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1 Introduction lutions. In addition, it introduces th@8eneric Architec-

Intellicent Mobile Serviceare service applications that ture that works as basis for the specification of future
'9 ! v v pplicatl implementation platformsLast, it introduces thé&ra-

integrate mobile computing and service providers an%ework for Mobile Service Solutionisat provides an

provide the infrastructure to reason about the user's COlVerall picture of the elements and relationships in the

text, what e”‘?‘b'es the apphcatlon t(.) predlct USers Inproblem scenario, and works as a guideline for the ana-
tents and actionsl|[2]. This scenario involves com- | . : .

e . lysis and detail design phases.
plex systems that have multiple interactive component:

immersed in a dynamic environment and limited re—’ This paper is organized as follows: Sect2imo-
y tivates the need for a framework that includes the ele-

sources. Moreover, intelligent behaviour involves the . - . .
9 ents, interactions and components of intelligent mo-

implementation of features such as pro-activeness, se|t- . : :
P P ile service solutions and presents related work with

_tumng, plan_selectlon and context _sensmveness._ Theearly attempts to build these applications. Sec@on
implementation of these features brings together issues . i . .

o : . . fesents the elements and interactions in mobile ser-
of distributed computing, mobile computing, persona] .

. b S . . ¥|ce environments. Then, sectibintroduces th&€om-
assistance and artificial intelligence. The complexity o

. . : . ; pponentsof intelligent mobile service applications and
developing mobile service solutions is related to su outlines theFramework for Mobile Service Applicati-

ﬁg:itot.he elements and interactions in this problem SC€ns The paper concludes with sectign
To understand mobile service problem scenarios one
must be able to describe the elements and interactiofis
involved and the components required to support thesghis section motivates the need for a method to describe
elements. This work introduces an analysis of this dahe elements and interactions of intelligent mobile ser-
main of problem and defines the structures required tgces solutions.
implement mobile service solutions. It introduces the Mobile computing could be the tool to delivei-
elements and interactions in mobile service scenariagays presenpersonal assistance and provide user-centric
and analyses the components required to support thessiutions that aid the mobile user with information, col-
elements. Then, it integrates these components in thgboration and coordinatiofB]. The key technologies
Generic Architecture for Mobile Service Applications to implement these solutions involve the useoffitext-
Finally, the study introduces thegamework for Mobile awarenesscollaboration enhanced inferencend de-
Service Solutionswvhich provides an overall picture of vice interface
the elements and interactions involved. Mobile service solutions are composed by a set of
This paper makes three main contributions to moactive and passive elements and the interactions bet-
bile computing literature. First, it introduces the desween them. The solution to deliver intelligent mobile
cription of the elements and interactions in the problerservices involves the integration of distributed compu-
scenario, which provides a clear account of the conting, mobile computing, personal assistance and artifi-
ponents required to create intelligent mobile service saial intelligence. Therefore, a reasonable question to

Motivation and Related Work



object-oriented programming is made available for the
creation of mobile services through Java 2 Micro Edi-
"""""""""""""""""""" g tion [4] and other platforms. However, this develop-

(i) Problem Scenario

(ii) Analysis of . .

Requirements for ment model targets the low-level application program-

Generic Solution: n n .

e ming requirements leaving to the developer how to ar-
Reive Elemens imeracions ecdor chitecture the solution. The FIPA specification for no-

madic applications suppoi®] deals with agent midd-
leware to support applications in nomadic environment.
This specification gives an overview of tidomadic
Application Supporarea and contains specifications for:
Monitor Agent (MA) functionality, Control Agent (CA)

combination of

q O/Q:Q
\]

(iv) Components of
Intelligent Mobile Service

Applications

leads to

(v) Generic Architecture
Intelligent Mobile Service
Applications

Jessto functionality. However, in this level of abstraction this
) Framenork fr specification does not handle issues of mobile service
Moble Service Solutons solutions such as support to context-awareness, colla-

boration and device interface. The lack of formalized
Figure 1: Towards a Framework for Mobile Service Solutions  tools to define intelligent mobile service solutions leads
to the adoption of ad hoc approaches, which come at
the expense of generality and reuse.

For exampleMyCampug6] provides an agent-based
environment for context-aware mobile services. The
strong point in MyCampus is its openness through the
Semantic Web representation of the context data. Ho-

In this work, we propose &amework for Intelli- Wever, although MyCampus provides the infrastructure
gent Mobile Servicethat emerges from the analysis offor data representation and collaboration, it does not
the elements and interactions in mobile service probleffovide a clear specification (or framework) for the de-
scenarios and works as a guideline for the analysis arf§lopment of the intelligent applications.
detail design phases. Alternatively,Paurobally et a[ 7] proposes an agent-

Figurell presents the storyline of this study. First,0ased framework for providing personalised mobile ser-
we propose the analysis of an illustrative (i) problen¥ices, with a view of producers and consumers of ser-
scenario, which leads to the description of (ii) the funcVices as software agents, some of which are located on
tionalities required by a “generic” solution. The analy-users’ mobile devices. However, the focus is on the pro-
sis of the problem scenario also introduces the (jii) ad?!ém of negotiation (subset of collaboration), not sup-
tive elements and interactions of the environment. ThROrting other aspects of intelligent mobile service pro-
combination of these elements and interactions distilS!oning.
into theConceptual Modedf the problem scenario. As ~ On the other handElectric Elves projec{8] ex-
the analysis moves towards the detail design descriploits agent technology to assist users with daily tasks,
tion, it introduces (iv) theomponentsf mobile service Such as organising meetings. The project includes the
applications, which are combined into (v) tBeneric notion of context-awarenesand collaboration = Alt-
Architecture for Mobile Service Application§he inte- hough Electric Elves is a very complete project, it fails
gration of applications, users and devices compose tf@ consider aenericframework for the development of
overall picture of the mobile service problem scenariolobile service solutions.

describe in (vi) théramework for Mobile Service So- ~ From the analysis of related projects, it is possible
lutions to identify the lack of formal definitions for mobile ser-

vice. In the next sections, this work introduces the ele-
ments of the problem scenario and proposes the dia-

) ) o gram of the elements and interactions in mobile service
Related works in the area include the ones aiming at dgp|ytions.

livering support to multi-user, mobile service interacti-
ons and personal mobile assistance. To our knowledge,
there is no previous attempt to supply a formalized vie
of components in mobile service solutions and the thAs mentioned, the problem of defining intelligent mo-

ask is:

What is the set of components required to pro-
vision intelligent mobile service solutions?

2.1 Related works

Mobile Service Problem Scenario

“development” standards follow the ones from softwardile services is related to define the necessary components

engineering adapted to those scenarios. For exampte,support the element and interactions in these environ-
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Figure 2: Mobile Service Solution to Support Team-Based Delivery
of Patient-Centred Health Care

ments. This section presents a clear account of the ele-
ments and interactions in mobile service environments.

Let us consider the mobile service problem scena-
rio depicted in Figur@. This scenario is based on the
work of [9] and can be described as followa:health-
care centre (hospital) seeks a mobile service solution
to help to coordinate the information exchange between ®
the support staff (nurses) during the work shifts. The
requirement is to have an electronically process that
keeps track of all information (formal and informal) ex-
changed between the nurses, thus ensuring the conti-
nuation and correctness of treatments. The organiza-
tion has acorporate databases the central data repo-
sitory. The nurses interact to this database and also
exchange information with peers during the work shift.
Along with information that exist in the corporate data-
base, there is also the personal notes taken by the nur-
ses about the patients and treatments. The solution as-
sumes that the nurses carry a mobile computing device
loaded with a mobile personal assistant application de-
sign for this task.

centre main entrance and then, pro-actively, starts
the data updating procedures.

(c)amethod to interface with nursgshere the ap-
plication presents information to the mobile user in
a “user friendly” way. In the illustrative example,
the personal mobile assistants running on nurses
mobile computing devices must be able to interact
to nurses through “intelligent” interfaces that pre-
sent theright information at the right timgsuch

as the list of existing patients when the nurse is
arriving at the health-centre and the list of nurses
arriving when near the end of their work shift.

(d) amethod to exchange data with corporate da-
tabaseso the nurses have updated information about
existing. For example, when arriving to the health-
centre nurses need to have the list of existing pati-
ents and clinical paths that should be accessed by
the mobile application from health-centre’s corpo-
rate database automatically (and electronically).

(e) amethod to deliberaten application’s inter-
actions with the environment, pro-activeness and
on intelligent behaviour related to interfacing with
user and collaboration to other applications. For
the scenarios above, the application should have a
set of “deliberation rules” that control the activi-
ties in response to events of the dynamic environ-
ment (i.e., location, time) and input from nurses.
These rules must reflect the activities assigned to
the nurse in the organization. To provide the fea-
tures of adaptivity and self-tuning the rule system
must be flexible to allow the adjustment and repla-
cement of existing rules.

The Mobile Service Applicatioto be implemented

It is possible to infer on the required functionality for this Mobile Service Solutioshall be equipped with
for nurse’s mobile personal assistants as the applicatiéf€ modules that implement the support to these func-

needs:

tionalities. To properly address the above call, desi-
gners need aference modethrough which they can

e (a) amethod to exchange datsetween the mo- @nswer questions such as: What are the components

e (b) amethod to sense time and locatierfor in-

bile persona| assistant between two or more nuf_equired to support the required functionalities? Why
ses. For instance, the nurses need to (electrorfese components? How these components relate to the

cally) request the notes taken by other nurses st§/ements and interaction of the problem scenario? What
red in their personal devices. are the relationship between components across multi-
ple elements of the problem scenario? How these com-
ponents should be put together to implement\todbile
stance, work shift time and near or inside the hosService Applicatiod How the set of components in the
pital — thus to infer the “context” where the nurseapplications for thévlobile Service Solutich

is and to work pro-actively for the data synchro- We propose the need to defindrameworkto gui-
nization process. For instance, the solution musteline the development of solutions for mobile service
detect the presence of the nurse near the healthroblem scenarios. To distil this reference model, first



Mobile Service Provider

In the illustrative example, thslobile Service Or-
ganizationfor the health-Centre organization has the
following elements:

Provider Host

Provider
~""— Application >
= Information
5 ‘ Source

Corporate
Database

Interaction
between Users

and Service Provider

e Orgy. is the Health-Centre organizatida.

e Uy isthe body of nurses equipped with the mobile
computing device and application that enable them
to access the mobile service.

Sy is the corporate database shared throughout
the mobile service organization by an application
executing on a central host, which is accessible by
the mobile applications carried by the nurses.

Interaction
between Users

B .. Nurse1

Mob\\e Serwce User Mob\\e Serwce User

T is the set of interactions between nurses and

Figure 3: Conceptual Model of the Problem Scenario
the corporate database.

e &) is the attributes of the organization’s environ-

we shall introduce a clear account of the elements and ment

interactions in a mobile service environment.

Figure3 presents the simplified view of the pro-  Therefore, thé/lobile Service Organizationis com-
blem, or Conceptual Modelshowing the active ele- posed by thactive elementor “actors”) in the mobile
ments and interactions. Itis possible to identifythe-  service problem scenario and timeeractionsbetween
ses(Nurse-1, Nurse- 2) and theorporate databasas these elements.
active elements (or actors). There are interactions bet- There are two main types afctive elements the
ween nurses (to exchange personal notes about the patienario, as described below:
ents) and between the nurses and the corporate database

(information retrieval and update).

Next sub-section identifies the elements and interac-
tions in the illustrative example and introduces the con-
cept ofMobile Service Organizatian

4 Elements and Interaction in Mobile Services

This section presents a definition of the elements and
interactions in mobile service problem scenarios.

Let Org, be aMobile Service Organizationamed
aso, which exists to deliver a mobile service to the ele-
ments ofOrg,. LetE, be the set of attributes of the en-
vironment ofOrg,. Leti, be the set oMobile Service
UsersandS, be the set oMobile Service Providers
in this organization.

(Mobile Service Organization)

TheMobile Service Organizatio®rg is the
structure:

Orgo = <Z/{O,SO,IO, £o>v

wherel{, is the set oMobile Service Users

the organizations, is the set oMobile Ser-
vice Providers Z, is the set of interactions
between the active elements of the organiza-
tion. &, is the set of attributes of the organi-
zation’s environment.

¢ (i) the Mobile Service Userswhich are the users,
equipped with a mobile computing device loaded
with a mobile service application and immersed in
a local environment. In the illustrative scenario,
these are the nurses carrying the mobile personal
assistant.

e (ii) the Mobile Service Provider, which are the
information providers in the mobile service solu-
tion, composed by the information source and a
software application that distribute it through the
mobile service environment. This is the corporate
database and the infrastructure to make it accessi-
ble by the nurses in the problem scenario.

Mobile Service Useris a tuple
muser(i,u;, d;, a;, E;, I;) € U,, such thati

is the identifier of the mobile usew; is the
user. d; is the mobile computing device car-
ried by the userq; is the application running
ond;. E; C £ is the set of attributes of the
local environment, which is a sub-set of the
attributes of the organization’s environment.
I, C T is the set of interactions between the
mobile user and other elements of the orga-
nization, which is a sub-set of all interactions
between the elements of the organization.



TheMobile Service Provideris the tuple
sprovider(j, sj, hj,a;,1;) € S,, such that:

Jj is the identifier of the service providey; is

the provider’s information source of the ser-
vice provider e.g., the corporate database in
the illustrative example’; is the host where
the service’s application is being executegl.

is the service’s applicatiord; C 7 is the sub-
set of interactions between the service provi-
der and the elements of the organization.

identified asz and host in mobile service provider
identified a9.

e (ix) interaction betweem, anday, which are the
interactions between application in mobile service
users identified as and application in mobile ser-
vice provider identified as.

Moreover, there are also the internal interactions bet-
ween the components of thdobile Service Provider
which are deliberately ignored as they are not relevant
in the scope of this study.

Next sub-section describes the interactions between Haying defined the concept dlobile Service Or-

these elements.

4.1 Interactions

This sub-section describes the setrdéractions Z, of
the Mobile Service Organizatio®rg,.

The diagram presented in Figidgprovides a con-
cise view of the elements and interaction iMabile
Service Organizationslt is possible to identifynine

ganizationand presented the definition for its elements
and interactions, next section introduces the components
required by intelligent mobile service applications.

5 Intelligent Mobile Service Applications

Previous section introduced the elements and interacti-
ons in mobile service environments. However, in or-
der to build intelligent mobile service applications, the

relevant interactions in this environment, which are degeyeloper must integrate the components required to

tailed below:

o (i) interaction between, andd,,, which are the in-

teractions between the mobile user and the mobil
computing device for a mobile service user identi-

fied asa.

o (ii) interactions betweed, anda,, which are the

interactions between device and application in a

mobile service user identified as

e (iii) interactions between, anda,, which are the

support the interactions between the active elements of
these environments. This section introduces these com-
gonents and assemble the framework for mobile service
solutions.

The components of mobile service application and
their relationship with the elements and interaction are
detail below:

e (@) to support the interactions between application
a, and environmeng, of a mobile service user
identified asa — interactions (iv) in the aforemen-

interactions between user and application inamo-  tioned list of interactions — the application requi-

bile service user identified as

e (iv) interactions betweem, and E,, which are

res the module fo€ontext Awareness Context-
awareness enables the mobile service application
to Sensehe environment and collect relevant data,

the interactions between application and local en-  Representhis data as digestible information and

vironment in a mobile service user identifiedaas

e (V) interaction between, anda;, which are the

interactions between two instances of applications

in mobile service users identified agsndb.

e (Vi) interaction betweem, andu,, which are the

interactions between two instances of mobile ser-

vice users identified asandb.

e (vii) interaction between, andd,, which are the

Infer about the meaning of this information (e.g.,
if a temperature is warm or cold, or if a location
is near a store). It helps in creating mobile service
applications that are aware of the context where
they are executing thus being able to act more pro-
actively and requiring less user input.

¢ (b) to support the interactions between usgand
deviced,, and devicel, and applicatioru, of a
mobile service user identified as— respectively,

interactions between two instances of devices be-  Interactions (i) and (ii) in the aforementioned list

longing to mobile service users identifiedaand
b.

e (viii) interaction betweerl, andh,;, which are the

of interactions — the application requires the mo-
dule forDevice Interface These components ena-

ble the developer to create the application’s inter-
face that will present the information (or choices)

interactions between device in mobile service users  to the mobile user.
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Figure 4: Elements and Interactions in Mobile Service Organization

e (c) to support the interactions between applicatiponentstogether and describe their relationships and
onsa, anday,, usersu, andu; of mobile service sub-components.
users identified ags and b — respectively, inter-
actions (v) and (vi) in the aforementioned list 01‘5_l Architecture

interactions — the application requires the module
for Collaboration. This module provides the so- Figure5 presents theramework for Mobile Service So-

lution for the issues of distribute computing, sucHution, which integrates the components presented above.
as data communication, coordination and negotial his structure represents the minimum set of components
tion. The goal of this component in the proposedequired to implement intelligent mobile service soluti-

structure is to enable the developer to create sol@ns. The significance of this composition is to provide
tions that integrate mu|t|p|e users and services. a complete view of the elements and modules in mobile

service solutions and describe their interactions.

e (d) to support the interactions betweep anda, Thearchitecturefor mobile personal assistants should
of a mobile service users labelledas interaction allow the widest possible range of mobile service solu-
(iii) in the aforementioned list of interactions — thetions, creating the building blocks for intelligent mobile
application requires a module fonference. This  service solutions. The proposed approach is towards a
module would also provide the support to the dearchitecturally-neutral modelwhich avoids the pitfalls
velopment and coordination of other componentsof a generic architectured(]. On the other hand, the
The techniques to create enhanced inference syshallenge of the architecturally-neutral models is to of-
tems involve the use of techniques from the fielder enough level of detail (or to be specific enough) to
of artificial intelligence, such as the Belief-Desire-provide the support for the creation iobile Personal
Intention paradigm. The support for enhanced inAssistants
ference systems has been largely explored in the Therefore, by leveraging from the guidelines pro-
field of agent-based computing, which is explorevided by theFramework for Mobile Service Applicati-
as base for implementation in this work. onsand towards the creation of tigeneric architecture

or mobile personal assistants, as proposed1}, [it
Next sub-section introduces tl&eneric Architec- is possible to conclude that the architecture must pro-
ture for Mobile Service Applications/hich puttheCom- vide the components fanformation collection(sen-



sor),information representatigrdecision-makingcon-
trollers), collaboration
Figurelé presents th&eneric Architecture for Mo-
Mobile Service Organization bile Personal Assistantslt provides the components
Mobile Service Provider to support the functionality described by the require-
ments aforesaid : (pensorsupports the sensor the en-
Sooraaten vironment (context-awareness), (ij)ferencesupports
the decision-making (inference), (ilDommunicationsup-
ports the communication and collaboration with peer
mobile users (collaboration), and (€pmposeandin-
terfacecomponents support the interaction to the mo-
bile user and environment (device interface).
The contribution from this generic architecture is to-
Applicaton wards a model that provides the guidelines for the ap-

Context-awareness

Context-awareness

< < plication developer. This model provides the answer to
g |5 the question about the the necessary components of the

s s framework in order to design intelligent mobile service
Device Interface solutions, proposed by this work.

- -— -« 6

Implementing Intelligent Mobile Service Ap-
plications

Device User User Device

Figure 5: Framework for Mobile Service Solution The Framework for Mobile Service Solutiomorks as
reference model, which provides the guidelines for de-
sign decisions. The architecture for these applications
must consider the support to the components presented
in the framework and this reference model would inher-
ently provide the support to the elements and interacti-
ons in intelligent mobile service scenarios. To imple-
ment these modules, the developer should use existing

Local implementation methodologies, such as object-orientated
Environment or agent-based computing.

As mentioned, the main goal of mobile computing is
/Context-A yareness \ to provide always-present assistance to the mobile user.
S:E Intelligent Mobile Service Solutiorapplication must be
i Voo, able to sense the environment, process contextual infor-
 for Contomranaroness | mation, aid in collaboration activities, sustain rational
inference and equipped to provision the user with the
right information at the right time Mobile Personal
Assistantsare the building blocks that allow the crea-
2] tion of computing application equipped to deliver these
Collaboration features.
Composer We argued thaMobile Personal Assistantan be
Interface the reference model for the implementation of agents to
Device Intetface support the active elements in intelligent mobile service
‘ scenarios. Here, we motivate the use of agent-based
- ‘_'ﬂ software engineer to design and implement these appli-
Device User cations.
Agents can be described as a persistent computa-
Figure 6: Architecture for Mobile Personal Assistants tional en“ty that can perceive, reason, act, and com-
municate. Hence, agent-based applications architecture
usually present the structures @snsor Inference Ac-
tuator, andCommunication[11][12]. The parallel bet-
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ween the structures in agent computing and the ones
required for mobile service solutions affensorsvork

for Context AwarenessActuatorswork for device in-
terface;Communicatiorwork to support collaboration
and the inference machine, and; Belief-Desire-Intention
and other techniques in agent based computing work for
inference. Agents seem to offer a set of features that are
closely aligned with the requirements Mbbile Perso-

nal AssistantsAgent concepts such aguatednesand
adaptivityoffer promising tools of abstraction and com-
putational methods for building software that operates
in such environments. The concept activiness
can potentially help build systems that reason about the

Abstract Architecture for
Mobile Service Applications

Mobile Service Application

Context-awareness -> Sensor

e -> 3APLMachine

VDevme Interface -> Actuator

Sensor Actuator

3APLMachine

r Belief Base
Capability Base
1) Plan Rule Base

IoneI0qER0)

Deliberation
Process

JOJEOINWILOD <- U

Inference

Communicator

user’s goals and how they may be achieved. As poin- °

ted out by [L3], agent-based software engineering pro-

Up

vides the tools to implement these requirements, proviigure 7: Relationship 3APL-M Components and Abstract Architec-

ding the solutions described below.

Furthermore, the developer must elaborate the detalil
design document, which describes the internals of each

ture Mobile Applications

o L E]ents ofMobile Personal Assistantsensorgor context-
application component and how to accomplish its tas o .
sensitivenessctuatorsfor content delivery, andom-

in thg overall system. The outcome from_thls phgse arr(ﬁunicationfor collaboration.
detailed documents and diagrams showing the interna

functionality of each component and its capabilities, asrcrfiltgelj:t[iz;tatl)attﬁs ég?nelﬁ?eenr;tssgg:nseﬁsI;r'\élh?é s(;c_em
well as descriptions of the data structures used to imple- P

ment them. In order to implement agent-badeteli- ure for Mobile Service ApplicationsThe relationship

. . . between components of the 3APL-M architecture and
ent Mobile Service Solutionise developer must count ) )
9 P the those of th&eneric Architecturere as follows:

on implementation platforms build based on the defi-
nitions proposed in thgeneric architecturenentioned
early in this work.

The platform for building agents in mobile devices
must provide solutions for the problems inherent to the
environment, such as computing resource availability,
networking, security, interfacing and compatibility. Ex-
amples of questions that arise while implementing this
class of applications are: how to execute the delibe-
ration cycle in the limited computing resources envi-
ronment?; how to implement the structures for context
awareness and content delivery?; what agent-oriented
language to use for the development of the application
knowledge structures?; which programming language
to choose for the application development?

In [14] we introduce the 3APL-M (Triple-A-P-L-

M) platform for implementing deliberative autonomous
agents that execute on mobile computing devices. This
platform is grounded on the understanding of agent sys-
tems provided through the 3APL language, presented
by [15 and extended by1l6]. It works as a scaled
down implementation of the 3APL language interpre-
ter re-designed for the requirements of mobile compu-
ting applications. The inference system implements the
Belief-Desire-Intention paradigm. Moreover, it supplies
the programming structures to deliver for the require-

the component fo€ontext Awarenessis suppor-
ted by the the 3APL-M'sensorcomponent along
with processing rules related to capturing and re-
presenting environmental data. This component
supports the interactions between mobile service
application and the local environment.

the component fobevice Interfaceis supported
by the the 3APL-M’'sactuator component along
with processing rules related to the activities of in-
ferring, composing and displaying information to
the mobile user. This component supports the in-
teractions between mobile user and mobile com-
puting device and application.

the component fo€ollaboration is supported by
the the 3APL-M’'scommunicatocomponent along
with processing rules related to the activities of
coordination, data communication and negotiation.
This component supports the interactions between
applications and users.

the component foinference is implemented by
the 3APL engine and supports the internal interac-
tions in the applications.



Let us consider the development of fPersonal Mo- problem of supporting intelligent interactions, which
bile Assistanfor nurses in the illustrative scenario. Asleads to the creation of intelligent mobile support.
explained, nurse’s personal assistant must coordinate Future work shall focus on elaborate on the methods
the interaction between them and the corporate datts design mobile service solutions to support multi-user
base. | recall that the required functionalities are to bscenarios. The discussion proposed the parallel bet-
able to: (a) exchange data between two or more nursaseen the structures in agent computing and the ones
(b) sense time and location; (c) interface with nursesgquired for mobile service solutions. The use of agent-
(d) exchange data with corporate database, and; (e) dmsed computing for the modelling and implementation
liberate on application’s interactions with the environ-of intelligent mobile services based on the specificati-
ment, pro-activeness and on intelligent behaviour relans presented by this work is material for future works.
ted to interfacing with user and collaboration to other
applications. Referéncias

Figure8 describes the solution. For the implemen-
tation of the location context-awareness, skasorgor
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