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Foreword1

One of the fundamental characteristics of man, his capacity to generate
culture, is directly associated with the fact that it is possible for him
to distribute information not only at a personal, direct level but also
over distances, as well as having the capacity to preserve it over time.
As the cultures came and went during the various epochs, information
media made from very varied organic and inorganic substances were
used, such as stone, papyrus, clay, bark, animal skin, and paper – to
name just a few concrete examples.

Modern information technology has brought about quantum leaps
to the world in many ways. Space and time no longer hinder the dis-
tribution of information, the user has free choice of the information
medium and the quantity of information is virtually unlimited. How-
ever, one problem not only remains unsolved, the current solution is
in fact worse than in previous ages: the long-term archival storage or
long-term availability of electronic documents. In fact there has been a
negative development in this area over centuries. Medieval documents
on parchment have been shown to have been preserved for thousands
of years. This was then replaced by rag paper – a medium whose dura-
bility is limited to centuries, followed by the acidic industrial paper of
the 19th and 20th centuries which is a cause of much concern today due
to its brittleness. Finally, in the digital age our information media are
said to have a life expectancy of decades at the most, generally only
of years. The long-term archival storage of electronic documents has
become a problem which is only increased by the fact that it is gener-
ally met with indifference. The modern world is dominated by the idea
that today’s knowledge overwrites yesterday’s knowledge. In the digital
age, mankind is in the process of losing its historical dimension. This
is an alarming development and shakes at the foundations of one of the
central pillars of our culture.

1 Translated from the Foreword of the German book edition.



VI Foreword

In view of the dramatic nature of this situation, more than appreci-
ation is due when computer scientists address the issue of long-term
archiving. The present publication not only maps out the field, pro-
viding a crucial basis for dialogue between those whose job is to pass
on knowledge. It also presents possible solutions, whether theoretically
conceivable or currently practised. The result is thus an important com-
pendium on the problem of long-term archival storage for which the
authors deserve considerable gratitude. This work nourishes the expec-
tation that the grim scenarios of a culture without memory will not be-
come a reality.

Dr. Hermann Leskien

Former General Director of the

Bavarian State Library, Munich, Germany



Preface

The purpose of libraries, archives, and similar institutions is to preserve motivation
documents with lasting scientific, artistic, or social value, so that future
generations can access them just like we do today. Ancient tomes re-
quire expensive preservation measures and works printed on paper hav-
ing a high aggressive chemical content can be saved from destruction
by storing them on microfilm. Digital media seem to be characterized
by ideal properties: in principle, bit-streams can be kept for long peri-
ods practically without loss of information. The rapidly rising storage
capacity of digital media already permits to store collections of exten-
sive reference books on a single CD. The pace of miniaturization and
packing density of these digital media, suggests that digital storage has
become an attractive, generally applicable solution for archiving pur-
poses.

So, is there a problem?
The problem is clear from the following question.
Will this digital media be available in 50 years and will there be a

machine capable of reading it (and presenting it in a form for humans to
perceive and understand)? Those who have used computers for process-
ing text for some time know possible answers.

First of all, digital media are not directly readable by humans. Al-
though we are able to perceive cave paintings, which are thousands of
years old, in the same manner and with the same sense organs as those of
the artist, the contents of the text files from a computer become legible
for us only indirectly with the aid of a suitable computer system. Addi-
tionally, storage media such as floppy disks, hard disks, CDs, and such
can age and fail leading to data loss unless suitable measures are taken.
However, computer systems and their constituent components can age
even faster than the digital media leading to compatibility problems.
Today, it would not be easy to find a drive for 5.25-in. floppies (and
even less easy for 8-in. floppies). Were such drives to be found, it would
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probably be hard to connect them to modern computers because of the
lack of suitably updated driver software and/or connector compatibility.

Concerning software, the variety and change caused by software de-
velopment has its own importance. Over the years, a plethora of differ-
ent editors for composing digital documents have been developed; (for
text, graphics, spread sheets, foils, Web pages and other purposes) each
with its own proprietary format.

The problem of preserving such heterogeneous digital data applies
not only to libraries and institutions that are legally obliged to preserve
their inventory, but also to everyday life, where digital data is commonly
used to store information. Just think of your PDA or your digital photo
camera.

All these issues cry for communication and cooperation among peo-stakeholders and
targeted readers ple of different background. Important stakeholders include politicians,

lawyers, librarians, staff in archives and record offices, and computer
scientists, or better, information managers.

As a consequence the book targets a broad audience from wide-
spread disciplines with a common interest, namely the interest in a
long-term archival storage, and with a common fear, namely the fear
of a future where the digital heritage is lost.

After having read the book, the readers will be provided with
enough arguments (a) to understand that now is the time to act, (b)
to feel where current development is, and (c) to have a presentiment
of where the research is going. Experts in the field may find the book
useful as a compendium on long-term preservation.

This book addresses the problem of preserving digital data for peri-structure of the book
ods in excess of 50 years; hereinafter called “long term.”

The book is divided in two parts.
The first part comprises seven chapters where we present the

methodological overview.
Chapter 1 starts with illustrating the general problem of long-termChapter 1

preservation and with an introduction to the most important technical
approaches: migration and emulation. It discusses problems of the dura-
bility of electronic storage media as well as the dependence of digi-
tal documents on specific software necessary for their interpretation.
It delves further into the causes of these problems and discusses rele-
vant terms and concepts. It will become clear that all preservation mea-
sures for digital documents rely on the conservation of the character
sequences and their metadata. Legal and social questions, which must
be answered on the way to a comprehensive solution for the archiving
problem of digital documents, are also discussed here.

Chapter 2 introduces the OAIS Reference Model that serves as ourChapter 2
general framework for electronic archives. Both, an information model
and a process model are presented. We explain the so-called DSEP
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process model, which is also based upon the OAIS Reference Model,
but is more adapted to the specific needs of electronic libraries.

To date, migration is probably the most common method used to Chapter 3
preserve digital data. Simple migration variants merely refresh the dig-
ital data on the medium and/or migrate digital data to some other (dig-
ital or analog) medium. More sophisticated migration approaches also
translate digital data from one format to another. The points to bear in
mind for migration approaches are: there can be some loss of authen-
ticity and the effort required for the migration process itself can be a
time and cost burden (depending on the volume of the data to be pre-
served and the costs of personnel and media). The migration approach
tries to keep the original documents accessible and up to date through
a series of migrations onto the latest computer environments. Chapter 3
illustrates different options for the migration process based on real-life
examples, gives a succinct definition for the migration process itself and
highlights its overall goals. We concentrate on organizational aspects
within the framework and focus briefly on strengths and weaknesses of
the migration approach as a whole. An interesting microfilm approach
rounds off this chapter.

In contrast to migration, emulation preserves digital data “as is.” Chapter 4
Emulation approaches (try to) clone a computer environment, which
presents the data in a way that appears authentic. The effort involved
in emulation depends on the variety of data formats and computer plat-
forms that have to be emulated, but not necessarily on the volume of the
data to be preserved. In other words, the emulation approach aims to
keep the original rendering systems for digital documents available by
emulating such systems on future computers. Chapter 4 introduces in-
formation technology (IT) terms and techniques that are relevant to the
emulation approach. Examples show how emulation has been success-
fully employed in this area before. Different variations of the emulation
approach are discussed within the organizational framework. We briefly
summarize the chances and risks of the emulation approach.

Due to the enormous variety of data formats, migration and em- Chapter 5
ulation are at least complex (if not infeasible) without suitable and
widely used document description languages – the so-called “markup
languages.” A useful introduction to “marking up,” a description of
some important markup languages for graphics and text, and a discus-
sion of their suitability for preserving digital data over a long term is
provided. Chapter 5 describes how markup techniques and metadata are
used in the field of long-term preservation. Metadata is data about data,
not to be confused with the digital document’s data. We shall see that
it is both common practice and expedient to merge metadata into the
document contents. We discuss the problem of consistency between a
digital document and its metadata characterization. Available standards
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for document description formats and languages are considered sepa-
rately in some detail.

In Chap. 6, we introduce different document description languagesChapter 6
that have become (quasi) standards. We survey their respective advan-
tages and disadvantages when applied to long-term preservation in dig-
ital libraries. We start with two typical procedural document description
languages (TIFF and PDF) and two structural document description lan-
guages (HTML and XML). We also describe RDF, Topic Maps, and
OWL for defining ontologies. Finally, we day-dream a bit at the vision
of a future Semantic Web.

So far we have outlined both the problems of long-term preservationChapter 7
of digital documents and the most important technical and organiza-
tional approaches to solving them. In Chapter 7, we describe some con-
sequences for practical application. Since scientific discussion is still
ongoing, we can only offer first considerations and assessments that ap-
pear plausible and important according to current knowledge. Here, we
explain why we need to establish institutions that are able to take care
of long-term preservation in a systematic and sustainable way. Consol-
idated knowledge is presented. The points that still need to be clarified
are outlined. Finally, we propose an approach that combines the most
important techniques for long-term preservation in such a way that they
complement one another advantageously.

This ends the first part of the book.
The second part consists of four chapters where relevant national

and international projects are discussed. We selected the projects in a
way to overlap all basic tutorial techniques that were introduced so far.
We do not claim completeness here. The interested reader will find a
wonderful survey at http://www.nla.gov.au/padi/.2

In Chap. 8, we first illustrate how metadata sets can be defined. Sec-Chapter 8
ond, we review markup aspects of recent preservation projects. The
Dublin Core Metadata Initiative (DCMI) is a widely used metadata stan-
dard. For complex digital library objects, the Metadata Encoding and
Transmission Standard (METS) turns out to be a reasonable alternative.
Both are described in some detail. The VERS project and the Text En-
coding Initiative (TEI) are included. Finally, we look at Pandora.

Chapter 9 demonstrates migration using four example projects. WeChapter 9
start with a recordkeeping system that conforms to the VERS standard
and continue with a project called “Preserving the Whole,” which was
initiated by the Commission on Preservation and Access. On behalf of
the Council on Library and Information Resources, the Cornell Univer-
sity Library carries out the project “Risk Management of Digital In-
formation.” In this exciting project, the aging of document formats and
software is a key challenge. Finally, we describe an extensive study on

2 Preserving Access to Digital Information (PADI).
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using databases for long-term preservation: digital documents are de-
tached from their original media and stored in a database. First results
of a feasibility investigation are presented.

Chapter 10 discusses recent studies and experiments of using emu- Chapter 10
lation for long-term preservation. We describe an emulation experiment
of the National Library of the Netherlands (Koninklijke Bibliotheek) –
the experiment was part of the European joint project NEDLIB. Then,
we outline an approach based on a so-called Universal Virtual Com-
puter (UVC). The UVC is an answer to the risks of migration and the
criticism brought forward against the original emulation approach.

Chapter 11 supports decision makers. We develop a catalog of cri- Chapter 11
teria that makes product features transparent and comparable. We look
at some products on the market and their current impact for the devel-
opment of a criteria catalog. We also explain how such a catalog fits
into an individual decision-making process. We describe the derivation
of functional and nonfunctional criteria in detail. The chapter concludes
with the criteria catalog applied to some product offers.

We would like to thank the Director of the Library of the Univer- acknowledgements
sität der Bundeswehr München, Stefanie Seidel. She supported us from
the very beginning and also helped to establish the link to Thomas Pier-
uschka who contributed parts of the section on OAIS. Many thanks for
this. Moreover, we would like to express thanks to Marianne Dörr,3

Director of the Hessische Landesbibliothek Wiesbaden, Germany, who
was our project partner for several years. She always provided us with
her competency, perserverance, and charm. For their invaluable ex-
pertise and providing detailed product information we are indebted to
Astrid Schoger (Bavarian State Library, Munich), Thomas Wollschläger
and Hans Liegmann (Die Deutsche Bibliothek, Frankfurt), Karl-Ernst
Lupprian and Rodrigo Readi Nasser (General Directorate of the State
Archives of Bavaria, Munich), Andreas Hofmann (Fraunhofer Institute
for Physical Measurement Techniques IPM, Freiburg), Dietrich Hof-
maier (mfm, Munich), Hans Verhoeven and Irmgard Kurth (IBM Global
Services), and René Thomas and Dirk Willinghöfer (Ex Libris, Ham-
burg). We also thank our colleagues Franz Schmalhofer, Knut Weisser,
and Wolfram Kahl for many fruitful discussions and initial contributions
to this book. The Deutsche Forschungsgemeinschaft (DFG) granted
the project Development of an Organizational/technical Concept for
the Long-term Archiving of Digital Publications in Libraries. Together
with the Bavarian State Library, we discussed first results in several
workshops and round table discussions. For help in translating our Ger-
man book we owe our thanks to Hwa Feron, Julia Sellmeier, and Do-
minik Schmitz. At our university, we held several seminars on the topic.

3 Former leader of digitalization and VD17 at the Bavarian State Library in
Munich, Germany.
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Here, we thank our students Dominik Christian Bódi, Thomas Dom-
schke, Jens Ferchland, Matthias Frank, Sebastian Hess, Thomas Kies-
ling, Alexander Koenen, Stephan Moritz, Danny Poppe, Mirko Pracht,
Daniel Prenzel, Patrick Roiss, Daniel Volk, and Michael Wellhöfer. 4

Munich, Germany, and Berkeley, CA, May 2006 U.M.B., P.R.
J.S., L.S.
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Part I

Methodology



1

Long-Term Preservation of Digital Documents

This chapter is an introduction to the problem of long-term preserva-
tion of digital documents. Section 1.1 discusses problems of the dura-
bility of electronic storage media as well as the dependence of digital
documents on specific software necessary for their interpretation. Sec-
tion 1.2 delves further into the causes of these problems and discusses
relevant terms and concepts. Basis of all preservation measures for dig-
ital documents is the conservation of the character sequences and their
metadata, as described in Sect. 1.3. Section 1.4 discusses the different
technical archiving principles in context. The most important of these
principles will be described in more detail in the following chapters.
Legal and social questions, which must be answered on the way to a
comprehensive solution of the archiving problem of digital documents,
are the subject of Sect. 1.5.

1.1 Blessing and Curse of Digital Media

Digital documents last forever – or five years, whichever comes
first. (Rothenberg 1999)1

The purpose of libraries, archives, and similar institutions is to preserve preserving
documentsdocuments with lasting scientific, artistic, or social value, so that future

generations can access them just as we do today. We not only consider
valuable original manuscripts, sound and image carriers as worth pre-
serving, but also all presently available book inventory titles, as well as
the rapidly increasing amount of digital data media.

Whereas ancient tomes require expensive preservation measures advantages of digital
documentsand works printed on acidic paper must be safeguarded from total de-

struction by storing them on microfilm, digital media seem to be char-
acterized by ideal properties: bit sequences can be kept in principle

1 See http://www.clir.org/pubs/reports/rothenberg/introduction.html.
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for long periods without any loss of information. The continuously ris-
ing storage capacity2 already permits the storage of extensive reference
books on one CD.

With progressing miniaturization of the data media, it seems that
digital storage has become an attractive, universally applicable solution
for archiving, which still has further advantages: searches can be per-
formed not only among the entries in electronic catalogs, but also, and
within seconds, throughout the entire contents of digital documents. Just
as rapidly, the Internet brings documents from the whole world to our
workplace or home, where we can process them with various tools to
merge them into new documents.

So where is the problem?

Whoever has used computers as text processors for a long time, knowsno immediate
perception several answers: first of all, digital data media are not directly readable

by humans. Although we are able to perceive cave paintings, which are
thousands of years old, in the same manner and with the same sense
organs as the contemporaries of the artist, the contents of the text files
produced by us become legible for us only indirectly with the help of
a suitable computer system. In itself that is not a problem. Similarly,
the problem that storage media such as floppy diskettes, hard disks, and
CDs can age and fail can be met with suitable measures (backup copies)
in such a way that no data loss occurs.

However, the components of the computer systems age even fasteraging as a
consequence of

technical progress
than the data media. Nowadays, it is hardly possible to find suitable
floppy drives able to read 5.25- or 8-in. floppy diskettes, and even if
such drives were to be found, it would not be possible to connect them
to modern computers due to the lack of suitably updated driver software.
Concerning software, variety and change is even more important. Over
the years, thousands of different editors for digital documents (text,
graphics, spread-sheet analysis, slide, Web page editors, etc.) have been
developed, most of which having proprietary internal document data
formats. Due to the incompatibility of these formats, it is often impos-
sible to freely exchange documents among different editors. At least,
such exchanges will likely entail substantial quality losses.

In the long run, only comparatively few of these systems will with-expensive
preservation

measures
stand marketplace competition. Users of commercially less successful
products sooner or later are confronted with the problem of finding a
way to save and transfer their collection of outdated documents to a
new software environment. This problem is usually solved by means
of labor-intensive “heroic measures” like recreating the most impor-

2 According to “Moore’s law” the computing speed and the memory capacity
of computers double about every 18 months.
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tant documents from scratch or scanning printed texts into new sys-
tems, with subsequent manual correction work. Obviously, this proce-
dure is not suitable for the enormous document collections of libraries
and archives, in which despite limited manpower both collection preser-
vation and document access must be guaranteed for an indefinite period
of time.

1.2 Terms, Concepts, and Challenges

Data are stored in computers as sequences of ones and zeros, i.e., so- digital documents
are bit-streamscalled bit-streams. Essentially, digital documents are represented by bit

streams. In more general terms, they are digital character streams, since
other basic character sets can be used instead of just zeros and ones.
We will discuss the characteristics of digital character streams and their
conservation in Sect. 1.3.

Without an adequate rendition system the mere data stream of a access via rendition
systemsdigital document is inaccessible to human perception. Only in an ap-

propriate environment the bit-streams again become the texts, graphics,
movements, sounds, and other components of multimedia documents
that can be perceived by human beings. Often, the only appropriate
rendition environment is the editor that was originally used to create
the document (or some sufficiently similar version of this program).
As mentioned above, the editors of different software manufacturers
vary in the ways they structure digital documents and store them as data
streams. In a slightly lesser degree this is even true for different versions
of the same editing software.

Consider a typical situation with two simple, hypothetical text edi- example: different
text formatstors, T1 and T2. T1 stores text as a sequence of lines and each line as se-

quence of characters. For each character, T1 stores further information,
e.g., the font, the size of the character, whether it is bold and/or in italics
and how many pixels above or below the base of the line the character is
located. In T2 texts are stored in a completely different way. Here, so-
called control commands are interspersed into the character sequence
the text consists of. Such control commands might read paragraph,
bold on, italics off, font, superscript, subscript,
baseline, and color. Whereas the developers of T1 aimed for the
most flexible positioning of symbols on a page of text, the developers
of T2 rather had the characteristics of a printer in mind. T1 documents
are black and white and also may contain complex scientific formulae
because of the vertical positioning options. T2 documents, on the other
hand, are less suited for writing formulae, but may come in different
colors and can be stored more compactly.

The internal text representations of T1 and T2 outlined above are conversion between
formatscalled their data formats. Because of the different data formats, T1
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documents obviously cannot be viewed using T2 just as T2 documents
cannot be viewed using T1. For commercial reasons (enticement of cus-
tomers) the manufacturers of text editors often provide conversion pro-
grams that transform documents from some other data formats into their
own “native” data format. These programs are called import filters. For
example, the manufacturers of T1 would provide an import filter for
T2 documents in order to support T2 users who consider a switch to
T1. However, T2 users will still have to put up with a loss of informa-
tion if they actually perform this migration step: Since T1 documents
are only black and white, potential color distinctions will be lost. The
reverse conversion from T1 to T2 would cause a similar loss of informa-
tion since vertical positioning of the characters in T1 documents could
only be approximated roughly using T2, e.g., by putting subscripts and
superscripts on lines of their own.

Because of the unlimited number of data formats, import filters arefilters and standard
exchange formats only provided for a few common data formats. Suppliers of less popular

text editors, say T, sometimes offer so-called export filters that convert
documents from T’s native format into a more common one. That way,
T customers will be able to use documents created with T even beyond
the lifetime of the T editor. The proliferation of data formats suggests
the concept of a standard format: In theory, complete convertibility be-
tween arbitrary data formats could be achieved if some standard ex-
change format (EF) existed plus suitable import and export filters for
converting documents from each editor’s native format to EF and back
(see Fig. 1.1). For loss-free conversion, all formats involved would have
to have exactly the same power of representation. T1 and T2 described
above illustrate why this is very unlikely to happen. Therefore, conver-
sion losses cannot be avoided in practice when using this approach.

Paradoxically, the main obstacle to standardization is technical in-innovation as an
obstacle novation, because it keeps producing a plethora of new features. While

at first text formats were predominant, many new format types were
added in rather short time. These include graphics, sound, video, hy-
pertext, and spreadsheets. Each format type comes in a multitude of
proprietary data formats. On top of it, different combinations of these
types make up what is known as multimedia documents. The end of this

Fig. 1.1. Exchange
via standard format

format T1

format T2

standard format EF
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development (or at least a slowdown of the rate of innovation) is not in
sight. In principle, this ongoing evolution cannot be accommodated by
one fixed data format.

One way out of this dilemma is provided by languages that allow a potential way out
data formats to be described and to be extended as required. These lan-
guages include markup languages like SGML and XML, which are ad-
dressed in Chap. 5. Based upon these standards, supplemental languages
and tools are currently being developed that allow systematic transfor-
mation of documents from one format to another to be described and
executed.

Recent data formats do not only come in greater variety than their new formats support
new conceptspredecessors, but they also support many more structural concepts. In

early systems (like T1 and T2), structures like tables, mathematical for-
mulae, and block diagrams were composed of characters and symbols
like ordinary text. By spacing they were given a form recognizable to
the eyes of human beholders. Unlike recent text formats that directly
support concepts like tables, simple line graphics, and formulae, the
formats of earlier systems did not represent these concepts explicitly.
Instead, users approximated them with ad hoc formatting as indicated
above. The readability of such approximations essentially depends on
an apparently secondary feature of early editors: for printing only fixed
width fonts were used. Figure 1.2 shows a block diagram and its render-
ing by the LATEX text system (see Kopka and Daly (1995)) used for the
production of this book (in continuous text LATEX contracts sequences
of blanks and single line breaks into one single blank):

------ ------ ------
I D1 I I D2 I ... I Dn I
------ ------ ------

I I I
------------------------------
I Presentation Layer I
------------------------------
I Operating System Layer I
------------------------------
I Hardware Layer I
------------------------------

Text with a block diagram and . . .

—— —— —— I D1 I I D2 I ... I Dn
I —— —— —— I I I —————
————— I Presentation Layer I
—————————— I Operat-
ing System Layer I ——————
———— I Hardware Layer I ——
————————

. . . its LATEX rendering

Fig. 1.2. An example
text conversion
problem

Since new concepts will continue to be introduced, a new prob- new formats,
new problemslem arises: the conversion of texts into newer, conceptually richer for-

mats demands the recognition of conceptual structures that originally
were given only implicitly by ad hoc formatting. This requires a certain
degree of semantic understanding and, therefore, is difficult, if at all
possible, to be handled by a program automatically and reliably.
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Until now we have equated the term “rendition system” with theWhat is a
rendition system? editing or viewing program that displays the document on the computer

monitor. But this is only the core of an operational rendition system,
which additionally includes the hardware and the operating system of an
appropriate computer, perhaps even additional devices and their driver
programs. The block diagram in Fig. 1.2 shows the complete architec-
ture of a rendition system:

– The hardware layer includes – besides the “bare” computer con-hardware
sisting of CPU, memory, and bus connection – also some required
and desirable addenda like a graphics card and a monitor, secondary
long-term storage devices (hard disk, magnetic tape, optical me-
dia, etc.) and input devices (e.g., keyboard, mouse, joystick, micro-
phone).

– The operating system and the driver programs together constitute asystem software
layer of programs that allow human users to concentrate on the so-
called “logical” attributes of the computer and to abstract from the
less relevant, physical attributes of the hardware. For example, the
user does not see the hard drive as a number of magnetized points
that are grouped into levels, segments, and grooves, but as a sys-
tem of hierarchically nested directories containing files with digital
documents.

– The programs of the presentation layer (e.g., text editors, paint-presentation
software ing software, Web browsers) are based upon the underlying layers

and provide for the appropriate presentation of the documents D1,
D2, . . . , Dn. Which presentation program is adequate depends on
the type of the digital document to be rendered (popular formats
are, e.g., Word2000, TIFF, and HTML).

A rendition system, therefore, is not a monolithic block but consists of
a multitude of components that interact in very complex ways.

The presentation programs and all other components of these systemspressure to upgrade
rendition systems . . . have to be replaced regularly by new ones: all the time new and “better”

devices and variants are being developed. In order to use them new
software components are needed. This may even require adaptation of
the presentation programs. Despite the shake-out concerning the oper-
ating systems (towards Windows and Unix) there is still a vast number
of variants and versions of presentation programs. Due to the continu-
ing innovational advances – the most spectacular ones among them are
the introduction of graphical user interfaces and the development of the
Internet – software becomes obsolete regularly after a few years even
though there is no physical abrasion. Obsolete software has to be re-
placed by a new version or a different product. Since new versions of
application programs are of course being developed for current operat-
ing systems only, the renewal (“upgrading") of operating systems and
application programs often cause each other mutually. The integration
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of even more computers into the Internet adds to this pressure of up-
grading.

The challenges of archiving digital documents we have illustrated . . . results in even
more problemsabove for text editors increase exponentially, because:

– As shown, changes in one component of a rendition system cause
changes in other components.

– In multimedia documents, different presentation programs interact
in one (browsing) environment and thus have to fit together.

Digital archives in addition to the document proper store information bibliographic
metadataabout it, so-called metadata. Part of these are bibliographic data like

those contained in traditional library catalogs, e.g.:

– Author, title, publisher, year of publication, and possibly the ISBN
number: data that identify the document unambiguously.

– Subject area and keywords: data that (in addition to author and title)
are used for retrieval.

– Location (corresponding to shelf position): data describing where
the document is actually stored.

Other metadata are specific to digital long-term preservation: metadata for
long-term
preservation– Encoding and data format: Data that are necessary to interpret the

document.
– “Migration history” or description of the original environment,

respectively: Data that allow to draw conclusions about the original
condition of the document.

– Copyright annotations, etc: Data that describe legal rights and other
prerequisites for document access.

Sections 1.3–1.5 will give some background information regarding the
latter three kinds of metadata.

Digital documents and their metadata are strongly linked together: Should we store
metadata with the
document?

because one is worthless without the other, consistency is of overriding
importance. On the other hand there are good reasons to store them sep-
arately: among other things, metadata are used for document retrieval.
Storing catalog information in a special place can speed up access sig-
nificantly. More importantly, the documents can only be read after the
encoding and the data format of the document have been determined on
the basis of the available metadata.

Fundamental aspects for the organization and the operation of an digital archives
digital archive are the storing and encapsulation of digital documents
and metadata, as well as the structure of the processes that are per-
formed on a regular basis (like document ingest, storing and refreshing
data, lending out documents). The OAIS reference model,3 which was
developed by the Consultative Committee for Space Data Systems

3 The acronym OAIS stands for Open Archival Information System.
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(CCSDS) on behalf of the ISO, constitutes a generally accepted tem-
plate, where some details have to be provided as appropriate for con-
crete archives.4 The OAIS reference model is the subject of Chap. 2.

1.3 Preserving Character Streams

Basic prerequisite for any archiving of digital documents is the con-
servation of character streams. In Sect. 1.4 we will describe the main
technical approaches that have been proposed for long-term preserva-
tion. In this section, we consider the common basis of all these different
approaches.

We set out with the following definition:

Definition: The constituents of a digital document are the contents ofWhat is a “digital
document”? the digital document and the metadata describing the document.

The digital document’s contents are given as a stream (sequence) of
characters from some finite character set A. The metadata identify
the character set A used for encoding the document’s contents and
also include other information characterizing the document (author,
title, etc.). The metadata are coded as sequences of characters from
some (basic) character set B. The character sets A and B may, but
need not be identical. The structure of the metadata and the basic
character set B are both governed by the archive actually storing the
digital document.

The adjective “digital” emphasizes the main characteristic of digitalPostScript
for example documents, i.e., their contents are encoded by character sequences. Con-

sider, e.g., a graphics document containing among other elements a
straight line between two points given by the coordinate pairs (12.4,
3.1415) and (202.4,47.11). In case the format of the graphics document
is PostScript, the document’s contents will likely contain the character
sequence

12.4 3.1415 moveto 202.4 47.11 lineto

This text commands some drawing device to move its pen (in lifted
state) to the point identified by the coordinate pair (12.4,3.1415), there
to lower the pen onto the paper and then to move in a straight line to
point (202.4,47.11). (Any “PostScript enabled” laser printer can in-
terpret this description and thus produce the required straight line on
paper.)

Character sets often used in practice are those of standard codes likestandard codes like
ASCII and Unicode ASCII, EBCDIC, Unicode, and UCS. Such codes contain a fixed finite

set of characters and establish how these characters are to be represented
by bit sequences (i.e., by sequences of zeroes and ones). The ASCII and
EBCDIC codes are represented by bit sequences of length 8, Unicode

4 See http://www.ccsds.org/RP9905/RP9905.html.
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by bit sequences of length 16. UCS even uses 32 bits per character. The
ASCII character set contains upper and lower case Latin letters, Arabic
numerals, punctuation marks, mathematical base symbols like + and <,
plus about the same amount of special characters. Unicode, on the other
hand, comprises all characters of the most important languages in use
today. Using UCS we will be able to systematically encode all known
character symbols (see, e.g., Chap. 16 of Bradley (2000)). Example: the
ASCII code for “m” is the bit sequence 01101101, that for “5” is
00110101.

Definition: A data format is termed binary, whenever all correspond- “binary” data
formatsing document contents are stored as sequences of zeroes and ones.

In a text-based data format, all corresponding document contents
consist of characters from some other character set, e.g., that of the
ASCII code.

According to this definition, PostScript is a text-based data format.
When storing such a text in digital form, each character is transformed
into a bit sequence, as defined by the character code. Thus, the text is
essentially stored in a binary format.

Today, digital documents are often stored as files on the hard disk ways digital
documents are storedof a computer. Alternatively, they can be stored in a database or in a

dedicated document management system. A completely different form
are so-called dynamic documents, the data streams of which are created
“on the fly”: The moment a dynamic document is accessed, its contents
are generated (by a computer program) from current data according to
some predefined schema.

Physical media for storing documents like clay tablets, parchment, continual copying as
a preservation
strategy

and paper have rather long, but still limited lifetimes. Digital media like
magnetic disks and tapes and optical media like CDs are much less
durable. Even if “refreshed” regularly their contents cannot be trusted
for more than a few years or decades. As mentioned before, the main
obstacle to long-term preservation of digital documents is innovation.
Since digital media, rendition systems along with their components
and data formats are replaced by “better” alternatives (more capacity,
enhanced speed) at an astonishing rate, digital media are practically
inaccessible within short time for want of suitable rendition systems.
IT professionals know that computer programs, digital data, and doc-
uments can only be preserved by continual copying and by regularly
migrating them from one generation of computing systems to the next.
Chapter 3 describes different migration techniques for digital docu-
ments in detail.

Encodings for representing text (ASCII, etc.) have turned out to be transformation for
format conversion,
. . .

comparatively long lived. It is easy to convert character streams from,
say, ASCII or EBCDIC to Unicode or UCS in such a way that bit-
identical copies of the original character streams can be reproduced
any time if needed. As far as we know today, character streams can be
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conserved for long periods of time (practically without any loss of in-
formation) by applying measures like continual copying and reversible
transformations. The remaining risk of accidental information losses
can be further reduced by additionally storing a character stream on
durable media (paper, microfilm, metal, etc.).

Character streams are not only transformed for data format conver-. . . data
compression,

and encryption
sion. Other transformation purposes are data compression for storing
documents in a more compact format or data encryption for safeguard-
ing confidential document contents. As long as these transformations
are unambiguous and can be reverted (using computer programs which
for this purpose must be preserved and migrated as well!), they do not
have an adverse effect on long-term preservation. However, all transfor-
mations that have been applied to a character stream must be suitably
recorded in the metadata of the document.

1.4 Technical Approaches to Long-Term Preservation

As described above, the conservation of character streams appears to bethe challenge is to
interpret formats a technically feasible task. This, however, is no more than an important

prerequisite to achieving long-term preservation of digital documents.
The essential problem still to be solved is how to interpret the enormous
variety of multimedia formats which give “meaning” to the conserved
binary or text-based data streams. After long periods of time, the textual,
graphic, and acoustic components of multimedia documents have to be
recreated and rendered to produce the same effects that were originally
perceived by their creators. For interactive documents like hypertext,
animations, or spreadsheets, we additionally require that reactions to
user inputs be true to the original.

A field analogous to the long-term preservation of digital docu-a similar
development:

sound carriers
ments is the development of sound carrying devices that started with
Edison’s phonograph in 1877. The working principle is to record the
vibrations produced by acoustic waves as irregularities in the grooves
of some suitable recording medium. At some later point in time, the
same vibrations can be reproduced from the recording medium and –
using a loudspeaker – be turned into perceptible sound again. Today’s
record players still work this way, but there has been substantial tech-
nical improvement: the original recording medium was silver foil. For
better quality of sound, durability, and capacity of sound carriers, the sil-
ver foil was replaced first by wax, then by shellac, and finally by vinyl
materials. Other important advances were the development of electro-
magnetic amplifiers and loudspeakers, the stereophonic and quadra-
phonic recording and reproduction of sound, and the introduction of a
“high-fidelity” standard. In parallel, alternative sound reproduction sys-
tems were developed. Most noticeable among these are magnetic tapes
which let users do their own recordings and to copy available “sound
materials” as they please. Since the advent of the digital recording era,
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digital storage media are beginning to supersede other sound carriers.
Current examples are magneto-optical disks and storage sticks (used in
MP3 players).

If you want to benefit from the advances outlined above, you must keeping up with
innovationcompletely replace all your sound carriers (and reproduction systems!)

by new ones every other year: Shellacs by long-playing records, mono
by stereo records, records by tapes, tapes by optical disks, and so on.
This is good for suppliers of new technology and thus will further ac-
celerate innovation. Those that do not keep up with this development
soon will lack support, since new audio documents are only produced
in current formats. Also, for out-of-date equipment spare parts are hard
to come by. Shellac fans will find records and gramophones only in junk
shops or in a museum. Even if new technology supports the copying of
old audio documents, we often abstain from this way of preserving them
because of shortcomings of old media (hissing noises, no stereo effect,
etc.), which become obvious in a higher quality environment. A similar
development process, sped up considerably by extremely short innova-
tion cycles is taking place in IT.

For a moment, let us assume the position of a musicologist who authenticity of a
recordingis about to study original recordings of the great Enrico Caruso. De-

pending on the purpose of her research, she will choose one of two
completely different approaches: on one hand she might try to play
contemporary shellac records on a contemporary gramophone. On the
other hand she might use a “digitally re-mastered” compact disk, i.e.,
a recording enhanced by applying noise filters and similar transforma-
tions in order to approximate today’s recording standards. If the pur-
pose of her research is to compare the interpretation of a certain aria
by Caruso with one sung by Pavarotti, then presumably the second ap-
proach is appropriate. If, on the other hand, authenticity is the overriding
concern, then our musicologist will probably choose the first approach.

Similarly, technical approaches to long-term preservation of digi- preserving originals
vs. adapting themtal documents fall into two categories: Approaches in the first category

aim to preserve the original state of documents along with systems that
are suitable for rendering the documents in their original format. Ap-
proaches in the second category aim to continually transform digital
documents into the formats of state-of-the-art rendition systems and at
the same time to retain their original “look and feel.”

Migration

In both information and audio technology approaches of the second
category are employed almost universally. Since using this kind of
approach documents are continually “migrated” from one data format
to another, the approach is called migration. Its well-known and well-
tried techniques are obvious candidates to be applied to the long-term
preservation of digital documents. Migration of character streams was
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briefly explained in Sect. 1.3. Using migration for preservation of digitaladvantages:
documents has some obvious advantages:

– Since migration is used almost everywhere in IT, there is a rich bodywell known
of knowledge about these methods, plenty of trained staff, and, in
particular, a set of available tools.

– In principle, migrated documents are available on some current ren-documents available
all the time dition system any time. In the absence of legal (or other) obstacles,

even world-wide access within seconds should be no problem.
– Migrated documents typically satisfy current quality standards: Inpossibly

improved quality the same way stereophonic and hi-fi quality can be taken for granted
with current audio recordings, a modern text document can be ex-
pected to contain up-to-date fonts and layouts.

The last item already indicates some disadvantages of migration:disadvantages:

– Migration often requires or entails small adjustments of the originalreduced authenticity
document in order to make the result fit into the new environment.
In a number of migration steps these ever so small adaptations sum
up and thus almost inevitably jeopardize the authenticity of the re-
sulting document. The same effect can be observed in another field:
Over thousands of years the holy Bible has been migrated many
times for different reasons. In order to improve its authenticity, re-
searchers try to establish the original meaning by laborious linguis-
tic comparisons with ancient sources (or fragments thereof).

– Only simple migration steps can be fully automated, i.e., performedhard to automate
by a program. An instance of such a comparatively simple migration
step is the conversion of ASCII documents into the Unicode for-
mat. Even here, the result needs to be checked manually for places
where authors of ASCII documents have used circumscriptions for
symbols that can now be represented directly in Unicode. This is
another example of the effect described in Sect. 1.2 on p. 7.

Migration is the subject of Chap. 3.

Hardware Museums

The approach, which is most directly oriented towards keeping up thehardware museums
are not feasible

in practice
original state, is to establish so-called hardware museums. The mission
of a hardware museum is to collect (and keep operational) all relevant
computing systems so that future generations may view our documents
in their original environments. As shown in Fig. 1.3, we maintain a
small hardware museum for accessing outdated data media. The authen-
ticity of this approach obviously cannot be surpassed. Unfortunately, it
is not feasible in practice for a number of reasons:
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Fig. 1.3. Hardware
museum at the
Universität der
Bundeswehr
München, Germany

– The endeavor to assemble in hardware museums all computers that too many items
have ever been developed has not been carried out so far. With every
new generation of computers, it becomes more unrealistic because
of the enormous number of items to be collected.

– As set out in Sect. 1.2, a complete rendition system consists of hard- additional
software and
hardware
required

ware, systems software, and those application programs that actu-
ally render the documents. Hence, in addition to the hardware a
hardware museum would have to collect all the different versions
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of systems and application software (and to install any combina-
tion of systems and application software as required). This require-
ment extends to additional hardware devices (like joysticks, special
graphics cards, plus their driver software).

– The durability of technical devices and their components is limited.hard to maintain
Since outdated devices and components are not produced any more,
one would have to archive precise technical specifications of both
the complete computer architecture and of all its components in or-
der to give future maintenance engineers a chance to remove defects
and to reproduce components that have to be replaced (always hop-
ing that the techniques for producing such devices are still under-
stood reasonably well).

Experts agree that a hardware museums project would be doomed to
fail because of the enormous, ever increasing costs entailed.

Emulation

In order to save time and costs, so-called emulators are employed for thehardware emulators
development of new hardware. Emulators allow the function of proces-
sors and other hardware components to be simulated by software. Thus
hardware can be tested thoroughly before being actually built. The pro-
posal to use emulation for the long-term preservation of digital docu-
ments was made by Rothenberg (1999).

When using emulation, for each digital document the followinghow emulation works
items have to be preserved (using, e.g., migration):

– The character stream and the metadata
– A specification of the hardware that can be interpreted by the emu-

lator
– The complete software of the rendition system (in the form of binary

data streams).

If interested persons would like to access a document conserved that
way in, say, 100 years from now, they would have to proceed as follows:

1. Load the hardware specification into an emulator to obtain acreate an emulator,
software implementation which is functionally equivalent to the
original hardware. This is the most important step and requires
the format of the hardware specification to be a suitable input for
the emulator software used.

2. On the emulated computer install the systems software and the ap-. . . install software,
plication programs needed for rendering the document. For using
this 100-years-old computer, in particular for installing software,
we must have the manuals. This is why the manuals have to be
archived as part of the metadata.
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3. Load the character stream of the digital document into the emulated . . . and render
documentscomputer and start the rendition software to access the document.

For this purpose, the manuals for the rendition software must be
available and, therefore, should be archived as part of the metadata,
too.

The emulation approach is described in detail in Chap. 4.

In spite of its evident complexity, using emulation for long-term advantages of
emulationpreservation of digital documents is attractive for a number of reasons:

– Once an digital document has been prepared for long-time preser- relatively small cost
per documentvation via emulation – recall that along with its character stream

the emulator specification, the software of the rendition system,
and all the metadata have to be stored – only regular refreshing
of these items is required in order to preserve the document for an
unbounded period of time. Migration, in contrast, requires the con-
version of all documents of a certain format into some new format
before the old format becomes obsolete; this demands processing
time proportional to the number of documents involved – plus labor-
intensive quality checking, which cannot be automated.

– For accessing documents of a certain type the rather costly steps 1 cost proportional
to actual useand 2 above have to be performed, but only rarely.

– Like with the hardware museum approach, each document is rep- one emulator suffices
for many documentsresented by its original binary data stream. All the other informa-

tion required for preservation via emulation (emulator specification,
software, metadata) has to be prepared and stored only once for
each computer hardware. Most of the preparation effort goes into
the hardware specification. Therefore, it would be desirable to di-
rectly obtain such specifications from the hardware manufacturers
(who are using emulators for hardware development anyhow).

– Since with this approach the original data stream is never affected by high authenticity
any changes, its authenticity is very high – always assuming precise
hardware specifications.

With the migration approach, preservation proceeds in small steps that problems with
emulationare taken one at a time: Whenever an old format becomes obsolete

(while new ones become popular), new conversion techniques and tools
have to be developed that achieve the required transformation. Whether
emulation is a universally applicable way of preserving digital docu-
ments, is still an open question. The answer depends on what solutions
to the following problems will be found:

– How can we define a hardware description language which allows a precise hardware
specificationwide spectrum of hardware components to be specified with a suffi-

cient degree of precision – and with reasonable effort? The language
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should be extensible, so that future developments can be taken into
account. All properties perceptible to human users (screen size, res-
olution, and colors, CPU clock speed, etc.) must be specifiable.

– Can we automatically (i.e., by a computer program) generate emula-generate efficient
emulators tor software from such descriptions? Software emulators are useful

if they are fast enough to satisfy real time properties of the original
hardware, e.g., when music or video sequences are to be played.

– Can the emulator software be made sufficiently portable across com-portability of
emulators puter platforms? In theory, emulators could be built as special hard-

ware systems. However, emulator software that can be ported to all
current computer platforms not only is available everywhere – it is
also more likely to benefit from technological progress itself.

– How can we organize archives in such a way that all items requiredredundancy vs.
integrity for rendering a document (binary data stream, emulator specifica-

tion, software, metadata) can be retrieved efficiently while avoiding
the gross redundancy of storing the hardware specification and ren-
dition software with each document? Still, integrity of documents is
the overriding concern.

Standard Formats

The costs and effort involved in long-term preservation are proportionalcosts proportional to
number of formats to the number of data formats involved. This is particularly true for mi-

gration, but also holds for emulation. An obvious solution is to support
only a restricted set of formats which includes just enough formats as
to satisfy all sensible purposes, but not all variations thereof.

The standards for simple character sequences (ASCII, Unicode),standards for
simple character

sequences and . . .
which we have discussed in Sect. 1.3 are well established and should be
stable for some time to come. Hence, they are particularly well suited
for storing metadata, which are the key to the contents and the handling
of documents. Obviously, important keys should be kept in a simple and
reliable format.

For complex document types that are often used, we typically have a. . . for complex
document types great variety of different, rivalling formats. Considering, e.g., text docu-

ments with embedded graphics, the spectrum ranges from internal, pro-
prietary formats (say, MS Word), procedural descriptions (PostScript),
and viewing formats (DVI and PDF) to markup languages (LATEX and
XSL). Currently, on the basis of XML a number of “self-describing for-markup languages
mats” is emerging that will probably give direction to future standard-
ization efforts. These include the metadata standards RDF and Dublin
Core, XSL for desktop publishing, SVG for vector graphics, SMIL for
multimedia documents, and MathML for mathematical formulae.

Therefore, in Chap. 6, which covers standard formats, the emphasis
will be on markup languages of the SGML and XML families.
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1.5 Legal and Social Concerns

Beyond the purely technical aspects that we have discussed so far the seven theses
long-term preservation of digital documents involves legal and social
concerns like those briefly addressed in the following seven theses:

1. Before an digital document may actually be filed into an archive, “Digital Rights
Management”
(DRM) and copy
protection

copyright questions have to be resolved: migration demands docu-
ments to be copied and often requires minor modifications. The au-
thors of the original document must be asked in advance to permit
such actions. Readers have to be charged appropriately for printed
copies. For digital copies, readers must additionally asked to sign li-
cense agreements for documents that are not freely available. There
is an important difference between conventional and digital doc-
uments: an digital copy practically cannot be told apart from its
original. National and international organizations like GEMA5 and
CISAC6 pursue copyright protection in the digital age and aim to
balance the interests of authors, consumers, and other shareholders
by royalty agreements.

2. With the emulation approach we also have to consider (at least in reserved software
rightsthe medium term) reserved rights concerning the different software

components of the rendition environment. Again, some fixed-rate
royalty agreements for permissible purpose access would be a great
convenience.

3. If the emulation approach is to be used on a large scale, ideally Should hardware
manufacturers
provide emulators?

hardware manufacturers should be bound by law to publish com-
plete specifications of their hardware in some suitable emulator
input format. Since currency available hardware needs not to be
emulated, such an obligation would only have to take effect as soon
as the hardware is not produced any more, i.e., becomes obsolete.
At this point, the producers will have drawn the full economic ben-
efit from their short-lived innovations.

4. Libraries and archives need precise criteria on what is to be consid- criteria for selection
ered valuable and, therefore, should be conserved. For print media
there are formal criteria (e.g., whether there is an associated ISBN
number) and policies supported by law (publishers have to provide
specimen copies). In order to do full justice to the relevance of dig-
ital documents, we also have to consider documents that are not
available on tangible data carriers like CD-ROMs, and that do not
have an ISBN associated with them: Scientific on-line journals and

5 “Gesellschaft für musikalische Aufführungs- und mechanische Vervielfälti-
gungsrechte” in Berlin and Munich.

6 “Confédération Internationale des Sociétés d’Auteurs et Compositeurs” in
Paris.
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other publications that are “only” available from the Internet, cer-
tainly also belong to the cultural heritage, which is worth to be pre-
served. For the new media, new criteria and new policies have to
be established. Because of the wealth of available materials and be-
cause of the high costs involved we need carefully elaborated selec-
tion criteria. On the other hand, we must not let grass grow under
our feet, because all the time (components of) rendition systems are
running out unnoticed. The situation is different from that of tradi-
tional documents. With digital documents we cannot wait and see
what will be in demand in the long run: digital documents are either
preserved proactively or lost very soon.

5. Costs are an all-dominant limiting factor. Both on the nationalcosts as a limiting
factor and international levels we need to arrive at sustainable long-term

agreements about who are the bodies that are legally and econom-
ically responsible for the long-term preservation of digital doc-
uments, and what competencies and budgets they will be given.
Whereas such general agreements will of course have to be cur-
rently adjusted, they are an indispensable basis for long-lasting cul-
tural efforts. It also makes sense to reduce costs by cooperation and
division of functions: Common standards are one aspect, the appor-
tionment of complementary focal points is another.

6. Expenses can be either borne exclusively by the state. Alternatively,make costs
affordable some of the costs can be accepted by customers, e.g., by paying fees

for lending and other services. Authors who want their works to be
preserved might well be willing to contribute to ingest costs. By
standardizing input formats for both documents and metadata, the
archiving costs can be further reduced.

7. Regulations should balance the legitimate interests of all share-balance of interests
between

shareholders
holders (authors and publishing companies, libraries and archives,
scientists, and the general public). All the different positions are
discussed in detail by Haynes et al. (1997).

We will take up this discussion in Chap. 7.
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OAIS and DSEP Organizational Models

The first part of this chapter introduces the OAIS Reference Model,
which provides a general framework for digital archives. Both the in-
formation model and the process model will be presented. The second
part explains the DSEP process model, which is based upon the OAIS
Reference Model, but is more adapted to the specific needs of digital
libraries.

2.1 The OAIS Reference Model

In the context of digital libraries and digital publishing, one often comes
across the acronyms OAIS and OAI. Because of their similarity it is easy
to mix them up. To get a clear idea of what this chapter is about, these
meanings have to be distinguished properly (later we are going to deal
with the OAIS only):

The Open Archives Initiative (OAI) aims to develop standards for OAI – Open Archives
Initiativethe exchange of information between digital archives and to support ap-

plication of such standards. Here, an archive denotes an accumulation
of digital documents on a server, e.g., a university’s server for technical
reports. The documents stored on this server should be freely accessible
and the accompanying metadata should be retrievable using a standard-
ized protocol. For this purpose, the OAI has designed the Protocol for
Metadata Harvesting (OAI-PMH). After a more experimental phase,
since June 2002 this protocol is available in the stable version 2.0 and
is already used by numerous institutions.

The Open Archival Information System Reference Model, in con- OAIS – Open
Archival Information
System

trast, deals with long-term preservation of digital publications. Here,
the word archive is used in its true sense: It denotes an organization
whose purpose is to preserve documents for a long time. The Reference
Model’s main objectives are to clarify basic terms of long-term preser-
vation and to identify the corresponding key processes. It is considered
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a common base for the international exchange of ideas and experience
in this field.

2.1.1 Background

The OAIS Reference Model is an ISO standard on the long-term preser-ISO standard
developed by space

research
vation of digital documents. In 1995, the International Organization for
Standardization (ISO) appointed the Consultative Committee for Space
Data Systems (CCSDS) with the development of this standard. The
CCSDS, which is formally subordinate to the NASA, was founded in
1982 by several space agencies in order to simplify data exchange for
space research. After several years of research, the CCSDS presented
the first version of the Reference Model in May 1999, which later was
revised several times. The February 2003 version was accepted as ISO
standard (14721:2003) (ISO 2003a).

Although it originated from space research, the OAIS Referencea comprehensive
model for archives Model is a general, theoretical model describing the organization of

an archive. Since the OAIS Reference Model contains no assumptions
about the nature of the data, it is applicable to both conventional and dig-
ital archives. Its emphasis, though, is on archiving digital documents. In
the OAIS Reference Model, the problem of long-term preservation is
examined from two complementary points of view: both, an informa-
tion model and a process model are being developed.

2.1.2 The Information Model

In the Information Model of the OAIS Reference Model, a fundamentaldata and their
interpretation distinction is made between Data Object and Information Object. The

data can be every kind of, nondigital and digital objects. How are those
data transformed into information? For data to be assigned a meaning,
they have to be interpreted. This presupposes certain knowledge. For ex-
ample, it is only possible to understand a Java program if one knows the
programming language Java. The knowledge which is required to un-
derstand data is called Knowledge Base in the OAIS Reference Model.
If you do not have access to this Knowledge Base, you cannot inter-
pret the data at all. In order to understand the data one needs addi-
tional information. Along with the source code of the Java program,
e.g., a book about the programming language Java must be available.
This additional information is subsumed by the term Representation In-
formation in the OAIS Reference Model. Hence, the OAIS Reference
Model answers the question we have asked in the beginning as follows:
Data turns into information only if the corresponding Knowledge Base
and additional Representation Information are available (Fig. 2.1). This,
however, still does not completely describe the process of interpreta-
tion: The Representation Information itself can only be interpreted with
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Fig. 2.1. Information
model of the OAIS
Reference Model

respect to a suitable Knowledge Base. If this Knowledge Base is miss-
ing, the Representation Information can only be interpreted with respect
to some other Representation Information. In theory, this process might
start an infinite regress. In practice, this regress is terminated by cultural
tradition.

Based on these definitions, the OAIS Reference Model describes the Information
Packages include . . .information entities within the archive. Here, the central term is the In-

formation Package (IP) shown in Fig. 2.2. An Information Package con-
tains Content Information and Preservation Description Information.

Fig. 2.2.
Constituents of an
Information Package

The Content Information is the information object proper which . . . Content
Information and . . .contains all the information necessary to interpret data: The Data Ob-

ject as well as the Representation Information. It is the archive’s duty to
preserve this content.

In the OAIS Reference Model, the term Preservation Description . . . Preservation
Description
Information (PDI)

Information (PDI) denotes all the information required to suitably pre-
serve the corresponding Content Information. This, e.g., includes infor-
mation that proves the integrity of the Content Information or specifies
its origin and its relationship to other objects in the archive.



24 2 OAIS and DSEP Organizational Models

Content Information and PDI are combined into one logical entity,logical entities
the Information Package. This is a characteristic of the OAIS Reference
Model: All its definitions and descriptions are to be understood as logi-
cal or conceptional entities. Their actual implementation is left open.

Since both components of an Information Package have to be con-Packaging
Information nected to physical storage media as well, the OAIS Reference Model

also includes Packaging Information. It specifies how Content Informa-
tion and PDI are actually related to each other, e.g., by describing the
directory structure of a CD-ROM. But as the Packaging Information
does not add anything to the contents of the Information Package, the
OAIS Reference Model leaves the decision, whether to actually main-
tain this Packaging Information or not, to the discretion of each archive.

Finally, every archive needs the metadata of the stored InformationDescriptive
Information Package. For this purpose, the OAIS Reference Model provides the De-

scriptive Information which yields Information about the content of the
Information Package and thus allows the Information Package to be
found in the archive.

2.1.3 Modeling Context and Processes

In order to define the processes that are going on in the archive in morecontext of processes
detail, the OAIS Reference Model starts by considering the context of
the archive (cf. Fig. 2.3). An archive’s purpose is to maintain docu-
ments, which are submitted to it and which are to be made available
to future users. That is why, on one hand, it has to collaborate with
Producers, i.e., authors, institutions, etc. that deliver documents to the
archive. On the other hand, it has to make the maintained documents
available for the Consumers. Last but not least another institution is
required, which defines the specific purpose of the archive, e.g., which
documents are to be collected and which are not. According to the OAIS
Reference Model this is the duty of the archive Management.

The OAIS Reference Model differentiates three different kinds ofInformation
Packages: SIPs,
AIPs, and DIPs

Information Packages in their relation to the environment of the archive:
Submission Information Packages (SIP) are sent to the archive by
Producers, Archive Information Packages (AIP) are preserved in the
archive, and Dissemination Information Packages (DIP) are passed
from the archive to Consumers.

Fig. 2.3. Context of
an OAIS archive
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Fig. 2.4. Process
model of the OAIS
Reference Model

All these different Information Packages are input data to the archive processes
processes that are going on in an archive. The OAIS Reference Model
models these processes and groups them according to the following
use cases: Ingest, Archival Storage, Data Management, Administration,
Preservation Planning, and Access (Fig. 2.4).

The Ingest process receives an SIP from the Producer and prepares it Ingest
for storage and administration within the archive. Among other things,
contracts with Producers have to be worked out, the completeness and
authenticity of an SIP have to be established, SIPs must be transformed
into AIPs, and Descriptive Information corresponding to the AIPs has to
be created. Finally, the AIP is passed on to the Archival Storage process,
and the corresponding Descriptive Information to the Data Manage-
ment process.

Storage, maintenance of the bit-stream and the retrieval of the AIPs Archival Storage
are responsibilities of the Archival Storage process. It receives the AIPs
from the Ingest Process and distributes them to different storage media.
This process is also responsible for storage administration, ensuring the
AIPs are not harmed by memory errors, and for the periodic refreshing
of storage media. The process also guarantees the reconstruction of the
AIPs in the case of a system failure. If requested, it passes the AIPs on
to the Access process.

The Data Management process manages the Descriptive Informa- Data Management
tion and also the data that are necessary to run the system. These data are
saved in a database, which must be administered and updated by Data
Management as well. Its duties also include queries to the archive’s data
base and the editing of received data.

The Administration process handles routine work in the archive: Administration
It negotiates with producers the prerequisites for sending documents
to the archive. It checks whether the delivered SIPs meet the archive’s
standards. This process is also responsible for the hardware and the soft-
ware architecture of the archive. For this purpose, it monitors the sys-
tem’s operation and analyzes possible ways of optimizing the system’s
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efficiency. It also decides whether to update or to migrate the archive’s
contents. Finally, it develops and monitors the mandatory archive
standards.

In the original OAIS draft of May 1999, the use case Preserva-Preservation
Planning tion Planning was not yet envisaged. When the Networked European

Deposit Library (NEDLIB) and other organizations started to use the
OAIS Reference Model, the need for a special preservation Planning
process became obvious. At the suggestion of NEDLIB the Preserva-
tion Planning process was included in the OAIS Reference Model. It
encompasses all tasks that are necessary to guarantee future technical
access to information saved in the archive. Among other tasks, its duty
is to monitor the hardware and software markets, and to check whether
all preserved documents can be rendered on new developed systems. If
not, it must decide which strategy (e.g., migration or emulation) will
guarantee best future accessibility of the documents under the new cir-
cumstances.

In the OAIS Reference Model, the interface between preserved doc-Access
uments and user is the Access process. It allows the user to search the
archive’s contents, e.g., using an on-line catalog. It creates DIPs on user
demand and monitors their delivery to the user.

Those six processes describe the flow of information within the
OAIS Reference Model, both from producer to archive and from archive
to user. They model an archive’s key processes without dealing with a
concrete implementation. The concrete implementation may differ from
archive to archive.

2.2 The DSEP Process Model

Among the first organizations to use the OAIS Reference Model wasDSEP – OAIS
adaptation by

NEDLIB
NEDLIB,1 which was founded on 1 January 1998 by the Congress of
European National Libraries. NEDLIB was a team project of several
European national libraries and national archives, of ICT organizations
and publishers. It was managed by the Koninklijke Bibliotheek, the
national library of The Netherlands. The German Library was among
the participants as well. The project goal was to identify the new de-
mands on the national archives in Europe originating from digital pub-
lications, and to propose ways of coping with those new demands. In
order to clarify the technical terms and as a basis for practical exper-
iments the involved partners developed the concept of a Deposit Sys-
tem for Electronic Publications (DSEP). This concept models all the
processes that need to be applied by libraries in the context of long-term

1 See http://www.kb.nl/coop/nedlib/index.html.
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Existing
Library
System

DSEP

1. Selection

2. Acquisition

3. Capture

4. Registration

5. Verification

6. Description 

7. Storage

8. Preservation

9. Delivery

10. Access

11. Monitoring

Fig. 2.5. Workflow
of a digital library
with DSEP

preservation of digital documents. NEDLIB was terminated with a
workshop2 in December 2000.

In the NEDLIB draft the problem of long-term preservation of dig- long-term
preservation in
business

ital publications is not considered in isolation, but in connection with
course of business within digital libraries. The business routine of li-
brary can be subdivided into four domains:

– Acquisition of stock
– Capturing metadata
– Preservation and maintenance
– Providing access

Figure 2.5 shows how in the NEDLIB draft the tasks of a DSEP were tasks of a DSEP
defined (with the above domains indicated as boxes). The additional
task “monitor” serves to guarantee the system’s overall operation. The
DSEP is designed as an independent module of a typical library system
used in today’s libraries. The advantage of this approach is that DSEP
need not be developed completely “from scratch.” Rather, functions al-
ready available in existing library systems can be used.

As early as December, 1998, NEDLIB decided to start from the interfaces to the
library systemOAIS Reference Model the detailed design of processes that would

satisfy the DSEP requirements. Thus, from the very beginning of this
project the advantages of international standardization were utilized.
DSEP differs from the OAIS Reference Model in that it has a more receiving and

producing Electronic
Information
Packages (EP)

specific context: The already existing library system replaces the gen-
eral Producer and Consumer roles from Fig. 2.3. Because of that, there
are two new processes in the DSEP defining the interface to the library
system. Figure 2.6 shows the resulting DSEP process model. Since the

2 The workshop was documented in the Zeitschrift für Bibliothekswesen und
Bibliographie 48 (2001), Issue 3–4 (in German).
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Fig. 2.6. DSEP
process model

DSEP processes are the same as those in the OAIS Reference Model in
Fig. 2.4, we do not visualize them again.3

The numbers in brackets standing next to the individual processesbusiness workflow
refer to tasks from Fig. 2.5. Since the workflows of the business rou-
tines in the DSEP Model are arranged in a logical and functional or-
der, the individual flows can be distributed to several DSEP Processes.
An example from the Preservation (8) will make this clear. For migrat-
ing an already stored document, first the process Preservation will con-
vert the document into the new format. Since the resulting document
is to be kept in the DSEP, too, it must be reinserted using the Ingest
process. Ingest checks the document and adds the information describ-
ing the migration step to the metadata. Then the metadata are passed
on to Data Management, whereas the document itself is passed on to
Archival Storage.

The two new processes Delivery & Capture and Packaging & De-new processes
livery work as an interface to the surrounding library system. Their re-
spective tasks are:

The process Delivery & Capture receives all new digital publica-Delivery & Capture
tions from the library system that are to be inserted into the DSEP.
Usually, a library cannot completely regulate admissible input for-
mats so that there will be documents in different kinds of formats.
The process Delivery & Capture transforms documents into SIPs
conforming to the DSEP standards. Finally, it passes the SIPs on to
Ingest.
The process Packaging & Delivery, on the other hand, turns infor-Packaging &

Delivery mation from the DSEP over to the user. In order to do so it processes
a DIP obtained from Access. Beyond the document proper, the DIP
may contain the metadata and software that are needed for installing
and rendering the document. The process Packaging & Delivery un-
packs the DIP and transforms it into a format that can be used by
the library system.

Since the other DSEP processes (Ingest, Archival Storage, Data Man-boundaries to library
system agement, Administration, and Access) are the same as in the OAIS Ref-

erence Model, we will not explain them here again. One general remark,

3 Except for the process Preservation.
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however, is expedient: Sometimes tasks described in the OAIS Refer-
ence Model to be responsibilities of its processes are handled by the
library system the DSEP cooperates with. For example, the acquisition
department of the digital library negotiates contracts with the authors
or publishers. In the OAIS Reference Model this task is assigned to the
Ingest process. In such cases, key processes in DSEP can be reduced to
their essential substance.

The only exception is the process Preservation. When the DSEP central process:
Preservationwas designed, no process for long-term preservation was provided in

the OAIS Reference Model. But since one of the main goals of NEDLIB
was to investigate the long-term preservation of digital publications both
theoretically and experimentally, the corresponding task had to be in-
cluded in the model. That is why NEDLIB decided to upgrade the OAIS
Reference Model with a Preservation process. In the DSEP Model,
this process is divided into two subprocesses: Preservation Planning,
which is responsible for research and development of concepts for long-
term preservation, and Preservation Activities, which implements those
concepts and monitors their work. Into the further development of the
OAIS Reference Model only the process Preservation Planning was
integrated. This indicates some conceptional difference between DSEP
and OAIS: Whereas the DSEP Model explicitly considers migration and
emulation as strategies for long-term preservation – and, therefore, has
to provide an organizational entity for monitoring them – the OAIS Ref-
erence Model does not tie itself down to one fixed strategy.

Because of its importance, the process Preservation will be de- subprocesses
scribed in more detail below: Its responsibility is to guarantee persistent
storage and access to the documents in the archive. As mentioned be-
fore, this process consists of two subprocesses: Preservation Planning
and Preservation Activities.

The subprocess Preservation Planning is responsible for research Preservation
Planningon problems of long-term preservation and for developing solution

strategies. It comprises a number of component processes:

– Develop Preservation Standards and Strategies. This process de-
velops standards and strategies that enable an archive to react in a
flexible and adequate way to future developments in digital publica-
tion.

– Develop Packaging Designs. This process defines and continuously
enhances the design for building SIPs, AIPs, and DIPs.

– Define Reference Platforms. A Reference Platform consists of all
the hardware and software that is necessary to render digital publi-
cations. This includes computer type, operating system, editor, etc.
The process makes sure that for each publication in the archive a
reference platform is defined.
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– Monitor Technology. This process monitors ongoing IT develop-
ments that are of interest to DSEP.

The second subprocess, Preservation Activities, coordinates and moni-Preservation
Activities tors the execution of all long-term preservation activities. It consists of

two component processes:

– Create New Reference Platform. This process creates the descrip-
tion of a newly defined Reference Platform and packages the de-
scription into an SIP, so it can be preserved in the archive. A possi-
ble way of implementing a new Reference Model is emulation.

– Archival Information Update. This process updates the stored AIPs.
An update is required, e.g., if documents are migrated.

Finally let us point out that the OAIS and DSEP Reference Modelsfunctional model vs.
implementation only articulate the requirements to be met by digital archive and library

systems. The defining NEDLIB report no. 6 (van der Werf 2000) de-
scribes the DSEP Reference Model in great detail. Nevertheless, as the
report emphasizes time and again, it defines a functional model of what
a DSEP will do, not how a DSEP is to be implemented. In particular,
wordings like “media” and “database” that are often used to denote the
storage locations of digital documents and their metadata, must not be
mistaken as implementation decisions. For good reasons, the structure
of a concrete implementation can (and will) differ completely from that
of a Reference Model. The crucial point is that an implementation has
to produce the effects defined by the corresponding Reference Model.
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Migration

As described in Chap. 1, migration keeps documents accessible and up
to date by continuously migrating them onto some current computer
environments. Using an example from our daily routine, Sect. 3.1 il-
lustrates different options for the migration process, gives a succinct
definition for the migration process itself, and outlines its overall goals.
Section 3.2 deals with applications of the migration approach for long-
term preservation of digital documents and discusses possible variants.
Section 3.3 addresses organizational aspects within the framework in-
troduced in Chap. 2. Section 3.4 summarizes strengths and weaknesses
of the migration approach as a whole.

3.1 Migration: Definition and Goals

In order to access old or archived documents with upgraded software migration
everywhereor on a new computer, most experienced computer users have already

migrated tons of documents. This is not the only reason for migration:
the Internet connects an enormous variety of computer generations of
different makes, each with their own individual hard- and software con-
figurations. Whenever Internet users want to exchange documents, they
have to find a means – most often by applying migration – to make the
documents readable for their partners. Some readers who are used to ex-
changing MS Windows documents on a daily routine with their business
partners may find this idea strange. Within any mono culture like Intel-
Microsoft-Office (or, similarly, Linux-StarOffice) sharing documents is
easy. In a more heterogeneous environment, however, migration will
probably be the best way to make documents accessible to each other.1

1 Even when running the same office product on different operating systems,
say StarOffice on Windows and Linux, or Microsoft Office on Windows and
Macintosh, file sharing may be hampered, e.g., by font problems.
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Let us take a look at a typical heterogeneous setting: On one side,for example,
text documents MS Windows users producing their documents using Microsoft Word,

on the other side, Unix users generating their documents with LATEX. In
this situation, a pragmatic approach would be to migrate the documents
to be exchanged into a third format available to both parties like, say, a
printer format such as PostScript or PDF. If “exchange” just means to
be able to read each others’ documents (using viewer software or after
printing the documents on paper), this simple approach is sufficient.
Closer forms of collaboration require that both parties be able to edit
the same documents in turn in order to reach at a final consensus. To
adopt the format used by the other party (either in the Windows or in
the Unix world) would force users to install a new software (possibly
on a new machine), to learn its idiosyncrasies, and, in general, give up
the work environment they have grown accustomed to. In many cases
this is considered unacceptable.

Users, therefore, tend to simply export the textual contents of docu-
ments into ASCII representations and, similarly, to import such ASCII
representations into their own systems. ASCII is the lingua franca in theASCII as a

lingua franca world of bits and bytes. In spite of this, important elements of text file
representation are encoded differently by different operating systems,
thus hampering transformation by introducing subtle errors: In MacOS,
Unix, and MS Windows/DOS “newlines” are represented by either car-
riage returns, line feeds, or combinations of both. Another obvious dis-
advantage of this kind of migration is that all formatting information
such as font type, color, size, etc. is lost and has to be replenished by
the receiving site – a time-consuming and error-prone task.

Our example shows that migration can be handled in different ways:no general
migration strategy there are different target formats (in the example PDF and ASCII) with

distinct characteristics. Migration steps are performed using a variety
of tools on different levels of granularity: single text files can be trans-
formed using export and import filters of appropriate text processing
software. Large collections of text files can be migrated automatically
between operating systems using suitable conversion software. Due to
the large amount and ever growing number of formats for text docu-
ments, image files, sound samples, video streams, databases, and due to
the growing number of compound documents, i.e., documents created
using a mix of the mentioned representations, a single general-purpose
migration strategy for all kinds of documents is not conceivable. For the
same reasons the term migration does not denote one single approach to
migrating documents. Instead, the term stands for a whole class of mi-
gration strategies, all with slightly different semantics. In the following,
we give a succinct definition and differentiate between several variants
of the term migration.

An often cited definition of migration was given in the final reportdefinition of
“migration” of the Task Force on Archiving of Digital Information (TFADI 1996):
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Definition: Migration is the periodic transfer of digital materials from
one hardware/software configuration to another or from one gener-
ation of computer technology to a subsequent generation. The pur-
pose of migration is to preserve the integrity of digital objects and
to retain the ability for clients to retrieve, display, and otherwise use
them in the face of constantly changing technology.

One important aspect of the TFADI definition is that migration requires Migration is a
recurring task!periodic transfer, or, to make it even more explicit, migration is a re-

current, never-ending task, not just a single ad hoc transformation step!
This results in a number of issues to be addressed by institutions that
employ a migration strategy for archiving digital information over long
periods of time. Such institutions have to establish organizational struc-
tures that allow for (a) regular inspection of the digital materials, (b)
planning of the next migration step as soon as inspection detects a mi-
gration need, and (c) performing individual migration processes accord-
ing to plan as part of their daily routine. For archives, libraries and all
“data-housing units” within private organizations, migration is a per-
manent change process. Section 3.3 focuses on organizational aspects
of this change process.

The TFADI definition describes “migration in its broadest sense,” broad and strict
senses of migrationand, thus, identifies the overall goals of any long-term preservation

strategy: Digital materials must be kept accessible in an as authentic
as possible form for potential future users. As discussed in Chap. 1 in
the context of the hardware museum approach, digital documents can
be accessed using their original rendition system only for a rather lim-
ited period of time. Therefore, either the original documents have to be
transformed into formats available on current platforms, or a replica of
the original rendition system has to be recreated. Both strategies con-
form to “migration in the broadest sense.” The first strategy is called
“migration in a stricter sense,” and is the focus of the remainder of this
chapter. The second strategy is called “emulation” and will be discussed
in Chap. 4.

Before discussing the different migration approaches used for long- requirements for
migrationterm preservation, we briefly recapitulate the objectives to be achieved.

Lievesley (1995) lists the following objectives for the preservation of
digital material:

– Physical data reliability, i.e., preservation of the data media without
loss of information

– Protection of the data against unauthorized access
– Continuous access to the data and
– Integration into an information brokerage environment

Planning a migration step is difficult, since requirements on future data planning for
migrationuse in general cannot be anticipated completely. The following ques-

tions arise whenever migration is about to be performed: How much
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loss of formatting information can be tolerated? What amount of re-
formatting is acceptable in the current setting? What will be the total
cost of the planned migration step? Every single migration step jeop-
ardizes the integrity of the digital material (TASI 2000). Integrity con-
straints relate to both the original intellectual content and the form and
structure of its representation (for instance, resolution and color repre-
sentation of images). In any case, users of archives need to be certain
about the authenticity and the high quality of the preserved digital data.
For data transmissions over the Internet, a variety of nonreversible com-
pression techniques (resulting in loss of data) are applied to images and
videos in order to reduce the required bandwidth. These techniques are
not acceptable for migration as discussed here (TASI 2000). Obviously,
from the archives’ and libraries’ perspectives, preservation costs have
to be kept as low as possible. An important question in this context is
which data need to be preserved for the future. If under financial pres-
sure we decide to preserve only surrogates of original documents (e.g.,
summaries), this decision cannot be revised in future.

Michelson and Rothenberg (1992) assume that digital libraries arekeeping documents
accessible mainly used for teaching and research. Therefore, it is important that

digital documents can be retrieved, analyzed, and further processed at
any given time (cf. (Endres and Fellner 2000)). Digital documents must
be preserved in a such a way that they can be accessed and interpreted
on current rendition systems at any time. Obviously, preserving only
their bit-streams is insufficient.

Migration may even improve the quality of data. Very likely, in theimproving data
through migration time span between two consecutive migration steps technological capa-

bilities will improve considerably. Therefore, in addition to migrating a
digital document into a current format, transformations that enhance the
document’s content may be applied. For instance, background noise can
be removed from scanned images or texts. Another possible improve-
ment would be automatically extracted indexes for text documents. In
the same vein, we might add metadata for better access. Adding meta-
data is a topic in Sect. 3.3, where library and archive aspects are consid-
ered.

3.2 Migration in Long-Term Preservation

Simply speaking, “migration in the strict sense” transports an digitaldifferentiating
migration strategies document from some old platform onto a new platform. There is a nat-

ural differentiation between hardware and software transfers, as well as
between approaches that result in changes of the data-holding devices,
the data formats, or the logical data structure. At first, we concentrate on
the potential target data formats of a migration, especially focussing on
long-lasting standards. Independent of the strategy used for long-term



3.2 Migration in Long-Term Preservation 35

preservation, metadata have to be kept permanently readable. This is
also discussed in Sect. 3.3.

3.2.1 Target Data Formats

Software variety results in a never-ending proliferation of different data proprietary and open
formatsformats. Many data formats are vendor-specific and depend on propri-

etary programs and computer environments. Prominent examples of this
kind are the Microsoft-Office data formats and the WAV-Audio data for-
mat. Another category are data formats whose internal representation
format has been disclosed to the public. For such open formats, many
applications provide import and export filters. Therefore, they are im-
portant intermediaries for data exchange among heterogeneous systems.
RTF and PDF belong to this category.

The growing globalization and the increasing Internet connectiv- standardized formats
. . .ity increase the demand for common data formats and communica-

tions standards. In contrast to the 1970s and 1980s, we now see enor-
mous effort being spent on related standardization activities. Their own
well-understood business interests force companies to collaborate in a
growing number of standardization committees. A good example is the
field of Geographic Information Systems (GIS), where there is an at-
tempt to minimize data conversions and administration costs through
the use of widely accepted data format standards. Another example
is e-Commerce, where efforts concentrate on homogenizing different
existing approaches to secure data transmission and jointly developing
standardized data exchange formats.

By introducing standard data formats not only dependency on pro- . . . and their
advantagesprietary hardware and rendition systems is reduced; also, the number

of data formats that have to be administrated is reduced drastically.
In this respect, standard data formats outperform all other hardware-
or software-dependent data formats simply because their number is
smaller. It makes sense that libraries and archives select only a few stan-
dard data formats (for each kind of document) as their target data for-
mats for migration. This reduction in the number of target data formats
helps these organizations to concentrate their know-how and thereby
considerably reduce personnel costs. At the same time, migration inter-
vals tend to become longer since standard data formats will probably be
supported for longer periods of time.

In order to enjoy all these benefits, we propose to select data formats formal criteria
according to the following formal criteria:

– The data format should be public, i.e., with a full disclosure of its
syntax and semantics.

– The data format should be standardized by a reputed organization
such as the International Organization for Standardization (ISO),
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American National Standard for Information Sciences (ANSI), or
the World Wide Web Consortium (W3C). Although PDF is not stan-
dardized in this way, it has become a de facto standard for the
exchange of printable documents. While standardization supported
by an organization is not a must, it brings about a broad consen-
sus among developers of rendition systems and reduces difficulties
evoked by vendor-specific subtleties.

– The data format should be generally accepted and widespread. This
guarantees availability of suitable rendition software on mainstream
hardware platforms now and in the foreseeable future.

– In addition, the data format should be available free of patent and
license fees. Organizations should be careful when selecting a data
format for which the owner has reserved his rights to eventually put
fees on its use. Once a format is established this can have drastic
consequences as we have seen with JPEG some 15 years ago.

If the formal criteria are met by competing formats, the choice shouldselecting formats
be based on the organization’s overall objectives and the contents of its
archive. Here, options range from a simplistic perspective, where the
most basic format is used for archiving (not making great demands on
the retrieval system; see also Hedstrom 2000) to a more holistic view
that attempts to provide the content as true to original as possible over
a very long period of time. The latter option is relevant for libraries,
archives, and museums which intend to conserve nondigital objects us-
ing digitalization.

Hendley (1998) has analyzed a large number of document categoriesdocument categories
and data formats and their corresponding data formats. Table 3.1 lists the major results

naming current standards. For some documents containing data of a sin-
gle type only, a few well-established standards exist. Two particularly
successful formats for the visual representation of texts and graphics are
PDF and PostScript. For compound documents (i.e., documents con-
taining data of different types), standard data formats are still missing.2

In this field, which among others includes virtual reality systems, Office
applications, and geographic information systems, proprietary formats
flourish. Some of these systems offer export filters to open up ways for
data exchange (Jones and Beagrie 2001). As long as there are no stan-
dard formats for a compound document type, a document’s components
have to be exported separately.

Hypertext documents, and in particular their popular linking mech-problems with
hypertext links anism, raise another issue, i.e., how to uniquely identify another doc-

uments (or a place within another document). For identifying a link

2 The new OASIS Open Document Format (ODF) might become such a stan-
dard; see http://www.oasis-open.org/committees/download.php/12572/
OpenDocument-v1.0-os.pdf.
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Table 3.1. Document
categories and
standard formats
according to
Hendley (1998)

category data types standard formats
data alphanumeric data PDF, PostScript, ASCII, CSV,

SQL
structured text alphanumeric, image

references, markup
PostScript, PDF, TeX, DSSSL,
SGML, HTML, XML

office documents alphanumeric, bitmap
and vector graphics,
animated graphics

PostScript, PDF, DSSSL, RTF,
ASCII, SGML, TIFF, CGM

design documents bitmap and vector
graphics, alphanumeric
data

HPGL, PostScript, EPS,
DXF/DWG, IGES, CGM,
TIFF, ASCII/RTC

presentation graphics bitmap and vector
graphics, alphanumeric
data, animated graphics

PostScript, PDF

image bitmap graphics PostScript, PDF, TIFF, GIF,
JPEG

audio audio data MPEG-1 audio layers 1/2/3,
MP3, MIDI

video video data MPEG-1, MPEG-2, MPEG-4
geographical data (GIS) bitmap and vector

graphics, alphanumeric
data

PostScript, EPS, HPGL, TIFF,
ASCII, CGM

interactive multimedia all MPEG-1, MPEG-2

target, in today’s Internet a so-called URL is used, which essentially de-
scribes how to find the target’s location within hyperspace. Due to the
permanent reorganization of this hyperspace, the location of a document
is volatile, i.e., subject to change without notice. What is needed, how-
ever, is a more stable and more persistent unique identifier. Research
is active on implementing techniques for world-wide productive use of
either a Persistent Uniform Resource Locator (PURL), a Digital Object
Identifier (DOI), or a Uniform Resource Name (URN). In Sect. 5.4.2 we
will discuss these alternatives in some detail.

3.2.2 Digital Media Migration

Different motives call for migration of digital media: On one hand, the case study:
migrating
sociological research
data

durability of digital media is inferior to that of conventional, nondigital
media like paper and microfilm, whose shelf life is measured in hun-
dreds of years. On the other hand, technological innovation in rapid suc-
cession produces even better storage devices, accompanied by new digi-
tal media of drastically improved capacity. Consumers absorb increased
bandwidths, increased memory capacities, and increased access speeds
like dry sponges. Typically, devices and media are replaced by better
ones within a few years. They then become obsolete, since for lack of
financial incentives their production and maintenance are discontinued.
Soon, disproportionate effort is required to connect the unsupported de-
vices to up-to-date computers and thus access the data stored on old
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media. A case study by Green et al. (1999) illustrates the difficulty of
making data from such a obsolete system available. The purpose of this
case study was to migrate punch cards containing sociological research
data into a hardware and software independent format.

For devices and media that have not yet run out, media migrationsimple and cheap
is simple and cheap (TFADI 1996). If complex structures are to be
migrated or if security and authenticity issues are raised, things be-
come more difficult and more expensive. The following discussion of
concrete strategies for media migration is based on the classification
from CCSDS (1999).

Refreshing Digital Media

The simplest strategy is to refresh digital media, i.e., to create a perfectrefreshing
the original or

creating a replica
replica without changing either the format or a single bit of the con-
tent. In many cases, refreshing in the true sense (that is, refreshing the
original) is not possible. Write-only CD-ROMs and DVDs are examples
of that. Since a computer cannot tell the difference between the origi-
nal and a replica, this is no problem. Refreshing is a preventive action
taken in order to avoid losses of information due to physical effects, like
de-magnetization of tapes. If properly organized and used in conjunc-
tion with redundant copies, refreshing will rule out information losses
almost completely.

The TFADI definition of migration shown on p. 32 goes on to dis-
tinguish refreshing from migration in a broader sense:

. . . Migration includes refreshing as a means of digital
preservation but differs from it in the sense that it is not always
possible to make an exact digital copy or replica of a database
or other information object as hardware and software change
and still maintain the compatibility of the object with the new
generation of technology.

Migration to Other Digital Media

If data are copied onto media of a different kind (for instance, fromproblems although
logical structure is

preserved
a tape to a DVD), the internal structure of the new media will often
differ considerably from that of the original. Whereas a magnetic tape
is physically organized into sequence of blocks providing sequential ac-
cess to bytes streams, an optical disc is organized into sectors and blocks
that can be accessed directly. Generally, different physical organization
structures are handled by driver software, i.e., by part of the system soft-
ware. One of the tasks of a computer’s operating system is to hide such
physical differences from users and application programs by providing
a uniform logical interface for file access. The migration strategy, which



3.2 Migration in Long-Term Preservation 39

copies data between media that are of different physical, but of the same
logical structure, is called replication. An example would be migration
between a hard disk and a USB stick.

When using replication, restriction mechanisms will carry over to authenticity features
and copy protectionthe new media without problems if the information used by the mech-

anism (e.g., checksums) does not depend on physical properties of the
accessed media. Other authenticity features (e.g., digital watermarks,
digital signatures) or strict copy protection directly depend on proper-
ties of the data representation or of the physical media themselves. In
that case, media migration is severely restricted. Most movie DVDs and
a growing number of audio CDs are prominent examples. Here, media
migration requires that the archiving organizations (libraries, archives,
and museums) and the producer of the media cooperate – if only for
legal reasons.

This kind of cooperation is also needed if copy-protected or digi- remove copy
protection and
digital signatures
prior to archiving

tally signed documents are submitted to a public record office. Here,
we recommend that original copy protection and digital signatures be
removed (and, possibly, be replaced by corresponding mechanisms
under the office’s control) when preparing the documents for long-
term archiving. Of course, this action has to be documented accu-
rately and in full detail in order to make its effects traceable to future
users.

So far, for archiving purposes mostly slow but high-capacity media increased storage
capacitylike magnetic tapes and optical disks have been used. Prices for hard

disks have fallen to a level where they can be considered a fast and
reliable alternative to classical media. This would bring a new qual-
ity to archiving since hard disks – in contrast to magnetic tapes, etc.
– support direct on-line access. The advantage is even bigger if access
can be provided world wide over the Internet. Among other new tech-
nologies, DVD systems are about to displace CD technology in the IT
market. In combination with a robot exchange system, DVD systems
offer enormous storage capacities, and, if connected through fast bus
systems (e.g., SCSI), allow for data access as fast as their hard disk
counterparts.

3.2.3 Migration to Nondigital Media

According to Hedstrom (2000), copying digital information to nondig- a grim scenario for
retro digitizationital media is one of the most common and widely used strategies for

long-term preservation. This is quite remarkable in the presence of huge
retro-digitization projects conducted by libraries and museums all over
the world in order to preserve historical documents and other artifacts.
If we do not succeed in establishing an effective long-term preservation
strategy, these digital data may well become useless (or inaccessible)
long before the destruction of their historical originals.
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Fig. 3.1. Migration to nondigital media

As illustrated in Fig. 3.1, this archiving strategy makes use of twopaper and microfilm
media, namely paper that carries the printed digital data, and micro-
film that stores photographic copies of the original. The old idea to
store digital information (for instance, as bar codes, or as glyphs, or
in any other encoding) directly on the microfilm is strictly limited by
the resolution of the film. Due to this limitation, at best some meta-
data can be stored digitally. The advantages of paper and microfilm are
obvious: They resist to many environmental influences and deteriorate
only slowly over time. Also, no expensive special-purpose hardware
and software is needed for transferring digital data to paper or micro-
film: a commercially available printer will do. The invaluable pro is,
however, that their reproduction is simple and comes without expensive
and failure-prone interpretation system – the human eye and a magni-
fying glass is all that must be at hand. Simple text and unstructured
documents are ideal candidates for this kind of archival strategy.

Unfortunately, paper and microfilm are not suitable for complex andno full substitute for
digital media compound documents such as databases, videos, or hypertexts. There is

no direct way to transfer these data to nondigital media adequately. The
same is true for spreadsheets and other computationally enhanced doc-
uments. As soon as a table, for instance, is printed to paper, the formu-
lae behind the numbers in the table are lost. Documents are “flattened”
(TFADI 1996). Safety and security protocols, all authentication mech-
anisms, digital watermarks, etc. are lost as well (unless special care is
taken to add them as binary coded information).

Microfilms

Microfilms are a wide-spread class of nondigital media that are fitan established and
mature technology for archiving purposes. Although micrographics is not suitable for

all types of digital objects, it offers some attractive features. As al-
ready mentioned, using simple physical devices their contents can be
made directly perceptible to the human eye. For the analog image
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representations stored on them, no decoding of data and metadata that
makes the digital world so tricky is needed. Micrographics is an es-
tablished and very mature technique. A high confidence in microfilms
results from long-standing experience of professional archiving insti-
tutions and service bureaus. Formal standards,3 recommendations, and
guidelines facilitate archiving. Compatibility is no severe problem. In-
formation exchange among different systems is easy. Most importantly,
the imposing durability of these storage media significantly reduces the
frequency of migration steps. In the digital world, we see a need for mi-
gration in very short-time intervals – hardware and software are evolv-
ing fast. In contrast, microfilms promise a lifetime ranging from at least
50 years (if standard DIAZO films for every-day use are employed) up
to 500 years and more (for high-tech silver-gelatin-type microfilms).
Even if these ratings would be considered too optimistic by some, ex-
tensive tests, defined quality procedures, and the proven readability of
films that are over 100-years old have already produced a high degree
of confidence.

Microfilm is a suitable medium for storing particularly sensitive microfilms offer
unrivaled
advantages

data. For some considerable time now, long-term archiving of analog
images as described above has been established as a reliable technique.
However, information can also be placed on microfilm as purely digital
data! This way, significantly higher storage capacities can be achieved
than with analog imaging. Analog photography of the Bible would re-
quire 30 m of film; as digital data the same amount of information
would require only 5 mm. At the same time, the digital data are pre-
served with the highest standard of security. Microfilm offers unrivaled
advantages as a storage medium in terms of durability and protection
against forgery. For example, it is possible to scan in documents bear-
ing important signatures and record them as analog images – possibly
supplemented by digital metadata to facilitate retrieval. With microfilm,
long-term storage relies on conversion. This means that the relevant data
are transformed into a format that can no longer be altered and is easy
to access. The data are thus preserved on the medium once and for all
– viruses stand no chance. Since the production of films is relatively
cheap, additional security can be achieved through redundancy by stor-
ing backup copies in distributed locations.

Thus with regard to security, microfilm is the high-end version in a archival storage:
working version and
microfilm in parallel

graded concept of storage media. And in terms of cost, too, it can cer-
tainly hold its own with other media. At any rate, relevant costs are only
incurred in its manufacture and in data retrieval. For storing the films,
archivists have virtually no expenditure (measured in terms of storage

3 Issued, in particular, by the American National Standards Institute (ANSI),
the Association for Information and Image Management (AIIM), and the
International Organization for Standardization (ISO).
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capacity). However, for daily, rapid availability, microfilm is not suit-
able. In parallel to the back-up copy on film, quickly accessible work-
ing copies should be provided. In combination with microfilm, there is
no need for the on-line versions to meet any special security standard.
If the data on the working version should damaged or even destroyed,
the microfilm copies can be retrieved. For data that are only needed in
rare, exceptional cases, on-line versions are dispensable. Examples are
personal data, medical reports, and documents relating to liability or
court files.

In order to convey an idea of micrographics’ potential we describemicrographics
in detail: recording

and reproduction
some technical features and projects. Traditional micrographics are
fully processed in an analog way. Analog cameras mostly take the pic-
tures of paper-based material. Planetary cameras are the right choice
for brittle and fragile documents as well as for bound volumes, which
are placed on a flat copy board. Typically, these cameras support 11 and
35 mm films. This recording technique produces high quality images.
If lower quality is acceptable and high processing speed is required,
rotary cameras are the adequate equipment. The rotary motion of the
copies, which is synchronized with the film’s rotation, requires flexi-
ble and uniform-sized material. This technique is generally limited to
16 mm films. Variants of planetary cameras, so-called step-and-repeat
cameras, produce microfiches. They consist of a grid of pictures, which
is usually placed on a section of 105 mm microfilms. Microfilm and mi-
crofiche readers are optical devices used for viewing and/or printing.
Computer Assisted Retrieval Systems (CAR) allow for the retrieval of
indexed documents. They usually require 16 mm films housed in car-
tridges. Opaque marks on the film, so-called blips, and frame numbers
help to locate sought-after exposures.

In order to be able to reconstruct a quality image of an originalon choosing the
reduction ratio picture, a suitable reduction ratio must be chosen for recording. Mi-

crofilmed information very often consists of discrete symbolic formats
like texts, architectural plans, or engineering drawings. The legibility of
such information provides a clear quality measure. Often, the following
reduction ratios are used: Textual business documents in legal or letter
size format fit on 16 mm films. If copies exceed the 11–14 in. format,
a 35 mm film is recommended. This film width avoids reduction ratios
above 32. Libraries prefer ratios in the range from 10 to 20, whereas the
ratios of technical drawings, which are often recorded on microfiches,
range from 24 to 40. In addition, convenient handling, space-saving use
of films, and efficient generation of copies determine the optimal reduc-
tion ratio. We must also keep in mind that even small impurities, e.g.,
so-called microspots, can possibly destroy important information.

Note, however, that such long periods of time require a carefulstorage of films
storage of films. Of course, the development and handling of films
according to the manufacturer’s specifications are vital preconditions.
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Humidity, temperature, and their changes, as well as the cleanness of
the environment influence the mechanical and chemical stability of a
film significantly. Using the central archiving of microfilms from the
federal and regional archives of Germany as an example, we show how
to guarantee optimal and disaster-safe conditions over very long time.
Kegs (slightly modified versions of kegs used by beverage industries)
serve as containers for film spools. The kegs are stored centrally in an
ancient silver mine, which looks like a cellar of a brewery (Fig. 3.2).
This location provides an almost constant temperature without perma-
nently consuming energy. The first major step is to adapt both the film
spools and the kegs to silver mine’s temperature. For this purpose, a cli-
mate chamber is used (Fig. 3.3). After the films have become acclima-
tized, which takes about four weeks, they are canned. Currently, there
are two tunnels housing some 1,700 kegs containing silver films with
a total of about 1,000,000,000 pictures. While originally the Cold War
fostered this bombproof solution, since then rampant fires in historic
buildings (such as the 2004 conflagration of the Anna Amalia Biblio-
thek in Weimar, Germany) have demonstrated the necessity of having a
safe – and cost-efficient – location for extensive backups.

Binary Coded Information on Microfilms

The above discussion refers to the analog sides of micrographics. But Computer
Output
Microfilm

what about digital material? Computer Output Microfilm (COM), a
technique already wide-spread in the early 1980s, skips printing to pa-
per. Film recorders directly transfer computer files onto microfilms and
microfiches – also referred to as digital films. The first applications
primarily aimed at an inexpensive distribution of large quantities of

Fig. 3.2. Storage
of kegs
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Fig. 3.3. Climate
chamber for

microfilms

data-oriented (alphanumeric) documents such as parts lists. Nowadays,
the enhanced quality of recorders (and scanners, if no digital sources are
available), combined with the increased processing capabilities of com-
puters, allows raster images of high resolution to record at an impressive
speed. Many archives and libraries, including, e.g., the Cornell Univer-
sity Library (CUL),4 use this method for archiving purposes. The digital
processing also allows different quality on-line versions to be generated.
These may serve, e.g., as low-resolution working copies or finding aids
(thumbnails).

Technologies developed for the motion picture industry further im-color laser:
devices and films prove the production of digital films. The ARRILASER is an exam-

ple for this kind of synergy.5 An adapted version of ARRILASER
is used to transfer high-quality images to 35 mm color microfilms
for preservation purposes. Three solid-state lasers, one for each basic
color, i.e., red, green, blue (RGB), replace the traditional Cathode-
Ray Tubes (CRT). Figure 3.4 shows the laser optic unit. The powerful
laser light makes it possible to use fine-grained film material, which
is inherently less sensitive to light (hence, more durable). The sta-
bility of the light ray and the small diameter of the ray further im-
prove the quality of exposures. However, watching aged color films
may cause some doubts about the fidelity of colors. Indeed, there is
no broad market for durable color films. Fortunately, Ilford offers a
high quality color film, named ILFOCHROME MICROGRAPHICS

4 Digital to Microfilm Conversion: A Demonstration Project 1994 – 1996,
see http://www.library.cornell.edu/preservation/com/comfin.html.

5 Fraunhofer IPM in cooperation with ARRI,
see http://www.ipm.fraunhofer.de and http://www.arri.com.
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Fig. 3.4. Laser optic
of the ARRI film
recorder

(previously CIBACHROME). Here, a silver-dye bleach technology pro-
vides the basis for long-term fidelity of colors: During manufacturing,
stable colors are embedded in the emulsion layers of the film; the devel-
opment process, in particular the bleaching, brings out their visibility.6

Due to this special development process and other measures the durabil-
ity of ILFOCHROME films rivals that of black-and-white films – which
is more than 500 years.

Fraunhofer IPM is working on a storage concept providing an ex- archival storage:
storage capacitytremely high data storage density that is achieved through the digital

exposure of films. The exposed dots, as produced by the adapted ARRI-
LASER, measure about 3 µm. Accordingly, about four gigabytes of data
can be accommodated on 1 m of 35 mm film. This is equivalent to the
capacity of five CD-ROMs. A single reel of film would be sufficient to
store the entire data stocks a medium-sized enterprise produces within
one year.

After processing (as described above), the microfilm ILFOCHROME Archival Storage:
durability of mediaMICROGRAPHICS fully complies with the requirements for internal

auditing standards. Even under extreme climatic conditions, color mi-
crofilms display their stability. In tests at 80◦C and with high humidity
no signs of degradation in the color were observed whatsoever. These
tests suggest that the film has a shelf life of more than 500 years. A
time scale such as this is particularly relevant for preserving cultural
assets, which has been one of the prime uses of this material so far. As
indicated, adequate conditions for physical storage of the films must be
ensured. Both in Europe and in the USA, service providers maintain
special underground caverns for long-term archiving.

Accessing Information on Microfilms

If microfilms are considered an interesting alternative to digital forms access to analog
documents on
microfilms . . .

of long-term preservation, how can we guarantee access to complex

6 For detailed information, see the specification at http://www.ilford.com.
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document collections without continuous recourse to computer-based
systems? A solution developed by the General Directorate of the State
Archives of Bavaria for governmental and administrative records (Lup-
prian et al. 2004)7 aims at both, low costs for long-term storage, and
re-use in future computer systems.

A general supposition (that can be taken for granted in practice) isusing directories and
metadata . . . that collections of archiving units – digital files and, likewise, physi-

cal units – are organized in hierarchical tree structures. Computer file
systems can manage such structures in a natural way: In the directories
of computer file systems, physical units are represented by digital files
containing archival reference numbers for retrieval and other metadata.
The capability to include links to other tree structures of the same kind
(comparable to the traditional mount feature in the Unix operating sys-
tem, where entire file systems can be glued together and accessed homo-
geneously), as well as the capability to assign arbitrary metadata to files
are features worth to be sustained. On the other hand, the complexity
of current computer file systems may hamper long-term preservation,
and also their built-in capabilities for expressing metadata are deemed
insufficient.

Therefore, the next step is to represent these structures indepen-stored on microfilms
. . . dent of the concrete file system structure of any particular operating

system. Using a simple markup language (a restricted form of SGML)
the hierarchical directory structures are represented in a computer
and human readable text format. All relevant metadata are contained
in named metadata text files. Such a set of files can be stored in a
very primitive file system, even more primitive than tar archives as
known from magnetic tapes. Reconstruction of the original structures
is straightforward, if files are retrievable by their names. The complete
primitive file system is stored permanently on microfilms, where each
(directory or metadata) file is represented by a named sequence of one
or more images containing text.

Optical character recognition (OCR) can rebuild these files reliablyand rebuilt
using OCR if unambiguously interpretable fonts are used. Thus, the aims of low-

cost long-term storage and readability by future computer systems are
achieved. Beyond that, scanning can even rebuild graphical image files
to some degree. Bitwise identical copies w.r.t. the original digital rep-
resentation cannot be guaranteed, of course. However, considering the
many advantages of microfilms, this restriction may be acceptable for a
lot of originally “unstructured” document types.

Similarly, in the Fraunhofer IPM system the reading process is de-access to
binary coded

documents,
signed as an open system, meaning that instructions on how the en-
coded (binary) data are to be interpreted are saved on the film as meta-

7 A preprint is available on-line: The key role of metadata for permanent
preservation of digital records in the archival environment – A message from
the far future, see http://www.gda.bayern.de/AGTEXTE/marburg.pdf.
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data. To ensure that the data can still be read when the film has seen preservation
metadataseveral generations of equipment and software come and go, the soft-

ware and equipment configurations are written to the film as well. An
eye-readable, analog representation of metadata offers a secure entry
point to the representation network (see Representation Information as
defined in OAIS). This bootstrapping approach results in autonomous,
complete, and physically coherent storage capsules (AIP). As any other
physical equipment, microfilms and its processing devices are not per-
fect. This requires additional precautions, e.g., redundancies, in order to
be able restore the correct bit-stream reliably.

3.2.4 Migration by Transformation

Various other migration strategies apply transformations that affect the transformation
logical structure of a document. These strategies are subsumed under
the notion of content migration. One content migration strategy trans-
forms documents into standard formats supported by current application
programs. This strategy is important if documents have to be kept both
readable and manipulable all the time. Another content migration strat-
egy will compress the data in order to save storage (using, for instance,
a zip program). For restoring the original format, an inverse decompres-
sion program (say, unzip) must be available. These tools are said to be
lossless, if the transformation sequence zip–unzip, when applied to any
document D, will restore D in its original format. Note, however, that
restorability of compressed data critically depends on the availability
of suitable de-compressing software. This makes long-term preserva-
tion of a rendition system with an integrated compression facility rather
complex and cumbersome: The de-compressing software must be part
of future migration steps, or, if storage space should eventually be no
longer a problem, all data have to be uncompressed in time.

The rapid changes in software together with the increasing number upgrading
of new standard data formats are the reasons for ongoing data trans-
formation. Most software products provide easy and simple ways to
“upgrade” documents, i.e., to convert documents stored in the data for-
mat of an old software version into the current format.

A transformation that converts data from one format to another al- migration losses
ways tries to preserve logical structures, access restrictions, formatting,
and other relevant properties as true to original as possible. Still, losses
are likely and in many cases unavoidable. Even a migration of ASCII
documents might prove problematic: Whereas in a simple text docu-
ment, the number of syllables per line is irrelevant, in lyrics the seg-
mentation into verses and lines, and also their formatting are aspects
intrinsically tied to a particular poem. Also remember the line graph-
ics example of Sect. 1.2, where readability of the document crucially
depends on the conservation of certain typesetting features (carriage
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returns, fixed width font, and size). In the following we discuss some
tool-supported migration techniques.

Upgrades within a Product Family

In software industry, nowadays almost every new release of a softwarecompatibility within
product families system comes with a plethora of new features. As a consequence, their

data formats often need to be extended. Prominent examples are Mi-
crosoft Office products. Naturally, users want to be able to edit old doc-
uments with new versions of the same software product. Typically, this
is handled in the following way: If an old format document is opened,
the software offers to convert the document to the new format, which
then can be saved. That way, no information is lost if the new format
is “downward compatible” to the old one. Since software developers
can not at all guarantee this downward compatibility for an extended
period of time – nor even the mere future existence of their enterprise
and its products – this kind of migration technique alone is not suffi-
cient. Other, mostly financial disadvantages result from the fact that for
all data formats at least one application must be preserved and regularly
migrated. Microsoft Word, for instance, has seen more than six format
changes within ten years going from Word 6 to WinWord 2000.

Exports into Foreign Formats

Another frequent option in today’s application software are export fil-indifferent support of
competing formats ters allowing documents to be transformed into the data format of an-

other product. The fact that such filters are provided for wide-spread
target formats only, is of no concern for long-term preservation, where
insignificant proprietary formats play no role. For obvious reasons, cus-
tomers cannot expect that software developers invest a lot into export
facilities for foreign and sometimes competing formats. Exceptions are
product-independent (de facto) standards such as RTF and PDF, or
markup languages such as SGML or XML. Some newcomers try to
gain increased market penetration by pretending compatibility of their
products. Often, such companies do not fully disclose the specification
of their formats. If using export filters as migration tools, information
losses must be tolerated up to a certain degree since almost invariably
the potentials of original and export formats will differ, if only in minor
aspects. Whether these differences are deemed important, depends on
the end users and on the tasks and the particular archiving strategy of
the library, the archive, or the museum.

Import of Third-Party Formats

For the import of documents, i.e., for transforming foreign formats intodirect and indirect
imports an application’s native data format, often so-called “import filter” tools
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are provided. From a software vendor’s point of view, import filters
are more attractive than export filters because they support user tran-
sition towards their own product. Like export filters, import filters can-
not guarantee lossless migration. If two application software systems
are not directly interoperable at all (i.e., there are neither direct import
nor direct export filters applicable in either system), then as a last re-
sort one can migrate a document via a third intermediate format. Since
this involves two distinct migration steps (from foreign to intermediate
and from intermediate to native format), the risk of losing information
is doubled.

Application of Conversion Software

In the market, a variety of commercial tools for data format conversions commercial
conversion toolsare available for sale. These tools collect a bunch of import and export

filters for the most attractive source and target formats in a single prod-
uct offer. For m source formats and n target formats we have a total
of m× n possible conversions, that each have to be programmed indi-
vidually. In order to reduce the effort involved, most products seek a
remedy in the use of a stable intermediate format. Such an intermediate
format reduces the programming effort to only m+n conversions to be
implemented – m conversions from the source format to the intermedi-
ate format, and n conversions from the intermediate format to the target
format. This, of course, again doubles the risk of losing information.

3.3 Archiving Processes of the Migration Approach

In the following, we describe how the migration approach can be em-
bedded into the organizational framework introduced in Chap. 2. In par-
ticular, we map migration activities to archiving processes defined in the
DSEP model and the underlying OAIS Reference Model, respectively.

The overall goal of all archiving activities using the migration ap- the goal
proach is to ensure the following: At any given time, for each archived
document there exists at least one up-to-date hardware/software plat-
form. These platforms may (and will) differ from the platform running
the archival system.

Falsification is a general risk of transforming migration. If huge Should we keep old
versions?amounts of documents are automatically transformed, even sophisti-

cated quality control may overlook migration errors. Should we, there-
fore, keep old document versions for safety reasons – even though it will
be impossible to render these document versions in the future? Con-
sequently, old versions should be preserved only for important docu-
ments, for which a future reconstruction seems at least plausible. Let us,
however, not underestimate the intellectual capabilities of future “data
archaeologists” who will attempt such reconstructions.
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Typically, the rendition system for a particular document com-needed software
prises two software components (a) the operating system of the current
hardware platform and (b) the application program used for viewing,
processing, and editing the document. Note that the operating system
(e.g., Windows XP) is the most important prerequisite for running the
application program. In contrast, the type of the underlying hardware
platform (e.g., PC by IBM or Siemens or any other vendor) is of sec-
ondary importance only.

Description: Below, we will use the terms “computer platform” andplatform and
environment “environment” as follows: A compatible combination of computer

hardware and operating system is called a (computer) platform;
a compatible combination of platform and application program is
called an environment (for a class of documents).

The definition of a set of standard environments for all supported doc-
ument classes is one of the most important decisions for long-term
preservation management. Moreover, this decision must be continu-
ously revised and adapted to the current preservation purposes.

Over time increasingly powerful and better performing versions ofdownward
compatible

product families
computer hardware, operating systems, and application programs will
be developed. We call a series of product versions where each member
covers the complete feature set of all previous releases (often, more) a
downward compatible product family. Given a downward compatible
product family, for long-term preservation purposes old family mem-
bers can be replaced by new ones. Older members can still be kept for
some “important” product families if future reuse seems plausible.

Metadata describe different aspects of a digital document. This in-the role of metadata
cludes technical features and information about selection criteria such
as bibliographic information, key words, archival numbers, and many
more. Metadata play a double role: On the one hand, metadata are im-
portant for describing the data of a document and, therefore, belong
to its data capsule. Consequently, the archival system regards metadata
as an integral part of the document content and stores them accord-
ingly. On the other hand, the archival system needs metadata for doc-
ument accesses – they are relevant catalog data, too. For reasons of
efficiency, metadata are often stored (redundantly!) separate from the
document proper in a format, which is optimized for fast access, e.g.,
in a database. This double storage of metadata in possibly two different
formats raises consistency issues. The problem of guaranteeing consis-
tency among different metadata representations becomes a true chal-
lenge if over a long period of time a series of migration steps has been
performed. Whether to store metadata in two formats or in one format
(and deducing the other format on request) is a very delicate decision
best left to vendors of archival systems. Since long-term preservation
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is the overall goal (and “long-term” means long term), robustness must
take priority over efficiency.

In most cases, metadata consist of structured text. We, therefore, metadata formats
recommend structured text formats such as SGML or XML; see
Sect. 6.1 for details. Since structured text formats (SGML or XML)
are usually stored using basic text formats (ASCII or Unicode), migra-
tion of metadata should not be very challenging even in the long run.
For the preservation of metadata, the same conditions hold as for the
rest of the data capsule.

Referring to the DSEP process model as illustrated in Chap. 2, the
following tasks have to be considered in a migration context: capturing
a new digital document, preserving an digital document, and accessing
an digital document.

Capturing a New Electronic Document with the DSEP Processes
Delivery & Capture and Ingest

Typically, a new digital document to be ingested belongs to a class Is the rendition
environment
available?

of documents, which can be rendered using one of the standard ren-
dition environments that are already supported by the library (accord-
ing to an earlier decision of the library’s management). In that case, it
suffices:

– To check the document class (this can be a selection process, if the
document matches several supported classes) and its suitable envi-
ronment (this can also be a selection process, if multiple suitable
environments exist for the selected document class).

– To capture the corresponding metadata, which provide the usual bib-
liographic entries and links to all known environments that may be
used for rendering the document (where environments supported by
the library should be distinguished from other environments).

If a new digital document cannot be handled by any one of the defined environment not yet
availablestandard rendition environments, then the capture process for this new

document is adjourned. The issue is referred to library management,
which decides about further processing.

– If library management considers the document to be a first and inter-
esting candidate for a new document class, a new standard rendition
environment has to be chosen and added to the set of already main-
tained environments. After that, capture of the new digital document
continues as described above. Note that the decision to support an-
other environment may be costly.

– Otherwise, the capture process for the new document is canceled
completely.
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Preserving Document Repositories with the DSEP Processes
Archival Storage and Preservation

Like for all other archiving strategies, the data capsules of all digi-automatic
refreshment tal documents need to be refreshed periodically in order to avoid de-

magnetization and other wear outs. This is why the OAIS Reference
Model defines refreshment and replication as important migration steps
(cf. Sect. 3.2). An archiving system must perform these steps regularly
and automatically. In this context, additional safety measures like mak-
ing backups and replicas must be integrated.

If the composition, the contents, or the archiving location of anpackages remain
unchanged Archival Information Package (AIP) is about to change, another kind of

migration step called repackaging is required. However, neither OAIS
nor DSEP allow for changes in stored AIPs. Instead, such an AIP has to
be extracted from the archive as a normal DIP (Dissemination Informa-
tion Package), which can then be modified as needed. Afterwards, the
modified package is re-submitted as SIP (Submission Information Pack-
age), just like any other new package. We hope that for trivial changes
the archiving systems will provide more pragmatic and simpler solu-
tions. The following measures are very expensive because they poten-
tially have impact on every single document within the archive.

In the DSEP model, a subprocess of the Preservation process in-permanent
monitoring of new

technologies
cludes an activity called Monitor Technology. This activity permanently
watches technological developments (hardware, software, storage me-
dia) and proposes suitable reactions to library management. For the mi-
gration approach, the following events should trigger library manage-
ment decisions:

– A new environment proves relevant. If a new environment is addedadding a new
environment to the set of standard rendition environments maintained by the

archive, then, for every document, it must be checked whether it
is supported by the new standard environment. If so, the metadata
of this document have to be updated correspondingly.
In case a new standard environment contains new version of the op-Trust but verify!
erating system software or of the application software, then these
new versions need to be included as new AIPs. If the vendor guar-
antees downward compatibility, previous versions may become dis-
pensable. Despite these guarantees, we recommend, however, to
perform at least some spot checks on the own document corpus be-
fore replacing software versions previously used.

– Part of an existing standard environment becomes obsolete. All ren-standard
environments

running out
dition environments containing this component have to be removed
from the set of supported standard environments. After that, every
document be must checked whether it was supported by a removed
standard environment. If so, the metadata of the document must be
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updated correspondingly. In case the removal makes a document in-
accessible (because there are no more environments supporting the
document), the resulting loss of data may be avoided through the
following measures

– A new environment supporting the otherwise inaccessible document find a substitute
environmentis found and added to the set of standard rendition environments.

Typically, this happens whenever an operating system is replaced
by a new downward compatible version.

– If in the near future the rendition system’s software for the doc- perform a migration
ument will not be supported any more by any remaining environ-
ment, then the document must be migrated into a new format that
can be rendered by software running on a current standard envi-
ronment platform. This conversion may prove easy, if the old doc-
ument format is one of the import formats of the chosen appli-
cation software or if suitable conversion tools are available. Con-
version is, however, more challenging if the document formats
of the old and the new environment differ to a great extent. In
this case, information losses become very likely. Consequently, li-
brary management should focus on proactively avoiding this sce-
nario. If, however, this situation cannot be avoided at all, each
conversion step must be carefully documented within the meta-
data of the migration history. In addition, the old document ver-
sion should be preserved. This hopefully enables later generations
of scientists to draw conclusions and inferences about the origi-
nal document content, and possibly even restore it after a period of
inaccessibility.

Accessing a Document with the DSEP Process Access

Accessing an digital document using the migration approach is simple simple access
and easy. Recall that at any given time, due to migration, the original
documents are kept in formats that are supported by a current standard
environment.

If, however, authenticity of a document is of major importance, and But is it authentic?
multiple transforming and structure-changing migration steps have been
performed, the migration approach may become problematic. Here, the
only remedy can come from (a) sufficient metadata within the migra-
tion history, (b) storage of old versions of the document, and (c) a so-
phisticated inference scheme for reconstructing the original document
content. Unfortunately, this reconstruction will not only be very costly,
but also may fail completely.



54 3 Migration

3.4 Strengths and Weaknesses of the
Migration Approach

In the earlier sections, we already have discussed the strengths of mi-strengths
gration in detail. Here, a quick summary:

– The migration approach enables us to access up-to-date documentsdocuments are
always accessible at any given time. Required hardware and software are always avail-

able within standard environments. In contrast to the emulation ap-
proach, end users can use current rendition systems. Consequently,
they do not or need to learn old, cumbersome, and sometimes un-
ergonomic features of “ancient” interfaces. Given the enormous in-
novation speed in the IT industry, it is hard to imagine that ordinary
users would still be able to handle today’s document management
environments in, let us say, 100 years from now.

– But access is not the only reason for the attractiveness of the migra-and processable
tion approach. Since all documents are accessible in an up-to-date
format, functions of current tools can be applied (e.g., search facil-
ities or cut-and-paste). Both web publishing and collaborative work
in a distributed environment are easy. Today, such additional func-
tionality is “en vogue.” We sometimes take it for granted without
thinking about it any more. In the future, surely new functionality
will be developed. Everyone will use it – and apply it to migrated
document as a matter of course.

– Often, migration to a current document format implies an improve-improved
presentation ment over the previous format. Since the days of the typewriter,

a rich set of new presentation features has been developed. These
features not only concern pure text layout but also sophisticated
embeddings like graphics, animation, or “active text elements” (e.g.,
spreadsheet cells, hyperlinks, embedded JavaScript, or Active-X
controls).

– Accessing current document formats within up-to-date renditionless training
systems significantly reduces training for editing the documents.
The same holds for the migration steps themselves. If applied reg-
ularly, migration becomes common knowledge in the library com-
munity.

– Due to an urgent and increasing demand for conversion tools, suchtools available
tools will be available for (at least) the most important document
formats, and for a reasonably long span of time.

– Continuous migration into ever new document formats requires us“alive” documents
to permanently revise the whole document corpus. Otherwise, the
quality and possibly even the meaning of the originals are at risk.
By this process, documents are kept fresh in our minds all the time
and, therefore, “alive.”
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Certainly, quality assurance (if done properly!) is an advantage of mi- weaknesses
gration. Never-ending revision and alteration of the document corpus
indicate, however, serious weaknesses of the migration approach:

– Migration is not a single, precisely defined method. Instead, migra- ad hoc solutions
tion is a rather holistic term for a variety of very different trans-
formation techniques. Since new document formats keep sprouting
everywhere, we cannot reasonably envision one single precise and
uniform method ever to work for all of them. Probably, new con-
version tools will have to be developed all the time. Reliance on
ad hoc solutions, however, is a serious detriment to the overall mi-
gration approach! Fair, you can use state-of-the-art tools to analyze
document formats. It is, however, still a tough nut to automatically
decide whether documents of different formats can be regarded se-
mantically compatible to each other. Structural and semantic com-
patibility between source and target formats significantly influences
the complexity of a particular migration step. This particularly holds
true for compound documents (i.e., documents created in a format
mix), which are – as we have seen – so en vogue today.

– Transforming migration invariably carries the risk of falsification, risk of falsification
which dramatically increases if transforming migration is applied
repeatedly. Errors accumulate! Consider the line-drawing example
from Sect. 1.2. Was it the wish of the creator to use text graphics, or
did he use characters simply because line graphics were not avail-
able at his time of writing? If better tools had been available, what
would his graphics look like? Without interviewing the creator per-
sonally – which as a rule is impossible in long-term preservation
scenarios – questions of this kind will remain unanswered. As a con-
sequence, any transformation into a true graphic format is specula-
tive. On the other hand, even today text graphics are not considered
acceptable any more. Therefore, migrators are left with the respon-
sibility to avoid accumulating errors to the best of their (incomplete)
knowledge. In this scenario, it makes sense to store the original ver-
sion (in our example, the text graphics version) in parallel to every
new version. Also, each alteration must be documented carefully.
This problem is well known also outside the digital world. One of Is the Bible

authentic?the most prominent “analog” examples for the above discussion are
transcripts of the Holy Bible. Here, it was and it will be important to
have access to previous versions in old languages. Using them, we
have a chance to recover from some of the consequences of accu-
mulated misinterpretation and error-prone translation speculations.

– At each migration step, all documents of a particular document class high expenses
have to be fetched, transformed, converted, and stored again. This
holds for an ever-increasing number of documents in more and more
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heterogeneous formats, thus causing costs of migration to “explode”
eventually. Unfortunately, even if migration were to be performed
automatically, quality-assuring and restorative measures still need
to be applied. Only in rare cases can these measures be automated
– instead, they are personnel intensive, time consuming, and expen-
sive. Facing the enormous data volumes that are discussed in the
community, we argue that measures maintaining (or restoring) high
quality will only be applicable to small collections of very precious
and very important documents.
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Emulation

As described in Chap. 1 the emulation approach aims to keep the orig-
inal rendering systems for digital documents available by emulating
such systems on future computers. Section 4.1 introduces IT terms and
techniques that are relevant to the emulation approach. Examples show
how emulation has been successfully employed in this area before.
Section 4.2 is about the application of the emulation approach to the
problem of preserving digital documents over long periods of time. Dif-
ferent possible variations of the approach are discussed. Section 4.3
indicates how to implement the emulation approach within the organi-
zational framework outlined in Chap. 2. Section 4.4 briefly summarizes
the chances and risks of the emulation approach.

4.1 Emulation: Notions and Goals

Digital documents are data that can only be perceived by humans when kinds of digital
documentsinterpreted by computer programs acting as intermediaries. Mainly, they

are rendered in visual or acoustic forms. Support for other human senses
like scent is being developed. Some digital documents are modeled after
conventional originals: books, pictures, audio recordings, 3D models of
buildings and sculptures, etc. To an increasing degree digital documents
are appearing whose original form is electronic: Hypertexts, spread-
sheets, and interactive documents that dynamically adapt themselves to
their consumers’ needs, e.g., electronic product catalogs or the lessons
of an “intelligent” computer tutorial. Digital documents of this type of-
ten depend heavily on their rendering system. Some of them even con-
tain program code and thus become part of the rendering environment.

The above observations motivate the following basic assumption of emulating the
original rendering
environment

the emulation approach: The safest method of preserving digital docu-
ments authentically for ensuing ages is to store them in their original
format and to make sure that in all future times a working copy of the
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original rendering system will be available.1 As set forth in Sect. 1.3, it
is not feasible to keep original hardware permanently functioning. In-
stead – and hence the name of the approach – the functionality of the
original rendering environment shall be reproduced by software on fu-
ture computers. In technical terms, we say that the original system is
emulated on future computers. Or, to put it in a slightly different way:
emulation instead of the documents migrates their rendering environ-
ments. Taking into account the enormous performance enhancements
from one computer generation to the next one, an important prerequisite
for long-term preservation in general and for the emulation approach in
particular can almost be taken for granted: Future computers on which
today’s systems are to be emulated have to be much more powerful
than those in use now, since emulation considerably reduces the speed
of execution.

The computer scientists’ term for migrating software is porting. Be-porting software
cause of the extremely short innovation cycles for computer systems,
valuable software, which we want to use for a number of years, has to
be ported continuously from one computer generation to the next and
from one system family to another. Therefore, established approaches
and time-tested tools are available for this task. Later, we will present
pertinent terms and techniques that may be of use for the emulation
approach.

For our purposes, a relatively simple computer model will suffice.a simple
computer model The main components of a computer are:

– Input devices (keyboard, mouse, microphone, etc.)
– Output devices (screen, printer, loudspeaker, etc.)
– The central processing unit (CPU)
– Main storage (or working memory)
– Secondary memory (magnetic tapes, disks, optical media, etc.)

All these components are interconnected by data lines (or “busses”),
which serve to transport instructions and data. In the working memory
reside instructions and data of the programs that are being executed. The
fast main storage is expensive (therefore, comparatively small) and de-
pends on an ongoing power supply: as soon as the power is switched
off, all data are lost. Therefore, data and programs that are not cur-
rently being executed are stored on the slower, but also much larger
and persistent(!) secondary storage media. Programs are executed by
the central processing unit (CPU), which in turn consists of two main
components: The control unit always fetches the instruction to be ex-
ecuted next and the required data from the main storage. The instruc-
tion is then processed by the arithmetic-logic unit (ALU). The ALU

1 In this chapter we essentially follow the lines of Rothenberg (1995, 1999,
2000a, 2000b), and Rothenberg and Bikson (1999).
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resembles a high-capacity pocket calculator, which can carry out sim-
ple operations like addition and multiplication very fast. Additionally,
there are compare and jump instructions, which affect the control unit.
Typically, the computer instruction set comprises some tens to a few
hundreds instructions of this kind.

Thus, the hardware of a computer is an electronic device which programming
languages
and compilers

can perform simple instructions from a relatively small instruction
set at an enormous speed. On the other hand, the user interfaces of
computer systems offer manifold complex functions. In text proces-
sors, e.g., two such functions are to print a document or to convert
a text passage (of arbitrary length) from ragged margin to grouped
style. Complex functions are implemented by software, i.e., essentially
by long sequences of simple machine instructions. Generating those
sequences of machine instructions (programs for short) is a very la-
borious and error-prone task. Therefore, early on2 the idea was born to
create so-called “machine-independent” languages, i.e., languages less
afflicted with tedious detail, for program development. The translation
of a machine-independent program into a sequence of machine instruc-
tions is performed automatically by another program, which is called a
“compiler.” In the main memory, data and instructions lie side by side.
Thus instructions can be either interpreted by the control unit or gener-
ated as output data by a compiler.

The T diagram in Fig. 4.1 graphically represents a compiler, i.e., a T diagrams depict
translation processesprogram which translates programs from one programming language

P (like Pascal, C, or Java) into another language Q. The letter M at
the bottom of the T indicates that the compiler itself is a (machine-
oriented) program composed of instructions from the instruction set of
machine M – here the name M denotes both the machine and its instruc-
tion set (i.e., a machine-oriented language). As we shall see presently,
M may well be identical to one of the other two languages, P and Q,
respectively.

P       -> Q

M Fig. 4.1. T diagram
for a compiler

Machine independence and automatic translation greatly facilitate how software
is ported
using compilers

the process of porting software: In order to port programs written in

2 FORTRAN, the first machine-independent programming language, dates
back to 1956. Since then, FORTRAN has been revised many times. In its
modern form, engineers still use it for implementing, e.g., numerical algo-
rithms.
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a machine-independent programming language P from one hardware
platform M (e.g., Motorola 68000) to a new platform N (e.g., Intel Pen-
tium), we have to develop only one new compiler which translates P
programs into N instruction sequences. Then using this compiler, all P
programs can be converted automatically into N instruction sequences.
The T diagrams in Fig. 4.2 help to describe the solution in a precise3

way: Assume we have a compiler which translates P programs into the
machine language of M. The compiler itself is an M program, i.e., it
can be executed on machine M. Now what we would like to have is a
corresponding P compiler for the new platform N as shown in Fig. 4.2.

Fig. 4.2. Porting a
compiler

P       ->      M

M

P       ->      N

N
=>

  P-to-M Compiler on M   P-to-N Compiler on N

It is well known among computer scientists that the effort for gener-analysis and
synthesis ating the required compilers can be reduced significantly as follows. We

start by noting that the general approach of a translation program is very
similar to that of a human translator who translates a text from some
source language to some target language: First, an analysis of the given
source text identifies its structure. Then the target text is synthesized by
systematically processing this structure. Obviously, the analysis process
does not depend on the target language chosen. Therefore, by replacing
in the given P-to-M compiler the synthesis component for generating M
instruction sequences by a component which correspondingly generates
N instruction sequences, we obtain the compiler shown in Fig. 4.3.

Fig. 4.3. P-to-N
compiler with new

“back end”

P       ->      N

M

This is not the required solution yet, since the new compiler itselfvarying only the
synthesis component is still written in the machine language of M and thus can be executed

on the old platform only. Another problem is that programs written in
a machine-oriented language (like M) are littered with irrelevant de-
tail and, therefore, harder to modify than programs written in some
machine-independent language, say P. In order to reduce overall time

3 If you find this discussion too technical, just skip the rest of it and continue
reading at margin note “emulators” on p. 62.
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and effort, we add one extra step up front: For a programming lan-
guage P, which will likely be ported a number of times, we (only once!)
implement the analysis part of a P compiler, using P itself as imple-
mentation language. Each time P is ported to a new platform, say N,
this incomplete compiler is supplemented with a synthesis component
that produces instruction sequences for N. The result is a P-to-N com-
piler written in P. This is all the effort required to port P to platform N.
The port is completed “automatically” by the two compilation steps de-
scribed below.

Note that the P-to-N compiler we have just built is a P program. cross-compiler
In the first compilation step this program is input into the given P-to-N
compiler from Fig. 4.2.4 As shown in Fig. 4.2 this results in a P compiler
which can be executed on the old platform M and will produce code for
the new platform N (a so-called cross-compiler).

P       ->      M

M

P       ->      N

M=>

P       ->        N

P

Fig. 4.4. Generating
a cross-compiler

The second step is very much like the first one. This time, the P-to-N target compiler
compiler written in P is input into the cross-compiler produced in the
first step, i.e., into the P-to-N compiler on M. As shown in Fig. 4.5,
this results in the required P-to-N compiler that can be executed on
platform N.

P       ->       N

M

P       ->      N

N=>

P       ->      N

P

Fig. 4.5. Generating
a compiler for target
machine

This apparently complex procedure is known as bootstrapping. It is bootstrapping
a tried and tested practical technique for porting compilers with a min-
imum of costs from one platform to another. Using the cross-compilers
and target compilers generated that way, we can automatically port all
P programs to the target platform N.

4 Graphically, T diagrams representing compilers can be combined almost like
Lego bricks by placing fitting ends next to each other.
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Porting by translation is one of the ways to make programs thatemulators
were created for an old platform M available on some new platform N.
Another way to arrive at the same goal is to emulate the old machine M
on the new machine N. An emulator of M on N is a program E that is
executed on N and reproduces the effect of every single M instruction
by a suitable instruction sequence on N, i.e., it “interprets” M’s instruc-
tions. The combination of machine N and emulator E behaves like the
original machine M. As a consequence, unchanged M programs can be
executed on the (N + E) combination. Compared to the first approach
neither compiler generation nor subsequent translation processes are
required. This makes up for the considerably increased running time
as compared to a translated program. Experience shows that translated
programs execute an order of magnitude faster than interpreted ones.

In order to simplify porting, often so-called virtual machines arevirtual machines
used. A virtual machine is not a hardware device. Rather it is a hypothet-
ical (“virtual”) construct specified in such a way that it can easily be em-
ulated on different hardware platforms. The virtual machine approach
is used, e.g., for propagating the Internet programming language Java
to practically all current computer systems5: Java compilers translate
given Java programs into instruction sequences that are to be executed
on the standardized Java Virtual Machine (JVM). Since JVM emulators
are available for most of the computer types that exist in the Internet,
compiled Java programs can be executed practically everywhere in the
World Wide Web.6

As explained earlier, Java programs are now available at anyplace.historical systems
revived One of these programs emulates the very first computer that was ever

conceived: Charles Babbage’s analytical engine, which dates back to
1842.7 Another historical example: In 1949 computer pioneer Maurice
Wilkes wrote a program for solving differential equations on an EDSAC
computer in Cambridge. A punched paper tape containing this program
was rediscovered in 1979. In the following year, the program was “re-
vived” using an EDSAC emulator on an Apple Macintosh computer.

Emulators are of particular importance for the development of new com-emulators are used
for developing

computers
puters: In order to reduce costs and development time, software is used
for designing and testing new electronic components. Emulation allows
the functionality of future processors to be tested and even systems

5 Decades earlier the same concept was applied to improve the portability of
the programming languages Pascal (P-code) and Smalltalk.

6 For better execution speed, the instruction sequences sometimes are not in-
terpreted on a JVM emulator. Instead, in a second step so-called “just in
time” compilers translate virtual machine instructions into the native ma-
chine language of the target platform.

7 See http://www.fourmilab.ch/babbage/applet.html.
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software for them to be developed long before the first chip is actually
produced. Finely granulated emulation allows details like signal propa-
gation in sequential circuits to be analyzed at the software model. Em-
ulators developed and utilized by hardware manufacturers are authentic
and, therefore, occupy a central position for the emulation approach
considered in this chapter.

In order to protect their clients’ investments in software, hardware emulators for
systems softwaremanufacturers sometimes fit out new computers with emulators that im-

plement the instruction set of precursor computer models. That way,
software for displaced computers can be run on the new computers.
One example for this is the IBM 360, which was equipped with emula-
tors for the outmoded IBM 7090/7094. Another example was Apple’s
transition to the PowerPC: During the change-over an emulator for the
displaced Motorola 68000 CPUs was used not only by legacy user soft-
ware, but also by those parts of the systems software that had not yet
been ported to the new CPU. Whether emulators are implemented in
microcode (IBM’s approach) or as “normal” programs (like Apple did)
is not important.

Emulators are a popular tool for teaching machine-oriented pro- emulators in
educationgramming to computer science students:

– Emulators of complex processors can be provided to students with
different platforms available (a particularly attractive option is to
use one’s own PC at home).

– Emulators typically offer better support for testing and debugging
than real hardware processors do.

– Interesting hypothetical machines, that for one reason or another
never were produced in silicon, can be emulated like real machines.

Computer games belong to a category of programs that are noted for emulators for
computer gamesthe high demands they make on the computers they are executed on –

this a forteriori holds for emulators of such computers. These high de-
mands stem from graphical animation programs, which aim to bring the
best out of processor and graphics card. Aficionados of out-dated video
game platforms and game boxes are offered (in the Internet) hundreds
of emulators which let them run those old games on today’s computers.
Proponents of the emulation approach feel particularly encouraged by
this fact.

All these examples emphasize that the emulation of machines is a emulation –
a well-proven
technique

technique that has been successfully applied in many different areas.
Uses of emulation in the development of new processors and for repro-
ducing old platforms, in particular, indicate that today’s computers can
be emulated on future platforms true to detail. This raises the hope that a
reliable basis for running our software in future may be provided using
the emulation approach.
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4.2 Emulation as a Means for Long-Term Preservation

According to Chap. 1, a digital document’s original rendition envi-components of a
rendition system ronment comprises different components: It is based on a hardware

platform which in turn consists of a computer and possibly required
supplementary equipment. On top of that, there is the systems software
layer with the computer’s operating system and the necessary device
drivers. The top (presentation) layer contains the application software
which is suited for rendering digital documents of a given type. Text
documents may be rendered using either viewer software appropriate
for the text format (e.g., there are different viewers for PDF, PostScript,
and DVI) or the editors (e.g., Word) the documents were originally
created with.

4.2.1 What Exactly Should be Emulated?

Considering the structure of a rendition system, there are three plausibleemulation
alternatives answers to the question of what exactly should be emulated:

– Only the hardware, i.e., the computer itself
– The computer bundled with its operating system as a unit “ready for

use”
– The complete rendition environment including computer, operating

system, and application software

If we go for one of the first two options, we have to store with each doc-memory
requirements and

complexity
ument an application software appropriate for rendering the document.
The first option requires that we additionally archive the required oper-
ating system. This seems to point out option three. However, there is a
vast number of combinations of computers, suitable operating systems,
and appropriate application software. For each combination, one would
have to provide (and port to all future platforms) an appropriate emula-
tor. Both the lesser number and the lower complexity of emulators point
to the first option.

A technical reason tips the scales: In spite of many years of con-the “simplest”
option centrated research and effort it is not yet state-of-the-art to completely

and precisely describe the effect of complex software such as operating
systems and word processors. The only way to emulate systems with
significant parts of software would be to keep the program source code
and to port the programs to all future platforms. An essential precon-
dition would be to keep available the ever rising number of compilers
and program libraries on all these platforms – obviously a hopeless en-
deavor! Hardware, on the other hand, can only be produced (sometimes
by different manufacturers) after a detailed construction plan has been
compiled. As described in the previous section, emulators are often em-
ployed for designing hardware. So we can act on the assumption, that
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hardware can both be specified precisely and be simulated by emulation
software. Thus, from the above options only the first one appears to be
feasible.

Most computers models can be obtained in many different variants configuration
variantsand with extra equipment, again in different makes and versions. Typ-

ically, we have different main memory capacities, different kinds and
numbers of external interfaces and connected devices. Some of these
aspects are noticeable at the user interface, e.g., speed of the graphics
card (possibly on-board 3D graphics support), monitor size and resolu-
tion (horizontal and vertical extension in pixels, number of colors). We
have to decide, which configuration details are essential to emulation
and what differences may be considered less important. Emulation aims
to reproduce the original appearance of the digital document. Therefore,
all computer types and configurations that could be used for creating the
document in the first place, should be considered admissible. An emu-
lator for one of these platforms will suffice as a basis of the rendition
environment. Obviously, the emulator configuration (specifying main
memory size, etc.) must at least meet the installation requirements of
the application software. Among other things, we ought to be able to
set the required video screen resolution. With a software solution – in
general, an emulator is software – it should be easy to provide para-
meters for quantities like memory size and screen resolution, and thus
make them adjustable.

In order to protect their customers’ investments (and thus to bind compatibility
reduces effortcustomers in the long run), computer manufacturers take care that their

product lines are downward compatible. In general, new processors are
significantly more powerful than their predecessors. A new processor N
is called “downward compatible” to its predecessor P, if P’s instruction
set is contained in that of N, i.e., if all programs that can be executed
on P, will without any change also execute on N. In other words: The
new processor emulates the old one. The endeavor is to build up proces-
sor families continuously while preserving downward compatibility. A
disruption of this strategy is risked only if old structures impede further
development too much. A single emulator suffices for a whole family
of downward compatible processors: an emulator for the most powerful
processor, which in turn emulates all the processors in its family. There-
fore, a relatively small number of emulators can be used to emulate a
large spectrum of computers models with different extra equipment.

How can we concretely envisage the application of emulation to the software layers
problem of long-term preservation? Here, we are about to discuss tech-
nical aspects; organizational handling is the subject of Sect. 4.3. In ad-
dition to the emulator for the original hardware platform two additional
software layers are required:

– The operating system plus device driver software, as appropriate.
– The application software for “rendering” the document.
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For easier installation of software layers, Rothenberg proposes to save“bit image” of
systems software a core image of the software, which after installation resides as one

voluminous bit sequence in main memory. This bit sequence can later
be loaded into an emulator’s main memory where it is instantly ready for
execution. A problem with this approach is that multiple layers of soft-
ware cannot be saved and loaded independently of each other, because
the option system manages the application software and, therefore, has
to maintain internal information about the application programs in-
stalled on top of it. A conceivable solution would be to save (after the
installation of the application program) a core image of the complete
software configuration. When loaded into the emulator’s main memory
the self-contained rendering system would be ready to execute at once
(with no installation steps required at all). Unfortunately, this approach
is not feasible in practice because of the enormous waste of resources it
entails: With each application program, an almost identical copy of the
extensive systems software layer would be saved.

The following method appears to be a viable way out: Treat theinstallation script for
application software systems software layer as outlined earlier. For installing the applica-

tion software, provide an automated installation script as is common
practice today. Instead of letting users choose between different options
(e.g., where to install the software and which optional components?) the
answers should be decided when saving the software. The purpose of a
future installation of the application on emulator is not to get the most
out of this software and one’s own system, but to obtain a rendering en-
vironment for some type of digital documents. This must be achieved
with minimum effort on the future users’ part.

4.2.2 Emulation Variants

As soon as a currently used platform H runs out and no downward com-emulators depicted
by I diagrams patible successor versions are being developed, an emulator is required

for software running on H, which will otherwise become obsolete. Then
it is high time to choose some seminal new platform M and to de-
velop emulator software that emulates the instruction set of H on M.
Figure 4.6 represents the emulator by an “I diagram,” which indicates
that the emulator behaves like machine H and that a type M machine is
required to execute the emulator software.8

Fig. 4.6. Emulator
for H on M

H

M

8 If you find the following discussion too technical, just skip it and continue
reading at “Summing Up” near the end of Sect. 4.2 (p. 71).
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Running on machine M, the emulator behaves like machine H (see
Fig. 4.7). Supposing H were a Commodore C64 processor and M a
Motorola 68000 processor, the emulator executing on a Motorola 68000
would behave like a Commodore C64.

H

M

M

H
~=

Fig. 4.7. Using the
emulator

If in turn the new platform M becomes obsolete, it can be emulated two-layered
emulationsimilarly on an even newer platform N. As shown in Fig. 4.8, programs

developed for platform H can still be executed using two-layered emu-
lation. Assuming platform N actually were an Intel Pentium processor
and H and M (as above) Commodore C64 and Motorola 68000 proces-
sors, respectively, then each of the three columns would behave like a
Commodore C64.

H

M

M

H
~=

H

M

M

N

N

=~

Fig. 4.8. Two
emulation layers

This step can be repeated any number of times thus yielding multi- multilayered
emulationlayered emulation. The advantage of this approach is that in principle it

can be iterated any number of times without producing substantial de-
velopment overhead: For all platforms (like M and N above) eventually
emulators have to be developed one way or another, in order to keep
software developed for them accessible. The main disadvantage of mul-
tilayered emulation is a grievous waste of efficiency: Each emulation
layer reduces the run time efficiency by some factor. Along the chain
of emulation layers these factors multiply, which leads to substantial
overall runtime losses (that are partially compensated by technological
progress).

Using a more adept approach, the above emulation chains can be compilation shortens
emulation chainskept rather short. Typically, an emulator program is not written di-

rectly in the machine language of the machine M on which it is going
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Fig. 4.9. Generating
an emulator

P       ->      M

M

=>

H

P

H

M

to be executed. Rather, the emulator is developed in some high-level,
machine-independent programming language P as shown in Fig. 4.9.

Fig. 4.10. Emulator
generation for

another platform

P       ->      N

N

=>

H

P

H

N

The required H-on-M emulator is produced by translating the emulator
written in P using a suitable P-to-M compiler on M. If for P we chooseusing long-lived

programming
languages

a rather wide-spread and long-lived programming language – like, e.g.,
the language C which today is available on virtually every platform –
then the emulator can be ported to all other platforms N for which a P
compiler exists with no effort at all. As shown in Fig. 4.10, we simply
replace the P-to-M compiler on M by a P-to-N compiler on N to obtain
an H-on-N emulator.

This way, two-layered (in general: multilayered) emulation is re-reducing the number
of steps placed by direct emulation. This opportunity to reduce costs persists as

long as P compilers are developed for new platforms. Only when the
programming language P is not supported any more, another emulation
layer will be needed. As discussed later, there are different ways on how
to proceed in this case.

If some widely used programming language P is not supported anyconversion to
another

programming
language

more, there will be a strong commercial interest in converting the many
useful P legacy programs into a new programming language Q. Conver-
sion tools supporting the translation will become available. That way,
emulators written in P can be ported to Q, thus avoiding the need for a
new emulation layer. For safety reasons, the original emulator written
in P should be archived. Also, the new emulator written in Q must be
tested thoroughly against the original emulator written in P – as long as
both P and Q compilers are available.

Another course of action is the emulator specification approach.emulator
specification Here, the emulator is not written as a program of some popular program-

ming language. Rather, it is written as a definition in some specification
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language (that must be suitable for formalizing emulator definitions).
Given such a specification, an emulator program implementing it can be
provided later. This way to proceed is attractive for a number of reasons:

– It is easier to compose the specification of a processor in an appro- specification lives
longer than softwarepriate specification language than to develop an emulator program

in some general-purpose programming language. A specification is
more abstract than a program, i.e., less cluttered with irrelevant de-
tail. Often, a specification is shorter and more long-lived than a pro-
gram.

– Since during development hardware manufacturers have to specify manufacturers’
specificationstheir products anyway, the specifications may possibly be obtained

from them. Pertinent agreements should be made early on in the
interest of archiving institutions. Such an agreement might provide
the specification to be released only after the manufacturers have
fully capitalized on their product (in IT, this will typically take only
a few years).

– Using the specification approach one does not depend on the haz- generating emulators
ards of whether a chosen programming language will succeed and
become wide spread. In case the specification language is suffi-
ciently formal, like for a programming language machine executable
instruction sequences may be produced by a compiler (or be in-
terpreted as an “executable specification”). Otherwise, the speci-
fication is the starting point of an ordinary program development
process – that should be undertaken as long as the specification can
still be interpreted by experts.

Since emulator specifications are human-readable digital documents, it
stands to reason to archive them as well.

4.2.3 Using Virtual Machines

Using the virtual machine concept, which we have introduced in virtual machines
reduce
porting effort

Sect. 4.1, the number of emulators to be ported can be reduced dras-
tically. Instead of porting emulators from all the platforms that ever
existed to all future platforms, one virtual machine is used as common
basis for all emulators. The virtual machine itself is emulated on all
future platforms. Without virtual machines, how many emulators does
it take to make all application programs (hence, all digital documents)
from m old platforms, M1,M2, . . . ,Mm, available on n new platforms,
N1,N2, . . . ,Nn? As indicated in Fig. 4.11, we need one emulator for each
pair Mi,Nj of platforms, i.e., a total of m ·n emulators.

M

N

i

j

Fig. 4.11. Many
different emulators
needed for “direct”
emulation . . .
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When using a virtual machine virtual machine, each of the abovem+n instead of m ·n
emulators emulators can be replaced by a combination of two emulators as shown

in Fig. 4.12. In order to emulate each of the machines Mi on the virtual
machine, we need m emulators in all. In order to make the virtual ma-
chine available on all platforms N j, n more emulators are required, i.e.,
only m+n emulators in all.

Fig. 4.12. . . . but less
when using an

intermediate virtual
machine

M

VM

i

VM

N j

M

N
i

j
=~

Using virtual machines as intermediaries increases the length of em-reduced efficiency
. . . ulation chains and thus reduces the speed of execution. For example, if

an application program for viewing documents of type A, which was
developed for platform M, is to be used on platform N, we obtain the
interpretation/emulation chain shown in Fig. 4.13.

Fig. 4.13. Example
interpretation/

emulation chain

M

VM

N

A

VM

M

Chains like these can be reduced using compilation. Each compila-. . . improved by
compilation tion step will reduce the length of a chain by one. The first step is to

translate the application program, which was written in some program-
ming language P, not into machine instructions for M, but into machine
instructions for the virtual machine instead (see Fig. 4.14).

Fig. 4.14.
Compilation and
emulation using
virtual machine

P       ->     VM

VM

=>

A

P

A

VM
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VM    ->     N

VM

=>

A

VM

A

N

Fig. 4.15.
Eliminating the
virtual machine

In the next translation step the virtual machine is eliminated as an
intermediary (see Fig. 4.15).

The virtual machine intermediary substantially reduces the overall
number of compilers required for such optimizations. On the other hand,
extra compilation steps are required to “eliminate the virtual machine.”
The reduction of the number of compilers to be built by far outweighs
the effort required for extra compilation steps, which can be performed
automatically.

Summing Up

Established techniques from the fields of emulation and compiler con- utilizing established
techniquesstruction in principle allow programs of obsolete computer systems to

be kept available permanently. If this process is organized appropriately,
the number of required emulators and compilers corresponds roughly to
that of the hardware platforms involved.

The operations to be performed spread well over time: An obvious advantageous time
distributionapproach is to develop emulators (and compilers) for reproducing old

platforms on the virtual machine at the time the old platform is about
to become obsolete. Likewise, emulators (and compilers) reproducing
the virtual machine on new platforms are best created as soon as a new
platform has established itself as a basis for handling interesting digital
document formats. That way, not only all components for the described
emulation chains are available. Also, the work is distributed well over
time.

A fundamental problem in connection with long-term preservation the document context
problem– which is particularly evident for the emulation approach – is how

to determine and conserve with a document a suitable document con-
text. Up to now, a self-contained environment consisting of computer
hardware and systems software was taken for granted. Increasingly,
however, rendering software uses data and even programs beyond the
narrow confines of the rendering environment defined earlier:

– Balance sheets, pie charts showing statistics, e-Business catalogs,
etc. dynamically fetch their data from databases that seldom reside
on the same computer – more likely on some far-off computer con-
nected to it.
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– Email attachments integrate documents that may require rendering
environments of their own.

– It is understood that hypertext links refer to other documents that
may (or may not) be found somewhere else in the Internet.

When archiving digital documents of this variety, we have to decideWhat to store with a
document? which data are considered to be a part of the document and which ren-

dering environments they need. For archiving, these data must be made
available statically – this can be no more than a snapshot – and be bun-
dled as document context together with the digital document.

4.3 Preservation Processes in Emulation Approaches

We now consider how the emulation approach is to be embedded intoorganizational
embedding of

emulation with
virtual machine

the organizational framework described in Chap. 2. In particular, emu-
lation activities have to be assigned to the archiving processes of the
OAIS model or the DSEP model (derived from the OAIS Reference
Model by refinement), respectively.9 In order to keep the discussion
short, we choose from the variants presented in Sect. 4.2 the one which
we deem the most promising: emulation using a virtual machine. Fig-
ure 4.16 displays the constituent parts used by this approach and their
associations: On the left-hand side we have the original rendering en-
vironment. When rendering in an emulation environment, the original
hardware platform (bottom left) is replaced equivalently by the combi-
nation of components on the right-hand side. Other emulation variants
would be treated similarly.

Now let us consider the contents of the Archival Information Pack-contents of the
AIP capsule age (AIP): For rendering a digital document on a future platform, we

need to store the document’s bit-stream, the software environment (ap-
plication and systems software), an emulation of the original platform
(emulator software plus virtual machine). For actually accessing the
digital document, additional documentation is required that describes
the constituent parts of the digital document, and manuals on how the
four programs the rendering environment consists of (application pro-
gram, operating system, emulator, and virtual machine) are installed
and used. Together with librarians’ information (like author, publishing
company, ISBN, etc.) they comprise the metadata that describe what is
contained in the document, and how these contents are accessed.

Figure 4.17 shows the complete information about a digital documentstoring the software
environment and its emulation environment. Since all these information items to-

gether form one logical unit, which is called a capsule. They are not,
however, necessarily stored in one physical location. Since usually
many documents share the same software environment and emulation

9 We restrict the discussion to processes that are affected by emulation. These
processes are only outlined briefly.
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        behaves like

Fig. 4.16. Emulation using virtual machine

software, an obvious approach is to factor out common components
and store them only once – or, for safety reasons, store a few redun-
dant copies.

This splitting, storing (and later fetching and merging) of capsules store metadata in
“human-readable”
format

is done (semi-)automatically by the archiving system. For better access
and support of enquiries, part of the metadata are kept by the archiving
system as local information. Because of this, there is an important dif-
ference between the metadata and the rest of the capsule: metadata must
be stored in a format which both the archiving system and its human
users can interpret directly. As explained in Chap. 1, plain text formats
(e.g., ASCII and Unicode) or some suitable XML format lend them-
selves to this task. Applying simple (if possible, reversible) migration
steps, metadata can be kept in a “readable” format all the time.

What about updating the other components of the AIP capsule? Both updating emulation
softwarethe digital document proper and the program components required for

its interpretation can be stored as immutable bit-streams. In order to
keep up with the technical progress, the emulator software has to be
updated from time to time.
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Fig. 4.17. Contents of AIP capsule for emulation

Relating to the DSEP process model described in Chap. 2 with emula-DSEP processes
tion the following tasks accrue:

Inclusion of a New Digital Document: The DSEP Processes
Delivery & Capture and Ingest

More often than not, the rendition environment for a new digital docu-rendition
environment already

available
ment to be included will already be stored in the DSEP archive. In that
case, the following steps suffice:

– Check whether the document actually can be executed in the given
rendition environment.

– Capture the required metadata in a standardized form. This in-
cludes the usual bibliographic information as well as the physical
addresses, which uniquely describe where the rendering system and
the emulation software are to be found.

Rothenberg proposes to let the producers of a document check forinvolving the
producers themselves (via a suitable Web interface) whether the document is cor-

rectly rendered by the proposed rendition system. Only after this check
has been completed successfully, the document may be submitted. The
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archiving side then might confine itself to taking samples as a measure
of quality assurance and to processing the metadata. That way, submit-
ted digital documents are in no case modified: they are either rejected
or archived as submitted.

In case the version of the rendition software required for the submit- rendition software
not yet available in
archive

ted document should not be available in the archive, but some suitable
emulator software is, then (in collaboration with the archive manage-
ment) first the rendition software must be submitted to the archive as
a package of its own – or as two packages, if both the rendition soft-
ware proper and the systems software are missing. This may entail some
more organizational processes, e.g., if the new software environment
can completely replace a previous version.

Finally, we have to consider the situation where neither the required whole rendition
environment is
missing

software environment nor a suitable emulator are stored in the archive.
If the archive management decides that the submitted type of digital
documents is to be supported by the archive in future, then the first step
is to obtain and submit the emulation software. After that, we may pro-
ceed as described earlier. The most time-consuming step is to procure
the emulation software. Providers to be considered are the manufac-
turer of the original hardware and specialized software companies. As
described in Sect. 4.1, emulation software is used in different contexts,
e.g., when developing new hardware.

As long as the original hardware platform is still available, strictly obtaining emulation
software in timespeaking the emulation software is not required yet. If, however, the

emulator software is acquired before the original hardware platform be-
comes obsolete, its quality and authenticity can be tested by comparing
it to the original. Only then a complete and permanent preservation of
the associated digital documents can be expected.

Preserving the Stock of Documents: The DSEP Processes Archival
Storage and Preservation

As with other strategies, the bit-stream of a digital document must preserving the
bit-streambe “refreshed” from time to time, before the magnetization subsides.

Applying established techniques of digital data storage, e.g., error-
correcting codes or redundant copies, in all probability data losses can
be avoided. This process pertains not only to the bit-stream of the digital
document, but also to all other contents of the AIP capsule.

Migration of the “human-readable” metadata into a new format be- migrating metadata
comes necessary only after relatively long periods of time, e.g., when
the archiving system is replaced by a new version or by a completely
different product. In order to be able to fall back on previous versions
in cases of doubt, either reversible transformations should be applied
(e.g., from ASCII into a subset of Unicode), or the old versions should
be kept in the archive, too.

The other, more elaborate measures aim to preserve of emulator events pertaining to
preservationsoftware. They are conducted on programs (best kept in their own AIP
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capsules), not on every single document. In the DSEP model a sub-
process of Preservation contains an activity Monitor Technology, where
technological evolutions (regarding hardware, software, storage media)
are to be closely watched all the time. For the emulation approach, the
following event types are particularly relevant:

– A current platform is about to become obsolete. It becomes imper-
ative to complete the development of the emulator software for this
platform.

– A new platform turns out to be relevant. Start the emulator devel-
opment for the new hardware platform. Independently, the virtual
machine should be ported to the new platform to make it a basis for
emulation.

– New systems software (or a new version of existing systems soft-
ware) is released for some relevant hardware platform. Store the
software as a separate AIP in the archive. Check whether due to
downward compatibility earlier versions become dispensable.

Accessing Stored Documents: The DSEP Process Access

Using the emulation approach, a digital document is accessed as
follows:

– As long as the original platform still is available, the required ver-
sions of the systems software and the rendering program have to
be installed, if necessary. Then the digital document can be simply
loaded and viewed.

– In case the original platform is not available any more, the virtual
machine and the required emulator have to be installed on a current
platform. Now proceed as in the first case above.

In order to increase access efficiency, rendition software environmentsderiving vernacular
copies that are regularly needed will be kept readily available on current plat-

forms. If a single digital document is accessed frequently, it may be
worthwhile to derive (using some migration strategy) a vernacular copy
that can be rendered directly with current rendition software running on
current platforms. This more “up-to-date” version can archived along
with the original for easier access.

If authenticity of a digital document is a high priority, users will goaccessing the
original to the trouble of installing an emulation of the original platform. This

may require the study of the software manuals that are stored with the
other metadata in the AIP capsule – and possibly have been migrated
over the years.
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4.4 Chances and Risks of Emulation

The most important chances have been mentioned repeatedly:

– Emulation guarantees the greatest feasible authenticity, because authenticity
the original bit-stream of a digital document will never be modi-
fied. Also, the approach aims to reproduce the functionality of the
original hardware as closely as possible. Because of the compar-
atively small size of machine instruction sets this appears to be a
realistic goal.

– Regarding the document types supported by the emulation approach, all types of
documentsthere are no restrictions at all. Even the dynamic behavior of dig-

ital documents is – within the limits of the context stored with the
document – preserved forever.

– As opposed to the migration approach the effort for sustaining the effort does not
depend on document
number

digital documents over time does not depend on the number of docu-
ments contained in the archive (not taking into account the “refresh-
ing” of bit-streams, which is required by all preservation strategies
alike). It depends only on the number of supported source and target
platforms: For each source platform, an emulator has to be devel-
oped; onto each target platform the virtual machine must be ported.

The following point is ambivalent:

– The emulation approach achieves more than preserving digital docu- emulation achieves
more than requiredments permanently. As a “side-effect” virtually all program systems

are conserved for future generations. This offers chances in com-
pletely different application areas: For example, German tax offices
are committed by law to sustain the mechanisms employed for cre-
ating a tax assessment for at least another ten years. These “mecha-
nisms” include software running on computer platforms. Now, if the
hardware and/or software platform is replaced by a new one, emula-
tion seems to be a sensible way to handle objections to assessments
that were produced with the old system in the years to come – and
thus to fulfill the legal obligation.
On the other hand, there are grounds for the supposition that a less a more economical

variantpowerful approach can also be implemented with less effort. For
this reason, Lorie (2000) proposes a revised emulation approach: on
a universal virtual computer (UVC) a universal (“XML-style”) doc-
ument format is to be interpreted. The UVC approach is described
in detail in the second part of this book.

With the emulation approach, great chances are opposed by serious
risks:

– In spite of the many promising examples listed in Sect. 4.1 there is Does it really work?
still hesitation as to whether sufficiently detailed and efficient em-
ulators can be produced at reasonable cost. In order to confirm the
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feasibility of the approach, further systematic experiments are called
for.

– The long-term use of commercial application and systems softwarecopyright problems
brings up copyright problems that still have to be resolved. To a
greater degree, this holds for the rights to the computer systems
that are recreated by emulation. Licenses must be acquired from
the manufacturers in each individual case.

– Another question that still remains to be settled is about using digitalaccess problems over
time documents in far-off future times: Keyboard and mouse then prob-

ably will not be the standard input devices any more – presumably
today’s interaction forms at the human–computer interface will have
been replaced by completely different mechanisms. Without contex-
tual knowledge, not even the migrated manuals may be comprehen-
sible any more. For nonspecialists, the only way to access one of
our documents will be to use some “vernacular copy” (see p. 76)
derived by specialists from the original using migration. Direct use
of the original digital documents will be left to future “computer
archaeologists.”
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Document Markup

In this chapter we shall discuss in detail how digital documents are
characterized by tagging them with metadata. Often, this way of char-
acterizing documents is denoted by the term “markup.” The point is
that some document parts are marked in order to set them apart from the
rest. Examples of applying markup are, first, the highlighting of text pas-
sages for a human reader, second, the insertion of proofreading marks
by a corrector, and third, the description of a document’s semantics. As
mentioned earlier, metadata is data “about” data, not to be confused
with the digital document’s data. We shall see that it is both common
practice and expedient to merge metadata into the document contents.

This chapter is organized as follows: An introductory example is
given in Sect. 5.1. Section 5.2 classifies the different ways of characteriz-
ing digital documents. In Sect. 5.3, we describe how markup techniques
can be put to use in the field of long-term preservation. Section 5.4,
which discusses the problem of consistency between a digital document
and its characterization, is slightly more technical. Available standards
for document description formats and languages are considered sepa-
rately in Chap. 6.

5.1 Introductory Example

A special form of metadata used for text markup is generally known correcting essays
from school: Teachers mark up students’ essays (texts) with special
symbols (metadata) in order to point out errors and correct answers,
respectively, and to give explanations and helpful comments in a rather
terse notation. For this purpose they use a special syntax, e.g., under-
lines in red ink and strange symbols (like small arcs and horizontal or
vertical strokes) that are repeated in the margin along with remarks. The
bottom line typically is a comment and/or a mark indicating a grade.
Everything a teacher adds to an essay is metadata.
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Fig. 5.1. Proof-
readers’ marks

(courtesy of
Merriam-Webster)

In the above example, another important aspect should not be over-notation for
metadata looked: We must be able to understand – and interpret correctly – the

notation used by teachers for markup. Otherwise, we will at best not
understand and, therefore, reject the teachers’ symbols and advice; at
worst, we will even misinterpret them.

The very purpose of standardized document description languagesstandards
is to avoid such misinterpretations by formally identifying a set of ad-
missible symbols (or words) and by setting down their semantics. In
the above example, Merriam-Webster’s table of “proofreaders’ marks”
would be a suitable notation. The table lists the symbols and clarifies
their semantics by giving a short definition and examples of usage. Fig-
ure 5.1 shows a brief initial clipping of this table as found in the Internet.1

5.2 Markup Variants

In this section, we classify different kinds of markup, first according to
their intended use, then according to the place and depth (accuracy) of
the document description.

5.2.1 Procedural, Structural, Semantic Markup

Procedural markup languages are very much like programming lan-procedural markup
guages that can affect the visual presentation of a digital document.

1 See http://www.m-w.com/mw/table/proofrea.htm.
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Languages of this type may include a set of switches which when set
will affect the behavior of the interpreter rendering the document. Two
such switches might be called bold and italics. Presumably, they will
affect the presentation of the typeface: If switch bold is “on,” bold type-
face is produced by the interpreter until bold is switched “off” again.

Another mechanism is a virtual “drawing pen” which can be low- e.g., PostScript
ered onto a sheet of paper, be moved on the paper, and be lifted from the
paper. This paradigm is used, e.g., by the markup language PostScript,
which can be interpreted by any “PostScript-enabled” printing device
or by special viewing software (e.g., Ghostscript). Recall the following
example line from the introductory chapter:

12.4 3.1415 moveto 202.4 47.11 lineto

This instruction causes a PostScript interpreter to draw a straight line
from the point given by the coordinates (12.4, 3.1415) to the point given
by (202.4, 47.11). In case some output device cannot interpret the in-
struction (since it is not “PostScript-enabled”), it will at best echo the
text of the instruction (possibly followed by question marks):

12.4 3.1415 moveto 202.4 47.11 lineto ??

As the interpreter does not “understand” the instruction, its behavior is
undefined. Procedural markup is always embedded into the document
to be processed.

The only purpose of procedural markup is presentation. In con- structural markup
trast, structural markup aims to model the logical structure of a digi-
tal document. In a book, e.g., elements like headings, paragraphs, and
chapters would be marked off. According to the natural document struc-
ture, some nesting of such elements is to be expected. Today, structural
markup is in common use. Typical markup languages are (among many
others): LATEX (Kopka and Daly 1995), HTML (W3C 1999a), and XML
(W3C 2000a). The standards HTML and XML will be discussed in
detail in Sect. 6.1.

The following is a valid HTML code snippet: e.g., HTML

<h2>
An HTML table

</h2>
<table>
<tbody>
<tr>
<td>row 1, column 1</td>
<td>row 1, column 2</td>

</tr>
<tr>
<td>row 2, column 1</td>
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<td>row 2, column 2</td>
</tr>

</tbody>
</table>

In the above example we have a (level 2) heading which is followed
by a table with two rows and two columns. For demonstration only, each
table entry (<td> element) contains a text describing its position. The
table’s logical structure is as follows: The table body consists of two
rows (<tr> elements) which each contain one entry per column. Note
that for each start tag (e.g., <tr>) we have a corresponding end tag
(e.g., </tr>). Start and end tags enclose the element’s contents into
which other elements may be nested. Document markup and document
contents are mixed with each other this way.

Characteristic of structured document descriptions is their rigid syn-well-defined
syntax tactical structure which is defined by syntax rules. According to the

HTML syntax, a table consists of an optional title, an optional table
heading, followed by a number of rows, which in turn contain one ele-
ment per column. In the example above, we have left out the optional
elements. The syntax may either be “built into” the markup language
(as in LATEX and HTML) or can be defined for some type of documents
in a separate “document type definition” (as in SGML and XML).

Besides well-defined syntax there is another advantage to annotat-content vs.
presentation ing the document structure: The same document can flexibly be pre-

sented in different forms by simply varying the ways certain structural
elements are presented. This allows to separate the contents of a digital
document from its presentation. Thus, a document annotated in a struc-
tural markup language can easily be transformed into different output
formats, e.g., into a format suitable for Internet access, into a format for
printing like PostScript oder PDF, or even into uttered voice. PDF in this
respect takes a special position since it combines procedural markup el-
ements à la PostScript with structural markup elements à la HTML and
XML. We shall dwell on this popular format in Sect. 6.1.2.

Sometimes erroneously the term “structural markup” is confusedsemantic markup
with the term “semantic markup.” The reason may be that often “ex-
pressive” tag names are chosen which signify the “meaning” of that
element to human readers. True semantic markup, in contrast, aims to
encode the meanings of digital documents in such a way that they can be
interpreted by machines. In technical language, we distinguish between
machine readability and machine understandability.

Why should we make our digital documents machine understand-Why additional
markup? able at all? There are several reasons: First, search engines can narrow

down their search processes and also produce more precise results. This
is indispensable in the information age where the problem is not to find
new sources of information, but to filter out the most relevant results.
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Second, concrete approaches to long-term preservation (like emulation
and migration) would stand substantial benefits if machines were able to
“understand” documents and metadata. Why do we need an additional
kind of markup for this purpose? Computers still have problems to make
out the meaning of a text and, therefore, of a document’s contents. In
the field of artificial intelligence, considerable progress was made over
the last 30 years. Still, machines do not anywhere come near to what
humans would call “text understanding.” Just imagine to try and teach
a computer irony – a popular stylistic device in human communication!

How does semantic markup work in general? First of all, we require How does it
work?that the structure of the given digital document has already been iden-

tified, i.e., we know which parts the document consists of, also their
subparts and so on. For this purpose a markup language which allows
this structure to be annotated – as shown above – may be useful. Struc-
tural document markup is an essential prerequisite for any kind semantic
document description. The overall meaning of a digital document will
be derived from the meanings of its constituent parts. The meaning of
atomic parts, like the document title, is defined once and for all in some
central place. To this end, we can use persistent uniform resource loca-
tors which we will discuss in detail in Sect. 5.4.2. Via given associations
between the (atomic) document parts finally the meaning of a document
can be deduced step by step.

The definition of atomic document parts like author and title is pro- atoms and . . .
vided by standards like Dublin Core (see Sect. 8.1). The definitions
themselves, however, are based on (very readable) plain English texts.
The last sentence should make us prick up our ears – did we not aim at
some machine-understandable kind of semantics description? The an-
swer is that one has to start with “atoms of meaning” whose meaning
by definition cannot be deduced from that of smaller parts. An alter-
native would be to build a formal definition starting from the boolean
values true and false. This, however, would not only be very time con-
suming, also its benefits would probably be rather limited as this type
of formal approach is very hard to understand for most people. Hence,
we may safely expect that only very few documents would be described
that way.

Once the meaning of the atomic document parts has been estab- . . . associations
lished, we can build up semantic associations between them. For this
purpose, two standards have been developed – RDF (W3C 1999c) and
Topic Maps (ISO 2000b). In Sects. 6.2.1 and 6.2.2, we shall briefly in-
troduce these standards.

Since nowhere a universally valid and centrally managed vocabulary vocabulary for
semantic markupis defined – this would indeed contradict the openness of the Internet –

users have to define their own vocabularies for describing documents.
Additionally, an authority and some technical means are required in or-
der to establish relationships between terms used for semantic markup.
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To this end, so-called ontologies are employed. Section 6.2.3 gives a
short review.

Talking about semantics we must be very careful. Often, the struc-“expressive” tags
tural markup of document parts (e.g., using XML) is referred to as “se-
mantic markup,” simply because “expressive” tags like <title> were
used. Humans knowing the English language associate with the term
“title” the meaning “title of a subject.” A computer, however, does not
know how to interpret the term. Systematically replacing the individual
symbols of the <title> tag we can put ourselves into the place of
a computer. A possible outcome would be <scshl>.2 Because of the
ambiguities of natural languages, even we as human beings sometimes
find it difficult to uniquely interpret “expressive” names: For example,
the tag <table> might either start a tabular format, or else the de-
scription of a dining table. Things become worse, if not even the natural
language (English, French, German?) the tag names are taken from has
been fixed.

5.2.2 Embedded Markup Considered Harmful

The description of a digital document can either be placed internallyembedded and
external markup in the document body – embedded into the document’s contents – or

externally be stored in some other place. The first variant is called em-
bedded markup, the second one external markup. An example of em-
bedded markup was given in the introductory section: Teachers using
proofreaders’ marks to correct student essays. In the same context an
example of external markup would be the annual school reports sum-
ming up the students’ school performance. Figure 5.2 points up the dif-
ferences. Another example for external markup are format information
in a digital library. In a database (DB), for each document its format is
stored. Here, the DB is the external place from which documents are
referenced.

Should an embedded document description be preferred to an exter-embedded vs.
external nal one or the other way round an external be preferred to an embedded

one? We will not give one final, across-the-board answer, since both in-
ternal and external descriptions have their advantages and disadvantages
which have to be balanced in each individual case.

In earlier paragraphs, we have mentioned that for proceduralapplying embedded
markup markup close links between document and markup are advantageous.

Also, machine readability is improved, and the document format
is modified easier, if the document structure is brought out by the
document itself. This comes to full fruition when we use document
description languages that can describe themselves.3 We will, therefore,

2 In the tag <title> the letters t, i, l , and e were replaced by the letters
s, c, h, and l, respectively.

3 This may sound a little bit like magic. In Sect. 6.1.4 more explanations will
follow.
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Fig. 5.2. Embedded
and external markup

try to use document formats which contain some kind of structural
markup. Unfortunately this sometimes is impossible, e.g., if the doc-
uments to be archived are given in some fixed format which does not
contain any structural markup.

The main advantage of external document description probably is, applying embedded
markup and . . .that we do not have to modify the document itself whenever its descrip-

tion is provided, updated, or replaced by a new one. Often, this is the
only viable approach: some document formats do not provide room for
internal documentation, some documents reside on write-protected me-
dia (e.g., CD-ROM), or modifications are not allowed for legal reasons
(or in order to preserve authenticity). For semantic markup, most of the
time we use external descriptions, because the document structure in
general does not correspond to the semantic relations between docu-
ment parts. With external markup, the metadata typically are kept in a
DB of their own.

External document descriptions require powerful linking and cross- prerequisites
linking mechanisms (hyperlinks) to be available – more about that will
be said in Sect. 5.4. Another problem is how to find the description of
a given document. A possible solution was presented in the chapter on
emulation (see Sect. 4.3): store both the document and its description
in one shared Archival Information Package. This, on the other hand,
reduces flexibility. We also have to consider the durability of the meta-
data DB. This will be the topic of Sect. 9.4.

An extensive paper discussing the relative merits and drawbacks of
embedded vs. external markup was published by Nelson (1997).
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5.2.3 Levels of Markup

Within a document, markup can be distributed into different places and
structural levels: Markup may be restricted to the document header,
or the whole document may be annotated with semantic information
down to some given structural level. Hybrid forms are admissible, too,
as shown in Fig. 5.3

Considering a document or document header we may sensiblylevels of
structural detail choose from different possible levels of structural granularity. Let us

get this sorted out on a simple example, the description of a book author.
The simplest way to annotate the author’s name would be like this:

<author>
Uwe M. Borghoff

</author>

The description becomes more precise, if we distinguish first name,
surname, and initials:

<author>
<first name>Uwe</first name>
<surname>Borghoff</surname>
<initials>M.</initials>

</author>

Continuing in this vein we might add some identification code, ti-
tle(s), address, and publications written by Uwe Borghoff:

<author>
<first name>Uwe</first name>
<surname>Borghoff</surname>
<initials>M.</initials>
<code>UB</code>
<title>Prof. Dr.</title>
<address>

Universität der Bundeswehr, München
</address>
<publications>

<book>
<title>Long-term Preservation: ...</title>
...

</book>
...

</publications>
</author>
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a) b) c)

(a) just text, no markup;
(b) document header with metadata, no markup in text;
(c) document header with metadata and markup in text.

Fig. 5.3. Levels of a
document’s
penetration with
markup

It is not hard to imagine how this description might be further re-
fined by adding more structure and information. For example, the title
and address fields are waiting to be split into their atomic parts, and the
description of a book would its ISBN, a list of key words, etc.

Whether a great level of structural detail is advisable – or even in- coarse vs.
fine graineddispensable – depends on what you want to do with the description.

Obviously, filling in many details is more time consuming than to leave
out details – just imagine a book like the one you are reading and each
of the authors has a long list of publications. On the other hand, a pre-
cise and detailed description offers more reference material, e.g., if you
are searching for publications dealing with migration.

5.3 Exploiting Markup for Long-Term Preservation

We can apply the markup techniques described above “conventionally” searching and more
for improving search processes. The same techniques are also useful for
developing long-lived document formats. Markup languages are suit-
able for long-term preservation if they satisfy the requirements we will
discuss later. After that, we will examine aspects associated with li-
braries.

5.3.1 Requirements for Long-Term Preservation

Let us start with saying that the following features often involve con- conflicting properties
flicting properties which is why they cannot possibly be satisfied by a
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single markup language. Rather, we have to weigh and choose the com-
bination of properties best suited for the application at hand.

Both the digital document proper and the representation of its mean-platform
independence ing should be readable on as many platforms as possible. This suggests

a very simple (text) format. Here, we have to choose an appropriate
code. Variants of Unicode (Unicode 2002) and ASCII (ISO 1991) are
in common use. The actual choice must be recorded, e.g., in the digital
library’s metadata.

For machine processing, digital documents must be written in amachine readability
language that computers can handle. In this context, document de-
scription standards based on markup are very important. If, on top
of that, we want to perform semantic searches on digital documents,
their markup must not only be machine readable, it also has to be
machine-understandable. That means, there has to be some mapping
from markup to meaning, which can be interpreted by machines. This
vision, however, has not been fulfilled to this day.

Human readability requires that markup be based on natural lan-human readability
guage. This, so to speak, remains as the last resort if all attempts have
failed to interpret the digital documents by machine. Especially if emu-
lation is used for preserving digital documents, the metadata contained
in the AIP capsule are highly dependent on human readability. One par-
ticularly nasty problem is that “living” natural languages change over
time, i.e., some words are forgotten while others take on completely new
meanings. The least action to be taken is to date not only the archived
documents, but also the natural language used for markup.

Any scope of interpretation admits misinterpretations. In order touniqueness and
completeness avoid them, uniquely defined markup must be employed. In particular,

the accumulative falsifying effects of iterated migration (exemplified by
the “Telephone” or “Chinese whisper” children’s game) have to be re-
duced to a minimum. If possible, a description must completely cover
the document content, in order to avoid misinterpretation due to miss-
ing information. In a poem, it may well make a difference, whether a
“minus” sign at the end of a line is to be interpreted as a hyphen, as a
dash, or simply as a continuation mark. Even presentation aspects like
words per line may carry meaning.

In order to remain readable, archived digital documents over timeease of emulation
and migration are converted into new formats (migration), or else their rendering plat-

forms are ported to new hardware (emulation). Regarding document de-
scription, the following aspects arise. The description of a document
must be migrated (or emulated) along with its document. The fact that
metadata are often kept in a database system opens up the whole field
of database migration. Here, the migration and emulation techniques
discussed in Chaps. 3 and 4 are applied to DB contents. In case there
is semantic markup, its mapping from markup to meaning must be mi-
grated (or emulated) as well. If natural language is used for document
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description, modifications may be needed due to revisions of the natural
language (e.g., a spelling reform).

Even after the (semantic) markup for a document has been pro- ease of editing vs.
write protectionduced, some information have to remain editable, so that one can make

adjustments if required. Other information (e.g., concerning authentic-
ity) obviously may no longer be changed. And there may be legal as-
pects generally prohibiting modification of a given digital document.

The process of annotating a document with markup should be kept simplicity
as simple as possible, in order to reduce the required overhead to a mini-
mum. Just keep in mind that a library owns a vast number of documents
which in many cases have to be annotated manually. Also, the ingest
process induces costs which must be compared to expected benefits to
be reaped from the produced document descriptions. If it is easy to an-
notate documents, authors might be willing to provide the markup for
their own documents. That way, a library’s ingest effort would reduce
to checking and supplementing the annotations provided by authors.

We do not have to apply all conceivable descriptive elements to modularity and
extensibilityeach document. Consider, e.g., medicinal documents about early cancer

detection as opposed to literary historical documents about early 19th
century lyrics. Universal application of one uniform description format
would yield an unjustifiable waste of redundant data. Since we cannot
anticipate all future documents types and their description demands, we
need a document description notation that is easily extensible.

We should try and find a “reasonable” ratio (depending on the appli- ratio markup to
document contentscation at hand) between the document contents and its description. This

is about sheer data volume. In extreme cases, the document markup
will take up significantly more amount of space than the document con-
tents proper – especially if a natural language text format is used for
markup. Examples are the document description languages HTML and
XMLwhich will be discussed in Sect. 6.1.

Obviously, the above requirements define partially conflicting goals. compromise required
The available options for the aspects completeness, simplicity, and mod-
ularity alone force a compromise. The “human readability” requirement
opens up new problem areas: Does natural language allow for unique
description of complex interrelations? Will the vicissitude of natural
languages create new risks for long-term preservation?

Long-Lived Document Formats

One of the problems with long-term preservation is that when unpack- restoration of
digital documentsing an information package retrieved from an archive, we do not know

the exact document format. For illustration, consider the following fu-
ture scenario: The problem of physically storing digital data in a per-
manent way has been solved. However, what originally was a digital
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document has meanwhile become a mere bit-stream. The original doc-
ument formats do not exist any more. A long time ago, we went over to
have historic documents to be read out (or played) to us.

A feasible approach might be to store metadata along with the doc-long-living metadata
ument indicating the original document format and how at the current
point of time this format may be brought into a machine- or human-
readable form. However, the metadata format suffers from the same
problem as other digital document formats: metadata we cannot inter-
pret are useless. The method to store metadata about metadata (about
metadata etc.) seems not to be practicable. What we really need is a
self-describing format for metadata. This is how the XML Schema stan-
dard helps to find a way out of the dilemma pointed out above. In short,
the structural rules an XML document must obey are coded in XML,
too. The details of this trick will be explained in Sect. 6.1.4.

5.3.2 Bibliographic Requirements

The indexing of documents is typical librarians’ work. In preelectronicindexing
times, metadata about books (like author, title, subject area, and key
words) were recorded on simple index cards. For ease of access, index
cards were kept in files lexicographically sorted by some field (e.g.,
author).

It is straightforward to carry over the index cards approach to theelectronic
index cards electronic world. For each digital (or physical) document a record is

stored containing the metadata that describe the document. Beyond au-
thor and title this will include a brief description and references (e.g.,
via hyperlinks). Electronic index card file can be searched much faster
than their physical archetypes, and more complex search criteria can be
used (as compared to searches based on only the author’s name).

We can improve flexible searching by providing sufficiently preciseprecise metadata vs.
searching metadata. Let us again consider the example from Sect. 5.2.3. In the

most straightforward description below, we cannot be sure about the m
respective parts of an author’s name.

<author>Uwe M. Borghoff</author>

Different ways of spelling the textual contents of the author ele-
ment make this clear:

<author>Uwe M. Borghoff</author>
<author>Borghoff, Uwe M.</author>
<author>M. Borghoff, Uwe</author>
<author>Uwe Borghoff, M.</author>
<author>Borghoff, Uwe</author>
<author>Uwe Borghoff</author>
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Here, it is almost impossible to selectively search for first names or
surnames, respectively. A remedy is found by refining the structure of
the author element, as before. Because the markup uniquely identifies
the parts of a name, their order is extraneous.

<author>
<first name>Uwe</first name>
<surname>Borghoff</surname>
<initials>M.</initials>
</author>

One of the main duties of both conventional and digital libraries selection of
documentsis the ingest – and, in particular, the selection – of documents to be

archived. For obvious reasons, not all documents ever created can sen-
sibly be kept safe for posterity. We have to distinguish between the doc-
uments that are relevant and those that are not. In view of the enormous
data volume which is fueled by the use of electronic tools and media,
the following main tasks evolve:

1. Selection of documents to be archived
2. Cataloguing and classification of documents to be archived
3. Ongoing evaluation of the archived documents whether they are to

be kept in the archive

In case authors are using a structured document format which addi- metadata for
selection,
cataloguing, and
classification

tionally contains metadata on the document contents, these information
will provide valuable clues for accomplishing the above tasks. Useful
metadata typically contained in a document are author, key words, and
subject area. Since such metadata are embedded in the document, they
“only” have to be filtered out. This process can be automated (at least
partly) thereby saving valuable time. If a document is modified, its
metadata will almost automatically be changed as well. Naturally, all
this does not happen all by itself, and samples must still be taken for
quality assurance.

5.4 Persistence is a Virtue

The consistent description of digital documents using metadata holds
a number of risks and raises miscellaneous technical problems. Later,
we will discuss some technical problems and challenges. Also, we will
address possible solutions.

In general, metadata describe objects that already exist. This results consistency
in data systematically being stored twice. Therefore, one has to keep in
mind the consistency between the metadata and the materials (digital
documents) described by the metadata.
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The main problem stems from materials that can be modified. Suchmodifications
modifications possibly affect the place and the format of a stored ob-
ject, and its contents. This may invalidate the corresponding metadata
which were originally composed with a lot of effort. Modifications of
the archived materials probably entail some adaptions of their metadata.

In Sect. 5.3.2, we mentioned metadata that are part of the originalreferences
digital document’s contents. In such a case, we only have to provide a
reference pointing to the metadata. If, e.g., a book is modified – say, by
adding another author – the metadata remain up-to-date automatically,
because they were not copied physically but rather referred to from the
metadata. Admittedly, if the storage location of a document changes, all
metadata links pointing to it will go out of date.

Persistent access to digital documents has two important aspects:persistency
One is the permanent existence of a digital document, the other is
its continuous identifiability and retrievability. The first aspect was
covered extensively in the chapters on emulation and migration. This
section deals in detail with the other two aspects, identifiability and
retrievability.4

5.4.1 Uniform Resource Identifier, -Name, -Locator

The notion Uniform Resource Identifier (URI) comprises both the nameUniform Resource
Identifier (URI) aspect of a digital document (how can a document be identified in a sys-

tem which potentially is spread over the whole world?) and its address
aspect (how can the document contents be retrieved in this system?).
URI is the superordinate concept of the much more frequently used –
and ever since the onset of the World Wide Web heavily promoted –
terms URN and URL.

The so-called Uniform Resource Name (URN) refers to exactly thatUniform Resource
Name (URN) part of a URI which is responsible for naming. Two kinds of problems

have to be solved here. On one hand, we need an agreement about the
names to be assigned, on the other hand a robust resolution mechanism
must be designed. Resolution (or name resolving) is the process which
interprets a given name and returns the address of the respective docu-
ment. In order to come up to both problems and to be effectively used
as an identifying mechanism in a distributed system, a URN must meet
a number of requirements.

– A URN is globally unique. There are never two different digital doc-requirements
uments with the same URN.

– We postulate that naming authorities be independent. These insti-
tutions shall organize themselves hierarchically. Once assigned, a
URN continues to be valid forever, even if the digital document

4 In this section we essentially follow the argumentation of Dack (2001).
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named by it has long ceased to exist. A URN actually continues
to be valid if no more naming authorities exist which can resolve its
name.

– URNs have to “scale well.” Many hundreds of years from now, it
must still be possible to assign a new document a new URN. Each
URN mechanism has to allow for future extensions.

– Name allocation must be largely independent of the resolution
mechanism used. Subsequent changes to the process of name re-
solving must not compromise the global uniqueness and identifia-
bility of assigned names.

– If for a URN there exists a corresponding URL (and vice versa), then
uniquely invertible translation mechanisms must be implemented.

Up to now, URNs have not been propagated very far. This lack of suc- Uniform Resource
Names not yet
successful

cess may be traced back to the fact that there is no standard for an ap-
propriate resolution mechanism. The XML community which attempts
to solve a very similar problem with so-called name spaces was not able
to improve this situation. With URLs, the circumstances are different.

A so-called Uniform Resource Locator (URL) identifies a digital Uniform Resource
Locators are
successful

document by its access characteristics which encode information about
the document’s storage location. Unlike URNs, URLs are extremely
popular. The reasons for this are very simple: Since they are in com-
mon use throughout the World Wide Web, name recognition for URLs
is very high (every current browser “understands” URLs). Also, their
resolution mechanism is standard.

The so-called Domain Name System (DNS) maps the domain name Domain Name
System (DNS)of a URL onto the IP address of the server where the digital document

resides. Via this server the request for the document is transmitted to the
service which ultimately provides access to the document.

What about references to document parts, or to metadata contained
in a document? External document descriptions, in particular, heavily
depend on this kind of reference. In Sect. 5.4.2, we will dwell on refer-
ences to whole documents, and to locations within documents.

5.4.2 Referencing Documents

We all know references (“links”) to documents from the Internet. Fig- Internet links
ure 5.4 shows the elements of the current approach. Links are unidirec-
tional and there is no global directory of links. Thus it is unknowable
for a document how many links are referring to it and what the sources
of such links would be.

Therefore, problems arise if a document is deleted or moved to some broken links
other location. If the location of some referenced document changes,
i.e., the target of a link is moved somewhere else, then the link is
“broken:” it does not refer to a document any more. Figure 5.5 demon-
strates this explicitly.
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Fig. 5.4. Link
pointing to some
target document

Original DocumentMetadata

/borghoff/ltp.xml

Fig. 5.5. Problem of
broken links

Original Document

Metadata

/borghoff/ltp.xml

A plausible solution to the broken-links problem is to split a link
into two references: The first one refers from the original link source
D1 to some unique name; the second one refers from this name to the
current location of the target document D2. By this method, in all linkssolution to the

broken-links problem to D2 the target is replaced by the same unique name for D2. The second
reference from this name to D2 is shared by all links to D2. Whenever
the target document D2 is moved, only the second reference has to be
adapted accordingly. This requires some sort of “bidirectionality” of
the second reference – it must be known to the owner of document D2.
Essentially the same mechanism is used in the Internet for addressing
computers: Computers are known to others exclusively by some unique
number (IP address). The computer’s actual physical location is of no
avail.

The above abstract mechanism is visualized in Fig. 5.6: The overalllinks split into
two parts aim is to refer from some document D1 to another document D2. Instead

of referring to the storage location loc(D2), we refer to a unique name
name(D2) which is stored in some “central position.” This central entity
– let us name it “resolver” – translates the name name(D2) into its actual
storage location loc(D2). Whenever D2 is moved to some other location
loc′(D2), the resolver must be informed. As the resolver is in a central
position, the owner of D2 can find it easily.



5.4 Persistence is a Virtue 95

D1 D2Resolver

name: "Long-term Preservation"
"Long-term Preservation"

loc: /borghoff/ltp.xml
/borghoff/lt

p.xml

Fig. 5.6. Link split
into two references

In the Internet, this name resolution mechanism is known by the Persistent URL
(PURL)name Persistent URLs or PURLs, for short. PURLs were developed

some ten years ago by OCLC (Online Computer Library Center, Inc.).
Their problem was to reduce the time and effort required for regularly
updating URLs of cataloged Internet documents. OCLC actively partic-
ipated in the IETF work groups when they researched the URI problem
in depth. At that time, OCLC saw no way of soon reaching a consensus
on a standard for a permanent identification mechanism. Hence, PURLs
were developed as a working interim solution, eventually to be replaced
by a standard mechanism.

Functionally, a PURL behaves like a URL. Instead of directly en- name resolution
mechanismcoding the location of the target document – this was the origin of the

undue hardship requiring regular URL updates whenever locations of
documents itemized in a catalog changed – a PURL addresses an inter-
mediary name resolution service. This service is provided by a PURL
server. The PURL-server’s name resolution service solves the problem
of mapping a given PURL onto the URL of the required digital docu-
ment. The standard implementation of this mapping uses an HTTP redi-
rector. Since this requires neither protocol extensions nor modifications
of the client software, this approach is extremely popular with users. As
a consequence, standard Web browsers can create, assign, and process
PURLs using only the PURL-server’s name resolution service.

The software sources of the name resolution service were made pub- application
lic by OCLC. Since then, other institutions have created and achieved
success with PURL servers of their own. One such successful installa-
tion is run by the National Library of Australia (NLA). When discussing
the project Pandora in Sect. 8.5, we will come back to that.5

The above problems get worse, if markup does not only refer to links to places within
documentswhole documents, but also to specific places within digital documents.

In general, there are two possible ways of referring to places within
documents. On one hand, we can address byte positions within docu-
ments. This would bring up essentially the same problems we have just
discussed. A more flexible and at the same time more robust way of
defining such references is to refer to document’s parts suitably set off
by markup. This, however, requires the document to be annotated with
structural markup (cf. Sect. 5.2.1).

5 See http://purl.oclc.org/ for more information on PURLs.



96 5 Document Markup

Document parts are earmarked using so-called labels, which are in-labels
serted into the document part’s markup. In the table example below, the
table has been annotated with a Tab1 label.

<h2>
An HTML table

</h2>
<table id="Tab1">

...
</table>

The reference to this table uses the name #Tab1 of the label. The
byte position defining the physical location of the table within the doc-
ument is of no concern.

As shown in table <a href="#Tab1">1</a>, ...

If we modify this document by adding or deleting text, the above
reference remains valid as long as label Tab1 exists. There is, however,
a drawback: If we create a second Tab1 label within the same doc-
ument or move the label to some other location within the document
(thus identifying another document part with the same label name), the
reference immediately becomes useless. This can easily happen in very
long documents.

More problems occur with complex references which involve “real”problems with
complex links . . . positions, like “the third paragraph of section ‘Bibliographic Require-

ments’.” In “section ‘Bibliographic Requirements”’ the section’s name
is used like a label. The phrase “the third paragraph of” defines a rel-
ative position within this section.6 By inserting or deleting paragraphs,
such a relative reference is easily broken.

Without further measures, the breaking of relative positions can-. . . and how
to solve them not be avoided. Given redundant descriptions of relative positions, such

“broken links” within documents may even be repaired. For example,
we might define a position relative to both the beginning and to the end
of the part surrounding it. In our example this would give: “the third
paragraph (=second paragraph from bottom) of section ‘Bibliographic
Requirements’.” Now if modifications are done only before or only after
this paragraph, the reference may be repaired semiautomatically. An-
other possibility is to identify the target position with a small extract
from the target document appended to the link.

5.4.3 Handles and Digital Object Identifiers

The so-called handle system provides a solution to the problem
of uniquely naming digital documents across distributed library

6 XPath expressions within XML documents allow positions to be described
like this. Relative positions are suitable for external markup.
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applications. It was developed by Corporation for National Research
Initiatives (CNRI) in the context of the NCSTRL project.7

Name-providing organizations form a hierarchy. The top-level orga- name resolution
authoritiesnization is run by CNRI. This ensures uniqueness of names on the top

level. In this organization also the top-level name resolution service is
situated. Local handle systems (i.e., the name-providing organizations
further down the hierarchy) can use the handle software published by
CNRI. As long as there are no generally accepted standard protocols
for the handle system and its name resolution services, one has to resort
to http proxy servers. This is the only way to integrate standard Web
browsers and thus an important prerequisite for user acceptance. One of
the users of the handle system is the Library of Congress.

The handle system was also used for name resolution in the so- Digital Object
Identifier (DOI)called DOI system. The Digital Object Identifiers (DOIs) were de-

veloped by the AAP (American Association of Publishers). At the
international Frankfurt book convention 1997, DOIs were officially pre-
sented as a solution to the urging problem of providing legal protection
in open distributed networks, in particular for articles published in elec-
tronic journals.8 Legal protection was to be accomplished by assigning
fixed, immutable, and standardized names to journal articles as early as
the concept phase. This name was to help and fulfill the following tasks:

– Transaction control when working with journal papers purpose of a DOI
– Facility of communication between authors, editors, and publishing

companies
– Starting point for management of rights

In order to achieve this, one needs agreements concerning the syntax premises
of those fixed, immutable, and standardized names. Also, a stable, ap-
proved, and industry-wide accepted name resolution system (as pointed
out earlier, the handle system was used), and an agreed-upon meta-
data schema are wanted. For the latter, the so-called INDECS metadata
record was chosen.9 The International Digital Object Identifier Foun-
dation (IDF for short) attends to global settlements on naming.

5.4.4 Summary

The above variants for achieving permanent identifiability and retriev-
ability of digital documents all comply with a common pattern: Names
always consist of two parts. The first part usually corresponds to the
name of the name-providing organization (naming authority). This

7 NCSTRL is an acronym for Networked Computer Science Technical Reports
Library. The project is funded by the American DARPA.

8 Registered under ANSI/ISO Z39.84-2000.
9 INDECS is an acronym for Interoperability of Data in E-Commerce Systems.
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name is globally unique. The second part always specifies a name which
is unique within the scope of that particular organization.

This pattern satisfies the properties expected from a URN specifica-
tion, as established in RFC 1737. Table 5.1 describes the formats of the
variants discussed above.

Table 5.1. Prominent variants for achieving both permanent identifiability and
retrievability of digital documents

variant description
URI <protocol>://<authority>:<authority-specific name>
URN urn:<namespace-Id>:<namespace-specific name>
URL <protocol>://<DNS domain name>/<computer-specific pathname>
PURL <protocol>://<PURL server name>/<computer-specific pathname>
Handle <authority>:<authority-specific name>
DOI <directory-code.registrant-code>:<DOI-suffix name>
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Standard Markup Languages

In Chap. 5, we have pointed out the need for document markup. We have
also looked into general problems arising in this context. In this chap-
ter we concentrate on how document markup is employed in practice.
We introduce different document description languages, which are very
popular and meanwhile have become (quasi) standards. In doing so, we
survey their respective advantages and disadvantages when applied to
long-term preservation in digital libraries.

This chapter is organized as follows: In Sect. 6.1 we present two
typical procedural document description languages (TIFF and PDF)
and two structural document description languages (HTML and XML).
Standard formats for the semantic description of metadata and docu-
ments are discussed in Sect. 6.2. There, we focus on the formats RDF,
Topic Maps, and OWL for defining ontologies. Finally, in Sect. 6.3 we
briefly hint at the vision of a future “Semantic Web.”

6.1 Standards for Syntactic Document Markup

In this section, we introduce different markup languages that admit doc-
ument structures to be reproduced within a document. Please note that
these are not only document descriptions, but also document formats.

First, we present the two standard formats TIFF and PDF. In the binary formats:
PDF, TIFFfield of electronic publishing and in libraries, both formats have spread

remarkably. Whereas TIFF is devoted exclusively to the procedural rep-
resentation of graphics based on pixels, PDF allows the document’s
structure to be annotated – in a way this is a hybrid representation com-
bining procedural and structural document description elements. TIFF
and PDF are binary document formats, which cannot be perceived di-
rectly by human beings. We need special rendering software for viewing
and editing TIFF and PDF document files. Recall that this has strong im-
pact on how such documents can be migrated or emulated, respectively.
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Next, we present two standard formats for structural document de-text formats: HTML,
XML scription, HTML and XML. One advantage of HTML and XML is that

no special tools are required for creating HTML or XML documents: a
simple ASCII text editor will do. Both the documents’ contents and the
markup they contain are stored as plain text. This simplicity benefits all
aspects of platform independence, human and machine readability, and
ease of emulation and migration. However, the ratio document markup
vs. document contents is unfavorable when compared to the same ratio
for the binary formats TIFF and PDF.

6.1.1 Tagged Image File Format (TIFF)

Bitmap graphics are an important format in digital publications. Theybitmap graphics
occur in almost every application area. A pixel matrix is an approxi-
mative image of varying precision. It has no explicit logical structure
describing the semantics of its contents in a machine-understandable
form. Typically, bitmap graphics are produced as output format of scan
processes or by image editing software. Image processing software can
be used to infer the “meaning” of its contents. Up to now, OCR software
plays a fundamental role in that respect.

Because of its eminent importance and flexibility, we shall examineTIFF as a flexible
format for bitmap

graphics
the Tagged Image File Format (TIFF) more closely. TIFF is a format for
storing and exchanging bitmap graphics. It is neither a printer format
nor a page description language. The TIFF specification was published
in 1986 by Aldus, Inc. (which meanwhile belongs to Adobe, Inc.). Ver-
sion 6.0 of the specification1 has been augmented with new picture el-
ements without invalidating previous versions. The other way round,
current TIFF files can generally be processed by older software, if only
some special subset of features from the specification is used. This sub-
set is known as baseline.

In order to better appreciate its potentials, we take a quick look atdynamic structures
and private fields for

more flexibility
the internal structures of the TIFF format. The basic structuring element
is the image file directory – IFD for short. An IFD contains the TIFF
fields, which in turn describe the contents of an image. In the fields,
references are used for pointing to the image data proper, and to values
exceeding some fixed upper limit. The fields are addressed using numer-
ical tags. For example, field 256 defines the ImageWidth (in pixels) of
the image stored in the pixel matrix. There is no restriction to the length
of an IFD. IFDs also may contain pointers to other IFDs. That way,
multiple images may be stored into one TIFF file. The mechanisms de-
scribed so far result in great flexibility, which is further enhanced by the
definition of private fields. In order to avoid conflicts, these additional
user-defined fields should be registered with Adobe. Unfortunately, the

1 See http://www.adobe.com/Support/TechNotes.html.
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publication of such definitions is voluntary. This fact is addressed by the
Risk Management of Digital Information project, which we present in
Sect. 9.3. One of the published tags, labeled 330, is denoted SubIFDs.
It allows an arbitrary number of sub IFDs to be included. Thus, TIFF
files can have a tree-like structure. A possible application would be to
augment each of a series of images (e.g., the pages of a scanned book)
with an accompanying low-resolution or thumbnail image.

The TIFF 6.0 standard supports a number of image formats and image formats and
compression
methods

compression methods. Since the text of the standard describes them
clearly and succinctly (and contains references to other standards), we
shall not go into details. A list of supported image formats is:

– Bilevel (baseline)
– Grayscale (baseline)
– Palette Color (baseline)
– RGB Full Color (baseline)
– CMYK
– YCbCr
– CIE L*a*b

The supported compression methods are:

– PackBits (baseline)
– Modified Huffman (baseline)
– LZW
– JPEG

When using compression methods we have to take into consideration
that some algorithms (or variants thereof) may be protected by patents.
The image formats and compression methods listed above are each
identified by specific fields and appropriate field values. Other fields
describe image properties and the internal structure of the TIFF file.
In general, fields cover technical aspects. The private fields extension
mechanism, however, would allow any kind and number of descriptive
metadata to be included as well. Whether this is a sensible approach
in the context of long-term preservation, appears doubtful – at least for
collections comprising different file formats.

6.1.2 Portable Document Format (PDF)

In 1993 Adobe turned their Portable Document Format (PDF 2001) into the PDF standard
a free standard. The aim was to establish PDF as a suitable successor to
the PostScript format (PostScript 1999), which was widely used at that
time. It was considered vital to render documents as true to the original
as possible and in a platform-independent way. Also, good navigation
and editing facilities were desired.
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In addition to formatted text, PDF documents may contain imagesproperties
and even interactive elements (e.g., JavaScript code). If a document uses
“exotic” fonts, which are not generally available, the definitions of such
fonts may be embedded into the PDF document. Furthermore, text pas-
sages can be referenced via hypertext links and also can be annotated
with comments. Text may be incorporated into a PDF document either
as an editable sequence of letters or as an image.

Because of these features, PDF is particularly attractive for archiv-application: hybrid
documents ing documents the layout of which is deemed relevant: If such docu-

ments are available on paper only, they are first scanned and thus turned
into digital images. Using Optical Character Recognition (OCR) soft-
ware, text passages contained in the images are identified and extracted
automatically. The recognized text passages can be stored along with
the scanned page images of the original document. This approach com-
bines the advantages of text representations (i.e., full-text search, editing
mode) with a high robustness against residual OCR errors (which can
hardly be ruled out completely) and a true representation of the origi-
nal’s appearance. The resulting documents are called hybrid PDF docu-
ments, since they contain a “wild mix” of text and text image elements.

Like with PostScript the main constituents of PDF documents arestructure of a
PDF document pages. Both PostScript and PDF documents are ordered sequences of

pages, which contain data like text and images. Over and above Post-
Script, PDF allows you to embed into the document a table of con-
tents with hypertext links to each chapter and section. Thus, the table
of contents reflects the overall document structure. Also, metadata can
be stored in a PDF document, e.g., page numbering, page formats, and
simple comments with unstructured information about the document’s
contents.

For creating and processing PDF documents a number of softwarecreating and
processing

PDF documents
tools can be obtained. Most of them are distributed by Adobe. The Ac-
robat Reader, a viewer for PDF documents, is available on many com-
puter platforms.2 PDF is a freely usable standard which, however, still
belongs to Adobe and is advanced exclusively by this company. The
PDF tool set does not come anywhere near the huge amount of (free)
HTML and XML tools. One reason may be that PDF is a binary for-
mat, i.e., data are not stored as plain text. Therefore, PDF documents
practically cannot be read and processed with a simple text editor.

Because of its many advantages (when compared to former docu-electronic publishing
ment formats), PDF has become the de facto standard for electronic
publishing. Today, PDF is the first choice if preservation of the original
appearance is an issue.

Focusing on presentation aspects entails both advantages and disad-advantages and
disadvantages vantages. A major advantage is that many documents can be presented

2 To be obtained from http://www.adobe.de/products/acrobat/readstep.html.
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in a form which is almost true to the original. With HTML and XML,
this is not possible to the same extent. There are also some disadvan-
tages to using PDF: First, PDF is a page description language, not a
document description language. The logical structure of a document
is only coarsely represented by the table of contents. Second, when
compared to HTML and XML, processing of PDF documents is rel-
atively inefficient. To put this proposition to the test, try and search the
same text in a comprehensive PDF document and in its HTML or XML
analog. Due to the missing document structure, search options are less
powerful than those for XML documents (cf. Sect. 6.1.4). Also in com-
parison to HTML and XML, there is only a rather limited tool set for
creating and processing PDF documents – tool developers are relatively
dependent on a single company owning the standard. However, it must
be emphasized that today there is no alternative document format that
has the same focus on rendering true to the original as PDF and at the
same time allows structural elements to be included into the document
description.

Recently, the ISO has published a limited variant of PDF 1.4, called PDF/A for archiving
PDF/A (ISO 2005).3 PDF/A is intended to be suitable for long-term
preservation of page-oriented documents for which PDF is already be-
ing used in practice. Therefore, PDF/A prohibits inclusion of video
and audio data, JavaScript and executable file launches, and encryp-
tion. Also, all fonts must be embedded, color spaces must be specified
in a device-independent manner, and use of standards-based metadata
is mandated.

6.1.3 HyperText Markup Language (HTML)

The HyperText Markup Language (HTML) (W3C 1999a) is the back- HTML: language of
the WWWbone of the World Wide Web – the most frequently used part of the

Internet. HTML also is a simple way of applying structural markup.
An HTML document typically consists of several document parts, structure of an

HTML documentwhich are called elements (e.g., table). The beginning and the end of
an element are indicated by tags containing the element’s name. Using
a slash, we distinguish begin tags (like <table>) and end tags (like
</table>). HTML defines a fixed set of elements whose structure and
application is governed by syntax rules. A table, e.g., will always consist
of rows and columns and may optionally have a title (cf. Sect. 5.2.1).

The representation of an HTML document first of all is determined representation
by its structure. However, there are some elements that do not define
document structure but are used only to affect the representation of the
document in a rather procedural style. An example is the HR element

3 The interested reader will find further details at
http://www.digitalpreservation.gov/formats/fdd/fdd000125.shtml.
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requiring a horizontal line to be shown in the document’s representa-
tion. Often, such elements do not contain text or other elements – they
are empty. Empty elements can be defined either by letting the end tag
immediately follow the begin tag (as in<HR></HR>) or, equivalently,
by terminating the begin tag with a slash (<HR/>). For defining the
representation of HTML documents in a more flexible way, so-called
Stylesheet languages were developed which let you redefine each ele-
ment’s representation aspects. An example is the Cascading Stylesheets
language (W3C 1998).

Properties of each element can be specified in more detail by string-attributes
valued attributes. The HR Element, e.g., has attributes width (specify-
ing the length of the horizontal line in percent of the browser window’s
width) and align (specifying the line’s horizontal alignment):

<HR width="50%" align="center"/>

Being based on a fixed set of elements turned out to be a serious dis-problem: fixed set of
elements advantage of HTML: In the course of time the original HTML-1.0 stan-

dard was enhanced by adding ever more new elements. It soon became
obvious that one cannot satisfy all eventualities of document structure
with some fixed element set. In addition, the chosen element names are
not as self-explanatory as one would wish. Again, our running tables ex-
ample illustrates this very well: Who would figure out at first guess that
the element name td stands for “table data?” Also, the firm connection
between document structure and representation would be a detriment
when trying to establish HTML as a universal document format.

6.1.4 eXtensible Markup Language (XML)

The eXtensible Markup Language (XML) standard (W3C 2000a) wasstandards:
XML vs. SGML first adopted by the World Wide Web Consortium (W3C)4 in Febru-

ary, 1998, and in revised form in the year 2000. XML is a simplified
version of its predecessor, the Standard Generalized Markup Language
(SGML) (ISO 1986). We shall not dwell on SGML, which because of
its notorious complexity remained a specialists’ language and, there-
fore, did not become mainstream. The basic concepts of SGML have
been inherited by XML. Less important concepts have been left out in
order to obtain a more uniform and simpler language. Still, we can de-
scribe only a few properties and application areas of XML. For more
details see, e.g., Goldfarb (2002).

XML avoids the disadvantages of HTML listed above: The contentsXML is a
metalanguage of a document are strictly separated from its representation. Thus, it is

4 The W3C is one of the largest standardization organizations in the Internet.
Among many other things, they have developed the HTML and XML stan-
dards discussed here.
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possible both to have different representations (views) of one document
and also to define a uniform representation for some set of documents.
Most importantly, XML does not come with a fixed set of elements.
Instead, XML provides users with a mechanism for defining their own
sets of elements and their syntactic structure. Thus XML is not simply
another markup language, but rather a metalanguage that allows you
to easily define new markup languages fitting your applications’ needs.
This is in strong contrast to the document formats described above.

XML itself establishes only some of the most basic syntax rules, well-formed
XML documentse.g., the way element tags are written (as in HTML they are always en-

closed in “funny brackets” < >). In tags, lower case letters are consid-
ered different from their corresponding upper case letters. End tags may
not be omitted for nonempty elements. Tags have to be nested properly
(like in <a><b></b></a> and in <a></a><b></b>); they must
not overlap (as in <a><b></a></b>). Also, there has to be exactly
one “root” element, which encloses (and represents) the whole docu-
ment. XML documents satisfying these basic syntax rules are called
well formed. Well-formed XML documents may be graphically repre-
sented as hierarchical tree structures (with the document itself as the
root). The main advantage of well-formedness is that the structure of
such documents can be established efficiently by available general-
purpose tools, so-called parsers. This considerably simplifies automatic
processing of XML documents and is one of the reasons why XML has
become widely accepted in very short time.

Defining Document Structure: DTD, XML Schema, Name Spaces

The set of admissible elements can be defined in a Document Type De- Document Type
Definition (DTD)finition (DTD). A DTD essentially consists of rules describing the syn-

tactic structure of documents conforming to the DTD. Have a look at
the following example:

<!ELEMENT table (title, row*)>
<!ELEMENT row (column+)>
<!ELEMENT column (#PCDATA)>
<!ELEMENT title (#PCDATA)>

Each of the above four rules defines an element by introducing the
element’s name and by describing (in parentheses) the structure of the
element’s contents. According to the first rule the contents of a table
element start with a title element which is followed by any number
of table rows. In the description of the contents, the elements of a
sequence are separated by commas (,). An asterisk (*) indicates that
the element to the left of it may occur any (i.e., zero or more) number
of times. Analogously, a plus sign (+) indicates that the element to the
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left of it may occur one or more times. Thus, a table row contains one
or more columns. Both a column and a title may consist of any
piece of text. This is indicated by the acronym #PCDATA (parsable
character data).

Documents conforming to a DTD are called valid with respect tovalid XML
documents that DTD. An XML document starts with a line stating the XML ver-

sion being used (e.g., 1.0). Next to that, an optional DOCTYPE state-
ment may connect the XML document to a DTD. Assuming that the
file table.dtd contains a DTD including the above four rules, the
following would be a valid XML document. Note that the DOCTYPE
statement also names the outermost element (here table), which is
called the document’s root element.

<?xml version=’1.0’?>
<!DOCTYPE table "table.dtd">
<table>
<title>A 2 by 2 table</title>
<row>
<column>row 1, column 1</column>
<column>row 1, column 2</column>

</row>
<row>
<column>row 2, column 1</column>
<column>row 2, column 2</column>

</row>
</table>

Different from the above document, the following document is not
valid, because a table must contain at least a title:

<?xml version=’1.0’?>
<!DOCTYPE table "table.dtd">
<table></table>

On the other hand, this document conforms to the basic syntactic
requirements of XML and, therefore, is well formed.

So far, we can produce XML documents that are well formed and possi-representation
bly even valid with respect to some DTD. All of this, however, does not
define how XML documents are going to be represented, i.e., what their
layout on paper will look like. As possible with HTML, the representa-
tion of each element will be fixed in a separate Stylesheet file. In XML,
this approach is followed more consistently: There is no predefined rep-
resentation for any element; their representation is always defined in
a Stylesheet. This, in effect, allows to combine one XML document
(or, alternatively, all XML documents conforming to the same DTD)
with different Stylesheets. The Stylesheets may either produce different
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views of the XML document or translate it to different representation
formats, like PostScript for printing or HTML for Internet browsing.
Thus, there is a clean separation between content and representation
issues.

An XML DTD also may introduce empty elements like the ones defining structure
by using
empty elements

we have seen in the section on HTML. Since they have no contents,
their syntax is checked easily. Among other things, empty elements can
be used for extending the document’s basic logical structure with addi-
tional grouping elements. In Sect. 8.4 we shall see how this is used for
marking up, e.g., page breaks.

One disadvantage of DTDs is that their syntax only superficially re- DTD syntax vs.
XML syntaxsembles that of XML documents, but in fact does not conform to XML

syntax. As a consequence, validating XML parsers (i.e., parsers check-
ing not only for well-formedness but also for validity) must be able
to process both XML and DTD syntax. The implication for long-term
preservation is that both formats and their processors have to be mi-
grated (or emulated, respectively).

The key to solving this problem is to write the rules defining the XML Schema
structure of admissible elements (i.e., the DTD) in true XML syntax.
The XML Schema language defined in (W3C 2001c) conforms to XML
syntax and (like DTDs) allows elements and the structure of their con-
tents to be defined by rules.

Using XML Schema, the four rules defining the table elements and example
their structure are written as follows (obviously, this syntax is more ver-
bose; some of its advantages will be explained later):

<element name="table">
<complexType>
<sequence>
<element ref="title"

minOccurs="1"
maxOccurs="1"/>

<element ref="row"
minOccurs="0"
maxOccurs="unbounded"/>

</sequence>
</complexType>

</element>

<element name="row">
<complexType>
<sequence>
<element ref="column"

minOccurs="1"
maxOccurs="unbounded"/>
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</sequence>
</complexType>

</element>

<element name="title" type="string"/>

<element name="column" type="string"/>

In XML Schema, we distinguish simple (empty) elements with
atomic types like string (described by attributes) from complex el-
ements, which contain other elements (within complexType). Here,
both tables and rows are sequences of other elements. Instead of
the quantification marks + and * found in DTDs, XML Schema uses
specifications explicitly stating the minimum (attribute minOccurs)
and the maximum (attribute maxOccurs) number of occurrences of
an element. An upper bound value unbounded indicates that this el-
ement may occur an unrestricted number of times. Attributes are also
used for naming (attribute name) and referring to (attribute ref) ele-
ments.

XML Schema rules look more complex than their DTD counter-advantages of
XML Schema parts. This is the price to be paid for a number of advantages: In XML

Schema, element types can be specified much more precisely than with
DTD rules. Among other things, XML Schema provides a lot of useful
predefined atomic type (like strings, numbers, and dates) and structur-
ing mechanisms for fine-grained modeling. Machines have no problems
with the more complex syntax of XML Schema. For them, conformance
to XML syntax is an important benefit. Considering long-term preser-
vation, with XML Schema one only has to migrate (or emulate, respec-
tively) one kind of document formats.

Additionally, one needs a meta schema describing the elements ofmeta schema
XML Schema (like complexType and element) and their struc-
ture.5 Since the meta schema is written using XML Schema, it defines
its own structure.6

Another feature of XML are its name spaces (W3C 1999b). TheyXML name spaces
allow elements from a number of XML Schemata or DTDs to be used
within one XML document without producing name conflicts, even if
different elements have the same name. For this to work, each of the
combined XML Schemata (or DTDs, respectively) is given its own
name space, which is represented by a unique name space identifier.
In order to disambiguate element names, they are prefixed with a string
of the form name space identifier:.

The following example will make this plain: Assume we want toexample
list properties of furniture in a table where the furniture will include

5 The “meta schema” can be found at http://www.w3.org/2001/XMLSchema.
6 Computer scientists love this kind of “self-application”!
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items like beds, chairs, and tables. For this purpose we merge into
the above XML Schema (table.schema) another XML Schema
(furniture.schema), which provides elements for describing fur-
niture (among other things including elements table, name, and
height). The root element (schema) of the extended XML Schema
(table.schema) below introduces two name spaces (acronym
xmlns for XML name space): An empty name space identifier for ele-
ments originally defined in table.schema, and the name space iden-
tifier furn: for elements of the XML Schema furniture.schema
merged into it.

<schema xmlns="http://www.w3.org/2001/XMLSchema"
xmlns:furn="furniture.schema">

<element name="table">...</element>
<element name="row">...</element>
<element name="title" type="string"/>

<element name="column">
<complexType mixed="true">
<sequence>
<element ref="furn:table" minOccurs="1"

maxOccurs="unbounded"/>
</sequence>

</complexType>
</element>

</schema>

Thus the element table will mark a tabular form with rows and
columns, while the element furn:table serves to mark table furni-
ture. We now can base XML documents on both schema definitions,
like this:

<?xml version=’1.0’?>
<table xmlns="table.schema"

xmlns:furn="furniture.schema">
<title>A Furniture Inventory</title>
<row>
<column>

<furn:table>
<furn:name>dining table</furn:name>
<furn:height>80 cm</furn:height>

</furn:table>
<furn:table>
<furn:name>coffee table</furn:name>
<furn:height>40 cm</furn:height>
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</furn:table>
</column>
<column>row 1, column 2</column>

</row>
</table>

XML as a General-Purpose Format

Consider the many different ways XML documents can be put to use in
practice.

In order to automatically process XML elements, they can first benavigating
XML documents:

XPath
addressed using the XPath language (W3C 1999d). From a logical point
of view, an XML document is a tree. The nodes of this tree are the ele-
ments of the document. The tree edges each run from a parent element
to one of its children (which in the textual form are nested into the par-
ent element). Within the tree representing an XML document, an XPath
expression describes a path from the document’s root element to the
addressed element. This is similar to the (Unix) file system where the
position of a file is described by a path expression. For more details
about XPath see Wilde and Lowe (2002).

Using the XML metalanguages (e.g., DTD or XML Schema) thesearching
XML documents:

XQuery
structure of documents can be described in a way which is similar to
defining the structure of database records. However, XML document
structures typically are defined less rigidly (and thus can be used more
flexibly) than database record structures. DB query languages are wide-
spread and well known. One popular standard is SQL (Structured Query
Language). Now an obvious approach is to define a query language for
XML documents which is similar to SQL. XPath provides an impor-
tant prerequisite – it allows you to navigate within XML documents.
In order to obtain a serviceable query language additionally a way of
suitably processing query results is needed. The W3C currently is pro-
moting the development of the query language XQuery7 which is based
on the navigation language XPath 2.0. XPath 2.0, the current version of
the XPath language briefly described above, is still under development,
too.8 For more details about XQuery see Nagarajan et al. (2003).

As indicated in the previous section, Stylesheets are required fortransformation and
presentation: XSLT

and XSL-FO
presenting XML documents. To this end the eXtensible Stylesheet Lan-
guage (XSL) was developed by the World Wide Web Consortium
(W3C). XSL consists of two sublanguages, XSLT (XSL Transforma-
tions) and XSL-FO (XSL Formatting Objects). XSLT is a programming
language (with an XML-style syntax) which allows you to transform
the logical structure of and as a result produce new XML documents
or even documents of some other format (e.g., PDF or HTML). The

7 For the Candidate Recommendation see http://www.w3.org/TR/xquery/.
8 For the Candidate Recommendation see http://www.w3.org/TR/xpath20/.
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second sublanguage, XSL-FO, offers the kind of facilities one would
reasonably expect to find in a modern desktop publishing system. Using
XSL, we can control the presentation of XML documents with high pre-
cision and in fine detail. Assuming that this book were available as an
XML document, we could use XSLT to produce an HTML presentation
consisting of a set of suitably linked HTML documents. Additionally,
we might transform the bibliographic references contained in the docu-
ment into a set of database records. Finally, XSL-FO would allow us to
produce a high-quality setting copy in PDF.

The rapidly rising popularity of XML becomes manifest in the vast XML applications
number of XML DTDs and XML Schemata that have been developed in
extremely short time. Each DTD (or Schema, respectively) defines the
syntax of an XML-style language which can be processed using stan-
dard tools like XML parsers and editors. Some of these languages form
the basis of their own special-purpose XML applications with associ-
ated special tool sets. Examples of such applications are:

– Scalable Vector Graphics (SVG) as defined in (W3C 2001b). SVG
like the PostScript language allows you to describe Vector Graphics,
but in a more structured XML syntax.

– In LATEX documents, mathematical formulae sometimes suffer from
subtle ambiguities. In contrast, all mathematical formulae marked
up using the Mathematical Markup Language (MathML as defined
in (W3C 2001a)) are unambiguous.

– VoiceXML lets you describe spoken language in a structured way
suitable for machine processing.9

Thus, for a number of different purposes XML applications have been XHTML
created. Their implementation was facilitated by the availability of stan-
dard XML tools (most notably XML parsers). Even the new HTML
standard (XHTML) defined in (W3C 2002) is based on an XML DTD.
Therefore, standard XML tools and editors can be applied to HTML
documents, too. Compared with HTML, XHTML documents meet two
additional restrictions which are due to the well-formedness require-
ments of XML: For each begin tag, there must be a corresponding end
tag; and tag names may only contain lower case letters.

Since XML can be used to describe the structure of its own docu- XML for data
exchangements, XML is particularly well suited as a format for data exchange.

This is why many software producers have implemented functions for
storing their documents in some XML format or for importing XML-
style documents into their applications. A few examples of commercial
software offering this kind of XML support are:

– WordPerfect Office 10 (creating WordPerfect documents)
– Lotus Domino (creating and editing Lotus scripts)

9 See http://www.w3.org/TR/voicexml20/.
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– Quark Express (export function)
– Microsoft Office XP (export functions)

Other software producers (e.g., StarOffice) even have chosen XML asXML as native
office format their native document format, i.e., to turn their products into XML appli-

cations. More examples can be found in the area of open source soft-
ware,10 e.g., OpenOffice and KOffice. In 2005, these efforts resulted
in the OASIS Open Document format (ODF)11 – a standard document
format based on XML. An increasing number of applications is already
using this very recent standard.

When advocating XML as preferred data format for long-termratio markup versus
content preservation of digital documents, in face of all its advantages we have

to keep in mind the relatively large overhead associated with using it:
compared to binary formats XML data representations are very bulky
because within each document the structure is annotated redundantly.
The only way out is to compress the resulting XML files. Such a packing
function is offered, e.g., by OpenOffice. On the other hand, compres-
sion of data interferes with the exchange of documents and thus impairs
long-term preservation – in order to be able to extract the information
from the compressed format in future, the compression algorithm or at
least a specification of it must be archived along with the document.
As mentioned before, producing a correct formal specification of algo-
rithms (and coding it in some suitable XML format) is a very complex
task, which (at least at present) cannot be carried out with reasonable
effort.

We will close with a prospect of what else XML is well-suited for.describing
nondocument data Put simply, XML can be used to represent any kind of structured data,

e.g., databases, data models employed for software development, and
data exchanged by Internet services. Thus, the advantages of the XML
document format can be utilized in other application areas as well. For
two of the application areas just mentioned, we will present description
mechanisms based on XML: XML Metadata Interchange (XMI) and
Web Service Description Language (WSDL). Both languages are com-
paratively new; also, a full treatment is beyond the scope of this book.
Therefore, we will restrict the discussion to the most basic concepts and
principles of XMI and WSDL.

The XMI standard (OMG 2002) was adopted by the Object Man-describing
data models:

XMI
agement Group (OMG) in 1999. XMI aims at facilitating the exchange
of metadata between different software development tools via Internet.
There are plenty of such tools supporting the same programming para-
digm and even the same modeling language. Today, the object oriented

10 Usually, open source software is free of charge; in any case, program sources
are made publicly available.

11 See http://www.oasis-open.org/committees/download.php/12572/
OpenDocument-v1.0-os.pdf.
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paradigm and the Unified Modeling Language (UML) defined in (OMG
2001) are most popular. In spite of all similarities, these tools until re-
cently each used to store data and metadata in their own proprietary
formats. Using XMI we can now exchange complete UML models be-
tween different tools. Participating tools must only be able to export
(and import) data and metadata in the XMI format.

Beyond static HTML pages, the Internet offers many services. Us- Internet services and
agentsing such services, we can conveniently (from our home computer), e.g.,

book a flight, call a taxi, do on-line shopping, or obtain stock market
data. Things become more complex if we want to use a program to “get
things done for us” via Internet. Such a program is called a software
agent. For example, we might order an agent to book a flight and hotel
rooms at the destination, and also to order a taxi waiting for us at the
airport. In order to accomplish these tasks, the agent will rely on ser-
vices offered at different Web sites. For this to work, precise definitions
of the services’ interfaces (used for requiring them) must be available.

What parameters have to be supplied when calling a service, and in describing
Internet services:
WSDL

which order? What kind of results are to be expected? The Web Service
Description Language (WSDL) is an XML-style formalism for describ-
ing Internet services. WSDL is not very mature yet – compared to XMI
it is still in its infancy. A preliminary description is available on the
Internet pages of the W3C.12 The WSDL description of an Internet ser-
vice is an XML document specifying the name of the service and its
available operations. Each operation will exchange messages with the
client (typically an agent) in a well-defined order – there are input and
output parameters. Each parameter is described by its type. Types are
defined using the XML Schema language.

Unfortunately, the current version of WSDL can describe only the WSDL: syntax,
but no semanticssyntax of the messages to be exchanged with an Internet service; this

is done by defining the types of the message parameters. In its current
form, WSDL does not describe the semantics of Internet services. Thus,
we know exactly how to address an Internet service, but not what it will
actually do.

The above XMI and WSDL applications offer no more than a small
glimpse of the XML universe. Originally, XML was created for describ-
ing document formats. Meanwhile, XML has proven to be extremely
useful for describing almost any kind of information in a structured way.
Also, it is a handy format for exchanging such information via Internet.
All these techniques have an enormous potential for supporting long-
term preservation. At the same time, they pose almost unsurmountable
problems. For example, do we have to preserve the implementation de-
tails of Internet services in such a way that they remain accessible and
comprehensible in ensuing ages?

12 See http://www.w3.org/TR/wsdl20/.
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6.2 Standards for Semantic Document Markup

In Sect. 5.2.1, we have discussed reasons for defining not only the syn-
tax, but also the semantics of digital documents: Structural definitions
like XML DTDs and Schemata fix the syntax of documents and thus
support machine readability. Structural definitions also are an important
prerequisite when describing the semantics of digital documents. How-
ever, they do not suffice to ensure machine understandability, which is
required for, e.g., intelligent searches.

Let us recall the basic principles of finding the semantics of digi-how to find the
meaning of a

document
tal documents: The overall meaning of a document is derived from the
meanings of the document’s constituent parts. The meanings of atomic
document parts, like its title, are defined once and for all in a prominent
position. Using associations between document parts, the meaning of
the complete document can be derived in a stepwise manner.

In Sects. 6.2.1 and 6.2.2, we present the RDF and Topic Maps stan-RDF, Topic Maps,
and OWL dards, which serve to define associations between (atomic) document

parts. In the final section, we will consider relations between vocabu-
laries (or ontologies) that are used by RDF and Topic Maps. The OWL
description language serves to define ontologies.

One way of defining atomic document parts is to make use of the
Dublin Core Metadata Initiative, which will be described in the second
part of this book (in Sect. 8.1).

6.2.1 Resource Description Framework (RDF)

The Resource Description Framework (RDF) (W3C 1999c) was
adopted as a recommendation by the W3C in 1999. As indicated
by its name, RDF is a framework for describing resources. Here, the
term “resources” refers to anything that can be uniquely identified using
so-called URIs (cf. Sect. 5.4.1).

RDF models relationships between resources (or items, for short)RDF models
using statements that can be represented graphically as shown in
Fig. 6.1. Each statement has three parts: a subject, a predicate, and
an object. Thus, RDF statements resemble natural language sentences.
Figure 6.1 shows the general format used for graphically representing
RDF statements.

RDF statement predicates describe properties of resources. Eachproperties and
objects property involves its own unalterable meaning. Atomic properties can

be defined using, e.g., Dublin Core (see Sect. 8.1). The RDF Schema

Fig. 6.1. RDF model
of a statement

Subject 
Predicate

Object
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Name

http://www.xyz.com/ltp.pdf

"Long-term Preservation" Fig. 6.2. RDF: direct
statement

Name

Author

claims

http://www.xyz.com/ltp.pdf

"Long-term Preservation"

Subject

Predicate Object

Fig. 6.3. RDF:
indirect statement

standard (W3C 2000b) allows you to define more complex properties
and their characteristics – more about that later. An object can be both
an atomic value, or a complete RDF statement of its own. Therefore, we
can make statements about statements.

This irresistibly simple notation permits us to attach precise mean- example
ings to documents. Consider the following small example, where we use
RDF to express the fact that the name (or title) of this book is “Long-
term Preservation:” For this purpose, we have to define a “Name” prop-
erty and to identify the book uniquely using a URI. Assuming the book
is available at http://www.xyz.com/ltp.pdf in the Internet,
we can use this URL as a URI. Now the graphical representation of the
RDF statement is as shown in Fig. 6.2. Obviously, there are plenty of
(syntactically correct) English sentences corresponding to this graph.
Taking into account other natural languages like French and German,
this variety becomes abundant.

The following English sentence is an example of an indirect state- indirect statements
ment (i.e., a statement about a statement): One of the authors of our
book claims that its title is “Long-term Preservation.”

Figure 6.3 shows how this indirect statement can be formalized as
an RDF graph.13 Both the solid oval (representing the whole sentence)
and the empty oval (representing the author item) are anonymous – they
were not given a URI.

13 For clarity, we have left out all type information from this graph.
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Fig. 6.4. RDF
Schema

corresponding to
Fig. 6.2

Name

rdfs:Resource

rdfs:Literal

rdf:type

rdfs:domain

rdfs:range

rdfs:Property 

Note that the author’s statement (the book’s title is . . . ) was repre-reification
sented by a resource (the solid oval) so that it could become the object
of a statement (anonymous author claims . . . ). This technique, where
an RDF subgraph is explicitly represented by an RDF item, is called
reification.

The vocabulary used within an RDF graph – in Fig. 6.2 this wouldRDF Schema
include only the “Name” property – is defined using so-called RDF
Schemata. An RDF Schema description is a very powerful mechanism
resembling the class definition facilities of object-oriented program-
ming languages.14

We can define new properties (subclasses of rdfs:Property15)properties and
classes and new classes (subclasses of rdfs:Class). Subset relation-

ships between classes (and properties, respectively) are indicated
using rdfs:subClassOf. Classes in this context can be sim-
ply taken to be sets of items (or resources). Both rdfs:Class
and rdfs:Property are subclasses of the global kernel class
rdfs:Resource.

The RDF Schema shown in Fig. 6.4 defines the Name property usedexample
in Fig. 6.2. According to this definition, “Name” is a new item of type
rdfs:Property,16 whose rdfs:domain is the set of all resources
(rdfs:Resource) and whose rdfs:range is the set of all atomic
values (rdfs:Literal).

Graphic representations of document semantics impede machineXML serialization of
RDF processing. For this purpose, equivalent XML style representations of

RDF descriptions (termed XML serializations) are available. The XML
serialization of the example from Fig. 6.2 is17:

14 The rest of Sect. 6.2.1 is rather technical and can be skipped on first reading.
15 The prefix rdfs: denotes the name space of RDF Schemata.
16 The type property is defined in the RDF name space and, therefore, carries

the prefix rdf:. The other properties are defined in the name space of RDF
Schemata; this is denoted by the prefix rdfs:.

17 Here, we assume that the definitions from the RDF Schema in Fig. 6.4 belong
to the name space s and have been integrated in some suitable way.
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<rdf:Description
about="http://www.xyz.com/ltp.pdf">

<s:Name>Long-term Preservation</s:Name>
</rdf:Description>

Analogously, XML serializations of RDF Schema definitions are avail- XML serialization of
RDF Schemaable. In order to give you an idea of what they look like, the XML serial-

ization of the Schema from Fig. 6.4 is shown. A more detailed treatment
is, however, beyond the scope of this book.

<rdf:Description ID="Name">
<rdf:type
resource="http://...-rdf-syntax-ns#Property"/>

<rdfs:domain
resource="http://...-rdf-syntax-ns#Resource"/>

<rdfs:range
resource="http://...-rdf-syntax-ns#Literal"/>

</rdf:Description>

For more information about RDF and RDF Schema see, e.g., Powers
(2003). Since RDF and the Topic Maps introduced next essentially serve
the same purposes, we postpone the discussion of how RDF is used in
practical applications to the end of Sect. 6.2.2.

6.2.2 Topic Maps

The Topic Map standard (ISO 2000b) was first adopted by the ISO in
1999. Like RDF, Topic Maps use graphical networks to describe the
semantics of documents.18

Generally speaking, a Topic Map is similar to a book index, which similar:
a book indexdescribes the book’s contents in some detail: It gives you an overview

and represents the structure of the book in a special way. Through the
index, notions are related to other notions (via “see also” links) and to
the contents of the book (more specifically, to the pages on which the
notion occurs).

In the terminology of Topic Maps a notion is called a topic, relations terminology of
Topic Mapsbetween notions are called associations, and concrete instances of no-

tions appearing in different places are called occurrences. A schematic
representation of a Topic Map is shown in Fig. 6.5.

In principle, a topic may be anything we can talk about; like an RDF topics
resource, this is a very general notion. Topics can be grouped into topic
types, which in turn are considered to be special topics. A topic has three
kinds of properties: one or more names, its occurrences, and the roles it
plays in associations.

18 The origins of RDF and Topic Maps can be traced back to the conceptual
graphs that are described in http://www.cs.uah.edu/∼delugach/CG/.
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Fig. 6.5. Topic Map
model

Topic 1 Topic 2

Object 2Object 1

Association

Occurence Occurence

Real World

Fig. 6.6. Topic Map
example

Book Name

has Name

http://www.xyz.com/ltp.pdf

"Long-term Preservation"

Occurrences bind a topic to the resources it is relevant for. Suchoccurrences
resources, e.g., may be documents or document parts that are concerned
with the topic. Thus, occurrences connect a Topic Map with the real
world. Occurrences, like topics, have a type: this type is the topic they
belong to within the Topic Map.

Associations link different topics to each other, i.e., they describeassociations
relations between the involved topics. With respect to an association,
topics have special roles. Similar to topics and occurrences, associations
may be grouped into so-called association types.

Let us employ Topic Maps to model the same facts that were rep-example
resented using RDF in Fig. 6.2. We need two topics, Book and Name,
and an association hasName. As shown in Fig. 6.6, the two topics are
connected to their concrete occurrences.

In large Topic Maps, it may very well happen that different topicssynonyms
turn out to be synonyms, i.e., that they describe identical facts. For han-
dling such situations, an identity attribute is available which represents
semantic equivalence as a special kind of association. From a set of
equivalent topics, a representative is chosen, which best describes the
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facts. In the other topics of this set, the identity attribute is used to refer
to the representative (of the equivalence class). That way, elementary
ontological features are available for Topic Maps – in Sect. 6.2.3, we
will discuss ontologies in more detail.

For Topic Maps an XML serialization (XTM 2001) is available, too. XML serialization
and schemata for
Topic Maps

Again, a detailed description of this format is beyond the scope of this
book. In the Topic Maps world, the analog to the RDF Schema lan-
guage is the Topic Maps Constraint Language (TMCL), which consists
of two sublanguages, TMCL-Schema and TMCL-Rule. TMCL-Schema
is a language for constraining classes of topics and associations. TMCL-
Rule is a rule-based language founded on the Topic Maps Query Lan-
guage (TMQL); it supports sets of assertions about topic maps. At the
time of writing this book, TMCL has not been completed yet.19

Comparing the RDF and Topic Maps standards, we find that they Topic Maps vs. RDF
are very similar both in purpose and in technical implementation. As a
“framework,” RDF is more general. Actually, all relevant Topic Maps
notions can be expressed equivalently in RDF. When doing this transla-
tion in a naive way, some of the semantics that is “hard wired” into the
Topic Maps elements, may be lost. For example, the semantic differ-
ences between topics and their related occurrences have to be empha-
sized in an RDF translation of Topic Maps. Also, the semantic fixation
of the notions topic, occurrence, and association constricts Topic Maps
in comparison to RDF. On the other hand, Topic Maps offer some spe-
cial features that are not available in RDF.20

We can use both Topic Maps and RDF to annotate digital documents application:
metadata, semantic
search

with metadata and for defining the semantics of those metadata. Asso-
ciated query languages like RQL and TMQL provide a basis for seman-
tic search. The significance of semantic search for long-term preserva-
tion is evident: We want to be able to retrieve digital documents from
an archive by describing properties of their contents, i.e., by seman-
tic search. If all the documents in an archive are annotated with RDF
graphs (or Topic Maps), we can easily retrieve those documents that
are similar or related to some given document. In the same vein, RDF
and Topic Maps are expedient for selecting and categorizing documents
during ingest.

6.2.3 Ontologies: OWL

In its original meaning, the term ontology denotes a branch of phi- ontologies in
philosophy and in
information science

losophy dealing with questions of what exists and what can be said
about relationships between entities that exist. For this purpose, on-
tology seeks to classify entities. Different scientific fields use different

19 At http://www.isotopicmaps.org/tmcl/tmcl-2005-02-12.html a working draft
is available.

20 See, e.g., http://xml.coverpages.org/topicMaps.html for more details on
Topic Maps.
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ontologies, each defining the field’s vocabulary and theories. In infor-
mation science, an ontology is “a specification of a conceptualizations”
where different such conceptualizations may coexist. Now if chunks
of information related to different conceptualizations are to be brought
together, (almost unavoidable) terminological and conceptual incom-
patibilities have to be resolved.21 Here, ontologies are defined in order
to provide vocabularies for use in RDF or Topic Maps descriptions of
metadata.

For ontologies, a multitude of modeling languages are available.OWL
Later, we apply the popular ontology language OWL to a very sim-
ple example. OWL, like its predecessor DAML+OIL,22 is an extension
of RDF and RDF Schema. OWL allows you to define relationships be-
tween classes that go way beyond the primitive subset relationships that
are expressible using RDF Schema.

The example is taken from the field of genealogy: As we all know,example
each human being is either a male or a female, i.e., a male is not a
female and vice versa. Woman and man are synonyms for female and
male. Synonyms are different names denoting the same entity. In OWL
these facts can be expressed (or “coded”) as follows23:

<rdf:RDF
xmlns:rdf="http://.../rdf-syntax-ns#">
xmlns:rdfs="http://.../rdf-schema#">
xmlns:owl="http://.../owl#">

<owl:Ontology rdf:about="">
<rdfs:comment>A simple example</rdfs:comment>
<rdfs:label>Human Beings</rdfs:label>

</owl:Ontology>

<owl:Class rdf:ID="Human">
<rdfs:comment>All human beings.</rdfs:comment>
</owl:Class>

<owl:Class rdf:ID="Man">
<rdfs:comment>

A man is not a woman ...

21 At http://ontology.buffalo.edu/smith/articles/ontologies.htm you can find in-
depth discussions about ontologies.

22 DAML+OIL combines two international efforts: the US American Darpa
Agent Markup Language (DAML) and the European Ontology Inference
Layer (OIL).

23 As usual, the name spaces rdf, rdfs, and owl are but abbreviations
for the URLs referring to the defining documents, e.g., for owl we have
http://www.w3.org/2002/07/owl#.
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</rdfs:comment>
<rdfs:subClassOf rdf:resource="#Human"/>
<owl:complementOf rdf:resource="#Woman"/>
<owl:sameClassAs rdf:resource="#Male"/>

</owl:Class>

<owl:Class rdf:ID="Woman">
<rdfs:comment>

... and a woman is not a man.
</rdfs:comment>
<rdfs:subClassOf rdf:resource="#Human"/>
<owl:complementOf rdf:resource="#Man"/>
<owl:sameClassAs rdf:resource="#Female"/>

</owl:Class>

</rdf:RDF>

Possible extensions to this ontology would add further relationships be-
tween the classes, e.g., defining that each human being has exactly two
parents, one man and one woman.

6.3 Vision: The Semantic Web

To date, the vision of a Semantic Web is one of the favorite ideas of vision:
a truly useful
Internet

Tim Berners Lee, inventor of the World Wide Web and director of the
W3C. Using the techniques presented in Sect. 6.2 for annotating digital
documents with descriptions of their semantics, the Internet is to be-
come even more useful – by “understanding” our needs. The essence of
this vision is to provide users with exactly that information they con-
sider useful. Then drawn-out lists of search results obscuring the, say,
ten truly relevant result items like needles in a haystack hopefully are a
thing of the past.

In order for this vision to come true we need all documents in the prerequisite:
semantic markupInternet to be annotated with semantic markup – which by itself is a

Herculean task! Also, we need intelligent search tools and agent pro-
grams to help us find and make use of relevant digital information. The
following scenario indicates how a future Semantic Web might help us
complete our daily chores:

It is Sunday morning, and we are browsing our favorite bookstore’s example scenario
on-line catalog. A query produces a list of about 20 interesting books,
grouped according to the private and professional fields of interest listed
in our personal profile. We then ask our agent program to find out
more about these books by requesting book reviews from certified agen-
cies. Using prescribed protocols, the agencies and our agent prove their
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identities to each other: We are interested in reliable information and,
therefore, are prepared to pay a reasonable fee for this kind of service.
Another query shows, that some of these books are available for lend-
ing from some nearby libraries and from some other library that is on
our way home. Finally, we have our planning agent check the libraries’
opening hours with our appointment calendar. Wednesday late after-
noon turns out to be a suitable time, since we wanted to leave office
early anyway because of a private appointment. Via Internet, the plan-
ning agent also informs our friends that we may possibly be half an
hour late for our Wednesday evening meeting. Since most of these ac-
tions were performed automatically in the background with only few
interactions on our part, all this cost us only five minutes of our pre-
cious Sunday morning. Now, we only have to give our final “OK.”

More about the possible benefits of a future Semantic Web and
a conceivable RDF-based technical implementation can be found in
Hjelm (2001). For an excellent introduction to RDF, OWL, and the
Semantic Web in general, consult the text book by Antoniou and van
Harmelen (2004).
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Discussion

In the previous chapters we have outlined both the problems of long-
term preservation of digital documents and the most important techni-
cal and organizational approaches to solving them. Here we describe
some consequences for practical application that in our opinion should
be drawn. Since scientific discussion has not come to an end yet, we can
offer no more than considerations and assessments that appear plausi-
ble and important according to the current standard of knowledge.

Section 7.1 explains why we need to establish institutions that are
able to take care of long-term preservation in a systematic and sus-
tainable way. In Sect. 7.2, we sum up the body of consolidated knowl-
edge and the points that still need to be clarified. The limits of what is
feasible and sensible in this context are discussed in Sect. 7.3. Finally,
in Sect. 7.4 we propose an approach that combines the most important
techniques for long-term preservation in such a way that they comple-
ment one another advantageously.

7.1 Why Do We Need to Act NOW?

Unfortunately the central question of which preservation strategy is the Should we migrate,
or emulate,
or . . .

most promising one in the long run has not been settled so far: We can-
not foresee whether it is migration, or emulation, or some third strategy
that is going to prevail. There are pros and cons for all strategies. And
the ongoing scientific discussion will to all appearances take some more
time.

In a situation like that, the obvious thing to do would be to wait un- . . . is it better
to wait?til the discussion is brought to an end, thus avoiding unnecessary effort

and investments. Because of the peculiarities of the problem, however,
we cannot afford to wait any longer: New digital formats are being in-
vented all the time. Most of them, like their hard- and software envi-
ronments, live a short life until they are superseded by new formats.
Access to documents stored in an obsolete format is restricted at best:
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For a short period of time such documents can still be rendered on sur-
viving instances of the old equipment kept at hardware museums or sim-
ilar places. If such equipment is not available any more, the contents of
old media can (with considerable effort) be migrated by specialists to
some up-to-date format. Finally, due to the fading magnetism and to the
physical decay of digital media, the documents will be lost forever.

Long experience of archives, that have been working with digitalexamples for the loss
of data documents for quite a while now, proves that these risks are real. For

example, pictures taken by NASA satellites in the 1970s would docu-
ment the destruction of Brazilian rain forests, if the digital documents
containing those pictures had not been lost. Another example concerns
the data that were collected during the US American census in 1960.
When, in the mid 1970s, the relevance of these data was recognized,
they were not directly accessible anymore. The effort to reconstruct and
to migrate all these data took three years. Still, some 10,000 records
were lost for good.

Even more serious problems are encountered by digital libraries,Save our
cultural heritage

now!
whose task it is to preserve – for an indefinite period of time – an ever
growing stock of digital documents, which come from different sources
and are stored in very different formats. To an increasing degree, cul-
tural goods (like audio and video recordings, hypertext and multimedia
documents) are being produced in digital formats. Therefore, we risk to
lose forever substantial parts of the cultural heritage produced by our
contemporaries, if we do not proactively take suitable provisions for
preserving digital documents. To just “wait and see” is not an advis-
able strategy! Also, the litmus test for finding out which preservation
strategy is best in practice is to actually use them for a number of years.

The Unesco Charter on the Preservation of the Digital Heritage1 wasUnesco Charter on
Preservation of

Digital Heritage
accepted during the 32nd General Conference held in Paris, Septem-
ber/October 2003. The twelve articles of this non-binding declaration
define the digital heritage, state the problems of digital preservation and
propose some solutions. The Charter includes a set of principles and
statements on the preservation of digital heritage. In this Charter, the
Unesco formulates objectives to be adopted by responsible authorities
worldwide. For example, article 4 of the Charter declares an urgent need
for action. It says:

Unless the prevailing threats are addressed, the loss of the dig-
ital heritage will be rapid and inevitable. Member States will
benefit by encouraging legal, economic and technical measures
to safeguard the heritage. Awareness-raising and advocacy is
urgent, alerting policy-makers and sensitizing the general pub-
lic to both the potential of the digital media and the practicali-
ties of preservation.

Another article describes roles and responsibilities in some detail.

1 see http://unesdoc.unesco.org/images/0013/001311/131178e.pdf
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The most important aspect of the entire Unesco Charter, however, Reactions
in Europeis its sheer existence. Decision makers can no longer ignore the urgent

issues in long-term archiving of digital information. During the Euro-
pean Conference Towards a Continuum of Digital Heritage – Strategies
for a European Area of Digital Culture Resources held in The Hague,
Netherlands, in September 2004, for instance, the following projects
were discussed.2 This list of projects and activities illustrates some of
the measures taken by Europeans in order to safeguard their digital her-
itage, in conformance with the Unesco Charter.

– EC-funded projects and initiatives include ERPANET, DigiCULT,
PRESTO, ECHO, MINERVA, and eContent reUSE.

– Among national projects and initiatives we find in the United King-
dom the Digital Preservation Coalition DPC.3

– Another national project, NESTOR4, is funded by the German Fed-
eral Ministry of Education and Research. Its purpose is to build
a network of expertise in long-term preservation of digital data
through enforcing communication and collaboration and to enhance
awareness among institutions, policy makers and individuals.

– Similar activities are found in Italy at the Servizio Bibliotecario
Nazionale SBN5 and the Biblioteca Digitale Italiana BDI6.

– The Portugal National Library7 has launched an initiative for the
National Digital Library,

– The National Library of Spain has undertaken a number of digitiza-
tion projets8.

– The highly influential activities of The National Library of the
Netherlands (The Koninklijke Bibliotheek) – in particular, the
DSEP project – are discussed in sect. 2.2.

7.2 What do We Know Already, What Remains
to Be Done?

Ever since the beginning of the computer age we have seen a multi- computer scientists’
experiencetude of competing hard- and software systems continually striving to

squeeze each other out of the market. As a direct consequence, com-
puter scientists always had to cope with the problem of transferring data
and programs from one computer system to another, with the latter typ-
ically using a completely different set of data and instruction formats.

2 http://eu2004.digitaliseringerfgoed.nl/)
3 http://www.dpconline.org
4 see http://www.langzeitarchivierung.de
5 see http://www.sbn.it
6 see http://www.iccu.sbn.it/bdi.html
7 see http://www.bn.pt
8 http://red.es
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This includes the task of converting data between different formats, i.e.,
migration, preferably without any loss of information. The techniques
and tools that were developed for this purpose provide the technical
basis for the long-term preservation strategies discussed here, in partic-
ular for migration and emulation. The following statements are based
on the strength of computer scientists’ long past experience:

– At all costs avoid proprietary formats like, say, Microsoft Word!Avoid proprietary
formats! These formats can be altered by their owners at any given moment

without notice. Sometimes details of such formats are kept secret in
order to obstruct competitors. For digital libraries, unilateral depen-
dence on a single producer is an unacceptable risk. A much more
favorable situation arises if the specification of the format is dis-
closed (as was done, e.g., with PostScript and PDF by Adobe) and
if the format is made available for free public use. Only if all rights –
including, in particular, control of format modifications – have been
surrendered to an international body of standardization, the use of
such a format for long-term preservation is completely unobjection-
able. Also, there are no objections to using proprietary software as
an additional, convenient alternative, e.g., a Microsoft Word editor
for rendering XML documents.

– It is safe to assume that in the foreseeable future the total number ofuse automatic
processing only digital documents will continue to increase substantially. This pre-

cludes any regular manual processing of documents – as it is some-
times required in the context of migration. For document formats it
is not only important that they are known in every detail, but also,
that they are well suited for automatic processing. This, e.g., applies
to XML documents, for which in addition free transformation tools
are publicly available.

– Markup defines the representation and/or the structure of a docu-use descriptive
markup ment’s content. The markup languages LATEX and XML both support

automatic processing. Still, there are significant differences: LATEX
was designed for creating nice layout. XML, on the other hand, was
designed for describing the explicit structure of a document without
paying any attention to layout. Consider, e.g., the formula ab

b and
its LATEX description $\frac{a b}{b}$. We can see that the
numerator and the denominator are clearly separated in the markup.
In contrast, there is no explicit multiplication operator in the LATEX
numerator – the print image does not show one either. This (in
conjunction with other reasons) results in problems when trying
to automatically convert the above LATEX description into a format
where multiplication operators are represented explicitly. For that
reason, descriptive XML-style markup is better suited for long-term
preservation.

– In order to minimize their own effort, libraries should admit ab-use as few formats as
possible solutely indispensable formats only. Authors who want their work
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to be preserved for future generations, will be prepared to pro-
duce their documents in some accepted standard format (or at least
to convert it into such a format for submission). This mode of
operation additionally guarantees the authenticity of documents.
An important prerequisite is that easy-to-use editors and tools are
available for each accepted format.

– A trend pointing in the opposite direction follows from the high (and use extensible
formatsstill rising) number of document types representing texts, pictures,

audio, and video sequences. All these can by combined into mul-
timedia documents using hypertext. Each of the above document
types can in turn be divided into a number of subcategories. Sub-
categories of text documents would be books, reports, letters, and
many more. Instead of providing a special format (and tools!) for
each document subtype, markup languages are sometimes equipped
with extension mechanisms: LATEX macros resemble subprograms in
a programming language. XML documents contain (or refer to) de-
scriptions of their own structure, which are adapted to the purpose at
hand: some formats describe the structure of books, others describe
reports, etc. Whereas the above LATEX macro \frac essentially says
“print the product in the numerator by placing the two operands
next to each other,” a corresponding description in the XML format
MathML would simply state that “the numerator is a product with
left operand a and right operand b.” In this respect, too, the descrip-
tive XML approach is more suitable for long-term preservation.

– Metadata has to be available at any given moment. Therefore, we use text formats for
metadatashould use a simple text format based on established standards like

ASCII or Unicode. Again, markup languages from the XML family
shape up as first choice: promising candidates are RDF and Topic
Maps; both can be used in conjunction with Dublin Core.

In the discussion above, we kept referring to markup languages, in par- trend towards
markup languagesticular to XML and its co-standards. Since these formats appear to be

particularly well suited for long-term preservation, we have covered
them in more detail in Chap. 6. Currently, there are still shortcomings
with respect to presentation. A positive effect is to be expected, how-
ever, from the announced integration of publicly accessible XML-style
formats into Microsoft Office9 (see, e.g., Lenz et al. 2003).

In a similar vain, a common organizational framework based on the organization
according to OAIS
and NEDLIB

OAIS and NEDLIB standards is becoming widely accepted. The suc-
cessful NEDLIB adaptation of OAIS to the needs of libraries proves
OAIS to be a suitable basis for further extensions and refinements. Prob-
ably the collaboration mechanisms devised into OAIS will play a big
role in the future.

As already pointed out in Sect. 1.5, we do not only need to find social and legal
aspectsa suitable long-term preservation strategy; social and legal problems

9 Using the ISO standard ODF, or some proprietary XML dialect.
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have to be discussed as well. There are plenty of international articles
pertaining to the legal aspects of the related problems of “long-term
preservation in the administration.” Any detailed discussion of this ma-
terial would, however, be beyond the scope of this book. In this context
we should mention the DoD standard 5015.2-STD10 and MoReq (model
requirements for the management of electronic records).11 Most otherDoD 5015.2-STD

and MoReq questions can only be answered by those who are involved in the process
of long-term preservation. For them, the effort undertaken in the follow-
ing section of delineating what appears to be both technically achievable
and reasonable, may be helpful.

7.3 Facing Reality

An important parameter for long-term preservation is the envisionedtime horizon:
What does

“long-term” mean?
time horizon: In some of the relevant publications astrophysical time
scales are contemplated, while others pragmatically confine the discus-
sion to the next 100 years. Since the whole development of digital com-
puters has taken place within the last 60 years, precise predictions and
plans covering longer time intervals must be considered bold at least.
On the other hand, we are talking about the preservation of our digital
cultural heritage for an indefinite period of time. One way to recon-
cile realistic, short-term planning with the requirement of potentially
unlimited preservation is to regard this task as a duty, which is passed
on “from one generation to the next.” Information technology is pro-
ducing inventions in rapid succession and will probably go on to do so
in the foreseeable future. In order to avoid rash decisions and to pro-
vide planning reliability for all parties involved, constitutive resolutions
concerning long-term preservation should be retained for longer time
intervals (say, decades) and at the same time be evaluated permanently.
Because of information technology’s short innovation cycles, it would
be ill-advised to develop a fixed preservation concept now and rigidly
stick to it for the next 50 years. What we should do now is to store
our digital information in formats that seem the most promising to us
and to immediately start testing preservation strategies systematically.
If we do that, the next generation will be able to act on the basis of our
experience.

The question of what can and what should be kept requires newKeep everything or
make a selection? answers, too. Different from ancient books, which often have sur-

vived for long periods of time under a thick cover of dust until they
were brought to light, today’s digital documents cannot survive without
proactive maintenance. Therefore, the question of whether a digital doc-
ument is worth keeping comes up almost immediately after its creation.

10 See http://jitc.fhu.disa.mil/recmgt/p50152s2.pdf.
11 See http://www.cornwell.co.uk/moreq.pdf.
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In view of the enormous storage capacities to be had at low cost, we
might be induced to avoid selection and keep almost all documents. It
may be a good idea to do so now in order to gain knowledge, but there
are good reasons to start being more selective in the near future and not
to let stocks grow without limits:

– If, at least in part, migration is used as preservation strategy, the migration is
expensiveexpenses for conversion and nonautomatable quality assurance are

going to rise in proportion to the volume of data. This is a great risk,
for these costs will be incurred continually.

– Retrieval effort and costs will also grow in proportion to the sheer find the “needle in
the haystack”amount of data. Looking at the Internet in its current state we find

that in a growing stock of data, which is not organized and opened
up systematically, the proverbial “needle in the haystack” becomes
increasingly harder to find.

– In its very nature, a digital library is a complex system depend- system stability
requires redundancying on sustained failure-free operation. Economy measures in times

of financial crisis jeopardize maintenance quality, at worst causing
complete destruction of the stock. A fail-safe archiving system pre-
sumably needs a certain amount of redundancy. This, again, will
increase expenses in proportion to the volume of data.

Another question concerns the borderline between a digital document borderline
between document
and its context

and its environment. Like books and audio media of traditional make,
“classical” text documents are self-contained. Multimedia documents,
too, generally are complete in the sense that they are being saved to-
gether with all their different components. References to Internet sites,
as provided in this book, should be regarded to be annotations of limited
durability, the contents of which do not belong to the book proper. For
hypertext documents residing in the World Wide Web the demarcation
is more difficult: A Web page containing a collection of links to related
documents would possibly be deemed incomplete without the link tar-
gets. Now, where exactly should we draw the line? Or if some documen-
tary digital report were to contain an email correspondence between two
important contemporaries – what are we going to do with the embedded
Internet links and with files attached to the emails? How would we han-
dle a digital document about economics with an attached spreadsheet
drawing its relevant data from some on-line database? Would in this
case the current database contents be considered part of the document,
since it is useless without them? In Sect. 5.4 we pointed out efforts aim-
ing to preserve Internet links and its targets persistently. An even more
conservative approach would be to store with each document D checked
into a digital library copies of all documents referenced by D “frozen”
in the state they had at check-in time. If such measures are considered
to be too costly, one has to accept a certain degree of incompleteness –
or decide not to store such documents at all.
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When reflecting preservation of digital documents over extremelyrequired contextual
knowledge long periods of time (in the order of hundreds or even thousands of

years), we also have to bear in mind the contextual knowledge that is
necessary to correctly interpret the stored documents. The contextual
knowledge concerns the common cultural base shared by author and
reader, including historical facts, knowledge about the facts of every-
day human life, and linguistic understanding. Since contextual knowl-
edge is changing only gradually, we may take our time addressing this
problem.

The decision about the desired quality of the stored data should notquality issues
be taken lightly, because it considerably influences the amount of stor-
age space required. Digital versions of historical documents like the
American constitution or Bismarck’s Ems dispatch would probably be
saved in the best facsimile quality available. For other types of docu-
ments like email, layout typically is not an issue (in fact, in email corre-
spondence we leave the rendering of our messages to the discretion of
the recipients’ email software). If textual content is all we care about,
it suffices to store the bare ASCII character sequence (possibly anno-
tated with simple markup indicating, e.g., boldface for emphasis). This
not only reduces the required storage space, but also simplifies future
migration steps. Therefore, it pays to use OCR software for converting
scanned document images into text, even if we have to check the cor-
rectness of this conversion manually. With “digitally born” documents,
there is no such overhead. Still, for each document a suitable long-term
preservation format must be chosen carefully in order to preserve all
relevant document properties for future users, and at the same time to
avoid wasting storage. For this purpose, for each document type a hi-a hierarchy of

formats erarchy of standard preservation formats should be available, ranging
between extremes (like facsimile quality and pure text preservation),
and offering useful intermediary formats (which can conveniently be
implemented using some XML dialect).

7.4 A Combined Approach

Consider a future situation where a digital document that was producedpreserve the
original bit-stream today is to be viewed and where the rendition system (hard- and soft-

ware) used now for that purpose is no more available. An elementary
prerequisite is that a faultless copy of the document’s bit-stream – ei-
ther that of the original or that of a migrated version – is at hand. Even
small errors may compromise the readability of the whole document.
Using automated copying and quality-control mechanisms, these strict
requirements can probably be met even in the long run.

Now let D be a digital document the bit-stream of which wasemulation approach
preserved as described above. In order to be able to view D in the
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distant future, we need a new rendition system that renders D in ex-
actly the same way the original rendition system did. Using so-called
virtual machines, the emulation approach aims to constantly provide
such rendition systems on future computers. The authenticity of docu-
ments that were transported into the future in this way is unsurpassable.
Another advantage of this approach is that the maintenance effort it de-
mands is comparatively small: For each document type, we only need
to port one emulator to the future computers – the documents them-
selves do not have to be changed. Some critics doubt that the emulation
approach will work at all. Even if it does work, one problem remains:
A rendition system ported to a future computer will by definition be-
have like the original rendition system. This includes the user interface,
which on today’s systems is accessed using a keyboard and a mouse. It
is almost certain that people in, say, the 24th century will not know how
to use our by then completely outdated input devices.

The pros and cons of the migration approach are complementary to migration
approachthose of the emulation approach: Migrated documents are all the time

available in formats that can be viewed and even edited using current
software on current platforms. Here, one disadvantage is that migra-
tion steps are prone to producing small changes, which can easily go
unnoticed. Because of the accumulated effects of such small changes,
after a number of migration steps deterioration of document authentic-
ity becomes almost unavoidable. The nature of document formats used
on future platforms cannot be foreseen: New developments may cause
disruptive changes any time. Therefore, it is hard to set up a systematic
migration process. For each future step, new transformation tools have
to be developed. Each migration step requires considerable effort, since
all documents have to be processed. In order to ensure authenticity, ran-
dom samples have to be manually(!) checked.

As argued before, an ideal solution for long-term preservation standard
data formatswould be to have a hierarchy of standard markup formats for every type

of document. There is little hope for this to come true because of the
following points: First, this kind of standardization would go against the
economic interests of software providers. Second, in the competition
between software developers solutions gradually take shape before they
can reasonably become standards. Indeed, premature standardization
would interfere with innovation. For some types of documents formats
exist, which at least offer interesting alternatives to proprietary formats:
This includes MathML, for describing mathematical formulae, and
XSL for desktop publishing. We have already pointed out markup stan-
dards like RDF, Topic Maps, and Dublin Core for composing metadata.
These formats may well become accepted standards in libraries and
archives. Different industrial sectors are currently developing their own
specific data formats, thus nourishing the hope that standard formats
will prevail eventually.
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As discussed in Sect. 7.1 we have to act now. None of the above ap-combined approach
proaches provides a satisfactory solution to the problems of long-term
preservation. However, their respective advantages complement one
another very well. Therefore, we propose to use a combined approach,
which should be implemented as soon as possible in order to gain the ex-
perience needed for informed future decisions. The combined approach
consists of the following components:

1. Detach bit-streams from their physical media, construct and storesave the bit-stream
and the metadata the emulation infrastructure (virtual machine, systems and applica-

tion software), and collect and store the required metadata. In ad-
dition, backup copies of bit-stream and metadata may be saved on
very durable media like microfilm.

2. Using emulation, the document preserved in its original, uncor-maintain the original
state using emulation rupted state is kept available for viewing on virtual machines. This

requires porting the emulator to new computer platforms as they
become available. Except for regular refreshing, documents are ac-
cessed for viewing only.

3. Use migration to maintain the metadata, which include user manu-migrate
the metadata als both for the rendition system and the emulator software. Since

these data have to be kept ready for user access all the time, they
are best stored in the database of the library management system.
This is one aspect of database migration, which will be discussed
in Part 2.

4. In the far future, only specialists with a good background in ouruse migration
to derive

“working copies”
contextual knowledge (and, in particular, in using our computers’
user interfaces) will be able to peruse our digital documents as kept
alive by emulation. Other readers will depend on working copies,
which are derived when needed by the specialists directly from
the emulated originals. Since migration is costly, working copies
should for some time be stored together with the originals.

5. In order to gain experience with both emulation and migration, in-migrate
the documents dependent of the above steps regularly apply migration to the whole

stock of documents. That way, we will in a few years have collected
sufficient data for an informed decision.

6. In order to reduce effort, markup languages are not only used tostandardized markup
formats describe metadata, but also (whenever possible) as standard formats

for digital documents.
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Recent Preservation Initiatives
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Markup: Current Research and Development

In the first part of our book, Chap. 6 has introduced some markup lan-
guages. But who uses these markup languages for long-term preser-
vation? How can long-term preservation benefit from standardized
markup languages? These are the questions we answer in this chapter.
We describe recent projects where documents are annotated in order
to preserve them for a long period of time. The content of this chap-
ter falls in two parts: In the first part, we illustrate how metadata sets
can be defined. In the second part, we review markup aspects of recent
preservation projects.

The Dublin Core Metadata Initiative (DCMI) is a widely used meta-
data standard; in Sect. 8.1, we illustrate how you can use the DCMI
standard to annotate documents for long-term preservation. For com-
plex digital library objects, the Metadata Encoding and Transmission
Standard (METS) may be used, which we describe in Sect. 8.2.

We have selected some preservation projects to illustrate the use of
metadata for long-term preservation of digital documents. The VERS
project (see Sect. 8.3) follows a hybrid approach: documents are con-
verted to PDF or TIFF, metadata are stored in XML (we shall deal with
the migration aspects of VERS in Sect. 9.1). The Text Encoding Initia-
tive (TEI), presented in Sect. 8.4, strictly follows the XML road: every
text is converted to XML. Finally, in Sect. 8.5 we illustrate a project that
focuses on the long-term preservation of the WWW: PANDORA. In par-
ticular, we show how the document context can be preserved in presence
of hyperlinks.

8.1 The Dublin Core Metadata Initiative

We can find a lot of metadata that describe a document, in order to standardized
metadataexpress part of its semantics. Many applications demand, however, spe-

cific kinds of information that should be stored as metadata. On the
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other hand, exchanging metadata requires both a uniform and extensible
format. A number of projects are pursuing this goal, e.g., the Warwick
Framework,1 the Pittsburgh Project,2 the SPIRT Metadata Project,3 and
the Dublin Core Metadata Initiative (DCMI 2002). In this section, we
illustrate Dublin Core because it has achieved major importance for dig-
ital libraries today. In Sect. 8.2 we review METS (Metadata Encoding
& Transmission Standard), an alternative metadata standard.

The Dublin Core Metadata Initiative (DCMI) aims to develop anDublin Core
Metadata Initiative

(DCMI)
extensible set of basic metadata elements that describe a document
for digital preservation. The major goals of the DCMI are a clear
(almost formal) description of the elements, extensibility, platform in-
dependence, and the reuse of metadata standards already present. The
metadata elements are published in a number of natural languages, e.g.,
English, Finnish, German, Japanese, or French (DCMI 1999).

The Dublin Core standard (DC) contains 15 elements, which areDublin Core
standard (DC) used to describe a digital document. Each element is optional; it may

occur a number of times. You can think of DC as the smallest common
ground a group of experts – librarians, computer scientists, historians –
has found. Typical DC elements are:

– Title: name of a documentexample DC
elements – Creator: person who has created the document (e.g., the author)

– Subject: key words describing the document’s content
– Description: a detailed (plain text) description of the document

(e.g., an abstract)
– Format: encoding of the digital document, i.e., the data format

(e.g., PDF or XML)
– Date: date of publication or modification, and
– Language: natural language in which the document is written.

For example, this book can be described using DC as follows:DC example

– Title: Long-Term Preservation of Digital Documents
– Creator: Uwe Borghoff
– Creator: Peter Rödig
– Creator: Jan Scheffczyk
– Creator: Lothar Schmitz
– Subject: long-term preservation
– Subject: introduction
– Subject: digital documents

1 For further information see
http://www.dlib.org/dlib/july96/lagoze/07lagoze.html.

2 For further information see
http://Web.archive.org/Web/20000818163633/www.sis.pitt.edu/˜nhprc/.

3 For further information see
http://www.sims.monash.edu.au/research/rcrg/research/spirt/.
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– Description: detailed description of this book, which you al-
ready know . . .

– Format: application::PDF
– Date: 2006-07-01
– Language: en

Note that, instead of using natural language, we have chosen a formal controlled
vocabulariesnotation for the elements Format, Date, and Language: We have used

the MIME standard (MIME 1996) to indicate the encoding; the date
and the natural language were specified by employing widely used ISO
standards (ISO 1998, 2000a). Such standard notations are particularly
useful because they define terms that are widely understood and ac-
cepted – at least this is the promise of standardization organizations like
ISO. Later in this section, we show how such controlled vocabularies
can help to refine the semantics of DC metadata elements.

The semantics of a DC element is defined by the values of ten at- semantics of DC
elementstributes. The attributes used most often are:

– Name: name of the DC element
– Registration Authority: person who has defined this ele-

ment
– Language: natural language in which this element is described
– Definition: actual semantics of the element
– Comment: explains the Definition above and gives some examples

how this DC element is used

Using these attributes the DC element Title is described as follows example
(again, some attribute values are given in a formal notation):

– Name: Title
– Registration Authority: Dublin Core Metadata Initiative
– Language: en
– Definition: A name given to the resource
– Comment: Typically, a Title will be a name by which the resource

is formally known

Can the semantics of a DC element be described in natural language? Defining semantics
in natural language?Clearly, using natural language for defining DC elements precludes au-

tomatic reasoning about them. We find, however, good arguments for
using natural language:

1. We have to start defining semantics at some bottom level. One
might consider a logic-based formal approach that starts at the truth
values true and false. Such an entirely formal approach appears,
however, infeasible in practice. We have seen many examples of
entirely formal approaches to software development – to the best
of our knowledge none of these approaches scales well to larger
software projects.
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2. The experts who have defined the DC elements aimed at compre-
hensible definitions – a key feature for usability. Also, the DC ele-
ments have been translated to a number of natural languages, so that
we can understand DC semantics even if we do not speak English.

The definitions of the DC elements can be modeled using RDF Schema.Dublin Core and
RDF For brevity, we omit a detailed description of such an RDF Schema. In-

stead, we describe how DC elements can be used within RDF semantic
document descriptions. In general, a DC element corresponds to an RDF
predicate; the value of a DC element corresponds to an RDF object. The
document described by a DC element corresponds to an RDF subject.

Figure 8.1 shows an RDF graph that describes our book using DCexample
elements. Note that we use the name space dc for DC elements. Of
course, we can serialize the RDF graph shown in Fig. 8.1 to XML:

<?xml version="1.0"?>
<rdf:RDF xmlns:rdf=

"http://www.w3.org/.../22-rdf-syntax-ns#"
xmlns:dc=

"http://purl.org/dc/elements/1.1/">
<rdf:Description>

<dc:title>Long-Term Preservation</dc:title>
<dc:creator>Uwe Borghoff</dc:creator>
<dc:creator>Peter Rödig</dc:creator>
<dc:creator>Jan Scheffczyk</dc:creator>
<dc:creator>Lothar Schmitz</dc:creator>
<dc:subject>long-term preservation

</dc:subject>
<dc:subject>introduction</dc:subject>
<dc:subject>digital documents</dc:subject>

dc:title

dc:creator

dc:creator

dc:creator

dc:creator

dc:descriptiondc:subjectdc:subjectdc:subject

dc:language

dc:date

dc:format

"Long-term Preservation"

"application::PDF"

"en"

"long-term preservation"

"Uwe Borghoff"

"Jan Scheffczyk"

"A detailed ..."

"2006-07-01"

"Peter Rödig"

"Lothar Schmitz"

"digital documents"

http://www.xyz.com/ltp.pdf

"introduction"

Fig. 8.1. RDF graph representation of Dublin Core
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<dc:description>
A detailed description of this book,
which you already know....

</dc:description>
<dc:format>application::PDF</dc:format>
<dc:date>2006-07-01</dc:date>
<dc:language>en</dc:language>

</rdf:Description>
</rdf:RDF>

For multiply used DC elements, we can use RDF containers. Figure 8.2
illustrates the use of RDF Bags, which represent multisets.

In the earlier part of this section, we have seen how we can describe extending DC
documents via DC elements and how we can express this description
in RDF. In the following, we concentrate on extending the DC element
set itself. Such extensions are necessary, e.g., to refine the semantics of
some DC elements or to define a controlled vocabulary, which restricts
the possible values of a DC element (e.g., to use a special notation for
dates).

So-called qualifiers are used to refine the semantics or to restrict DC qualifiers
the notation of a DC element. For each DC element multiple qualifiers
may be defined. Below, you find some qualifier recommendations of the
DCMI consortium:

dc:creator

dc:subject

rdf:_1

rdf:_1

rdf:_3

rdf:_3

rdf:_4

rdf:type

rdf:type

rdf:_2

rdf:_2

rdf:Bag

dc:title

dc:description

dc:language

dc:date

dc:format

"Long-term Preservation"

"application::PDF"

"en"

"Uwe Borghoff"

"Jan Scheffczyk"

"A detailed ..."

"2006-07-01"

"Peter Rödig"

"Lothar Schmitz"

"digital documents"

http://www.xyz.com/ltp.pdf

"introduction"

"long-term preservation"

rdf:Bag

Fig. 8.2. Using RDF Bags for multiple DC elements
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– Refining the semantics of the DC element Description:examples
Table Of Contents, Abstract (short summary)

– Refining the semantics of the DC element Date:
Created (when was the document created), Modified (the date
of the last modification)

– Notation recommendations for the DC element Date:
W3C-DTF: date format of the W3C (corresponds to the ISO stan-
dard 8601)
DCMI-Period: a DCMI recommendation to denote periods of
time

– Notation recommendations for the DC element Format:
IMT: Internet Media Types – a notation corresponding to the MIME
standard

– Notation recommendations for the DC element Language:
ISO 639-2: notation using the ISO standard 639-2

Of course, you can define your own qualifiers as well. A DC qualifier isdefining DC
qualifiers defined by the following five properties:

– Name: a unique identification of the qualifier
– Label: a more comprehensible name of the qualifier (needs not be

unique)
– Definition: a description of the qualifier as plain text
– Comment: recommendations about how this qualifier is used best
– See Also: a link to further information about this qualifier or re-

lated qualifiers

We illustrate the definition of qualifiers by the definitions of the DCMIexamples
qualifiers Created and W3C-DTF for the DC element Date. The
original DCMI definitions are:

1. Refining the DC element Date:
Created:
– Name: created
– Label: Created
– Definition: date of creation of the resource

2. Notation recommendations for the DC element Date:
W3C-DTF:
– Name: W3CDTF
– Label: W3C-DTF
– Definition: W3C Encoding rules for dates and times – a

profile based on ISO 8601
– See Also: http://www.w3.org/TR/NOTE-datetime

We can use an RDF Schema to formalize the above definitions. InDC qualifiers in
RDF this context, an RDF Schema defines a qualifier by an rdf:type,
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dc:format

rdf:type

rdf:value

dcterms:IMT

"application::PDF"

Fig. 8.3. Using the
MIME standard for
specifying document
formats

dc:date

rdf:type

rdf:value

dcterms:W3CDTF

"2006-07-01"

Fig. 8.4. Using the
W3C-DTF standard
for specifying dates

dc:language
rdf:type

rdf:value

dcterms:ISO639-2

"en"

Fig. 8.5. Using the
ISO 639-2 standard
for specifying the
natural language

which can be used within RDF statements that describe documents. For
brevity, we omit a detailed description of such an RDF Schema.

Instead, we show how a qualifier (originally defined as an example
rdf:type) can be used. In our running example we find (at least)
three possible uses of DC qualifiers, namely the notations for document
formats, dates, and the natural language. Assume, we had defined the
rdf:types IMT (encoding the document format), W3CDTF (encod-
ing dates), and ISO639-2 (specifying natural languages). For our own
rdf:types we use the name space dcterms. Then the graphs shown
in Fig. 8.3–8.5 denote valid RDF statements. Of course, you can embed
these graphs into the RDF graph shown in Fig. 8.2.

In this book, we cannot detail all the projects and initiatives that Who uses the DC
element set?make use of the DC element set. The DCMI Web site4 lists more than 80

projects. Those projects cover a wide range of areas, e.g., arts and hu-
manities, bibliography, business, education, environment, and science
and technology. Just to mention a few, here are some projects using the
DC element set:

– ELISE II (Electronic Library Image Service for Europe)
– ExLibris Special Collections Directory
– SCRAN (Scottish Cultural Resources Access Network)
– InDoReg (Internet Document Registration)
– The Nordic Metadata Project
– Ukrainian Library Association Metadata Project

4 See http://dublincore.org/projects/subject.shtml.
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– Florida International University Digital Library
– The German Educational Resources Server
– The Victorian Education Channel
– XMetaDiss (metadata for dissertations)
– Everglade Information Network & Digital Library
– EULER (European Libraries and Electronic Resources in Mathe-

matical Sciences)
– Medical Metadata Project
– Electronic Visualization Library
– AGLS (Australian Government Locator Service)
– Digital Library Catalog
– Francois Rabelais University Libraries
– State Library of Queensland
– Koninklijke Bibliotheek (The National Library of the Netherlands)
– Network of Libraries in Southwestern Germany
– University of Arizona (Resources for SiteSearch Implementation)
– University of Michigan Digital Library Registry Database
– University of Washington Digital Collections

8.2 The Metadata Encoding & Transmission Standard

The management of complex digital objects is a crucial task for li-the challenge
braries, archives, and museums. One activity is the scanning of a co-
herent document. This may result in a vast number of individual files
that do not cohere at all. Other example activities are those of scientists
who enrich their texts with numerous graphics, and of Web designers
who prefer a broad palette of Internet file types within single pages.
What is the glue? Metadata!

The correct representation of these clustered intellectual entities re-Network
Development and
MARC Standards

Office

quires objects to be maintained consistently along the whole life cy-
cle. At the same time, in order to avoid confusion and redundancy
adequate means are needed to link specific metadata to objects. The
Metadata Encoding & Transmission Standard (METS)5 helps to handle
digital objects that belong to one intellectual entity. The Digital Library
Foundation (DLF) initiated METS, and the Network Development and
MARC Standards Office of the Library of Congress maintains the stan-
dard. In the following, we describe the major concepts of METS, then
we present some syntactical details, and, finally, we discuss application
aspects.

METS is a conceptual framework for describing complex objectmajor concepts
structures and for linking content with administrative and descriptive

5 See the official site http://www.loc.gov/standards/mets.
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metadata. Please note that METS does not define descriptive and ad-
ministrative metadata. In addition, METS provides means to link defi-
nitions of behavior and program code to digital content and associated
metadata.

Let us have a closer look at the description of object structures. Ba- structural metadata
sically, METS helps to ensure the logical as well as the physical coher-
ence of digital entities. Files can be bundled into groups and subgroups
in order to glue together all members of a digital entity. METS also
supports subsets with special roles, e.g., different manifestations. In ad-
dition, the standard allows objects to be arranged in hierarchies of (theo-
retically) arbitrary depth. METS supports the inclusion of hyperlinks to
address subsections of files, for instance, marked up with begin time and
end time tags, respectively. Moreover, METS allows us to specify rela-
tions for the order of processing, e.g., we can define that executable files
are to be processed sequentially or concurrently. The standard also in-
cludes wrapping techniques. Instead of referencing files, e.g., by URLs,
METS objects can directly host (i.e., wrap) digital content, either as
binary code or as XML object.

METS offers a rich set of flexible features for assigning metadata. descriptive and
administrative
metadata

There are two basic options for the metadata assignment which can be
used side by side. One option is to store the metadata in an external
object and let a URI point to that object. The other option is to store
the metadata directly in an METS object. This option allows metadata
to be incorporated as binary data or, alternatively, in an XML format,
e.g., Dublin Core (DC). For a finer degree of granularity, metadata may
be linked to single content elements. This increases the flexibility of
the METS approach even more. File groups and subfile structures can
point to administrative metadata. Files and any node within an object
hierarchy can point to descriptive metadata. Moreover, both categories
of metadata can refer to administrative metadata. This feature especially
supports the assignment of preservation metadata to current metadata.
In itself, METS defines no concrete administrative metadata. Rather, it
helps to organize them into four groups.

1. Technical Metadata
2. Intellectual Property (IP) Rights Metadata
3. Source Metadata (for descriptive and administrative metadata of

analog sources)
4. Digital Provenance Metadata

The assignment of executable behavior to digital content extents the specifying behavior
expressive power of METS. This feature comprises the definitions of
two references that point to external objects. The first, interface, pro-
vides an abstract definition of the behavior, and the second, behavior
mechanism, contains the direct implementation of the intended behav-
ior. Alternatively, the behavior mechanisms may reference a service.



144 8 Markup: Current Research and Development

As expected, METS objects are represented by XML documents.METS objects in
detail More precisely, an XML Schema specifies the concepts in a machine-

readable form. An METS object comprises seven sections.

1. The METS Header element records metadata about the METS ob-
ject itself.

2. The Descriptive Metadata Section records descriptive metadata for
all items in the METS object – if necessary for each item separately.

3. The Administrative Metadata Section keeps administrative meta-
data for all items in the METS object – if necessary for each item
separately. This holds true for subgroups of administrative meta-
data, such as Technical Metadata, too.

4. The Content File Section records information regarding all data
files that make up the digital library object. Here, files and groups
of files can be defined, recursively!

5. The Structural Map Section allows objects containing intellectual
content to be arranged hierarchically. Any given node of a hierarchy
can point to another METS object or to a single file, to a group of
files, or to segments of individual files. Multiple maps allow for the
definition of independent structures, and thus to separate logical and
physical structures for example.

6. The Structural Map Linking Section allows hyperlinks between dif-
ferent components of an METS structure to be defined in a struc-
tural map.

7. The Behavior Section documents executable behaviors that are as-
sociated with content in the METS object.

Now let us see some features of METS in action. Our example doc-experiment
uments an experiment where the intellectual entity comprises a set of
pictures, captured by a digital camera, and a textual description. Each
of the pictures requires an individual explanation, and, moreover, the
sequence of the exposures deemed relevant. For the sake of clarity, we
omit some mandatory METS features.

We start with the metadata that describe the intellectual aspects ofdescriptive metadata
the entity as a whole. The Descriptive Metadata Section is the right
place for that. Here, we use the option to incorporate XML-style meta-
data. This wrapping looks as follows:

<dmdSec ID="DMD001">
<mdWrap MIMETYPE="text/xml" MDTYPE="DC"

LABEL="Dublin Core Metadata">
<xmlData>
<dc:title>The Hyper Experiment</dc:title>
<dc:creator>UC Berkeley</dc:creator>
<dc:date>2005-12-01</dc:date>
...
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</xmlData>
</mdWrap>

</dmdSec>

Obviously, the pictures require technical metadata. We know that technical metadata
for precise rendering and correct interpretation the camera type and ad-
ditional information, like the film’s ISO speed and light conditions, have
to be recorded. The scientists who have taken the pictures have docu-
mented these details in a text file. The place to include it into our METS
object is the Administrative Metadata Section. In this case, instead of
directly incorporating the metadata, we add a link to our external text
file techspec.txt.

<amdSec ID="AMD001">
<techMD ID="TMD001">
<mdRef LOCTYPE="URL" MIMETYPE="text/plain"

MDTYPE="OTHER"
xlink:href="http://.../techspec.txt"/>

</techMD>
</amdSec>

In the next step, we bundle the files that record the intellectual con- intellectual content
tent. The Content File Section lists and groups all files. We assume that
the scientists additionally have created one text file per picture. Here,
we abandon the option to take content inline, and, using the FLocat
element, we only point to external objects. Since the technical metadata
apply to all pictures of our example, we attach the metadata pointer
experiment.xml to the file group PICTURES.

<fileSec>
<fileGrp ID="TEXT">
<file ID="TEXT001" MIMETYPE="application/xml"

SIZE="257537">
<FLocat LOCTYPE="URL"
xlink:href="http://.../experiment.xml"/>

</FLocat>
</file>

</fileGrp>
<fileGrp ID="PICTURES" AMDID="TMD001">
<file ID="PIC001" MIMETYPE="image/jpeg"

SIZE="64232836"
<FLocat LOCTYPE="URL"
xlink:href="http://.../pic001.jpeg"/>

</FLocat>
</file>
<file ID="PIC002" MIMETYPE="image/jpeg"
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SIZE="64232836"
<FLocat LOCTYPE="URL"
xlink:href="http://.../pic002.jpeg"/>
</FLocat>

</file>
<file ID="PIC003" ...
...

</file>
</fileGrp>
<fileGrp ID="PICTURE_ANNOTATIONS">
<file ID="PIC001_TEXT" MIMETYPE="text/plain"

SIZE="1024"
<FLocat LOCTYPE="URL"
xlink:href="http://.../pic001_text.txt"/>
</FLocat>

</file>
<file ID="PIC002_TEXT" MIMETYPE="text/plain"

SIZE="512"
<FLocat LOCTYPE="URL"
xlink:href="http://.../pic002_text.txt"/>
</FLocat>

</file>
<file ID="PIC003_TEXT" ...
...

</file>
</fileGrp>
<fileSec>

Finally, we complete the association of metadata by defining thelogical structure
logical structure of our intellectual entity. The structure is quite simple:
The root node DIV_1 includes a pointer to the descriptive metadata al-
ready specified in the Descriptive Metadata Section. By assigning these
metadata to the root node validity for the whole entity is implied. The
layer beneath the root node points to the files as listed in the Content
File Section. The ORDER attribute defines their sequence, and the div
elements connect the pictures with their text documentation.

<structMap TYPE="logical">
<div ID="DIV_1" LABEL="The Hyper Experiment"

DMDID="DMD001">
<div ID="DIV1.1"

LABEL="DESCRIPTION OF THE EXPERIMENT">
<fptr FILEID="TEXT001"/>
</div>
<div ID="DIV_1.2"

LABEL="PiCTURE 1" ORDER="1">
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<fptr FILEID="PIC001"/>
<fptr FILEID="PIC001_TEXT"/>
</div>
<div ID="DIV_1.3"

LABEL="PiCTURE 2" ORDER="2">
<fptr FILEID="PIC002"/>
<fptr FILEID="PIC002_TEXT"/>
</div>
<div ID="DIV_1.4" ...
...
...
</div>

</div>
</structMap>

As shown, METS offers a rich set of elements for expressing com- application aspects
plex relations between content objects as well as between content ob-
jects and metadata. It is extremely useful that these relations can be
made explicit, e.g., see how the order of files is expressed in our ex-
ample. The features of METS also help to create machine-readable
specifications of Information Packages (i.e., SIP, AIP, and DIP) as de-
fined by OAIS. The incorporation of content and metadata objects al-
lows archives to build “self-contained” capsules. Still, it remains for the
user of METS to thoroughly analyze the structure and content of digital
objects. Moreover, the user has to choose or define adequate metadata
schemes and to populate their instances with values. Nevertheless, a
user-friendly, efficient, and consistency-assuring implementation would
greatly support the long-term preservation of complex objects.

8.3 The Victorian Electronic Records Strategy (VERS)

Typically, governmental authorities handle a huge number of digital
documents, which must be preserved for a long period of time. In
Sect. 1.5, we already have identified a number of legal issues that re-
quire long-term preservation of digital documents. The Public Record
Office Victoria (PROV) is the archiving authority of the Australian state
Victoria. PROV has developed the Victorian Electronic Records Strat-
egy (VERS) to provide leadership and direction in the management of
digital documents, which are also called “electronic records” in this
context. Recently, Version 2 of the Standard for the Management of
Electronic Records has been released (VERS 2003). The goal of this
standard is to promote the cost-effective long-term preservation of elec-
tronic records. Cost-effectiveness and feasibility of the VERS preser-
vation approach have been proven by the Department of Infrastructure
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(DOI), a medium-sized Victorian governmental agency. The so-called
VERS@DOI system went into production use in 2002. Moreover, the
VERS Center of Excellence supports Victorian agencies in obtaining
and implementing VERS-compliant recordkeeping systems.

More concretely, VERS aims to migrate (agency) paper documentsthe goal: a format
for long-term

preservation of
digital documents

into digital representations and to store these digital documents over a
long period of time, which includes metadata and contextual informa-
tion. The focus of the VERS standard is to establish a cost-effective
long-term preservation format and a minimal set of preservation meta-
data, where available standards should be used as much as possible.

Paper documents first have to be scanned, i.e., migrated into theirarchiving documents
digital counterparts. Digital documents are augmented by metadata and
encapsulated as VERS Encapsulated Objects (VEOs). Metadata can be
either extracted from the documents or added by hand. Section 9.1 de-
scribes an example archiving process using the VERS standard.

A VEO can be seen as a closed object that describes itself. That way,as VEOs
a VEO includes all information necessary for later retrieval of a digital
document (see Fig. 8.6).6 You may compare a VEO to an “onion,” where
each skin describes its inner neighbor. A VEO consists of an introduc-
tion (containing the VEO format description), a signed object (contain-
ing the digital documents to preserve and their metadata), and two sig-
nature blocks7 (which certify the record and enforce access rights). Note
that the signed object contains the digital documents to preserve and
metadata that are shared by all these documents. Each document proper
may be encoded in different (long-term preservation) formats. It is an-
notated by its own specific metadata set. Each encoding (like PDF or
TIFF), again, contains metadata that describe the encoding format. Of
course, the encoding also includes the document to be preserved.

Documents may be stored in various encodings, e.g., Microsoftrecommended
long-term

preservation
document formats

Word format, simple text, or an image format. For compliance to the
VERS standard, it is, however, mandatory to use one of the VERS-
approved long-term preservation formats. Currently, VERS has ap-
proved plain text, PDF, and TIFF. Although PDF and TIFF are not
really standards, VERS recommends these formats due to their excep-
tional flexibility and their wide-spread use.

A VEO is stored as an XML file. The actual document data (i.e.,encoding the VEO
plain text, PDF, or TIFF) are included into this XML file. Since both
PDF and TIFF are binary formats, document data have to be converted
to plain text first. The technique behind is quite simple – it is the same

6 Actually, there are three kinds of VEOs: record VEOs (for digital docu-
ments), file VEOs (for folders keeping records), and modified VEOs (for
changed records). In the sequel, we concentrate on record VEOs only. For
further information, see the VERS specification (VERS 2003).

7 Digital signatures impose several issues to long-term preservation, which,
for brevity, we cannot explain in all detail in this book.
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Fig. 8.6. Sketch of a VERS record

(lossless and reversible) technique that is generally used for binary
email attachments (Base64 encoding). Simply speaking, every skin of
the VEO onion is represented in XML. The core of the onion is repre-
sented in plain text, PDF, or TIFF.

In the rest of this section, we describe this book in the VEO XML VEO example
format. The structure of the XML file corresponds to the sketch in
Fig. 8.6. We will encode each skin of the VEO onion from left to right.
For brevity, we will focus on the most important parts and use abbre-
viations where appropriate.8 Note that the encoding of a VEO in XML
is well structured and quite comprehensive; the VEO is, however, not
necessarily compact.

The VEO XML encoding contains first the VEO format de- a VEO in XML
scription (element VEOFormatDescription)9 and the VEO
version (element Version); second the signature block (ele-
ment SignatureBlock) and the lock signature block (element
LockSignatureBlock); third the signed digital object (element
SignedObject). The signed object includes object metadata (ele-
ment ObjectMetadata), which contain information about the object
type, its rationale, and the date of creation. The second part of the signed
object consists of the object content (element ObjectContent).

<VERSEncapsulatedObject>
<VEOFormatDescription>

8 The interested reader can find further examples on the VERS Web site:
http://www.prov.vic.gov.au/vers/standard/version2.htm.

9 In fact, all VERS XML elements are prefixed by vers: indicating that they
share the name space vers. For brevity, we omit this prefix.
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<Text>
This record conforms to the structure
defined in "Management of Electronic
Records, PROS 99/007 (Version 2.0)" Public
Record Office Victoria, 2003.
The structure of this record uses the
VEO XML format.
</Text>
</VEOFormatDescription>

<Version>2.0</Version>

<SignatureBlock>
<SignatureFormatDescription>
The contents of this VEO are signed using
the SHA-1 hash algorithm and the DSA digital
signature algorithm. SHA-1 is defined in ...
</SignatureFormatDescription>

<Signer>Jan Scheffczyk</Signer>
<Signature>

<!-- The actual signature -->
</Signature>

...
</SignatureBlock>

<LockSignatureBlock>
...
</LockSignatureBlock>

<SignedObject>
<ObjectMetadata>
<!-- type, description, date of creation -->
</ObjectMetadata>

<ObjectContent>
<Record>
<!-- the object record (see below) -->

</Record>
</ObjectContent>
</SignedObject>

</VERSEncapsulatedObject>
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As shown in Fig. 8.6, an object record consists of the record meta- an object record
in XMLdata (element RecordMetadata) and a number of documents (el-

ement Document). The record metadata contain, for example, the
record title, and a plain text description of the record. In addition,
the record context (element naa:Relation)10 contains information
about how this record relates to other records. Finally, the record meta-
data contain the creation date of the record and an identifier of the
record. For example, we can identify a record by a unique key. The
record context may reference the identifier of another record. In our ex-
ample, we link this book to its German predecessor. Of course, we could
relate our book to other records as well, e.g., records that are referenced
in this book.

<Record>
<RecordMetadata>
<naa:Title>
<naa:TitleWords>
Long-Term Preservation of Digital Documents

</naa:TitleWords>
</naa:Title>

<naa:Description>
This book is about ...
</naa:Description>

<naa:Relation>
<naa:RelatedItemId>
<VEOIdentifier>
<VERSRecordIdentifier>
<Text>
<!-- ID of the German predecessor -->
BorghoffRoedigScheffczykSchmitz2003
</Text>

</VERSRecordIdentifier>
</VEOIdentifier>

</naa:RelatedItemId>
<naa:RelationType>
GermanVersion

</naa:RelationType>
</naa:Relation>

<naa:Date>

10 Note the namespace naa, which is used by the National Archives of Aus-
tralia (NAA) for recordkeeping metadata, see http://www.naa.gov.au/. The
VERS metadata scheme includes all of the NAA recordkeeping metadata.
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<naa:DateTimeCreated>
2006-07-01T05:02:17+02:00

</naa:DateTimeCreated>
</naa:Date>

<VEOIdentifier>
<AgencyIdentifier>
<Text>
Springer-Verlag

</Text>
</AgencyIdentifier>
<VERSRecordIdentifier>
<Text>
BorghoffRoedigScheffczykSchmitz2006

</Text>
</VERSRecordIdentifier>
</VEOIdentifier>

</RecordMetadata>

<Document>
<!-- Encapsulated document -->

</Document>
</Record>

The third block of a VEO includes the preserved document, whichthe
VEO-encapsulated

document
is encoded in some of the VERS-approved long-term preservation for-
mats. Of course, a document is augmented by specific document meta-
data, e.g., a description and the document’s actual source. The metadata
set of a document is a subset of the NAA metadata scheme.

<Document>
<DocumentMetadata>
<DocumentTitle>
<Text>
Long-Term Preservation of Digital Documents
</Text>
</DocumentTitle>
<DocumentLanguage>
en
</DocumentLanguage>
<DocumentDate>
<Text>
2006-07-01T04:58:31+02:00
</Text>
</DocumentDate>
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<DocumentSource>
<Text>
The original document was written using LaTeX
</Text>

</DocumentSource>
</DocumentMetadata>

<Encoding>
<!-- The actual document content encoded

in a specific format -->
</Encoding>

</Document>

Finally, the element Encoding contains the actual document con- encoding of an
encapsulated
document

tent, encoded in some long-term preservation format. Besides the actual
document content, metadata (element EncodingMetadata) about
an encoding itself are stored. In addition, the encoding metadata con-
tain information about how the document can be rendered (element
FileRendering). Below, we use two encodings: the original plain
text in LATEX and the resulting PDF (which you cannot read of course).

<Encoding>
<EncodingMetadata>
<FileEncoding>
<Text>
The content of the DocumentData element is
a PDF file. The file conforms to
’PDF Reference’, third edition, Adobe
Portable Document Format, Version 1.4, ...
</Text>

</FileEncoding>
<FileRendering>
<RenderingText>
<Text>
For decoding, i.e. rendering, use
Acrobat Reader(R) 6.0 or later.

</Text>
</RenderingText>

</FileRendering>
</EncodingMetadata>
<!-- the PDF data themselves -->
<DocumentData>

JVBERi0xLjMNJeLjz9MNCjEzNyAwIG9iag08PCANL0xpbm
...
</DocumentData>

</Encoding>
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<Encoding>
<EncodingMetadata>
<FileEncoding>
<Text>
The content of the DocumentData element is
a LaTeX file conforming to ...
</Text>
</FileEncoding>
<FileRendering>
<RenderingText>
<Text>
For decoding, i.e. rendering, use a
plain text viewer or some suitable LaTeX
environment.

</Text>
</RenderingText>
</FileRendering>

</EncodingMetadata>
<!-- the LaTeX data themselves -->
<DocumentData>
\documentclass{svmono}
...
</DocumentData>
</Encoding>

8.4 The Text Encoding Initiative (TEI)

The Text Encoding Initiative (TEI) was founded in 1987 by an interna-goal: preserving
plain texts tional group of philologists. As the name suggests, TEI aims to preserve

plain text, as opposed to pictures or movies. TEI has defined an inter-
national interdisciplinary standard for encoding any kind of prose or
linguistic text in a common format. That way, libraries, museums, and
publishers should benefit from TEI. TEI has not only defined a docu-
ment format; TEI has also established guidelines that support the whole
process of electronic publishing, i.e., analyzing texts, digitizing texts,
markup, and publishing (TEI 2002). In this section, we concentrate on
the TEI guidelines for marking up texts.

The goal of TEI is to archive complete documents using the TEIarchiving complete
documents in XML document format and to markup information relevant to document

preservation. This is in contrast to the Dublin Core standard (DC),
which stores metadata only (not complete documents). TEI stores doc-
uments in SGML or XML. Therefore, TEI has published several XML
DTDs that may be used to markup texts. We can categorize these DTDs
into three groups as follows:
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– The Core Tag Set includes general elements, which should be used TEI DTDs
in each TEI document.

– Base Tag Sets contain basic elements that belong to a specific
genre. For example, the Base Tag Set TEI.prose includes
elements for prose texts, TEI.verse may be used for lyrics,
TEI.dictionaries supports the encoding of dictionaries, and
TEI.mixed contains elements for texts that belong to multiple
genres. For a TEI document exactly one Base Tag Set must be
chosen.

– Additional Tag Sets define more technical elements, which may be
used in addition to the elements defined in the Base Tag Set cho-
sen. Multiple Additional Tag Sets may be selected for a TEI doc-
ument. For example, the Additional Tag Set TEI.certainty
includes elements by which one can express how certain some spe-
cific information is. TEI.nets can be used to formalize graphs and
networks. TEI.names.dates consists of elements for encoding
names and dates.

Before we explain the TEI guidelines, let us shortly describe how a converting office
documents to XML
by templates

digital document can be converted to XML. The vast majority of to-
day’s digital documents are office documents, created by some major
office suite, e.g., Microsoft Office or OpenOffice. Fortunately, OpenOf-
fice uses XML as native document format. Their XML dialects lack,
however, any information about the document’s semantics. For captur-
ing document semantics we can use document templates, which are of-
fered by every major office suite. For example, hierarchical templates
for sections of different levels are used to generate tables of contents.
Semantic information on templates is incorporated into the native XML
encoding of the documents. Then a simple XSLT stylesheet can be used
to convert an office document to TEI. In case your favorite office suite
does not use XML as native document format, you can map each tem-
plate element to a TEI XML element (you have to program the converter
yourself, though).

For using the procedure above, an important precondition must be markup documents
for long-term
preservation

fulfilled: We can preserve only such information that has been marked
up already. For example, a single blank line that is part of a poem may
indicate the transition between the poem’s headline and the actual poem,
or a new verse, or the end of the poem. In contrast, if you use a tem-
plate to markup the verses then this structural information can be dis-
tinguished and preserved.

By now, the TEI DTD defines more than 400 elements, most of TEI Lite DTD
which you do not need for a specific document. In computer science,
we call such a phenomenon “featuritis”: It occurs if only a fraction of
the features of a software covers 90% of the use cases for 90% of the
users. Therefore, TEI has defined simplified variants of the TEI DTDs:
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TEI Lite (Burnard and Sperberg-McQueen 2002). The TEI Lite DTDs
aim to support the majority of use cases and at the same time to be much
more comprehensible than the full TEI DTDs. We can estimate the sim-
plifications of the TEI Lite DTDs if we consider their documentations.
Whereas the documentation of the full TEI DTDs (version P4) consists
of more than 1,000 pages, the TEI Lite DTDs are documented on only
59 pages. In the following, we describe important elements of the TEI
Lite DTD.

The TEI Lite DTD gives users much freedom in encoding theiron the precision
of markup texts; particularly, the precision and deepness of markup can be tuned

to the use case at hand. Many elements may contain plain text or may
be refined by additional subelements. Thus, depending on the use case,
we can use a finer or coarser encoding.

In general, a TEI document consists of a header and the actual doc-structure of a TEI
document ument content. We can outline the structure of a TEI document as fol-

lows:

<TEI.4>
<teiHeader>
<!-- metadata of the TEI document -->

</teiHeader>

<text>
<!-- TEI encoding of the actual document

(see below) -->
</text>
</TEI.4>

First, we concentrate on the document header (encoded by the el-document header:
teiHeader ement teiHeader), which contains metadata of the TEI document.

Most elements of the teiHeader are already known from Dublin
Core or from the VERS standard:

– fileDesc: a bibliographic description of the document
– encodingDesc: the description of the encoding used
– profileDesc: a description of nonbibliographical aspects (e.g.,

the natural language of the document)
– revisionDesc: the version history of the document.

The header of a TEI document conforms to the following structure:

<teiHeader>
<fileDesc>
<!-- bibliographical description -->

</fileDesc>

<encodingDesc>
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<!-- description of the document encoding -->
</encodingDesc>

<profileDesc>
<!-- nonbibliographical aspects -->

</profileDesc>

<revisionDesc>
<!-- version history -->

</revisionDesc>
</teiHeader>

In the following we exemplify the approach by describing some as- bibliographical
descriptionpects of bibliographical and encoding metadata in more detail. The bib-

liographical description contains the usual information:

– titleStmt: title and author
– editionStmt: the edition of the document at hand
– publicationStmt: the publisher of the document
– extent: the size of the encoded document

Instead of describing all possible options for the above elements, we example
rather apply them to our running example: this book. The bibliograph-
ical information in the fileDesc element of our book may look as
follows:

<fileDesc>

<titleStmt>
<title>Long-Term Preservation of Digital

Documents</title>

<author>Uwe Borghoff</author>
<author>Peter Rödig</author>
<author>Jan Scheffczyk</author>
<author>Lothar Schmitz</author>

<!-- responsibilities -->
<respStmt>
<!-- the encoding was done by ... -->
<resp>encoding</resp>
<name>Jan Scheffczyk</name>

</respStmt>
</titleStmt>

<!-- edition of the book -->
<editionStmt>
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<edition>2nd edition (completely revised)
</edition>

</editionStmt>

<!-- extent of the whole document -->
<extent>
13985 sentences, 103 MegaBytes
<!-- no, we have not counted ... -->
</extent>

<publicationStmt>
<publisher>Springer-Verlag</publisher>

<availability>
Copyright 2006, Springer-Verlag
</availability>

<!-- date of publication (ISO 8601) -->
<date>2006-07-01</date>
</publicationStmt>

</fileDesc>

The encodingDesc element describes the encoding of a TEI doc-encoding description
ument. It may include a project description (element projectDesc),
a description of the editing process (element editorialDesc), or
a list of those elements that are used for the actual markup (elements
tagsDecl and refsDecl). Since many elements of the TEI DTDs
may be used in different contexts, the description of element usage is
of particular importance. The element tagsDecl includes information
about which elements are used and how these elements can be rendered.
In contrast, the element refsDecl describes the rationale of the TEI
elements used.

The TEI encoding description of this book could read as follows:example

<encodingDesc>

<projectDesc>
Example TEI encoding of our book ...

</projectDesc>

<editorialDecl>
The original LaTeX files were converted to
XML using a proprietary Perl script.

</editorialDecl>
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<tagsDecl>
<!-- the element text occurs exactly once -->
<tagUsage gi="text" occurs="1"/>
<!-- the element hi is rendered in italic

font shape -->
<tagUsage gi="hi" render="italic">
hi is used for highlighting text

</tagUsage>
</tagsDecl>

<refsDecl>
There are at most three hierarchy levels,
which are marked by the elements div1, div2,
and div3.
</refsDecl>

</encodingDesc>

For simplicity, we have used natural language descriptions within
the elements editorialDecl and refsDecl. The full TEI DTD
(not TEI Lite!) offers much more formal elements for such purposes.

Next, we illustrate the content markup of a TEI document. The ac- the content of a TEI
document: element
text

tual content of a document is included in the body element, which is
part of the text element. In addition, the frontmatter, e.g., title page
and preface, can be encoded in the front element; the backmatter,
e.g., an appendix, is included in the back element. Thus, the general
structure of the document content is then as follows:

<text>
<front>
<!-- title page, table of contents etc. -->

</front>

<body>
<!-- the actual document text -->

</body>

<back>
<!-- appendices, index, references etc. -->

</back>
</text>

In the following, we concentrate on the body element, i.e., on the
markup of the actual document content. In particular, we illustrate the
markup of the text structure and the rendering. Recall that the rationale
behind XML is to provide structural markup, independent of layout or
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rendering. For long-term preservation, however, rendering and layout
do matter.

TEI provides general structuring elements, all of which have thedocument structure
shape divn, where n is the structure level (a number between 0 and 7).
You may omit the structure level if the document hierarchy is not of
importance. The type attribute can be used to indicate the kind of the
structure level. For poems, for example, we can use values like verse
or stanza for the type attribute; whereas for a normal book we nor-
mally use part, chapter, or section. Usually, a divn element
includes the element’s head, which serves to markup the title or the
headline, and other elements with the actual content.

We can markup the content of our book as follows11: Note that doc-example
ument structure can be refined using the p element, which denotes a
single paragraph.

<body>
<div1 type="Part">
<head>Methodology</head>
...

</div1>
<div1>
<head>Recent Preservation Initiatives</head>
...
<div2 type="Chapter">
<head>Markup: Current Research and

Development</head>
...
<div3 type="Section">
<head>The Text Encoding Initiative (TEI)

</head>
<!-- The section you are reading -->
<!-- First paragraph -->
<p>The Text Encoding Initiative (TEI)</p>

<!-- Second paragraph -->
<p>The goal of TEI is to ...</p>
</div3>
</div2>

</div1>
</body>

Since the TEI DTDs were developed by philologists, they includespecialty: lyrics
many elements for poems. For example, we can markup a single line of

11 Usually, it suffices to use the type attribute only once for each structural
level because elements on the same structural level have identical type at-
tribute values.
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a verse by the l element. Direct speech can be encoded by the sp ele-
ment, where the speaker is denoted by the speaker element. The TEI
(Lite) DTDs define a lot more elements for lyrics; for brevity, however,
we omit a detailed description.

Finally, we illustrate how the rendering of a TEI document can be encoding rendering
information in XMLmarked up. The careful reader may argue that the encoding of rendering

information violates the rationale behind XML, which aims to separate
structure and layout. For long-term preservation, however, layout and
rendering often are of major importance. Therefore, TEI employs XML
also for indicating layout information. You may argue that this is a kind
of abuse; still it is quite practical. We have already presented one pos-
sible way of encoding rendering information: Within the teiHeader
the element tagUsage can be used to define how a specific element
should be rendered by default. For an individual rendering of an element
the rend attribute may be used, which can be part of any TEI element.
As an example, consider the first paragraph of this section: We render
the paragraph in bold face and highlight the abbreviation TEI (using the
element hi). Recall that the element hi is rendered in italic font face
by default, as defined in the tagUsage element.

<p rend="bold">
The Text Encoding Initiative (<hi>TEI</hi>) ...

</p>

Usually, the layout of a document also defines the distribution of the additional structure:
page layoutdocument text to physical pages. In many circumstances page layout

matters. The page layout does, however, define an additional physical
structure within the document, besides the logical structure. Unfortu-
nately, the tree structure of XML permits one structure only. In order
to indicate page breaks, TEI uses empty XML elements that may occur
within any other element. These empty elements do not break the valid-
ity of an XML document. For denoting page breaks TEI defines the pb
element; line breaks are encoded using the lb element. Both are similar
in spirit and usage to the HTML br element.

In summary, we note that layout and rendering information of text XML vs. PDF
can be encoded by the TEI DTDs in a rather coarse manner, which is by
far not comparable to the opportunities offered by PDF. For example,
you can embed whole fonts into a PDF document. The advantage of
using XML instead of PDF is, however, that the logical structure can be
marked up much better and in much more detail (see Sect. 6.1.4).

As with Dublin Core, we cannot describe all the projects using Who uses the TEI
DTDs?TEI DTDs. Currently, the TEI Web site12 lists more than 120 projects.

These projects cover a wide range of areas, e.g., literary and religious
texts, dictionaries, language corpora, and historical material. Among

12 See http://www.tei-c.org/Applications/index.html.
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the libraries using TEI we find the American Theological Library As-
sociation, the Library of Congress, the Bodleian Library, the Digital
Library of Southern Literature, the Internet Library of Early Journals,
the Legacy Tobacco Documents Library, the Miguel de Cervantes Dig-
ital Library, and the Indiana University Library Electronic Text Re-
sources (LETRS).

Let us shortly compare TEI to Dublin Core. Obviously, these twoTEI vs. Dublin Core
standards cover different aspects of long-term preservation. The Dublin
Core standard aims to attach external metadata to arbitrary documents
– the structure of documents as such is not considered. The TEI stan-
dard, in contrast, aims at marking up the complete document content
using XML embedded markup. Besides these obviously different goals,
Dublin Core and TEI differ in the way they define element semantics.
Dublin Core elements are defined by a formal RDF scheme. Therefore,
Dublin Core elements are particularly well suited to serve as atomic el-
ements for semantic document markup. Currently, the elements of the
TEI DTDs are described by unstructured plain text within the DTD doc-
umentation. Naturally, this description is informal and is more prone
to inconsistency than the Dublin Core definitions. TEI has recognized
this lack of formality. Therefore, a special interest group works to de-
fine at least some elements by ontologies.13 That way, the TEI elements
could be semantically related to other metadata standards, e.g., METS
or Dublin Core (DC). Note that due to the large number of elements
defined in the TEI DTDs the definition of this ontology will be much
more laborious than the formalization of the 15 Dublin Core elements.

In December 2000, the TEI consortium was established. The TEITEI consortium
consortium is a nonprofit organization that aims to sustain and develop
TEI further. The main goal is to enlarge the TEI user base and to broad-
cast the TEI standard. In addition, the TEI standard will be improved
and adapted to new technologies such as ontologies, or RDF. Also the
markup of nontext documents will be considered, e.g., images by using
SVG.14

8.5 The PANDORA Project

The increasing importance of the World Wide Web has created the wishPANDORA and the
NLA to preserve snapshots of Web pages or whole Web sites. Obviously,

hyperlinked and subsequently changing on-line publications raise se-
rious problems to long-term preservation. In order to face these new

13 See the Ontologies Special Interest Group Web page http://www.tei-
c.org/Activities/SIG/Ontologies/.

14 SVG (scalable Vector Graphics): an XML standard for encoding vector
graphics.
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challenges, in 1996 the National Library of Australia (NLA) launched
the project PANDORA.15 The acronym PANDORA stands for Preserv-
ing and Accessing Networked Documentary Resources of Australia. The
overall goal of PANDORA is to develop and implement procedures for
preserving selected on-line publications and for ensuring access to these
publications over a long period of time.

To date, the following results have been achieved, the most impor- results of PANDORA
tant of which we will describe in more detail afterwards.

– Selection guidelines for preserved documents. At the beginning of
1996 – i.e., before PANDORA was launched – the Selection Com-
mittee on Online Australian Publications (SCOAP) has published
Selection Guidelines for Archiving and Preservation, which were
revised in 2003 based on the PANDORA experiences.

– The Australian Electronic Unit. This group of specialists of the NLA
was founded in order to develop processes for long-term preserva-
tion and to implement the SCOAP recommendations. The Digital
Services Project is a major achievement of the Electronic Unit. In
addition, the Electronic Unit has had decisive impact on the devel-
opment of a metadata database.

– Specification of a Business Process Model. The PANDORA Busi-
ness Process Model was developed in 1997. This model aims to ana-
lyze business requirements for a long-term preservation archive that
lead to a robust and scalable preservation method for large volumes
of on-line publications. To date, central components of an archiving
system have been analyzed and specified.

– Specification of a Logical Data Model. Based on the Business
Process Model, the Logical Data Model of PANDORA describes
information that is collected and preserved in a formal manner.

– Embedding of PANDORA into the Digital Services Project. In 1998
the Digital Services Project was launched in order to establish a
technical infrastructure that would provide access to traditional doc-
uments by means of digitizing. In addition, the project was to enable
long-term preservation of digital-born documents, i.e., documents
that exist in digital form only.

– The National Model and international collaboration. Since the
archiving even of fractions of the World Wide Web is way beyond
the possibilities of a single institution, cooperation has been sought
with several Australian libraries, e.g., the State Library of Victoria
and the State Library of South Australia and ScreenSound Aus-
tralia. Also, PANDORA promotes international collaboration with
European and North American libraries, e.g., libraries from the
Netherlands, Norway, Sweden, Finland, Canada, and Germany.

15 See http://pandora.nla.gov.au.
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– Legal Deposit. Since in Australia the Commonwealth Copyright Act
1968 requires that publications have to be preserved by topic in spe-
cial libraries, it has been necessary to adapt several laws. As long
as these adaptations were pending, individual contracts between li-
braries and the creators of publications were made. For instance,
those contracts can rule how commercial interests and copyrights
can be respected during preservation.

– Persistent URLs. An important step toward long-term preservation
of on-line publications was to establish Persistent URLs (PURLs),
which we have presented in Sect. 5.4.2.

Selection Guidelines

SCOAP has established guidelines on how to select on-line publica-SCOAP selection
guidelines tions for preservation. By these guidelines the quality of the archive is

to be maintained. Restrictions are made necessary by limited resources
and subsequent staff reductions in Technical Services. Also, interfer-
ence with other preservation activities should be minimized. Another
important criterion for selection are the technical challenges of long-
term preservation. Therefore, the 2002 review of the original selection
guidelines proposes that instead of choosing a broad range of publica-
tions, which could be evaluated superficially only, the selection should
focus on defined areas and be carried out in some depth. In particular,
SCOAP has established the following guidelines.16

Documents may be available in different versions, e.g., printed, on-media
line, or on digital media (like DVDs, CDs, floppy-disks, tapes). Since
the technical difficulties of long-term preservation increase in the order
above, printed publications are preferred to on-line publications, which
in turn are preferred to publications on digital media. Only if a lower-
ranked version provides new significant features it is considered worth
to be preserved. For example, an on-line publication can contain inter-
active simulations of some aspects, which, of course, is impossible on
printed media.

Most Web pages are modified after creation. Although, to date,World Wide Web
many Web pages are maintained using content management systems
that provide revision histories, these revision histories are not available
to the public. In particular, the extent of changes is usually hidden. For
long-term preservation the problem is to decide when and how often a
Web page should be archived. In order to be considered for preservation
according to the SCOAP guidelines, an on-line publication must be

– Devoted to Australian content orcriteria for selection
– Of social, political, cultural, religious, scientific, or economic rele-

vance to Australia and written by an Australian author or

16 See http://pandora.nla.gov.au/selectionguidelines.html
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– Written by a national notability and advance the preservation of in-
ternational knowledge.

The national origin of a publication does not matter. The selection cri-
teria focus on content only putting emphasis on scientific relevance and
the reputation of the author. That way, long-term preservation also es-
tablishes a long-term value for scientific use. Furthermore, PANDORA
aims to preserve publications that use new experimental technologies
and procedures, thereby being of benefit for the future.

Usually, hyperlinks within a Web page establish a broader context document context
beyond the page itself. Therefore, such hyperlinks must be followed
when preserving a Web page, which also includes external hyperlinks
(i.e., hyperlinks that target Web sites in other places). Wherever pos-
sible, the complete document context should be preserved, where the
context is subsequently refined based on the document structure. These
structural document parts are evaluated based on the selection guide-
lines. Sometimes, the document context is rather vague. In such cases
the context is not preserved.

For some kinds of publications specific selection criteria were de-
veloped, some of which are:

– Digitized material like pictures, audio, or manuscripts is usually not further selection
criteriapreserved because it is likely that another state organization does the

archiving. Of course, digitized material is preserved by PANDORA
if it is unlikely that the archiving organization endures over a long
time (maybe due to reduced funding), or the digitized material exists
on a server of an organization that lacks state funding.

– Other Internet protocols like FTP or Gopher are not actively
searched for documents worthy of preservation. On explicit no-
tification, however, the NLA can preserve such documents using
PANDORA.

– Drafts and works in progress are not preserved, even if they con-
form to the selection guidelines. An exception to this rule are liter-
ary manuscripts.

– Newsgroups, Blogs, and similar services are not preserved.
– Newspapers and journals are not archived if they publish material

on-line that has been published in another form. In contrast, journals
that do not have a printed equivalent (i.e., are available on-line only)
will be preserved if the other selection criteria are fulfilled.

The Business Process Model

Although PANDORA does not implement the OAIS Reference Model Business Process
Modeldirectly, we find many similarities between PANDORA and OAIS. The

PANDORA Business Process Model was based on a service model that
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fixed the requirements for the future PANDORA archive. In the Busi-
ness Process Model the required functionality was derived and associ-
ated with the following functional components.

The selection of documents can be compared to the Submissiondocument selection
and Ingest phases of the OAIS Reference Model. Selecting documents
means to first find potential candidate documents for preservation. This
is done by the Electronic Unit, the members of which regularly har-
vest the World Wide Web, pick up recommendations of the NLA, and
evaluate applications for ISSNs (International Standard Serial Number),
ISBNs (International Standard Book Number), and CIPs (Cataloging In
Publication).

Let us assume that a candidate document is found. Then it isevaluating candidate
documents checked whether this document was processed before, the document

was archived by the NLA in another version (e.g., print), or whether
there exists a printed equivalent. If all above criteria fail, then the candi-
date document is considered for evaluation against the SCOAP selection
guidelines. The selection process itself is well documented in order to
provide partner organizations with sufficient detail if necessary. Based
on the evaluation w.r.t. the selection guidelines the candidate document
is either immediately rejected or accepted for preservation. If for a can-
didate document there is not enough information, the document is fur-
ther observed, or the author is requested to provide the missing details.

As soon as a document is accepted for preservation it receives a Per-Persistent URL
sistent URL. At the same time, the document is identified with an in-
ternal number, which allows to retrieve the document from the archive.
Also, the document is augmented with bibliographical metadata, which
include title, producer, (P)URLs, identifiers (like ISSN or ISBN), and
access restrictions. Further metadata can be found in the Logical Data
Model, described in the next section. Each action and each communica-
tion is logged and attached to the document, too. If at this stage contact
to the author cannot be established, the document state is frozen and
possibly resumed later. Finally, the document and some of its metadata
are included into the National Library Catalogue of Australia, in order
to provide public access.

Usually, copyrights of commercial publications restrict public ac-user profiles
cess. Therefore, different user profiles as well as specific restrictions
have been defined. In principle, for all users there exists a single access
point to the archive. The WebPAC (On-Line Public Access Catalogue’s
Web-based interface) provides such an interface via the Web. Access
is controlled according to the following principles (cf. Table 8.1): For
publicly accessible documents there are no access restrictions at all.
Commercial documents protected by copyright are freely available to
internal users, whereas external users may have to wait up to ten years.
Except for publication, no other services (copying, etc.) are offered.
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Table 8.1. Security levels for different document classes and users

Document Public Partial Commercial
Copyright

Full Commercial Copyright Protected

User registered and
anonymous users

anonymous registered

internal user full access full access no access for 3,
5, or 10 years

free
access

no access

external user full access no access for 3, 5, or 10
years

no access for 3, 5, or 10
years

no access

Archive management is similar to OAIS. This particularly holds for archive management
the aspects of data management and storage. Archive management in
PANDORA can be categorized as follows:

1. Adding new publications to the archive. Here, metadata are col- similarities to OAIS
lected and stored. Also, the document is included into the National
Library Catalogue of Australia (entry into a database). Previous
steps are evaluated, e.g., it is ensured that the document has a valid
PURL. Finally, a Web page is created for the document and the au-
thor is informed about the new link to his document in the archive.
In case problems occur when retrieving the document, a report is
sent to the Electronic Unit.

2. Enabling access to archived documents. Here, pointers to the
archived document are fed into internal search engines. Also,
important parts of the runtime environment are archived that are re-
quired to view the document in the future (e.g., plug ins, browsers,
or decompression software). The archived software components
are tested. Finally, format conversion of proprietary formats to
standards, and the setting of access rights belong to this category.

3. Maintaining archived documents. The archived document may re-
quire modification if new content was added to the on-line publica-
tion, if a new revision has been published, or if the metadata of the
document have changed. Furthermore, document formats may need
to be converted if their (standard) format becomes obsolete.

4. Modifying archived documents. This category is of particular im-
portance for the quality of the archive. It must be ensured that all
information is up to date. For example, links are updated or un-
wanted content is deleted.

5. Deleting archived documents. Deletion of an archived document
may be necessary if the document is invalid due to (a) errors dur-
ing the procurement process, or (b) legal obligations prohibiting to
archive the document, or (c) availability of a printed version. In
such cases, the document is removed from the PANDORA archive,
PURLs are deactivated, and metadata are updated.



168 8 Markup: Current Research and Development

As proposed by the OAIS Reference Model, PANDORA implementsreports and report
requests reports and report requests. Reports are needed during each phase and

for all components of the archiving process. Examples are status reports,
evaluation reports, and general technical reports.

Throughout, the archiving process is documented, which mainlydocumenting the
archiving process comprises the dialog with the author of a publication. Since this doc-

umentation is not archived in PANDORA itself, all these external data
have to be linked to the corresponding document. Indeed, this process
is likely to produce inconsistent or incomplete results.

The Logical Data Model

Many libraries use the PANDORA archive. Therefore, flexible data han-Logical Data Model
dling and link maintenance are necessary. The Logical Data Model of
PANDORA describes the relationships between all archived data. The
model consists of functional units that represent the archive’s function-
ality. These functional units correspond to the Business Model. They
indicate the following data structures and procedures:

– description of the document (descriptive attribute, descriptive at-data structures and
procedures tribute type)

– negotiation and selection state (publisher, organization, selection
status, decision rule, negotiation status, event type)

– procedures describing document retrieval from the archive (captur-
ing procedure, capturing procedure type, gathering frequency, gath-
ering regime, source URL)

– copy and access management (browser type, copy, copy of issue,
file, file type, format, format type, issue, process, process type, pub-
lisher preferred browser)

– copyright and access control (access profile, access right, NLA
copyright warning, publisher copyright statement, user class)

The units of the Logical Data Model are documented as follows. The
access profile stores access rights for a user group. The following re-
strictions must be met:

1. An access profile must be classified by exactly one user group.access profiles
2. An access profile must be classified by exactly one access right.
3. An access profile exists for exactly one copy of an archived publi-

cation.

The following structural elements are described: publication identi-elements of the data
structure fier, copy identifier, access right, corresponding user group, current

timestamp, how long the access right will be valid, the timestamp of the
last modification, and the password of the author. Obviously, from this
kind of description we can easily assess the functionality of the archive
and the requirements to a commercial program that is to be installed in
one of these functional units.
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The Digital Services Project

The Digital Services Project17 was launched in order to enable future Digital Services
Projectaccess to traditional documents in digital form and to promote long-

term preservation of digital-born documents. This project is meant to be
a “buy not build” project, i.e., all components (hardware and software)
are bought according to a given specification. Therefore, in 1998 an
internal paper (“request for quotation”) was published, which detailed
the requirements of the Digital Services Project. Among other things,
the request proposed to migrate the PANDORA system as it exists today
into a new system. This new system was to use alternative provisioning
procedures and to be compatible to the Digital Services Project. Also,
an additional storage system for digital objects was to be implemented,
in order to preserve and manage the constantly rising amount of audio
content of the NLA. Public criticisms and comments were sought until
February 1999. In July and August 1999, two reports were published,
which describe detailed requirements for a metadata storage system,
an efficient search engine, and a system for managing digital objects.
The goal of the Digital Services Project is to obtain an overview of
commercial off-the-shelf products fulfilling these requirements.

To date, the PANDORA system has been replaced by a system
developed by the NLA in house, which employs state-of-the-art com-
mercial software. An integrated system that completely fulfills the
requirements to a storage system for digital objects is, however, lack-
ing. The actual challenges to long-term preservation – missing of tech-
nology standards and software – are met with conversion to standard
data formats (migration) and an approach to emulation. For the emula-
tion approach, a list of required software is maintained. A satisfactory
overall solution is yet to be found, also in PANDORA. Currently, a com-
bination of migration and emulation is considered.

The OAIS Reference Model has been discussed in conjunction with
PANDORA (we have shown the obvious parallels). However, OAIS was
considered unfitting in some aspects. Nevertheless, OAIS serves as a
check list regarding important functionality.

17 See http://www.nla.gov.au/dsp/.
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Migration: Current Research
and Development

This chapter demonstrates migration using four example projects. First,
we discuss how migration can be done in recordkeeping systems that
conform to the VERS standard, which was introduced in Sect. 8.3. In
Sect. 9.2 we present the project “Preserving the Whole,” which was ini-
tiated by the Commission on Preservation and Access. This project aims
to find data formats that maximize the chance of migrating social and
statistical data and related documents without loss, in order to preserve
these data over a long time period. On behalf of the Council on Library
and Information Resources, the Cornell University Library carries out
the project “Risk Management of Digital Information” (see Sect. 9.3).
In this exciting project, the aging of document formats and software
(like viewers and editors) is considered the key challenge. Finally, in
Sect. 9.4 we describe an extensive study on using databases for long-
term preservation: digital documents are detached from their original
media and stored in a database. First results of a feasibility investiga-
tion are presented.

9.1 Migration in VERS-Compliant Recordkeeping
Systems

In this section, we illustrate how documents can be preserved using migration and VERS
a VERS-compliant recordkeeping system. Recall the “onion model”
of a VERS Encapsulated Object (VEO), which we have described in
Sect. 8.3.1 There, at least three questions have remained open: How can
we convert a digital document into a VEO onion? How can we preserve
a VEO in practice? How can we retrieve a digital document from a
VEO onion? Obviously, these questions correspond to the DSEP model,
where they occur at the following process steps:

1 Cf. Fig. 8.6 on p. 149.
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Fig. 9.1. Nominal process of creating a VEO

– Delivery and Capture and Ingest
– Archival Storage and Preservation
– Access

Considering the above steps, we will present how migration issues aregoal: avoid
migration whenever

possible
handled in the VERS project. In general, the overall goal of the VERS
project is to avoid iterated migration of digital documents. Instead,
VERS proposes to use only a few long-term preservation formats, which
– to the best of our knowledge today – will “survive” for a long time.
Ideally, migration is performed only once, i.e., when the digital doc-
uments are submitted to the recordkeeping system. Of course, within
the recordkeeping system digital documents are stored on media, which
must be refreshed from time to time. This media migration is, however,
well handled in practice such that unpredicted content changes will sel-
dom occur.

Figure 9.1 illustrates the nominal process to create a VEO. First, thecapturing a VEO
digital document is migrated into a VERS-approved long-term preser-
vation format, i.e., plain text, PDF, or TIFF. Depending on the kind of
document, this migration can be done fully automatically (e.g., preser-
vation of emails), semiautomatically (e.g., preservation of office docu-
ments), or almost manually (e.g., preservation of paper documents).2

Plain text emails, for example, do not need to be converted at all;
for HTML emails, however, an automatic conversion to PDF may be

2 Note that the process of scanning and converting paper documents becomes
more and more automatizable (see Sect. 3.2.3).
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necessary if the visual appearance matters. Office documents (where
interactive elements do not need to be preserved) may be “printed to
file” using a virtual PostScript printer. PostScript documents can be con-
verted to PDF without loss. By using these two migration steps we lose,
however, the internal structure of the office documents. If structure mat-
ters, a native PDF export is preferable; fortunately, major office products
support native PDF export.

Paper documents are scanned, which results in digital images. Then preserving paper
documentsthe textual content can be retrieved from the image via Optical Charac-

ter Recognition (OCR). Both the recognized text and the image can be
stored in a (hybrid) PDF file. Using hybrid PDF has the advantage that
OCR errors can be corrected later (because we still have the original
image).

The VERS-approved document formats PDF and TIFF both ful- document formats:
PDF and TIFFfill most of the criteria for long-term preservation (see Sect. 3.2).

The formats are fully specified by Adobe, their specification is pub-
licly available and not patented.3 Although Adobe is not a nonprofit
standardization organization, both PDF and TIFF have become de facto
standards for digital documents. To the best of our knowledge, today
there are no other document formats with similar properties.

A VEO contains a lot of metadata, most of which are to be gener- retrieving metadata
ated automatically. Automatic generation is feasible for metadata that
describe the record structure of the VEO or its origin. Many biblio-
graphical and contextual metadata can be harvested from the digital
document itself or its origin, e.g., the author of an email or an office
document, the references of a book. For example, the author of an
office document can be identified by his system login or a chip card; re-
cently, biometric methods have become available. Workflows are major
sources for metadata, which are generated at almost no cost as by-
products of workflow steps. The crucial point is to store and structure
these metadata at the moment they are created, in order to use them for
long-term preservation later. Finally, metadata can be added manually
– the most expensive method indeed. Manual metadata insertion often
is necessary when archiving paper documents.

Once the digital document and all necessary metadata are available, encapsulation
both are stored in one VERS object record. Note that this encapsula-
tion is a migration step, which is, however, lossless and fully reversible.
Technically, all metadata and the digital document are stored in an XML
file. Binary PDF or TIFF documents have first to be encoded into ASCII
text using the Base64 standard. For example, Base64 encoding is used
for binary email attachments, where it has proven its reliability.

3 VERS has approved uncompressed or LZW-compressed TIFF only, so that
there are no patent issues resulting from compression algorithms.
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Finally, the object record is signed by two digital signatures: Thedigital signing
signature block ensures authenticity; the lock signature enforces access
rights. Digital signing is particularly important for authority documents;
often, historical decisions must be reproducible in an authentic way. Es-
sentially, the digital signature of the person responsible for record cre-
ation is used. The lock signature contains the keys of those persons who
are allowed to “open” the VEO later. For example, digital signatures
can be stored on chip cards. Finally, the digital signatures and the ob-
ject record are stored in one XML file – the VEO.

Adding metadata to a VEO that has been created already is an im-changing a VEO
portant action, which may be necessary, for example, if at creation of
the VEO some metadata are missing. Other examples are subsequent
changes of the storing location, additional key words, or new context
information. In order to ensure authenticity of the signed object within
the VEO, the procedure indicated in Fig. 9.2 is used. New metadata are
retrieved as described above and “put around” the original signed ob-
ject as a new skin of the VEO onion.4 A similar procedure is used if a
new version of the object content has to be preserved. Then the original
object and the new object version are stored in the VEO.

Usually, VEOs are stored in a recordkeeping system. The record-recordkeeping
systems keeping system must ensure that no digital documents are lost, the

preservation process is well documented, and data integrity is retained.
The VERS standard requires that either VEOs are stored as is or the
recordkeeping system is able to export digital documents as VEOs. In
the following, we describe a possible implementation of a recordkeep-
ing system that stores VEOs natively.

VEOs can be stored temporarily on hard disc until there are enoughVEO storage
VEOs to fill a DVD. Recall that write-once media have the advantage
that the stored bit-stream cannot be changed, which results in unparal-
leled authenticity. The recordkeeping system also needs databases for

4 For this purpose, the VERS standard defines a modified VEO.
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managing the DVDs. One database will include information about the
contents of particular DVDs, i.e., which VEO is stored on which DVD.
Another database will include information where each DVD is stored
physically, which can be an archive or a juke box, for example.

As already described in Sect. 3.2, digital media must be refreshed refreshing media
from time to time. Technically, the VEOs from one DVD are copied to
a new DVD. In addition, the new DVD must be checked against the old
one to ensure that the bit-streams on both DVDs are identical. Finally,
the old DVD is destroyed in order to preserve data integrity. For au-
tomating the refreshing process, an additional database for each DVD
holds the time stamp it was burnt and information about its durability.
Of course, there are backups of all DVDs in the recordkeeping system.

Not all information have to be kept forever. Naturally, there are a deleting VEOs
number of VEOs that may be deleted after a while, e.g., when there
are no legal obligations anymore to preserve this information. But how
can we delete a VEO that is stored on write-once media? At first sight,
copying just the other VEOs to a new DVD might suffice. This ap-
proach does, however, not scale to large amounts of VEOs – it is sim-
ply infeasible. Instead, the following procedure is used5:The VEO is
just marked as being deleted in the database that manages the VEO-to-
DVD mapping. That way, this VEO will not be found using the usual
search facilities, although physically the VEO remains on its DVD. An-
other advantage of this procedure is that VEO deletion can be undone.
On the next refreshing all VEOs marked deleted are not copied to the
new DVD. This resembles physical deletion because the old DVD is
destroyed.

Finally, we describe how to access information encapsulated in a accessing a VEO
VEO. Simply speaking, first, the right “onion” must be found in the
recordkeeping system; second, the onion must be “peeled.” We can
search for a VEO using one of the databases of the recordkeeping sys-
tem. Of course, accessing a VEO requires one of the digital signatures
stored in the lock signature of this VEO to be presented. Recall that the
databases ensure that no deleted but physically still existing VEOs can
be accessed. In addition, the recordkeeping system will log information
about each VEO access.

Besides simply searching the databases, VEO context metadata can searching VEOs
be used to find related VEOs. This approach could be refined by se-
mantic information, i.e., ontologies described with RDF, Topic Maps,
or OWL. Another option is to perform full text search within the VEOs.
This requires, however, that each VEO is decapsulated during search or
that the digital document is additionally stored in a database, both of

5 A similar approach is used when you delete a file from your hard disk (re-
call that deleting a file is much faster than storing a file). Also, you might
encounter a certain similarity to “dust bins” implemented in graphical user
interfaces.
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which seems infeasible in practice. Instead, index tables can be used in
order to avoid direct access to the DVDs.

Peeling a VEO onion is easy. The steps for creating a VEO mustretrieving a digital
document from a

VEO
be performed in reverse order and in reverse direction. Just traverse the
arrows in Fig. 9.1 in reverse direction. That way, you get the plain text
document or the binary PDF or TIFF document, which can be viewed
using a state-of-the-art viewer.

The basic assumption of VERS is that the approved long-termdiscussion
preservation formats will still be viewable in future, e.g., using a recent
version of Adobe Acrobat Reader. But what happens if there is no soft-
ware available for viewing PDF or TIFF documents? Well, since both
PDF and TIFF are fully specified, available to the public, and widely
used today the probability that this really happens is marginal. But let
us still assume that PDF and TIFF become obsolete some day. Then
we either have to find new long-term preservation formats (that would
subsume PDF and TIFF) or we can use emulation. For example, an
emulator can simulate an environment suitable for executing the most
recent version of Adobe Acrobat Reader.

9.2 Preserving the Whole

In 1996 the Commission on Preservation and Access contracted the So-background:
migration of social

science data
cial Science Library and the Social Science Statistical Laboratory (at
Yale university) for identifying and evaluating data formats that promise
to preserve with maximum likelihood social scientific data as well as
statistical data and their documentation. Due to this request the project
“Preserving the Whole” (Green et al. 1999) was launched.

Since 1972 the Social Science Library collects machine-readablefrom main frame
to PC data. In the early days of main frame computers migration was lim-

ited to refreshing media (i.e., copying bit-streams without changing the
logical structure of data). In the middle of the 1980s PCs and Unix
based systems came into the market. Due to their success, platform-
independent data formats were needed. However, system-independent
archiving and preservation of the corresponding documentation were
poorly addressed.

In order to address these challenges a twofold approach was usednumerical data with
documentation on

paper
in this project: First, documentation on paper was digitized. Second,
digital numerical data were migrated into an archival data format. The
importance of the documentation was particularly emphasized. In con-
trast, issues concerning storage media and legal rights were neglected.
In social sciences statistical data are usually made freely accessible.

Before the project was launched, an extensive literature search con-Numerical data are
endangered! centrated on the preservation of social scientific data, numerical data,

and their documentation. A remarkable outcome of the literature study
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was that no information could be found on preserving numerical data.
The National Archives and Records Administration (NARA) stated that
they preserved numerical data in their original data format and migrated
them upon explicit request only. In correspondence to studies on tex-
tual data, it was concluded that numerical data are similarly jeopardized
by ongoing hardware and software development. For preserving code-
books (in social science metadata are called “codebooks”) the JSTOR
approach6 (Journal Storage Project) was to be employed. The JSTOR
approach stores journal pages as pictures. In addition, indexes are built
automatically by means of OCR.

First, we describe the handling of data. The project aimed to develop the process of
migrationa migration process for digital numeric information from computer tape

to hardware- and software-independent formats. In addition, the useful-
ness of such formats was to be evaluated. The migration process was
split into nine steps

1. Identify equipment
2. Copy files from mainframe-based media to local hard disks
3. Examine the documentation
4. Define the column binary format
5. Develop standard variable-naming classifications
6. Read in the data files with SAS and SPSS
7. Identify migration formats
8. Recode data files with SAS
9. Create spread ASCII data files without recoding

SAS (originally an acronym for Statistical Analyses System) and SPSS amount of data
(Statistical Package for the Social Sciences) are proprietary programs
for analyzing statistical data. The other terms used above will be ex-
plained later (at their respective steps). For the project ten out of 200
Roper Reports were chosen. Ten times a year Roper Starch Worldwide
Inc. performs polls in the United States of America in which 1,500 up
to 2,000 persons are asked about 200–300 variables. The project report
includes an example, which alone comprises 39 pages.

In the first step the project equipment was identified as follows: IBM step 1
main frames served as source, Intel PCs running Windows for Work-
groups on Novell Netware served as targets.

The second step consisted of several parts. First, the files in column step 2
binary format (see step 4) were copied from tapes to cartridges, which
were more reliable (refreshing). Then these files were copied to the main
frame hard disk and finally transferred (in binary mode) to the Novell
server hard disk, on which SAS was installed.

In the third step the corresponding questionnaire, which was the pri- step 3
mary documentation, was examined. That way, it was possible to assign

6 See http://www.jstor.org.
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the punch card number, the column number, and the punch hole location
to the person asked, the questions, and possible answers. There were
some variants of the questionnaires, in which questions were asked in a
different order, or where some questions were left out.

Here, we first have to explain the column binary data format, whichstep 4
is based on IBM punch cards with 80 columns and 12 rows. In contrast
to the noncolumn binary data format, which supports one variable per
column only, the column binary format supports up to 12 variables per
column (i.e., up to 960 variables per punch card). Different questions
may require different numbers of bit positions (i.e., columns) for their
answers. Therefore, the columns are displaced, i.e., the physical punch
hole number of the 80× 12 matrix usually does not correspond to the
logical punch hole number on the questionnaire. The logical punch hole
numbers 11 (or X) and 12 (or Y) are often used for answers like “do not
know,” “no answer,” or “not applicable.” This assignment, an example
of which is partially shown in Table 9.1, was to be established in step 4.

In the fifth step variables were categorized by classes, correspondingstep 5
to question types. This categorization established a scheme for creating
templates, which support the recoding of data, and the use of variables
in step 8. In addition, a common and consistent naming of variables was
achieved. The four base types of variables were:

1. Regular numeric variables. These variables range from 0 to 9. For
example, 1 could mean “yes” and 2 “no.”

2. Numeric variables with special missing values. In addition, to reg-
ular numeric variables, special values indicate answers like “do not
know.” These missing values are represented by a logical punch
hole 11 (or X) or 12 (or Y).

3. Multiple-response questions. From a list, multiple items could be
chosen, which are then encoded by 1 (otherwise 0). This results in
a list of binary variables, including special values.

4. Single-response questions. Here, only one list item can be chosen.

Table 9.1.
Correspondence

between physical
and logical punch

holes

possible answers physical punch
hole (column/
row)

logical
punch hole

i. a person being irresponsible 47/12 9
j. influence of friends 47/3 0
k. alcohol abuse 47/2 11 (or X)
l. what people see in movies 47/1 12 (or Y)
m. the advertising and marketing of toy
guns, etc.

48/4 1

n. guns being too easy to get 48/5 2



9.2 Preserving the Whole 179

For an encoding of a choice of more than 12 items, multiple columns are
required. The same holds for choices of more than 10 items if special
encodings (X or Y) for missing values are used.

In the sixth step the files in column binary data format were step 6
processed by the SAS software, where the input encoding PUNCH.d
was used. For data in the PUNCH.d encoding, exactly one bit is read,
where “d” means the row number and an additional prefix means the
column number.

In the seventh step the migration process was tested using the fol- step 7
lowing data formats:

1. SAS system files of recoded column binary data, with and without
intermediate variables

2. SAS system files with shortened integer byte lengths
3. SAS export files of recoded column binary data
4. ASCII files produced from recoded column binary data
5. ASCII files of the binary data patterns in the original file, called

spread ASCII

Criteria for selection were: the software’s ability to read the column bi-
nary format, availability of qualified staff, the portability of the output
format, requirements for storage space, and consequences to long-term
preservation. A comparison of storage space requirements shows an in-
crease ranging from 21% up to 717% of the original file size. The SPSS
software, which would have been equally well suited, was not chosen
due to lack of experience with this software.

In the eighth step the data were recoded, where the data of individual step 8
punch holes – read in Punch.d and temporarily stored – were assigned to
variables, representing the value of a specific question. This was done
by using the templates created in step 5, an example of which is as
follows:

Q10_1 PUNCH.1
Q10_2 PUNCH.2
IF Q10_1=1 and Q10_2=0 THEN Q10 = 1
IF Q10_1=0 and Q10_2=1 THEN Q10 = 2
IF Q10_1=1 and Q10_2=1 THEN Q10 = 3

SAS macros for the questionnaires were implemented by adapting
the templates (using an ordinary text editor). Further automation of the
recoding process was not possible for the following reasons: Processing
irregular data, e.g., multiple data types within one column would be
too laborious. Erroneous data require specific human evaluation. For
assuring quality several measures were taken, e.g., all variables of a
final data set were checked since an invalid encoding of a single variable
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could break the integrity of the whole record. For this check the value
frequencies of a single variable were compared to the frequencies in the
so called xrays. An xray is a special form of printed output supplied by
the Roper Center. The output denotes for each punch card position the
total number of punched bits. Finally, the recoded data were stored as
SAS system files and SAS export files. For producing ASCII files the
SAS command Put was used, which has the advantage that stored files
are relatively small and also serve as a data dictionary. The translation
software DBMSCOPY could also produce data dictionaries, the ASCII
files of which were, however, larger.

The ninth step can be considered an alternative to step 8 above.step 9
Here, the recoding of the data is limited to the conversion of column
binary data into ASCII characters, i.e., the binary structure is retained.
To each punch card position of the column binary file SAS assigns an in-
dividual variable, which can then be converted into an ASCII character
by Put. Since, in contrast to step 8, no interpretation of the bit-stream is
performed, the conversion could be realized by iterating over all punch
cards and their columns and rows. Only few user inputs are required,
e.g., the number of punch cards or the record size of the original files,
in order to generate the SAS macros by a C program.

We now evaluate the results of the migration explained above. End-evaluating migration
results users appreciated that no special input was required for column binary

data. Locating specific variables in spread ASCII files did not impose
particular problems. Converting column binary files into SAS (or SPSS
export files, respectively) was regarded an attractive option, because
these formats could be used without further effort, be ported to many
operating systems, and be converted to other proprietary formats.

The experiments revealed, however, a range of drawbacks. Theproprietary formats
SAS and SPSS process of recoding is laborious, error prone, and requires high skills

of the persons performing it, when evaluating irregularities and errors.
Also, the process needs much time. In addition, for reading the input
formats proprietary software is needed. Thus, there is no guarantee that
these formats can be interpreted in the future. In consequence this could
require expensive migration steps. In this context, the compressed for-
mat Dualabs is mentioned, which was used in 1970 for the census in the
United States of America and which was unreadable in 1999 for most
computers.

The spread ASCII encoding can be used if a standard is sought forspread ASCII
archiving in noncolumn binary – nonproprietary and reliable to repre-
sent the original contents. One drawback of spread ASCII is the increase
in storage space, which goes up by at least 600%. Another is that the
binary structure needs to be converted. In addition, the documentation
must be extended by a description of this conversion. The assignment
of variables to values with the help of the questionnaire must be done
by the user.
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The original format column binary proved more attractive than ini- column binary
tially expected, because it saves storage space, retains the original en-
coding, directly corresponds to the documentation, is transferred in
binary mode between computers, and could be read with all statisti-
cal software used in the tests. On the other hand, it was difficult to find
and to decode information about how SAS and SPSS can be used to
read this format. The documentation of the PC version did not mention
column binary format, which might indicate the obsolescence of this
format. This is in contrast to official statements by SAS. Therefore, it
is recommended to also preserve the original files and some example
programs that describe the reading process. In summary, spread ASCII
is to be preferred to column binary.

The second major task of the “Preserving the Whole” project was to migration of the
documentation on
paper

handle the documentation existing on paper. Several approaches were
attempted. For example, it was tried to convert scanned paper docu-
ments to ASCII texts by the OCR software TextBridge Pro. TextBridge
Pro was used because the staff already was used to this software and
other OCR software provided no significant advantages. The scanning
quality proved problematic due to, e.g., multiple copying in low quality,
handwritings, and changing fonts. In summary, the conversion process
was very laborious and results were hardly usable. Besides the missing
handwritings, tables and columns were poorly interpreted, parameters
for scanners and the OCR software were difficult to set up, the page
layout proved subtle, and the process was quite dependent on tools for
the output mode (e.g., only WordPerfect and Word for the text proof-
ing mode). Storing the scanned pictures in the bitmap graphic format
CCITT Group 3 was considered unsuitable because a post processing
usually gives poorer results than directly using the scanned pictures.

Alternatively, the creation of PDF files with the help of Adobe PDF and TIFF
Capture was evaluated, where hybrid PDF was considered the most
beneficial option. Recall that hybrid PDF stores both image and text
and, therefore, enables storage of handwritings. The documents were
scanned page by page; each page was stored in Tagged Image File For-
mat (TIFF) and preserved in addition to the final PDF files. Multiple
TIFF files were concatenated and fed to the OCR software; the OCR re-
sult and the original images were stored in PDF files. The final PDF files
were revised by Capture Reviewer in order to improve text searches,
e.g., searching for terms in the questionnaire or for variable names. In
this approach, too, postprocessing was the most time-consuming task,
which was strongly dependent on the technical quality of the printed
pages. For example, shadow backgrounds, writhed text lines, narrowed
fonts, and handwritings posed serious problems to the OCR process.
The processing of the documentation was reported to last from one up
to eight and a half hours. Due to the small number of test cases, no aver-
age time was computed. Therefore, no extensive evaluation of user text
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searches could be performed. Besides the advantages of PDF files for
distribution and preservation, some drawbacks of PDF were reported.
For example, there were no tools for manipulating, exporting, and an-
alyzing metadata, which was particularly important for the numerical
data. In addition, dependence on proprietary software was considered
critical, even though PDF is a publicly available and widely used de
facto standard. Similarly to PDF, the dBase format was publicly avail-
able and widely used, too. When support for dBase data dwindled, how-
ever, this raised immense problems for users of the large collections of
CDs distributed by the American government. The TIFF format was
considered a good intermediate solution, at least until OCR technology
advances further. Therefore, the Inter-university Consortium for the Po-
litical and Social Research (ICPSR) decided to preserve printed docu-
mentation using TIFF.

A conversion of the printed documentation into a hypertext formatHTML, SGML, and
XML as HTML, SGML, or XML also was as yet not possible in this project,

even though these target formats were considered as the best option
since SGML and XML support user defined elements. The reasons lay
in the low quality of the OCR results and the great manual effort for
adding semantic markup.

Finally, the project report gives recommendations to data producers.recommendations for
data producers They are to be convinced of the impact of system maintenance and long-

term preservation. Due to the experiences in the project, for statistical
data the simplest data format conceivable is recommended, i.e., a for-
mat without complex internal structures. This leads to flat ASCII, com-
bined with machine-readable documentation in a nonproprietary and
platform-independent format. In addition, it is strongly advised to es-
tablish programming guidelines for SAS and SPSS, showing how raw
data can be converted into system files. The whole data package should
be augmented with machine-readable metadata describing both con-
tent and structure. Also, metadata are to support analysis of data across
multiple studies and questionnaires. A standard data format supporting
consistent tags for structural elements would help to migrate data into
analysis tools, viewers, statistical software, and databases. The report
also alludes to the Data Documentation Initiative (DDI)7 of the ICPSR,
which develops standards for the documentation of numeric databases
based on XML.

The “Preserving the Whole” project clearly indicates that numericallessons learned
data are useless without appropriate metadata. Also, the project demon-
strates how many different data formats have to be examined for long-
term preservation and have to be evaluated w.r.t. specific criteria. This
holds for rather homogeneous collections of numerical data. A distin-
guishing aspect of this project is that handling of errors in the original

7 See http://www.icpsr.umich.edu/DDI.
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data was considered a criterion for evaluation. Migration steps were
not integrated into a conceptional model such as the OAIS Reference
Model. The project report concludes that the increasingly tight integra-
tion of data and documents and the use of complex database manage-
ment systems (e.g., the possibility to export content in order for use by
other systems) raise new challenges to long-term preservation.

9.3 Risk Management of Digital Information

Stimulated by a request from the Council on Library and Informa- Data formats and
software are the
main risks!

tion Resources (CLIR),8 in 1998 the Cornell University Library (CUL)
launched the project “Risk Management of Digital Information: A File
Format Investigation” (Lawrence et al. 2000). The project regards the
obsolescence of data formats and software to be the main challenge to
long-term preservation. In contrast, instability of media or aging hard-
ware are considered of minor importance only. On the one hand, there
is a tacit assumption that digital libraries will preserve the electronic
documents that are entrusted to them. Concrete procedures are missing
about how these documents should be managed, on the other hand. That
is why electronic libraries have to decide on a case-by-case basis what
is to be preserved, how priorities should be set, and which preservation
techniques to use. Based on their own experiences, the CUL has devel-
oped methods and tools for measuring risks w.r.t. practical aspects of
migration that a digital library faces in its day-to-day work. The benefits
of emulation and migration for long-term preservation were, however,
not discussed in this project to any depth. A literature search about the
use of migration for long-term preservation revealed four related efforts,
one of which was the project “Preserving the Whole” described in the
preceding section. On evaluating risks, no significant library-specific
papers were to be discovered. Instead, related work was found in the
area of computer science, in particular in software engineering. These,
however, differed noticeably in the proposed definitions of risks and the
corresponding assessment criteria.

The project was based on the major premise that in practice mi- risk categories
gration is an error-prone process. In order to develop a risk assessment
scheme, the migration process was split into a number of steps that are
easier to describe and quantify. Three risk categories were defined:

– Risks associated with the general collection. These risks are about
the existence of institutional support, funding, system hardware and
software, the archive maintenance staff, and the political and legal
environment.

8 See http://www.clir.org.
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– Risks associated with the data file format. These risks include
changes to internal structure of files, caused by migration.

– Risks associated with a file format conversion process. Conversion
tools can produce erroneous results, with errors either obvious or
subtle.

A thorough analysis of the risk categories above led to the developmenttools for risk
assessment of three tools for risk assessment:

– A risk-assessment workbook for the migration of the general col-
lection

– A reader software for identifying high risk format elements in single
files or file collections

– A test file in wk1 format of known structural and data elements for
testing conversion software. The format wk1 was used by early ver-
sions of the spreadsheet software Lotus 1-2-39

In the following, we review the tools above in detail. The risk-a risk-assessment
workbook assessment workbook serves to compensate limited personnel and

financial resources. It provides a systematic approach to identifying and
assessing risks. For evaluation, two scales were defined: one for the
probability of a risk and one for measuring the consequences. There
was, however, no claim of scientific precision. The developer team
rather assumed that the decision whether or not to perform a migration
would not be based one a single measurement. The risk-assessment
workbook – which emphasizes the risks of migration – consists of six
sections:

1. Migration – Issues and Options. In this section, the migration ap-
proach to long-term preservation is presented and five reasons for
migrating digital information are discussed. Here, migration is de-
fined in its broader sense, which includes refreshing of media.

2. Risk Assessment and Measurement. The term “risk” is discussed
and specific scales both for the probability of a risk and for the
consequences are introduced. Also these scales are mapped to a
two-dimensional decision matrix.

3. Source/Target Format Assessment. Formats and conversion tools
are categorized. In addition, concrete file format issues are explored
from both user and archivist perspectives.

4. System Assessment. In this section hardware and software issues are
discussed, which includes data compression and security issues.

5. Metadata. This section deals with metadata requirements for pre-
serving digital information. It refers to the OAIS Reference Model
and Dublin Core (see Sect. 8.1).

9 Now IBM instead of Lotus, but still to be found at http://www.lotus.de.
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6. Organizational Assessment. Due to the many different organiza-
tional structures, only some core questions are considered: preser-
vation planning, funding, staff, and users.

In order to assess the risk associated with data formats, conversion tools three categories of
conversion toolswere categorized as follows:

– Project-specific software
– Commercial specific-purpose software
– General-purpose commercial software

In the first category the extensive archivists’ knowledge can be used. assessment of the
three categoriesHowever, project-specific translation programs usually have long de-

velopment cycles and impose high costs. In contrast, commercial trans-
lation programs are usually cheaper, rich in features, but provide only
little information about the translation process. In the assessment of data
formats two risk zones were identified: The actual conversion and the
processing of huge heterogeneous digital collections. For pragmatic rea-
sons, the use of test files is proposed for completing the risk assessment.
A direct analysis of the migration process is usually impossible due
to missing source code availability for commercial translation software
and lack of user expertise. For analyzing large file collections the open-
source tool Examiner was developed, which scans ASCII and binary
files for high-risk elements. Based on the frequency of such elements a
risk category is assigned automatically.

Further risk analysis is needed for the process of translation as such, risks of the
translation processincluding the choice of commercial software products. For example,

missing batch processing features may result in critical time risks, even
if the actual translation is carried out correctly.

As in other projects the importance of metadata was emphasized. metadata
Different characteristics of metadata were exemplified. For example,
metadata can be stored in a format different from the data format of
the actual data, or can spread over multiple digital objects, where some
metadata describe the content and other metadata describe structural or
context information. Migration can require updates to metadata, e.g.,
links to file names may need to be adapted due to file type naming con-
ventions.

In the following we illustrate some of the aforementioned aspects case study for TIFF
and RDOwith two case studies, which were performed during this project. In

the first study the migration of the Ezra Cornell Papers was evalu-
ated, which is a collection of about 30,000 pictures. The pictures were
scanned by a Xerox system, which also associated metadata, like page
numbers, to the pictures and stored pictures in the proprietary Xerox
format Raster Document Object (RDO). The RDO files were then con-
verted into Tagged Image File Format (TIFF) and stored on hard disc.
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This project aimed to obtain the following goals:

– Identification of high-risk file attributes
– Assessment of the requirement to convert files from the TIFF 5.0

format into the current version 6.0
– Investigation of the status of the upcoming TIFF 7.0 revision
– Assessment of the risks that might occur if a TIFF version would be

skipped, i.e., TIFF 5.0 files were directly converted to TIFF 7.0 and
– Assessment of the risks and possible data losses if RDO were con-

verted into an open format, here Cornell Digital Library (CDL)

The project team carried out extensive investigations and analyzes onrisk categories and
examples the data formats TIFF and RDO, but also on other data formats and

projects that had provided reasons for a conversion from TIFF 4.0 to
TIFF 5.0. The result of this analysis was, among others, a collection of
examples of risk categories, a selection of which we exemplary show in
Table 9.2.

Although it was easy to obtain information about both old and cur-assessment of TIFF
rent versions of TIFF, a direct contact with the developer team of TIFF
7.0 at Adobe could not be established. The advantages of TIFF are
platform independence, support for a wide range of applications, and
storage of metadata. The flexibility of TIFF causes, however, some dis-
advantages, e.g., nonstandard tags and the option to choose the bit order
either to be MSB (most significant bit, i.e., the left most bit is most
significant) or LSB (least significant bit, i.e., reversed order). After a
thorough evaluation of TIFF 5.0 and TIFF 6.0, and various tests con-
cerning the migration quality, the project team saw no risk to skip this
migration. Instead, TIFF was placed on a watch list.

Table 9.2. Examples of risk categories

Risk Category Examples
Content Fixity The file format uses a new compression method that changes the order of bits
Security Format migration may impact digital watermarks, digital stamps, or other cryp-

tographic techniques for the “stability” of the content
Context and Integrity Links to other files, e.g., metadata or variants are modified by migration
References File extensions change due to updates in the file format. This also affects the

URL of the file
Costs The costs for long-term preservation are generally unpredictable because every

migration cycle require different steps depending on the kind of the migration,
e.g., routine work or introduction of a new paradigm

Staff The staff lacks required technical knowledge
Functionality Certain properties of a new file format, can influence the creation of variants,

e.g., for print
Legal Copyright issues can restrict the use of derived versions, e.g., versions having a

better resolution
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In contrast, the migration of RDO files into another format was nec- assessment
of RDOessary because the software system required for the creation, interpreta-

tion, and navigation (Xerox Documents on Demand – XDOD) could not
be maintained any longer. An RDO file, which is created by an XDOD
scan, includes structural information about a picture document and links
to files representing single page images. Since Xerox corporation hides
the specification of RDO, a Xerox export tool was required to produce
ASCII files. These ASCII files were then migrated to the CDL format
by a Perl script developed in house (the CDL format was published as
Request for Comments: RFC 1691). For assessing the risk no specific
software had to be developed because all RDO files have the same in-
ternal structure. Structural metadata of both file formats were compared
by hand. This did not reveal any differences. The project team could
have lived with some loss of information because holding an obsolete
version of a proprietary data format was considered much more risky.

The second case study investigated economical data of the United wk1 case study
States Department of Agriculture (USDA), which were stored in 250
data series consisting of almost 9,000 files in wk1 format, either on-
line on hard disk or off-line on CDs and floppies. The goals of this
investigation were:

– Evaluate migration of this file format as a strategy to preserve nu-
merical data

– Identify high-risk file format elements
– Identify related migration risks
– Evaluate the migration software

An analysis of the wk1 format clearly showed that the simple spread- incomplete
specificationsheet format had become an interactive data container, which may

contain hyperlinks, ActiveX-Controls, or even fully fledged programs.
Despite these extensions, Lotus programs had remained backward com-
patible. Some files in the new wk1 format could not be exported to xls
(the format of the spreadsheet software Excel). It proved too hard to
check whether was true in earlier wk1 format. Also, it came to light
that across all versions the file format specifications were incomplete.
The conclusion was, that for other major spreadsheet software similar
investigations ought to be performed.

In order to evaluate conversion software, specific tools were de- test of conversion
softwareveloped. One of these was a wk1 test file based on the handbooks of

Lotus 1-2-3, release 2.2, and the publicly available file format specifi-
cations. The test file contained 23 test procedures, which included the
maximum text length within a line, arithmetic functions, and special cell
formats, e.g., for currencies. The project team assumed that release 2.2
had created the oldest wk1 files within the evaluated data collection.
This was the basis on which the conversion software was eventually as-
sessed. The resulting files were compared by visual inspection, which
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took about 3 h. Two commercial products were assessed: DataJunc-
tion 7.0 and ConversionsPlus 4.5. The following major criteria were
used:

– Source and target formats
– Precision of the conversion
– Data decompression
– Batch processing
– Production of error reports

DataJunction was able to convert files fast and reliably to xls format,
lacking, however, data compression and batch processing. Both tools
were able to process a large amount of source and target formats and
produced error reports where appropriate. An exception was the conver-
sion of floating point numbers, which was not done correctly by CP 4.5.
Therefore, the whole collection was examined for occurrences of this
critical element using the Examiner tool. Since 96% of the collection
files included floating point numbers, CP 4.5 was rejected for migration
purposes. Conversion into xls format was ranked into the second highest
of five risk categories.

Overall, this case study considered three options for risk assessmentrisk assessment
in more detail:

– Good support by Lotus (now IBM) also for older formats was ap-backward
compatibility preciated, as well as the opportunity to run older software on MS

DOS or a DOS emulator running on Windows. Despite the decreas-
ing market share of Lotus, a low risk was assigned to this option.

– Here it was emphasized that Windows and Macintosh operating sys-migration to xls
tems are market leaders and have a broad user base. The project
team conjectured that these operating systems would be intensively
used within the next ten years, too. Also, the project team hoped
for good support by Microsoft in case Excel became obsolete. A
further conversion of the wk1 test file and other randomly chosen
files to Excel 97 showed positive results. Therefore, a low risk was
assessed to this option, too. For conversion as such, Excel was con-
sidered a bad solution due to missing batch processing features of
the conversion tools.

– The ASCII format was favored for large collections of numericalmigration to ASCII
data, because ASCII can easily be searched manually and is sup-
ported by a range of applications. Based on 30 years of experi-
ence, ASCII was deemed a useful format for the next 50 years.
Under certain circumstances a direct migration to ASCII was con-

sidered cheaper than multiple migration steps. A conversion of
Lotus spreadsheet files was, however, possible on a primitive level
only: the table values were mapped to a two-dimensional matrix.
Formulas, functions, pointers, and long lines (which were shortened
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by some conversion tools) would have required separate conversion
and storage. This, of course, is unacceptable for large collections of
files. Still, ASCII was assessed to be a low-risk option for converting
wk1 files in case the above options could not be realized.

In addition, metadata handling was included into risk assessment, where metadata
six metadata sources had to be evaluated. In two cases adaptations were
necessary, which, however, required low-risk updates of file extensions
only. Metadata were at least to be extended by the following items:

– Data of the migration or modification
– Affected data series
– Description of the conversion process
– Exact identification of the conversion tool
– Identification of risks and measures taken and
– Persons responsible for migrations and modifications

The project recommendations conclude that the risk of migration can migration risk can
be quantifiedbe quantified. The risk may (sometimes significantly) vary according

to the project environment. It also may depend in sometimes unpre-
dictable ways on, e.g., the data format, hardware, or staff at hand. The
greatest challenge of the project was to interpret the term “risk” in order
to obtain a measurable criterion. Though risk assessment tools cannot
replace real-world experience and common-sense reasoning, further re-
search in this area was proposed. Concerning the conversion tools, no
recommendation for a low-cost commercial tool could be made. Cur-
rently available conversion software was, however, considered highly
potential, especially when compared to the costs of in-house develop-
ments.

The hardest part of the project was to obtain complete and reliable format specification:
still an open problemdata format specifications. The specification of TIFF, for example, was

considered unclear and incomplete, in particular w.r.t. information about
proprietary tags. For example, it could not be found out whether non-
public proprietary tags that were registered by Adobe would be adopted
by a new TIFF specification. Therefore, the concept of complete public
specification is supported. It was highly recommended to put emphasis
on reliable, sustained repositories of file format specifications, docu-
mentation, and related software. Also, nonstandard elements should be
examined more thoroughly. Public domain format archives in the Inter-
net were considered high risk because they lack procedures about how
to obtain new information. Combined with their unreliable nature public
domain archives were not considered a sensible alternative. In summary,
a pressing need for constantly maintained and reliable archives of data
format specifications including documentation and software was seen.

In particular, the two case studies of this project show what level Data formats impact
the migration
process!

of detail is required when migration is assessed in terms of technologi-
cal and organizational risks. Also, the case studies illustrate the strong
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impact of specific data formats to the process of migration and its risks.
We find it more than remarkable that, obviously, even the format de-
velopers work with incomplete format specifications. When developing
a migration strategy, an important aspect to be considered is that the
owner (copyright holder) of a format may change – which can obvi-
ously influence copyright policy. The format specification of TIFF 6.010

shows how technical terms used in the documentation or tools may
change over time: In TIFF 6.0, a tag denotes only the identification
number of a field, not the complete field, including its value, anymore.

9.4 Database Migration

This section presents an approach for the preservation of media-based,
digital publications in a library context. Here, database migration com-
prises the detachment of digital objects from their original media and
the integration into a database management system (DBMS). First, we
succinctly motivate our approach. An introduction to the overall archi-
tecture and to the idiosyncrasies of digital media follows. Then we flesh
out major processes and relevant objects as well as the role of database
systems. We also take a look at our experiment realized in cooperation
with the Bavarian State Library, Munich, and our University Library
at Universität der Bundeswehr München, both in Germany.11 Finally,
we discuss the pros and cons and outline further steps that can improve
handling of digital objects.

9.4.1 Introduction

The last decades have brought a colorful set of media types like flop-detachment
pies, CDs, and DVDs. Numerous types are already obsolete, and the
rapid progress in storage technology will out-date current media even
more quickly. This has dramatic impacts on archiving. Moreover,
due to poor protection mechanisms some media types are endan-
gered by intended or unintended manipulations (cf. also to Fig. 9.3),
especially in public libraries. Another disadvantage is the dispersed
storage of media. Sometimes, traditional media like books are hid-
ing their digital supplements very well while the acid within the
paper is destroying the media. The detachment of digital objects
from their original media can help to reduce the related problems.
Minimizing heterogeneity through technical “normalization” and fo-
cusing on future migration steps simplifies long-term administration.
Particularly, a proper detachment decreases efforts for monitoring

10 See http://partners.adobe.com/public/developer/tiff/index.html.
11 Projects funded by the Deutsche Forschungsgemeinschaft (DFG) under grant

No. III N 3 -554 922(3)/98 and No.554 922(1)UV BW München.
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Fig. 9.3. Corroding
hardware

interpretation aids that are necessary, e.g., for media-specific (low-
level) formats. And who does really know all the different requirements
for the physical storage of media?

In a second step, we have to find an appropriate home for the de- database integration
tached digital objects. Sure, their repeated transfer onto current and up-
to-date media types provides a fair solution provided that volumes are
small and money is no constraint. But in many cases the tight integra-
tion into a database management system (DBMS) offers additional ad-
vantages. A DBMS can serve as a single logical interface to physical
storage, file systems, and operating systems. Moreover, DBMS already
implement advanced mechanisms to manage redundancies and to en-
sure consistency between related objects like data and metadata. We
expect that metadata and their relations to digital objects will become
quite complex. For all efforts, metadata designs – schemas as well as
controlled vocabularies – still lack of completeness and consolidation.
Therefore, future adaptations require flexible mechanisms for redesign
and update. Many archives are also faced with digital rights manage-
ment (DRM). The ODRL Foundation Model12 gives an idea of the com-
plexity of DRM. The definition of views based on values of the model’s
entities combined with the concept of database user roles simplifies
DRM. In addition, on-line (or near-line) availability of digital publi-
cations in an integrated system allows end-users and administrators for
sophisticated analyses whenever needed, e.g., for generating metadata.
Finally, on-line access also increases trustworthiness of digital reposito-
ries. Herbst (1997) and Schaarschmidt (2001) discuss DBMS for archiv-
ing purposes in detail.

12 Open Digital Rights Language (ODRL): see http://www.w3.org/TR/odrl.
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9.4.2 Repository Architecture

First, we give an overview of our database repository architecture.
Figure 9.4 shows the objects within the DBMS. It also reflects the
surrounding objects and document life-cycle processes involved. The
OAIS Reference Model covers most of these elements, but the detach-
ment process requires extensions to this framework. As expected, a
powerful DBMS is the core of our implementation. A standard DBMS
can support many functions required by the OAIS Reference Model.
Moreover, it is a potential platform for a knowledge base. In any case,
a DBMS integrates complete digital objects and all their metadata. In
the words of OAIS, Content Information, Preservation Description In-
formation (PDI), Packaging Information and Descriptive Information
belonging to the Archival Information Package (AIP) are integrated in
such a database. In addition, the functional entities Data Management
and Archival Storage of the OAIS Reference Model can be realized in
a tightly integrated way by a DBMS. The storage of original versions
depends on the preservation policy. If one could be sure to have a re-
liable conversion technique, there is no need to keep previous versions
in the database any longer. For safety and accelerated access, we define
derived logical and physical objects called Replications and Views, re-
spectively. Supporting Structures, like indexes and additional previews,
can increase the usability of digital publications. Data mining and se-
mantic indexing tools, as already implemented by some DBMS, can
further improve the retrieval process. Adequate ontologies can lift the
effectiveness of these tools significantly. Database functionalities also
support updates to and reorganization of AIPs and the generation of
individualized Dissemination Information Packages (DIP). The config-
uration of a DIP, for example, is simplified by connecting an individual
user to a database user role that defines the rights in a certain mani-
festation (variant) of a digital object. Moreover, DBMS functions can
verify the quality of Submission Information Packages (SIP), e.g., the
uniqueness of object identifications (keys).

Defining, creating, and maintaining metadata for long-term preser-preservation
metadata vation are critical processes. Proposals and schemas are already avail-

able (e.g., Lupovici and Masanes 2000; OCLC 2001; OCLC 2005). It
tends to be a hard task to find the optimal metadata set. If there are only
few file types and no executables, an optimal metadata set is quite easy
to accomplish. Large heterogeneous collections including material from
the last 30 years impose, however, huge challenges. It is our strict rec-Keep technical

background
information!

ommendation to keep additional technical background information in
the DBMS. For example, format documentation can serve as fall-back
when rendering tools or their platforms become obsolete and cannot be
upgraded seamlessly (see also maintaining representation networks in
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Fig. 9.4. Repository architecture with objects and processes
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(Cedars 2002)). Since we live in an imperfect world, problems (called
Quirks in OAIS) should be documented as well. Conversion tools, forDocument problems!
example, usually produce protocols. Such information indicates loss of
functionality and gives hints for future archiving processes. An Oper-
ating Environment for the emulation approach can be considered as a
higher level of metadata or, w.r.t. OAIS, as an instance of Represen-
tation Information. Such an environment can execute a specific digital
object in order to render the (intellectual) content for human perception
or to produce other useful results. An alternative option is to store a
description or – more formally – a specification of the Operating En-
vironment. Such information should ensure the recovery of a working
instance sometime in the future. Rothenberg (2000b) and Lorie (2002b)
discuss such approaches (see also Sects. 10.1 and 10.2). Fortunately,
one has to store this material along with some backups only once. This
reduces the amount of storage space required as well as maintenance
efforts. By request one can prepare the export of a complete, individ-
ual DIP by executing a join operation through the query processor of
the DBMS. In many cases the Content Information of the detached ob-
ject is a black box, e.g., if there is no agreement between producer and
administration. Therefore, we have to analyze these digital objects for
identifying their technical features and contextual information. After
that we can build PDI in order to complete AIPs.

Publications delivered on media need to be detached before Ingest.extension to OAIS
Therefore, it is necessary to extend the functional model of OAIS. The
paraphernalia of digital publications require thorough considerations on
the conceptual level. On the other hand, successful detachment avoids
refined functions to manage physical digital media and devices for long-
term purposes. If a DBMS offers transparent access to media content,
e.g., on top of a CD jukebox, the detachment process can be postponed
until media and devices start to become obsolete or until costs for on-
line mass storage will eventually be acceptable.

Figure 9.5 shows an introductory scenario with different types ofa model for
media-based digital

publications
entities – digital and nondigital entities. Often, digital entities are pub-
lished in conjunction with nondigital entities, but the mutual dependen-
cies are hard to discover. To be on the safe side, links should be defined.
Here, the digital entities support two different operating systems. More-
over, different media types support the same operating system. At first
sight, there is an obvious redundancy that could be removed. There is,
however, no guarantee that the intellectual contents on the media types,
supporting the same operating system, are identical.

Now we discuss the relation between intellectual content and (phys-conceptual model
ical) medium structures on the basis of a more formalized model.
Figure 9.6 shows a class diagram in the notation of the Unified
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Fig. 9.5. Context in a
real-world scenario

Modeling Language (UML),13 where names of abstract classes14 are
italicized. As a starting point, we define the class Information Entity. It
represents the logical view of the publisher or producer. Here, an entity
is an object that can be used independently and that can be annotated
with attributes describing content on an intellectual level. An example
for a digital entity is the audio track of a CD-ROM with the name of the
artist and the encoding method used. Another example is the boot sec-
tor of an operating system disk with the name of the operating system
and its producer. A digital entity is composed of at least one Volume,
which represents the physical medium. This object contains at least one
Dimension, e.g., a distinct side of a floppy disk. These part-of relations
represent hierarchical structure. The Dimension is connected to the
abstract class Order System. We assume that such a system is the tech-
nical entry point to the intellectual content. File systems and tables of
contents (TOC) are the most common instances. The cardinalities 1 · · ·n
at both relation ends imply that an Order System can extend in more
than one Dimension and, therefore, can contain more than one Volume.
The class Dimension also relates to the class Logical Bit-Stream. We
assume that the logical bit-stream is not directly referenced as a se-
mantic element by the publisher. Of course, it is vital for restoring the
content. At the bottom level, we define the class Physical Bit-Stream.
This layer comprises additional data necessary to read bit-streams
from media in a fast and reliable way. Bits for error detection and for
synchronizing tasks are examples for this category of media-specific
data. Once the detachment process is completed successfully, this

13 See http://www.omg.org.
14 These are classes without instances, comparable to generic terms.
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information and the required technical equipment are no longer needed.
Figure 9.7 illustrates the two bit-stream layers and their relation to the
semantic layer.

The reader might ask why it is necessary to keep the description keeping information
structures beyond
detachment

of all these structures even after the detachment process has finished.
One reason is that probably nobody will have the full resources to ana-
lyze all publications in enough depth. It is not an easy task to find out
what physical elements above the logical bit-stream are referenced by
the publisher – possibly in a nondigital entity. Installation and user man-
uals are important types of such nondigital entities. In many cases, the
semantic role of media elements is not clear. In addition, we have to con-
sider that applications may expect a complete image of a disk or a tape
as input, e.g., emulators. Therefore, we produce so-called full images
of all digital media belonging to a specific publication. We also have
to bear in mind that structure and content of an image are not defined
in a uniform and precise way. To make things even more complicated,
different detachment tools may produce different images (manifesta-
tions). Therefore, the conceptual schema imposes no restrictions on the
number of tools per instance of the class Dimension. There are also
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situations where it is possible to move intellectual content into semantic
database objects or from obsolete file systems into new ones without any
losses. As part of the detachment process it is useful to save information
about the hardware and software including generated Log-Information.
These records document the history (in OAIS called Provenance In-
formation as part of PDI) and can serve as a source for preservation
metadata. Whereas most forms of publications delivered on media are
covered by the classes of our conceptual schema, more detailed analy-
ses are required, e.g., to define complete File Type and File System Type
classes. Activities around PREMIS,15 JHOVE,16 and GDFR,17 for ex-
ample, will give a deeper understanding to the interested readers.

The next step toward implementation is to transfer the elements ofimplementation:
preingest and ingest the conceptual model to the schema elements of a database system.

Here, we emphasize the aspects of ingesting detached digital objects.
What we need is information about the context (core structural meta-
data) as illustrated in Fig. 9.5 and refined in the conceptual model. This
information should be represented by the Submission Information Pack-
ages (SIP). After these preingest tasks, we can load this package into
the database and build the AIP. The loading already happens under the
control of the database’s transaction monitor. The construction of object
identifications and complete references is a critical task, which can also
be supported by DBMS functions. Old shelf marks (or other attributes)
are used only for referencing existing catalog systems, particularly to
corresponding nondigital publications. Since we have our digital con-
tent on-line, we can complete or improve the construction AIPs later
on, e.g., when better tools are available.

We require tight integration of Content Information. Depending onimplementation:
storage the content structure, we have several choices for storage in a DBMS.

We outline three options as shown in Fig. 9.8. Currently, full images are
dominating (Option 1). But we have to consider approaches of long-
term preservation that require an extremely detailed structure. For com-
plex and heterogeneous formats, Option 2 is a good choice. We also en-
counter situations, where the internal logical structure is simple and the
number of instances is high, e.g., CD-DA. Therefore, mapping to tables
composed of primitive data types is suitable (Option 3). The last option
allows designers to use a straightforward connection to metadata using
standard SQL. Option 1 does not support for direct identification and
manipulation of the objects contained. Therefore migration processes,
especially migration on demand, require prior decomposition of images
as illustrated in Options 2 and 3, respectively.

15 See http://www.oclc.org/research/pmwg.
16 See http://hul.harvard.edu/jhove.
17 See http://hul.harvard.edu/gdfr.
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9.4.3 Experiment

Now we briefly present our experiment, which also includes a first pro-
totype. A detailed description of the conceptual and database schema
and of our hardware and software equipment can be found elsewhere
(Rödig et al. 2002). Our experiment requires two major components:
a DBMS and technical equipment to read and copy various types of
digital publications.

Reading and copying sounds very straightforward, but we even find detachment
a lot of obsolete physical and logical formats in our University Library
at Universität der Bundeswehr München. One way to handle this mater-
ial is to maintain a traditional hardware museum (we do so, see Figs. 1.3
and 9.9); the other way is to exploit special hardware and software in
order to reduce the number of components. The revival and integra-
tion of old hardware is very time consuming, so we take advantage of
special hardware to unify the detachment. Figure 9.10 shows a special
controller that enables the interpretation of several low-level formats in
a standard PC floppy drive. In our experiment the focus lies on 5.25- and
3.5-in. diskettes, because publications on these media types are already
highly endangered.
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Fig. 9.9. Commodore
128 with 1570 Disk

Drive

Fig. 9.10. Standard
PC with a

specialized
floppy-disk
controller
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Fig. 9.11.
Specialized
controller interprets
old commodore
floppies on a
standard PC

Our choice of a database platform is the object-relational system Or- DBMS
acle. We use binary large objects (BLOB) to store disk images. Proto-
cols of the detachment process and unstructured technical descriptions
are stored as character large objects (CLOB). A later prototype will use
the XML format. It can be handled by Oracle’s XML extensions. Other
relational databases on the market also offer XML extensions (e.g., Fan
2002; Cheng 2000). In order to improve interoperability, we already ap-
ply XML extensions for producing database outputs, see Fig. 9.15, for
example.

Database procedures can analyze all objects directly without time- metadata
consuming unloading from database. An important application is the
generation of metadata. It is very convenient to separate this process
from detachment and Ingest processes. We already have developed
some prototype procedures to extract metadata from BLOBs and
CLOBs. Figure 9.12 shows the result of an ISO 9600 conformity test,
which, if positive, prints the so-called publisher identifier. Another ex-
ample demonstrates an indirect analysis, which is a useful workaround,
unless better tools and exact specifications are available. Here, we
exploit the information of the conceptual class Log-Information im-
plemented by a CLOB. Figure 9.13 presents the content of a CLOB
that was produced by a detachment tool. For instance, if we know that
CBM 1541 implies a commodore file system, we can identify all digital
objects with such a file system. In the future, an ontology formalized
in the Web Ontology Language (OWL) will support such inferences.
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Shelfmark
Byte Position 2-6 Sector 16 (CD001 if ISO 9600)
Publisher Identifier (if ISO 9660)
---------------------------------------------------
L-INF560/X11491/NON-1
CD001
ADDISON-WESLEY PUBLISHING COMPANY,
ADVANCED BOOK PROGRAM, 2725 SAND HILL ROAD,
MENLO PARK, CALIFORNIA 94025, (415) 854-0300
---------------------------------------------------
I-INF190/YB5322/NON-1
no IS0 9660 filesystem
---------------------------------------------------
ELT400/YA3264NON-1
CD001
P/S SOFTWARE UND COMPUTERTECHNIK

Fig. 9.12. Results of
direct analysis of a

BLOB type that
supports

classification of CDs
and capturing of

metadata

CatDir, V 1.1. Copyright
(C) 1996, 1997 by Tobias Haustein, Aachen.
CBM 1541,
170 KB, DOS 2A SS
Inhalt des Verzeichnisses 0:
01.01.80 00:00 5842 ANOVA.ONEWAY.PRG
01.01.80 00:00 10160 ANOVA.TWOWAY.PRG
01.01.80 00:00 3810 BASIC STAT.FREQ.PRG
01.01.80 00:00 3048 BASIC STAT.PRG
01.01.80 00:00 4318 CHISQ GOODNESS.PRG
01.01.80 00:00 5080 CHISQ INDEP.PRG
01.01.80 00:00 3810 ONE GROUP PROP.PRG
01.01.80 00:00 4826 R.ONEGROUP.PRG
01.01.80 00:00 6350 R.TWOGROUP.INDEP.PRG
01.01.80 00:00 10922 STAT.MENU.PRG
01.01.80 00:00 4826 T-TEST.DEP.PRG
01.01.80 00:00 3810 T-TEST.DEP.SUM.PRG
01.01.80 00:00 4064 T-TEST.INDEP.PRG
01.01.80 00:00 3810 T-TEST.INDEP.SUM.PRG
01.01.80 00:00 4318 T-TEST.ONE GROUP.PRG
01.01.80 00:00 3048 TWO INDEP PROP.PRG

82042 Bytes in 16 Dateien.

Fig. 9.13. Contents
of the conceptual

class Log-
Information:

directory of a
commodore diskette

Figure 9.14 lists the output of a simple database query using standard
string operations. Within a DBMS we have the choice to build an
“intelligent” index, or to insert such metadata into formalized schema
elements.

9.4.4 Lessons Learned

Finally, we present some lessons learned from our conceptual work and
real-world experiments. We formulate a set of theses (a) for the detach-
ment process, (b) for the DBMS approach, and (c) for metadata gener-
ation.
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L-INF350/S10585NON-2
CBM 1541, 170 KB

L-INF350/S10585NON-1
CBM 1541, 170 KB

L-INF200/N3621NON-1
CBM 1541, 170 KB

L-INF200/P7172NON-1
CBM 1541, 170 KB

Fig. 9.14. Results of
querying the
conceptual class
Log-Information: a
list pointing to
digital objects of
type commodore
images

<?xml version="1.0"?>
<DIMENSIONSET>
<DIMENSION>
<SHELFMARK>L-INF510/P11234NON-1</SHELFMARK>
<ID_LIB>1</ID_LIB>
<MEDIA_FORMFACTOR>FDC 5,25</MEDIA_FORMFACTOR>
<FORMAT_MEDIA_TEXT>Apple II+,IIe,IIc
</FORMAT_MEDIA_TEXT>
</DIMENSION>
<DIMENSION>
<ID_LIB>1</ID_LIB>
<SHELFMARK>L-INF510/P11234NON-1</SHELFMARK>
<MEDIA_FORMFACTOR>FDC 5,25</MEDIA_FORMFACTOR>
<FORMAT_MEDIA_TEXT>IBM PC</FORMAT_MEDIA_TEXT>
<OS_FS_MEDIA_TEXT>PC-DOS(MS-DOS)</OS_FS_MEDIA_TEXT>
</DIMENSION>
</DIMENSIONSET>

Fig. 9.15. Manually
recorded metadata at
the level of the
conceptual class
Dimension; XML
tags are generated
by an SQL query

Quality, heterogeneity, and obsolescence of media require a detachment
“restart.” Reading and interpreting media is a troublesome work. Cum-
bersome preparations, like gathering and analyzing documentation and
configuration of hardware and software, are very time consuming. Old
materials, like 5.25-in. floppies, require extended resources. Sometimes
a lot of re-reads are necessary, which can take up to 1 h. We also handle
very exotic floppies, e.g., having hand-punched write protection holes
while the second index hole was missing at the same time (see also
Fig. 9.16 for other exotic floppies). Moreover, we face oversized phys-
ical dimensions (some millimeters) as well as diskettes infected with
viruses. Reading CDs is no real problem yet, but one has to consider
several formats beyond pure ISO 9600 like Rock Ridge Interchange
Protocol (RRIP), Apple’s Hierarchical File System (HFS), El Torito
bootable CDs, hybrids, and multisessions. In addition, we have to han-
dle the class of multimedia CDs. Moreover, DVDs use other techniques
to store data and to support different operating environments; so Di-
mensions are virtualized. Indeed, heterogeneity is impressive. GEVA,
producer of a now obsolete conversion station, published a list with
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Fig. 9.16. Exotic
floppies

about one thousand different formats of diskettes. Fortunately, our ex-
perience with different large libraries shows that the number is much
smaller in practice.

To date, tool support is poor. The heterogeneity and insufficientquality of tools
quality of tools for the detachment process as well as for analyzing
media and file system structures are not acceptable, e.g., different out-
put and format of metadata and log-information are troublesome. The
handling of large collections requires a higher level of quality and uni-
formity. Batch processing, exception handling, and support of multiple
languages are necessary. We assume that many publications will con-
tinue to be delivered on physical media in the future.

The database paradigm is a central issue. Our architecture stronglydatabase paradigm
depends on DBMS, which themselves are very complex digital objects
that we have to maintain as well. Despite all standardization efforts in
this area, products are very different. This leads to a dependence on
one vendor or an open-source community. Focusing on general fea-
tures reduces this risk, also XML is about to improve interoperability
at the moment. Since database technology is a core technology – al-
ready extensively used for long-term preservation purposes today (see
also Chap. 11) – we are convinced that it will survive a long time. We
also assume that the object-relational concept will prevail over other
concepts in the near future, especially if a better integration of XML
is accomplished. Unfortunately, storage abstraction is not perfect. The
access to digital objects is not transparent. Data stored on background
storage have a lower degree of granularity than on-line data. This fact
hampers flexibility of the management task, e.g., in the case of address-
ing entities in highly heterogeneous collections.

The changes of DBMS schemas require special long-term consider-schema
modifications ations. Even if no access to entities and no changes of the logical model

are necessary, the DBMS producer may change the internal structures
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of the system over time, which makes it nearly impossible to restore
previous DBMS backups. Moreover, semiotic aspects cause the need to
change database schemas – only think about silently changing defini-
tions of terms and symbols in information technology. Managing this
aspect is a very subtle task.

A serious shortcoming of the database approach is that some use- databases vs. file
systemsful tools require as input files instead of database objects. The use of

external files is only acceptable if DBMS can assure consistency and
offers a unified management. An implementation of the extension to
the SQL standard called Management of External Data (MED) would
increase reliability and efficiency (ISO 2003b). IBM’s DBMS DB2 is a
step toward this approach (Michel et al. 2001). Another approach adds
a feature to the DBMS that emulates the file organization as offered by
traditional file systems.

Identifying digital objects is critical. Identification has to assure un- object identification
ambiguous access to entities. This is particularly critical if communica-
tion with other systems and institutions is a must – and becomes worse
if the variety of dispersed keys are not kept on-line. At present, for ex-
amples, we prefer integer numbers as keys and compound keys. The
highest level key represents the institution responsible (library). Uni-
form Resource Names (URN) and Digital Object Identifier (DOI) are
concepts for a world-wide identification system. Such identifications
can be generated and managed much easier within a DBMS than within
an operating system or file system.

The quality of existing preservation metadata is poor. The results of preservation
metadatasome preliminary analyses done by the staff of the Bavarian State Li-

brary and our team have been extremely disappointing. We have made
no effort to retrieve technical metadata from existing catalog systems,
yet. Manual recording of metadata is necessary. What we need in any
case are core structural metadata. They describe the context and cannot
be generated automatically. Besides, we have recorded only few meta-
data manually. Compared to the reading process of media, only few
time was spent on this work. Figure 9.15 lists manually recorded meta-
data at the level of the conceptual class Dimension. (Semi-)automatic
generation of metadata would be highly welcomed. In general, for eco-
nomical reasons all the other metadata cannot be recorded manually.
Having digital objects on-line increases flexibility. This is very impor-
tant unless we have a precise idea or consensus on which metadata set
will be sufficient for long-term preservation. Since a full discussion of
metadata is out of scope here, we concentrate on some issues concern-
ing publications delivered on media, which are characterized by hetero-
geneity, complexity, and limited influence over producers. A first step
toward generating metadata is the analysis of the image on the high-
est level. Here, we have a good chance to retrieve technical informa-
tion, since most of the current formats (CD, DVD) are standardized
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and essential metadata are mandatory. Files compose the next impor-
tant level. In many situations a digital entity is an aggregation of files
with different file types and different logical roles. We can try to ob-
tain the file type and then rate the relevance for metadata generation.
Some types offer extensive mechanisms to store and even to define in-
dividual metadata whereas other types have no concepts for metadata at
all. Detecting the logical role of files is more complicated. They often
serve as storage for Preservation Description Information (PDI) or Rep-
resentation Information. Moreover, methods of referencing intellectual
content are not uniform. Strict rules for detecting the context probably
cannot be found, but heuristic procedures can support metadata produc-
tion. Standardization efforts, e.g., NISO for the category of digital still
images (NISO/AIIM 2002), METS for composed complex publications
(see also Sect. 8.2), and the multimedia framework MPEG-21,18 will
support automation in the future. But heterogeneity of data, ignorance
of standards, and poor or missing documentation of individually defined
formats will set limits.

9.4.5 Summary

In summary, long-term preservation of digital publications requires ex-
tensive and deep knowledge about different technical areas. We already
found a lot of prior art, but searching and analyzing this material is te-
dious and expensive. It is an advantage that we do not have to maintain
knowledge about the physical bit-stream layer in the future. Database
migration supports a high degree of media independence, as recom-
mended in the Cedars project (Cedars 2002). Reduced heterogeneity
and well-documented standards would simplify the task of long-term
preservation. DBMS technology realizes and supports many archiving
functions. Fortunately, available products extend their core functional-
ity, e.g., by Java virtual machines (JVM), directory services like LDAP,
or XML-related techniques. Long-term survival of content requires,
however, a clear conceptual model and a precise mapping to the log-
ical elements of a database model.

18 The Web pages of ISO present abstracts of this multipart standard, see
http://www.iso.ch.
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Emulation: Current Research
and Development

In this chapter we discuss recent studies and experiments of using em-
ulation for long-term preservation. Recall that emulation aims to pre-
serve digital documents by simulating their rendering environment on
future generation computers. In Sect. 10.1 we describe an emulation ex-
periment of the National Library of The Netherlands (KB) – the ex-
periment was part of the European joint project NEDLIB. Section 10.2
introduces an approach based on a so-called Universal Virtual Com-
puter (UVC). The UVC is an answer to the risks of migration and the
criticism brought forward against the original emulation approach.

10.1 An Emulation Experiment by Jeff Rothenberg

This experiment was to prove the emulation approach fit suitable for emulation in an
archiving librarypreserving digital publications in an archiving library. We have already

described the technical background of emulation and its embedding into
the DSEP model (see Chap. 4). In 1999, the RAND corporation Eu-
rope carried out a case study at the National Library of The Netherlands
(Koninklijke Bibliotheek – KB)1 (Rothenberg 2000a). The case study
was embedded into the European joint project NEDLIB. The following
hypothesis was subject to test.

The original hardware environment (on which the original software hypothesis of the
case studyruns for viewing digital publications) can be described cost-effectively

and with sufficient precision to allow software emulation of the orig-
inal hardware environment to be developed running on future genera-
tion hardware (called host). Also, by using the original software such
emulators achieve a level of authenticity that meets the demands of an
archiving library.

1 See http://www.kb.nl.
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The experiment was subdivided into three iterations: the originalan experiment of
three iterations experiment (1999 iteration) and two follow-ups (post-1999 iteration and

post-2000 iteration). A number of variables were defined, the values of
which reflect the progress of the experiment:

1. Types of publications and documents to preserve
2. Criteria for the successful preservation for each publication type in

an archiving library
3. Tests for evaluating the criteria above
4. Software needed to represent each publication type
5. The original requirements and configurations of needed software
6. Life cycles of the emulation approaches used
7. Tools for emulators and their development including required re-

sources
8. Available hardware for emulation and
9. Impact of nontechnical issues such as legal rights of software

For the 1999 iteration the following values were used:

1. Publication types. Small example series, chosen by the KB
2. Preservation criteria. To be developed together with the KB
3. Preservation testing criteria. Identifying and analyzing alternatives
4. Representation software. Depends on example series
5. Original software. As available at KB and RAND corporation
6. Life cycle. Short, similar to current systems
7. Tools. Freeware or COTS (commercial of the shelf) products
8. Hardware. As available at KB and RAND corporation and
9. Nontechnical impacts. Minimal

For choosing the test set for the 1999 iteration some general criteriachoosing the test set
were developed. The test set was to:

– Be representative w.r.t. logical formats, interactivity, and the kinds
of standardization that are of interest of an archiving library

– Represent the material of an archiving library (ideally based on
functional categories)

– Emphasize the most challenging cases not excluding some examples
of less important cases and

– Be rather small but cover the majority of categories, each with suf-
ficient examples

The chosen test set was to be analyzed in more detail, in order to extractdetermining the most
critical and

challenging cases
a minimal set for each category and to finally identify the most chal-
lenging cases. On that base the KB chose six CD-ROMs and five on-line
journal articles in PDF format. Since the journals could not be analyzed
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Table 10.1. Publications on CD-ROM for the emulation experiment

Attributes Values
Title/Year Marine Planarians of the World, 1996
Medium one CD-ROM (Windows)
Requirements IBM compatible PC, 80486 processor, 8 MB RAM, Windows 3.1 or Windows 95,

VGA color monitor, CD-ROM player
Title/Year Cultivation and Farming of Marine Plants, 1997
Medium one CD-ROM (Macintosh and Windows)
Requirements Macintosh computer with 68040 processor or PowerPC, MacOS version 7.0, 8 MB

RAM, 14-inch 16-bit color monitor, quad-speed CD-ROM player/IBM compatible
PC, 80486 processor, 8 MB RAM, Windows 3.1 or Windows 95, VGA 16 bit color
monitor, quad-speed CD-ROM player, sound card compatible with Windows

Title/Year Paranasal Sinuses and Anterior Skull Base, 1993
Medium one CD-ROM, one CD-I
Requirements IBM compatible PC, 33 MHz 486 CPU or better, 4 MB internal memory, Microsoft

Windows 3.1, 8 MB available on hard disk for installation, CD-ROM player with
adequate access time (less than 400 ms), accelerated 256 color VGA adapter compat-
ible with Microsoft Windows (resolution 640x480), mouse or other pointing device
compatible with Microsoft Windows/CD-I: Philips CDI 220 or the portable CDI 360
player with the Digital Video (DV) cartridge, TV with scart connector, 6 in. color
LCD-screen

Title/Year Encyclopedia of Neuroscience, 1999
Medium one CD-ROM (Macintosh and Windows)
Requirements Macintosh, 68030 or better processor (Power Macintosh recommended), MacOS sup-

ported printer, 8 MB RAM (16 MB recommended), system 7 or better (7.5 recom-
mended), double-speed CD-ROM drive (quad-speed recommended)/IBM compati-
ble PC, 486 DX66 or better processor, 8 MB RAM (16 MB recommended), Windows
95, color monitor recommended, double-speed CD-ROM drive (quad-speed recom-
mended), VGA video card (SVGA recommended), 8 bit sound card, Microsoft mouse
or compatible, Microsoft supported printer

Title/Year Vraag en Aanbod Handelswijzer, 1998
Medium one CD-ROM
Requirements none
Title/Year Auto Technisch Handboek, 1999
Medium two CD-ROMs
Requirements Windows 3.1 or Windows 95

due to lack of time, Table 10.1 shows the CD-ROM publications only.
Attributes not relevant to the experiment (e.g., author, publisher, ISBN)
are omitted.

Based on a formal definition of typical usage scenarios it was to be particularities
of digital
publications

evaluated whether the measures taken for preservation correspond to the
typical usage of digital publications. Due to time restrictions, however,
such a formal definition was not developed. Whereas the KB was to
further characterize the publications w.r.t. their functionality and their
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behavior, the RAND corporation concentrated on more subtle properties
that could be useful for a general description (i.e., beyond the particular
test set). These properties were:

– Particularities or issues that might occur during installation
– References to special properties of hardware like labelling and key

board
– Navigation aids, e.g., paging, scrolling (even if these aids were not

available in the original publication)
– Features offered by state-of-the-art viewers that the original soft-

ware was lacking
– Atypical interactions, e.g., setting bookmarks or preferences (par-

ticularly for multi sessions)
– Dependence on the original media, e.g., subsequent numbers of CD-

ROMs
– Interactions between original media and application, e.g., changing

media when searching a complete database
– Dependency on information originally provided on the cover, e.g.,

serial numbers
– Links to external information resources, e.g., URLs (particularly if

these URLs are required for installation),
– Ability to print a file
– Active texts
– Animated graphics, sound, video, voice-over, or other visual fea-

tures that require synchronization between audio and visual appear-
ance

– Semantical and functional use of color, e.g., already visited links
– Behavior of borders, texts, and pictures if the surrounding window

is resized, e.g., text wrapping, and
– Uncommon controls for views, e.g., font zoom

Due to budget and time restrictions a complete description of the testparticularities of
some concrete

publications on
CD-ROM

set according to the above criteria could not be drawn up. A range of
properties were, however, documented informally, as exemplary shown
in Table 10.2. All CD-ROMs lack an Autorun functionality, which starts
up an application upon inserting the CD-ROM into the drive. Users have
to launch the setup application by themselves, which may reside in a
specific subdirectory.

A further goal of the project was to develop criteria for authenticitycriteria for
authenticity because there was no widely accepted definition for digital preservation,

including the storage of all aspects of digital documents. Principles for
ensuring the authenticity of each type of document were sought. From
these, specific criteria were to be derived. The following principles were
found (each given by comparing the original publication and its digital
counterpart):
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Table 10.2. Particularities of publications on CD-ROM

title particularities
Marine Planarians
of the World

The demo can be stopped only by pressing the escape key and uses particular
navigation buttons. The CD-ROM is required for running the application. Quick-
Time for Windows must be installed to view the videos; for printing, a default
printer must be installed. The application cannot run in full screen mode

Cultivation and
Farming of Marine
Plants

The demo can be stopped only by pressing the escape key and uses particular
navigation buttons. The CD-ROM is required for running the application. Quick-
Time for Windows must be installed to view the videos; for printing, a default
printer must be installed. The application cannot run in full screen mode

Paranasal Sinuses
and Anterior Skull
Base

Running under Windows 95 the application requires the program update.exe on
a 3.5 inch diskette. The start window cannot run in full screen mode. The F1 key
for help creates a new window. The CD-ROM is required for running the appli-
cation. Video for Windows must be installed for viewing the videos. Printing is
not supported. The application window cannot fill the whole screen; the zoom
function can, however, be used to show pictures in full screen mode

Encyclopedia of
Neuroscience

The setup program installs required programs if necessary: Netscape Navigator,
Shockwave Plug-in, and Apple QuickTime for Windows; CoolTalk for Navigator
can be installed optionally. An HTML page represents the actual application.
The CD-ROM is not required for running the application; for printing, a default
printer must be installed. The application can run in full screen mode

Vraag en Aanbod
Handelswijzer

For acceleration, some application data can be installed optionally. Several sub-
menus support both clicking a choice and typing a choice. Text colors can be
customized, where the last adaptations are saved. The CD-ROM is required for
running the application. Video for Windows must be installed to view the videos;
for printing, a default printer must be installed. Except for the main window and
the text input window, the application can run in full screen mode

Auto Technisch
Handboek

The main application is the Multimedia Viewer 2.00, which can be launched by a
shortcut, created by the setup program. Both CD-ROMs are required for running
the application; for printing, a default printer must be installed. The application
can run in full screen mode

– The same for all intents and purposes
– Same functionalities and relations to other publications
– Same look and feel
– Same content
– Same description

Discussions with the KB suggested that the principles were to reflect the publisher’s role
agreements with publishers. Although these agreements varied among
the NEDLIB libraries, most publishers expected their publications to
be preserved as supplied. This statement may well be challenged for
digital publications, though. During the 1999 iteration the first and most
challenging principle was used for testing. This principle comprises not
only the user’s view but also the creator’s view. Therefore, tools for
modifying and reformatting the digital publication must be included.
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An important aspect of emulation is which hardware aspects shouldemulation and
hardware be emulated in order to ensure authentic representation and use of all

kinds of publication. Since digital publications can run on a range of
platforms and configurations with different periphery and environment,
a native range of variability was defined. An emulation is valid if it
lies inside this native range of variability. Based on this (still informal)
concept, steps were defined in order to identify the relevant aspects of
hardware. It is important to identify for each publication type the so-
called required publication attributes, which depend on the authenticity
criteria. In order to achieve this, the original publications are run on their
original hardware and software. Then further original programs (includ-
ing versions and variants) were identified, which represent acceptable
attributes. This results in the native range of variability for these at-
tributes. The range of the underlying original hardware, e.g., platforms
and configurations, is identified in a similar way. This will extend the
native range of variability of the attributes. Finally, in order to deter-
mine the so-called required hardware attributes, the dependencies of
the attributes on hardware properties must be analyzed.

Since no project-specific software was to be developed during thecommercial
emulation software 1999 iteration, only (commercially) available emulation software had

been used. For brevity, we omit the actual process of selecting the right
emulation software, because this process largely depends on technical
details and specific organizational issues. An important aspect is, how-
ever, that because of the general advantages of such an approach, an
emulation of the hardware was looked for (as opposed to an emulation
of both hardware and operating system like in WINE. For emulating
hardware, first SoftWindows from Insignia Corp. was chosen; in the end,
however, Virtual PC for Mac from Connectix was used.

Explanation: Based on Unix, WINE implements the Win32 and
Win16 Application Programming Interface (short API). Virtual PC
emulates an Intel Pentium PC on a Macintosh, which also includes
the possibility to act as host for several operating systems, e.g.,
Windows, Dos, or Linux. That Virtual PC comes with a prein-
stalled operating system, is slightly confusing in this context.

That way the experiments were prepared without formal typical usagerunning the
experiment scenarios or a complete characterization of the publications. Therefore,

and because of suspected performance problems due to the emulation
overhead, a double blind experiment (where user and inspector are not
aware of the test environment) was omitted. Two computers served as
the test environment for this first informal test: An Intel Pentium PC
running Windows 95 was the original platform; a Macintosh computer
hosted the emulation software. For all selected publications, no signifi-
cant differences between original environment and emulation could be
found. In particular, when program bugs and even crashes occurred in
the emulation, they also showed up in the original Windows 95 envi-
ronment! In fact, the emulation proved more robust because it could be
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reset to a defined state much easier, e.g., before starting an application.
In summary, these surprising emulation results were considered very
encouraging.

The 1999 iteration resulted in a range of lessons learned and rec- lessons learned
ommendations. It was shown that in principle emulation can be used to
reconstruct the contents, behavior, and the look and feel of digital pub-
lications in future generation environments. For further substantiating
this claim in practice, development of the following items was deemed
necessary:

– Specification techniques that support a formal description of all rel-
evant hardware features

– Techniques for running emulators on arbitrary future platforms
without effort

– Refinement of metadata in order to link publications to software and
emulated hardware

– Persistent preservation of metadata in human-comprehensible form
– Refinement of authenticity criteria and corresponding tests (recall

that for the authenticity criteria among other things the rather vague
concept of look and feel was used)

In order to more substantially investigate the potential of the emula-
tion approach, further iterations were proposed (but not carried out to
the best of our knowledge). The post-1999 iteration aimed at revising
the aforementioned variables and at developing a portable emulation
environment. The post-2000 iteration aimed at further refinements and
extensions, in particular toward long-term preservation.

The descriptions of the selected digital publications illustrate the Heterogeneity and
complexity of digital
publications are
strong arguments for
emulation.

heterogeneity and complexity an archiving library is confronted with.
These properties of digital publications are strong arguments for emu-
lation. The critical aspect of emulation is, however, that digital publi-
cations tend to require complex and specific hardware, e.g., additional
communication devices. Such devices may become obsolete in the fu-
ture. The internal logic of such hardware is left implicit in Rothenberg’s
experiments. It would be interesting to see the further results, since then
the effort for formalizing an emulator specification could be compared
to a logical view, which is required for a Universal Virtual Computer
(UVC). In Sect. 10.2, we describe the UVC approach, which also sup-
ports the definition of abstract hardware devices.

10.2 The Universal Virtual Computer (UVC)

The idea to use a Universal Virtual Computer (UVC) as a new basis of answering migration
and emulation risksthe emulation approach, was introduced by Lorie (2000). It is an answer

to the risks of migration2 and to the arguments against the emulation

2 For a discussion about the risks of migration see Sect. 3.4, p. 55.
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approach as it was described in Sect. 10.1. There, it was proposed to
combine the following objects in one storage capsule:

1. A definition of the alphabet used for texts
2. A plain text description of the metadata
3. The bit-stream holding the actual data
4. The bit-stream of the software, which was used to store and to ma-

nipulate the data (including the operating system and further com-
ponents if required)

5. A detailed description of the computer architecture

As an alternative to the fifth object, Rothenberg proposes an emulator
specification, which would allow an emulator to be developed in future.
Lorie criticizes the inherent dependency on the fourth object, which
would be justified for archiving programs. For the preservation of data,
the effort involved would be unreasonable. Two examples are given to
illustrate this objection: First, suppose that future generations are inter-
ested in just viewing a picture. Then classic emulation still requires to
preserve the whole software environment for creating and modifying the
picture. Second, consider an email sent using Lotus Notes. Here, for fu-
ture access the complete software system, which supports a load of other
groupware tasks, would have been preserved, just for reading a simple
plain text email. Worse, application software provides just one view of
the data, say, in graphical form without direct access to the text included.
Therefore, it is impossible to transfer the raw data from the old system
into a new system. In addition, future development of emulation soft-
ware just on the basis of a specification is considered extremely risky, in
particular since the result cannot be tested by comparing it to the orig-
inal hardware, which is not available any more. Without neglecting or-
ganizational aspects, the UVC project concentrates on technical issues.

In order to address these objections, Lorie proposes an alternativearchiving and
restoring methodology, which distinguishes between archiving program behav-

ior and preserving data oriented documents. The plan of action for the
second case, which has been studied in detail earlier, is illustrated in
Fig. 10.1:

1. At archiving time a program P has to be developed that runs on the
UVC and can render a logical view of the preserved bit-stream. In
addition, metadata must be created that can be restored by a UVC
program (which is not necessarily P).

2. At restoration time the program P is executed on an UVC emu-
lation, which in turn runs within a future generation environment.
By interpreting the preserved bit-stream a logical view is created,
which can be represented by future generation applications, e.g.,
viewers.
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Fig. 10.1.
Data-oriented
long-term
preservation via
UVC

The core component of this approach is the UVC, i.e., a computer that core component
UVCneed not be implemented by hardware. The UVC is a virtual general-

purpose computer corresponding to the basic architecture introduced by
von Neumann at the beginning of the computer age. Secondary proper-
ties such as performance aspects or memory consumption are neglected.
Also, the UVC has no input/output operations. These operations have to
be carried out by the UVC emulator and the restore applications, using
virtual memory shared with a UVC program. The virtual memory is
addressed in bits. The concepts byte and word are not used. Also, the
memory is segmented in order to alleviate memory management and
data exchange between independent program parts. There are no as-
sumptions about memory size and the number of registers (which can
have variable length). Also, the length of operation codes is variable;
the operation set must, however, be kept minimal. It is assumed that
UVC programs are developed in a higher-level programming language
and compiled to UVC anyway.

Since emulators have to be implemented in future, some precise and emulation of the
UVCat the same time comprehensible definition (within a suitable notational

framework) is indispensable. The implementation itself is considered
a simple task; it is even assumed that manufacturers will provide such
an emulation with their hardware. A prototype of a UVC emulator was
implemented for Windows NT based on the Intel processor architecture
(Lorie 2002a).

For a document to be understandable, a logical document model is logical model of a
documentrequired. The major premises of this document model are: simplicity

(such that only few additional explanations are necessary) and restora-
bility (as the only application purpose). The logical model should sup-
port easy mapping to a linear bit-stream; for this purpose, hierarchical
structures, which can be represented in XML, are considered suitable.
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In the following, we illustrate the logical data model with an exam-
ple taken from (Lorie et al. 2001), where WAV audio files are validated.
The logical model is defined by a DTD is3:

<!ELEMENT SONG (AUTHOR*,TRACK*,ALBUM*,DURATION,
SAMPLINGFREQUENCY,DATA,END+)>

<!ELEMENT AUTHOR (#PCDATA)>
<!ELEMENT TRACK (#PCDATA)>
<!ELEMENT ALBUM (#PCDATA)>
<!ELEMENT DURATION (#PCDATA)>
<!ELEMENT SAMPLINGFREQUENCY (#PCDATA)>
<!ELEMENT DATA (#PCDATA)>
<!ELEMENT END (#PCDATA)>

Such a schema must be uniquely interpreted by future readers. Forschema definition for
the logical model this purpose a meta description formalism is used, which in turn is de-

fined using the DTDṄote that for the meta description only one DTD
with a fixed interpretation is required. Levels model the hierarchical
structure of record fields as:

<!ELEMENT FIELDS
(LEVEL*,NAME*,DESCRIPTION*,TYPE*,VALUE*)>

<!ELEMENT LEVEL (#PCDATA)>
<!ELEMENT NAME (#PCDATA)>
<!ELEMENT DESCRIPTION (#PCDATA)>
<!ELEMENT TYPE (#PCDATA)>
<!ELEMENT VALUE (#PCDATA)>

By convention, this schema is implemented only once. Concrete val-example of a schema
definition ues could be associated to these metadata, e.g., by an XML file accord-

ing to the DTD above. An abridged example illustrating the definitions
of the fields SAMPLINGFREQUENCY and DATA, respectively, is:

<FIELDS>
<LEVEL>1</LEVEL>
<NAME>SAMPLINGFREQUENCY</NAME>
<DESCRIPTION>

Frequency at which the song is sampled
</DESCRIPTION>
<TYPE>#PCDATA</TYPE>
<LEVEL>0</LEVEL>
<NAME>DATA</NAME>
<DESCRIPTION>

The actual data of the song stored in
byte format

3 The authors use a notation similar to XML.
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</DESCRIPTION>
<TYPE>#PCDATA</TYPE>

</FIELDS>

The stored data themselves can be imagined as follows (we have
truncated the very long DATA field):

<SONG>
<SAMPLINGFREQUENCY>11025</SAMPLINGFREQUENCY>
<DATA>-6-1190-10-1-4-1-20-160-4-1-135050150-6

In order to alleviate later restoring the preserved data can be con- restoring the logical
document structureverted in advance, e.g., graphical data could be converted from JPEG

to TIFF. In Fig. 10.1 this conversion is called “optional extraction.” In
order to interpret on a future platform the linear bit-stream represent-
ing the description, at archiving time a UVC program must be written,
which shows the logical structure and the associated data in a simple
(human-readable) format. Hierarchical pairs that associate tags to val-
ues are considered appropriate for this purpose. The UVC program itself
is preserved as a linear character sequence of numbers from 0 to 9, plus
and minus signs, quotation marks, and spaces. The implemented proto-
type uses an ASCII encoding; a more efficient 4-bit encoding would
also suffice. This encoding used must be fixed by some convention.
A UVC assembler was implemented, which compiles a UVC program
(containing mnemonic operation codes and a few higher-level program-
ming language constructs) into a sequence of operations understood by
the UVC.

Of course, the UVC program and the UVC emulation must com- communicating with
future-generation
environments

municate with the future generation environment at the time of restor-
ing, which requires a simple program running in the new environment.
This program supplies to parameters the UVC emulation, e.g., the mem-
ory addresses of the UVC program, the archived bit-stream, and the re-
turn parameters (i.e., tags and values). This calling mechanism is a fur-
ther ingredient of the obligatory convention, which overall comprises of
four parts and must be preserved for the future as well. The convention
does not need to be part of each archived document. The UVC program
would show a logical view of the above song data as follows:

TAG: SAMPLINGFREQUENCY
VALUE: 11025

TAG: DATA VALUE: 6-1190-10-1-4-1-20-160

Finally, the logical structure as given by the tags and values must be interpretation and
rendering of the
logical document
structure

interpreted and rendered on some future generation platform. The pro-
tagonists of the UVC approach assume that in general such programs
will be available and that ad hoc implementations of the logical view



218 10 Emulation: Current Research and Development

will require ad hoc implementations of the future interpretation pro-
grams. Another vision is the development and deployment of suitable
tools. Some formats have been tested with the prototype: JPEG, GIF,
and PDF (Lorie 2002a,2002b).

So far the UVC approach focuses on the preservation of data. Pre-data-oriented vs.
behavior-oriented

preservation
serving program behavior requires, however, additional effort. Pro-
grams that do not interact with their environment (e.g., by input, output,
or interrupts in general) are, of course, less problematic. In addition
to the data, the program itself has to be preserved, the operations of
which are emulated by an UVC program. Handling input and output
operations such as printing is a bit more complex. An additional UVC
program must be developed that simulates these operations and in case
of printing saves the actual output into a temporary data structure. The
data structure should be simple and well documented. Under these cir-
cumstances it should be possible to find a mapping to future generation
output device, the properties of which cannot possibly be known to-
day. The temporary data structure could be tested today with known
hardware, though. In a similar fashion, other abstract devices should be
defined, e.g., tapes, random access storage, sequential input/output (i.e.,
screens, key boards), or pointing devices (such as mice).

The UVC developers emphasize the following advantages of theiradvantages of UVC
approach:

– Because of the UVC real hardware need not be emulated.
– Also, there is no need to define standards for document formats.

Only the four UVC conventions must be fulfilled.
– For a new computer architecture only the UVC emulator must be

re-implemented or re-compiled. The archived contents remain un-
changed.

– A sufficiently general and at the same time simple UVC can be de-
fined, which will sustain for a very long time.

On the other hand, the UVC supporters see the need for future work. Forfuture work
example, an optimal alphabet for the encoding still has to be found. The
assumption that ASCII will remain generally comprehensible is consid-
ered too restrictive. In addition, the (meta) schema for interpreting the
actual schema is still too simple. It should be extended by support for
variants. The UVC supporters consider XML to be a useful option.

The UVC architecture, too, makes assumptions about the fu-Approaches to
behavior-oriented

preservation are still
at the rudimentary

level!

ture. The clear distinction between data-oriented preservation and
behavior-oriented preservation may prove useful, because it stipulates
a graduated process of preservation. We hope that this approach helps
to structure the discussion about how much authenticity is required
and about the role of authenticity w.r.t. interactive environments like
browsers and in particular their navigation features. Turning again to
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the above distinction one has to consider the growing number of in-
teractive publications, which as significant parts include behavioral
components. Among such publications are not only encyclopedias or
interactive teaching materials but also documents that include extensive
data material. Such data can be evaluated according to a wide range
of criteria, often using external (proprietary) programs. As one of the
few approaches that focus on the technical core problems of long-term
preservation, the UVC approach is still in an experimental phase. That
is why, at the moment, statements about cost and time required in
practice cannot be made.
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Software Systems for Archiving:
An Assessment Methodology and Market
Survey

A rapidly increasing number of institutions is faced with an overwhelm-
ing flood of digital objects. Particularly, the preservation of these ob-
jects raises new challenges for the implementation of an appropriate
infrastructure. Since software systems form an essential building block,
the choice of adequate software products requires a systematic assess-
ment process. In order to support decision makers, we have developed
a criteria catalog that makes product features transparent and compa-
rable.1 Section 11.1 is dedicated to preliminary considerations. We il-
lustrate the characteristics of digital objects and the responsibilities of
digital archives respecting long-term information preservation. Then we
outline the products on the market and their impact to the development
of a criteria catalog. We also explain how such a catalog fits into an in-
dividual decision-making process. Section 11.2 describes the derivation
of functional and nonfunctional criteria in detail. Section 11.3 presents
the complete criteria catalog. In Sect. 11.4 we summarize the state of the
art, based on a market survey. In Sect. 11.5 we discuss further aspects
of decision support for archives. Section 11.6 shows the application of
our criteria catalog to some example products.

11.1 Introduction

Preservation of information represented by digital objects is a new
challenge for archives. The traditional strategy to only physically pre-
serve representing objects cannot ensure preservation of information.
Application-specific use of formats that represent information requires
a corresponding interpretation. Ensuring this kind of interpretation for

1 Our activities are part of the current German initiative nestor (Network of
Expertise in long-term Storage of digital Resources); see “Comparison of
existing Archiving Systems” http://www.longtermpreservation.de.
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a long time extends the tasks of archives. The rules that are defined in
the OAIS Reference Model underline this extended responsibility: An
OAIS is an archive, consisting of an organization of people and sys-
tems, that have accepted the responsibility to preserve information and
to make it available for a Designated Community. Moreover, OAIS con-
siders an archive as an organization that comprises persons and systems,
whereas the type of digital objects and software systems to apply are not
specified.

Software systems are fundamental for the operation of OAIS-com-software for
archiving is crucial pliant archives. In general, there is no reasonable alternative to software

systems for the interpretation of digital objects. Besides organizational
issues, software systems substantially determine functionality, quality,
and finally trustworthiness of archives. Thus, choosing archiving soft-
ware is a demanding process and crucial for the entire archiving ap-
proach.

Expectations of the designated community or demands of legislativerequirements
analysis or superior institutions determine the requirements for an archive. It is

the responsibility of the management to analyze these requirements and
to define the functionality and the quality of an archive. This require-
ments engineering should provide attributes that can be used as a basis
for choosing a proper software system. In order to select an existing
product or a group of products, we have to determine required attributes
on the one hand and corresponding software features on the other hand.

11.1.1 Basic Conditions for a Product Assessment

Archiving systems belong to a dynamic and fast-growing market seg-a first classification
of software products ment. Numerous products offer some kind of support for archiving dig-

ital objects. Among others, we find document management systems
(DMS), digital asset management systems (DAMS), content manage-
ment systems (CMS), archiving systems, and storage managers. For our
purpose, we focus on products that guarantee a core function for archiv-
ing or that are classified as an archiving product by their manufacturers.
That is why we exclude the following product categories from our as-
sessment:

Pure development tools. These products support the development of
end-user applications, such as database schema generators or portal
tool kits. The development process needs deep technical knowledge
especially for the correct interpretation and implementation of the
design models.
Application-independent, basic systems. Such systems (essentially
database management systems and storage managers) lack knowl-
edge about the application semantics. Particularly, application-
specific objects and functions demand development efforts.
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Whereas database systems have at least a logical model, which
simplifies the mapping of application objects, common storage
managers are limited to physical or simple logical concepts like
blocks, disks, files, and file systems.
Products where archiving is only a part of an extended, specialized
application. In this category, archiving plays a minor role whereas
the processing of complex objects or workflows dominate. The
close interaction between application-specific functions and dig-
ital objects restricts generality and, moreover, requires additional
resources for functions not needed for archiving. Systems for com-
puter aided design (CAD), for instance, fall into this category.

Let us have a closer look at three basic characteristics of software prod- basic characteristics
ucts:

Supported functions and objects. The market offers a wide range
of products as application-specific tools, separate components, or
as add-on gadgets. In many cases, these components fulfill only a
subset of the archiving core functions, as defined by OAIS. Instead,
they concentrate on very specialized tasks, such as metadata har-
vesting, indexing, scanning, optical character recognition (OCR),
file format conversion, file format analysis, or XML Schema vali-
dation. Other products restrict the kind of archival objects by lim-
iting the object sizes or object types. These restrictions are usually
combined with (or due to) insufficient metadata schemes, at least
as far as preservation metadata are concerned. A limited number
of objects, single user modes, or simple access methods may also
impose unacceptable constraints.
State and potential of development. Some products offer complete
archiving functionality where two features mainly support adapta-
tion to individual archiving needs. First, open application program-
ming interfaces (API) enable development of individual functions.
Second, configuration features, possibly including tool support, aid
individualization to a certain degree.
Covering aspects of long-term preservation. Unfortunately, only a
few products offer explicit mechanisms or direct support for the
long-term preservation.

Bearing these three basic characteristics in mind, we now analyze some requirements for a
criteria catalogfundamental requirements for our criteria catalog:

Modularity. Obviously, we cannot directly compare products that
implement different functional parts of an archiving system. This is
the reason why we develop a modular structure of the catalog that
focuses on the major functional components. This modular struc-
ture significantly alleviates the burden of comparing products.
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Abstraction. Some products perform their intended functions only
after extended configuration procedures have been applied. This
hampers comparison to fixed-feature products. Therefore, we in-
troduce an abstract (conceptual) view for comparability. In addi-
tion, this conceptual foundation also helps to indicate some intrinsic
product potentials.
Criteria transparency. So far, to the best of our knowledge there do
not exist any established and widely accepted techniques for long-
term preservation of information represented by digital objects. De-
spite this fact, a system can be well suitable for long-term preser-
vation due to its implicit functionality. Therefore, we also consider
implicit features that support the longevity of the system, and its
ability to migrate complete storage content.

Before we explain our criteria catalog in more detail, we outline its role
within the decision-making process.

11.1.2 Criteria Catalog within the Decision-Making Process

A decision maker who wants to choose a product for long-term preser-
vation has a particular use case in mind. Therefore, a criteria catalog has
to match these use cases with the facilitated product features. In order to
support different decision scenarios, the product description should be
easily comprehensible and should correspond to the actual product. Our
criteria catalog provides the framework for such product descriptions.
It identifies the facilitated features at a level that can be assigned with
values, which ideally are normalized. Usually, this assignment is calledrating
rating. Since this step is independent from concrete use cases, a second
step has to consider the results of an individual requirements analysis
in order to get a product ranking. This step includes the weighting ofranking
criteria, the mapping of values to appropriate scales, and defining the
degree of compensation among the criteria. Decision theory, which is
out of scope here, offers a rich set of calibrating methods for the rating
and ranking process. We also have to take into account that archiving
products often depend on other (basic) products, e.g., database systems.
Also, products are extensible for special application purposes. In some
cases, a variety of products is available. This results in a vast number
of possible configurations. Knowledge about individual use cases, how-
ever, may reduce the decision space to a reasonable extent.

Figure 11.1 summarizes the role of our criteria catalog within the
decision-making process. It shows the three starting points for build-
ing the criteria catalog, namely reference models, technologies, and use
cases.



11.2 Development of Criteria 225

TechnologiesReference Models Use Cases

Criteria Catalog
(Rating Schema)

Archiving Products
on the Market

Comparable Product
Descriptions

Individual Requirements
Analysis

if appl. Dependent /
Supplementary Products

Product  Selection
if appl. Configuration of Products

Rating

Ranking

Fig. 11.1. The criteria catalog within decision-making process

11.2 Development of Criteria

11.2.1 Starting Points

In general, reference models focus in an abstract manner on functional reference models
entities and objects of a certain application domain. They usually define
domain-specific terms, more or less formally. Reference models help
us to derive and to organize functional criteria, and to structure the de-
scription of design models and implementations. Moreover, the use of
defined terms (e.g., through a controlled vocabulary) creates a common
understanding.

Standardized technologies determine the degree of applicability of technologies
reference models as well as conceptual models. Technologies pour mod-
els in concrete form. Note, however, that in some cases technologies
even expand functionality whether helpful or not. We also have to
accept that products are usually described in a language of technical
terms instead of terms defined in reference models. Thus, considering
technologies serves two purposes, namely (a) assignment of technical
realizations to conceptual elements and (b) description of technical add-
ons and refinements as found in reference models. To be more precise,
the features of the criteria catalog correspond to the conceptual level
whereas technologies represent values of these features. At the same
time, technologies not only refer to concrete realizations within a rated
product but also separate products that concentrate on a certain tech-
nology only. Prominent examples include SQL in database systems, or
HTTP in Web servers.
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Archiving scenarios and their organizational context, briefly calleduse cases
use cases, provide additional criteria that cannot be derived from tech-
nologies or existing reference models. Our aim for a complete assess-
ment model requires generalization of use cases in this context. On the
other hand, only concrete application examples can define the relevance
of a given criteria. That is, considering use cases serves two purposes,
namely (a) adding the criteria groups quality and costs, and (b) adapt-
ing general use cases to individual archiving cases within the ranking
process.

The type and number of digital objects as well as the variety and
quantity of designated communities are essential building blocks of use
cases. Agreed upon user services with their promised (and perceived!)
service quality have a strong influence, too. Examples include system
availability, access speed, or consistency guarantees.

Laws and regulations determine the organizational context as well.
Other ingredients are financial and human resources, and the systems
already in use. Before we flesh out reference models, technologies, and
use cases according to our fixed criteria catalog, let has have a brief look
at other analyses that have already dealt with some of these issues.

11.2.2 Previous Analyses

Several surveys and studies discuss features of archiving systems and
their requirements. Although they have different focuses, we inspect
three excellent reports closer, because of their degree of detail and rele-
vance.

The Scholary Publishing and Resources Coalition (SPARC) pub-Scholary Publishing
and Resources

Coalition
lished the “Institutional Repository Checklist and Resource Guide.” It
addresses the implementation and operation of institutional reposito-
ries (Crow 2002). Issues discussed include organizational, administra-
tive, and cultural aspects, content policies, accession and retention poli-
cies, faculty outreach and participation, as well as technical options and
infrastructure. A survey of fundamental concepts and initiatives sup-
ports individual evaluations. It considers the development and opera-
tional costs as well as the ability to migrate and survive. Furthermore, it
looks into document formats and longevity of digital content. It surveys
preservation outsourcing, scalability, persistent naming based on handle
systems, interoperability and open access, as well as OAI-compliant2

search services, user access, and (digital) rights management (DRM).
All these topics are discussed on a more general level and are not yet
directly related to OAIS or any other model. Nevertheless, (Crow 2002)
significantly helps to clarify the information at hand.

“A Guide to Institutional Repository Software” is published by TheOpen Society
Institute Open Society Institute (OSI). It rates open source products that are

2 Open Archives Initiative.
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institutions that are already familiar with the basic issues of running
repositories (Crow 2004). Consequently, it includes condensed system
descriptions and a very detailed schema mainly for technical features.
Among the numerous features we also find features that explicitly deal
with aspects of long-term preservation, i.e., defined digital preservation
strategy, preservation metadata support, and data integrity checks.

The Digital Preservation Coalition (DPC) published “The Technol- Digital Preservation
Coalitionogy Watch Report – Institutional Repositories in the Context of Digital

Preservation.” It discusses requirements for repositories with focus on
preservation (Wheatley 2004). It mentions important functionality that
should be considered when designing a repository. Functionality ranges
from unique and persistent identification, to ingest, to representation
system and monitoring technology. It also includes rendering, system
architecture, and the recording of metadata changes. The report under-
lines the importance of representation information for the reconstruc-
tion of the coded intellectual content.

Publications of the Open Archives Forum (OAF) (Wang et al. Open Archives
Forum, Brigham
Young University,
DigiCULT

2003), the Brigham Young University (Lund 2001), and DigiCULT
(Ross et al. 2003) investigate products and requirements for digital
repositories. What is missing so far is a closer consideration of long-
term preservation aspects.

In contrast to the sources above, the RLG and OCLC report “Trusted Research Libraries
Group: trusted
digital repositories

Digital Repositories: Attributes and Responsibilities” discusses the
overall aspects of long-term preservation. The report describes a frame-
work of attributes and responsibilities for trusted repositories for dig-
ital content capable of handling the wide range of materials held by
large and small research institutions (OCLC 2002), respectively. The
succeeding RLG report “An Audit Checklist for the Certification of
Trusted Digital Repositories,” a draft presenting the results of the RLG
and NARA Task Force on Digital Repository Certification, provides an
entire set of auditable criteria that indicate trustworthiness and reliabil-
ity of digital repositories (Wheatley 2004). These criteria are the basis
for a rating tool that enables the assessment of several development
steps by introducing some staged degrees of fulfillment, i.e., planned,
documented, implemented, and evaluated. Besides a strict evaluation,
the tool also supports the planning of digital repositories as well as
preparation for evaluation through self-assessment. The report also
discusses basic aspects like the role of OAIS, the relevance of further
standards, and best practices.

Now, let us have a closer look at this rating tool. The authors intro-
duce a three-tier hierarchy of criteria with four major categories on the
top. Especially, the category organization extents the scope of OAIS. In
the following we recur to the first two tiers of the hierarchy:

released, publicly available, and OAI-compliant. The guide addresses
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1. The Organizationassessment of
trustworthiness – Governance and Organizational Viability

– Organizational Structure and Staffing
– Procedural Accountability and Policy Framework
– Financial Sustainability
– Contracts, Licenses, and Liabilities

2. Repository Functions, Processes, and Procedures
– Ingest/Acquisition of Content
– Archival storage: Management of Archived Information
– Preservation Planning, Migration, and other Strategies
– Data Management
– Access Management

3. Designated Community and the Usability of Information
– Documentation
–
– Use and Usability
– Verifying Understandability

4. Technologies and Technical Infrastructure
– System Infrastructure
–
– Security

Unfortunately, some circumstances hamper a unified product descrip-What hampers a
unified product

description?
tion. First, technical details serve as criteria that have no relation to
conceptual elements like OAIS’ functional entities. Even though this
approach enables a more mechanical rating, problems may arise when
one needs to determine the corresponding function that a technical, pos-
sibly short-living detail realizes, or when one needs to assess the overall
potential of a system. Moreover, the specific objectives of the investiga-
tions result in individual product descriptions, assessments, and terms.
Less attention is paid to the nonfunctional aspects of products. Crite-
ria that describe costs (e.g., for operating the system), and quality are
mostly coarse or even missing.

11.2.3 Functional Criteria

OAIS Reference Model

Currently, the OAIS Reference Model is the dominating model forwhat OAIS is and
what it is not describing core elements of an archiving system. By definition, an

Open Archival Information System is an archive, consisting of an
organization of people and systems, that has accepted the responsi-
bility to preserve information and make it available for a Designated
Community. The OAIS Reference Model highlights the core functions

Descriptive Metadata Appropriate to Designated Community.

Appropriate Technologies
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of an archiving system on a conceptual layer. This feature allows for
a first organization of functional criteria and a checking of their com-
pleteness.

At the same time, the OAIS Reference Model explicitly states that
it is neither a specification for a design, nor a plan for an implementa-
tion, nor a prescription for the organization of the defined functions in
a concrete implementation. Therefore, the OAIS Reference Model does
not enable direct product comparison. It does not provide quotable cri-
teria. Moreover, it misses some aspects necessary for the comparison of
concrete implementations. To make things even worse, the OAIS Ref-
erence Model defines functions that software probably cannot realize in
the near future. Just think about Preservation Planning.

For all these reasons, we depart from OAIS in the following way. An departure from OAIS
assessment should also include software functions that are outside of
OAIS, e.g., tools for creating Submission Information Packages (SIP).
We also reduce the number of functional entities and subentities – in ad-
dition to the already mentioned functions that are not relevant for soft-
ware implementation at present. So the conceptual entity Data Manage-
ment is removed since it is viewed as a basic service for all other func-
tions. Some subentities are also viewed as basic, e.g., Error Checking
in Archival Storage. In some cases we use terms that are more com-
mon, at least at present. Our most significant departure from OAIS,
however, is the modification of the Information Model. In contrast to modifying OAIS’

information modelthe Content Information, which comprises Objects and Representation
Information (as Information Object), we consider Representation Infor-
mation as special metadata – this point of view reflects the traditional
view “data + metadata.”

Content Model

As yet, there neither exist established, concrete methods, and, espe-
cially, concrete data models for long-term preservation of digital ob-
jects, nor is it possible to derive techniques from OAIS directly. There-
fore, we have to find out system features that are open for future so-
lutions, and that, most essentially, enable migration of content includ-
ing its organization from old systems to new systems, according to the
motto “for new to come, old must go.” Unfortunately, manufacturers
usually hide the corresponding structures and functions in their docu-
mentation.

Inspecting the following system elements and their handling enables content orientation
an adequate assessment:

– Objects and object organization
– Metadata and metadata organization
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– Organization of the relationships between objects and metadata
– Consistency of the complete organization

These elements characterize functional, content-oriented system fea-
tures that are implicit w.r.t. long-term preservation. They give informa-
tion about the ability to access and to interpret structures, and about the
quality of the overall organization of content. On this basis, a computer
expert can assess the possibility and the implied costs for a content mi-
gration (at least for the export part).

Since we consider versions and variants as important structures with
their own semantics, we introduce separate criteria within the ingest and
the archival storage. Figure 11.2 shows the basis for functional criteria.

11.2.4 Nonfunctional Criteria

Besides functional criteria, further attributes determine the longevity of
content and the degree of applicability of software systems. As men-
tioned earlier, we divide these nonfunctional criteria into the groups
costs and quality.

The costs for establishing and operating an archival system arecosts
highly influenced by idiosyncrasies such as the quantity of the digital
objects or the type as well as the heterogeneity of the overall collec-
tions. The number of simultaneous users that the archive must tolerate
is an important cost factor, too. Offered services and their agreed-upon
quality levels also affect the costs. Tailoring and customizing software
systems to individual situations causes extra costs. In addition, already

Criteria Catalog ( Functional Features)

Archival Storage

Content

Ingest

Content

Administration

Access

Content

Content Model

Object - Metadata  Organization

Metadata Organization

Metadata

Object Organization

Objects

OAIS

Access

Administration

Ingest

Archival Storage

Data Management

Preservation Planning

Functions Content

Fig. 11.2. Basis for functional criteria: OAIS and the content model
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hosted content and installed soft- and hardware (often referred to as
legacy systems), or even integration into further applications (e.g.,
library systems) play an important role.

Since often no consolidated techniques for long-term preservation
are in place, the precalculation of costs for a long-term operation is dif-
ficult. To make things even more unpredictable, forecasts about tech-
nological progress can be vague only. Still, adequate functional fea-
tures and a high-quality system apparatus help to reduce the risks of
unwanted cost peaks. Note, however, that an acceptable (at least short-
term) cost model can only be developed if the application context is
precisely known.3 We also have to consider that cost accounting meth-
ods of public administrations differ from private institutions. Therefore,
our criteria catalog comprises cost factors in some coarse-grained mode.

Here, quality means ensuring the long-term availability and the quality
long-term integrity of content. The survival of the underlying archival
system depends heavily on functional features but also on features that
concern system manufacturers, system documentation, and system sta-
bility as a whole, simply speaking, the correct implementation of the
promised functional features. The formal verification of correctness is a
quite costly process. Though, formal methods are desirable to achieve a
precise rating. In practice, we have to rely on indirect indicators. In addi-
tion to these criteria, good market penetration, large user communities,
and valuable content may also have positive side-effects on ensuring
longevity.

11.3 Criteria Catalog

This section shows all criteria and their detailed explanation. Table 11.1
includes general attributes. They identify the product and characterize
the system architecture on a conceptual basis (kind of management sum-
mary). Criteria relating to the functional components are grouped in
Tables 11.2 (Ingest), 11.3 (Access), 11.4 (Archival Storage), and 11.5
(Administration). Table 11.6 lists cost factors and quality features.

11.4 General Assessment of Current Archiving Systems

Besides developing a criteria catalog our activities also include a mar- market survey
ket survey. We rated six major products using our catalog. Moreover,
we succinctly investigated some 60 product offers. On this basis we
appraise the conceptual and technical orientation of archival systems,
plans and trends, as well as specific long-term aspects.

3 The “Report for the DCC/DPC Workshop on Cost Models for preserv-
ing digital assets,” for example, presents several detailed investigations; see
http://www.dpconline.org/graphics/events/050726workshop.html.
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Table 11.1. Criteria catalog: general attributes

Criteria Explanation
Product Name common name of the product

1 General Attributes for each component separately, if appl.
1.1 Product Components components available as separate product; version, date
1.2 Manufacturer/

Developer
1.3 Orientation
1.3.1 Target Group e.g., libraries, public administrations, industry
1.3.2 Application Purpose
1.3.3 Product Category e.g., development tool, end-user application, basic application
1.4 License Model e.g., commercial/noncommercial, closed source/open source:

GNU, Apache, etc.
1.5 Reference Applications
2 Overall System

Attributes
features and particularities of the overall system (architecture,
component interdependencies, configurability, dependencies on
third-party products, etc.)

2.1 Overall System design principles and special features of the overall system, e.g.,
compliance with standards or recommendations (OAIS, OAI, etc.)

2.2 Explicit Long-term
Features

e.g., file format registry, preservation metadata schema, archiving
of run time environments or specifications

2.3 Major System Elements
2.3.1 Object Related
2.3.1.1 Object Categories external view: basic types of objects (content)/formats (technical)
2.3.1.2 Object Representation logical internal view (archived form: original bit-stream, file, con-

verted/standardized form)
2.3.1.3 Object Organization e.g., single objects, collections, identification
2.3.1.4 Metadata Organization e.g., supported metadata schemes
2.3.1.5 Rights object related (usage/reuse/transfer/management); based on ODRL

Foundation Model: http://www.w3c.org/TR/odrl
2.3.2 Roles
2.3.2.1 Consumer
2.3.2.2 Producer incl. depositor
2.3.2.3 Operator (Archive)
2.3.3 Functions
2.3.3.1 Ingest incl. preprocessing: “Preingest” w.r.t. OAIS
2.3.3.2 Access incl. postprocessing: “Postaccess” w.r.t. OAIS
2.3.3.3 Archival Storage
2.3.3.4 Administration
2.4 System Integration
2.4.1 Application Integration e.g., library system, publishing system
2.4.2 Organizational

Integration
e.g., other archives (federation, cooperation), user communities

2.5 System Realization
2.5.1 Software Architecture
2.5.2 Hardware basis
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Table 11.2. Criteria catalog: functional criteria – ingest

Criteria Explanation
3 Functional

Components
3.1 Ingest
3.1.1 Accepted

Submission Forms
3.1.1.1 Object Format e.g., file formats
3.1.1.2 Object Identification in a broad sense (see OAIS)
3.1.1.3 Object

Organization
e.g., hierarchies (esp. depth), links, identifications

3.1.1.4 Versions special relation within object organization: modeling time lines
3.1.1.5 Variants special relation within object organization: modeling manifesta-

tions
3.1.2 Access

Procedures for
Producers

e.g., direct system access

3.1.3 Ingest
Procedures for
Objects/
Collection

e.g., batch ingest, conversion, quality checking of content (ded-
icated workflows including archive staff or third-parties), for-
mal quality checking (file format compliance, schema validation,
checksums, etc.)

3.1.4 Accepted Metadata
Schema

3.1.5 Ingest
Procedures
for Metadata

see Ingest Procedures for Objects/Collection

3.1.6 Creation of Metadata manually, automatic extraction/by third party
3.1.7 Creation of

Archival
Storage
Organization

final ingest step, e.g., generating IDs

3.1.8 Throughput

Our analysis of archiving products shows different degrees of conceptual
orientationsupport for archiving tasks. Several system features reflect these differ-

ences. The target group and the application purpose determine the type
of digital objects and metadata. More and more products try to assist the
whole life cycle, especially creating and editing of digital objects. These
operations are sometimes related to special domains like computer-
aided design (CAD) or computer-aided publishing (CAP). Such ori-
entations will make long-term preservation more difficult if the access
to objects is combined with complex, application-specific operations.
The good news is that software developers try to extend the application
range of their products, and, therefore, decompose their systems into
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Table 11.3. Criteria catalog: functional criteria – access

Criteria Explanation
3.2 Access for consumer and external systems
3.2.1 Access Procedure for

Consumer
e.g.; remote vs. local, user-definable profiles, help systems, mul-
tilinguality, notification services, communication protocols (client
side software)

3.2.2 Search e.g., metadata indexes, navigation, object-internal (full text search,
inspection of class methods, etc.)

3.2.3 Retrieval e.g., single objects, collections, batch export
3.2.3.1 Dissemination Form

of Objects
e.g., conversion on the fly/on demand

3.2.3.2 Dissemination Form
of Metadata

e.g., conversion on the fly/on demand

3.2.3.3 Dissemination of In-
terpretation Aids

object specific applications (rendering), supporting software (ana-
lyzing), references to tools

3.2.4 Accounting e.g., part of DRM
3.2.5 Federation offering esp. common search and retrieval methods (so-called ac-

cess transparency)
3.2.6 Interoperation comprises explicit exchange of objects and metadata

Table 11.4. Criteria catalog: functional criteria – archival storage

Criteria Explanation
3.3 Archival Storage
3.3.1 Archival Storage

Organization
conceptual organization of objects and metadata

3.3.1.1 Object Organization
3.3.1.1.1 Object Format e.g., file formats
3.3.1.1.2 Object Identification in a broad sense (see OAIS)
3.3.1.1.3 Object

Organization
e.g., hierarchies (esp. depth), links, identifications

3.3.1.1.4 Versions special relation within object organization: modeling time lines
3.3.1.1.5 Variants special relation within object organization: modeling manifesta-

tions
3.3.1.2 Metadata Schema e.g., predefined, user definable, opaque or accessible by means of

archive
3.3.1.3 Relationships

Objects – Metadata
e.g., multiplicity (simultaneous support of various schemes), rela-
tion to hierarchy levels, normalization to minimize redundancies

3.3.2 Logical Storage
Organization

mapping of the conceptual organization to logical elements like
files or database objects

3.3.3 Consistency
Assurance of Logical
Storage Organization

esp. relationships between objects as well as between objects and
metadata

3.3.4 Physical Storage
Organization

e.g., supported media, interfaces (abstraction)

3.3.5 Limits esp. number and size of digital objects
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Table 11.5. Criteria catalog: functional criteria – administration

Criteria Explanation
3.4 Administration
3.4.1 Access Procedures

for Administrators
e.g., local/remote, special protection

3.4.2 Administration of
Object Organization

e.g., deletion of collections, reorganization of object identifications

3.4.3 Administration of
Metadata

e.g., updates if new elements are required or if controlled vocabu-
lary is available

3.4.4 Administration of
User Access

e.g., definition of OAIS-roles like producer, consumer, adminis-
tration, management; individualization of user access; combining
with object-related rights

3.4.5 Administration of
Archival Storage
Organization

e.g., assignment or deletion of metadata schemes

3.4.6 Administration of
Physical Storage

e.g., allocation of storage for objects, collections, roles

3.4.7 Access to
Internal Interfaces

e.g., to basic databases systems, storage systems

3.4.8 Configuration/
Scaling

e.g., integration or removal of components, extension of storage
capacities

3.4.9 Disaster
Management

e.g., backup/ recovery, replications

3.4.10 Monitoring/
Reporting

e.g., error reports, access statistics

conceptual components. These modules can perform certain tasks
stand-alone or in combination with problem-specific modules without
operating a “complete” system.

As expected, the analyzed systems have different degrees of tech- technical orientation

modules belong to different products. Many products rely on off-the-
shelf database systems and storage managers. These subsystems are
then responsible for the management and storage of objects, metadata,
and data for the system administration. Moreover, the so-called appli-
cation logic is more and more realized on the basis of the component
technology. In some archiving systems noncommercial (open source)
and commercial components work together, and in some cases these
component types can be substituted mutually. Violation of standards or
varying performances hamper interoperability, and, therefore, the free-
dom to choose components individually.

There is a clear trend to core systems with open interfaces. Espe- trade off between
dispersion and
federation

cially Web technologies boost the trend to logically and physically dis-
tributed systems. Distribution and dispersion of labor is an easy task.
Cooperation and federation of data is not. Cooperation and federation

nical modularity. Modules fulfill one or more functional concepts, or
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Table 11.6. Criteria catalog: nonfunctional criteria – costs and quality

Criteria Explanation
4 Costs
4.1 Product Costs
4.1.2 Initial Purchase
4.1.3 Current Costs e.g., license, leasing, maintenance, updates
4.1.4 Training
4.2 Personnel Resources
4.2.1 Initial Installation/

Updates
4.2.2 Operating esp. administration
4.2.3 End User Support e.g., hotline, newsletter, FAQ
4.2.4 Producer Support e.g., for completing Submission Information Packages
4.2.5 Reconfiguration/

Further Development
e.g., required programming skills

4.2.6 Long-term
Preservation

e.g., monitoring of applied (embedded) technologies, media migra-
tion

4.3 Material Resources
4.3.1 Hardware esp. storage
4.3.2 Additional Software e.g., operating systems, DBMS, application servers
5 Quality
5.1 Manufacturer e.g., company structure, background of open source projects
5.2 Product Maturity development status (degree of realized functions)
5.3 Product Stability correct implementation of specified functions esp. of all functions

concerning accessibility and integrity of content
5.4 Product

Documentation
e.g., completeness, consistency with implementation esp. w.r.t.
content model

5.5 Support
5.6 Market Penetration/

User Community

of archives require to define and observe conventions. At least, tech-
nical standards and recommendations are widely accepted and realized
in new product versions. Widely used standards include (a) XML for
the describing object organization and metadata schemes, (b) XSLT for
preparing XML documents for rendering and for the transfer to other
systems, and (c) Dublin Core (DC) for organizing of metadata. How-
ever, only a few systems support more specific standards like METSor
OAI-PMH.4 Unfortunately, missing or imprecise conventions open the
floodgate for an uncontrolled use of metadata and a nonuniform orga-
nization of complex objects and collections. Slowly, archives and man-
ufacturers are making efforts to define more precise conventions and to
implement the associated mechanisms.

4 Open Archives Initiative – Protocol for Metadata Harvesting, see
http://www.openarchives.org.
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Plans and Trends

Manufacturers announced developments that are relevant for archiving manufacturers’
announcementsin general. Faster and easier search and retrieval of objects got a high

priority. Developers also recognize the importance of metadata for user
convenience as well as for the management of digital objects. Numer-
ous manufacturers underline the future integration of extended Digital
Rights Management (DRM). Manufacturers also promise to reduce the
operating costs of their systems. Thus a more efficient system admin-
istration including a simplified handling of storage media would save
resources. Announcements also comprise further application of Web
technologies, improvement of system availability, and even “long-term”
usage of objects.

Enhancement of public relations, e-Commerce, and especially na- driving forces for
archiving systemstional and international laws and regulations for archiving (mostly for a

limited period of time) are major driving forces for these developments.
Still, long-term preservation is an explicit objective for a few systems
only.

Long-Term Aspects

Only a few products realize concepts for long-term preservation di- support for
long-term
preservation

rectly, and even products that obviously aim at long-term preservation
do not implement these concepts completely. We found some systems
that provide file format registries, handle systems for persistent iden-
tification, and conversion to certain “storage formats.” Several systems
support the migration of content, for example, by export formats that are
“simple” to interpret. More sophisticated approaches like the Universal
Virtual Computer (UVC) or the description and storage of complete
software layers are still an exception.

In summary, we regard current systems as interim solutions. There- shortcomings of
current systemsfore, we have to focus on features that determine the longevity of sys-

tems and content. The implemented content model essentially deter-
mines the survival of content. Current models differ in the ability to or-
ganize objects and metadata as well as to ensure integrity. Major short-
comings are:

– Flat and rigid object hierarchies
– Missing mechanisms for defining the semantics of object relations
– Restricted metadata schemes (especially missing elements for

preservation metadata and restricted ways for linking metadata
to objects and to their organizing elements) and

– No controlled vocabulary for metadata elements and, more sophis-
ticated, their values

Decision makers should, therefore, direct their attention to the im-
plemented content models when choosing an archiving system for
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long-term preservation. Some systems already offer a great flexibility
for defining object and metadata organizations, for example, systems
based on METS. Nevertheless, archives have to compensate missing
standards and conventions.

11.5 Discussion

We argue that our criteria catalog provides a useful building block forcompleting the
decision process choosing an archiving system. It remains for an archive to define in-

dividual requirements, to determine the values of the criteria and the
degree of fulfillment, and to assess the overall system performance. An
adequate assessment hence comprises the choice of suitable measures
and scales. For many criteria nominal scales are appropriate; this means
the naming of referenced objects, e.g., file format names for the crite-
ria “accepted submission object forms.” If an archive can make a clear
statement about type and number of objects to ingest, calculating the
degree of fulfillment will be quite an easy task. But vagueness and un-
certainty on the side of requirements or on the side of feature values
complicate an assessment process. If an assignment of values is impos-
sible, a refinement of criteria will be unavoidable. Prior to calculating
the total degree of fulfillment for the ranking step it is necessary to de-
termine to which degree a criteria can compensate each other criteria.
For example, a perfect metadata schema cannot heal missing security
features, but one may accept a limited number of simultaneous on-line
users in favor of low license fees. That is, unsuited methods for aggre-
gation lead to wrong conclusions, for example, the arithmetic mean if
compensation is not suitable. Fortunately, decision theory offers a rich
set of methods for handling complex decision scenarios.

Our previous statements give an idea about efforts necessary forfurther support for
choosing a system choosing an archiving product. Therefore, the question may arise

whether more assistance could be provided for archives that have to
choose a concrete product. One could even imagine a product certifi-
cation in order to relieve archives from decision. On the one hand, we
have to consider extensibility and configurability of software systems,
and, on the other hand, heterogeneity of requirements and constraints.
Unless there exist commonly accepted, complete techniques and unified
requirements for long-term preservation to a certain extent, a certifica-
tion is be narrowed to aspects that can be defined today. Thus, a high
degree of responsibility currently remains for archives. Archives have
to care for their own concepts and technical solutions in addition to
product choice and configuration. The complexity of these tasks com-
bined with limited resources calls for cooperation between system users
themselves, but also between system users and manufacturers. Formal-
ization and classification of archival scenarios and their requirements,
as a basis for systematic product evaluation and standardized product
description, could be useful topics for cooperation.
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11.6 Product Examples

For some parts of our criteria catalog, we demonstrate the application to
product examples, i.e., DSpace, DIAS, and DigiTool. Please note that
the choice of these products does not indicate any ranking. The value of
a given product can only be determined if the individual requirements
are known! Depending on the archive’s needs other products could be
the better solution, for example, the well-established systems EPrints5

or LOCKSS6 designed according to the motto “lots of copies keep stuff
save.”

DSpace is a free and open source repository system jointly devel- DSpace
oped by MIT Libraries and Hewlett Packard Labs. This ready-to-use
product is primarily designed for research institutions with the explicit
goal of ensuring long-term preservation of scientific and scholarly work.
The developer’s Web page lists some hundred institutions already using
this product. Our criteria catalog shows the details (refer Tables 11.7–
11.11, respectively).

The concept of Digital Information and Archiving System (DIAS) is DIAS
different from DSpace. DIAS offers a core component for archival stor-
age based on commercial high-end products delivered by IBM. A major
assumption is that an established key player can guarantee sustainable
product support. Well-defined import and export interfaces allow or-
ganizations the development of individual solutions. To our knowledge,
the National Library of The Netherlands7 has the most advanced add-on
components. They are designed for a tight integration into a library sys-
tem, and several explicit approaches for long-term preservation are al-
ready realized. The German National Library, in cooperation with IBM
and the Lower Saxon State and University Library, is also developing
solutions around the DIAS core for large collections. The goals of this
project, called kopal,8 have to respect the highly federated structures in
Germany. In order to cover the distributed responsibilities for archiving,
potential users require a cooperative system. Therefore, a “universal”
object format, based on METS, and mechanisms for the autonomous,
remote use of the archiving system will extend the DIAS core. Out-
sourcing of operation and maintenance of required technical infrastruc-
ture should assure the coherence of the system. Despite the different
requirements in The Netherlands and in Germany a common release of
the DIAS core will be the accepted basis in future. Tables 11.12–11.17,
respectively, provide more details about the DIAS core and the Dutch
solution.

5 http://www.eprints.org.
6 http://lockss.stanford.edu.
7 See http://www.kb.nl.
8 Cooperative Development of a Long-Term Digital Information Archive, see

kopal.langzeitarchivierung.de.
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Ex Libris is a company with roots in the library community. It isDigiTool
engaged in several standardization efforts and offers a commercial sys-
tem comprising the main functional entities of OAIS. Predefined func-
tions as well as predefined data and metadata models considering library
standards allow institutions the operation of the system without much
programming efforts. As with any other complex information system
configuration work is still required. Even though the interfaces of the
system enable individual extensions, the company wants to preserve the
character of DigiTool as a “coherent” product. Tables 11.18–11.25, re-
spectively, illustrate the details.

11.7 Rated Products

Table 11.7. Criteria catalog DSpace: general attributes

Criteria Value Details/Comments
Product Name DSpace

1 General
Attributes

1.1 Product
Components

DSpace 1.3.1 2005/08/05

1.2 Manufacturer/
Developer

Massachusetts Institute of Technology
(MIT)/Hewlett-Packard Labs

1.3 Orientation
1.3.1 Target Group institutional digital repositories
1.3.2 Application

Purpose
management and publication of digital col-
lections (focus on science and education),
long-term preservation

1.3.3 Product
Category

end user application (ready to use)

1.4 License Model open source: Berkeley Software Distribu-
tion (BSD)

1.5 Reference
Applications

MIT, University Cornell, University Cam-
bridge, University Edinburgh

2 Overall System
Attributes

2.1 Overall System OAIS-oriented
2.2 Explicit Long-

term Features
1. persistent identifiers; 2. recognition and
registration of file formats; 3. support lev-
els for archived formats (supported, known,
unsupported)

2.3 Major System
Elements

2.3.1 Object Related
2.3.1.1 Object

Categories
any category (file format)

2.3.1.2 Object
Representation

original bit-stream
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Table 11.7. Criteria catalog DSpace: general attributes (cont’d)

Criteria Value Details/Comments
2.3.1.3 Object

Organization
multi-hierarchical: overall organization:
Community, Collection; object organiza-
tion: Item, Bundle, Bit-stream

no direct access to object
organization Item – Bundle

2.3.1.4 Metadata
Organization

basic schema for descriptive metadata, any
schema as original bit-stream, administra-
tive metadata, structural metadata (organi-
zation of objects within Items)

2.3.1.5 Rights assignments of producer rights to archive,
policy-based access to Items

Table 11.8. Criteria catalog DSpace: general attributes (cont’d)

Criteria Value Details/Comments
2.3.2 Roles
2.3.2.1 Consumer the public
2.3.2.2 Producer registered Communities
2.3.2.3 Operator

(Archive)
institutions (focus on science and educa-
tion)

2.3.3 Functions
2.3.3.1 Ingest registered Communities, Web import, batch

import, configurable workflow with qual-
ity assurance of content, temporary archival
storage

2.3.3.2 Access remote, open Web access depending on the
rights defined by Community, download of
original objects, rendering in browser de-
pending on file format, federation: metadata
harvesting, interoperation: batch export

2.3.3.3 Archival
Storage

storage after staged ingest process, bit-
stream in files, metadata and data for system
administration in relational database

no support of external ob-
jects

2.3.3.4 Administration Web based, can be partly delegated
w.r.t. content

2.4 System
Integration

2.4.1 Application
Integration

stand-alone application, not intended for
tight integration into further systems

2.4.2 Organizational
Integration

institutional responsibility, quality assur-
ance of content by Communities

2.5 System
Realization

2.5.1 Software
Architecture

Web clients (browser) for end user, rela-
tional database, Web server, Java servlets,
search engine, PC or mid-range operating
system

PostgreSQL or Oracle,
Lucene (others possible),
Unix-like or, with some
restrictions, Windows)

2.5.2 Hardware basis PCs, mid-range server
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Table 11.9. Criteria catalog DSpace: functional criteria – ingest

Criteria Value Details/Comments
3 Functional

Components
3.1 Ingest
3.1.1 Accepted Sub-

mission Forms
3.1.1.1 Object Format any bit-stream as file
3.1.1.2 Object

Identification
no explicit prescription

3.1.1.3 Object
Organization

organization of digital objects within Items

3.1.1.4 Versions no system-external history
3.1.1.5 Variants no explicit semantics (no structural meta-

data)
3.1.2 Access

Procedures for
Producers

1. registration with email and password;
2. certification, individualized user portal

1. X.509

3.1.3 Ingest
Procedures for
Objects/
Collection

1. Web import: file upload and input of
metadata; 2. batch import: upload of files
including content and metadata (external
SIP; customizable workflow after submis-
sion: step 1 accept or reject, step 2 edit
metadata and accept or reject, step 3 edit
metadata and commit

1. Web browser, HTML;
2. XML file

3.1.4 Accepted meta-
data Schema

1. basic schema (one per Item); 2. opt. any
schema

1. qualified DC (oriented
to Library Application Pro-
file)

3.1.5 Ingest
Procedures
for Metadata

1. Web import: any metadata schema as file;
2. batch import: any schema as file (as part
of external SIP)

3.1.6 Creation of
Metadata

Web import: descriptive: interactive by pro-
ducer; and optional by step 2 and 3 of In-
gest Procedure; administrative: partly auto-
matic, e.g., file format recognition; batch
import: transfer from MARC to basic
scheme

3.1.7 Creation of
Archival
Storage
Organization

dedicated process after completion of In-
gest Procedure (Item Installer): adds ad-
ministrative metadata, creates persistent
identifiers and indexes

3.1.8 Throughput ingest of “large” collections possible;
software-side limits are not specified

limiting parameters may
be: storage buffer for Ingest
Procedure, I/O capacity of
file server, number of paral-
lel workflows
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Table 11.10. Criteria catalog DSpace: functional criteria – access

Criteria Value Details/Comments
3.2 Access
3.2.1 Access

Procedure for
Consumer

anonymous or registered; authentication:
1. username/password; 2. certificate Web
based

HTTP, HTTPS, HTML;
2. X.509

3.2.2 Search 1. (indexed) keywords in metadata; 2. ex-
tracted full text; 3. browsing combined with
preselection

HTTP; 2. Lucene

3.2.3 Retrieval
3.2.3.1 Dissemination

Form of
Objects

1. download of Items (original bit-stream);
2. rendering in browser for objects at level
supported

3.2.3.2 Dissemination
Form of
Metadata

3.2.3.3 Dissemination
of
Interpretation
Aids

no explicit aids

3.2.4 Accounting can be specified in Policy, but no accounting
subsystem implemented

3.2.5 Federation 1. external view of metadata (DC qualified)
at level Item; 2. OpenURL

1. OAI-PMH, OAICat

3.2.6 Interoperation 1. batch export: 1.1. directory structure
and 1.2. DC metadata; 2. export: metadata
METS-based with references to bit-streams

1.2. XML

Table 11.11. Criteria catalog DSpace: functional criteria – archival storage

Criteria Value Details/Comments
3.3 Archival

Storage
3.3.1 Archival

Storage
Organization

3.3.1.1 Object
3.3.1.1.1 Object Format any bit-stream, assignment to one support

level: supported, known, unsupported
3.3.1.1.2 Object

Identification
persistent identification for Communities,
Collections, Items

CNRI Handles
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Table 11.11. Criteria catalog DSpace: functional criteria – archival storage (cont’d)

Criteria Value Details/Comments
3.3.1.1.3 Object

Organization
multi hierarchy/hierarchy: DSpace site –
Community (can be divided into subcommu-
nities) – Collection – Item (can belong to 0
or more Collections) – Bundle – Bit-stream

3.3.1.1.4 Versions state-event-action model based on Har-
mony/ABC

RDF

3.3.1.1.5 Variants no explicit semantics (no structural meta-
data)

Bundles can simulate such
structures to a certain de-
gree

3.3.1.2 Metadata
Schema

basic schema for descriptive metadata
(qualified DC), any schema as original bit-
stream, administrative metadata, structural
metadata (organization of objects within
Items and Bundles)

3.3.1.3 Relationships
Objects –
Metadata

basic schema for descriptive metadata
(qualified DC) and any schema as serial-
ized original bit-stream at level Item, re-
duced descriptive metadata at level Commu-
nity, Collection

3.3.2 Logical Storage
Organization

1. structures of object organization (like
Collection – Item in database relations);
2. bit-streams in uncompressed files

1. SQL; 2. dependend on
file system

3.3.3 Consistency
Assurance
of Logical
Storage
Organization

1. referential integrity for object organiza-
tion; 2. checksums for bit-streams

2. MD5

3.3.4 Physical
Storage
Organization

1. through database system and file system
of operating system; 2. opt. storage man-
ager

2. API to Storage Resource
Broker (SRB)

3.3.5 Limits no limits specified number and size of objects
may be restricted by data-
base system or file system

Table 11.12. Criteria catalog DIAS: general attributes

Criteria Value Details/Comments
Product Name DIAS (Digital Information Archiving

System)
1 General

Attributes
1.1 Product

Components
1. DIAS-Core 1.1; 2. DIAS-Solution
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Table 11.12. Criteria catalog DIAS: general attributes (cont’d)

Criteria Value Details/Comments
1.2 Manufacturer/

Developer
IBM in cooperation with National Library
of The Netherlands (Koninklijke Biblio-
theek)

1.3 Orientation
1.3.1 Target Group libraries and institutions demanding for

long-term preservation
1.3.2 Application

Purpose
1. Core: long-term preservation; 2. solu-
tion: preprocessing and postprocessing as
end-user application

1.3.3 Product
Category

1. Core: basic application; 2. solution: end-
user application

1.4 License Model commercial IBM Intellectual Property
(IP) Asset; solution: no
concrete plans as yet

1.5 Reference
Applications

National Library of The Netherlands

2 Overall System
Attributes

2.1 Overall System 1. Core: oriented to OAIS with focus
on archival storage; implementation ba-
sis: IBM products, but non-IBM operat-
ing system possible; 2. Solution: additional
components: 2.1. preprocessing: Delivery
and Capture comprising SIP Builder Ap-
plication, SIP Batch Builder Application;
2.2. postprocessing: Packaging and Deliv-
ery with Web Browser

2.2 Explicit Long-
term Features

1. conceptual basis: Core: oriented to
OAIS functions Ingest, Data Management,
Archival Storage and to OAIS-data model
elements SIP, AIP, DIP; 2. physical preser-
vation: support of media migration through
storage manager; 3. logical layer: 3.1. reg-
istration of file formats and preservation of
relating knowledge; 3.2. alternatively: us-
age and preservation of reference environ-
ment
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Table 11.13. Criteria catalog DIAS: general attributes (cont’d)

Criteria Value Details/Comments
2.3 Major System

Elements
Core if not noted otherwise

2.3.1 Object Related
2.3.1.1 Object

Categories
supported file formats; unsupported file for-
mats are restricted to physical preservation

2.3.1.2 Object
Representation

1. files (original or converted); 2. disk im-
ages for so-called installed publications;
3. unsupported file formats as bit-stream

installed publications re-
quire a specific run time en-
vironment (e.g., encyclope-
dias with embedded soft-
ware code)

2.3.1.3 Object
Organization

directories and opt. links to special files
(e.g. thumbnails, license keys)

tar

2.3.1.4 Metadata
Organization

technical metadata only

2.3.1.5 Rights 1. no explicit rights model; 2. no authenti-
cation and authorization

1. object related rights at-
tributes can be specified in
special files as part of tar-
files;

2.3.2 Roles
2.3.2.1 Consumer determined by application system
2.3.2.2 Producer determined by application system realized by Solution (pre-

processing)
2.3.2.3 Operator

(Archive)
organizations with archiving requirements

2.3.3 Functions
2.3.3.1 Ingest 1. Core: interface for end application based

on predefined SIP-format; 2. Solution: tools
for generating predefined SIP-formats; in-
teractive (local) or batch mode

2.3.3.2 Access 1. Core: interface for end application based
on predefined DIP-format; 2. Solution:
Preparation for Web output

2. HTTP, HTML

2.3.3.3 Archival
Storage

separated archival: 1. metadata; 2. AIP 1. CM Library Server;
2. CM Resource Manager
with interface to Tivoli
Storage Manager (TSM)

2.3.3.4 Administration through administration functions of 1. basic
components and 2. application components
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Table 11.14. Criteria catalog DIAS: general attributes (cont’d)

Criteria Value Details/Comments
2.4 System

Integration
2.4.1 Application

Integration
designed for integration into application
systems (e.g., library systems)

2.4.2 Organizational
Integration

open

2.5 System
Realization

2.5.1 Software
Architecture

1. Web server, application server, con-
tent management system, relational data-
base system; 2. PC or midrange operating
system; 3. further tools

DB2 Content Manager
comprises Library Server,
Resource Manager, DB2
(relational database),
Web Sphere Application
Server (WAS), 2. Unix
(AIX, Solaris), Windows;
3. Business Objects (BO)

2.5.2 hardware basis PCs, midrange server CM Library Server and
Resource Manager require
dedicated server

Table 11.15. Criteria catalog DIAS: functional criteria – ingest

Criteria Value Details/Comments
3 Functional

Components
3.1 Ingest Core if not noted otherwise
3.1.1 Accepted Sub-

mission Forms
3.1.1.1 Object Format 1. Core: tar Objects as part of SIP; 2. Solu-

tion: any file format, disk images too
3.1.1.2 Object

Identification
not prescripted

3.1.1.3 Object
Organization

1. Core: internal structure of tar files; 2. So-
lution: directories

3.1.1.4 Versions no predefined structures
3.1.1.5 Variants no predefined structures through creation of special

files
3.1.2 Access

Procedures for
Producers

through application system; file transfer or
direct access to interim storage

FTP
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Table 11.15. Criteria catalog DIAS: functional criteria – ingest (cont’d)

Criteria Value Details/Comments
3.1.3 Ingest

Procedures for
Objects/
Collection

1. Core: Transfer SIP; 2. Solution: objects
and collections via upload, email, and me-
dia (e.g., DVD)

3.1.4 Accepted meta-
data Schema

1. Core: technical metadata; 2. Solu-
tion: bibliographic schemes (Elsevier Ef-
fect, SDOS) which are transferred to the
DIAS-external catalog component

XML

3.1.5 Ingest
Procedures
for Metadata

part of Transfer SIP

3.1.6 Creation of
Metadata

no functions

3.1.7 Creation of
Archival
Storage
Organization

1. Core: separation of SIPinto AIPand tech-
nical metadata; 2. Solution: generation of
persistent identifiers based on NBN

2. URN

3.1.8 Throughput not specified basic components are de-
signed for high work loads

Table 11.16. Criteria catalog DIAS: functional criteria – access

Criteria Value Details/Comments
3.2 Access Core if not noted otherwise
3.2.1 Access

Procedure for
Consumer

Web based, access through application sys-
tem (authentication, authorization, etc.)

3.2.2 Search not part of the design
3.2.3 Retrieval
3.2.3.1 Dissemination

Form of
Objects

1. links to objects in original format and, if
supported, to according viewers; 2. as pack-
age

3.2.3.2 Dissemination
Form of
Metadata

1. representation suited for Web browsers;
2. as package

1. JSP, HTML; 2. ZIP, JAR

3.2.3.3 Dissemination
of
Interpretation
Aids

Reference Workstation for installed publi-
cations

3.2.4 Accounting not part of the design
3.2.5 Federation not part of the design
3.2.6 Interoperation not part of the design planned: subset of METS-

21/METS for export
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Table 11.17. Criteria catalog DIAS: functional criteria – archival storage

Criteria Value Details/Comments
3.3 Archival

Storage
Core if not noted otherwise

3.3.1 Archival
Storage
Organization

3.3.1.1 Object
Organization

as package tar files containing files, di-
rectories, or disk images,
opt. special files

3.3.1.1.1 Object Format 1. original file format; 2. disk images
3.3.1.1.2 Object

Identification
3.3.1.1.3 Object

Organization
remains opaque see 3.3.1.1

3.3.1.1.4 Versions not part of the design
3.3.1.1.5 Variants
3.3.1.2 Metadata

Schema
3.3.1.3 Relationships

Objects –
Metadata

3.3.2 Logical Storage
Organization

3.3.3 Consistency
Assurance
of Logical
Storage
Organization

3.3.4 Physical
Storage
Organization

3.3.5 Limits

Table 11.18. Criteria catalog DigiTool: general attributes

Criteria Value Details/Comments
Product Name DigiTool

1 General
Attributes

1.1 Product
Components

DigiTool 3.0 2005/08; comprehensive re-
design of version 2.4

1.2 Manufacturer/
Developer

Ex Libris

1.3 Orientation
1.3.1 Target Group national libraries, academic libraries, li-

brary consortia, institutional repositories

URN-based on NBN
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Table 11.18. Criteria catalog DigiTool: general attributes (cont’d)

Criteria Value Details/Comments
1.3.2 Application

Purpose
management, presentation, long-term
preservation of digital objects

1.3.3 Product
Category

1. core system for managing and archiving
of digital objects; 2. additional components
for producers, staff, end-users

1.4 License Model commercial, closed source with open
source third-party components

1.5 Reference
Applications

HBZ (Cologne, Germany), Austrian Na-
tional Library, British Library, Charles Uni-
versity (Prague), University of New South
Wales, Boston Collage

2 Overall System
Attributes

2.1 Overall System 1. Core: Digital Object Repository; 2. ad-
ditional components: Ingest, Deposit and
Approval, Meditor, Resource Discovery
and Delivery, Management and Collection
Management

Meditor: metadata Editor
for data management pur-
poses

2.2 Explicit Long-
term Features

1. persistent identifiers and internal resolv-
ing based on these identifiers; 2. ability to
maintain various types of metadata incl.
technical and preservation metadata; new
categories and standards can be added;
3. automated extraction of preservation re-
lated metadata (technical, checksums)

Table 11.19. Criteria catalog DigiTool: general attributes (cont’d)

Criteria Value Details/Comments
2.3 Major System

Elements
2.3.1 Object Related
2.3.1.1 Object

Categories
image, audio, video, text

2.3.1.2 Object
Representation

files

2.3.1.3 Object
Organization

predefined and user-definable relations

2.3.1.4 Metadata
Organization

1. predefined schemes based on standards
or initiatives; 2. User-definable schemes

1. DC, MARC21, Z39.87
Mix, LOC AMD & VMD,
PREMIS object and event;
2. XML/XSD

2.3.1.5 Rights object-related, roles
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Table 11.19. Criteria catalog DigiTool: general attributes (cont’d)

Criteria Value Details/Comments
2.3.2 Roles
2.3.2.1 Consumer the public
2.3.2.2 Producer external/institutional publisher
2.3.2.3 Operator

(Archive)
primarily libraries

2.3.3 Functions
2.3.3.1 Ingest oriented to 1. libraries (Ingest and Medi-

tor); 2. institutional repositories (Deposit);
for both: predefined and configurable work-
flows

2.3.3.2 Access user specific and object related, mainly Web
based, system interfaces

Z39.50

2.3.3.3 Archival
Storage

objects in NFS, metadata as XML objects NFS: network file system

2.3.3.4 Administration central administration through dedicated
client (Collection Management)

Table 11.20. Criteria catalog DigiTool: general attributes (cont’d)

Criteria Value Details/Comments
2.4 System

Integration
2.4.1 Application

Integration
stand alone end-user application tight integration in Ex

Libris’ product suite:
SFX/Metalib; dedicated
interface to ALEPH li-
brary catalog for metadata
exchange; interfaces to
third-party application

2.4.2 Organizational
Integration

primarily in (cooperating) libraries

2.5 System
Realization

2.5.1 Software
Architecture

1. specific client for Meditor; 2. Web server;
3. database system; 4. additional plug-ins
for rendering, conversion, file format analy-
ses

2. JBOSS; 3. Oracle;
4. JHOVE; server operating
system: Solaris (Linux);
each components has three
tiers: data level, application
level, user-interface level

2.5.2 Hardware
Architecture

PCs, mid-range server
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Table 11.21. Criteria catalog DigiTool: functional criteria – ingest

Criteria Value Details/Comments
3 Functional

Components
3.1 Ingest
3.1.1 Accepted Sub-

mission Forms
3.1.1.1 Object Format any file format
3.1.1.2 Object

Identification
1. persistent identifier with internal resolv-
ing; 2. externals mechanisms can be inte-
grated

2. URN, DOI

3.1.1.3 Object
Organization

complex objects based on METS and EAD;
hierarchies of arbitrary depth

XML

3.1.1.4 Versions no predefined structures
3.1.1.5 Variants variants are kept
3.1.2 Access

Procedures for
Producers

1. staff: dedicated interfaces 1.1. ingest
(Web based) (Ingest) 1.2. Metadata editor
(client) (Meditor); 2. nonstaff: Web based
submission (Deposit)

1.1. HTTPS; 2. HTTPS; In-
gest: automatic bulk ingest,
Deposit: manual, one by
one

3.1.3 Ingest
Procedures for
Objects/
Collection

1. staff and administrators: configurable
workflow for batch/single file upload with
quality assurance (e.g., generation of check-
sums, format validation); automatic conver-
sions and enrichments

3.1.4 Accepted meta-
data Schema

1. DC with associated file streams; 2. Mar-
cXML with associated file streams; 3. CSV;
4. METS (in DigiTool METS profile)

3. CSV: comma separated
values

3.1.5 Ingest
Procedures
for Metadata

integrated with procedures for ob-
jects/collections: 1. staff and adminis-
trators: dedicated interface (Ingest and
Meditor); 2. institutional publisher: Web
based forms for deposit with opportunity
of metadata editing (Deposit), approval of
deposits by staff

2. HTTP, HTTPS

Table 11.22. Criteria catalog DigiTool: functional criteria – ingest (cont’d)

Criteria Value Details/Comments
3.1.6 Creation of

Metadata
1. manually (Ingest, Meditor, Deposit);
2. automatic extraction of technical meta-
data; 3. attachment of precreated XML
metadata files; 4. fetching by use of Z39.50
and OAI; 5. mapping of CSV files

known metadata schemes
are defined using XSD;
editing of local fields us-
ing XML capabilities; edi-
tors are available for most
metadata categories, others
can be edited with native
XML editor (delivered with
DigiTool); 2. JHOVE
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Table 11.22. Criteria catalog DigiTool: functional criteria – ingest (cont’d)

Criteria Value Details/Comments
3.1.7 Creation of

Archival
Storage
Organization

1. generation of identifiers; 2. definition
of storage parameters, (e.g., storage area,
folder breaks, max. folder size) with dedi-
cated administration tool (Web based)

1. configurable Java classes

3.1.8 Throughput not specified

Table 11.23. Criteria catalog DigiTool: functional criteria – access

Criteria Value Details/Comments
3.2 Access
3.2.1 Access

Procedure for
Consumer

1. Web based; 2. Z39.50; 3. opt. single sign-
on (SSO); 4. OAI; 5. Ex Libris X-Server

1. HTTP, HTTPS;
3. LDAP/Ex Libris Patron
Directory Service (PDS)

3.2.2 Search 1. simple and advanced search screen;
2. exploiting XML tags; 3. navigation
within predefined categories (Collection
Manager); 3. navigation within the object
using hierarchical structure maps (METS,
EAD)

repository metadata are har-
vested into Resource Dis-
covery, schemes can be
merged

3.2.3 Retrieval
3.2.3.1 Dissemination

Form of
Objects

check of access rights, preprocessing on the
fly (conversion) Delivery Utility

3.2.3.2 Dissemination
Form of
Metadata

1. OAI data provider, can create various sets
(e.g., DC, MarcXML, xepicur)

3.2.3.3 Dissemination
of
Interpretation
Aids

set of product-inherent viewers e.g., Page-Turner, METS,
JPEG 2000, TIFF

3.2.4 Accounting recording usage and creating reports
3.2.5 Federation different models for consortional/federated

access
OAI-PMH, Z39.50, SOAP,
Ex Libris X-Server

3.2.6 Interoperation 1. exchange of objects and metadata; 2. ded-
icated interface for metadata synchroniza-
tion with ALEPH library catalog incl. deep
link to objects

1. XML, SOAP, Ex Libris
X-Server
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Table 11.24. Criteria catalog DigiTool: functional criteria – archival storage

Criteria Value Details/Comments
3.3 Archival

Storage
Digital Object Repository

3.3.1 Archival
Storage
Organization

3.3.1.1 Object
Organization

3.3.1.1.1 Object Format XML-based digital entity
3.3.1.1.2 Object

Identification
persistent identifiers (of arbitrary depth),
user-definable syntax and internal resolv-
ing; additional persistent identifiers can be
added (e.g., URN, DOI)

3.3.1.1.3 Object
Organization

predefined relations: hierarchies of arbitrary
depth (i.e., part-of, includes)

3.3.1.1.4 Versions no predefined structures
3.3.1.1.5 Variants manifestations i.e., sibling, e.g., a con-

verted file for viewing in
addition to the archive copy

3.3.1.2 Metadata
Schema

1. predefined: DC, MARC21, Z39.87 Mix,
PREMIS object and event, METS TextMD,
LOC AMD & VMD (audio, video), ob-
ject history, access rights; 2. user defin-
able; 2.1. local fields and categories can be
added; 2.2. mapping to predefined schemes
is possible

connection via Z39.50
for external authorities to
external catalog is pos-
sible; XML-DTD, XSD;
2.2. XSLT

3.3.1.3 Relationships
Objects –
Metadata

n to m i.e., each object can have
more than one metadata
record and each metadata
record can be shared by
more than one object; each
metadata record has an
identifier for linking with
objects (AIP)
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Table 11.25. Criteria catalog DigiTool: functional criteria – archival storage (cont’d)

Criteria Value Details/Comments
3.3.2 Logical Storage

Organization
1. metadata in relational database; 2. objects
in NFS; 3. external objects with URL

2. using storage rules di-
vides the object sets in the
NFS

3.3.3 Consistency
Assurance
of Logical
Storage
Organization

checksums for object integrity, referential
integrity

3.3.4 Physical
Storage
Organization

through the storage rules

3.3.5 Limits no limits specified
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