
» Original discoveries by the public

(Voorwerp, Green Peas)

Chris Lintott et al
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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
Demonstrate how to take analyses inside the DB
— Heavy use of user defined functions

Target audience

— Advanced high-school students,
amateur astronomers, wide public

Multilingual capabilities built in from the start
— Heavy use of stylesheets, language branches



DB Loading

Wrote automated table driven workflow system for
loading

— Two-phase parallel load

— Over 16K lines of SQL code, mostly data validation

Loading process was extremely painful

— Lack of systems engineering for the pipelines

— Lots of mismatches

— Fixing files corrupted in data processing (RAIDS5 disk errors)
— Most of the time spent on scrubbing data

Once data is clean, everything loads in 1 week
Reorganization of data is <1 week


http://skyserver.pha.jhu.edu/admin/
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Small requests (<100MB)

— Anonymous, putting data on the stream
Medium requests (<1GB)

— Queues with resource limits

Large requests (>1GB)

— Save data in scratch area and use async delivery
— Only practical for large/long queries

Iterative requests/workbench

— Save data in temp tables in user space

— Let user manipulate via web browser

Paradox: if we use web browser to submit, users
want immediate response even from large gueries
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Need to register ‘power users’, with their own DB
Query output goes to ‘MyDB’

Can be joined with source database

Results are materialized from MyDB upon request

Users can do:
— Insert, Drop, Create, Select Into, Functions, Procedures
— Publish their tables to a group area

Data delivery via the CASJobs (C# WS)
— Batch scheduler for large queries

First example of “cloud computing” in science (2003)

=> Sending analysis to the datal!
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Implemented by Nolan Li, from user feedback

Results are materialized from MyDB upon request

Users can collaborate!

— Insert, Drop, Create, Select Into, Functions
— Publish/share their tables to a group area

— Flexibility “at the edge”/ Read-only big DB

6,800 registered users
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 June 2001: EDR with 100GB

e 2003 DR2, 2004: DR3, 2005 DR4

e 2006 DR5, with 2.4TB, 2007: DR6, 2008: DR7, with 10TB
o 3 versions of the data

— Target, Best, Runs
— Total catalog volume 5TB

e Data publishing: once published, must stay
. SDSS: DR1 is still used

Human page
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1
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0
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160039
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0
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1345

17599
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26833

40223

419599

0
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16847
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66119
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129547

11336
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344515

4

269194

43706

86662

16165
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416534

0
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24877
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		select		cast(yy		as		varchar(4))

				+		case		when		mm<10		then		'/0'		else		'/'		end

				+		cast(mm		as		varchar(4))		as		YYMM,

				sum(case		when		Command		like		'%EDR%'		or		command		like		'V3'		then		1		else		0		end)		as		EDR,

				sum(case		when		Command		like		'/DR1%'		then		1		else		0		end)		as		DR1,

				sum(case		when		Command		like		'/DR2%'		then		1		else		0		end)		as		DR2,

				sum(case		when		Command		like		'/DR3%'		then		1		else		0		end)		as		DR3,

				sum(case		when		Command		like		'/DR4%'		then		1		else		0		end)		as		DR4,

				sum(case		when		Command		like		'/DR5%'		then		1		else		0		end)		as		DR5,

				sum(case		when		Command		like		'/astro%'		then		1		else		0		end)		as		astro		,

				sum(case		when		Command		like		'/collab%'		then		1		else		0		end)		as		collab,

				sum(case		when		Command		like		'%/casjob%'		then		1		else		0		end)		as		casjobs,

				sum(case		when		Command		like		'%/vo%'

				or		Command		like		'%/adql%'

				or		Command		like		'/wave%'

				or		Command		like		'/spectrum%'

				or		Command		like		'/filter%'

				or		COmmand		like		'/SkyQuery%'

				or		Command		like		'/SkyNode%'

				then		1		else		0		end)		as		VO,

				sum(case		when		Command		like		'/admin%'

				or		Command		like		'/regist%'

				or		Command		like		'/dev%'

				or		Command		like		'/SkyDev%'

				or		Command		like		'%weblog%'

				then		1		else		0		end)		as		Admin

		from		(select		YY,MM,		logid,		Command

				from		weblog		W

				join		WebCommand		WC		on		w.commandID		=		wc.commandID

				join		webAgentString		WAS		on		W.agentStringID		=		WAS.agentStringID

				join		webAgent		WA		on		WAS.agentID		=		WA.agentID

				where		W.pageview		=		1		and		w.OpID		!=		2		and		WA.class		=		'BROWSER')T

		group		by		cast(yy		as		varchar(4))

				+		case		when		mm<10		then		'/0'		else		'/'		end

				+		cast(mm		as		varchar(4))

		order		by		cast(yy		as		varchar(4))

				+		case		when		mm<10		then		'/0'		else		'/'		end

				+		cast(mm		as		varchar(4))		asc

		Month		EDR		DR1		DR2		DR3		DR4		DR5		astro		collab		vo		admin		weblog				total

				1,020,807		5,756,078		2,055,570		2,990,525		3,455,526		19,482		3,825,262		567,743		628,945		462,378		360,209				21,142,525

		2001/04		0		0		0		0		0		0		460		0		0		0		0				460

		2001/05		0		0		0		0		0		0		396		0		0		0		0				396

		2001/06		0		0		0		0		0		0		0		0		0		0		0				0

		2001/07		0		0		0		0		0		0		0		0		0		0		0				0

		2001/08		0		0		0		0		0		0		0		0		0		0		0				0

		2001/09		0		0		0		0		0		0		0		0		0		0		0				0

		2001/10		0		0		0		0		0		0		0		0		0		0		0				0

		2001/11		104		0		0		0		0		0		0		0		0		0		0				104

		2001/12		104		0		0		0		0		0		0		0		0		0		0				104

		2002/01		524		0		0		0		0		0		0		0		0		0		3,108				3,632

		2002/02		610		0		0		0		0		0		0		0		0		0		787				1,397

		2002/03		455		0		0		0		0		0		0		189		0		3,585		400				4,629

		2002/04		491		0		0		0		0		0		0		0		0		3,340		1,996				5,827

		2002/05		525		0		0		0		0		0		0		0		0		4,518		297				5,340

		2002/06		585		0		0		0		0		0		0		0		0		2,816		1,396				4,797

		2002/07		855		0		0		0		0		0		0		0		0		2,459		1,721				5,035

		2002/08		660		0		0		0		0		0		0		0		0		3,402		348				4,410

		2002/09		706		0		0		0		0		0		0		0		0		2,601		7,380				10,687

		2002/10		508		0		0		0		0		0		0		5,358		0		3,788		3,721				13,375

		2002/11		696		0		0		0		0		0		0		2,042		0		3,115		15,056				20,909

		2002/12		606		0		0		0		0		0		0		3,527		0		1,913		26,320				32,366

		2003/01		930		0		0		0		0		0		0		3,324		0		2,541		41,368				48,163

		2003/02		737		7,383		0		0		0		0		0		14,175		0		2,404		3,651				28,350

		2003/03		985		4,969		0		0		0		0		0		12,420		0		2,487		3,671				24,532

		2003/04		865		4,825		0		0		0		0		0		14,750		0		1,615		6,757				28,812

		2003/05		640		3,932		0		0		0		0		0		18,097		0		2,293		23,906				48,868

		2003/06		1,339		35,574		0		0		0		0		0		7,239		241		1,556		8,030				53,979

		2003/07		540		56,610		0		0		0		0		0		5,451		1,271		4,231		8,710				76,813

		2003/08		949		71,757		0		0		0		0		0		12,346		2,581		2,783		40,028				130,444

		2003/09		572		69,220		0		0		0		0		0		5,543		1,013		2,195		9,550				88,093

		2003/10		36,205		362,191		0		0		0		0		0		2,552		1,526		5,756		24,275				432,505

		2003/11		19,866		498,259		0		0		0		0		0		2,272		683		7,992		11,389				540,461

		2003/12		26,737		454,064		0		0		0		0		0		3,243		220		5,314		4,173				493,751

		2004/01		29,012		431,380		0		0		0		0		0		7,056		1,443		5,656		7,592				482,139

		2004/02		42,561		387,534		0		0		0		0		0		624		7,881		5,762		14,240				458,602

		2004/03		57,014		334,224		342,535		0		0		0		5,325		5,517		27,823		37,136		31,416				840,990

		2004/04		32,216		214,905		274,543		0		0		0		55,002		13,419		2,356		6,572		6,273				605,286

		2004/05		48,420		118,528		244,161		0		0		0		47,887		7,997		91		5,701		1,912				474,697

		2004/06		35,275		84,355		210,891		0		0		0		66,764		9,762		206		6,699		3,847				417,799

		2004/07		14,675		82,682		200,317		0		0		0		149,070		6,192		16		6,531		3,800				463,283

		2004/08		20,752		94,176		144,981		0		0		0		112,242		14,182		2		10,796		1,996				399,127

		2004/09		14,340		195,447		163,508		21,799		0		0		169,798		12,443		12		14,679		1,351				593,377

		2004/10		24,601		158,619		52,608		115,342		0		0		149,382		4,107		0		8,206		5,451				518,316

		2004/11		14,517		196,936		40,477		209,323		0		0		114,685		13,175		7		7,205		3,747				600,072

		2004/12		24,874		112,232		18,076		236,368		0		0		100,089		11,953		3		9,185		2,680				515,460

		2005/01		24,008		161,378		32,865		239,758		0		0		107,098		20,052		0		9,905		1,808				596,872

		2005/02		15,929		189,386		25,909		446,077		0		0		171,616		11,703		0		7,679		1,668				869,967

		2005/03		19,733		107,545		34,154		256,457		0		0		154,075		8,727		1		6,997		1,900				589,589

		2005/04		24,769		193,817		33,738		348,551		0		0		117,899		13,102		0		7,956		1,797				741,629

		2005/05		32,026		81,257		21,649		342,930		0		0		124,360		19,192		22		7,441		1,567				630,444

		2005/06		33,651		52,237		19,114		188,827		2,248		0		97,336		12,047		1		10,610		1,444				417,515

		2005/07		35,432		63,359		12,700		48,541		105,211		0		175,113		3,030		0		6,281		1,418				451,085

		2005/08		31,721		39,467		12,108		22,919		107,000		0		115,216		2,070		0		5,708		1,648				337,857

		2005/09		33,791		59,179		22,918		41,128		250,990		0		198,062		2,588		0		10,659		1,512				620,827

		2005/10		42,472		55,837		20,984		41,869		378,902		0		155,043		3,578		1		6,846		1,455				706,987

		2005/11		31,602		82,935		17,039		87,396		318,942		0		159,161		9,295		1,951		9,124		1,473				718,918

		2005/12		50,264		50,336		8,669		37,683		269,998		0		160,006		26,918		59,583		12,763		1,541				677,761

		2006/01		43,337		193,631		9,207		42,906		249,554		0		160,039		33,555		77,878		15,827		1,613				827,547

		2006/02		34,408		111,347		13,998		50,658		317,730		0		123,555		9,860		92,959		19,279		1,345				775,139

		2006/03		17,599		57,738		26,833		40,223		419,599		4		186,495		16,847		105,106		66,119		1,460				938,023

		2006/04		32,999		129,547		11,336		74,365		344,515		0		269,194		43,706		86,662		16,165		1,325				1,009,814

		2006/05		36,138		120,780		21,176		69,553		416,534		0		226,858		60,280		77,969		24,492		1,492				1,055,272

		2006/06		24,877		26,500		19,076		27,852		274,303		19,478		153,036		52,238		79,437		21,695		1,400				699,892
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SQL Products

		select		cast(YY		as		varchar(4))+		'/'		+		cast(MM		as		varchar(4))		as		YYMM,

				sum(case		when		Command		like		'%EDR%'		or		command		like		'V3'		then		1		else		0		end)		as		EDR,

				sum(case		when		Command		like		'/DR1%'		then		1		else		0		end)		as		DR1,

				sum(case		when		Command		like		'/DR2%'		then		1		else		0		end)		as		DR2,

				sum(case		when		Command		like		'/DR3%'		then		1		else		0		end)		as		DR3,

				sum(case		when		Command		like		'/DR4%'		then		1		else		0		end)		as		DR4,

				sum(case		when		Command		like		'/DR5%'		then		1		else		0		end)		as		DR5,

				sum(case		when		Command		like		'/astro%'		then		1		else		0		end)		as		astro		,

				sum(case		when		Command		like		'/collab%'		then		1		else		0		end)		as		collab,

				sum(case		when		Command		like		'%/casjob%'		then		1		else		0		end)		as		casjobs,

				sum(case		when		Command		like		'%/vo%'

				or		Command		like		'%/adql%'

				or		Command		like		'/wave%'

				or		Command		like		'/spectrum%'

				or		Command		like		'/filter%'

				or		COmmand		like		'/SkyQuery%'

				or		Command		like		'/SkyNode%'

				then		1		else		0		end)		as		VO,

				sum(case		when		Command		like		'/admin%'

				or		Command		like		'/regist%'

				or		Command		like		'/dev%'

				or		Command		like		'/SkyDev%'

				or		Command		like		'%weblog%'

				then		1		else		0		end)		as		Admin

		from		(select		YY,MM,		logid,		Command

				from		weblog		W		join		WebCommand		WC		on		w.commandID		=		wc.commandID

				where		W.pageview		=		1		and		w.OpID		!=		2)T				page views and not big brother.

		group		by		cast(YY		as		varchar(4))+		'/'		+		cast(MM		as		varchar(4))

		order		by		cast(YY		as		varchar(4))+		'/'		+		cast(MM		as		varchar(4))		asc

		go

		Month		EDR		DR1		DR2		DR3		DR4		DR5		astro		collab		vo		admin		weblog				total

				2,309,922		12,487,940		8,261,564		7,999,515		7,871,890		44,544		8,216,232		1,345,751		999,942		1,371,453		637,707				51,546,460

		2001/10		0		0		0		0		0		0		0		0		0		0		0

		2001/11		104		0		0		0		0		0		0		0		0		0		0

		2001/12		106		0		0		0		0		0		0		0		0		0		0

		2001/4		0		0		0		0		0		0		460		0		0		0		0

		2001/5		0		0		0		0		0		0		396		0		0		0		0

		2001/6		0		0		0		0		0		0		0		0		0		0		0

		2001/7		0		0		0		0		0		0		0		0		0		0		0

		2001/8		0		0		0		0		0		0		0		0		0		0		0

		2001/9		0		0		0		0		0		0		0		0		0		0		0

		2002/1		727		0		0		0		0		0		0		0		0		0		3,140

		2002/10		1,015		0		0		0		0		0		0		5,490		0		7,189		3,736

		2002/11		1,160		0		0		0		0		0		0		5,376		0		6,608		15,070

		2002/12		1,040		0		0		0		0		0		0		11,808		0		5,252		26,332

		2002/2		825		0		0		0		0		0		0		0		0		0		887

		2002/3		654		0		0		0		0		0		0		189		0		3,628		504

		2002/4		759		0		0		0		0		0		0		0		0		3,410		2,089

		2002/5		712		0		0		0		0		0		0		0		0		4,695		355

		2002/6		931		0		0		0		0		0		0		0		0		3,443		1,410

		2002/7		1,183		0		0		0		0		0		0		0		0		3,811		1,741

		2002/8		1,153		0		0		0		0		0		0		0		0		4,577		363

		2002/9		1,177		0		0		0		0		0		0		0		0		6,146		7,398

		2003/1		1,355		0		0		0		0		0		0		23,552		0		3,678		41,392

		2003/10		52,758		2,756,248		0		0		0		0		0		3,360		2,269		7,484		41,732

		2003/11		25,188		611,660		0		0		0		0		0		3,464		706		9,391		13,434

		2003/12		32,065		494,155		0		0		0		0		0		5,208		359		7,727		6,003

		2003/2		1,279		7,383		0		0		0		0		0		26,593		0		5,484		3,772

		2003/3		1,609		5,183		0		0		0		0		0		29,287		0		5,296		3,715

		2003/4		1,588		5,018		0		0		0		0		0		17,711		0		4,378		7,053

		2003/5		1,224		3,961		0		0		0		0		0		34,975		0		5,583		25,787

		2003/6		1,874		55,837		0		0		0		0		0		114,926		241		2,833		16,071

		2003/7		1,175		123,727		0		0		0		0		0		9,652		1,271		6,047		10,684

		2003/8		1,473		108,093		0		0		0		0		0		16,530		2,686		24,283		66,264

		2003/9		1,031		128,048		0		0		0		0		0		6,820		2,150		4,137		12,593

		2004/1		35,376		588,893		0		0		0		0		0		12,338		1,586		9,327		10,737

		2004/10		33,999		218,962		522,810		159,755		0		0		257,318		13,592		1		18,864		8,590

		2004/11		28,902		248,145		128,855		311,778		0		0		471,530		19,937		10		16,912		7,482

		2004/12		54,679		155,411		258,272		372,045		0		0		382,274		18,691		3		20,893		8,780

		2004/2		48,358		1,764,940		0		0		0		0		0		35,653		7,933		7,762		19,048

		2004/3		66,118		484,845		1,073,081		0		0		0		5,644		10,652		27,895		477,780		42,540

		2004/4		39,186		264,478		1,184,380		0		0		0		81,540		25,129		2,400		7,661		9,355

		2004/5		57,287		176,839		295,507		0		0		0		210,186		14,382		91		7,147		26,434

		2004/6		50,246		119,424		340,961		0		0		0		229,642		29,987		220		8,751		6,464

		2004/7		25,176		116,835		536,120		0		0		0		226,349		15,663		25		9,616		7,118

		2004/8		33,474		136,204		349,149		0		0		0		170,369		25,589		6		22,172		5,692

		2004/9		30,808		264,445		701,527		62,652		0		0		442,715		22,364		22		33,746		4,590

		2005/1		38,605		199,116		129,067		1,153,987		0		0		421,164		28,273		0		20,022		7,986

		2005/10		84,042		141,336		84,065		107,380		1,054,201		0		284,083		24,914		3		15,831		8,547

		2005/11		63,709		140,971		57,350		150,441		500,603		0		238,354		136,171		3,206		23,009		10,998

		2005/12		116,701		186,454		100,192		92,976		512,595		0		273,074		57,716		85,739		29,117		10,515

		2005/2		26,732		228,550		112,273		2,831,333		0		0		276,743		34,022		0		16,671		8,393

		2005/3		36,905		174,951		1,031,548		333,626		0		0		265,671		16,876		1		14,750		8,204

		2005/4		49,309		239,532		73,182		443,434		0		0		326,547		24,709		0		17,815		9,073

		2005/5		51,709		138,557		467,355		413,594		0		0		348,731		29,229		22		17,642		8,416

		2005/6		61,015		89,456		63,513		249,497		3,884		0		326,655		23,839		1		19,891		6,171

		2005/7		258,959		132,729		48,345		96,228		210,943		0		289,089		10,632		1		14,788		10,300

		2005/8		68,097		160,777		100,756		173,389		283,337		0		382,614		11,711		4		14,241		9,459

		2005/9		58,771		116,950		74,546		87,218		398,487		0		325,593		42,996		3		21,884		11,323

		2006/1		273,913		256,364		45,139		86,854		557,751		0		247,368		58,900		85,425		34,184		8,824

		2006/2		97,793		273,303		87,004		89,368		668,611		0		224,511		34,840		102,968		40,633		8,210

		2006/3		118,794		354,528		110,696		127,664		626,640		4		340,013		46,037		129,191		136,855		10,236

		2006/4		132,601		315,446		110,408		142,496		734,913		0		422,174		62,846		100,366		42,734		10,305

		2006/5		87,823		299,267		115,300		383,549		1,652,818		0		374,828		77,354		330,232		61,020		12,124

		2006/6		46,670		200,919		60,163		130,251		667,107		44,540		370,597		65,768		112,906		54,655		10,268
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																												2002/12		38

		select		cast(yy		as		varchar(4))+		'/'+cast(mm		as		varchar(4)),														2003/01		2646

				M.SimpleName,		count(*)																						2003/02		7646

		from		SQLLOG		L		join		NameMap		M		on		L.dbName		=		M.SimpleName								2003/03		9091

		group		by		cast(yy		as		varchar(4))+		'/'+cast(mm		as		varchar(4)),M.SimpleName												2003/04		5553

		order		by		cast(yy		as		varchar(4))+		'/'+cast(mm		as		varchar(4)),M.SimpleName												2003/05		21645

																												2003/06		231989

																												2003/07		54608

																												2003/08		37095

																												2003/09		54297

		date		EDR		BESTDR1		BESTDR2		BESTDR3		BESTDR4		BESTDR5								2003/11		56				2003/10		31715

		2002/12				38																2003/12		31				2003/11		378851

		2003/1				2,646																2004/01		119				2003/12		96988

		2003/2				3,264																2004/02		352				2004/01		220333

		2003/3				4,093																2004/03		119				2004/02		1360975

		2003/4				823																2004/04		32				2004/03		1117306

		2003/5				3,335																2004/05		20				2004/04		945501

		2003/6				2,630																2004/06		323				2004/05		299193

		2003/7				4,450																2004/07		287				2004/06		487503

		2003/8				1,819																2004/08		7				2004/07		528084

		2003/9				3,238																2004/09		448				2004/08		454058

		2003/10				2,177																2004/10		538				2004/09		892324

		2003/11		56		282,782																2004/11		881				2004/10		592114

		2003/12		31		80,129		16,787														2004/12		1058				2004/11		621627

		2004/1		119		187,206		32,943														2005/01		534				2004/12		724441

		2004/2		352		1,293,214		67,355														2005/02		465				2005/01		1404044

		2004/3		119		162,131		954,995														2005/03		724				2005/02		2615763

		2004/4		32		68,624		876,813														2005/04		683				2005/03		293176

		2004/5		20		51,827		246,325		964												2005/05		406				2005/04		475474

		2004/6		323		85,924		399,998		1,198												2005/06		461				2005/05		784109

		2004/7		287		111,327		415,541		882												2005/07		398				2005/06		418074

		2004/8		7		102,726		350,153		1,161												2005/08		296				2005/07		200438

		2004/9		448		105,348		719,743		66,720												2005/09		484				2005/08		323585

		2004/10		538		95,304		363,697		132,530												2005/10		109				2005/09		141041

		2004/11		881		70,386		138,772		411,447												2005/11		106				2005/10		885643

		2004/12		1,058		73,832		270,985		378,357		151										2005/12		159				2005/11		467569

		2005/1		534		69,434		166,049		1,166,189		1,816										2006/01		137				2005/12		377029

		2005/2		465		63,427		152,330		2,387,406		11,960										2006/02		113				2006/01		422504

		2005/3		724		61,024		100,159		129,169		2,026										2006/03		621				2006/02		236868

		2005/4		683		59,246		91,000		324,233		175										2006/04		126				2006/03		288647

		2005/5		406		63,055		496,825		221,266		2,464										2006/05		5				2006/04		291441

		2005/6		461		58,897		93,092		262,805		2,637																2006/05		1416140

		2005/7		398		67,811		100,076		29,803		2,163																2006/06		535697

		2005/8		296		58,590		119,702		41,889		103,070

		2005/9		484		43,969		80,792		15,220		552

		2005/10		109		51,828		67,267		21,834		744,022		530

		2005/11		106		47,084		46,903		9,462		363,386		546

		2005/12		159		72,085		47,402		2,968		252,705		553

		2006/1		137		45,883		43,757		35,741		294,925		1,489

		2006/2		113		63,874		44,767		25,718		96,276		3,376

		2006/3		621		70,954		49,931		46,174		106,659		10,535

		2006/4		126		43,711		43,571		3,351		180,254		17,527

		2006/5		5		41,607		45,067		211,274		1,050,630		66,328

		2006/6				37,583		14,610		7,123		374,072		102,154

		TOTAL		10,098		3,819,335		6,657,407		5,934,884		3,589,943		203,038				Grand Total		20,214,705





		





		



ip : 130.167.130.1 = NASA 1.14M 
SELECT <obj> 
FROM fGetObjFromRect(x1,y1,x2,y2) n 
join  PhotoPrimary p on n.objID=p.objID 
where r BETWEEN 10 AND 21.1

2. M xxx AstroWise:
select count(*) 
from photoprimary 
where (htmID >= x 
and htmID <= y  )
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		select		logID,

				sum(case		when		Command		like		'%EDR%'		or		command		like		'V3'		then		1		else		0		end)		as		EDR,

				sum(case		when		Command		like		'/DR1%'		then		1		else		0		end)		as		DR1,

				sum(case		when		Command		like		'/DR2%'		then		1		else		0		end)		as		DR2,

				sum(case		when		Command		like		'/DR3%'		then		1		else		0		end)		as		DR3,

				sum(case		when		Command		like		'/DR4%'		then		1		else		0		end)		as		DR4,

				sum(case		when		Command		like		'/DR5%'		then		1		else		0		end)		as		DR5,

				sum(case		when		Command		like		'/astro%'		then		1		else		0		end)		as		astro		,

				sum(case		when		Command		like		'/collab%'		then		1		else		0		end)		as		collab,

				sum(case		when		Command		like		'%/casjob%'		then		1		else		0		end)		as		casjobs,

				sum(case		when		Command		like		'%/vo%'

				or		Command		like		'%/adql%'

				or		Command		like		'/wave%'

				or		Command		like		'/spectrum%'

				or		Command		like		'/filter%'

				or		COmmand		like		'/SkyQuery%'

				or		Command		like		'/SkyNode%'

				then		1		else		0		end)		as		VO,

				sum(case		when		Command		like		'/admin%'

				or		Command		like		'/regist%'

				or		Command		like		'/dev%'

				or		Command		like		'/SkyDev%'

				or		Command		like		'%weblog%'

				then		1		else		0		end)		as		Admin

		from		(select		logid,		Command

				from		weblog		W		join		WebCommand		WC		on		w.commandID		=		wc.commandID)T

		group		by		logid

		order		by		logID		asc

		Hits, not pageviews

		logid		EDR		DR1		DR2		DR3		DR4		DR5		astro		collab		casjobs		vo		admin				misses 20%

		TOTAL		8,302,316		23,721,699		14,380,901		14,402,522		14,452,847		184,293		11,297,103		3,827,669		2,633,073		2,625,202		44,196,606				140,024,231

		1		64,883		28		0		0		0		0		38		1,156		0		7,691		970																																								logID		location		service		instance		uri		framework		product		method		pathname		tstamp		isvisible		status

		2		8,444		185,363		2		0		0		0		3,779		130,931		5		26,103		315,354																																								--------------------------------		--------------------------------		--------------------------------		---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------		--------------------------------		--------------------------------		----------------		---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------		-----------------------		---------		--------------------------------

		3		196,968		5,034,795		385		40		12		1		31		771,232		45		43,654		346,642																																								1		FNAL		SKYSERVER		EDR		skyserver.fnal.gov		WGET		EDR		WGET		????		6/6/06		27:36.4		1		ACTIVE

		4		13		25		3		0		0		0		0		0		0		400		25																										split to DR1 from EDR at 2003-09-18 22:02:18.000														2		JHU		SKYSERVER		EDR		skyserver.pha.jhu.edu		ASP		EDR		XCOPY		\\sdsswww01\LogFiles\W3SVC1338999339\		11/7/03		53:14.9		1

		5		1,658,883		2,388,428		1,634,007		31,348		158,441		69		468,777		210,975		13		82,663		1,987																										focused on DR1														3		JHU		SKYSERVER		V1		skyserver.pha.jhu.edu		ASP		EDR		XCOPY		\\sdsswww01\LogFiles\W3SVC1338999339\		6/6/06		00:02.2		1		ACTIVE

		6		3,329,418		7,745,090		1,658,818		31,348		158,441		69		470,275		220,931		15		82,903		32,383																										Looks like ADMIN														4		JHU		SKYSERVER		V3		www.skyserver.org		ASP+		VO		XCOPY		\\skyserver\LogFiles\W3SVC3\		6/6/06		00:02.2		1		ACTIVE

		7		9,839		1,717		6,512,431		1,362		621,480		14		8,328		784,368		302		22		679																										Does DR1, DR2, DR3														5		JHU		SKYSERVER		V4		skyserver.sdss.org		ASP+		DR2		XCOPY		\\sdsswww01\LogFiles\W3SVC1892442164\		6/6/06		00:02.2		1		ACTIVE

		8		6,963		5		66,293		14,279,332		24,803		10		5,331,897		142,376		927		42,035		130																																								6		JHU		SKYSERVER		V5		skyserver.sdss.org		ASP+		DR2		XCOPY		\\sdsswww01\LogFiles\W3SVC1892442164\		6/6/06		00:02.2		1		ACTIVE

		9		7,972		406		0		0		13,284,129		9		3,988,966		405,307		2,524,150		158,847		2,009																																								7		FNAL		SKYSERVER		V5		cas.sdss.org		ASP+		DR2		WGET		????		6/6/06		27:36.4		1		ACTIVE

		10		24		0		0		0		0		183,905		7,805		460,037		2,076		6		0																																								8		FNAL		SKYSERVER		DR3		cas.sdss.org		ASP+		DR3		WGET		????		6/6/06		27:36.4		1		ACTIVE

		11		0		0		0		0		0		0		0		1		0		0		0																																								9		FNAL		SKYSERVER		DR4		cas.sdss.org		ASP+		DR4		WGET		????		6/6/06		27:36.4		1		ACTIVE

		12		13,807		287,877		153		29		11		0		6		6,217		0		3,196		5,926																																								10		FNAL		SKYSERVER		DR5		cas.sdss.org		ASP+		DR5		WGET		????		6/6/06		27:36.4		1		ACTIVE

		13		1,435,604		2,784,995		1,444,594		26,900		75,167		122		466,109		317,544		14		105,351		20,955																																								11		FNAL		SKYSERVER		DR6		cas.sdss.org		ASP+		DR6		WGET		????		6/6/06		27:36.4		1		ACTIVE

		14		3		25		1		1		1		0		0		0		0		5,700		2																																								12		JHU		SKYSERVER		V6		skyserver.pha.jhu.edu		ASP+		DR1		XCOPY		\\sdsswww02\LogFiles\W3SVC1338999339\		6/6/06		00:02.2		1		ACTIVE

		22		13,151		238,281		164		50		14		0		8		5,173		7		2,482		6,158																																								13		JHU		SKYSERVER		V7		skyserver.sdss.org		ASP+		DR2		XCOPY		\\sdsswww02\LogFiles\W3SVC1892442164\		6/6/06		00:02.2		1		ACTIVE

		23		0		16		7		1		0		0		0		1		0		5,912		1																																								14		JHU		SKYSERVER		V8		www.skyserver.org		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC1858982642\		6/6/06		00:02.2		1		ACTIVE

		24		1,556,196		2,443,272		1,917,838		31,882		123,221		89		551,080		371,400		14		105,334		422																																								22		JHU		SKYSERVER		V9		skyserver.pha.jhu.edu		ASP+		DR1		XCOPY		\\sdsswww03\LogFiles\W3SVC1338999339\		6/6/06		00:02.2		1		ACTIVE

		1001		8		1,412,030		294,163		76		3,586		1		0		18		103,635		192,393		629,946																																								23		JHU		SKYSERVER		V10		www.skyserver.org		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC1858982642\		6/6/06		00:02.2		1		ACTIVE

		1002		15		3		1		0		0		0		0		0		2		33		486																																								24		JHU		SKYSERVER		V11		skyserver.sdss.org		ASP+		DR2		XCOPY		\\sdsswww03\LogFiles\W3SVC1892442164\		6/6/06		00:02.2		1		ACTIVE

		1003		13		0		0		0		0		0		0		0		21		767,035		13,873,503																																								1001		JHU		SKYSERVICE		V1		skyservice.pha.jhu.edu		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC713567506\		6/6/06		00:02.2		1		ACTIVE

		1004		0		2		0		0		0		0		0		0		0		46,248		0																																								1002		JHU		SKYSERVICE		V2		voservices.org		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC469019628\		6/6/06		00:02.2		1		ACTIVE

		1005		0		0		0		0		0		0		0		0		0		821		0																																								1003		JHU		SKYSERVICE		V3		voservices.net		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC469008127\		6/6/06		00:02.2		1		ACTIVE

		1006		0		0		0		0		0		0		0		0		0		83		0																																								1004		JHU		SKYSERVICE		V4		skyquery.net		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC985901420\		6/6/06		00:02.2		1		ACTIVE

		2011		5		613,102		369,249		132		1,507		0		0		0		671		57,026		373,260																																								1005		JHU		SKYSERVICE		V5		skyquery.org		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC985912921\		6/6/06		00:02.2		1		ACTIVE

		2012		0		0		0		0		0		0		0		0		0		23		230																																								1006		JHU		SKYSERVICE		V7		photo-z.net		.NET		VO		XCOPY		\\sdsswww01\LogFiles\W3SVC2049853198\		6/6/06		00:02.2		1		ACTIVE

		2013		0		0		0		0		0		0		0		0		37		385,446		6,392,323																																								2001		FNAL		SQL		EDR		skyserver.fnal.gov/weblog		SQL		ADMIN		WSQL		FNAL-EDR.WebLog.		4/6/06		30:16.1		1		ACTIVE

		2014		0		0		0		0		0		0		0		0		0		10,628		0																																								2002		JHU		SQL		SDSSEDR		skyserver.pha.jhu.edu/edr		SASP		EDR		TSQL		SdssDr1.weblog		11/1/03		00:00.0		1		INACTIVE

		2015		0		0		0		0		0		0		0		0		0		45		0																																								2003		JHU		SQL		SDSSDR1		SDSSDR1.weblog		SQL		ADMIN		TSQL		SdssDr1.weblog		6/6/06		39:32.0		1		ACTIVE

		2016		0		0		0		0		0		0		0		0		0		4		0																																								2004		JHU		SQL		SDSSAD2		SDSSAD2.weblog		SQL		ADMIN		TSQL		SdssAD2.weblog		1/1/01		00:00.0		1		INACTIVE

		2018		0		0		0		0		0		0		0		0		0		0		0																																								2005		JHU		SQL		SDSSAD6		SDSSAD6.weblog		SQL		ADMIN		TSQL		SdssAD6.weblog		6/6/06		39:32.0		1		ACTIVE

		2019		61		34		8		1		20		0		2		2		0		38		233																																								2006		FNAL		SQL		DR4collab		cas.sdss.org/collabdr4		SQL		DR4		TSQL		[SDSSSQL006.FNAL.GOV].weblog		6/6/06		39:32.0		1		ACTIVE

		2021		2		585,945		482,776		20		2,013		4		1		0		1,118		49,388		392,815																																								2007		FNAL		SQL		SDSSDR2		cas.sdss.org/dr2		SQL		DR2		TSQL		[SDSSSQL004.FNAL.GOV].weblog		4/6/06		30:16.1		1		INACTIVE

		2022		0		1		0		0		0		0		0		0		0		29		295																																								2008		FNAL		SQL		SDSSDR2collab		cas.sdss.org/collab		SQL		DR2		TSQL		[SDSSSQL003.FNAL.GOV].weblog		4/30/06		35:47.3		1		ACTIVE

		2023		1		0		0		0		0		0		0		0		21		432,151		21,799,592																																								2009		FNAL		SQL		SDSSDR3collab		cas.sdss.org/collabDR3		SQL		DR3		TSQL		[SDSSSQL008.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		2024		0		0		0		0		0		0		0		0		0		11,306		1																																								2010		FNAL		SQL		SDSSDR3public		cas.sdss.org/dr3		SQL		DR3		TSQL		[SDSSSQL009.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		2025		0		0		0		0		0		0		0		0		0		17		0																																								2011		JHU		SKYSERVICE		V8		skyservice.pha.jhu.edu		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC713567506\		6/6/06		00:02.2		1		ACTIVE

		2026		0		0		0		0		0		0		0		0		0		125		0																																								2012		JHU		SKYSERVICE		V9		voservices.org		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC469019628\		6/6/06		00:02.2		1		ACTIVE

		2028		0		0		0		0		0		0		0		0		0		0		0																																								2013		JHU		SKYSERVICE		V10		voservices.net		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC469008127\		6/6/06		00:02.2		1		ACTIVE

		2029		43		259		8		0		1		0		1		0		0		64		279																																								2014		JHU		SKYSERVICE		V11		skyquery.net		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC985901420\		6/6/06		00:02.2		1		ACTIVE

																																																																2015		JHU		SKYSERVICE		V12		skyquery.org		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC985912921\		6/6/06		00:02.2		1		ACTIVE

																																																																2016		JHU		SKYSERVICE		V13		photo-z.net		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC2049853198\		6/6/06		00:02.2		1		ACTIVE

																																																																2018		JHU		SKYSERVICE		V14		photo-z.org		ASP+		VO		XCOPY		\\sdsswww02\LogFiles\W3SVC2100181357\		6/6/06		00:02.2		1		ACTIVE

		logID		EDR		DR1		DR2		DR3		DR4		DR5		astro		collab		casjobs		VO		Admin																																								2019		JHU		SKYSERVER		V15		sdsswww.pha.jhu.edu		ASP+		ADMIN		XCOPY		\\sdsswww02\LogFiles\W3SVC1\		6/6/06		00:02.2		1		ACTIVE

		TOTAL		2,309,965		12,488,199		8,261,572		7,999,515		7,871,891		44,544		8,216,233		1,345,751		999,942		1,382,965		637,987

		1		18,027		0		0		0		0		0		0		261		0		5,894		571																																								2022		JHU		SKYSERVICE		V17		voservices.org		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC469019628\		6/6/06		00:02.2		1		ACTIVE

		2		2,923		103,635		0		0		0		0		856		77,766		0		21,128		73,950																																								2023		JHU		SKYSERVICE		V18		voservices.net		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC469008127\		6/6/06		00:02.2		1		ACTIVE

		3		3,352		4,630,318		0		0		0		0		0		285,243		0		33,337		87,692																																								2024		JHU		SKYSERVICE		V19		skyquery.net		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC985901420\		6/6/06		00:02.2		1		ACTIVE

		4		0		0		0		0		0		0		0		0		0		123		1																																								2025		JHU		SKYSERVICE		V20		skyquery.org		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC985912921\		6/6/06		00:02.2		1		ACTIVE

		5		569,828		888,949		1,088,190		900		2,394		0		208,011		38,369		0		56,120		1,523																																								2026		JHU		SKYSERVICE		V21		photo-z.net		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC2049853198\		6/6/06		00:02.2		1		ACTIVE

		6		851,843		2,719,222		1,088,704		900		2,394		0		208,011		43,986		0		56,120		13,945																																								2028		JHU		SKYSERVICE		V22		photo-z.org		ASP+		VO		XCOPY		\\sdsswww03\LogFiles\W3SVC2100181357\		6/6/06		00:02.2		1		ACTIVE

		7		1,552		0		3,706,086		797		347,905		0		360		212,082		235		0		96																																								2029		JHU		SKYSERVER		V23		sdsswww.pha.jhu.edu		ASP+		ADMIN		XCOPY		\\sdsswww03\LogFiles\W3SVC1\		6/6/06		00:02.2		1		ACTIVE

		8		1,876		0		15,107		7,995,448		4,373		0		4,460,050		107,647		691		40,270		125																																								2030		FNAL		SQL		DR5collab2		cas.sdss.org/collabdr5		SQL		DR5		TSQL		[SDSSSQL007.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		9		2,573		0		0		0		7,480,170		1		3,044,904		244,043		947,354		155,187		16																																								2031		FNAL		SQL		DR4public		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL011.FNAL.GOV].weblog		4/30/06		35:47.3		1		ACTIVE

		10		10		0		0		0		0		44,543		4,998		263,867		1,732		6		0																																								2032		FNAL		SQL		DR4a		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL012.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		12		83		256,095		0		0		0		0		0		0		0		0		3,719																																								2033		FNAL		SQL		DR4b		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL013.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		13		373,938		1,017,750		747,622		709		9,503		0		130,147		34,147		0		66,087		20,524																																								2034		FNAL		SQL		DR4c		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL014.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		14		0		0		0		0		0		0		0		0		0		1,527		0																																								2035		FNAL		SQL		DR5collab		cas.sdss.org/collabdr5		SQL		DR5		TSQL		[SDSSSQL016.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		22		80		204,061		0		0		0		0		0		0		0		0		3,841																																								2036		FNAL		SQL		DR4d		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL017.FNAL.GOV].weblog		5/8/06		14:35.4		1		ACTIVE

		23		0		0		0		0		0		0		0		0		0		1,523		0																																								2037		FNAL		SQL		DR4e		cas.sdss.org/dr4		SQL		DR4		TSQL		[SDSSSQL015.FNAL.GOV].weblog		4/6/06		30:16.1		1		INACTIVE

		24		483,808		856,893		1,238,639		761		18,185		0		158,895		38,340		0		70,003		69																																								2038		FNAL		SQL		DR3pub2		cas.sdss.org/dr3		SQL		DR3		TSQL		[SDSSSQL010.FNAL.GOV].weblog		4/6/06		30:16.1		1		INACTIVE

		1,001		4		1,216,674		120,141		0		3,512		0		0		0		49,544		107,886		250,971																																								2039		FNAL		SQL		DR5a		cas.sdss.org/dr5		SQL		DR5		TSQL		[SDSSSQL002.FNAL.GOV].weblog		8/1/06		43:23.8		1		ACTIVE

		1,002		15		0		0		0		0		0		0		0		0		0		0																																								9001		JHU		TRAFFIC		V1		skyserver.sdss.org		ASP+		ALL		TSQL		SdssAd2.weblog.dbo.		6/6/06		29:45.1		1		ACTIVE

		1,003		8		0		0		0		0		0		0		0		15		533,917		38,771

		1,004		0		0		0		0		0		0		0		0		0		27,479		0

		1,005		0		0		0		0		0		0		0		0		0		554		0

		1,006		0		0		0		0		0		0		0		0		0		78		0

		2,011		1		337,624		96,322		0		1,480		0		0		0		44		31,672		33,948

		2,012		0		0		0		0		0		0		0		0		0		0		0

		2,013		0		0		0		0		0		0		0		0		23		57,233		41,022

		2,014		0		0		0		0		0		0		0		0		0		6,482		0

		2,016		0		0		0		0		0		0		0		0		0		4		0

		2,019		0		0		0		0		0		0		0		0		0		3		0

		2,021		0		256,719		160,753		0		1,974		0		0		0		286		30,473		23,733

		2,022		0		0		0		0		0		0		0		0		0		0		0

		2,023		1		0		0		0		0		0		0		0		18		61,138		43,190

		2,024		0		0		0		0		0		0		0		0		0		7,079		0

		2,026		0		0		0		0		0		0		0		0		0		114		0

		2,029		0		0		0		0		0		0		0		0		0		16		0

		2,024		0		0		0		0		0		0		0		0		0		11,306		1

		2,025		0		0		0		0		0		0		0		0		0		17		0

		2,026		0		0		0		0		0		0		0		0		0		125		0

		2,028		0		0		0		0		0		0		0		0		0		0		0

		2,029		43		259		8		0		1		0		1		0		0		64		279

		row(s)		affected)
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		EDR		10098

		BESTDR1		3819335

		BESTDR2		6657392

		BESTDR3		5934871

		BestDR4		3589943

		BestDR5		203038

		RUNS		11766

		TARGDR1		642

		TARGDR2		299

		TARGDR3		761

		TARGDR4		755

		TARGDR5		27

		WEBLOG		523790





		






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

Images converted in PhotoShop scripts

Content writing by Stephen Landy

Hardware donated by Compaqg

Highly interactive, using browser independent
DHTML (“browser hell”)



DR1: Data Release 1

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




DR2: Data Release 2

* Live in March 15, 2004, with 2.2 TB of catalogs
* Only incremental changes in interface

 Web site under source control

e 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
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-----------------

e Goal:
— Connect pixel space to objects without typing queries
— Browser interface, using common paradigm (MapQuest)

e Challenge:
— Images: 200K x 2K x1.5K resolution x 5 colors = 3 Terapix
— 300M objects with complex properties
— 20K geometric boundaries and about 6M ‘masks’
— Need large dynamic range of scales (2"13)
 Assembled from a few building blocks:
— Image Cutout Web Service

— SQL gquery service + database
— Images+overlays built on server side -> simple client
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User Level Servi

e Three different applications on top of the same core

— Finding Chart (arbitrary size)

— Navigate (fixed size, clickable navigation)

— Image List (display many postage stamps on same page)
e Linked to

— One another

— Image Explorer (link to complex schema)

— On-line documentation




e A e
B i T e S e e e e

| N SN A W N T R S S N D0 T B R £ N

B R N R e N R R B

B T T T o S M, e S S L B

| S I S NS S S T T S S50 S N S £ S -

5 bands, 2048x1489 resolution (u,qg,r,i,z), 6MB each
— Raw size 200Kx6MB = 1.2TB
— For quick access they must be stored in the DB
— It has to show well on screens, remapping needed
— Remapping must be uniform, due to image mosaicking

Built composite color, using lambda mapping

— (g->B, r->G, I->R), u,z was too noisy

Many experiments, discussions with Robert Lupton
— Asinh compression

Resulting image stored as JPEG
— From 30MB->300kB : a factor 100 compression
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* Object positions stored in (ra,dec)
e At run time, convert (ra,dec)-> (screen_Xx, screen_y)

» Plotting pixel space quantities, like outlines:
— We could do (x,y)->(ra,dec)->(screen)
— For each field we store local affine transformation matrix:
* (X,y) -> (screen)
* Apply local projection matrix and
plot in pixel coordinates
— GDI plots correctly on the screen!

 Whole web service less than 1500 lines of C# code



http://localhost/en/tools/
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SDSS has lots of complex boundaries
— 60,000+ regions
— 6M masks, represented as spherical polygons

A GIS-like computational geometry library built in
SQL, then converted to C++

Converted to C# for direct plugin into SQL
Server2005 (17 times faster than C++)

Precompute arcs and store in database for rendering

Functions for point in polygon, intersecting polygons,
polygons covering points, all points in polygon

Using spherical quad-tree index (HTM)
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e SDSS-II finished with DR7
— Database a bit over 10TB

« SDSS-III

— One last run of imaging, completed area between Southern
stripes, then turned off imaging camera

— Rebuilt spectrographs, mostly LRG (BOSS)
— DR8in 2011, DR9 in July 2012, DR10 in June 2013
— Database over 12TB

« AS3 (After Sloan 3) is in the formation process
— New special instruments (Integral field spectrograph unit)




SDSS I

14,555 square degrees
2,674,200 specObj

N, (R Southern Galactic Cap 2 %..  Northern Galactic Cap
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Numerous Science Projects

e 5,000 publications, 200,000 citations
* More papers from outside the collaboration

 From cosmology/LSS to galaxy evolution, quasars,
stellar evolution, even time-domain

 Combination of 5-band photometry and matching
spectroscopy provided unigue synergy

* Overall, seeing not as good as originally hoped for,
but systematic errors extremely well understood

* Very uniform, statistically complete data sets

 Photometry entirely redone for DR9, using cross-
scans to calibrate the zero points across the stripes
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The Broad Impact of SDSS

L T e S e e e

 Changed the way we do astronomy
 Remarkably fast transition seen for the community
o Speeded up the first phase of exploration

* Wide-area statistical queries easy

e Multi-wavelength astronomy is the norm

« SDSS earned the TRUST of the community

 Enormous number of projects, way beyond original
vision and expectation

 Many other surveys now follow
« Established expectations for data delivery
e Serves as a model for other communities of science
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stro-Statistical Challenges
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The crossmatch problem (multi-A, time domain)
Photometric redshifts (prediction/regression problem)
Correlations (auto/cross, higher order)

Outlier detection in many dimensions

Statistical errors vs systematics

Comparing observations to models
— comparing distributions, updating models

The “unknown unknown”, when we have no models

Scalability!!!
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Finding the Bumps ..... D 4
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* Eisenstein et al (2005) - LRG sample
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Primordial Sound Waves in SDSS |

Power Spectrum k / b Mpe™!
(Percival et al 2006, 2007) oot 002 0% ol 0%
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 We need to reconsider the N logN only approach

e Once we can run 100K threads, maybe running SIMD
N2 on smaller partitions is also acceptable

 Recent JHU effort on integrating CUDA with SQL
Server, using SQL UDF

o Galaxy spatial correlations:
600 trillion real and random
galaxy pairs using brute force N2

 Much faster than the tree codes!

— This is because high resolution was
needed...

Tian, Budavari, Neyrinck, Szalay 2010




Photometric Redshifts

 Normally, distances from Hubble’s Law
v=H,r

« Measure the Doppler shift of spectral lines

— distance!
» But spectroscopy Is very expensive

— SDSS: 640 spectra in 45 min vs. 300K 5 color i |mages In 1min

o Future big surveys will have no spectra

e |dea:
— Multicolor images are like a crude spectrograph
— Statistical estimation of the redshifts/distances

@
E0.25
@
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Recent effort at JHU
— S. Carliles, C. Priebe, A. Szalay, T. Budavari, S. Heinis

RF: Leo Berman and Adele Cutler

Create many (~500) random subsamples of training
set (about 2/3 each)

Build a piecewise linear regression Tree for each

These Trees make up the Forest: each provides an
estimated parameter value

Their mean and sigma is the value and error of the
final estimate - robust!
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Our Standardized Error Distribution is
Nearly Standard Normal...
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36-node Amdabhl cluster using 1200W total

Zotac Atom/ION motherboards
— 4GB of memory, N330 dual core Atom, 16 GPU cores
Aggregate disk space 43.6TB
— 63 x 120GB SSD = 7.77TB

— 27/x1TB Samsung F1 =27.0TB
— 18x.5TB Samsung M1= 9.0 TB

Blazing I/O Performance: 18GB/s
Amdahl number = 1 for under $30K

Using the GPUs for data mining:

— 6.4B multidimensional regressions (photo-z) in 5 minutes
over 1.2TB of data

— Running the Random Forest algorithm inside the DB




Photo-z Bias vs
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Edge-on galaxies are
redder, mimic higher
redshift galaxies

Photo-z bias is -0.02 for

face-on galaxies ”“g
SDSS disk galaxiess, o

Spec-z = 0.065-0.075, N
a 30% effect! |

Once axial ratio is o
included in RF training,
bias goes away =

_o.10 | —— j
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b/a
C-WYip etal. 2011
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SkyServer l \/

. Hubble
Onco Life Under CASJobs Turbulence Super
Space J Your Feet J MyDB GalaxyZoo J DB J COSMOS J Li?gﬁy J SkyQuery J
V
JHU 1K Pan- . . Palomar VO Open
Genomes J Caes J STARRS J AL J QUEST J CNEEE J Services J SkyQuery J

INDRA Milky Way VO VO
SimulationJ PR J LaboratoryJ MHD DB J Footprint J SpectrumJ
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CMB Surveys

e 1990 COBE 1000
« 2000 Boomerang 10,000
« 2002 CBI 50,000
« 2003 WMAP 1 Million
« 2008 Planck 10 Million

Angular Galaxy Surveys

« 1970 Lick 1M
« 1990 APM 2M
e 2005 SDSS 200M
« 2008 VISTA 1000M
e 2012 P31 1500M
e 2018 LSST 3000M

Time Domain

e QUEST

 SDSS Extension survey
« Dark Energy Survey

e Pan-STARRS

e LSST...

Galaxy Redshift Surveys

« 1986 CfA 3500
e 1996 LCRS 23000
« 2003 2dF 250000
e 2006 SDSS 500000
e 2012 BOSS 1000000

1 Petabyte/year today...
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LSST PanSTARRS
8.4m 3.2Gpixel 1.8m 1.4Gpixel
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How long does the data growth continue?

 High end always linear

 EXxponential comes from technology + economics
— rapidly changing generations
— like CCD'’s replacing plates, and become ever cheaper

How many generations of instruments are left?
Are there new growth areas emerging?

Software is becoming a new kind of instrument
— Value added data
— Hierarchical data replication
— Large and complex simulations
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Why Is Astronomy Interesting

« Approach inherently and traditionally data-driven
— Cannot do experiments in the lab...

e Important spatio-temporal features

* Very large density contrasts in populations

* Real errors and covariances

 Many signals very subtle, buried in systematics

« Data sets large, pushing scalability
— LSST will be 100PB

“Exciting, since it is worthless!”’

— Jim Gray
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e Science is moving increasingly from hypothesis-
driven to data-driven discoveries

« Data collection in collaborations, increasingly
separate from analyses by small groups

Need new randomized, incremental algorithms
— Best resultin 1 min, 1 hour, 1 day, 1 week

New computational tools and strategies

... hot just statistics, not just computer science,
not just astronomy, not just genomics...

e Need new data intensive scalable architectures

Astronomy has always been data-driven....
now becoming more generally accepted
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e Science is increasingly driven by data (large and small)
 Changing sociology — surveys analyzed by individuals
 From hypothesis-driven to data-driven science

 We need new instruments: “microscopes” and
“telescopes” for data

 There is a challenge on the “long tail”

« Data changes not only science, but society

A new, Fourth Paradigm of Science is emerging...
e SDSS has been at the cusp of this transition

A convergence of statistics, computer science,
physical and life sciences.....
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