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structure used as a container of text. Computers are
readily able to process such structures, but markup
cannot accurately model the structure of paper-based
texts. This failure of markup is concentrated in two areas:
1. Variation caused by corrections and alternatives by
the writer, by redrafting or by copying
2. Loss of well-formedness caused by conflicting
perspectives in the markup, or naturally overlapping
structures in the text itself
We will examine each of these cases and show how the
second case of overlap is entirely contained by the first.

SOMMARIO/ ABSTRACT
Gli artefatti del patrimonio culturale presentano due
difficoltà per il codificatore: come rappresentare versioni
modificate o distinte della stessa opera, e come codificare
documenti stratificati usando i linguaggi di markup.
Entrambe sono forme di variazione testuale e possono
essere rappresentati in modo accurato usando un
documento multi-versione, basato su un grafo diretto a
ridondanza minima in grado di separare in modo preciso
la variazione dal contenuto.
Textual cultural heritage artefacts present two serious
problems for the encoder: how to record different or
revised versions of the same work, and how to encode
conflicting perspectives of the text using markup. Both
are forms of textual variation, and can be accurately
recorded using a multi-version document, based on a
minimally redundant directed graph that cleanly separates
variation from content.

2.

2.1 In Text
Since 1996 at the University of Edinburgh (Division of
European Languages and Cultures) an online archive of
literary artefacts by contemporary authors, called Digital
Variants, has been available online [15,16]. The initial
idea of the project was to provide a digital resource for
the study of the literary writing process. With the advent
of the computer fewer writers save the different versions
of their texts, and from the point of view of textual
criticism and the writing pedagogist this implies a loss for
the knowledge of the work’s textual genesis. Through the
digitisation of these otherwise lost drafts, pre-texts, and
writing sketches (in both image and text format), Digital
Variants (DV) was the first ‘digital window’ opened into
the writer’s kitchen, showing the complex phenomena
underlying the final version of a work.
In the last ten years the DV team has been
experimenting with a number of instruments and tools for
preserving the original material, and at the same time
offering to the user the possibility of exploring the
authors’ writing process. We started in 1997 with HTML
and Javascript for displaying both the images and
transcriptions of autographs (Sanvitale, Cerami), and
worked in parallel on SGML-TEI editions of the same
variant texts [15]. Recent experiments include XML-TEI
encoding [42] and XSLT visualisation of Vincenzo
Cerami's multi-versionshort stories [37], and an interface
realised in Flash, which tries to capture the fluidity of the
composing process in Valerio Magrelli's poems [17].

Parole chiave: Digital archives, overlapping hierarchies,
markup, cultural heritage.

1.

Overlapping Structures

Introduction

Literary and historical works comprise a wide range of
cultural items, for example collections of papers by
famous people, drafts of literary or philosophical works,
letters and even audio recordings. Some of these items
may be sufficiently important to warrant transcription in
order to facilitate searching or to enhance readability for
online presentation. Since the publication of the SGML
standard in 1986 [19] generalised markup has been the
method of choice for digitising textual artefacts of our
cultural heritage. Unfortunately for almost as long the
process of encoding historical texts in digital form has
been fraught with the serious problem of how to
represent overlapping structures, which naturally occur in
such texts [1]. Markup, and nowadays this usually means
XML [5], is ultimately derived from the computable
formal languages developed by linguists in the 1950s [9].
The context-free grammars of SGML and the regular
languages definable within XML [25] define a tree-
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Figure 1
However, none of these solutions, due to the variety
and complexity of textual phenomena involved, proved
to be entirely satisfactory. Although XML seemed at least
to guarantee preservation through time and provide
possibilities for searching, it showed more than one limit
both at the level of encoding and display/visualisation of
the writing process. Similar difficulties have been
reported elsewhere wherever markup is used to record
variation in original documents [2, 30, 44, 45]. Variants
are essentially non-linear texts, and their nature resists
any kind of digital representation based on hierarchical
modelling [45].

2.1

each hierarchy can be written out in full, even if they
partly merge with one another. Hence if there are N
overlapping hierarchies this can be easily turned into N
variant texts, each copy sharing the content, or some part
of it, and some tags with other versions.
We shall thus concentrate on the textual variation
problem and describe a model that is adequate to
represent that.

3.

The Model

This description of the problem makes it clear that one
should not proceed with the digitisation of cultural
textual artefacts without first resolving the problem of
overlap. In contrast to the traditional approaches
described above, our model represents variant texts as a
minimally redundant directed graph. Figure 1 shows a
small section of one of the poems in the Digital Variants
archive by the contemporary Italian poet Valerio
Magrelli, and its representation in the model.
The process by which the text is converted into the
graph is an editorial task, and requires the exercise of
human judgment, in deciding which pieces of text belong
to which versions [14]. The graph facilitates this process
because it allows the encoder to record the natural
structures of the text, although interpreting a complex
document like this is still difficult.
We don’t claim any originality for the structure of the
graph - it is much the same as the original PERT/CPM
graph that was once used to model workflows [8, 32]. It
is also not unlike some structures that have been used in
bioinformatics for representing multiple sequence
alignments [27]. But we do claim originality for the
labelling, the precise definition of this structure which we
call a ‘variant graph’, and in particular for the method of
compactly storing it. A variant graph is defined as
follows:
1. A variant-graph is a directed acyclic graph with two
special nodes called start and end. The unique start
node has no incoming arcs and at least one outgoing
arc. The unique end node has no outgoing arcs and at
least one incoming arc. All other nodes have at least
one incoming and one outgoing arc.
2. Each arc is labelled with a string, which may be
empty, and with a set of versions, which may not.
3. For each version vi represented by the graph there is
a single path from start to end such that vi is a subset

In Markup

The second half of this problem arises from the analysis
of marked up texts that are not in themselves composed
of different versions. Markup is usually regarded as an
interpretation. An encoder selects one or more aspects of
interest in a text and adds tags to represent them [38].
However, the markup for each of these aspects or
perspectives may overlap. Potential sources of conflict in
literary text include its physical structure (e.g. chapter,
paragraph, line), graphical details such as underlining,
erasure etc, or its metrical, syntactical, dramatic,
prosodic, narrative, rhetorical or discourse structure [34,
p.120]. Within each perspective elements might also
overlap in ways that could not plausibly be teased out
into separate hierarchies. Examples include annotations,
variant readings and strikeouts [33]. Indeed, it is now
generally recognised that literary texts frequently or even
predominantly exhibit overlapping structures [6, 12, 22,
33].
Individual hierarchies or perspectives may also be
completely separate but refer to the same text, or they
may partially overlap, sharing some tags, or they may not
even share all of the text. The problem seems
insurmountable, indeed a great variety of methods for
representing overlapping hierarchies have already been
tried, but no one has yet produced a solution adequate for
all situations [1, 3, 7, 10, 11, 13, 20, 21, 39, 40]. As Maas
remarks, ‘there is no silver bullet for the modelling of
data in XML, when there is an overlap problem; the user
must find the best solution that suits his or her particular
needs [29, p.18].
In fact the entire overlapping hierarchies problem can
be subsumed into the broader problem of variation
described above. Since the tags are all part of the text,
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of the set of versions belonging to each arc in the
path.
The graph is not otherwise constrained, and arcs may
freely overlap. By following the appropriate path we can
read off any version, e.g. version 7: ‘Il suo arco/misura la
sera nel silenzio della campagna solitaria’. The line-end
in the middle of that quote is part of the text and is also
subject to variation. Between the second and third drafts
the line-break after `misura' is moved back after `arco'.
Very often writers join lines together or split them apart
as they edit a document, and to record that in markup is
very difficult, because it violates well-formedness, but
not in our model.
In the variant graph insertions and deletions are
represented by empty arcs. Variant versions or exchanges
are simply alternative paths. Transpositions are
represented by a combination of insertion and deletion in
which the inserted and deleted text is the same. In these
cases the second time the text occurs it is referred to or
pointed to rather than copied. For example, in the figure
above ‘la sera’ is transposed around ‘nel silenzio’ in
versions 9-15, and the second time it is drawn in grey to
show that the text is only stored once.

3.1

fail to capture the particular nature of the variant graph as
a non-linear text. However, a variant graph is not a
general graph; it is strictly limited by the rules described
above, and this enables it to be translated into a more
compact format. This compact format is just a specially
ordered list of the labels of each arc, namely a pair
consisting of a fragment of perhaps empty text and a set
of versions. This pairs-list representation is provably
equivalent to the variant graph. It stores all of the graph's
structure by implication, and hence it doesn't become
overloaded even when a document consists of thousands
of versions. To read any version all that is needed is to
skip down the list, picking out pairs whose version-sets
intersect with the version of interest. Figure 3 shows how
part of the Magrelli example would look in this form. So
reading a single version is O(N), where N is the number
of pairs in the list.
Searching a pairs-list is almost as easy. Our multiversion document viewer application [35] uses the KarpRabin search [23], which calculates a rolling checksum
that gets updated as each character is encountered,
instead of the more familiar Boyer -Moore algorithm [36,
p.286]. This is easier to implement in the variant-graph
case and is also O(M+N) where M is the length of the
pattern and N the length of the list of pairs. Each time the
graph splits into two or more paths the current state of the
search is split into separate threads or objects as required.
Each search state is then run concurrently. Whenever the
graph merges, the states also merge.
Comparison between versions is the main function of
programs like MEDITE [18] and JUXTA [35], two
desktop applications that display differences between two
physically separate texts by calculating the differences,
including transpositions, in real time. The two texts for
comparison are displayed in adjacent windows and
differences are indicated by highlighting etc. However,
comparing two texts like this in real time can take up to
an hour for long texts [4]. It is more efficient to perform
any necessary calculations only once, store the result in a
variant graph and then recover the differences by
skimming the list for pairs belonging to one version that
are not shared by another version. This is also O(N).

Advantages of the Variant Graph

One of the most attractive characteristics of the variant
graph is its clean separation of content and variation. The
content of each version is expressed by the labels of each
arc, while the variant information is encoded as the
graph's structure and by the sets of versions that also
label the arcs. This means that any technology can be
used to encode the content, including XML. One
advantage of this approach is that the markup, which no
longer has to try to represent complex overlapping
structures, can now be quite simple. The only extra
functionality that would have to be added to a
conventional editor to handle documents based on variant
graphs, would be that instead of loading an entire
document, it would need to request a single named
version. All other complexities of the process could be
hidden from the editor by an Application Programming
Interface, as shown in Figure 2.

Figure 2

4.
Representation of the Graph and its
Algorithmic Properties
The standard means of storing graphs, the adjacency list
and adjacency matrix representations [36, pp.418-422]
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Figure 3

4.1

5.

Creating and Editing a Variant Graph

Since the pairs-list representation is equivalent to the
variant graph, the latter can be constructed by specifying
a list of versions and a list of pairs, and loading them into
computer memory. Viewing it only requires a standard
editor and the version-reading algorithm of Figure 3.
A new version can be created by copying an existing
version. Then any alterations to the text of the new
version will become its unique text. When saving the new
text any ordinary ‘diff’ program such as Ukonnen’s [43]
could be used to calculate new arcs where the text
diverges from the parent version, as shown in Figure 4.
This is O(ND), where D is the edit-distance between the
two texts.

Conclusion

Multi-version documents correspond to the human notion
of a ‘work’, representing it as a single, integrated digital
entity. By cleanly separating content from variation it can
leverage existing content-handling technologies such as
XML. It has very good computational properties for
reading, searching, comparing and editing multiple
versions of a work in online presentation, and can
accurately represent complex original documents of
textual cultural heritage collections.
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