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Abstract: Independent, heterogeneous, distributed, sometimes transient and mobile
data sources produce an enormous amount of information that should be semantically
integrated and filtered, or, as we say, tailored, based on the users’ interests and context.
Since both the user and the data sources may be mobile, and communication unreli-
able, caching the information on the user device is certainly useful. Thus, we propose
to exploit knowledge about the user, the adopted device, and the environment - alto-
gether called context - to the end of information tailoring. The key is context-aware
data design where the notion of context must be formally defined, together with its
role within the process of information tailoring. This paper presents a context model,
called Context Dimension Tree, which plays a fundamental role in tailoring the infor-
mation domain model within the framework of the Context-ADDICT project, currently
under development at Politecnico di Milano. To conclude, we report on other context
models, along with a brief comment on their relevant features.

1 Introduction

Today we are living an epochal change, whereby the advent of the internet and the de-
velopment of the communication technologies have completely modified the focus of in-
formation retrieval, from the struggle for finding information and organizing it to that of
appropriately reducing the enormous stream of available data. While the traditional prob-
lems typical of the data integration field are far from being solved, new challenges have
also to be faced: integration of unknown-in-advance data sources, automatic semantic
extraction, data filtering. Mobility is, at the same time, becoming crucial for people, em-
phasising old challenges while bringing to the surface new ones.
The Context-ADDICT system’s aim is to address the above mentioned challenges, with
particular emphasis on the notion of context: indeed, database design for mobile appli-
cations 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 con-
ceptual or at a logical level, are perfectly suited to represent the former, while context
modelling presents different challenges and needs appropriate consideration.

“Context” is a rather general concept and, although commonly accepted and seemingly
clear, has been interpreted in many different ways in various fields of research such as
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psychology, philosophy and computer science: Section 4 is devoted to a quick review of
the various meanings of context in Computer Science.

Our context model, called Context Dimension Tree, plays a fundamental role in tailoring
the target application data according to the user information needs. The tree can be spec-
ified in several ways; in particular we propose, in [CQT06], an ontological representation
in the OWL language [MvH04], and an XML representation [BQ06]. In the Context Di-
mension Tree, the root’s children are the context dimensions which capture the different
characteristics of the device users and of the context they are acting in; by specifying a
value for each dimension, a point in the multidimensional space representing the possible
contexts is identified. A dimension value can be futher analyzed w.r.t. different viewpoints,
generating a subtree in its turn. However deep the tree, the complex structure originating
from the composition of the Context Dimension Tree leaves is called a context or chunk
configuration, and determines a portion of the entire data set, i.e., a chunk, specified at
design-time, to be selected later, at run-time, when the corresponding context becomes
current. Figure 1 shows an example – discussed below – modeling the possible contexts
of an archaeological application. Black nodes represent dimensions and sub-dimensions.
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Figure 1: The Context Dimension Tree for the running example on archaeological sites.

The paper is organized as follows: a brief introduction to the Context-ADDICT project
and system architecture is presented in Section 2. Section 3 presents the Context Dimen-
sion Tree, along with some considerations on its use. Section 4 briefly reports on other
context models, considering their relevant features and some considerations comparing
those proposals to ours, and finally the conclusions are drawn.

2 Context-ADDICT

Goal of Context-ADDICT is to discover and wrap data sources whose contents are acces-
sible and relevant w.r.t. the application, and make their data available on the users’ mobile
devices, appropriately tailored on the user’s current context and information needs. In
this section we briefly describe the Context-ADDICT architecture [BCST06] and context
model [BQ06].



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

• The Design-Time subsystem supports the designer in the context-modeling activity
and in modeling the information domain. The latter can be represented as an ontol-
ogy or, alternatively, by any data model: if the data model is not an ontology, the
support of a domain ontology will still be needed, since it will become a precious
tool for dynamic integration support.

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

• The Run-Time Data Level subsystem, once the schemata have been integrated and
tailored, is devoted to the actual data movement, to synchronizing and integrating
the data instances only for the pieces of information considered relevant, and to
query processing (both local and remote).

The Design-Time subsystem must, first of all, support the designer in the modification
of an existing Domain Ontology or in its creation from scratch. The Domain Ontology
captures the main concepts of the information domain; we expect it to provide a well
accepted general taxonomy enriched of the main relations among concepts, even if not all
the concepts’ attributes and relations are detailed.

If the data model chosen to represent the information domain is not an ontology, also the
information schema, represented in the chosen data model, must be present – either already
existing or produced from scratch–. Along with it goes a specification of the relationships
of its concepts with those of the Domain Ontology. The Domain Ontology supports the
system at run-time, in the integration of the global information schema with the data source
schemata.

The Design-Time subsystem also supports the designer in the context design activity. The
Context Dimension Tree is used to represent the knowledge of ”What may the activities
and interests of the various users be, within this application domain?”. It is created by
the designer via a syntax oriented Dimension Tree Editor. Following a precise methodol-
ogy [BQ06], the tool guides the designer in the process of defining the context dimensions
and their values.
Once the Context Dimension Tree has been created, the designer has to associate each
context (or chunk configuration), with the schema portion representing the data which are
relevant w.r.t. that context, thus knowledge about ”What part of the domain is relevant
for a given user in a certain context?”. This process is heavily application dependent, and
cannot be performed automatically in any sense; the Context Integrator is a highly inter-
active tool, meant to give the designer an important role: setting the relationship between
the context and the information domain schema means to be able to capture, for each con-
text, the specification of the actual data to be delivered in that given context, discarding
unnecessary information. This association is done in a semi-automatic way: the designer
specifies the schema portions declared relevant to each context element, represented in the
tree by a white node – 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 visitors’ role –. The



system completes the specification by appropriately combining, in each context, the data
relevant to its elements. The result is the definition of a view over the domain information
schema for each possible context.

Run-Time Schema Level subsystem: ambition of Context-ADDICT is being able to capture
datasources which might be fully heterogeneous in terms of schemata, data format and
access interfaces. At run time, a Data Source Discovery Service will be in charge of
actually discovering datasources and making them reachable. This module may heavily
vary depending on the specific scenario we are considering, from a centralized server to a
set of fully distributed discovery procedures (see [CST04] for a detailed discussion), from
a mere syntactic matcher to a semantical filter. The datasources may range from Relational
Databases to XML datasources, to Web Services, to sensor networks, but the key point is
that their schemata will be transformed into a common format and then operated upon in
a uniform global representation, as shown in [CLN99]. Some of these datasources will
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. Other,
occasional data sources may offer heterogeneous interfaces such as the DDL specification
of the database schema or a set of web pages: in the latter scenario, Context-ADDICT
provides a set of wrappers and wrapper generators to automatically translate the schema
into the common model. The domain ontology supports this phase, by mediating between
the semantics of datasources’ and domain concepts.

In general, data sources may appear and disappear during system working time; however,
considering a snapshot of the system life at a given time, a set of datasources schemata,
a global information schema and a Domain Ontology are available; thus integration is
needed. This operation is performed at run-time either on the user’s device or on a dedi-
cated machine, depending on the deployment choices of the designer.

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 process as
automatic and precise as possible (see [EdBMMR04] for a survey). In Context-ADDICT ,
the Integration Module makes intensive use of an ontology matcher we have developed:
X-SOM [Ors06] At the end of the integration, all the datasources’ information is coher-
ently integrated with the global schema. Since the correspondences drawn between the
Context Dimension Tree and the global schema are available, at this point the data tailor-
ing part comes into play: to reduce the amount of data to be managed on the user device,
the view definitions produced in the design phase are mapped to appropriate queries over
the datasource’s and used to tailor the information coming from them, possibly instanti-
ated by means of actual values describing the current user context. For instance, in the
archaeological example, if the user (device holder) is an operator during on-site work, the
data should contain information about the art pieces s/he is in charge of on that day, or in
that period. Considering a medical database example, if the device user is a doctor during
house call time, the data should be tailored to contain his/her patients’ information related
to that day’s envisaged calls. Thus, from each data source, only the information which is
relevant to that context will be physically integrated on the device. During the described
process, several metadata have been recorded, together with the data schema, in order to
enable query processing and synchronization, in charge to the Data Level subsystem.



The Run-Time Data Level subsystem deals with the actual data transfer, thus, together
with on-line query processing, it is responsible for data synchronization and local data
management. Each datasource schema will contain a description of how each concept of
the datasource has been stored. This can be done by means of metadata or be explicitly
coded within the transformation rules used by the source wrapper. For example, the fact
that the concept “teacher” of the datasource 1 is stored in a table named “professor” of
a database named “university” reachable at a given URL is captured by transformation
rules between the relational model and the Context-ADDICT internal model. In the cur-
rent implementation, where the global information schema is represented as an ontology,
we have a translator which interprets the DDL of a relational database and produces an
ontology, in its turn integrated with the Domain Ontology. Here, the concepts “teacher”
and “professor” are recognized as synonyms, and a special mechanism generates virtual
identifiers for tuples of the relational database, in order to see them as ontology concepts
and to be able to translate ontological queries into relational queries. Because of the tai-
loring phase, data synchronization and local data management are performed on a man-
ageable amount of data, actually relevant to the user. A Local Data Management service
such as the one presented in [BCG+04], as well as mechanisms for data synchronization
are required together with a set of caching policies. Apart from the caching and storage
policies, the process data synchronization will be similar to distributed and heterogeneous
query processing [Kos00, MHMM05], with the addition of local data storage.

3 The Context Dimension Tree

The Context Dimension Tree is an advanced user profile and context descriptor based on
the concept of dimension, an extension of the context and user interest model presented
in [BST07]. It is used to describe systematically the user needs, and to capture the context
the user is acting in. In [BST04] and [BST07] it has been shown how the designer can use
an array of dimensions to capture the different characteristics of a user profile and of the
context of an application; here the array has been refined into a tree to enrich the modeling
possibilities.

A dimension captures an aspect of a context or of a user profile. In our experience, some
dimensions are very common in most applications: here we list them, although it may
happen that only a subset of them be needed, or that other dimensions come into play.

• Holder: The various user categories involved. In our examples the device holders
may be supervisors, operators and visitors.

• Interest Topic: The various areas of interest for the possible users of an application;
in the archaeological example we consider ”‘art pieces”’ and ”‘employees”.

• Situation: Different phases of the application life, which might be different even for
a same interest topic. In the archaeological case we have considered a routine situ-
ation as opposed to a recovery phase, which becomes current in case of emergency.



In a personal medicare application, “hospitalized” and “at-home” may be different
situations to be taken into account.

• Space: refers to the place where the user is currently located. It might be represented
by GPS coordinates or by any other location information, and its granularity may
vary depending on the application: for example, a museum “room” or a whole “city”
or a “region”. Depending on the application need, the space dimension can be taken
as relative (e.g. “this site”, in our example) or absolute (e.g. “Piazza Duomo in
Milan”).

• Time: a temporal indication based on the current time. Its granularity may vary: for
example, one could choose the “current month” or “last year”. Like in the case of
the space, the time dimension can be taken as relative (e.g. “today”, in our example)
or absolute (for example, “January 2007 ”).

• Interface: a dimension describing the kind of readings that will be done. In the
running example we have considered that some data will be used by humans, di-
rectly perusing text and multimedia information, but also that some specific sites
could offer totems or other electronic devices that, when put in contact with the
mobile device (for instance via an RFID reader), might enact procedures or simply
update the data contained in the device. Another good example of the use of this
dimension is the smartcard database of a patient in a medical application; in this
case, a hemodialyzed patient could simply insert his/her card into the hemodialysis
machine, which would react by self-scheduling the hemodialysis intervention to be
carried on the patient. In both cases, in order for the machine to be sinchronized
with the mobile device there is no need of human-interpretable information; rather,
codes and identifications are in order.

As said before, not all the listed dimensions are always necessary, and more might be
required. For example, in many applications a dimension “Ownership” might be needed,
describing the access rights to the data, and used to enforce privacy and security issues that
may come into play. It will be the designer’s task to establish, following the methodology
guidelines, 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 exactly the dimensions listed above. For each dimension, the designer defines a
set of admissible values, called dimension 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 contexts, i.e. the
dimensions define a multidimensional space where each point represents a potential user
role and context. The table of Figure 2 lists, for each dimension, a set of possible values.
In principle, these values could be combined in every possible way, each representing a
possible (component of a) context, i.e., a chunk configuration; we will see later that this is
not always the case. An example of possible combination is the following:

holder=supervisor, interest topic=art-pieces, situation=recovery, interface=human,

time=this-month, space=this-area



Such a configuration defines the data about art-pieces needed by the site supervisor when
performing a recovery action. The data must be human readable (text or other), and con-
cern the whole area of the current archeological site that are listed in the database, for the
current month. Each configuration will be related to the set of relevant concepts of the
domain, thus to a set of relevant data in the datasources: the so-called data chunk.

holder interest topic situation interface time space
operator art-pieces routine human today this-site

supervisor employees recovery machine this-month this-area
visitor

Figure 2: An example of dimensions and their possible values.

This level of granularity may suffice for some of the dimensions (such as for instance
the situation and interface dimensions), but in a more general case a further refinement
through a hierarchy of values (such as the case of the interest topic) may be needed. Let
us consider, in the archaeological information domain, the concept of art piece. Here the
user might be interested in different categories of historical data (e.g., foundations rather
than inscriptions), or different levels of detail in the information (e.g., specialized or
non-expert). This is the reason why the Context Dimension Tree allows the hierarchical
specification of further levels of detail.

Let us now explain, on the example of Figure 1, the Context Dimension Tree morphology.
The root of the tree corresponds to the entire dataset which needs to be tailored. First-level
nodes are the top dimensions; a sub-tree rooted in a dimension expresses the specialization
of the values of that dimension, towards a fine-grained characterization that allows a more
refined tailoring of the data.

Two main types of nodes are used: dimension nodes (in black) and concept nodes (in
white). Each “generation” contains nodes of the same colour, and colours are alternated
while descending the tree. A concept may be characterized by different aspects, which
explains why the corresponding node becomes the father of new sub-dimensions. Consider
Figure 1: while the children of the situation dimension are the values already considered in
the table of Figure 2, the interest topic value art-pieces is subject to further refinement:
it can be analysed in terms of detail-level, period and typology, which become
the new sub-dimensions, admitting new values. Note that the process may obviously be
iterated any number of times, and choosing the right level of detail is a design trade-off.

Consider now the sub-dimensions of art-pieces: while detail-level and typology
have white children (i.e., their values), period only features a small square, an attribute
node; this attribute is a selection parameter whose instances represent the possible values
of the period dimension, e.g., the art piece century, like VI b.c., V b.c., IV b.c..
Thus, dimension branching can be represented in both ways: by explicitly drawing the
values as white nodes, or by indicating a parameter whose instances are the dimension
values. This does not modify the expressive power of the model: rather, it makes it more
readable, and more usable for the designer.

Sibling white nodes are mutually exclusive since they represent orthogonal concepts, while
sibling black nodes represent the different (sub-)dimensions which define a concept. There-



fore, in descending the tree to build a chunk configuration, at each level, only one white
node, but any number of black ones, among siblings, may be selected.

Leaf nodes can be either black or white: both kinds of nodes may feature an attribute:
the former case was introduced above; in the latter case the attribute represents a variable
indicating how to select a specific set of data instances. As an example, consider the
variable associated to the supervisor holder: it is an identifier used, at run-time, to select
exactly the data related to each specific supervisor.

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

〈{visitor},{non–expert,inscription},{routine},{human},{this–site}〉 (1)

We also found useful to express constraints or preferences on the allowed combinations
of the dimension values; in fact, not all of them make sense for a given scenario, thus the
meaningless ones must be discarded. For example, 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 or an operator.
As a consequence, we should neither include, in the set of possible chunk configura-
tions, those having holder=visitor ∧ interest topic=employees, nor those with
holder=operator ∧ interest topic=employees.

Figure 3 shows the context design and its association with the information domain schema
(in this example, an XML schema). The top-leftmost corner of the figure represents
the Context Dimension Tree, whereby all the possible chunk configurations are derived
(bottom-left corner). Each chunk configuration is associated by the designer to the data
portion which is relevant to the corresponding context (bottom, in the middle), and then
the system automatically generates the X-Query which will tailor the corresponding data
from the actual XML dataset (rightmost, bottom).

However, as can be expected, even after excluding the meaningless configurations, a
medium Context Dimension Tree originates a huge number of chunk configurations, thus
the task of associating relevant chunks to each of them is unpractical. Thus we have de-
fined a set of policies which, once the designer has selected the schema portion to be
associated to each white node, drive the system to combine them within each chunk con-
figuration. The possible policies involve the use of different combination operators, such
as intersection, join or semijoin [BQRT06]. The process is shown by Figure 4, where the
central area displays all the node/subschema associations, to be combined into the chunks
corresponding to the combination of those nodes.
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<?xml version="1.0" encoding="utf-8"?>
<breakfast_menu>
  <food>
      <name>Belgian Waffles</name>
      <price>$5.95</price>
      <description>two of our famous Belgian Waffles 
with plenty of real maple syrup</description>
      <calories>650</calories>
  </food>
  <food>
      <name>Strawberry Belgian Waffles</name>
      <price>$7.95</price>
      <description>light Belgian waffles covered with 
strawberries and whipped cream</description>
      <calories>900</calories>
  </food>
  <food>
      <name>French Toasts</name>
      <price>$5.95</price>
      <description>toast, eggs and syrup</description>
      <calories>600</calories>
  </food>
</breakfast_menu>

xml-document

<?xml version="1.0" encoding="utf-8"?>
<breakfast_menu>
  <food>
      <name>Belgian Waffles</name>
      <description>two of our famous Belgian Waffles 
with plenty of real maple syrup</description>
      <calories>650</calories>
  </food>
  <food>
      <name>Strawberry Belgian Waffles</name>
      <description>light Belgian waffles covered with 
strawberries and whipped cream</description>
      <calories>900</calories>
  </food>
 </breakfast_menu>

tailored xml-document

XQUERY

context dimension graph
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Figure 3: Design time, manual Chunk definition.

4 Related work on context models

Many approaches defining the notion of context have been proposed and several adap-
tive applications have been designed and implemented starting from them [TC03, AW00,
BHH04, MAI, BST06, Aea04, Ouk03]. Although interesting context models already exist
[SLP04, KO04, BDRar, RTA05], when the target application is data tailoring, [BCQ+06],
some features become relevant which are not all present within a unique context model
among the ones we have reviewed. We analyze the most well known models w.r.t. their
main features, and, based on this, try to classify them into five categories. Some of the
reviewed systems can be considered as fitting the features of all the considered categories.

In many systems, context awareness is perceived as the capability, on the system’s part,
to adapt content presentation to different channels or to different devices [KO04, CoD03,
PdBW+04,GPZ05,BHH04,VTH06,BST06]. Most systems of this class are able to model
the context at different levels of granularity, but do not necessarily include a refined mech-
anism of location and time awareness. User profiling is often present, normally feature-
based, and the context specification is generally quite informal. Context models of this
category are not very flexible, meaning that they are normally designed for specific appli-
cations. Sometimes automatic context learning features are available, but not to the point
of allowing to reason about context.

A different class of models has the task of modeling location and environment aspects
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      <calories>650</calories>
  </food>
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      <price>$7.95</price>
      <description>light Belgian waffles covered with 
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<?xml version="1.0" encoding="utf-8"?>
<breakfast_menu>
  <food>
      <name>Belgian Waffles</name>
      <description>two of our famous Belgian Waffles 
with plenty of real maple syrup</description>
      <calories>650</calories>
  </food>
  <food>
      <name>Strawberry Belgian Waffles</name>
      <description>light Belgian waffles covered with 
strawberries and whipped cream</description>
      <calories>900</calories>
  </food>
 </breakfast_menu>
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Figure 4: Semi-automatic Chunk definition.

[KO04, FC04, CoD03, PdBW+04, GPZ05, SRA06, PNS+00]. In this case, a precise treat-
ment of the time and space coordinates is needed. Most of these systems can model the
context in a highly flexible way, and also context reasoning may be provided, offering a
powerful abstraction mechanism. Since in this case the system acquires location and time
information from various kinds of sensors, these systems are also able to control informa-
tion quality, and to deal with information ambiguity.

There is also a class of models whose focus is on ‘‘what the user is doing” [KO04,SRA06,
SSR03, PNS+00]. Here, the context history becomes relevant and thus must be modeled,
and also reasoning mechanisms are needed; time and space are taken into account if they
provide information about the user’s current activity. The different models are described
with different levels of formality; when available, automatic learning is used to guess user
activity from sensor readings.

Interesting approaches model context as a matter of agreement and sharing among groups
of peers [KO04, CPFJ04, Ouk03]. The focus of this group is on reaching an agreement
about a context shared among peers. Differently from the other classes, here the context
definition is reached in a distributed fashion; context reasoning, quality monitoring, am-
biguity and incompleteness management are also key issues. Because of these needs, the
context model must be rather well formalized. On the other hand, sophisticated location,
time and user profiling treatment is not of primary importance.

The last category concerns the tailoring problem [KO04, SHC+06, BCQ+06]. Actually,



besides data tailoring, also relevant functionalities and services may be selected according
to contextual information. Here, context history and reasoning are often not provided,
while time, space and user profile are in general highly developed and well formalized.
These models provide the possibility to describe different kinds of contexts, thus flexibility
is high, the level of granularity in describing the context is variable, and constraints on
valid contexts can be expressed.

Although a lot of work has been done, the representation and management of the context
can hardly be considered an assessed issue. Our experience has convinced us that, due to
the complexity of the problem as a whole and to the multitude of different applications,
the best models are those that, although being quite general, have a well defined focus, and
try to support only one of the above mentioned context-modeling categories. By contrast,
the systems whose aim is to be completely general, and to support the context modeling
problem as a whole for any possible application, tend to lack practical applicability and
usability.

5 Conclusions

The Context-ADDICT system faces a very challenging scenario where distributed, hetero-
geneous, independent, maybe mobile and transient data sources come into play. The goal
is to automatically integrate and tailor the available data, based on a context model named
Context Dimension Tree.

The ultimate goal of Context-ADDICT is to support specific applications with an appro-
priate integration and tailoring layer, offering the application designer the chance to focus
on the business logic. A design methodology guides the application designer in the task of
modeling the information domain as well as the possible application contexts.

During the work on Context-ADDICT , we have seen that different context subproblems
and applications have almost incompatible requirements, and common solutions are still
not available, and possibly not useful. As a consequence, the context model should be
chosen according to the target application, or possibly defined from scratch, based on the
specific requirements. For this reason, after an accurate review of the existing models,
we have decided to design the Context Dimension Tree. To this day our experience has
proven it to be well suited for the data tailoring task; however, we plan to test it on larger,
industrial applications, and also to apply it to service configuration.
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