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Abstract

In anagewhere wirelesslynetworledappliancesaandde-
vicesare becomingcommonplacgthere is a necessityfor
connectingthemto work together for a mobileuser The
designoutlinedin this paperprovidesaninfrastructue and
communicatiorprotocol for providing 'smart’ servicesto
thesemobile devices. This flexible framavork allows any
mediumto be usedfor communicatiorbetweerthe system
andtheportabledevice includinginfra-red,andBlueTooth.
Using ExtensibleMarkup Languaye for information pass-
ing, givesthe systema uniform and easily adaptablein-
terface We explain our trade-ofs in implementatiorand
throughexperimentsve showthatthe designis feasibleand
thatit indeedprovidesa flexible structuse for providing ser
vices. Centaurugprovidesa uniforminfrastructue for het-
erogeneousservicespoth hardware and softwake services,
to bemadeavailableto theusers everywhee wheethey are
needed.

1. Intr oduction

As the world moves towards greater automationin
homesand offices, we enterthe realm of ‘SmartHomes’
and ‘SmartOfices’ controlled by sensorsand/or portable
devices,wherenotonly hasmobility beenincorporatedbut
whereintelligencehasbhecomeaninherentpartof providing
services.Now-a-dayswe seea lot of ‘intelligent’ services
that use somekind of logical reasoningto provide better
and more relevant supportto individual users. Thesede-
vicesandserviceswill haveto beintegratedseamlesslynto
theenvironmentthatthe useris familiar with andprovide a
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uniform interfaceto ary device thatthe usermightwantto
use.

Our goalis to provide an infrastructureand communi-
cation protocol for wirelessservices,that minimizesthe
loadonthe portabledevice. While within a confinedspace,
the Client canaccesghe servicesprovided by the nearest
CentaurusSystem(CS) via someshort-rangecommunica-
tion. TheCSis responsibldor maintainingalist of services
available,and executingthemon behalfof any Client that
requestghem. This minimizesthe resourceconsumption
on the Client and alsoavoids having the servicesinstalled
on eachClient thatwishesto usethem,which is a blessing
for mostresource-poomobileclients.

We alsoexpectall Servicesto communicatevia Exten-
sible Markup LanguagegXML). We found this W3C Stan-
dard[3] to beveryusefulin definingontologiesanddescrib-
ing propertiesandinterfacesof Services As thisis already
beingwidely used,we think thatit will helpin integrating
Centauruswith alreadyexisting systems.The information
flowing in thesystemis strictly in theform of CCML (Cen-
taurusCapability Markup Languagewhich is built on top
of XML.

To verify thefeasibility of our infrastructureyve will use
IR [8] for communicatiorbetweerthe Clientandthe CSin
our first stageof the development.Oneof the main draw-
backss thelimitation of theinfraredarchitecture However,
we believe that the simplicity and the affordability of the
infrareddevicescanovercomethesdimitations. We would
like to emphasiz¢hatany othermediumcould be usedfor
communicationincluding BlueTooth; all we provide is the
framework.

This paperis organizedasfollows: Sectionll discusses
othertechnologiesIn Sectionlll, the designandmodeling
issuesarecoveredwith theactualimplementatiorbeingde-
tailedin SectionlV. Thecommunicatiorprotocolis briefly
illustratedin SectionV. The resultsof the experimentsare
describedn SectionVI, we discusssomeof our future re-
searchareasin SectionVIl andSectionVIll concludeghe
paper



2. RelatedWork

In the last couple of years,a numberof technologies
have emeged that deal with ‘Smart’ Homesand Offices.
Among them are the Berkeley Ninja Project[1], the Por
tolanoproject[1§ from theUniversityof WashingtonStan-
ford’s Interactve WorkspacedProject[18], andBerkeley's
Document-baseBramavork for InternetApplication Con-
trol [10].

The teamat Stanfordhasdevelopedhardware and soft-
ware testbedsthat include large display devices as well
aspersonaimobile computingdevicessuchaslaptopsand
PDAs connectedhrougha wirelessLAN. They arecreat-
ing aninfrastructurdor multiple usergo communicatavith
multiple deviceswith theability to move work betweerdif-
ferentdevices.

University of Washingtons Portolanoprojectis in the
earlystagesandis involvedin invisible computing’aterm
invented by Donald Norman [17]to describeubiquitous
computing,where devices supportingdistributed services
blend into the users ervironmentand becomepractically
'invisible’. Theuserwouldinvoketheseservicesotjustby
input but alsothroughaugmentingorms of interfacinglike
usermovement, proximity of devices, identificationtags,
etc.

TheNinja projecttriesto link differentservicesthrough
arangeof devicesrangingfrom PCsto cell phonesandPer
sonalDigital Assistantg1]. It hasincorporatedntelligence
into the infrastructureand hasthe ability to adaptthe con-
tentto aspecificdevice.

Somedifferencedie in theimplementatiorof the appli-
cation,andthe securityinfrastructurd2]. Currentlywe are
workingonthesecurityaspecbf theframeawork. We areus-
ing asystemwhich combinedDistributedTrust[20, 21] and
Kerberog[12, 13]. It consistsof a ticket grantingsener,
that issuestime-boundsignedtickets for eachmobile de-
vice. Ninja tendsto concentrateon Web-basedServices,
whereasour systemis able to supportServiceshasedon
ary platform,aslongthey cancommunicatevith eitherthe
ServiceManagerthroughsoclets, or one of the Commu-
nicationManagerghroughthe native protocolandpossess
the ability to processCentaurusCapability Markup Lan-
guage(CCML)messagegthis is discussedn Section3.4).
We alsodo not distinguishbetweerhardwareandsoftware
Services.allowing the userto useeitherin the sameway.
Unlikethe Ninja project,Centaurusnfrastructuredelegates
the statemanagemento the Servicesthemseleswith the
ServiceManagerservingas the cache. The advantageof
suchapproachis the decreasedompleity of distributed
statemanagemenand increasedault tolerance. Evenin
the event of ServiceManagergoing down, the stateinfor-
mationis still presered,andit will beuploadedackto the
ServiceManagerafterit comesbackup. This happende-

causaheServicesendregularstatusupdatego theService
Manager Sinceall of thecommunicatiorbetweerServices
andClientsin the Centaurugrojectaredonewith the useof
XML, thereis no needfor complicatedOperatorsandPaths
usedby the Ninja projectto corvertbetweerdifferentdata
representations.

Thoughboththe Ninja projectandCentaurusareaimed
at providing a uniforminfrastructurefor a multitude of de-
vicesto useheterogeneouservicesCentauruss moreap-
plicable for ‘SmartHomes’and ‘SmartOfices’ becauseof
its independencef ary kind of specificcommunicationn-
frastructuresoit could be easilyimplementedn the wide
rangeof ernvironments.In addition, Centaurusarchitecture
is lessproneto the failuresof its componentdbecauseof
the useof multiple communicatiormodulesandautomatic
staterecovery in the event of the ServiceManagerfailure.
Whena ServiceManagerfails, it will beableto recoverits
statewhenthe Servicesand Clients sendit statusupdates
(describedn the Implementatiorsection).

3. Design

A ‘SmartRoom’is equippedwith a CentaurusCommu-
nicationManagey which continuouslybroadcaststhrough
somemedium aclientapplication.A persorwith aportable
device who entersthe room for the first time is giventhe
option to install the software. Oncethe applicationis in-
stalled, it continuouslyreadsthe updatedlist of services.
Thepersonis ableto choosea service selecta function,fill
in the relatedoptionsand executethe function. Theseser
vicesmay be providedby Centaurusystemstherthanthe
onethe portabledevice is connectedo.

3.1 CentaurusCommunication Protocol (CComm)

Centaurusprotocol is usedto communicatewith mo-
bile clientsandservices. The Centaurugrotocol consists
of Centaurud.evell protocol and Centaurud_evel2 pro-
tocols. Centaurud_evell Protocolis usedas a glue be-
tween someexisting communicationarchitecturesuch as
IrDA stack,BlueTooth, or TCP/IPandthe genericCentau-
rusLevel2protocol. TheCentaurus.evellprotocolhandles
connectioranddisconnectionssuesjdentificationandau-
thenticationof the clientsandinteractionwith architecture
specificprotocolssuchasIrLAP andIrLMP or BlueTooth.
The Centaurug evel2 protocolhandlegransmissiorof the
XML messagestime synchronizationmessagdragmen-
tation andre-assembly The Centaurud_evel2 protocolis
designedo beinsensitve to disconnectionshandlemulti-
ple clients,provide minimal turnaroundimesandbe easily
portable.In factin the currentimplementatiorall commu-
nication managersand client communicatiormodulesuse
the exactly the samecodebase.



3.2 Components

Therearefour maincomponentin a Centaurussystem;
the Service Managers,the Services,the Communication
Managersandthe Clients. The CommunicatiorManagers
handleall the communicationwith the CentaurusClient.
The CommunicatiorManagercould implementinga num-
berof differentprotocolsby having differentCCommmod-
ules,for example,onethathandleslR, anotherthat works
with BlueTooth, one that works with HTTP to provide a
webinterfaceetc. The ServiceManagersarethecontrollers
of thesystemthatco-ordinatehe messag@assingprotocol
betweerClientsandServices The Servicesareobjectsthat
offer certainservicego theCentauru€lient. At thepresent
momentthe Servicescontaininformationto enablethemto
locatethe closetServiceManagerandregisterthemseles
with it. Onceregisteredthe Servicescanbe requestedy
ary Client talking to any CommunicationManager The
Centauru£lient providesa userinterfacefor accessingnd
executing Services. Figure 1 shows the differentcompo-
nentsandtherelationshipsetweerthem.
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Sewice Manager. The ServiceManager(SM)actsasa
mediatorbetweenthe Servicesandthe Client. This s dis-
regardingthe fact that the Client sendsthe informationto
its CommunicatiorManagerthatforwardsit to the Service
Manager Whena Servicestartsup, it hasto registerwith
the ServiceManager sendingits CCML file. Thisfile con-
tainsits name,id andthe interfacesit implements. When

a new Client comesalong, the Service Managersendsit
a ServiceListObject. This ServiceListobjectchangegly-
namically accordingto the servicegegisteredwith the Ser
vice Manager So the Client always hasthe updatedlist
of services.The Client canselecta service,which causes
the ServiceManagerto sendthe CCML file for the service.
The ServiceManagerthen updatesits databasdo reflect
that the specificClient is interestedin the requestedser
vice. Wheneser the ServiceManagergetsa statusupdate
of the Service,it will sendit to all interestedClients. The
Clientwill continueto receve statusreportsfrom the Ser
vice, until it de-ragistersitself. The Client sendsthe new
CCML file to the ServiceManageyafterinvoking theinter-
facesof the Service.On receving this CCML, the Service
Managewalidatesthe Clientandthe CCML. If the Service
is still available,the ServiceManagersendgshe CCML toit,
otherwiseit is queuedfor a for sometime.Oncethis time-
out expires, an error is returnedto the Client. The SM is
alsoresponsibldor servicediscovery andleasing.lt allows
Servicedo registerfor a certainamountof time. If it does
not receve ary statusupdatewithin thattime, the registra-
tion is deleted. The SM implementsan intelligent lookup
for Servicesenablingthe Clientsto searctfor Serviceghat
provide a certainkind of or relatedfunction.

Communication Manager. Thisis responsibldor the
communicatiorbetweenthe Client andthe Centaurusys-
tem. As mentionedearlier the systemcan have a Com-
municationManageicontainingdifferentCCommmodules,
one for every type of communicationit wishesto imple-
ment. The CommunicationManagertalks via a certain
soclet to the ServiceManager This is allow Communi-
cation Managersand ServiceManagerdo be on different
system.Whenthe CommunicatiorManagerecevesinfor-
mationfrom a Client, it sendsthis informationdirectly to
the ServiceManagerthroughthe soclet. Whenit receves
datafrom a ServiceManagerit validateshedataandlooks
attheheadetto decidewhich Client to sendit to.

Sewices. A Serviceperformsacertainactionon behalf
of the Client. TheseServicescouldrangefrom controlling
alight switchor a coffeepotto controllingaprinteror even
amemopadservice whereClientscanleave messagefor
eachother EachServiceregisterswith a ServiceManager
by sendingits CCML file, alongwith its name,id and a
brief descriptionof its functionality. Every time its status
changesit informsthe ServiceManager It acceptsequests
only from the ServiceManagetthatit is registeredwith.

Clients. A Clientis a specialkind of Serviceandis
treatedasa Service.lt hasto respondo commandsndreg-
ularly sendstatusupdates A Clienttalksto the Communi-
cationManagerandregistersitself with a ServiceManager
This registrationis similar to the registrationof Services.
On registration,it recevesthe ServiceList,which contains
the currentlist of Services. The ServicelListis a Service



<l-- Entities --> <IATTLISTid  %name; >
<IATTLIST manager %name; >
<IATTLIST time  %value;>
<IATTLIST origin  %name; >
<IATTLIST location %name; >
<IATTLIST parent  %name; >

<IENTITY % name “name CDATA #REQUIRED" > <IENTITY
% value “value CDATA #REQUIRED" >
<IENTITY % type “type CDATA 4REQUIRED" >

<I-- Top level element -->
<I--- data declaration -->
<!ELEMENT ccml
(system , data?, addons?, interfaces?, info ) > <IELEMENT data (attrib)*>
<IELEMENT addons (addon)*>
<IATTLIST ccml version CDATA #REQUIRED >
<IELEMENT addon EMPTY>
<IELEMENT attrib EMPTY>
<I-- system declarations -->
<IELEMENT service (#PCDATA)>
<IELEMENT system (
(full, (command|update), valid?, public?, interactive?,
id, manager, time, origin, location, parent?, listening? )
|
(diff, (command]update), valid?, public?, interactive?,
id, time, origin, location,parent?, listening?)
)>

<IATTLIST addon  %name; >
<IATTLIST attrib %name; %type; %value;>

<I--- Interfaces declaration -->

<IELEMENT interfaces (interface)*>
<IELEMENT interface EMPTY>
<IELEMENT command EMPTY>
<IELEMENT update EMPTY>
<IELEMENT full EMPTY>
<IELEMENT diff EMPTY>
<IELEMENT valid EMPTY>
<IELEMENT public EMPTY>
<IELEMENT interactive EMPTY>
<IELEMENT id EMPTY>
<!ELEMENT manager EMPTY>

<IATTLIST interface %name; >

<l info declaration -->

<IELEMENT info (description?,icon?) >
<IELEMENT description (¥PCDATA)>
<IELEMENT icon (4PCDATA)>

<IELEMENT time EMPTY>
<!ELEMENT origin EMPTY>
<!ELEMENT location EMPTY>
<!ELEMENT parent EMPTY>
<IELEMENT listenina (id)*>

Figure 2. ccml.dtd

itself, and causeghe ServiceManagerto sendthe list of
Servicesevery time a new Serviceregisters,or a Service
de-raeisters.

By choosinga Service the Clientexpresseinterestin it.
The ServiceManagersendst the CCML file describinghe
Service. The Client caninvoke the specifiedfunctionson
the Service by choosingoneof its interfaces.After chang-
ing valuesof certainvariables,specifiedin the CCML for
the particularService,it sendghefile to the ServiceMan-
agerto performthat action. It will receve statusupdates
from all Servicesthatit expressesnterestin throughthe
ServiceManager until it specificallyinforms the Service

Managerthatit no longerwantsto recevve thesemessages.

Everytimeit wantsto performacertainactiononaService,
it retrievesthe currentCCML file from its list, changeghe
appropriatevaluesand returnsthe updatedCCML to the
ServiceManageywhich forwardsit to theselectedservice.
The way Centaurusis setup, Clients and the Service
Managersonly exchangeXML messages.By providing
XSL transformsthe XML messagesanbe renderedo fit
theClientdevice. For example,if theClientwantsto access
aLampControl Service thelampcanbeturnedon andoff.
This canbe displayedas a true/falsebutton on a PDA but
onacell phone thethecommandcould be spolen.

3.3 Centaurus Capability Markup Language
(CCML)

The CCML is divided into ‘system’, ‘data’, ‘addons’,
‘interfaces’,and ‘info’, asshown in Figure 2. The ‘sys-
tem’ portioncontainsthe headeinformation,theid, times-
tamp, origin, etc. There are two variables, ‘update’ or

‘command’. An ‘update’ variableis usedto inform other
Centaurugomponentsaboutstatusupdateof Servicesand

Clients,whereaghe ‘command’is only usedby Clientsto

sendacommando a certainService.The systemalsocon-

tainsthelisteningsectionfor a Serviceor Client. It specifies
all the Serviceghata Serviceor Clientis interestedn. Us-

ing the ‘addons’ section,we can add a relatedServiceto

anotherService,for example,addan Alarm Clock Service
to a Lamp-ControlService.We arenot currentlyusingthis

section. All informationregardingthe variablesand their

typesarecontainedn the ‘data’ section.The CCML for a

Client alwayshasoneor more‘actions’in its datasection
thata ServiceManagercaninvoke onit. Thisis usedby the

SM to changethe stateof the device.

The following are the actionsthat are corveyed in the
CCML

e AddService: Whenthis actionis set, the Client addsthe
valueof thisvariabletoits InterestListj.e. thelist of services
thatit is interestedn.

e RemaweService: Thisis setby the ServiceManager if the
Servicethatthe Clientis interestedn, is nolongeravailable.
It causeshe Clientto stoplisteningor usingthe Serviceand
remove the Servicefrom its InterestList.

The'interface’sectioncontaingnformationaboutthein-
terfacesthatthe object(Service/Clientimplements.Other
detailslik e the description,andicon for representatiomre
in the'‘info’ section.

3.4. Security

Our security infrastructurecombinescertain function-
ality of Kerberos[12, 13] systemwith Distributed Trust
[20, 21]. It consistsof aticket grantingsener (TS). Each
ServiceManagerhasto registerwith the TS. A mobile de-
vice wantingto useCentaurushasto collectthe appropri-
ateticketfrom the TS. Theticketis a setof rulesspecifying
therights of the device andis signedwith the TS's private
key. To access Serviceon a certainServiceManageythe
Clientsendsts CCML andtheticket. The ServiceManager
checksthattheticketis valid andfrom the TS andthenal-
lowsthe Clientto registerandusethe appropriateServices.

4. Implementation

The previous sectionoutlinesour overall design,but to
facilitate the implementation,we had to make someas-
sumptionsand sacrificesomeof the featuresand flexibil-
ity. Theseassumptiong noway compromisehedesignor
results they only helpedin quickerimplementation.

To verify the feasibility of our infrastructurewe uselR
[8] for communicationbetweenthe Client and the Com-
municationManagerin the first stageof the development.



ThoughIrDa specificationssay that IR transcevers have
a 15 degreehalf-angleof view, we have obseredthat the
PDA etc. exhibit at least60 degrees. We have a single
CommunicationManagerthat usesiR. The IR Communi-
cationManagercarriesout the Client discovery. Oncedis-
coveredtheClientis polledregularly for information. This
polling completelyeliminatesthe problemwith collision,
that occursin a client pushmethod,when more thanone
Client sendsinformationat the sametime. We alsohave a
single ServiceManagerandtwo Servicesfor testing. We
assumehat the client applicationis installedon the PDA
beforeit entershe‘SmartRoom’.Communicatiorbetween
ary two componentsn the CentaurusSystemis donevia
soclets. The ServiceManagerandthe IR BaseManager
have two dedicatedsocketseach,onefor listeningandone
for sendinginformation. As the ServiceManagerandthe
IR CommunicatiorManagerareat the heartof all commu-
nication, we wantedto speedup this process. By giving
thema dedicatedsoclet for eachtype of communication,
we reducedthe time spentin the creationof a new soclet
for eachconnection.EachServicealsohasa soclet for in-
formationfrom the ServiceManager which is sentto the
ServiceManagerduring the registrationprocess.The Ser
vice Managetistensto a certainsocketfor receving CCML
from all the Services All thesesocletsarepredefinedn the
Propertiedile for eachcomponent.The informationflow-
ingin thesystemis strictly in theform of CCML (Centaurus
CapabilityMarkup Language).

The ServiceManagerandthe Serviceshave beenimple-
mentedin Java, whereasve choseC for the IR Communi-
cation Managerandthe Client, for increasecefficiency in
resourcemanagementWe found that mostof the service
discovery architecturesare implementedn Java, like Jini
andE-Speak.So, if we decideto move to anotherservice
discovery system,integrationwill berelatively easyasthe
ServiceManagerandServicesarealreadyin Java.

4.1 Sewices

We have developedonehardwarerelatedservicefor con-
trolling a lamp and one software servicefor playing MP3
files. Thereis anotherService ServicelListthatis aninher
entpartof theprotocol,andis usedfor providing anupdated
list of servicego the Client.

We have implementeda Serviceclassand Servicelnter
face class,that handlevalidation of the CCML, the reg-
istering of the Servicewith the ServiceManagerand the
sendingof the updates.All Servicesimplementedn Jasa
should,for conformity, extendthe Serviceclass andimple-
mentthe Servicelnterceclass.The Servicelnterceclass
containsa commandHandlefunctionthathasto be imple-
mentecby every Servicethatimplementgheinterface.This
is thefunctionthathandleshangegso the CCML file of the

Service.A Jasa Serviceneedonly implementa constructor
andthis commandHandleto beintegratedinto a Centaurus
system.

As mentioneckarlier the Centaurusystemalsohandles
non-Jaa Servicesaslong they canuse CCML and either
communicateria socletswith the ServiceManageror with
a CommunicatiorManagerthroughsomenative protocol.

e ServicelList. Eachtime, a Serviceregistersor is no longer
available, the ServiceListtriggersthe Service Managerto
sendthe updatedist of Servicego all the Clients. This does
not usethe Serviceclassor the Servicelnterfceclass. It is
containedcompletelyin the ServiceManager It is a special
Servicebecausét is handledin sameway asotherServices
are,but within the ServiceManageiitself.

e Lamp-Control. UsingX10 [11] devicesandFireCracler[9],
we wereableto controlalampin theroom. We canextend
this to control ary device becauseX10 is a power-line car
rier protocolthatallows compatibledevicesto communicate
with eachothervia the existing 110V wiring. FireCracleris
aJaaclassthatallows a computerto communicatevith the
X10 device. The Serviceconstructomalessurethatthe X-
10 device works. The commandHandlefunction looks for
the value of the interfaces.If the ‘Powered’ interfacehasa
valuethatis differentfrom the statusof the Power variable,
thenthecommandHandlgoroceedsptherwisehecommand
is discarded!f thevalueis true,thelampis seton, otherwise
thelampis setoff. The CCML file is changedandan ‘up-
date’ is sentto the ServiceManager which propagatesll
theway backto all the Clientsthatareinterestedn thelamp
service.

e MP3-Player We areusinga popularMP3 playerfor Unix,
mpg123[14], thathasa Java wrapperaroundit to allow us
to plugit into therestof the system.The constructoifor the
Service,readsall the .mp3files from a specifieddirectory
andcreatests CCML files. It hasanumberof CCML inter
faces,onefor eachsongit canplay. The commandHandler
functionchecksthe CCML interfaceandreadsthe songsse-
lected. Thesesongsare checled againstthe currentlist of
songs.If they arevalid, they arefed into mpg123[14]. The
new CCML file is createdandsentto the ServiceManager

4.2 Functions

Registration. Both ServicesandClientshave to regis-
ter with the Centaurusystemto be visible. A Serviceon
startingup, readsts propertiedile andretrievesthe Service
Managers port number After creatingits CCML file, it
sendsts CCML andtheportnumbetthatit is listeningto, to
the ServiceManagers Serviceport. The ServiceManager
validategshe CCML andaddsthe Serviceto its Servicedist.

Whena PDA entersthe ‘SmartRoom’,we assumehat
it hasthe Client applicationinstalledon it, as mentioned
in the beginning of this section.lt is eventuallydiscovered
by the IR CommunicatiorManager andcarriesout the IR
level protocol. Thenit sendsits pre-definedCCML file.



The IR CommunicatiorManagersendsthis to the Service
Managers port. The ServiceManagerafter validatingthe
CCML checksf the Client alreadyexistsin its Clientslist.

If it does,thenthe ServiceManagerupdatests list, other

wiseit addsthe Client to its Clientslist. The ServiceMan-
ager setsthe ServiceListactionandsendshe CCML back
to theClient.

Requestinga Serwvice. Whena Clientrecevvesthelist
of Servicesit displaysthis list for the user The usercan
selecta Serviceto use. The Clientthencreatesacommand
for the ServicelList. It changeghe dataportion of the Ser
viceList, with the value of the Serviceselectedas ‘true’.
This is sentbackto the ServiceManager As it is a com-
mandfor the ServiceListwhichis partof the ServiceMan-
ager the ServiceManagethandlest. Fromthe systemsec-
tion, the ServiceManagerretrievesthe nameof the Client
andcheckghedatasectionfor theServiceslt thenretrieves
thelatestCCML for the Client from its Clientslist andcre-
atesa commandfor the Client. It setsthe AddServiceac-
tion to the Servicesselectedandsendsthe CCML backto
the Client. The Client processeshis CCML asit would
ary AddServiceactionby addingthe Serviceto its listening
section. It alsoaddsthe Serviceto its InterestList. When
the Client is next polled it sendsits updatedCCML. The
ServiceManagenreadsthelist of Serviceghatthe Clientis
listeningto, and picks out the newv Servicesonesthatthe
Clientwasnot previously listeningto. It sendgsheir CCML
to the Client via the IR CommunicationManager It then,
addsthe new Service-Clientpair to its Service-Clientist.
Oncethe Client getsthe CCML of the Service, it displays
it for the user The usercanusethe interfacesto perform
actions.TheClientmodifiesthe Services CCML to make a
commandsetsthe new valuesandsendswvhenpolled. The
ServiceManagerrealizesthat it is a commandand sends
it to the appropriateService. The Servicecarriesout the
commandandsendghe updateto the ServiceManager

Status Update. If a ServiceManagerrecevesan up-
datefrom a Service,it checksits Service-Clientist for all
the Clientsinterestedn this Service. It sendsthe updated
CCML to theseClients. Whena ServiceManagemreceves
anupdatefrom a Client, it carriesout certainfunctionson
it. It checksthe listening sectionand retrievesthe list of
Serviceghatthe Clientis listeningto. It picksoutthe new
Servicesonesthat the Client was not previously listening
to. It sendgheir CCML to the Clientvia the IR Communi-
cationManager Thenfor eachnew Service,it addsa new
Service-Clienpairto its Service-Clientist.

5. Centaurus Communication Protocol

CCommiis the layer under CommunicationManager
andprovidescommunicatiorwith the mobile devices.
The CentaurusLevell protocol is running on top of

IRDA's IrLAP and IrLMP protocols. [8] IrLAP is a low
level protocolthat providesdevice to device connectiorfor
reliable datatransfer device discover proceduresand hid-
dennodehandling.IrLMP worksontop of IrLAP andhan-
dlesmultiplexing of thelrLAP layerandmultiple channels
abore anIrLAP connectioraswell asprotocolandservice
discovery via the Information AccessService(IAS). The
Centaurud evellprotocolprovidesthegluebetweedRDA
protocols(IRLAP andIRLMP) andCentaurdevel 2 proto-
col.

Centaurugevel 2 protocolis basedn passinghortcom-
mand messagebetweenthe client and the sener. These
commandmessagesre usedto establishthe session(
HELO, HELORSP), synchronizeclocks (PQOLL), find out
which objects are available for transmission0BJ,POLL,
NONE), handleflow control (PROCEED, DONE, ACK) and
do actualdatatransmissior{PK).

Theclientandsener useexactly the samecodefor both
level 1 andlevel 2 protocolsimplementationthe only dif-
ferencdstheactionghatareperformedoy thelevel 1 proto-
col to establistconnectionandhandlingof OBJ andNONE
messageby thelevel 2 protocolstack.

The level 1 protocol differencesare the following. On
thesener sideafterconnectioris establishedndauthenti-
cationis performedhelevel 1 protocolsendsHELO’ mes-
sageand startsup the level 2 protocol. On the client side
thelevel 1 protocolwaitsfor theinitial HELO messageaf-
ter it recevesthis messaget repliesbackwith HEL ORSP
messagandstartsup thelevel 2 protocolaswell.

Although mostof the messages the protocolare just
plaintext stringsfew messagedesere furtherexplanation.
The POLL messageif transmittedfrom the sener, is fol-
lowed by the currentvalue of the sener clock. The OBJ
messagés followedby the objectnamejts time stampand
its size. The PK messagés followedby theactualdatapay-
load. The PROCEED messagés followed by the receved
pacletsbitmap,whena paclet is receved by the recever,
it marksthe bit correspondingdo this packet numberin the
receved paclets bitmap, whenall of the bits in a bitmap
aremarkedthe messagés saidto berecevedandrecever
sendsACK messagdackto the sender If for somereason
disconnectiormccursbeforethewholemessagés sent,dur-
ing the next sessiortherecever sendgherecevedpaclets
bitmapto the senderandthe senderitherproceeddo send
theremainingpaclketsor discardghewhole objectif newer
versionis available.

6. Results

While testing,we had3 PDAs in theroomcommunicat-
ing with the Centaurussystem. EachPDA requestedne
or two Servicesandexecutedthem. We eventried simul-
taneousexecutionof Servicesby the PDAs. Thesewere



automaticallyhandledby the IR CommunicatiorManager
which polledthe PDAs at regularintervals,soonly onere-
guestwas sentto Serviceat a time. We believe that the
testingwas successfuaswe wereableto executeboththe
Servicedy ary of the PDAs.

7. Future Work

We are working on the security portion of our frame-
work, and are implementingit at 2 levels, at the Service
Managemwho checksthe Client’s ticket andat the Services
themseles.The Servicescanvalidatetheticketanddecide
whetherthe Client shouldbe allowedaccess.

We arealsoworkingonaRecommendeBervice.Instead
of returninga list of all possibleserviceshatareavailable
to a Client, this servicerecommends list of servicesthat
might be in the interestof the Client basedon the exist-
ing ervironmentcontext. For example,the systemreturns
a coffee-maler control serviceduring the morning to the
user andin the eveningit returnsa light control serviceto
theuser It mayalsonoticethatthe usergenerallywantsto
listento to thesamdist of songsandprovidethelist assoon
astheuserstepsinto theroom.

We would like to arrangethe ServiceManagersinto a
hierarchyso that the Servicescould connectto the closest
ServiceManagey and the location of a ServiceManager
neednot be codedinto the Services. This will alsoallow
the Servicesto be sharedacrossthe ServiceManagersso
a usercould enteroneroom andusethe printerin another
room by usingthe printer Serviceon the ServiceManager
in theotherroom.

8. Conclusion

We have successfullydevelopedthefirst versionof Cen-
taurus. We believe that by providing a uniform infrastruc-
ture using XML-encoded data exchangewe have shavn
that it is appropriateand effective for deploying services
in anindoorervironment. The first stagedevelopment;n-
cludingthe ServiceManagerIR CommunicatiorManager
MP3 playerservices,Lamp servicesetc. hasverified that
ourvisionis definitelyfeasible.Although, our projectis far
from completewe believe thatnow thattheframeworkisin
place,addingattractve interfacesfor the portabledevices,
creatingnew servicesandenablingmoreintelligentbroker-
ing of Serviceawill follow easily We believe thatwe have
crossedll themajorhurdles,andcompletingtheremaining
portionwill bepretty straightforvard.
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