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Abstract

In pervasive computing, a set of smart devices
communicate and collaborate together in order to
provide adapted services to the user and applications,
and help the former in his everyday life tasks. To adapt
provided services, devices must be context-aware,
which requires a good understanding and use of
context. This term is still general, vague and doesn’t
help developer of context-aware applications in spite
of the large number of proposed definitions. In this
paper, we provide a service based definition of context
that is abstract enough to be used in pervasive
computing and limit the set of information required to
make service adaptation. We use some scenarios to
make clear our definition. We present also a new
definition of context-awareness and a categorization of
context based on the concept of service, which seems,
to us, a fruitful approach in pervasive computing.
Finally, we discuss our approach and contribution.

1. Introduction

Pervasive computing is a new field of computing
resulting from the technological evolution in both
distributed computing and mobile computing.
Nowadays the user is surrounded by many smart
devices (of small sizes and low costs) ranging from
laptop, cellular phone, and GPS to objects of everyday
life. The task of using and managing these devices
becomes so difficult to the user and takes an important
time from him. In order to help the user in his everyday
life, these devices must communicate and collaborate
together and provide adapted services to the user
without his explicit intervention.

An important characteristic of devices in a
pervasive system is their awareness to the global
context, because they have to provide adapted services
to both the user and applications according to this
global context. From this appears the importance of the

concept of context in developing a pervasive
computing application. In their interactions, humans
use and take into account context in an implicit
manner. For example two people discussing in a noisy
café have to raise their voice to hear each other and
have to reduce their voice in a collective studying room
in order not to bother other people. This shows that
humans react according to their context. Computers
and smart devices don’t have this ability of changing
their behavior (provided services) according to their
global context (including user’s and task’s context),
which limits the bandwidth of communication between
users and devices on one hand, and between devices on
the other hand, and limits also the usability of them.
Making these devices aware to context will provide
more adequate services to the user and make these
devices more useful.

The first task of designing pervasive computing
applications will consist of understanding context and
establish its components. This will make the
development phase easier and the application
architecture more clear. Many attempts were made in
order to give a concise definition of context. However,
the term is still a general and vague word which does
not help designers and developers of pervasive
computing applications. In this paper we will propose a
new definition of both context and context-awareness
and make a categorization of contextual information
based on the concept of service. Service is a key word
in pervasive systems, because the latter provide
adapted services to the user according to the context,
so the approach based on services seems to us a fruitful
(suitable) one.

In this paper we will review previous definitions of
context, discuss them and give our definition of
context in pervasive computing. We will do the same
task for both context awareness and context
categorization. Before concluding this paper and
presenting our further work, we will do (present) a



discussion to show the originality of our approach and
to show our contribution.

2. Context

In general, the word context refers to the set of
information surrounding an activity and some
supplementary information about the environment of it.
In computing domain, context is an old word used in
particular in operating systems theory to characterize
the minimum set of information required about a task
in execution (process). This set allows the operating
system to return to the execution of the process after
the occurrence of an interruption and the running of the
processing program of the interruption. In a survey of
context-aware systems, Chen and Kotz [1] concluded
that existent definitions of context are very general,
vague and not clear enough to help its understanding in
computing systems. In the following we will present,
in chronological order of appearance, a non exhaustive
list of definitions of context in computing.

2.1. Previous definitions

In 1994, Schilit and al. [2] considered that context
has three important aspects consisting of responses to
the questions: where are you? Who are with you? And
what resources are nearby you? They extended their
definition [3] and defined context as the location,
identification of nearby people and objects as well as
changes to those objects over time. Brown [4] defined
context as the elements of the user’s environment that
the computer knows about. Brown and al. [S] proposed
a set of extensible elements for context based on:
location set of objects needed by the user, time and
direction (spatial orientation). Ryan and al. [6]
considered context as user’s location, environment,
identity and time. Word and al. [7] defined context as
the set of possible environmental states of the
application. Pascoe [8] defined context as a subset of
physical and conceptual states having an interest to a
particular entity. Brézillon and Pomerol [10] defined
context as all the knowledge that constrains a problem
solving at a given step without intervening in it
explicitly. Chen and Kotz [1] considered context as the
set of environmental states and settings that either
determines an application’s behavior or in which an
application event occurs and is interesting to the user.
Dey [11] proposed the following definition: context is
any information that can be used to characterize the
situation of an entity. An entity is a person, or object
that is considered relevant to the interaction between a
user and an application, including the user and the
application themselves. Salber [12] described context

as any information required by the interaction between
the user and the application which can be sensed by the
application. Henrickson and al. [13] defined context as
the circumstance or the situation in which a computing
task occurs.

In spite of the great (large) number of proposed
definitions for context and the similarities between
most of them (several definitions refer to the user’s
location and the environment), the word context is still
general, vague and needs more clarity. Two techniques
are used in most definitions, the first one consists of
enumerating examples of context like location,
identity, etc. and the second one attempts to formalize
the word and give it a high level of abstraction. The
first one is not practical in all situations because it is so
difficult to enumerate all aspects of context, and it
depends on the situation. Also, some aspects are
important in an application but not in others. The
second one gives a more abstract definition of context.
However, it doesn’t help developers limit the set of
elements that constitute the context, and the context
will include several useless information. This will lead
to a great set of information that requires a
complementary (an additional) effort of storage and
management. Most of these definitions were given for
either mobile computing (including localization
applications) or  human-computer  interaction
applications, which make them less generic, because
pervasive computing include other kind of
applications.

A survey conducted by Brézillon and al. [14]
concluded that most of proposed definitions are
responses to the following questions: why? What?
Where? When? and how? That will generate an
enormous quantity of useful and useless information.

2.2. Service based approach

The principal objective of a pervasive computing
system is to provide proactively adapted services to the
user and applications according to the global context
(without an explicit intervention of the user). This
service adaptation can be realized in two ways:
automatic triggering of a service according to the
context or changing the quality of a provided service
according to the context (the service will be provided
in another format) because one or more information of
context has or have changed its value or their values
(figure 1). This will lead us to make an abstraction of
the concept of context and to view it from a service
point of view.



We define context in pervasive computing as
follows:

“Any information that trigger a service or change
the quality of a service if its value changes”
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Figure 1. Components of a pervasive system: The change in
value of x; will trigger servicel. The change in value of y;
will change the form of service.

This definition is a compromise between the
abstraction of the term context and the limitation of the
set of contextual information related to services
provided (goal of pervasive computing). It does not
enumerate examples of context which makes it more
generic and independent of the application. It does not
take into account information that might characterize
context but do not play a relevant part in service
adaptation. Instead of viewing context according to the
user or to the system, we will view it according to the
principal relation between them: a system provides
services to the user. That means a vision oriented
service. To make clear the consistency of our
definition, we are going to give three scenarios and
show how it is easy to characterize contextual
information using the previous definition.

Scenario 1

A cellular phone screen must be adapted according
to the context. In dark space it becomes brighter and in
a bright space it becomes darker.

In this scenario:

e Service: display

e Qualities: { higher luminance (bright) and lower
luminance (dark)}

e Contextual information: brightness of the
cellular phone space (if the value of this
information changes then the quality (form) of
the provided service (display) will change too
without user’s intervention (fig. 2 and table 1)).

Scenario 2

A desktop computer is equipped with two modes of
connection to the internet. Normally, to connect to the

internet, the system uses a network cable, but if the
speed of the connection is too low, the system changes
automatically the mode of connection and uses the
wireless one (Wi-Fi) with the hypothesis that this latter
provides a better speed.

Figure 2. Transition diagram of scenario 1.
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In this scenario:
e  Service: internet connection
e Qualities: {cable  connection,  wireless

connection }

e Contextual information: speed of internet
connection (if the value of this information
changes then the quality of provided service
will change too (figure 3 and table 2)).
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Figure 3. Transition diagram of scenario 2.
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Table 2. Contextual information of scenario 2
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Scenario 3

A user has written in the activities calendar of his
cellular phone a task to do on the date X at the time Y.
At these temporal coordinates, the cellular phone was




set by the user to silent mode (ring tone volume = 0)
because he is in a studying room with other people.
The cellular phone communicates with the user’s
laptop (using Bluetooth or Wi-Fi mode) to know if the
user is using it (his cellular phone). If it is the case, it
sends a message to the laptop containing the task to do
that appears in the screen of the laptop.

In this scenario:

e Service: electronic reminder

e Qualities: {reminder by a cellular ring tone,
reminder by display on laptop screen}

e  Contextual information: date, hour (if the date
is X and the hour is Y then reminding service is
triggered) and the volume of the cellular phone
ring tone (if the volume = O then the service
will be provided in other format (figure 4 and
table 3)).

These scenarios show that using the approach based
on service will characterize contextual information in
an easier manner and limit contextual information to
those required to services adaptation.
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Figure 4. Transition diagram of scenario 3.

3. Context-awareness

The principal characteristic of a pervasive
computing environment is the high dynamic changes.
In order to better help the user in his everyday tasks,
pervasive computing systems must be more autonomic,
demanding a minimum user intervention, and must be
context-aware, to adapt provided services according to
the global context. The capability of adapting services

according to the global context is called context-
awareness.

The term context-awareness was introduced for the
first time by Schilit and al. [2] in their work on a
localization system. They defined context-awareness as
the ability of an application to adapt to the context of
its execution according to: location set of nearby
people, machines, accessible devices, and also the
modification of these objects over time.

Table 3. Contextual information of scenario 3

Contextual
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Trigger Changing
form
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Brown and al. [5] defined context-awareness in
their works on a touristy guide as any application that
takes into account the user context. Schilit and al. [9]
defined context-awareness as knowledge about the
user’s and IT devices state, including surroundings,
situation, and, to a lesser extent, location. Pascoe and
al. [8] defined it as the ability of any computing device
to detect, interpret and respond to aspects of user’s
local environment and computing devices themselves.
Dey [11] considered a system to be context-aware if it
uses context to provide relevant information and/or
services to the user, where relevancy depends on the
user’s task. Chen and Kotz [1] gave two definitions of
context-awareness: active context-awareness in which
an application automatically adapts to discovered
context, by changing the application’s behavior and
passive context-awareness in which an application
presents the new or adapted context to an interested
user or makes the context persistent for the user to
retrieve later.

These definitions and others are indeed very similar
and define context-awareness as the ability of a
computer device to change or adapt its behavior
according to the user’s environments and application’s
context. They are not generic enough and depend on
the application domain (human-computer interaction,
mobile computing), and not abstract enough to help




designers  and context-aware

applications.

developers  of

In the same way and based on the service approach,
we give the following definition of context-awareness:

“A system is said to be context-aware if it can
change automatically the quality of its services or
provide a service as a response to the change in the
value of an information or set of information that
characterize those services”

This definition describes better a context-aware
system because it explains awareness as a reaction of
the system to modifications of information’s values in
term of changing the qualities of services or triggering
a service whatever the kind of application (more
generic).

4. Context categorization

Context-awareness  requires  that  contextual
information be collected and presented to the
adaptation application. Because of the diversity, the
heterogeneity and the quality of these information, it is
suggested to do a classification or a categorization of
them in order to make the adaptation operation easier.

Many researchers in this field proposed some
categorizations using different approaches. Schilit and
al. [3] and Dey [11] did a categorization in two classes,
the primary context containing information about
location, identity, time and the activity (status) and the
secondary context can be deduced from the primary
(for instance from the location of the user we can
deduce the nearby people). Chen and Kotz [1]
proposed two categories: the active context which
influences the behavior of an application and the
passive context which is necessary but not critical to
the application. Peterelli and al. [15] considered two
classes: the material context (location, device, existent
platform) and the social context (social aspects like
relations between people). Gwidska [16] proposed two
categories: internal context containing user’s state and
external context containing environment’s state. Hofer
et al. [17] made a categorization in two classes: the
physical context that can be measured by physical
sensors and the logical context which contains
information about the interaction (user’s emotional
state, his goals, etc.). Razzaque and al. [18] proposed a
categorization in six classes: user’s context, physical
context, network context, activity context, material
context and service context. This categorization has the
advantage to cover the elements considered by the
others categorizations, however if we refer to the six

questions introduced by Brézillon [14] to list
contextual information, the question why? is ignored in
this categorization.

Another categorization is proposed by the same
authors but it is based on values that can take
contextual information: continuous context,
enumerative context, state context and descriptive
context.

Certainly there are other categorizations but none of
them is exhaustive. Other categorizations may appear
when other contextual information will be discovered.
The main problem of the presented categorizations is
related to context definition: not generic enough and no
compromise between abstraction of the term and
limitation of contextual information. Adopting the
same approach (based on service), we will propose a
categorization that seems more expressive to us and
that helps developers and designers classify contextual
information in two classes:

e Trigger information: information whose change
in value causes automatic release of services
provided by the pervasive system.

e Quality changing information: information
whose change in value causes the change of
service’s format.

This categorization has two main advantages: it is
simple because it has only two classes and complete
because it covers all aspects of context, in particular
the six questions of Brézillon [14].

5. Discussion

The use of context in a pervasive system to adapt
provided services according to it requires that the word
context has a consistent definition. Basically there are
two methods used to define the term: the enumerative
one which is not practical in all situations because
some applications don’t need some kind of information
while others do, and the formalizing method that
abstracts the word but it doesn’t limit contextual
information and it generates so much information that
extra effort is required to store and manage them. Most
of definitions were proposed by researchers of two
domains: human-computer interaction and mobile
computing (including localization systems), which
makes these definitions related to these two domains.
In other words, they are not generic enough to be used
in pervasive computing that may include other kinds of
applications.



In our approach, instead of defining context based
on the user or the system, we defined it based on the
relation between them: system provide services to the
user. System and user change over time but the relation
between them remains the same. The service is a key
concept that can help to give a consistent definition of
context. Our definition makes a compromise between
the two main methods used to define context. It is
abstract enough to enable the usability of context in
computing and it limits the set of information required
to service adaptation which leads to easier
manipulation (management) of such information
because there is no useless information. The proposed
definition is based on measurable information (whose
values change) which eases (simplifies) their
implementation in a computing environment.

The categorization introduced in this paper caver all
aspects of context and is composed of two classes
(simple), which will give much help in designing the
architecture of context-aware systems.

6. Conclusion and further work

Context plays a crucial role in pervasive computing
systems. The inappropriate definition of the word will
lead to a bad use of it, which will affect the application
of service adaptation according to context.

This paper deals with definition of context in
pervasive computing based on the concept of service.
The context is viewed from the service point of view
instead of user or system point of view, which makes
the definition more generic and makes a compromise
between abstracting the word and limiting the set of
contextual information to ease their use. In such
definition, contextual information are those with
changing values, so these information are measurable,
which eases their implementation. Most of the
proposed methods are either too abstract or require
gathering a lot of useless information, demanding extra
effort for manipulation. The proposed definition has
lead to a better definition of context-aware systems and
a simple and complete categorization of context. Our
further work will be the design of service based
architecture for context-aware systems using the same
approach.
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