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ABSTRACT: Theservicesandfeaturesof the IntelligentNetworkCapability Setl are briefly
introduced. The service-featur relationshipis analysedand simplified. This leadsto the
synthesisof a new multi-level relationshipbetweenservicesand featuses, allowing a more
consistentonstructionof servicesromtheir components.
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1 INTRODUCTION

The Intelligent Network (IN) is beingstandardisedby ITU-T in the Q.12xy seriesof recom-
mendations.The major goal of the IN is flexible serviceprovision. IN Servicesarerelatively
low-level sincethey derive fairly directly from networkcapabilities.ITU-T emphasisé¢he con-
structionof servicesnot a userview (which is properlythe concernof serviceproviders). A

telecommunicationservicegenerallyneansomenetworkfunctionthatcanbe separatelgub-
scribedto andchagedfor. Thisinterpretatiorof serviceis thusmoreoperationathantechnical.
A servicefeature(calleda featureherefor brevity) is oneof the partsof a service. However,

thisis aratherloosedistinctionsincefeaturescanbe servicesn their own right. Indeedthe IN

recommendation® someextentblur thedistinctionbetweerservicesandfeatures.

To allow for evolution of theIN, ITU-T arephasingin the definition of servicefeatures.
TheseareCapabilitySets(CS),of which CS-1[1] hasbeenavailablefor severalyearsandCS-2
[2] hasrecentlybeenfinalised.Logically it would seenthata ServicePlanedocumenQ.12x2
shoulddefinethe serviceqcapabilityset),but curiouslyit seemghatthis informationis given
in aPrinciplesdocumentQ.12x1.

SinceaCSmaybeveryrich in servicesthe approacttakenin the Global FunctionalPlane
is to definea numberof Service-IndependerBuilding Blocks (SIBs)thataremeantto realise
these. Theintentionis that thesebuilding blocks be independenof ary particularserviceor



featureandbeindependenof ary particularnetworkimplementation.Global ServicelLogic is
intendedto control the executionof SIBs by sequencinghemto achieve the desiredservice.
Althoughtheapproachs laudablethereareconsiderabl@ifficultieswith its presentefinition.

The(fourteen)SIBsthatarecurrentlydefinedaresomevhatadhoc Theirlevel of abstraction
alsovarieswidely. It seemdo have beenanticipatedhat currentSIBs may be insufficient for
definingsomeservices.Indeed thereis no systematienethodfor decomposing serviceinto a
collectionof SIBs. It is notatall clearthatthecurrentSIBsarenecessargr sufficientto support
evenCS-1. Only oneexampleof serviceconstructiornasbeenseenby the author claimingto
supportUniversalPersonallelecommunicationasingtheseSIBs.

It is not clear what SIBs really are. Their descriptionis a hybrid of statemachineand
procedure Theso-calledogical startpointseemgo sene no purposgexceptin thesensef the
startstateof a statemachine).Theso-calledogical endpointsseemto be morelike procedure
resultsthanfinal statesof a statemachine.

The relationshipbetweenSIBs andthe ServicePlanedescriptionis unclear In particular
the exact functionsto tie SIBstogetherappearto be undefined. The relationshipbetweerthe
Global andDistributed FunctionalPlanesis alsouncertain. The Distributed FunctionalPlane
adoptsacompletelydifferentapproach-theBasicCall StateModel. Thereis nodirectmapping
betweerthe modelsin thetwo planes.

Althoughobiject-oriente@pproaches telecommunicationareof considerablénteres{4],
the Global FunctionalPlanemodelis not obviously object-oriented A morenaturalapproach
would beto collectthefunctionsrequiredfor servicesasmethodsnsideobjects.

CS-1describesa numberof servicesn termsof features. This is a potentiallyinteresting
relationshifbecausé suggestse-useof featuredo build services.Thegoalof theworkreported
herewasto investigatethis relationship ,concentratingpn CS-1. Themainaimswere: to look
moredeeplyat the service-featureelationship;to checkfor consisteng andcompletenessf
thisrelationshipto shov by anexamplea methodfor analysingheservice-featureelationship
in CS-N; andto discorer whethermultiple levels of featuresmight exist (i.e. servicesouilt out
of intermediatdeaturesbuilt out of low-level features).

Theauthorbelievesthatabetterunderstandingf theservice-featureelationshipwill helpto
highlightpotentialinteractionamongthem. A betterservicearchitecturevould alsosmooththe
transitionfrom servicedo featurego SIBs. In [5], theauthorproposesrigorous,useroriented
methodfor constructingservicesandfeaturesout of more elementarybuilding blocks. [4] is
an interestingcomparisonthat describesan approachto constructingthe UniversalPersonal
Telecommunicationserviceusing SIBsin an object-orientednanner [3] describes way of
constructingserviceausinghigh-level building blocks.

2 SERVICES AND FEATURESIN CS-1

CS-1 claims to include servicesand featuresonly for the purposesof defining the Q.121y
recommendationsn factit is explicitly statedthatthey arenotto beusedfor servicecreation.
Theutility of theservicesandfeatureds thereforeunclear The serviceqS) andfeatureqF) of
CS-lareshawn in tablel for reference.ln somecasesa serviceandfeaturesharethe same
name(SF).For brevity thediscussionshatfollow usethe abbreviationsin thistable.
CS-1lincludesatablethatrelatesserviceso features. Somefeaturesare consideredo be
coreto aservice|.e. they arerequiredto makecommerciakenseof the service.Otherfeatures
areregardedasoptionalenhancement® a service. This relationshipis reproducedn table2,



Abbr. | Service/Feature

|| Abbr. | Service/Feature

AAB | AutomaticAlternative Billing (S) ABD AbbreviatedDialling (SF)

ACB | AutomaticCall-Back(F) ACC | AutomaticCardCalling (S)

ATT Attendant(F) AUTC | Authentication(F)

AUTZ | AuthorizationCode(F) CCBS | Completionof Call to Busy Subscriber|
S)

CCC | CreditCardCalling(S) CD Call Distribution (SF)

CF Call Forwarding(SF) CFC Call Forwarding on Busy Line/Don'’t
Answer(F)

CHA | Call Hold with AnnouncementF) COC | ConsultationCalling (F)

CON | ConferenceCalling (S) CPM | CustomerProfile Managemen(F)

CRA | CustomizedRecordedAnnouncement| CRD | Call ReroutingDistribution(S)

(F)

CRG | CustomizedRinging(F) CUG | ClosedUserGroup(F)

Ccw Call Waiting (F) DCR | DistributionCall Routing(S)

DUP | DestinationUserPrompter(F) FMD | Follow-Me Diversion(SF)

FPH FreephongS) GAP | Call Gapping(F)

LIM Call Limiter (F) LOG Call Logging (F)

MAS | MassCalling (SF) MCI Malicious Call Identification(S)

MMC | Meet-MeConferenceF) MWC | Multi-Way Calling (F)

OCS | OriginatingCall Screening SF) ODR | Origin-DependenRouting(F)

OFA | Off-Net Access(F) ONC | Off-Net Calling (F)

ONE | OneNumber(F) OUP | OriginatingUserPrompter(F)

PN PersonaNumbering(F) PNP PrivateNumberingPlan(F)

PRM | PremiumRate(S) PRMC | PremiumChaging (F)

QUE | Call QueueingF) REVC | ReverseChaging (F)

SCF | Selectve Call Forwardon Busy/Dont || SEC SecurityScreeningS)

Answer(S)

SPL Split Chaging (S) SPLC | Split Chaging (F)

TCS | TerminatingCall Screening SF) TDR Time-DependenRouting(F)

TRA | Call Transfer(F) UAN UniversalAccessNumber(S)

UDR | UserDefinedRouting(S) UPT Universal Personal Telecommunica-
tions(S)

VOT | Televoting (S) VPN Virtual PrivateNetwork(S)

Table 1. CS-1Servicesand Featues



listing coreandoptionalfeatureddirectly ratherthanrelatingservicego featuresusinga matrix
asin CS-1.

3 ANALYSIS OF CS-1SERVICE-FEATURE MAPPING

At first sightthe mappingof servicego featuresn CS-1seemdo reflecta deeprelationship.
However, anumberof simplificationscanbe madeto the mappingexpressedn table2.

The descriptionof servicesand featuresin CS-1is somavhat vague. In a numberof
caseslternatve descriptionsare given, but with a warningthatthesealternatvesmay not be
consistent. Someservicesand featuresare namedand describeddifferently but seemto be
rathersimilar. The descriptionof servicesandfeaturess at a broadfunctionallevel. Theuser
perspectieis notreally describedandcertainlynotthe useractionsto invokea service.

Thetablein CS-1thatrelatesservicedo featuresappearso beafunctionaldecomposition.
However, thereis no evidenceof theadequag or appropriatenessf thisdecompositionThere
is no descriptionof how featuresmight actuallybe usedaspartof a service.In somecasesa
featureis usedfor only oneservice.Similarly, anumberof servicesaredefinedusingavirtually
matchingfeature.Suchrelationshipsould moreusefullybeshowvn in aseparateable.

In somecasestheuseof DestinationJserPrompteiseemsinlikely — specificallyfor Abbre-
viatedDialling, FreephonelRremiumRateandUniversalPersonalelecommunicationdn fact,
OriginatingUserPromptemwould appeamoreappropriatehanDestinationUserPromptef so
thelatterhasbeenremovedfrom theseservicesn whatfollows.

The Call Logging featureis an option for every service. This is hardly surprising,since
virtually ary servicemight requirecall logging. The Call Logging relationshipis therefore
uninterestingandhasbeernremovedfrom thetable. Similarly the CustomeProfileManagement
featureis an option for nearly every service. It is not hardto imaginea needfor customers
to managetheir profilesfor ary service. The CustomerProfile Managementelationshipis
thereforeuninterestingandhasalsobeenremovedfrom thetable.

The MassCalling and Televoting serviceshave identicalcombinationf features.This is
to be expectedas Televoting seemdo be a specialcaseof MassCalling, so theseshouldbe
combinedn thetable.

Freephon@ppeardo beaspecialcaseof UniversalAccessNumber;indeedthedescription
of thelatterincludesFreephon@soneof its possibleuses.AlthoughFreephonenayoptionally
useAuthentication MassCalling and Originating UserPromptey theseare not mentionedor
UniversalAccessNumber It would seemreasonabl¢o allow the extra optionsof Freephone
for UniversalAccessNumberaswell, enablingthetwo servicedo begrouped.

Automatic Card Calling and Credit Card Calling might be regardedasspecialisation®f a
servicethatallows accesssia anaccountcard. Their descriptiongn CS-1seemto differ arbi-
trarily. Thekey questionis which accounts debited(presumablywith the telecommunications
operatoror credit cardcompary asappropriate). AbbreviatedDialling is corefor Automatic
CardCalling but is anoptionfor CreditCardCalling. It is not clearwhy AbbreviatedDialling
shouldbe core, nor even why it should be associatedvith either service. It would appear
reasonabléo combineAutomatic Card Calling and Credit Card Calling, making Abbreviated
Dialling optional. AutomaticAlternative Billing resemble®\utomaticCardCallingandCredit
CardCalling, the maindifferencesdeingthe accountadministratorandthe meansof entering
theaccountcode. Thethreeserviceshouldthusbecombined.

MaliciousCall Identificationis definedasusingOriginatingCall Screeningln facttheCS-1



Service| CoreFeatures OptionalFeatures

AAB AUTZ, OUP ABD, LOG

ABD ABD CPM,DUP, LOG

ACC ABD, AUTZ, OUP LOG

CCBS | ACB CW, LOG

CCcC AUTZ, OUP ABD, LOG

CD CD,ONE CPM,LOG, ODR,TDR

CF CF CPM,LOG

CON MWC COC,CPM,LOG, MMC

CRD ONE CFC,CPM,CRA, LIM, LOG, QUE

DCR CD CPM,LOG, ODR, TDR

FMD FMD CPM,LOG

FPH ONE,REVC AUTC, CD, CFC, CPM, CRA, CRG, DUP, GAR,
LIM, LOG, MAS, OCS,0ODR,0OUPR, QUE, TDR

MAS MAS CD,CPM,CRA,GAPR,LIM, LOG,0CS,0DR,0OUR
QUE,TDR

MCI LOG, OCS

OCS OCS CPM,LOG

PRM ONE,PRMC CD,CFC,CPM,CRA,CRG,DUPR, GAR,LIM, LOG,
OCS,0DR,QUE, TDR

SCF CFC CPM,LOG

SEC AUTC CPM,LOG

SPL ONE CD,CFC,CPM,CRA,CRG,DUPR, GAR,LIM, LOG,
OCS,0DR,QUE

TCS TCS CPM,LOG

UAN ONE CD,CFC,CPV, CRA, CRG,GAR LIM,LOG,OCS,
ODR,QUE, TDR

UDR CPM,LOG, ODR,TDR

UPT AUTZ, FMD, PN, SPLC | CPM, CRA, DUP, LOG, OUR, TDR

VOT MAS CD,CPM,CRA,GAP,LIM, LOG,0CS,0DR,0UR,
QUE, TDR

VPN PNP ABD, ATT, AUTC, AUTZ, CD, CHA, COC,CPM,

CRA, CRG, CUG, FMD, GAP, LIM, LOG, OFA,
ONC, OUPR, QUE, TDR, TRA

Table 2. CS-1Serviceto Feature Mapping




descriptionof Originating Call Screenings unsatisfactoryandis morelike TerminatingCall
Screening. SinceMalicious Call Identificationwill almostcertainly wish to block incoming
callsfrom certainarear numbersit seemdikely thatit shoulduseTerminatingCall Screening
instead.

UserDefinedRoutingis an unusualcasebecauset hasno corefeature;it may be Origin-
DependenRoutingor Time-DependenRoutingwithout anobvious preference.

Theforegoinganalysisresultsin a simplified relationshipbetweerservicesandfeatures.It
is now possibleto usethis to synthesisea richer mappingbetweerservicesandfeatures.

4 SYNTHESIS OF CS-1SERVICE-FEATURE MAPPING

CS-1hasa singlelevel of decompositiorfrom servicesinto features. In a numberof cases
a multi-level decompositiomrmight have beenfollowed, allowing intermediatefeatures. This
alsohints at an object-orientedstyle with inheritanceor aggreation,andsois desirablan its
own right. This and other simplificationsare usedin the following synthesisof a nev CS-1
service-featurenapping.

AutomaticAlternativeBilling, AutomaticCardCallingandCreditCardCallinghave already
beencombined;a new Chageto Account(CTA) serviceis introducedasthe basisof all three.
MassCalling andTelevoting have alsoalreadybeencombined;a nev MassPublicCall (MPC)
serviceis introducedasthebasisof both.

Call Distribution, Call ReroutingDistribution and Distribution Call Routing seemto be
rathersimilar services but are describedandbuilt from featuresin differentways. Selectve
Call Forwardon Busyis alsosimilar. It is not clearwhy OneNumberis a corefeaturefor Call
Distribution and Call ReroutingDistribution; theseservicesappearto be independentf this
requirementthoughit may be a commoncombination. It would have beensensibleto define
onecommonservicefor call rerouting. The criteriafor reroutingwould be a combinationof
thosedefinedfor Call Distribution, Call ReroutingDistribution, Distribution Call Routingand
Selectve Call Forwardon Busy A new Call Rerouting(CRR)servicels introducedasthe basis
of all four, building ontheexisting features.

Split Chaging seemdo be a generalisatiorof Freephonen thatonly a definedportion of
thecall is freeto the caller Unlike Split Chaging, FreephonencludesAuthentication,Mass
Calling, OriginatingUserPromptey Call Queueingand Time-DependenRouting. It couldbe
arguedthat thesefeaturegwith the possibleexceptionof MassCalling) shouldapply equally
to Split Chaging and Freephonethey have beenincludedin the analysishere. Premium
Rate also resemblesSplit Chaging and Freephonethe differencebeing who paysfor the
call. Freephonallows for Authentication MassCalling, OriginatingUserPrompterand Call
Queueing Authenticatiorwouldpresumablypeapossibilityfor PremumRate.lt isconcevable
that MassCalling, OriginatingUser Prompterand Call Queueingcould be applicable,so this
hasbeenassumed.

Thediscussiorof FreephoneRPremiumRate,Split Chaging andUniversalAccessNumber
hasmentionedhesimilaritiesamongthemaswell assomeapparentlyunnecessargtifferences.
It mighthave beerpossibleio seeheseasspecialisationsf ageneralisedccessnechanismbut
this would requirethe chaging algorithmto be unreasonablflexible. Thefour servicesnight
have sharech compositdeaturewith OneNumberascoreandAuthenticationCall Distribution,
CallForwardingonBusyLine,CustomizedecordeddnnouncemenCustomizedringing,Call
Gapping,Call Limiter, MassCalling, Originating Call ScreeningQrigin-DependenRouting,



OriginatingUserPrompteyCall QueueingandTime-DependenRoutingasoptions. According
to CS-1, Split Chaging includesDestinationUser Prompteras an option (perhapgo request
the calledparty to acceptthe chage),and PremiumRateincludesPremiumRateChaging as
core. For amoregenerabpproacha nev CommonPublic Call (CPC)featureis introducedas
anintermediary

CommonPublic Call, Mass Public Call and Virtual Private Network sharea group of
featuresconcernedvith how calls are (re)routed. It seemssensibleto identify a further level
of commonality It is thusappropriateo introducea new Call RoutingCriteria (CRC)feature
thatoffersCall Distribution, CustomizedRkecordedAnnouncementCall Gapping Call Limiter,
OriginatingUserPromptey Call QueueingandTime-DependenRouting.

Thesedeashave beenusedto restructurgheinterestingaspect®f the CS-1service-feature
mapping. The endresultis shavn in figure 1. What this figure shaws is the dependencies
amongservicesand features(decompositionjnheritance,specialisationaggrgation). The
highesthodesn eachbranchareall serviceslefinedby CS-1. Thelowestnodesn eachbranch
areall featureglefinedby CS-1. Theintermediatenodesarethe new featuresntroducedduring
the synthesign this section. Solid lines in the figuresshav corerelationshipsdashedines
show options.

5 EVALUATION

Having re-workedthe service-featurenappingfor CS-1,it is worthwhile reviewing what has
beenachiezed. The analysishelpedto discorer mappingsthat were essentiallyuninteresting
becausehey appliedin (nearly)all caseor becauséhefeaturevirtually equatedo theservice.
The analysisalsofound servicesthat were almostthe same,were specialcasesof others,or
shareda strongcommonbasis. Finally, inconsistenciesvere found whereservicesincluded
featuresthat seemedunlikely to be appropriate or omitted featuresthat seemedikely to be
relevant. Suchinconsistencieparticularly stoodout whencomparingsimilar services.Some
straightforwardechnicalor editorial errorswerealsodiscovered.

The investigationshoved that there were indeed possibilitiesfor combining groups of
featureanto intermediatdeaturegshatwerecommonto higherlevel services.This introduced
a multi-level structureinto the mapping. The main reasonfor definingthis wasto identify
commonalities.A furtherreasonwasto allow for somemeasuref inheritanceor aggreation
in the service-featurenapping.

However, oneof the problemsin creatinga hierarchyis knowing whatto group. It would
certainlyhave beenpossibleto createfurtherintermediatdeaturesandlevelsin figure1. Thus
the servicedesignemustexercisejudgment. An intermediategroup of featuresshouldmake
somekind of sensen itself, andnotbe merelya convenientartifact. A possiblecriterionis that
suchagroupingcouldsene asaservicein future;intermediatdeaturesshouldthusperhapse
consideredsintermediateserviceanstead.

The results,in the form of figure 1, are at the samelevel of abstractionas CS-1. The
figure shavs only somehigh-level relationshipsamongservicesandfeatures. The definitions
of servicesandfeaturesareonly thoseof CS-1,sothereis still imprecisionin whattheseare.
The natureof servicecompositionfrom featuresis still undefined. The servicesandfeatures
arestill somavhatarbitraryandlackingin userorienteddetail. To makethemmoreconcrete
andmeaningful,it would be necessaryo considerthe specificservicesofferedby a particular
provider. Theauthorswork in [5] triesto solve someof theseproblems.
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Figure 1. ReplacementS-1Serviceto Featue Mappings



6 CONCLUSIONS

Althoughthe goalof this work hasbeento structureservicesn termsof featuresjt appearsn
practicehatservicesareconceved(andevenimplemented)argelyinisolation. ThelN approach
doesnot appeatto have hada stronginfluenceon serviceprovision. Thisis unfortunatesince,
asfigure 1 shows, thereis realopportunityto have re-usableservicecomponents.

The paperhas concentratedn the service-featureelationship,but it is hopedthat the
approacltanbeextendedo thefeature-SiBrelationship.In otherwords,it oughtto bepossible
to establisha consistentevolution from servicesvia featuresto SIBs asservicecomponents.
Servicesandfeatureswvould simply be higherlevel groupingsof thesecomponents.A single
compositionrmechanismmight applyatall levels. Thiswould clarify the natureof the service-
featureandfeature-SiBrelationship.

Thework hasfocusedon CS-1sinceCS-2hasonly recentlybeenstabilised.However the
sameconclusionsapply to CS-2sincethis is just an extensionof CS-1, mainly to introduce
multi-operatorservices. Interestinglyit appearghatthe service-featureéablein CS-1did not
find favour with the CS-2developers. Hopefully the work reportedin this papersuggestan
effective way forwardfor structuringIN services.
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