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Why do we archive data? Experiments
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Databases are modified continuously A sequence of database versions ... Corresponding elements are identified
based on their key values.
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Archive size is
≤ 1.01 times diff
repository size.
≤ 1.04 times size of
largest version.
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Archive size between 0.94
and 1 times compressed
diff repository size.
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ssn:1 ssn:1 ssn:2 ssn:2 ssn:3 ssn:1 ssn:3Archiving is a necessity to …

… maintain access to older versions of
the data …

1999 2000 2001 2002 2003 2004 2005 2006 2007

Children are merged recursively.

Merging is done efficiently for sorted
documents.
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gzip - unix compression tool
XMill - XML compression tool XMill(archive)
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ssn:1 ssn:2 ssn:3

<T t=‘1-4’>
<ROOT>
<EMPLOYEES>

<T t=‘1-2, 4’>
<EMPLOYEE SSN=‘1’>

<NAME>Joe</NAME>
<SALARY>
<T t ‘1’>22k</T>

XML Representation

the data …
backup,
verification of findings, 
citation.

… track history of objects.

How did the population of European 
t i  h   th  l t t  

... merged into a single archive.
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<EMPLOYEES>

<1-2>

SWISS-PROT Major Releases 40 – 49:
Merge documents based on matching key values

Archive

How databases are archived?

Complete periodic snapshot
Sorting Hierarchical Data
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Name Name Name
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<TEL>1234</TEL>
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</T>
<T t=‘2-3’>
<EMPLOYEE SSN=‘2’>

<NAME>Bob</NAME>
…

countries change over the last ten 
years?

Relies on a deterministic / keyed model
(Driscoll et al., “Making Data Structures Persistent”, 1989).
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<NAME> <SALARY><SSN>
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p p p
High storage overhead.

Delta-based approaches

Snapshot and records of changes 
between pairs of consecutive versions.

Work on lines of text not data objects.

System ArchitectureKeyed hierarchical data model Split the document vertically into sorted
runs.

Sort siblings based on key values.

Merge sorted runs into final document.

Keys for elements in hierarchical data

Elements Q’ are keyed relative to their
parent Q by part of their subtree S.

How did the data look like in 
version x(, … , z)?

How did the data evolve?

Which objects changed (or 
remained  unchanged)?

Currently supported input 
formats:

XML.
Relational Databases

Sensitive to formatting/layout.
Snapshot retrieval is bounded by the
number of deltas not data size.
History tracking is complex.

How do we archive data!
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When was a given condition 
true?

Relational Databases.
UNIPROT flat-files.
CIA World Factbook Web-pages.

How do we archive data!

Hierarchical structure.

Merge versions into a single archive.

Benefits include …

Retrieval overhead is reduced

Driver Manager

Archive1 Archive2 Archive3

Manager

Data Sources

Annotator

S Buneman, Davidson, Fan, Hara, Tan, 2002.
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Koltsidas, Müller, Viglas, VLDB, 2008 (to appear).
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KEY /EMPLOYEES/EMPLOYEE BY VALUES (SSN),
KEY /EMPLOYEES/EMPLOYEE/NAME BY EXISTENCE,
KEY /EMPLOYEES/EMPLOYEE/SALARY BY EXISTENCE,
KEY /EMPLOYEES/EMPLOYEE/TEL BY SUBTREE,

Examples

Other related topics
Data provenance.
Data provenance.
Citation for databases.CCD

For further information
www.lfcs.inf.ed.ac.uk/research/database.
www.dcc.ac.uk.

Retrieval overhead is reduced.
Reduction of storage overhead.
History tracking is possible.
Stored in human readable format.

Buneman, Khanna, Tajima, Tan, ACM TODS, 2004.

Conceptual data model for archives
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T T
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Each internal node     has a key value     associated
with it. Leaf nodes V are text values. Each node has
its own timestamp     or an inherited timestamp    .      
Timestamps denote the sequence of versions a
node occurred in. 

E K

T T



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

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


