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Abstract—Nowadays ubiquitous software systems have to meet
user expectations while considering an ever-changing environ-
ment. The increasing space of possible contexts and the limited
capacity of mobile devices make no longer possible to incorporate
all necessary software alternatives and the required data for all
possible contexts. Thus, upon variations to user task, role, pref-
erences or physical environment, the current software alternative
and the required data have to be reconfigured.

This talk supports the variation of the current software
alternative and data by defining the mapping between user
requirements and database excerpts. We support the creation
of the most suitable, consistent and sufficient excerpt of data
taking into account the current context and its possible future
changes. The aim of this research is to create a theoretical
and practical framework that supports the development and
the evolution of adaptive data-intensive software systems for
ubiquitous environments.

I. SETTING THE CONTEXT

Nowadays software systems have to meet user expectations
taking into account heterogeneous environments and changing
user needs. In this context, the literature of self-adaptive sys-
tems [13], [3], [6] provides the theoretical and methodological
support for managing the variability of system behavior as
a consequence of context variations. At design-time, software
engineers define different software alternatives that provide the
means for satisfying user requirements in different contexts.
At run-time the adaptivity is supported by switching to the
most suitable software alternative based on the current context.
Different software alternatives possibly need distinct partial
portions of a global database which supports the whole set
of user requirements. The more the application is adaptive,
the more will be the number of its variants and the different
portions of data each variant needs. In this scenario it is not
feasible to consider a unique global database for all possible
alternatives for different reasons. First, a unique database is
more difficult to understand and to evolve than a subset of it.
Second, a single big database for all the possible contexts can
not fit the limited space capacity of mobile devices on which
the software alternatives will run.

To address these problems we have to align variability
of requirements to the variability of databases by defin-
ing traceability links between software functionalities and
databases excerpts. Variability of data has been considered in
the literature of context-aware databases [1], where the most
suitable portion of a database is provided to the application
considering the current context, user tasks and preferences [7],
[4]. Methodologies, techniques and tools have been defined

following either a pruning [18], [16], [5] or a merging [2], [11],
[14] technique for creating a subset of a database. However,
there is still a gap between variability of data and variability of
requirements [16]. On the one hand, variability of application
requirements has not been considered in the literature of
context-aware databases, while on the other hand the literature
of self-adaptive systems provides no support for propagating
variations of requirements to data. At the intersection of the
two research areas, our research goal is to create a framework
that supports the development and the evolution of new self-
adaptive data-intensive systems and the migration of non self-
adaptive data-intensive systems for ubiquitous environments.

We focus on data and in particular on the problem of finding
the most suitable portion of data to support the current set of
requirements that have to be provided by the application in
the current context.

II. FRAMEWORK BASICS

Users of ubiquitous applications use mobile devices with
limited memory and computation capacity while they are
interested in continuously changing excerpts of data based on
different factors, namely user tasks, user roles, device charac-
teristics and physical environment. Since a global database that
supports all users activities for all the possible contexts cannot
be entirely loaded, we have to find the most suitable excerpt
of data for the current software variant that implements the
currently required user requirements. To address this problem
we consider a chain of relationships among context, software
functionalities and data. Context determines which is the
set of software functionalities that have to be provided by
the application; software functionalities implement a subset
of user requirements and they require a certain sub-set of
data. Starting from the current context we should determine
a sufficient and consistent sub-set of the global database:
sufficient in terms of data required in the current context and
consistent with respect to the global database constraints.

Our framework supports the context-dependent variability
of data together with the application variability following a
feature engineering perspective [15], [5]. We represent each
application functionality as a single unit of behavior, called
feature, which contains a business requirement, a contextual
condition to activate the feature and the required data, e.g., ex-
pressed as subsets of concepts belonging to the large database
schema. Variability of the application and data is supported



by different configurations of features each corresponding to
a consistent portion of the global database.

As far as data are concerned, we consider different levels
of abstractions: the conceptual schema is the basis to define
the data that are related to each single feature in terms of
entity types, or concepts; the logical schema is derived from
the conceptual schema and constitutes a first step to the
deployment of data to the target platform; the physical schema
describes indexes to achieve better performance in accessing
data; finally, database instances are the data to be loaded into
the device.

Our framework supports feature-based schema filtering by
means of a filtering design phase and a filtering process
phase. The filtering design phase supports the variability
of accessing data by establishing the applicability for all
the possible feature configurations. It starts by defining the
whole set of requirements along with the corresponding global
database for all possible contexts. Then, designers organize
the elicited requirements following a feature engineering per-
spective, through features and a feature model which entails
the admissible configurations. At this point designers define
a mapping between identified features and portions of the
global schema, and they identify the contextual dimensions
that affect the interest towards different portion of data. Finally
designers define a presence condition for each feature to
evaluate if data required by a feature should be included or
not in the subset of the database. At run-time, the filtering
process phase provides the right data according to the features
that have to be provided in the current context. Upon context
variation an automatic derivation phase retrieves the most
suitable set of features to apply. Starting from these features
the corresponding data are filtered from the global database in
order to produce a consistent view. The framework supports
the reconfiguration process by applying variations to database
instances, conceptual schema, logical schema and physical
schema. This process may generate inconsistencies that appear
within each model and between models. We avoid the first
by applying proper adjustments phases and by following se-
mantically defined construction rules. We solve inconsistencies
between models by co-evolving them. To this end, we apply
bi-directional transformations among models [17] and model
driven engineering techniques.

In [8] we have define the basic elements of the framework
and implemented the filtering process of the large conceptual
schema by means of two different algorithms. This paper
proposes a definition of sufficient and consistent sub-schema
with respect to the global schema. In order to discover which
is the most suitable configuration of features to apply, we are
currently exploiting predictive task models containing infor-
mation about data accesses with the aim of providing better
performance (stability, responsiveness, etc...) to the reconfigu-
ration process (e.g., [10], [9]). To this end, we have formalized
a multi-objective optimization technique that exploits current
and probable future information needs to assign a fitness value
at each admissible configuration thus supporting the decision
making process.

As for future work, we will implement the design and run-
time process as they have been already defined in [8] and
we will introduce a notion of uncertainty within our artifacts
of interest in order to address possible variations that cannot
be predicted at design-time. To this end, we will support the
addition/deletion of features (data) at run-time, the variation
of the task model by enabling the addition/deletion of states
and variations to their probability distributions, and finally we
will also support variations to the set of context dimensions
[12]. We will also apply consistency checks to the artifacts
reconfigured at run-time in order to prevent databases incon-
sistencies such as the violation of integrity constraints and
inconsistencies among database representations at different
abstraction levels.
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