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1. EXECUTIVE SUMMARY

After almost two decades of setting digital preaéon research agendas there is little
evidence of actual progress in the developmentobiftisns. Our heritage may now be at
greater risk because many in our community belignat we are making progress towards
solving the preservation challenges. A major caakehis failure has been that the
community has consistently widened their reseanciid. As a community we failed and we

need to understand why.

To identify the remaining fields and challengesdar future research and development work
in Digital Preservation we must first ask what wae/é already achieved. If we take OAIS
[41] as an example we can surely claim that we ralveady achieved a very high level
conceptual model of the Digital Preservation apian and research domain. Work has also
begun on a few early Digital Preservation testbebevertheless these achievements only
aim at supporting the explicit management of mariess static digital preservation processes

and static and homogenous Information Object Madh Information Package Types.

In addition to this at least half-a-dozen metadatadels from the background of Digital
Libraries, the Internet, the Web, and Knowledge hhetogies are currently under
development. These metadata models are intendedupport Digital Preservation
applications but are not yet interoperable andgiatied within a technical framework, are not
yet standardised themselves or operating on thie basappropriate basic standards. Nor do
they fully take into account the current statehaf art in computer science such as the cutting
edge knowledge in computing architectures and resoumanagement technologies,
information extraction such as linguistic and mmalgsis technologies, semantic
representation, annotation and processing techieslogeffective context and workflow
management technologies or finally efficient huncamputer interaction and human-human

collaboration support technologies..

The Research Roadmap aims to contribute to thenplgnof our future research and
development in Digital Preservation by means oflyamirag the state of the art in Digital

Preservation research and existing research agendaglobal level. In addition to this the
Roadmap will analyse the state of the art and éutomarkets of computer science and

information and communication technology, the needsl demands of the Digital



Preservation user communities and their leading®sp It is hoped that this analysis will
pave the way for the development of conceptualhrtelogical and application oriented
building blocks for advanced solutions to supporgi2l Preservation applications in a
variety of possible scenarios.

DPE Recommended Research
* Restoration
» Conservation
 Management
* Risk
» Significant Properties of Digital Objects
* Interoperability
* Automation
* Context
» Storage

* Experimentation
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Introduction

After almost two decades of setting digital preaéon research agendas there is little
evidence of actual progress in the developmenthiftisns. Our heritage may now be at
greater risk because many in our community belieza we are making progress towards
solving the preservation challenges. A major caakehis failure has been that the
community has consistently widened their reseanchis. As a community we failed and we

need to understand why.

1.1. PURPOSE

Despite the frequent discussions concerning thectiim of research in digital preservation
no concise and well-developed strategy represerdirgear consensus has emerged. To
address this need the DPE Research Roadmap’siubjecto provide a concise overview of
the core issues which have to be addressed irefdigital preservation research based on an
extensive crosswalk of existing preservation regeagendas.

1.2. AUDIENCE

This report is targeted at funding bodies and pat@kers, but also at researchers working in
the area of digital preservation.

1.3. SCOPE

Building on a consideration of research agendagldped during the last 16 years, the DPE
Research Roadmap provides

* an assessment of the state-of-the-art in digiedgmvation

* areview of the selected reports on digital preston research

* an overview of core research issues identified BY:D
Furthermore, it will be validated and supported by

* interviews with experts in the field of digital pervation

* an accompanying online survey, giving the oppotjyuiar public comment.

1.4. WORKING PRACTICES

The DPE Research Roadmap was created by



e carrying out desk-based research, studying litegaind examining ongoing and

previous activities

» focused discussions in meetings and conferencs, dalt also via email and instant

messaging
» conducting a series of interviews (ongoing)

« posting an online survey on the DPE welsite

1.5. STRUCTURE OF THE REPORT

Following this introduction, Chapter 3 provides leorbugh analysis of existing research
agendas on digital preservation, summarizing th@oposed research directions and
discussing their impact. Chapter 4 analyses theseralk of research agendas and focuses on
the core issues of digital preservation researchdestified by DPE. The main report

concludes with a summary of the findings and recemaations for further actions.

The DPE Research Roadmap is accompanied by twondjges which together provide
extensive coverage of the state-of-the-art, ongaictgyities and links to research conducted
in related domains (Appendix A), detailed descoptiof ongoing initiatives on Digital
preservation, (Appendix B) A Summary of the reskagendas reviewed.

A final edition of this report will also containthorough analysis of the feedback gathered
through the expert interviews and the online surveffecting their findings and implications

in a systematic way.

! http://www.digitalpreservationeurope.eu/delphivay



2. ANALYSIS OF PREVIOUS RESEARCH AGENDAS

For the crosswalk analysis of previous researcmaage we have selected 12 documents

which have been published over the last 16 yeatselaited their core recommendations on

digital preservation research.

Below is a list of the documents reviewed and thbreviations assigned to them, a more

detailed summary of these reports and their cositeah be found in Appendix B.

UEI — Understanding Electronic Incunabula: A Frameworkr fResearch on
Electronic Record§9] by Margret Hedstrom, 1991.

PDI — Preserving Digital Information[17], edited by John Garrett and Donald
Waters, 1996.

DPNU — An Investigation into the Digital Preservation Neeof Universities and

Research Funderd 5] by Denise Lievesley and Simon Jones, 1998.

SoDP — The State of Digital Preservation - An InternatibR&rspectivg5] contains

articles by various authors, 2002.

IAT — It's About Time: Research Challenges in Digital ving and Long-term
Preservation3] was published by the NSF in 2003.

I2S — Invest to Sav@4] was prepared for the NSF-DELOS working groumpdagital
archiving and preservation in 2003.

eScience — e-Science Curation Repdit6] by Philip Lord and Alison Mcdonald was
published in 2003.

Cyber — Revolutionizing Science and Engineering Throughetipfrastructure[18]
was created by the Blue-Ribbon Advisory Panel obheZinfrastructure of the NSF in
2003.

DigiCult — The Future Digital Heritage Space: An ExpeditionpBe [6] was
published as a DigiCULT thematic issue in 2004.

Erpanet — Electronic Resource Preservation and Access Nefmods a European
Commission funded project which ran from 2001 u2®04.

Warwick — Digital Curation and Preservation: Defining the esgch agenda for the
next decad¢l] reports on the Warwick workshop held in 2005.

2 http://www.erpanet.org



« DRR - Digital Repositories Roadmap - Looking Forwd@&9] by Rachel Heery and
Andy Powell, 2006.

* OSl- E-Infrastructure Strategy for Research: Final Redpdirom the OSI
Preservation and Curation Working Groij44] by Neil Beagrie, 2007. Note: Part of
this report is based on the findings of [1], whésk not repeated here.

2.1. ANALYSIS MATRIX

Each source was examined by at least two membéene @PE consortium in order to extract
its core arguments. Since the focus was on digitaservation research, other issues have
been ignored. Based on the interim findings, theniified issues have been clustered into

five categories, which are characterised as follows

» Digital Object Level — Fundamental issues in digital preservation aiged at digital
object level. There has been significant resealmwhe on file formats which has
produced working solutions for handling the preagon of static digital resources as
bit streams, but new types of digital resourcesrgmeegularly and there has been
little research on complex and dynamic objectsaie d

* Collection Level — The collection level is concerned with the longewf digital
collections. While most of the digital preservatiesearch has, thus far, focused on
individual types of digital objects, in practicegdal repositories are dealing with
collections of digital objects and their metadatimteroperability between different

archiving institutions is most often required a tiollection level.

* Repository Level - The management of digital repositories is based the
understanding of the organisational requirementdoing-term preservation of digital
material. While digital repositories are being sgt based on OAIS and other
standards, research and best practice in managidmit@l repository remains a

growing area.

* Process Level - Preservation processes are established in wadontexts. Current
preservation practices at most digital repositosgd map traditional preservation
techniques for physical materials onto digital eoit The deluge of digital content
that can be expected in the near future necessitafdmation of ingest, preservation

and delivery processes.

* Organisational Environment — The organisational environment is characterisgd
the creation and use of information, including Hamgdlegal aspects such as policies

and intellectual property rights. Collaboratiorivibeen archiving institutions, but also



with content creators and distributors are necgsgarimprove the efficiency and

effectiveness of digital preservation. But colleditmn might also be interdisciplinary,

drawing upon research in related domains.

The results from the crosswalk analysis have be&gered into a matrix, with similar issues

being grouped under the most appropriate categ@gme groupings and categorisations

were debated, but agreement was reached in eagh Tassimplify the visual representation

of the crosswalk analysis matrix (see Table 1)heasearch issue raised is represented by a

“+” in their respective group. Hence+ " in column “IAT “and row ‘Migration” depicts the

occurrence of two individual recommendations fageaach into migration in the repdtts

About Timg3]. The absence of a+“indicates that that issue was not covered by épont

specified in the column.

Table 1: Simplified Crosswalk Analysis Matrix

UEI | PDI | DPNU | SoDP | IAT 12S eScience | Cyber | DigiCult | Erpanet | Warwick | DRR | OSI®
1991 | 1996 1998 2002 2003 2003 2003 2003 2004 2001-2005 2006 | 2007
2004
Digital Object
Level
Migration + + ++ +
Emulation ++ + +

Experimentation

Registries and
repositories

+++

++++

++

Complex
Objects

++

++

++

++

Significant

properties

++

Authenticity

++

+++++

Acceptable loss

Collection
Level

Interoperability

+++

Metadata

+4+++

Management

+++

Standardisation

++

++

Media Types

Repository

3 Findings of the Warwick report [1] are not repeiiere.



Level

Tools and + + ++ +

architectures

Benchmarks + ++++ +

Hardware Issues 44 4

Storage + + + +++ + + ++

Trust ++ ++ +++ + +++ ++ ++++

Scalability +++ ++

Sustainability + +++ + 4+ +

Planning + + ++ + + +

Repository + ++ +

Management

Cost + + + +

Process L evel

Access + + + ++ ++

Automation ++ +H+++| HHHH + o+ F+++

Monitoring +

Organisational

Environment

Creation and| ++ + + +

use

Legal Issues + + +++ + + +

++4

Collaboration +++ +++ + ++

++

2.2. RESEARCH TOPICS AND ISSUES

This section illustrates some of the topics anddssraised in the research agendas und

er

review to provide an overview on the characteristisearch topics deemed relevant in the

past 16 years, not to judge or compare individyg®ndas. Since complete coverage is

beyond the scope of this report, we restrict oueseto brief descriptions of some exemplary

issues for each group within a category.

Digital Object Level

At digital object level,migration and emulation (virtualisation) of software and documents
are recommended to overcome technological obsalesce Research into practical
experimentationfor instance, deals with accelerated aging ofesystand software. Whereas
registries and repositorieshould be established for software, file formatd eepresentation

information like schemas, ontologies or conceptcepa Research intoomplex objects

comprises best practices for multimedia and dyndonimats, but also the specification of
models and methods to represent temporal and proaedelationships. Research into



Significant propertiesequires formal models for the selection and applaf digital objects
including the identification of their “preservabl@spects. Establishing tiauthenticity of
digital objects covers the certification and autieation of preserved digital objects for
example by digital signatures, and the establistiraepersistent identifiersAcceptable loss
corresponds to the need for defining acceptableldenf information loss, i.e. not everything

can be preserved.

Collection Leve

Research intonteroperability is required to promote the exchange of content serdices
between repositories. Standards for descriptivce rmaanagement information are suggested
under themetadataheading, fostering the mapping between conceptespat collection
level. Effective means for the validation of cantebut also for refreshing aging media are
required from themanagementperspective. This also includes methods for yienf
collection completeness and anomaly detecticgBtandardisationrelates stable ways to
represent sound, image, video and other object oopmds, but also to long-term metadata
viability. It also comprises standardised waysdperating with and describing research data.
Research intanedia typesddresses the evaluation of the effectivenessfferent formats,

data models and metadata schemas.

Repository Level

Recommendations for transaction systems managghgsrand authentication, methods and
protocols for interoperability between architectulayers with a repository system, for
example OAIS compliant archives are given under likadingTools and architectures
Metrics for measuring the quality and fidelity betpreserved digital objects and metrics for
assessing the costs and effectiveness of presmivhtnctionality are the prerequisite for
benchmarksallowing the adoption quality markings for datedalata repositoriesdardware
issuesrefers to standardised interfaces for pluggabdeage hardware systems, processing
power and error correction codes for commercialailable hardware. Capacity and
scalability with respect to massive quantities atadare the main issues relatedtimrage but
salvage and rescue of archival media are also deeatevant. Trust is one of the most
prominent issues, requiring standards for the aadd certification of digital archives.
Scalability of solutionsn the main refers to distributed and GRID stordp#t also scaling
down to meet the needs of smaller institutiof&ustainabilityrefers to sustainable funding
and business models for digital repositories, idiclg market analyses. Research into fail-
safe mechanisms, the specification of preservai@iegies, and the provision of appropriate

tool support are covered ipjanning Repository managemeistconcerned with the selection



of technologies, quality control and the formalisatof specifications for management and
policies. Cost models are proposed to drive the selection prodasisalso to provide a

comprehensive financial overview on the life-cyotaligital objects.

Process L evel

New accessmodels should be developed in partnership withgihesged user communities.
This includes multilingual support and visualisatiof complex data sets in addition to the
development of semantic descriptions and ontologlegomationrequires formal models for
the representation of preservation processes. ndated ingest, metadata extraction and
automatic migration are amongst the most prominectmmendations. Theonitoringand
management of ongoing processes, be they autoroatednual, is another research issue at

process level.

Organisational Environment

The creation and use of informationovers changes in archival practice, indicatingt th
preservation starts with owners and providers. i#afthlly, it comprises educational
materials and guidelines for researchdrsgal issuesorrespond to copyright and intellectual
property, but also to policy issues such as reguiatfor the legal deposit of electronic
publications. Interdisciplinargollaborationis aimed at promoting work across borders, e.g.,
to draw upon research in related disciplines orinbprove consistency across sectors.
Partnerships with content creators and distriblaoesalso endorsed.

2.3. DISCUSSION

It is clear then from this cross-walk, that mange&rch issues have been raised in the past 16
years. However actual progress in finding digpegservation solutions has been slight.
Many plans have been developed, but widely apdicablutions to digital preservation
problems remain the exception rather than the rdlbere is no single explanation for this
failure but a combination of reasons which ledhe turrent unacceptable situation. Below,
some of the issues we observed which may haveiloted to the lack of progress, despite
the considerable effort and funding.

* lack of common understanding — There is no common understanding of the precise
definition of digital preservation and its allocateesponsibilities within the larger

picture of information and knowledge management.

» loss of focus — The research focus in digital preservation hassistently widened,

incorporating issues already covered by other dosaaiOne example of this is



research into access, which is a well establisbséarch topic in the Digital Libraries

community.

e lack of practical experience — Despite several projects stressing the real-life
applicability of their approach, only few have faunheir way into productive
environments. This might be due to the fact thainynproblems only occur in

practice, and are not experienced in a projectrenmient.

» fragmentation — Many projects, mainly due to their limited fungjrare only able to
address a subset of research issues. In contesesearch agendas analysed here
prescribe a holistic approach to digital preseoratiresearch. Without any
coordination between the projects, potential syiesrgre lost.

» frictional losses — Competition between institutions and projectsnational and
international level impedes advancements, becaxiséng solutions are ignored in
favour of additional proprietary solutions. Thigsoplem mainly stems from the

various funding schemes.

* IPR impediments — Those rights which restrict the retentions ofeckg by libraries
and archives, in part resulting from mismatchedabeihg of public and private

interests.

e lack of training - The lack of adequate knowledge transfer by imginand
professional skills development.

We are aware that in examining the research agealdas and not relating them explicitly
with the practical work that has been carried augt,are presenting a partial assessment. The
fact that a topic is re-current in these agendass dwt necessarily mean that work on the

topic has not been done.

Furthermore despite the evaluation of the currgatesof digital preservation research
appearing somewhat frustrating, hope remains stfongs success. The theoretical basis of
digital preservation research is sound. Now thé& shifocus needs to return to resolving the

fundamental issues and apply the results in pectic



3. ONLINE DELPHI SURVEY

The DPE online delphi survey was designed to dravprofessional community expertise to
assess the current state of the art in digitalgovasion research and identify the challenges of
that need to be met in the near and medium termticipants of the online survey were given
the opportunity to answer five questions about eddive themes, but also an opportunity to
provide general comments.

The five research themes were

Theme 1: Digital Objects and Collections — concerned with the longevity of digital
objects and collections.

Theme 2: Management of Digital Repositories — concerned with the development of
our understanding of the organisational requiresdat long-term preservation of
digital material.

Theme 3: Key Characteristics and Long-term Management of Digital Objects —
deals with fundamental issues in digital curatiachs as authenticity, context and
acceptable loss, but also with the automatic etitnaof information from the digital
objects themselves which enable their managemehtisa

Theme 4. Emerging Research Domains — aims at eliciting new innovative
methodologies for digital preservation and curatidrawing on experiences from
related domains such as computer science and emgige cultural heritage or
cognition.

Theme 5. Measurement and Experimentation — focuses on ensuring future
accessibility of digital objects, especially on trie of experiments for objective
evaluation of preservation strategies.

3.1. QUESTIONS

To keep the DPE online Delphi survey easily actéssthe intuitive questions were identical
for each theme:

1. In your view, in the past five years what haverbéhe major innovations to arise
from digital preservation research under this tHéme

2: What do you envisage could/should be achieveabignresearch area within the next
5-10 years?

3: What are the major impediments that need to b#remded in order for the
community to produce innovative research resuli ¢tlan be translated into practical
applications?

4. Where can you see areas in which Europe couldodstrate research leadership
that would facilitate digital preservation and dioa?

5. What types of international collaboration(s) wibube necessary to promote
innovation and in what research be effectivelyiseal under this theme?

6: Please add any other information, advice, etct gonsider would help DPE to
shape, deliver, and ensure take-up of this Resé&awadmap.



3.2. FEEDBACK

Feedback to the online survey was unexpectedly kEspecially for themes 3-5. Despite
announcements in various mailing lists relatedigital preservation, only few viable answers
to the themed questions have been provided. Withoytstatistically significant amount of
input, our analysis is restricted to brief quaiitat summarizations of the findings and
recommendations at theme-level.

Theme 1: Digital Objects and Collections

Progress has been made in packaging standardsasuhETS and XFDU, file format
characterisation and format registries such as PB@Nr GDFR. Within the next 5-10
years, digitisation is expected to be a presermasolution for endangered audiovisual
materials. Furthermore, common understanding ofeaiation needs will evolve, and
globally resolvable persistent identification otlawed digital objects will be established.
Systems will be less expensive and less compledrioand also exhibit improved scalability.
More usage of open-source software is expectedre@urimpediments are scattered
implementation efforts and resources, high costs niaintenance but also the lack of
available ICT research expertise and universities,lack of international standards and the
lack of synergies between different countries anghwoizations have been mentioned. At
European level, sustained research into technaobgreservation solutions, sustained support
for innovative organisational approaches, and rekea downsized solutions for local uptake
by smaller curation entities is recommended. Camfegs and international events might raise
awareness on the problem of standards and fostgyecation between institutions. It has
been stressed that effective international partmgssbetween practitioners and researchers
need to be established. Concentration of expeitisrigh collaborations around testbeds is
also advised, in addition to the equal involvemeinplayers of varying size to ensure that
solutions scale to the actual needs.

Theme 2: Management of Digital Repositories

A good uptake of OAIS, an understanding of the negeof preservation planning, the need
for trusted repository organisations, and the wpdesd emergence of practical repositories
such as PORTICO, the BL's DOM or highly distributsalutions like LOCKSS are seen as
the major innovations over the past five years.thaur elaborations in the practical
implementations of OAIS repositories are expectadtlie next 5-10 years, in addition to
improved training and best practices the creatibraro internationally trusted non-profit
organisation dealing with IPR, DRM and contentrisiag. The need to capture context and
associated metadata is seen as major impedimestead the current focus on OAIS and
certification is considered to inhibit practicaltiaos (in contrast to statements by other
contributors). Competition at international/institumal level and lack of communities prevent
the sharing of knowledge and best practices. Eanopeadership requires action, particularly
in national archives and libraries, but also irestific data centres. Additionally, the cross-
fertilization of fundamental (testbeds) and appliedearch (local implementations) in areas
such as preservation planning, technology watchsgwvation actions, etc. is stressed as
important for demonstrating research leadershipdigital preservation and curation.
International collaborations are described as béldgiut expensive. Exchange should be
established at practitioner level, i.e. between momties of implementers and between
implementers and testbeds. A final recommendatimyasts having something like “OAIS-
lite” to foster progress in digital preservation.



Theme 3. Key Characteristicsand Long-term Management of Digital Objects

The major innovations in this theme are depictethasspecification of metrics and criteria
for audit and certification services. Over the ngaars, methods for establishing integrity,
authenticity and trust for digital objects suchdagital signatures, persistent identifiers, and
audit trails are expected to be established. Molmust, less expensive and easy-to-use
applications based on open-source solutions arsidened to gain in importance. Generic
solutions and approaches are impeded by orgamsd@md sector disparity, but also due to a
lack of financial investments. Methods for estdbhg integrity, authenticity and trust (see
above) are seen as major vehicles for the demaiostraf European leadership in the long-
term management of digital objects. Additionallypna research and testing might result in
the launch more applied solutions (“beta progranijnd® do so, more EC projects in the
area of digital preservation should be funded, thetcollaboration between institutions for
sharing information and experiences also needs improved.

Theme 4: Emerging Research Domains

More coordination of efforts among partners, caestand non-profit institutions regarding
emerging research domains should be establishibe inear future. This means that political,
social and personal conflicts between countriestitutions and individuals need to be
overcome. Focusing on their own interests, orgéinisa are often very protective of their
own culture and knowledge assets. The creation esftres of excellence for digital
preservation and curation might be an instrumerdviercome these organisational gaps and
to demonstrate consolidated European perspectivds Bhould be supported and
complemented by more research and joint projects.

Theme5: Measurement and Experimentation

Regarding measurement and experimentation, morgecation is regarded as the main
achievement for the next decade. Again, financatiers seriously impede the deployment of
tools and testbeds. Conferences and demo cenfpesrags suitable means for demonstrating
European leadership in this area. Hence internatioallaboration is fostered by specific
themed events, including workshops and round taleletings.

3.3. DISCUSSION

Without a solid statistical basis, the results loé bnline delphi survey inevitably remain

inconclusive. Overall, the survey input is consisteith the results from the analyses of
previous research agendas; hence the interpretitittre answers to the five themes leads to
comparable conclusions.

The goal of the DPE online delphi survey was tmlag the community in the very definition
of the core research issues in digital preservaut unfortunately, the community suffers
from “online survey fatigue”, i.e. too many surveyy numerous projects (EC and
international) related to heterogeneous aspectdigifal preservation and e-infrastructures
have been going around. Even within the DPE suresylts, feedback to the higher-order
themes was considerably lower.

Overall, the low amount of feedback indicates thdhin its context, the online survey has
failed as an instrument and we need to resorttesrgtive means of community validation.
For instance, the DPE user forirprovides an excellent community platform for the
discussion of research issues, but also roadmajoeesat various conferences appear to be
more appropriate. The first roadmap session was &eiPRES 2007 conferericeith over
100 delegates attending. After listening to anomhiiction to the research roadmap delegates

* http://www.digitalpreservationeurope.eu/forum/pig@viewtopic.php?t=8
® http://ipres.las.ac.cn/



were asked to spend around 20 minutes list thearelsassues they consider to be of key
importance. Following this members of the audiengaresented their thoughts and
discussions followed. The lists of themes gathémm this session were in both English and
Chinese and are currently undergoing translatidorbeanalysis can be completed. Further
sessions are planned, for example at the EVA/MINEBRWnference in November 2007, and
will be organized and reported on in cooperatiothwWW/P1 and WP6.

Note: The DPE online delphi survey was experimerdakigned and implemented by the
partners involved as an additional means to ex@ockassess the (future) digital preservation
landscape. It was not specified in the DPE techiaicaex.



4. DPE RECOMMENDED RESEARCH

The analysis of the last 16 years of effort indhea of digital preservation and the input from
the online delphi survey support our claim that leelmuch work has been done on the
periphery, the central problems of digital presgorahave yet to be resolved. We consider
that although access, digital rights managemengrsusind other aspects make digital

preservation useful, this is outside the scopeooé cesearch.

4.1. RESTORATION

Digital objects are preserved as bit streams onestype of storage media. Despite great
care, the integrity of these digital objects midlg compromised, perhaps due to some
external event. Forensic methods can be usedcwvee data from physically damaged
media. However if the type of the salvaged objectanknown, and we do not know whether
the bit stream represents a program, a file, apgaddiles or a scientific data set this is not an
adequate solution. Rendering such objects and ngattieir content known remains a
significant challenge for digital preservation astll requires much research into the

reconstruction of digital objects.

Future research to support restoration can takearddge of methods and findings in
information and communication theory. One suclaafework is the encoding algorithms of
multimedia bit streams that have to live with le$garts of the stream during transmission.
These can, depending on the effort spent duringetiteding process, partially or even fully
recover from such situations by building on errorrection mechanisms that have been long

established in the field of coding theory.

4.2. CONSERVATION

Digital collections need to be safeguarded to afiomcontinuous consultation of the original
sources by future generations. To cope with theol@scence of technology, strategies such
as migration or emulation have emerged. Virtudbseapproaches to data interpretation such
as Lorie’s Universal Virtual Computer (UVC) or théultivalent Document Modé&lextract
data from the bit stream and return it to the usean understandable way. If programs are
written against the UVC, only the implementation tbe UVC is required to run the
interpreters (or media adapters) and thus readdteeon future computers. But little practical

evidence has been gathered so far on their readyiplication.



Results from database management and knowledgesepation research can be utilised to
automatically represent constraints related to atirig of platforms and/or data formats. It
can also be used to support automatic identificadéiod transcoding of content that is under
the risk of being no-longer renderable becausénahge in technology. Furthermore, content
harmonisation, information extraction and semaatiootation technologies that support the
transformation of proprietary and outdated formate state of the art meta formats such as
XML-, RDF- and OWL-based formats are at least camdusly emerging or even already
existing for various document and media storage&bs.

4.3. MANAGEMENT

The management of digital repositories is basedhenunderstanding of the organisational
requirements for long-term preservation of digitadterial. However, little is know about
how to assess the current state of a digital dodlecwith respect to the obsolescence of
software, hardware environment and file formats. ffedive mechanisms, including
appropriate support tools, for monitoring and presigon planning are required as integral

parts of repository management.

Methods from configuration management of softwastallations can be utilised to represent
dependencies between platforms, tools, formats, tamthnologies. If coupled with
appropriate metadata representations and knowlesgmologies that allow for automated
reasoning about dependencies within configurataindatforms, tools, and formats, this can
support the management of digital repositories @meautomatic or semi-automatic ways.
Finally standardisation of appropriate change mamemt protocols between independent
software vendors of various types of platforms|gpand formats seem important in this area.
Research needs to focus on the planning, enaakeguting, managing, and monitoring of
organisational processes for Digital Preservatiddethods from workflow management and
support and collaboration support can be utilised.

4.4. RISK

In essence, digital preservation is a risk managerpeoblem. Hence decision making
instruments are needed which will help to transldte uncertainties involved in digital
preservation into quantifiable variables if possjldllowing one to take appropriate measures
balancing costs and benefits. Risk mitigation igitdl preservation might benefit from the

research in business engineering and computercecighich applies advanced automated

® see [43] for a description of Multivalent and @se@ssment of UVC



techniques such as categorisation and machindnegaior the assessment of current risks and

the selection of corresponding strategies.

Appropriate metrics for various types of risks asllwas for their economic and other
consequences have to be defined. Algorithms shalsld be developed that support the
measurement of various types of risks on the bafsssich metrics. Methods of information
visualisation can be utilised to make these risksremeasily understood by humans.
Furthermore, methods of knowledge representatianreasoning can be utilised to represent
these risks in an explicit, machine readable fohet tan be automatically processed and

analysed by applying methods of machine learnimgaaritomated reasoning.

4.5. SIGNIFICANT PROPERTIES OF DIGITAL OBJECTS

Preserving digital objects requires an understandinthe significant properties that need to
survive in order to keep the object usable, meduinguthentic and reliable. In part this
depends on the chosen file format of the objectd, most significant properties are
determined by the business context in which theneweeated and used. In order to be useful
for future users they need to understand the aredtdention behind the digital object. As
this intention is reflected in the way the objest shaped and structured these implicit
characteristics need to be identified so they apriserved through time.

Although methods are currently being developeditibée this, not much practical experience
has been gained in this area. Additional fundaalemsearch and practical experiments,
covering the many different types of digital obgectare needed to gain a thorough

understanding of the underlying issues.

Research in this area may benefit from existingultesin information extraction and
annotation as well as from organisational and kassinprocess context representation and
automated processing.

4.6. INTEROPERABILITY

While most of the digital preservation researchdéde has focused on individual types of
digital objects, in practice repositories deal withst collections of digital objects and their
metadata. Persistent business models and stasat@wdi for digital objects and metadata
formats and interaction protocols represents tlyet&greservation of service and content and

achieving interoperability between generationsysteams.

Trust is also an essential issue for digital reposis, but metrics and criteria for defining
audit and certification services are at best inrtimfancy. Within a federated environment



this trust must extend to the reliability and qtyatif service offered by the institutions which

constitute the aggregated service infrastructure.

4.7. AUTOMATION

The level of automation in digital preservatiorstsl very low. One of the reasons for this
may be the lack of a systematic approach to digiteservation. In order to be able to cope
with the huge volumes of the digital objects novguieing preservation, our appraisal,
acquisition, preservation action and metadata etitra processes must be automated. More
efficient and cost-effective work models and toate required that are scalable to different

types of digital objects and organisational envinents.

4.8. CONTEXT

The context of a digital object is the represeatatf known properties associated with it and
the operations that have been carried out on e dontext of preservation has a major
impact on the way digital objects should be manaaetipreserved through time. To enable
proper preservation management and policies a digbronderstanding of that environment
will be necessary. This may include informationn@erning available technologies,

legal/societal requirements, existing knowledge asér requirements. This contextual
emphasis would mean that there is no universalealipreservation strategy. Little research

has been done in this area so far.

To exploit this contextual knowledge, reasoning n@@isms might be employed to assess the
current state of a digital object, providing guidanin taking rational decisions. With
machine-interpretable semantics and appropriatdigtoation, digital objects might even
become self-aware, able to take rational, autonanaations based on their perception of the
context representation. Self-aware digital objecight be able to detect the obsolescence of

their content format and pro-actively invoke cop@sding migration services.

4.9. STORAGE

Although Digital preservation is strongly relianh @rchival and library traditions, it also

borrows heavily from other related disciplines. dad, it has often been the case that
developments and innovation in other subject ahessdriven digital preservation research
forward. In particular current issues with thelabdity and capacity of storage solutions may

be resolved by developments emerging in sciencerzonties such as GRID computing and



eScience initiatives and serve as future builditmcks in distributed digital preservation

infrastructures.

4.10. EXPERIMENTATION

Experimentation will play a fundamental role in ensg the future accessibility of digital

objects through the objective evaluation of prestown strategies and for research in all the
areas mentioned above. Digital objects have toclaracterised and associated with
appropriate preservation plans. The deploymerniestbeds will enable the development of
evidence-based methods. Experimentation will alsp understand users’ interactions with
digital repositories and evaluate the impact of reywwport mediums such as information

visualisation techniques for collection and aceeasagement.



5. CONCLUSION AND RECOMMENDATIONS

After 16 years of research and the continuous eafent of a research agenda, very little
progress has actually been made during this tifhbe research agenda that we propose
reflects this and stresses the need to addressgsbarch themes that support the concept of a
Collective Memory of the future. The virtual DigitLibrary infrastructure that will underlie
this Collective Memory should include seamless aodt-effective Digital Preservation

support for distributed, collaborative archival grdservation teams.

The first step should be to examine and utilise rgem trends in next generation ICT
infrastructures and architectures such as semantibled information infrastructures, grid-
based resources, service infrastructures and seoriented architectures. The remaining
technological challenges related to utilising suskbmantic-enabled and grid-based
infrastructures for a establishing a future CollectMemory platform should also be
identified. This will allow Digital Library infragsuctures that inherently include transparent,

effective and efficient Digital Preservation suppor

Other priorities in achieving this vision are: tmable cost-effective access to Digital
Preservation technologies, to support metadata geamant and metadata brokering including
context and semantics, to enable the integrationDuwjital Preservation services and
information collections as grid services, to supptire dynamic definition of Digital

Preservation support workflows refining OAIS andizihg web service architectures, and to
enable advanced data and information access suggortes refining OAIS in its respective

fields.

Furthermore research activities should focus oneldg@ing innovative and value-added
services which support collaborative and distriduéechival and preservation teams in the
creation and management of a Collective Memory. pdrticular services to support such
tasks as the selection and integration of relevasburce collections, the selection and
adaptation of Digital Library and Digital Presefneat services as required, the definition of
preservation-specific processes for informatiored@n/extraction, information annotation
and processing, information syndication and pubighthe semantic annotation of content
(based on RDF, RDF Schema, OWL), collaborationisesv(based on CSCW Technologies),
advanced services for context-based personalizedsac and dynamic workflow support

(based on BPEL, BPML) should be designed, impleeteahd evaluated appropriately.

Adequate standards which refine and implement ralhsa of OAIS (based on XML, RDF,
OWL, SOAP, WSDL, BPEL, BPML, XML Signature, WSS SAM for organizing a



Collective Memory should be developed and made atjperal in reference architectures,

frameworks, and implementations of application Bohs.

Finally, flexible and dynamic distributable arcluiieres for a Collective Memory platform
must support on-demand retrieval, enactment, daiivaand access to Digital Preservation
resources. They should also support the dynaniicitilen, execution and control of tailored
information access processes, such as contextdalmmlishing based on information
enrichment and resource based contextual informafisualization, and the ad-hoc tailored

configuration of Digital Library services into apication solution.

In conclusion we must, as a community, examine antdize emergent trends in next
generation ICT infrastructures and architecturesu$ on developing innovative and value-
added services which support the work of collabeeatand distributed archival and
preservation teams, develop and make operatioaatiatds which refine and implement all
areas of OAIS and finally develop flexible and dyma distributable architectures for a
Collective Memory platform must support on-demaettieval, enactment, activation, and

access to Digital Preservation resources.



6. REFERENCES

[1] David Giaretta, Heather Wevaebigital Curation and Preservation: Defining the
research agenda for the next deca&eport of the Warwick Workshop, 7 & 8 November
2005.

[2] Seamus Ross, Margaret Hedstromreservation research and sustainable digital
libraries. Int. J. on Digital Libraries 5(4): 317-324 (2005)

[3] It's About Time: Research Challenges in Digital iving and Long-term Preservation
April 12-13, 2002. Sponsored by the National Sogerkoundation and the Library of
Congress.

[4] Invest to Save: Report and Recommendations of 8fe-DELOS Working Group on
Digital Archiving and PreservatianPrepared for: National Science Foundation’s (NSF)
Digital Library Initiative & The European Union uadthe Fifth Framework Programme by
the Network of Excellence for Digital Libraries (RES), 2003.

[5] The State of Digital Preservation: An Internatiorgrspective Council on Library and

Information Resources Washington, D.C., July 2002.

[6] The Future Digital Heritage Space: An ExpeditiorpB. DigiCULT Thematic Issue 7,
December 2004.

[7] Memorandum on the long-term accessibility of digitdiormation in GermanyMarch,
2006.

[8] Joint NDIIP/JISC Digital Preservation Workshap9 May 2006, Washington, DC.

[9] Margaret Hedstromlnderstanding Electronic Incunabula: A Framework Research on
Electronic RecordsThe American archivist, 54, S. 334-355, 1991.

[10] Thomas Severiens, Eberhard R. HHintwicklung eines Beschreibungsprofils fir eine
nationale Langzeit-Archivierungs-StrategiéNational long-term Preservation Policy).
November 2005.

[11] John McDonaldTowards a National Digital Information Strategy:Review of Relevant
International Initiatives Information Management Consulting and Educati@RAFT,
March, 2006.

[12] Monika Krimbacher, Michael Neuhauser, Martifagl: Survey On The Long-Term
Preservation Of Digital Documents European Libraries 2005. Report from the eQunte

project reUSE.



[13] Ingeborg VerheulNetworking for Digital Preservation: Current Pracé in 15 National
Libraries. IFLA Publication, Miinchen, Saur, 2006.

[14] Kevin Ashley:Digital Preservation Research: A review of the ¢dades, An Expedition
to European Digital Cultural Heritage Collecting,08necting - and Conserving8alzburg,
2006.

[15] Denise Lievesley, Simon Jongs Investigation into the Digital Preservation Neeuf
Universities and Research FundeBi.RIC Report no. 109, 1998.

[16] Philip Lord, Alison Mcdonalde-Science Curation Repp@CSR Report, 2003.

[17] John Garrett, Donald Waters (co-chaifj)eserving Digital Information: Final Report
and Recommendation€ommission on Preservation and Access and thedrss Libraries
Group, 1996

[18] Revolutionizing Science and Engineering Throughe@ipfrastructure Report of the
National Science Foundation Blue-Ribbon Advisoryn@&aon Cyberinfrastructure, January
2003.

[19] Andrew Fitzgibbon, Ehud ReiteMemories for life: Managing information over a
human lifetime written as part of the UK Computing Research Caterls Grand

Challenges exercise.

[20] Grand Challenges in Computing Resear@rand Challenges 2006 Conference Report,
22-24 March.

[21] Tony Hey, Anne Trefethehe Data Deluge: An e-Science Perspective
[22] K. J. Peach The Impact of e-Science
[23] Fran BermanCyberinfrastructure - Issues and Challenges

[24] Management im virtuellen Forschungsraim German). Wissensmanagement Special
Ausgabe 01/05.

[25] Kieron O'Hara, Wendy Hall, Keith van RijsbengeNigel ShadboltMemory, Reasoning
and Learning Morris, R., Tarassenko, L. and Kenward, M., E@agnitive Systems:

Information Processing Meets Brain Science, challepp. 236-260. Elsevier, 2006.

[26] Michael P. Papazoglou, Paolo Traverso, Schmhbastdar, Frank Leymann, Bernd J.
Kramer: Service-Oriented Computing: A Research Roadnmtapncisco Cubera, Bernd J.
Kramer, Michael P. Papazoglou, Eds. Service Orte@emputing (SOC), Dagstuhl Seminar
Proceedings, 2006.

[27] Technology Planning for Business Competitivené&saerging Industries Occasional
Paper 13, August 2001.



[28] Ronald N. Kostoff, Robert R. SchalleBcience and technology roadmapEEE
Transactions on. Engineering Management 48, 132{20K3L).

[29] Rachel Heery, Andy PowelA Digital Repositories Roadmap: looking forwaripril
2006.

[30] INNOVANET: Roadmap for Systematic Innovation andrfific Discovery Deliverable
6, November 2003.

[31] European Roadmap on Research Infrastructures (Rep006) European Strategy
Forum on Research Infrastructures (ESFRI), Septe@0@s6.

[32] Rules for making the roadmaguropean Strategy Forum on Research Infrastrestur
(ESFRI), 2006.

[33] Electronic Publications, Electronic Documents anmdWl Information (IFLA)

http://www.ifla.org/VI/6/dswmedia/en/bib_elec.htm

[34] Research Agendas (NHPR®}tp://www.archivists.org/news/NHPRCinfo2.asp

[35] Preserving Digital Informatigrhttp://www.rlg.org/ArchTF/ref.html

[36] Technology Roadmapping - Resources

http://www.ifm.eng.cam.ac.uk/ctm/trm/resources.html

[37] Neil BeagrieNational Digital Preservation Initiative: An Oveexw of Developments in
Australia, France, the Netherlands, and the Unkadgdom and of Related International
Activity, copublished by the Council on Library and Infotima Resources and the Library of
Congress, 2003.

[38] John McDonaldToward a Canadian Digital Information Strategy: &\Rew of Relevant
International ActivitiesInformation Management Consulting and Educatitersion 2.0,
March 2006 http://www.collectionscanada.ca/cdis/012033-80@rel.h

[39] Ray Edmondsorudiovisual Archiving: Philosophy and Princip]JésNESCO, 2004

[40] D. J. RayersMetadata in TV production: Associating the TV prctitbn process with
relevant technologie8BC R&D White Paper, WHP 046, 2002.

[41] Reference Model for an Open Archival Informatiost&m (OAIS)Blue Book. Issue 1.
January 2002. This Recommendation has been adapt&D 14721:2003.

[42] Thomas A. Phelps, Paul B. Watd:No-Compromises Architecture for Digital
Document PreservatiofeCDL 2005: 266-277

[43] Neil BeagrieE-Infrastructure Strategy for Research; Final Regoom the OSI
Preservation and Curation Working Groupffice for Science and Innovation, 2007.



[44] K. SchroederPersistent Identification for the Permanent Refeneg of Digital
Resources - The Activities of the EPICUR Projeah&hced Uniform Resource Name (URN)
Management at Die Deutsche Biblioth&k The Serials Librarian; Volume 49, Issue 3; Mai
2006 : page 75-87.

[45] Schroeder, KathrinZum Nutzen von "Persistent Identifiers": von CARMAE&RN! Uber
EPICUR zum Normalbetrielin Zeitschrift fir Bibliothekswesen und Bibliograie Jg. 52
(2005), H. 3-4, page 181- 187.

[46] M. Lautenschlager, I. Sens (200Bpnzept zur Zitierfahigkeit Wissenschatftlicher
Primardaten In Information : Wissenschaft und Praxis 54, 2008&ft 8, page 463-466.

http://www.mad.zmaw.de/fileadmin/extern/Publicag@®aper-Konzept-Primdaten.pdf



A Ongoing Activities

A.1 National and International Efforts

The nestor report by Thomas Severiens and EberRardiilf on a national long-term
preservation policy [10] served as the basis ferdharacterisations of ongoing activities in
digital preservation. Another overview of recenvelepments has been published by Neal
Beagrie [37].

Australia

Due to its federal organisation there is no naficsteategy for digital preservation in
Australia.

In 1996 the National Library of Australia (NLA) stad the PANDORA projeét a collection
of techniques (for example the TRIM software stide word processing formats), policies
and proprietary workflows for digital preservatiorduman experts are responsible for the

selection of material, according to a documentediocgue of criteria.

The PADI (Preserving Access to Digital Informaffpproject, also driven by NLA, aims at
international cooperation between national andriatiéonal institutions which are actively
engaged in digital preservation. It provides gjetthgateway containing collections of links
and information dealing with various aspects oftdigreservation.

Its objectives are: to facilitate the developmerit strategies and guidelines for the
preservation of access to digital information; tevelop and maintain a web site for
information and promotion purposes; to activelyniify and promote relevant activities; and
to provide a forum for cross-sector cooperationactivities promoting the preservation of

access to digital information.

There exists a memorandum of understanding witlBtitesh Digital Preservation Coalition
(DPC), the State and University Library in Gotting&UB), the EU project Erpanet and the

German nestor project.

! http://www.nla.gov.au/policy/plan/pandora.html
8 http://www.nla.gov.au/padi




Denmark

In 2003 the Danish Ministry of Culture publishedreport on preservation of Denmark’s
cultural heritage “Bevaring af kulturarven”. Amoother things the report covers the current

status on preservation strategies for physicaleisas digital objects™.

In the spring of 2006 the Danish Ministry of Cutuestablished a group containing
representatives from the major archives, libraaed museums in Denmark with a focus on
digital preservation. The aim is to coordinate tia¢éional efforts and maintain international
contacts with regards to digital preservation. Agahe efforts will be collection and

dissemination of knowledge and expertise on digitakervation, coordination and initiation

of projects as well as support participation ireinational activities.

The State and University Library and The Royal afygrare developing, under the aegis of
Denmark's Electronic Research Library, a presesmatervice for Danish institutional

repositories.

The State and University Library and The Royal aifgrhave developed and implemented a
web-archiving systefm for the Danish portion of the World Wide Web. Thetem features
a distributed bit-preservation system based on ssage-passing architecture. Future plans

include making an open source version of this safévwavailable.

France

The French National Library (Bibliotheque natiodal France, BnF) prescribes workflows for
archiving printed and digital documents. The arahsystem is centralised, implementing the
binding national archiving policy. Other institotis involved in digital preservation are

CNES (Centre Nationale d’Etudes Spatiale) which lbeen involved in the development of
the OAIS model and CNRS (Centre Nationale de lahBeathe Scientifique). CNRS together
with the national pre-print archive CCSD, is papating in the ETOL project (European

Thesis Online) aiming at the long-term preservatbdissertations.

The HAL project (Hyper Article En Ligne) currentlynder development deals with the
interlinking of archived material with current litgure collections, and also integrating the

BnF workflows.

% http://kum.inforce.dk/graphics/kum/downloads/puhtikner/bevaring af kulturarven.pdf
19 http://wvww.kum.dk/sw5954.asp
1 http://www.netarkivet.dk/




Germany

The German Federal Ministry of Education and RetedBMBF) is funding "nestor -
Network of Expertise in Long-Term Storage of DigiResources” to bring parties together
who are concerned with the preservation of diggaburces. The aim of nestor is to foster a
cooperative infrastructure in which various spesialcan work on a solution to the problem

of digital preservation.

BMBF also funds kopaf a cooperative project implementing a operatingsgmeation
system. The goal of the kopal project is to devedotechnological and organisational
solution to ensure the long-term availability ofeatonic publications. Thereby, the
transparent integration into existing library sysseand the reusability through memory
institutions play a critical role.

There are several other research projects on dmservation in Germany. Most of which

are listed in the nestor "Projects sectién"

Italy

The Digital stacks project, funded in 2006 by thegital Renaissance Foundation
(Fondazione Rinascimento Digitale) and the Natio@ehtral Library of Florence of the
Ministry of Cultural Affairs (Biblioteca Nazional€entrale di Firenze) is one of the main
national projects on digital preservation. It aitndest the storage of a considerable amount
of data, 10 terabytes, to establish a sustainabldribution to the viability of digital

resources.

The Digital stacks project is setting up the foliogvtest infrastructure: 1) Ten rack-mounted
personal computers have been installed in accoedaitt multi-site architecture principles:

five at the National Central Library of Florencadafive at the National Central Library of

Rome; 2) An open source operating system has l@ected; 3) Data replication relies on an
open source disk synchronization utility to avoatdware dependences; 4) A third site will
act as a dark archive for disaster recovery pugobased on a different technology to
enhance the security of the overall system; 5) Ev@es of every file are replicated: two in

Florence, two in Rome and one copy in the darkiaech

2 http://lwww. digitalpreservation.de

13 http://kopal.langzeitarchivierung.de
14

http://www.langzeitarchivierung.de/modules.php?opdinad&name=PagEd&file=index&p
age_id=16




This architecture is scalable and easy to maintam:storage can be increased without any
particular hardware, software or vendor constraitiring 2007, the project will extensively
test this technical infrastructure and will als&eanto account further aspects of digital
preservation, to integrate the available tools e tfield of preservation strategies.

Certification of the Digital stacks will also be anportant part of the project.

Another important Italian project concerns the @mation of public administration

documents, following up the Digital Administrati@ode of March 7th, 2005. The objective
was the elaboration of guidelines for the long temreservation and management of public
documents from different sectors. In 2006 the ezl work group of the project, created by
CNIPA. The national centre of IT for Public Adnsiation, published a document where
they established some of the necessary conditmnsake digital preservation possible. More

information can be found on the CNIPA web Site

Austria

There are several key institutions involved in @igpreservation research in Austria, among
them the Austrian National Library (ONB) and theshfina University of Technology (TUW).
The ONB is an important strategic stakeholder, igaactive in the preservation of its
photograph archive and access to digital newspapetsaccess to Austrian electronic theses
and dissertations. The Vienna University of Tedbgy is active in the areas of Web
Archiving, Home Archiving, and Preservation PlamninTUW also participates in several
major national and international research projectfie Austrian Broadcasting Association
(ORF) has been active in the digitizing of its wdarchive, and participates in the
PRESTOSpace project. The 'Oesterreichische Congadeltschaft' (OCG) has a working
group 'Digitale Langzeitarchivierung' which bringgjether research institutions and industry
partners to coordinate national initiatives and dieéctions for future research in digital
preservation. The 'Ludwig Boltzmann Institut' isnks on the archiving and publication of
multimedia art, specifically for the holdings ofAElectronica. Salzburg Research is a partner
in the Digicult project and has core expertisehia tields of digitization and the delivery of

cultural heritage.

Great Britain

While numerous national and local projects for tdigpreservation have been conducted in
Great Britain, the short term nature of their fuhdeas led to a limited take up of their

findings.



In 2001 the Digital Preservation Coalition (DPC)swestablished for developing strategies for
the implementation of digital preservation, resigtie.g., in guidelines dealing with various
aspects. Digital preservation projects being uatten by DPC members are listed in the
DPC website http://www.dpconline.org/graphics/jpmjects.html.

JISC (The Joint Information Systems Committee ef th) funds a programme for digital

preservation and document management. Each JIS@apnme consists of a number of
related projects, which JISC funds within furthedaiigher education institutions and JISC
services. These projects are listed in JISC websit

http://www.jisc.ac.uk/whatwedo/projects.aspx

Czech Republic

The Czech Republic has a substantial record ofesitig remarkable results in the area of
digital archiving recognized worldwide. In 200%tNational Library of the Czech Republic
was awarded the first UNESCO/Jikji Memory of the MidPrize for its contribution to the
preservation and accessibility of its documentaytage. Large national projects have been
functioning for over ten years, combined with othegional, subject oriented, and
institutional projects. These individual projebtsve produced millions of digitized pages and
accompanying metadata. They now face the challefdestering closer cooperation and
coordination among these projects under the framewbthe Czech Digital Library, which
conceptualizes a new national integration of tHéeint library repositories in this country
with repositories of other cultural heritage ingiibns. The main goal of the Czech Digital
Library was to address the urgent necessity toepvesand make permanent access to
collections of traditional, digitized, and digitaktreated documents as an important part of the

Czech cultural heritage.

Thanks to large national grant projects fundedheyMinistry of Culture, digitization projects
started in the early ‘90s and completed the arogiwf our .cz domain in 2000. They have
about 3 million digitized pages and about 156 wrlliarchived web documents. These
documents are accessible via the three subsyst®fasuscriptorium, Kramerius and
WebArchiv. Manuscriptorium aims to build a virtuagsearch environment for the realm of
historical book resources. Manuscriptorium represére current state of our achieveméhts

“Kramerius” project focuses on preservation of awtessibility to endangered "modern”

15 http://www.cnipa.gov.it/site/it-IT/Attivit¥%ec3%a0/@materializzazione/
18 http://www.manuscriptorium.com/Site/ENG/



periodicals, books, and other documéhtsWebArchiv has two main objectives: first, to
catalogue some online publications as a part ofnégonal output and to integrate their
records into the Czech National Bibliography dasahand second, to store these publications
in a deposit system so as to ensure long-term si¢oethem and to preserve the whole .cz

domain by ongoing harvestitfy

Three different repositories have hosted the sépaata of Manuscriptorium, Kramerius, and
WebArchiv. From 2007 onward, the digital data loéde three subsystems will physically
share one large repository. They plan to integkatanerius and WebArchiv in 2008 under
the umbrella of one strong international and tesbpérational system and to develop
Manuscriptorium to cater to the specialised neefigesearchers by bringing together

fragments of historical documents dispersed iredfit countries and continents.

The Netherlands

The key players in digital preservation in the Neklinds are the National Archives and the
National Library (Koninklijke Bibliotheek / KB). @er institutes that are working in the area

of digital preservation are DANS and 1ISG.

The National Library has an e-Depot, based upoORES model, that has been developed in
collaboration with IBM. This archival system foigdal publications which is continuously
extended in various projects. Furthermore it hBm#@onal Preservation Office (NPO), which
maintains contracts with the major publishers ledah the Netherland, for which it provides
preservation services. Additionally, KB has drivitire European NEDLIB project (1998-
2001), which published guidelines for digital repases.

The National Archives is and has been involved iffieent international projects, for
instance the ERPANET project (2001-2004), the Péees project (1998-2006), the Delos
project (2004-2007) and more recently PLANETS angitBl Preservation Europe. One of
the main projects for the development of technicares strategies for digital preservation the
National Archives has driven, was a testbed forluatang digital preservation strategies
(Testbed Digitale Bewaring; 2000-2003). Finallye tiNational Archives is involved in
international standardisation work through ISO ime tarea of records and archives
management. The particular ISO committee, TC461S6G4as published standards for records
management (ISO 15489:2001) and metadata for re¢tB8@® 23081-1:2006 and ISO 23081-
2:2007).

7 http://kramerius.nkp.cz/kramerius/Welcome.do?lamg=



Baltic States

Estonia — The development of a strategy for digital preagon of cultural heritage in

Estonia began in 2003 with the formation of a wogkigroup. In 2004 the Minister of
Culture approved The National Strategy and Theokcilan for the Digital Preservation of
Estonian Cultural Heritage, 2004-2007. Competenestres for digitisation, metadata
management and preservation have been establishéelp the memory institutions to
achieve and implement common standards for theightjion and description of cultural
heritage. The next strategy has been approve®@6i7-2010 where the main aim is to
develop a common digital storage facility for daditcultural heritage materials from all

memory institutions.

Some of the most significant digitisation projetisdate are the “Red Book of endangered
cultural heritage objects” which aims to study fig/sical condition of objects in all memory
institutions in order to establish preservationopties, and the “Red Book of Estonian
Publications 1535-1850”, dedicated to the pres@maif document heritageé Other recent
projects include: DEA- Digitised Estonian Newspape821-194%, SAAGA?, 17th century
imprints in the Estonian Historical Archivésind AIS (Archival Information Systerfi)

The National Library of Estonia participated in tB«€ funded project ReUSE and has
established a digital repository “Digar” for thellection, preservation and dissemination
digital publications. The National Archives of Esi® has started the development of its
digital archive management system software. Tis¢ $tage of this has been the development
of a high-level model and architecture for the sygst The National Broadcasting Company

has received significant funding to create, stor keep its TV programmes in digital form.

Latvia - The Latvian cultural policy model is organisedund the Ministry of Culture but
there is no separate National policy and strategydigital preservation of cultural heritage.
The National Board of Culture established in 199%e most important advisory body to the
Ministry of Culture. National Programme Culture smdeveloped in 2000. Documents for
further culture sector development are for examipleng Term Cultural Policy Guidelines
2006-2015’, and ‘Medium Term Strategy 2006-2008tfar Cultural Sector’.

18 http://en.webarchiv.cz/

19 http://www.nlib.ee/PunaneRaamat/otsieng.html
20 http://dea.nlib.ee

2L http://www.eha.ee/saaga/index.php?lang=eng
22 http://www.eha.ee/plakatid/

23 http://ais.ra.eefais/



The most significant Latvian projects are ‘Museunvll€ctions on the Internéf,
HERITAGE —1: Preservation of Latvian Periodiéal$oster in Latvia 1899-1945 and Poster
in Latvia 1945-2008, Latvia in the 16th -18th Century M&Ps VIRMUS (Virtual
Museum®, History of the Culture of Latvia in Images andhtian History of Civilization in

Images. Part A: Portrafts.

Lithuania - Conception of digital preservation of culturaritage was enacted by the State
government in 2005. In the same year the CoumwilOigital Preservation of Cultural

Heritage at the Ministry of Culture was establishétbwever there is no national strategy for
Digital Preservation in Lithuania. Digital presaton activities are implemented mostly in

libraries, as well as in museums, archives andexnadinstitutions.

ARUODAI*, a significant digital preservation project, isetlelectronic compendium of
sources on Lithuanian spiritual culture: ethnoldgpguage and history. This repository will
provide the means to preserve and analyse languégklore and ethnological,
archaeological, and historical data. BARISs active in the digitalization of the historical
documents of the Vilnius Church Province. The stgi of cultural heritage valuabfés
Information system of Lithuanian museums (LIMiS)and MUSICALIA (part of the
EUREKA project ECH:TOPICCY, provide direct access to the digital archive bé t
descriptions and images of the musical manuscppgserved in Lithuania. Creation of the
integrated virtual information system of the libegr (under creation). The main goal of the
project is to give people of Lithuania and beyahé opportunity to use the full text
documents stored in Lithuanian libraries, museums archives interactively and free of
charge. The project is implemented by Nationalrdiip of Lithuania, Department of the

Archives and Museum of Art.

24 http://www.meandrs.lv/main.jsp?1171795987688&|aampren
25 http://www.Inb.Iv/digitala_biblioteka/index_anghim

28 http://www.Inb.Iv/digitala_biblioteka/Plakati/maianglu.htm
2" http://www.Inb.Iv/digitala_biblioteka/kartes/maianglu.htm
28 http://www.muzejs.lv/en/about_virmus.htm

29 http://www.Inb.Iv/retumiprojekts/eng/main.htm

%0 http:/iwww.aruodai.lt/

31 http:/iwww.kf.vu.lt/baris/

32 http:/lwww.heritage.lt/inside1.php?i=17

33 http://www.muziejai.lt/Panorama.en.htm

3 http:/lwww.musicalia.lt/index.en.htm



United States of America

There are various institutions and organisatioivadh the area of Digital preservation in the
USA are, the most prominent being the Library oh@ess (LOC) and the Online Computer
Library Centre (OCLC). In 1998, the LOC startetilwkrating on a national policy for digital
preservation. An example for an institutional pplas developed in 2000 at the Columbia
University Library®.

The National Archives and Records AdministrationABA) is an independent Federal
agency that preserves our nation's history andneefus as a people by overseeing the
management of all Federal records. NARA ensuresiragng access to essential evidence
that documents the rights of American citizens, #ttions of Federal officials, and the

national experiencé

The international PREMIS project (PREservation Mata Implementation Strategies)
focuses on metadata concepts for digital presemvatits main goal is to evaluate strategies
for the storage and description of digital objeestthin an archive and also the exchange of
objects and their associated metadata betweenvasctand archival systems. PREMIS
finished in 2005, publishing its final report congimg a metadata dictionary with

instructions.

The National Digital Information Infrastructure amteservation (NDIIP) plan is currently
being executed, building on results from, amongbkers, the METASCHOLAR workshop
and LOCKSS. LOCKSS (Lot Of Copies Keeping Stuffeélaleveloped a peer-to-peer proxy
network for persistent access to electronic jouradicles which observes copyright
regulations. In 2004 the LOCKSS project signediamts for strategic partnerships within an
integrated project. Each partner is responsihlespecific aspects, e.g., CALTEC (California
Digital Library at the University of California) fahe development of web archival tools for
the long-term preservation of political and goveemin documents. Various government
agencies, libraries, archives, research institstiamiversities and commercial companies are

also involved.

In 2002 the e-government act was extended by imgr¢ation specifications for the long-

term preservation of government documents.

35 http://www.columbia.edu/cul/libraries/services/presgion/dlpolicy.html
% http:/lwww.archives.gov/




IRODS (i Rule Oriented Data Systems) is an adapgkid middleware which has been
developed since 2004 at the San Diego Supercomg@eater (SDSCY. Funded by the
National Science Foundation (NSF) and NARA, the IFdevelopment builds on expertise
gathered in the application of the SRB (StorageoRe® Broker}® data grid management
system. iRODS follows the rule oriented programmipgradigm (ROP) for encoding
customisation of data management functionalitiea ieclarative fashion. Processes in the
IRODS data grid system are coded as rules whiclicgtkp control the conditions, under
which particular operations (called micro servica® performed. An iRODS-based system is
composed of heterogeneous, distributed storagea@mguting systems which are controlled

by the evaluation of rules and execution of mi@o/ges.

European Union

The goal of the European Commission on PreservaimhAccess (ECPA) is to harmonise
institutional and national efforts and conduct estee surveys and studies on the state of
digital preservatioff. Furthermore it has promoted the development afckeengines and
common standards for the digitisation of content] also on the use of multimedia digital

archives.

Past European funded projects such as MINERVA [Pdusthe DIGICULT forum were
mainly focused on the exchange of best practides establishment of benchmarks, testing
for the interoperability of archival systems andmpting dialogue between all actors

involved in digital preservation.

PRESTO and PRESTOSPACE were focused on the devefdpwof fast, high-quality
digitisation methods for television archives. TM&DIA programme supports the formal
indexing of digital film material for promoting digl technologies in the European

audiovisual industry.

The eContentplus programme aims to reduce fragmenta the market for digital content
and improve access to and use of geographicalnvaton, cultural content and teaching

material. The projects funded by eContentplus ranwgne are on their websife

The SEPIA (1) project deals with the long-term g@evation of photographic material, the

exchange of experiences, public relations and seedascription methods. The Erpanet

3" http://irods.sdsc.edu/

38 http://www.sdsc.edu/srb/

% http://www.knaw.nl/ecpa/

0 http://europa.eu.int/information_society/activitiecontentplus/projects/index_en.htm




project (Electronic Resource Preservation and Acddstwork) established a European

platform for the exchange of information relatedligital preservation.

UNESCO

The UNESCO Archives Portal provides documents aagkhe ‘Charter on the Preservation
of Digital Heritage’ which has been ratified in Z0By the general assembly of the UNESCO.
‘The Guidelines for the Preservation of InformatiDigital Heritage’ were published in the

same year. The role of the UNESO with respechédevelopment and standardisation of

international rules for digital preservation is ramtly under discussion.

UNESCO has launched the Memory of the World Prognanto guard against collective
amnesia calling for the preservation of the manjualsle archive holdings and library

collections all over the world to ensure their wilessemination.



A.2 Selected Projects

Some project descriptions, with additions, havenba&en from John McDonalds review on
relevant international initiatives in digital infoation [38].

Danish State Archives: Electronic Records - strategies and requirements

A conversion strategy has been developed at thesbatate Archives for the long-term
preservation of IT filing systems. The electroaichival materials which are submitted to the
State Archives are required to be stored by miesin a way that enables data conversion to

formats suitable for continuous conversion withsighificant data [0$5.

National Archivesof Norway: NOARK

Noark-4 is a specification of functional requirerteefor electronic recordkeeping systems
used in public administration (in Norway). The &fieation lists requirements with regard to
information content, data structure and functidgaliln some cases there are requirements
relating to users but this is mainly left to thaliindual system developers or vendors to
decide. The specification does not contain requar@s relating to the implementation of the
data structure or how systems are to be desfgned

Archives New Zealand

Archives New Zealand has forged its own stratedigedaContinuum — Create and Maintain
(currently under review) which has been designgutéwide tools and services to government
agencies to enable them to meet best practicedd®aping standards. It assists agencies in
developing their own records management programiulfd business and accountability
requirements, and promotes good records managesudahat the most significant records of
government are preserved for current and futuremgions. It is also designed to promote
strong, cooperative and mutually beneficial paghgrs between Archives New Zealand and
government agenci&s

In February, 2006, Archives New Zealand launchatew web site called Digital Record
keeping which is designed to serve as a focal goimglectronic records issues ranging from

access to preservation. http://www.archives.goXtorginuum/digitalrecordkeeping.php

4l www.sa.dk/sa/omarkiverne/english/earchives.htm
42 http://www.riksarkivet.no/english/electronic.html
*3 http://www.archives.govt.nz/continuum




National Archivesand Records Administration - Electronic Records Archives program

The multi-million dollar seven year Electronic Red® Archives program of the National

Archives and Records Administration (NARA) has jgstiected Lockheed-Martin as the
company that will lead the development of a comensive persistent digital archives
program. The project is expected to have a famgingn impact on digital archives

development in other US archives and beyond. NARAIso leading other related initiatives
in partnership with the San Diego Supercomputin [fast increment to be delivered in

2007].  Another interesting initiative is the demment of RM Service Components
(RMSC) that aims to help government agencies &gnatte records management functionality
at an early stage into business procééses

National Archivesof the Netherlands, Digital L ongevity (Digitale Duurzaamheid)

The Nationaal Archief, which can be seen as thd¢ional memory’ of the Netherlands,
manages both archives of central government antivas of private organisations or
individuals deemed to be of national importances siich it is responsible for appraising,
managing and maintaining accessibility to governmecords through time. In connection to
this, the Nationaal Archief advises government agen on their records and archives
management. The Digitale Duurzaamheid or Digitaingevity department, which is
responsible for these activities, intends to beertre of expertise for the management and
preservation of digital information (records). naintains a website with the latest relevant
information on research, projects and events (wvgitaleduurzaamheid.nl). One of the
main current activities is the development andding of a digital repository, that will enable

the Nationaal Archief to ingest and preserve awhigcords through time.

Modular emulation project

Modular emulation project (2005-2007), a collabeatresearch project of The Dutch
National Archives and the Dutch National LibraryBXon emulatiof?.

DOMEA

In November 1999, the German Federal Governmentr@mation and Advisory Agency for
IT in the Federal Administration (KBSt) publishets iconcept of the Paperless Office

(DOMEA concept). Since that time, it has becomwldshed as a quasi-standard for

44 http://www.archives.gov/era/rmsc/rmsc-schedule.html
45 http://www.digitaleduurzaamheid.nl/index.cfm?padiaaze=286&categorie=6




electronic records management. Federal, Landerdauad governments as well as product
manufacturers have used the potential of this qunes a basic illustration of public

administration’s requirements for electronic resomanagemefit

eDavid project

City Archives of Antwerp: Expertisecentrum DAVID wzis a centre of research and

knowledge on digital archivif§ The research domain of eDAVID concerns:

* born digital documents, specifically those producedbusiness and government

processes and requiring long term preservation

» digitised documents, notably photographs, audio ambto material present in

archives, museums and libraries, etc.

National Archivesof Australia (NAA)

The National Archives of Australia (NAA)*, launched the e-permanence program in 2003
to bring a focus to its efforts to preserve bothrent and archival electronic records. It
complements and is supported by the tools and guitiat have been issued under,

e which is

‘Designing and Implementing Record Keeping SysteBIRKS) initiativ
designed to enhance the management of records utiaercontrol of Australian
Commonwealth ministries. The National Archives tHaseloped a preservation approach for
archival digital records based on converting orrnalising’ digital records into archival data
formats for long-term storage and access. Thechkasiceptual approach of the project is
described in a National Archives Green Paper, “Aypdach to the Preservation of Digital
Records®. The Archives’ approach to the long-term presgowaof digital records is also
expected to be useful for preserving digital resoi agency custody. In order to guide
departments and agencies, the NAA released, “DidRacordkeeping: Guidelines for
Creating, Managing and Preserving Digital Recotts” This site sets out the National
Archives’ policy on the status and management dftialian Government websites and other

online resources as Commonwealth records. It asBist agencies to establish internal

*° http://www.kbst.bund.de/-,413/DOMEA-Konzept.htm

" http://lwww.expertisecentrumdavid.be/

“8 http://www.naa.gov.au/

*9 http://www.naa.gov.au/recordkeeping/dirks/summarglh

% www.naa.gov.au/record keeping/er/digital_preséovésummary.html
*1 http://www.naa.gov.au/recordkeeping/er/quidelingslh




mechanisms for creating, managing and retaining-b&sed records, for as long as those

records have valde

Australasian Digital Recordkeeping Initiative (ADRI)

The Australasian Digital Recordkeeping Initiative (ADRI) is an undertaking of the
Council of Australasian Archives and Records Auties, the peak body of government
archives and records institutions in Australia &elv Zealand. The primary objective of
ADRI is to pool the resources and expertise ofamati, state and territory public records
institutions in Australia and New Zealand to finetter ways to ensure that digital records are

preserved and made accessible for the foture

Clever Metadata Project

The objective of the ‘The Clever Metadata Projemt’ Monash University project is to

develop a proof of concept prototype to demonsthat® standards-compliant metadata can
be created once in particular application envirom®ig¢hen used many times for multiple
purposes across business applications and in ehffeenvironments. The prototype will be
implemented in a test-bed site to provide a modelblest practice. Development of the
prototype and its implementation model will alsquige the prototyping of model metatools,

including a mini-metadata registfy

New York State Archives, Models for Action: Developing Practical Approaches to

Electronic Records

The Models for Action project, begun in the lat©Q%, seeks to find practical solutions to
electronic recordkeeping problems in networked aatmg environments. The project
incorporates principles from business process aiglynformation systems development,
electronic records management and archival presenvan order to find solutions that
address recordkeeping at all stages of the reddedsycle and, more importantly, within the
context of the business process which the recandisast®.

Minnesota State Ar chives, Trustworthy Information Systems Proj ect

With the support of the National Historical Pubtioas and Records Commission (NHPRC),

the Information Policy Council (IPC) and in collanton with select state agency partners

%2 http://www.naa.gov.au/recordkeeping/er/web_recantts/.html

%3 http://www.adri.gov.au/content.asp?clD=14

>4 http://www.sims.monash.edu.au/research/rcrg/rebgara/background.html

*° http://www.ctg.albany.edu/publications/quides/ditipreservation_partnerships




and the Data Issues Group for Information Technpl¢BIG-IT), the State Archives

Department of the Minnesota Historical Society deped and tested a set of criteria to
establish the trustworthiness of information systenthe Trustworthy Information Systems
(T1S) Project produced a Handbook, which detaits TS criteria set and a methodology to

evaluate government information systems for trustiness®.

State Archives of Michigan: Preserving the Electronic Records Stored in a Records

Management Application (PERM)

The State Archives of Michigan and the San Diegpescomputer Center (SDSC) wanted to
develop and test a model for preserving the recardslichigan's Records Management
Application (RMA) environment. While the RMA is gable of storing and providing access
to electronic records, it cannot ensure that thewyain accessible as software becomes

obsolete. A final report describes the resultdefgroject’.

PrestoSpace

The PrestoSpace Integrated Project funded by thhepean Commission aims to provide
technical solutions and integrated systems forctmplete digital preservation of a variety of
audio-visual collectiord. The overall goal is to provide a range of auidioal services for
preservationrestoration storage, managememtetadata, delivery and accesscooperation

with commercial partners.

One of the project’s outcomes is the A/V Archivegifisation and Storage Guide webgite
providing information and management tools on digiechnology for the storage of film,
video and audio content and associated metadata.

PLANETS

The Planets project brings together European Naltidibraries and Archives, leading
research institutions, and technology companiexitivess the challenge of preserving access

to digital cultural and scientific knowlede

Co-Financed by the European Commission, Planets amt to develop services for
preservation planningenabling organisations to define, evaluate, axette preservation

*% http://www.mnhs.org/preserve/recordsttis/tis.html
> http://www.sdsc.edu/PERM/

*8 http://www.prestospace.org

%9 http://prestospace-sam.ssl.co.uk/

% http://www.planets-project.eu




plans. It develops methodologies, tools and sesvior thecharacterisation of digital objects
and for the support gireservation actions It further aims to establishpeservation testbed
to provide a consistent and coherent evidence foasine objective evaluation of different
preservation protocols, tools and services andhervalidation of preservations plans. The
implementation of an interoperability framework isé@ssly integrates the sub-projects within

a distributed service network.

CASPAR

The CASPAR project (Cultural, Artistic, and ScidictiKnowledge for Preservation, Access
and Retrievaf)' is co-financed by the European Commission. Itsaimimplement, extend,

and validate the OAIS reference model, to enhaackniques for capturing representation
information and other preservation-related infoloratfor content objects, and to design

virtualisation services for abstracting from ungieny computing and storage environment.

Furthermore, CASPAR integrates services for digigghts management, authentication, and
accreditation, conducts research into more sophistil access to and use of preserved digital
resources such as intuitive query and browsing ar@sins, and develops case studies for

validating its approach across different user comties.

nestor 11

The application for nestor Il, a joint project diet Deutsche Nationalbibliothek, SUB
Gottingen, BSB Minchen, HUB Berlin, Bundesarchiwnstitut fir Museumskunde and
FernUniversitat in Hagen, has recently been apprdwe the German Federal Ministry of
Education and Reseaféh A key content-related priority for the projectiivibe to interlink

the fields of e-Science, grid-computing and theglterm preservation of digital resources.

A major task in the second phase of the projedbisreate the necessary organisational,
political and financial conditions for the compatemetwork as a means of anchoring the
entire subject area and associated activities @ermanent basis in Germany. This task
applies equally to the preservation of the writesrrier-bound) cultural heritage in Germany,
and accordingly a joint initiative between nestardathe "Allianz zur Erhaltung des
schriftlichen Kulturgutes” (Alliance for the Pregation of Written Cultural Heritage) is also

being prepared.

®L http://www.casparpreserves.eu
%2 http://www.langzeitarchivierung.de/index.php?nevgaeng



kopal

kopal — Cooperative Development of a Long-Term fighformation Archiv&® is a national
project sponsored by the German Federal Ministrigdiication Research. It aims to develop
a technological and organisational solution to emshe long-term availability of electronic
publications. Thereby, the transparent integratimo existing library systems and the

reusability through memory institutions play aicat role.

In the implementation of the system, internatiosndards for long-term archiving and
metadata will be adopted. In this way, both suastaility and the ability to further develop
the system are guaranteed. Operational prototydeployed at the Deutsche

Nationalbibliothek and the SUB Gattingen are cutlseander evaluation.

DEL OS Preservation Cluster

The preservation cluster of the DELOS Network ot&ence in Digital Librari€¥ provide
the methodological framework and theory for engyithmat digital libraries research addresses

preservation issues and digital libraries incorfpeservation elements in their designs.

The major objectives of the Preservation Clfstare to catalyse the research and funding
environment to enable of delivery of the DELOS/N$€search agenda for Digital
Preservation and Archiving, to lay the foundationtestbeds and necessary metrics and tools
for assessing preservation strategies, to rais@rbide of digital preservation issues within
the Digital Library Community, to collaborate withther international bodies to ensure
consistencies of digital repository standards, risuee access to file format information, to
establish a relationship between a typology of fdemats and preservation strategies, to
enable the definition of attributes and functiotiedi that need to be represented, and ensure

that system development methodologies reflect praien analysis and design issues.

Other

The "Digital Repository Infrastructure Vision foubpean Research" (DRIVER) proj&ct
will put a test-bed in place across Europe to ad$ie development of a knowledge

infrastructure for the European Research Area.

®3 http://kopal.langzeitarchivierung.de/index.php.en
®4 http://www.delos.info/

% http://www.dpc.delos.info/

® http://www.driver-repository.eu/



The BRICKS Project — Building Resources for InteégdaCultural Knowledge Services —
researches and implements advanced open sourgeasoftolutions for the sharing and the

exploitation of digital cultural resourc®s

EPOCH is a network of around a hundred Europeaunrallinstitutions joining their efforts
to improve the quality and effectiveness of the w$elnformation and Communication

Technology for Cultural Heritag®

The ERPANET project is covered in Appendix B.10.

®7 http://www.brickscommunity.org/
%8 http://www.epoch-net.org



A.3 Standardisation

1SO

The ISO records management standard (ISO 15489.206flérs a model framework for the
management of records in all forms including di§ita Recently a standard for the metadata
of records has been published (ISO-23081-1:200&) e¢kplains the principles for records
management metad&ta Currently, work is underway in TC46/SC11 to adddr functional
requirements for long term preservation of digretords and for work process analysis in

support of records management.

In late 2005 a subset of PDF was transformed intmirnational ISO standard PDF/A (ISO
19005-1:2005). These, and standards such as those developedivitual sectors (e.g. the
international pharmaceutical industry) or for distimedia (e.g. MPG3, JPEG, etc.) are being
built upon the growing suite of standards respogidanthe global pressure for greater inter-
connectivity across both space and time.

An example of the work of ISO can be found in Jdiechnical Committee 1/SC32/WG2
which is currently responsible for developing andimaining standards that facilitate
specifications and management of metadata. Thkigda enhance the understanding and
sharing of data, information and processes to suppteroperability, electronic commerce
and component-based developniént Organisation for the Advancement of Structured
Information Standards (OASIS) is a not-for-profitfernational consortium that drives the
development, convergence, and adoption of e-busisiemdards. The consortium produces
more Web services standards than any other ordgemssong with standards for security, e-
business, and standardisation efforts in the puaator and for application-specific markets.
Founded in 1993, OASIS has more than 5,000 paatt§p representing over 600

organisations and individual members in 100 coesdtti

*http://www.iso.ch/iso/en/CatalogueDetailPage.CapaéDetail?CSNUMBER=31908&ICS
1=1&ICS2=140&ICS3=20

"http://www.iso.ch/iso/en/CatalogueDetailPage. CafaéDetail?CSNUMBER=40832&ICS
1=1&ICS2=140&ICS3=20

"http://www.iso.ch/iso/en/CombinedQueryResult. CorebiQueryResult?queryString=PDF
%2FA

"2 http://metadata-standards.org/metadata-stds/
’3 http://www.0asis-open.org/home/index.php



Dublin Core

The Dublin Core Metadata Initiative (DCMI) is anganisation dedicated to promoting the
widespread adoption of interoperable metadata atdsdand developing specialised metadata
vocabularies for describing resources that enabbeenintelligent information discovery
systems. The Dublin Core Metadata Initiative pdegi simple standards to facilitate the

finding, sharing and management of informatfon

The DCMI abstract model provides a reference madeinst which particular Dublin Core
encoding guidelines can be compdPed It describes resources descriptions

propertiegvaluesand their corresponding relations.

Dublin Core application profiles specify which mddiéa terms an organisation, information
provider, or user community uses in its metaddtadentifies the terms used to describe a
resource and optionally provides additional infotioya about term usage. EXxisting

application profiles, for example, include collects’® and e-print§'.

Semantic Web

The Simple Knowledge Organisation System (SK&$rovides a model for expressing the
basic structure and content cbncept schemesA concept scheme is defined as a set of
concepts, optionally including statements about as#m relationships between those
concepts. Thesauri, classification schemes, taxeg®mand others types of controlled
vocabulary are examples of concept schemes, whightralso be embedded in glossaries
and terminologies. The SKOS core vocabulary isesgnted by a set of RDFproperties
and RDF(SJ° classes.

RDFa is a syntax that uses a set of elements andbusts to embed RDF metadata
expressions in XHTME, strictly separating between content and met&tatapplications
scenarios for RDFa include direct import of evdms webpages into the user’s calendar or

the automatic detection of licensing informatios@sated to documents.

" http://dublincore.org

’> http://dublincore.org/documents/abstract-model/

’® http://dublincore.org/groups/collections/collectiapplication-profile/

" http://www.ukoln.ac.uk/repositories/digirep/indEptints_Application_Profile
"8 http://www.w3.0org/TR/swbp-skos-core-guide/

9 http://www.w3.0rg/TR/1999/REC-rdf-syntax-19990222/

8 http:/www.w3.0rg/TR/2004/REC-rdf-schema-20040210/

8 http://www.w3.0rg/TR/xhtm|2

82 http:/lwww.w3.org/TR/xhtml-rdfa-primer/



In 2006, the W3C also released “Best Practice Rscipr Publishing RDF Vocabulari&s”
providing instructions to creators and maintainefsRDF(S) and OWE* vocabularies or

ontologies on how to publish them on a web server.

PREMIS

PREMIS (PREservation Metadata: Implementation 8giat) is a metadata model developed
by an international group of metadata experts. Tbhata Dictionary for Preservation
Metadata: Final Report of the PREMIS Working Grdliptas released in May 2005. ltis a
comprehensive guideline for implementing preseovathetadata in digital archiving systems
and defines a set of core metadata for preservalomaintenance activity has been set up to
manage the further development of the starfdard

LMER

“Long-term preservation Metadata for Electronic ®eses” (LMERY’ is a metadata model
which was developed at the German National Libeamy which is based on the “Preservation
Metadata: Metadata Implementation Schema” of thitgoNal Library of New Zealand. It is
implemented in the kopal solution of the IBM DIAS#@. LMER was designed as an
exchange format, not as a general data model fg-term preservation metadata. It is based

on a modular design.

UOF

The “Universal Object Format” (UOBis based on LMER and the Metadata Encoding and
Transmission Standard (METS). It is again a dgwelent of kopal. It is a format for the
archiving and exchange of digital objects alondwaitetadata.

Persistent | dentifiers

The persistent identification of digital informatiglays a vital role in enabling its long-term
accessibility and re-u8& A unique persistent identifier preserves access tresource

regardless of its location via corresponding resioservices.

8 http://www.w3.0rg/TR/swbp-vocab-pub/

8 http:/www.w3.org/TR/owl-ref/

8 http://lwww.oclc.org/research/projects/pmwg/prefitisd. pdf

8 http:/iwww.loc.gov/standards/premis/index.html

87 http://www.ddb.de/standards/pdf/imer12_e.pdf

8 hitp://kopal.langzeitarchivierung.de/downloads/dopniversal_Object_Format.pdf
8 http://www.dcc.ac.uk/resource/briefing-papers/isent-identifiers/



The Uniform Resource Name (URN) is a standard, persistent and unique identior
digital resources on the internet. URNs includeamespace identifier code (NID) and a
namespace specific string (NSS). The NID is usethterpret the NSS, which is the local
name identifying the individual documé&htThe EPICUR projeét presents a framework for
cooperative URN management at the German natiobedry (cf. [44]), covering URN
assignment and administration, resolving servieesl, standardization within bibliographic

information services building upon experiences ARMEN-AP4 (described in [45]).

The Digital Object Identifier (DOI) system was initiated by the Association ahéyican
Publishers. The DOI system allows the allocatiba anique digital identifier to commercial
digital publication&rror! Bookmark not defined.””. DOI has been investigated for the DFG
funded project CODATA (see [46]) and is preferredtlie project because of CrossRef
existing centrally managed global services, andabge DOI is already internationally

established for a longer time than URN.
Persistent identifiers have also been discuss#teifollowing conference and workshops:
« The Digital Library and its Servic&s
« Persistent Identifiers (Erpatrainifig)
« DCC Workshop on Persistent Identifi&rs
« EPICUR-Workshop "Persistent Identifiéf"

* Nestor Workshop - Standardisierungsbedarf im Kanter Langzeitarchivierung und

Digitalisierung®

Multimedia

% http://www.nla.gov.au/padi/topics/36.html

% http://www.persistent-identifier.de/

92 http://www.doi.org/handbook_2000/index.html

% http://www.crossref.org/

% http://www.ukoln.ac.uk/events/bl-jisc-conferend@os/
% http://www.erpanet.org/events/2004/cork/index.php
% http://www.dcc.ac.uk/piworkshop.html

7 http://www.persistent-identifier.de/?link=340

%Bhttp://nestor.sub.uni-
goettingen.de/aktuell/suche.php?suchwort=din&ordate+ DESC&zahl=10&start=0



Broadcasting archives contain an inventory of getbcaudiovisual recordings, held for
preservation and as a resource for broadcastingpapduction purposes (cf. [39]). The
Broadcast M etadata Exchange Format (BMF)® supports the full broadcast and production
lifecycle, serving as exchange format between corapts of a file-based production
platform. Its class model specifies data structukehich correspond to BMF conceptual

model.

The following definitions have been adopted fron®][4The Unique Material Identifier
(UMID) acts as a lookup ID number for metadata,clihdoes not have to be kept within the
data stream. Th&XF (Material eXchange) file and stream format combimata and
metadata within a single file, which might also fteeamed. Th&dvanced Authoring
Format (AAF) describes work in progress, allowing intekiing data streams with metadata.
The metadata representation at each productiomstgg vary, depending on the information

to be captured and described.

% http://www.irt.de/IRT/home/indexbmf.htm



A.4 Links to Other Disciplines

Computer Science and Engineering

Due to its versatile nature digital preservation hiaks to several disciplines within computer

science. The areas showing a strong potentialifatatipreservation that we identified are:

Information Extraction deals with the analysis of digital objects on eastic level. A
given object's structural elements have to be ddfin Based on the object's subparts,
important information is extracted and used for eswphisticated analysis. Of course, which
parts are to be extracted strongly depends on ype of object. For text documents
techniques like part-of-speech tagging or thesg@urmore elaborate ontologies) can be used
to extract concepts. Techniques developed inmédion extraction are very promising in the
area of object characterisation. Especially fer tise of dynamically growing archives such
as internet archives, which contain a-priori unknosontent, the process of extracting text
and acquiring metadata from documents is a keyissautomatic metadata acquisition will
be very relevant to digital preservation. Reseasbhbuld be directed towards automatic
extraction of domain-dependent information from wloents. The extraction of semantic

concepts should also be a priority.

Information Retrieval deals with searching for documents, their metadatd, information
within those documents. A typical IR task is tadfisimilar documents to one example
document. It can be used for access and retrigvdigital objects. Information Retrieval
shows great potential for searching in digital dfbes in general and possibly identifying
similar objects to for adopting preservation sgae in digital preservation. Every digital
repository, and all systems designed for digitasprvation, need efficient ways to access
their contents. This is particularly important ertbose repositories reach a certain size, for
example the difference between an internet seangine and a search engine for Internet

archives.

The complexity of the digital preservation domaos@s new challenges for the Information

Retrieval community. Firstly, the huge varietyfofmats and metadata models extend the
use of classic information retrieval. Secondly, pinesence of obsolete file formats represents
another challenge. Specifically, files which candecessed in a digital library, but cannot be
indexed by its retrieval component will have todaalt with. Important tasks will be: to scale

information retrieval techniques to Internet ar@siyto establish how duplicate detection can
work over time, and to establish is classic infaioraretrieval techniques can be adapted to

the more complex search challenges of the future.



In an archive containing enormous amounts of datere parts of the objects are at risk,
Information visualisation together with machinerieag could greatly help in providing
overview of high-risk areas and judging which araasaffected. Information Retrieval which
allows one to find objects with similar charactgcs will be very important where one

obsolete object is found and there is a need tatiigenvhich other objects might be at risk.

Information visualisation is used to display complex data and their relatiand provide an

abstract view on that data. Note that visualisatgfers from display as it is not a means of
rendering an object, but of showing how objectateeto each other. When applied to digital
preservation, information visualisation could ghgatprove the quality of access and
retrieval in digital libraries. Explorative dataaysis through visualisation is often of great
aid to discovery. Accessing digital objects israportant indicator of the quality of a certain
preservation strategy. Important research questwili establish: if appropriate access be
guaranteed, whether new formats can be easily ajisgl over a variety of information

channels, and whether different instances of theesabject and their relations be visualised.
Visualisation of migrated objects and their diffezes to the original object would greatly

support the evaluation of preservation stratediesjever this is not yet developed.

Machine learning tries to automatically find structures and natwhisters, for example
similar instances within data, by developing altfonis and techniques to enable computers to
abstract and thus 'learn’. A possible applicatibmachine learning techniques would be in
the area of automatic metadata extraction and rasgigt. Classic text or document
categorisation may prove very important when dgahth larger numbers of elements. The
classification or categorisation community can offeany tools and much expertise, but still
many specific issues and challenges arising incthr@ext of large-scale repositories and
digital preservation are yet unsolved. In the ceintéd digital preservation, important research
areas will be finding feature sets for complex otge as well as automatic metadata
assignment and its varieties. If an object X eniified as 'risky', an important task will be to
a) identify similar objects and b) adopt the preagon/migration strategy of X to fit its

nearest neighbours.

eScience/Grid-Computing - Grid computing deals with the use of large anmswf data and
huge processing power distributed across a largebeu of elements in the grid. This field
may become very important once digital preservatmois and techniques reach a certain
level of maturity and become used on a large-doases. There is also a strong correlation

with cyberinfrastructure.



Cyberinfrastructure denotes the building of a new or better utilisatiof existing

infrastructure concentrating on new applicationscWlinteroperate across institutions as well
as disciplines. Data and knowledge exchange ayeidsues here, illustrating how the
cyberinfrastructure challenge tries to integrateesal other research areas like information

extraction and exchange or semantic interopergbilit

Knowledge engineering offers promising ways to store and access datelsas approaches
to collaboration and data exchange that can be fioedefor digital preservation.
Interoperability and exchange of knowledge betwedatiplines and organisations is the
logical next step to achieve a more comprehensew of knowledge and data management.
Results from the underlying information extractielements are essential. Ontologies are
commonly used to describe information that is abmutbe exchanged, and will prove

important as soon as data exchange issues inlgigiservation arise on a large scale.

Decision Support Systems - A range of tools exists today to support the etgriof
preservation strategies such as migration or emuolat Yet, different preservation
requirements across institutions and settings milee decision on which solution to
implement very difficult. The application of deicis support tools to aid in preservation
planning thus forms one of the core current reseameas. Finding candidates among
existing planning strategies is the main aspectpr@servation planning that might be
improved. Moreover, case based techniques magdsghle for identifying similar strategies.

Semantic Technologies include software standards and methodologiesainatd to provide
more explicit meaning. Semantic technologies aeetbped based on the research results
from domains such as cognition, networking, contargineering and web services. Digital
preservation benefits from ongoing standardisagictivities, resulting in open, documented
formats, protocols and representation schemes. eMewsemantics-enabled repositories
might also offer improved recall or precision fooncept-based document access. By
capturing information about context and contentmachine processable form, semantic

technologies add value to digital preservali@in
Cognition

Following the projections for computer science praed in [25], results and insights from
cognition and related disciplines might also belerqu to yield new directions and prospects

for research in digital preservation.

190 http://www.archives.gov/era/pdf/it-conference-ladeher.pdf



Access - Units within a neural net are activated by reicgj input patterns and pass output to
other connected units. If a neural unit correspotdsittributes of data, this data can be
accessed by each connected unit. Hence, datatoamgde recalled by the indexing system,
but by any of the attributes [25]. Such a contaidressable memory allows for flexible,

robust recall and retrieval.

Memory - To meet future challenges for the constructiod andexing of large-scale
multimedia memories, the mechanisms employed inHinnan memory are directing more
and more attention, especially the relationshipvbenh working memory and long-term
memory [25]. Which particular storage or recallcma&nisms are employed in a given context
is defined by the given task at hand and the typmemory and the conceptualization of the

environment.

In Human psychology, forgetting is not just a fedlwf memory, but an essential mechanism
for clearing out "irrelevant” facts and preservihg efficiency of recall [25]. Problems here

are the identification of what to forget, how toatlavith related knowledge and the actual

implementation of "forgetting".



Summary of Key Research Agendas

A.1 Understanding Electronic Incunabula: A Framework Research on
Electronic Records

The article “Understanding Electronic IncunabulaFramework for Research on Electronic
Records” [9] by Margret Hedstrom was published @®1. The research for this report was
partly supported through the research FellowshipgRmme in Modern Archives at the
Bentley Historical Library and funded by the Nagb&Endowment for the Humanities and the

Mellon Foundation.

It addresses the archivists’ need for a researaimdwork on electronic records within a

historical, social, and cultural context.

Research in digital preservation is approached fiteerperspective of changes in the archival
profession, ignoring other domains. It describes fesearch objectives, claiming context to
be the essential concept to be researched. Newsfof material, intervention at critical

points regarding the development and introductibnea technologies, changes to archival
practice and requirements for management and wager represent the other issues raised,

which are mostly related to the organisational emment.

A.2 Preserving Digital Information

The report “Preserving Digital Information” [17] ¢fhie Task Force on Archiving of Digital
Information co-chaired by John Garrett and Donal@t&s was commissioned by The
Commission on Preservation and Access and the Réskdraries Group.

The purpose of the task force was to investigagentieans of ensuring “continued access
indefinitely into the future of records stored imgithl electronic form”. It was charged to
frame the key problems (organisational, technolggitegal, economic) in the context of
media deterioration and technological obsolescetealefine the critical issues inhibiting

resolutions, recommend actions and the considerafialternatives to technology refreshing.

The report concludes with a set of recommendationthe funding institutions for specific
actions, including the provision of coordinationngees, securing of funding, fostering
practical experiments, engagement in national paditorts, development of effective fail-
safe mechanisms, interdisciplinary discussionstificattion of repositories, international

collaboration and the commissioning of follow-updies.



A.3 An Investigation into the Digital Preservation Nseaf Universities and

Research Funders

The study “An Investigation into the Digital Prega&tion needs of Universities and Research
Funders” [15] by Denise Lievesley and Simon Jones wart of a series of preservation
studies which were managed by the British Libraeg&arch and Innovation Centre (BLIRC)
and published in 1998. It was commissioned by thgt&) Archival Working Group and
carried out by the UK Data Archive.

Motivated by the need to develop strategies for dbkection and preservation of digital
material, its purpose was to explore the extentwhich preservation policies for electronic

materials are implemented by universities and atistitutions with public funding.

The research was carried out by postal questioesaielephone interviews or personal visits
with representatives responsible for preservatioficigs from Universities and funding
agencies. The themes explored covered the supptypes of electronic material, their
preservation, policies and practices, selectiogallessues and roles and responsibilities. Its
main recommendations are the development of ndtigudelines for digital preservation,

standards for the assessment of repositories armmhabpolicies on research data.

A.4 The State of Digital Preservation - An InternatioRarspective

The conference proceedings “The State of DigitakPrvation: An International Perspective”
does not strictly represent a research agendaa baotlection of individual articles covering
various aspects of digital preservation reseaiie list of authors comprises Meg Bellinger,
Laura Campbell, Margret Hedstrom, Deanna Marcurmni€éh Thibodeau, Donald Waters,
Titia van der Werf and Colin Webb. The correspagdymposium, which was supported by
a grant from Documentation Abstracts Inc. (DAI) gmeésented by the Council on Library
and Information Resources, was held in late ARAD2 and its proceedings were published in
July 2002.

Six years after [17], the symposium aimed to asHesgurrent state of digital preservation,
identifying the barriers impeding progress and fegaut ways to overcome them by looking
at the most interesting developments in recentsyaad an analysis of the challenges ahead.

A.5 It's About Time: Research Challenges in Digital fiveng and Long-term

Preservation

“It's About Time: Research Challenges in DigitalcAiving and Long-term Preservation” [3]
is the final report of the workshop, which was erngad by Margret Hedstrom, Sharon



Dawes, Carl Fleischhauer, James Gray, Clifford byn¢ictor McCrary, Reagan Moore,
Kenneth Thibodeau and Donald Waters and took praé@ril 2002. It was sponsored by the
National Science Foundation Digital Government Paogand Digital Libraries Program and
the Library of Congress National Digital Informatiinfrastructure and Preservation Program
and published in August 2003.

The objective of the workshop was to examine thespects for advancing computer and
information technology research through a resegrdgramme that addresses the unique

challenges of long-term digital preservation.

The resulting digital archiving and long-term pmesg¢ion research agenda recommends a
substantial research program to enhance the stdkmowledge and practice for long-term
preservation of digital information. The agendaorganised around for main themes: i)
technical infrastructures for archival repositori@$ attributes of archival collections, iii)
digital archiving tools and technologies, and ivyjanisational, economic and policy issues.
Research scenarios describing the types of projequired for the implementation of the
research agenda in a 10 year time frame suggestytbeilding, exploratory research,

simulations and experiments, observations andddstb

A.6 Invest To Save: Report and Recommendations of tis-NELOS
Working Group on Digital Archiving and Preservation

The report “Invest To Save: Report and Recommeodsitof the NSF-DELOS Working
Group on Digital Archiving and Preservation” [4] svarepared for the NSF Digital Library
Initiative and the DELOS Network of Excellence foigital Libraries and published in 2003,.
The transcontinental working group was chaired lkarfus Ross and Margret Hedstrom,
other participants were Kevin Ashley, Birte Chmsten-Dalsgaard, Wendy Duff, Henry
Gladney, Claude Huc, Anne R. Kenney, Reagan MoadeEaich Neuhold.

The objective was to identify critical problems aisdues to be solved for improving the
society’s ability to preserve valuable digital infaation for future reuse. The report sets
research priorities and discusses correspondirgegies and methods. It furthermore
identified potential synergies for collaborativesearch between European and North

American researchers.

The research agenda developed by the working gsospructured into three main areas: i)
preservation strategies: emerging research domigime;engineering preservation processes
and iii) preservation systems and technology. Adidial issues which were deliberately not

part of the research agenda comprise policy, osgéiohal, educational and other activities.



The working group agreed self-contextualising ofgieanetadata and the evolution of
ontologies and mechanisms for preservation of cem@nd dynamic objects to be the

research areas likely to have the greatest impatiei future.

A.7 e-Science Curation Report

The “e-Science Curation Report” [16] by Philip Loadd Alison McDonald of The Digital
Archiving Consultancy Limited was funded by The QI&ommittee for the Support of
Research (JCSR) and published in 2003.

The goal was to examine the current provision andré needs of primary research data in

the UK, especially within the e-Science context.

This was done by carrying out desk-based reseatchliterature, the administration of a
series of questionnaires researchers, IT serviaigers and policy makers and by
conducting face-to-face interviews with experts aeskearchers. Their findings at strategic
and policy level resulted in a list of 10 strategemcommendations and corresponding

responsibility assignments and 19 tactical recondagons.

A.8 Revolutionizing Science and Engineering Througheiytrastructure

“Revolutionizing Science and Engineering Throughb@ynfrastructure” [18] is a report of
the NSF Blue-Ribbon Advisory Panel on Cyberinfrastinre which was chaired by Daniel E.
Atkins and published in January 2003. Further memof the board were Kelvin K.
Droegemeier, Stuart |. Feldman, Hectore Garcia-igliMichael L. Klein, David G.
Messerschmitt, Paul Messina, Jeremiah P. OstrikéMargaret H. Wright.

Cyberinfrastructure (hardware, software, servicggrsonnel, organisations) refers to
infrastructure based upon distributed computegrmftion and communication technology
in the knowledge economy. The Blue Ribbon Pana eanvened to inventory and explore
opportunities for creating new research environsdrgsed upon cyberinfrastructure. The
objective was to make strategic recommendationthemature and forms of programs that

NSF should take in response.

While the report is not specifically on digital pegvation, cyberinfrastructure enables one to
tailor efficient and effective application-specijfisut interoperable knowledge environments
for research and education. In this context, & @ be ensured “that data and software
acquired at great expense are preserved for fgenerations and easily available to all”.
Hence, the NSF is advised to institute a programnthe collection of exponentially growing

data, its curation, management and archival fog{@mm access.



A.9 Digicult Roadmap

The roadmap report “The Future Digital Heritage &pa An Expedition Report” [6] was
edited by Guntram Geser and John Pereira and peldlias DigiCULT Thematic Issue 7 in
2004. The DigiCULT forum project was funded withime IST priority of the European

Union’s Fifth Framework Programme for Research &achnological Development.

Intended as a navigation tool for boards and dirsobf heritage organisations and research
centres, IT project managers and curators of digatections its objective was to project an
overview information and communication technolog@stems and applications that may be

achieved over the next decade.

An online consultation forum was established arouhdthemes, with feedback and
contributions gathered from 62 experts and probesds. The final report is structured
around these themes, providing individual roadméps intelligent heritage, contextual
cultural information, natural and enjoyable inteéi@t, create/re-create 3D/VR/AR, large
scale and distributed information systems and gtensi and perpetual access.

A.10 Electronic Resource Preservation and Access Network

The European Commission funded ERPANET prdjéesstablished a consortium for making
viable and visible information, best practice arills development in the area of digital
preservation of cultural heritage and scientifigeabs. ERPANET ran from 2001 — 2004 and
had The Humanities Advanced Technology and Infamatnstitute (HATII), Nationaal
Archief van Nederland, Istituto di Studi per la &lat dei Beni Archivistici e Librari and

Schweizerisches Bundesarchiv as project partners.

While not a research agenda, ERPANET’s main objectvas to exchange knowledge on
state-of-the-art developments in digital preseoratand the transfer of expertise among
individuals and institutions, making tools, knowded and experience accessible to the

community.

Throughout its duration, ERPANET released a suitguadance tools on ingest strategies,
costing orientation, selecting technologies, digm@servation policy and risk management.
The erpaCharter comprises principles to enableebeitk management, a framework for
benchmarking digital access and preservation pect platform for sharing knowledge, a
mechanism for measuring competitive advantage,yat&eunlock the value of intellectual

capital, synergy and avoid redundancy, and commatinit and collaboration between the

191 http://www.erpanet.org



different players in the Digital Object Chain. Atiohally, the ERPANET website maintains

directories for assessments, e-prints and infoonagsources.

A.11 Digital Curation and Preservation: Defining theeash agenda for the

next decade

“Digital Curation and Preservation: Defining thesearch agenda for the next decade” [1] is
the report of the Warwick Workshop, which took @ac November 2005. It was sponsored
by the Joint Information Systems Committee(JISKg, €ouncil for the Central Laboratory of
the Research Councils (CCLRCs), the Digital Curat®oalition (DCC) and the British
Library and coordinated by David Giaretta and HeailWeaver..

The objective was to map out the current statdayf and future agenda, complementing the
Task Force on Permanent Access to the Recordsi@fic&s research agenda, extending and

clarifying a number of research issues.

The workshop focused three main strands, which vdéseussed in sessions: i) curation
services and technologies, ii) drivers and barr{@dicy issues), and iii) data life cycle
management (process issues). The task for easioisesas to define scope and topic,
analyse the current national and internationakstatplay, develop a vision for the next 5 to
10 years, and specify the means to achieve thervisiCommon research issues identified
across the three sessions are discovery and logatiast, cost, and automation and

virtualisation.

A.12 Digital Repositories Roadmap - Looking Forward

The report “Digital Repositories Roadmap: lookiogward” [29] by Rachel Heery and Andy
Powell was funded by the JISC as part of the Didtigpositories Programme and published
in 2006.

Focusing on digital repositories for research otg@und learning material in the UK and their
role in the information landscape, the purposehef toadmap was to assess the current
situation and specify a vision for 2010, includitigg route to getting there. Its principal
audience comprises the JISC Executive, the Repm@sio Preservation and Asset

Management Advisory Group and relevant JISC conemstt

The report assumes that in 2010, open access ablisbed, with a high percentage of
scholarly output made freely available for shargugd re-use. Furthermore, geospatial
information will be better integrated with othertala The report was accompanied by an
email questionnaire. The authors suggest focusragarch activities in the areas of policy



and legal issues, culture and working practicesddition to developments of the technical

infrastructure in the UK.

A.13 E-Infrastructure Strategy for Research: Final Repoom the OSI

Preservation and Curation Working Group

The “E-Infrastructure Strategy for Research” [4Blaf report commissioned by the British
Office for Science and Innovation (OSI) steerin@uyr on e-infrastructure research was

written by Neil Beagrie and published in Januar@20

As part of the UK “Science and Innovation InvestimEramework 2004-014", six working
groups have been formed to establish a high-lesadimap on e-infrastructure. The task of
one working group was to produce a report on pvasien and curation.

Within a 10 year horizon (2004-2014), the repoduases that the transition to a digital
knowledge economy will largely have been completemtussing primarily on the national
public sector, particularly government and acadamsearch, its key recommendations are in
the areas of i) policy development, ii) digital geevation and curation research and
development programme, and iii) persistent natiom@rmation infrastructure development

programme.
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