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Abstract

Independent, heterogeneous, distributed, sometimes tran-
sient and mobile data sources produce an enormous
amount of information that should be semantically inte-
grated and filtered, or, as we say, tailored, based on the
users’ interests and context. We propose to exploit knowl-
edge about the user, the adopted device, and the environ-
ment - altogether called context - to the end of informa-
tion tailoring. This paper presents the Context Dimension
Tree, a context model which is the basis for solving the
information tailoring problem, along with its role in the
framework of the Context-ADDICT architecture.

1 Introduction

Today we are living an epochal change, whereby the
advent of the internet and the development of the commu-
nication technologies have completely modified the focus
of information retrieval, from the struggle for finding
information and organizing it to that of appropriately
reducing the enormous stream of available data. While
the traditional problems typical of the data integration
field are far from being solved, new challenges have also
to be faced: integration of data sources which are not
known in advance, automatic semantic extraction, data
filtering.
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Mobility is, at the same time, becoming crucial for peo-
ple, emphasizing old challenges while bringing to the sur-
face new ones.

The Context-ADDICT research addresses the above
mentioned challenges, with particular emphasis on the no-
tion of context: indeed, database design, especially for
mobile applications, must model two different realms: the
reality of interest, which is captured by the information
domain model, and the user/device context. Classical data
models, at a conceptual or at a logical level, are perfectly
suited to represent the former, while context modeling has
different demands and needs appropriate consideration.

“Context” is a rather general concept and, although
commonly accepted and seemingly clear, has been inter-
preted in many different ways in various fields of research
such as psychology, philosophy and computer science.

Many proposals have been presented in these last years
[1,2,7,16,21], and can be grouped in different families
(some of them belonging to more than one family), based
on their main focus: (i) Content presentation adaptation
(focus on presentation and channel) [7, 10, 13, 15, 18] (ii)
Location and environment (focus on space and situation)
[10,12,13,17,18,20] (iii) User Activity modeling (focus
on what the user is doing) [14, 17, 19, 20], (iv) Context
Agreement and Sharing (focus on a collectively built con-
text) [9, 16] (v) Tailoring problem (focus on filtering data,
services or application functionalities) [4, 22]. Although
a lot of work has been done, the representation and man-
agement of the context can hardly be considered to be an
assessed issue.

Our context model, called Context Dimension Tree,



plays a fundamental role in tailoring the target application
data according to the user information needs.

The paper is organized as follows: Section 2 presents
the Context Dimension Tree [5], along with some consid-
erations on its use. A brief introduction to the Context-
ADDICT project and system architecture is presented in
Section 3, followed by some conclusions.

2 The Context Dimension Tree

The Context Dimension Tree is an advanced context de-
scriptor based on the concept of dimension, an extension
of the flat model presented in [6]. It is used to describe
systematically the user needs, and to capture the context
the user is acting in. Figure 1 shows an example of Con-
text Dimension Tree, modeling the possible contexts of an
archaeological site management and visit application.

A dimension captures an aspect of a context or of a
user profile. Here we list some dimensions which are
very common in most applications:

Holder: the various user categories involved; it might be
further detailed to describe sophisticated user profiles.
In the example of Figure 1 the device holders may be
supervisors, operators and visitors.

Interest Topic: the different areas of interest for the
application users, e.g., in the archaeological example we
consider “art pieces”” and “employees”.

Situation: different phases of the application life; for
example, in the archaeological case we have considered
a routine situation as opposed to a recovery phase, which
becomes current in case of emergency.

Space: it might be both relative to the current user
position (granularity such as “zone”, “ region”) or
absolute (“Colosseum”, “Milan”).

Time: a temporal indication based on the current time.
Like in the case of the space, the time dimension can be
taken as relative or absolute.

Interface: this dimension captures both channel and
presentation issues, e.g., a portable computer or a smart
phone. As for the other dimensions, it might be very
detailed or shallow, depending on the relevance of the
channel dimension for the application.
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Not all the listed dimensions are always necessary, and
more might be required. It will be the designer’s task to

establish, following the methodology, which dimensions
are appropriate for the application s/he is designing.

Let us refer, for the moment, only to the topmost part of
the tree of Figure 1, which contains the dimensions listed
above. For each dimension, the designer defines a set of
admissible values; a dimension value is an instantiation
of the concept represented by that dimension; by means
of dimensions and dimension values, the context designer
describes all the possible user roles (holders) and con-
texts, i.e., the dimensions define a multidimensional space
where each point represents a potential user and context.

In general, a specification through a hierarchy of val-
ues (such as the case of the interest_topic) may be
needed to represent with different levels of granularity
the perspectives used to tailor data. Let us consider, in
the archaeological information domain, the concept of
art_piece. Here the user might be interested in differ-
ent categories of data (e.g., historical foundations rather
than inscriptions), or different levels of detail in the in-
formation (e.g., specialized vs. non-expert).

Values coming from each dimension (possibly at differ-
ent levels of depth) are automatically combined to gener-
ate all the points in the multidimensional context space. A
set of constraints can be used to discard useless subspaces,
corresponding to non-compatible dimension values, e.g.,
the interest topic employees (meaning the administrative
data about employees) is significant when the holder is the
supervisor, but not when s/he is a visitor.

Once the tree has been defined, the list of contexts
is derived; a context on the Context Dimension Tree
is expressed in terms of a set of values, one for each
(sub)dimension: when the tree has more than two levels,
the values may be at any level in the tree. Equation 1
shows the context for tailoring data for a visitor dur-
ing a site visit. The data must be human readable and
are related only to the site the visitor is currently see-
ing. Moreover, the considered situation is a routine
one. In this example, the interest_topic dimension has
been instantiated to two white nodes, non-expert and
inscription (values for detail-level and typology, resp.),
that refine the art-pieces concept.

((holder : visitor), (detail-level : non-expert,

typology : inscription), (situation : routine), (1)
(interface : human), (space : this-site($var)))
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Figure 1: The Context Dimension Tree for

Each individual context is associated by the designer
with the relevant data portion; this process is graphically
supported by the CADD Tool [3], which generates the
corresponding queries for the final data tailoring.

However, as it can be expected, even after exclud-
ing the meaningless contexts, a medium Context Dimen-
sion Tree originates a huge number of contexts, thus the
task of associating relevant chunks with each of them
is unpractical. To overcome this problem we have de-
fined a set of policies allowing the designer to operate
in a dimension-wise manner, letting the system combine
dimension-based views to generate the individual-context
views. The possible policies involve the use of different
operators, such as intersection, join or semijoin [5].

3 Context-ADDICT

The goal of the Context-ADDICT system is to discover
and wrap data sources whose contents are accessible and
relevant w.r.t. the application, and make their data — ap-
propriately tailored according to the user’s current context
— available on the users’ mobile devices. In this section
we briefly describe the Context-ADDICT architecture [4].

The overall system is composed by three main subsys-
tems, each one devoted to a specific task:

e The Design-Time subsystem supports the designer in
the context-modeling activity and in modeling the in-
formation domain. The latter can be represented as

routine recovery
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the running example on archaeological sites.

an ontology or, alternatively, by any data model: if
the data model is not an ontology, a domain ontol-
ogy may still be needed to support dynamic semi-
automatic integration.

e The Run-Time Schema Level subsystem, composed
of several modules, performs data source discovery
and wrapping, schemata integration and tailoring.

e The Run-Time Data Level subsystem, once the
schemata have been integrated and tailored, is de-
voted to the actual data movement, to synchronizing
and integrating the data instances only for the por-
tions of information considered relevant, and to sup-
port query processing.

The Design-Time subsystem must, first of all, sup-
port the designer in modeling the domain, for example
by means of a Domain Ontology (built from scratch or
adapted), which will provide a shared and high-level rep-
resentation of the domain.

Following the methodology presented in [5], the
Design-Time subsystem guides the designer in the con-
text design activity by means of the Context-ADDICT
Designer tool (CADD Tool) [3].

Once the context has been modeled by means of the
Context Dimension Tree, the designer has to associate
each context with the schema portion representing the
data relevant w.r.t. that context, thus knowledge about
“the part of the domain relevant for a given user in this
specific context”. This process is graphically supported



by the CADD Tool, which generates the corresponding
queries (XQuery, SQL or SPARQL, depending on the
global schema format). These, appropriately transformed
according to the integration mappings, will finally tailor
the corresponding data from the actual datasets.

This process of context-to-data-association is heavily
application dependent and cannot be performed automati-
cally in any way, thus in a newer version of the methodol-
ogy the association is done in a semi-automatic way: the
designer specifies the schema portions declared relevant
to each white node in the tree — e.g., in the archaeological
example, a supervisor will be assigned a portion of data,
different (at least partially) from the data related to the
visitor’s role. The system completes the specification by
appropriately combining, for each context, the data rele-
vant to its component values. The result is the definition,
for each possible context, of a view over the domain in-
formation schema.

Run-Time Schema Level subsystem: Context-ADDICT
aims at being able to capture datasources which might
be fully heterogeneous in terms of schemata, data for-
mat and access interfaces. At run time, a Data Source
Discovery Service will be in charge of actually discover-
ing datasources and making them reachable. This mod-
ule may heavily vary depending on the specific scenario
we are considering, from a centralized server to a set of
fully distributed discovery procedures, from a mere syn-
tactic matcher to a semantical filter. The data sources may
range from Relational Databases to XML documents, to
Web Services, to sensor networks; the key point is that
their schemata will be transformed into a common format
and then operated upon in a uniform global representa-
tion, as shown in [8].

Some of these datasources may be cooperative, i.e.,
they will be aware of their participation to Context-
ADDICT; in this case they will provide a description of
the available data in the common format. A set of wrap-
per generators, which may exploit the Domain Ontology,
are used to extract a representation in the common format
for the non-cooperative data sources.

The integration operation is a rather general and well
known problem, though far from having been solved. A
lot of research effort has been devoted to make this pro-
cess as automatic and precise as possible. In Context-
ADDICT, the Integration Module makes intensive use of
an ontology mapper we have developed: X-SOM [11]

At the end of the integration, all the datasources’ infor-
mation is coherently integrated with the global schema.
Now, the context-aware views expressed by the designer
on the global schema can be automatically translated to
the data sources.

During the described process, several metadata have
been recorded, together with the data schema, in order
to enable query processing and synchronization, which is
a task of the Data Level subsystem.

The Run-Time Data Level subsystem deals with the ac-
tual data transfer, thus, together with on-line query pro-
cessing, it is responsible for data synchronization and lo-
cal data management.

At run-time, once the current user context is instanti-
ated, the user device will access the context-data Dictio-
nary, retrieve the definition of the related views over the
global schema, rewrite them in terms of (queries over) the
data sources, and, by issuing them, retrieve the portion
of data relevant in the current context. Depending on the
deployment policy the Run-Time Data Level Subsystem
will materialize such views on the user device or maintain
them virtual and make them accessible on-line.

Because of the tailoring phase, data synchronization
and local data management are performed on a selected
manageable amount of data, actually relevant to the user.

4 Conclusions

The research on Context-ADDICT faces a very challeng-
ing scenario where distributed, heterogeneous, indepen-
dent, maybe mobile and transient data sources come into
play. The ultimate goal is to automatically integrate and
tailor the available data, to be delivered to a (mobile) user
device.

During the work on Context-ADDICT, we have seen
that different context subproblems and applications have
markedly disparate requirements, and common solutions
are still not available, and possibly not useful. As a con-
sequence, the context model should be chosen according
to the target application, or possibly defined from scratch,
based on the specific requirements. For this reason, af-
ter an accurate review of the existing models, we have
decided to design our context model, called Context Di-
mension Tree, which plays a fundamental role in tailoring
the target application data according to the current user



information needs. A design methodology guides the ap-
plication designer in the task of modeling the information
domain and the possible application contexts, as well as
their association with the related data portions. To this day
our experience has proven the Context Dimension Tree to
be well suited for the data tailoring task; however, we plan
to test it on larger, industrial applications, and also to ap-
ply it to context-aware service configuration.
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