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Abstract

This paper intends to introduce the concept of pervasivarinétion
systems (PIS) and the issues that arise from the softwaraeaent
for pervasive information systems. The model driven apgnas gener-
ally described and its benefits to the software design armgifokl. Fi-
nally, some future directions for the usage of model drivetthadologies
within the development of PIS are highlighted, presentmme specific
problems that nowadays that kind of methodologies have abbgen
able to overcome.
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I ntroduction

Over the last years we have been assisting to a continuousngytrend for re-
search and investment efforts in pervasive computing [B8hefiting from the
growing of miniaturization and power of computing devicesrged with im-
proved wireless communication capabilities, informatiechnology landscape
is becoming more integrated with our real life landscapewahg us to, proba-
bly in the present, and certainly in a near future, achieveesof the ambitions
of the past regarding the integration of computing withitgahnd the benefits

derived from it.

Albeit the still common traditional use of computers astldit machines",
they are being increasingly integrated (embedded) in dtiar computing) de-
vices, and consequently, not being seen or used as compulginces [6] [26].



Instead, the first look and thought goes to the larger (nonpeiimg) device
as being a "smart" device. Nevertheless, the embedded ¢mmpievice is
present, monitoring and processing information, and givime output that it
was conceived for.

The dissemination (embedding) of computing devices, wihparticular
computing and communications capabilities, into everyataysical objects (non
computing devices), allows a real time access to informdiiothose embedded
computing devices. New advances in information technolsgyaller comput-
ing devices, wireless networked communication systentstfate devices and
others) stimulated imagination on ways to deploy this teébyy in service
to people and organizations. Location and status of peoplegaods can be
tracked in real time, and the appearance of "smart" goodghideyond mon-
itoring themselves, can also independently communicatie ether computing
devices or systems, allows for monitoring and interactiat tvere not possible
in the past, therefore allowing the conception of new systgif].

Pervasive computing, initiated a little more than a decapekmsed on the
seminal work of Mark Weiser [40], envisions an environmenivhich comput-
ers will be embedded in our natural lives, assisting us inkaquitous manner
on our everyday tasks. Pursuing this vision, pervasive cuimg system engi-
neers and researchers, started to design devices and syltrtechnologically
proved the viability of this vision.

2 Pervasiveinformation systems

Proved and assessed the value of pervasive computing sperymformation)
systems started being devised for use in organizationsid®escial concerns
[34] regarding the particular characteristics of pervasiemputing, and eco-
nomic implications of its deployment [19], new systems amf though, aimed
at improving, not just people’s quality of life, but also tway business is done
or even enabling new and innovative ways of carrying outrimss.

Museums [9], agriculture [8], restaurants [31], and heeidtte [36] are ex-
amples of business domains that have been addressed bgatippk based
on this kind of information technology. For example, in eldare [32] sys-
tems have been deployed, where pervasive computing imgrthe quality
and the efficiency of care delivery to the elderly, assistimg staff in identi-
fying people needing immediate attention, and to monitends, resulting in
enhanced environment. Among the most relevant project&wite, the fol-
lowing can be emphazised: Active Badge [37], Active CampLld,[Aware
Home [15], eClass/Classroom2000 [1], Labscape [4], iRob8&], [MediaCup
[7], PARCTab [38], PlantCare [18], Smart-Its [12]. All theeprojects aimed to
prove the viability and usefulness of the pervasive conmguiision.

The benefits and applications of pervasive computing arérdan having



reached an end. Other business domains, such as insuranpardes or gov-
ernment agencies can also take benefits of pervasive cargpMihat was ini-
tially confined in developing technology to make pervasiemputing out of a
vision [20], surpassed the initially restricted frontiéosreach the development
of applications for organizational domains, allowing timprovement of current
business process or even to assist the development of navessisnodels [19].

Along with all this, inevitably, we become aware of the preseflow and
processing of information, not only by the individual cortipg devices, but
also with a more deep significance, by the overall systemetimarges from the
interactions of all the computing devices, linking themethger in a coherent
fashion. We can then recognize the presence of a pervasireniation system.
Indeed, all these systems constitute, some form of infaomatystem. They
gather, collect, process, store and produce informatioeaiat contributing to
an organization or personal needs in order to achieve a se¢lbestablished
objectives.

These pervasive information systems, composed of heteeogs, mobile,
or physically integrated (embedded) devices, capable ltfating, processing,
and instantaneously communicating and interacting amiogigy tor others sys-
tems, opens the possibility of processing large quantitinfrmation which,
composing an information system, must be, in its essenck designed, de-
veloped and deployed in order to, satisfying the requirdmand exploring all
the potential offered by the pervasive computing, maxintieerevenue of these
kind of systems. This is the way to efficiently satisfy theaoigational or per-
sonal information needs in the pursuit of defined goals.

Research efforts so far have been mostly oriented, towangsigal and
virtual integration, interaction models, deployment, coomication technolo-
gies and connectivity, and software architectures. It jgartant that these new
pervasive systems also become subject of study from anniafiion systems
perspective.

Several pervasive computing characteristics, issuestailbnges have been
identified [2] [27] [20] [26]. Physical integration and sganeous interopera-
tion [16], quantity and heterogeneity of computing devjcsvices and appli-
cations the may be part at any moment of the system [10] araceaistics of
pervasive systems that must be taken into account whenniegi®@1S. They
are important specially when aiming at easily reconfigaradf the application
to cope with presence or absence of computing devices vgtimdi computing
power or interface capabilities, availability of servicasd to rapidly respond
to business changing needs.



3 Model-driven software development

The high pace of technology innovation and changes, theiggoeomplexity
and the size of systems, the continued need of new or reneystehss with
a short cycle time of development, puts pressure on the aoftdevelopment
community which, on the need to cope with this reality andrtnghigher qual-
ity and productivity, permanently searches for better mment approaches
and tools.

Model driven development (MDD) [28] [21] , a recent advantsdftware
development, represents a new direction for software syskevelopment. It
embodies a new manner of facing the development of softwasentially char-
acterized by turning the models into the essence and foctieafevelopment
of a software system, independent of the possible platfevhere they will be
deployed. This change of focus, from code oriented to modehted devel-
opment, represents a significant evolution in software ldpwneent, benefiting
from an increase of abstraction, similar to what occurredthie past, when
through the introduction of compilers, there was a move ogmmming from
assembly to 3rd generation languages [28].

The MDD approach allows for an abstraction of details of iempéntation
platform technology and the use of concepts closer to thHaei@mdomain. Con-
sequently, the models used to develop the system are easipetify, under-
stand and maintain, and are robust to changes of the tedynaldopted for
system implementation [28].

Supporting this approach, widely accepted standards haerged (and
others will emerge), such as the Unified Modeling Languag®i(}J[25] ,
and the Object Management Group (OMG)’s [23] Model Driverchitecture
(MDA) [24] initiative that reinforces and promotes this nelivection on soft-
ware development.

Also fundamental to MDD, evolution on automation techn@dsgenables to
expect that the final system may be constructed through atiocode genera-
tion and other automatic facilities. This allows a reduttay elimination of the
semantic gap existing in the traditional software develepinconsisting by the
difficulty of mapping the concepts used to express modelsepplications on
the implementation technologies of the platforms [28].

MDD comes to improve and accelerate the software developraehieving
a higher quality of the developed systems. It is expectedNtizD may bring
an increase on the portability, interoperability and redsgether with and an
easier way to maintain and evolve a system.

The development of MDA tools and other related developmetsig with
the increasing deployment of MDD based projects, fostentbeement toward
model centric development [35]. Several research is beimg éh MDD field,
from model transformation [30] [39], through separationcohcerns [17] to
executable models [22]. OMG contributes actively to theetlgyment of stan-
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dards that helps MDD become a reality. In particular, UML éy ktandard to
MDA initiative) has been subject to revisions and evolusioand its new ver-
sion, 2.0 (to be ready during 2004), will represent a furingoetus to MDD
[29].

Model driven development is emerging as a major improvermesuftware
development. Attending to the pervasive information systecharacteristics,
and face to the new advances in software development, igisnhate to ex-
pect that the benefits inherent to model driven developmantbe brought to
the development of pervasive information systems. Nowsdag possible to
identify several variants of the original MDA recommendas, where we can
find some specific methodological characteristics in whaicems either the
process model and the modelling approach [21] [5] [3] [14&] [22]. However,
none of these methodological approaches has explicitlit déth the support
of software design for pervasive information systems. Thé&ans that some
work has to be done to adapt those recommendations to thisatpm field.

4 Conclusions and futuredirections

Model-driven development of pervasive information systemust take into
consideration aspects not only related with the globalrmfition system ob-
tained from the cooperation of diverse, dispersed, intedrar mobile comput-
ing devices that in conjunction contribute to the achievetnoé the information
system objectives, but also with the individual computiegides.

Model-driven development methodologies must be capablpraducing
pervasive information systems that are resilient to teldgical changes, rapidly
absorbing new technology through the promotion of stabilftmodels.

Models for pervasive information systems must be tailocedllibw the dy-
namically construction and allocation of customized agatlons to heteroge-
neous computing devices, with different computationahterface capabilities.

Pervasive information systems can benefit from model-droevelopment
approach to software developing, leveraging the capisilibf system com-
posed by those computing devices. Several areas can bectesgdor this
improvement, as for example:

e UML (or other languages) capabilities in improved modelumacy spec-
ification and its contribution towards model execution ordelocentric
development

e Patterns and separation of concerns to enhance reuse ofsnandecodi-
fying best practices

¢ Model transformations and model-driven development ntomies con-
cerning pervasive systems, and MDD supporting tools.



These concerns must be further researched in order to aggirenodel
driven development actually brings all its potential besef pervasive infor-
mation systems and their application domains.

These research aims at highlighting the attention that fpegiaid to in-
formation systems, instead of single computing devicesyhat concerns the
modeling and design of global solutions that apply peneasivmputing prin-
ciples. Pervasiveness is, indeed, an emerging propertyfaimation systems,
and not of the individual computing devices; these are notgsive, they are,
typically, embedded in the environment or in other physaéfacts. The ubig-
uitous concept is associated with the services that peevagiormation systems
make available.
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