DESIGN AND IMPLEMENT ATION OF A
GENERIC SOFTWARE ARCHITECTURE FOR
THE MAN AGEMENT OF NEXT-GENERATION

RESIDENTIAL SERVICES

Filip De Turck*, StelanVanhastelKoertVlaeminck,
Bart Dhoedt,PietDemeester

Departmenbf InformationTechnolagy, GhentUniversity - IMEC
Sint-Pietesnieuwstaat 41, B-9000Gent,Belgium.

Tel.: +3292673587,Fax: +32 92673599
filip.deturck@intec.rug.ac.be

Filip VandermeulerkrederikDe Backer, FrancisDepuydt
BelgacomANS/NISStrategy Department

KoningAlbertll-laan 27, B-1030Brussel Belgium.

Tel.: +3222021080, Fax: +3222027135
filip.vandermeulen@belgacom.be

Abstract:

Keywords:

1.

In this paper we addresghe designof a genericarchitecturefor the managementf res-

idential services. The architectureconsistsof componentsoth at the customers’side

aswell asat the serviceprovider's side. The key featuresof the architectureare service
modularity theconcepbf servicesessionsservicepackagingandsubscriptionThearchi-

tectureallows serviceprovidersandtelecomoperatorso rapidly provide new integrated
value-addedservicedo their customersLayerbaseddesignensureghatthe architecture
is independenbf the particularserviceandservicerealizationtechnology The architec-
ture provides genericaccessessiormanagementervicesessiormangementsubscrip-
tion managemenéand billing. Its implementationis basedon J2EE (Java 2 Enterprise
Edition). The variouscomponent®f the architecturewill be discussediogetherwith the

implementatiorissues.

ServiceManagementMultimediaHomeServicesSubscriptiorManagementQSGi,J2EE

Intr oduction

Recentlytherehasbeena growing interestshift from the provisioningof commod-
ity servicegowardsvalue-addedesidentiakervicesCommodityservicesaremainly
connectvity servicessuchasinternetaccess|easedines and VPNs. The manage-
mentof this type of serviceshasbeenstudiedin extensve detail [1, 2] andvarious
managemenplatform solutionsexist. However, the revenuefor telecommunication
network operatorsand network serviceprovidersfrom thesecommaodity servicesis
stagnatingAs aconsequencegsidentiakervicesaaregainingmoreandmoreinterest.
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Popularexamplesinclude Video on Demand(VoD), video-conferencinge-gaming,
virtual homeenvironmentsand domoticssystems.Due to the custometrinteraction,
managemendf suchresidentialservicesis more complex and critical thanthe man-
agemenibf commodityservices. The designof efficient managemensolutionsfor

suchserviceshasnot yet beenstudiedin enoughdetail. At the time of writing, dif-

ferentstandardsand systemsare emeging for the delivery of residentialservicesto
customers. The following areasand industry sggmentsin the service provisioning
marketcanbe distinguished:

(i)

(ii)

(iii)

(iv)

Multi-party Multi-media Confeencing Systemsand Applications traditional
telecommunicationsquipmentendorsareintroducingtheconcepof softswit-
cheswhich take over the signalling and transportfunctionality of traditional
TDM-basedPSTN networks. Soft-switchescontrol the voice gatavaysat the
edgeof anlP basedaclettranspornetwork, andtranslatdraditionalP STNsig-
nallinginto othersignallingprotocolgSIP[3], H323[4], MGCP[5], Megacq[6],
etc.) which aremorealignedwith the IP network. Soft-switchescanalsosup-
port thesenew forms of signalling directly to the consumeis applianceend-
points,suchasintelligent AccessDevices(IADs) or IP telephonegeitherstan-
daloneor software basedIP telepholy clientson a PC platform suchas Mi-

crosoftNetMeeting). By meansof standardize&nd Java basedAPIs suchas
thosedefinedby Suns JAIN framework [7], theseprotocolscanbe controlled
andhandledrom within J2EE-baseB] applicationseners.

TheConnectedHomeand HomeGatevays the conceptf theconnectedhome
implies a householdwhich is connectedo the outsideworld via a broadband
gatevay terminal(i.e. ahomegatavay). The homegatevay actsassomekind
of internal driver and applicationmanagemensystem,which is ableto per
form driver life-cycle managemenandconfigurationmanagementf in-house
devicesand appliances.In addition,the homegateavay canact asrepository
for contentdownloadedfrom the Internetor from network sener-sideservice
andcontentdelivery platforms. This temporarylocally-proxiedcontentcanbe
consumednithin the housefrom differentroomsand consumerdevices (such
asTV sets,PCs,PDAs, etc.),by connectinghemto a multi-room multi-source
system.

HomeTheate Systemshometheatresystemsare currently enteringthe resi-
dentialhomeat anincreasingspeedashigh-endplasmascreensandprojector
basedsystemsare gradually becomingaffordablefor households.In combi-
nation however with network side Video-on-DemandVoD) sener platforms,
hometheatresystemscouldbe usedto view contentstreamedn real-time(e.qg.
via RTP). Anotherareawherethe hometheatresystemcould be usedasmulti-
mediaendpointconsumptiorsystemis online gaming.

ThelntelligentHome Domoticsis yet anotheremeging industryareawith in-
creasingpotentialto bring addedvalueto the home. Domoticssystemsallow
to control systemssuchaslighting, heating,homesunillance,etc. More and
more vendorsof domoticssystemsprovide touch-panelike controlson their
system,but someof themgo even further by providing IP modulesthat con-
nectsto the bus or the centralcomputerof the system.Via the homegatevay,
the domoticssystemcan be connectedo the outsideworld. Throughthe IP
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modulesthe domoticssystemcanbe controlledandinterfacedfrom anywhere.
For example,eventsin the homecouldtriggerthe setupof a video connection
from anin-housevideocamerao a PDA.

In eachof theseareasdifferentvendorscomeup with differentsystemsandplatforms
thatin mostcasesreimplementedvithoutany adherencéo astandard-in sofarary
standardxists. Noneof theabove areasandapplicationswill unlockmassve revenue
streamsn theresidentialmarket, sincea key elementis clearly missingin the above
description. That missingelementis the enablingplatform that allows renderingthe
setof isolatedpotentialsolutionsandplatformsinto oneintegratedpackage.

This paperdescribeghe designandimplementatiorof a platformwhich supportg(i)
integrationof several existing stand-aloneservicecomponents(ii) genericsubscrip-
tion managemento all services,(iii) genericaccesssessionmanagementand (iv)
relatedbilling. The platform consistsof componentdoth at the serviceprovider's
sideaswell asat the customers'side. The platformimplementatiortakesbenefitof
the mostrecentenablingsoftwareandmiddlewvaretechnologiesJ2EE(Java 2 Enter
priseEdition) basedapplicationseners,EJBs(Enterpriselava Beans)n thebaclend
layer, servletsin the controllayer, andJSPYJasa Sener Pages)in theview layer. As
such,the Model-View-Control (MVC) designpatternis exploitedin its mostgeneric
way. XML-RPC [9] andRMI/IIOP [10] areusedasenablingmiddlenvareprotocolsfor
communicatiorbetweencomponentsn the subscribersend-terminalsandthe plat-
form components. The use of J2EEfor building serviceprovisioning systemshas
alreadybeenreporteduponin [11]. However, servicesubscription,accesssession
andinteractionwith softwarecomponentsat the customers'sidewerenot addressed
in [11]. The IETF OPES(OpenPluggableEdgeServices]12]) Working groupalso
aimsat designingarchitectureso allow for serviceprovisioning, but doesnt provide
serviceproviderswith a platformto addresall their needs.

Theremainderof this paperis structuredasfollows: section2 describeshe key fea-
turesof the platform. The platform’s software architectureis introducedin section
3, whereagthe u-flow conceptis describedn section4. The main componentof
the architectureare describedn section5. The scenarioof a serviceaccessession
is detailedin section6. The databasenodelis coveredin section7 andthe gatavay
componentsireaddresseah section8. Finally, section9 sumsup the conclusionghat
canbedrawn from this studyandtheimportantissuedor furtherwork.

2. Key Featuresof the Ar chitecture

The maincharacteristicef theimplementedservicemanagemenrdrchitectureare:
(i) servicemodularity (ii) the conceptof servicesessionand(iii) servicepackaging
andsubscription Eachof thesecharacteristicgs describedn moredetail below:

(i) ServiceModularity: The platform allows the subscriptiorto, andconsumption
of valueaddedservicesaccordingto a sessiordriven model. In orderto cope
with the heterogeneousaseof multimediaandentertainmentlelivery andpro-
cessingplatforms,the architecturas built aroundthe concepif PluggableSer
vice Driver Modules(PSDMs). A PSDM is a plug-in componentwhich con-
trols, managesandinterfacesunderlyingdelivery platforms. Examplesnclude
a VoD delivery platform consistingof video seners spreadover the country,
or an e-gamingservicedelivery platform. Another exampleis a network of
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soft-switcheswhich canhandlethe setupand delivery of IP-Telepholty calls
or Video-Telepholy calls. For eachof theseservicetechnologiesandin par
ticular for eachvendorspecificimplementationof a service,a PSDM canbe
providedwhich plugsinto the servicearchitecture TheseP SDMsexport well-
known controlinterfaceswithin theplatformandactasdriversto theunderlying
servicedelivery platforms.

(i) ServiceSessiorConcept Everykind of serviceconsumptiortakesplacewithin
thecontet of sessionsWhenauseraccessetheapplicationsenerimplement-
ing the servicearchitecture he/shestartsand entersthe context of an access
sessionThis accessessiorestablishes securecontext with the servicearchi-
tecture. Within the accessessionthe end-useiis authenticated From within
this accesssessionwhich is materializedby a sener side accesssessioruser
agentcomponentthe end-useicanstarta servicesession.Within this service
sessiorthe end-usercanexecutethelogic of the service. The servicesessions
materializedby a PSDM sessiorinstancewithin theapplicationsener.

(iif) ServicePadkaging and Subscription The platformenableghe easypackaging
of servicesapplicationsandfeaturesnto productpackageso whichacustomer
orasubscribecansubscribenline. Evenfor servicedor which new appliances
areneededthe staleholderwho 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-concerrwith
getting the right hardware and software ervironmentat homefor consuming
certainservicessubscriptiortriggerscertaincompaly processes orderto in-
stall the customer(downloadsoftwareto the homegatavay in a securewvay or
ship certainhardware applianceswvhich the customerconnectsand which get
configuredremotely).

Whenanend-usestartsacertainservice theservicearchitectureheckswvhether
the useris authorizedo launchthe servicesessioraccordingto his actualsub-
scription profile. If this is the case,the serviceis launchedvia the appropri-
ate PSDM module. As a result of this serviceconsumptionsession,a trig-
ger/messagean be sentto the billing systemsto startbilling the serviceon
whatever basis:time interval during which the serviceis used,type of service,
exchangedraffic volume,etc.

Thenext sectionprovidesanoverview of the servicemanagemerplatform.

3. Platform Overview

The platformis implementedn a J2EEbasedapplicationsener. Theimplemen-
tation consistsof four levels, which arepositionedaccordingto the fragmentsof the
Model-View-Control(MVC) designpattern:

(1) A badkendresoucelayer: Thislayerconsistof the database(fdndany under
lying servicedelivery platform,whichis undercontrolof the platform.

(2) An EJBbadkendlayer: This layerconsistof a numberof deployed Enterprise
Java Beans(EJBs)that abstracthe resourcesrom the underlyingbaclendre-
sourcelayer. TheseEJBsarealsoreferredto asthe PluggableServiceDriver
Modules(PSDMs).Amongstothers thefollowing EJBshave beendeployed:
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(a) An AccessSessiorBean;

(b) A SubscriptionManagemenFacadeSessiorBeantogetherwith a setof
subscriptiorievel RDMS entity beans;

(c) A ServiceControlBean;

(d) A VoD ServiceSessiorBean,;

(e) An on-Line GamingSessiorBean;

() A Digital VideoandAudio ConferencingBean(DVAC Bean);

Eachof thesebeanswill bedescribedn thenext section.

(3) Thecontml layer: This layer containsa numberof servletswhich executeser
vice managementontrol by invoking businesgunctionsexportedby the EJBs
of theunderlyingEJBbaclendlayer.

(4) TheView framavorklayer: At thislayer, theactualcomponentshatmaterialize
the applicationviews to the end-userarelocated. The view frameawork is de-
velopedaroundthe paradigmof a u-flow-processingramewvork. Every logical
functionality a usercaninvoke via the serviceportal is implementedhrough
andsupportedy a p-flow. This u-flow consistsof a numberof stepsgachim-
plementedn anactiontaskclass. An actiontask classimplementsan atomic
pieceof functionalityin agenericandreusablevay (reusablén otheru-flows).
The actionclassis the placewhereactualcalls are madeto backendEJBs. A
flow descriptionis readandparsedby a controllerservletwhich subsequently
instantiateghe requiredsetof actionclasses.Eachactionclassis linkedto a
JSPpagewhich requestghe end-usemt the browserfront-endfor the required
input, and which returnsthe appropriateoutputs. Every JSPpagecontainsa
link to thelogically next page whichinvokesanoperationonthenext taskclass
accordingto thelogic of theflow. For everylogical actionon the serviceportal
front-end,a u-flow is defined:aflow for settingup anaccessessiona flow for
startinga VoD servicesessiona flow for takinga new servicesubscriptionetc.

Figure 1 shows the High-level computationadecompositiorof the platform for the
setupof a sampleVideo on Demand(VoD) service. The authenticatiorand service
selectionflow is shawvn, which areimplementedas Java Sener Pages. Theseinvoke

operationson the underlyingserviletsand EnterpriseJava Beans(EJBs). The VoD

ServiceSessiorEJBis responsibldor the configurationof theinvolvedVideo Seners
andvideoconsumeplugins.For avideosessiorwith garantueetbandwidth,andedi-
catedconnectiorcanberealizedin the underlyingDSL/ATM network (via automatic
invocationof the connectiormanagemenplatform).

4. p-flow Model

Theview framework usesthe concepiof modularconfigurableu-flows, whichim-
plementthelogic of astepwiseexecutionprocesswith awizardlik e presentatiomstyle
in thebrowserfor theenduser Theview frameawork consistof thefollowing compo-
nents:

(1) Descriptionof a u-flowin XML format a u-flow consistsof a numberof steps.
Within eachstep,thereis indicationof (i) the nameof a Javataskclass,which
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<state>
<i d>2</id>
<vi ew>/ t asks/ Servi ceSel ect . j sp</vi ew>
<t enpl at e>0</ t enpl at e>
<control | erclass>com bel gacom war pportal .
task. Servi ceSel ect</control |l ercl ass>
<errorstate>l</errorstate>
<events>
<event >
<i d>1</id>
<acti onfl ow>1</ acti onfl ow>
<acti onst at e>3</ acti onst at e>
<act i ont ype>f or war dunl oad</ acti ont ype>
</ event>
<event >
<i d>2</id>
<actionfl ow>1</ acti onfl ow>
<actionst at e>4</ acti onst at e>
<act i ont ype>f or war dunl oad</ acti ont ype>
</ event >

<?xm version="1.0" encodi ng="UTF-8" ?>
<st at emachi ne>
<initialize>
<startflowsl</startflow>
<startstate>l</startstate>
<security>1</security>
</initialize>
<fl ows>
<flow id="1" type="task">
<states>
<state>
<id>1</id>
<vi ew>/ t asks/ Logi nTask. j sp</ vi ew>
<t enpl at e>0</ t enpl at e>
<control | ercl ass>com bel gacom war pportal .

task. Logi nTask</control | ercl ass>

<errorstate>1</errorstate>
<event s>
<event >
<i d>1</id>
<actionfl ow>1</ acti onfl ow>

<acti onst at e>2</ acti onst at e>
<act i ont ype>f or war dunl oad</ acti ont ype>
</ event >
</ events>
</state>

</flow>
</ f1 ows>
</ st at emachi ne>

Figure2. SampleXML fragmentdescribinga u-flow.

executeghelogic of thestep,(ii) theJSPpageto beusedfor queryingtheinput
andpresentinghe outputof the step,and(iii) the next steps/statet betaken
in the flow basedon possibleoutcomesf the executedogic in the step. It is
possibleto referwithin a particularflow descriptionto anothertype of flow. In
otherwords, it is possibleto jump from a stepin a flow of type X to a step
describedn a flow of type Y. As such,flows describedasa demarcatiorof a
numberof stepsbelongingtogethelin alogical way canbereusedwithin other
flows. A sampleu-flow descriptionis shavn in the XML fragmentin Figure2.

(2) A u-flow controller servlet The controllerservletparsen systemstartupthe
XML codeof thedifferentflows to be supportedandinstantiatesvithin alog-
ical scopeof eachflow atreeof taskclassegertainingto eachstep/statén the
flow.

(3) Taskclasses Eachstepin a flow is materializedby a task classwhich imple-
mentsthe TaskHandlerJava interface. The mostimportantmethodof a task
classis the execute()method. This methodpusheghe appropriate]SP/HTML
pageto the web front-endin orderto queryfor any userinput. Next the task
performsthe requiredlogic by interfacingwith the systembackendlayer, and
returnsthe appropriateoutputbackto the front-end.

(4) MemoryHandlerclass Eachflow instancedispose®f a memoryhandlerob-
jectwhich maintainsthe databelongingto anddeterminingintermediatestates
within aflow. Within the sameflow instanceall thatstatedatais maintainedn
thememoryhandlerobjectwhich actsassomekind of dataclipboardassociated
to the servletsessionBy default,the memoryobjectis clearedwhena jumpis
madefrom a statein oneflow to a statein anotherflow, however, this default
behaior canbe changedy configurationin theflow’s XML file.
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5. ComponentDescription

AccessSessiorBean. TheAccessSessiorBeanis invokedby classesn theac-
cesssessioru-flow. Thefirst methodnvokedontheAccessSessiorBeanis 1oginOn-
AccessSession. Subsequentlythe AccessSessionBeaninvokesa methodin the
SubscriptionUtility Class(SU) in orderto checkthe subscribers existence.Directly
afterauthenticationthe IP addressassignedo the endterminalor homegatevay of

the end-uselis determined.lt is initially supposedhatthe subscribeiconnectsfrom

his homeervironmentvia the DSL accesmetwork. Whenthe subscribethasbeen
successfullyauthenticatedthe accesssessiorflow cantake a numberof directions
dependingon the users preference The following functionalitiescanbe chosen:(i)

serviceselectionandsetup,(ii) on-line subscriptiormanagemengnd (iii) identifica-
tion managementEachof thesefunctionalitieswill be detailedin section6.

Figure3 shavsthegenericEJBinterfaceoperation®f the AccessSessiorBean.

Subscription ManagementFacadeSessionBean.  The SubscriptionMan-
agementacadeSessiorBeanallows the control of the subscriptiormanagementA
distinctionis madebetweena customer, a subscriber anda subscribergroup.
Eachsubscribergroup hasanassociate®erviceAccessGroup (SAG), which con-
tains the different services,the subscribergroup is subscribedto. The internal
databasenodelwill befurtherdetailedin section?.

Figure 4 shavs the genericEJB interfaceof the SubscriptionManagementControl
EJB. Only the creationoperationsare shavn. Obviously, the interface also offers
deletionandmodificationoperations.

Selwvice Control Bean. This beanallows the genericaddition, modificationand
deletionof servicesandthe associatederviceparametersThe EJB ServiceControl
interfaceis shawvn in Figure5.

interface AccessSession extends EJBObject { ) throws
AccessSessi onActi onError,

public String | ogi nOnAccessSessi on(
String | ogi nNane,
String | oginPinCode,
String password
) throws AccessSessionLogi nError,
Renot eExcept i on;

public Collection getAllServiceTypes(
) throws AccessSessionl nfoError,
Renot eExcept i on;

public Collection getSubscribedServices(
) throws AccessSessionlnfoError,
Renot eExcept i on;

public EIJBObj ect setupServiceSession(
String serviceNane

Renot eExcept i on;

public SubscriptionMnt Contr ol
set upSubscri pti onMgnt Sessi on(
) throws AccessSessionActionError,
Renot eExcept i on;

public void changeLogi nCredenti al s(
String | ogi nNane,
String password
) throws AccessSessionl nfoError,
Renot eExcept i on;

public void changel dentification(
Subscri ber Val Gbj subscriberlnfo
) throws AccessSessionlnfoError,
Renot eExcept i on;

Figure3. TheAccessServiceSessiorEJBinterface.
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public interface SubscriptionMnt Control extends
EJBOhj ect {
/1 Customer operations
public Long createCustomner (
Cust oner Val Obj cust oner)
throws CustonerAl readyExi sts,
Inval i dObj ect Attributes,
Managenent Error,
Renot eExcepti on;

/1 Service SAG operations
public Long createSag(
String custonerRef Nr,
String groupNane,
SagVal Obj sag)
t hrows Custoner Not | nExi st ance,
Subscri ber G oupNot | nExi st ance,
SagAl r eadyAssi gned,
I nval i dObj ect Attri butes,
Managenent Error,

/1 Subscriber group operations Rent eExcept i on;

public Long createSubscri ber G oup(
String custonerRef Nr,
Subscri ber GroupVal Cbj subscri ber G oup)
throws Custoner Not | nExi st ance,
Subscri ber G oupAl r eadyExi st's,
I nval i dObj ect Attri butes,
Managenent Error,
Renot eExcepti on;

/1 Service SAG operations
public Long addServi ceToSag(
String custonerRef Nr,
String groupNane,
String sagNane,
SagSer vi ceVal Obj sagServi ce,
Col | ecti on sagServi cePar ans)
t hrows Custoner Not | nExi st ance,
Subscri ber G oupNot | nExi st ance,
SagNot | nExi st ance,
I nval i dObj ect Attri butes,
Servi ceAl readyl nSag,
I nval i dCbj ect Attri butes,
Managenent Error,
Renot eExcepti on;

/1 Subscriber operations
public Long createSubscri ber(
String custonerRef Nr,
Subscri berVal Cbj subscri ber)
throws Customer Not | nExi st ance,
Subscri ber Al r eadyExi st s,
Inval i dCbj ect Attri butes,
Managenent Error,
Renot eExcepti on;

Figure4. TheSubscriptionManagemen€ontrol EJBinterface.

Selvice SessionBean.  DifferentspecificServiceSessiorBeanshave beende-
veloped:(i) a VoD servicesessiorbean,(ii) anon-line gamingsessiorbeanand (iii)

a digital videoandaudioconferencingpean. Othertypesof beanscaneasilybe inte-
gratedwith thedescribedlatform.

6. AccessSessionScenario

Whenanend-usetogsin to the serviceportal,theaccessessionu-flow’sfirst task
classinstantiatesan AccessSessiorBean,of which thereferencés putonthe HTTP
sessiorcontext objectof the users HTTP session(createdand managedy the view
frameawork controllerservlet).After login, the IP addres®f theendterminalor home
gatevay of the end-useiis determinedandthe following choicesarepresentedo the
customer:

m Choice 1: Sewice selectionand setup The useris guidedvia a numberof
subsequertaskclasseshroughthe selectionandsetupof aservice.

m Choice 2: On-Line subscription managementThe userenterssubscription
managememnnodeandcantake a new subscriptiorto a setof servicesandser
vice packagespr canchangeandadapthedetailedcharacteristicef anexisting
subscription Notethatin this casethe subscribeshouldhave the authorisation
to adaptsubscriptionassignmengroupsand serviceswithin subscriptionas-
signmentgroups.
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interface ServiceControl extends EJBObject { public Collection addParanetersToService(
String serviceNane,
public Long addService( Col | ection serviceParaneters)
Servi ceVal bj service, throws ServiceNot | nExi stence,
Col l ection serviceParanet ers) Par anet er | nExi st enceError,
throws ServiceAl readyExists, Managerment Error,
I nval i dObj ect Attri butes, Renot eExcept i on;
Managenent Error,
Renot eExcept i on; public void nodifyServi ceParaneters(
String serviceNane,
public void nodifyService( Col | ection serviceParaneters)
String current Servi ceNane, throws Servi ceNot | nExi stence,
Servi ceVal Obj service) Par anet er | nExi st enceError,
throws ServiceAl readyExists, Management Error,
Servi ceNot | nExi st ence, Renot eExcept i on;
I nval i dObj ect At tri but es,
Managenent Error, public void del et eServi ceParaneter (
Renot eExcepti on; String serviceNane,
String paraneter Nane)
public void del eteService( throws ServiceNot | nExi stence,
String servi ceNane) Par anet er | nExi st enceError,
throws ServiceNot | nExi stence, Li nkedOhj ect sError,
Li nkedObj ect sError, Managenent Error,
Managenent Error, Renot eExcept i on;
Renot eExcept i on;
}

Figure5. TheServiceControlEJBinterface.

=  Choice3: Identification managementThe end-useentersamodewhereper
sonalidentificationparameterganbe altered,e.g. : login names passverds,
addressnformation,phonenumbersegtc.

Eachof thesechoicess detailedin the subsequerparagraphs.

Choicel: Sewice Selectionand Setup.

(1) In caseof serviceselection,the flow passewia a serviceselectiontaskclass,
whichcallsthegetSubscribedServices methodof the AccessSessiorBean.
This methodreturnsall the servicetypesandcorrespondingerviceparameter
rangedor which the subscribehastheright to launchservicesessiorinstances.

(2) Subsequentlthesubscribeselectsa serviceandindicateshe/shavantsto start
aservicesessiorinstance For this purposetheaccessessiorflow will invoke
for this purposethe setupServiceSession operationand passeshe nameof
the servicetype. As a result, the accesssessionbeanwill startup a service
sessiorbeanof the right type and placesthe obtainedreferenceon the HTTP
Context Sessiorof the subscribers HTTP/servletsession.The accessession
flow stopshere,andhandsoverthecontrolto aservicespecificflow, whichthen
handleghe stepsspecificto the setupof the selectedservice.

Choice2: On-Line Subscription Management.

() In caseof on-line subscription the accesssessiorflow delggatesfurther con-
trol to the subscriptiormanagemerftow, which startsthe subscriptiormanage-
mentfeatureselectionclass. This classstartsa subscriptiormanagemenses-
sionthroughthe operationsetupSubscriptionMgmtSession. Thisoperation
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instantiatesa subscriptionmanagemensessiorbeanandreturnsits reference.
This referencas putonthe HTTP/ServletSessiorContext object.

(2) In asubsequerftow taskclassthesubscribecanselecioneof thebasicfeatures
of subscriptiormanagemenwhich are:

(a) Addition/Deletionof servicesubscriptiongo the portfolio of one of the
customers subscriptiorassignmengroups;
(b) Modification of a servicesubscriptionwithin a subscribemgroup’s SAG;
Amongstothers:
= Changeof subscriptiorperiodsandintervals;
m Changeof servicequality degreesandprofiles;
m Adaptationof basicserviceparameters;

(c) Addition of new subscriberso oneor moresubscribegroups;

(d) Modificationof propertiepertainingto thecustomeidentity or pertaining
to the subscribegroup(s)createdwithin the customers scope;

(e) Grantingon-linesubscriptiormanagemerduthorisatioratdifferentlevels
to subscriberdelongingto the customers scope.

(3) Oncethe desiredsubscriptionrmanagemenfeaturehasbeenselectedthe sub-
scriptionmanagemenfiow passewia the actualfeatureexecutiontask,which
invokesthesubscriptiormanagementeancreatedn thepreviousstep.lts logic
is executedthroughaid of the subscriptiormanagementtility class.

Choice3: Identification Management.

(1) In caseof on-lineidentificationmanagementheaccessessiorflow passeshe
actiontaskclassallowing identificationchangemanagemenfeatureselection.
Two basicfeaturesareexported:

= Modification of login credentials:login nameand passverd. The login
pincodehasbeenassignedo theinvolved subscriberat the time of initial
off-line subscriptiorof theinitial setof subscribersor aton-linesubscrip-
tion when an authorizedsubscribercreatedthe accountfor the involved
subscriberThis pincodecannotbe changed.

= Modification of detailedaffiliation datapertainingto the subscriber:ad-
dressinfo, phonenumbersaliasesegtc.

(2) After selectionof thedesiredfeature theflow passeshefeatureexecutiontask
classwhichonits turninvokeseitherchangeLoginCredentials Or change-
Identification dependently

7. DatabaseModel

The databasa'internalstructureis detailedin Figure 6, which shavs the scheme
of theinvolvedrecords.Every userof the systemis describedhsa subscriber. If a
userdoesnot have a subscriberbjectconfiguredin the systemfor which he knows
the login name,password and pincode,that usercannotbe authenticatedo the ser
vice platform. Therearetwo typesof subscribersresidential subscribers and
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corporate subscribers. A subscribeobjectcanonly beof onetype. A residen-
tial subscribeiis actingindependenthandhasfull control over the serviceswith the
associategharameterfie/shesubscribeto. A corporatesubscribelis alwayslinked
to a largeraffiliation, which we represenin theinventoryasa customer. Underthe
authority of a customeyra numberof subscriber groups canbe created. These
subscribegroupscontainoneor morecorporatesubscribersA subscribegrouprep-
resentsa logical group of userswho have the samesubscriptioncontract,i.e. who
have the sameset of services(and servicecustomizations}Yo which they are sub-
scribed. A corporatesubscriberis madememberof a subscribergroup througha
subscriber membership object.As suchacorporatesubscribecanbepartof mul-
tiple subscribegroups.A subscriptiorto oneor moreserviceds alwaysrepresented
by asubscription assignment group Or aSAG. A SAG containsoneor multiple
sagservice objects. A sagservice is a customizationobjectof a corresponding
singletonserviceobject. This serviceobjecthasa numberof associatedervicepa-
rameterobjects. Theseserviceparametersepresenthe customizablgropertiesof a
servicetogethemvith maximum/minimumvaluesor a setof allowedvaluesor strings.
For example,a video conferencingservicehasas propertythe numberof partiesthat
canbe connectedogetherin a session.The minimumvaluewill be 0 andthe maxi-
mumvaluecouldbe 10. A sagservic®bjectis a customizatiorof a serviceobject. A
SAG is connectedo eithera subscribelgroupor directly to a residentialsubscriber
In caset is connectedo asubscribegroup,all corporatesubscriberdelongingto the
grouphave the subscriptiorasdescribedy the SAG. In caset is connectedo aresi-
dentialsubscriberthe SAG describeshe subscriptiorcontractof only thatresidential
subscriber Finally, therearea numberof auxiliary tableswhich are servicespecific.
In thefigure,the VODSERVER andMOVIE tablesarespecificfor the VoD serviceimple-
mentation.

8. Home Gateway

The terminalarchitecturealsoreferredto asthe homegateavay, from which end-
usersconsumanultimediaanddomesticservicesjs designecn a Linux basedplat-
form. The homegatavay is designedaccordingto emeging OSGi (OpenService
Gatevay initiative: [13]) concepts. A JVM basedOSGi control kernel and corre-
spondingbootstrappingoftwarewill beautomaticallyjdownloadedrom the platform
on initial powering and sign-onof the gatavay. The servicemanagemenplatform
takesall responsibilitieso download,remotelyconfigure, andmanagehe Java based
serviceconsumptiorbundlesontop of the JVM basedDSGiexecutionkernel. Remote
versionmanagementf thesesoftwarebundlesis undercontrol of the platform.

9. Conclusionand Further Work

A genericarchitecturehasbeendesignedfor the integration of standalone ser
vice componentsheit off-the shelfor developedin-housethroughPluggableService
Driver Modules(PSDMs). PSDMsact as serviceabstractingcomputationatompo-
nentsthatwrap and abstractthe technologyandvendorspecificservicelogic within
the genericservicedelivery architecture.The architecturehasbeenimplementecby
makinguseof J2EEtechnology
Examplesof servicetechnologiesntegratedin the platform are video conferencing
controlsystemge.g.soft-switchesnablingSIPbased/ideotelephory, VoD platforms,
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Figure6. Theinternaldatabasstructure.

e-gamingcontrolplatforms,domoticssystemsathome,etc.) By meansof anextensi-
ble internalRDBMS architecturethe platformwill allow extensibleon-line subscrip-
tion managemenbf customers customersubscribergroups,and subscribers. The
whole processof settingup an accesssessiorfrom the homewith the platform, se-
lectinga next generatiorservice consumingt andbilling it within the controlledand
managedcopeof a single/multi-party multimediasessionijs handledaccordingto a
flow-drivenmodelin atransactionaéxecutioncontext.

Importantissuesfor further work include: (i) a thoroughperformancesvaluationof

the platform, (ii) applicationof load balancingtechniquedor the distribution of the
platformloadand(iii) developmentandthoroughtestingof severalothertypesof ser

vice controlbeansgspeciallyfor the control of servicedeliveredto wirelessdevices
and (iv) designingTerminal QoS matchingalgorithmsfor decidingthe besttermi-

nal parameterfor corversationakervicesetweeruserswith heterogeneougrminal
equipment.The designof theseQoSmatchingalgorithmswill be basedon thework,

presentedn [14].
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