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Preface

Innovation, the foundation of economic developmtoday, depends on rapid scientific
advances. Science for its part has become incgggsimased on open, cross border
collaboration between researchers the whole wovket.oln addition, modern science is a
heavy user of high capacity computing to model dempsystems and to process
experimental results.

The emergence of new research methods that exgole#inced computational resources, data
collections and scientific instruments, in otherdge-Scienceis poised to revolutionise the
future scientific discovery process, as the "SdfienRenaissanceé"did in setting the base of
modern science. It is crucial for Europe to embihesunderlying paradigm shift in order to
keep its competitive position and to respond taoetatexpectations.

To enable the fast transition towards e-Science, Ehropean Commission and Member
States have made significant investment®-imfrastructures including the pan-European
research network GEANT, e-Science grids, datastfisatures and supercomputing.

Striving for world leadership in e-Science, estsiilng e-Infrastructures as a sustainable
utility and exploiting them as a factor of innowati are the three vectors of a renewed
European strategy supporting the ground breakiremse of 2020 and beyond. This strategy
requires a significant step forward in terms ofetygmd intensity of investments, better linking
of research and innovation policies and coordimatibnational and Community strategies.

Against this background, the present Communicatesthree main objectives —tighlight
the strategic role that e-Infrastructures play inderpinning European research and
innovation policies, taall on Member States, the European Commission andctkatiic
communities for a reinforced and coordinated effolat foster world class ICT
infrastructures, and tprovide for a renewed strategy against which specific astiand
investments can be deployed.

DG Information Society and Media
Unit F — Géant and e-Infrastructure

Marie Boas Hall, The scientific renaissance, 1468aLISBN 0486281159
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Presentation and other study documents

We begin the final report with a short presentatiarcore terms and a summary of the e-Science
digital repositories landscape in Europe. We flead straight into the study’s recommendations,
prefaced by a vision for these recommendationgsé lare followed by short sections on standards,
technologies, the public consultation and a sumroarkegal issues relating to open access to e-
Science digital repositories.

Other e-SciDR materials

The e-SciDR study generated other materials, itigodatr two Interim Reports. These reported on
core definitions, stakeholders, reflectors andisgidn the area, relevant technologies and stasdard
They provide a full report on the study’s thregiatiworkshops, the public consultation, and
presentation of the landscape of e-Science digitadsitories in Europe, and discussed legal issues
relating to open access and e-Science digital repies.

These and other documents, including case studiésets of links, are available on the project web
site, www.e-scidr.eyor from the Digital Archiving Consultancy.
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Executive summary

The primary output of science is information. Timformation contributes to economic development
by driving the development of products and seryiteacreases social welfare and improves public
health. Scientific knowledge is itself a core gErour cultural heritage. Further, informatiorthie

vital link in a virtuous circle, being the feeddkaaf further research.

Historically, Europe has the finest tradition ofiavation and discovery in science, continuing ® th
present day. This pre-eminence has been challemgadhe last few decades. We must therefore
look after our scientific information in Europe rantly as a precious resource in itself, but alsa as
strategic and competitive resource.

Overwhelmingly information is now kept in digitadrin, and the care of this information is therefore
entrusted to digital repositories of many kindskelthe libraries and archives that traditionallye

for paper-based records, these repositories neeffetoa diverse and essential set of servicesimkyo
their basic remit of storage, such as providingodépaccess, searching and visualisation tools.
These are supplemented with information-age infuatitre elements, such as semantic standards,
specialist query and visualization tools, preseéoveservices and elements which sustain critical
characteristics of the repository materials: tivgigrity, authenticity, usability, and their abjlito be
understood and discovered.

To derive greatest benefit from the materials pos#ories, a state-of-the-art ICT infrastructige i
fundamental — including high-performance computiigC), fast networks, storage, access and
management structures. Surveying repositoriesrdrastructure together, a wider vision emerges: a
European e-Infrastructufer, andof, e-Science digital repositories:

A European e-Infrastructure for, and of, e-Science Digital Repositories

Layers of the e-Infrastructure and some of their de  sired characteristics

Information Authenticity
Quality
Collections: data, work-flows, publications, learni ng materials, etc. Longevity
e-Infrastructure i i Ease of use
o Repository services Avallability
repositories Deposit, annotation, delivery, visualisation, searc h, preservation, etc Reliability
Repositories Trusted
Open
Repository management, curation, physical security, etc Well managed
Access Standardised
Stable
Authentication, authorisation, security, federation , portals etc Flexible
e-Infrastructure Management Transparent
for Responsive
repositories Grids, virtual organisations, managementsystems , etc Informed
Physical infrastructure Available
Scaleable
Networks, computing, HPC, physical storage, etc Reliable

Over the last few decades, the power of informadioth communications technologies has soared,
vastly extending and accelerating reach and at¢oespositories and tools to use their contentgrOv
the same time, instruments and devices have patigfé, grown in power and many have become
more affordable. So we have seen a vast increabe mmount of data generated and captured — raw
data from sensors, instruments, surveys; procefsadanalyses, information in the form of studies
articles, and data recording the management ddimmtific process itself.
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The combination of the power of ICT and the avalifghof repositories of vast quantities of
information has had an enormous impact on the adrafiscience and on scientific information.
From such developments, “e-Science” has emergeedirafor new ways of conducting science:
collaborative, computationally intensive, with tality to work with massive volumes and data from
different sources and diverse subject domains. Newputational laboratories” have been enabled,
performing new science by working on existing daRepositories are the constructs which hold the
data, and around which supporting services and @ provided.

Background to the study, how conducted

The e-SciDR study was conducted by a consortiuaxpért organisations lead by the Digital
Archiving Consultancy Limited, for DG Informationddia and Society of the European
Commission. The objectives of the study were, iafbr

A. To provide a reliable overview of the situatiorBarope concerning e-Science digital
repositories of e-Science information, data and\kedge.

B. To address policy options to encourage the devetopaf e-Science digital repositories to
provide low-cost open access to e-Science datdéeanging resources, considering multiple
aspects: standards, technologies, stakeholdergdppsawork, and legal implications.

C. To provide recommendations and define developnantagios for European-wide efforts to
develop e-Science digital repositories for researadheducation.

All data types and all scientific disciplines (hetwide sense, from the arts to physics) were
considered. The programme of work undertaken was t

Conduct three workshops with European expertsmsider different aspects of repositories.

Undertake extensive research into the reposittmason in Europe and the wider world from
multiple perspectives, to draw a landscape of ¢pesitory situation in Europe.

Conduct a public consultation to elicit the vievisapository users and other stakeholders on the
use made of digital repositories, the barriersiw @nablers of their use.

Conduct a final workshop of invited experts to adasfindings and emerging policy directions,
followed by the drafting of the final reports.

Headline findings

The findings and recommendations from the studyat®ut in the final e-SciDR Report, and in
supporting papers (Interim Reports 1 and 2). Wersarise below the study’s twelve mutually
reinforcingrecommendation setgor policy measures to drive towards a Europeamfrastructure
for and of e-science digital repositories.

The repository landscape is complex and diverspoBitories come in many forms and sizes —data
centres, archives, data warehouses, databaseszerydmore. There is diversity over many
parameters: types of data; single and combinegiltiises; organisational settings and structurtes; t
scope, variety and sophistication of the toolriiaices and services provided; commercial or open
access. Some collections are distributed (accefsegkample, through portals), others are local.
The landscape is confusing and obscure to the gwerser, and lies in a complex matrix of
technologies, facilities and unfamiliar and fuzeyminologies: e-Infrastructures, Grids, web
technologies such as Web 2.0, “SOA” (service-odadrdrchitectures), the semantic web, and so on.
The scientific data held in the repositories isaliguspecialist, heterogeneous, complex, and diltfic
to use for the lay person. Europe boasts manyen&e digital repositories and services which make
their holdings easy to use, provide search, quedyisualization tools, and a range of supporting
infrastructural services, from storage and databptienization, thesauri and curation to community
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work establishing and maintaining standards (coatprial, semantic), for interoperability. A huge
amount of work is being done to create a rich imf@tion space enabled by information technology,
by libraries, information scientists, from all sest. This work vastly increases users’ produgtivit
and the quality of the science.

Recommendations

R1. Funding reform

The most strongly expressed need was for funding-fecience digital repositories which is aligned
to their role as sustained digital custodians andgigders of tools and services, efficiently managed

We recommend funding for e-Science digital repomothat is specific to their role and
function as digital repositories. This funding slibbe stable and rolling, matching the duration of
the repository’s role or of its holdings.

The funding should be sufficient to support andntan the repository holdings, individually
and as collections, to provide quality services sungport to users, and provide good management at
repository level, that can deliver continued, édiit, rich, easy-to-use access to trusted, quality
materials. This will entail the provision of fundinvhich extends beyond the repositories themselves.

R2. A European e-Infrastructure of and for European e-Science digital repositories

The areas of e-Science, repositories, e-Infrastrastconsist of multiple layers, domains, dimersijon
as well as nations.

We recommend considering a co-ordination framevadikuropean level to bring together e-
Science repository and services providers, usgpgres from the different scientific disciplinesida
from different areas of professional expertisademtify commonalities, opportunities for sharinfg o
expertise and synergies, in the area of e-Scieigitaldepositories (and of e-Infrastructure).

There are opportunities for pooling expertise auilities across Europe to support e-Science
repositories and services, to strengthen Europgiance, nationally and internationally and address
obstacles to European e-Science — fundamentalighmyhtive in nature - caused by fragmentation.
This co-ordination would strengthen European s@&@enationally and internationally and address
obstacles to European e-Science — fundamentaligbmyhtive - through fragmentation.

R3. Support for data producers

The work of repositories and the quality of thedtdings will be substantially eased and increased
with the provision of good-quality data at the @tits that is, data that is well described, and @on$
with relevant standards, supporting discoverabiiitteroperability and usability.

It is important that institutions maintain policiasd measures which insist on and support
good data planning and management by data produtéese policies and measures should be
accompanied by corresponding adjustments in funding

R4. Discovery and navigation

Research and investment are needed into easy-twalseand frameworks for discovery of
repositories, their holdings, collections, andriavigation between, within repositories; also lestw
data and publication, both forwards and backwala@isgethis information chain. There is a need for
registries, and a single point of information amstdvery.

Research and investment are needed into toolsramefvorks for information discovery
methods and tools for exposing, searching for amddsting data, metadata, tools, methods,
workflows or information, within single and acrdeslerated environments.
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Sufficient and sustained investment is heededaindstrds for data, formats and others, particularly
those for expressing semantics such as thesaudranbbgies.

R5. Open access to publicly funded data

The most frequently voiced opinion during all pleaeéthe study was that publicly funded data
should be free at the point of use. Publicly fuhdata should be free at the point of use to tiee. lis
should be available for open access, except wieepgred otherwise for confidential, ethical or
security reasons or during a period of privileged for the generator of the data.

R6. Collections management, selection and appraisal for sustainability
Huge volumes of data are being generated and adatingy not all of it needs to be kept indefinitely

Automated tools are needed for appraisal, partiguggven the huge volumes. Research is
needed into scientific information appraisal fdes&on into digital repositories and subsequent
reappraisal (the criteria, processes, automategbsufools, possibly even different approachestier
digital information age). More generally, managatsructures and automated tools needed in the
future should be charted and planned for now, freaeith the increases in volume and for
organizational stability.

R7. Preservation of digital information

Much of the data generated and held in repositigie$ long-term or indefinite value; a lot will ed
to be kept as part of the record of science. HewerScience data are at the difficult end of the
digital preservation spectrum: typically specialigimplex, heterogeneous.

We recommend increased investment into digitalgrkedion research in the context of e-Science
digital repositories.

R8. Trust and recognition

Data will not be used unless it is trusted: therumeeds to know how it was generated and that its
integrity has been preserved. Better preparedadataposit stage is important in this regard, &lad
substantially reduces repository costs.

We recommend investigation into measures of re@rd/irecognition of data as well as
publications, and also mechanisms of recognitiorafoindividual’s work in data management
(whether directly in science, research or teaclon@) data management services), such as data
citation with the aims of increasing trust and leva use of repositories.

9. Governance and management

Good governance is fundamental. Digital repososhould have a clearly defined remit and
responsibilities, with matching policies (and targervice levels for their customer groups) forrase
data suppliers, and collection owners. Formal namgpby repositories to funders is important, for
accountability and good communication, to inforrstained funding and opportunities for enhancing
resource management (stressing that low use dée®oessarily mean low resource value).

10. Training and awareness

Training multiplies the level and quality of userepository holdings. It is an excellent condoit f
feedback about services and tools. It fuels ammhgthens the competency base, and will help ensure
that the European Union maintains a leadership.

We strongly recommend training in good data managemractices at all levels, outreach by
e-Science digital repositories and teaching ofteelakills at an early age, and aspects relatitigeo
use of materials held in e-science digital repog# This training should be conducted in the @om
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language, if possible. Working with scientific dafalls for knowledge of science, computer science
and information science, and we recommend crossfigpbetween these areas.

R11. Legal issues

Science and e-Science in particular work acrossmaltand administrative boundaries; working
across heterogeneous legal, regulatory and adnaitig systems can slow the work of e-Science to a
standstill. The lack of harmonisation in legahfivorks relating to intellectual property in gemhera
and to copyright in particular, across the EU draedlEEA, is a severe obstacle to e-Science andarisk
repositories and users, and we endorse callsrfwra fundamental review and analysis of the nature
of intellectual property and copyright.

Further research is needed into rights managemeintights expression tools for rights
relating to the use of data in e-Science contextg;h can be supported at very low transactional
cost. We further recommend provision of a cleianpte multi-lingual information source, guidance
and basic training to all repository providers Hageducation students, scientists, teachers anel mo
widely on the basics of intellectual property, thi#erent types of licences that can be used, and |
which might apply to e-Science repositories and th@dings and related tools.

R12. International

A significant proportion of the data held in e-Suaie digital repositories forms part of global
collections, whose management is thes sean international matter. Global, system-level,
integrative research is at the forefront of sciebcg many developing nations have stretched
resources for collecting and keeping data.

Engagement with developing nations in this fieldegfositories and their supporting
infrastructure is an important geo-political anctgic opportunity, as well as part of a global
responsibility. Given the global nature of e-sceollections, data and working, we suggest
establishing a designation of World Heritage Datd @eonducting a review into how archives for
these data might be supported.

Conclusion

A strong repository infrastructure in Europe betsecience, scientific productivity and impact,
supporting new scientific methods and paradigménproves the return on investments in science,
and feeds improved economic performance, societypablic health through the availability of key
data and more productive research. Scientifiddmgeiis better assured. Investment into the
incorporation of e-Science digital repositories #mglr holdings into the information ecosystem,
traditionally formed by the library framework, widleepen and broaden Europe’s Single Information
Space and Research Area of th& @dntury information age.

For the most part science is an international eraeabut its management, policy and funding
structures in contrast have been mainly conductéde past at national or institutional levels.tHa
context of the recommendations from this study tsess the importance of a global perspective;
without this, European scientists and sciencedwift to where this perspective is better
acknowledged.
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This illustration, from the International Panel Glimate Change Fourth Assessment report in 2007,
is eloquent testimony to the huge achievementsSxience digital repositories, scientists, data

scientists, data management communities. The sfabg blogs indicate the sheer scale of data sets
used in the IPCC report.
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Introduction — Core definitions

“Repository. (1) A place where things are storeday be found, especially a
warehouse or museum. (2) A receptacle. (3) (dtikowed by ‘of’) A book, person,
regarded as a store of information.”

Oxford Concise English Dictionary, 1996

Before presenting our findings we need to definetkems and concepts associated with digital
repositories.

e-Science and e-Infrastructure

The focus of this study is “e-Science digital rafmges”. The repositories and collections under
consideration therefore contain information origimg from, involving, or potentially contributingt
scientific processes over the research cycle edutation that applg-Science—that is, science
supported to a significant degree by digital infation-processing and/or computational technologies,
or wholly based on these. Note that such a defimit functional not some intrinsic property of the
science.Data-based scienceahat is science which is based wholly or in pareaploitingexisting
information, is included within this definition.

E-Science includes a very broad class of activiaemnearly all information gathering is computer-
based, or uses information technologies for meagurecording, reporting, analysing. [egee quote]
E-Science often involves intensive use of suchrteldgies: advanced in technique, collaborative or
on a large scale (over various possible measuodsmes of information, computational intensity,
extent of distribution, variety of information typéandled). We stress that e-Science can be
conducted equally by individuals and small unita ether words, e-Science is equally relevant to
small science, and indeed e-Science brings bigseiwithin the grasp of less well-equipped — all
you need is a computer.

Professor Tony Hey presented the term e-Scienc0(R2) in terms of goals - “solving the new
problems of science and engineering”. To solvedipgeblems, “we will need to be able to pool
resources and access expertise distributed atr@ggdbe”. Thus e-Science is a means and an
enabler, a way of working in the activity of scienehatever the discipline.

A presentation by the EGEE project summarized thergence of e-Science as the invention and
exploitation of computational methods, and linkeiithe need to curate data:

“To generate, curate and analyse research data
o From experiments, observations, simulations
o Quality management, preservation and reliable exiee
To develop and explore models and simulations
o Computation and data at extreme scales
0 Trustworthy, economic, timely and relevant results
To enable dynamic distributed virtual organisations
o Facilitating collaboration with information and oesce sharing
o Security, reliability, accountability, managealyilénd agility.”

Common themes from these definitions are the aviitiaof, and access to, data as the product of
science and as a source for further science, aathiity to share it within set security and access
limits.
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e-Science spans all disciplines

As with the word “science”, e-Science is relevanall disciplines. The challenges imposed by the
“hard” sciences in terms of technology needs, dedatcumulation and use of data, are just asalritic
to the social sciences and humanities, and in s@ses exceed them (for example, linguistic
analysis, or the capturing and analysis of perforeaart in digital form).

e-Science increasingly takes place not in subjectadin silos but across disciplines. e-Science opens
new opportunities for interdisciplinary researcld amovation. Enabling this inter/cross-disciplipar
work substantially increases the inter-operabpityblems, at computational, semantic and also
organisational and professional levels. For inganaa e-engineer may be needed in a performance art
research project, but how is his/her contributiecognized? Is the research report in a humanities
journal recognized by engineering faculty?

The study therefore draws the boundaries wide,rauy¢he traditional sciences to the humanities. e-
Research and e-Learning can also fall under theeifalof e-science. There are also overlaps with
other e- terms, notably e-Health and e-Governnzepgint we see as reinforcing the need for co-
ordination.

An e-Infrastructure for e-Science digital repositories is taken tdheetechnical and administrative
framework and facilities underlying e-Science digiepositories. Until recently, the concept of e-
infrastructure has usually been defined minimafiyinclude networks, authentication and
authorisation mechanisms, middleware, computatiesaurces (in particular high-performance
computers), and those which enable collaborativkiwg, including Grid technologies. We adopt a
wider interpretation and include technologies aiaas kinds for creating, collecting, annotating,
manipulating, storing, finding and re-using infotina and services such as those to provide user
support, and training, preservation. Further, meduide information resources and associated tools
such as vocabularies, ontologies, rights manageamghprivacy protection systems, and curation.
Several of these resources depend upon manual hapan

Collections and repositories

To scientists, what is most important is the infation itself; secondarily information should be
accessible, usable and trustworthy, and there ghmuarious tools and services which help them to
assess, analyse or use information. The repositbeye information is held is of no significance to
them, as long as the contents are reliable, avejlabcessible.

Reflecting this priority, we note first that repsies are not the same as collections of inforomati
Collections of items of information are information items bgbi together for some specific purpose
or with at least one feature in common. The pugdmehind bringing information together maybe
specific, or quite general — examples might belleciion of information generated by a given
institution, or generated by a particular projectgathered together according to relevance to some
particular discipline, or gathered together byradiviidual. The reason may be explicitly stated or
may be inferred by the context of the collectitdote that collections thus defined comprise
information itself, not the mechanisms to store anashage it.

Collections may be permanent or brought togethrea fhort time, to serve the needs, say, of a
particular investigation, and disbanded when tiestigation is complete (we discuss the
implications of this characteristic below).
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We definerepositoriesas the constructs that hold collections and tatditheir use. This can be
interpreted narrowly to mean storage equipmentsaipghorting computer systems (as we see in the
findings, such systems alone can demand levadgpdrtise outside those available to a digital
repository). We use a wider definition, and indutde management framework, services and tools
associated with a repository as well as the stomzaghinery itself. Where the narrower interpretati
is applied, we make that clear.

The word “repository” is sometimes used elsewlasra synonym with “collections”, that is: the
information stored. The distinction between the tavwvery important in several respects (hot least
sustainability and governance). We study this miisitbn and highlight it in our recommendations.

This notion of a repository managing collectiona distinguishing characteristic from simple file
stores, as is the presence of various servicesiatsw with it as described below.

A repository can contain one or more whole coltatdi or a collection can be distributed over more
that one repository (the relationship is said t@bén-to-n” one). Collections may of course be
copied (replicated) to two or more repositories—amtked, this is an operational need, for example
for large-scale data sets, and for preservation.

The digital repositories we covered in our studgriserange of different designations—most often
data centres, archives, data libraries. This maledremely difficult to review the territory,
exacerbated by the lack of registries or catalogfiegital repositories. There are registries for
institutional repositories, but these represemaetion of the resources relevant to our studyer&h
are domain-specific portals, providing a layer abmsources, through which users have a single
point of access. These layers can be said tddmeneof e-infrastructure.

Several opportunities are missed because of theofamverarching registries; above all, it medaet t
those working in the area have little contact wlitkir peers in other domains.

We encountered several categories of repositories:

Institutional repositories—those set up for the ofsa specific institution, mainly to hold the
information outputs from the institution

Community repositories—set up to manage the inftionaf a community of interest

Subject (discipline) repositories—as a communiposgtory, the community defined by a
scientific discipline

E-learning repositories—containing pedagogicalrnmiation and materials.

To which may be added others, including data répass and publications repositories. Digital
libraries are another form of repository, which dig not cover in depth in our survey, except where
active work is being conducted to activate or impat “e-Science” capability.

Repositories are often part of wider institutiorisequently, there was a blurring between the sesvi
provided by the wider institution and those by tégository.

A further distinction is betweeprivate andpublic repositories — the former holding collections
available only to a closed community (such as amergial company’s employees), the latter being
available to a wider public than those concernddl thie creation of the information (though
constraints may apply to who has access and unlur aonditions). Private repositories include
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information held in storage before being submitted repository. Another dimension of
characterisation is paymemipen accesgepositories make their contents available fregifct
charges (at the point of use), whereas others @sichost commercially-run repositories) may
demand a direct payment for information and/orises/provided.

Repositories clearly vary to an enormous degrethdiy organisational setting, their audiences, the
processes they support, the type of informatiow ttadd, the services provided with them, and more.
Many putative defining qualities have been propassdiwe encountered many suggestions during
the study. These include:

Content is deposited in the repository, whethethieycontent creator, owner or third party.
The repository architecture manages content asagetietadata.

The repository offers a minimum set of basic s&s#cg.put, get, search, access control.
The repository must be sustainable and trusted;supported and well-managed.

On examination we could not find one single minisatbset of qualities which clearly characterized
all e-Science digital repositories. We concludeat to qualify for the term at least some of the
qualities listed should be present - as well ad#sc idea of holding all or parts of collectioBge

figure 1.
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Repositories (and collections) mayfeeerated— that is joined together logically (if not phyasiiy),
to serve some particular purpose such as for pasgpofscross-repository/cross-collection searches or
to perform some other function on them.

Science disciplines the axes of communication and o rganisation

Our survey confirmed that organisation, serviceslst standards, data management in general,
governance relating to digital repositories happeresvery large degree within scientific discipkn
These are the natural channels for communicatimnscientists; the data structures, formats, and s
on are usually specialist and domain-specific. Elav, it is clear that there are substantial
opportunities for sharing of good practice, techeigand know-how. Some fora for these exchanges
are emerging, such as in the context of e-Scieragrgmmes and curation initiatives.
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Information types

So far we have been careful to use the term “inédion” when discussing the contents of collections
and repositories. We use this general term todecmore specific concepts. The information in
repositories is usually differentiated into diffetewell-definedtems; synonyms for “item” are

record or entry. Items are the units of informatas a whole which belong to a collection which is
stored and managed in a repository. We can oftimguish two sorts of information in an item: its
content and metadat&ontent is what is considered to be the thing lodged énrtpository and of
primary interest for deposit and use—say a dat¢eofila digital form of a publicatiorMetadata is
descriptive and other information pertaining ta ttantent. Metadata can be extensive, and varied —
such as descriptive information, annotations, imugxclassifications, technical information abdug t
content’s file formats, and more. The distinctimiween metadata and content is not always clear-
cut—we have more to say on this below.

In what follows it is useful to make a distinctibatween two types of item—data items and
publications. The latter are those whose content is in the foira publication of some sort—thus
published article and reports, pre-prints and poistts, theses, patent documents and simata

items are all other types of content—such as databamagges, video, and simulation results—and so
on. The reason for making this distinction is lingher level of maturity and uniformity of
publications repositories over data repositorieg w the lesser measure of format heterogeneity.
(Below we also mention points raised by Dr. Peterrfsly-Rust and others about the possible
changing nature of the traditional publication.)

Data Publications

E.g. weather simulation E.g. Published report of
data and measurements work

Content

Metadata

E.g. Bibliographic

E.g. Calibrations, units
metadata, IPR metadata

used, measurement
dates and parameters

Other information types

Some other information types are relevant to repoes. These include thesauri, classification
schemes, ontologies, indexes, registries and cptefo(and indeed simple word lists as authority
files). Technologies to handle these and the stalsthey may conform to are discussed later i thi
report. These adjunct information types may thévasebe kept in repositories, and will need
maintenance within the repository structure. Thmesapplies to tools and software.

Drivers and rationale for e-Science digital reposit  ories

In a sense, this is also an answer to the questioynare people reflecting on e-Science digital
repositories?

As Tony Hey and Anne Trefethen noted in th&ata Delugé paper in 2003, the quantities of data
we are generating are enormous, thanks to techicalagvances not only inside IT, but outside IT
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(through the development of new sensors, instruatiemt and techniques). The sheer volume of data
is an operational and cost pressure, for managersa@ministrators; for users, there is a huge
problem of finding useful information, the needietlie haystack. Our ability to generate and cbllec
information continues to grow more quickly than awgans to organize, manage and use the
information effectively.

Nevertheless, re-use and re-purposing of data rebwh benefit and driver. The OECD Principles
and Guidelines for Access to Research Data frontid®Bbnding give examples of benefit, in the
context of increasing the return on public investtaén scientific research, and provides many ef th
reasons for and benefits of digital repositories:

“Accessibility to research data has become an irtgarcondition in:

*The good stewardship of the public investmenaatual information;
* The creation of strong value chains of innovation
* The enhancement of value from international ceragion.

More specifically, improved access to, and shadhglata:

Reinforces open scientific inquiry;

Encourages diversity of analysis and opinion;

Promotes new research;

Makes possible the testing of new or alternativeollyeses and methods of analysis;

Supports studies on data collection methods andsureaent;

Facilitates the education of new researchers;

Enables the exploration of topics not envisionedhigyinitial investigators;

Permits the creation of new data sets when data fraultiple sources are combined.
Sharing and open access to publicly funded resedath not only helps to maximise

the research potential of new digital technologies networks, but provides greater
returns from the public investment in research.

The Netherlands aim to reinforce research in thih@&iands by improving dissemination of
knowledge and collaborating in an internationaltesty they see networks of data repositories as
playing an important part in the knowledge infrasture.

Peter Murray-Rust makes the additional point tepbsitories enable experiments to be conducted
outside a laboratory. It is effectively also treen that experiments can be conduatesdilico, part

of the new paradigm of science and research, empbéw models of working, in teaching , research,
and business.

Some quantifications of the benefit of efficientuse of data are given in the Joint Data Standards
Study [Lord, Macdonald, 2005].

Data and collection classifications

The Long-Lived Data Collections study [2005] digtiishes “three functional categories of data
collections”

Research database collections, which are speaificsingle investigator or research project
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Resource or community database collections, whielirdermediate in duration,
standardization, and community of users, and

Reference collections, which are managed for lemgituse by many users.

As the report says, the distinctions between thategories are not always clear-cut. The categorie
are based on “functional attributes of the coll@attiather than location or size of the data sbt".
some ways, the distinctions above relate to diffeséages in the life-cycle of a data set.

Another key distinction is that some data is unignd non-reproducible. Our review also suggested
that a big factor in practical management of reposis is whether data is generateditu or ex situ

— that is, whether data comes from external soumeéside the direct control of the repositoryter i
parent facility.

Linkage and enhanced publications

There is an increasing drive towards movementémtleaning and drive of the word “publication”.
Peter Murray-Rust believes the traditional (curysotentific publication comes in fragmented form,
separating publication from underlying data. Iities and projects covered in the overview are
working to achieve linkage of related objects (iyndata, processed data, presentation, pre-print,
publication, etc) and the development of text ngrtimols to support linkage between objects. The
SURFshare programme in the Netherlands notesttisadtremoving absolute distinction between
research data and the traditional publication ssareh output”. Several studies make the point that
“enhanced publications” strengthen the quality sefidbility of the publication.

In a sense, a publication is metadata (and tre#riginly true for publications on simulations)et&
Murray-Rust points out that #@entury storage and management structures dasiby support
holistic (non-fragmented) publications; in additi@ommercial entities and structures have been
developed on these structures. This does not sedgsnean a fundamental challenge to existing
structures; ArXiv has existed alongside the formailication system for two decades.

A further challenge on linkage relates to maintagntonfidentiality at the same time as maintaining
links to support efficient discovery.

Types and nature of materials held

The NSF Cyberinfrastructure report defines “dataaary and all complex data entities form
observations, experiments, simulations, models hagtier-order assemblies, along with the
associated documentation needed to describe argriet the data”.

Studies and workshops by the UK e-InfrastructuradReap working groups or the Knowledge
Exchange (for example) see the materials heldScience digital repositories as from all formats
(text, image, audio, video, combinations), andlatages in the information and life cycle of atig
from primary research data, algorithms, modelgjalisations to publications, to e-theses. Indeed,
there are also repositories of software.

Malcolm Hyman and Jirgen Renn of the Max Plancktlriie for the History of Science have pointed
out on several occasions that much of the data toehd is dynamic. So the traditional concept of a
repository risks locking data into a static repréggon. They extend this to note the risk of latk
structural correspondence between content ands@magion, the need to maintain links between
media, related objects. All these points have atpmral and technical implications; web 3.0 theg se
as presenting an opportunity to address thesesissue
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Linkage and enhanced publications

There is an increasing drive towards movementémtlieaning and drive of the word “publication”.
Peter Murray-Rust believes the traditional (curysotentific publication comes in fragmented form,
separating publication from underlying data. Itities and projects covered in the overview are
working to achieve linkage of related objects (@iyndata, processed data, presentation, pre-print,
publication, etc) and the development of text ngrtimols to support linkage between objects. The
SURFshare programme in the Netherlands notesttisatremoving absolute distinction between
research data and the traditional publication ssaneh output”. Several studies make the point that
“enhanced publications” strengthen the quality selidbility of the publication.

In a sense, a publication is metadata (and tre#riginly true for publications on simulations)et&
Murray-Rust points out that 2@entury storage and management structures daasiby support
holistic (non-fragmented) publications; in additi@ommercial entities and structures have been
developed on these structures. This does not sedgsnean a fundamental challenge to existing
structures; ArXiv has existed alongside the formailication system for two decades.

A further challenge on linkage relates to maintaintonfidentiality at the same time as maintaining
links to support efficient discovery.

Types and nature of materials held

The NSF Cyberinfrastructure report defines “dataaary and all complex data entities form
observations, experiments, simulations, models hagtier-order assemblies, along with the
associated documentation needed to describe argriet the data”.

Studies and workshops by the UK e-InfrastructuradReap working groups or the Knowledge
Exchange (for example) see the materials heldScience digital repositories as from all formats
(text, image, audio, video, combinations), andlatages in the information and life cycle of olife
from primary research data, algorithms, modelgjalisations to publications, to e-theses. Indeed,
there are also repositories of software.

Malcolm Hyman and Jurgen Renn of the Max Planckitlrte for the History of Science have pointed
out on several occasions that much of the data teehd is dynamic. So the traditional concept of a
repository risks locking data into a static repréggon. They extend this to note the risk of latk
structural correspondence between content andsemagion, the need to maintain links between
media, related objects. All these points have atpmral and technical implications; web 3.0 they se
as presenting an opportunity to address thesesissue

Key features and challenges
For brevity, we list a few key features and chajlemfacing repositories:

Extremely rapid growth, and sheer volumes of dathraetadata, in and out of the repository

Digital repositories, scientific data communitiembrella portals do a huge amount of little
heralded work, developing and maintaining standatdbase schemas, ontologies and so on, to
improve interoperability

With the existing infrastructure platforms of pofugmetworks and computers, repository
frameworks, there are several major initiativesreate global information collections — information
infrastructures — at semantic level, also enaldeter automated search and discovery of materials.
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Difficulties relating to data deposit; these h&meen eased by publication requirements to
deposit data in designated repositories and mas@fa@ funders, but this remains a problem
(behavioural), and also affects the quality of dkposited

Repositories are under-staffed; the perceptiafi ivo easy that a repository is just a box
attached to the Internet.
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Study method

This study conducted the following programme of kvor

1. Early in the project, we conducted a series ofghwverkshops, each addressing different
aspects of the repository movement:

() Roles, functions and drivers,
(i) Interoperability, standards and technologeesd
(i) Legal, economic and sustainability aspeatshe third

These workshops were attended by invited expeots &cross Europe and beyond,
representing different, sometimes contrasting,gEatsves on repositories, data management
(data and publications, institutional repositoa@sl community repositories, commercial and
open/source resources, the vary varied user contieg)ni Part 2 includes reports on these
workshops.

2. We undertook desk research and analysed the siuatEurope and the wider world. We
approached from multiple perspectives: techniaganisational, financial, legal, usage,
distribution and repository penetration, Speddfieas examined included repositories,
stakeholders, those reflecting on repositoriedirtelogies and standards, and legal aspects.

During the course of our work many relevant meetiwgre held, at European and national
levels, and which we were able to attend, inclgdAl5 in Geneva, the April and October
e-IRG workshops in Heidelberg and Lisbon, the EaempCommission’s conference on
Scientific Publications in February 2007). We cactéd a public consultation process using
the Commission’s website and IPM system. Our aams 0 elicit the views of users and
other stakeholders on the use made of digital repaes, the barriers and enablers to their
use, adequacy of provision in Europe, and the fmddngevity. The consultation also asked
about stakeholders’ vision for the future of repméés. Part 2 includes a report on the
consultation and a summary of results from ther¢2Bonses made by individuals from
within Europe and beyond, and we include quotatfom® these responses throughout this
report.

3. A final workshop of invited experts was held in s to discuss finding and emerging
policy directions. The meeting reviewed, discussed prioritized a list of 20
recommendations, which guided our distillationhs L2 recommendations set out in this
report.
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e-Science Digital Repositories: Vision
To formulate policy options, we need a vision abgkotives for those policies.

Before setting out our vision we stress that tiegown does not mean that its elements do not exsist;
our overview of the current situation shows, maleyrents of our vision exist or are developing.

In our vision, this e-Infrastructure should allogsearchers, teachers, students and other stakeholde
—and also machines - to find and access a riaferahdata repositories and their contents
determined by their research interests and theodated privileges. Targeted tools and community
services supporting discovery of, access to antysinaf these repositories are essential.

Many of these repositories and associated toaseréd specific domains; however, there are needs
and issues common to the different communities sdpport the long-term vision of e-Science, co-
ordination and management of data sets and assocatvices are essential. This is especially the
case in supporting inter-disciplinary researchottmer words, co-ordination is key to achieving the
vision.

Multiple domain perspectives

By its very nature, e-Science is broad in scopeeKng the complete spectrum of modern research
and education from the arts to the traditional ptalssciences, from the theoretical to the
experimental, from the commercial to the acadeamwmngst numerous other dimensions. Each
domain has its own perspectives and makes its @wradds on e-Science digital repositories, how it
accesses and uses them, and, ideally also retatlngger-term models for their sustainability. A
vision here must address these different perspectiv

Part of a single information space

Overall the vision for e-Science digital reposisrin Europe should encompass and be part of a
single science information space that serves melsiakeholders and permits multiple perspectives:
for science, scientists, researchers, studentspbghthe publishing community and industry. These
repositories and their holdings should be recoghaepart of the overall corpus and ecosystem of
information and knowledge. The e-Infrastructuredescience digital repositories should embrace all
the states of the EU and cater for the specialfekils new members, and it should bridge
differences between the rich and poor.

Specific elements of the vision

The following sets out specific elements of a visior an infrastructure for e-Science digital
repositories in Europe, under the following heading

A reliable, sustainable e-Infrastructure for e-8cirepositories
A high-quality information space

Information that is readily available

A well-managed, accountable repository infrastriectu

A reliable, sustainable e-Infrastructure for reposi tories

The e-Infrastructure should suppesdsy and reliablesubmissionof materials for science,
research and learning into known, trusted repasgdhrough the whole science, research and
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education cycle, providing confidence that the mialgwill be well andsecurely stored
maintained, and not abused. Scientists with aatkeposit should be able to do so with ease,
supported by timely guidance and tools to helptersafficient quality metadata. They should
be assured of their prior right to recognition andefined period of privileged use (where
applicable).

The repository infrastructure should fomded adequatelyfor service provision and
sustainability.

The various stakeholders - administrations, thendific, education and learning communities,
the private sector and the general public — shbale well-founded confidence that the
infrastructure igeliable, delivers value for money, can adapt to changeasologies and
science move on and that it continues to colledt@rserve securely Europe’s great scientific
heritage and core information (which plays an iasiegly critical role this century, as we face
critical threats such as climate change and biosiityeloss).

The repositories should have a capacity or assmtfeamework to support the long-term
sustainability of collections, be trusted, and to guarantee titleeanticity of stored materials
and cope with changing levels in demand.

Europe’s infrastructure of repositories shouldd#liservicegqually across the whole of
Europe and patrticipate as (a) partner(s) in the widebgl@-Science information
infrastructure.

A high-quality information space

Peer review and similar mechanisms should be dlaita providegquality assurancefor
depositors and users of data, and also repositories

The e-Science repositories and their contents fiarnof the overall body and ecosystem of
information and knowledge.

Users should be able to gaincess and authorisatiorwith ease whilst privacy, property
rights, copyright and ethical use are securelyqutedd. Repository policies should be clearly
identifiable and available.

Information that is readily available

The outputs opublicly funded science should be made availabie open-access
repositories, with strict but fair controls to prot privacy, property rights, security and ethical
use. ldeally these outputs should be provideddtgmint of use.

The repository infrastructure should to@nsparent, and it should be easy to find the
collections which are of interest. The e-Infrastawe and repositories should support the
scientist at all points in the science cycle, pdowj easy, cost-effective access in a joined-up
fashion to materials of all types that are alreadsilable.

Minimal barriers should be placed in the way of scientists wishingse information free at
the point of use. Reliable statements about daatitg should be in place, and accompanying
restrictions on use clearly stated. Easy-to-uaecketools should be available, and reliable,
supported and maintained tools should also beablaito assist use and rendering of
information. It should be possible to navigatensieasly between resources and to move
along the information chain of data to final pubtion.

The structure of provision of repositories shoutdsbich that:
(i) it satisfies users’ needs to be in contaith\&nd visible to their discipline,

(i) at the same time, it satisfies the desirensfitutions to be associated with the scientific
outputs whose creation they host, and

(i) it provides opportunities for commercial amdlue-added providers.
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Training should be available at all levels on good dataagament and repository use, in
one’s own language so that users know how to useriaks, understand the materials, rights
issues.

A well managed, accountable repository infrastructu re

Management of repositories should be responsifenders and users and their needigar
objectives, policies, performance and timelineshould be articulated and available (for
humanand machineconsultation). Policy makers at all levels shchdde a clear view of
what is available in repositories and its (scideitifalue, and thus also of the management of
these collections over time.

The collections in repositories shouldégertly maintained.

Fair and efficient methods should be availablagpraise information on accessiorand
thereafter to determine selection criteria, retention timed kevels of support needed for
individual datasets.

Encouraging advanced architectures

Technology should be applied so that stakeholarens find what resources are available, so that
ownership and digital rights management are adedessd so that a basic benefit of Grids is
supported: aingle sign-on where users authenticate once and thereafterded¢o move seamlessly
across a range of distributed e-Resources. Someaaities, such as that around high-energy
physics, have a track record in building and uséinge-scale Grid infrastructures for managing large
heterogeneous data sets. Other domains, suck agtshsocial sciences and biological sciences
(amongst numerous others), require environmentsend@vices and data resources are offered in a
coherent and user-driven environment. The focoslsitherefore be on creating environments that
facilitate research, rather than providing Gridastructureper se. Furthermore, the domain
knowledge needed has to be transferable acrosplaies, and ideally the e-Infrastructure itselsha
to be seamless and transparent to the end users.

Maximising discovery and use

To maximise the discovery and use of Europeanaliggsources, it is likely that domain-specific
trusted portals will need to be established. Tiskeeild support services searching across large
numbers of existing diverse collections, and quigkbvide comprehensive and reliable references to
relevant material. Key to this will be the prodantof fast searchable indexes and support of
advanced content-based queries. Access rightese resources can take many different forms: free
web access; restrictions for educational use ondgitutional subscription; registration models;

private subscriptions; pay-per-download modelginoe-limited leasing. It is likely that a mix of
models like this will need to be supported.

“.. a distributed system of national and commumsipecific digital repositories linked
semantically at the European level [with] more andre automated metadata
annotation and extraction of important facts fronstructured text and images.”
(Response, e-SciDR public consultation)
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Recommendations

We set out below 12 corecommendation setgor policy and measures to drive towards a European
e-Infrastructure for and of e-Science digital refpoes. We also hope the recommendation sets will
also contribute to the building of a Single Eurapédormation Space, including the embedding of
digital information into the body and ecosystenindérmation and knowledge.

These recommendations have been drafted in thiedfgliscussions with experts, the study’s
sponsors, the e-Infrastructure unit of DG INFSO eoitkagues in DG Research, our consultation
with stakeholders and the Lisbon e-SciDR workslamgl, extensive desk research. These
recommendations are informed by policy at Europeatipnal, community and multilateral levels,
and they have been cast using the vision and dlgsecet out above.

The policies and measures are mutually reinforcikgy cross-references are flagged in the
recommendations in square brackets, with the akdiren “qv” followed by the recommendation
number, in the right-hand column.

The 12 core recommendations sets are presented thied®llowing headings:

Funding

An e-Infrastructuref andfor European e-Science digital repositories
Support for data producers

Discovery and navigation

Open access to publicly funded data

Collections management, selection and appriisalistainability
Preservation of digital information

Trust and recognition

Governance and management

Training and awareness

Legal issues

International

© 0Nk wWwDNPRE

R R e
N P o
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1. Funding

The most urgent need expressed over the courbe study, in the workshops, interviews and
consultation, is that funding of digital repositsi(including services) needs reform.

R1: We recommend that the European Commission urgmember states and their agencies to
provide funding for e-Science digital repositorieswhich is specific to their role and
function as digital repositories.

This funding should be stable and rolling, and o& duration to match the duration of the
repository’s role or of its holdings.

The funding should be sufficient to support and mentain the repository holdings,
individually and as collections, to provide qualityservices and support to users, and
provide good management at repository level, whichan deliver continued, efficient, rich,
easy-to-use access to trusted, quality materialg.his will entail the provision of funding at
levels beyond the repositories themselves.

This funding recommendation should extend to sraalti medium-sized repositories as well as those
holding large datasets, as in physics and astronomy

Funding should be sufficient to enable efficientfpemance and service in distributed environments.
Duplication of holdings is also an important seyuaind integrity measure (at least three copies of
information, located apart, are needed to ensungreed availability). Such duplication may be
based on mutual exchange and cooperation agreemeingseer organisations in other parts of the
world (as exemplified by initiatives such as LOCKES[qv R6: collections management, version
management]

The funding should cover the development and maartee of services and tools to support easy, rich
use of the repository holdings. Easy-to-use, iiviinterfaces and tools generally take substantia
resource — they need experts (computational anchishoexperts) to develop and maintain them, and it
takes time to do so. As well as information-lesetvices and tools, the services can involve
providing computational resource at the reposittagif. The various services may be discipline-
specific or they may be generic to all types obmory or data. This will entail funding for thja

like development and maintenance of pipeline agdshtools, retrieval and visualization methods, as
well as metadata tools and curation of holdingse multiplier benefits (and thus return on
investment) in terms of productivity for users, lifyaf research and reach of the resource are
massive. [qv R2: e-Infrastructure] [qv: R8: Tttus

Europe’s e-Science digital repositories shouldusgcsently resourced to enable them to improve and
widen access to their holdings and services, mgaf quantity and quality — enabling more
scientists, researchers, teachers, students,ngtig® access materials. More access means more
demands on resources, so there are provisioniegédsting and scalability implications. At the same
time they must sustain performance and qualityeofise, across networks and the Grid. This
requires investment in research into means of agtigy access, storage and use, as well as

2 http://www.lockss.org/lockss/Homd OCKSS: Lots of Copies Keeps Stuff Safe. Arinational community
initiative that provides libraries with open-soustdtware, decentralized preservation infrastriecaund support
to preserve authorized copies of e-content.
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infrastructure in and outside the repository (sjeranetworks, and their management). [qv R2: e-
Infrastructure]

Funding for quality: The funding should cover provision for curatiorholdings, where
appropriate, and other quality measures. [qv R8s

Funding structures for services and shared faciligs: Services to support access to data, efficient
retrieval and use of objects in repositories, maybilt and/or maintained independently, in co-
ordination with, or by, the repositories. In otkerds, the funding beneficiary might not be the
digital repository itself, but an external expantéor grouped supplier. The study’s findings also
show examples of and opportunities for groupecdeotralized development and provision of
services, where funding goes to a single unit,isey many. [qv: R2: e-Infrastructure]

Discipline-based repositoriesVery clearly in the study’s consultations, the prefce of users was
for discipline-based repositories. Moreover, ththars found that discipline-based repositories are
efficient in science, quality, risk and economicris. They enable not only the availability of
expertise in the first place, but a concentratibexpertise, and also more efficient identificatimin
user needs at science level. They are also signiliy more efficient in drawing relevant material
into repositories, because depositors gain perszhaintage from doing so, in the form of scientific
recognition through the visibility of their matddan discipline-specific repositories. We sugdést
the focus of support for e-Science repositoriesishbe towards community-based initiatives, while
recognising that repositories based on multi-dig@py institutions provide a framework of
organisational stability as well as for their aetparticipation in the “business” and science of
repositories. Encouraging virtualisation of repmsi access and linking may be one way to obtain
the best of both these approaches. We also raité th easy to under-estimate the substantial
difficulties in and expertise required to managecéence data.

A study into this funding reform may be useful. Wate, however, that we believe the next few years
will also see major developments in what we calthrtical information dimension (from data to
publication), affecting the traditional boundarasnformation objects and therefore with

implications and opportunities for institutionales (such as libraries) and, by extension,
organisational, structural and economic opportesitiin the context of repositories, and the hgeita

of science, there are additional burdens for thderesponsibility as long-term custodians [qv7]R

The outcome and benefits of dedicated, adequatkrfgrior e-Science digital repositories, their
holdings and services, are reliable science, basedliable materials, productivity for scientists,
researchers, teachers and students, and longévitioomation.

“A challenge [for digital repositories] is to storeuge amounts of information — and
this is very important — have the tools to “playitlvit. So repositories are not only
about information, but also about tools.” (Respens-SciDR public consultation)

“It is not enough to build instruments, one neeld®ao invest in tools to manage,
manipulate and analyze the data they capture. ot takes a team. ... Skilled
data scientists should be trained and have a chémrca career. These issues should
be stressed nationally and by the EU, and a sugdesilution or path for societal
and scientific repositories should be agreed upbata and repositories represent
the next generation in scientific computing.”

(Response, e-SciDR public consultation)
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2.  Ane-Infrastructure of and for European e-Science digital
repositories

In the past, science has been viewed in terms ghiysical processes, headline outcomes and the
equipment that supports it; there has been leghasis on the data/information output of science.
These information outputs come from all stageséprocess, from initial planning of investigations
to final publication, and can take many varied fernRepositories form the basis on which these
outputs can be made accessible and can be sustanteh this they may be said to form part of an e
Infrastructureof European e-Science digital repositories, withewhder e-Infrastructure.

An e-Infrastructurdor e-Science digital repositories comprises sendcesinfrastructure within and
outside the digital repositories. Some are dorspigific, others are common to all fields. Where
these elements are generic, e-Science often neeels bf service or resource hugely greater than
average, but which are essential for the scierdifideavour. E-Science digital repositories, their
frameworks and an underlying e-Infrastructure pitewefficient, cost-effective means for supporting
these demands; critical mass, economies of sodlerass-fertilization are more likely and greater
European scale.

Thesupport serviceswithin and outside e-Science digital repositoaes fundamental to the
efficient, rich use of the materials held in repmsés. Repositories and their wider communityddat
management and e-Science frameworks provide anegffiframework to identify commonalities,
opportunities for interoperability, as well as toyde core and value-added services. They aceaals
source of or route to computational and informagixgertise to develop and maintain the services,
expertise which would otherwise be hard to acquire.

Targeted tools and community services supportisga¥iery of, access to and analysis of these
repositories and their holdings are essential. yMaals will be domain-specific, but several
elements, themes and issues are common to all.

R 2: We recommend that the European Commission, ember states and their agencies
promote the concept of a European Science Informain Space, as part of the Single
Information Space and the European Research AreaThis European Science
Information Space includes data collections, repasiries, materials, services, tools and
other supporting e-Infrastructure resources.

We recommend that the European Commission recommermmember states and their
agencies adopt policies which support identificatio and co-ordination of opportunities
for pooling expertise across Europe to support e-8nce repositories and services, to
strengthen European science, nationally and interrteonally and address obstacles to
European e-Science — fundamentally collaborative inature — caused by fragmentation.

We further recommend that the European Commission ansider establishing a co-
ordination framework at European level to bring together e-Science repository and
services providers, users, experts from the differg scientific disciplines, and from
different areas of professional expertise, to ideifty commonalities, opportunities for
sharing of expertise and synergies, in the area etScience digital repositories (and thus
by extension of e-Infrastructure), and beyond, withother arenas.
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This co-ordination framework should encompass eartind horizontal dimensions, across
disciplines, at science, computer science andnmdition science levels; between communities,
between service providers at community level ara/apand vertically between data and information
levels, across the EU and the EEA. [qv: R4: discp and navigation].

The co-ordination framework can take advantage@gqammes and projects funded under FP7 and
FP6, and should work with ESFRI working groups prajects, e-IRG, as well as national
programmes. It would also liaise with other frareks - global, international, national, regional.

Generic infrastructure: Clearly, tangible elements of the infrastructure @ecessary to support e-
Science digital repositories (networks, computiagacity) and intangible elements and tools :
support mechanisms for users, software tools amer @nablers (including grid infrastructures). Of
particular importance are those tools which enseririty and integrity of information whilst
providing ease of access for users.

The primary example is authentication, authoriseéind accounting (“AAA”) tools — one of the most
fundamental building blocks for collaborative e<3aie. The ideal AAA tools give users access to
the data they need, preventing access to dataeavidess for which they have no rights, providing a
single sign-on capability and being transparetihéouser thereafter. This ideal has not yet been
attained, and part of the effort of establishing ¢hlnfrastructure for digital repositories shobéd
directed at this issue. [overlap]

An important point in this regard is that sevetahgents of the e-Infrastructure for e-Science digit
repositories are also elements of other e-Infragtras — for research, for learning, for healthanyl
of these common elements are the most basic, susAA.

A European e-Infrastructure for, and of, e-Science Digital Repositories

Layers of the e-Infrastructure and some of their de  sired characteristics

Information Authenticity
Quality
Collections: data, work-flows, publications, learni ng materials, etc. Longevity
e-Infrastructure i i Ease of use
o Repository services Availability
repositories Deposit, annotation, delivery, visualisation, searc  h, preservation, etc Reliability
Repositories Trusted
Open
Repository management, curation, physical security, etc Well managed
Standardised
Access ctable
Authentication, authorisation, security, federation , portals etc Flexible
e-Infrastructure Management Transparent
for Responsive
repositories Grids, virtual organisations, managementsystems,, etc Informed
Physical infrastructure Available
Scaleable
Networks, computing, HPC, physical storage, etc Reliable

This means that development and maintenance of thets are conducted in other and wider
contexts, and must meet wider requirements. ifhortant that the specific needs of e-Science
repositories and their users are taken into acdauhe development and maintenance of these tools.

The following paragraphs include further suggessidor actions that will contribute to the
establishment of an identifiable infrastructure @&6cience digital repositories from an EU
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perspective, recognising that in parallel membeatest and EU-funded science organisations and
communities could be encouraged to contribute:

Single point of information: For efficient use and creation of digital reposésr there should be

one or more points of information, reference, matesuch as licence guidance and links) and
generic support for those setting up and maintgittieir own digital repository, data store or data
collection. This resource could be virtual, praddby more than one supplier. The resource must be
multi-lingual. This single point would help towarthter-operability at administrative level —
particularly important as we move towards compuetamputer interactions — as well as making for
better use of people’s time, with the greater faarity with the frameworks that this would

encourage.

We strongly endorse the work of the DRIVER projactgd commend the initiatives of DRIVER
members, and other national initiatives, in pravigsingle-point of access information about digital
repositories.

We recommend investigation into opportunities aiomal, regional, European and discipline level,
for provision ofshared facilities such as back-up or archive storage. Digital sgépdes themselves
aggregate and concentrate resources, enabling mesof scale, but there are opportunities for
economies of scale between repositories (withirgsacand independent of disciplines) and also on
wider dimensions. For small institutions or grougeEcure, well-run storage or back-up will often be
too expensive; this could be a source of facdjtibeir use be made conditional on meeting reduire
standards of data integrity and conformance.

A further extension of the European dimension pmsiory provision is for the EU itself to set up a
repository structure. Whilst the notion of an Ewdl repository had much support from the study’s
survey, analysis of accompanying comments (supgpgeedback during the workshops) suggested
this would best be delivered on a federated bagils,repository provision distributed. Such a
structure has appeal on a number of counts: fqu deghival storage, as a place where “orphaned”
data can be placed where no other repository “hdorat is available, and provision of local seméc

in local languages but giving access to a wide pboksources where none exist at the moment.

Standards (formats, metadata, ontologies, vocabularies,atfundamental to efficient e-Science.
We believe that they form part of the e-Infrastanetfor e-Science digital repositories; again,
however, they are not specific to e-Science repueg, and therefore their development and
maintenance take place in wider dimensions. Nbe&ss, it is important that e-Science repositories
and service providers are adequately resourcedrtwipate in standards work, which is usually
international in scale and requires sustained iogat many years.

There are some standards which are very widely.u€ee example is geospatial data. Itis
important that e-Science digital repositories dradrtstakeholders are adequately resourced to
represent their needs in development of these atdaqsuch as INSPIRE). It is also important that
they are included in consultations. [qv R11 rediedjon]

Information gathering: There is an opportunity for a body to monitor atfivelating to e-Science
digital repositories in particular in Europe, drand report findings, maintain statistics, and supgao
meta-analysis layer above and across relevantgiscged programmes. We believe this activity
would also make a significant contribution to mexiterm economic and business model analyses.
[qv re reporting]
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We close with a suggestion extending some of thusge above, for establishindgcaropean Data
Institute. As well as a centre of expertise, this couldha&rged with overseeing specific EU actions,
monitoring the situation in Europe (taking into agot technological advances and the wider
international needs), and providing advice on #ifowolicy directions to the organs of the European
Union, national governments, and scientific bodikgould promote initiatives into data citatiand
data quality assessment, represent the EC on reletarnational bodies, and publishing standards,
guides and catalogues, and more. It would alsanbeffective mechanism for disseminating and
multiplying expertise throughout the EU, in the saway as, for example, the European
Bioinformatics Institute.

“Data-driven scientific fields like the life sciees need a stable and robust
infrastructure capturing the data generated in lergcale and high-throughput
experiments (...). This is a very good investmegesi allows scientists to use the
data produced ... to come up with new hypothesesoapldn their experiments
much better and faster, based on the data avail@mbtiatabases and literature”
(Response, e-SciDR public consultation)

“They [digital repositories?] will come, but theyan come faster, if activity is co-
ordinated by [the] EU.”
(Response, e-SciDR public consultation)
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3. Support for data producers

Good data management and data longevity startphatiming, before the point of data creation [ref
jdss]. It ensures information is stored in the nagpropriate formats, that it is well describeu] a
has the appropriate features to ensure confidéptéadd ethical constraints. (The same applies to
large extent to the development of software foriangsearch projects.)

R 3: We recommend that the European Commission ge member states and their agencies
to maintain policies and measures which insist onna support good data planning and
management by data producers. These policies andeasures should be accompanied by
corresponding adjustments in funding.

There are now many examples of good practice srégard The European Commission also
provides an exemplar to other funders by implenngndi similar shift in its own funding activity for
science and its funding of repository infrastruegur

Data planning and management needs to be undedpliyngolicies and data frameworks (such as
storage, tools, standards, pipeline tools and datég repositories to hold the materials, if regein
after project end). They also need to be acconeploy training [qv]. A large part of these elensent
we define as e-Infrastructure elements. [qv R2,R8,,R11] This emphasis is also related to
outreach and awareness activities, proposed in R10.

At data-producer level, there should be specifimcation within funding for data planning, curation
and management by the producers of the data. guostgood data production and curation, where
the data generated is important, we recommenduhders consider strict policies such as
withholding of a percentage of funding, until fiifient of a project’s data management plan. A side-
effect of this policy is also likely to be the insion of data-management expertise in researctigoar
which we believe would contribute to competitivegarch and good asset management.

Data producers range from individuals, collaboet®search projects, to the major research faditi
such as the Large Hadron Collider (LHC) at CERN tose under ESFRI. Some illustrations of
exemplary work in this respect are set out in therdiew in the Second Interim Report.

Repositories should have the option to refuse ssdioms and have the power to require non-
compliant data to be re-submitted. Repositoriesdapositors should be encouraged to use, where
possible, open standards for data and metadatading rights information.

Benefits
The benefits and outcomes of these measures include

An increase in data quality from a scientific viesirnt
Increased interoperability

Increased awareness on the part of data gene(atoestists, teachers) of value-adding
resources available to them

% One of the earliest examples is the EnvironmeB&iomics Centre set up by the UK’s Natural Envirentn
Research Councilnww.nerc.ac.uk providing support, access to open-source soétyguidelines for data
planning and management, enabling submission dfghyfunded data from research projects to datares
and archives.
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More data management skills in the form of largmsle and increased levels of data
management skills

Better planning for long-term management of dateh lat project level, but also for e-
Infrastructure suppliers and digital repositories

Easier ingest into repositories, releasing resauimemore value-added work (and thus
services) elsewhere in the repositories; easigtiom and preservation of the data in the
repository

More effective discovery and retrieval by futurerss
An enrichment of data collections.

Audience Processes and data flow Requirements
r A. Policies, support, out-reach, funding,

Data planning training

Data and metadata B
< creation, analysis, :
consolidation

Support, metadata collection tools,
vocabularies, standards

Producer

C. Somewhere to deposit data, support,

Package & transfer

\ reassurance re rights, training
L
8 Ingest D. Prior warning and liaison. Metadata from
8 g producer, data, in standard formats
[%2]
S <
S
o] Enhance / E. Long-term funding horizon, tools for
= Manage data curate / archive [ > 9 9 - .
s d curation and to support discovery. Training
=) \ ata

~ Discover F. Needs data exits, seamless access,
o support.
[}
=
7] < Access data Download G. Cues to relevance, authenticity, rights and
c in siti data T > restrictions, provenance. Standards. Tools
8 In situ ala to support down-load and integration

H. Standards, tools, permissions and
_ Re-use [ > restrictions, Support. Metadata to enable re-
Data flow use

* Lord, P., Macdonald, A. et al., The Joint DatanStards Study, 2004
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4. Discovery and navigation

A clear finding from this study was the urgent néatbetter discovery tools. Their inadequacy or
absence is a major hindrance to repository andudsgand scientific productivity at multiple levels

Finding repositories (and being aware that thegtgxi

Deficiencies when searching within repositories eoitections, difficulty of use and
poor interfaces (frequently cited in consultatiesponses)

Poor facilities to search across and between repizs

Navigating along information chains — particulathg chain of links between raw
data as captured or generated and the publishetlisaons they support.

These difficulties are supplemented by issues afcbéngwithin items in repositories, though mining
techniques are being developed for textual datd@msbme image forms and other resources. There
are several examples of very good practice, fomgta at Germany’s Fraunhofer Instityter within
resources at the European Bioinformatics Institstieh as Ensembl BioMart

R 4: Research and investment are needed into technd frameworks for information
discovery methods and tools for exposing, searchirigr and harvesting data, metadata,
tools, methods, workflows or information, within shgle and across federated environments.
Sufficient and sustained investment is needed inatdards for data, formats and others,
particularly those for expressing semantics such alesauri and ontologies.

The investment must be sufficient to develop andhtam tools and interfaces which are intuitive and
easy to use. This is of critical importance. [dR4: funding]

The difficulties cited above are related to othsgects of information management: data standards,
particularly those for expressing semantics sudhesauri and ontologies, and those for attaching a
permanent digital identifier to an object. Sedrcbften also related to visualisation as the e

in the discovery process [qv R2]. All these aneasd to be supported.

There are many paths to be explored in resolvifficdlties in this area, and we highlight below
some areas where action and resource might bdudtyitdirected.

There is a clear need for further relial#gistries and catalogue®f repository resources which are
available. These registries and catalogues aneegis of information management, and should be
integrated into information management framewaoaksl their establishment, design and
maintenance should be informed by information manant experts, at the least, and should be
woven into wider information management frameworkbese catalogues and portals in themselves
form a subclass of repository — and therefore guyate funding needs to be made in them and in
their maintenance as long as they are of valu&upean repository portal should be considered,
and would itself form part of the infrastructuredigital repositories for e-Science as discusseafktun
recommendation 2.

® As reported by Prof. Dr. Martin Hofmann-Apitiusliis presentation, “Paradigm changes affectingthetice
of scientific communication in the life scienceat,the conference on Scientific Publishing in thedpean
Research Area, 16-17 February 2007, and reportdekinonference proceedings (p.16).

® Seehttp://www.biomart.org/
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The use of ontology-based systems is relatively aegvcould be further supported to improve the
search capability of tools. In some areas the sémigvel of the discipline has still to be devetal
as a tool, and this may be a fruitful area of itwvesnt.

Searching across repositories is facilitated byetmouragement of shared standards for search
engines into repositories and the more formal fatiten of repositories and collections for the
purpose of wider discovery. This might be a msiléip process, first looking at federation at
community level, exploring models, issues, and ttexiew of federation methods (including in the
light of discovery/exposure tools).

Over the life of an information item it is likelpat it will be migrated between different repodisr

(as might whole collections). There is also thestjoa of discovery across different versions of an
object, and also across copies held in differesmtgs (which may offer different support). Thus
discovery needs to be supported on multiple dinoessiincluding moves in data location (and
including from active data stores to archives).cating resources which are not permanently attached
to one storage location would be facilitated byedeping permanent further digital object identifier
technologies (PDOIs) and the means to track thegdsin locations to which they refer. (There is
also a granularity issue to be explored here, teldp identifiers which can point to different

subparts of digital objects in a standardised \aag, the question of feasibility of supporting

identifiers to a high-level of granularity.)

Further research should be promoted into linkimg@lthedata-to-information chain, from raw data
to final publication, in a seamless manner andradgas of where items may be stored, and how the
linked navigation could enable not only validatmfireported findings against source data, but also
deeper or wider drill-down into the data, beyonat foresented in the final publication. To date the
final publication has been stored in a differemtagtory to the supporting data, and these repis#to
are likely to be of very different natures. Rethiievestigation and research into end-to-end data-
information efficiency and how the whole informatiohain could be “bundled” into a virtual single
digital object structure are extremely importafihese developments have implications and
opportunities for research libraries and publisterzarticular, and for the economic and financial
structures underpinning the repositories landsfgp®&1: funding; qv: R2, information space,
statistics]. In this context we strongly commemistng initiatives, such as in crystallographye e
Bank project and its successors in the United Kamgdthe work at the Fraunhofer Institut, and the
worldwidescience portal, whose participants incltideVTT Technical Research Centre of Finland,
the Institut de I'ilnformation Scientifique et Tedéhue in France, Germany’s National Library of
Science and Technology and the British Libfary

These developments also have implicationgltmument formats While recognizing the important
role played by PDF (portable document format), #nedsearch functionality it supports, the format is
limiting and currently does not support strong gation and re-use, nor is it currently compatible
with an object bundle of a virtual single objettis format issue, while appearing to lie outsioke t
field of e-Science digital repositories, is of iwd@ importance to the value of the contents held i
general and also specifically the level of e-Sodense derived from items in digital repositori®ge
believe it is also an important point for the comore scientific and educational publishing indystr

Discovery through publications: Publications, whatever their underlying model (o#raditional”
or for example as e-prints) and however they atiduted, play a huge role in the discovery aral us

" http://worldwidescience.org/about.html
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of e-Science data. The final publication contamfisrmation describing the science — in other words
provides key metadata which can easily be reaeky thn also be “scraped” (that is, computer
“scripts” or applications can automatically collsttuctured information which can be used to suppor
discovery). Both our desk research and the styalytdic consultation found that the cost of
subscription journals meant that access was linidebdose who could afford to pay.

Scalability: There two important points here. First, furthealtdnges are to enable these discovery
and navigation capabilities across the very laogdes of today’s and tomorrow’s science. Secondly,
better discovery, greater awareness of repositaridsheir holdings [qv R10] will increase demand
for materials and support, which may place straimepository resources. Similarly, science moves
on, and heavily used resources in one decade;mstef both the materials but also the people
supporting those materials, may be little usechid. This is where the e-Infrastructure [qv R2} ca
play an extremely important role (particularly th&astructure of shared or generic resources).
Scalability up and down is important — demand fone datasets can grow to a peak and then shrink
again; this has resource implications, in partictbr staffing and professional development.

Co-ordination: To accomplish all of this will involve the engagerhef multiple skills, areas of

expertise across multiple various disciplinesgifsice development, systems architectures and
software engineering. The development of a Eunopeager discussed under R2 will be a major
facilitator in bringing this all together [qv: RRG, R9 (governance), R12 (international)].

Work in this area should actively engage informasacientists, publishers, and learned societies.

Training is of fundamental importance in these areass prticularly important that there is cross-
training of librarians, repository managers, anthaallection managers, to enable them to provide a
better service to users. [gv R11, training on llegrues]

e-SciDR — Final Report, 2008



37

5. Open access to publicly funded data

The study’s consultations, workshops and desk resedfirmed the importance that data obtained
from publicly funded science should be openly aldé for consultation and re-use. Digital
repositories provide an efficient means for enapthis (and also provide added value).

R 5:  Publicly funded data should be free at theqnt of use to the user. It should be available
for open access, except where required otherwiserfoonfidential, ethical or security
reasons or during a period of privileged use for th generator of the data.

The application of this principle should be modifignly in specific, well defined circumstances,
including where there are concerns for the pradeadf individuals’ privacy (as exemplified with
medical records), where there are other ethicat@ms (such as to protect fragile ecosystems), or
security risks.

It is reasonable and important to allow a periogrofileged use by producers of some researcher-
generated data. This also encourages data pradiaceziease their data.

Barriers in the past to open access to data indluglectance to make materials available for sigarin
or re-use. We believe recognition of data-relatedck [qv R8] and frameworks and tools to support
recognition of rights relating to data are of fumaantal importance in this regard [qv R11, legal
issues].

EU-funded materials: The public consultation in particular stressedithygortance of a single point
of discovery of and efficient access to materigsegated from EU-funded work (thus endorsing
plans for an EC institutional repository). Disamng-specific or specialist materials should have
specialist management and may thus be more apatelyrheld in the relevant repository on behalf
of the Commission, while maintaining discoverabpittirough the EC portal or equivalent discovery
mechanism.
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6. Collections management, selection and appraisal for
sustainability

There is an exponential increase in the volumeésfofmation being generated, stored and thus
accumulated. We are now able to generate moreiding new types of data. As well as
accumulating a richer store of material and infdram this trend also represents a risk for the
management of information and its costs, for orggtional stability and for the basic long-term
sustainability of the information in economic terms

Sustainability of repositories, data collectiomsglded of our wider information infrastructure and
heritage depends on good collection managementespdnsible stewardship. It will be impossible
to keep everything. Collections policies, managanoé these policies, and co-ordination of policies
and stewardship over the appropriate dimensiorsuaderpinned by far-sighted collections
governance, are of critical importance, both fer guality of collections and for the sustainabibfy
collections and repositories (in the short terntdl aver time). Aside from geography, both the
compound nature of many e-Science objects andtiedsing capability to span over the various
stages of an information bundle, from data to pseed data to publication, mean that collections
policies and management will need to be conduateasa what are at the moment multiple
organisational and professional levels. [qv: R@-erdination]

R 6: Research is needed into scientific informain appraisal for selection into digital
repositories and subsequent reappraisal (the critéas, processes, automated support tools,
possibly even different approaches for the digitahformation age). This should draw on an
established body of archival expertise dating backundreds of years for analogue
documents.

More generally, management structures and automatketools needed in the future should
be charted and planned for now, to cope with the kreases in volume and for
organizational stability.

Such action needs to be sensitive to the varyirglsef different communities and various repository
institutions.

Managing and curating e-Science collections isqaerly challenging, as their data are very likely
to require other elements in order to be retrieeedsulted and used. These additional elemeilits w
also need to be managed so that they are discdeeamioessible, usable, in many cases including
over time.

A collection is not the same as a repository. pository might hold several data collections, atga
of one or several collections. This has importanpications for management (and in turn also for
funding [gv R1]). The roles of digital repositamanagers are not the same as collection managers
(though one person may perform both functions)th®ce is a need for clear governance and
communications frameworks between these functimmg between the providers of the various
elements which enable retrieval and re-use ofan.it[qv R2: co-ordination]

Many e-Science data collections gtebal in nature, so collection management and appraidial
need to be conducted in a global context (see Aogisis example overleaf).
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Models of sustainability for collections (and tHere of the items within them) which employ
distributed multiple copies of materials, as exéfigal by the LOCKSS system (Lots of Copies
Keeps Stuff Safe) and the Portico initiative aretiw of investigation and support.

The membership and governance of the collectionsagement board (or equivalent) should take
into account future stakeholders (not yet borngl, e difficult question of which materials shobie
retained. Indeed, given the opening of reposisaigeform part of a multi-disciplinary fabric of

resources from data to information, collectiondgplstrategy and management are community

issues, at national, regional and global levels.

Research is needed iraatomation of toolsto support collection management and the appraisal
process, to offer ways of coping with the issuéait the training and deployment of significant

human resources (i.e. cost).
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Acronyms: Community resources / databases:

AtIDb Arabidopsis thaliana Insertion Database
MatDB MIPS Arabidopsis thaliana Database

NASC Nottingham Arabidopsis Stock Centre
Plant-CARE European plant promoter database

rNA-db European ribosomal RNA database

TIGR The Institute for Genomic Research database

Projects, joint initiatives, programmes:

AGRIKOLA  Arabidopsis Genomic RNAi Knock-out Linal$sis
CATMA Complete Arabidopsis Transcriptome MicroArray
GARNet Genomic Arabidopsis Resource Network

IGF Investigating Gene Function

PlaNet Network of European Plant Databases
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Organisations:

CNB Centro Nacional de Biotecnologia

INRA L’institut National de la Recherche Agronongqu
JIC  John Innes Centre

MIPS Munich Information centre for Protein Sequence
PRI Plant Research International

TAIR The Arabidopsis Information Resource

TIGR The Institute for Genomic Research

VIB Vlaams Interuniversitair Instituut voor Bioteabiogie
Warwick HRI Warwick Horticulture Research Interioagl
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7. Preservation of digital information

Preservation is a key element of the durabilitdigftal materials and their sustainability. In the
context of this study, sustainability refers to ghability of repository frameworks which hold and
manage information, and also to the sustainalifityhe digital collections they hold. Preservation
refers both to the actions needed to ensure tiatation is not made inaccessible and useless by
“digital decay” over time brought on by ever-chargiechnologies (even if held successfully in a
sustained repository or collection) and to enslieesuiccessful result of those actions.

Over the last decade, recognition of the digitakprvation issue has steadily increased, andirisen
the priorities of policy makers. Much work has beleme, in particular through the auspices of the
European Commission, but the problem is still uvstlat fundamental technical, organisational and
financial levels.

R7: We recommend that the European Commission anghember states increase their level
of investment into digital preservation research irthe context of e-Science digital
repositories and the emerging frameworks around thse.

Preservation activities will also need to coverspmatioﬁ of tools to use data, and we commend here
initiatives such as OMII and OMII-Europe

Repositories are the point at which digital preaton failures are likely to manifest themselves.
Furthermore, the preservation challenge is paditybreat for scientific data (heterogeneous,
complex, distributed, large). Those working in avith e-Science digital repositories have in-depth
information and knowledge of dependencies whictcétial to addressing the preservation issue.
E-science digital repositories and their framewdhesefore represent an opportunity for access both
to the problem and to relevant knowledge for digitaservation work.

Repositories should have sufficient funding forasiory staff to participate in, be informed about
and learn about digital preservation, relevant &awrks, tools, standards, and processes. [gv R1,
Funding]

Increased support in this area will enable Europetnain at the forefront of expertise in this area
Digital preservation expertise is critical to thg-term and long-term health of society and the
economy, in enabling digital materials to be preseérin the first place, and at acceptable costhdf
cost of digital preservation is very high, the cofspreserving collections of digital materialskds
becoming unaffordable.

Preserving the ability to use e-Science data wilire the preservation of many elements beyond the
data itself, such as project-specific software ealibration archives. There is substantial workge
conducted already. The work done by projects siscBaspar and PLANETS, initiatives such as the
Alliance for Permanent Access to the Records ofr8m, and institutes such as OMII-Europe are
extremely important (so again we see the needdardination [qv R2, e-Infrastructure]). More
investment is needed, at discipline level and atge level, to investigate how digital materiaésic

be maintained over time.

8 Which could include the enabling of emulation ofteare or functionality
® http://omii-europe.com/andhttp://www.omii.ac.uk/wiki/AboutUs OMII’s mission is “to provide software,
support and sustainability to the UK research comitglj keeping software and providing support fofsi
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Consideration should be given to supporting moaa tbne preservation framework, to reduce risk.
We also recommend that the European Commissiorosufipue-skies” thinking about digital
preservation.

The specific community (discipline) context is innfamt for successful digital preservation. Again,
this has funding structure implications. Diffidak of access and re-use of old materials, beaz#use
digital preservation issues, will manifest themeslat the interface between user and the point of
access to the material: in the past, nationahtibs have been the traditional home for heritage
materials, and several national libraries in thedE&Jinvestigating how they can perform this rale f
data as well, and are participants in EU digitalsprvation projects.

Preservation and clarification of a repository’s ro les

Our overview of e-Science repositories revealedymastances where a repository’s position and

role vis-a-vis digital preservation was uncleare ##rongly recommend that the responsibility of
digital repositories, individually and at commundynational levels, be clarified with regard teith
digital preservation and archive roles. This infation must be clearly stated in the repository’s
policies and description (whether and to what editdiorms part of the repository’s function) [qQ\®R
governance, management]. This clarification wi#éntify gaps in provision for the long-term

archiving of datasets, which is a matter of govecesand stewardship, and basic asset management.
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8.  Trust and recognition

Issues of trust and recognition are essential el&sne increasing the use made of repositories.
Depositors of information need to feel they castithe institutions to which they commit their
materials; users need to feel they can trust thenmaés that they find in repositories — that ithe
information is not only of good quality, but thaid an also authentic, true record of that scierak
is passed on to them in an uncorrupted form. fgvpreservation]

Professional and scientific recognition is alsoamtant for data producers, depositors and those
working in data management. At the publication ehthe science process, in the past recognition
has been achieved by publication in peer-reviewadhgls, and from citation of the publication.
Data deposited in repositories has not had thesmiives and quality controls.

R 8: We recommend investigation into measures oéview and recognition of data as well as
publications, and also mechanisms of recognition f@n individual’s work in data
management (whether directly in science, researclr teaching, or in data management
services), such as data citation with the aims afi¢reasing trust and levels of use of
repositories.

Peer-review mechanisms for data (or similar) arie daation may help incentivize collection and
preparation of good-quality data for collectioi3ata citation will require frameworks and
mechanisms, set up in co-ordination between tlevaek parties and stakeholders involved.

Citation tools could carry administrative and right s information

We suggest that the research into data citatianial®stigate the possibility of citation toolstlican
also carry rights management and administrativerinétion. The cost of such a mechanism is likely
to be offset in good part by savings at the repogitfor example, in seamless, rapid ingest of high
quality materials, and in gains in quality of saerperformed using the data, by the originator and
downstream. Criteria for data citation should e use of community and open standards where
possible.

Establishing such mechanisms would raise awaraf@spositories, and the quality of repository
provision and content.

Data integrity: We also recommend research into (i) mechanismshfecking for errors in data, and
(ii) research into risks to and protection of theegrity of data as it is gathered from multipldange-
scale sources and when it travels across e-Scfanctons, and (iii) provenance tracking, as data
passes from machine to machine, repository to iEpgs This is increasingly important given the
growing and accumulating volumes of data and médada

Certification: The European Commission should continue suppoméok on methods and
processes for repository certification. We nota tmportant work exists and is underway into the
requirements for trusted digital repositories niinational level and in Europe. We recomment tha
any certification processes adopted in Europe shioilkept as light as possible: burdensome
processes are counter-productive.

In due course, there will be an opportunity for B¢ and/or member states to provide digital
repository services with an EU Repository “CE” matklksers and depositors will see the CE mark
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and be more willing to deposit materials; theyl aio set greater store by the materials retrieved
from the repository. The service could charge cenuial institutions for certification.

The benefits of these measures include:

Better understanding on the part of data produtfedata science and data management issues
Growth in data-management skills pool

Greater retention of skilled staff

Lower costs for repositories, releasing resouroesiore value-added work

Higher quality of holdings in repositories.
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9. Governance and management

Repositories need to be well managed and have jaipgt® governance regimes in order to be
efficient and trusted custodians of the Europe&msific heritage and critical datasets and
information, but also to sustain appropriate fugdiend help funders to make well-informed
decisions about forward support.

R 9: We recommend that the European Commission enurage member states, through their
institutions and agents, call for measures to pronte and sustain the good governance and
management of and reporting by repositories.

Digital repositories should have a clearly definehit and responsibilities, with matching policies
(and target service levels for their customer geddipr performing their roles, vis-a-vis users,adat
suppliers, and collection owners. This includescidentification of a repository’s role with reda
to (i) liability for the items they hold and for-tese by third parties, and (ii) preservation ofigital
holdings (which theoretically might be nil) [qv Rateservation].

To sustain their funding and for good resource rgameent and planning, repositories should submit
budgets and regular formal reports and accourttseio funders, using pre-agreed metrics which are
not too onerous. Above all, we believe repositdetheir umbrella frameworks should engage in
active communication with their funders, as weltastomers and stakeholders. They must articulate
what they do (often not very visible) and the béseff what they do. Low use does not mean low
value.

Repositories should have a governance structuretweflects their responsibilities and activities,
objectives, business plan, strategy and operafitams and relevant wider contexts and frameworks.

All these requirements have yet to become commoepl&Ve therefore also recommend that the
European Commission consider instituting the dguakent of acode of good repository practice
[gv R2, e-Infrastructure and co-ordination, R8,Skfu
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10. Training and awareness
We strongly recommend training, Europe-wide, anchaitiple levels:

Within repositories, at management, operationahreal and information levels (in software,
tools, science, and in information science)

For users, from scientists, teachers, studentaytpeople
Depositors (again, across the full spectrum ofacad potential depositor groups)
Librarians and information managers

In addition, there should be education and awagerasing in schools about e-Science data, data
management, e-Science, e-Science repositoriehaitgervices; use of data, including e-Science
use, should be introduced in schools. These witlgosubstantial long-term benefit to Europe.
Teenagers with access to computers are alreadyriga lot about semantic tagging, software
programming, and also taking part in an emergintycel of sharing. We believe training and
awareness are core to the deepening and broadgfanguropean Research Area, where young
people grow a sense of awareness of data curaigponsibilities and benefits, and interest in
building and maintaining our corpus of informatamd knowledge. This training will grow good
habits, in turn contributing to the sustainabibfiye-Science resources through decreased load on
providers and curators and a larger and strongapetencies base.

R 10: We recommend that the European Commissiomember states and their agencies
actively support and encourage training in good da management practices at all levels,
including outreach by e-Science digital repositorie and teaching of such skills at an early
age, training in aspects relating to the use of matials held in e-Science digital repositories.

We strongly recommend that the European Commissioand member states support cross-
training between the professional areas of sciencepmputer science and information
science.

Nowadays, training can be provided very cost-eiifett by using the internet, through podcasts,
webcasts, to a wide spectrum, whether unaffiliabédipor young, and emerging new types of
stakeholder groups.

Of particular importance in the European contextaming in the home language, and the exchange
of ideas and materials across language bordevsRkRZ¢gco-ordination]

There should be pan-European, multi-lingual actiorgromote awareness and visibility of e-Science
digital repositories, in science, education antheowider public.

Additional benefits

Training not only increases the quality and thelef use, but it also provides an excellent condui
for feedback to providers.
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11. Legalissues
Laws and regulations can impede access to andfasgzoand tools, in multiple ways.

Legislative differences exist across and even wittgtional borders. In contrast, scientists work
globally. However, in today’s information age aage proportion of e-Science materials and
activities work across national boundaries, thenblanies between different legal jurisdications and
also administrative systems.

Researchers and research groups have to intelneiptbre work and take multiple different legal
requirements and frameworks into account when wgrkiPlanning research projects which have to
straddle different regulations is onerous and tooesuming. Transfer of information and materials
is substantially slowed by the lack of harmonisatisross national and also local borders, in
particular by diverse intellectual property framekgo(in particular copyright) and conditions retafi
to management and use of clinical data.

R11: We recommend that the European Commission putg review into harmonisation of
legal frameworks relating to intellectual property and to copyright in particular across the
EU and the EEA, and we also endorse calls for a mefundamental review and analysis of
the nature of intellectual property and copyright in the digital age.

Secondly, we recommend that further research andhternational discussions are held on
rights management expression tools for rights relag to the use of data in e-Science
contexts, which can be supported at very low transdional cost.

We further recommend provision of a clear, simplenulti-lingual information source and
basic training to all repository providers, higher-education students, scientists, teachers
and more widely on the basics of intellectual prope¢y, the different types of licences that
can be used, and laws which might apply to e-Sciemcepositories and their holdings.

Simple training in basic legal issues

The lack of basic understanding of intellectualpeny frameworks, rights management, and about
the different licences commonly used in publiclydied research and education was frequently raised
in the study’s public consultation and workshops.

We recommend that basic training in intellectualparty and licences should be provided to all
higher-education students, with simple, up-to-gatgporting guidance materials readily available to
all stakeholders, in their own language, not justR® but also on other legal and regulatory issbas
may arise (for example, data protection acts, fseedf information, cross-border transfer of
materials, environmental information rules, etgy: R10, training]

Consultation, co-ordination, clarification

We recommend that representatives of digital réposs and/or e-Science data communities should
be consulted in the context of drafting of legislatwhich might affect access and use of publicly
funded data. [qv R2, e-Infrastructure, co-ordimrti The legal status of individual repositories
should be clarified, including their position vis#s liability for use of their holdings.

Benefits: These measures will help seamless, dispute-fressdyorder collaborations, and will help
support machine-to-machine working, and encouragatgr willingness to submit data to
repositories.
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12. International

E-Science in the 24century is global in nature. The tools and stasslavhich support data use have
been developed in a global context, and the e-8eieanducted using these data and tools is
frequently done in international collaborations.

A significant proportion of the data held in e-Suaie digital repositories forms part of global
collections, whose management is thus per se amational matter. 80% of global biodiversity data
lies outside Europe, North America.

Affirmation of the global nature of certain datdlections and support for them is particularly
important in the face of global challenges suchliasate change.

Engagement with developing nations in this fieldegositories and their supporting infrastructwsre i
an important geo-political and strategic opportyrats well as part of a global responsibility. &g
has many world-leading institutions and experts-fBcience and data management, and runs,
supports and participates in such initiatives,daaigd small.

R 12: We recommend that the European Commissionrge member states and their agencies
to adopt policies in favour of an active role in tle stewardship of global data.

Given the global nature of e-Science collectiondata and working, we recommend that the
European Commission, member states and their agems consider establishing a
designation of World Heritage Data for data of paricular significance and conduct a
review into how archives for these data might be gported.

Equally, trust and governance [qv R8, R9, R11]kaneto participation by other countries in sharing
of data.

Several key informants stressed the importancetefriational co-operation in addressing the
problem of preserving scientific data [qv R7]:

“In my opinion international cooperation is thelgrway to save, collect and provide
all past, present and coming scientific data.”
(Response, e-SciDR public consultation)
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Priorities

We conclude this section with suggestions for #iative priorities to be adopted to implement these
recommendations. Perceptions of priorities of sewary across different stakeholders — we adopt
the viewpoint of policy makers, whether at the aan level or within member states. We have
mentioned on a number of occasions that for thd pexs$ science is an international endeavour, but
that its management, policy and funding structaresn contrast mainly conducted at a national or
institutional level. The need for internationallaboration and co-ordination is reflected in the
starting point for this study, its title and visioha European e-Infrastructure.

We also note in the context of this study it belsopelicy makers to think and act with a global
perspective in mind; if they do not the scientastsl science will drift to where this perspective is
better acknowledged.

The downstream headline benefits of establishimgrdd-leading repository infrastructure in Europe
are expected to be:

Improved science and improved scientific produttiend impact
Improved value for money from investments in scgenc
A securely preserved scientific heritage and betssured scientific validation

Improved economic performance through the avaitsitof key data and more productive
research
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|. Relevant technologies — a summary

Quite clearly technologies are a central issudligital repositories. The technical requirements f
e-science digital repositories include:

1. Technologies to allow appropriate access to repass, while respecting privacy and
intellectual property rights;

2. Facilities to identify target repositories and &t information/dat® and their metadata into
repositories (“ingest”);

3. Tools to store, manage and preserve informatioe dris deposited;

4. Methods to identify and locate repositories of edio users and methods to find, display and
extract information/data within repositories/cotleas and then re-use them if appropriate.
(“Dissemination”.)

The various technologies studied and discussedduehess these four functional areas, and have
varying degrees of relevance. Thus ICT technotogieeh as storage and repository management
systems are quite clearly of vital importance, wluithers have less or peripheral relevance. Those
technologies also with a central role include nekspingest (deposit) tools, search engines,
authentication and authorisation systems, informngpiackaging and presentation tools.

Terminology

Many ambiguous terms are used in this arena arse the have avoided. For example, there are
multiple, common but different definitions of thexms “middleware” and “grids” (see glossary).

When we use the worddols’ we mean software with a particular purpose relateuse of a
repository. Just one example is BLAST, which iffveare to find similarities between genes and
gene products in biological repositories

Technologies evolve. Bynriigration” we mean the succession of technologies, onevinig
another over time, that are used to support diggabsitorie¥.

Technical standardsare closely related to specific technologies.n&&ads are described below; we
confine ourselves here strictly to the technologeisseas much as is possible while noting that it is
sometimes difficult to differentiate a technologgrh a standard (XML is a good illustration — it is
usually thought of as a technology, but is alstaadard for mark-up’).

The technologies

As noted above, we list relevant technologiesfun&tional sequence. We provide brief definitions
and reviews, and some (non-exhaustive) examples cahment, when relevant, on the situation in
Europe, on interoperability and migration as defiabove.

The summaries provided below are extracted fromemeatensive information provided in IR1.

19We do not make a strict distinction here betwesta @nd information.

1 Basic Local Alignment Search Tool Séép://www.ncbi.nlm.nih.gov/blast/Blast.cgi

12 Note that the term migration is used by the digiteservation community to transform informatemmtent
from an obsolete standard to a new standard asdbxdies change. We adopt a wider interpretatiotheterm
here.

13 seehttp://www.w3.org/XML/
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The figure above illustrates the classes of reletenhnologies identified, placing them in the
research information flow from producer to consunhegether with science research management
functions®. In this diagram various technologies are listefbur numbered boxes (corresponding to
the list of functional areas given above). Theasesaown below the relevant stages in the process
from planning and research management, throughieneaf data, repository storage, to use.

1. To get access to digital repositories

Getting access to resources is common to all siagee process, see box 1.

1.1 Networks
Networks are fundamental to repositories, providingess for users and enabling repository
interoperability. In the publicly-funded researchain Europe network access is provided by
the various National Research and Education NesvdIRENs)®. At a European level a
network of these networks is provided by GEANT2naged by the DANTE organisation
and is funded by the EU.

14 This figure is based on the Open Archival Infotioa System model (ISO 14721:2003) which adopts the
term “ingest” for those functions which admit infiaaition into the repository and “dissemination” foose
functions which supply information to users. Thal® functions of Management (of the repository),
Administration, Storage Management, Data ManagemmedtPreservation Planning are assumed includégkin
Repository management cell.

!5 |n the Nordic countries access to NRENS is predidia NORDUnet, a regional network.
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1.2 Access controls: Authentication, Authorisatiorand Auditing/Accounting
(HAAA”)
These commonly refer to the processes of

securely identifying an individual usexuthentication
defining what a user is allowed to do and enforc¢hmg;: authorization and,
recording, monitoring and checking what the userdene guditing/accountiny

Security underpins e-science and is critical tauging that the intellectual and potential
commercial property associated with digital repmégts across Europe is protected to the
satisfaction of users, data owners and data p@sishmong other stakeholders. In this
context, Europe and numerous international comnagitre currently in the process of
deploying Shibboleth technologidstif://shibboleth.internet?2.edub support local (existing)
methods of authentication for remote login to reses. Further developments aim to enable
virtual organisations (VOSs) to be established acmostitutions and national borders, either on
a temporary or a more permanent basis.

Any security infrastructure for digital repositaia Europe must be easy for end users, data
providers and data owners. An ideal e-Infrastrctuould be as intuitive and non-intrusive
for end-users as is the World Wide Web.

The proliferation of new web service security standd and technologies also needs to be
reconciled with European needs for digital repoto It is unlikely that all digital
repositories will adopt the same security infrastinees.

2. To getinformation into digital repositories

2.1 Pre-deposit phase technologies
This represents a collection of technologies witigfate the information which is to be kept
in repositories, and which manage the informatimdpction pipeline. While not directly
related to the repository technologies themsehley, influence repository effectiveness by:

Delivering content in formats suitable for repositmanagement and for repository
users, and for eventual preservation;

Creating metadata of value to repositories fornmi@tion management, sustainability of
content and discoverability;

Providing integration with downstream repositorgteyns, thus easing the delivery of
information.

Technologies which fall in this category include:

2.1.1 Current Research Information Systems (CRISs

CRISs are systems that manage the informatiorutiddrpins research, bringing
together information on the complete workflow, fréumding application up to and
including peer-reviewed publications. Some of thegdems are themselves repository
management systems (see below).

2.1.2 Content creation systems

These are essential in the information flow, andleglp by producing standards-
compliant data. They include a myriad of softwaystems and instrumentation types,
too numerous to list.
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2.1.3 Electronic Laboratory Notebooks (ELNS)

While CRISs take a global view of the research @gecELNs are used to manage
specific data capture processes in the laboratosytheir name implies they are
attempts to replace the paper laboratory notebdthkam electronic equivalent. They
are relevant to repositories because they cangea@tisource metadata, can link to
related information, and can generate well-str@ctuconsistent datasets to appropriate
standards. They form local (private), temporarys#ories which can pass on content
and metadata to downstream repositories.

2.1.4 Laboratory Information Management SystemsL(IMS)

LIMS serve a rather different function from ELNBdqugh they are closely related and
are often confused). LIMS manage scientific dateeat has been captured, rather than
when it is collected. They coordinate and relatadjathered across processes and
projects. Their significance is similar to thatiifNs; like them they are themselves
repositories, but with a local, often temporarygse

In the longer term perhaps LIMS and ELNs will beeoimtegrated, and possibly merge
with repository systems.

2.2 Metadata creation and harvesting tools
This represents a large class of diverse toolstadiég¢a can be gathered in four ways:

(i) generated by systems which create, or manageehéam, of data content;
(i) be supplied manually;

(iif) extracted automatically from the content itselfpgr

(iv) harvesting existing metadata from elsewhere.

For reliability and utility, it is best if metadaiggenerated at, or even before, the point of
content creation by tools such as those describedea This is especially true for metadata
that is critical to increase the longevity of théormation. Metadata assignment is difficult
and often labour intensive, and thus inhibits digiepository use; this must be must tackled
at both generic and domain-specific levels

The Open Archives Initiative Protocol for Metadatarvesting (OAI-PMH}® has gained

wide acceptance as a means of harvesting metadataekisting repositories. The OAI-

PMH system allows metadata from repositories tqueried and extracted, but presupposes
the donating repositories provide OAI-PMH servitteRandle requests. In more specialist
environments more specific tools will be needed. oAe respondent stressed in a response to
the study’s public consultation, OAI-PMH is not gdate to support metadata-harvesting

from the typically heterogeneous scientific datarfats.

(See for example the work of the commercial OASt®nsortium, its XML Metadata
Exchang& (XMI) and Web Services Metadata Exchalige

2.3 Discovery or identification of digital repositaies
Scientists need to identify the right repositorytfeeir data. Users need to know in which
repository to look for it—see 4.1 below.

16 See http://www.openarchives.org/OAl/openarchivesyol.html
17 See: http://www.oasis-open.org/home/index.php

18 See: http://xml.coverpages.org/xmi.html

19 See: http://xml.coverpages.org/ni2004-03-05-al. htm
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2.4 Pipeline and deposit tools
These include tools to enable content and assdamaétadata to be transferred and
incorporated into digital repositories, and toal$ielp with data entry through to deposit.
These tools have been developed to improve inféomauality and consistency, and
consequently reduce the effort, time and cost pbdie. An example of a tool developed with
this in mind is MaxDLoad2 for depositing microarm@dgta. Systems like this are likely to be
dependent on the discipline context in which theyused.

3. Store and manage information once deposited

3.1 Storage
Mass storage technologies continue to shrink i@ aid cost for a given amount of storage
capacity. At the same time the volume of informatbeing generated is rising exponentially.
These trends are likely to continue for years amgethuge implications. Ever increasing
amounts of information can now be deployed locaflgven be carried by individuals. Once
it becomes possible to carry the equivalent otcthr@ents of the printed contents of the
Library of Congress in one’s pocket worlds of nevggbilities unfold. New methods of
managing mass storage are emerging, such as iadtiah, storage area networks and data
grids and clouds. These trends of course brirgd#nt issues such as maintaining security,
and maintaining control over the authenticity aatidity of information.

3.2 Computing capacity
Moore’s law is, for the moment, still providing ie@asing computing power for the same
costs. Increasing computing power, and harnesgisgpercomputers and compute grids
offer greater powers of analysis of the informatimmnepositories and for collaborations.
These technologies can be applied to repositgiesjding for example, more sophisticated
searching capabilities, and further integratiomepiositories into data analysis activities.

3.3 Database management systems
Commercial and open source database managemesinsyate of relevance as the data
management foundations upon which some (but notegdbsitory management systems are
built.

3.4 Repository management systems
Repository management technologies range from sifilpl system management tools to
sophisticated inter-organisational data managesystéems. They manage the storage of
digital content and its metadata and the servioegged around the repository, such as
deposit and access.

There are many types of repository managementragstat one end of the spectrum they are
simple storage systems managed by simple toolsstipgp manually mediated processes. At
the other end, they can be complex software fataligbject management delivering many
added-value functions. A subclass comprises Digitalary systems designed primarily for
document-type data.

As noted, the terminology varies, and we include lsystems which are designated as digital
library systems, institutional repository systeasg object stores and similar. Some systems
labelled with other names are also repository margguch as the LIMS or CRIS systems
referred to above.

Another subclass is the special systems which haga developed to manage specific
classes of digital repositories or data types, siscthe EnsemBisystem at the EBI for

20 gee: http://www.ensembl.org/index.html
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genomic data, DEAY* from Common Data Access, a system for oil welllesgtion data in
the North Sea, and others.

There are many repository management systems bleaitehe OpenDOAR projeét(late
2007) lists 62 different repository software systémuse world-wide to manage 861 open
access/OAl compliant repositories. Interestinglthe 1009 repositories listed, 259 (26%)
did not record the system in use, and just twoesystwere used to manage 453 installations
(45% of the sample), ePrints and DSpace. Theil@tided by OpenDOAR is by no means
exhaustive, and in the main only covers reposisasiedocuments (71% of those listed).

Europe is not lagging in this area—witness the féke up of ePrints, developed at the
University of Southampton in the UK.

We note that in some instances a repository cast @ihout a single, packaged specialised
system to manage it. What is essential are to geatrie core functions for content ingestion,
digital object management, and access.

3.5 Annotation tools
We distinguish the (relatively) simple tools to apglmetadata in repositories from those
which providepost-hocannotation to content in repositories, either enattically or
manually. Annotation can be thought of as a atdissetadata.

3.6 Data protection tools
Though access to a resource may be granted thtbaghAA systems noted above, some
data in repositories are particularly sensitived privacy and security must be assured to a
high degree (for example, personal medical recandsgenetic information, or data on
sensitive ecological locations). The price of eastwork access to repositories is that they
must be protected by firewall and anti-intrusioftware.

Behind a firewall, the data that needs furtheitgxtion for privacy, ethical or security
reasons may require further measures. Common agipes to address this include
encryption, anonymisation and pseudonymisationrigeies, but note the latter are often
limited.

3.7 Rights management tools
These enable the owners and managers to prothats tltat may be attached to data, and
where appropriate charge for access.

3.8 Preservation tools
Preservation of digital information is a growingicern, and there is now much activity in
the area, especially in Australia, the USA, théhddands, Germany and UK. A lot of this
activity centres on policy and procedural issuesvelopment of new techniques seems to
have thinned over the last few years.

Textual objects are generally easier to preserae thhe great variety of experimental data
sets, but such differences are often lost in tieeaiure by lumping data under the collective
label of “databases”. The current emphasis inguuegion technologies is on data migration
in the sense of copying information from an obsotethnology format to a current one and,
more rarely, emulation. Longevity also dependsnuipformation standards used, discussed
in section xxx.

2L gee: http://www.cdal.com/HOME/DEAL/page34253.asp
2 geehttp://www.opendoar.org/
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4. To find, extract information from repositories and re-use it

These actions can take place at, or across, thif@eriation levels: to locate repositories or
collections of interest, to find items of interesthin repositories/collections, and then to find
information within items. We note that users magato find information across multiple
repositories and items, requiring some form of fatlen or aggregation.

4.1 Discovery or identification of digital repositaies
Various technologies can be used for the discoveigentification of digital repositories and
their content (or, from the repository’s perspesti@xpose the repository and/or its contents
to the potential user). Perhaps the simplest wiya repository is via a search engine, but
other approaches are the use of portalfediactocommunity web-based resources. Many
subject and institutional gateways have been sdbupxample PlaNE?¥, for the
Arabidopsis thaliana@ommunity. Registries, such as OpenDGARovide another means of
locating repositories. Management approaches enmdgiional materials are as much part of
discovery as pure technologies.

4.2 Search tools to find items and information witin items
These are the means by which we find, access, iandlize information in repositories. They
range from simple indexing tools to data miningesli Google is of course now pre-eminent
and is most users'’ first point of call; but there mmany other search tools, including those
specialized for images, for particular disciplirfiise genomics), or for visualisation
(Ensembl is a sophisticated example), and othemgdospecific engines.

There are also many commercial search tools aradndisming systems — a notable European
success is Autonomy based in Cambridge.

4.3 Ontology tools
These are tools that assist the search and rdtgea@ess by providing semantic level
assistance, such as widening search strategied,disambiguatioretc We make a
distinction between ontology management systemgtandntologies themselves (their
intellectual content) — though often the usagesardused.

Ontology management systems (from the relativehp, such as thesauri, to the
sophisticated such as those that support OWL, RidFsanilar standards) could transform
the ways we use repositories. But they depend timoontologies themselves—the
information, concepts and their interrelationstilpsy embody, and these need to come from,
and be validated by, domain experts to ensurdltlegtare accurate and trustworthy.

4.4 Permanent Digital Object Identifier (PDOI) tecmologies
These include technologies to supportdeeof PDOIs. The standards to which these
conform (such as the DOI, ARKSs, etc) are discussdow.

4.5 Information packaging
Technologies for the packaging of information fragpositories vary from the minimal (such
as simply providing a data file), to sophisticapedsentation of results such as that seen with
Ensembl from the EB] or any one of a growing number of “mash-ups”: dismlays
assembled from a combination of repositories, xangple GPS displays of information from

% A network of European databases on plants. See:
http://mips.gsf.de/projects/plants/PlaNetPortaliases.html
24 Seehttp://www.opendoar.org/

% geehttp://www.autonomy.com/content/home/

% gee: http://www.ensembl.org/index.html
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public sector geographical resources. This dityersakes generalisation impossible, but
such packaging will become more sophisticated agating power and network speeds
increase, and markets and imagination drive dewedops. Adherence to standards is a key
component of success in this area.
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[I. Standards

Standards underpin the successful deployment cfradhd digital repositories that can span
discipline-specific silos of information and fatdlie inter-disciplinary sharing of data. They:

Ensure interoperability of tools and linking of daicross repositories:
Enable interoperability between repositories atas#tin and syntactic levels

Enable interoperability between repositories aretsjdoth human and computer, at
semantic and syntactic levels, for users and prduc

Help different communities better to exploit resms by:
Reducing the need to re-work data, build new iat$ and make conversions;
Providing consistency and ease of use for user;
Enhancing reliability.

Define, and ensure compliance with, agreed conditaf use of information in
repositories

Promote efficiency and cost savings in the reseaneironment
Facilitate migrating systems forward as technolegied needs change.

A more detailed review of repository standards appé IR2.

4.2.2 Interoperability
Interoperability between repositories can take @ktca number of levels:

1. Data interoperability exists when data is understood, syntacticallyserdantically, as it is

exchanged;
2. Technical interoperability exists when technologies can work together—fon®ta when
repository management systems can share services;

3. Management and governance level interoperabilitgxists when organisations can co-
operate and/or exchange management informatiopaintdes.

The interoperability of digital repositories in ggal depends upon making linkages at all of
these levels.

Two other aspects are important:
4. Organisational - allowing interoperability within and between comnities or subject
domains, and defining any constraints to be applied

5. Temporal - new or rapidly changing domains may not be &bleecome equal partners in
interoperability exchanges: timing is important.

Relevant standards

The areas to which standards are of relevancestieece digital repositories are:

For security, including authentication and authoriz ation controls.

Robust standards in the area of security, autremitand authorisation for access to reposit@ies
vital for interoperability to take place in a cliteaof trust. They thus form a key element in prangpt
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repository use in Europe (or elsewhere). The ssuée resolved are technically complex, but from
the user perspective a minimum of administratioth efifort (including single sign-on) is essential fo
acceptability and take-up. Developments of sigaifice here include the spread of Shibbdféth
Europe and various Web Services standards.

However standards in this area are not yet sattbediniversally available or easy for non-spedilis
to use. These shortcomings are a barrier to matespread information sharing.

Rights assertion and management

Intellectual Property Rights (IPR) technologiesoeoé or display licensing policies and business
models for digital resource distribution and usefrrepositories. These reassure depositors apd hel
them make submit into repositories. From the mi&tion consumer’s point of view they are often
seen as a barrier. More therefore needs to betdaneke them easier to understand and use.

Standards for expressing IPR can be found as elsménther standards, primarily designed for
expressing metadata more generally in variousdgtdiphic and description contexts (see below) and
include:

DCMI (Dublin Core Metadata Initiative, ISO 15836),

FRBR (Functional Requirements for Bibliographic Bels),

METS (Metadata Encoding & Transmission Standard),

PREMIS and

OAI-PMH (Open Archives Initiative’s Protocol for Nexlata Harvesting).

For content (data) delivery further standards tefuance include examples such as:

Geospatial DRNF,
Open Digital Rights Languag&)DRL)m,

eXtensible rights Mark-up Language (XrMf)

The vast majority oflata are not held in publicly accessible repositori8sudies have shown that the
most important research data sets are often heldebsesearchers themselves and they are often only
willing to make their data publicly available oritey have published papers exploiting them.

Information description at syntactic and semantic | evels for content and metadata

Information needs to be communicated to and frgposiories or between repositories, stored in
some format, and when used, be understood. Stanftartdoth syntax and semantics are vital to all
of these processes. Like so many of the standaedsioned here, these are now mainly based on
XML.

The divide that separates the domains of datapahlication information is quite sharply drawn in
this area, and we reflect that in our notes on dathmetadata which follow (See also the diagram
below).

27 Seehttp://shibboleth.internet2.edu/
% Seehttp://www.opengeospatial.org/
29 Open Digital Rights Language Initiative. Sﬁ%ﬂg ‘/lodrl.net/
30 seehttp://www.xrml.org/about.asp
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Data Publications

E.g. Published report of

E.g. weather simulation
data and measurements work

Content

E.g. Bibliographic

E.g. Calibrations, units
metadata, IPR metadata

used, measurement
dates and parameters

Metadata

Data contentis represented in many diverse formats dependirtp@® domain that it applies to.
There are too many to list. Their diversity refiethe diverse needs of different communities and
sciences - just three examples: ChemML (chemidutgthML (mathematics), GML (Geo-spatial
content). For common data types there are of eonedl established standards such as the various
MIME *! types, standards for images, text content, aedio,Many of the standards in this area
specify the expression of both syntax and semantics

Data metadata: Clearly there are metadata standards which agesgercific to particular data types.
Such standards often blur the distinction betwesa dnd metadata - thus, for example, the MIAME
standard for microarray experiments (in genomieaesh) contains within it much information which
could be regarded as metadata alongside the rantdelf.

Publication contentis a much less diverse information class. Sigaiftcstandards for these are
XML, PDF (and PDF/A).

Publication metadata: There are very many standards for bibliographit dmcument metadata, of
which the most ubiquitous is Dublin Core. The faling table lists some of these standards:

Dublin Core Metadata Encoding and
Electronic Archival Transmission Standard
Description (EAD) (METS)

General International Metadata Object Description
Standard Archival Schema (MODS)
Description (ISAD(G)) MPEG-21 (and Digital Item
Metadata Authority Declaration

Description Schema Language(DIDL))

(MADS) Preservation Metadata
MARC (including Implementation Strategies.
MARC21, MARCXML) (PREMIS)

The domain-specificity of data content and metadttadards is inevitable and useful within

31 Multipurpose Internet Mail Extension&eehttp://www.iana.org/assignments/media-types/
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domains. For wider sharing demanded by interdiseipy work, new e-Science methods are needed
to bridge interdisciplinary divides. New method®rpressing semantics independently of specific
information types are being developed but are sotryfull mainstream use. The Resource
Description Framework (RDB)is a set of standards that bring together URI& XNIL to in order

to provide a way of expressing relationships andmimeys of uniquely identified resources. The Web
Ontology Language (OWEjis designed for use by applications that needdogss the content of
information instead of just presenting informattorhumans. DAML is an extension to XML and
RDF (the latest release is DAML + OIL 2006) whiagloyides a semantically rich set of constructs
with which to create ontologies and to mark-up infation so that it is machine-readable,
understandable and supports semantic interopeyabili

Digital object identification and name resolution

We need to reference (identify) objects within Efaries to facilitate their retrieval and use, muirc
the way that we can unambiguously identify a bopk®ISBN. Systems to make this possible need
to be permanent - that is they must be indeperwfaitanges in technology with time. The prime
example of a permanent digital object identifiethie DOI (Digital Object Identifier) from the
International DOI Foundation (IDF) It is much used for citing bibliographic and fished content
and it has the weight of publishers’ support beliindut doubts have been expressed about the
viability of the economic model it is based on @sdrue persistence. It was developed primarily
with published content in mind, and lacks stand#dimethods for expressing different levels of
granularity within documents, such as objects embddn larger structures (for example a specific
image in a multimedia presentation). It is nothadenged: rival proposals are the Archival Reseurc
Key (ARK)*® and Persistent Uniform Resource Locator (PURL)

Information/metadata harvesting/capture.

The Open Archives Initiative Protocol for Metadbtarvesting (OAI-PMH) standard was described
above. It could be considered a standard ratherahliachnology (it uses the simple HTTP protocol),
but it is mentioned here because, at least foititisthal repositories and digital libraries, itsha
gained wide acceptance.

Repositories as managed stores

The Open Archival Information Systems (OAIS) refere model (ISO 14721:2003) presents a design
and management framework for repositories thabaileto retain of digital information of all kinds
for the long term. This framework has reachedga tevel of acceptance.

Standards for distributed data Grid architectures
Data Grids are arguably the most difficult to eBsiband manage. Reasons for this include:

the complexity of the data itself which can oftenMery domain specific and require expert
interpretation;

the evolutionary nature of research and changimgreaf scientific and other data sets;

the lack of foresight and/or education by the dagators on how best to annotate their data
so that it might be found and subsequently useothgrs;

32 geenhttp://www.w3.org/RDF/

33 Seenhttp://www.w3.org/TR/owl-guide/

4 Seenhttp://www.doi.org/

5 Seehttp://www.cdlib.org/inside/diglib/ark/
% Seehttp://purl.oclc.org/
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and perhaps above all, the amount of data thagiigylgenerated across all research
disciplines.

This aspect of the establishment of a data infuaire for e-Science digital repositories is, thamnme
especially challenging. The focal point of datnsiards within the Open Grid Forum OGSA
community is the OGSA Data effort. This has asgediavith it, numerous working groups (see IR2
for further discussion).

Current Research Information Systems

CRISs capture the frameworks - financial and oggtional - within which research takes place and
provide tools for managing the research processhémed endeavours they can provide a mechanism
for efficiency, comparability and management ofaobration. The CERIF2000 (Common European
Research Information Format) is a standard (amatiel) for representing research information

Frameworks for standards

Standards are developed in many forums, both foamélinformal. Often those developed
informally by a community effort, driven by a commperceived need, are the most successful.

Standards not only arise in an academic environnbemtarise from the needs of industry and
commerce - OASIS is particularly relevant and sesfid. Particularly relevant here are the starglard
being developed for the Web Services, Web2, Se@ioentated Architectures. Industries can also
develop frameworks or architectures - higher lestahdards - that serve to integrate activities in a
particular domain. A good example in this respe€@DISC from the pharmaceuticals sector.

Standards rarely start from zero—they tend to mele in hierarchies, one standard drawing upon
another at a lower level.

This and other studies show that, to be effective standards setting process:

Community participation - to ensure “buy-in” by itembers,
Control - to avoid overly-complex and large stanidar
Flexibility - to accommodate rapid changes in tegbgies,
Expertise - individuals of the right calibre mustddlowed to attend to the job of
standards development for the sake of progress.
Gaps in the standards landscape

All the areas we have examined have been subjscne standards process. The issue of coverage
is generally not one of gaps but of maturity arketap, but significant deficiencies lie in the
following areas:

Standards that help guarantee the longevity ofinébion,

Widely accepted and used standards for authemticand authorisation,
Permanent digital object identifiers that addrdgeds at all levels of granularity,
Accepted standards for repository service levels.

37 See: http://cordis.europa.eul/cerif/
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[Il. Workshops - summary

In the first three months of the study a seriethde workshops were organised to solicit the
repository community’s views on the issues attegdamd development of, repositories in Europe.
The workshops were each of one day’s durationeaicti was attended by some 20 invited experts,
EC representatives and members of the DAC’s e-S¢daR. Depending on the theme of the
workshop these were drawn from a range of disaglimoles, and institutions. They mostly come
from across Europe, but representation was alsoradat from North America. The three workshops
each dealt with a different theme:

Workshop 1 was held on? February 2007. The workshop’s objective was $oukis e-science
digital repositories in their wider context, drawt tnigh-level issues to be addressed by the study.
Fundamental questions explored were what is meatitebterm “digital repository”, and how do
repositories stand in relation to similar entigsegh as digital libraries or archives? The themes
explored were:

Defining digital repositories — what counts as gitdi repository, what are the defining
characteristics?

Roles adopted by and within digital repositories
Accessibility, interoperability and infrastructussues
Sustainability of repositories and their contents
Use of repositories and their user communities
Sociological and cultural issues.

Workshop 2 was held on 5th March 2007, in Brussels. The wslook’s objective was to discuss
technical matters: interoperability, standards t@atinologies in the context of e-Science digital
repositories. This workshop debated:

Standards and the representation of information

Provenance tracking as information moves from is@through successive repositories
Metadata standards and its generation

Sustainability and digital preservation.

Related to these it also touched on funding of sépoes, the possibilities for refereeing repasito
contents, and organisational structures for optiebsitory development.

Workshop 3. This was held in Brussels on 26th March 2007e Whrkshop’s objective was to
discuss legal, economic and sustainability aspetasing to e-Science digital repositories. This
workshop discussed the following issues:

Intellectual Property rights in relation to reposigés, IPR awareness and training, and the
public and commercial aspects of IPR

Copyright, “copyleft”, and open access

Permanent identifiers for digital objects

Permanence and quality control

Behavioural factors and incentives to deposit refaositories.

Recommendations for EC activities were also ideatif
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For each workshop the outcomes and ideas arising ngeorded; and opportunity was given for
attendees to supply further thoughts and opiniftes the workshops, and many replies were received
in response.

A full report on the initial workshops and theirtoomes is provided in IR1.

The final study workshop

The final Study Workshop was held on tHeSEeptember at the National Archives of Portugatheir
“Torre de Tombo” building in central Lisbon). Thming and venue of the workshop was arranged
to coincide with the Portuguese Presidency of the E

The purpose of the Workshop was to review the figgliof the study, and to give an opportunity for
the invited members of the repository communitpgdly drawn, to comment on draft proposals and
recommendations for incorporation in the studysfireport. The meeting was structured in the
following way to achieve these objectives:

Welcome to the National Archives/Torre do TombaxfrBrancisco Barbedo, Depty Director,
Direccéo Geral de Arquivo:

Welcome to Lisbon and behalf of the Portugueseitrasy of the EU from Pedro Ferreira,
Director of UMIC, Lisbon: .

Presentation: “Towards a European e-Infrastructurefientation from the European
Commission by Carlos Morais-Pires, European Corrionss

Keynote address from Herbert Van de Sompel, LosnA&aNational laboratory, USA:

A presentation giving an overview of the e-SciDRdstand the draft recommendations,
presented by the study team

Three parallel breakout sessions structured tdlreskarticipants to answer the following
guestions:

What are the three most important of the recommtgtaput forward?
What is missing from the recommendations?
What has the lowest priorities?

Reporting back to the plenary meeting the resutisifthe three break-out sessions and an
open discussion in plenary session

A closing address, by Jens Vigen of CERN.

Some 81 people signed up to attend the meetinginditam a widely drawn section of the
community concerned with e-Science digital reposty and representing a wide spectrum of
interests: different disciplines, varied orgarimaal contexts (academic, commercial, research
institutions, libraries and archives, technologistsgeographical spread across Europe, and a odinge
user types (users of information, data supplietsrapository managers).

With such a wide variety of interests represeniete were a wide range of views and priorities
expressed. However, when analysed, it was podsildeek out common themes and these were
incorporated into the final recommendations whieh@esented earlier in this report.

Summary of the discussion

The issue of funding (for the long term) came drdrggest in the poll of top 3 concerns, and the® al
took in funding of core services. These shouldd®en as linked. The question arose of whether
funding should be focussed on the repository, éneice or the digital assets themselves, possibly s

e-SciDR — Final Report, 2008



64

that the asset might move with its funding to dif& repositories over time. It was suggesteddhat
particular datasets became less current they might from local to European repositories. The
guestion of funding is also related to evaluatibdigital assets; how can funding agencies judge
what to fund?

A related theme was strong support for the nofia publically funded outputs from
activities/research should mandate submittal tapgroved digital repository — and thereafter be
available publically, due regard being given toiqés of exclusive use by depositors.

Preservation was also a significant concern, keretlwvas less discussion on the subject; the lack of
contention suggests that the importance of preervis universally recognised. It was noted that
this too is a question of funding, since preseéovaimplies long-term funding. It is necessary to
preserve the means of interpretation alongsidelaite itself otherwise the risk is that the data
becomes unusable and meaningless. This probalalgsrsoring source code for the associated
software.

After funding, recommendations suggesting more esjston the discovery of information were
strongly supported. This was often raised in thatext of promoting the development of methods
and technologies to enable the linking of informatand navigation through the research cycle —
from (or before) data creation to the final pubtiica of results.

Another theme of the discussion was on the subjeehether repositories should be subject
(discipline)-based or institutional. Institutiorrapositories have a clearer legal, funding and
ownership basis to both set up and maintain, andbadetter for cross-disciplinary searching, but
discipline-based repositories are more intuitivese and much more likely to be more popular and
useful to users. The use of views to mimic sulijepositories could resolve this dilemma. One
commentator noted “Discipline-based repositoriestatter for the researcher, but how do we get to
this point? We need to plan ahead otherwise thérbe a plethora of institutional repositoriesidc
related this to the superior branding of disciplyn@positories. Another commentator noted that
there could be no single model for organising réposs.

There was also a plea for repositories to be meee-centric. A separate problem is how to conduct
searches across disciplines; differences in apprear between the hard sciences and humanities
make this difficult, but it is important to addrekss for some types of research such as envirotahen
studies. It was noted that one class of usersoeilihachines.

There was much discussion of certification andnised for metrics related to repositories.

The final group of issues revolves around incesitilg researchers to deposit their raw data in
repositories. There was a lot of support for méindadata deposit as part of the funding agreement,
though some discussion on whether both carrot acldshould be necessary to motivate producers to
deposit. Including data citation in the measunenoé academic achievement might be sufficient
carrot. All this is contingent on resolution ofié issues including IPR and machine-understandable
levels of access. These mechanisms need to beeswwlireliable so that researchers can trust that
their careers will not be adversely affected byaditing data. A suggestion was made to attachsigh
to data — generally this does not happen — andigtitmcentivise deposit. The question of depissit
related to the award structures for research werlkard breaking the “publish or perish” cycle.

A full report of the Study Workshop is providedIR2.
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V. Public consultation - summary

The public consultation was held over six weekaifraid July to the end of August 2007 using a
guestionnaire delivered through the European Cosiariss website. The questionnaire was
advertised via a wide range of relevant e-mai lsstd through communications with key individuals
and organisations, harvesting 426 responses froover the world. These came from contributors to
repositories, repository users, repository managesgarchers, librarians, publishers, students,
commercial companies and service providers. Amexgble number of contributions came from
leading figures in data management, repositorigsries.

A full report on the consultation is provided in2R

A combination of and free text and multiple choiggestions were used to collect information the
guestionnaire explored the following areas:

The respondents’ uses of digital repositories,thedype of information they deposited in, or
used from, repositories

Perceived barriers to use
Views on the adequacy of provision of digital repmses

Views about the enablers of the use of digital s#fpdes and policy directions which should
be taken to encourage repository development

Information to guide the future sustainability epositories and a vision for the future of
repositories in Europe.

In addition material was collected on the profiféte respondents. Respondents were primarily
users of repositories (78% using repositoriesadtlence a week, and nearly half on a daily basis).
Most were from Europe (77%), but nearly a quarteraffrom outside Europe; a quarter of them
described their primary role as researcher. A waohgie of disciplines were represented, but the top
three were information and library science (26%)5its and astronomy (19%) and computing and
mathematics (14%). The organisational affiliatidmmost respondents was the academic sector
(63%, see Figure 2). As might have been expebedibst common forms of repository used were
community and discipline-related repositories, tdigibraries and institutional repositories.

Organisational affiliation

Academic sector ] ] 264
Public sector (non-academic) 7:| 52
Not-for-profit 7:| 27
Commercial 7:| 40

A combination of any of the abowe 35

Private individual 7[| 4

Other 14

0 50 100 150 200 250 300
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When asked about difficulties encounteusihg repositories the chief obstacles specified weee th
difficulty and time taken to find the relevant rafiories and to find information within them. A

secondary concern was lack of training (about

atguaf respondents). Language barriers did not

emerge as a major issue neither did cost of usedthas most people do not pay directly this is not
surprising). See figure 3. All but 30 people aessd this optional question

Difficulties when using reposit

Language problems
Too costly )
Difficult to use ]
I do not know where to look for a suitable repository ]
Time consuming to deposit data )
Lack of training or guidance ]
Time consuming to find information of value ]
Other ]

No response

ories  (Multiple choice)

S VT

T
I B
I Rk

] 145

] 165

] 232

—
30

50 100 150 200 250

Asked to identify inhibitors taepositof materials into repositories as free text, 2d$popnses were

made (50% of respondents). Summarising:

A mix of intellectual property rights, copyright@ontractual restrictions, and publishers

embargoes were most frequently raised

(some 25%0eé answering). Respondents were

concerned about lack of clarity about these as agetheir loss of rights
The time taken to deposit, and its complexity/diffty (16%)

Security concerns of various types were
data corruption, lack of control over use
respondents

Costs or payment policies were mention

mentioneguiently, including loss of authenticity,
of infatian. This was raised by 12% of

ed 12 times

Absence of a suitable repository, or awarenessief was also mentioned 12 times.

To further explore views on enablers for repositesg questions asked where investments in
repositories would best be made to enable sciehbese were free text questions, and 305 people
responded, and the following summarizes the maimgomade.

The issue mentioned most frequently was that plytfiimded research outputs should be placed in an
open access repository, reflecting the view thghuats paid for from the public purse should in
principle be available free without further chargd@#is theme recurred in answers to other question
Going further than this, quite a few respondentseved the view that open access repositories should
be positively promoted. Other suggestions were:
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Promotion of interoperability between repositorifesieration and cross-repository searching
Promotion of common standards for data (and meajdiatmats and structures
Better, more intuitive searching interfaces

Establishment of registries of repositories (someti expressed as portals, directories or
catalogues)

Establishing adequate, stable, long-term fundimgtfe curation of information; this was
linked in some cases to promoting the establishmkintfrastructures to support long-term
preservation of information. The point was alsamthat making repositories compete for
research funding was inappropriate.

Establishing peer review mechanisms for data aoabdications
(Further) investments in network infrastructures
Establishing better tools for metadata generati@hstructuring.

Some of the other headline statistics from theespwvere:

39% never paid (directly) for repository use
63% had no training in repository use

76% selected more accurate searching mechanisanwag of making use easier, followed by
tools to automatically generate metadata (70%)pradision of registries of repositories
(58%)

62% of respondents said they need access to niateh&ch were more than 20 years old —
well beyond the boundary where preservation oftaligesources becomes problematical.

The most frequently used repository types from Whaget information were digital libraries,
discipline-related repositories, institutional refories and community repositories; combining
community repositories with discipline-related reparies however gives these a combined lead.
Deposit favours institutional repositories. Exaiminthe ratio of use to deposit activity gives the
pattern shown in the following table.

Repository type

3.6 2.2 19 1.6 2.1 4.1 6.0

#

It is not clear how to interpret this, but therarsindication that while deposit into institutibna
repositories may be relatively high, use of matefie@m them is relatively less frequent. The high
ratio for commercial repositories is probably deit being mainly publication repositories, as are
digital libraries.
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Lastly, a striking finding was strong agreementwtite notion of establishing international (EU-
level) repositories (78%); there was also fair supfor national repositories (56%).

“Digital repositories should be as important asrvies are. A challenge is to store
huge amounts of information and---this is very ingat---have the tools to "play”
with it. So repositories are not only about infotioa, but also about tools.”
(Response, e-SciDR public consultation, summer)2007
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V. Legal issues and open access to e-Science repos  itories

Part of the study’s remit was to look at legal esstelating to open access in the context of e —
Science digital repositories.

Our review worked primarily outwards from the pegstive of digital repositories and focused on
non-text data. Its has not focused on the spes#iges of open access, copyright, e-prints and
publications extensively discussed in many othgorts and articlé&

The very definition of the term e-Science, couplétth the diversity of materials held in digital
repositories, suggests vast and potentially higblyplex legal territory: e-Science is collaborativ

it works with many digital objects (themselves aftmmpound, or part of larger objects), in différen
formats, and works across different jurisdicticasoss different sectors, in a variety of different
locations, contexts and types of interaction.

Open access and use

“Open access” can mean different things with reganase, but does not imply comprehensive rights
per se relating to re-use. The level of right eary: You can access a resource, but without iy r
to transform it, or conduct further research gimibre common in educational contexts). You can
access the resource or item, and have the righdnsform it and develop new work using it, busthi
does not necessarily automatically entitle re-dssnatem or resource for commercial purposes.

A further point is that with several umbrella péstasuch as GBI, which provide a portal with
access to multiple resources, the terms of useagrnfrom one resource to another, or participants
can agree to apply the same terms of access. r Eithye participation needs to be negotiated and
agreements signed between participant and umtmeliader, and possibly further parties as well.

It is therefore extremely important that the useaiware of, understands and respects the rights and
restrictions which apply to data she accesses.

A digital repository will also need the right to nage a resource or item, either as directed by the
resource owner, or to decide itself on management.

Diversity of types of scientific data, rights appli cable to scientific data

Several rights are applicable to scientific digganhtent or digital objects. These rights evollmg
the object’s life-cycle, and ownership is definedading to the position in this life-cycle and the
kind of interaction of each actor.

Any one repository could hold or enable use oftdlgibjects from multiple points along the life
cycle: objects created from scratch (for examplegre a repository is also a facility generatintajia
objects created from pre-existing data (for exammpbemalized brain scans), interpretations of
existing data in textual analysis; annotationdaih (tags, keywords, unique identifiers, commaeonts,

% Links and bibliography are set out on the www.ighseu web site.

% Global Biodiversity Information Facilitywww.gbif.org “a coordinated international scientific effot t
enable users throughout the world to discover atdguse vast quantities of global biodiversityajahereby
advancing scientific research in many disciplirgemoting technological and sustainable development
facilitating the equitable sharing of the benedfitbiodiversity, and enhancing the quality of lifemembers of
society”
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indeed corrections of annotations); compilationexsting data (for example, mash-ups,
simulations), re-purposing of dataimsilico experiments ...

It would be beneficial to take a systemic appros&mbking at data as part of a system which is stibje
to many factors and requirements - legal, admetis, technical, economic, preservation,
evaluation. This would also be valuable for thsigie of automated systems to support rights
expression and management in the context of e-&eigigital repositories, and e-Science more
generally, as it would help limit proliferation systems which address only parts of the cycle or
process, which then need to be interoperable,lidseamlessly.

Open access, digital repositories and controlled ac cess

The digital repository is one of the main pointsvaich third parties access materials. The premise
and success of e-Science (and indeed science moeeally) are underpinned by access to as full a
breadth and depth of materials as needed — ifemrelser can only check a small proportion of
relevant materials (possibly of different types &munats), it will be much more difficult for heo t
assert validity of analysis and findings.

For the digital repository to function as suchmiist know the legal status (one might say, the
conditions of openness) of each item it holds aalen available to others, and it must be in control
of that access in accordance with the conditiorgpehness. This may sound a contradiction in
terms, but its success in continuing to functioa &sisted repository (and thus its ability toaatr
materials or retain custody thereof) is predicatedts ability to manage access to comply with the
applicable terms of access. Thus in the firstglae digital repository must understand the legal
aspects relating to its activity and the itemspitls and act in accordance with agreed policies.

Difficulties arise where items are subject to catithig or ambiguous legal and regulatory
requirements.

Difficulties also arise when items come with naestrictive usage terms.

Here, traditional archiving practice is pertineat.ingest (when the item is ingested into theigech

or repository), the archivist agrees with the d@poshe terms on which the item is deposited dred t
terms on which the item may be used. This agreemmeacorded, and the archive applies the terms
of the agreement. For e-Science repositoriesettiaasactions (agreements relating to rights), the
process and the mechanism supporting the recoatiddransmission of rights information, must be
as simple, clear, automated and generic as possible

Diversity of types of interaction using repository data

Parties to agreements relating to use of pre-egistontent need to be aware of all types of
interaction which might be targeted for that ubege are listed in IR2). Note that uses also declu
management of data within the repository, for edampigration of format of the object, for example
for access efficiency or preservation.

Examples of awkward areas — fair use and warranties

Fair use, fair dealing, or exceptions and limitasido exclusive rights in civil law statutes areeaf
not familiar or unclear to researchers, teachéngrians, and particularly so when having to deal
with different rules from several jurisdictionshése prerogatives allow them to use or re-use
material without prior authorization or paymentui@ance on these issues should be provided by
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independent third parties rather than rights owneh® may not be in the best position to give redutr
advice.

The prerogatives under these headings includearitagxceptions for teaching, research, libraried a
archiving. There is a lack of harmonization insg@rerogatives within EC member states. The lack
of harmonization and their frequent narrow scogedadrstacles to easy access to and sharing of data
and works.

Compulsory and voluntary licences make it posdiblgse data without authorization, after a fee
(typically annual). However, these licences caogsequences of which non-lawyers are likely to be
unaware. Researchers are unlikely to be ablestinduish between fair use covered by a statutory
licence paid annually by their institution and pper-fee commercial databases. These differences
also mean additional arrangements and work to ersalibmated or seamless access across these
different systems.

Warranties on data accuracy and quality can be negotiatétdyransferring or acquiring party
when negotiating a transfer or access contractrralfing that data which is to be re-used, modjfied
re-distributed are not constitutive of a prior tiginfringement is useful, as a secondary distabut
might be held liable for re-distributing data whicad not been cleared of such a warranty, even if
done in good faith. Again, there is a lack of hanmation in this regard; this creates uncertaiaty
technical intermediaries — digital repositoriest, &#lgso providers of services used in the digital
repository/transfer process; it also has implaaifor publishers and editorial responsibilitgaal
when providing links to data. Another area whéability might be invoked relates to search engines

Cross-border issues

Science and e-Science work across borders, idatadpeed. It is commonplace to talk of obstades t
seamless working (and indeed basic deposit of iaétén repositories) arising from lack of
harmonization, but this is one of the major ardBecng open access and e-Science activities
generally.

To mention just a few examples: there is lackafionization within the EU among limitations,
lack of transparency relating to royalties, colleimanagement for compulsory/statutory licences
(where the research institution pays a collectoa@ety in relation to compensation for fair uséck
of harmonization regarding public-order provisi@tatute and contractual overridability (can
exceptions and limitations to copyright and datelsas generigight be cancelled by a contract or
database access licence?) There is lack of harattom on technical measures relating to anti-
circumvention legislation: factors, infringemeimtention, commercial purpose, indirect
circumvention (which can arise in bug-fixing in sedre programs).

Regional and local administrative regulations caryyimposing local requirements on the release of
data across borders, in addition to some nati@sdtictions.
Wish list

Key informants and respondents highlighted the fieedwareness-raising, education and guidance
for all actors working with e-Science repositories.

Guides should be published for scientists, reseascheachers, and unaffiliated individuals,
institutions, including digital repositories andated providers (eg of tools) on the legal framedwor
for creation, deposit, access and re-use of digitgkrials, on fair use, the public domain, lidjli
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privacy and confidentiality, and so on. These gsidhould be available in the home language of the
reader and the presentation should take into acepatific legal perspectives and features relating
the range of EC member state jurisdictions andrstlilely to be important. There are several
examples of excellent practice in this regard, sagthe work by The Netherlands’ Surf Foundation
and DARE, the Dutch Network of Digital Academic Rsjtories.

The legal status of digital repositories shouldlaeified, and clearly set out for stakeholders and
users. It would also be very helpful to have mamgadisclosure of rights policy by publishers and
institutions, for transparency and efficiencyjsitmportant that the information about rights pglis
kept available and up to date.

Rights management automation: there should bams@to the development of automated rights
expression and rights management tools which worgathe whole life cycle of an object. This
should also take into account metadata format maggilatforms and tools. Standardized rights
expression languages and rights data dictionaresivwvork with scientific digital objects, processe
and practices.

Science Commofi&provides licences which can be adapted to a rahgeientific needs: biological
Material Transfer Agreements, licences for opeadddatabases, author’'s addenda standard side
contracts to publishing agreements.

There is a need for citation systems which embmedrd and possibly also track attribution and
other relevant information for links between prisnagsearch data, publications and other
communications.

Scientific communities are effective arenas for kirog on licences, national jurisdictions, thanks to
the strong communication achieved within disciginégain, co-ordination between disciplines will
be of critical importance, to ensure that intecglilnary research is not impaired by over-specific
discipline-based approaches. Semantic interofdityati metadata is also important.

0 \wwww.sciencecommons.org
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Glossary of technical terms and acronyms

Term

ARK

Bioinformatics

CDISC

CERIF2000

ChemML

CIDOC

Collection

Content

CRIS

DAML

DAML+OIL
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Definition

Archival Resource Key. An identifier schemeated to
allow persistent references to digital objects

Science concerned with the use dfitéggques from
applied mathematics, statistics and computer seitmc
solve biological problems.

Clinical Data Interchange Standards ConsortiA non-
profit organization that has established standiards
support the acquisition, exchange, submission and
archive of clinical research data and metadata.

Common European Research Information &brm
CERIF 2000 is a set of guidelines for research
information systems (CRIS, gv).

Chemical Mark-up Language. An XML standfnd
representing chemical structures.

International Committee for Museum Documenbtat
Also refers the CIDOC-CRM, an international staadar
for museum documentation, 1SO 21127-2006.

Information items brought together fonge specific
purpose or with at least one feature in common

The thing lodged in the repository androhpry
interest for deposit and use—say a data file agiadi
form of a publication. Distinguished here from lgldata

(Qv).
Current Research Information System

DARPA Agent Markup Language (DAML). The goat
the DAML effort is to develop a language and tdols
facilitate the concept of the Semantic Web

DAML and OIL that combines features of Ihot
Superseded by Web Ontology Language (OWL).



Term

Data

Data Grid

DCMI

DG INFSO

DIDL

Digital Repositories

Distributed computing

DOl

Dublin Core

DyVOSE

EAD

EC
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Definition

(Digital) content, such as databases, imaggso, and
simulation results, and so on. Distinguished Hiene
Publication content.

A grid computing system that deals witihad— the
controlled sharing and management of large amaafnts
distributed data.

The Dublin Core Metadata Initiative. An open
organization engaged in the development of
interoperable online metadata standards for
documentation.

Information Society and Media Directorate of the
European Commission

Digital Item Declaration Language

The constructs that hold dibiollections or items and
facilitate their use.

Computing coordinated anakadrover a number of
different systems, which may be geographically gepa

Digital Object Identifier. A system is for id#fying
content objects in a digital environment. Thdeysis
managed by the International DOI Foundation (See:
http://www.doi.org/)

A simple and standardised “core” danetadata for
describing objects in ways that make them easiéndio
Dublin Core is defined by NISO Standard Z39.85-2007
See also DCMI.

A project funded by the Joint Informationsg&ms
Committee (JISC) in the UK. Its intention is tgpéore
the establishment of scalable Virtual Organisations

Encoded Archival Description. A standard for
computer-based description of archival collections.

European Commission
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Term

e-Infrastructure

e-IRG
ERA

e-SciDR

e-Science

ESFRI

euroCRIS

Federated

FLOPS

FRBR

Gbps.

GEANT2
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Definition

In the context of digital reposis this is taken to be
the technical and administrative framework andlitees
underlying e-Science digital repositories.

e-Infrastructure Reflection Group
European Research Area

e-Science Digital Repositories, the acrofgynthis
study

Science supported to a significant ddgyyrekgital
information-processing and/or computational
technologies, or wholly based on these.

European Strategy Forum on Research Inficiates

A not-for-profit association which actsaas
internationally recognised point of reference fibr a
matters relating to Current Research Information
Systems.

In the context of data processing, cangutgimes
which involves a number of cooperating computing
resources.

Floating Point Operations per Second. A omeasf the
speed of processing.

Functional Requirements for Bibliographic Reiso
From the International Federation of Library
Associations (IFLA)

Gigabits per second

GEANT2 is the pan-European research and

education network. GEANT2 is co-funded by the

European Commission and Europe's national

research and education networks (NRENSs), and is

managed by DANTE.
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Term

GEML

Globus

Globus GSI

GML

Granularity (of access)

Grid Computing

HPC

76

Definition

Gene Expression Markup Language, used foirggor
DNA and microarray data

The Globus Alliance is an international @bdration
that conducts research and development to create ba
Grid technologies.

Globus Grid Security Infrastructure

Geography Mark-up Language An XML grammar
defined by the Open Geospatial Consortium (OGC) to
express geographical features.

The fineness of differdigraof access permission to
data or to computing resources to perform givekstas

Can be defined as "the technology ¢émables computer
resource virtualization, on-demand provisioningj an
service (resource) sharing between organizations”
(Plaszczak, Pawel; Rich Wellner, @rid Computing
"The Savvy Manager's Guiddflorgan Kaufmann
Publishers. ISBN 0-12-742503-9. ). More informahg
use of many separate computers to solve computing
problems — usually of a large scale.

High Performance Computing. Computing demaméin
capacity processing power, usually in the teraFLOP
range and above.

iDGL Grid Operations Center International Virtual Data Grid Laboratory Grid

(GOC)

Information

IPR

ISAD(G)
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Operations Center. See http://igoc.ivdgl.indieda/

Used in this report to cover all diget information
types.

Intellectual Property Rights

International Standard Archival Descripti@General).
A standard from the International Council on Aresv
for describing archival collections and objects.



Term

ISBN

ISO

ITU-T

LDAP

LHC

MADS

MARC

MathML

Metadata

METS

MGED

MIAME
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Definition

International Standard Book Number. Therererne

two forms of ISBN: the original 10-digit ISBN-10na
the ISBN-13 compatible with the EAN-13's bar coding
standard.

International Standards Organisation. See
http://www.iso.org/iso/en/ISOOnline.frontpage

International Telecommunications Union (Stards).
See: http://www.itu.int/net/home/index.aspx

Lightweight Directory Access Protocol. An dipption
protocol for querying and modifying directory sees
running over TCP/IP.

Large Hadron Collider. A new, powerful parécl
accelerator located at CERN in Geneva, due to becom
operational in 2009.

Metadata Authority Description Schema

Machine-Readable Cataloging. Standard fosrfa the
representation and communication of bibliograpimd a
related information in machine-readable form. They
including MARC21, MARCXML, an XML based
version of MARC21

An XML-based coding standard for mathemdtteat

Descriptive and other information pertagrto content
(qv), from which it is distinguished here. See the
discussion in Part 1, Information Types

Metadata Encoding and Transmission Standard

Microarray and Gene Expression Data Sociéty.
international organization of biologists, computer
scientists. Maintains the MIAME standard. See:
http://www.mged.org/

Minimum Information About a Microarray Expenent.
A standard for reporting microarray experiments
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MIME types

MODS

Moore’s Law

MPEG-21

NISO

NORDUnet

NRENs

OAI-ORE

OAI-PMH

OAIS

OASIS

ODRL

e-SciDR — Final Report, 2008

Definition

Multipurpose Internet Mail Extension&.set of file
standards supported by e-mail.

Metadata Object Description Schema

A rule of thumb which state that theygo of computers
increases exponentially, doubling every 12 to 18tne.

A standard, from the Moving Picture Exp&tsup
aims at defining an open framework for multimedia
applications. International standard ISO 21000.

The USA’s National Information Standards
Organisation. See: http://www.niso.org/

The Nordic Internet highway to researct education
networks (NREN) in Denmark, Finland, Iceland,
Norway and Sweden,

National Research and Education Networks

Open Archives Initiative - Object Reuse @&nahange.
An extension of the OAI-PMH initiative to specifpir
distributed repositories may exchange informatiooua
their constituent digital objects.

Open Archives Initiative Protocol for Metai
Harvesting.

Open Archival Information System. A standard
reference model for archival systen&) 14721:2003

Organization for the Advancement of Struadure
Information Standards. A not-for-profit consortidion
the development of open standards for the global
information society.

Open Digital Rights Language. A proposed lsagg for
expressing rights information over content. See:
http://www.w3.org/TR/odrl/
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OGF

OGSA

OIL

omics

OMII Europe

Open access

OpenSSL

Orphan data

OowL

PDF

PDF/A
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Definition

Open Grid Forum. an open forum for grid inrioorg
developing open standards for grid software
interoperability. See: http://www.ogf.org/

Open Grid Services Architecture. An archiieetfor a
service-oriented grid computing environment for
business and scientific use, developed within tlb&
Grid Forum (GGF).

Ontology Inference Layer or Ontology Interchang
Language. An ontology infrastructure for the setgan
web.

-omics is a suffix attached to the namesabgical
subfields where computing and mathematical teclesqu
are applied.

Open Middleware Infrastructure Instétu An EU-
funded project which has been established to sdwge
software components that can interoperate acressae
heterogeneous Grid middleware platforms. See:
http://omii-europe.org/OMII-Europe/

Access to information free online aocsgh is free at
the point of delivery

Open Secure Sockets Layer. The OpenSgicpam
effort to develop a robust, commercial-grade, full-
featured, and open source toolkit implementingSBé.

Data for which there is no repositgsgesn available
for its longer term storage and management.

Web Ontology Language. See:
http://www.w3.org/TR/owl-features/

Portable Document Format

Portable Document Format / Archival. I1ISO QS0
1:2005 A standard which defines a format for thegh
term archiving of electronic documents based on the
PDF Reference Version 1.4 from Adobe Systems Inc.



Term

PDOI

PERMIS

PREMIS

Publications

PURL

RDF

Repository

SAML

SBML

Semantic web
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Definition

Permanent Digital Object Identifier. A clags
technologies to identify uniquely, and permanently
digital objects.

PrivilEge and Role Management Infrastructt@ndards
Validation. A project to authorisation and authestion
systems. See: http://www.permis.org/en/index.html

PREservation Metadata: Implementation Siiete A
standard for specifying digital preservation metada
See: http://www.oclc.org/research/projects/pmwg/

A form of Content (qv) in publishedrfo Thus, for
example, published article and reports, pre-pinis
post-prints, theses, patent documents and similar.
Distinguished here from Data content.

Persistent Uniform Resource Locator. A fornPBOl
(qv). See: http://lwww.purl.org/

Resource Description Framework. A general-psep
language for representing information in the Wélee:
http://iwww.w3.0org/RDF/

See: Digital Repository

Security Assertion Markup Language. See:
http://www.oasis-
open.org/committees/tc_home.php?wg_abbrev=security

Systems Biology Mark-up Language. A software-
independent language for describing and exchanging
models among different tools.

An evolving extension of the World @/it¥eb in which
the semantics of information and services on thie iwe
defined, making it possible for the web to underdtand
satisfy the requests of people and machines tthese
web content.



Term

Shibboleth

SOA

SOA

SOAP

Systems biology

teraFLOP

URI

URL

URN

VO
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Definition

A standards-based, open source middéesadtware
which provides Web Single Sign On (SSO) across or
within organizational boundaries. See:
http://shibboleth.internet2.edu /

Service Oriented Architecture. A computertays
architecture for creating and using business peess
packaged as services.

Service Oriented Architecture. Computing aedtures
which provide methods for integrating computer syt
which group functionality around business processek
package these as interoperable services.

Simple Object Access Protocol, and lately &svice
Oriented Architecture Protocol. See
http://iwww.w3.org/TR/soap/

Integration of different levelsrdbrmation in order to
understand how biological systems functions.

A trillion floating point operations percond (167
FLOPS).

Uniform Resource Identifier. A string of claaters
used to identify or name a resource on the internet

Uniform Resource Locator. A type of URI thaesifies
where an identified resource is available and the
mechanism for retrieving it.

Uniform Resource Name. A URI (qv) that usestiRN
scheme (see: http://en.wikipedia.org/wiki/URI_scleem

Both URNs (names) and URLs (locators) are URIs, and

a particular URI may at the same time be a nameand
locator.

Virtual Organisation. An organizational entihat uses
telecommunication tools to enable, maintain andesus
member relationships in distributed work environtsen
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VOMS

WDC

Web 2.0

Web Services

Workflow

X509

XACML

XML

XrML
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Definition

Virtual Organization Membership Service. ystem for
managing authorization data within multi-institurtad
collaborations. See:
http://www.globus.org/grid_software/security/vonigp

World Data Center. See
http://www.ngdc.noaa.gov/wdc/wdcmain.html

World Wide Web technologies supporting Wwabed
communities and hosted services such as social-
networking sites, wikis, blogs, and folksonomiejch
aim to facilitate creativity, collaboration, andasimg
among users.

A series of web-based standardsdimgju WS -
Includes: WS-Policy, WS-Trust, WS-Privacy, WS-
SecureConversation, WS-Federation, WS-Authorisation
WS-Agreement.

A sequence of processes to accomplish sasie
An ITU-T standard for public key infrastructu{PKI)

eXtensible Access Control Mark-up Languageaom
OASIS (qv) See: http://www.oasis-
open.org/committees/download.php/2406/oasis-xacml-
1.0.pdf

eXtensible Mark-up Language

eXtensible rights Mark-up Language. An XML4rd
standard for securely specifying and managing siginid
conditions associated with resources, includingalig
content and services. See: http://www.xrml.org/
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