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Executive Summary
This document describes the work of the MULTI-POS fellow for the deliverable D3.1, named: State-ofthe-art report on positioning technology and the related semantic technology ecosystem. Please note that
Submission of this deliverable was delayed due to the consortium-wide delay in the MULTI-POS ESR
recruitment.
In this report we describe the status of the existing technologies for developing context-aware services,
review most relevant research work and briefly propose some ideas for future research.
In mobile applications, positioning, time, calendar and other information- contextual informationestablishes a convenient starting point for filtering, organizing, and providing access to information
relevant to the end user, which can be extended with other kinds of information. However, we face two
main issues:
1- Context-Aware Services use mainly position and time. However, much more device information
is available via API (see table 3-1).
2- Context Information, especially from external servers, is not always available and its usage is not
trivial for developers. That seriously hinders the development of context-aware computing.
In this report we describe a computational component, the so-called context engine, that manages
contextual information. The context engine has been described by other authors, and we focused our
effort towards outlining its main responsibilities: Answering questions about the current context,
extending the currently known context and managing user preferences. Similar work has been proposed in
the literature, and it seems that main issues are battery consumption and information privacy.
Different technologies can be used for modelling this contextual information. We have concluded that
semantic technologies provide many advantages (see 3-3 Modelling Context) and therefore semantic
modelling is our approach for future research.
Therefore we review the semantic technology ecosystem (see chapter 4). These technologies are the base
for our future development. It is also relevant the existence of Semantic Sensor Network ontology,
created by W3C, which describes sensors and sensor networks for its use in sensor web applications. A
common and accepted SSN would semantically enable applications to use different sensorial data from
different sources.
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1. Vision
Before talking about complex ideas and technologies, we would like to present a real case scenario to
provide readers with an intuitive and practical idea of what can be achieved in this area of research.
Please take a look at the picture below: on the left side (pink box) we have an example of how mobile
devices work nowadays. On the right side (grey box), we have a scenario assuming that mobile devices
are able to adapt to user’s behaviour, context and preferences.

Figure 1-1 Mobile scenario using contextual information

This is a textbook example, but how can we achieve this in practice?
The key idea to solve this problem is an abstract entity called context. It can refer to any information that
can be used to characterize the situation of an entity, where an entity can be a person, place, or physical or
computational object (Anind, 1944). The systems that use contextual information to provider tailored
information to users are called context-aware system. Currently, most common context-aware systems
take into account just a few context types such as position or time.
However, context is something much wider. According to (Mehra, 2012), time and location are just the
most intuitive forms of context. However, we should go beyond that to find more relevant information
about the users. This context can be small context, such as what concrete task user is doing, what kind of
trip the user is doing or in what project the user is working at the moment. Other higher-level ways of
context include Web of people and knowledge, including user’s interest, social networks, etc. The picture
below shows different forms of context.
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Figure 1-2 Types and levels of context
Please note that contextual information does not refer exclusively at information collected by the mobile
device. For instance, sensors that measure the temperature of the living room or traffic congestion are also
absolutely valid forms of contextual information.

2. Introduction
Acknowledging the user context provides a natural way to focus user attention and the use of resources in
applications. In mobile applications, e.g. positioning, time, calendar and other information establishes a
convenient starting point for filtering, organizing, and providing access to information relevant to the end
user, which can be extended with other kinds of information.
Pioneering research in context-aware computing research dates back to early 1990s (Chen,2000). Since
then, studying and building context-awareness have been first tackled in application-specific manner, then
in terms of reusable toolkits, and finally, on infrastructure level (Gu, 2005). Nevertheless, most
applications still address generic context-aware computing tasks in application specific manner.
Considering toolkits and infrastructure-level support, however, significant development has been made in
mobile applications (Palmieri, 2012), and it is fair to say that contemporary mobile sensor frameworks
establish the de facto technology driver for context-aware computing.
Despite the two fronts of research, i.e. generic context-aware and mobile sensor frameworks, it is still not
self-evident, however, how context-aware processing should be realized and what is the role of context in
the application and service ecosystem. In particular, it is tempting to assign the responsibilities of
managing and reasoning context to the end user applications, which in practice suggests that each
application deals with the context as it sees fit. We believe that this both confuses users and seriously
hinders the development of context-aware computing.
In this report, we outline the context-aware processing research and the current mobile frameworks,
acknowledging a best practice for modeling context. We then propose the minimal responsibilities of the
so-called context engine, a software component that is able to compute and reason with the context on the
behalf of the end user applications (or services). We suggest that the natural responsibilities of the context
engine include extending and reasoning with the context and managing user preferences, thus clarifying
the role of context-aware computing in applications. These baseline responsibilities can be extended by
adding functionality for accessing context provider etc. services, and implementing interfaces for
application-specific activities.
To achieve this, we review the current sensor frameworks, propose adopting a context ontology and point
out a logic programming based approach for extending and reasoning with context. These establish the
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basic tools for modeling, understanding, and computing with the user context, so that each application or
service module does not have to fully understand and implement each aspect of the user context and
tasks.
The main contribution of this work lies in outlining the path for implementing context-aware computing
based on existing sensor frameworks, in clarifying context-aware computing tasks and responsibilities
with respect to the novel context engine architecture, and in suggesting a resolution-based mechanism for
computing and reasoning with context.
We believe that this line of research is very important because understanding user context will have an
increasingly significant impact in application and service development. This seems obvious when
acknowledging that mobile devices dominate consumer markets, the Internet/Web of things is underway,
and the next industrial revolution is likely to adopt the so-called Industrie 4.0 paradigm.

3. Background
In brief, context can refer to any information that can be used to characterize the situation of an entity,
where an entity can be a person, place, or physical or computational object (Anind, 1999). Contextual
information may include physical information such as accelerometer data, virtual information such as
calendar events, recognized patterns such as observed user activities, and predictions such as weather
forecasts.
Acknowledging the key characteristic of context as a relevant data source, the notion of a "sensor" is
typically generalized. We may acknowledge three different types of sensors providing contextual data
(Baldauf, 2007):
─ Physical sensors. These are the most frequently used sensors, capable of capturing physical data (e.g.
position, orientation, and acceleration).
─ Virtual sensors. These provide contextual information from applications and services. Virtual sensors
may further be based on local or external data sources (e.g. user calendar vs. weather service).
─ Logical sensors: These provide new contextual information by combining and computing information
from physical and virtual sensors.
Today, for practical reasons, physical sensors (or physical sensor middleware frameworks) establish the
major technology driver in context-aware computing. This is largely due to the fact that developers and
application vendors are still in the process of learning how to model and compute with context.
Let us next briefly outline the related research, take a closer look at the current technology driver of
mobile sensor context, and identify a best practice for modeling context. This discussion will then be used
as a basement for identifying the pivotal context-aware computing architecture and the core
responsibilities of context engines.

3.1 Current Technology Driver: Physical Sensor Context
To get hands-on insight in the current state-of-the-art of sensors in context-aware computing, let us
briefly review what types of contextual information are actually accessible in the widespread mobile
platforms, Android and iOS.
Android developers can make usage of contextual information in several ways (Android Developers). The
first approach is using the Android sensor Framework, which includes the motion sensors (e.g.
accelerometers), environmental sensors (e.g. temperature) and position sensors (e.g. orientation sensor). It
is also possible to access location information with Location API and other additional location services,
such as Geofence API to alert user or applications when the user is entering a certain region. iOS
developers can mostly access the same type of sensor information, with some exceptions, such that it is
not appropriate to access WiFi access point information directly (Fankhauser, 2012).
In addition to device-specific interfaces, various browser APIs are being developed. Indeed, accepting the
obvious challenges in generalizing the sensor context of different operating systems, an interesting
research perspective on context providers is established by cross-platform tools. These abstract the details
of the various platforms, aiming to allow implementation of an application and its user interface for
several mobile platforms more efficiently (Palmieri 2012). Table 1 below lists the most popular crossplatform development tools and information categories, effectively pointing out what sensor information
is currently available (access languages in parentheses).
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Table 3-1 APIs supported by main cross-platform development tools (adapted from
(Palmieri,2012))
API \ Tools

Rhodes (JS)

Accelerometer

PhoneGap
(JS)
X

Barcode

X

X

Bluetooth

X

X

Calendar

X

X

Camera

X

X

MoSync(JS)

MoSync(C,C++)

DragonRad

X
X
X
X

X

X

X

Capture

X

X

Compass

X

X

Connection

X

X

X

X

X

Contacts

X

X

X

Device

X

X

X

X

File

X

X

X

X

Geolocation

X

X

X

X

Menu

X

NFC

X

X

X

X

Notification

X

X

X

X

Screen Rot

X

X

X

X

Storage

X

X

X

X

X
X
X
X

X

This review is important since it has a major impact both in application development and in the current
strategies of modelling context. We have seen that, in practice, developers have (easy) access to physical
sensorial information.

3.2 Research and Basic Concepts.
The term context-aware (computing) appeared first time in early 1990s, with the beginning of contextaware system research (Chen, 2000). In addition to solely computing with respect to time and place,
context-aware systems should capture many other things as well, such as places, things, commitments,
and user knowledge and preferences (Mehra, 2012). A typical application area is context-aware search,
which includes the phases of data acquisition, context reasoning and state updates, and contextualized
output (Yndurain, 2012).
The main components of a context-aware system include context providers and context-aware services,
perhaps associated with service locating services (or brokers) (Gu, 2005). When defining context,
computing context, user context, and physical context are often differentiated (Chen, 2000), as already
described at the beginning of this chapter. Processing contextual information is carried out by a
component called context interpreter, and the relevant data is stored in a context database. The basic
activities include context assertion, i.e. making contextual information available, and context retrieval, i.e.
exploiting the context in an application (Mehra, 2012).
In brief, we may identify three complementary approaches on how the context providers acquire
contextual information (Chen, 2000):
─ Direct sensor access. In this approach, the client gathers the needed information directly from the
sensors.
─ Middleware infrastructure. This approach introduces a layered architecture that enhances reusability
and concurrent sensor access. Therefore, instead of accessing directly the raw data from sensors, the
client gathers information from this intermediate layer that manages sensorial data.

Page 10 (19)

─ Context Server. In addition to the above, this approach permits us to gather information from remote
data sources, which allows reusing sensorial information, accessing a potentially much richer set of
contextual information sources, and distributing the costs of measurements and computations.
Strictly speaking, direct sensor access is not usually feasible since sensor access needs to be encapsulated
for multi-tasking, concurrency etc. The middleware approach is thus favoured, but in mobile applications
the power consumption and computing costs are typically still a major concern. Thus, in addition to
simply requesting additional or more high-level context information from context servers such as weather
forecasts and traffic congestion, applications might also seek means to exploit servers in delegating and
perhaps orchestrating their local tasks.
Even if the mobile development frameworks do not yet provide abstract means for context-aware
computing, various theoretical modelling approaches exist. We may identify at least six major strategies
for context modelling (Baldauf, 2007, Strang 2004):
1. Key-Value Models. Simple key-value pairs are used to model context.
2. Markup Scheme Models. Context is modelled as a hierarchical structure (cf. XML).
3. Graphical Models. Using modelling techniques such UML to model context, which provides a generic
structure, ER-formalism and an intuitive graphical presentation.
4. Object Oriented Models. Using object-oriented technologies, enabling inheritance, encapsulation with
interfaces, reusability, etc.
5. Logic-Based Models. In these approaches, context is defined as facts, expressions and rules, defining
the conditions on which a context can be inferred. Its main strength is context reasoning.
6. Ontology Based Models. Combining several of the above approaches, based on formally specifying
the basic concepts and interrelations related to context(s).
Currently, there are no commonly agreed standard models or systems for sensing contextual information
from various sources to enable reuse across various middleware systems and frameworks (Baldauf, 2007).
Ontology based models, however, seem to offer many desirable properties such as information alignment,
dealing with incomplete or partially understood information, and formally working with context model of
varying level of detail (Strang, 2004).
Let us review the proposed frameworks and architectures.

3.3 Proposed Frameworks
There have been many attempts for designing context-aware frameworks since late 90s. We take a look at
some of the most relevant proposed frameworks.
Context Broker Architecture (CoBrA) is an agent-based architecture for context-aware computing in
intelligent spaces. It uses ontologies for context processing, and the architecture is compound by the
following components: Context Knowledge Base, Context Inference Engine, the Context Acquisition
Module and Privacy Management Module.
Hydrogen project is specialised for mobile devices. Its main strength is to avoid the dependency to a
centralised component in the majority of context-aware systems. Therefore they describe local context,
information the device knows about context, and remote context, the information another device knows
about context. The idea is that devices in proximity are able to share the contextual information in peerto-peer manner. It uses three-layered architecture so-called Application, Management and Adaptor later,
and the modelling approach is object-oriented.
Context-Awareness Sub-Structure (CASS) presents a middleware architecture composed by Interpreter,
Context Retriever, Rule Engine and a Sensor Listener. The high-level context inference is based on a
knowledge base and an inference (rule) engine. Furthermore, there are many other modelling frameworks
such as CORTEX, SOCAM, Gaia, Context Management Framework or Context Toolkit. More detailed
information about these systems can be found in other articles (Baldauf, 2007).
However, for reasons mentioned in last section, we think the most appropriated approach for context
modelling is ontology-based models. We identify a highly promising ontology based modelling approach,
the Service-Oriented Context-Aware Middleware (SOCAM) architecture (Gu, 2005). In brief, SOCAM
aims providing efficient infrastructure support for building context-aware services in pervasive computing
environments. Context modelling is carried out in (OWL) ontologies, based on two-level information
architecture: the general context concepts are captured in the common upper ontology and applicationspecific concepts in domain ontologies (see Figure 1).
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Figure 3-1 Class hierarchy of the upper (SOCAM) ontology (Gu, 2005)

As a best practice, let us next consider the context technology driver discussion in the previous
subsection. It seems evident that a revised version of a context ontology might include parts of the readily
available state-of-the art sensor context APIs, as built-in primitives already at the upper ontology layer.
Further, specific context information might not be always available, for instance due energy saving
considerations (e.g. GPS being switched off). This means that contextual information needs to be
archived. Also, practical sensor information can be managed only approximately, suggesting that some
build-in modelling mechanism for vagueness is needed.
From the perspective of our work, however, the SOCAM approach has several significant merits, two of
which worth explicitly mentioning here. First, it demonstrates viable candidate of a standard approach for
context modelling, introducing the crucial distinction between upper-level and domain-specific model
concepts, with concretely appealing design. Second, it provides a potentially rich system of context
services and providers, which raises the question of identifying the characteristic properties of contextaware computing, i.e. keeping the core responsibilities of applications, context interpreters, and context
providers at minimum.
Some of the most relevant issues to solve are contextual reasoning with missing or imprecise contextual
data, resource consumption and privacy issues. Some examples include (Suman, 2012), which exploits
the relationship between context attributes in order to achieve better energy-efficiency, and (Mileo, 2012),
(Augusto, 2008) using non-classical models to reason with imprecise or missing data.

3.4 Modelling context with Semantic Sensor Network ontology
W3C Incubator Group worked on the idea of Semantic Sensor Network (SSN) ontology, which describes
sensors and sensor networks for its use in sensor web applications (W3C SSN, 2011). A common and
accepted SSN would semantically enable applications to use different sensorial data from different
sources. Furthermore this standardization is very important to bridge the Internet of Things and the
Internet of Services. The picture below shows the SSN ontology structure, to intuitively see how it works.
It is fair to point out that this ontology has not been built from scratch. The process started by reviewing
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17 ontologies to describe sensors with their capabilities and observations, in order to understand
similarities and differences between them.

Figure 3-2 Overview of the ontology structure
Please note that, if we look at of use cases, SSN merely helps organizing contextual information. In order
to successfully share and link the data, data provider should provide access to their data, and perhaps use
adapters for some sensors devices and publish it as sensorial information. Context consumers should
create application using SSN ontology for some purpose, such as for modelling context.
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Figure 3-2 Technologies and Use Cases

4. Semantic Technology Ecosystem
Let us then briefly outline the underlying semantic (web) technology ecosystem.
The de facto semantic technology is based on the World Wide Web Consortium (W3C) Semantic Web
specifications (W3C Semantic Web, 2014). Semantic Web provides the fundamental enabling technology
standards, common data models, and best practices for realizing applications exploiting data with
machine-readable semantics.
Description of the W3C Semantic Web Activity, alongside with the technical specifications and other
documentation, are freely available at W3C website (W3C Semantic Web, 2014). In December 2013,
W3C merged Semantic Web groups with the new W3C Data Activity, emphasizing the vertical
application opportunities in development (W3C Data, 2014).
The foundation of the technology is established with the Resource Description Framework (RDF) and the
related specifications, originally published in 1999 and slightly refactored and revised in 2001-2003. It is
expected that the version 1.1 of RDF will be finalized in 2014, adding some minor extensions to the
original model and serialization syntax.
Though its most important serialization syntax, RDF/XML, RDF can be founded on the XML family of
specifications. In addition to the low-level structural level access, the related XML standards provide
mechanisms for, e.g., signing and encrypting semantic information, and allow integration of the semantic
technologies with service-oriented systems. While most applications follow the client-server model of the
mainstream web architecture with dynamic client and server roles, it is also possible to use semantic
technologies in the context of ad hoc and peer-to-peer networks (Nykänen, 2009).
The most recent RDF development includes development of JSON and CSV serialization syntaxes. In
brief, together with the URI (IRI) and XML integration, these seamlessly bridges Semantic Web
technologies with the extensive set of Web technologies in general, conceptually coined as the Open Web
Platform (W3C Standards, 2014).
From the perspective of formal semantic modelling, a significant family of standards was introduced in
2004, in terms of the Web Ontology Language (OWL). Version 2 of the OWL standard was published in
2009 and slightly revised in the second edition in 2012.
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The OWL 2 Web Ontology Language, informally OWL 2, is an ontology language for the Semantic Web
with formally defined meaning. OWL 2 ontologies provide classes, properties, individuals, and data
values and are stored as Semantic Web documents. OWL 2 ontologies can be used along with information
written in RDF, and OWL 2 ontologies themselves are primarily exchanged as RDF documents. (W3C
OWL 2 Overview, 2012)
The OWL (DL) language provides the technological basis for perhaps the most promising semantic
applications, enabling the standardization of terminology in numerous application areas, including the
Semantic Sensor Network (SSN) ontology from the W3C (W3C SSN, 2011). Commonly known ontology
repositories include the DAML Ontology Library (DAML, 2014) and the Protégé Ontology Library
(Protégé, 2014).
Not all semantic applications, however, require strict, machine-understandable semantics, i.e. application
of which that can be reduced to search due resolution, tableau, etc. algorithms. In some cases, it is
sufficient to document application information for purposes of human designer consumption and
associative linking, i.e. where semantics can be expressed informally, essentially in the choice of common
names with well-established narrative documentation.
For this purpose, two overlapping lines of semantic technology development are thus worth emphasizing.
The first is (broader) "Linked Data" and the second (narrower) "Semantic Web". Roughly speaking, the
distinction lies in level of machine-understandability of the related application data. Linked data provides
best practices and enabling technology for a broad class of applications for publishing and linking
(extralogical) data in various formats, in order to provide machine and human processable associations
between data. Semantic Web, on the other hand, establishes a subset of Linked Data applications. It in
addition emphasizes that the published information is modelled according to the RDF or OWL DL
models, and yields logical consequences (entailments) according to the formal interpretation of the
model(s).
In practice, the above distinction is not crisp, and there exists a certain "continuum" between the two
classes of semantic applications. Either way, when conforming to the underlying RDF data model, both
Linked Data and Semantic Web data may be queried and processed using the standard technologies,
including the SPARQL query language.
Finally, standards and information alone are obviously not sufficient since tools are required. According
the common conceptualization (Hebeler et al., 2009), the Semantic Web Software Development
Environment includes the components of ontology editor (e.g. Protégé), integrated (software)
development environment (e.g. Eclipse), Semantic Web (development) framework (e.g. Jena), and
reasoner (e.g. Pellet). While certain tools remain experimental, the baseline technology is readily
applicable. At the time of writing, however, application stability and response-time requirements still
pose non-trivial challenges for developers.

5. Context Engine
When designing an ecosystem for context-aware systems, the first step is to provide a rich ecosystem of
toolkits and services, which are then applied to design ad hoc applications. While middleware
infrastructure solutions provide general-purpose frameworks for developers, they do not as such elaborate
what it actually means to compute with contextual information.
As a research and design rationale, we believe that three things need to be elaborated in context-aware
processing:
─ A software component called context engine (cf. Mehra, 2012) should be explicitly introduced, to
accept the responsibilities of computing with context on the behalf of applications. This includes the basic
tasks of the local context provider, logical context interpretation, and user preferences management
(which typically exceed the boundaries of individual applications).
─ The core responsibilities of the context engine should be kept at minimum. The essential task is
providing context information to the applications via various logical queries in terms of a standard
communication interface, and managing user preferences. More complex content engines can be derived
via extensions, by extending the related knowledge bases and adding new methods to the related API.
─ Domain-specific knowledge about how to actually utilize context in applications is not a responsibility
of the context engine. In particular, domain-specific knowledge is communicated in terms of references to
domain-specific ontology modules and user preferences. When needed, any extralogical computation
(including heuristics, predictions, etc.) can be delegated to internal or external services. This also means
that an individual application does not have to fully understand the knowledge base of the context engine
for making simple queries or asking questions about the current context, and vice versa.
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We anticipate that eventually, a context engine is a service provided by a sensor framework, including an
operating system level utility similar to personal details or privacy settings. For end users, the context
engine thus provides the main access point to context-aware settings and user preferences.
In the scope of this work, however, our main interest lies in analysing the behaviour and the minimal
responsibilities of the context engine. To elaborate this, let us next define the basic context engine
architecture, and specify the basic forms reasoning with context.

5.1 Architecture
The context engine architecture includes four main components, shown in the Figure 2. In brief, the end
user interacts with an application, which executes user activities and access contextual information
through the context engine. Typical end user applications include information management and
communication applications, such as calendar, messaging and telephony applications, and novel software
agents.

Figure 5-1 Context Engine Architecture (optional extensions marked with dashed rectangles)

When context-aware semantic processing is needed, the user application utilizes the context interpreter
and methods provided by the context engine. For this purpose, the context engine has access to local
context providers and possibly to external services. For instance, application might simply ask the current
context such as user activity, or, when provided a context (location, time), the context engine may infer
additional information about the context, e.g. (location, time, current calendar activity) or (location, time,
weather), exploiting physical, virtual, and logical sensors.
From the perspective of the end user, the context engine also manages user preferences that are taken into
account in context-aware computing. For instance, the user might prefer not accepting certain kinds of
phone calls outside the office hours.
The terminology of the context is specified in the context ontology, which includes generalized and
domain-specific modules (see also Figure 1). In addition, the context engine manages (rule-based)
knowledge about reasoning and answering questions about the context that is needed for knowledge
alignment etc. We will later see that in practice, the context ontology might need to be extended with
concepts related to user preferences and application functionality.
Implementation of a context engine can be conveniently founded on some existing sensor framework. In
addition, the context engine architecture depicts optional extensions. These include external services that
encapsulate useful context providing and other services, and context engine helper functionality for
applications, including additional, perhaps domain-specific methods and context listener services.
From the software engineering point of view, the context engine implements the context engine
Application Programing Interface (API), which provides the main interface to the context-aware
information processing system. A typical user application needs to understand only certain aspects of the
context ontology. For instance, a simple telephony application might only need to know whether it
currently is office hours and if the user is in a meeting or not.
This simple architecture helps discussing and analysing the role of context-aware semantic processing in
applications. In particular, acknowledging the categories of context-aware applications proximate
selection, automatic contextual reconfiguration, contextual information and commands, and contexttriggered actions (Chen, 2000), we may acknowledge that interactions between application and the
context engine may be triggered either by the application (e.g. context retrieval query) or by the context
engine (e.g. message triggered by a specific contextual event listener). According to our context engine
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architecture, however, the latter case is not part of the core context engine functionality, but is rather
considered as an extension.
Further, we may conclude that e.g. in proximate selection, i.e. emphasizing currently "nearby" objects or
information, it is the task of the context engine to provide the necessary information about the context, but
the actual prioritization of the information presented to the user is the task of the application. It is worth
observing that from this perspective, e.g., a context-aware search is actually an end-user application that
exploits the services of the context engine.

5.2 Minimal Responsibilities: Interpreting Context
The context engine architecture points out a clear distinction between end-user applications and the
context engine, realized in the context engine API. Every application, however, does not need to know all
details of context processing, or understand the entire context ontology. This is possible because context
is expressed in syntax that all compliant applications can parse, even if they don’t fully understand its
semantics, perhaps even at the generalized upper level.
We may use the simple architecture to identify the minimal responsibilities of a context engine:
1. Answering questions about the current context.
2. Extending the currently known context.
3. Managing user preferences.
In addition, a context engine may be extended to adopt also other tasks. For purposes of this report, let us
identify three:
4. Extending the locally known context with the help of other services (with indirectly accessible
sensors).
5. Implementing event listeners for registering application (context) event handlers.
6. Implementing application-specific API extensions, e.g. to enquiry whether it is currently ok to disturb
the user.
By design, the first three requirements coincide with the tasks of logic programming.

6. Conclusions
In this report we have described elements of context-aware computing, and discussed how and what
contextual information is used. We looked at it from two different perspectives, applications development
and research:
1- Practical development of applications: Contextual information used for application development
is very limited (mostly positioning and time). In any case, developers have great access to
physical sensorial information, but not many possibilities when accessing to external information
(e.g. weather information from external server).
2- Other research approaches. We have reviewed other research work, and select a good base for
our future research. Some of these are: SSN (Semantic Sensor Network) for representing
sensorial information to enable reuse of sensorial information across multiple applications; and
SOCAM (Service-Oriented Context-Aware Middleware), which presents a textbook architecture
to manage contextual information.
The main component of this context-aware system is so-called context engine, responsible for managing
and reasoning with contextual information.
In brief, we believe that the natural responsibilities of the context engine include extending and reasoning
with the context, and managing user preferences. To support this claim, we have demonstrated how to
actually interpret and compute with context in terms of logic programming. Acknowledging that
necessary sensor information is readily available due to the current (mobile) sensor frameworks, this also
points out a straightforward implementation strategy.
Finally, we have identified some open problems, including how to manage temporarily missing sensor
information in modelling, and suggested recording and archiving (past) contexts as a potential approach.
Other interesting research question is to see if power-consumption is prohibitive for developing context
engines in practice. This is very interesting since battery-consumption is one of the biggest concerns in
mobile computing. As suspected, these topics appear on our future research agenda.
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