Comp. by: CSenthilkumaranGalleys0000861353 Date:13/9/08 Time:14:57:18 Stage:First Proof
File Path://ppdys1108/Womat3/Production/PRODENV/0000000005/0000008302/0000000016/
0000861353.3D  Proof by:

QC by:

S

|
Searching Digital Libraries

Panacroris G. IPEIROTIS

Department of Information, Operations and
Management Sciences, Leonard N. Stern School of
Business, New York University, NY, USA

Synonyms
Federated search

Definition

Searching digital libraries refers to searching and re-
trieving information from remote databases of digi-
tized or digital objects. These databases may hold
either the metadata for an object of interest (e.g.,
author and title), or a complete object such as a book
or a video.

Historical Background

The initial efforts to standardize and facilitate search-
ing of digital libraries date back to the 1970s, when the
development of the Z39.50 protocol started. The
739.50 protocol is an ANSI standard and defines how
to search and retrieve items from a remote database
catalog. The Z39.50 protocol was widely deployed
within library environments, allowing users to perform
searches to remote libraries.

With the advent of the Web, libraries started digi-
tizing and making contents available on the Web, and
the Z39.50 protocol started losing its importance.
Many libraries made their content “searchable”
through standard Web forms, allowing users to search
and retrieve content using simply a Web browser.
However, due to the lack of a link structure, the con-
tents of the libraries remained “hidden” from the
modern search engine crawlers, forming part of the
“Hidden-Web” (also known as Deep Web, or Invisible
Web). Searching across multiple Hidden Web data-
bases, despite the tremendous progress since 2000, is
still an open research problem.

However, achieving interoperability across all Web
databases is inherently harder than achieving interop-
erability across library databases, which are relatively
more homogeneous. Therefore, a set of efforts focused
on introducing protocols to facilitate integrating and
searching digital libraries. The Open Archives Initiative
focused on defining a protocol for exporting metadata
about the objects in the collections hosted by each
library. The SRU protocol aims to modernize the
739.50 by making it similar to modern Web services.
Such efforts allow programmers to leverage their exist-
ing skills and develop easier tools for the library market.

Scientific Fundamentals

Digital libraries host a variety of digital objects, including,
but not limited to, textual documents, images, sounds,
videos, or even multimodal objects that combine the
above. The concept of searching digital libraries may
refer either to the action of searching a single digital
library or to the action of searching across multiple
digital libraries.

Searching a single digital library typically refers
to the action of searching and browsing the contents
of the underlying relational, textual, or multimedia
database. The interested reader may review the corres-
ponding entries of this encyclopedia for further details
on this topic.

Searching across multiple digital libraries is a con-
cept that evolved significantly over the years. The de-
velopment of these efforts is broadly divided in three
periods:

o The pre-Web period (late 1970s—mid 1990s): Devel-
opment of the Z39.50 standard.

o The early-Web period (mid 1990s—early 2000s):
Emergence of the Web, and increased accessibility
of libraries over the Web.

e The Web-services period (early 2000s—now): Defini-
tion of protocols for Web services, and develop-
ment of library-focused search and discovery
protocols.
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The Pre-Web Period

The first attempts to define a standardized, common
protocol for searching library databases date back to
the 1970s. Then, the “Linked Systems Project” exam-
ined how to provide support for standardized access
method to a small set of homogeneous, bibliographic
databases. This effort led to the formation of a NISO
committee in 1979, which after years of efforts defined
the “American National Standard Z39.50, Information
Retrieval Service Definition and Protocol Specifica-
tions for Library Applications” in 1987. The protocol
was later revised in 1992, in 1995, and in 2003. (See [1]
for a detailed history and timeline of the development
of Z39.50.)

The 7Z39.50 protocol was designed as a client-server
protocol, defining how the client can search and re-
trieve information from a remote database. The proto-
col supports a significant number of actions, including
searching across individual fields, such as author, ab-
stract, title, and so on. Unfortunately, the protocol did
not mandate the implementation of several aspects of
the specifications, allowing the developers to choose
the aspects of the protocol to implement. This led to
unexpected behavior of some systems, as the same
query, executed over the same underlying content,
could return very different results, depending on the
implementation. Furthermore, the extremely heavy
specification made it difficult for vendors to develop
systems that were fully compatible with each other.

The Early-Web Period

The emergence of the Web changed significantly
the way that digital libraries make their content avail-
able. Many libraries, perhaps encouraged by the Digi-
tal Libraries Initiative in 1994, started digitizing and
making their content available over the Web. This
meant that user could simply visit the Web site of
a library and then, using simply Web forms, could
query and browse the holdings of the library.

A significant fraction of these new digital libraries
are only accessible via a search interface and the ability
to browse through a static hyperlink structure is often
missing. This means that the contents of these libraries
are “hidden” from search engines, since traditional
crawlers, which discover new pages by following links,
cannot discover the contents of the library. Such
libraries are part of the hidden-Web [2]. On the other
hand, libraries that provide a link structure for acces-
sing their holdings, are part of the surface Web, which

is accessible by using general search engines, such as
Google.

For libraries with content available as part of the
surface. Web, the common model for searching is
through vertical search engines. The vertical search
engines create topically-focused indexes of the material
available on the Web by using focused crawlers [3] to
identify and index the pages about a given topic. Under
this model, the distributed digital libraries become
searchable through a centralized search interface that
indexes the remotely stored content. When a user
issues a query, the vertical search engine identifies the
most relevant pages in the index and returns to the user
the URLs of the pages, which are stored remotely.

For libraries with hidden Web content, the typical
way of searching their contents is through metasearch-
ers. A complete metasearcher has to perform the fol-
lowing tasks:

e Discover the available digital libraries. This invol-
ves crawling the Web to identify pages with Web
forms that are search interfaces for underlying
databases [4].

e Understand the capabilities of the available query
interface [5-7].

e Characterize the contents of the underlying data-
base, typically by extracting a small sample of the
stored contents through query-based sampling.
The characterization may involve classifying the
database into a topic hierarchy [8], extracting a
statistical summary of the content [9,10], or it
may involve keeping the actual sample as a surro-
gate for the contents of the database [11,12].

e Use the database characterization to select the most
promising databases for evaluating a given query
[11,13].

e TFEvaluate the queries in the selected databases, re-
trieve, and merge the results from multiple data-
bases into a single list [14].

An alternative approach to the distributed search
technique adopted by metasearchers is to try to down-
load all contents of a hidden Web database [15]. Once
all the contents of the remote digital libraries are re-
trieved and stored locally, the problem of searching
multiple digital libraries is reduced to the problem of
searching a single, centralized database. One of the
issues in this case is the need to periodically refresh
the local copy with the most recent contents of the
remote database [16].
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The Web-Services Period

During the early-Web period, the problem of integrat-
ing and searching across digital libraries was similar to
the problem of integrating Web databases at large. The
vision of the semantic Web promised a solution for this
problem, and the implementation of a Web services
framework was a first step towards this direction.

Inherently, though, the library integration problem is
much easier than the problems involved in the full im-
plementation of the semantic Web. Therefore, a set of
niche solutions were developed for the library integra-
tion problem, focusing on the one hand on library-
specific needs, but building on top of the existing tools
for general Web services that are being developed and
rapidly improved.

One of the first attempts to make effortless the
discovery of the contents of a library database was
the development of the Open Archives Initiative Proto-
col for Metadata Harvesting (OAI-PMH). This protocol
defines how a library can export metadata descriptions
of its holdings. Then, metadata harvesters can easily
collect the contents of the database and make these
contents searchable through a centralized search inter-
face. The OAI-PMH protocol is now widely adopted by
many libraries and a set of OAI registries facilitate even
further the discovery of libraries that support this proto-
col. Notably, major search engines, such as Google
and Yahoo! also support the protocol, as an alternative
of the sitemaps protocol. This support allows libraries
to be an integral part of the general Web and at the same
time use a protocol developed and customized for their
own needs.

Beyond OAJ, there are also attempts to modernize
the Z39.50 protocol and make it part of the larger family
of Web protocols. First, the Bath profile specifies the
exact query syntax that Z39.50 clients should use, so
that clients can interpret the results returned by Bath-
compliant Z39.50 servers. A more significant develop-
ment is the agreement for the Search/Retrieval via URL
(SRU) protocol. SRU is a standard XML-focused search
protocol for Internet search queries that uses Contextual
Query Language (CQL) for representing queries. The
SRU uses the REST protocol and introduces a standard
method for querying library databases, by simply sub-
mitting URL-based queries. For example, consider the
http://23950.loc.
&operation=searchRe-

following URL-encoded  query:
gov:7090/voyager?version=1.1
trieve &query=dinosaur&maximumRecords=10

This example is a search for the term “dinosaur,”
requesting that at most ten records to be returned. The
SRU protocol is easy to support and implement, and is
familiar to programmers that also use such syntax to
interact with other popular Web services.

Key Applications

Digital libraries are increasingly becoming part of
everyday life. The book digitization projects underta-
ken by corporations (e.g., Google, Microsoft) and by
many universities will generate enormous digital
archives accessible over the Web. Similarly, the high-
quality holdings of the existing libraries are becoming
increasingly accessible over the Web, allowing users to
reach easier authoritative sources of information.

Cross-references

» Bioinformatics Data Management

» Digital Libraries

» Health Informatics Databases

» Metadata Management

» Multimedia Databases

» Multimedia IR

» Querying over Data Integration Systems

» Scientific Databases

» Semantic Web and Ontology

» Semi-structured Text Retrieval

» Structured and Semi-structured Document Data-
bases

» Text Retrieval

» Web Search and Crawl

» Web Services and Service Oriented Architecture

Recommended Reading

1. Lynch C.A. The Z39.50 information retrieval standard. D-Lib
Mag., 3(4), April 1997.

2. Bergman M.K. The deep Web: surfacing hidden value. J. Elec-
tron. Pub., 7(1), August 2001.

3. Chakrabarti S., van den Berg M., and Dom B. Focused crawling:
a new approach to topic-specific web resource discovery. Com-
put. Netw., 31(11-16):1623-1640, May 1999.

4. Cope J., Craswell N., and Hawking D. Automated discovery of
search interfaces on the web. In Proceedings of the 14th Austra-
lasian Database Conference (ADC). 2003, pp. 181-189.

5. Raghavan S. and Garcia-Molina H. Crawling the hidden web. In
Proceedings of the 27th International Conference on Very Large
Databases (VLDB). 2001, pp. 129-138.

6. Bergholz A. and Chidlovskii B. Using query probing to identify
query language features on the web. In Distributed Multimedia
Information Retrieval, SIGIR 2003 Workshop on Distributed



Comp. by: CSenthilkumaranGalleys0000861353 Date:13/9/08 Time:14:57:25 Stage:First Proof
File Path://ppdys1108/Womat3/Production/PRODENV/0000000005/0000008302/0000000016/

0000861353.3D  Proof by:

QC by:

Searching Digital Libraries

10.

11.

Information Retrieval, Revised Selected and Invited Papers
(LNCS). 2004, pp. 21-30.

. Zhang Z., He B., and Chang K.C.-C. Understanding web query

interfaces: best-effort parsing with hidden syntax. In Proceed-
ings of the 2004 ACM SIGMOD International Conference on
Management of Data (SIGMOD). 2004, pp. 107-118.

. Gravano L., Ipeirotis P.G., and Sahami M. QProber: a system for

automatic classification of hidden-web databases. ACM Trans.
Inf. Syst., 21(1):1-41, January 2003.

. Callan J.P. and Connell M. Query-based sampling of text data-

bases. ACM Trans. Inf. Syst., 19(2):97-30, 2001.

Ipeirotis P.G. and Gravano L. Distributed search over the hidden
web: hierarchical database sampling and selection. In Proceed-
ings of the 28th International Conference on Very Large Data-
bases (VLDB). 2002, pp. 394—405.

Si L. and Callano J. Modeling search engine effectiveness for
federated search. In Proceedings of the 28th Annual Internation-
al ACM SIGIR Conference on Research and Development in
Information Retrieval, SIGIR. 2005, pp. 83-90.

12.

13.

14.

15.

16.

Hawking D. and Thomas P. Server selection methods in hybrid
portal search. In Proceedings of the 28th Annual International
ACM SIGIR Conference on Research and Development in In-
formation Retrieval, SIGIR. 2005, pp. 75-82.

Ipeirotis P.G. and Gravano L. When one sample is not enough:
improving text database selection using shrinkage. In Proceed-
ings of the 2004 ACM SIGMOD International Conference on
Management of Data (SIGMOD). 2004, pp. 767-778.

Si L. and Callan J. A semisupervised learning method to merge
search engine results. ACM Trans. Inf. Syst., 21(4):457—491,
2003.

Ntoulas A., Zerfos P., and Cho J. Downloading textual hidden
web content by keyword queries. In Proceedings of the Fifth
ACMH+IEEE Joint Conference on Digital Libraries (JCDL). 2005.
Ipeirotis P.G., Ntoulas A., Cho J., and Gravano L. Modeling and
managing content changes in text databases. In Proceedings of
the 21st IEEE International Conference on Data Engineering
(ICDE). 2005, pp. 606-617.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.01667
  /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 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.03333
  /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 2400
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


