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Abstract

The knowledge society demands that organizations utilise to the full the IP (intellectual property) they generate and acquire.  In a context of research, development and innovation, the IP consists of products, patents and publications (in the widest sense – any stored representation of human intellect).  While conventional research publications (white literature) provide much of the visible IP, the ‘submerged part of the iceberg’ is the grey literature.  With OA (Open Access) technologies the line between white and grey becomes blurred, because of accessible postprints and preprints.  Significantly, white literature (and grey literature) may commonly be hyperlinked to further grey literature in the form of technical reports, procedure manuals, learning materials, software, data (in all media), communications (e.g. e- and voice-mail) etc.   The hypothesis is in three parts: 

a) hypermedia: hyperlinks from white (and grey) literature to the ‘submerged iceberg’ of grey publications enriches and completes the IP of the original publication;

(b) CRIS: (Current Research Information Systems) that cross-link the material to other entities in the business domain (where the business here considered is R&D) provides a context to enable the end-user to utilize more effectively the publication or collection of publications for their purpose; 

(c) Metadata: of high quality for controlling integrity, providing access, providing a description and managing rights is essential.

At both UiB, Norway and CCLRC, UK systems have been built utilising CERIF (Common European Research Information Format which provides a data structure to match (b) above) linked with publications information.  Both are based on joint research by the authors, the initial design results having been reported in GL’99 (Jeffery 1999).  Both implementations have demonstrated effectiveness with enthusiastic end-users. The UiB system is targeted at providing UiB with research productivity information and uses a relational database structure extending CERIF 2000 with bibliographic entities/attributes.  This allows publications to be related to people, to organizational units and to projects.  At CCLRC, using relational database technology, a CERIF-based extended corporate data repository (including people, organizational units and projects) is linked with an OA eprints institutional archive, containing postprints and preprints (and also other grey publications).  In each case,  the relationships are annotated with role (such as author or reviewer) and start date/time, end date/time.  The relationships can be many-to-many, thus a publication may have many authors each of which may have affiliations with many organizational units and projects.  Each instance of organizational unit, project or person may be recursively related to another; this allows correct representation of hierarchic or network (connected graph) relationships.   For both implementations the next steps involve implementing fully the formalised Dublin Core metadata proposed initially by the authors in GL’99 and since developed further by experience (Asserson and Jeffery 2004).  This will provide easier syntactic (structural) interoperation and allow semantic interoperability.  However, more importantly this development will allow the end-user to utilise the virtual collection, whatever the media and whatever the quality, in a knowledgeable and context-aware way.

1 Background

In a context of research, development and innovation, the IP (Intellectual Property) consists of products, patents and publications (in the widest sense – any stored representation of human intellect).  While conventional research publications (white literature) provide much of the visible IP, the ‘submerged part of the iceberg’ is the organisation’s grey literature.  This commonly represents its ‘know how’ or knowledge base (Jeffery 1999), (Jeffery, Asserson et al 2000). There are also legal considerations: many organizations protect their IPR with patents or pre-publication; copyright and database right are counterbalanced by Freedom of Information and  Data Protection legislation.  Innovation, Technology Transfer, Wealth Creation, Quality of Life are major objectives of R&D, and the reason why national governments, commercial organizations, charitable organizations and even individuals invest in it.  Most of the technology upon which we depend today is the result of R&D years ago, and similarly the quality of life we enjoy is largely the result of R&D in topics such as medicine, education, environment.  This is the IP.

The WWW (World Wide Web) (W3C), has made e-publishing inexpensive and easy.  This has led to an explosive growth of institutional repositories.  The Open Access Initiative (OAI) utilised the Dublin Core (DC) metadata standard and harvesting software (OAI-PMH) to link the repositories.  The two great challenges for the Web as outlined in (Berners-Lee 1999) are the semantic web (to make the web understandable) and the web of trust (to make it secure).  The semantic web is now being constructed, largely by (a) more formal data structures which are suitable for manipulation by first order logic, commonly involving the use of structured metadata and (b) use of domain ontologies to provide definitions of the meanings of terms and the logical inter-relationship of terms – as supportive associative metadata.  The web of trust implies that material is secure from misuse and that the organization holding the information is trusted to utilise it in a way coincident with business ethics.  This is achieved by associative restrictive metadata related to the original information.  

Metadata is data about data; a classification was proposed (Jeffery, 2000) which ensures separation of metadata kinds and assists in correct logical processing.  The application of the metadata classification to CRISs was demonstrated in (Jeffery, Lopatenko et al 2002).  

The GRIDs concept – initially metacomputing  i.e. linking supercomputers (Foster and Kesselman 1998) - has been extended (initial internal papers in 1999 and published in Jeffery 2001) to a full-blown distributed computing environment including, as GRID services, the W3C concept of web services together with concepts of the semantic web and web of trust.  This environment provides the platform for the ultimate blurring of white and grey literature, from refereed publications through annotated preprints to technical reports and manuals all cross-linked to datasets and – using CRIS technology (www.eurocris.org) - to persons, organizations, projects, patents, publications, events, facilities and equipment.  The environment is completed with associated computation power, special output facilities (e.g. VR (Virtual Reality) and dynamic control of detectors and instrumentation collecting data.

The key to an IP-management environment is based on three related concepts:

(a) hypermedia: comfortable hyperlinks from white (and grey) literature to the ‘submerged iceberg’ of grey publications enriches and completes the IP of the original publication.  Hypertext systems evolved through the last 40 or 50 years with visionaries such as Ted Nelson leading the way (Xanadu).  The extension to through multimedia to hypermedia is demonstrated in Microcosm (MI) and Hyperwave (HW);

(b) CRIS: cross-linking the material to other entities in the business domain (where the business here considered is R&D) provides a context to enable the end-user to utilise more effectively the publication or collection of publications for their purpose.  The key results are reported in  (Jeffery 1999), (Asserson Jeffery et al 2002), (Asserson and Jeffery 2004) ; 

(c) Metadata: of high quality for controlling integrity, providing access, providing a description and managing rights is essential.  The importance of metadata in a modern GRIDs environment was described in (Jeffery 2000) and in a CRIS environment in (Jeffery 2004a).

These three characteristics – if implemented correctly - can provide an environment to relate grey literature to the corporate context and so improve the corporate knowledge value of the grey literature.   Here lies the major thesis of this paper.

2 IP in a corporate context

Each organization needs to utilise its IP for business benefit (including the business of R&D) and for public relations / marketing purposes.  This implies that an organisation needs to know the IP it owns, catalogue it, curate it and understand the business benefits from it – not least to inform investment decisions in future R&D to generate further IP.  The knowledge base consists not only of the white literature but also the ‘iceberg’ of grey literature encapsulating the know-how of the organization in technical reports, instruction manuals, training materials etc.  Furthermore, increasingly the IP rests in datasets (e.g. results of drug clinical tests), in databases (e.g. customer relationship information) and in software (which encapsulates the business processes of the organization).  The whole may be subject to scrutiny through audit or freedom of information requests and thus there are great incentives for an organization to manage well these IP assets.  

In the R&D world most public funding bodies now assess the output – IP - from an organisation that it has funded - e.g. a university or research institute - and they base future funding decisions – at least partly – on that information.  Thus recording, curation and management of IP is critically important to research-based organisations.  Similarly, for many modern businesses the quality of its IP determines success and future investment from shareholders.  Thus we derive the requirement: to provide systems and an environment such that organisations can manage effectively their IP bringing together both the IP itself (e.g. grey literature) and the organisational business structures and objectives. 

3 Solution

3.1 Components

The three components required to satisfy the requirement have been identified above: hypermedia, CRIS and metadata.  Here we equate components to existing systems and future work.

3.1.1 Hypermedia: Open Access Repositories

The WWW (World Wide Web) (W3C), has made e-publishing inexpensive and easy.  Subject-based repositories started to come into existence (e.g. ArXiv(ArXiv)) sustained by the community of researchers who deposited copies of pre- and post-prints in such repositories, in the latter case in addition to publication in a journal (paper or e-).  Individual authors posted pre- and post-print publications on their own web pages, challenging publisher copyright and making material available freely.  Certain teams produced software to crawl the web and produce catalogs of publications from personal pages.  Organisations then created institutional repositories where employees could deposit their publications and where the organisation could claim the IPR and gain the publicity.  The Open Access Initiative (OAI) utilised the Dublin Core (DC) metadata standard and harvesting software (OAI-PMH) to link the repositories.  A recent UK Parliamentary enquiry supports institutional repositories for publicly funded research.
3.1.2 CRIS: CERIF

CERIF (www.eurocris.org/cerif ) has been developed over a number of years by a nominated team of national experts operating in a EU (European Union) context.  The key developments are summarized in (Asserson, Jeffery et al 2002).  Briefly, CERIF provides a formal datamodel for CRIS which is flexible, extensible and interoperable.  Furthermore, the datamodel also provides the generic basis for a corporate data repository as demonstrated by CCLRC.

3.1.3 Metadata

Metadata is pervasive through both the above components.  The thesis is that formal metadata, processable by logic, can improve greatly the coupling of grey literature, via CRIS  to the organisational objectives for IP management.

3.2 The Marriage

3.2.1 UiB Solution

UiB (University of Bergen) is using a system for cataloguing, as metadata, Grey Literature and other publications.  The experience qualifies Anne Asserson as a member of the board developing a national system.  The comparison of the UiB datamodel with the datamodel proposed in (Jeffery 1999) was described in (Jeffery, Asserson et al 2000).   
3.2.2 CCLRC Solution

CCLRC is using CERIF as the basis for a corporate data repository to manage not only IP assets but also to control access to corporate data resources, to control business processes and to provide management information for decision support.  The aim – in addition to making CCLRC business operations (including scientific R&D) as effective and efficient as possible - includes being able to evaluate R&D outputs in terms of persons, organizations, corporate governance, cost, time and quality.  This is achieved by crosslinking an OAI-compliant Institutional Repository with the CERIF-compliant corporate data repository.

3.2.3 The Proposed Solution

Since CERIF2000 in 1999 – which only provided a ‘hook’ to link a publication (stored in another database) to CERIF - the authors have been working to produce a CERIF-compatible extension to handle publications in such a way that: a) the end-user has convenient access to the metadata and ideally onward to the publication itself wherever possible; b) the end-user can treat statistically the metadata representing the publications for management purposes; c) the field of conventional publishing is represented but also grey literature; d) hyperlinked multimedia data is handled.

3.2.3.1 The Original CERIF-Compatible Proposal for Bibliographic Extension

This is perhaps best represented by a table comparing ‘normal DC’ with the ‘formalised DC’

	DC
	Formalised DC

	
	<UNIQUEID> RAL92-003 </ UNIQUEID >

	<TITLE> A Distributed Architecture to Provide Uniform Access to Pre-Existing Independent, Heterogeneous Information Systems </TITLE>
	<TITLE> <language> en </language> <title> A Distributed Architecture to Provide Uniform Access to Pre-Existing Independent, Heterogeneous Information Systems </title> </TITLE>

	<CREATOR> Naldi F, Jeffery K G, Bordogna G, Lay J O, Vannini-Parenti I</CREATOR>


	<PERSON><role>author</role><person>Naldi F</person></PERSON>

<PERSON><role>author</role><person> Jeffery K G</person></PERSON>

<PERSON><role>author</role><person>Bordogna G</person></PERSON>

<PERSON><role>author</role><person>Lay J O</person></PERSON> 

<PERSON><role>author</role><person>Vannini-Parenti I </person> </PERSON>

	<SUBJECT>Current Research Information Systems; legacy; heterogeneous; distributed; protocol; communications; data; exchange</SUBJECT>
	<SUBJECT><language>en</language>  <scheme> RALClassification </scheme> <subject> Current Research Information Systems </subject> </SUBJECT>

	
	<KEYWORDS> <language> en </language> <scheme> UKThesaurus </scheme> <keywords>  legacy; heterogeneous; distributed; protocol; communications; data; exchange </keywords> </KEYWORDS>

	<DESCRIPTION>A system named EXIRPTS has been built which demonstrates access over distributed multilingual information systems of R&D projects.  The system resolves problems of resource location and utilises a catalog technique for metadata which allows the end-user to have a homogenous view over heterogeneous information</DESCRIPTION>
	<DESCRIPTION>  <language> en </language> <description> A system named EXIRPTS has been built which demonstrates access over distributed multilingual information systems of R&D projects.  The system resolves problems of resource location and utilises a catalog technique for metadata which allows the end-user to have a homogenous view over heterogeneous information </description> </DESCRIPTION>

	<PUBLISHER>Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11  0QX UK  </PUBLISHER>
	<ORGUNIT><role>publisher</role><orgunit> Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11  0QX UK </orgunit> </ORGUNIT>

	< CONTRIBUTOR> Wright, L, Daniels,T  </CONTRIBUTOR>
	<PERSON> <role> contributor </role> <person> Wright, L </person> <role> proofreader </role> <person> Daniels, T  </person> </PERSON>

	<DATE>1992</DATE>
	<COVERAGE TEMPORAL> <project> 1988-1991 </project> <publication> 1992 </publication> </COVERAGE TEMPORAL>

	<TYPE>Technical Report</TYPE>
	<RESOURCETYPE> <scheme> RALLibrary </scheme> <language> en </language> <resourcetype> Technical Report  </resourcetype> </RESOURCETYPE>

	<FORMAT>Word2</FORMAT>
	(note handled by conventional MIME typing)

	<IDENTIFIER>RAL 92-003</IDENTIFIER>
	<RESOURCEIDENTIFIER> <scheme> RALLibrary </scheme> <resourceidentifier> RAL92-003 </resourceidentifier>  <scheme> referencelist </scheme> <resourceidentifier> [NaJeBoLaVa92] </resourceidentifier> </RESOURCEIDENTIFIER>

	<SOURCE > [null]


	Note: done using relationships between resources referenced by UniqueId

	<RELATION> [JeLaMiZaNaVa89] </RELATION>
	<uniqueid> <RAL92-003> </uniqueid> <role> preliminary investigation </role> <uniqueid> [JeLaMiZaNaVa89] </uniqueid>

	<COVERAGE> Europe,1983-1991 </COVERAGE>
	<COVERAGE SPATIAL> <scheme> LatLong </scheme> <coordinates>10W35N-30E80N </coordinates> <precision> 5degrees </precision> 

</COVERAGE SPATIAL>

<COVERAGE TEMPORAL> <scheme> years </scheme> <constraints> [1983<x>1991] </constraints> </COVERAGE TEMPORAL>

	<RIGHTS> Copyright Rutherford Appleton Laboratory 1992 </RIGHTS>
	(note handled separately with access, privacy security etc)


This table demonstrates clearly the additional formalisation with language and schemes used to make precise each element where applicable.  Furthermore repeating groups of values are handled consistently and the more complex relationships such as publication <-> person (in roles author, editor, contributor) are handled correctly and flexibly using a consistent method (binary linking relations) as in the rest of CERIF.

3.2.3.2 The New Bibliographic Extension

Since this work there have been developments, to make more precise the associative restrictive metadata and the associative descriptive metadata for classification and evaluation  in the light of further experience of actual and potential uses:

a) more work has been done on the restrictive associative metadata and the following is proposed:

	DC
	Formalised DC

	
	<UNIQUEID> RAL92-003 </ UNIQUEID >

	<RIGHTS>
	<UNIQUEID> <SECURITYSCHEME> <SECURITYLEVELCONSTRAINTS>

	<RIGHTS>
	< UNIQUEID > <PRIVACYSCHEME> <PRIVACYLEVELCONSTRAINTS>

	<RIGHTS>
	< UNIQUEID > <ACCESSRIGHTSSCHEME> <ACCESSLEVELCONSTRAINTS>

	<RIGHTS>
	< UNIQUEID > <CHARGINGSCHEME> <CHARGEAMOUNT>


WHERE <CHARGEAMOUNT> is extended with sub-elements as follows:

<CHARGEAMOUNT> <currency> <amount> </CHARGEAMOUNT>

b) more work has been done on quality assessment metadata and in particular an annotation capability, especially for eprints, and the following is proposed:

	DC
	Formalised DC

	
	<UNIQUEID> RAL92-003 </ UNIQUEID >

	
	< UNIQUEID > <relation>  <ANNOTATION> <PERSON>


where <ANNOTATION> is extended with sub-elements as follows: 

<ANNOTATION> <language> <representation> <format> </ANNOTATION>

and <PERSON> may be extended with the additional subfield <DSig> for digital signature.

c) additional work has been done on quality assessment metadata to allow the end-user to do analyses of publication performance.  The following is proposed:

	DC
	Formalised DC

	
	<UNIQUEID> RAL92-003 </ UNIQUEID >

	
	< UNIQUEID > <CLASSIFICATIONSCHEME> <CLASSIFICATIONVALUE>


Where <Classification Scheme> may be ISI SCI (scientific citation index) or weblinks to the page or anything else.  This is integrated with the general classification scheme over all CERIF attributes.  These new entities have as their primary key <UNIQUEID> which actually identifies the metadata record, NOT the publication itself being described by the metadata, which is a foreign key <RESOURCEIDENTIFIER> in the formalized DC.  Clearly the structure (Fig 1) allows the designer to add as much or as little metadata content as required depending upon the application.























Fig 1: Proposed CERIF Publication Metadata Record based on Formalised Dublin Core

4 The Way Forward

This scheme is now being implemented progressively at CCLRC to assess its utility in practice.  UiB had already an implemented system extending CERIF to record publications specifically for their purposes of publication assessment.  However, UiB is assessing the data model proposed here with a view to migrating to it.  Meantime, the DC community has extended progressively ‘vanilla’ DC with ‘qualifiers’. However, these provide essentially attributes and thesaurus terms to be used for semantic interoperability and do not address the syntactic (structural) issues, nor the semantics of links between data entities.
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