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Abstract. A common trend in modern applications is the move towards
more mobile, adaptive, customisable software. The evolution of software
from static, invariant tools for narrow portions of a task to adaptive,
open interaction frameworks is embodied in the use of a variety of technologies for creating a reconﬁgurable application. Perhaps the two most
important techniques are Adaptive architectures and Ubiquitious Computing. However, many techniques employed merging these two technologies to form the vision of a truly ubiquitous, adaptive environment have
so far failed to take full account of the expressive quality of both context
and adaptivity. This paper presents a new, semantic interopration-based
approach to creating context-informed adaptive applications that make
maximum use of the rich content that can be found in both technologies.

1

Introduction

Adaptive Applications are characterised by their variable behaviour in response
to their information models[1]. Adaptivity allows for applicationsto make considerable changes for personalisation and customisation preferences as deﬁned by
the user and the content being adapted. This mechanism is extremely powerful
in providing tailored presentation of information to the user.
Adaptivity also permits this class of applications to leverage Contextual information very eﬀectively, employing additional axes of information to better inform
customisation and personalisation. Many of the current approaches to Contextual support for Adaptivity are, however, focused on a mechanism whereby the
application itself does a large proportion of the work by querying external sources
of information and integrating the results by treating contextual data as separate
and distinct. By placing the responsibility for managing and querying and integrating context on the application, this approach can place extra burden on the
application programmer, who must design an integration strategy for Context,
and on the application itself which potentially makes the information models
larget and more complex.
This paper presents a Context-Informed approach to enriching Adaptive applications. In this architecture, the adaptive application is served by a contextual
broker, which enriches the application based on a broader spectrum of concerns,
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and which makes use of a model-oriented approach for indirect querying and
direct integration. This approach provides and innovative solution using Topic
Maps to manage a semantic interoperation process.

2

Context

There are a great many[2] deﬁnitions and descriptions of what exactly constitutes
context, both in general and for particular application domains. For the purposes
of this work, it is most important to be aware that contextual information is
knowledge about the user, their environment or their task which is not known
to the application being used for the task, but which is available at run-time
through other services. This extra knowledge can be recognised by a semantic
description oﬀered by services surrounding the user and their application, even
though the application itself may not know of such information directly.
The system presented follows the context-informed model: the aware environment informs the application. This means that neither the target application
nor the sources need to be aware of each other, and that the Target application
need only be designed to know that it has the opportunity to gain some extra
information, not what that information might be or how it might be acquired.
The principal challenges associated with context-informed support for adaptive services are:
1. To Identify the information need of the adaptive service.
2. To Identify the possible external sources of information.
3. To Identify matching information in sources and infer on its inﬂuence on the
adaptive service.
4. To determine how to amend the adaptive service both in terms of data and
model.
These challenges comprise a broad solution to the process of enhancing adaptive services. Of particular interest in this work are the third and fourth challenges. The process of determining possible sources of context through exploring
the information space is, in itself, a very interesting problem. It is likely one
made more diﬃcult if the nature of the information and the process by which it
is incorporated is not known.

3

Architecture

The Architecture is composed of three tiers: the Target Application, which is
the system to be enriched; the Sources of Context, which are services that oﬀer
additional information to be combined as context, and the Context Exchange,
which brokers and manages the process. In proposing this form of architecure,
the roles of each participant are clearly deﬁned: it is the Target Application
which is enriched by the integrated content returned by the Context Exchange.
The enrichment process is performed using a semantic, model-based exchange.
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The internal model of the Target Application is exposed via a schema, and the
schema labels are populated by the current state of the application’s knowledge.
This can then be compared to the information known to Sources of Context via
a joined schema that forms the Information Space.
A number of approaches have been suggested[3] for managing contextual information, and enabling transfers. The semantic interoperation approach, as opposed to a planned or workﬂow model, is desirable because it natually accounts
for the dynamic and composite nature of contextual data, as well as generally
giving a better responsiveness to change. Topic Maps represent a lightweight
‘index’ linking the semantically close elements of the diﬀerent participant ontologies. This provides a navigable framework for creating an enriched model for
the Target Application that can be generated based on the deﬁnitive underlying ontologies. This system employs Topic Maps to represent the shared schema
between the Target Application and the Sources of Context within the Environment. This allows the Context Exchange to create an expressive shared schema
that is still lightweight and composable, without the need for the detailed formality that ontologies require. In addition, the ability of the system to alter the
Target Applications models as well as data will be dependant on the design of
the Target and the Environment.
3.1

Enhancing Adaptivity

The underlying beneﬁt to the Adaptive System is that a Context-informed environment facilitates the leveraging of additional information known by external
services with minimal a-priori knowledge on the part of the developer. This assists both the content designer and system developer by enabling them to focus
on the core concerns of the adaptive application, the remaining information being
handled as context. The developer remains in control of the enrichment process
by being responsible for determining how and when models are submitted to the
Context Exchange.
This approach to deciding what information to treat context can vary greatly
for diﬀerent usage scenarios, depending on the conﬁguration provided at designtime, as well as the properties of the environment at runtime.

4

Analysis and Future Work

Currently, the system is in the early stages of implementation. It is intended to
employ the system in trials in both the eLearning and corporate collaboration
application domains. These areas provide a spectrum of cognitive depth and
application adaptivity useful in measuring the generality of this solution and
the nature of the tailoring process required by diﬀerent systems. As an interim
approach, it is proposed initially to investigate the properties of this system in
a static, pre-determined service environment.
The topic of semantic matching is, in itself, an area of considerable research interest. There are many challenges associated with the process of linking separate,
possibly disjoint perspectives, even with the considerable assistance provided by

Informing Context to Support Adaptive Services

369

ontologies and other semantic techniques. Physical[4] and semantic[5] techniques
provide a basis for locating these links, but it is possible that the best achievable solution, in practice, will be a semi-automatic system where the link list is
corrected and improved by the user. This has additional advantages in that it
assists in maintaining the scrutability of the overall adaptive system - a feature
vital in maintaining user interests[6].
The Degree to which the adaptivity of the Target Application aﬀects how this
system can be employed. In particular, the process of amending and integrating
data and models will likely require some design-time tailoring, depending on the
particular properties of the target application and the sources.

5

Conclusion

This paper has presented a model-driven, context-informed framework for supporting adaptive applications. The system is based on the principles of semantic
interoperation, which provide for the generation of a lightweight aggregate semantic view of the information space which a user, and their application, occupy.
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