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Abstract—
Advances in the Internet and telecommunications technologieshave

spurred many research efforts in Internet-basedunified communication
systems,which integrate heterogeneousdevicesand networks (PSTN,cellu-
lar networks, or the pager networks). Nonetheless,thesesystemslack sup-
port for a systematic,easy, flexible way of customizingand creatingservices
at the systemlevel aswell asat the user level. In this paper, wepresentsuch
a service creation model by exposinga limited setof primiti vesfr om a call
model that is network and device independent.Our model and framework
not only supports the traditional telephonycall serviceseasily, but alsoen-
ablesnovel waysof creatingthird party servicessuchasapplication-specific
billing services.
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I . INTRODUCTION

Rapidadvancesin telecommunicationsandInternettechnolo-
gieshave enabledpowerful meansof communicationsthrough
heterogeneousdevices such as telephones,cellular phones,
pagers,PCs,andPDAs thataccessdiversenetworkssuchasthe
PublicSwitchedTelephoneNetwork (PSTN),cellularnetworks,
pagernetworks and the Internet. Personalizedand integrated
useof theseheterogeneousdevicesandtheservicesprovidedby
theirnetworks(e.g.,redirectall incomingcommunicationto my
e-mail when I am in a meeting)is in greatdemand;andhave
spurredmany researchefforts in Internet-basedunifiedcommu-
nication systems. Thesesystemsintegrateheterogeneousde-
vices and networks by having both control anddatatransport
of a communicationsessionon top of the Internet,usinggate-
waysto interwork with accessnetworks, performingsignaling
translation,and datastreampacketizationand transformation.
Nonetheless,serviceintroductionand implementationin such
systemsare still immaturein lacking a user-friendly and sys-
tematicservicecreationmodel. The servicesin questionhere
refer to communicationcontrol andredirectionservicesallow-
ing usersto expresswhenthey want to bereachedon whatde-
vicesunderwhatcircumstances.

In this paper, we presenta servicecreationmodelandframe-
work thatenablesarbitrarycustomizationof the basiccommu-
nicationprocess,andeasythird partyservicecreationin a uni-
fied communicationsystem.Our basiccommunicationprocess
generalizesthe traditional basic telephonecall model, which
is a two-party telephonecommunication,to a multi-endpoint,
invitation-basedcommunicationwheremultiple heterogeneous
endpointscanparticipatein the samecommunicationsession;
andthesessionparticipationis achievedthroughinvitationfrom
theexisting communicatingendpointsin thesession.

We have identified the following goalsandrequirementsin
our design:� Simplicity and user-friendliness: The servicecreation

processmustbe simpleanduser-friendly enoughthatany
user, if they wish,cancustomizetheir communicationser-
vices.� Flexibility : The underlyingsystemmust have sufficient
mechanismsto supporta wide spanof servicesandarbi-
trary usercustomization.� Extensibility and completeness: It is difficult to design
andimplementasystemthatsupportsacompletesetof ser-
vices.Thedesignof theunderlyingcommunicationsystem
mustallow systematicandeasyextension.� Service portability : The specificationfor service cus-
tomizationandcreationshouldapply to systemsbuilt by
different vendorswith the sameservicecreationmodel
without any modification.

Our approachto servicecustomizationandcreationis based
on simple,network-independent,extensiblestatemachinesfor
communicationestablishmentand maintenance.This greatly
easesnew endpointor network introduction,and reducesthe
complexity of the call model. We also identified the system
parametersand primitives to be exposedfrom the statema-
chines,and reflectedthe statemachineexecutionprocessinto
auserfriendly preferencespecificationprocessfor arbitraryser-
vice customizationaswell asfor sophisticatedservicecreation
throughpartialstatemachineinsertion.This systematicway of
servicecustomizationandcreationis alsoan importantcontri-
butionof ourwork. For easy, flexible provisioningof third-party
services,we benefitfrom thebasicmulti-endpointcommunica-
tion modelby introducingserviceagentsencapsulatedasa par-
ticipatingcommunicationendpoint.

As a first stepevaluationof our model,we worked through
most of the traditional telephony services. We also explored
novel implementationof serviceslike Pay-Per-View. Our pre-
liminary resultsareveryencouraging.

For therestof thepaper, wefirst setcontext anddescribewhat
constitutesa unified communicationsystemto enableflexible,
easyandrapidservicecustomizationandcreationin SectionII.
Then,we presentour servicecreationmodelandframework in
detail in SectionIII. We discusstherelatedwork in SectionIV
andconcludeour paperin thelastsection.

I I . UNIFIED COMMUNICATION SYSTEMS

Beforedescribingthe servicecreationmodel for the unified
communicationsystem,we begin with therequiredcapabilities
anddesirablepropertiesof a unifiedcommunicationsystembe-
low, alongwith our approachin building our test-bed,theICE-
BERGsystem.� Any-to-any communication:

Any-to-any communicationrefersto the ability to effec-



tively supportcommunicationbetweenall typesof devices.
To enableany-to-any communications,unified communi-
cation systemsneeda componentthat inter-works with
variousnetworks for signalingtranslationand packetiza-
tion. In ICEBERG,this componentis calledanICEBERG
AccessPoint (IAP). It encapsulatesthe accessnetwork-
specificimplementation,andservesasa gateway between
the accessnetwork and ICEBERG.There is one type of
IAP peraccessnetwork.
An ICEBERG Call Agent performscommunicationses-
sion establishmentand control on behalf of a participat-
ing endpoint. It runs a network and device independent
statemachine,and is a network independentcomponent.
Throughouta session,Call Agentsinterpretandcarryout
userspecifiedpreferencesandservicesthroughthe inter-
actionswith thePreferenceRegistry andPersonalActivity
Coordinator(explainedbelow).� Personal mobility services: Personalmobility means
treatingpeople,ratherthandevices,ascommunicationend-
points. Every personusing ICEBERG hasa uniqueID.
The mappingbetweenthe specificdevice ID and unique
ID is done through the Name Mapping Service(NMS).
Other communicationsystemsthat achieve personalmo-
bility havesuchacomponent,too.� Communication service customization: To allow end
usersto customizetheir communicationservice(suchas
whenthey want to be called,on what device, underwhat
condition, and by whom), we usea PreferenceRegistry
(PR) to storeandmanageuserpreferences.We have also
seentheequivalentcomponentin othersystems.� User activity-dri venservices:
ICEBERGcansupporta new kind of communicationser-
vice basedon useractivity. This type of servicegeneral-
izesthelocation-basedservicesthathaveappearedin many
othersystems.Insteadof customizingthecommunication
servicebasedon the currentuser location, we allow the
currentuserbehavior (suchas“I amtalkingto animportant
person”)to betrackedandusedfor customization.ThePer-
sonalActivity Coordinator(PAC) performsthetracking.� Multi-endpoint communicationasthe Basicservice:
All communicationsystemsprovide somebasic services
which arethebuilding blocksfor additionalservices.The
traditional telephonesystemprovides two party call be-
tweentwo homogeneousdevices(namely, telephones).We
believe, that in a unifiedcommunicationsystemon theIn-
ternet, it is easyand beneficialto enablemulti-endpoint
communicationsasthebasicservice.Multi-endpointcom-
munications take place among any number of hetero-
geneousdevices or serviceendpoints. The new build-
ing blocksfrom multi-endpointcommunications,namely,
inviting a device or quitting during a communicationses-
sion, make conferencecalls, servicehandoff (i.e., switch-
ing devices during an active session)and other endpoint
changingservices(suchascall forwardingor transfer)first
classservices.Theseendpointchangingservicesaresim-
ply carriedoutby inviting anew endpoint,andthenleaving
thecommunicationsession.

For moredetailson the ICEBERGarchitecture,pleaserefer
to [10].

I I I . THE SERVICE CREATION MODEL AND FRAMEWORK

Given the capabilitiesof a unified communicationsystem
as describedin the previous section,we now presenthow to
achieve communicationservicecustomizationand creationin
sucha system.

In ourmodel,therearethreewaysof customizingor creating
services:

1. Customizethecommunicationservicethroughsimplepref-
erencespecification. For example, serviceslike “direct
all incoming communicationsto my e-mailsafter work”
canbeeasilyspecifiedthroughcondition-actionpairs(Sec-
tion III-B);

2. Createsophisticatedcommunicationservice through ex-
tendingthe basiccall statemachineby insertinga partial
statemachineinto the customizableevent handlers. Ser-
viceslike “if my cell phoneis not reachable,try my office
phone,if my office phoneis not reachable,try my home
phone,...” needto be implementedthroughstatemachine
insertion(SectionIII-C);

3. By having multi-endpointcommunicationasthebasicser-
vice of the communicationsystem,it enablesnovel ways
of constructingsophisticatedservicessuchasbilling and
authenticationasthird partyservicesin a muchsimplified
fashion.Thebasictechniqueis to encapsulatethebilling or
authenticationagentasanendpointparticipatingthemulti-
endpointcommunicationsession(SectionIII-D).

Wewill first describethesysteminterfaceexposedby theun-
derlying communicationsystem(SectionIII-A). Then,we ex-
plain how servicesare carriedout in the threeways above in
detail.

A. SystemInterface

The systemexposesvariousparametersfor communication
customization,like time-of-day, callee’s currentactivity, caller
ID or terminaladdress.Usersusetheseparametersto indicate
theconditionsunderwhichcertainactionsshouldtakeplace(for
example,whencallerisHelen,directhercall to my laptopphone
program). The exposedparametersare listed in table I. This
parameter, “currentactivity”, indicatesthecurrentactivity of the
user, andis maintainedby theactivity trackingcomponentof the
system(i.e.,thePersonActivity Coordinatorin ICEBERG).The
actionsareacompositionof systemprimitiveswhichareshown
in table II.

InformationType Parameters
Call relatedinformation callerID,

calleeID,
callerformat
additionalcall information

Userinformation currentactivity,
caller’s location(if available),
callee’s location(if available),
capabilitiesof currentlocation

General information time of day

TABLE I
SYSTEM PARAMETER FOR CUSTOMIZATION

To enableextendingthebasicstatemachines,thesystempro-
vides the mechanismsto allow new variables,statemachine



Systemprimitives
Invite anendpoint
Invite anew user
Senddataobject
Out-of-bandsignalingto endpoints(e.g.,hang-up)

TABLE II
EXPOSED SYSTEM PRIMITIVES

events,andhandlersto beregistered.
Next, we explain how usersspecify their preferencesusing

thesesystemparametersandprimitivesin detail.

B. PreferenceSpecification

Userpreferencestake theform of condition-actionpairs,and
arespecifiedwith a user-friendly GUI. Conditionsareconjunc-
tions of the booleanexpressionsformedby systemparameters
(shown in TableI). Actionsaresequencesof systemprimitives
(shown in TableII). Userpreferencesarecarriedouton theCall
Agents. They areretrievedfrom the PreferenceRegistry at the
instantiationtime of theCall Agent,andinterpretedduring the
statemachineexecutionon theCall Agent.

We observe thatall systemparameterscanbecategorizedto
easethe processof preferenceprocessing.For example,caller
ID could be categorized into “friends”, “co-worker”, “VIP”,
“f amily” and“default”, calling timeinto “work”, “dinner”, “pri-
vate” and “default”. Therefore,the conditionsin userprefer-
encesaremostlysetoperations(suchasif callerID is a friend).
Weallow userstonamethecategoriesorusethesystemdefaults.

Now, we addresssomeof the issueswith preferencespecifi-
cation. Usersspecifypreferencesoff-line (meaningnot during
acommunicationsession)throughaconfigurationtool or aweb
servicein whichthegraphicaluserinterfaceguidesuserthrough
thisspecificationprocess.Wealsoplanto supportusersto spec-
ify their preferencesthroughheterogeneousdevices.

Featureinteractionrelatedto preferencespecificationhap-
penswhenuserspecifiedpreferencesareambiguousandin con-
flict with oneanother[11]. For example,in telecommunication
networks, the subscriptionof both the voice-mail featureand
call forwardinguponno answeringfeaturewould causea fea-
tureinteraction,aswhenthetelephoneis ringing for sometime,
it is unclearwhetherthe systemshouldinvoke the voice-mail,
or forward thecall to anotherendpoint.In traditionaltelecom-
municationnetworks,althoughmechanismssuchasvoice-mail
andcall forwardingexist, thesystemlackspolicy specification
tool to glue thesemechanismstogethernicely. In ICEBERG,
theentirecommunicationprocessis exposedto theuserfor cus-
tomization,which is anintegratedcustomizationprocessof the
communicationserviceratherthanindependent,piece-wiseser-
vicesubscription.Thisway, wecandetectthesingleuserfeature
interactionat the preferencespecificationtime. Resolvingfea-
tureinteractionin a user-friendly fashionis a challengingprob-
lemwhich is partof our futurework.

C. StateMachineExtension

Sophisticatedusersareallowedto registertheirown statema-
chineevents(expressedasconditions)andeventhandlers(com-
positionof systemprimitives)aspart of a complicatedaction,

which is essentiallya partial statemachinebeinginsertedinto
thebasicstatemachine.

Our statemachinediagramsarepresentedusingthe follow-
ing notation. Statesare in oval shapes;event handlersare in
rectangleshapes.Eventsthat trigger the correspondingevent
handlersare above the arrows pointing to the event handlers.
Differentconditionscausethe handlerto performdifferentac-
tions andproducedifferentoutputeventson someentity (such
asgatewaysor theremotecall agent).

Figure 1 and Figure 2 show the sessionestablishmentand
control statemachinesfor both theoriginatingandterminating
side,respectively. Event labelsstartingwith “EI” indicatesthe
eventsonIAPs,while “EC” indicatestheeventsonCall Agents.
Commoneventsfor all states,suchasdevicehang-upor remote
Call Agenttermination,areomittedin thefiguresfor clarity.

O_WaitForCalleeResp

Terminal
Terminal

handleCalleePickedUp

Established

EC_OrigTimeOut

handleCalleeRespTimeOut

EC_CalleePickedUp

EC_OutgoingCall

- / EC_IncomingCall

X / EI_CalleePickedUp

handleOutgoingCall

handleCalleeUnavail

C > C_ca_osmEC_CalleeUnavail

X / EI_CATerm

Idle

C:=0

handleCallTerm

- / EI_CATerm 

C is a local clock/timer

T_ca_osm: timeout value

- / EI_CATerm 

- / EX_CallTerm

Fig. 1. OriginatingCall StateMachineonCall Agents

Idle

Terminal

Terminal

handleDevUnavail

Established

handleDevRespTimeOut

handleIncomingCall

T_WaitForDevResp

- / EI_IncomingCall

EC_DevPickedUp

handleDevPickedUp

X / EC_CalleePickedUp

EC_IncomingCall

C := 0

X / EC_CalleeUnavail- / EC_CalleeUnavail

EC_DevUnvail

EC_TermTimeOut

C > C_ca_tsm

handleCallTerm

- / EX_CallTerm

Fig. 2. TerminatingCall StateMachineonCall Agents

Both thedesignandimplementationof thestatemachineson



theCall Agentsaregenericandaredesignedindependentof the
networks� or endpointsinvolvedin the ICEBERGsystem.This
is in contrastto thebasiccall modelsin theIntelligentNetwork
of thetelecommunicationssystemswherethestatemachinesare
specificallydesignedfor thePSTNnetwork andtelephones.In
our system,thedevice-specificcapabilityis isolatedwithin the
IAPs. For example,eventslike “phoneoff-hook”, “digits col-
lected” are part of PSTN IAPs designedfor telephonesonly.
The IAPs collect thesefiner-grainedeventsandtranslatethem
into genericones,suchasevent“EC OutgoingCall”.Thisevent
indicatesanout-goingcall requestfrom anIAP to its CallAgent,
encapsulatinga sequenceof network-specificinformationcol-
lectingeventsandcontainsinformationsuchascallerandcallee
ID. Network-independencein thestatemachinedesignis bene-
ficial becauseincorporatinganew deviceor anetwork will only
involveanew IAP implementationfor thatendpoint.

Figure3 shows an exampleof extendingthe basicstatema-
chineon theoriginatingCall Agent(dashedbox)allowing com-
municationinitiation retrieswhencalleeis foundunavailable.

O_WaitForCalleeResp

handleCallRetry

numAttempts++ ^ EI_CalleeUnavail

tryAgain ^ calleeAllowRetry

^ EC_TimeToRetry

WaitToTryAgain

EC_TimeToRetry

handleCalleeUnavail

- / EI_CATerm

EC_CalleeUnavail

Terminal

Fig. 3. Exampleof insertingpartialstatemachineinto thebasicstatemachine.

D. Third Party Services

Complex servicescan be realizedby encapsulatingservice
agentsbehindtheIAP interface.Theencapsulatedserviceagent
participatesin the communicationsessionas an endpointand
carriesout its functionality. Thenicepropertyof this approach
is the cleanseparationof the application-specificfunction and
thebasicservicefunctionality.

We illustrate this designby walking throughthe realization
of a typical Pay-Per-View servicewhich includesthe access,
billing andvideo distribution agents.Theseagentsareencap-
sulatedbehindtheIAP interface.At thebeginningof a session,
auserinvitesanaccessagentwhich validatestheuser’s identity
andretrieveshis paymentpreferences.After this initial session
setup,theaccessagentinvitesthedistributionagentandabilling
agentasif they arecommunicationendpoints.Thebilling agent
monitorsthesessionandchargestheuseraccordingly. If either
thedistribution agentor thebilling agentleavesthesession,the
otheragentswill alsoterminateto prevent billing without dis-
tribution or unchargedviewing. Fromthis example,we cansee

thatapplication-specificbilling mechanismscanbeeasilyintro-
ducedin this fashion.

E. ServiceRealization

As afirst line evaluation,we evaluatetheeffectivenessof our
servicecreationmodelby carryingout IntelligentNetwork (IN)
servicefeatures.

Simplepreferencespecificationin oursystemcanaccomplish
many IN features. Thesefeaturesinclude thoseusedfor cus-
tomizedaddressingandrouting of calls, like Call Forwarding,
Call Transfer, Originating/Terminating Call Screening, Time
dependentrouting, Follow-meDiversion, andOne-Number. In
thecontext of ICEBERG,thesefeaturesarecarriedout through
the interactionsof the Call Agent, the PersonalActivity Coor-
dinator, and the NameMappingService[10]. Sincethe ICE-
BERG systeminherentlysupportsmulti-endpointcommunica-
tions, IN featuresfor conferencecalls also becomefirst-class
services.Thesefeaturesinclude:Multi-Way Calling, Consulta-
tion Calling, Meet-MeConference.

Featuresthat requirenew statesin their operationsare im-
plementedby insertinga customizedpartial statemachineinto
theoriginatingor terminatingstatemachineson thecall agents.
Featuresbelongingto thiscategoryareCall Queuing, Call Gap-
pingandCall Limiter, andCall Distribution.

Charging featuresarenot directly supportedbecausebilling
is highly applicationandbusinessmodeldependent.Therefore,
we believe that it is not suitableto make themassystemprim-
itives. Billing servicesshouldbe realizedas separateservice
agents,asshown in SectionIII-D.

Other features,which can be realizedas encapsulatedser-
vices, include User Prompter, Customerrecorded announce-
ment, Call holdwith announcement, Authentication, andAutho-
rizationCode.

IV. RELATED WORK

In thissection,wecompareandcontrastourwork with theex-
isting approaches.We first describethevery successfulIN ser-
vice creationmodelfrom telecommunications.Then,we evalu-
atethe Internettelephony approachexemplifiedby theSession
Initiation Protocol.Finally, we addressJTAPI andParlay.

A. IntelligentNetworks

A desireto morerapidly deploy new servicesin thetelecom-
municationsnetwork hasdriven the developmentof the Intel-
ligent Network (IN). This is achieved by creatinga standard-
ized servicecreationenvironmentindependentof the underly-
ing vendor-specificswitch platforms. A critical enablingtech-
nology for IN is SignalingSystem7 (SS7),an internationally
standardizedchannelsignalingsystemfor controlling switches
anddatabasesthroughoutthe phonenetwork. ServiceSwitch-
ing Points(SSPs)interceptcertainpatternsof call processing
stepsto invoke servicelogic in ServiceControl Points(SCP).
The servicelogic then influencesthe subsequentcall process-
ing steps.It is throughsuchmechanismsthat800numberand
call forwardingservicesaredeployedin thePublicSwitchTele-
phoneNetwork (PSTN). IN is intimately coupledto the hier-
archicalswitchingstructureof thephonenetwork andthe logi-
cal sequencingof call processingwhich, in reality, aredifferent
amongvariousswitchvendors.Thereforeit hasfailedto provide



serviceinter-operabilityacrossswitchesof differentvendors.In
addition,thereis no elegantintegrationbetweenfixedandmo-
bile telephony services,let aloneintegrationwith othertypesof
networks.Servicecreationin IN hasa high cost-of-entryandis
limited to a relatively small numberof network operators[12]
(more specifically, telecommunicationsserviceproviders and
notendusers).In today’sInternetenvironment,theIN approach
is too closed,inflexible, complex, andlackssupportfor hetero-
geneity.

A similar approachis the ITU’s H.323 ”umbrella” stan-
dard [2]. The standardsaddressthe multimediacommunica-
tions amongterminalsin packet switchednetworks. Besidea
few built-in services,e.g.,call forwarding, somesupplementary
servicesaredefined,suchasCall Transfer, Hold, Park & Pick-
up, andCall Completionon Busy. The standardhasno actual
serviceprogramminginterfaceandis quitelimited in its IN-lik e
approachof addingexplicit servicesupportinsideits protocol.

In contrastwith both IN andH.323, our model allows user
level servicecreationandeffectively supportsheterogeneity.

B. SessionInitiation Protocol

The IETF’s Session Initiation Protocol (SIP) [3], is a
lightweightprotocolusedfor distributedcommunicationsession
setup.Dependingon the trust relationshipbetweenthe service
designerandtheunderlyingcommunicationsystem,two differ-
ent approachesfor serviceprogrammingareunderdiscussion.
Thefirst approachis analogousto theHTTPCommonGateway
Interfaceand allows trustedusersto executescriptsupon re-
ceiving SIPmessages[4]. Untrustedusersmaycustomizetheir
communicationby usinga specializedlanguage,Call Process-
ing Language(CPL) [5]. Similar to our approach,thelanguage
definesasetof basicprimitives(suchas“forwarding”)andcon-
ditions(suchas“on-busy” or time-dependentconditions),with
which userscanspecifydesiredservices.

Despitethe improvedopennessandflexibility in SIPservice
creation,it is not obvious wherethe servicelogic residesand
whenit is executed.Intermediariesaswell asendpointsmayal-
ter thecommunicationprocess.This opensvariouspossibilities
for misconfigurationandundesirableinteractions.In addition,
it hasnot provided a well-definedsystemAPI andprimitives,
which complicatesserviceportability.

In our system,we have a cleanseparationbetweenuserpoli-
cies(userpreferences,serviceconfiguration)andwell-defined,
extensibleunderlying systemmechanisms(systemAPIs and
primitives). Unlike SIP, our servicelogic doesnot run on any
endpoints,but within the infrastructure. We believe this sim-
plifies supportfor device andnetwork heterogeneityaswell as
servicereliability.

C. OtherApproaches

JTAPI, developedat SunMicrosystems,offersa setof APIs
for applicationprogrammersto accessbasictelephonecall func-
tionality from heterogeneousnetworks [8]. It concentrateson
portableendapplicationin contrastto portablecommunication
services.It is not intendedfor customizingandextendingcom-
municationservices.

TheParlayconsortium[13] offersa well definedcall model,
but is intendedmainly for developersof enterprisetelephony
solutions(in contrast,weaimfor endusers).Parlayhasastrong

focusonthirdpartyserviceprovisionandtechnologyintegration
by usingCORBA-lik e middlewarewhich arenot desirablefor
realtime applications.

V. CONCLUSIONS

Internet-basedunifiedcommunicationsystemsarein needof
a servicecreationmodel. In this paper, we presentedsucha
modelandframework. Centralto oursolutionis theuseof anet-
work independentstatemachinefor sessionestablishmentand
controlaswell asexposingsystemparametersandprimitivesfor
userpreferencespecification.By makingmulti-endpointcom-
municationsasthebasicserviceof thecommunicationsystem,
it enablesnovel waysof new servicecreation.

Ourstatemachinesaresimplebecausethey arenetwork inde-
pendent.Thesimplicity in thestatemachineseasesits standard-
izationprocessacrossdifferentvendors,andthereforesimplifies
serviceportability (namely, sameservicepreferencecanbecar-
riedoutin any systemsthatusesourservicemodel).Encapsulat-
ing application-specificserviceagents(suchasthebilling agent)
is a powerful third party servicecreationmechanismwhich is
simpleandflexible. By exposingappropriatesystemparame-
tersandprimitives,we allow arbitrarypreferencespecification
includinginsertingcustomstatemachinesinto thebasicmodel.
As afirst stepevaluationof ourmodel,weworkedthroughmost
of thetraditionaltelephony services.Wealsoexplorednovel im-
plementationof serviceslikePay-Per-View. Theseinitial results
look verypromising.
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