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Abstract

This paper addresses the place of grey not only in the landscape of information, but also of knowledge, wealth creation and improvement of the quality of life.  It builds on work by the authors published in previous GL conferences.
The very notion of grey is linked conceptually with dull and dismal. It refers to a concept between recognised states.  It is also linked with age and distinction, even the magical (Gandalf the Grey).  The hypothesis is that grey objects exhibit all these properties, and they can be used to advantage.

Typically Grey literature consists of technical research documentation (although many different kinds of material have been classified as grey).  This – by its nature – tends to be dull. The material is usually not peer-reviewed as is white literature.  Yet it is not usually the unstructured, unauthorised output from a single source; it may well be commercial in confidence and certainly is likely to contain IP (intellectual property) of value to the organisation. It is between states i.e. between ‘an idea’ and ‘white’.  Some grey literature has age and distinction, although this usually is neither recognised nor appreciated widely until it becomes white – analogously to the final step in the human ageing process.  Finally some grey literature is indeed magical in providing an organisation with a wealth of knowledge for problem solving, strategy inspiration or know-how.

This paper attempts to demonstrate that grey is the very foundation of the knowledge base both for internal use of an individual organisation (where it may well remain grey) and of world knowledge (where it is transformed to white).  The information landscape (which when applied becomes the knowledge landscape) has exposed uplands (white) and hidden valleys (grey).  

The dynamics of the landscape concern the way in which an idea, concept or knowledge is generated and transformed: from grey to grey (internal discussion within an organisation with improvement), from grey to white (publication, public relations for an organisation, improved evaluation scores for an organisation), from grey to product or service (wealth creation or improvement in the quality of life within an organisation), from white to product or service (wealth creation or improvement in the quality of life by knowledge or technology transfer).

The prerequisites for these dynamics to work are (1) excellent metadata (to improve discovery and control usage), (2) an institutional document repository of grey, (3) an institutional CRIS for the contextual research information, (4) linkage between the document repository and the CRIS of an institution and thence (in a controlled manner with formal descriptive and restrictive metadata) to other institutions, (5) an e-research repository of research datasets and software, (6) linkage between the e-research repository and the CRIS of an institution and thence (in a controlled manner with formal descriptive and restrictive metadata) to other institutions, (7) an institutional policy to mandate deposition of the material with appropriate metadata.

From foundation to dynamics, grey is the key ingredient for the knowledge society.

1 Background

Previous papers on Grey literature (or more widely – and used hereafter to mean - grey objects such as hypermedia) by the authors (in the GL Conference Series) have described:

1. the need for formal metadata to allow machine understanding and therefore scalable operations (Jeffery 1999);
2. the enhancement of repositories of grey (and other) e-publications by linking with CRIS (Current Research Information Systems) (Jeffery and Asserson 2004); 
3. the use of the research process to collect metadata incrementally reducing the threshold barrier for end-users and improving quality in an ambient GRIDs environment (Jeffery and Asserson 2005);

4. an architectural model for scaleable, highly distributed, workflowed repositories of grey literature based on hyperactive ‘intelligent’ documents (Jeffery and Asserson 2006).
This paper takes a ‘from 10,000 metres altitude’ view of the grey information landscape (hence ‘Greyscape’) based on the hypothesis that grey literature is the foundation for the knowledge economy.  The paper develops recommendations for realizing the potential of the hypothesis.
2 The Hypothesis

The hypothesis is that grey literature can provide the foundational material for knowledge transfer leading to wealth creation and improvement of the quality of life, i.e. the ‘knowledge economy’.   Furthermore, we propose that the dynamics of ‘grey’ must be captured as the grey object (e.g. technical report, PhD thesis, brochure) transforms during its life from grey to grey or grey to white.  We also propose that the grey object must be linked via semantic relations not only to other grey objects and white objects but also to information on persons, organizations, funding, projects, facilities, equipment, products, patents, events…  in fact all the contextual information required to understand the relevance of the grey object of interest.  The current state of the art does not support this vision yet but is moving in this direction.  We propose the Greyscape Architecture to solve the problems and provide a unifying platform for the world of grey to reach its potential.
3 The Notion

The concept of ‘grey’ leads to associations in various dictionaries and thesauri. These include:

· dull and dismal: as in a grey day implying clouds and rain or to describe the character of a person; 
· obscured: implying only partly seen as in ‘greyed out’;
· between states: as in a grey area implying some uncertainty or fuzziness such as not clearly legal but neither strictly illegal; 
· age and distinction: as implied by grey hair indicating ageing and wisdom; 
· magical: as in Gandalf the Grey or associated with the colour of the cloaks of some religious orders;

In fact these characterizations apply well to grey literature.  Commonly embracing material such as technical reports, catalogues, brochures, ephemera (but also doctoral and master’s theses), learning materials, photographs, video and audio clips the epithet ‘dull’ is probably apposite.  Commonly grey literature is obscured – hidden away, poorly catalogued, not advertised and difficult to find.  It usually is considered less important than white, published literature and receives less attention.  Certainly grey literature may be between states; the contents of a technical report (grey) or a doctoral thesis (grey) may well be transformed into a published research paper (white).  Similarly there may be a transition from grey to grey (hopefully with added information / improvement).  Grey literature may acquire the characteristics of age and distinction; early technical reports may be highly acclaimed once they are known and there are instances of old doctoral theses being cited and used once the author has started to publish white research papers on the topic.  Interestingly, are old photographs of Einstein with equations written on the blackboard considered as grey literature?  Finally some grey literature is indeed magical; a technical report may well - for a company – lead to a product making large sales and profits.  
This paper addresses the IT systems architecture required to maximise the value of grey literature in wealth creation and improvement of the quality of life.
4 state of the art

Despite some interesting counter-examples – mainly as research ideas or prototypes -   in general the world of grey literature is characterized by: limited digitization (i.e. much on paper); limited fill of repositories (i.e. even if the grey object is digital it is stored in a user location without appropriate metadata); various repositories of material with different characteristics; different standards for metadata to describe or catalog the material; different query languages and capabilities; differing facilities to present the results.  Furthermore, there is a lack of integration with repositories of white literature, research datasets and software and a lack of integration with CRIS which provide contextual information.  Finally the different grey literature repositories commonly do not interoperate (or do not interoperate effectively).   The bottom line is that grey literature is not sufficiently indexed by metadata and even when it is so indexed, the metadata are insufficient to provide sufficient context, provenance and other linkages.
This is a somewhat grey (in the sense of dismal) landscape.  However, it can be improved rapidly and effectively by bringing together the excellent – but isolated - work that has been done into an integrated architecture allowing for heterogeneity dictated by local requirements but managing the heterogeneity for interoperability benefit.
5 Requirement

Easy to deposit 
The first requirement – without which no grey literature repositories exist – is that it must be easy to deposit grey objects with associated metadata.  This is best achieved by reducing the threshold barrier for the end-user; appropriate techniques include workflow and incremental metadata provision, automated metadata extraction and re-use and knowledge-assisted metadata input so reducing the amount of actual input required from the end-user.
Easy to retrieve 
The major purpose of a grey literature repository is to provide grey objects upon request; the request usually being for one or more ‘full text’ objects (it may of course be hypermedia) of which the metadata satisfies the criteria of the search.  Exceptionally a service may be provided for full-text search of the object itself for a word or phrase; however this is expensive and time-consuming and is much less easy to do when the grey object contains hypermedia including images, video and audio.  It is clear that the relevance (accuracy, precision) of the response to the request and the recall (completeness) of the response both depend critically on the quality of the metadata.  Furthermore, the request may have a scope not only of the local repository but global; in this case excellent metadata is required for effective interoperability achieved by transforming the request into the syntax (character set, language, grammar  or structure) and semantics (meaning, especially meaning in context) of each target grey source

Easy to transition 
Grey objects usually record a stage or step in a research process.  They are related to earlier grey material and white material.  They are related to future grey and white material.  The relationships or linkages are critically important to understanding the relevance of a grey object to the request (or more specifically to the intent of the request).  Moreover tracking the evolution of research thought through a time-series of grey and white objects is instructive.   It may also be important legally in claims of prior publication and other rights.

Easy to track provenance 
Related to the above, provenance information may improve the ability of the end-user to assess the quality and relevance of the grey object of interest.  Provenance includes not only predecessor objects but also the contextual information mentioned above.  It is important to have correct recording of versions of a grey object for the same reasons.  Finally, for provenance information to be provided it is essential that facilities for preservation and curation are provided.

Easy to relate 

From the foregoing it is clear that relationships (hyperlinks) are of the greatest importance for effective and efficient provision of grey resources.  The relationships concern not only other objects in the grey repository (which should be open access and institutional) but also in the CRIS (which provides the research context) and also in research repositories of datasets and software.  The relationships require:
· to have a consistent structured syntax for automation (hence precision, accuracy and scaleability) of their management and usage and for interoperation);

· to be annotated with consistent semantic information so that they may be interpreted automatically by computer to achieve scalability;
An example might be as follows:
<person>  ‘Einstein, Albert’  <datetimestart> ’19160000:0000’ <datetimeend> ’19160000:0000’ <role> ’lecturer’ <publication> ’ Einstein, Albert (1916). "Photograph of lecture 1916"
<person>  ‘Einstein, Albert’  <datetimestart> ’19160000:0000’ <datetimeend> ’19160000:0000’ <role> ’author’ <publication> ’ Einstein, Albert (1916). "The Foundation of the General Theory of Relativity" Annalen der Physik.’
<publication> ’ Einstein, Albert (1916). "The Foundation of the General Theory of Relativity" Annalen der Physik.’ <datetimestart> ’19160000:0000’ <datetimeend> ’19160000:0000’ <role> ’presented’ <publication> ’ Einstein, Albert (1916). "Photograph of lecture 1916"
<person>  ‘Einstein, Albert’  <datetimestart> ’19050630:0000’ <datetimeend> ’19050926:0000’ <role> ’author’ <publication> ‘Einstein, Albert (1905) "Zur Elektrodynamik bewegter Körper" Annalen der Physik 17(1905), 891-921. Received June 30, published September 26, 1905.’
<publication> ’ Einstein, Albert (1916). "The Foundation of the General Theory of Relativity" (PDF). Annalen der Physik.’ <datetimestart> ’19160000:0000’ <datetimeend> ’19160000:0000’ <role> ’theory improvement’ <publication> ‘Zur Elektrodynamik bewegter Körper, Annalen der Physik 17(1905), 891-921. Received June 30, published September 26, 1905.’

<person>  ‘Einstein, Albert’  <datetimestart> ’19030000:0000’ <datetimeend> ’19110000:0000’ <role> ‘employee‘ <organisationalunit> ‘Swiss Patent Office Bern’

<person>  ‘Einstein, Albert’  <datetimestart> ’19030000:0000’ <datetimeend> ’19050000:0000’ <role> ‘postgraduate‘ <organisationalunit> ‘University of Zurich’
This example could be extended with other grey and white publications, Einstein’s undergraduate studies at ETH Zurich, his famous ‘thought experiments’ (as projects), subsequent books and papers by other authors citing his work and other entities.
This example demonstrates clearly several aspects required of metadata:

· the syntax must be formal and precise;

· the semantics must be present, formal and precise (usually using a domain ontology to assure a controlled structure of terms and inter-relationships of meaning);
· the relationships form a fully-connected graph; hierarchic representations are insufficient.  This excludes XML (XML) in its ‘native’ form; if XML represents relationships as relations (rather than using its native linkage mechanism XLINK)  then the full syntax can be reconstructed;

· the relationships require an annotation richer than the triples of RDF (RDF) so once again RDF is insufficient (although RDF overcomes the primary limitations of XML);
From this we conclude that the information should be represented using a relational database system although it may be presented (with a reduction in dimensions of the information space) on web pages at the user interface via XML.  Furthermore, a logic programming environment is required to manage the semantics (derived from the domain ontology) in the expressions.
6 the proposed architecture
The proposed architecture has three major components:

· a CRIS to provide formal metadata (for scaleable and quality interoperation) and to provide contextual information;

· a repository of grey objects (and ideally white objects) and ideally associated (via the CRIS) with a repository of research datasets and software;

· a workflow system providing incremental metadata update through the research process to reduce the threshold effort to get material into the repository;

This proposal is no more than an integration of separate aspects proposed in previous papers by the authors and discussed under ‘Background’ above.

We reject at this stage (but will re-introduce later) the architecture based on hyperactive grey objects (Jeffery and Asserson 2006) because for many existing grey resources hosts the technology is just too advanced and the required e-infrastructure is commonly missing at institutions concerned with grey literature.  However, technology based on integration of repositories using CRIS, and associated processes to fill the repositories using workflow, are reasonably well understood, accepted and implemented.  

This leads to the architecture proposed for implementation at any one institution (Figure 1):
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Figure 1: Architecture at One Institution
It should be noted that this architecture puts the CRIS ‘centre stage’.  This is because of its more formal syntax and semantics (CERIF).  This formality is required for optimal management of the information in the repositories and the CRIS and especially in the interlinking, expressed as time-period-stamped, role-based relationships.    This (CERIF) metadata also provides an optimal method for interlinking multiple institutions, each with the CRIS and repositories as indicated for one institution.  Indeed, the proposal is that CERIF can provide a better (more formal, more complete, more descriptive) interoperation mechanism than OAI-PMH (for repositories of publications) or the many different protocols for interoperation of research repositories of datasets and software (Figure 2).

[image: image2]
Figure 2: Architecture at multiple institutions
7 a stepwise approach to greyscape
We propose a set of steps or workpackages to achieve Greyscape.
(1) discussion and agreement on a standard for excellent (formal syntax and semantics) metadata (to improve discovery and control usage);
(2) an institutional document repository of grey set up at each participating organization;
(3) an institutional CRIS for the contextual research information  set up at each participating organization; 
(4) linkage between the document repository and the CRIS of an institution (using a unique identifier attached to metadata generated and stored in the CRIS and replicated to the repository) and thence (in a controlled manner with formal descriptive and restrictive metadata) to other institutions, 
(5) an e-research repository of research datasets and software set up at each participating organization;  
(6) linkage between the e-research repository and the CRIS of an institution and thence (in a controlled manner with formal descriptive and restrictive metadata) to other institutions as well as to the repository of grey objects, 
(7) an institutional policy to mandate deposition of the material with appropriate metadata (to encourage filling of the repositories so providing more and better information to support research and innovation);

(8) Information management, analysis and prediction services for the CRIS and the two repositories to provide end-users with the information required for research, for finding collaborators, for finding innovative ideas or products, for assessing research and many other uses;
(9) Workflow processes to connect services and users to reduce effort for users with data re-use

When all of this version of Greyscape is in place, all interested organizations can move up together to utilizing – within the same basic e-infrastructure - hyperactive grey objects as proposed in (Jeffery and Asserson 2006); furthermore the architecture allows backward compatibility to the architectural version proposed here from any subsequent version based on hyperactive grey objects.
8 Conclusion

Now is the time for ‘grey’ to change its image from negative to positive and benefit wealth creation and improvement in the quality of life.  A blueprint is proposed here to achieve Greyscape.
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