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Abstract A number of approaches have been proposed
for the problem of digital preservation, and the number of
tools offering solutions is steadily increasing. However, the
decision making procedures are still largely ad-hoc actions.
Especially, the process of selecting the most suitable pres-
ervation action tool as one of the key issues in preser-
vation planning has not been sufficiently standardised in
practice. The Open Archival Information Systems (OAIS)
model and corresponding criteria catalogues for trustworthy
repositories specify requirements that such a process should
fulfill, but do not provide concrete guidance. This article
describes a systematic approach for evaluating potential
alternatives for preservation actions and building thoroughly
defined, accountable preservation plans for keeping digi-
tal content alive over time. In this approach, preservation
planners empirically evaluate potential action components
in a controlled environment and select the most suitable one
with respect to the particular requirements of a given setting.
The method follows a variation of utility analysis to support
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multi-criteria decision making procedures in digital preser-
vation planning. The selection procedure leads to well-doc-
umented, well-argued and transparent decisions that can be
reproduced and revisited at a later point of time. We describe
the context and foundation of the approach, discuss the def-
inition of a preservation plan and describe the components
that we consider necessary to constitute a solid and complete
preservation plan. We then describe a repeatable workflow
for accountable decision making in preservation planning.
We analyse and discuss experiences in applying this work-
flow in case studies. We further set the approach in relation
to the OAIS model and show how it supports criteria for
trustworthy repositories. Finally, we present a planning tool
supporting the workflow and point out directions for future
research.

Keywords Digital preservation · Preservation planning ·
OAIS model · Decision making · Evaluation ·
Trusted repositories · Compliance

1 Introduction

The longevity of digital objects used to be something taken
for granted by many, until in the last decade, several instances
of spectacular data loss drew the public’s attention to the
fact that digital objects do not last forever. One of the best
known case studies in digital preservation, the rescue of BBC
Domesday [37], is a prominent example of almost irrecov-
erable data loss due to obsolescence of hardware and soft-
ware capable of reading and interpreting the content. Large
amounts of money and effort were required to make the data
accessible again and adequately preserve them for the future.
Recently, a survey among professional archivists underlined
the growing awareness of the urgency of digital preservation
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[52]. This awareness has led to the development of various
approaches that deal with the question of preserving digital
objects over long periods of time. Thorough discussions are
presented in [39,54].

An important part of ongoing efforts in many large interna-
tional projects is the outreach to vendors for advocating doc-
ument engineering technologies for sustainable documents.
The effects can be seen in standards such as PDF/A [25],
the Open Document Format (ODF) [27], or MPEG-7 [23].
However, many objects exist and many more are created
every day that face the threats of obsolescence. Hence, ex-
post actions for preserving access to content are necessary.
Preserving authentic records also means being able to prove
authenticity [17,48], but creating new manifestations of dig-
ital files in different representation formats always incurs
the risk that parts of the content are not converted correctly.
Hence, when migrating digital files, keeping the original bit-
streams as a fallback strategy is common practice. However,
having access to the original bitstreams does not guarantee
that they are still legible in the future.

The primary reason why digital objects become inacces-
sible lies within their very nature. In contrast to traditional
non-electronic objects such as books or photographs which
immediately are the content, a digital object always needs
an environment to render, or perform, it. These environ-
ments keep evolving and changing at a rapid pace, which
brings about the problem of digital continuity. The prevail-
ing approaches today can be divided along this line: While
migration transforms the objects to more widely accessible
representations, emulation creates a technical environment
where the objects can be rendered.

Various migration tools are available for converting
objects in standard file formats such as office documents to
representations that are considered more stable. The picture is
less positive for more exotic and complex compound objects.
However, even within migration tools for office documents,
variation regarding the quality of conversion is very high.
Some tools fail to preserve the proper layout of tables con-
tained in a document; others miss footnotes or hyperlinks.
The task of finding out which information has been lost dur-
ing a conversion, and whether this loss threatens the value
of the object for a given purpose, is a very time-consuming
one. Some losses might be acceptable, while others threaten
the authenticity of documents. For example, if migrating the
collection of Word documents mentioned above results in a
loss of page breaks, then this might be irrelevant if the textual
content is the only thing of interest. However, if there are page
references in the text, then this loss might be unacceptable.

While migration operates on the objects and transforms
them to more stable or more widely adopted representations,
emulation operates on the environment of an object, trying
to simulate the original environment that the object needs,
e.g. a certain processor or a certain operating system. This

has the advantage of not changing the original objects, and of
providing authentic access in much the same way as before.
However, emulation is technically complex to achieve and
hard to scale up to large amounts of data. Furthermore, users
may have difficulties in using old software environments, and
some functionality of newer systems, such as the copy-and-
paste which is ubiquitous today, might not be available when
relying on the original environment of an object. Moreover,
as with migration, specific characteristics of an object may
be lost due to incomplete or faulty emulation, or due to the
impossibility of emulating certain aspects.

The number of file viewers and file conversion tools for
standard types of objects such as images or electronic doc-
uments is steadily increasing. However, choosing the right
treatment for a given set of objects is a crucial decision that
needs to be taken based on a profound and well-documented
analysis of the requirements and the performance of the tools
considered. The complex situations and requirements that
need to be considered when deciding which solution is best
suited for a given collection of objects mean that this decision
is a complex task.

This task can, on the one hand, be seen as a domain-spe-
cific instance of the general component selection problem
which has a long history in the areas of Software Engineer-
ing and Information Systems Design. On the other hand, it is
one of the key responsibilities of the preservation planning
function which is at the heart of the Open Archival Informa-
tion Systems model (OAIS) [24].

Until now, the selection procedure is mostly an ad-hoc pro-
cedure with little tool support and poor documentation. This
also implies that decisions that have been and are made are
not transparent, hardly reproducible and often not well doc-
umented. However, accountability is widely seen as a major
requirement for a trustworthy repository; and trustworthiness
is probably the most fundamental requirement that a digital
repository preserving content over the long term has to meet.

This article describes a solid and well-documented method
and workflow for creating preservation plans for sets of dig-
ital objects. The method follows a variation of the utility
analysis approach for supporting multi-criteria decision mak-
ing procedures in digital preservation planning. Preservation
planners empirically evaluate potential action components
in a controlled setting and select the most suitable one with
respect to the particular requirements of a given setting.

This article is structured as follows. Section 2 lines out
related study in the areas of digital preservation, trusted dig-
ital repositories, and component selection. Section 3 intro-
duces the concept of a preservation plan and discusses the
main components that are considered necessary. Section 4
describes the Planets Preservation Planning methodology for
defining plans that fulfill the requirements outlined in the
previous section. It further reports on experiences gained
in applying the approach in real-world case studies, and
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discusses best-practice recommendations on its usage. Sec-
tion 5 sets the described method in context to existing mod-
els and requirements. It discusses compliance with the OAIS
model and criteria catalogues for trusted digital repositories.
Section 6 describes the planning tool Plato which supports
and automates the workflow as a reference implementation.
Section 7 provides a detailed discussion of recent case stud-
ies lessons learned, while the final Section 8 summarises
discussions and provides conclusions as well as an outlook
on future work.

2 Related work

2.1 Digital preservation and preservation planning

A number of research initiatives have emerged in the last
decade as memory institutions realised the urge of the digital
preservation problem [52].

Many repositories follow the Reference Model for an
OAIS described in [24]. The OAIS model was published in
2002 by the Consultative Committee for Space Data Systems
(CCSDS) and adopted as ISO standard ISO 14721:2003. It
has proven to be a very useful high-level reference model,
describing functional entities and the exchange of informa-
tion between them.

Because of its growing acceptance in the community, the
OAIS model is the most common framework for digital pres-
ervationsystems.Oneof itskeyfunctions ispreservationplan-
ning which lies at the heart of any preservation endeavour.

Preservation planning is also one of the core issues
addressed by the project Planets,1 which is creating a dis-
tributed service oriented architecture for digital preservation
[29]. Farquhar presents an overview of the distributed ser-
vice infrastructure and the main components that form the
Planets system [15]. Strodl et al.[50] present the PLAN-
ETS preservation planning methodology that aids in reach-
ing well-founded decisions. The method has since then been
evaluated in a series of case studies [4,5,18]. An OAIS-based
analysis of the approach is described in [51]. The approach
described here is an extension of this evaluation methodol-
ogy.

Migration requires the repeated copying or conversion of
digital objects from one technology to a more stable or cur-
rent, be it hardware or software. Each migration incurs certain
risks and preserves only a certain fraction of the characteris-
tics of a digital object. The Council of Library and Informa-
tion Resources (CLIR) described experiences with migration
in [35], where different kinds of risks for a migration project
are discussed.

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

Emulation as the second important strategy strives to
reproduce all essential characteristics of the performance
of a system, allowing programs and media designed for a
particular environment to operate in a different, newer set-
ting. Jeff Rothenberg [47] envisions a framework of an
ideal preservation surrounding. The Universal Virtual Com-
puter (UVC) concept [20] uses elements of both migration
and emulation. It simulates a basic architecture including
memory, register and rules. In the future, only a single emu-
lation layer between the UVC and the computer is neces-
sary to reconstruct a digital object in its original appearance.
Recently, Van der Hoeven presented an emerging approach
to emulation called Modular emulation in [55].

The evaluation and plan definition described in this arti-
cle is entirely independent of the type of preservation action
applied; migration and emulation can be evaluated and spec-
ified within the same workflow [18].

While migration and emulation perform the primary
action functionality of rendering or converting objects,
characterisation tools are needed to analyse and describe the
content. Tools such as the Digital Repository Object Identifi-
cation tool (DROID)2 and JHove3 perform file format iden-
tification, validation and characterisation of digital objects.
The extensible characterisation languages [8] perform in-
depth characterisation and extract the complete informational
content of digital objects.

2.2 Trustworthiness in digital repositories

Trustworthiness as a fundamental issue has received con-
siderable attention [13,44,46]. Establishing a trusted and
reliable digital archive should increase the confidence of pro-
ducers and consumers. Producers need to be able to trust in
the long-term preservation and accessability of their digital
resources held in the repository. On the other side, users need
to have confidence in the reliability of the repository and the
authenticity of its content.

Institutions have started to declare their repositories as
‘trusted digital repositories’ or as ‘OAIS-compliant’. These
claims of trustworthiness or compliance are made quickly.
However, verifying them objectively is much more complex.

In 2003, RLG and the National Archives and Records
Administration founded a joint task force to address digital
repository certification. The task force developed criteria for
long-term reliable digital repositories. In 2007, the Trustwor-
thy Repositories Audit & Certification: Criteria and Checklist
(TRAC) report was published [53]. The criteria checklist was
created based on current best practices. It is currently under-
going an ISO certification process via ISO TC20/SC13.4 It

2 http://droid.sourceforge.net.
3 http://hul.harvard.edu/jhove.
4 http://www.dcc.ac.uk/tools/birds-of-a-feather/.
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deals with the organisational and technical infrastructure for
trustworthy repositories and covers capabilities of certifica-
tion for repositories.

Among others, it defines criteria in several aspects that are
of specific interest for preservation planning. These include

– Procedures, policies and their evolvement
– Review and assessment
– Documented history of changes
– Transparency and accountability
– Monitoring and notification

In Europe, the Catalogue of Criteria for Trusted Digi-
tal Repositories [13] published by the certification work-
ing group of NESTOR identifies criteria which facilitate the
evaluation of digital repository trustworthiness. Of particu-
lar relevance are aspects such as long-term planning, change
mechanisms and the definition of the significant properties
of the digital objects that shall be preserved.

In contrast to these prescriptive criteria catalogues, the
Digital Repository Audit Method Based on Risk Assess-
ment5 (DRAMBORA) supports the self-assessment of a dig-
ital repository by identifying assets, activities and associ-
ated risks in a structured way. It adapts standard risk assess-
ment principles and tailors them to digital repository assess-
ment.

The relation of the planning approach described here to
the criteria catalogues, and how the contained prescriptive
criteria are supported, is discussed in Sect. 5. DRAMBORA,
on the other hand, can be applied to analyse and verify the
risks that apply to preservation planning activities within an
organisation and can thus support the ongoing improvement
and implementation within an organisation.

2.3 Component evaluation and selection

In principle, the selection problem in digital preservation can
be seen as a domain-specific instance of the general problem
of component selection [45]. The field of component selec-
tion has received considerable attention in the area of Soft-
ware Engineering, and a number of approaches have been
proposed. A comprehensive overview and comparison of
methods is provided in [28,34,38].

The Off-the-Shelf-Option (OTSO) [31,32] was one of the
firstmethodsproposed.Itdefinesarepeatableprocessforeval-
uating, selecting and implementing reusable software compo-
nents. OTSO relies on the Analytic Hierarchy Process (AHP)
[49] to facilitate evaluation against hierarchically defined cri-
teria through series of pairwise comparisons. Other selection
methods include ‘COTS-Based Requirements Engineering’

5 http://www.repositoryaudit.eu/.

[1] and ‘Procurement-Oriented Requirements Engineering’
(PORE) [41]. Most selection methods follow a goal-oriented
approach [56]. The process they are following can most often
be abstracted to what Mohamed calls a ‘General COTS selec-
tion process’ [38], a procedure with the steps Define criteria,
Search for products, Create shortlist, Evaluate candidates,
Analyze data and select product.

Ncube discusses limitations of multi-criteria decision
making techniques such as Weighted Scoring Methods
(WSM) or the AHP, which are often used in COTS selection
[40]. WSM has earned criticism for the need to determine
criteria weights in advance, before the evaluation values of
alternative solutions are known. AHP is considered problem-
atic because of the considerable complexity and effort that
is needed for the pairwise comparison of large numbers of
criteria [36,40,43].

Franch describes quality models for COTS selection based
on the ISO/IEC 9126 quality model [22] in [16]. Carvallo
discusses experiences with applying these models [11]. He
further proposes a method called RECSS which combines
the quality models with an evaluation process [12].

These general component selection approaches are
designed to be applied across a wide range of different
domains. They are intended to be usable for selecting a
large variety of tools that may differ significantly in terms of
functionality offered, and the primary situation of applying
them is when building component-based systems. The natu-
ral assumption is that decision makers using them have con-
siderable knowledge and experience in software and require-
ments engineering.

The generality of these methods, combined with the com-
plexity of applying them, implies that they are not truly sup-
portive in the particular decision making processes in digital
preservation.

On the one hand, decision makers in digital preservation
are in general not experts in Software Engineering. The com-
ponent selection in digital preservation is a recurring process
that often takes place after the surrounding system has been
put to work.

On the other hand, the functionality of the tools is very
constrained; often, the only function of importance is render
(object) or convert (object). Thus, the homogeneity of the
evaluation problem in DP provides opportunities to leverage
economies of scale in component selection procedures. Spe-
cifically, it makes it possible to rely on controlled experimen-
tation and automated measurements to support the empirical
evaluation of candidates. The proposed approach for preser-
vation planning thus contains a domain-specific COTS com-
ponent selection procedure specifically tailored towards the
needs of digital preservation.

We will discuss the principal issue of what a preservation
plan actually entails in the next section, before outlining the
Planets preservation planning approach in Sect. 4.
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3 What is a preservation plan?

3.1 A pragmatic definition

An important distinction has to be made between concrete
preservation plans and high-level policies which are gener-
ally made at an institutional level and regulate fundamental
constraints and strategies.

There is a number of documents available which lay out
policies for digital preservation. The erpanet policy tool sup-
ports policy definition on an institutional level [14]. The
recently published JISC funded study on digital preserva-
tion policies outlines a model for digital preservation poli-
cies with the aim of helping institutions develop appropriate
digital preservation policies [3].

The ‘ICPSR Digital Preservation Policy Framework’6

defines high-level factors and makes the institution’s commit-
ment explicit. The British Library’s Digital Object Manage-
ment team has defined a preservation plan for the Microsoft
Live Book data, laying out the preservation policies for digi-
tised books.7 It defines high-level responsibilities and certain
formats which are subject to continuous monitoring, but does
not specify actionable steps. The self-assessment tool devel-
oped at the Northeast Document Conservation Center8 aids
in preservation planning, however at a similarly high con-
ceptual level.

These documents define abstract, high-level policy
concerns. While they provide very useful and important guid-
ance, they are more setting a framework for concrete plan-
ning than actually providing actionable steps for ensuring
long-term access.

Examples of policy elements that are covered include
‘Preservation action must be open source’ and ‘Cost of pres-
ervation action must not exceed estimated value of digital
object’.

A preservation plan, on the contrary, is seen on a more
specific and concrete level as specifying an action plan for
preserving a specific set of objects for a given purpose. For
reasons of traceability and accountability, this also needs to
include the reasons underlying the decisions taken. We thus
rely on the following definition, which has been adopted by
the Planets project [21].

A preservation plan defines a series of preservation
actions to be taken by a responsible institution due
to an identified risk for a given set of digital objects
or records (called collection). The Preservation Plan

6 http://www.icpsr.umich.edu/DP/policies/dpp-framework.html.
7 http://www.bl.uk/aboutus/stratpolprog/ccare/introduction/digital/
digpresmicro.pdf.
8 http://www.nedcc.org/resources/digital/downloads/
DigitalPreservationSelfAssessmentfinal.pdf.

takes into account the preservation policies, legal obli-
gations, organisational and technical constraints, user
requirements and preservation goals and describes the
preservation context, the evaluated preservation strate-
gies and the resulting decision for one strategy, includ-
ing the reasoning for the decision. It also specifies a
series of steps or actions (called preservation action
plan) along with responsibilities and rules and condi-
tions for execution on the collection. Provided that the
actions and their deployment as well as the technical
environment allow it, this action plan is an executable
workflow definition.

3.2 Elements of a preservation plan

A preservation plan thus should contain the following ele-
ments:

– Identification,
– Status and triggers,
– Description of the institutional setting,
– Description of the collection,
– Requirements for preservation,
– Evidence of decision for a preservation strategy,
– Costs,
– Roles and responsibilities, and
– Preservation action plan.

We will discuss these elements in detail in the following.

3.2.1 Identification

A preservation plan should be uniquely identified so that it
can easily be referred to and retrieved.

3.2.2 Status and triggers

The status of a plan includes both the planning progress—
whether a plan is currently being defined, awaiting approval,
or already has been deployed and is active—and the trig-
gers which have led to the definition or refinement of the
plan.

Specifically, the following events may trigger a planning
activity and should thus be included in the documentation of
the plan.

– New collection. This is the most common event, where a
preservation plan is created from scratch for a new col-
lection, for which no plan was previously defined.

– Changed collection profile. Changes in the collection
profile of an existing collection may require a revi-
sion of an established preservation plan. Examples for
changes in the collection profile are newly accepted
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Table 1 Alerts, triggers and events

Alert Triggered by OAIS functional entity Event (examples)

New collection Administration Agreement for a new collection
Monitor Designated Community New object type in use

Frequent submissions of unanticipated formats
Changed collection profile Monitor Designated Community Use of a new version of an object format in the

designated community
Frequent submission of unanticipated formats or new

versions of an object format, or objects with new
functionality/characteristics

Manage System Configuration (in Administration) Collection grows faster than initially foreseen and
specified in the existing preservation plan

Changed environment Monitor Technology Change in the results of the evaluation of objectives of
an existing preservation plan, for example price
changes or changed risk assessment

New available preservation strategies, for example new
versions of tools and services

Impending obsolescence of used technology, for
example when a target format used in a
migration-based preservation plan is becoming
obsolete

Monitor Designated Community Change of software available at user sites (e.g. indicated
by reports about problems with DIPs)

Changed objective Monitor Technology New standards that have to be adopted
Monitor Designated Community Change in computer platform or communication

technologies used
Manage System Configuration (in Administration) Change in designated community of consumers or

producer community
Change of institutional policies

Periodic review Develop Packaging Design and Migration Plans Raised on a scheduled basis defined in the institutional
policy or in the preservation plan

object formats or significant changes in the collection
size.

It is the responsibility of technology watch functions to
ensure that these triggers are actually fired; the corre-
sponding events should then be recorded in the planning
documentation.

– Changed environment. The environment of a preserva-
tion plan consists of the technical environment, the des-
ignated communities and the host institution. Changes
in the environment can lead to a change in prefer-
ences, for example with respect to the system con-
text in which a preservation action needs to operate.
They might also imply a change in factors which influ-
ence existing preservation plans, for example changed
prices for hardware or software. Other relevant changes
are the availability of new preservation strategies or
impending obsolescence of object formats which are
used in an existing plan. Changes in the environment
require a revision of existing preservation plans, while
the objectives for the evaluation usually will remain
unchanged.

– Changed objective. Changes and developments in the
environment can change the objectives for preservation

evaluation over time. In this case, it is necessary to
evaluate existing preservation plans against changed
objectives. Examples are changes in high-level policies or
legal obligations that have an impact on preferences and
objectives. Changes in the designated community, such
as the type of software available to the users or new ways
of using the objects of interest, may also affect the goals
and objectives.

– Periodic review. Periodic reviews of existing preserva-
tion plans are needed to verify the appropriateness of
plans, and to improve and further develop existing plans.
A periodic review, e.g. every 3–5 years, should re-iterate
the planning activity taking into account new developed
preservation strategies, and seek to verify and potentially
improve established plans.

Examples for these triggers, as well as the OAIS func-
tional entities raising them, are provided in Table 1. A more
detailed discussion of the interaction between the planning
process and various OAIS functional entities is provided in
Sect. 5.

Complementary to this documentation of recorded events
that triggered an activity, the completed preservation plan
also contains a specific definition of events that should trigger
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a revision of the preservation plan. This enacts a monitoring
of those aspects of the environment that are considered to be
of particular relevance or particularly prone to change.

Examples of such aspects of interest include new versions
of object formats that are included in the plan or a change
in their risk assessment; changes in the support of technical
environments that are used; changes in prices of software
tools or services that are used; or a changed availability of
tools for preservation action or characterisation. The above
events should be continually monitored after the plan has
been specified, and might lead to a re-evaluation of potential
actions and a potential update of the preservation plan prior
to the next periodic review, which should also be scheduled.

This section of the preservation plan further contains sev-
eral key dates and relations to other plans, which normally
are referring to the events discussed above. This includes

– Valid from defines the date on which the plan becomes
active.

– Based on identifies a preservation plan on which the plan
is based. This could for example be a plan that was over-
ridden because of a changed objective.

– Replaced by, Replaced on date and Invalidated on
date are the corresponding counterparts which create a
bi-directional reference between related preservation
plans.

– Approved by and Approved on document the responsible
approval of the plan.

3.2.3 Description of the institutional setting

This part documents the reference frame of the preservation
plan, the main context in which the planning activity takes
place and in which the plan needs to be functional. Thus, it
needs to cover a broad range of high-level influence factors
that have an impact on the decisions taken in defining the plan.

Prime examples of aspects that are considered essential in
this context include

– the mandate of the repository, e.g. the mission statement
of the organisation;

– a description of the designated community for the con-
sidered collection; and

– references to applying legal, operational, and preserva-
tion policies.

Further aspects of interest are, for example

– a description of relevant organisational procedures and
workflows;

– references to contracts and agreements specifying pres-
ervation rights; or

– references to agreements of maintenance and access.

The foundation for a thorough description of the institu-
tional setting is a clear understanding of the institution’s des-
ignated user community and policies, as both are important
parameters for decisions throughout the preservation plan-
ning process. A detailed usage model which describes how
users work with their collection and which priorities they
have supports the specification of requirements and brings
to light the users’ priorities. Policies describe how the insti-
tution is carrying out its mandate and define organisational
characteristics and goals of the repository. Particular policies
may also constrain the range of potential preservation actions
to be considered.

3.2.4 Description of the collection

The collection is the set of digital objects or records for which
a preservation plan is created. It can be technically homoge-
neous (e.g. one file format), but might also consist of different
types of objects or file formats. It can also be based on a genre
in the sense of ‘all emails in my repository’.

Technically speaking, it refers to all the objects that shall
be treated with the same tool with identical parameter settings
during the application of preservation actions.

This includes

– an identification of the objects that shall be preserved,
such as IDs pointing to a repository or a unique name
identifying the set of objects;

– a description of the type of objects mentioning general
characteristics such as the contained class of objects and
the file format(s); and

– sample objects that are representative for the collection
and, thus, can be used for the evaluation process. This
should include the actual objects and a description of their
well-understood properties as well as their original tech-
nical environment.

3.2.5 Requirements for preservation

This section shall describe as detailed as possible the require-
ments that are underlying all preservation planning decisions.

Relevant requirements include a specification of the sig-
nificant properties of the objects under consideration, to
ensure that the potential effects of applying preservation
actions are evaluated against the clearly specified aspects
of objects and potential impacts are considered during the
decision process.

They will usually also cover aspects such as desired pro-
cess characteristics, cost limits that need to be taken into
account, or technical constraints that have to be considered.
Potential requirements and a specific approach of defin-
ing these in a hierarchical form are discussed in detail in
Sect. 4.2.1.
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3.2.6 Evidence of decision for preservation strategy

Evidence plays an essential role in establishing trust in dig-
ital repositories; evidence-based decisions and proper doc-
umentation foster transparency and support the building of
trust [46,53]. This section is thus considered vital to guar-
antee and document that an accountable decision has been
made.

The following elements are considered necessary to estab-
lish a chain of evidence that enables accountability and the
tracing of decisions to link them to influence factors and
assess the impact of changes further on.

– A list of alternative actions that have been closely consid-
ered for preservation. This should include the selection
criteria that were used for narrowing the list of alterna-
tives down from the total set of available approaches to a
‘shortlist’.

– Evaluation results that take into account how the con-
sidered alternatives fulfill the specified requirements and
document the degree of fulfillment as objectively as pos-
sible.

– A documented decision on what preservation strategy will
be used, including the reasons underlying this decision.

– A documentation of the effect of applying this specific
action on the collection, explicitly describing potential
information loss.

3.2.7 Costs

This section specifies the estimated costs arising from the
application of this preservation plan. A quantitative assess-
ment relying on an accepted cost model such as LIFE2 [2] is
desirable.

3.2.8 Roles and responsibilities

This section specifies the responsible persons and roles
carrying out, monitoring and potentially re-evaluating the
plan.

3.2.9 Preservation action plan

The preservation action plan specifies the concrete actions to
be undertaken to keep the collection of digital objects alive
and accessible over time.

A preservation action might be just the application of a
single tool to a set of objects, but can also be a composite
workflow consisting of multiple characterisation and action
services. In this sense, the preservation action plan specifies
two main aspects: the When and the What.

– Triggers and conditions specify when the plan shall
be executed, as well as specific hardware and software
requirements and other dependencies.

– The executable preservation plan specifies the actions
that will be applied to the digital objects and should also
include automated mechanisms for validating the results
of the actions, i.e. automated quality assurance, wherever
possible. The concrete elements of this part depend on
the system architecture of the target environment where
it shall be deployed. It can, for example be an executable
web service workflow deployable in the Planets environ-
ment [29].

– Other actions needed might include reporting and docu-
mentation of the steps performed.

This section described the main components of a preserva-
tion plan as currently defined in the Planets project. The next
section describes a systematic method of defining preserva-
tion plans that conform to this structure through a repeatable
and transparent workflow that supports the automated docu-
mentation of decisions.

4 Systematic preservation planning

4.1 Introduction

We have discussed which aspects should be covered by pres-
ervation plans as opposed to general policies, and described
the desirable components of a preservation plan. What is
clearly needed is a method of specifying, monitoring and
updating these preservation plans in a transparent, account-
able and well-documented way. Such a method should sup-
port and streamline the information-gathering process that
is necessary for informed decision making, and provide an
understandable and repeatable form of reasoning, based on
true evidence. It should not neglect existing work done in sim-
ilar areas such as COTS component selection, but take into
account the specific peculiarities applicable in the described
context.

This section proposes such a method which has been
developed in the course of the Planets project. It is based
on earlier work done in the DELOS project9 which has been
revised and extended. The next section describes the primary
planning workflow for evaluating potential actions and spec-
ifying concrete preservation plans.

4.2 Preservation planning workflow

In the previous section, we identified two key issues to be
addressed by a preservation planning workflow: Evaluating
potential actions and specifying concrete steps to be taken.

9 http://www.dpc.delos.info/.
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The selection of the most suitable component in a situation
of complex constraints and multiple objectives is a multi-cri-
teria decision making problem which has been discussed at
lengths in the literature of software and requirements engi-
neering. While the existing approaches cannot be beneficially
applied directly to the problem at hand, several analogies and
observations are useful, and they support the definition of a
selection procedure in digital preservation.

The evaluation procedure described below follows a goal-
oriented approach [56] and conforms to the ‘General COTS
selection process (GCS)’ [38], an abstract procedure with the
steps: Define criteria, Search for products, Create shortlist,
Evaluate candidates, Analyze data and select product.

Based on the product selection, a concrete plan is defined,
which corresponds to the definition discussed in the previous
section.

The resulting workflow thus consists of four phases:

1. Define requirements
2. Evaluate alternatives
3. Analyse results
4. Build preservation plan.

Figure 1 illustrates the preservation planning environment,
putting the high-level workflow in the context of the main
environment factors to which it relates. The four phases result
in a working preservation plan that can be continually exe-
cuted. An ongoing monitor function is necessary to ensure the
ability to adapt to detected changes in either the environment,
the technologies used in operations or changing objectives.
This results in a continuous circle of revisions to preservation
plans and enables the repository to react accordingly to the
inevitable changes to be expected. Figure 2 shows the con-
crete steps within this high-level workflow, which the next
sections will discuss in detail.

4.2.1 Define requirements

The first phase of the workflow lays out the cornerstones
of the planning endeavour. It starts with collecting and doc-
umenting the influence factors and constraints on possible
actions and procedures, then describes the set of objects under
consideration and finally defines the complete set of require-
ments to be taken into account.

Define basis: The first step of the procedure documents
the main elements underlying the planning activity. It collects
and documents the primary influence factors constraining the
decision space and, thus, lays the foundation for a thorough
documentation and makes sure that all relevant aspects are
established and considered. This covers the Sects. 3.2.1–3.2.4
of the preservation plan as described in Sect. 3.

Experience has shown that a comprehensive definition of
influence factors is an important prerequisite for successful

Fig. 1 Preservation planning environment

Fig. 2 Preservation planning workflow

planning. The documentation of constraints that might limit
the choice of applicable options in this stage simplifies and
streamlines the selection procedure and ensures that the out-
come is indeed in line with the needs of the institution.

In this step, the preservation planner documents apply-
ing institutional policies, legal regulations, and usage cri-
teria that might affect planning decisions for preservation.
This may happen in an unstructured form, but preferably
these factors are captured in a more formal way making it
easier to derive decisions in the respective workflow steps.
Examples include policies defining permitted file formats for
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ingest, and policies related to intellectual property rights and
legal access regulations. Further important policy elements
pertain to characteristics of the preservation action, whether
preservation actions that are open source shall be preferred
or whether just a specific class of preservation action may
be applied, such as emulation. The latter can occur in cases
where the institution does not have the copyright and thus
any modifications of the digital objects are prohibited.

Furthermore, the event that led to the planning procedure
is documented. As described in Sect. 3, planning can be trig-
gered by a new object type that is accepted, or a change in
collection profiles, objectives or the environment.

Choose records: The second step describes the set of
objects that forms the scope of the current plan, and selects
a subset of representative objects for experimentation, as
required in Sect. 4 of the preservation plan.

A general description of the characteristics of the set of
objects, called collection, includes basic properties such as
the size of the collection, the class of objects and the object
formats they are currently represented in. While this can be
done in a manual descriptive way, a formal representation is
desirable. Collection profiling tools can provide automated
descriptions of the technical characteristics of objects. An
example of such a profiling service is described in [10].

Characteristics of interest include not only object formats,
file sizes and their variation within the collection, but also
aspects such as an assessment of the risks of each object type
and each object, thus leading to a risk profile of the collection.

As a complete evaluation of the quality of preservation
action tools is infeasible on the potentially very large col-
lection of objects, the planner selects representative sample
objects that should cover the range of essential characteristics
present in the collection at hand.

In order to reduce effort to a minimum, this subset should
be as small as possible. However, the sample objects are used
as a representative set for testing the effects of applying pres-
ervation actions to the whole set of objects. A complete and
thorough evaluation of the quality of preservation actions
relies heavily on the completeness of features present within
the test set. Thus it needs to be as large as needed to cover the
variety of essential characteristics on both a technical and an
intellectual level.

Depending on the degree of variance within the collec-
tion, typically, between 3 and 10 sample objects are selected.
For these samples, an in-depth characterisation is performed,
describing the significant properties and their technical char-
acteristics such as their name and provenance, the file format
and specific risk factors.

Identify requirements: Requirements definition is the heart
of preservation planning. It is the basis for the decisions to
be taken, and documents the priorities and preferences of the
institution. This step enlists all requirements that the optimal
digital preservation solution needs to fulfill, as in Heading 5

Fig. 3 Influence factors

of the preservation plan (cf. Sect. 3.2.5). Requirements are
collected from the wide range of stakeholders and influence
factors that have to be considered for a given institutional
setting. This may include the involvement of curators and
domain experts as well as IT administrators and consumers.
The requirements are specified in a quantifiable way, starting
at high-level objectives and breaking them down into mea-
surable criteria, thus creating an objective tree which forms
the basis of the evaluation of alternative strategies.

Figure 3 shows the root levels of such a tree, together with
the factors that are influencing the requirements definition.
Some of these high-level factors have been documented in
the first two steps; in this step, they are informing the concrete
specification of the objective tree.

Requirements definition has proven to be the most critical
and complicated stage of the planning procedure. An incom-
plete requirement specification leads to a skewed evaluation
and potentially wrong decisions. On the other hand, curators
tend to exhibit a reluctancy to quantify their preferences, and
especially try to avoid questions such as What is the loss I
am willing to accept? which are of central importance.

The complexity involved in specifying goals and breaking
them down to concrete, quantifiable criteria is a considerable
challenge. However, through iterative refinement of abstract
goals, such as I want to preserve these objects exactly as
they are, towards more concrete requirements (The size needs
to remain unchanged), we ultimately arrive at measurable
criteria such as The image width, measured in pixel, needs
to remain unchanged. This procedure benefits from a broad
involvement of stakeholders to elicit all necessary pieces of
information, to correctly document institutional policies and
priorities and to establish constraints. A common approach
is to elicit the requirements in a workshop setting where as
many stakeholders as feasible are involved, moderated by
an experienced preservation expert. This involvement has
to avoid skewed decision priorities incurred by dominant
stakeholders and needs to be managed carefully in the
beginning by an expert responsible for modelling the
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requirements in the objective tree. As an organisation is suc-
cessively repeating the planning procedure for different types
of objects, it is gaining expertise and experience and accumu-
lating known constraints. These are documented in its knowl-
edge base, and the need for constant stakeholder involvement
gradually declines.

It is, of course, also possible to perform the elicitation
of requirements in a sequential order, having all individ-
ual stakeholders list their specific requirements individually,
and then integrate them in to a single objective tree. How-
ever, we have so far found the joint elicitation very help-
ful in current case studies, as different aspects raised by
some stakeholders sometimes lead to a better understand-
ing of the various characteristics of the objects as well as
the preservation process and forms of usage. Note, that—
contrary to conventional requirements elicitation, where
trade-offs between requirements are defined in such a work-
shop setting—this is not the case here, as the focus is on
complementary requirements and views on the preserva-
tion process and the objectives it shall meet. Trade-offs and
weightings are performed in the third stage of the process
(cf. Sect. 4.2.3).

On a practical level, two tools have been very useful for the
requirements elicitation process: sticky notes and mind-map-
ping software. While sticky notes and flip charts as classical
tool to support brainstorming activities have the benefits of
allowing everyone to act at the same time, mind maps provide
the better overview of the current state of requirements for all
participants and allow a moderator to channel the discussion
process.Often,acombinationofboth tools is themostproduc-
tive approach. Using these tools, the requirements are struc-
tured in a hierarchical way, starting from general objectives
and refining them via more specific requirements to arrive at
measurable criteria that a successful digital preservation solu-
tion has to meet. This structure is further referred to as the
‘objective tree’, i.e. a tree capturing the objectives to be met.

While the resulting objective trees usually differ through
changing preservation settings, some general principles can
be observed. At the top level, the objectives can usually be
organised into four main categories—characteristics of the
objects, the records, and the process, and requirements on
costs.

– Object characteristics describe the visual and contextual
experience a user has when dealing with a digital object.
These characteristics are often referred to as significant
properties. A common way of describing them is to con-
sider the five aspects ‘Content,’ ‘Context,’ ‘Structure,’
‘Appearance’ and ‘Behaviour’ [48].
Figure 4 highlights an example of specifying desir-
able transformation of behaviour when preserving a
web archive on a national scale. The tree contains the

requirements for preserving a collection of static web
pages containing documents and images. The branch
Behaviour is divided into three different groups of cri-
teria: deactivate, preserve and freeze. This reflects the
preferences of the archive that some functionality, such
as menu navigation, is needed for properly accessing the
web pages, while most active content shall be disabled or
frozen. For example, visitor counters shall be preserved
in the state they had at the moment of ingest, rather than
preserving their activity and to continue counting within
the archive. (This scenario may well be of interest for a
different designated community of, e.g. internet histori-
ans who want to analyse the technical principles of how
counters were implemented in earlier days.)
Recently, several projects such as INSPECT.10 have pre-
sented detailed analysis of the significant properties of
different categories of objects including vector images,
moving images, e-Learning objects, and software [19].11

These can provide a very valuable input to this aspect of
requirements specification. The automated characterisa-
tion of the sample objects defined in the previous step
further supports the analysis of their significant technical
properties.

– Record characteristics describe the foundations of a
digital record, the context, interrelationships and metada-
ta. This may include simple, but often overlooked, link-
ing requirements, such as the fact that filenames need to
remain unchanged or consistently renamed across sub-
collections if they form the basis for cross-referencing or
inclusion.

– Process characteristics describe the preservation process
itself, for example the procedure of migrating objects.
These characteristics include not just the complexity of
applying preservation action tools or their performance,
scalability, and usability, but should equally cover aspects
such as documentation or the degree of validation.
The definition of process characteristics is particularly
dependent on the specific context in which the preserva-
tion process is taking place. The technical environment
may effectuate specific requirements on the interoperabil-
ity of tools, while institutional policies or legal regulations
may enforce specific licensing requirements or require a
particular degree of automated documentation. Thus, the
institutional and technical context and constraints posed
by it have to be considered carefully.

– Costs have a significant influence on the choice of a pres-
ervation solution, but are inherently hard to quantify. Ulti-
mately, the Total Cost of Ownership (TCO) is the guiding
figure for deciding whether or not a preservation strategy

10 http://www.significantproperties.org.uk/about.html.
11 http://www.jisc.ac.uk/whatwedo/pro\discretionary-grammes/
preservation/2008sig\discretionary-props.aspx.
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Fig. 4 Requirements specified
in an objective tree

meets the needs of an institution within the constraints of
its budget. Instead of providing a single numeric criterion
which is extremely complex to quantify, costs might also
be defined as infrastructure characteristics, putting an
emphasis on cost factors instead of the resulting figures
for cost estimates. These cost factors can, then, be further
broken down to cover hardware, software and staff costs,
as shown in Fig. 4.

An essential step of requirements definition is the assign-
ment of measurable effects to the criteria at the leaf level of
the objective tree. Wherever possible, these effects should
be objectively measurable (e.g. e per year, frames per sec-
ond, bits per sample) and thus comparable. However, in some
cases, (semi-) subjective scales need to be employed. For
example, the quality of documentation that is available for
a file format or a tool should not be judged by the number
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of pages alone; instead, a subjective scale such as excellent,
good, average, poor, very poor could be used. Similarly, the
openness of documentation of a file format could be one of
fully standardised; openly published, but not standardised by
a recognised body; and proprietary. Along the same lines,
the stability of a format can be measured in revision time
intervals and backwards compatibility.

The assignment of measurable effects to criteria can also
align them with characteristics that can be automatically
extracted from objects to automate the evaluation procedure.
Existing software tools such as JHove12 allow automated
extraction of some of the basic properties of common object
formats; the eXtensible Characterisation Languages provide
an in-depth description of the complete informational content
of an object in an abstract representation [8]. These descrip-
tions can be used to derive properties to be measured, and
support the automated comparison of these properties when
migrating the objects to different formats.

Related to the categorisation of requirements presented
above, a distinction can be made between binary criteria
which must be fulfilled and gradual factors that need to be
balanced against each other. Significant properties of digital
objects are most frequently seen as binary criteria that are
either preserved or not, and where usually no loss can be
tolerated. On the other hand, two preservation actions might
both keep all essential characteristics and thus be acceptable.
The decision then can take into account gradual factors such
as the total costs incurred by each alternative action, pro-
cessing time or the assessment of risks that are associated
with each alternative. These factors cannot be measured on
binary scales. Our approach of tailored utility analysis uni-
fies both kinds of criteria by allowing different scales to be
used for the actual measurements of the respective criteria.
In the third phase, these measurements are transformed and,
thus, made comparable through the definition of transforma-
tion rules, which calculate unified utility values based on the
knowledge gained in the experiments. In the final step, binary
criteria can be used to filter alternatives, while the weighted
overall performance across all criteria is then used for the
final selection of the best action.

The objective tree, thus, documents the individual preser-
vation requirements of an institution for a given partially
homogeneous collection of objects. The tree as such is
entirely independent of the strategy employed, be it migra-
tion, emulation or another [18]. It is of vital importance that
it is concerned solely with the problem space, and does not
specify solutions such as We want to migrate to PDF/A,
unless these decisions have been made already on a higher
level, e.g. an institutional policy.

While such specifications are sometimes brought forward
in the requirements workshops, they commonly can be traced

12 http://hul.harvard.edu/jhove/.

back to the reasons underlying them, such as preferences for
transforming objects to standardised, widely supported file
formats and deactivation of active content. The decision to
migrate to PDF/A using a specific tool might be the right
one; however, without proper documentation of the reasons
and the evaluation leading to it, the recommendation cannot
be considered trustworthy.

The tree shown in Fig. 4 contains a branch named technical
characteristics. In this specific case, the institutional policy
constrained the class of preservation action to be considered
to migration; emulation was not an option. Thus, the require-
ments describe in a very specific form the desired charac-
teristics of the target format in which the objects should be
kept. These characteristics together form a risk assessment of
the format and become a central part of evaluating applicable
tools and strategies.

A series of case studies have been conducted where
objective trees were created for different settings. Examples
include electronic publications in a national library [5]; web
archives and electronic documents with national archives
[50]; interactive multimedia in an electronic art museum [4];
and computer video games [18].

Ongoing case studies revise and extend the previously
conducted evaluation studies, build concrete preservation
plans for specific collections of objects and cover new sce-
narios that have not been evaluated yet, such as database
archiving, in a variety of institutional settings.

The experience which is accumulated through carrying out
planning activities and requirements definition can be easily
shared between institutions through the supporting software,
which contains a knowledge base of recurring fragments of
objective trees and templates that can be used as a starting
point, as described in Sect. 6.

The outcome of the first phase is a complete documen-
tation of the planning context, the collection of objects at
question and the specific requirements that form the basis
for the evaluation of alternative action paths.

4.2.2 Evaluate alternatives

The second phase of the planning workflow relies on con-
trolled experimentation. It evaluates potential actions in a
quantitative way by applying them to the previously defined
sample content and analysing the outcomes with respect to
the requirements specified in the objective tree. This empir-
ical evaluation procedure results in an evidence base that
underlies the decisions to be taken in the successive phases.
It basically provides all information for Sect. 6 of the pres-
ervation plan (cf. Sect. 3.2.6).

Define alternatives: The natural first step of evalua-
tion is to define the possible courses of actions to be
taken into consideration. A variety of different strategies
might be applicable; for each alternative action, a complete
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specification of the entailed steps and the configuration of the
software tool employed is desired. The discovery of potential
actions that are applicable varies in complexity according to
the type of content. Often, this implies an extensive search
phase, investigating which tools are available to treat the type
of objects at hand. Registries holding applicable preservation
action tools can be consulted for reference, and are potentially
very beneficial to support the search.

The outcome is a shortlist of potential candidates for per-
forming preservation actions, which will be evaluated empir-
ically during the next steps. The description of an alternative
includes the tool name and version used, the operating system
on which it shall run and the technical environment specifi-
cation such as installed libraries and fonts.

Go/No–Go decision: Before continuing with the exper-
imentation procedure, this step reconsiders the situation at
hand and evaluates whether it is feasible and cost effective to
continue the planning procedure. In cases where the evalua-
tion is considered infeasible or too expensive, a reduction of
candidate tools might be necessary. The evaluation of some
tools may also be postponed due to unavailability or cost
issues, or because of known bad performance. This is indi-
vidually described and documented.

Develop experiment: This step sets up and documents the
configuration of the tools on which experiments are carried
out, and, thus, builds the basis for experiment execution in
the next step. This includes setup procedures, a documenta-
tion of the hard- and software environment, and additional
steps needed to carry out the evaluation of experiments, such
as setup of time measurement and logging facilities.

Run experiment: In this step, all the considered candidate
tools are applied to the set of sample objects that have been
defined in the first phase. This produces a series of experi-
ment results that can be analysed, and are stored as evidence.
In the case of object conversion, this means that the resulting
output files shall be stored for further reference. When eval-
uating emulators, a documentation detailing the experience
of rendering the object is needed. Furthermore, any errors or
logging messages occurring are documented.

Evaluate experiment: The evaluation of experiments is
based on the requirements specified in the objective tree.
All the criteria on the leaf level of the objective tree are eval-
uated, taking into account the empirical evidence resulting
from the experiments conducted.

Figure 5 shows a simplified abstraction of the core
elements of the requirements and evaluation model. Each
preservation action tool is evaluated through applying it on
sample objects in a controlled experiment. This creates an
experiment result that constitutes part of the evidence base.
A criterion is a measurable requirement. It can be associated
with a tool (tool criterion) or varying with every object a
tool is applied to (object criterion). In the latter case, it can
be mapped to an object property. These properties are mea-

Fig. 5 Core model of requirements and evaluation

sured of the original sample object and the experiment result,
and the obtained values are compared through a comparison
metric. Tool criteria, on the contrary, are associated with a
tool property and evaluated in a tool evaluation.

Thus, the performance of each leaf criterion is measured
for each alternative and collected in the objective tree. For
some objectives, this has to be done manually, while for oth-
ers it can be performed automatically using characterisation
tools. For example, the previously mentioned criterion image
width unchanged is an object criterion which can be mea-
sured by characterisation tools such as JHove or XCL and
compared automatically for each result of an experiment.
Similarly, the relative file size of objects can be measured
automatically per object. The relative file size averaged over
the sample objects would then be used as evaluation value
for the corresponding criterion.

In other cases, information might be obtained from reg-
istries or inserted manually. For example, the judgement of
quality of documentation, or the degree of adoption of a file
format, can be queried in registries such as PRONOM, or
judged by the preservation planner. Some criteria that are
tool specific rather than object specific only need to be mea-
sured once, e.g. the cost of a tool.

Documenting the evaluation of experiment results com-
pletes the empirical evidence base for decision making and
concludes the second phase of the preservation planning
workflow.

4.2.3 Analyse results

In the third phase, the experiment results are analysed, aggre-
gated and consolidated in three steps.

Transform measured values: The result of the previous
phase is an objective tree fully populated with evaluation
values for all the criteria. However, the measurements in this
tree are of varying scales and, thus, cannot be aggregated and
compared directly. Thus, transformation rules are defined,
which result in a mapping from all possible measurement
scales to a uniform target scale, thus computing a utility
function for each value. This scale usually consists of real
numbers ranging from 0 to 5. The lowest value 0 denotes
an unacceptable result, while 5 is the best possible
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evaluation value. (Although other scales such as 0 to 100
may be employed, experience has shown that this scheme is
very useful and comfortable to use.)

Corresponding to the scales employed, we can distinguish
two types of transformation settings: numerical thresholds
and ordinal mappings.

– For ordinal values, a mapping is defined for each possi-
ble category, resulting in a value between 0 and 5 to be
assigned. For a boolean scale, Yes might be mapped to
5, whereas No will often be mapped to a low value. In
this case, a decision has to be made whether the negative
result No should be acceptable or not, i.e. mapped to 1 or
to 0.

– For numeric values, thresholds are defined for each inte-
ger number from 1 to 5. All the numbers below the low-
est threshold (or above the highest, in case of descending
order) will then be transformed to 0. The calculation of
values between the threshold is usually done using lin-
ear interpolation. In some cases such as costs, storage
or processing time, individual thresholds or logarithmic
transformation is used.

In both cases, the definition of acceptance criteria is
an essential step, where decision makers have to clearly
specify the constraints they are willing to accept. This fur-
ther provides a gap analysis which clearly points out both
strengths and limitations of the candidate tools under evalu-
ation.

Set importance factors: This step takes into account the
fact that not all requirements are of equal importance, and
assigns weight factors to the nodes in the objective tree. There
has been considerable discussion on the question of impor-
tance weighting in component selection methods. Several
methods using Weighted Scoring Methods have earned crit-
icism for the fact that weight settings need to be specified
upfront, in a situation where little or nothing is known about
the actual performance and differences of candidate compo-
nents. Furthermore, the reduction to a single number and the
corresponding ranking is considered too simplistic by many.
The Analytic Hierarchy Process, on the contrary, which is
used in a number of component selection approaches, is often
considered too effort intensive and complex, with the num-
ber of pairwise comparison exploding with the size of the
requirements tree.

In the presented approach, relative importance factors are
balanced on each level of the objective tree, at a time when
evaluation values for all the candidates are already known.
This deviates from the standard Utility Analysis workflow,
but has proven more useful in the component selection
scenario represented by preservation planning in numerous
case studies.

The weighting of the top-level branches of the require-
ments trees often depends on institutional policies and may
have significant impact on the final evaluation result. In par-
ticular, preferences might have to be negotiated between the
quality of preservation actions and the costs needed to setup
the necessary migration or emulation software, or within
the different aspects of significant properties of objects. For
example, the ‘behaviour’ branch of an objective tree for pre-
serving static documents will have a much lower importance
weighting than in the context of multimedia art objects, where
interactivity is a central aspect.

As a general rule, the acceptance criteria defined in the
transformation rules should be used to model the actual eval-
uation values, while importance weighting is meant to reflect
the overall priorities of an institution.

Analyse results: The final step of the evaluation phase con-
siders the complete evidence base of information produced
during the previous phases of the workflow. It analyses the
performance of the candidate components in the experiment
evaluation to arrive at a conclusion and recommendation for
the best tool to be employed, and the corresponding config-
uration.

The measurements described above are transformed and
multiplied with the weights of the corresponding require-
ments. This results in an evaluated objective tree where the
leaf criteria have been populated. Aggregating these values
leads to a performance value of each alternative action on all
levels of the tree hierarchy, which is directly comparable.

Alternatives are then ranked by their root evaluation val-
ues, which are aggregated over the tree hierarchy using two
different methods.

– Weighted multiplication is used to filter alternatives
which exhibit unacceptable evaluation values at the cri-
terion level, as these have been mapped to a target value
of 0 during transformation and thus result in a total per-
formance of 0.

– On the remaining alternatives, i.e. those which do not
show unacceptable performance values, weighted addi-
tion is used to directly compare the performance of tools
on all the levels of the tree hierarchy.

For example, a tool might preserve all the object charac-
teristics perfectly well and be reasonably affordable in opera-
tion, but not perform fast enough or not be scalable enough for
a given technical environment, i.e. its measured performance
lies clearly outside the worst acceptable range of values. If
reconsidering the transformation thresholds set before is not
an option, then this tool cannot be considered for operation.
Thus, a second tool that has some minor weaknesses, but
shows no issues that are unresolvable, can be the preferred
choice.
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This analysis and comparison of the alternatives consid-
ered can be guided significantly by a graphical visualisa-
tion as provided by the planning tool described in Sect. 6.
In order to safeguard against potentially negative effects of
minor variations in the weighting, a sensitivity analysis is
performed. In this step, several hundred iterations are auto-
matically computed, where weights are randomly varied in a
certain percentage margin around the given value to identify
potential changes in the ranking of alternatives.

As a result of the evaluation, the preservation planner
makes a decision and recommendation for a tool to be
selected. The method allows for the selection of multiple
components that are considered to be complementary. For
example, many conversion tools for electronic documents
have problems with entirely preserving the layout as it was
displayed in the original environment, whereas migrating a
document to an image loses the future potential for full-text
search access. In some cases, it might be desirable to com-
bine both approaches and, thus, select multiple tools for the
incorporation into a preservation system.

As an essential element of the recommendation, the
reasons underlying it are documented, together with the
expected effects of applying this strategy on the set of objects
at hand. For example, it may be known that the easy editabil-
ity of objects will be lost as a direct cause of converting
them to a format such as PDF/A. As this might not be a
requirement, or not be assigned significant weight, it might
not influence the decision in a significant way. However, this
reasoning needs to be documented as part of the decision
making procedure.

4.2.4 Define preservation plan

In the fourth and final phase of the planning workflow, a
preservation plan is created, based on the decision for a pres-
ervation action. In OAIS terminology this corresponds to the
Develop Packaging Designs and Migration Plans function-
ality. It specifies a series of concrete steps or actions, along
with organisational responsibilities, rules and conditions for
executing the preservation action on the collection. This com-
pletes the information necessary for the preservation plan as
described in Sects. 3.2.7–3.2.9.

Create executable preservation plan: This step of the
workflow defines the triggers for the execution and the con-
ditions under which the preservation action will be carried
out. Hard- and software requirements as well as dependen-
cies on other systems are documented. In order to enable the
execution of the preservation action, tool settings and details
about the location of the collection on which the action is
to be performed are defined, thus resulting in a preservation
action plan.

In order to perform quality assurance of the executed
actions, a subset of the criteria used for evaluating solutions

can be selected. These criteria should then be evaluated auto-
matically during the execution of the action plan to validate
that the defined thresholds of these criteria are met. The nec-
essary documentation that has to be recorded when perform-
ing the action is also defined in this step.

Define preservation plan: While many parts of the preser-
vation planning workflow take care of the technical aspects of
the preservation plan, this step mainly defines organisational
procedures and responsibilities.

Cost factors influence the decision on a specific alterna-
tive. In this step, a more detailed calculation of costs using
an approved cost model is performed. Cost models that can
be used are, for example Life2 [2] or the Total Cost of Own-
ership (TCO)13 model. While an estimate of the costs may
be fine for evaluating the alternatives, the costs for adopting
the solution have to be determined as accurately as possible
in this step.

The assignment of responsibilities is also documented in
this step. Monitoring the process of applying the preserva-
tion actions has to be done by a different role than executing
the preservation plan. It also has to be monitored whether
an event occurs that makes it necessary to re-evaluate the
plan. Possible triggers for this are either a scheduled periodic
review, changes in the environment such as new available
tools detected through technology watch, changed objec-
tives (such as changed target community requirements) or
a changed collection profile, when objects show new charac-
teristics diverging from the specified profile. An indication
for a changed collection profile is also that values measured
during the quality assurance deviate significantly from the
values measured for the sample objects during the evalua-
tion.

Validate preservation plan: In the final stage, the whole
documentation on the preservation plan and the decisions
taken during the planning process are reviewed. Tests on an
extended set of sample objects may be performed in this step
to check the validity of the preservation action plan.

Finally, the validated plan has to be approved by the
responsible person. After the plan has been approved, no
more changes to the plan should be done without formally
revising the whole plan.

4.2.5 Summary

This section described the four-phase workflow for creating
a preservation plan in detail. The final outcome is a com-
pletely specified, validated and formally approved preser-
vation plan defining concrete steps and responsibilities for
keeping a certain set of objects alive. The plan includes the
complete evidence base of decision making and conforms to
the plan definition discussed in Sect. 3.

13 http://amt.gartner.com/TCO/MoreAboutTCO.htm.
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Fig. 6 Planets Preservation Planning approach within the OAIS

5 Compliance to existing models and criteria

While the previous section described the planning workflow
in detail, this section puts it in context with the OAIS model
and explores the relation to the functional entities that the
OAIS model has described for preservation planning. We
further discuss how the method presented here supports cri-
teria for trustworthy repositories as defined by TRAC and
nestor.

5.1 The OAIS model

The Reference Model for an OAIS was published in May
1999 by the Consultative Committee for Space Data Sys-
tems (CCSDS). In 2003, the OAIS Model was adopted as
ISO 14721:2003 [24]. In the community of digital preser-
vation, the OAIS model has been widely accepted as a key
standard reference model for archival systems. The primary
goal of an OAIS is to preserve information for a designated
community over a long period of time. Figure 6 shows the
integration of the planning approach within the OAIS model
and the main information flows. A detailed analysis of the
information flows and the planning activities are presented in
[51]. The Planets Planning method implements the Develop
Preservation Strategies and Standards and the Develop Pack-
aging Designs and Migration Plans functions of the OAIS
model.

The Develop Preservation Strategies and Standards func-
tion is responsible for developing and recommending strate-
gies and standards to preserve the current holdings and new
submissions for the future. The first three phases of the plan-
ning method evaluate different preservation strategies for
a collection or new submissions as described in Sect. 4.2.
The outcome is a preservation action recommendation which
identifies the most suitable preservation action for a collec-
tion in a specific context. The recommendation is provided to
the Develop Packaging Designs and Migration Plans func-
tion as advice to create a detailed migration plan in Phase 4
of the presented workflow, and to the Administration entity
for system evolution.

The functional entities of the OAIS model provide possi-
ble constraints and requirements for the steps within the plan-
ning approach [51]. They can further trigger new planning
activities corresponding to the events defined in Sect. 3.2.2.

– The functions Monitor Designated Community and Mon-
itor Technology perform a watch that provides reports
about developments and changes in the designated com-
munity and relevant technologies.

– The Manage System Configuration and the Consumer
Service functions of the Administration entity report
performance information of the archiving system and
consumer comments to the Develop Preservation
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Table 2 Supported criteria for trustworthy repositories

Aspect Criterion Artefacts and actions

Procedures and policies TRAC A3.2 Repository has procedures and policies
in place, and mechanisms for their review, update
and development as the repository grows and as
technology and community practice evolve

The preservation plan specifies monitoring
conditions and triggers. Periodic reviews following
the specified workflow lead to revisions of the plan

Nestor 4.4 The digital repository engages in
long-term planning

TRAC A3.4 Repository is committed to formal,
periodic review and assessment to ensure
responsiveness to technological developments and
evolving requirements

Environment conditions to monitor are specified;
periodic reviews following the planning workflow
are conducted

Transparency and
documentation

TRAC A3.6 Repository has a documented history of
the changes to its operations, procedures, software
and hardware that, where appropriate, is linked to
relevant preservation strategies and describes
potential effects on preserving digital content

The preservation plan contains a change history, and
the evidence from controlled experiments
describes potential effects on objects

TRAC A3.7 Repository commits to transparency and
accountability in all actions supporting the
operation and management of the repository,
especially those that affect the preservation of
digital content over time

The preservation plan is fully documented and
traceable. All evidence from the experiments is
kept as inherent component of the plan

TRAC B3.1 Repository has documented
preservation strategies

Monitoring TRAC B3.2 Repository has mechanisms in place for
monitoring and notification when Representation
Information (including formats) approaches
obsolescence or is no longer viable

As part of the preservation plan, appropriate
monitoring conditions are specified

Nestor 5.3 The digital repository reacts to substantial
changes

Significant properties TRAC B1.1 Repository identifies properties that it
will preserve for digital objects

The objective tree provides a full specification of all
properties considered to be significant

Nestor 9.2 The digital repository identifies which
characteristics of the digital objects are significant
for information preservation

Strategies and Standards function. These comments can
imply requirements regarding access, behaviour and
usage of the digital objects in the system. The perfor-
mance information can, thus, raise requirements that have
to be fulfilled by potential preservation strategies.

– The function Monitor Technology offers the functionality
to evaluate emerging technologies by prototype requests.
The results are first indications for closer consideration
of new and untested tools and services in the step Define
Alternatives of the planning method. The outcome of the
first three phases is a recommendation for a preservation
action.

These aspects are, thus, not only important during the plan-
ning workflow described above, but also form the basis of an
ongoing monitoring process that is essential for successful
continuous preservation management.

The Develop Packaging Designs and Migration Plans
function is responsible for providing detailed migration
plans. It uses the recommendation from the function Develop
Preservation Strategies and Standards as a basis for build-

ing a preservation plan, incorporating organisational aspects
such as the responsible roles and persons to carry out the
plan. It further creates an executable preservation plan that
includes mechanisms for quality assurance and capturing
metadata.

5.2 Criteria for trustworthy repositories

Trustworthiness is one of the fundamental goals of every
repository. This section analyses the Planets Preserva-
tion Planning approach in relation to the TRAC check-
list [53] and the Nestor criteria catalogue [13,42]. Both
include, among others, several criteria covering the following
aspects:

1. Procedures, policies, transparent documentation;
2. Monitoring, evolvement, and history of changes; and
3. Significant properties.

The next paragraphs discuss each of these aspects, while
Table 2 contains a list of specific criteria relevant to each
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aspect and summarises which artefacts and actions of the
planning approach contribute to the fulfillment of each cri-
terion.

5.2.1 Procedures, policies, and transparent documentation

Well-defined policies and transparent documentation are
considered essential by both TRAC and nestor. The TRAC
report states that transparency is the best assurance that the
repository operates in accordance with accepted standards
and practice. Transparency is essential to accountability, and
both are achieved through active, ongoing documentation
[53].

The Preservation Planning approach evaluates preserva-
tion strategies in a consistent manner, enabling informed and
well-documented decisions. It enforces the explicit definition
of preservation requirements in the form of specific objec-
tives. The definition of the objectives and their measurement
units as well as the evaluation itself have to be as objec-
tive and traceable as possible. This complete specification of
underlying policies and constraints, the collection profile, the
requirements and evaluation results as well as the resulting
preservation plan results in a comprehensive documentation
and a reliable, accountable and transparent decision on which
strategies and PA tools to deploy.

Furthermore, the software tool Plato which implements
the planning approach supports automated documentation of
the planning activities. The potential effects of preservation
strategies on digital objects are described, and the history
of preservation plans created, reviewed and updated with the
planning method documents the operations, procedures, soft-
ware and hardware used in the context of DP actions. Addi-
tional documentation, of course, needs to be provided for the
general system hardware and procedures outside the preser-
vation planning setting.

5.2.2 Monitoring and change management

The institutional policies need to define watch services for the
collection and its development, and for changes in technology
and the designated communities. These watch services trig-
ger the according alerts as defined in Sect. 3.2.2 and Table 1.
While reviewing the affected plans using the planning work-
flow, the repository is able to assess the impact of changes
and react accordingly. The review verifies an implemented
preservation plan, considering changes in requirements and
practice or changes in the collection, and might result in an
update of the preservation plan, replacing the existing plan.
It supports impact assessment and reaction as environments
and technology change. The accumulated history of changes
and updates to preservation plans is fully documented, and
provides a traceable chain of evidence.

5.2.3 Significant properties

The objective tree specifies requirements and goals for pres-
ervation solutions. The core part of it is formed by the spec-
ification of the significant properties of objects that shall be
preserved. These requirements document the properties of
objects that have to be preserved, and align them with auto-
mated measurement tools, if these are available. The support-
ing tool described in Sect. 6 provides templates and fragment
trees to facilitate the tree creation. These templates and frag-
ments are based on experiences from case studies, and enable
the exchange of best practice.

6 Tool support: the planning tool Plato

As part of the Planets project, a planning tool is being devel-
oped which supports and automates the described planning
workflow [7]. This software tool called Plato is publicly
available since March 2008; the latest version 2.1 has been
published in November 2009.14 Current work is focused on
providing increased automation and proactive planning sup-
port.

The software supports and guides the planner through the
workflow and integrates a knowledge base for supporting the
creation of objective trees by providing recurring templates
and fragments that are applicable across different planning
situations. It furthermore integrates a range of services to pro-
vide an automated planning environment [6,9]. This includes
semi-automated service discovery for informing users about
potential preservation actions that are applicable to their set of
sample objects; automated identification and description of
sample content using characterisation tools; and automated
measurements and comparison of original and transformed
objects using the XCL languages [8]. Figure 7 shows require-
ments specification and visual analysis of evaluation results
in Plato.

The outcome of applying the planning tool is a complete
preservation plan conforming to the structure specified in
Sect. 3, both as PDF document and in XML. The latter
contains the entire documentation of the decision making
process, including the sample content as well as the com-
plete evidence created in the experiments as evidence base.
Based on the recommendation and the decision taken by the
preservation planner, the planning tool automatically gen-
erates an XML based executable preservation plan, which
contains a workflow that can be executed by the Planets
Workflow Execution Engine [29]. The plan contains refer-
ences to preservation action and characterisation services
available through web service registries as described in [6],
and specifies the actions to be taken on each object, such as

14 http://www.ifs.tuwien.ac.at/dp/plato.
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Fig. 7 Requirements specification and visual analysis of potential alternatives in Plato

1. Identify format,
2. Extract properties,
3. Migrate,
4. Identify format of converted object,
5. Extract properties from converted object,
6. Compare original and migrated object,
7. Generate report and store results.

The software is being used by several national libraries and
archives around the world. It has been used in training pro-
fessionals in a number of summer schools, tutorials and uni-
versity curricula. Case studies have been conducted that deal
with content ranging from electronic publications and web
archives to interactive multimedia art, computer games, and
database archiving. The next section discusses some newer
case studies on large image collections.

7 Evaluation

The planning approach and the corresponding tool Plato have
been applied by a number of institutions across Europe. A
first round of case studies [4,5,18] led to refinements and
extensions of the planning procedure and the definition of
the preservation plan as it is described here. In this section,
we shortly present three related new case studies and their
results and discuss lessons learned over the previous years in
applying the presented approach.

7.1 Evaluating preservation actions for scanned images

This section discusses three related exemplary case stud-
ies, each seeking the optimal preservation solution for large
collections of scanned images in a different national institu-
tion in Europe. The first case study was carried out with the

British Library15 and focused on a collection of 2 million
images in TIFF-5 format with a size of about 40 MB per
image. The images were scanned from old newspaper pages.

Concerns were raised about the suitability of the LTO
tapes on which the content was held, and the images were
transferred to hard disk storage and reviewed. This move
highlighted difficulties accessing some of the tapes, and a
decision was taken to transfer the material into the main dig-
ital library system. Before the ingest, it was decided to review
the format of the master files to see whether the current for-
mat was the most suitable or whether a migration should be
performed as part of the media replacement.

Some of the high-level policies that affect the decision
making in terms of file formats include

1. Open target formats are highly preferred.
2. Compression must be lossless.
3. Original copies may be deleted.

The requirements tree as shown in Fig. 8 is quite compact,
as significant properties of images are not overly complex.
A variety of options, including not changing the format of
the images, were evaluated in a series of controlled experi-
ments. The costs were calculated using the LIFE models,16

and the evaluation was partly automated. Table 3 shows the
evaluated preservation actions and their aggregated scores.
Conversion to BMP was ruled out due to large file sizes and
lack of compression, while GIF was discarded because of the
palette size limitations.

The results show that migration to JPEG2000 achieves
a slightly higher root score than that achieved leaving the
master files untouched, as indicated by the bold numbers in
Table 3. The reasons are that the long-term storage costs, and

15 http://www.bl.uk.
16 http://www.life.ac.uk.
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Fig. 8 Scanned newspaper
requirements tree

Table 3 Evaluation results for preservation actions

Name Weighted
multiplication

Weighted
sum

Leave in TIFF v5 3.01 3.46
Convert TIFF to PNG 2.72 3.27
Convert TIFF to BMP – –
Convert TIFF to GIF – –
Convert TIFF to JPEG 0.00 –
Convert TIFF to JP2 3.44 3.69
Convert TIFF to JP2 95 0.00 –
Convert TIFF to JP2 90 0.00 –
Convert TIFF to JP2 80 0.00 –

the fact that JP2 is a recognised ISO standard [26] outweigh
the process costs of converting the images. Conversion to
JPEG or to compressed JP2 is violating the abovementioned
policy that compression must be lossless. Thus, the corre-
sponding alternatives have a multiplication score of 0.0 and
are discarded as unacceptable alternatives.

A similar study examined the options for preserving a
large collection of images scanned from sixteenth-century
books held by the Bavarian State Library.17 The collection
contains 21,000 prints with about 3 million pages in TIFF-6,
totalling 72 TB in size. The requirements elicitation proce-
dure involved stakeholders ranging from the head of digi-
tal library and digitisation services to digitisation experts,
library employees and employees from the supercomputing
centre responsible for the storage. The resulting requirements
tree is shown in Fig. 9. The considered actions were migra-
tion to JP2 with various conversion tools and leaving the
objects unchanged. Storage costs do not pose significant con-
straints on this specific collection at the moment. The evalu-
ation results showed that leaving the images in TIFF-6 was
the preferable option, despite JP2 having advantages such as

17 http://www.bsb-muenchen.de/index.php?L=3.

reduced storage requirements and streaming support. Storage
will be monitored and the decision periodically reviewed. A
detailed discussion of this case study is presented in [33].

Another related study was conducted with the State and
University Library Denmark,18 evaluating the best options
to preserve a large collection of scanned yearbooks in GIF
format. The storage costs were not as important and the vol-
ume not as high in the previous studies, and evaluation led
to the decision to migrate the images to TIFF-6 despite the
growth in file size.

These cases illustrate that a preservation action that is best
in one situation does not necessarily fit in another, and shows
that preservation planning has to take into account the insti-
tution-specific preferences and peculiarities.

It is worth noting that while the decision might be to leave
objects unchanged, this is still a complete preservation plan
and vastly different from not defining any action to be taken.
On the one hand, a thorough analysis is needed before taking
a decision on whether to act or not; on the other hand, the pres-
ervation plan contains monitoring conditions that can trigger
a re-evaluation due to changed conditions in the future. Trust-
worthiness as discussed in Sect. 5 requires transparent and
well-documented decisions and ongoing management.

Similar case studies have been performed for other types
of objects, including databases (in cooperation with the Swiss
Federal Archives), legacy text documents (in cooperation
with the National Archive of the Netherlands), computer
games (in cooperation with the Computer Game Museum
Berlin19 with a specific focus on emulation), and electronic
art (in cooperation with the Ars Electronica in Austria).

18 http://www.statsbiblioteket.dk/english/.
19 http://www.computerspielemuseum.de/index.php?lg=en.
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Fig. 9 Scanned book pages requirements tree

7.2 Some lessons learned

This section discusses some of the issues that arose over the
past years in preservation planning case studies with a vari-
ety of different partners. While the overall acclaim is very
positive and partners approve of the concepts, there are sev-
eral challenges for the near future that need to be overcome.

– There is a severe lack of structured, informative and reli-
able information sources.

– Applying the approach of requirements specification and
evaluation proved challenging.

In order to address these issues, there is a strong need for
more sophisticated tool support, automated quality assess-
ment and proactive recommendation technologies.

7.2.1 Information sources

There is a lack of well-structured information sources that can
be queried and integrated automatically. While PRONOM20

is often cited as a reference source, it does not contain suf-
ficient levels of detail on file formats to truly support auto-
mated evaluation and risk assessment. Other sources such as
the Digital Formats Website21 represent valuable sources of
information, but need to be integrated in a larger framework.

20 www.nationalarchives.gov.uk/pronom/.
21 http://www.digitalpreservation.gov/formats/index.shtml.

The Global Digital Format Registry22 and its successor, the
Unified Digital Format Registry (UDFR),23 promise to close
this gap.

Not only analysis of file formats, but also discovery of
potential preservation actions is a tedious process that is
prone to information gaps. Registries holding information
about available tools for preserving digital content are being
built, but need to be populated and publicly available. Fur-
thermore, significant experience needs to be accumulated and
analysed to provide a basis for shortlisting potential alterna-
tives. While there is considerable progress in this area [6,9],
the amount of information contained in public registries is
currently insufficient and still needs to be complemented by
manual investigation.

7.2.2 Requirements specification

Participants in case studies were all very positive that the
requirements specification in the end captured their real
requirements and were very satisfied with the evaluation
results and the transparent documentation that results from
the planning procedure. However, requirement specification
continues to remain the most challenging part of the plan-
ning workflow. This is in part due to the fact that for many
institutions, this is still a new area, and thus the high-level
constraints and influence factors are either not yet settled or
weakly defined. For example, it is sometimes not entirely

22 http://www.gdfr.info/.
23 http://www.udfr.org/.
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clear which standards must be followed and which are just
desirable, or how to calculate costs and assess risks.

The Planets project has developed a high-level model of
institutional policies, which we have started using in the
abovementioned case studies. This structured documenta-
tion proved to be very valuable in the decision process as
it forces stakeholders to explicitly state their preferences and
constraints. A related issue is the tendency of many stake-
holders to think in terms of solutions rather than problems,
thus preempting decisions to be made at a later stage. Exam-
ples are requirements detailing desired file formats rather
than format characteristics when no formal decision has been
taken yet, or defining migration requirements when emula-
tion should be considered as well. The structured workflow
greatly helps to overcome this problem.

Furthermore, the definition of significant properties is
a technically challenging and complex issue. Considerable
progress has been made through early applications of the
described approach and in the INSPECT project. A recent
discussion summarises the state of research [30]. In the
planning tool Plato, a growing knowledge base of signifi-
cant property trees is being made available, both community
driven and as part of a moderated procedure within the Plan-
ets project. Feedback clearly indicates that this greatly sup-
ports and eases the planning procedure; however, it incurs
the risk that decision makers do not thoroughly analyse their
own needs, but instead simply reuse the needs of others.

Another difficulty arises when estimating projected costs
for preserving digital objects. Our approach does not pre-
clude the usage of any specific model, but also does not pro-
vide specific support for this task; costs have to be estimated
manually and entered into the system, which is seen as non-
transparent and tedious. In order to improve this, we are cur-
rently developing tool support for integrating models such as
LIFE with the planning tool, so that these estimates can be
calculated in the planning software and properly documented
as part of the planning procedure.

In general, it should be noted that there are three steps
where an institution influences the evaluation outcome:

1. Requirements definition,
2. Transformation settings, i.e. definition of the utility func-

tion, and
3. Importance weighting of requirements.

Requirements definition needs to be complete and along
the correct lines of measurement; transformation has to define
the acceptable parameter boundaries and establish utility val-
ues for each dimension; and the importance factors need to
reflect the institutional priorities. At each of these steps, there
is a risk of weakly defined and weakly documented assump-
tions and a corresponding need for thorough analysis, auto-
mated quality checks and tool support.

Summarising these issues, requirements specification,
evaluation and transformation are complex procedures that,
at first, may overwhelm decision makers. The software tool
Plato provides considerable support and enables planners
to reuse experience of others through a shared knowledge
base. Still, the overall complexity of the problem implies
that sophisticated tool support is needed to proactively guide
decision makers and help them where possible in selecting
information and taking the right decision. To this end, rec-
ommendation modules are currently under investigation that
shall operate on case-based reasoning concepts.

Further, the conceptual link between influence factors and
the impact changes in these have on decision preferences is a
complex and critical problem. Creating and maintaining the
conceptual connection between these influence factors and
the outcomes of decisions via manual monitoring is a diffi-
cult task and a largely unsolved question, and manual evalu-
ation of experiment results can be very time consuming. The
effort needed to analyse objects, requirements and contextual
influence factors is in many cases prohibitive. Characterisa-
tion tools support the automated comparison of objects; yet,
there is a variety of requirements which cannot be measured
automatically yet.

8 Discussion and outlook

Preservation planning is a complex issue. The decision on
which actions to take to keep digital content alive over
time taken alone is already challenging; thorough analy-
sis of options and complete documentation and traceability
is of essential importance to ensure authenticity and trust-
worthiness in digital repositories. Furthermore, preserva-
tion planning needs to become a systematic and continuous
management activity as opposed to the prevailing ad-hoc
decision making.

In this article, we discussed the main issues and challenges
related to preservation planning and provided a definition of
what a preservation plan should contain. We then presented
a repeatable planning method for digital preservation. The
process strives to provide high assurance of decisions by
basing them on evidence generated in controlled experimen-
tation. Actions are evaluated by applying them to sample
content that is representative for the digital objects that shall
be preserved. The method provides a structured workflow for
planning activities and is anchored in well-known and widely
accepted models.

The approach has been evaluated in a series of case stud-
ies; ongoing case studies are further exploring the challenges
that are the focus of current and future work. As discussed
in the previous section, we are specifically concentrating on
addressing the following issues:
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1. In order to improve the evaluation of requirements, we
need a flexible integration infrastructure that supports
automated measurements on the range of environmental
aspects that need to be considered. We are thus develop-
ing a conceptual framework and tool support that helps
preservation planners to link influence factors and their
impact on the decisions and preferences. Such a mea-
sure will support them in the continuous monitoring that
is needed to help moving preservation planning away
from an ad-hoc procedure to a regular and continuous,
largely automated management activity.

2. We are developing recommendation algorithms for sev-
eral steps of the workflow. Discovering potential preser-
vation actions to consider for evaluation and the selection
of representative sample objects to apply them on are
challenging tasks. Recommender’s support in such com-
plex steps shall reduce the effort on the one hand, but
also lower the entrance barrier for users inexperienced
with preservation planning on the other hand.
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