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Abstract. We consider how the construction of multi-structured doc-
uments implies the definition of structuration vocabularies. In a multi-
users context, the growth of these vocabularies has to be controlled.
Therefore, we propose using the trace of users activity to limit this
growth and document the vocabularies. A user will, for example, be
able to follow and annotate the track of a vocabulary concept: from its
creation to the last time it was used. From a broader point of view, this
work is grounded on our Web based philological platform, DINAH, and
is mainly motivated by our collaboration with a group of philosophers
studying the handwritten manuscripts of Jean-Toussaint Desanti.

1 Introduction

We study how multi-structured documents are constructed in a multi-users con-
text composed of philologists. Our work is based on experience gained working
with philosophers who are building a digital edition of the handwritten archives
of French philosopher Jean-Toussaint Desanti (1914-2002). Digital editing covers
the whole editorial, scientific and critical process that leads to the publication of
an electronic resource. In the case of manuscripts, editing mainly consists in the
transcription 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 found that the problem of constructing multi-structured documents was at
the heart of their work. Indeed, they need to let coexist a multiplicity of struc-
tures in order to be able to access a document according to many interpretations.
First, we will describe a methodology that promotes the emergence of multiple
structures in a multi-users context. Then, we will introduce a dynamic docu-
mentation mechanism that can be used to control the growth of structuration
vocabularies.

2 Construction of multi-structured documents

We define the notion of multi-structured documents and describe the problem of
their representation. Then, we introduce a methodology for their construction.



2.1 Multi-structured documents

Definitions

A resource is anything uniquely identified by an URI. Fragments, intervals,
zones, terms, classes, binary relations, structuration vocabularies and documents
are resources.

A fragment is a part of document content. Our documents are textual documents
and manuscripts images. In the case of textual documents a fragment is the pair
(D, (inf, sup)) where D is a document identifier, and (inf, sup) is an integer
interval addressing a part of the document. In the case of images a fragment is the
pair (I, ((x1, y1), (x2, y2)) where I is an image identifier and ((x1, y1), (x2, y2))
are the coordinates of a rectangular zone of the image.

A term is a string of characters and a class is a set of terms. A binary re-
lation R(x, y) links together two resources and a structuration vocabulary is a
set of binary relations. Finally, a multi-structured document is a document with
fragments participating in relations that belong to multiple structuration vocab-
ularies.

Before proceeding further, we should exemplify the previous definitions. It is
also the occasion to introduce some functionalities of our philological software
platform named DINAH. Consider the following scenario: a philologist finds a
consistent subset about Marx inside a stack of pages of consequent size. He
isolates this subset by creating a new collection (see figure 1). He creates a
relation ”mainSubject” between this collection and the term ”marx” from the
class ”Author”. He begins to transcribe the collection and also creates relations,
such as ”quotation”, ”citationTitle”, between intervals of the transcribed text
and the document (see figure 2). He discovers later that this collection is in fact
a preparation for another work he found in the archive. He creates a relation
”preparationFor” between the two collections (see figure 3). Etc. Etc. These
newly created relations dynamically update the faceted navigation interface that
can be used to find specific collections or pages by iterative refinement (see
figure 4).

How is it that, for example, a user chooses to place the relation ”citationTitle”
within the ”citations” vocabulary while he affects the relation ”hasLine” to the
”physicalStructure” vocabulary? In a multi-users context, how a user will know
the meaning of a relation created by someone else? We will address the first
question in the remaining parts of this section, and the second question in the
next section. We should now recall some characteristics of the existing models
for the representation of multi-structured documents.

Existing models



Fig. 1. Creation, reordering, navigation and annotation of collections of images. Sub-
ject (or object) of the relation is dragged on the subject (or object) label, the relation
itself is choosen (or created if it didn’t exist) from an autocomplete menu

Multi-structured documents have to be analyzed in their historical context
where the most used formalisms for documents representation (first SGML then
XML) implied tree structures. That is why this problem has so far been con-
sidered under the technical point of view of overlapping hierarchies. From our
previous example, let say a page has been transcribed and relations have been
created to indicate where citations occur. Then, the lines of text are isolated in
order to align the transcription with the manuscript facsimile. It might happen
that a quotation overlaps two lines and there would be locally a graph struc-
ture: a natural use of XML becomes impossible (see figure 5). We now describe
different solutions for the representation of multi-structured documents.

We divide the set of existing solutions into four classes: historical solutions, ad-
hoc solutions, models not compatible with XML and finally models compatible
with XML. We characterize each solution according to four criteria. The first
one is the ”genericity” and determines, when a model exists, if we can modify
it in order to manage problems outside of the initial scope of multi-structured
documents representation. The second criterion measures the quality of the im-
plementation of the solution. The third is about the existence and effectiveness
of ”query mechanisms” for multi-structured documents. The last criterion de-
termines if the model is robust to change of document content or document
structures.

CONCUR [1] is a feature of SGML designed to allow the integration inside a
same document of tags extracted from different DTDs. Thus, if the definitions



Fig. 2. Transcription and annotation of a manuscript page

of the overlapping tags appear in different DTDs, the representation problem of
multi-structured documents is solved. However, because of its complexity, this
SGML proposal has never been entirely implemented.

The TEI [2]1 describes different syntactic solutions for the representation of mul-
tiple hierarchies into the same text (as the use of milestones or the fragmentation
of elements, etc.). The main disadvantage of this solution is the impossibility to
effectively use the standard XML tools (XQuery, XPath, ...) with the resulting
multi-structured documents.

Since the main problem for the representation of multi-structured documents
seems to be the syntactic limitations of XML, some solutions are based on mod-
els with alternative syntaxes. However they cannot profit from the galaxy of
tools offered by XML. Among those solutions, we can distinguish LMNL [3]
and TexMecs [4] which are alternatives to XML (formal models and syntaxes)
specifically designed for the representation of overlapping structures, from propo-
sitions that take advantage of the native graph model of RDF to represent multi-
structured documents. Among these, the most convincing certainly is EAR-
MARK [5]. The notions of ”location”, ”range”, ”markup item”, etc. used for
modelling multi-structured documents are precisely defined in an OWL ontol-
ogy. Moreover, the SPARQL language can be used to query the documents. It
is to be noted that the origins of the EARMARK proposal are to be found in
two previous works: annotations graphs [6] are used, in the context of linguistic
research, to represent documents as graphs so as to avoid the overlapping hierar-

1 Text Encoding Initiative. http://www.tei-c.org/



Fig. 3. Visualization of relations

chies problem ; RDFTef [7] can be seen as an adaptation of annotations graphs
for the RDF standard formalism.

Finally there are solutions that remain compatible with XML but either extend
the XML model itself or modify some XML tools (such as XPath and XQuery) to
work with multi-structured documents. Representatives of the first category, the
multi-colored trees [8] and the delay nodes [9] solutions have very similar models
based on an extension of the core XML model to consider documents as set of
XML trees. But unlike multi-colored trees, for delay nodes no XPath extension
is necessary in order to navigate inside the structures. We now introduce mem-
bers of the second category (documents syntactically expressed with XML but
accompanied by modified XML tools to operate on them). GODDAG [10] (Gen-
eral Ordered Descendant Directed Acyclic Graph), MSXD [11], MonetDB [12]
and MultiX [13] are similar proposals since in each case several trees are de-
fined over the same textual content by sharing their leaves (textual fragments).
MSXD introduces for the first time the idea of a schema for multi-structured doc-
uments. The MonetDB proposal is an extension to the MonetDB/XQuery XML
SGBD with optimized query operators added to XPath with four new axis steps.
These steps have been implemented very efficiently by using a region index and
fast algorithms. MSDM is a lightweight solution that needs no more than a few
specialised XQuery functions. Each one of these four previous solutions fails at
managing change in content or structures since the entire structures have to be
reconstructed every time modifications happen. MuLaX [14] is an adaptation of
the previously described SGML CONCUR option to the XML world. An editor
has been developed as an Eclipse plugin for the creation of MuLaX documents,
but no query mechanism has been defined. Finally, feature structures [15] are
a general purpose knowledge representation format that can be used as a rep-
resentation format for XML documents annotated with heterogeneous tag sets,
it was adopted as a standard by the TEI in 2006. Feature structures have solid
mathematical foundations. In particular the two operations of unification and



Fig. 4. Navigation among collections

generalisation are well defined and offer very interesting perspectives for the com-
bination of multi-structured documents. However, there is no specialised query
mechanism and no way of managing change in content or structures.

Table 1 summarizes the analysis by affecting, as objectively as possible, a
score from 0 to 3 to each criterion (genericity, quality of implementation, query
mechanisms, management of changes in data and structures), for each solution.

2.2 A strategy for the construction of multi-structured documents

The previous solutions help us understand what multi-structured documents
are and how they can be represented, but none of them seem to be interested
in the way structures appear! They must appear in the process of document
construction. In a previous work [16] we designed a methodology for the creation
and maintenance of multi-structured documents. It was based on a set of Haskell
(a functional programming language) functions. Since then, significant changes
occured. We will explain on the previous example of a multi-structured document
(see figure 5) how we now model this process of document construction. First of
all, we have to say that from the previous analysis we choose to represent our
documents in the RDF formalism but, as it will be understood in the following
explanation, we voluntarily impose each structure to be hierarchical (as for the
MultiX, MSXD and GODDAG solutions).

We saw that the technical issue of multi-structured documents is the one of
overlapping hierarchies. Moreover, if we do not consider the documents as im-
mutable objects but as dynamic objects that have to be constructed, we must



Fig. 5. Illustration of overlapping hierarchies

Table 1. Rating of existing solutions for the representation of multi-structured docu-
ments

model generi-
city

implem-
entation

query
mecha-
nisms

structure
and data
changes

redundant encod-
ing

0 1 0 0

TEI empty elements 0 1 0 0
Guide-
lines

virtual elements 0 1 0 0

CONCUR 0 1 0 2
MuLaX 0 2 1 2

TexMECS 0 2 1 2
LMNL 0 2 0 2

Delay Nodes 1 2 2 0
Annotations Graphs 2 2 2 2

RDF (RDFTEF) 3 1 1 2
EARMARK 3 1 3 3
MonetDB 1 3 3 1

MCT 2 2 2 1
Features Structures 3 1 1 1

MSXD 2 2 3 0
GODDAG 3 2 3 2

MSDM/MultiX 3 2 3 2

admit the fact that overlapping hierarchies must happen at precise times. We
should take an example. Let say a user annotated some citations titles and quo-
tations he found in his transcription of a manuscript. Later he is told that in
order to precisely align his transcription with the original facsimile he should
annotate each line of the manuscript. So, he begins this new annotation task
and since the ”line” relation did not exist he adds it to the current vocabulary
(the one already containing ”citationTitle”, ”quotation”, etc.). At some time,
while he has already marked some lines, a new line he would like to describe



overlaps with an existing citation title. Our system (DINAH) will then alert him
about an incompatibility between the relations ”citationTitle” and ”line” and
advice him to assign either ”citationTitle” or ”line” to another, and possibly
new, vocabulary. In this case, he may assign ”line” to a ”physical structure”
vocabulary. Figure 6 is a sample of the resulting graph.

Finally, our strategy for the management of multi-structured documents pro-
motes the construction of a multiplicity of structures that should reflect the
perspectives adopted by the users while accessing the documents. Each user has
the liberty to create new vocabularies. Moreover, when overlapping hierarchies
are detected they are encouraged to solve the problem by introducing a new
vocabulary. In our multi-users context, this liberty could lead to an uncontrolled
growth of vocabularies with lots of duplicate usages, synonyms, etc. That is why
the next section present a proposal for the dynamic documentation of structura-
tion vocabularies.

Fig. 6. Sample from our RDF representation of multi-structured documents

3 Reflexions on structuration vocabularies

3.1 Dynamic documentation

Our idea for the dynamic documentation of structuration vocabularies relies on
the monitoring of user actions. When a user wants to know how to use a term or
a relation he can ask for a representation of the trace of users actions centered



on the action that leads to the term (or relation) creation or any instances of
its use. This trace can itself be annotated. Users benefit from this last kind of
annotations to document the vocabularies (see figure 7). Most of the time the
user who document a term or a relation is the one who first created it. In case
of multiple annotations they are ordered by the name of the annotator.

Fig. 7. Visualization of the trace of user activities:

3.2 Trace model

Existing approach There are few works dealing with the use of activity traces
for knowledge management ([17] being one of the most representative). They
insist on the reflexive nature of the ”use traces” as a way to share knowledge.
They also define generic (and quite complex) activities models and transforma-
tions rules to go from the original trace to one with the right granularity level
in order to be meaningful to the user. However, we choose to adopt a more
lightweight approach well adapted to our needs.

A lightweight model We define a simple RDF vocabulary to represent actions
(see listing 1.1 in the turtle RDF syntax). The only requirement is that each time
a developer add a new Action to the system he has to create sub-properties of
the ”withArgument” property for each argument of the new action. We then use
simple SPARQL queries to build representations of the trace (see figure 7).

Listing 1.1. Our trace model
PREFIX u s e r s : <ht tp : // de sant i . org /schemas/ use r s#>
PREFIX t r a c e s : <ht tp : // de sant i . org /schemas/ t r a c e s#>
INSERT INTO <ht tp : // de sant i . org /> {

t r a c e s :Ac t i on a r d f s : C l a s s .



t race s :ha sDoe r a rd f :P rope r ty .
t race s :ha sDoe r rd f s :domain t r a c e s :Ac t i on .
t race s :ha sDoe r r d f s : r a n g e u s e r s :U s e r .
traces :hasTimestamp a rd f :P rope r ty .
traces :hasTimestamp rdfs :domain t r a c e s :Ac t i on .
traces :withArgument a rd f :P rope r ty .
traces :withArgument rdf s :domain t r a c e s :Ac t i on .
t races :documentat ion a rd f :P rope r ty .
t race s :documentat ion rdfs :domain t r a c e s :Ac t i on .
t races :documentat ion r d f s : r a n g e r d f s : L i t e r a l .
t r a c e s :w i t h I n t e r v a l rd f s : subProper tyOf traces :withArgument .
t r a c e s :w i t h I n t e r v a l r d f s : r a n g e t r a n s : I n t e r v a l .
t r a c e s :w i t h I n t e r v a l r d f s : l a b e l ” i n t e r v a l l e ” .

}

4 Comparison with existing philological platforms

Though this work deals mainly with the creation of multi-structured documents,
it remains generic enough and can be compared to other philological platforms.
We divide them in two categories: first platforms of historical interest, next Web
based platforms.

4.1 Historical platforms

BAMBI [18] (Better Access to Manuscripts and Browsing of Images) is, ac-
cording to the authors, ”an hypermedia system allowing historians to read and
transcribe manuscripts, write annotations, and navigate between the words of the
transcription and the matching piece of image in the facsimile of the manuscript”.
It was the first philological software platform. It does not allow typed annota-
tions.

Part of the DEBORA [19] (Digital Access to Books of the Renaissance) project
consisted in a digital library system with collaborative features. It introduced
the notion of ”virtual books”. A virtual book is the representation of a path
among pages of the entire archive. But they are not resources themselves, they
cannot be annotated. However we can consider this system as a first step towards
a reflexive system that places users in front of their own activities.

HyperNietzsche [20] (today named Nietzschesource) was a pioneer digital li-
brary platform. A path mechanism is present, very similar to the virtual books
of the DEBORA project. However as for the virtual books, the paths are not
resources and thus cannot truly enter in a collaborative process that would allow
to exchange and annotate them.

4.2 Web based platforms

Collate [21], TALIA [22], PINAKES [23], BRICKS [24] and JeromeDL [25]
are philological platforms based on semantic Web technologies. They offer high
quality mechanisms for collaborative annotations. But they do not provide con-
vergence mechanisms to isolate and document annotations vocabularies.



Armarius [26] is used to classify and annotate collections of manuscripts. It only
provides untyped generic annotations. But it offers a view of all the user actions
that occurred during the current session and plans to apply graph matching
algorithms in order to, for example, deduce probabilities for the next actions.
Thus, it can be compared with our use of traces.

5 Conclusions

We introduced the little-studied problem of multi-structured documents con-
struction. We did not follow the conventional view that considers the heart of
the problem to be the technical difficulty of representing overlapping hierarchies.
On the contrary, we chose to consider overlapping hierarchies events as triggers
for the creation of new structures. Furthermore, in order to manage the growth
of structuration vocabularies we introduced a dynamic documentation mecha-
nism based on the users traces of actions. Finally, all the propositions have been
implemented in our philological software platform named DINAH.
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