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Following a successful launch of the “Global Digital Libraries Collaborative” in November 2009,
 the British Library sponsored an instructional and planning workshop on the topic of Linked Data in the context of digital libraries. The concept of Linked Data, a term closely tied with the idea of the Semantic Web and coined by W3C director and web pioneer Sir Tim Berners-Lee, describes exploiting web technologies to interconnect information that has not been explicitly linked by creators or curators.  The mechanisms required to realize the goals of the Semantic web are a data model and series of formats and protocols described by the W3C as the Resource Description Framework (RDF). While such tools may not completely replace the need to build shared, domain-specific data repositories, at least in the short run, it is difficult to imagine digital libraries interoperating at a truly global scale without a commonly held model for data interchange that is as lightweight, sustainable, and extensible as the RDF promises to be.

During the first half-day of the workshop, leaders engaged in the development and implementation of Linked Data introduced the basic concepts behind the RDF. The ensuing discussions focused on identifying potential collaborative approaches to implementing Linked Data in the global digital library context.

Professor Nigel R. Shadbolt, of the University of Southampton’s School of Electronics and Computer Science, provided the foundation for the group in his introduction to the Semantic Web, Linked Data, and RDF. He summarized their development over the past decade,
 emphasizing the ways that the approach to managing data embedded in these concepts challenges traditional notions of intellectual control of library content. To reach the Semantic Web’s potential, builders of tomorrow’s digital libraries need to become tolerant of link failures, imprecision, and the general “scruffiness” that entrusting some of this control to machines will entail. He argued that the recent growth of the semantically interlinked sub-set of the web has shown that making this compromise reaps exponential benefits. Already, researchers can use applications such as the RKBExplorer and DBPedia to search across massive quantities of data interlinked through RDF. 

Shadbolt organized his talk around four “micro principles” of the Semantic Web:

1. All entities of interest, such as information resources, real-world objects, and vocabulary terms should be identified by URI [Uniform Resource identifier] references;

2. URI references should be dereferenceable, meaning that an application can look up a URI over the HTTP protocol and retrieve RDF data about the identified resource;

3. Data should be provided using the RDF/XML syntax; and

4. Data should be interlinked with other data.

Interlinked global libraries depend upon the adoption of these four rules, requiring the creation of URIs and their expression in a machine-readable three-part “subject-predicate-object” syntax.
 Taking each of these requirements in turn, Shadbolt explained their ties to other products of research and development by the World Wide Web Consortium (W3C) for the Semantic Web, such as the Web Ontology Language (OWL) for expressing relationships between RDF referents and the SPARQL query language for searching across diverse data sources employing the RDF.

The value of the Semantic Web for digital libraries may seem obvious, but its technologies carry implications for public policy that are equally, if not more, important than sharing its standards. The Open Data Movement and the promotion of “Open Government” in the United Kingdom and elsewhere
 are just two examples of attempts to influence lawmakers and the general public to support open and accessible web-based data. Implementation of the Semantic Web will also require rethinking legislation related to intellectual property and the widespread adoption of licenses for data that follow examples such as the Open Data Commons.

Following the introduction, three early adopters of RDF described their experiences of implementing it in the digital library context. Richard Wallis of Talis described the ongoing effort to apply RDF to BBC archives, while Markus Sköld described its application to the Swedish Media Database at the National Library of Sweden [in PowerPoint], and Godfrey Rust and Mark Bide of Rightscom discussed current limitations and challenges that must be overcome [PowerPoint] before the goals of the Semantic Web can be achieved, as well as the potential of projects such as the Vocabulary Mapping Framework to address these challenges.

The afternoon sessions of Day One of the workshop centered on three major themes: linked library metadata, interoperable digitised content, and scholarly communications. In considering the implications of RDF for linking library metadata, Michael Keller of Stanford University Libraries and Brian Karlak of MetaWeb introduced a pilot project for incorporating library and publisher’s catalog information into Freebase. In keeping with the openness requisite for the Semantic Web, Freebase, while a private company, generates revenue from its services for large content providers, which include strict quality control mechanisms, rather than from access to its interface. Participants raised both technical and administrative questions about the project, which are summarized in British Library representative Adam Farquhar’s notes [Word]. 

Les Carr of the University of Southampton led the discussions of the potential of RDF to make repositories of digitized content more interoperable. While participants acknowledged significant challenges, such as maintaining coherent user experiences, reconciling the structures of library-based schema such as METS or EAD, and potential backlash from commercial providers of digitized information who depend upon access controls for profits. At the same time, there was general agreement that a collaborative approach to the creation of URIs from already shared library vocabularies for names, places, or widely used concepts, would be a valuable first step toward better integration for digital libraries. Sean Martin (British Library) provided further detail from these sessions [PowerPoint].

In a final set of sessions on Day One, Mark Bide facilitated dialogues about the effects of Semantic Web technologies on the future of scholarly communication. The challenges posed by implementing these technologies call into question the very nature of the library, and its long-standing position at the end of the scholarly communication “chain.” Participants agreed that libraries should assume a leadership role in encouraging the adoption of RDF and educating the public about its value, but they also acknowledged that stakeholders from the domains of publishing, research, and education also have roles to play. Here, too, collaborative approaches to URI generation were seen as holding promise; initiatives such as ORCID, the Open Researcher and Contributor ID registry, were put forth as key projects to which libraries should contribute. Participants emphasized that in the context of such efforts libraries have the advantage of a reputation for neutrality, trustworthiness, and integrity, which they can use to their advantage. At the same time, the employment of open data requires that libraries relinquish control over who uses the data they provide, and to what ends. Richard Masters (British Library) contributed notes from these sessions [PowerPoint].

For Day Two, workshop leaders built upon the ideas generated through the previous day’s activities to identify key priorities, and participants separated into new discussion groups according to personal interest, institutional needs, and strengths. The group identified four priority areas for further exploration and action: collaborative URI generation, publication of the Encoded Archival Description (EAD) finding aid format as Linked Data, expanding the Freebase initiative, and developing collaborative approaches to rethinking intellectual property rights in the context of open data.

Sub-groups of staff from educational institutions and national libraries expressed two perspectives on the potential for joint development of library URIs. The sub-group representing the academic sector, convened by Les Carr, determined that a set of best practices for implementing RDF would be a logical next step. A small team of representatives from this group agreed to work toward devising this guide. Hugh Glaser of the University of Southampton volunteered to maintain a temporary [?] registry of “same as” relationships between URIs to facilitate the collaborative effort. Sub-group members suggested that the recent draft of the UK Government’s Web Accessibility Code of  Practice [IS THIS THE CORRECT REFERENCE?] could provide context for this work. Similarly, staff from national libraries agreed that library professionals should begin collaborating around best practice standards and policies. Andreas Juffinger of Europeana offered to create an online forum and wiki space dedicated to these topics [IS THERE A LINK?] Les Carr and Sean Martin have provided a more detailed summary of these two discussions [PowerPoint].
There was strong interest in exploring the application of RDF to the EAD format in discussions led by Michael Keller and Dave Price (Oxford University). Some participants suggested such a project might be “low hanging fruit” in the service of a global digital library. At the same time, they acknowledged that reducing this complex, hierarchical standard into a series of URIs would risk the loss of valuable contextual information that the standard provides. Furthermore, an automated approach to converting EAD records could produce thousands of “useless” identifiers for a single EAD finding aid. Some contended that efforts to translate EAD should first focus only on collections currently represented by digital surrogates. While the exclusion of non-digital collections did not receive unanimous support, there was widespread agreement that the development of best practices for EAD translation would require the cooperation of professionals with a deep understanding of RDF, EAD, and archival research.  Representatives of Europeana, the British Library, Oxford University, Stanford University, JISC, and CLIR indicated that they were highly motivated to address this challenging problem. Participants identified a future workshop and a Stanford University student project as next steps. They also suggested that funding opportunities geared toward exposing newspaper archives and collections related to the US Civil War could provide the basis for pilot projects. Richard Masters and Adam Farquhar contributed notes from the discussions on this topic [Word].

In continued conversations about the Freebase pilot project, participants explored issues of attribution of contributed data to their original creators and openness of the repository. Representatives of the following institutions expressed interest in joining the project: the Bibliotheca Alexandrina, the British Library, the Library of the Chinese Academy of Sciences, the Library of Congress, the National Institute of Informatics (NII), the National Library of Sweden, and the Universidad de Alicante. Content providers may choose to supply data for the existing project or to take already accumulated data to demonstrate alternative uses and presentations. Adam Farquhar and Jerry Persons (Stanford) submitted a record of these sessions [Word]. 
Not unexpectedly, the two discussions of the rights issues posed by global digital library environments, convened by Caroline Brazier of the British Library, were both rigorous and wide-ranging. The group questioned the degree to which providers can assert intellectual property rights over Linked Data generated from their digital resources; maintaining a clear, legal separation of rights-controlled materials from their RDF descriptions would be invaluable to managers of mixed collections of fee-based and open content. In the global context, the question of jurisdiction may inhibit librarians and archivists in their efforts to build widely accessible and deeply searchable digital libraries. As in the Freebase conversations, problems of attribution loomed large in the minds of participants. Some cautioned that tracking the sources of all RDF content at the most granular level could prove inhibiting at best and, at worst, imply the assertion of rights over the content to which a URI has been assigned. Mimi Calter (Stanford) and Neil Wilson (British Library) recorded further details from these sessions, including suggested action items [Word].

Last on the meeting’s agenda was a reporting session led by Michael Keller, during which project representatives provided updates on the progress of the nascent, continuing, and potential digital library initiatives identified at the International Digital Library R&D Meeting of November 2009. In addition to the action items determined during the course of the Linked Data workshop [Word], participants encouraged one another to be aware of and, if possible, contribute to the following projects:

1. Vivo (Cornell and Indiana Universities), a tool for finding information about scientists and their work that implements unique ids to disambiguate researchers;

2. Project Bamboo, which is continuing to promote the advancement of interdisciplinary arts and humanities research through shared technologies and services;

3. Archivesspace.org (University of Illinois Urbana-Champaign, New York University, UC-San Diego), a project to build a “next generation” archival management system;

4. The Open Planets Foundation, a European-led initiative to sustain digital tools for libraries that would welcome new international members;

5. A study just launched by the Institute for Study Abroad (Butler University), which will examine the research and resource discovery behaviors of students studying abroad;

6. Cataloging Hidden Special Collections and Archives: Building a New Research Environment (CLIR), for which staff are currently seeking input and advice on strategies for interlinking metadata about funded projects as well as records created by funded institutions;

7. DataCite, an international registry of Digital Object Identifiers (DOIs) that is seeking to integrate its efforts with Linked Data initiatives, in addition to welcoming new members and contributors;

8. Metaresolver for Persistent Identifiers (Europeana and others), an open-source tool that provides “a single point of entry for all known urn:nbn national subspace resolvers (related to the persid project);

9. LuKII (Humboldt University), an initiative to build a preservation infrastructure for German libraries that aims to be a model for others implementing strategies such as LOCKSS or KOPAL; 

10. A Danish system architecture for bit preservation infrastructure [NEED REFERENCE], a resource to be made openly available soon;

11. The Library Linked Data Group, a new, one-year W3C initiative to gather use cases and best practices for implementing Linked Data in libraries;

12. oai.rkbexplorer.com, an initiative to produce Linked Data from Dublin Core records;

13. Miguel de Cervantes Library (MCBV), which has just finished its new architecture and aims to set up a peer-to-peer library and implement RDF;

14. British Museum catalog project (University of Southampton, British Museum), a new initiative to convert British Museum catalog records into RDF.

A future meeting has been tentatively proposed by the Bibliotheca Alexandrina, to take place in Egypt in early 2011 [NEED TO CONFIRM THIS].

� See Calter, M., Shore, E., and Williford, C. “International Digital Library Research and Development Meeting – Summary Report” (20 January 2010): � HYPERLINK "http://www.clir.org/globaldigitallibraries/INTL_LIB_R&D_Partic_FinalA.pdf" ��http://www.clir.org/globaldigitallibraries/INTL_LIB_R&D_Partic_FinalA.pdf�





� The idea of the Semantic Web dates from an article on the topic published by Berners-Lee in a 2001 issue of Scientific American: � HYPERLINK "http://www.scientificamerican.com/article.cfm?id=the-semantic-web" ��http://www.scientificamerican.com/article.cfm?id=the-semantic-web�


� For a more detailed introduction to these principles and the RDF syntax, Shadbolt recommends readers consult Bernhard Haslhofer’s “Linked Data Tutorial” at � HYPERLINK "http://www.slideshare.net/bhaslhofer/linked-data-tutorial" ��http://www.slideshare.net/bhaslhofer/linked-data-tutorial�.





� See Arthur, Charles. “Web inventor to help Downing Street open up government data.” The Guardian 10 June 2009: � HYPERLINK "http://www.guardian.co.uk/technology/2009/jun/10/berners-lee-downing-street-web-open" ��http://www.guardian.co.uk/technology/2009/jun/10/berners-lee-downing-street-web-open�. A beta portal for UK government data is now operating at: � HYPERLINK "http://data.gov.uk/" ��http://data.gov.uk/�.












