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1 ABSTRACT

As computing devices are getting smaller, we tend to bring them
everywhere. Consequently the operating conditions of the devices
are constantly changing (e.g. changing user requirements, change
in the system context and environment context). In order to be
usable and dependable, applications and services need to self-
adapt to changes in context. This work describes a context
management approach for reducing the complexity of context
aggregation and utilisation. The context manager is a core
component in the MADAM (Mobility and ADaptation enAbling
Middleware) project.

Categories and Subject Descriptors

D2.10 [Software Engineering] Design- Representation.D.2.11
[Software Engineering]: Software Architectures — Data
Abstraction, Information hiding.

General Terms
Design, Performance, Reliability, Human Factors.

Keywords
Context, context awareness, adaptation-enabling architecture,
middleware.

2 INTRODUCTION

Smaller computing devices, increasing computing power and
proliferating mobile networks encourage users to bring their
computers everywhere they go. This leads to diverse operating
conditions, and in order to remain usable, systems should be able
to self-adapt to the changing conditions [1]. Although the utility
of adaptive and context aware systems have already been
demonstrated by [2], the ubiquitous computing paradigm
suggested by Weiser [3] is yet to come. One of the reasons for
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thisis likely to be the development costs of such systems and the
lack of generic tool support in the development process [4].

To encourage their uptake, cost-effective development of adaptive
and context aware applications must be possible. This work
describes a middleware architecture with particular focus on the
context management part of the architecture that aims to provide
tool support for the devel opment of context aware applications.

3 THE MADAM SERVICES

The adaptation middleware includes three main services:

e The Context manager which monitors changing user
requirements and (system and environment) context for
detection of relevant changes.

e The Adaptation Manager which reasons about the impact of
the changes and decides about appropriate adaptations.

e  The Configurator which reconfigures the component-based
application to put the decided adaptations into effect.

4 CONTEXT

4.1 Theory of context

We have adopted Dey’s widely used and broad definition of
context [5]: “Context is any information that can be used to
characterize the situation of an entity. An entity is a person,
place, or object that is considered relevant to the interaction
between a user and an application, including the user and
application themselves.”

This broad definition is applicable because MADAM intends to
be platform and domain independent, and as such, cannot define
context in away that might exclude certain platforms or domains.

42 TheMADAM context model

Building on the work described in [6], we suggest the context
model depicted in Figure 1.

The context information is encompassed in context elements. The
context elements can be composite (elements within elements),
and they are associated to values. The value is the information
available in the element. Every value instance encapsul ates a data
entity, of any of the following types: string, integer, long, float,
double, or boolean. Values are associated with metadata that
provide additional information about the value characteristics.
Metadata information is essential when performing reasoning on
context information.
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Figurel- The MADAM context model

5 CONTEXT MANAGER
In MADAM, context management is defined as:

e  Providing a standardised way to represent context

e Providing standardised interfaces and methods to access
context information from sources that monitor and report
context information (context sources)

e  Providing functionality to store and retrieve context (context
querying)

e  Providing reduction of context noise through proper context
access mechanisms

e Ensuring consistency in context representations, by making
sure that no context elements are duplicated

e  Ensuring consistency with regards to context sensors, context
reasoners, and context storages, by making sure that none are
duplicated.

5.1 Context manager architecture
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Figure 2 - The context manager architecture

The context manager considers entities that need context
information to be context clients, while it considers entities
providing context information to be context sources [7]. In
MADAM, the primary context client is the adaptation manager,
while context sources are typically context sensors and context
reasoners. A context source can also be a context client (e.g. a
context reasoner which requires context information from other
sourcesin order to provide new context information).

Context Repository The context repository is the main entry
point for clients to the context manager. The primary tasks of the
context repository are to maintain a context model, register and
notify listeners, give access to context elements, and keep registry
of available components (sensors, reasoners and storage).

Context Sensors The context sensors are components which
provide context information to the context repository (a type of

context source). Sensors can for instance be wrappers around
legacy code used for monitoring context changes, such as battery,
memory, and network information.

Context Reasoners Context reasoners are specialisations of
context sensors. The main difference from sensors is that context
reasoners can produce one or more context elements using other
context elements as input.

Context Storage Keeping track of historical context information
isrequired in order to be able to determine trends in context data,
such as user behaviour and network stability.

6 CONCLUSION

In this paper we have argued that mobile use and continuously
changing operating conditions require that applications adapt
accordingly. Standardized middleware tools targeting such mobile
devices and applications, become increasingly important, as they
can facilitate the development of reliable and usable software.

We have proposed a generic and platform independent context
model and context management mechanism. By providing a
necessary abstraction level and reducing context noise, a well
functioning context managing mechanism is a prerequisite for a
well functioning adaptation enabling middleware. We currently
have a proof of concept implementation that provides valuable
insight, and further research is conducted to validate and refine
the context information model and middleware architecture and
components.
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