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Abstract: In this paper, we addressthedesignof a genericarchitecturefor themanagementof res-
idential services. The architectureconsistsof componentsboth at the customers’side
aswell asat the serviceprovider’s side. The key featuresof the architectureareservice
modularity, theconceptof servicesessions,servicepackagingandsubscription.Thearchi-
tectureallows serviceprovidersandtelecomoperatorsto rapidly provide new integrated
value-addedservicesto their customers.Layer-baseddesignensuresthat thearchitecture
is independentof theparticularserviceandservicerealizationtechnology. Thearchitec-
ture providesgenericaccesssessionmanagement,servicesessionmangement,subscrip-
tion managementand billing. Its implementationis basedon J2EE(Java 2 Enterprise
Edition). Thevariouscomponentsof thearchitecturewill bediscussed,togetherwith the
implementationissues.
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1. Intr oduction
Recently, therehasbeenagrowing interestshift from theprovisioningof commod-

ity servicestowardsvalue-addedresidentialservices.Commodityservicesaremainly
connectivity servicessuchas internetaccess,leasedlines andVPNs. The manage-
mentof this type of serviceshasbeenstudiedin extensive detail [1, 2] andvarious
managementplatform solutionsexist. However, the revenuefor telecommunication
network operatorsandnetwork serviceprovidersfrom thesecommodityservicesis
stagnating.As aconsequence,residentialservicesaregainingmoreandmoreinterest.

�
PostdoctoralFellow of theFundof ScientificResearch- Flanders,Belgium(F.W.O.-V.)



F. De Turck, F. Vandermeulenet al.

PopularexamplesincludeVideo on Demand(VoD), video-conferencing,e-gaming,
virtual homeenvironmentsanddomoticssystems.Due to the customerinteraction,
managementof suchresidentialservicesis morecomplex andcritical thanthe man-
agementof commodityservices. The designof efficient managementsolutionsfor
suchserviceshasnot yet beenstudiedin enoughdetail. At the time of writing, dif-
ferentstandardsandsystemsareemerging for the delivery of residentialservicesto
customers.The following areasand industry segmentsin the serviceprovisioning
marketcanbedistinguished:

(i) Multi-party Multi-media ConferencingSystemsand Applications: traditional
telecommunicationsequipmentvendorsareintroducingtheconceptof softswit-
cheswhich take over the signalling and transportfunctionality of traditional
TDM-basedPSTNnetworks. Soft-switchescontrol the voice gatewaysat the
edgeof anIP basedpackettransportnetwork,andtranslatetraditionalPSTNsig-
nallingintoothersignallingprotocols(SIP[3], H323[4], MGCP[5], Megaco[6],
etc.) which aremorealignedwith theIP network. Soft-switchescanalsosup-
port thesenew forms of signalling directly to the consumer’s applianceend-
points,suchasIntelligentAccessDevices(IADs) or IP telephones(eitherstan-
daloneor software basedIP telephony clients on a PC platform suchas Mi-
crosoftNetMeeting). By meansof standardizedandJava basedAPIs suchas
thosedefinedby Sun’s JAIN framework [7], theseprotocolscanbe controlled
andhandledfrom within J2EE-based[8] applicationservers.

(ii) TheConnectedHomeandHomeGateways: theconceptof theconnectedhome
impliesa household,which is connectedto the outsideworld via a broadband
gateway terminal(i.e. a homegateway). Thehomegateway actsassomekind
of internal driver and applicationmanagementsystem,which is able to per-
form driver life-cycle managementandconfigurationmanagementof in-house
devicesandappliances.In addition, the homegateway canact as repository
for contentdownloadedfrom the Internetor from network server-sideservice
andcontentdelivery platforms.This temporarylocally-proxiedcontentcanbe
consumedwithin the housefrom differentroomsandconsumerdevices(such
asTV sets,PCs,PDAs, etc.),by connectingthemto a multi-roommulti-source
system.

(iii) HomeTheatre Systems: hometheatresystemsarecurrentlyenteringthe resi-
dentialhomeat anincreasingspeed,ashigh-endplasmascreensandprojector-
basedsystemsare graduallybecomingaffordablefor households.In combi-
nationhowever with network sideVideo-on-Demand(VoD) server platforms,
hometheatresystemscouldbeusedto view contentstreamedin real-time(e.g.
via RTP). Anotherareawherethehometheatresystemcouldbeusedasmulti-
mediaendpointconsumptionsystemis onlinegaming.

(iv) TheIntelligentHome: Domoticsis yet anotheremerging industryareawith in-
creasingpotentialto bring addedvalueto the home. Domoticssystemsallow
to control systemssuchaslighting, heating,homesurveillance,etc. More and
morevendorsof domoticssystemsprovide touch-panellike controlson their
system,but someof themgo even further by providing IP modulesthat con-
nectsto thebusor thecentralcomputerof thesystem.Via thehomegateway,
the domoticssystemcan be connectedto the outsideworld. Throughthe IP
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modules,thedomoticssystemcanbecontrolledandinterfacedfrom anywhere.
For example,eventsin thehomecould trigger thesetupof a videoconnection
from anin-housevideocamerato a PDA.

In eachof theseareas,differentvendorscomeupwith differentsystemsandplatforms
thatin mostcasesareimplementedwithoutany adherenceto astandard– in sofarany
standardexists.Noneof theaboveareasandapplicationswill unlockmassiverevenue
streamsin theresidentialmarket, sincea key elementis clearlymissingin theabove
description.Thatmissingelementis theenablingplatform thatallows renderingthe
setof isolatedpotentialsolutionsandplatformsinto oneintegratedpackage.
This paperdescribesthedesignandimplementationof a platformwhich supports(i)
integrationof severalexisting stand-aloneservicecomponents,(ii) genericsubscrip-
tion managementto all services,(iii) genericaccesssessionmanagement,and (iv)
relatedbilling. The platform consistsof componentsboth at the serviceprovider’s
sideaswell asat the customers’side. The platform implementationtakesbenefitof
themostrecentenablingsoftwareandmiddlewaretechnologies:J2EE(Java 2 Enter-
priseEdition)basedapplicationservers,EJBs(EnterpriseJava Beans)in thebackend
layer, servletsin thecontrol layer, andJSPs(Java ServerPages)in theview layer. As
such,theModel-View-Control(MVC) designpatternis exploited in its mostgeneric
way. XML-RPC [9] andRMI/IIOP [10] areusedasenablingmiddlewareprotocolsfor
communicationbetweencomponentsin the subscribers’end-terminalsandthe plat-
form components.The useof J2EEfor building serviceprovisioning systemshas
alreadybeenreportedupon in [11]. However, servicesubscription,accesssession
andinteractionwith softwarecomponentsat the customers’sidewerenot addressed
in [11]. The IETF OPES(OpenPluggableEdgeServices:[12]) Working groupalso
aimsat designingarchitecturesto allow for serviceprovisioning,but doesn’t provide
serviceproviderswith a platformto addressall their needs.
Theremainderof this paperis structuredasfollows: section2 describesthekey fea-
turesof the platform. The platform’s softwarearchitectureis introducedin section
3, whereasthe � -flow conceptis describedin section4. The main componentsof
the architecturearedescribedin section5. The scenarioof a serviceaccesssession
is detailedin section6. Thedatabasemodelis coveredin section7 andthegateway
componentsareaddressedin section8. Finally, section9 sumsuptheconclusionsthat
canbedrawn from this studyandtheimportantissuesfor furtherwork.

2. Key Featuresof the Ar chitecture
Themaincharacteristicsof theimplementedservicemanagementarchitectureare:

(i) servicemodularity, (ii) theconceptof servicesessionsand(iii) servicepackaging
andsubscription.Eachof thesecharacteristicsis describedin moredetailbelow:

(i) ServiceModularity: Theplatformallows thesubscriptionto, andconsumption
of valueaddedservicesaccordingto a sessiondrivenmodel. In orderto cope
with theheterogeneousbaseof multimediaandentertainmentdeliveryandpro-
cessingplatforms,thearchitectureis built aroundtheconceptof PluggableSer-
vice Driver Modules(PSDMs). A PSDM is a plug-in component,which con-
trols, managesandinterfacesunderlyingdelivery platforms.Examplesinclude
a VoD delivery platform consistingof video serversspreadover the country,
or an e-gamingservicedelivery platform. Another exampleis a network of
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soft-switches,which canhandlethe setupanddelivery of IP-Telephony calls
or Video-Telephony calls. For eachof theseservicetechnologiesand in par-
ticular for eachvendorspecificimplementationof a service,a PSDM canbe
providedwhich plugsinto theservicearchitecture.ThesePSDMsexport well-
knowncontrolinterfaceswithin theplatformandactasdriversto theunderlying
servicedeliveryplatforms.

(ii) ServiceSessionConcept: Everykind of serviceconsumptiontakesplacewithin
thecontext of sessions.Whenauseraccessestheapplicationserver implement-
ing the servicearchitecture,he/shestartsandentersthe context of an access
session.This accesssessionestablishesa securecontext with theservicearchi-
tecture.Within the accesssession,the end-useris authenticated.Fromwithin
this accesssession,which is materializedby a server sideaccesssessionuser
agentcomponent,the end-usercanstarta servicesession.Within this service
sessiontheend-usercanexecutethelogic of theservice.Theservicesessionis
materializedby a PSDMsessioninstancewithin theapplicationserver.

(iii) ServicePackaging andSubscription: Theplatformenablestheeasypackaging
of services,applicationsandfeaturesinto productpackagesto whichacustomer
orasubscribercansubscribeonline.Evenfor servicesfor whichnew appliances
areneeded,the stakeholderwho exploits the platform (e.g. the telecommuni-
cationoperatoror serviceprovider) will deliver andinstall theseappliancesas
a result of an online subscription. Subscriptionis at the heartof unlocking
revenuestreams.Combinedwith the conceptof customerzero-concernwith
getting the right hardwareandsoftware environmentat homefor consuming
certainservices,subscriptiontriggerscertaincompany processesin orderto in-
stall thecustomer(downloadsoftwareto thehomegateway in a secureway or
ship certainhardwareapplianceswhich the customerconnectsandwhich get
configuredremotely).
Whenanend-userstartsacertainservice,theservicearchitecturecheckswhether
theuseris authorizedto launchtheservicesessionaccordingto his actualsub-
scriptionprofile. If this is the case,the serviceis launchedvia the appropri-
ate PSDM module. As a result of this serviceconsumptionsession,a trig-
ger/messagecan be sentto the billing systemsto start billing the serviceon
whatever basis:time interval duringwhich theserviceis used,typeof service,
exchangedtraffic volume,etc.

Thenext sectionprovidesanoverview of theservicemanagementplatform.

3. Platform Overview
Theplatformis implementedon a J2EEbasedapplicationserver. The implemen-

tationconsistsof four levels,which arepositionedaccordingto the fragmentsof the
Model-View-Control(MVC) designpattern:

(1) A backendresourcelayer: This layerconsistsof thedatabase(s)andany under-
lying servicedeliveryplatform,which is undercontrolof theplatform.

(2) An EJBbackendlayer: This layerconsistsof a numberof deployedEnterprise
Java Beans(EJBs)thatabstractthe resourcesfrom theunderlyingbackendre-
sourcelayer. TheseEJBsarealsoreferredto asthe PluggableServiceDriver
Modules(PSDMs).Amongstothers,thefollowing EJBshavebeendeployed:
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Figure 1. High-level computationaldecompositionof the implementation:setupof a VoD service
session.
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(a) An AccessSessionBean;

(b) A SubscriptionManagementFacadeSessionBeantogetherwith a setof
subscriptionlevel RDMS entity beans;

(c) A ServiceControlBean;

(d) A VoD ServiceSessionBean;

(e) An on-LineGamingSessionBean;

(f) A Digital VideoandAudio ConferencingBean(DVAC Bean);

Eachof thesebeanswill bedescribedin thenext section.

(3) Thecontrol layer: This layercontainsa numberof servletswhich executeser-
vice managementcontrolby invoking businessfunctionsexportedby theEJBs
of theunderlyingEJBbackendlayer.

(4) TheView frameworklayer: At this layer, theactualcomponentsthatmaterialize
theapplicationviews to theend-usersarelocated.Theview framework is de-
velopedaroundtheparadigmof a � -flow-processingframework. Every logical
functionality a usercan invoke via the serviceportal is implementedthrough
andsupportedby a � -flow. This � -flow consistsof a numberof steps,eachim-
plementedin an actiontaskclass. An actiontaskclassimplementsan atomic
pieceof functionalityin agenericandreusableway (reusablein other � -flows).
The actionclassis the placewhereactualcalls aremadeto backendEJBs. A
flow descriptionis readandparsedby a controllerservletwhich subsequently
instantiatesthe requiredsetof actionclasses.Eachactionclassis linked to a
JSPpagewhich requeststheend-userat thebrowserfront-endfor therequired
input, andwhich returnsthe appropriateoutputs. Every JSPpagecontainsa
link to thelogically next page,which invokesanoperationonthenext taskclass
accordingto thelogic of theflow. For every logical actionon theserviceportal
front-end,a � -flow is defined:aflow for settingupanaccesssession,aflow for
startingaVoD servicesession,aflow for takinganew servicesubscription,etc.

Figure1 shows the High-level computationaldecompositionof the platform for the
setupof a sampleVideo on Demand(VoD) service. The authenticationandservice
selectionflow is shown, which areimplementedasJava Server Pages.Theseinvoke
operationson the underlyingservletsandEnterpriseJava Beans(EJBs). The VoD
ServiceSessionEJBis responsiblefor theconfigurationof theinvolvedVideoServers
andvideoconsumerplugins.For avideosessionwith garantueedbandwidth,andedi-
catedconnectioncanberealizedin theunderlyingDSL/ATM network (via automatic
invocationof theconnectionmanagementplatform).

4. � -flow Model
Theview framework usestheconceptof modularconfigurable� -flows,which im-

plementthelogic of astepwiseexecutionprocesswith awizardlikepresentationstyle
in thebrowserfor theenduser. Theview framework consistsof thefollowing compo-
nents:

(1) Descriptionof a � -flow in XML format: a � -flow consistsof a numberof steps.
Within eachstep,thereis indicationof (i) thenameof a Java taskclass,which
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<?xml version="1.0" encoding="UTF-8" ?>
 <statemachine>
   <initialize>
     <startflow>1</startflow>
     <startstate>1</startstate>
     <security>1</security>
   </initialize>
   <flows>
    <flow id="1" type="task">
     <states>
      <state>
       <id>1</id>
        <view>/tasks/LoginTask.jsp</view>
        <template>0</template>
        <controllerclass>com.belgacom.warpportal.

task.LoginTask</controllerclass>
        <errorstate>1</errorstate>
        <events>
         <event>
           <id>1</id>
            <actionflow>1</actionflow>
            <actionstate>2</actionstate>

     <actiontype>forwardunload</actiontype>
         </event>
        </events>
       </state>

      <state>
       <id>2</id>
        <view>/tasks/ServiceSelect.jsp</view>
        <template>0</template>
         <controllerclass>com.belgacom.warpportal.

task.ServiceSelect</controllerclass>
         <errorstate>1</errorstate>
        <events>
         <event>
           <id>1</id>
            <actionflow>1</actionflow>
            <actionstate>3</actionstate>
            <actiontype>forwardunload</actiontype>
          </event>
         <event>
            <id>2</id>
            <actionflow>1</actionflow>
            <actionstate>4</actionstate>
            <actiontype>forwardunload</actiontype>
          </event>

...
     </flow>
    </flows>
   </statemachine>

Figure 2. SampleXML fragmentdescribinga � -flow.

executesthelogic of thestep,(ii) theJSPpageto beusedfor queryingtheinput
andpresentingtheoutputof thestep,and(iii) thenext steps/statesto be taken
in the flow basedon possibleoutcomesof the executedlogic in the step. It is
possibleto referwithin a particularflow descriptionto anothertypeof flow. In
other words, it is possibleto jump from a stepin a flow of type X to a step
describedin a flow of type Y. As such,flows describedasa demarcationof a
numberof stepsbelongingtogetherin a logical way canbereusedwithin other
flows. A sample� -flow descriptionis shown in theXML fragmentin Figure2.

(2) A � -flow controller servlet: Thecontrollerservletparseson systemstartupthe
XML codeof thedifferentflows to besupported,andinstantiateswithin a log-
ical scopeof eachflow a treeof taskclassespertainingto eachstep/statein the
flow.

(3) Taskclasses: Eachstepin a flow is materializedby a taskclasswhich imple-
mentsthe TaskHandlerJava interface. The most importantmethodof a task
classis theexecute()method.This methodpushestheappropriateJSP/HTML
pageto the web front-endin orderto query for any userinput. Next the task
performsthe requiredlogic by interfacingwith the systembackendlayer, and
returnstheappropriateoutputbackto thefront-end.

(4) MemoryHandlerclass: Eachflow instancedisposesof a memoryhandlerob-
ject which maintainsthedatabelongingto anddeterminingintermediatestates
within aflow. Within thesameflow instanceall thatstatedatais maintainedon
thememoryhandlerobjectwhichactsassomekind of dataclipboardassociated
to theservletsession.By default, thememoryobjectis clearedwhena jump is
madefrom a statein oneflow to a statein anotherflow, however, this default
behavior canbechangedby configurationin theflow’sXML file.



F. De Turck, F. Vandermeulenet al.

5. ComponentDescription
AccessSessionBean. TheAccessSessionBeanis invokedby classesin theac-
cesssession� -flow. ThefirstmethodinvokedontheAccessSessionBeanis ���! #"%$'&($')*'+,+.-0/,/(1,-0/,/ "2�.$ . Subsequently, the AccessSessionBeaninvokesa methodin the
SubscriptionUtility Class(SU) in orderto checkthesubscriber’s existence.Directly
afterauthentication,the IP addressassignedto theendterminalor homegateway of
theend-useris determined.It is initially supposedthat thesubscriberconnectsfrom
his homeenvironmentvia the DSL accessnetwork. Whenthe subscriberhasbeen
successfullyauthenticated,the accesssessionflow can take a numberof directions
dependingon theuser’s preference.The following functionalitiescanbechosen:(i)
serviceselectionandsetup,(ii) on-linesubscriptionmanagement,and(iii) identifica-
tion management.Eachof thesefunctionalitieswill bedetailedin section6.
Figure3 shows thegenericEJBinterfaceoperationsof theAccessSessionBean.

Subscription ManagementFacadeSessionBean. The SubscriptionMan-
agementFacadeSessionBeanallows thecontrolof thesubscriptionmanagement.A
distinctionis madebetweena

+43#/45 �46 -!7 , a
/43,8#/�+27 " 80-.7 anda

/93,8#/,+27 " 80-!7  7 � 3,: .
Each

/43,8#/,+47 " 80-!7  7 � 3,: hasanassociatedServiceAccessGroup(
1!*<;

), which con-
tains the different services,the

/93,8#/,+27 " 80-!7  7 � 3,: is subscribedto. The internal
databasemodelwill befurtherdetailedin section7.
Figure4 shows the genericEJB interfaceof the SubscriptionManagementControl
EJB. Only the creationoperationsare shown. Obviously, the interfacealso offers
deletionandmodificationoperations.

Service Control Bean. This beanallows thegenericaddition,modificationand
deletionof servicesandtheassociatedserviceparameters.TheEJBServiceControl
interfaceis shown in Figure5.

interface AccessSession extends EJBObject {

public String loginOnAccessSession(
String loginName,
String loginPinCode,
String password

) throws AccessSessionLoginError,
   RemoteException;

public Collection getAllServiceTypes(
) throws AccessSessionInfoError,

   RemoteException;

public Collection getSubscribedServices(
) throws AccessSessionInfoError,

   RemoteException;

public EJBObject setupServiceSession(
String serviceName

) throws
AccessSessionActionError,
   RemoteException;

public SubscriptionMgmtControl
setupSubscriptionMgmtSession(

) throws AccessSessionActionError,
   RemoteException;

public void changeLoginCredentials(
String loginName,
String password

) throws AccessSessionInfoError,
   RemoteException;

public void changeIdentification(
SubscriberValObj subscriberInfo

) throws AccessSessionInfoError,
   RemoteException;

}

Figure 3. TheAccessServiceSessionEJBinterface.
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public interface SubscriptionMgmtControl extends
EJBObject {

// Customer operations
public Long createCustomer(

CustomerValObj customer)
throws CustomerAlreadyExists,
       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

// Subscriber group operations
public Long createSubscriberGroup(
    String customerRefNr,

             SubscriberGroupValObj subscriberGroup)
throws CustomerNotInExistance,
       SubscriberGroupAlreadyExists,
       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

// Subscriber operations
public Long createSubscriber(

String customerRefNr,
         SubscriberValObj subscriber)
throws CustomerNotInExistance,
       SubscriberAlreadyExists,
       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

// Service SAG operations
public Long createSag(

String customerRefNr,
String groupName,
SagValObj sag)

throws CustomerNotInExistance,
       SubscriberGroupNotInExistance,
       SagAlreadyAssigned,
       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

// Service SAG operations
public Long addServiceToSag(
       String customerRefNr,
       String groupName,
       String sagName,
       SagServiceValObj sagService,
       Collection sagServiceParams)
throws CustomerNotInExistance,
       SubscriberGroupNotInExistance,
       SagNotInExistance,
       InvalidObjectAttributes,
       ServiceAlreadyInSag,
       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

}

Figure 4. TheSubscriptionManagementControlEJBinterface.

Service SessionBean. DifferentspecificServiceSessionBeanshave beende-
veloped:(i) a VoD servicesessionbean,(ii) anon-linegamingsessionbeanand(iii)
a digital videoandaudioconferencingbean.Othertypesof beanscaneasilybe inte-
gratedwith thedescribedplatform.

6. AccessSessionScenario
Whenanend-userlogsin to theserviceportal,theaccesssession� -flow’sfirst task

classinstantiatesanAccessSessionBean,of which thereferenceis put on theHTTP
sessioncontext objectof theuser’s HTTP session(createdandmanagedby theview
framework controllerservlet).After login, theIP addressof theendterminalor home
gateway of theend-useris determinedandthefollowing choicesarepresentedto the
customer:

Choice 1: Service selectionand setup The user is guidedvia a numberof
subsequenttaskclassesthroughtheselectionandsetupof aservice.

Choice 2: On-Line subscription managementThe userenterssubscription
managementmodeandcantake a new subscriptionto a setof servicesandser-
vicepackages,or canchangeandadaptthedetailedcharacteristicsof anexisting
subscription.Notethatin this casethesubscribershouldhave theauthorisation
to adaptsubscriptionassignmentgroupsand serviceswithin subscriptionas-
signmentgroups.



F. De Turck, F. Vandermeulenet al.

interface ServiceControl extends EJBObject {

public Long addService(
ServiceValObj service,

Collection serviceParameters)
throws ServiceAlreadyExists,

       InvalidObjectAttributes,
       ManagementError,
       RemoteException;

public void modifyService(
String currentServiceName,
ServiceValObj service)

throws ServiceAlreadyExists,
ServiceNotInExistence,
InvalidObjectAttributes,
ManagementError,
RemoteException;

public void deleteService(
String serviceName)

throws ServiceNotInExistence,
       LinkedObjectsError,
       ManagementError,
       RemoteException;

public Collection addParametersToService(
String serviceName,
Collection serviceParameters)

throws ServiceNotInExistence,
       ParameterInExistenceError,
       ManagementError,
       RemoteException;

public void modifyServiceParameters(
String serviceName,
Collection serviceParameters)

throws ServiceNotInExistence,
       ParameterInExistenceError,
       ManagementError,
       RemoteException;

public void deleteServiceParameter(
String serviceName,
String parameterName)

throws ServiceNotInExistence,
       ParameterInExistenceError,
       LinkedObjectsError,
       ManagementError,
       RemoteException;

}

Figure 5. TheServiceControlEJBinterface.

Choice3: Identification managementTheend-userentersa modewhereper-
sonalidentificationparameterscanbe altered,e.g. : login names,passwords,
addressinformation,phonenumbers,etc.

Eachof thesechoicesis detailedin thesubsequentparagraphs.

Choice1: ServiceSelectionand Setup.

(1) In caseof serviceselection,the flow passesvia a serviceselectiontaskclass,
whichcallsthe  -!5<1.3,8#/,+47 " 80-�=,1,-!7,> " +.-?/ methodof theAccessSessionBean.
This methodreturnsall theservicetypesandcorrespondingserviceparameter
rangesfor whichthesubscriberhastheright to launchservicesessioninstances.

(2) Subsequently, thesubscriberselectsaserviceandindicateshe/shewantsto start
a servicesessioninstance.For this purpose,theaccesssessionflow will invoke
for this purposethe

/.-!5�3,:?1,-!7,> " +.-,1,-0/�/ "2�.$ operationandpassesthenameof
the servicetype. As a result, the accesssessionbeanwill start up a service
sessionbeanof the right type andplacesthe obtainedreferenceon the HTTP
Context Sessionof the subscriber’s HTTP/servletsession.The accesssession
flow stopshere,andhandsoverthecontrolto aservicespecificflow, whichthen
handlesthestepsspecificto thesetupof theselectedservice.

Choice2: On-Line Subscription Management.

(1) In caseof on-line subscription,the accesssessionflow delegatesfurther con-
trol to thesubscriptionmanagementflow, whichstartsthesubscriptionmanage-
mentfeatureselectionclass. This classstartsa subscriptionmanagementses-
sionthroughtheoperation

/.-!5�3�:01.3,8#/�+27 " :<5 "(�.$,@� (6 5?1!-0/�/ "(�($ . Thisoperation
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instantiatesa subscriptionmanagementsessionbeanandreturnsits reference.
This referenceis put on theHTTP/ServletSessionContext object.

(2) In asubsequentflow taskclass,thesubscribercanselectoneof thebasicfeatures
of subscriptionmanagementwhich are:

(a) Addition/Deletionof servicesubscriptionsto the portfolio of oneof the
customer’ssubscriptionassignmentgroups;

(b) Modification of a servicesubscriptionwithin a subscribergroup’s SAG;
Amongstothers:

Changeof subscriptionperiodsandintervals;
Changeof servicequality degreesandprofiles;
Adaptationof basicserviceparameters;

(c) Addition of new subscribersto oneor moresubscribergroups;

(d) Modificationof propertiespertainingto thecustomeridentityor pertaining
to thesubscribergroup(s)createdwithin thecustomer’sscope;

(e) Grantingon-linesubscriptionmanagementauthorisationatdifferentlevels
to subscribersbelongingto thecustomer’sscope.

(3) Oncethe desiredsubscriptionmanagementfeaturehasbeenselected,the sub-
scriptionmanagementflow passesvia theactualfeatureexecutiontask,which
invokesthesubscriptionmanagementbeancreatedin thepreviousstep.Its logic
is executedthroughaidof thesubscriptionmanagementutility class.

Choice3: Identification Management.

(1) In caseof on-lineidentificationmanagement,theaccesssessionflow passesthe
actiontaskclassallowing identificationchangemanagementfeatureselection.
Two basicfeaturesareexported:

Modification of login credentials:login nameandpassword. The login
pincodehasbeenassignedto theinvolvedsubscriberat thetime of initial
off-line subscriptionof theinitial setof subscribers,or aton-linesubscrip-
tion whenan authorizedsubscribercreatedthe accountfor the involved
subscriber. Thispincodecannotbechanged.

Modification of detailedaffiliation datapertainingto the subscriber:ad-
dressinfo, phonenumbers,aliases,etc.

(2) After selectionof thedesiredfeature,theflow passesthefeatureexecutiontask
class,whichon its turn invokeseither

+4A0B $< -�C �. #"9$?D 7<-�=,- $ 5 " B � / or
+4A0B $< - )E =<- $ 5 "2FG" +.B!5 "(�($ dependently.

7. DatabaseModel
The database’s internalstructureis detailedin Figure6, which shows the scheme

of theinvolvedrecords.Every userof thesystemis describedasa
/43,8G/,+27 " 8?-!7 . If a

userdoesnot have a subscriberobjectconfiguredin the systemfor which he knows
the login name,password andpincode,that usercannotbe authenticatedto the ser-
vice platform. Therearetwo typesof subscribers:

7<-0/ " =<- $ 5 " B � /43,8#/�+27 " 80-.7G/ and
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+ � 7�: � 7<B!5?-H/43�8#/,+27 " 80-!7G/ . A subscriberobjectcanonly beof onetype. A residen-
tial subscriberis actingindependentlyandhasfull controlover theserviceswith the
associatedparametershe/shesubscribesto. A corporatesubscriberis alwayslinked
to a largeraffiliation, which we representin the inventoryasa

+43#/25 �96 -!7 . Underthe
authority of a customer, a numberof

/43�8#/,+27 " 80-!7  7 � 3,:#/ can be created. These
subscribergroupscontainoneor morecorporatesubscribers.A subscribergrouprep-
resentsa logical groupof userswho have the samesubscriptioncontract,i.e. who
have the sameset of services(and servicecustomizations)to which they are sub-
scribed. A corporatesubscriberis madememberof a subscribergroup througha/93,8#/,+27 " 80-!7 6 - 6 80-.7G/4A " : object.As suchacorporatesubscribercanbepartof mul-
tiple subscribergroups.A subscriptionto oneor moreservicesis alwaysrepresented
by a

/43,8G/,+27 " :,5 "(�.$ B0/,/ "4 !$.6 - $ 5  7 � 3�: or a
1!*,;

. A SAG containsoneor multiple/(B  /.-!7�> " +.- objects. A
/.B  /.-.7,> " +.- is a customizationobjectof a corresponding

singletonserviceobject. This serviceobjecthasa numberof associatedservicepa-
rameterobjects.Theseserviceparametersrepresentthecustomizablepropertiesof a
servicetogetherwith maximum/minimumvaluesor asetof allowedvaluesor strings.
For example,a videoconferencingservicehasaspropertythenumberof partiesthat
canbeconnectedtogetherin a session.Theminimumvaluewill be0 andthemaxi-
mumvaluecouldbe10. A sagserviceobjectis a customizationof a serviceobject.A
SAG is connectedto eithera subscribergroupor directly to a residentialsubscriber.
In caseit is connectedto asubscribergroup,all corporatesubscribersbelongingto the
grouphave thesubscriptionasdescribedby theSAG. In caseit is connectedto a resi-
dentialsubscriber, theSAG describesthesubscriptioncontractof only thatresidential
subscriber. Finally, therearea numberof auxiliary tableswhich areservicespecific.
In thefigure,the I?&.J 1!K,L I K,L and @0&(I E K tablesarespecificfor theVoD serviceimple-
mentation.

8. HomeGateway
The terminalarchitecture,alsoreferredto asthehomegateway, from which end-

usersconsumemultimediaanddomesticservices,is designedon a Linux basedplat-
form. The homegateway is designedaccordingto emerging OSGi (OpenService
Gateway initiative: [13]) concepts. A JVM basedOSGi control kernel and corre-
spondingbootstrappingsoftwarewill beautomaticallydownloadedfrom theplatform
on initial powering andsign-onof the gateway. The servicemanagementplatform
takesall responsibilitiesto download,remotelyconfigure,andmanagetheJava based
serviceconsumptionbundlesontopof theJVM basedOSGiexecutionkernel.Remote
versionmanagementof thesesoftwarebundlesis undercontrolof theplatform.

9. Conclusionand Further Work
A genericarchitecturehasbeendesignedfor the integration of standaloneser-

vicecomponents,beit off-theshelfor developedin-house,throughPluggableService
Driver Modules(PSDMs). PSDMsactasserviceabstractingcomputationalcompo-
nentsthatwrap andabstractthe technologyandvendorspecificservicelogic within
the genericservicedelivery architecture.The architecturehasbeenimplementedby
makinguseof J2EEtechnology.
Examplesof servicetechnologiesintegratedin the platform arevideo conferencing
controlsystems(e.g.soft-switchesenablingSIPbasedvideotelephony, VoDplatforms,
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ID
GROUPNAME
DESCRIPTION
GROUPALIAS1
GROUPALIAS2
CUSTOMERID
SAGID
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SERVERADMIN

VODSERVER

ID
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MOVIELENGTH
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SPOKENLANGUAGE
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ID
CUSTOMERREFNUMBER
ASSOCIATIONNAME
ASSOCIATIONALIAS1
ASSOCIATIONALIAS2
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SPOCPHONE1
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STREET
STREETNR
POBOX
CITY
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EMAILADDRESS
CUSTOMERURL

CUSTOMER

ID
SAGNAME
SUBSCRIBERGROUPID
STARTDATE
ENDDATE

SAG

ID
SAGID
SERVICEID
STARTDATE
ENDDATE

SAGSERVICE

ID
SAGID
SERVICEID
PARAMETERNAME
PARAMETERMIN
PARAMETERMAX
PARAMDISCRETEVALUES

SAGSERVICEPARAMETER

ID
SERVICEID
DESCRIPTION
SERVICEPARAMETERNAME
PARAMETERMIN
PARAMETERMAX
PARAMETERDISCRETEVALUES

SERVICEPARAMETER

ID
SERVICENAME
SERVICEDESCRIPTION

SERVICE

1

1

1 1

SUBSCRIPTIONMANAGEMENT VOD SERVICE

ID
SUBSCRIBERREFNUMBER
CUSTOMERID
FIRSTNAME
LASTNAME
PHONENUMBER
MOBILENUMBER
STREET
STREETNR
POBOX
CITY
POSTCODE
EMAILADDRESS
BIRTHDATE
LOGINNAME
LOGINPINCODE
PASSWORD

SUBSCRIBER

ID
GROUPID
SUBSCRIBERID

SUBSCRIBERGROUPMEMBERSHIP

Figure 6. Theinternaldatabasestructure.

e-gamingcontrolplatforms,domoticssystemsat home,etc.)By meansof anextensi-
ble internalRDBMS architecture,theplatformwill allow extensibleon-linesubscrip-
tion managementof customers,customersubscribergroups,and subscribers.The
whole processof settingup an accesssessionfrom the homewith the platform, se-
lectinganext generationservice,consumingit andbilling it within thecontrolledand
managedscopeof a single/multi-party, multimediasession,is handledaccordingto a
flow-drivenmodelin a transactionalexecutioncontext.
Importantissuesfor further work include: (i) a thoroughperformanceevaluationof
the platform, (ii) applicationof load balancingtechniquesfor the distribution of the
platformloadand(iii) developmentandthoroughtestingof severalothertypesof ser-
vice controlbeans,especiallyfor thecontrolof servicesdeliveredto wirelessdevices
and (iv) designingTerminal QoS matchingalgorithmsfor decidingthe besttermi-
nalparametersfor conversationalservicesbetweenuserswith heterogeneousterminal
equipment.Thedesignof theseQoSmatchingalgorithmswill bebasedon thework,
presentedin [14].
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