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Abstract. Context aware systems are a promising approacéctlitdte daily-
life activities. Concerning communication servicdésisiness users may be
sometimes overloaded with work so that they becoemeporally unable to
handle incoming communications. After having sueethe challenges to
build context-aware systems, we introduce here HBEP,system that
recommends communication services to the callexdas the callee’s context.
HEP’s main context source is the usage historhefdifferent communication
services as well as the users’ calendars. It leas Iprototyped and tested at
Orange Labs.

Keywords: Ubiquitous Computing, Context-Awareness, Recommendation
Systems, Communication.

1 Introduction

Nowadays ubiquity is everywhere, fully embeddechvéitnart devices integrating
intelligence for processing various kinds of daba.such an environment, the
interaction and management of all various devited & user may hold will be a
tough task. Context-aware systems are an emergingian to alleviate such tasks;
they will be in charge of supervising the way usengract with the ubiquitous
environment for automating users’ repetitive actioRor example, a context-aware
system can detect that a user never responds teeptalls while driving, and thus
propose to transfer automatically all incoming €dth his/her voice box whenever
he/she is driving.

Lots of definitions have been proposed to definatext and context-awareness
clearly. However, most researchers agree with A; [Dey00] when he describes the
context as:

“Any information that can be used to characteribe tsituation of entities
(i.e., whether a person, place or object) that eomsidered relevant to the
interaction between a user and an application, udahg the user and the
application themselves.”
Context information may be classified accordinghte described entity. The context
of a user may be a combination of various entisigsh as his/her identity, activity,
location, mood, etc.; his/her social context maythee nature of his/her relationship



with other persons (e.g. family member, colleadtiend...); his/her physical context

might include for instance the lighting level oktlocation where he/she is standing.
The context of a network may be its QoS (QualitySefvice) parameters like RTT

(Round-trip Time). The context of a device may tsecapabilities, display features or
battery level.

Due to the computation complexity of managing alkgible pieces of context
information, context-aware systems should choosesuéset of this context
information that is relevant to the applicationr Bxample, a context-aware system
aiming to choose the suitable network access EDGE, Wi-Fi) based on the user’s
context should have as fundamental context infdonasuch as the user identity,
location, time, the available access network an@nS parameters.

A context management system (CMS) is defined dsvioh [Dey01]:

"A system is context-aware if it uses context tovie relevant information
and/or services to the user, where relevancy dependhe user's task”.

Different approaches have been proposed for theldpment of CMSs. From the
conceptual viewpoint, CMSs are mainly based on Rheducer-Consumer design
pattern where context sources (e.g., sensors)tpéayole of Producers, and context-
aware applications play the role of Consumers. Frioenimplementation viewpoint,
CMSs can be classified into centralized or disteduarchitecture. In the centralized
architecture, a central point often named brokéref@3b] is introduced between the
producers and consumers. All context requests aregllad by the broker, which
forwards it to the right component. Producers andsamers are then decoupled,
while in the distributed architecture, the differemomponents have to know each
other (e.g., by regularly sending multicast or bliezst messages for announcing
themselves), like in the middleware-based CMS [@]i04

Many challenges face the field of context-awaremasging from the collection of
contextual information with the use of sensors.(eajendar, light, battery charge,
etc.), to the modeling of context that can be angti{e.g. GPS location or a street
address, time, etc.) and reasoning about it to ymedan adaptive behavior (e.g.
automated call transferring, the proposal of a mgetession, etc.). Starting from a
real use case, our work shows how the challengasbeaaddressed when only
relevant subset of the user’s context is chosen.

In this paper, we first present the current redeggdn context-aware systems, by
analyzing the ongoing works and the key issueslésigning context-aware systems.
We then introduce the major application fields @htext-awareness. We finally
present a case study on HEP, a centralized coateate recommendation system
designed, prototyped and experimented at Oranges,L#int takes as context
information the usage of communication services.

2 Designing context-awar e systems

2.1 General overview

From the functional viewpoint, context-aware systeran be represented as a layered
framework [Bal07] [LokO6] (figure 1) composed fromottom to up by: sensors, raw



data retrieval, prepressing, storage/management, and application The Context
Managemat Systen (CMS) is responsible of retrieving raw data f1 sensors
abstracting and corming the sensed data into high level contand therof making
it available for contexaware applications.

The first layer (Snsors) is a collection of sensors responsibleetrizving raw
data from the usernvironment (e.g. user device, social netwcor used acces
network).Context sesors can be classified i

* Physical sesors or hardware sens that are able to captuphysical
measuremets like light, audio, locatic, temperature;

* Virtual sensir¢ that are able to sendata from software applicans or
services (e.t sensing calendar entrie

« Logical senors that are able to aggregate information frdfferdint source
(combine plysical, virtual sensors witadditional sources like dabases) t
perform conplex tasks

The second layerRaw data retrieval) makes use of specific APprotocols tc
request data from ie sensor layer. These queries must be as s possible
implemented in a geeric way making pssible to replace sensors (e.zplacing &
RFID system by a GS one

ol V.1
VIS

Preprocessing

Raw data retrieval

Sensors

Figure 1: Layered framework for context-awar e systems

The third layer Preprocessing) is responsible for reasoning aiterpreting
contextual informatia. It transformsthe information returned by the uncying layer
to a higher abstractn level (e.g. it transforms a GPS positiona positon like at
home or at work)Not only sensed or deducdatahave to be modell, but alsc
metadata describinghem(e.g. accuracy and recall, or life cycle informn).

The fourth layer (torage and Management) organizes the gatheraiand mak
them available to 3rgarties applications in a synchronous or asynchus way. Ir
the first mode, the d party applicatics use remote method calls foolling the
server for changes. the second modthey subscribe to specific evendf interest,
and are notifiedvhenthe event occurs (for example by a call back).



The fifth layer (Application) is where the reactoorio context changes are
implemented (e.g. displaying text in a higher calontrast if illumination turns bad).
We will now highlight some key aspects of CMS.

2.2 Context modeling

Related works in the development of context-awasgesns have tried different
approaches for modeling the used context informafiou09]. Most of these works
distinguished between context information modelingnd implementation
technologies. For example, UML may be used to mduektontext information while
XML is used to describe data instances.

Key-Value data structure (where the key is the exntand the value is the
corresponding sensed information) is the simplgstasentation. However, it lacks of
richness, and do not support interoperability drelrepresentation of relation among
context information. Key-Value has been used ines@arly works, for instance by
Dey [Dey01b] and Yamabe [YamO05].

XML-based languages are interesting candidatesnfodeling context because
they rely on a widely used standard that provides possibility to hierarchically
represent context and to abstract it from low whhievel. Much work was done to
propose a generic XML-based language for both abnteodeling and
implementation. In [Ven10] and [Knal0], the authprepose ContextML which is an
XML-based language for representing user conteattlths been developed as part of
the C-CAST European Project [Zaf10]. In [Fer06], the authprepose an XML-
based language named PPDL (Pervasive Profile [piseriLanguage) to describe
profile of mobile peers and to support their intdi@n in a pervasive environment.
The profile is enriched dynamically at runtime khsen changes occurring in
environment conditions.

MDA (Model Driven Architecture) is another interiegf approach for the
development of CMS [She05]. It enables to creagh kevel UML models or strictly
speaking MOF (Meta-Object Facility) compliant maglef the system, then based on
these models, the implementation stubs are autoaligti generated alleviating
tremendously the work of developers. UML-based rfingdanguage offers the full
power of object orientation (encapsulation, redggbinheritance) and also design
flexibility by separating the modeling of contextdacontext awareness from the
service components. ContextUML, as well as the SEHNSuropean Project [She05]
are examples of such context modeling languagéd® cbntext knowledge base can
then be represented in a relational databaseMg8QL), as in [Che04].

RDF [Rdf04] (Resource Description Framework) isamguage for describing
tagged oriented graphs. It is based on tripletbjést, predicate, and object). The
subject is the described resource, the predicaresents a propriety type that can be
applied to this resource, and the object represéata or another resource. Each
triplet corresponds to an oriented arc tagged thi¢ghpredicate, where the source node
is the subject and the destination node is thecbhRDF schema has been extensively
used for context modeling [Tru08b]. Some vocabaktave been standardized on

1 http://www.ict-ccast.eu/



top of RDF to define context profiles like CC/PP (BP] (Composite
Capability/Preference Profile) and UAProf [UAPtdtUser Agent Profile). They have
been combined with other modeling languages likéAFO(Friend of a Friend) for
modeling Person Organization, Group, Document amjeft; vCard for modeling
addresses and personal data, Basic Geo for modgdiagspatial context, vCafor
modeling events, ResumeRbfor modeling skills and expertise of team members,
and the Time ontology for modeling temporal contéidwever, the RDF language
suffers from some limitations for the reasoningeasp, and current work is more and
more relying on ontology.

Ontology is a formal and explicit description ohcepts from a particular domain,
and of the relationships between these conceptgrdvides a vocabulary for
representing domain knowledge and for describiregifip situations in this domain.
Using ontology for context modeling allows a sermamtescription of context. It
enables then to share a common understanding afotfitext structure among users,
devices and services. It also allows formal analysi domain knowledge, i.e.
reasoning using first order logic. OWIWeb Ontology Language) is an ontology
language based on a RDF (Resource Description kvarke schema. It enables to
define rich vocabulary and to describe complex logies. OWL ontologies have
been extensively used for context modeling, fotainse in [AImO06], [Gu04], [Ha07],
[Che09], or CoBrA [Che03] ontology (COBRA-ONT).

XML, RDF and OWL-based approaches are open andoip¢eable. Particularly,
RDF and OWL offers the reuse of the common vocatadavhile for XML there is
no standard way for exchanging vocabularies. Assiogj RDF schema with OWL
ontology can increase the expressiveness of th&exiodescription by drawing the
relationship between a low level context informat{e.g. the user is present in room
528) and high level one (e.g. the user is attendimgeeting). As for UML, it is not
directly compatible with XML/RDF/OWL, but it presenthe advantage of being
seamlessly integrated with MDE (Model Driven Engirieg). This point is especially
interesting when the whole CMS is designed usiegMIDE software approach.

It is interesting to store historical context dagcause it can be used to establish
trends and predict future context values. Relatialzabases are usually used for
context storage as plenty of available libraridsvathe serialization of XML, RDF or
OWL data.

2.3 Quality of Context

Context information can be retrieved from differéimd of sensors having different
level of reliability. Also, noise or failure of seors can introduce imperfection on the
sensed context. Other types of imperfections arkiguity, imprecision, error. The
notion of QoC (Quality of Context) aims to meastie imperfection of sensed
information. A good example of QoC modeling is [M¥¥. The authors propose an
extendable UML-based model for context quality. yitefine three context levels

2 http://www.foaf-project.org/

3 http://www.w3.org/Submission/vcard-rdf/
4 http://www.imc.org/pdi/

5 http://rdfs.org/resume-rdf/

6 http://mww.w3.org/TR/owl-features/



(sensor, abstracted context and situation). Fdn Ea@l| a set of quality parameters is
defined. At the Sensor level: Precision (indicatke maximum deviation of a

measurement from the correct value), Accuracy ¢aidis error rate or frequency
correctness of a sensed information), Frequensgn$or readings; At the Abstracted
context layer: Fuzzy membership (quantify impeifatd of vague context) used
when fuzzy context filters are used during absiwagbrocess, for context filters with

clear boundaries (e.g. location) the Precision me¥sibp is derived from Precision

readings, Reliability (error rate associated with cantext event). A context

Confidence is derived for each context event fromoembination of context event

quality parameters. At the Situation level, thexaiConfidence quality parameter to
assess the truthiness of the corresponding situakinis parameter value is calculated
based on the used reasoning scheme (neural nefvikypster Shafer, voting).

2.4 Context Reasoning

Inferring new knowledge (e.g. transportation me@ojn raw sensed data (e.g. GPS
position) is important for context-awareness andp#ation to the user's context
changes. But before being able to infer any newnw@dge, some processing has to
be done. Context processing can be divided intoegggion and interpretation. The
former refers to the composition of raw contextomnfiation either to gather all
context data concerning a specific entity or tddbigher-level context information.
The later refers to the abstraction of context datmahuman readable information.

The inference can be done with help of sophisttcatsasoning techniques that
relies mainly on context representation. For exam@PARQL-based semantic
reasoning techniques can easily be done if theegbmepresentation technique is
based on OWL. Ontology learning techniques candeel to derive new facts given a
knowledge base of specific facts and an ontologscidleing concepts and relations
among them. Machine learning techniques (e.g. Bayasetworks, fuzzy logic) can
be used to construct higher level context attribitem sensed context. Combing
both reasoning techniques can be interesting asonsmated in [van06]. Expert
Systems (e.g. JESS, CLIPS) or Rule inference eagia@ also be used in context
reasoning. Such reasoning systems inherit fromdodvehaining inference the power
of inferring knowledge (i.e. logical consequencksm sensed data (i.e. facts) and
from backward-chaining inference the power of reipigg relevant context (i.e.
facts). Knowledge might also be deduced using #ma Jramework that provides
ontology inference facility, and Jess (Java Expgystem Shell) to implement
forward-chaining inference. Jess is used when ihds possible to reason about
context information with only ontology axioms, assdribed in [Ram09]

Reasoning techniques are not widely supported., AL representations are
hardly manageable (implementation/integration) masoning on XML data or UML
class diagrams is not very developed. Reasonirly \egical expressions like in
Expert Systems allows a rich description of sitwai actions and knowledge
derivation due to the use of logical connectivaad( or and notf), implications,
universal and existential quantifiers.



3 Context-aware applications

Context-awareness will affect our daily life in &l dimensions (at home, at work, in
public spaces, etc). It provides indeed a wayd@pathe behavior of applications in
order to meet user expectations, for instance bgcigpng the actions that an

application should apply in a given situation. Teésvice adaptation principle might

apply in very various fields, such as: service c&a [Tru08a], task adaptation

[Tru08b], security and privacy control adaptationaipply an access control given a
situation, communication adaptation [Her08] to seke communication protocol and

optimize the communication, or content adaptatidmp7] to adapt content resulting

from a request and return the content in suitatmen f

In this section, we focus on some usually envisagmutext-aware applications:
Location-Based Services (LBS), Context-Aware Comication (CAC), context-
aware buildings and Context-Aware Recommendati@iedys (CARS).

LBS are very developed context-aware systems tigatainly based on location
as a fundamental context dimension. According tEdasinen [Kaa03]

“Location aware services or systems are definedt@stext-aware services

that utilize the location of the user to adapt seevice accordingly:
A plenty of commercial LBS for mobile devices haveen developed like Nulaz
(Pan07), FoursquateGowall&, Loopf. These services are based on both outoor
location (mainly GPS) and social networks and samedt augmented reality
technologies (e.g. Laydy. The main idea around them is helping peopleotrate
their friends and interesting places to visit orenhto meet with friends. Another
example of LBS is location-based messaging servibesn07] like Socialight,
InfoRadar [Ran04], Heresay [Pac05].

Context-aware communication (CAC) applications gpighowledge of people's
context to reduce communication barriers [SchO2jnMscenarios of context-aware
communication can be imagined like those presemefdNum07b] based on non-
verbal and electronic communication services (&41S, MMS, chats, e-mail,
electronic message boards and mailing-list):

* Seeing whether a previously sent message, espeaiallurgent one, has
already been delivered to the recipient and whetierecipient has already
read it;

* Restricting what context information about you othersons are allowed to
see in different situations;

e Leaving messages to certain places for anyoneathiaes at the same place
to read, which can be compared to an electronietimiboard;

* Notifying user about the reception of message ipregriate situation, for
example notify a user only when he is in coffeeakrabout a message left
by a friend asking him for a week-end skiing.

7 http://foursquare.com

8 http://gowalla.com/

9 http://www.loopt.com/

10 http://www.layar.com/
1 http://socialight.com/



Context-aware buildings are another promising sfielg. In [Mey03], the authors
presented some futuristic image of what will becade fully embedded with sensors
and intelligent devices in order to support healthéveryday life of users. For
example phones will ring only in the room where ttadlee is located to avoid
disturbing everyone in house; lights and sound bdélautomatically adjusted based
on the user who is present in the room; family memkill be able to communicate
as if they were in the front of each other, everthiéy are in different rooms;
assistance of older people will be enhanced and trealth conditions will be
continuously assessed. According to [Fuj07], a edraware home will change
society conventional lifestyle, and especially math management by changing the
purpose of medicine from treatment to preventitw location of healthcare from
hospital to home, and the method of obtaining imfation on diseases from periodic
to real time examination.

Context-Aware Recommendation Systems (CARS) aire¢ommend a service or
a product to a user based on his context. A letarks have been conducted specially
for recommending movies [Bog10], motivated by vevgll awarded competitions
like Netflix2.For the recommendation to be relevant, CARS neecbtlect and to
process a great amount of data (about productsgratisers preferences, historical
data, etc.) to predict the most relevant produciesvice to a user. In this paper, we
have applied CARS concepts to communication sesylog processing data retrieved
from the Microsoft communication suite.

4 Casestudy: HEP

4.1 Usage scenario

Current advances in ICT (Information and Communicafl echnologies), especially
in professional environments, are enhancing comaatioin between co-workers. In
the same time, these technologies add a certaimatnad stress to workers because
they are loosing the control on the way they camdaehed and at what time. Also,
the diversity of the used communication tools (&€mail, IM, Video conferencing)
amplifies the amount of notifications or interrupts (e.g. when an email is received)
they cause to the workers. This may cause degoadati the worker performance on
his current activity or influence the choice of the#ure ones [Hud02]. Hence, it's
important to control when interruptions occur orh&lé on the user in order to not
affect his performance. One possible solution is delegate the control of
interruptions to his contacts by sending to them tontextual information. The
information will help users’ contact to evaluate timportance, at this time, of the
interruption they will cause.

In this aim, we have developped HEP a context-awgstem for recommending
communication means for enterprise employees. Tste publishes real-time
information describing their status, emotions,\aiitis and workload. The published
information are results of processing diverse ingtdams concerning the usage of

12 http://www.netflixprize.com/



communication services (phone, IM, e-mail, calehd@ahe nature of the inputted
information as part of the user context, how itrétrieved and how it will be
processed make CMS the suitable management syatehtontext-aware system the
suitable kind of application.

1 N [ e
T [ ]
L1 N
[
(D
{
Very available Available Busy Do not disturb

Figure 2: HEP statuses

Figure 2 presents the different statuses of a Us@ry available" corresponds to
the state where user is highly available for reogivcommunication requests (e.qg.
phone call, IM request); "Available" correspondsttie state where user can receive
call requests; "Busy" corresponds to the state evhiser can weakly respond to a call
request; "Do not disturb" corresponds to the swdiere user cannot respond and will
potential refuse incoming communication requests.

A status corresponds to the level of availabilitaser on a given communication
service (e.g. agenda, email, instant messaginghg)h&uch information is used by
the caller to decide if he can interrupt the calleed if it is better to use a
communication service (e.g. email) than anotheriser(e.g. phone) in order to reach
the callee. For instance, let us suppose that Aliaats to call Bob for an urgent
matter. Bob is at this moment in a conference tait, he is still reading his emails
and answering them. With HEP, Alice will see thatbBis busy on the phone, but
available by email. She decides thus to send higmail instead of calling him,
although her demand is urgent.

4.2 Service design

Our system (figure 3) is developed in .Net and &sdd on OCS 2007 (Office
Communication Server). The different elements cosmapthe architecture are: a PC
client, an Outlook plug-in, and a broker.

The PC client implements the two first functionsadEMS. It is responsible for:

* Retrieving raw data from virtual sensors placedviicrosoft
communication suite (Email, Calendar, Instant Mgsxs fixed
telephony),

e Computing user status for communication mean,

« Interacting with the broker.

The Outlook plug-in provides the user interfaceemables the user to set his
preferences (e.g. the status that should corresipoadjiven load level), and above all
it enables the user to see the statuses of edudhk Gfutlook contacts.

The CMS storage and management functions are inguited in the broker that
offers a directory service. PC clients subscribe pmblish their status. And Outlook



plug-ins requests th&tatus of other users. An administration interfescavailable tc
set global rules for stus computatio
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Figure 3: HEP architecture

Computation ofusel status is based on information about the histd usage o
communication serves (e.g. email) and desktop applications (e.g.rd, Excel,
PowerPoint). The frquency of computation and freshness of statusndson the
related communicath service, but can be fixed by users when theecify their
preferences.

4.3 Context modeling

We gathe the differeat contextual information (both sensed and dedwones) in ar
UML data model aslustrated in Figure 4The BaseObiject class is theot class ir
the model that is coomon to any type of context informat. The InteractiveCom
class gathers the rared attributes of interactive communicationls, while
information specific 0 a communication tocis gathered in apecific class (e.g
Instant Messaging.email, phong. A specific class is dedicated calenda
information.

10



BaseObject

Available : Boolean
Load : Double
Timestamp : Date

T T

InteractiveCom Calendar

Mizsed : Double Availability : Double
Engaged | Double

T T T

Mail Fhone

unreadyvoiceBoxmMsa : Double

Figure 4: HEP Data M odel

The description of the different attributes is alfof:

* Auvailable: is a sensed data that represents whethawt the user is available
at a given instant in a communication tool (e.g.dalendar it can be
interpreted as the user is currently not in a megti

e Load: is a deduced data that represents work lbader corresponding to a
communication tool (e.qg. for calendar, load isrd@on of the total amount
of meeting time to work time), it correspond ditedb the user status
(figure 2);

e Timestamp: represents for how long the sensedrrdtion remain valid, it
depends on communication tool (e.g. 5mn for M&nh for Calendar);

* Missed: represents the ratio of missed communicatquests (e.g. missed
phone calls, IM requests or unread mails) to teeived;

* Engaged: ratio of engaged communication to theivedeones;

* Auvailability: ratio between free time and total aumb of meeting;

* unreadVoiceBoxMsg: ratio of unread message fronutiez’s voicemail to
the stored ones.

4.4 Context reasoning

The sensed information are used to compute the \aa#t of a user on a given
communication tool in order to determine the usetus and whether or not he can
accept incoming requests on this communication giglire 5). We defined rules for
calculating the work load level for each commurnaatmean (IM, mail, phone,
calendar).

11
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Figure5: User statusbased on hiswork load level

In the case of calendar, if the user is curremtlg meeting then we set his calendar
work load to 100%. Then, the more the meeting $bam¢ gets closer, the more the
calendar work load goes higher (e.g. 5m before atimg work load reaches 75%
and user status become ‘busy’). If the user iSmatmeeting then calendar work load
is the ratio of meeting duration in the rest of tlay to the remaining work time.

Follow is an example of the calculation of the cdla work load of a user at
different time of day. We consider that a work ddgrt at 8:00 and finish at 18:00,
and the user have a first meeting from 9:00 to @12h duration), then a second one
from 15:00 to 18:00 (3h duration). Thus, at 8:00kvoad is (2+3)/10 = 50%, from
9:00 to 11:00 work load is 100% (user in meetirag)12:00 work load is 3/6 = 50%,
at 14:00 work load is 3/4 = 75%, and between 1% 18:00 work load is 100%.We
add a layer of abstraction by introducing the ugebal status that reflects the global
workload. It is computed by combining the statudatesl to the different
communication means, with predefined weightings tdaa be modified by the end-
user.

4.5 Futureworks

HEP has been deployed on the workstations of owodceers at Orange Labs (Caen,
France), and we received very positive feedbacks. iltegration with the everyday
working tools (e.g. Outlook) was especially appahv&rom the implementation

viewpoint, several lessons can be derived.

The current reasoning technique is built with a &ét IF-THEN clauses
implemented in a C# class. We believe it is enofagha proof of concept solution,
and we plan to use more sophisticated technigkegsHhiose provided by rule engines.
For the context modeling language, we used an Ulsta dnodel to take benefit of
encapsulation and inheritance. The current modehpgroach do not include
metadata especially QoC parameters, we plan tadedhem in our future works. We
found that these parameters are as important agdeatata themselves especially for
managing very common situations where softwarehems

In our current solution, context processing inagdreasoning are performed at
the client side. Such solution makes the deployrmémew reasoning techniques for
new included context data (e.g. about the usageothbér office tools) more
complicated. To overcome this issue we are plannmgransfer a part of the
preprocessing layer (figure 1), namely the reagppart, to the broker side.

5 Conclusion

In this paper we surveyed the previously condustedks in the field of context-
aware systems from different viewpoints like systdesign, context modeling and

12



reasoning. After having highlighted the challengesface when building context-
aware systems and the major application fieldssiach systems, we proposed a
context-aware system for recommending communicati@ans. Our system helps
users to choose the appropriate communication fisearontacting a person based on
the context of the later. The aim behind the dgwedoprototype is to build a context-
aware system with the existing approaches in sgngeindeling and reasoning, to use
it as a solution for a real problem, and experiniewith users in a real environment.

Besides the enhancements introduced in the presgeeton (lessons learned), we
plan to expand our system with the ability to tfan®, in a transparent way, the
format and the delivery time of a message basetheruser’'s context. A message
sent as an SMS at timecould be received, for instance at time t' as an email,
given that the user is unreachable &tut may be reached at+ t' by e-mail only
because he/she is still on the phone. We belieattthis could lead to a new and
seamlessly way to use our daily communication means
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