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Abstract processing of context information coming from cate
Testing and demonstrating  context-aware sources. Therefore, application developers alse thxe
applications is challenging. Gathering and usinige?t ~ challenges posed by the use of context sources.

contextual information for these purposes, often  Currently, context-aware technologies are still
requires  significant extra development effort. €volving and are not yet widely deployed. Thereftoe
Furthermore, repeating tests and demonstrations of develop context-aware applications, a significarttee
context-aware applications that use ‘life’ context amount of development effort may go into the
information, in a controlled way, is difficult orften ~ implementation of context sources. The general
impossible to achieve. This paper presents a contex Structure of such a context source (see Figure fait
simulation framework, called SimuContext, which it acquires raw data from a data source (e.g. $gnso
abstracts from the complexity of interfacing with POssibly performs some processing and then tramsfor
physical context sources and facilitates testingl an it into a data structure suitable for the contexte
demonstrating context-aware applications in a application.
controlled way. Context source

. Z‘:;_.. Adapter Logic Adapter’ {-—jm Context
1. Introduction

Context-Awareness (CA) is a promising paradigm to Figure 2. Generic structure of a context sour ce.
personalize applications. Traditionally, non-CA
applications only use explicit user-inputs to pawi Implementing these data transformations is quite
output. CA applications use additional implicitifsed)  cumbersome and time consuming. Furthermore, due to
context inputs collected from the user's environtnen {pe device-specific nature of context sources,
to tailor the output to the user's need [1]. Con@g.  reysability of context sources and their transfdions
location, speed) is sensed from the user's physicalfo; other applications is limited. For example, to
environment or derived from the users computing jmplement a context source of a Bluetooth GPS, the
environment. In CA applications, context sources geveloper has to build a context source that can
represent software entities that produce contexteommunicate with Bluetooth and the NMEA data
information relevant for the CA application (segufe format and then transform this to the data forrhat t

1). _ can be used by the CA application.
Explicit input: . .
—l Ideally, CA application developers want to abstract
from the internals of context sources and treamts
contorxm] a black box. Their effort should go in the develepn
of the CA application logic which includes interifag
CA Application —Outputi- . . .
comext o, with desired context sources. We recognize that for
souce N operational CA services, physical context sourges a
Figure 1. Context-awar e application mandatory. However, we envision that in the future

third parties will develop context sources and ¢fane
The design and development of CA applications creating new context sources seems redundant, takes
does not only concern traditional application logiat scarce development time and distracts from the real
also includes logic that deals with gathering and challenge of developing a CA application.
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Furthermore, testing and demonstrating CA
applications in a controllable and reproducible way

Explicit user |npulj

SimuContext Contextw]

with physical context sources may prove extremely

difficult. By nature, context information is highly A applation |~ Oupue
. . . . . SimuContext

dynamic (i.e. dynamic in value and quality) [2, 3]. v -oonter

Therefore, retrieving the same context in similar Figure3.C
situations is hard. For example, when using a GPS, '

standing in the same spot can result in differentext The remainder of the paper is structured as follows
values over time due to changing accuracy. AlSO gection 2 discusses the requirements analysis which

graptically, it isd hard to use life context ilnfortimm q includes the definition of a context model. Sect®n
uring tests or demonstrations. For example, GRS d0  aqents the design of the SimuContext framework.
not work inside buildings, which means that testd & goution 4 discusses  the proof-of-concept

demonstrations have to take place outside. implementation of the framework. Section 5 presents

In this paper, we propose a context simulation yisossion. Finally, section 6 gives some conchsio
framework (SimuContext). Simulation in general

provides many benefits for software developmerd,lik

cost reduction, improve reliability and shorten

development time [4]. Our framework facilitates
application developers in testing and demonstra@iAg
applications by only specifying the behavior of wxt
sources and using simulated context sources assinpu

in their CA application. As a result, CA applicatio . .

developers can concentrate on the logic of their 2-1 Non functional requirements _

application and do not have to worry about the Thls section dgscrlbc_as common quality aspects we

complexities of dealing with physical context smgc  equire from our simulation framework: _

The SimuContext framework has the potential toroffe * Generality: the framework should be generic

CA application developers the following: enough to S|mulate a diversity of context sources

. Rapid testing and demonstraton of CA (e.g. computing context, user context, physical
applications, in a controllable and reproducible ~ context [6]). Furthermore, the framework should
manner, through configuration of existing not pose severe constraints on the target
SimuContext capabilities or by extending parts of ~ aPplication, and therefore it should be reusabfe fo
the framework. multiple applications.

. Creation of a more comprehensive and realistic ® Extensibility: it should be easy to extend the
validation environment by deploying a multitude of ~ framework to support specific context sources for
SimuContext sources with specified properties. specific context-aware applications.

e Easy replacement of SimuContext sources by

physical context sources due to a realistic context2-2- Functional requirements o .
model and generic SimuContext interfaces. To create an accurate and realistic simulation

« Test specific characteristics of context sources fo framework for context sources, we have to analfee t
CA applications like subscribe/notify mechanism, nature of context. We start this analysis by reseag
connection loss, reasoning, quality changes etc. what information elements are encgpsulated by gonte
Bylund [5] distinguishes two types of context From the context r_nodel (S_ee Figure 4), we see that

simulation tools: (i) a simulation suite that simtgls ~ CONtext consists of information on several levels o

context values and (i) a semi-realistic simulation abstraction. First, context has meta-informationiten

environment. We have chosen the first approach todu@lity, which is called quality of context (QoC).
offer a generic simulation facility which can prdgia ~ COmmon parameters that we adopt as an example, are

configurable set of context source types and imemn  L/J-  Precision,  Correctness,  Trustworthiness,
tailored to a specific CA application scenario. Resolution and Up-to-dateness. Precision describes

Summarizing, the SimuContext framework substitutes oW Well the context information mirrors the regplit
the implicit context inputs of CA applications with Correctness indicates the probability that context

context inputs from SimuContext sources (see Figure/nformation is correct. Trustworthiness indicatée t
3). probability that context information is correct kit

respect to the context provider. Up-to-datenessctep
the age of context information. For example, the

A application with SimuContext sour ces.

and future work.

2. Requirement analysis

This section discusses the non-functional (section
2.1) and functional requirements (section 2.2) for
simulating context sources.



physical location can be produced by a GPS. Such a
context source has a precision of approximately 5

meters. Correctness of GPS is high outside withrcle
view on the sky but low in areas with high building
Trustworthiness and up-to-dateness is high beddease

context is machine-produced and updated regularly.e

Furthermore, context is privacy sensitive inforroati
[8]. Security information (e.g. who is authorized t
retrieve this context) is therefore part of the amet
information. However, in this version of the franww
we focus on the core functionality of context
simulation. Therefore, we consider security a faitur
extension of the framework.

QoC Security

Context
Meta-information

[ —

Contex Entity

Relation
information

Element Format

Value

Contextual information

Figure 4. Context model

Second, context encapsulates information related to

what it describes (relation information). Dey [9],
defines context as any information that can be used
characterize the situation of an entity. This iatks
that context is always related to an entity. Aritgraan

be a human, physical, or computational object. For

example, context can be related to Person X, T#ble
or Application Z.

description of what capabilities our
supports. In the future work section of this pafsse
section 6), we identify additional requirements for

Due to its temporal and spatial nature, context is
subject to continual changes. Therefore, the
simulated context source should be able to have
changing values specified in an application specifi
pluggable value model.

Furthermore, to facilitate the user to simulate
changing context, our framework should support
two types of invocation mechanisms: (i) Request —
Response and (ii) Subscribe-Notify. The latter
mechanism enables users to specify a condition
when they want to be notified of a context change.
To provide the Subscribe-Notify mechanism our
framework should support an event model that
specifies when context change events should be
generated. This event model should be easy to plug
into our framework.

Users should be able to specify a notification
condition, based on context. For example, speed >
50 km/hr.

Due to the imperfect nature of context, it inhelsent
has quality properties. Our framework should be
able to express this in a QoC model. The realiratio
of the QoC model depends on the target application
therefore the QoC model should be inplugable and
extendible.

The quality values of context are related to the
provided context. As this is subject to change the
quality values are also subject to change. Our
framework should support changing QoC values in
a value model.

This requirement analysis provides an initial
framework

Finally, context encapsulates the real contextual lUtureé enhancement of our framework.

information. This consists of an element, descghitre
context identifier (e.g. Location). Then it has @ue,
for example 52.123/6.23123. Finally, it has a farma
that describes the value, for example Lat/Long.if@k

3. Design of the SimuContext framework

This section discusses the design of the

SimuContext framework. We start with a high-level

these aspects together, this leads to the followingoverview followed by more details on provided

requirement:

interfaces and the functional

architecture of a

« The SimuContext framework should support the SimuContext source. In Figure 5, we present a black

context model. This includes QoC, the entity to

which it is related and the elements that desdtibe

contextual information.

Additionally, context has some other charactersstic
[2, 3]: (i) Context is temporal, (ii) context is atal,
(iii) context is imperfect and (iv) context sourcese
often distributed. These characteristics triggee th
following requirements for our framework to
realistically simulate context sources:

Context
source  ——»|

SimuContext framework SimuContext

Source

Figure 5. Overview of the SimuContext system



In the configuration phase, the user or application valuemodel and eventmodel to a user specified model
developer specifies a context source it wants to (specialiseValueModel(), specialiseEventModel()).
simulate. Additionally, they can implement applioat 4

specific extensions to the framework, which can be SimuContextSource framework Context
plugged-in, and then be used in the context source Qoc _
specification. For example, a developer can crabe »| ServiceModel [
file reader extension which is used to generate the Value Fvents
context values. In the operational phase, the fweorie
parses the context source specification and inatest SO e [— Vol P
the corresponding SimuContext source. The simulated
context source behaves as a physical context source 2 3
and can be linked to the context-aware application. RandLmval Ra"dLmEv
ueModel entModel
© QoCModel @ Context Gczi:tz;slnse»ﬂume . Developer extensio.ns —
o, recision: it 9, qoctodet Goctiodel Figure 7. Functional decomposition
9 comeciness: inf ©p entiy. String <~ —| o getcontextn)
o, trustworthiness: int e —{ 9 name: String o subscribe()
et bt ot S o unsunbscribe Furthermore, the eventmodel can be started and
J CormecTess it f—" stopped. The configureSimuContextSource method
= en_ables the_user_to c_onflgure the SimuContext sourc
Y UPTODATENESS: int using a Conflgurat|0n file.
& QoChlodel() ainterfaces
© selolvalues) O SimuContextAdmin

Figure6. Interfaces

specializevalueModel()
specializeEventhaodel)
stantEventmodel()
stopEventMocel()
configureSimuContextSource()

A ContextSource offers the two required invocation
mechanism: request-response (getContext()) and
subscribe-notify  (subscribe(), unsubscribe() and Figure 8. SimuContextAdmin interface
notify() method of a client callback object). Both
mechanisms deliver Context which consists of the 4, | mplementation

elements described in the meta-model. y We implemented the framework in Java. The
Figure 7 indicates the functional decomposition of f3mework is packaged as a standard Java libraty th

the framework. It consists of different models thaild can be included as a class library when develogiag

up a SimuContext source and the information float th 5 sjications.

exists between these models. . For easy configuration and testing of
The ServiceModel implements the two required simyContextSources, we developed an administrator

invocation methods: request-response and subscribgyppication with a graphical user interface (segufé
notify. The user can request context from herear ¢ g),

subscribe to context changes. The ValueModel gommmmmns o
implements the value generator that produces the iomaten
values of the context samples and the values of the \S? o] Fancortos 120
QoC parameters. The EventModel implements the —— | o
event generator that produces the events wheruthe s
scribed user to this context source should be iadtif
The QoCModel implements the quality parameters of
the delivered context sample. Both the ValueModel
and the EventModel can be easily extended with
application  specific  models like “Random- | e pemae
ValueModel” and “RandomEventModel” which | &=
generate random values or events at random times
respectively.

To configure SimuContext sources, we defined an Figure9. Administrator GUI
administrator interface (SimuContextAdmin) (see

Figure 8). It identifies methods to specialize the  With the administrator application, developers can
specify the characteristics of the context soufmyt
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want to simulate. They can test if the specified realistic because the parameters of a SimuContext
SimuContext source behaves like they need for theirsource can be modified in a controlled way. By
application. Finally, they can save the specifmain a modifying the parameters the (boundary) behavior of
configuration file that can be read by the Simu@ant the CA application can be tested and validated. For
framework linked to their CA application. example, when a ‘log file’ would be applied as
We implemented some basic eventmodels andvaluemodel reproducible tests can be performed.
valuemodels that application developers can usefut  Furthermore, when the SimuContext sources are
the-box: Random and GUI Event and Value models, configured more realistic (i.e. dynamic eventmodels
Periodic Event model and Counter Value model. and valuemodels that simulate a ‘life’ context sejir
In addition to these ready made models, the also the application can be tested and validated in
framework allows for application specific modelew semi-realistic setting. Additionally, by reconfigug
valuemodels must implement the ValueModel SimuContext sources the CA application can be deste
interface. The getValue() method implements theieval for a multitude of context sources.
generator. Furthermore, the framework should be abl  Once the CA application has been sufficiently &ste
to set variables and read the description of theand validated, it is relatively easy to replace the
variables. New eventmodels must implement the simulated context sources with real context soyrces
EventModel interface and inherit the provided that these context sources implement the
AbstractEventModel. This includes implementing the common ContextSource interface.
event generator with the generateEvent() method.
Again, the framework should be able to set the eded 6, Related work

variables and read the description of the varialites Several initiatives aim to facilitate application
descriptions of the interfaces that need to be developers in coping with physical context sources,
implemented, see Figure 10. often called context managers, like the ContextlRibo
@ AbstractEventModel [10] JCAF [11] and PACE [12]
= e oo There exist several semi-realistic simulation
. cinterfaces T amerfaces || GiesSte environments of which we will give some examples in
ValueModel |\ @ EventModel ° L S this section. However, to our knowledge, context
o getvaiue o generateEvent) simulation suites are not existent.
@ setvars() @ getCortexd() N . .
. gzxﬁ o© senersteEventy || © MEVENO . Bylund [5] discusses a tool that interactively
o sevescrotong | | © geDescigiond || & tavaen simulates context information in real-time. Theapl

called QuakeSim, uses the popular game engine of
Quake Il Arena to simulate a 3D environment. Iis th
] ] environment virtual persons can move and interatt w
5. Discussion other persons or the environment itself. The game
By applying SimuContext sources, developers can engine provides the context information of theseuai
abstract from the complexity of developing ‘life’ persons which can be used as simulated informétion
context sources for testing and development pugose CA applications.
This enables them to focus on the application lagic UbiWise [13] uses similar technology as QuakeSim.
their CA application. They can spend more time on |t simulates a 3D environment to simulate ubiqustou
developing their application. environments which include prototyping of new
Deploying SimuContext sources is simple and only devices and protocols. The simulator focuses mainly
requires definition of configuration files by harut computation and communication devices.
using the administrator GUI. Additionally, some 3DSim [14] provides a tool for rapid prototyping
custom models can be added by extending the prdvide Ambient Intelligent applications. It uses a 3D lhse
interfaces and implementing their corresponding virtual environment to represent ambient devices.
methods. The framework is integrated in the CA Context events are passed to the system with a TCP-
application as a class library and with some simple pased eventing interface.
method calls the SimuContext source is instantiated Morla [15] discusses a simulation environment for
and ready for use. location-based systems. They focus on component
After developing the CA application and its interaction, networking and location changes. Their
corresponding SimuContext sources developers @n usenvironment supports the distribution of contextres
them to test, validate and demonstrate their CA generated by distributed simulators using Web
application. Testing and validation becomes easy an Services.

Figure 10. Interfaces



In contrast to the previous initiatives, SimuComtex sources (maybe with better quality). Future
is a context simulation suite that enables the tiser extensions of the framework should incorporate
specify the behavior of context sources in stead of these challenges.
simulating an environment where the context isrieig » Security context is privacy sensitive information.
from. In simulation environments, context changes a Therefore, security should be taken into account as
produced by interaction of a user with the envirenmn part of the context meta-model.

(e.g. movement). SimuContext can be less attrafdive

live demonstrations (i.e. not a 3D GUI), howeves th References
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