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Abstract
The rapid ongoing changes in software and hardware put digital information at risk. The challenge is
to keep electronic data accessible, viewable, and usable for the future when the original software to
interpret them has become unavailable. Digital preservation has thus turned into on of the most pressing
challenges not only within the digital library community, but also in other areas such as archives and
data centres. This chapter introduces the concepts and challenges in the field of digital preservation
including the OAIS reference model. We give an overview about the projects and initiatives worldwide
dealing with this challenge. We furthermore present preservation planning as a key concept at the heart
of preservation endeavours in detail.

Introduction
Digital objects have become the dominant way
that we create, shape, and exchange information.
They increasingly contain essential parts of our
cultural, intellectual and scientific heritage; they
form a central part of our economy, and increasingly shape our private lives. The ever-growing

heterogeneity and complexity of digital file formats together with rapid technological changes
turn the preservation of digital information into
a pressing challenge. The challenge is to keep
electronic data accessible, viewable, and usable
for the future, to ensure the survival of our digital
artifacts when the original software or hardware
to interpret them correctly becomes unavailable
(UNESCO, 2003b).
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Digital preservation deals with the long-term
storage and access to digital objects. The Digital
Preservation Coalition defines it as “the series of
managed activities necessary to ensure continued access to digital materials” and adds that it
“refers to all of the actions required to maintain
access to digital materials beyond the limits of
media failure or technological change” (Jones &
Beagrie, 2002). The focus lies on “born digital”
objects, not digitisation, which is a challenging
field in itself (Digicult, 2004).
Rosenthal (Rosenthal, Robertson, Lipkis,
Reich, & Morabito, 2005) describes requirements
for digital preservation systems. A range of tools
exists today to support the variety of preservation
strategies such as migration or emulation. Yet,
different preservation requirements across institutions and settings make the decision on which
solution to implement very difficult.
In this chapter, we give an overview about the
current state of the art, the major challenges as
well as proposed solutions in digital preservation.
We will further highlight current research activities in this field, with a specific focus on planning
and evaluating preservation strategies.

The Current State of
Research
The companion document to the UNESCO charter for the preservation of the digital heritage
(UNESCO, 2003a) provides a good overview of
preservation strategies. Research on technical
preservation issues is focused on two dominant
strategies—migration and emulation. Migration
requires the repeated copy or conversion of digital
objects from one technology to a more stable or
current, be it hardware or software. Each migration incurs certain risks and preserves only a
certain fraction of the characteristics of a digital
object. The Council of Library and Information
Resources (CLIR) published different kinds of
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risks for a migration project (Lawrence, Kehoe,
Rieger, & Walters, 2000).
Emulation as the second important strategy is a
means of overcoming technological obsolescence
of hardware and software by developing techniques for imitating obsolete systems on future
generations of computers (Jones & Beagrie, 2002).
Jeff Rothenberg (Rothenberg, 1999) envisions a
framework of an ideal preservation surrounding.
The Universal Virtual Computer (UVC) concept
(Van der Hoeven, Van der Diessen, & Van En
Meer, 2005) uses elements of both migration
and emulation, allowing digital objects to be
reconstructed in their original appearance. The
UVC is independent of any existing hardware or
software, it simulates a basic architecture including memory, register and rules. An emerging
approach of emulation is modular emulation.
Jeffrey van der Hoeven presented the modular
emulator called Dioscuri in (Van der Hoeven
& Wijngaarden, 2005). It imitates the hardware
environment by emulating the components of
the hardware architecture. Each hardware components is run as individual emulators and the
components are assembled in order to create a
full emulation process.
Several other preservation strategies have been
proposed. The Computer Museum is based on
preserving the technical environment that runs
the system, including the hardware, the operating system, original application software, media
drives, etc. Another approach is Normalisation,
a technique for the collection of different file
formats, which are converted to a single chosen
file format (CLIR & LoC, 2002).
Several common file formats are being adapted
to achieve more stable long-term archiving. The
most relevant is probably PDF/A, which defines a
subset of PDF optimized for long-term preservation (ISO, 2004). Other examples are the Open
Document Format for Office Applications (ISO,
2006) and MPEG-7 (ISO, 2002).
Metadata became a heavily debated issue in
the field of digital preservation. Initiatives in the
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field of metadata are Dublin Core1, METS2 and
Premis3.
For stable long-term management of digital
collections persistent identifiers are required. An
overview about persistent identifier activities are
provided in (Hilse & Kothe, 2006).
A number of tools and services have been
developed that perform content characterization
specifically for digital preservation. The National
Library of New Zealand Metadata Extraction
Tool (National Library of New Zealand, 2007)
extracts preservation metadata for various input
file formats. Harvard University Library’s tool
JHove (Harvard University Library, 2007) enables
the identification and characterisation of digital
objects. An emerging approach for characterisation is the family of eXtensible Characterisation
Languages (XCL) (Becker, Rauber, Heydegger,
Schnasse, & Thaller, 2008). It supports the automatic validation of document conversions and
the evaluation of migration quality by hierarchically decomposing a document and representing
documents from different sources in an abstract
XML language.
The Reference Model for an Open Archival
Information System (OAIS) ((CCSDS), 2002) was
published 2002 by the Consultative Committee for
Space Data Systems (CCSDS) and adopted as ISO
standard ISO 14721:2003 (ISO, 2003). It has proven
to be a very useful high-level reference model,
describing participants, roles and responsibilities
as well as the exchange of information. Because
of its growing acceptance in the community, the
OAIS model is the most common framework
for digital preservation systems. The model is
described in detail in the next section.
Many projects and initiatives worldwide deal
with the challenge of digital preservation and
providing services and information. Because of
the enormous increase in interest, the number of
projects is growing rapidly. The following section
can thus only present an incomplete overview,
which is not meant to be an assessment.

The National Digital Information Infrastructure and Preservation Program (NDIIPP)
collects, archives and preserves the burgeoning
amounts of digital content for current and future
generations.4
The Arts and Humanities Data Service
(AHDS) and the University of London Computer
Centre started the DAAT Project (Digital Asset
Assessment Tool) (ULCC, 2006) to develop a
tool to identify the preservation needs of various
digital holdings.
PREMIS (Preservation Metadata Implementation Strategies) is a joint effort of the Research
Libraries Group (RLG) and the library consortium
OCLC (Online Computer Library Center). Aim
of the project is the development and recommendation of best practices for implementing
preservation metadata.5
PRONOM is a file format repository which
provides technical information about electronic
records. Currently the fourth version of PRONOM
is available. This initiative also develops automatic
file format identification tool named DROID
(Digital Record Object Identification).6
PANIC (Preservation Webservices Architecture for Newmedia and Interactive Collections)
addresses the challenges of integrating and leveraging services and tools into a Preservation
Services Architecture. Also the comparison of
different preservation strategies for multimedia
data and the development of recommendations
and guidelines for multimedia content are part
of PANIC (Hunter & Choudhury, 2006).7
CAMiLEON is developing and evaluating a
range of technical strategies for the long term
preservation of digital materials. One of the
projects is the comparison between Emulation
and Migration. The project is a joint undertaking
between the Universities of Michigan (USA) and
Leeds (UK) and is funded by JISC and NSF.8
PADI (Preserving Access to Digital Information) is an initiative started by The National
Library of Australia that aims to provide mechanisms to ensure that information in digital form
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is managed with appropriate consideration for
preservation and future access.9
The LOCKSS10 program (Lots of Copies Keep
Stuff Safe) has developed a peer-to-peer system
using the world wide Web for preserving archival
information. The first version was launched in
1999. LOCKSS is an open source software that
deploys a large number of independent, low-cost,
persistent and accessible Web caches. It allows
the peers to cooperatively detect and repair damaged content. For obsolete file formats LOCKSS
supports a format migration(Rosenthal, Lipkis,
Robertson, & Morabito, 2005).
The Portico project11 was launched in 2002 by
JSTOR12 to archive electronic publications. Portico
receives the source files from the publishers and
systematically normalises the source to an archival
format based upon the NLM Archive and Interchange DTD (National Center for Biotechnology
Information, 2007).
The Digital Curation Centre (DCC) supports
UK institutions in storing, managing and preserving data. The aim of the project is to establish
community relationships and develop services
for digital preservation.13
The Digital Preservation Coalition (DPC) aims
to secure the preservation of digital resources in
the UK. DPC hosts the Digital Preservation Award
to bestow leading and advanced digital preservation projects. DPC, in cooperation with PADI,
publish a quarterly current awareness digest.14
The Electronic Resource Preservation and
Access Network (ERPANET) established a European Consortium bringing together memory
organisations (museums, libraries and archives),
ICT and software industry, research institutions, and government organizations to provide
a knowledge-base of developments in the area of
preservation of cultural heritage and scientific
digital objects.15
Several projects in this domain have been
initiated under the 6th framework program of the
European Union. One of the main objectives of
the DELOS Digital Preservation Cluster, which is
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part of the EU-funded DELOS Network of Excellence on Digital Libraries16, was the establishment
of testbeds and validation metrics. The DELOS
Digital Preservation Testbed (Strodl, Rauber,
Rauch, Hofman, Debole, & Amato, 2006) allows
the selection of the most suitable preservation
strategy for individual requirements by combining
a structured workflow for requirements specification and evaluation by means of a standardised
testbed laboratory infrastructure.17
PLANETS (Permanent Long-term Access
through Networked Services) develops systems
and tools which support the accessibility and use
of digital cultural and scientific resources. More
specifically, the project is developing methods and
tools based on a distributed service infrastructure on which services for preservation action,
preservation characterization and preservation
planning can be coordinated and combined with
each other. The PLANETS Testbed will use this
framework to provide a stable foundation for
testing different preservation actions in a welldefined setting.18 The decision support software
Plato uses this stable foundation to evaluate the
suitability for a given purpose of preservation actions according to institution-specific criteria in a
controlled and automated way and thus build the
basis for specifying well-defined and accountable
preservation plans.
Digital Preservation Europe (DPE) is a
coordinated Action of the EU 6th framework
program bringing together leading institutions
and researchers to provide a coherent platform
for research and collaboration. Aspects covered
by DPE include audit and certification, and the
establishment of a research roadmap. DPE is
conducting a yearly Digital Preservation Challenge with the aim to raise the profile of digital
preservation among researchers and foster awareness of the issues the community is facing. DPE
also initiated the Digital Preservation Europe
Exchange Program (DPEX), which supports the
exchange of researchers in the field of digital
preservation.19
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CASPAR (Cultural, Artistic and Scientific
knowledge for Preservation, Access and Retrieval)
is targeted at implementing, extending, and validating the OAIS reference model.20

The OAIS Reference Model
The Reference Model for an Open Archival
Information System (OAIS) was published in
2002 by the Consultative Committee for Space
Data Systems (CCSDS). ISO 14721:2003 defines
an OAIS as:
an archive, consisting of an organization of people
and systems, that has accepted
the responsibility to preserve information and
make it available for a Designated
Community.((CCSDS), 2002)
The OAIS model:
provides a framework for describing and comparing different long term preservation
strategies and techniques.((CCSDS), 2002)
Figure 1 shows the main functional components of the model. When a producer submits a
digital object into the system, it has to be packaged
together with required metadata as a Submission

Information Package (SIP). The Ingest module
provides the services and functions to accept
SIPs from Producers. It further performs quality
assurance and generates an Archival Information
Package (AIP) complying to the archive’s standards. Ingest also extracts descriptive information
from the AIPs and coordinates updates to Archival
Storage and Data Management.
Archival Storage stores, maintains and retrieves AIPs, while Data Management populates,
maintains and accesses descriptive information
about archived objects as well as administrative
data. Every action inside the archive that affects
the object is added to the metadata of the AIP.
The Access component is responsible for
supporting consumers in finding, requesting and
receiving information stored in the system. Access
functions include access control, coordinating
requests, generating responses as Dissemination
Information Packages (DIPs) and delivering the
responses to Consumers.
The Preservation Planning entity monitors the
environment and provides recommendations to
ensure the long-term accessibility of the stored
information. This includes monitoring and evaluation of the archive and periodical recommendations on archival updates for migration. A central
component is the development of preservation
strategies and standards as well as packaging
designs and plans.

Figure 1. Functional entities of the OAIS reference model ((CCSDS), 2002)
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Preservation Planning
A range of tools exists today to support the variety
of preservation strategies such as migration or
emulation. Yet, different preservation requirements across institutions and settings make the
decision on which solution to implement very
difficult.
Preservation Planning, i.e. evaluating preservation strategies and choosing the most appropriate strategy, has turned into a crucial decision
process, depending on both object characteristics
as well as institutional requirements. The selection
of the preservation strategy and tools is often the
most difficult part in digital preservation endeavours; technical as well as process and financial
aspects of a preservation strategy form the basis
for the decision on which preservation strategy
to adopt.
The Planets Preservation Planning approach
allows the assessment of all kinds of preservation
actions against individual requirements and the
selection of the most suitable solution. It enforces
the explicit definition of preservation requirements
and supports the appropriate documentation and
evaluation by assisting in the process of running
preservation experiments. In the PLANETS
project, the DELOS Preservation Testbed forms
the basis for the Preservation Planning approach,
which is described in (Rauch & Rauber, 2004)
and in detail in (Strodl et al., 2006).
Figure 2 provides an overview of the workflow
of the Planets Preservation Planning approach,
which was described in (Strodl, Becker, Neumayer, & Rauber, 2007). The process consists of three
phases, which are described in the following:
1.
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Define requirements describes the scenario,
the collection that is being considered as well
as institutional policies and obligations. Then
the requirements and goals for a preservation
solution in a given application domain are
defined. In the so-called objective tree, high-

Figure 2. Planets preservation planning approach

level goals and detailed requirements are
collected and organised in a tree structure.
While the resulting trees usually differ
through changing preservation settings,
some general principles can be observed. At
the top level, the objectives can usually be
organized into four main categories:
•
File characteristics describe the visual and contextual experience a user
has by dealing with a digital record.
Subdivisions may be “Content”, “Context”, “Structure”, “Appearance”, and
“Behaviour” (Rothenberg & Bikson,
1999), with lowest level objectives being e.g. color depth, image resolution,
forms of interactivity, macro support,
or embedded metadata.
•
Record characteristics describe the
technical foundations of a digital record, the context, the storage medium,
interrelationships and metadata.
•
Process characteristics describe the
preservation process. These include
usability, complexity or scalability.
•
Costs have a significant influence on
the choice of a preservation solution.
Usually, they may be divided in technical and personnel costs.

Digital Preservation

The objective tree is usually created in a workshop setting with experts from different domains
contributing to the requirements gathering process.
The tree documents the individual preservation
requirements of an institution for a given partially
homogeneous collection of objects. Examples
include scientific papers and dissertations in PDF
format, historic audio recordings, or video holdings from ethnographic studies. Typical trees may
contain between 50 to several hundred objectives,
usually organised in 4–6 hierarchy levels.
Measurable effects are assigned to the objectives that have been defined in the previous
step. Wherever possible, these effects should be
objectively measurable (e.g., e per year, frames
per second). In some cases, (semi-) subjective
scales will need to be employed (e.g., degrees
of openness and stability, support of a standard, degree of file format adoption, and so on).
2.

3.

4.

Evaluate alternatives identifies and evaluates
potential alternatives. The alternatives’ characteristics and technical details are specified;
then the resources for the experiments are
selected, the required tools set up, and a set
of experiments is performed. Based on the
requirements defined in the beginning, the
results of the experiments are evaluated to
determine the degree to which the requirements defined in the objective tree were
met.
Consider results aggregates the results of
the experiments to make them comparable.
The measurements taken in the experiments
might all have different scales. In order to
make these comparable, they are transformed to a uniform scale using transformation tables. The resulting scale might, for
example, range from 0 to 5. A value of 0
would in this case denote an unacceptable
result and thus serve as a drop-out criterion
for the whole preservation alternative.
Then the importance factors are set, as not
all of the objectives of the tree are equally

important, and the alternatives are ranked.
The stability of the final ranking is analysed with respect to minor changes in the
weighting and performance of the individual
objectives using Sensitivity Analysis. The
results are finally evaluated by taking nonmeasurable influences on the decision into
account. After this analysis, a clear and well
argued accountable recommendation for one
of the alternatives can be made.
In order to simplify the process, to guide users and to automate the process of conducting
experiments, a software tool called Plato is
being developed. This tool implements the
above described workflow, while validating user input and improving automation
through the integration of automated services such as object format identification
and risk assessment. Thus it supports the
documentation and improves the automation
of the preservation planning workflow.

Conclusion and Future
Trends
While the last decade showed significant advances in research and practice, there a still many
challenges left to overcome. Among them is the
application of existing approaches to large-scale
repositories, cross-institutional and interdisciplinary collaboration, and the concretisation of the
OAIS model. An overview of a research agenda
in the digital preservation landscape is given in
the DPE Research Roadmap (DigitalPreservationEurope, 2006).
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KEY TERMS
Archive or Repository: An organization that
intends to preserve information for access and use
by a designated community ((CCSDS), 2002).
Digital Object: An object composed of a set
of bit sequences ((CCSDS), 2002).
Digital Preservation: The series of managed
activities necessary to ensure continued access to
digital materials for as long as necessary. It refers
to all of the actions required to maintain access to
digital materials, both digitised and born digitally,
beyond the limits of media failure or technological
change (Jones & Beagrie, 2002).
Emulation: A means of overcoming technological obsolescence of hardware and software
by developing techniques for imitating obsolete
systems on future generations of computers (Jones
& Beagrie, 2002).
Migration: A means of overcoming technological obsolescence by transferring digital
resources from one hardware/software generation
to the next (Jones & Beagrie, 2002).
OAIS: Model Reference Model for an Open
Archival Information System ((CCSDS), 2002).
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Preservation Planning: The process of defining a procedure for preserving a given collection
of digital objects. The plan treats organisational,
technical and financial aspects of the specific
preservation problem at hand.
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