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Abstract.
sive environments based on semantic web services, in whivites

are located in distributed devices and the interaction eetwlevices
and the environment takes into account the dynamics of gk
information and the availability of services. In the propdsnodel,
all functionalities in the environment are provided as dnees of
services, which are automatically discovered and execiatexiip-

port the users in specific tasks. We illustrate our ideasutiti@ pro-
totype implementation in our university library, in whichcltion

aware information is provided to users to help them locaend of

their interest.

1 Introduction

Intelligent responsive environments are physical envirents which
can sense the necessity of certain services and providetthesers
at the appropriate time and location. For example, a studesti-

brary could check from his PDA what books are available, thase

In this work we propose a model for intelligent respon-

We introduce the utilization of aAssumption based Truth Mainte-
nance System - ATMS] to manage the provision of services, based
on the relations between preconditions and effects for sealice. If
the context of a user changes, the updated available semtiogide
new alternatives to reach the user goals. The ATMS identifies
mal sets of preconditions that suffice to obtain a given gffezsed
on the descriptions of the available services.

Any functionality in an environment based on our model is-pro
vided through web services running on mobile or fixed deviCes
prototypical implementation employs two existing middéees sys-
tems for ubiquitous computing: (1) The WSAmI middleware][18
provides a protocol for the discovery and location of welvises;
and (2) The MoCA middleware [30] provides the means to cbllec
contextual information about mobile devices in the envinent.

In section 2 we discuss the importance of context awareoe#s-f
telligent responsive environments, and how this conceptbeaim-
plemented usingask-driven computingn section 3 we briefly re-
view the notion of assumption-based truth maintenancesystand

the courses in which he is enrolled in that academic termeGnc how they can be employed to help manage the services inigatet|

book is selected, the environment could inform the studenvugh
his PDA, about related books that can also be relevant fosthid-
ies. The environment could also determine the location ®RBDA
- and hence of the student - and provide directions for theestito
find the desired books, as a sort of "electronic compassalkirthe
environment could search for other users who could be clogeet
student and share similar interests with him, and informstiaeent
about these users.

In order to provide users with automated services that erthbse
functionalities, an environment must identify the reqdiservices

responsive environments. In section 4 we discuss semasticser-
vices and their relevance to intelligent responsive emvirents. In
section 5 we introduce our model for intelligent respongmeiron-
ments, based on semantic web services. In section 6 we pagen
prototypical implementation at a university library. Higain section

7 we present some conclusions and proposed future work.

2 Context-awareness and Task-driven computing

based on the goals and the context of the users. The required jAn intelligent responsive environment must be sensitivénéocon-

frastructure for an intelligent responsive environmeiotudes ubig-
uitous computing, ubiquitous communication, adaptiver uster-
faces, and the capability to collect and interpret contxtuforma-
tion [1, 14, 32].

text of its users. In the present work we adopt as a definitiaroo-
text what is found in [10]: context is any information that can be
employed to characterize the situation of an entity.eftity can be
a person, a location or any physical object that is relevatie in-

In the present work we propose a model for intelligent respon teractions between the environment and its users. In ouk,wee
sive environments based on semantic web services [4]. Wéogmp consider that people can be identified by digital devicey taery

theWeb Services Modeling Ontology - WSM@ich belongs to the

Web Services Management Framework - W8] for the seman-
tic specification of services in the intelligent respongwgironment.

with them, such as intelligent responsive phones and PDAs.
A context sensitiveystem uses contextual information to provide
relevant information and services to users [8, 39]. Oncérttoema-

The WSMO is based on four elements: (1) goals, (2) servi@s, ( tion about the status of a device has been captured, theoanwnt

mediators and (4) ontologies. These elements relate to ethen
through the WSMF, which is based on a particular flavor of dpsc
tion logics called=-Logic[21].

Our model is based on the notion taisk driven computingB9],
in which the users of an information system must focus om theks
of interest, instead of the means to accomplish these tasks.
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must process it and match it with a contextual model to infer-c
textual information. Many existing systems for intelligeesponsive
environments adopt a layered approach, in which sensednafmn
is used to feed a contextual model, and services are proegito
users based on this model [34]. The overall quality of sewimn
these systems is bounded by the quality of the contextuaémod

We have implemented context awareness in our system through

task-driven computingWhen a user moves to a different location



in the environment, services and available information trbesup-
dated and reconfigured accordingfask-driven computingB9] is

a technique to design systems in such way that users intertct
high-level descriptions of tasks they wish to see accometis in-

stead of dealing with lower-level internal services preddy the
system. Using task-driven computing, we haasksas an interme-
diate level of abstraction between the goals and intentidnssers
and the available resources in the environment that chaegend-
ing on context.

Tasks and sessions are connected through four architectura
cepts: (1) Task management - management of relations betasles
and contexts; (2) Encapsulation of services - appropriaséraction
of services to be offered to the accomplishment of taskdyig8)age-
ment of sessions and services - configuration, discoveryaarti-
nation of services; and (4) Environment management - desgaand
management of information related to devices and servetated to
each context.

Several lower level infrastructures provide the means fiément
these concepts, e.g. Jini, Universal Plug and Play - UPnFSand
vice Location Protocol - SLP. These infrastructures, heneaddress
mainly the management of individual services. Task-drivemput-
ing is implemented on top of these infrastructures, to atteevman-
agement of composed services.

accomplish that task. This is a necessary step for servicgasi-
tion, which must be complemented by the appropriate ressui@
orchestrate the identified services.

4 Semantic Web Services

A web service is the abstraction of a functionality that dtddoe
provided by a concrete agent [38]. A web service must be weell d
fined and self contained. Operationally, a web service isipd as

a computational resource which employs SOA&#(ple Object Ac-
cess Protocqlpackages over HTTHRHypertext Transfer Protochl
The description of web services is made using WSielf Service
Description Languagde It comprises the public methods and param-
eters available for remotely calling a service.

Web services have been extended with semantic descripions
extension of the OWL language [4] has been proposed spdlgifica
to encode ontologies for semantic web services. This eixteras
been called OWL-S@ntology Web Language for Servig¢a6].

We have adopted thé/eb Services Modeling Ontology/SMO
[29] for the semantic description of the services availattbe envi-
ronment. This ontology has been built for the specificatioseman-
tic web services, to allow the discovery, execution, mamnitp and
composition of web services. We have used this ontology tods

Other systems provide the means to implement service camposthe services provided by the environment and how they rédeach
tion, e.g. Enterprise Java Beans, CORBA and Web ServicesseTh other. The WSMO is part of a larger framework, the WSMFeb
systems, however, do not addregdsatservices should be combined. Service Management Framewd(#3].

This is indeed a complex problem, presently studied by many r

search groups [39, 34, 28, 35].

3 Assumption-based Truth Maintenance Systems

The goal of an assumption-based truth maintenance systeMA
is to identify minimal sets of assumptions that can justifyoaclu-
sion. An ATMS can work in conjunction with a logical inferenc
system, to help search a knowledge base and find useful dtomec
between logical assertions. The details including impletet#on is-
sues - about ATMS can be found in [9].

Essentially, an ATMS manages the following: (1) Premises -

premise is a justification - i.e. a logical assertion - thaégloot de-
pend on other conditions to be true. Roughly speaking, fesponds

The WSMO defineservice capabilitiesas 4-tuples of the form
assumptions, pre-conditions, effects and post-conditi®PEP).

Based on web service APEPSs, a client can find the adequate ser-

vice for its goal. Assumptions and effects work as constsain the
specification of the context of the environment. Pre-cdon# and
post-conditions correspond to inputs and outputs of theigi@n of
a service. As an example, the assumption

?sonmeSt udent [ hasDepart ment hasVal ue "1 ME"]
menber O f ex#St udenFeni x

establishes that a service is provided only to students etNtE

gdepartment, and the pre-condition

?sonmeBook nenber OF | i b#Book

to a fact in a PROLOG program; (2) Assumptions - an assumjion €stablishes that the service requirdgBoak as input.

a logical assertion whose own set of assumptions is emphus
tifications - a justification is a Horn clause that implememtsgical
assertion; (4) Nogoods - a nogood is the negation of a prerfiye
Environments - an environment in an ATMS has a meaning differ

from the one we have used in this work. Essentially, an ATMS en

vironment is a set of assumptions that justifies a conclysiod (6)
Labels - a label is a set of ATMS environments.

Given an arbitrary logical assertion, the ATMS makes usespiea
cific algorithm to search its set of justifications and find ldtee| that
corresponds to it. The label that is built by the ATMS alduritis
such that the environments are minimal, i.e. they corregpomin-
imal sets of assumptions that can be used as alternatives\inl@
logical support to the selected assertion.

We have borrowed these concepts to support the management o

tasks in intelligent responsive environments. Essegtiafe have
built an implementation of the original ATMS, in which assptions
are directly connected to available services in the enwigmt, and
logical assertions are connected to tasks. When a task semtex
to the environment, it uses the ATMS and the currently (iteha
present context) valid justifications to find the serviceseids to

The WSMO defines two visions farervice behaviar(1) chore-
ography - informs the clients how the web service works and (2
orchestration informs other web services about the beha¥ithe
service.

The behavior of the service is characterized dimite state ma-

ching in whichtransition rulesdetermine the consequences of spec-

ified pre-conditions. If the pre-conditions of a rule ardifigd, then
the consequences are achieved. The client stores the Gthteaxe-
cution of services. When a rule is used, its consequencessaed
into the state. A transition rule transition has the form:

i f (?soneStudent[hasLocation hasVal ue
?soneLocation] nmenmber O fex#St udent Feni x)
t hen

add( ?rel at edbooks menber O | i b#Rel at edBooks)

This rule is interpreted as: if the client state containsgtuglent
location then a list of relevant books can be found.

The WSMF defines an execution environment for semantic web

services, which however until the date of the preparatidhisfpaper
had not been implemented.



Each transition rule relates to a concrete method of the WSDL
interface. We have defined execution properties for eactsitian
rule (method) of the web service. These properties areectlet:
(1) types of the results of the method, which cangegsistentor
transient and (2) frequency of execution the method, which can be
onceor manytimes.

For example, location dependent services may need to beéagpda
frequently and relate to the user instead of the device. Sewlices
may be classified @sasient-manymethods.

5 Proposed Model

Our proposed model for intelligent responsive environmé&based
on task-driven computing. It employs an ATMS to identifyyen a
task, the services whose composition can accomplish it.atheal
communication and exchange of services between devicesséesb
on semantic web services.

In this section we provide a brief overview of the model. Aailleid
account of our model, as well as of how to access the correémpn
code of its implementation, can be found in [15].

5.1 Architecture

Our proposed architecture is based on three component&ni)
ronment server - this component manages the relation beteaa-
ponents and devices, as well as the discovery and executisegr-o
vices. Itis located on a fixed node in a computer network; yi8e
providers - these components are the components that, wieen e
cuted, offer some service to the environment. Service gaygican
be fixed or mobile; and (3) Environment clients - these areebesl
in mobile devices.

These components are depicted in Figure 1. The client sends t
the environment server updated contextual informaticsk tkefini-
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Figure 2. Components of the environment server.

tions and knowledge base facts. The environment serveodise
and executes appropriate services and updates the uselekigew
base with contextual information of the device and resultses-
vice executions. Figure 2 shows the components of the envieat

server.
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Figure 1. Basic components of the proposed architecture.

The proposed architecture defines three repositories:gljic®s
repository - stores the semantic specifications in WSMO efsir-
vices that are available in the environment. We have impieetktac-
cess to this repository using resources available from WSAe
services discovery mechanism searches this repositorjsoower
the available services; (2) Ontologies repository - stalesntolo-
gies employed in descriptions of services in the envirortméhe
required ontologies are retrieved from this repository nacpss in-
ferences accordingly in order to build service compos#j¢8) Code
repository - stores Java classes dynamically generatetddeovices,
which are loaded in real time for the automatic executioreofises.

A context manageperforms the efficient management of services
in the environment, based on declared connections betwaies p
context / service. Services that are not connected to argifepen-
vironment are generic services, considered to be avaiialalk con-
texts. The composition of services is built based on infegsmper-
formed using F-logic, in order to discover implicitly awile ser-
vices. The context manager also monitors the context of &eev
and updates its set of available information accordinghisTs im-
plemented using MoCA [30] to match locations with contextsis
providing the required relation between location and cdnte the
system.

The available information and services identified by thetexin
manager feeds treervices discovery mechaniswhich then triggers
the ATMS to relate services and information with potentifies
that can come out of them. These effects determine what tasks

For each device in the environment are created an associatdze accomplished.
ATMS and knowledge base.

Once the required services to accomplish a task are detedmin



they are invoked using Rynamic Invocation InterfaceDII for Jax- In this mapping we use the convention for ontologies, whisésu
RPC DIl requires the following concrete pieces of informatititn ~ has notation for named concept attributes; and the convention f
be triggered: the service execution end-point, the nambéefpe- classes, which usgget - set notation to access class properties.
cific method to be triggered, and the required objects thadtfan as
parameters of the method.

The same methods that implement the invocation of serviaps ¢
ture the results of the corresponding services and updatétor-  The process for service discovery is divided in two phasgdogical
mation available to each device accordingly. service discovery, which uses service capabilities to magrvices

Each device has a set of pieces of information that charaetits with the user goals; and (2) ATMS based services composition
context, which includes information about location. Tlsisalled the  which rule transitions are propagated and an ATMS is useden-i
knowledge basef the device. The knowledge bases are constantlyify valid environments that characterize minimal sets &qondi-

5.2 Service discovery mechanism

updated by the context manager. tions for services.
The sequence of steps for discovery and execution of seriéce  The ATMS manages the context of the environment and the
as follows: knowledge base manages the context of the user and the device

) o ) ) ) ) Services and ontologies are rewritten as F-Logic [21] &isgey.
Registry: A device is registered in the environment. The environ- o sepvice must satisfy the following condition:

ment builds a knowledge base, an ATMS and a context for the
device. 3Ser o O, Serpos, K Bui . G :
e . . 3 08y dis F—Logic A SET}”
Specification of a task: A user sends to the environment the de- _ _p A _g P _
scription of a task. This can be done explicitly and manubjly ~ whereSer is the serviceQ are the ontologiesyer;.. are the service

the user, or automatically by a device carried by the user. post-conditions K Basy in the device knowledge base of the user,
Identification of available services: The context manager retrieves G is the user goal anflery,;;, are the assumptions. The services that
the set of available services. satisfy the goal are selected for the next phase.
Matching of task and services: Using the ATMS, minimal sets of The transition rules of the services described in the previtis-
services are identified in order to accomplish the desirskl ta covery phase are rewritten as ATMS justifications. An ATMStifii+

Execution of services: The appropriate services are invoked, and cation has the form:
the results of their execution are stored in the appropkiatsvl-
edge bases. If the task cannot be accomplished, pro-aetipesh .
provided to the user, suggesting nearby locations wheree¢he < ef fecti, {{condition., conditions, ...}, {.. .},...} >

essary services can be found. . .
y whereef fect; and condition; are the effect and conditions of a

The context manager updates the user’s knowledge baseawith ¢ transition rule. For example, in the following transitiane:
textual information, including the user location. The extttmanager

. S S . i f (?soneStudent [ hasLocati on hasVal ue
also stores service availability information in contexpass such as: ( !

?sonelLocation] nenber OF fex#St udent Feni x)

< { ?someStudent[ hasDepartnent hasVal ue "1 MVE"] t hen
menber Of f ex#St udent Feni x }, add( ?r el at edbooks nenber O | i b#Rel at edBooks)

{Library} > the ATMS justification is:

This pair, for example, defines that thebr ar y service is avail- _
able for students of theVE department. This association allows the < ?r el at edbooks member Of | i b#Rel at edBooks,
reduction of the search space and the management of sewdite a { {?someStudent[hasLocation hasVal ue

ability in the evironment. ?sonelLocation] nenber OF fex#Student Feni x}},
The implementation of this module makes useCbS andLIS ~ { ?sonmeStudent[haslLocation hasVal ue _
services of the MoCA middleware [30] for contextual and timra ?sonelLocation] nenber O fex#Student Feni x}
dependent information. => ?rel at edbooks nmenmber O | i b#Rel at edBooks >
Facts in the knowledge base are stored as pairs of WSMO expres _ -
sions and Java objects. The expressions describe the Jautsphnd This justification is propagated in the ATMS. The conditiafs
the objects are reified as WSMO expressions. Consider, fonple,  the transition rule are added to the ATMS as assumptions. A3
the pair: assumption has the form:
< (?soneStudent [ hasLocation hasVal ue < cond;, {{condition; } } >
?sonelLocation] nermber O fex#St udent Feni x), o ) ) ) ]
{Student @232f asf, Student @g3122} > Justifications are propagated in the ATMS to identify appedp

ATMS environments.

In this example we find the definition of which objects have an  When there is a change in the availability of services, thM&T
attribute associated to theasLocat i on ontology property. This  must update its sets of assumptions. Each environmentiosrite
association allows the retrieval of the appropriate ogjata WSMO  minimal and consistent assumptions required to accomplitdsk
expression for the execution of services. that is relevant for a user.

The WSMO expression describes the attributes which have the The ATMS of a device is updated with the services that ard-avai
Java objects. For example, in the previous case, the expneiss able in a context and useful for the user task. Pre-conditddtransi-
dicates which thét udent objects have the attributeocat i on, tion rules of services that are no longer available are wétvd from
for the propertyhasLocat i on. the ATMS. A service is not available if we have (1) commurimat



problems, e.g. the end-point of the web service is not aifdessr
(2) the service does not satisfy the constraints of the gbeteviron-

The server has a fixed network node and an IP identifier. We have

employed a JBoss applications server as a container of weicag,

ment, e.g. when the user moves to an area where the servigetcan and CORBA to manage the communication with the client.

be executed.

In Figure 4 we show the main classes used in the implementatio

The knowledge base manages the context of the device, and tla# the environment server:

ATMS manages the context of the environment and the avéilabi
of services required for the user task.

When adequate ATMS environments cannot be found, new ser-

vices are searched to be placed as assumptions in ATMS enviro
ments. In other words, assumptions become sub-goals acal/dry

is restarted to look for further assumptions that suppa@sehsub-
goals.

Knowledge base
device ATMS device

=1~

Matchiﬁg

Figure 3. Matching ATMS and the knowledge base.

For example, in Figure 3X andY are the sub-goals and the en-
vironmentsE;, E; and E, are the new environments found for this
sub-goals. Thus, the previous ATMS state is:

< effect, {{X Y},{2Z}} >

Propagation of new justifications for the environmehtsY and
Z produce the environment8;, E; and Ey. The new ATMS state
is:

< effect, {{X Y}, {XB},{Y,A , {AB},{Z},{C} >

Proactive support is provided to the user: when it is notiptesto
add new rule transitions to find an environment that can suppe
user task, recommendations are provided so that the uset@anto
a better location where perhaps the required condition®edound.
For example, if the environment has the assumption:

?sonest udent [ hasLocati on hasVal ue "areal"]
menber OF f ex#St udent Feni x

then, in order to satisfy this environment is recommendéateaiser
to move toareal.

6 A Prototypical Implementation: The math
library at the University of Sao Paulo (USP)

We have built an experiment to test our ideas at the Libraryun
Institute. In order to build this experiment, we have impégred an
environment server on a high-end portable computer usiB§ dhd
a generic client on a PDA using the Microsoft .NET platform.

FAtom
le : LogicalExpression

Servigo UR do WSAMI

Servigo ND WSAmI

Environment

atom : FAtom

Bas:

fatos : Ha

Host

Justificativa

consequente : FAtom

ATMS
nodes : Collection

jcalExpression

condi

conceptos : Collection

MoCA

cis: CIS

Quickinference

CORBA Servant

‘ WSMO2Flora | | Motor Flora

Motor

kb : Base de C
atms : ATMS
tarefa : FAtom

Object2Flora

Fundamentador

invocadores : Collection<invocador de servico>

Invocador de servigo

class loader do ambiente : URLLoader

javaxxanl.pe

Jar de servigos

Figure 4. Main classes in the environment server.

Device engine: This class encapsulates the objects and methods re-



quired for the discovery and execution of services. Eactainte that were executed under normal conditions (i.e. when the

of this class contains an ATMS and a knowledge base connected previous function returnsr ue).

to a specific device. This class also implements CORBA object Excepti on get Last ProActi ven( Host Dat a) : This func-

to manage the connection between the server and the clients. tion publishes the services and methods that were execatit u
Host: Manages the information about a mobile device in the envi- abnormal conditions (e.g. when pro-active behavior isiregi.

ronment. The contextual information collected by MoCA is up Excepti on getLast Mul ti pl eQoj ect (Host Dat a): This

dated in this class. function returns a list of potential objects related to acapt.
Knowledge base: Manages the knowledge base of a device. Posi ti onDat a get Positi on(HostData): This function
ATMS: Implements the ATMS corresponding to each device. returns the location of the device.
Service: Manages the information related to a service in the envi-St ri ng[] get KB( Host Dat a): This function returns the
ronment: execution end-point of the web service, an ingtasic knowledge base of the device as a collection of WSMO

the WSMO model that describes the service, the URL where the expressions.
implementation of the service can be found, and a servicgueni voi d addFact ToKB(Host Data, String): This function
identifier. adds a new entry to a knowledge base.
F-logic engine: Manages and performs inferences in F-Logic.
WSMO2F-logic: Translates WSMO service specifications into F-
logic notation.
Services repository: This class is based on the servi¢diR andND
found in WSAmI. It retrieves services registered in the WSAm

universal repositoryYR) and searches for specific services that Nteroperability betweenNET andJ2EE. _
match with the service identifiiD, based on the semantic spec- W& have implemented a generic graphical user interfacehao t
ifications of services declared in WSMO. users can interact with the environment using WSMO senterke

Context manager: Manages the relations between services anduserfriendly interface should be built on top of this inbed to make
contexts. this system truly available to end users. In our specificqiype, the

Services discovery: Performs all required steps to identify sets of WSMO sentences represent books in the library, their lgbdiphical
services given a task. information and physical location.

Service identifier: Connects each set of services given by the ser- Ve had to build a map of the library to configure the location se
vices discovery to the corresponding methods whose executi VICe Provided by MoCA. The library was organized in 104 areas
corresponds to those services. We have built the following ontologies for this example:

Execution manager: Orchestrates the execution of the other ; brary: In this ontology we have built concepts related to

The client was implemented using C# and Microsoft Visuat Stu
dio .NET 2005. It runs on Windows CE 5.0 in an HP iPAQ Pocket
PC. It is essentially a client for the web services providgadte
environment server. Web services are the means to allowlsssm

classes. o _ _ books in a library, such aBook, Li st Book, BookThere,
Execution environment: Implements service invocation objects for  gookpl ace andRel at edBooks.
each method to be executed. Feni x: In this ontology we have built concepts related to aca-

Service invocation: Identifies the required parameters for the exe-  qamic records of university studeftst contains concepts such
cution of methods that implement a service. Queries the know 5 st ydent Feni x, Teacher Feni x, Cour seFeni x and
edge base of a device to identify JAVA objects whose semantic Depar nent .
description matches with the required parameters. WheesReC anpj ent : This ontology contains concepts related to the environ-
sary, this class also updates the knowledge base. ment, such aBevi ce, User andCont ext .

Object2F-logic: Translates F-logic expressions into JAVA objects. | qcat i on: This ontology contains concepts related to locations

in the environment. The base concepL@cat i on, with corre-
Access to the environment server is made through a web ser- sponding attributes, yandz. It also contains the conceBegi on

vice which abstracts the relevant processes in the envizahro that refers to a composite area in the environment. For eleamp
the clients. The interaction between the clients and the@mwent a book can be associated withLacat i on that belongs to a
server is implemented by the following functions: Regi on.

Peopl e: This ontology contains concepts that characterize the
voi d register(HostData, ContextData): This func- presence of people in the environment.

tion registers a device in the environment. It takes the MAC
address of the device encapsulatedHost Dat a and an initial

context in Cont ext Dat a. Contextual information is encoded fepj x: with this service the user can check the academic status of

We have implemented the following services in our prototype

as sentences such asrhistian[hasNusp hasval ue a student. The service provides the following information:
"5055668"] nmenmber Of Student Feni x. | K . h in which th .
voi d set Cont ext For Host (Host Dat a, Cont ext Dat a) : 1. gzr?r;\l/:gt books according to the courses in which the stusle

This function updates the context of a device using the iméor
tion contained irCont ext Dat a. 2. List of courses in which the student is enrolled.
bool ean hasExcepti on(Host Dat a, Goal Data): This
function starts up the process of discovery and execution of
services. It takes the specification of a taskdmal Dat a and
returnst r ue if the process is successful, 6l se if some
exception is triggered, e.g. requiring pro-active behavio

VebServi ceDat a[] get Servi ceFor Goal (Host Dat a) : 2 The nameFenixrelates to the information system used at the University of
This function publishes the services and correspondinghooist Sao Paulo for that purpose.

3. List of books that are available in this library and can éle+
vant to the student.

Li brary: This service encapsulates all functionalities provided by
the library. It allows the following operations:




. Enter a queue for the withdrawal of a book.
. Find books that relate to a book of interest.
. Find books that relate to a specific topic.
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. Find books that are physically close to the present lonatf
the user.

Locati on: This service guides the user to find a book within the
library. It takes a book ID and a student ID and location anakres
directions to find the book.

All interactions between the user and the environment reoutih
WSMO sentences expressing terms of the environment orgslogy
generic mobile client was implemented on a Pocket PC under Wi
dows CE. This client implementation allows (1) to send gaksf-
nition to the environment server; (2) to add and remove fathe
knowledge base, including context information; and (3) dosult
facts in the knowledge base and transient information.

Figure 5 shows the generic interface of the client applicatand
Figure 6 shows the interface for library environmet. It skdhe di-
rections presented to a user to find a selected book.

Figure 5. Generic client application running in environment device
(Pocket PC).

Figure 6. Library environment interface.

7 Conclusions and Further Work

In [12] some scenarios are presented in which intelligespoasive
environments can be useful. These scenarios also poseruped for
research in ambient intelligence. We suggest three sasnarshow
the potential of our proposed model:

1. An environment that reacts to the presence of pedpl¢his sce-
nario services are discovered according to the user lgtafior
the user, it means that the environment reacts to her preséren
she moves e.g. into tHe oomL" area.

This scenario is based on a sensor-actuator model. Semeats-a
vices on the environment in charge of capturing contextufalri
mation and inform the actuators which handle physical ceamny
the environment. In our proposed model sensors and actuater
controlled through services.

For example, consider a thermometer in areani (sensor) and
a heater in the same area (actuator). The thermometer canheav
specification:

i f (?user[hasLocati on hasVal ue "rooml"]
menber O User)
t hen
add( ?t enper at ure nmenber O Tenper at ure)

This transition rule defines that the sensor returns the éeatgre
in arear oonL. The heater can have the specification:

i f (?tenperat ur e[ hasVal ueCel si us
hasVal ue ?soneval ue]
and ?user menmber O User)
t hen
add( ?t emrper at ure
menber O Envi ronnent Tenper at ur e)

This transition rule defines that the heater returns theretbsi
temperature for a given user. The implementation of theeneat
can contain further rules that specify what to do to move from
Tenper at ur e to Envi r onnent Tenper at ur e. The discov-
ery mechanism allows sensors and actuators dynamically.

. A'location aware recommendation system for a wide aheahis
scenario we consider a wireless network area such as a roktrop
tan area and a location system such as GPS or Placelab [23] for
this type of environment.

Services are associated to specified areas in the metapali¢a.
When a user moves about, appropriate services are disdovere
and executed. For example, consider a recommendationnsyste
for consumer products. A user can add to his knowledge base th
intention to buy some product, e.g. a refrigerator:

fridge[ hasModel hasVal ue "LG']
menber Of Product .

pref erence[ haskEl ement s hasVal ue fridge]
menber O Pref erence.

Environment services can be implemented for a shoppingimall
the area under consideration, containing rules like e.g.:

i f (?soneprefer[hasEl ements hasVal ue
?soneproduct] nenmber O Preference
and ?user[hasLocati on hasVal ue ?somnearea]
menber O User
)
t hen
add( ?somel nfo nenber & Product | nformation)



In this scenario, users can access their architectural coemts

based computing has great potential in many applicatioasarehe

(knowledge base, ATMS, discovery and execution mechanismsflexibility provided by web services and task-based conmupi use-

through the Internet without losing their states.

Additional service capabilities can be provided by addiegnan-
tic descriptions for those functionalities. For examptebty se-
lected products, service implements that functionalitg WSDL
method associated to the next transition rule:

i f (?sonepref er[ hasEl ements hasVal ue
?soneproduct] nenber O Preference
and
?creditcard[ hasUser hasVal ue ?soneuser,
hasType hasVal ue ?soneType]
menber & CreditCard
)
t hen
add( ?sonest at us[ hasSt at us hasVal ue buyK]
menber O St at usPaynent)

3. An environment capable of providing composite services:
In this scenario we can illustrate the implementation ohiec-
tural services with the purpose if accessing componentswkn
edge bases) of other devices in the environment, thus Igdkin

alternative means to accomplish a task. Sophisticatechiplgn

ful to support scalability and the seamless utilization efenoge-
neous devices. The semantic specifications granted by siemaai
services and semantic web technology is useful to desighistop
cated interaction mechanisms. The utilization of ATMS tosteain
the sets of relevant services to accomplish a given task ta&ip
to be a useful tool to improve the computational efficiencythaf
model. Indeed, our experiments have indicated that thiseizzth be
implemented efficiently, to abide by the real time requirataghat
characterize intelligent responsive environments andtioo aware
systems, at least for systems in which the composition ofices
does not require the utilization of highly sophisticatedrpling sys-
tems.
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