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Even with legacy metadata catalogs containing 1000 attribute tables, ER ModernLook can be 
made to service these tables, that leads to mapping solutions to better structures. In some 
cases, D2W's Display Batch Group can make the requests efficient.   In other cases, the 
faulting of the display batch group and plain blank queries cause a cache miss for accessing 
the data.    This study is how to determine which tables are what, and things one can do to 
recover data in these conditions.



• Background 

• Cloud Computing 

• History of the Sloan Digital Sky Survey (SDSS) Data Release 1 (DR1) 
Mirror at Texas Tech University 

• Motivation

• My Approach

• Server Architectures

• Transition to through D2W and RESTful Architecture

• Highlight of the contributions

Topics



Best Definition of 
Cloud Computing

“Clouds are large pools of easily usable and accessible virtualized 
resources (such as hardware, development platforms, and/ or 
services). These resources can be dynamically reconfigured to 
adjust to a variable load (scale), allowing also for an optimum 
resource utilization. This pool of resources is typically exploited by 
a pay-per-use model that are offered by the Infrastructure Provider 
by means of customized Service Level Agreements.”

Luis M. Vaquero, Luis Rodero-Merino, Juan Caceres, and Maik Lindner. A break in the clouds: towards a cloud definition. SIGCOMM Comput. Commun. Rev., 39(1):50–55, 2009.



Forms of Cloud Computing?
• Software as a Service (SaaS): 

• “Cloud computing refers to both, the applications delivered as services over the Internet, and 
the hardware and systems software in the data-centers that provide those services.” (The 
Berkeley View of Cloud Computing [5])

• Infrastructure as a Service (IaaS)

• Epitomized by the Traveling Executive with a Swiss Army Knife and Credit Card [37]

• Platform as a Service (PaaS): 

• Cloudlets are typically virtual machines sometimes presented as the OS itself. [69]

[5] Michael Armbrust, et. al. Above the clouds: A berkeley view of cloud computing. Technical report, UC Berkeley Reliable Adaptive Distributed Systems Laboratory, February 2009.
[37] Brian Hayes. Cloud computing. Communications. ACM, 51(7):9–11, 2008.
[69] Mahadev Satyanarayanan, Paramvir Bahl, Ramon Caceres, and Nigel Davies. The case for vm-based cloudlets in mobile computing. IEEE Pervasive Computing, 8:14–23, 2009.



Background of the Sloan Digital 
Sky Survey 

The primary objective of the Sloan Digital Sky Survey (SDSS) 
catalog is to provide data to “support detailed investigations of the 
distributions of luminous and non-luminous matter in the 
Universe.” (D.G. York “The Sloan Digital Sky Survey” Technical 
Summary, 2000).



Background System Diagram (Old)

Ref: “Replication of the Data Release I of the Sloan Digital Sky Survey” by Sharath Hegde
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The tragedy of many catalogs

• There are what could be called legacy catalogs where the 
original interface has been lost or destroyed for one reason or 
another. 

• In some other cases, the means to retrieve the data may still 
exist, but those means represent a problem legally or logistically. 

• Regardless of how well that catalog was assembled, the data is 
considered valuable enough to be retrieved and compared with 
data today.



Original Motivation of Revised 
Image Query Service

• The original design contained flaws that interfered with usage of the system. Consequently, 
neither owner or clients were truly satisfied.

• Furthermore, Sharath’s thesis offered  three recommendations for improvement

• Restructure of the data

• Implementation using other choices of database (such as Frontbase, Oracle, etc)

• Implementation using WebObjects



The Overall Challenge

• Build a new catalog that can fulfill the overall SDSS objective:

• Develop a structure that 

• is well organized.

• Fits the astronomical community needs

• Ensure catalog can address remote user’s needs

• Contributors at the telescope

• Analyst at the labs



Solution Approach

• Content Management (WOWODC 2010, WWDC 2007)

• Mashup (client based Web Browser) Augmentation (WWDC 
2008, WOWODC 2010)

• Content - Rule Based Factories (Today!)

• RESTful Web Services (In progress)



Data Release 1 Tables
• Target Selection Segment

• Target Selection Fields

• Resource Description Framework

• Z Emission and Cross Correlation

• Line and Measurement Ratios

• Spectral Inventory

• Spectral Object Family of Tables (4 of them)

• Plate Object Table

• Quasar Sample Object



Data Release 1 Tables



Data Release 1 Tables

stripenumber

strip

status

startmudeg

startmu

run

rerun

node

nfields

inclination

field0

endmudeg

endmu

chunkstripe

chunkstartmu

chunkid

chunkendmu

camcol

BestTSSeg

uZ

uU

uR

uI

uG

stripearea

statusZ

statusU

statusR

statusI

statusG

skyZ

skyU

skyslopeZ

skyslopeU

skyslopeR

skyslopeI

skyslopeG

skysigZ

skysigU

skysigR

skysigI

skysigG

skyR

skyPspZ

skyPspU

skyPspR

skyPspI

skyPspG

skyI

skyG

skyFramesZ

skyFramesU

skyFramesSubZ

skyFramesSubU

skyFramesSubR

skyFramesSubI

skyFramesSubG

skyFramesR

skyFramesI

skyFramesG

skyerrZ

skyerrU

skyerrR

skyerrI

skyerrG

sigpixZ

sigpixU

sigpixR

sigpixI

sigpixG

seqid

scanlinearea

saturationLevelZ

saturationLevelU

saturationLevelR

saturationLevelI

saturationLevelG

run

rowoffsetZ

rowoffsetU

rowoffsetR

rowoffsetI

rowoffsetG

ricutZ

ricutU

ricutR

ricutI

ricutG

rerun

rbiasZ

rbiasU

rbiasR

rbiasI

rbiasG

qZ

quality

qU

qR

qI

qG

pspStatus

psfWidthZ

psfWidthU

psfWidthR

psfWidthI

psfWidthG

psfSigmapZ

psfSigmapU

psfSigmapR

psfSigmapI

psfSigmapG

psfSigma2Z

psfSigma2U

psfSigma2R

psfSigma2I

psfSigma2G

psfSigma22gZ

psfSigma22gU

psfSigma22gR

psfSigma22gI

psfSigma22gG

psfSigma1Z

psfSigma1U

psfSigma1R

psfSigma1I

psfSigma1G

psfSigma12gZ

psfSigma12gU

psfSigma12gR

psfSigma12gI

psfSigma12gG

psfPsfmagZ

psfPsfmagU

psfPsfmagR

psfPsfmagI

psfPsfmagG

psfP0Z

psfP0U

psfP0R

psfP0I

psfP0G

psfNstarZ

psfNstarU

psfNstarR

psfNstarI

psfNstarG

psfmagZ

psfmagU

psfmagR

psfmagI

psfmagG

psfBZ

psfBU

psfBR

psfBI

psfBG

psfBetaZ

psfBetaU

psfBetaR

psfBetaI

psfBetaG

psfB2gZ

psfB2gU

psfB2gR

psfB2gI

psfB2gG

psfApCorrectionerrZ

psfApCorrectionerrU

psfApCorrectionerrR

psfApCorrectionerrI

psfApCorrectionerrG

profSigZ9

profSigZ8

profSigZ7

profSigZ6

profSigZ5

profSigZ4

profSigZ3

profSigZ2

profSigZ14

profSigZ13

profSigZ12

profSigZ11

profSigZ10

profSigZ1

profSigZ0

profSigU9

profSigU8

profSigU7

profSigU6

profSigU5

profSigU4

profSigU3

profSigU2

profSigU14

profSigU13

profSigU12

profSigU11

profSigU10

profSigU1

profSigU0

profSigR9

profSigR8

profSigR7

profSigR6

profSigR5

profSigR4

profSigR3

profSigR2

profSigR14

profSigR13

profSigR12

profSigR11

profSigR10

profSigR1

profSigR0

profSigI9

profSigI8

profSigI7

profSigI6

profSigI5

profSigI4

profSigI3

profSigI2

profSigI14

profSigI13

profSigI12

profSigI11

profSigI10

profSigI1

profSigI0

profSigG9

profSigG8

profSigG7

profSigG6

profSigG5

profSigG4

profSigG3

profSigG2

profSigG14

profSigG13

profSigG12

profSigG11

profSigG10

profSigG1

profSigG0

profNprofZ

profNprofU

profNprofR

profNprofI

profNprofG

profMedZ9

profMedZ8

profMedZ7

profMedZ6

profMedZ5

profMedZ4

profMedZ3

profMedZ2

profMedZ14

profMedZ13

profMedZ12

profMedZ11

profMedZ10

profMedZ1

profMedZ0

profMedU9

profMedU8

profMedU7

profMedU6

profMedU5

profMedU4

profMedU3

profMedU2

profMedU14

profMedU13

profMedU12

profMedU11

profMedU10

profMedU1

profMedU0

profMedR9

profMedR8

profMedR7

profMedR6

profMedR5

profMedR4

profMedR3

profMedR2

profMedR14

profMedR13

profMedR12

profMedR11

profMedR10

profMedR1

profMedR0

profMedI9

profMedI8

profMedI7

profMedI6

profMedI5

profMedI4

profMedI3

profMedI2

profMedI14

profMedI13

profMedI12

profMedI11

profMedI10

profMedI1

profMedI0

profMedG9

profMedG8

profMedG7

profMedG6

profMedG5

profMedG4

profMedG3

profMedG2

profMedG14

profMedG13

profMedG12

profMedG11

profMedG10

profMedG1

profMedG0

profMeanZ9

profMeanZ8

profMeanZ7

profMeanZ6

profMeanZ5

profMeanZ4

profMeanZ3

profMeanZ2

profMeanZ14

profMeanZ13

profMeanZ12

profMeanZ11

profMeanZ10

profMeanZ1

profMeanZ0

profMeanU9

profMeanU8

profMeanU7

profMeanU6

profMeanU5

profMeanU4

profMeanU3

profMeanU2

profMeanU14

profMeanU13

profMeanU12

profMeanU11

profMeanU10

profMeanU1

profMeanU0

profMeanR9

profMeanR8

profMeanR7

profMeanR6

profMeanR5

profMeanR4

profMeanR3

profMeanR2

profMeanR14

profMeanR13

profMeanR12

profMeanR11

profMeanR10

profMeanR1

profMeanR0

profMeanI9

profMeanI8

profMeanI7

profMeanI6

profMeanI5

profMeanI4

profMeanI3

profMeanI2

profMeanI14

profMeanI13

profMeanI12

profMeanI11

profMeanI10

profMeanI1

profMeanI0

profMeanG9

profMeanG8

profMeanG7

profMeanG6

profMeanG5

profMeanG4

profMeanG3

profMeanG2

profMeanG14

profMeanG13

profMeanG12

profMeanG11

profMeanG10

profMeanG1

profMeanG0

numstarsZ

numstarsU

numstarsR

numstarsI

numstarsG

nuerrZ

nuerrU

nuerrR

nuerrI

nuerrG

nstars

node

nobjects

ngals

nfaintobjZ

nfaintobjU

nfaintobjR

nfaintobjI

nfaintobjG

neffPsfZ

neffPsfU

neffPsfR

neffPsfI

neffPsfG

ncrZ

ncrU

ncrR

ncrI

ncrG

nchild

nbrightobjZ

nbrightobjU

nbrightobjR

nbrightobjI

nbrightobjG

muerrZ

muerrU

muerrR

muerrI

muerrG

mjdZ

mjdU

mjdR

mjdI

mjdG

medianPsfcolorZ

medianPsfcolorU

medianPsfcolorR

medianPsfcolorI

medianPsfcolorG

medianFibercolorZ

medianFibercolorU

medianFibercolorR

medianFibercolorI

medianFibercolorG

lbiasZ

lbiasU

lbiasR

lbiasI

lbiasG

kkZ

kkU

kkR

kkI

kkG

kkerrZ

kkerrU

kkerrR

kkerrI

kkerrG

incl

holemask

goodmask

gainZ

gainU

gainR

gainI

gainG

fZ

fU

framesStatus

fR

fieldid

field

fI

fG

eZ

expModelApCorrectionZ

expModelApCorrectionU

expModelApCorrectionR

expModelApCorrectionI

expModelApCorrectionG

expModelApCorrectionerrZ

expModelApCorrectionerrU

expModelApCorrectionerrR

expModelApCorrectionerrI

expModelApCorrectionerrG

expApCorrectionZ

expApCorrectionU

expApCorrectionR

expApCorrectionI

expApCorrectionG

expApCorrectionerrZ

expApCorrectionerrU

expApCorrectionerrR

expApCorrectionerrI

expApCorrectionerrG

eU

eR

eI

eG

dZ

dU

drow3Z

drow3U

drow3R

drow3I

drow3G

drow2Z

drow2U

drow2R

drow2I

drow2G

drow1Z

drow1U

drow1R

drow1I

drow1G

drow0Z

drow0U

drow0R

drow0I

drow0G

dR

dI

dG

devModelApCorrectionZ

devModelApCorrectionU

devModelApCorrectionR

devModelApCorrectionI

devModelApCorrectionG

devModelApCorrectionerrZ

devModelApCorrectionerrU

devModelApCorrectionerrR

devModelApCorrectionerrI

devModelApCorrectionerrG

devApCorrectionZ

devApCorrectionU

devApCorrectionR

devApCorrectionI

devApCorrectionG

devApCorrectionerrZ

devApCorrectionerrU

devApCorrectionerrR

devApCorrectionerrI

devApCorrectionerrG

dcol3Z

dcol3U

dcol3R

dcol3I

dcol3G

dcol2Z

dcol2U

dcol2R

dcol2I

dcol2G

dcol1Z

dcol1U

dcol1R

dcol1I

dcol1G

dcol0Z

dcol0U

dcol0R

dcol0I

dcol0G

darkVarianceZ

darkVarianceU

darkVarianceR

darkVarianceI

darkVarianceG

cZ

culled

cU

csrowZ

csrowU

csrowR

csrowI

csrowG

cscolZ

cscolU

cscolR

cscolI

cscolG

cR

coloffsetZ

coloffsetU

coloffsetR

coloffsetI

coloffsetG

cI

cG

ccZ

ccU

ccrowZ

ccrowU

ccrowR

ccrowI

ccrowG

ccR

ccI

ccG

ccerrZ

ccerrU

ccerrR

ccerrI

ccerrG

cccolZ

cccolU

cccolR

cccolI

cccolG

camcol

bZ

bU

bR

bI

bG

bbZ

bbU

bbR

bbI

bbG

bberrZ

bberrU

bberrR

bberrI

bberrG

badmask

aZ

aU

aR

airmassZ

airmassU

airmassR

airmassI

airmassG

aI

aG

acceptablemask

aaZ

aaU

aaR

aaI

aaG

aaerrZ

aaerrU

aaerrR

aaerrI

aaerrG

BestTSField

zerr

z

weight

wavemin

wavemax

waveerr

wave

specobjid

specindex

sigmamin

sigmamax

sigmaerr

sigma

restwave

nu

nsigma

linemask

heighterr

height

ewmin

ewerr

ew

continuum

chisq

FoundLines

z

wavemin

wavemax

specobjid

sn

name

magerr

mag

ewerr

ew

LineRatios

zerr

z

weight

wavemin

wavemax

waveerr

wave

specobjid

specindex

sigmamin

sigmamax

sigmaerr

sigma

restwave

nu

nsigma

linemask

heighterr

height

ewmin

ewerr

ew

continuum

chisq

MeasuredLines

winds

windd

versutil

versread

verslog

versidl

versflat

verscomb

vers2d

vers1d

tileid

spplateid

spec2R

spec2I

spec2G

spec1R

spec1I

spec1G

radeg

pressure

plateid

observer

nexp

name

mjd

mapid

inspectdate

humidout

humidity

helioRv

gusts

gustd

exptime

dustd

dustc

dustb

dusta

dewpoint

dewdep

decdeg

cartid

airtemp

Plateobj

uZ

uU

usnored

usnoblue

uR

uI

uG

uerrZ

uerrU

uerrR

uerrI

uerrG

typeZ

typeU

typeR

typeI

typeG

textureZ

textureU

textureR

textureI

textureG

status

starLZ

starLU

starLR

starLnlZ

starLnlU

starLnlR

starLnlI

starLnlG

starLI

starLG

skyZ

skyU

skyR

skyI

skyG

skyerrZ

skyerrU

skyerrR

skyerrI

skyerrG

sectarget

run

rowverr

rowv

rowcZ

rowcU

rowcR

rowcI

rowcG

rowcerrZ

rowcerrU

rowcerrR

rowcerrI

rowcerrG

rosatposerr

rosatmatch

rosathr2err

rosathr2

rosathr1err

rosathr1

rosatextlike

rosatext

rosatexposure

rosatdetectlike

rosatdelta

rosatcpserr

rosatcps

rExpZ

rExpU

rExpR

rExpI

rExpG

rExperrZ

rExperrU

rExperrR

rExperrI

rExperrG

rerun

reddeningZ

reddeningU

reddeningR

reddeningI

reddeningG

rDevZ

rDevU

rDevR

rDevI

rDevG

rDeverrZ

rDeverrU

rDeverrR

rDeverrI

rDeverrG

radeclid

ra

qZ

qU

qR

qI

qG

qerrZ

qerrU

qerrR

qerrI

qerrG

psfmagZ

psfmagU

psfmagR

psfmagI

psfmagG

psfmagerrZ

psfmagerrU

psfmagerrR

psfmagerrI

psfmagerrG

propermotionmatch

propermotiondelta

propermotionangle

propermotion

profmeanZ9

profmeanZ8

profmeanZ7

profmeanZ6

profmeanZ5

profmeanZ4

profmeanZ3

profmeanZ2

profmeanZ14

profmeanZ13

profmeanZ12

profmeanZ11

profmeanZ10

profmeanZ1

profmeanZ0

profmeanU9

profmeanU8

profmeanU7

profmeanU6

profmeanU5

profmeanU4

profmeanU3

profmeanU2

profmeanU14

profmeanU13

profmeanU12

profmeanU11

profmeanU10

profmeanU1

profmeanU0

profmeanR9

profmeanR8

profmeanR7

profmeanR6

profmeanR5

profmeanR4

profmeanR3

profmeanR2

profmeanR14

profmeanR13

profmeanR12

profmeanR11

profmeanR10

profmeanR1

profmeanR0

profmeanI9

profmeanI8

profmeanI7

profmeanI6

profmeanI5

profmeanI4

profmeanI3

profmeanI2

profmeanI14

profmeanI13

profmeanI12

profmeanI11

profmeanI10

profmeanI1

profmeanI0

profmeanG9

profmeanG8

profmeanG7

profmeanG6

profmeanG5

profmeanG4

profmeanG3

profmeanG2

profmeanG14

profmeanG13

profmeanG12

profmeanG11

profmeanG10

profmeanG1

profmeanG0

proferrZ9

proferrZ8

proferrZ7

proferrZ6

proferrZ5

proferrZ4

proferrZ3

proferrZ2

proferrZ14

proferrZ13

proferrZ12

proferrZ11

proferrZ10

proferrZ1

proferrZ0

proferrU9

proferrU8

proferrU7

proferrU6

proferrU5

proferrU4

proferrU3

proferrU2

proferrU14

proferrU13

proferrU12

proferrU11

proferrU10

proferrU1

proferrU0

proferrR9

proferrR8

proferrR7

proferrR6

proferrR5

proferrR4

proferrR3

proferrR2

proferrR14

proferrR13

proferrR12

proferrR11

proferrR10

proferrR1

proferrR0

proferrI9

proferrI8

proferrI7

proferrI6

proferrI5

proferrI4

proferrI3

proferrI2

proferrI14

proferrI13

proferrI12

proferrI11

proferrI10

proferrI1

proferrI0

proferrG9

proferrG8

proferrG7

proferrG6

proferrG5

proferrG4

proferrG3

proferrG2

proferrG14

proferrG13

proferrG12

proferrG11

proferrG10

proferrG1

proferrG0

probPsfZ

probPsfU

probPsfR

probPsfI

probPsfG

priority

primtarget

phiExpZ

phiExpU

phiExpR

phiExpI

phiExpG

phiExperrZ

phiExperrU

phiExperrR

phiExperrI

phiExperrG

phiDevZ

phiDevU

phiDevR

phiDevI

phiDevG

phiDeverrZ

phiDeverrU

phiDeverrR

phiDeverrI

phiDeverrG

petroradZ

petroradU

petroradR

petroradI

petroradG

petroraderrZ

petroraderrU

petroraderrR

petroraderrI

petroraderrG

petror90Z

petror90U

petror90R

petror90I

petror90G

petror90errZ

petror90errU

petror90errR

petror90errI

petror90errG

petror50Z

petror50U

petror50R

petror50I

petror50G

petror50errZ

petror50errU

petror50errR

petror50errI

petror50errG

petromagZ

petromagU

petromagR

petromagI

petromagG

petromagerrZ

petromagerrU

petromagerrR

petromagerrI

petromagerrG

parent

offsetraZ

offsetraU

offsetraR

offsetraI

offsetraG

offsetdecZ

offsetdecU

offsetdecR

offsetdecI

offsetdecG

objid

objcType

objcRowcerr

objcRowc

objcProbPsf

objcFlags2

objcFlags

objcColcerr

objcColc

nprofZ

nprofU

nprofR

nprofI

nprofG

nchild

mRrCcZ

mRrCcU

mRrCcR

mRrCcPsfZ

mRrCcPsfU

mRrCcPsfR

mRrCcPsfI

mRrCcPsfG

mRrCcI

mRrCcG

mRrCcerrZ

mRrCcerrU

mRrCcerrR

mRrCcerrI

mRrCcerrG

mE2Z

mE2U

mE2R

mE2PsfZ

mE2PsfU

mE2PsfR

mE2PsfI

mE2PsfG

mE2I

mE2G

mE2e2errZ

mE2e2errU

mE2e2errR

mE2e2errI

mE2e2errG

mE1Z

mE1U

mE1R

mE1PsfZ

mE1PsfU

mE1PsfR

mE1PsfI

mE1PsfG

mE1I

mE1G

mE1e2errZ

mE1e2errU

mE1e2errR

mE1e2errI

mE1e2errG

mE1e1errZ

mE1e1errU

mE1e1errR

mE1e1errI

mE1e1errG

mCr4Z

mCr4U

mCr4R

mCr4PsfZ

mCr4PsfU

mCr4PsfR

mCr4PsfI

mCr4PsfG

mCr4I

mCr4G

magModelZ

magModelU

magModelR

magModelI

magModelG

magModelerrZ

magModelerrU

magModelerrR

magModelerrI

magModelerrG

magExpZ

magExpU

magExpR

magExpI

magExpG

magExperrZ

magExperrU

magExperrR

magExperrI

magExperrG

magDevZ

magDevU

magDevR

magDevI

magDevG

magDeverrZ

magDeverrU

magDeverrR

magDeverrI

magDeverrG

lambda

l

isoRowcZ

isoRowcU

isoRowcR

isoRowcI

isoRowcgradZ

isoRowcgradU

isoRowcgradR

isoRowcgradI

isoRowcgradG

isoRowcG

isoRowcerrZ

isoRowcerrU

isoRowcerrR

isoRowcerrI

isoRowcerrG

isoPhiZ

isoPhiU

isoPhiR

isoPhiI

isoPhigradZ

isoPhigradU

isoPhigradR

isoPhigradI

isoPhigradG

isoPhiG

isoPhierrZ

isoPhierrU

isoPhierrR

isoPhierrI

isoPhierrG

isoColcZ

isoColcU

isoColcR

isoColcI

isoColcgradZ

isoColcgradU

isoColcgradR

isoColcgradI

isoColcgradG

isoColcG

isoColcerrZ

isoColcerrU

isoColcerrR

isoColcerrI

isoColcerrG

isoBZ

isoBU

isoBR

isoBI

isoBgradZ

isoBgradU

isoBgradR

isoBgradI

isoBgradG

isoBG

isoBerrZ

isoBerrU

isoBerrR

isoBerrI

isoBerrG

isoAZ

isoAU

isoAR

isoAI

isoAgradZ

isoAgradU

isoAgradR

isoAgradI

isoAgradG

isoAG

isoAerrZ

isoAerrU

isoAerrR

isoAerrI

isoAerrG

id

fracpsfZ

fracpsfU

fracpsfR

fracpsfI

fracpsfG

flagsZ

flagsU

flagsR

flagsI

flagsG

flags2Z

flags2U

flags2R

flags2I

flags2G

firstrms

firstpeak

firstpa

firstminor

firstmatch

firstmajor

firstlambda

firstint

firstid

firsteta

firstdelta

fieldid

field

fibermagZ

fibermagU

fibermagR

fibermagI

fibermagG

fibermagerrZ

fibermagerrU

fibermagerrR

fibermagerrI

fibermagerrG

expLZ

expLU

expLR

expLnlZ

expLnlU

expLnlR

expLnlI

expLnlG

expLI

expLG

eta

devLZ

devLU

devLR

devLnlZ

devLnlU

devLnlR

devLnlI

devLnlG

devLI

devLG

decl

colverr

colv

colcZ

colcU

colcR

colcI

colcG

colcerrZ

colcerrU

colcerrR

colcerrI

colcerrG

catid

camcol

b

abExpZ

abExpU

abExpR

abExpI

abExpG

abExperrZ

abExperrU

abExperrR

abExperrI

abExperrG

abDevZ

abDevU

abDevR

abDevI

abDevG

abDeverrZ

abDeverrU

abDeverrR

abDeverrI

abDeverrG

Specbesttsobj



Data Model of Revised Image Query Service (RIQS)

src: “Image Query Service Using Content Management Techniques” by Daniel Beatty and Noe Lopez Benitez (Texas Tech 
Univ.) 6th International Conference Information Technology Next Generation 2009



Another Example Practically from 
Outer Space

• Enhancements to the internet Flexible Image Transport System 
(iFITS)

• Spectral Observations can be done

• Virtual Observation Tables can be made ORM friendly

• D2W provides the means to refine this model and make it less 
volatile 



iFITS Photos and Spectrographs

bin()
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What about Virtual Observation Tables?

Equi-satisfiable model to the VO Table Standard.  

type: String
observation: 
Observation Table

Table Object

infoValue: String
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String value
String gref
String action
Timestamp expire

Link
parameters:NSArray<Parameter>
String value;

Description

String type;
tableHolder: TableHolder

Table Member

no attribute
Table Data

String value

Table 
Descriptionidentification: String  
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(1) New Data Model
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locationAcquired: String
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color: String

Observation Photo

instrument: String
Observation Spectro

observationCollections: Array<Analysis>
source: String
type: String
arguments: Array<Argument>

Analysis

name: String
previews: String
type: String
observations: Array<Observation>
analysises: Array<Analysis>

Collection

analysis: Analysis
protocol: String
href: String
content-role: String
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Rule-based Management of Large 
Unorganized Data Sets 

• Rule-based systems have been studied for nearly two decades in applications such as 

• geographical information systems (GIS) and 

• metadata catalog systems. 

• Recovering large data sets that are not well organized is a challenge that imposes constraints 
on applications. 

• These constraints include 

• utilizing huge amounts in memory, 

• consuming excessive amounts of time, and 

• risk exceeding these resources causing instability. 



Direct To Web Is A Rule-Based SystemWhat is Direct To Web?
*This slide was taken from David’s WOWODC 2009 session



Request and Response

• The caching system of the Object Relational Machine (ORM) of Enterprise Objects can be overwhelmed by 
the size of Sloan Digital Digital Sky Survey (SDSS) Data Release 1 (DR1) metadata catalog. 

• A consequence of this limitation is that the responses from must be throttled down, 

• One solution can be found by limiting the fetch size for each table in the metadata catalog. 

• Another solution is to supply a sufficient amount of memory. 

• Direct to Web (D2W) has the capability of doing so in granular way and thereby providing DR1 in its 
entirety.



Object Relational Map Engine
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Concept presented by Mark Ritchie (WOWODC 2009)
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database relationships map into lookup methods called relationships. The collection and interaction between these

objects form the basis of the Model-Entity-Relational-Attribute design pattern, which provides a layer of separation

in an ORM design. This pattern is further augmented by another feature known as Key Value Coding (KVC)

compliance described in [7].

The ORM engine itself typically consists of the following layers: an editing context, an object store coordinator,

an object store, and an adaptor layer.

These layers work together to fulfill an internally consistent view constraint, as reported in [22]. The internal

consistent view constraint is defined as a state where the following:

• each enterprise object, eo, only has references to other eo within the same editing context,

• any subset of managed objects ēo has a consistent graph mapping regardless of a start point,

• If an eo is not presently in an editing context, E, then it is brought into E when referenced,

• and changes to eo are reflected throughout the engine’s layers.

Thus we can define an ORM engine structure in this manner. Let the editing context, E, be defined as a set

E = {ci, m̄o} (1)

where ci is a many-to-one reference to the object store coordinator (C) that references the instance of E, and m̄o is

a collection of managed objects. Let C be defined as follows:

C = {s̄1, ē} (2)

where s̄1 is the collection of references to abstract database object contexts, ē is a collection of references to editing

contexts as defined in equation 1. The run-time of object oriented languages such as Objective-C and Java provide

a facade that makes the reference look like it is an instance of the object. In reality each object is individually

contained and simply referenced by related objects. Also, note that the abstract database acts as a generic database

to provide a facade of any supported databases. This provides the capability of supporting multiple RDBMS vendors

while making the ORM model generic.

Let an abstract database object store, S, be defined as follows:

S = {c, s1, s2, s3, a1, a2, a3} (3)

where s1, s2 and s3 are references to a database context object, database store object, and database channel object,
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Managing Fault States

• Managing fault states is a classic problem.

• However, there is not a known solution that applies to all 
possible distinct instances of this problem. 



What is a rule?What is Direct To Web?

assignments. A type is the particular kind of assignment in the right hand side is. In the context of the rule-based

system used in D2W, a rule is constructed as follows:

Listing 1: ’Syntax of a Rule’

p r i o r i t y : le f tHand => rightHandSide [ type ]

The Project Wonder version of D2W supports assignments of plist types as described in [4]. It is typical for a

D2W application to have hundreds of rules. These rules are stored in files for both applications and frameworks used

within the applications. A vast majority of the rules come as pre-packaged frameworks as provided by either Apple

or Project Wonder.

The rule engine is a mechanism for processing these rules and server (application) side state as shown in its

primary class description
5
. The rule engine maintains a state for dynamic pages, caching, rule files, collections of

rules, regular and debug mode, rule order, and client configuration. It is the application-session state that is used

by the factory to determine how to construct the appropriate response. The collection of rules is often called a rule

model. The rule model is loaded into the rule engine during the start up of the D2W application. Thus the rule set

can be changed by depositing a new rule set and restarting the application.

2.5 Context Management

Another dependency for the D2W factory is the application - session context. The application - session context is

a collection of state(s) to include properties from the web application, its sessions, any component contained there

within, and the rule model. This collection provides attributes, entities, property keys, page name, relations, and task

values. Key-value coding (KVC) compliance allows the factory to utilize the application - session context to generate

pages and determine the details and appearance of each response.

2.6 Attribute Level Components

D2W is dependent on the web application framework that it is built on. In that framework, there is a notion of a

web component described in [3]. A web component is a MVC 3-tuple consisting of web page description, a controller,

and data model. The data model for a D2W application is shared throughout the application. Each generated

page is a web component. What is unique about D2W’s request-response factories is the necessity for attribute level

components.

An attribute level component is a web component that is referable by the rule model and has accessors for outlets

object and key. Typically, any component will have properties for each dynamic sub-component declared in the web

5http://webobjects.mdimension.com/hudson

/job/Wonder54/javadoc/index.html?er/directtoweb/components

/relationships/package-summary.html

7

*This slide was taken from David’s WOWODC 2009 session
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assignments. A type is the particular kind of assignment in the right hand side is. In the context of the rule-based
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The rule engine maintains a state for 
dynamic pages, caching, rule files, 

collections of rules, regular and debug 
mode, rule order, and client configuration. 

*Adding to this work
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Another dependency for the D2W factory is the application - session context. The application - session context is

a collection of state(s) to include properties from the web application, its sessions, any component contained there

within, and the rule model. This collection provides attributes, entities, property keys, page name, relations, and task

values. Key-value coding (KVC) compliance allows the factory to utilize the application - session context to generate

pages and determine the details and appearance of each response.

2.6 Attribute Level Components

D2W is dependent on the web application framework that it is built on. In that framework, there is a notion of a

web component described in [3]. A web component is a MVC 3-tuple consisting of web page description, a controller,

and data model. The data model for a D2W application is shared throughout the application. Each generated

page is a web component. What is unique about D2W’s request-response factories is the necessity for attribute level

components.
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applicable rule of priority 2 or greater will override this rule. This rule’s left hand side is set to true. The value true

is a constant and always evaluates to true. Therefore, this rule’s right hand side will fire. On the right hand side, a

system attribute useBatchDisplayGroup is to false. If the system attribute useBatchDisplayGroup is false, then the

default cache system is the only cache system left to use. The second rule also has a priority of 1, and has the left

hand side set to the constant true. In this case, the right hand side is setting the system attribute of fetchLimit to

20. In this case, the query system attribute for fetchLimit is set to 20. The effect of this setting is shown in the

experiments.

Listing 2: Brute Force Memory Loading Rules Group

1 : ∗ t rue ∗ => useBatchingDisplayGroup = f a l s e

[ BooleanAssignment ] ,

1 : ∗ t rue ∗ => fe tchL imi t = 20

[ Assignment ] ,

The first of two rules in Listing 3 have a priority of 150, and a left hand side set to the constant true. In this case,

the right hand side is setting the system attribute of useBatchingDisplayGroup. This is supposed to tell the ORM

to use batch display group as the caching system. The second rule has a priority of 160 and is set to the constant

true. In this cases, the system attributes of batchSize is set to 5. This attributes are supposed to set the number of

records displayed by the cache system to five.

Listing 3: Batching Display Group

150 : ∗ t rue ∗ =>

useBatchingDisplayGroup = true

[ BooleanAssignment ] ,

160 : ∗ t rue ∗ => batchS ize = 5

[ Assignment ]

The rules shown in listings 2 and 3 can be applied more granularly by applying conditions to the left hand side.

This allows for some tables to be handled by one cache system, and other tables to handled by another, from within

the same application.

The rule system can also affect the query system by determining which attributes to search for. For example,

Listing 4 has a priority of 160. The left hand side evaluates whether the entity being examined is named BestTSField.

If the entity being examined is named BestTSField, then rule engine evaluates if the current task is a list or query.

If the current page to be displayed is a list page or query, then this evaluation is also true. Under those conditions,

the right hand side of the rule fires. The right hand side sets the display Property Keys for the query or list page to

run, rerun, camera column, and field.
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assignments. A type is the particular kind of assignment in the right hand side is. In the context of the rule-based

system used in D2W, a rule is constructed as follows:

Listing 1: ’Syntax of a Rule’

p r i o r i t y : le f tHand => rightHandSide [ type ]

The Project Wonder version of D2W supports assignments of plist types as described in [4]. It is typical for a

D2W application to have hundreds of rules. These rules are stored in files for both applications and frameworks used

within the applications. A vast majority of the rules come as pre-packaged frameworks as provided by either Apple

or Project Wonder.

The rule engine is a mechanism for processing these rules and server (application) side state as shown in its

primary class description
5
. The rule engine maintains a state for dynamic pages, caching, rule files, collections of

rules, regular and debug mode, rule order, and client configuration. It is the application-session state that is used

by the factory to determine how to construct the appropriate response. The collection of rules is often called a rule

model. The rule model is loaded into the rule engine during the start up of the D2W application. Thus the rule set

can be changed by depositing a new rule set and restarting the application.

2.5 Context Management

Another dependency for the D2W factory is the application - session context. The application - session context is

a collection of state(s) to include properties from the web application, its sessions, any component contained there

within, and the rule model. This collection provides attributes, entities, property keys, page name, relations, and task

values. Key-value coding (KVC) compliance allows the factory to utilize the application - session context to generate

pages and determine the details and appearance of each response.

2.6 Attribute Level Components

D2W is dependent on the web application framework that it is built on. In that framework, there is a notion of a

web component described in [3]. A web component is a MVC 3-tuple consisting of web page description, a controller,

and data model. The data model for a D2W application is shared throughout the application. Each generated

page is a web component. What is unique about D2W’s request-response factories is the necessity for attribute level

components.

An attribute level component is a web component that is referable by the rule model and has accessors for outlets

object and key. Typically, any component will have properties for each dynamic sub-component declared in the web

5http://webobjects.mdimension.com/hudson

/job/Wonder54/javadoc/index.html?er/directtoweb/components

/relationships/package-summary.html
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assignments. A type is the particular kind of assignment in the right hand side is. In the context of the rule-based
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D2W application to have hundreds of rules. These rules are stored in files for both applications and frameworks used

within the applications. A vast majority of the rules come as pre-packaged frameworks as provided by either Apple

or Project Wonder.

The rule engine is a mechanism for processing these rules and server (application) side state as shown in its

primary class description
5
. The rule engine maintains a state for dynamic pages, caching, rule files, collections of

rules, regular and debug mode, rule order, and client configuration. It is the application-session state that is used

by the factory to determine how to construct the appropriate response. The collection of rules is often called a rule

model. The rule model is loaded into the rule engine during the start up of the D2W application. Thus the rule set

can be changed by depositing a new rule set and restarting the application.

2.5 Context Management

Another dependency for the D2W factory is the application - session context. The application - session context is

a collection of state(s) to include properties from the web application, its sessions, any component contained there

within, and the rule model. This collection provides attributes, entities, property keys, page name, relations, and task

values. Key-value coding (KVC) compliance allows the factory to utilize the application - session context to generate

pages and determine the details and appearance of each response.

2.6 Attribute Level Components

D2W is dependent on the web application framework that it is built on. In that framework, there is a notion of a

web component described in [3]. A web component is a MVC 3-tuple consisting of web page description, a controller,

and data model. The data model for a D2W application is shared throughout the application. Each generated

page is a web component. What is unique about D2W’s request-response factories is the necessity for attribute level

components.

An attribute level component is a web component that is referable by the rule model and has accessors for outlets

object and key. Typically, any component will have properties for each dynamic sub-component declared in the web

5http://webobjects.mdimension.com/hudson

/job/Wonder54/javadoc/index.html?er/directtoweb/components

/relationships/package-summary.html
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Listing 4: Batching Display Group

160 : en t i t y . name=’BestTSField ’ &&

( task=’ l i s t ’ or task=’query ’ ) =>

displayPropertyKeys = (

run ,

rerun ,

camcol ,

f i e l d

) ;

The rule listed in listing 4 is useful in limiting attributes in the query. For example, the Spectral Object Family

has nearly 700 attributes. Rules such as those shown in listing 4 are applied to each table described in 3.

5 Experiments

Tests were run to compare delivery of the data from the Image Query System (IQS) metadata catalog regulated by

the rule based system. The variable being tested is the choice of caching systems. The rule system can make this

choice on a table by table and task by task level. Having the performance metrics of each caching system can help

devise a rule set that optimizes access to this data, even if it is unorganized. These metrics also show the resources

in terms of services and memory necessary to deliver these tables reliably.

Two testbed networks are used to collect metrics. In both testbeds, the client is a MacBook Pro running Apple’s

OSX version 10.6.6 with the Safari web browser, version 5. A small network of two nodes is used to acquire the

results reported.

In the public testbed, a server node (Mac Pro), and a client node (MacBook Pro). The server is connected through

the Texas Tech network (TTUnet). Where as the client node is connected through cable modem from Ridgecrest,

California.

A second testbed is provided by the U.S. Naval Air Warfare Center Weapons Division (NAWCWD) at China

Lake, CA. This testbed includes a Mac Pro of the same vintage as the TTU testbed, and a MacBook Pro for use on

NAWCWD Research and Development Test and Evaluation (RDT&E) network. The Mac Pro system has 8GB of

memory to allocate for the server side of the experiment.

A query with no arguments defined is called a blank query. The application presents the result of a blank query

as a list of each row from the specified database table. Each test involved submitting a blank query underneath

controlled conditions. This condition represents the worst-case condition for a database application caching system.

A new version of Revised Image Query Service (RIQS) described in [3] is re-written to incorporate the rule based
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Testing Concepts

•  a server node (Mac Pro) with 6 to 8 GB of RAM

• a client node (MacBook Pro)
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Results

• Categories of results:

• nearly no-cache hit index error

• miss-and-hit

• nearly-always-hit

• The tables in each category then get assigned rules appropriately 
set the faulting system to optimize performance.



Nearly No-Cache Hit Index Error
group caching system severely limits any efficiency that can be imposed. A similar pattern is shown for the Line

Ratios in Figure 4. The default caching system’s tendency to load the entire table is what leads to the other name

for the default caching system, brute force memory-load caching system or simply brute force.

Figure 3: Brute Force Memory Load Delivery Times.

Figure 4: Load Times for the Table Line Ratios

The second category (miss-and-hit) of fault failure occurs for Spectral Best Target Segment Object, Spectral

Object, Spectral Target Target Segment Object, and spectral inventory. These tables will fail when queried for the

first time, but are often succeed on the second try. These are examples of cache misses due to index out of bound

errors. Unlike the first case, these almost always recover so that a browser refresh will obtain the data. This trend

is shown in Figure 5.

In the category of miss-and-hit, the brute force memory fetching can overcome the cache miss deficiency, but at

a cost of keeping the data resident in memory. The column for memory loading 1 shows that the default caching

system has a trend to cause the first query to fail as it consumes between a minute to about four minutes to load

into memory. This load also presumes that adequate memory exists. After this load, queries take less than one half

of a second, as shown for memory load 2 and memory load 3.
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In these cases, less than 1 out 28 attempts actually allow for the system to obtain a cache hit and 
present the data.



Miss-And-Hit

group caching system severely limits any efficiency that can be imposed. A similar pattern is shown for the Line

Ratios in Figure 4. The default caching system’s tendency to load the entire table is what leads to the other name

for the default caching system, brute force memory-load caching system or simply brute force.

Figure 3: Brute Force Memory Load Delivery Times.

Figure 4: Load Times for the Table Line Ratios

The second category (miss-and-hit) of fault failure occurs for Spectral Best Target Segment Object, Spectral

Object, Spectral Target Target Segment Object, and spectral inventory. These tables will fail when queried for the

first time, but are often succeed on the second try. These are examples of cache misses due to index out of bound

errors. Unlike the first case, these almost always recover so that a browser refresh will obtain the data. This trend

is shown in Figure 5.

In the category of miss-and-hit, the brute force memory fetching can overcome the cache miss deficiency, but at

a cost of keeping the data resident in memory. The column for memory loading 1 shows that the default caching

system has a trend to cause the first query to fail as it consumes between a minute to about four minutes to load

into memory. This load also presumes that adequate memory exists. After this load, queries take less than one half

of a second, as shown for memory load 2 and memory load 3.
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These tables will fail when queried for the first time, but are often successful 
on the second try.



Miss-And-Hit

These tables will fail when queried for the first time, but are often succeed 
on the second try.

Figure 5: Times for a Spectral Object Family Table for both Batch Fault and Brute Force Memory

Loading memory by brute force is cumulative. Therefore, if more than one table is given a blank query, then

both tables will occupy memory to cache it for present and future requests. The maximum table memory footprint

observed has been 6GB in the case of Spectral Target Object Distinct, but this outlier is not shown in Figure 6.

Figure 6 shows the next largest have a memory footprint of 1 to 5 GB on average. This large footprint occurs mostly

for the Spectral Object family and Z-Correlation. Since this effect is cumulative, a few of those tables combined have

been observed to cause an out of memory failure. An out of memory failure causes the process to crash, the system

will kill the process, and if recovery is set then restart the process. The restart in effect clears the cache. Therefore, a

sufficient amount of memory must be allocated in the case of providing these larger tables where the choice of batch

display group will not work.

Figure 6 and Figure 5 shows that a trade-off does exists. Figure 6 shows that there is a cost in the form of high

memory consumption for choosing the default caching system. In the case of batch display group, cache misses that

occur and tend to be less pronounced since they can be recovered from. The batch display group cache misses are

more frequent. The memory footprint was observed to be less than 200MB for queries using the batch display group.

Some tables exhibited nearly no cache hit index errors and the time required for a query result to load could be

as much as two minutes. In most cases, the response is within a second. In the case of the miss-and-hit, both hits

and misses typically occurs with in a second or less.

A case exists for the choice of the batch display group in the case of nearly-always-hit. While it may not make

much of a difference in time to deliver content, it does make a difference in conserving server memory. Trials for the

nearly-always-hit using the batch display group have some outliers of 1.8 and 8.4 seconds. These outliers occurred

in less than one out of nine cases. Otherwise, trials for batch display group for the nearly-always-hit have query and

retrieval speed on the order of 1/10th to 1/100th of a second.

The one characteristic not tested in this work is the use of the load balancer provided by the WebObjects Task

Manager . It is unknown to this work if the brute force memory loading footprint would be distributed amongst the
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Memory Consumption

Figure 6: Memory Footprint in MegaBytes (MB) for Data Release 1 tables.

nodes involved in such a load balancing scheme.

7 Conclusion

This work describes the rule-based implementation of a metadata catalog of the complete Sloan Digital Sky Survey

Data Release 1 (SDSS DR1) dataset. This implementation facilitates the presenting such a large dataset with limited

indexing without any alteration to the dataset. One constraint is to have a server with sufficient memory to load the

dataset. The other constraint is the choice of caching system. The trade offs for each approach are the cumulative

memory consumption of the default caching scheme versus the fault tolerance requirement imposed by using the

indexing of the database to conserve memory and enhance speed. The rule based system makes it possible to choose

between these caching systems at a granular level. Therefore, a hybrid application that uses both caching systems

to achieve a balance between the trade-offs is possible.

Also, each table can be augmented with derived information to provide the very source files the metadata refer-

ences. This capability combined with a rule-based system allows each table to be accessed efficiently and effectively.

If such a web application is applied to access such a dataset, then the lack of memory can cause such a web appli-

cation to fail. If sufficient memory is provided, rules are devised to manage query generation, and improve cache

performance; then large unorganized datasets such as SDSS DR1 can be recovered.
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Thus the contributions

• Previous catalogs can be rescued

• With characteristics revealed by D2W it may be possible 

• to map on the fly DR1’s data to a better structure

• migrate this data to a better structure that is also provided by D2W and 
ERRest

• In either case, WebObjects allow us to exploit and exposing powerful 
architectures for their use with high volume catalogs
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Even with legacy metadata catalogs containing 1000 attribute tables, ER ModernLook can be 
made to service these tables, that leads to mapping solutions to better structures. In some 
cases, D2W's Display Batch Group can make the requests efficient.   In other cases, the 
faulting of the display batch group and plain blank queries cause a cache miss for accessing 
the data.    This study is how to determine which tables are what, and things one can do to 
recover data in these conditions.


