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a b s t r a c t

The issue of multi-structured documents became prominent with the emergence of the
digital Humanities field of practices. Many distinct structures may be defined simulta-
neously on the same original content for matching different documentary tasks. For exam-
ple, a document may have both a structure for the logical organization of content (logical
structure), and a structure expressing a set of content formatting rules (physical structure).
In this paper, we present MSDM, a generic model for multi-structured documents, in which
several important features are established. We also address the problem of efficiently
encoding multi-structured documents by introducing MultiX, a new XML formalism based
on the MSDM model. Finally, we propose a library of Xquery functions for querying MultiX
documents. We will illustrate all the contributions with a use case based on a fragment of
an old manuscript.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Document structuring

Document structuring is used in many applications such as document exchange, integration and information retrieval.
Several types of structures (physical, logical, semantic, . . .) (Nanard & Nanard, 1995; Poullet, Pinon, & Calabretto, 1997) have
been defined for several specific uses. Moreover, a document can actually be a vehicle for various media types that can them-
selves introduce other structural layers (such as the temporal dimension of an audio track).

A single document can be used in many contexts. Thus, its content might be presented through many structures. In this
case, the structures are said concurrent or parallel, since they share the same content. Humanities provide numerous in-
stances of such structures. For example, the study of medieval manuscripts often implies the creation of concurrent hierar-
chical structures. First, we can consider a ubiquitous and trivial case of overlapping: the physical book-structure of a
manuscript (a sequence of pages, columns, lines, etc.) and its syntactical structure (a sequence of sentences, words, etc.). Less
trivial would be a structure of the sequences of damaged characters. Fig. 1 is an extract of such a medieval manuscript frag-
ment with its transcription. It should be noted that damaged characters are overlapping with words and words are overlap-
ping with lines. The emphasis on multi-structured documents comes with the possibility of formally encoding documentary
structures with digital representations. The fact that we find numerous examples of multi-structured documents in the Text
Encoding Initiative (TEI) guidelines (TEI Consortium, 2011) should prove it. Among those examples, we can mention in verse
drama, the structure of acts, scenes and speeches that often conflicts with the metrical structure. Indeed, poems often
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provide multiple concurrent structures. Poem 1 is an example of two stanzas from a poem by Lewis Carroll1 with verses,
speeches, and syntactic elements producing overlapping concurrent structures.

1.2. Construction of multi-structured documents

1.2.1. Introduction
The work presented here will deal with the central issue of encoding multi-structured documents. However, in order to

make clear the advantages of our model over existing solutions, we now introduce the important but little-studied problem
of the construction of multi-structured documents. Indeed, in a large majority of real life situations, documents are not a
priori given but have to be constructed. Moreover this construction is in most cases the work of a team. Thus, it is to be ex-
pected that the partition of the annotations in a number of different structures comes from this collaborative work. In other
words, the construction of multi-structured documents is a dynamic process. How do structures emerge? How to check on
their coherence? . . . In order to tackle these important issues, we need an adequate encoding for multi-structured
documents.

In a previous work (Portier & Calabretto, 2009, 2010) we explicitly studied the construction of multi-structured docu-
ments. Although the formal representation we then used was based on RDF rather than XML, this previous work offers a
well-adapted and non-trivial applicative context for the XML based model we now propose. Moreover it gives us the oppor-
tunity to motivate the key choices behind our proposition.

1.2.2. Context
We studied how multi-structured documents are constructed in a multi-users context composed of philologists. Our

work is based on experience gained working with Humanities researchers building digital editions of large archives of
(mainly handwritten) manuscripts from various epochs. Digital editing covers the whole editorial, scientific and critical pro-
cess that leads to the publication of an electronic resource. In the case of manuscripts, editing mainly consists in the tran-
scription and critical analysis of digital facsimiles, that is to say, the creation of a textual document associated with the
images of a handwritten manuscript. We discovered that multi-structured documents construction was at the heart of their
work. Indeed, they need to let coexist a multiplicity of structures in order to access a document according to many interpre-
tations. Thus, we proposed a methodology promoting the emergence of multiple structures in a multi-users context.

1.2.3. Scenario
This study gave us a lot of scenarios similar to the following: a philologist finds a consistent subset about medicinal plants

in a stack of pages of consequent size. He creates a new collection from this subset. He creates an association named ‘‘main-
Subject’’ between this collection and the topic ‘‘Medicine’’. He starts to transcribe the collection and annotates some intervals
of the text with terms such as ‘‘quotation’’ and ‘‘prescription’’. Later, he may discover that this collection is in fact a prepa-
ratory work for another piece of the archive. He then creates an association named ‘‘preparationFor’’ between the two col-
lections, etc.

How is it that, for example, a user chooses to place the term ‘‘citationTitle’’ within a structure named ‘‘Citations’’ while he
affects the term ‘‘line’’ to the ‘‘Physical’’ structure? This kind of question brought us to define a methodology for the construc-
tion of multi-structured documents.

1.2.4. Methodology
First of all, we only consider content addressable by concrete intervals: characters intervals in a text, time intervals in an

audio or video document. In order to offer some unity to the various structures emerging from the work of a group of users,
we introduce an a priori rule: a structure must form a hierarchy. In other words, the annotated intervals of a structure should
never overlap. By dynamically checking the validity of this rule we managed to ease the collaborative construction of multi-
structured documents. We should now briefly illustrate this idea with the previous example of an old manuscript (see Fig. 1).

We assume that the researchers made use of annotation terms such as: ‘‘line’’, ‘‘w’’ (for word) and ‘‘dmg’’ (for damaged
characters). The transcription process continues until a word is overlapping with two lines (see strong & dashed lines of
Fig. 2).

Fig. 1. A fragment of an old manuscript and its transcription.

1 http://www.gutenberg.org/files/13/13-h/13-h.htm.
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