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Abstract. Digital Library (DL) interoperability requires addressing a variety of 
issues associated with functionality. We report on the analysis and solutions 
identified by the Functionality Working Group of the DL.org project during its 
deliberations on DL interoperability. Ultimately, we hope that work based on 
our perspective will lead to improved architectures and software, as well as to 
greater interoperability, for next-generation DL systems. 

1   Introduction 

A huge volume of information and knowledge is acquired and managed by distinct 
Digital Libraries (DLs). This leads to problems for academic and public libraries that 
often work with scores of such DLs and seek to support patrons facing a broad range 
of systems and services. Similar problems are faced by students, faculty, researchers, 
scholars, knowledge workers, and the general public. Also of concern is e-science, 
where labs and centers must use different DLs to address global challenges. 

Interoperability among all the DLs needed in each case is a serious concern. Mani-
festing a broad range of features and capabilities, DL systems employ diverse proprie-
tary solutions and varying applications of a broad range of standards. The problem is 
further aggravated by the complexity and scale of modern DL systems and problems 
such as API mismatch, data format mismatch, and missing components. 

Interoperability has been the main issue of concern for the DL.org project [4]. Its 
work is based on the DELOS Digital Library Reference Model [3], in particular, the 
multi-dimensional representation of the DL domain and the identification of six  
primary concepts that characterize Digital Libraries: content, users, functionality, 
policy, quality, and architecture. In this paper, we present results from the discussions 
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of the DL.org Functionality Working Group [4]. This Working Group is focusing on 
interoperability with respect to one of these concepts, DL functionality, while still 
remaining within the broader context of the entire DL space. 

2   Functions, Interoperability, and Compatibility 

There are many definitions of function. The Reference Model defines function as: “an 
action a DL component or a DL user performs” [3]. In software engineering, a func-
tion is a portion of code or a module that performs a specific task (or action); it is 
embedded within a larger program but remains relatively independent from the rest of 
the code. Function interoperability is often concerned with software modules that 
implement a DL function. The mathematical definition of a function as a mapping 
from a domain to a range is not important here. 

Function interoperability is of particular importance in DLs, as indicated in Table 
1. Such interoperability serves three main purposes: i) To provide users of one DL 
access to the content and functionality of other DLs; ii) To harmonize the user experi-
ence provided by different DLs so that the user who has learned to use one DL can 
use other DLs easily; iii) To save effort in creating new DLs or adding functionality to 
existing DLs, by reusing existing software components. 

Table 1. Indicative set of functions where interoperability is especially important 

Behind the scenes For users 

Feature Extraction 
Classification/Clustering 
Single Authorization/Single Sign-on    
Analysis/Statistics operations 
User Profile Management  
Harvesting, Aggregating 
Preservation and Backup  

Federated search. 
Integration of additional external content sources 
on the fly. 
Visualization of timelines, maps, videos, etc. 
Browsing based on same look-and-feel. 

 
To achieve interoperability of functions, one may use a registry that allows for the 

discovery of software modules that implement sought-after functionality in a given 
software context for a given user group. Such a registry should show the different 
ways in which functions can be interoperable.  

From a system-based point of view, three important ways to achieve function in-
teroperability are the following:  

1. Based on processing (e.g., function Fa may utilize the functionality offered by 
another function Fb either by directly incorporating the provided functionality 
within Fa or by calling it as an external service); 

2. Based on data/content (e.g., the outcome of function Fa is da which is used by Fb 
as input via direct exchange / conversion / replacement);  

3. Based on cross-function compatibility (e.g., functions Fa and Fb have the same 
interface). 

From a user point of view there are issues related to functionality that concern the 
compatibility of products. Such compatibility is directional and can be expressed in 
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two levels. More formally, DL B is product-compatible with DL A with respect to 
functionality if the following hold:  

1. DL B provides all functions that DL A provides (product compatibility with re-
spect to functions provided),  

2. DL B uses the same interface with DL A to invoke functions, where interface re-
fers to names of functions, shape and color of buttons, screen layout, command 
names, and syntax (full product compatibility). 

From a framework based point of view, function interoperability requires:  

1. an entity-relationship schema,  
2. a taxonomy of the ways in which functions can interoperate, and  
3. a template for the description of functions and software components.  

3   Specifications, Solutions, and Ontologies 

A function specification, using a template such as the following, facilitates identi-
fication of what a function does and how a system or a human may interact with it. 

• Function Behavior: providing a description of  what a function does and of the 
supported interaction with actors (systems/users) 

• API/Interface Specification: illustrating the Input and Output data and parame-
ters, data formats/standards, pre-conditions and post-conditions 

• Dependencies/Relationships/Use: detailing the operating environment in 
which a function runs; other functions needed; functions that invoke this func-
tion; composite functions and workflows 

• Interoperability Concerns: documenting what is required for interoperability 
and how does a specific implementation meet these requirements 

• Performance evaluation, assessment, and advice for use  
Specifications of many of the above properties can use existing widely used stan-

dards such as IDL, WSDL, SAWSDL, OWL-S, WSMO, or BPEL4WS. 
Clearly, there are generic concerns regarding interoperability of functions that cut 

across all types of software systems and others that are particular to DLs. A function 
can be implemented as a service; thus the Service Oriented Computing (SOC) domain 
is of particular interest. In that context, there are already proposed static and dynamic 
solutions. Static solutions can be found in the e-Framework (www.e-framework.org) 
or the RosettaNet community (www.rosettanet.org). Both initiatives accommodate a 
standards-based service-oriented approach with well-defined services that facilitate 
the whole range of the functionality and provided features. On the other hand, dy-
namic solutions address several of the specified issues and rely on the use of formally 
defined theories for the automated provision of adapters. Adapters handling incom-
patibilities (e.g., with interfaces, behavior, and pre/post conditions) have been devel-
oped by the SOC research community [1, 2]. These two distinctive types of solutions 
can serve as the basis for DL function interoperability as well.  

Another important aspect when dealing with interoperability is that functions can 
be related in various ways, including the common relationship of sub-function. As 
Table 2 shows, the standard DL function “search” has many sub-functions, especially 
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when advanced search is concerned. Thus, it is essential that taxonomic or, even bet-
ter, ontological descriptions of DL functions be provided. A thorough treatment of 
this matter is given elsewhere [5], using the 5S framework; other work involves on-
tology mappings, alignments, and merging [6].  

Table 2. Sub-functions of search 

Quick Search Advanced Search 
Enter a query and click search  
Enter keywords or phrases for 
selected field                               
Limit results  
Search subscribed titles  
Clear 

Enter keywords or phrases for selected fields  
Select keyword from a list  
Select Boolean operator (explicit)  
Define phrase match (explicit)  
Search within results  
Limit results to (preselection), Sort by (preselection)  
Select display options, Display X results per page  
Display search history 

4   Conclusions 

The Functionality Working Group of the DL.org project has explored issues, ap-
proaches, and solutions related to the interoperation of DL functions. Essential are 
appropriate description mechanisms and registries that will facilitate the publication 
and discovery of functions. More work is also needed on function taxonomies and 
ontologies, function composition, and the relationship to interoperability of the other 
DL concepts, as addressed by other DL.org Working Groups. 

Acknowledgments. Partially supported by the European Commission under project 
“DL.org: Digital Library Interoperability, Best Practices and Modelling Foundations”, 
Contract num: 231551. 

References 

1. Benatallah, B., Casati, F., Grigori, D., Nezhad, R., Toumani, F.: Developing Adapters for 
Web Services Integration. In: Pastor, Ó., Falcão e Cunha, J. (eds.) CAiSE 2005. LNCS, 
vol. 3520, pp. 415–429. Springer, Heidelberg (2005) 

2. Bordeaux, L., Salaün, G., Berardi, D., Mecella, M.: When are two Web Services Compati-
ble? In: 5th VLDB Workshop on Technologies for E-Services, Toronto, Canada (August 
2004) 

3. Candela, L., Castelli, D., et al.: The DELOS Digital Library Reference Model. In: Founda-
tions for Digital Libraries, Ver 0.98., DELOS Network of Excellence - Project no. 507618 
(2008) 

4. DL.org: Digital Library Interoperability, Best Practices and Modelling Foundations. EU 
funded project, Contract no. 231551, http://www.dlorg.eu  

5. Goncalves, M.A., Fox, E.A., Watson, L.T.: Towards a Digital Library Theory: A Formal 
Digital Library Ontology. Int. J. Digital Libraries 8(2), 91–114 (2008) 

6. Noy, N.: Semantic Integration: A Survey of Ontology-based Approaches. ACM SIGMOD 
Record 33(4), 65–70 (2004) 


	A Functionality Perspective on Digital Library Interoperability
	Introduction
	Functions, Interoperability, and Compatibility
	Specifications, Solutions, and Ontologies
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




