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Abstract. In this paper a SOA inspired context-aware platform for
enabling context-aware Telecom services is presented. The SOA related
components are highlighted and the platform’s integration into a Telecom
provider’s service architecture is described — pointing out challenges in
terms of protocols and semantic interoperability. An example application
bridging the gap between data collected through a user’s mobile phone
and a web based portal in order to provide a Virtual Location Application
through our platform is presented.

1 Introduction

As the terms Services Oriented Architectures (SOA) and context are being used
in a number of different ways, we first clarify our working dependencies:

– SOA is a design philosophy which allows the integration and interoperability
of a wide range of different services and data sources, where individual
components do not need to know specific implementation details about
others, but can solely access data through well defined interfaces and
protocols.

– Context is any information that can be used to characterise the situation
of an entity (Entity: person, place, object that is considered relevant to the
interaction between a user and an application) [1].

– A system is context-aware if it uses context to provide relevant information
and/or services to the user, where relevancy depends on the user’s task [1].

SOA has reached a mature state in the web domain, but not yet in the area of
Telecom providers, this is partly due to the previous focus of Telecom providers
on their current core business: voice calls, messaging and broadband connectivity.
Telecommunication services have been typically realised through separate, only
vertically integrated service specific networks. Some consistencies exist at the
transport layer, but at the service layer there are almost none, due to proprietary

E. Di Nitto and M. Ripeanu (Eds.): ICSOC 2007 Workshops, LNCS 4907, pp. 317–325, 2009.
c© Springer-Verlag Berlin Heidelberg 2009



318 P.H. Mohr et al.

platforms. Currently Telecom providers are evaluating the benefits of moving
towards a Service Oriented Architecture which will simplify the integration and
combination of existing web services with Telecom specific services, i.e. SLEE
and IMS based ones [2], tailored towards the Telecom world. One of the biggest
challenges for Telecom providers is to find a way of leveraging on their unique
position of being in control of the network and of the information that passes
through it, but still open up their network to a large enough extend to allow for
innovation. By mastering this challenge, new revenue streams can be generated
from context-aware services, which in addition also allow for a novel utilisation
of the existing operators’ network infrastructure and knowledge costumers about
their customers.

Currently a lot of work is being performed concerning the integration of IT
and Telecom services — a range of hybrid services are already offered by Telecom
providers, but they are mainly static (i.e. pre-configured) and do not adapt to
the needs of individual users. For Telecom companies to be able to provide novel
and dynamic context-aware services which adapt to end users, a modular and
context oriented architecture is required. This paper describes such a context-
aware architecture, designed in the spirit of the SOA paradigm, which enables
context-aware Information and Communications Technology (ICT) services —
seamlessly integrated into existing SOA architectures. The SOA paradigm is well
suited for the dynamic context-aware computing domain, as context sources are
bound to change frequently, requiring them to be integrated on the fly, and end
user services need to be dynamically adapted and composed if a context change
occurs.

This paper is concerned with how a SOA enabling context-aware architecture
can be integrated into the world of ICT providers, enabling novel context-aware
end user services which also make use of Web 2.0 client capabilities. In section
2 our architecture is presented and how it can be integrated into the existing
service world is presented in section 3. An example of an end user service which
combines context collected through a mobile phone of a user with a web portal
is described in section 4. Section 5 relates our architecture to work of others and
section 6 provides a conclusion and suggests future work.

2 Context-Aware Platform

Our SOA enabling architecture, called Context-Aware Platform (CAP), for
realising novel context-aware end user services, consists of six main components:
a context broker, context sources, context providers, aggregators, context
consumers, and an ontology aligner. These components enable CAP to provide
end user services and external entities with context information acquired from
external web services, user based sensors, learning, aggregation and reasoning
modules. The interconnection between all components and their separation into
areas of control is shown in Figure 1 in the form of a sample setup; all components
are described in terms of their SOA properties below — for a more detailed
description please refer to [3].
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Fig. 1. CAP connected to the end user and the Internet

– The context broker (CB) is the central part of the platform, enabling the
integration and combination of a wide range of different platforms and
services, ranging from mobile devices, web services to low level sensors. It
caches context information from heterogeneous sources and distributes it
amongst all attached modules — enabling dynamic compositions of novel
services based on context. Native to the CB is an ontology component which
associates semantic meaning with context and enables the inference of novel
context. The interaction between the CB and internal context providers
is tightly coupled in order to increase performance. Providers external to
the architecture are integrated through dynamic interfaces and context
in the CB can be made public through context consumers. The CB also
provides subscription / notification mechanisms, which allow other entities to
subscribe to specific context changes. Context is encoded in ContextML [3], a
XML based language specifically designed with efficient context exchange in
mind. The language is currently still under development, with the possibility
to incorporate further semantic meaning if required.

– The context providers and context sources enable context to be imported
into the CB. External context from web based services is retrieved through
open standards, i.e. SOAP and REST. Examples of implemented external
context providers are: Google calendar is accessed through a REST interface,
Microsoft MapPoint is accessed through SOAP and Magic Map [4] Wifi
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localisation is also accessed through SOAP. Local context from within
the Telecom provider network or user devices is collected through context
providers and context sources following the ContextML guidelines. Where
context sources simply push context to the CB, e.g. GPS data and inertial
tracking co-ordinates [5], and context providers allow the CB to request
specific context, e.g. from multi sensor platforms like Sun Spots [6] or
Motes [7].

– The context consumers enable context to be retrieved from the CB for
internal use or made available to external entities in the form of a web
service through SOAP and REST interfaces.

– Context aggregators are a combination of context consumers and providers:
they take context as input and produce higher level context by converting,
fusing, reasoning on or learning from lower level context. Implemented
aggregators are for example the reverse geocoding service accessible through
the Microsoft MapPoint web-service interface, which enables GPS co-
ordinates to be converted into street names and a learning module which
learns common behaviour of users based on their GSM/UMTS cell IDs.

– The ontology alignment module allows interoperability with context
provided to and consumed from external entities. A supportive point for
ontologies often mentioned is their re-usability, which is valid when they are
used for describing or annotating data, but when they are used for reasoning
their structure needs to be optimised for performance and hence often
requires a re-development. Interoperability amongst ontologies specifically
developed for different platforms with different goals in mind is achieved by
aligning the semantic meaning of attributes, e.g. of GPS location, with their
counterparts in another ontology or knowledge representation. Currently
alignments to the Mobilife [8], SPICE [9] and FOAF [10] ontologies, and
the geo microformat [11] are implemented.

End user services have the potential of becoming context-aware, as more user
specific context is made available through sensors integrated in the current
and next generation mobile devices, e.g. GPS receivers, RFID readers and
accelerometers, and lightweight online learning services tailored to the sensors for
learning users common behaviour and preferences are developed. Through CAP a
rapid development of such context-aware services is possible, only being required
to implement a single interface to the CB which allows the required context for
the service to be requested. The CAP takes away the complexity of the end user
services from the user’s device as it allows for the service to be developed in
the form of a context consumer or aggregator situated within the network of the
Telecom provider. This simplifies the process of introducing new services, as no or
only limited updates at the client side are required. Furthermore, interoperability
amongst context-aware applications/components is achieved, leading to a better
re-utilisation of already implemented services.

On one hand, the CB architecture can lead to a bottleneck in terms of
performance due to being centralised, but this shortcoming can be overcome
by introducing multiple CBs, each handling a limited number of clients. On the
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other hand, due to being centralised the billing process is simplified and security
policies can be enforced more rigorously.

3 CAP Integration into SOA Architectures

The integration of CAP into SOA architectures provides existing IT architectures
with context information — working towards solving one of the challenges
next generation ICT SOA platforms are facing: context-aware services. In
order to fully integrate CAP into existing IT architectures, allowing them
to become context-aware, a two way integration is required: CAP needs to
provide context to third parties through standardised Web-Service interfaces
with context notification capabilities and third party IT Web Services need to be
able to provide context information to CAP. The first integration is performed
through context consumers, which implement standard Web-Service protocols
and the second one is performed through context providers, which also implement
standard Web-Service protocols.

By providing additional extensions for asynchronous context change
notifications, i.e. WS-Notification and WS-Event, the full context provider,
consumer and aggregator capabilities can be utilised and a seamless integration
achieved. The requirement of supporting these capabilities is widely agreed and
a number of SOA extensions to support event based message exchange exist —
known as Event Driven Architectures [12].

The above enables an integration of CAP into SOA architectures, but
with limitations common to the Web-Services world: the lack of semantic
compatibility. A tight and seamless integration also requires alignment of context
on a semantic level. The introduction of semantics improves the service context
matching phase dramatically and allows a more straightforward integration of
new context sources. In CAP this task is performed by the ontology alignment
component, which can read in attributes in one semantic representation and
output the attribute in another representation.

4 CAP Integration in Web 2.0 Applications

CAP does not only enable end user services running on mobile devices, but also
ones bridging the world of a Telecom provider and Web 2.0 applications, an
example of such a service is the Virtual Location Application (VLA) developed
by TiLab [13] — VLA is currently in a prototype state and undergoes testing
with 20 users. It allows users to manage their visited locations through a web
application — Figure 2 and 3 show screen shots of the Virtual Location Portal.
Through the CAP a user can request the VLA to be activated, which results
in the gathering of context from the user’s GPS receiver and cell ID monitor
through context sources by the CB. Once the VLA has been activated the
user can access the application via a Web 2.0 interface which retrieves user
localisation data through a Web Service and performs a mesh up, giving the user
the possibility to visualise his preferred locations directly on a map. A Tilab
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Fig. 2. Virtual Location Application screen shot

Fig. 3. Virtual Location Application screen shot

proprietary algorithm clusters the locations to ease visualisation: frequently
visited areas are presented as graphic polygons which can be altered by the user
through moving the edges of the polygons. In future versions AJax capabilities
could enable the overlay localisation data to be update on the map in real-time
as the user moves around, as well as identifying colleagues or friends as they enter
the area by simply subscribing to their localisation data. All recorded GPS co-
ordinates and cell IDs are processed by a clustering algorithm which identifies
the recurring places of a user. The portal allows the management of identified
places: the user can add, delete or modify each place, by choosing a description
and / or place type from a list of predefined semantic tags, e.g. home, office and
restaurant. The CAP components involved in the VLA are shown in Figure 4.
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Fig. 4. CAP components utilised by the VLA

5 Related Work

A number of architectures for managing context exist, e.g. ContextToolkit [14],
MobiComp [15] and the Context Kernel [16]. What sets CAP apart from the
others is that it has been specifically designed for the requirements of a Telecom
provider, for details see [3]. Only the Context Kernel has been designed as a
true web service for storing and retrieving context, following the SOA paradigm.
It allows an interaction through standardised protocols as it is possible with
CAP’s web service interfaces. In addition to Arruda et al. [16], the advantages
of enabling context-awareness in a SOA are also pointed out by Capilla [17]
and Almeida [18] — namely that context enables novel services adapting to the
current situation, from virtual reality applications to routing services.

The integration of Telecom provider services and web services is an active area
of research. Solutions are described and discussed by Venezia and Falcarin [2].

Another area of interest to our platform are adapting user interfaces, i.e. the
W3C Delivery Context Interface (DCI) [19]. The DCI defines a framework for
mobile browser interfaces, enabling web applications to dynamically adapt to the
context of end users, e.g. by collecting user preferences, device capabilities and
environmental conditions. It is a generic framework and specific implementations
depend, e.g. on device manufacturers and are often subject to changes. The
framework is a joined afford of different groups inside and outside the W3C. In
order to participate in the DCI specification, a feedback loop between the device
attributes present in the ontology used within CAP and the DCI ontology could
be created.

6 Conclusion

This paper has described the integration of CAP, a SOA oriented context-aware
Telecom platform, into existing SOA architectures, enabling the creation of
context-aware services tailored towards individual users. Due to the modularity
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of CAP and its possibility to distribute diverse context, it can enable a wide
range of services. Despite the general move towards a truly distributed service
realisation, a central CB approach was chosen as it allows for more straight
forward and optimised learning and reasoning algorithms, as well as tighter
security and privacy policies fundamental when offering personalised end user
services. Shortcomings in terms of performance can be overcome by introducing
multiple CBs, each handling a limited number of clients.

Through the existence of web and Telecom standards an interoperability on
a protocol level of service components from different vendors has been made
possible, but interoperability for context exchange on a semantic level has not
reached the same maturity yet. A number of ontologies and microformats [11]
providing such semantic interoperability have been released, but they are
not widely accepted yet. One initiative trying to achieve a wider acceptance
is the European initiative Service Platform for Innovative Communication
Environment (SPICE) [9]. It is a consortium of Telecom providers, infrastructure
manufactures and universities, trying to enable and unify the fusion of various
services in the telecom domain. CAP has been designed with interoperability in
mind, which can be achieved with SPICE on a semantic level through ontology
alignment or even through an integration of the SPICE ontology once it is fully
developed and has been widely accepted.

In order for context-aware services to widely emerge, service matching and
dynamic composition based on context are essential. One of the next steps in
our service architecture development is the integration of such matching and
composition mechanisms.
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