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Abstract

A brief explanationis given of thelanguageANISE (ArchitecturalNotionsIn ServiceEngineering}thatcan
be usedto describegenericservicesaswell astelecommunicationservices. The ANISE approachembodies
a featurecalculusthat can be usedto structureand analyseservices. A descriptionis given of the Plain Old
TelephoneServiceusing ANISE. This is extendedfor a numberof typical featuresdravn from the Intelligent
Network. It is shovn how the descriptionof featurespermitsstaticand dynamicanalysisof interactions. A
partialsemanticss givenfor ANISE usingLoTos (Languageof TemporalOrderingSpecification). This allows
featuredescriptiongo betranslatednto Lotos andanalysedormally.
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1 Intr oduction

1.1 Modelling Servicesusing ANISE

An architecturafoundationfor describing(service)eaturesn telecommunications givenin [25]. Thispresents
anarchitecturendalanguagdor definingfeaturesn arigorous,declaratve andconsistenmanner Theapproach
deliberatelydoesnotgive ary speciaktatugo servicesfeaturesServicelndependenBuilding Blocksor thebasic
call. All areconsideredo bebehaiours—features- of atelecommunicationsystem.Elementanbehaioursare
takenasthebasison which morecomple behaiours canbe built.

Thegoalsof thiswork are:

to gainabetterunderstandingf telecommunicationservicesparticularlyin thesensef thelIN (Intelligent
Network,Q.1200seriesof recommendationfd 6])

to develop anabstractrchitecturdor structuringtelecommunicationservicedn termsof their constituent
features

to treatservicesrom a userpoint of view

to offer a uniform servicemodellingapproach

to develop aformally-basedanguagdor describingtelecommunicationfeaturesandtheir combinations

= to gainaninsightinto featureinteractionghroughstaticanddynamicanalysisof servicedescriptions.



A servicein thetelecommunicationsensds somesetof networkcapabilitiesthatis separatelysubscribedo
andchagedfor. A serviceis thusaway of packagingandmarketinga collectionof features.However, thisis a
ratherloosedistinctionsincesomefeaturesare servicesin their own right. The examplesusedin this paperare
basedon servicesin theIN. TheIN recommendation® someextent blur the distinctionbetweenservicesand
features.

Theauthorsbeliefis thatweaknesseis servicearchitectureontributetowardsthefeatureinteractionproblem.
Of coursehisis nottrueof all featureinteractionsbutit is felt thatanimprovedunderstandingf servicearchitecture
is animportantsteptowardsidentifying interactions.Architectureis usedin this paperto meanthestructureof a
systemspecification(here,anIN service). More specifically an architecturds characterisetby its components
andhow they arecombined28]. A serviceis usedto meanthefacilities offeredto clients(here telephoneausers).

Thebasedocumenfor this paperis [25] thatintroduceghelanguageANISE (ArchitecturalNotionsin Service
Engineering).ANISE is usedto describefeaturesandtheir combinationsn a declaratve way. The presenpaper
is complementaryo [25] sinceit shavs how to build higherlevel featureson top of an ANISE modelfor POTS
(the Plain Old TelephoneService). The versionof ANISE usedherehasevolvedto allow descriptionof IN-like
services.To makethepapemreadablén isolation,a summaryis givenof ANISE andhow it canbeusedto describe
POrS.

1.2 RelatedWork

The work is ratherdifferentin style from mostapproacheso describingfeaturesand their interactions. The
emphasison constructingservicesrom well-definedcomponentaisingwell-definedrulesis reminiscentof the
Advanced\Network SystemdArchitecture[30]. Thebuilding blockapproachs alsosimilarin spirit to thework of
Lin andLin [19], thoughin their casethe building blocksareat a higherlevel.

The emphasisn ANISE is on structuringspecificationsof IN-like services. TINA (Telecommunications
Intelligent Network Architecture[6]) hastakena somevhat differentapproachto definingtelecommunications
services,including conceptsfrom ODP (OpenDistributed Processing13]) and modellingusing OMT (Object
Modelling Techniqud20]). TheTINA work is complementaryo ANISE.

As will be seen the semanticof ANISE is given by Lotos (LanguageOf TemporalOrderingSpecification
[10Q]). Therearethereforeinterestingcomparisonsvith otherwork thatuses otosdirectly. Faciandco-workers
have successfullyusedLoTosin aconstraint-orientedtyleto describaelephonesystemsndtheirfeatureq?7, 8].
In [9] they have shavn how the featureinteractionproblemcanbe analysedn Lotos. Thomas[22] alsouses
Lotos, focussindike the presenpaperon the userinterfaceto a telephonesystem put detectinginteractionsy
checkingtemporalpropertiesagainsta LoTos specification.

Sowhy notwrite LoTos specificationglirectly? It is theauthorsexperiencg21, 23,27, 29 thatLortos offers
rathergeneralfeaturedfor specifyingbehaiour. In a particularapplicationdomainsuchastelecommunications
serviceghespecifiermust'bootstrap’him/herselito the architecturalevel at which systemsshouldbedescribed.
Telecommunicationservicesfor example,areexpressedisingconceptdike dialling, call, diversion,clearingand
busy A directspecificatiorhasto expresssuchconceptsisingonly the constructof Lotos. Theauthorbelieves
thatit is preferableo have suchconceptsvailablein the specificatiolanguagegvenif they arerepresentedta
lowerlevelin Lotos Thisallowsthespecifieto work atthelevel of theapplicationdomain,andresultsin smaller
and morecomprehensiblelescriptions.It alsoallows formal specificationdo be produced(throughtranslation
from the servicedescriptionanguagewithout requiringthe userto know LoTos.

SeveralresearcherspecifytherelationshipbetweeruserandnetworkactionsusingMessagesequenc€harts
(e.0.[3, 5]). Thesearereminiscentof the time-sequencediagramsthatinspiredthe presentpaper Amongthe
approachessingMessag&equenc€hartsthatof BergstraandBouma[2] is similarin styleto thework reported
herealthougha differentalgebraidormalismis used.

1.3 Structur e of the Paper

Section2 summarisethe ANISE approactio describingservices.SincePOT Sis thefoundationfor all higherlevel

servicesjts descriptionin ANISE is presentedriefly in section3. Featuresarebroadlycategorisedasaffecting

an isolatedcall or asrelating separatecalls. Examplesof both catejories are describedin sections4 and 5,

mainly usingIN features.Section6 discussebow ANISE helpsto identify problemareasvherefeatureinteraction
might occur ANISE needsa formal meaningandneeddo be extensiblefor descriptionof new kinds of services.
AppendixA thereforeoutlineshow ANISE constructanbe givenmeaningusingLoTos.



2 The ANISE Language

ANISE consistof constructdor definingelementarpehaiours (featuresandcombinatorgor building theseinto
more comple behaiours (alsocalled features). It might thus be regardedasa featurecalculus. Appendix A
summariseshe ANISE languagen tables2 and3. [25] discusseshefoundationsof ANISE, in particulartable2,
sothedetailsarenot repeatedn the presenipaper However, the constructof ANISE will beillustratedthrough
examples.

2.1 Modelling Approach

The ANISE approachs bottom-up,but from a users perspectie ratherthanan engineeringviewpoint. Features
andservicesarecombination®f thesignalsexchangedetweeratelephonaiserandthenetwork(goingoff-hook,
dialling anumber etc.). A featureis characterisely therulesfor exchangingsignals.Following theterminology
of OSI (OpenSystemdnterconnectiorfl12]), signalsarecalledserviceprimitives. Sincehigherlevel featuresare
built from lowerlevel onesin a uniformway;, all behaiour is justafeaturein ANISE.

Themajoradwantageof theapproaclhis architecturatonsisteng sincea uniform notationandsetof concepts
is used. The elementf a servicehave the samestatusandaredescribedn the samekind of way. Thereis no
specialtreatmentfor example,of thebasiccall or of servicesss. features Becauseéheapproachs compositional,
thereis a rigorousfoundationon which higherlevel featurescan be built. This permits systematicdefinition,
formal description rapid prototypingandmethodicalanalysis. The architecturds userorientedin the sensehat
it concentratesolely on the interactionsa userhaswith services. (Note thatthe paperuses'interaction’in the
generakensef exchanginginformation,andalsoin the senseof featurednterferingwith eachother)

Thegenericconstructsn ANISE areusefulfor describingawide rangeof servicessuchasthosein OSI,theIN
or ODP OSlservicegendto beveryregularin natureandneedittle moredescriptie powerthanbasicANISE. IN
servicedendto bemuchmoreindividual. Theresultis thatANISE needgo beextendedwith specificconstructdo
reflectparticularservices.Experiencesofar with ANISE suggestshata new servicecannormallybe describedat
the call level with the genericANISE constructs However, a special-purposeombinatoiis oftenneededo reflect
theservices functionalityata globallevel. Section5.2 will illustratethis obserationfor Call Waiting. The price
thatis paidfor specificationcorvenienceis that the semanticf special-purposeombinatorshasto be defined
(throughtheir translatiorto LoT0S).

Featuresnaybeinvokedin anisolatedfashion but usuallyhave somerelationshipo eachother For example,
anormaltelephonecall requiresorderedexecutionof call establishmenspeechandclearing. The generahotion
of aninteractiongroupis introducedfor a collectionof interactionghatshouldbe consideredasrelated. Sucha
groupis known to eachuserby alocal referencecalledaninteractiongroupidentifier (Id for short). Connections
suchastelephonecalls are interactiongroups,andinteractiongroupidentifiersindicatethe telephondines that
areconnectedA setof Ids (onefor eachuserin acall) is associatedvith aninteractiongroup. Interactiongroup
identifiersarepartof the modellingapproachandarenot explicitly writtenin an ANISE description.

As anexample,a call startsout with undefineddentifiersfor eachend. The act of seizingthe line fixesthe
identifier of the calling end,while dialling fixesthe identifier at the calledend. Both identifiersare now known
andare usedduringthe remainderf the call. Whenthe call is cleared the identifiersareno longerneededand
canbere-boundn anew call.

2.2 Feature Characteristics

Featureshave a direction, usuallyrelating a pair of usersandthereforeinteractiongroupidentifiers. Although
someservicesare symmetrical therecanbe asymmetriesn what usersmay invoke. For example,someusers
may be allowed only to initiate calls while othersmay be allowed only to answerthem(i.e. Incoming/Outgoig
Call Barring). Featurearethereforespecifiedunidirectionally;a symmetricalservicesimply allows a featureto
beinvokedby eitheruser

Featuresare the componentf services. Featureamay be combinedinto larger features,so a serviceis
effectivelyjustatop-levelfeature.Featuresrecharaterisedby thepattern®f interactionramongusersinteractions
correspondo the occurrencef OSI-like serviceprimitives. OSI definesfour rolesfor primitives:

req(uest): aserviceuserasksthe serviceproviderto carry out somefunction

ind(ication): theserviceprovider notifiesa serviceuser usuallyin respons¢o arequesttheserviceprovider may
alsogive anindicationautonomously



res(ponse):arespondingserviceuseracknavledgesreceiptof anindication

con(firm): theserviceprovider confirmsexecutionof arequestbackto the originatingserviceuser

A studyof typicaltelecommunicationservicesevealsthatthereareanumberof basicpatternsn thebehaiour
of featuresijllustratedin figure 1 usingthe OSI diagrammatiaotationfor serviceg11]. Theactionsof usersand
the serviceprovider are shavn in columns,with time runningdown the page. User1 is corventionally on the
left of thesediagramsandUser 2 is on the right. Serviceprimitivesappearashorizontalarrons becausehey
notionally occurinstantaneouslySlopinglines are usedwithin the serviceprovider to shav the passag®f time
dueto transmissiordelays.Normally the vertical relationshipbetweerprimitivesshons a time ordering. A tilde
(D48 usedwherethe orderis undefined(i.e. the primitivescanoccurin eitherrelative order). Somepossible
telepholy examplesof the patterngn figure 1 areasfollows:

user. initiated: auserclearsacall by goingon-hook(request)

provider_initiated: the networkringsthe calledparty(indication)

unconfirmed: speechby oneparty (request)s deliveredto the other(indication)
local_confirmed: acallergoesoff-hook (requestiandobtainsdialling tone(confirm)

remote confirmed: the networkasksthe callerto hangup (indication)who doesso (response)

asymmetric_.confirmed: onepartyhangsup (request)causingthe otherto be notified of disconnectior(indica-
tion) andto hangup aswell (response)

provider_confirmed: a numberis dialled (request),causingringing at the called party (indication) and at the
caller(confirm)

user_confirmed: a userasksfor the costof the last call (request),and this is forwardedto the billing centre
(indication);the costis announcedby thebilling centre(responseandis notifiedto the user(confirm)

user_provider_confirmed: acreditcardnumberis supplied(requestiandis notifiedto thebilling centre(indica-
tion); in eitherorder thenetworkis told thatthechage will behonouredresponseandthe useris told that
thecardwill bechaged(confirm)

Eachbasicpatternmay have one of the propertiesillustratedin figure 2, arrangedin a hierarchythat be-
comesprogressiely more degenerate. The propertiesare single (one-of), consecutive(sequential),ordered
(overlapped)reliable (overtaking)andunreliable (lossy). Possiblegelephoty examplesof thesepropertiesareas
follows:

single: seizingaline beforedialling
consecutive: acall is dealtwith beforeanotheiis permitted
ordered: voicesamplesredeliveredin the correctorderevenif their end-to-endransmissioris overlapped

reliable: nearlysimultaneousalls to a PABX (Private Automatic BranchExchangemay be connectedn ary
order

unreliable: call requestsnaybelostdueto problemsn the serviceprovider suchascongestion

Patternsand propertiesare essentiain definingthe elementsof call behaiour. Examplesof their usewill
appeatin figures5 and7. The semanticof patternsandpropertiesareillustratedwith somesampletranslations
to Lotosin appendixA.
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2.3 Feature Combinations

Featuresandtheir combinationsare declaredusingthe languageof ANISE. Elementaryfeaturesaredeclaredn
oneof two ways:

feature(directionpatternproperty,group)
feature(directionpatternpropertygrouplgroup?

Themeaningof suchadeclarations thebehaiour implied by theparametersThedirectionis 12 or 21,depending
onwhich userinitiatesthe feature(logical endpointl or 2). The patternis oneof thosegivenin figure1, andthe
propertyis oneof theleaf nodesin figure 2. The groupnameis usuallythe sameasthatof the serviceprimitives
involved(e.g.groupOffHookfor primitivesOffHook.Reg/Injl In thecaseof a confirmedpattern two groupsmay
be given. This allows for the possibility that the groupnamesdiffer. For example call establishmenmight be
consideredo have separatealling andanswetbehaiour, andthusto have two groupnames:Call andAnswer A
groupmay alsocite anexplicit parametetypein parenthese®.g.Call(Num). If bothgroupnamesarethe same
but their parametersliffer thenonly the secondparametemay be given, e.g. Call(Num),(CalingMess) In this
casethe primitivesmight be Dial.Req(NumpandDial.Con(CallingMess)

The following basicdatatypesare pre-definedn ANISE. Eachtype hasnamedconstantasundefinedvalue
(NoDig, NoNum etc.). In additionanumberof datatypesareusednternallysuchasld (aline identifier)andResult
(generatedby afeature).If special-purposdatatypesareneededo describea service they mustbeincorporated
in thetranslatiorto LoTos.

CalledMess:issuedto the called party while a call is being establishedbr is in progresge.g.ringing current,
calling number)

CallingMess: receved by the calling party while a call is being establishedr is in progresqe.g.ringing tone,
subscribebusy)

Dig: a'digit’ (including* and#)
Num: asequencef digits suchasatelephonenumber

\bice: asegmentof speech

In principle,featurescouldbe combinedn alimitlessnumberof ways. However, telecommunicationservices
tendto usea limited rangeof combinations. Thesebuild on one or more behaiours as parameters- thoseof
elementaryfeaturesor their combinations:

CombinatofParameter 1, ... ,Parameter N)

A featuregroupis given as parametemwhenthe combinedbehaiour appliesonly to a particulargroup within
it. Combinatoramay be built up into larger expressions.A singleexpressionfor a high-level featuremight be
unwieldy, or might requirerepetitionof sub-expressions.In sucha casea part of the overall behaiour may be
namedby:

declare(Name,Behaviogr

whereNamewould be usedasa parameteto othercombinators.Typically this is usefulfor giving a nameto the
behaiour of eachfeature.

2.4 Feature Parameters

Thebehaiour of atelecommunicationfeatureis oftendependenbn characteristiceshoserby thesubscriberFor
example,the subscribemight setup abbreviateddialling or might requestall diversionto anothemumber This
collectionof characteristicss storedin atelephonenumbers profile —arecord-likesetof values.Theprofilesare
globally availableto all featuresn casetheir behaiour depend®niit.

Sincea featureor combinatorrelatesendpoints jts behaiour is parameterisethy their numbers. However,
afeaturemay establishor changea numberasit executes.For example,the calling numberis setby thefeature
that seizesthe line, andthe called numberis establishedvhenthe dial featuredetermineshe destinationline.
The callednumbermay differ from the dialled numberdueto the useof featuredike call forwarding. A feature
thereforeexportsthe numbersn usewhenit terminatesthe numberanay be usedby featureghatexecutelater.

Featuresare often behaiourally relatedthroughresultvalues. For example,unlessseizingthe line yields
dialling toneit will notbepossibleto dialanumber Similarly, dialling anumbemustresultin ringingtonebefore



the call canbe answered.The behaiour of a featuremay just stop;this is regardedasunsuccessfulermination
andproduceso result. If abehaiour terminatesuccessfullyt is consideredo producea result—the parameter
valueof theconfirmserviceprimitive (if ary). Apartfrom terminatingunsuccessfullpr successfullya behaiour
mayalsorecurse(i.e. loop). Clearlynoresultis possiblein this case.

Summarisinghe pointsabove, the functionality of a terminatingfeatureis consideredo be:

Num < Num = Num x Num % Result

wherethe pairof numbergefersto thelocal/remoteends,andResultis sometypelike acalledor callingmessage.
The numbersof a featureinstancestart out undefined(NoNun). When a featureinstancefirst interactsat an
endpointit acceptsaary number In future only that numberis permittedat the endpoint,andthe numbersn use
areexportedon termination.

To makethis idea concrete considerseizingthe line by picking up the telephone. Initially the numberof
neitherendpointis known, but the act of seizingthe line determineghe caller's number In addition, seizing
normallyyieldsdialling toneasresult. In this casethe functionality of the Seizefeatureis:

NoNum > NoNumB SomeNum< NoNum x DialTone

Normally a featureexecutesin the direction specifiedfor it; for example,featureFeat might be definedfor
direction12. It is sometimeglesirableto overridethis by specifyingdifferentendpoints;for example,Feat(21)
invokesthefeaturein thereversedirection. It is essentiato specifyendpointdn this way for featureghatinvolve
morethanonecall suchasThree-Way Calling; for example Feat(32)invokesthefeaturebetweeriogicalendpoints
3and2. Endpoint0 corresponds nonumber;for example,Feat(00)startswith neithercalling nor callednumber
known. EndpointS meansa surrogateuser(asusedwith Call Waiting andThree-Way Calling in sectionss.2and
5.3).

3 Call Description

This sectionusesANISE to describePOTS (the Plain Old TelephoneService). A fuller explanationappearsn
[25], soafairly brief expositionis given here. Note that the basiccall is definedin ANISE andis not intrinsic
to it. The descriptiongivesan architecturefor the basiccall in the senseof definingits componenbehaiours
andhow thesearecombined.Sincethe ANISE descriptionis linear, figure 3 may be helpful in understandinghe
overall structure. The innermostovals in the figure showv the features. Theseare progressiely combinedinto
more comple behaiours usingthe combinatorsshovn. The basiccall behaiour is a repeatedsequencef the
threephases.

3.1 BasicCall Features

Theelementaryeatureddentifiedfor abasiccall areshovnin figure4. Thisis unadornedvith detailsof features
suchastheirparametergyropertiesandrelationshipsthe ANISE declarationsn thefirst partof figure5 makethese
explicit.

Seize: This featureis invoked by the caller (i.e. in the 1 2 direction), and the patternhasa single instance.
OffHook.Reqcorrespondgo picking up the telephone. OffHook.Conis the responsewith parameter
CallingMessnormallyindicatingdialling tone. However, otherresponsefke unobtainablarepossible.

Dial: Dial.ReqgcorveysthecallednumberNum Theresponsés Dial.Con, hopefullycarryingringingtoneasthe
valueof parameteCallingMess However otherpossibilitiesincludesubscribebusyandunobtainable.

Ring: StartRinglIndis issuedwhenthecalledpartyis rung.
Silence: StopRingndis issuedo stopthe calledpartyringing.

Answer: This featureoperatedrom calledto caller (i.e. 2 1). AnswelReqcorrespondso answeringthe call.
Answeind is anexplicit signalthatthe calledparty hasansweredthoughin currenttelephory the calleris
notdirectly awvareof this.

Speak: Thisfeatures declaredn thel -, 2 directiononly sinceanidenticalfeatureoperatesn thereversedirection
(i.e. both partiesmay speak). Speectallows overlappedvoice transmissionsn the samedirectionthatare
keptin thecorrectrelative order Speeh.RegandSpeeh.Ind both carry speectsegmentsof type \Wwice
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% BasicCall Elementary Features

declare(Seizefeature(12 local_ confirmed,single OffHook,(CallingMess))) % seizetheline
declare(Dial,feature(12 Jocal_ confirmed,single Dial(Num),(CallingMess))) % dial numberandconnect

declare(Ring feature(12 provider_initiated ,single, StartRing)) % startringing number
declare(Silencefeature(12 provider _initiated ,single StopRing) % stopringing number
declare(Answetfeature(21 unconfirmed,single Answer)) % answercall
declare(Spealfeature(12 unconfirmed,ordered,Speet(Voice))) % one-wayspeech
declare(Clear1feature(12user. initiated ,single, OnHook)) % clearby caller

declare(Clear2feature(12,asymmetric_ confirmed,single, OnHook,OnHook))% clearby calleror called

% BasicCall Behaviour:

declare(Dialling, % dial phase
interrupts _after_try ( % clearinteruptsseize dial
Clearl, % callerclear
enables on_result % seize dial if dial tone
Seize(00), % seizeline in freshcall
DialTone, % if seizegotdial tonethen...
enables on_result % dial, exit if ring tone
dials(Dial), % dial selectgdestination
RingTonegxit)))) % if ring tone,exit dial phase
declare(Ringing, % ring phase
offers( % clearor ringing
Clearl, % callerclear
enableg % ring, clearor answer
rings(Ring), % ring destinatiomappropriately
offers( % clearor answering
enablegClearl,Silence), % callerclear stopringing
Answering)))) % answeyspeak
declare(Answering, % answelphase
enableg % answey stopring, speakclear
Answer % answercall
disableg % clearstopsspeech
collidegClear2), % caller/calledclear
duplicateSpeak)))) % speeclhin bothdirections
declare(Call, % overall basiccall
loopy % loopsindefinitelydoing...
enablegDialling,Ringing))) % dial phasering/answeiphase

% Global (POTS) Behaviour:

profile(124,53)... % numberl24/id53, etc.
declare(MaxCalls,100) % numberof concurrentalls
global(tel, % namefor telephoneservice
checks busy( % monitorline free/lusy
instancegMaxCalls,Call))) % instantiatecalls

Figure5: ANISE Declarationdor the PlainOld TelephoneService
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Clearl: Thisis one-sidectlearing,wherethe caller breaksthe call with OnHook.Redpeforethe otherparty has
beenrung.

Clear2: Thisis two-sidedclearing,whereeitherpartycanbreakthecall by hangingup (i.e. doingOnHook.Rej
OnHook.Indsignalsthe otherparty thatthe call hasbeenbroken,thoughin currenttelephory theremaybe
noexplicit indicationof this. Thecallis fully cleareconly whenthesecondartyhangsup,i.e.OnHook.Req
occurs.

3.2 BasicCall Behaviour

The relationshipshetweenbasiccall features— their combinations- are shavn in the secondpart of figure 5.
Althougha call couldbedefinedby a singleANISE declarationthe descriptionis brokendown into smallerpieces
for corvenience. Thefeaturesandcombinatoraisedin thedescriptionarementionedoelow.

Dialling: Thisistheinitial behaiour of thecall (seizingtheline, dialling). A one-sideclearby thecaller(Clearl)
is permittedonceanattemptto makea call hasbegun(interrupts _after_try). If acallis interruptedoy this
clear itsinitial behaiour repeatsthisis the‘inner loop’ of thecall. Seizingtheline (Seiz¢ permitsdialling
only if dial toneis receved (enables on_resulf). Any otherresultsuchasunobtainablereventsdialling.
Receiptof ringing tone permitsthe dialling phaseto finish (Dial obtainsRingTone. Any otherresultlike
subscribebusy preventsfurtherprogres®nthecall. Thedials combinatorensureshatthecalledtelephone
is theonedeterminedy thedialled number(Dial).

Ringing: Theringing phases surprisinglycomplex becausehe callermay hangup ata numberof pointsbefore
answeringoccurs. The caller may clearbeforethe called party is actuallyrung (Clearl). Normally, the
calledparty is rung (Ring); therings combinatorchooseghe appropriatering pattern. At this point the
callermayhangup, causingringing to stop(Clear1, Silencd. Hopefully, however, thecall will progresgo
theansweringphase/Answering.

Answering: This is the main behaiour of the call (answeringand speakingfollowed by clearing). Whenthe
callis answeredAnswe}, speechs enabled.Theduplicatescombinatoiinterleavesindependentopiesof
the Spealfeaturein eachdirection. Sinceinterruptionthroughclearingis immediatelypossible theremay
be no speechheforethe call is cleared. Speechcontinuesindefinitely, so only clearingcanstopthis. The
collides combinatorallows eitherpartyto initiate clearing(Clear2), andhandleghe caseof simultaneous
clearing. Thewhole behaiour of Answeringterminatesvhenclearinghasfinished.

Call: This definesthe behaiour of calls betweena single, unspecifiedpair of users. Onceclearinghasbeen
completedanew call canbegin. If ringing doesnot occurbecausehe call cannotbe putthrough,Clearlin
Dialling will occur(i.e.thecallerwill hangup). Ringingtonepermitstheringing phaseto start(Ringing).
The'outerloop’ in thedefinition (loops) dealswith repetitionof thewhole call whenit clears.

3.3 Plain Old TelephoneService

At thegloballevel, thethird partof figure5 shovs how basiccallsareassembleéhto thestandardervicebetween
ary pair of users.

profile: For POTS, the only profile information neededfor eachnumberis its associatedine identifier A
number/identifiepair is definedby eachcall of profile.

global: Thehighestevelin the ANISE descriptiomnameghetelephoneserviceast. Thechecksbusy combinator
keepstrack of which lines are busy and which arefree. In particularit ensureghat calling an engaged
numberesultsin the callergettingsubscribebusy. Theinstancescombinatorcreategherequirednumber
of independenbasiccall instances.

3.4 Call Feature Classification

Featuredhave staticand dynamicaspects.The staticaspectgeflectthe functionality and parameterisatioof a
feature.Generallyspeakingjf afeatureis presenit is potentiallyavailableto all users.Subscriptiorto a feature
is regardedasstaticin ANISE, thatis the parametersequiredto invoke a featureareincludedin a description—
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specifically in the profiles. In practicethe subscribemay supply featureparameterso the network operator
just onceon subscriptionor may requesichangesnfrequently It may be possiblefor the userto changefeature
parameterslynamically(e.g.to setup call diversion). ANISE could in principle allow suchchangeqincluding
cancellatiorof asubscription).However, managementf subscribeprofilesis aseparatéssueandis notcurrently
consideredn ANISE.

Thedynamicaspect®f a featurereflectits invocationandexecution. A featuremayaccesshe profile for the
correspondingiumberto decidewhetherandhow it shouldexecute. Theexistenceof the profile is largely hidden
from the ANISE specifier i.e. its useis implicit in the combinators.Use of the profile is actually definedin the
semanticdor ANISE. The additionof a new featuremay requirethe profile to be extended. Seethe treatmentof
abbreviateddialling in appendixA.2 asanexampleof the how the profile is handledbehindthe scenes’.

Featurecanbe catgorisedassingle-callor multiple-call. Single-callfeaturesapplyto acall in isolation,e.g.
AbbreviatedDialling andCall Screening.Suchfeaturesmodify the behaiour of the basiccall. In ANISE terms,
they appearlschangedo thefirst or secondpartsof figure5 (i.e. theelementaryfeatureor basiccall behaiour).
Multiple-call featuregelatethebehaiour of severalcalls,e.g.Call WaitingandThree-Way Calling. Suchfeatures
principally operateat a higherlevel thanthe basiccall, so they mainly changethe third part of figure5 (i.e. the
global behaiour). Single-callandmultiple-call featuresaretreatedseparatelyn sections4 and5. The naming
of featuressariesamongnetworkoperatorssothetermsandabbreiationsin CapabilitySetsl and2 [15, 17] are
usedwherepossible. However alternatve namesare mentionedwhereknown to the author; someof theseare
trademarkedby their owners.

In the following two sections a brief descriptionof eachfeatureis givenandthena discussiorof how it is
modelledin ANISE. The alterationscausedyy a featurearerelative to the POT'S descriptionin figure 5. Unlike
the genericcombinatorsin table 2, the telephoty combinatorsin table 3 assumethe naming cornventionsfor
primitivesin figure 4. Thisis not anecessaryestriction,however, sincethenamescouldin principle be supplied
asparameterso the combinators.

4 Single-Call Features
4.1 Abbreviated Dialling (ABD)

Description: Abbreviated Dialling, also named(Short) Code Dialling, allows the subscriberto define short
dialling sequenceée.g.**23) thatexpandto full telephonenumbers.

ANISE: The profile may containa setof shortcode/fullnumberpairs. The dials_codecombinatortranslateghe
shortcodegivento abehaiour into thefull number It modifiesdialling in thebasiccall:

dials_codgDial)

4.2 OneNumber (ONE)

Description: OneNumberis usedin variousservicego allow the calledpartyto have a singlenumberthat may
be calledfrom arywhere.Commercialexamplesincludefree calls (FreePhoneandnationalcallsata local
rate. Otherusesfor OneNumberincludecallsto emegeny servicesthetelephoneoperatorand network
customerservices. This featureresemblesAbbreviated Dialling, but the shortcodesare definedby the
calledpartyon anetwork-widebasis.An importantdifferenceis thatOneNumberneednotbeasimplel:1
translation.For example,a call to the singlenumbermay beroutedto a compary’s nearesbranch. A call
planmayeven carryout thetranslationbasedn otherfactorssuchasthetime of day.

ANISE: Therequiredtranslatioris similar to thatof the dials combinatorexceptthatit maybemorethana static
look-up. By default, ANISE supportonly asimplelook-upof theprofile; analgorithmicnumbertranslation
would have to be built into the LoTos definition. A call planthatdependedn time of daywould presenta
problemsincestandard_otos doesnot specifymetrictime. A clock procesouldbe introduced(though
thiswould not modelthe passagef realtime). A bettersolutionwould beto useE-Lotos (Enhancements
to Lotos[14]) thatdoesallow timed specification.Thedials_.one combinatomodifiesdialling in the basic
call:

dials_ong(Dial)
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4.3 Originating Call Screening(OCS)

Description: OriginatingCall ScreeningalsonamedOutgoingCall Barring, preventscallsto certaintelephone
numbersor areacodes. Parents for example,might wish to stoptheir childrenfrom calling premiumrate
numbers.In theextremecaseall outgoingcalls(exceptperhapgo theemegeny servicesmaybedisabled:;
thenetworkoperatomightdo thisif atelephoneill remainsunpaid.

ANISE: The profile may containa setof called numbersto be forbidden,or the value All. A call to ary such
numberis not allowed to proceedbeyond dialling. The screensout combinatorpreventsbehaiour that
would otherwisecall abannedchumber It modifiesdialling in the basiccall:

screens out(Dial)

4.4 Terminating Call Screening(TCS)

Description: TerminatingCall ScreeningalsonamedncomingCall Barring, preventsthereceptiorof callsfrom
certaintelephonenumbersor areacodes. In the extreme case,all incoming calls may be disabled;for
example,a call-boxmaynotbe allowedto receve calls.

ANISE: The profile may containa setof calling numbergo beforbidden,or thevalueAll. A call from ary such
numberis not allowed to proceedto ringing. The screensin combinatorpreventsbehaiour that would
otherwiseaccepia call from abannechumber It modifiesringing behaiour in thebasiccall:

screens in(Ring)

4.5 Calling Number Delivery (CND)

Description: CallingNumberDelivery, alsonamedCallerDisplay, requiresaspeciatelephonghatcanshaov the
caller'snumberbeforeacall is answeredBasedonthe calling numberthe usermight decidenotto answer
whenthetelephoneings.

ANISE: Therings_display combinatorsetsthe CalledMessparametein a behaiour to the caller's number It
modifiesringing behaiour in the basiccall:

rings_display(Ring)

4.6 Distinctive Ring (DR)

Description: Distinctive Ring, alsonamedMultiple Directory NumberLine with Distinctive Ringing, doesnot
yet seemto have beenintroducedinto the IN Capability Sets. It allows the subscriberto have multiple
numbersassociateavith onetelephone For examplea family might choosea numberandring patternfor
callsto parentsandanotheifor callsto children. A separateumberandring patternmightalsobe usedfor
callsto afax machinethatshareghe samdine asthetelephone.

ANISE: Thereareseveral telephonenumbersfor the sameline identifier, eachassociatedvith a particularring
patternin its profile. The rings_preference combinatorselectsthe CalledMesgparametein a behaiour
accordingto thering preferencen the profile. It modifiesringing behaiour in the basiccall:

rings_preferencgRing)
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4.7 Call Forwarding Unconditional/Don’t Answer (CFU/CFDA)

Description: Call Forwardinghasa variety of formsandnamessuchasCall Diversion,Call Forwardingon Busy

Line, Call ForwardingDon’t Answer Call ReroutingDistributionandFollow-Me Diversion. Theircommon
characteristigs thattheusermaydecideto have incomingcalls divertedto analternatve telephone At the
users discretioncalls may be divertedunconditionally if the numberis busy; or if thereis no answerafter
someperiod. All forms of call forwarding essentiallyperforma translation,changingthe called number
into the actualdestinationline. Call ForwardingUnconditionaland Call ForwardingDon't Answer are
consideredheresincethey affectjustanisolatedcall. Call Forwardingon BusyLine appearsn section5.1.

Answer Call, alsonamedCall Minder, hasnot yet beenfully introducedinto the IN Capability Sets. It
resemblesCall Forwardingin thata call to a busyline or an unansweredall is divertedto an answering
service.Thiswill recordamessagé¢hatthe usercanlaterretrieve.

ANISE: Call diversioninformationmay appeatin the profile. Variousdiverts combinatoramodify the called Id

5

in abehaiour accordingto the selectediversioncondition. Although Call Forwardingis often offeredas
a single serviceto the user ANISE correctlytreatsthe variousforms of Call Forwardingseparately Call
ForwardingUnconditional/Dont Answer usesthe diverts_alwaysunansweed combinatorshat modify
dialling/ringingin thebasiccall:

diverts_always(Dial)
diverts_unansweed(Ring)

Diversionon no answetrequiresmetrictime so E-Lotos maybea betterchoicefor the semanticsWithout
time, ANISE canonly non-deterministicallglecidewhetherto continueringing thetelephoneor to divertthe
call.

At thelevel of abstractiorchoserfor ANISE, AnswerCall looksjustlike Call ForwardingonBusyLine/Don'’t
Answer ANISE treatstheansweringnumberjust like anothersubscriberOnly a diverts combinatomwould
thereforebe used.

Multiple-Call Features

5.1 Call Forwarding on BusyLine (CFBL)

Description: Single-callformsof Call Forwardingappearedn sectiond.7. Call Forwardingon BusyLine needs

to betreatedasa multi-call featurebecausé relieson knowledgeof whetherthe destinatiorline is busy.

ANISE: Coordinationat the multiple call level is achieved by the diverts_busy combinatorthat surrounds

checksbusy atthegloballevel:
diverts_busy(checksbusy(instancegMaxCalls,Call)))

If the called numberis busy, the forwardingnumber(if ary) in the profile is usedto determinethe new
destinatiomumber

5.2 Call Waiting (CW)

Description: Sincerealisation®f Call Waitingmayvary, atypical servicewill bedescribedNormallyacallto a

busyline resultsin engagedonefor the caller However if the calledparty hassubscribedo Call Waiting,

the callercanbe held. The calledpartyis alertedby a specialtoneto saythatanincomingcall is waiting.

Call waiting canbe controlledby pressingRecall(flash-hook)andthena digit. The calledpartycanreject
waiting call(s)with Recall+ 0. Hangingup clearsthe currentcall, causinghe waiting call to beconnected;
thesameresultcanalsobeachiezed by Recall+ 1. It is possibleto switch betweerthe currentandwaiting

callsby usingRecall+ 2.

ANISE: Call Waiting modifiesthe endpointsof the basiccall. Sincethe callerscannotboth be connectedo the

called party, connectionsare madeto a surrogateuserthat manageswaiting calls. This is a modelling
concepthatmaynot correspondo arealnetworkfunction. Thesurrogatedealswith requestdy thecalled
partyto manageCall Waiting. Thetransitionshetweendifferentcall waiting situationsare shavn figure 6.
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waiting call current call

clear cleared/clears
current/
initial waiting

accepted [Swapped

waiting call
current ca clears
cleared/clearg

Figure6: TransitionshetweenCall Waiting Situations

Here,userl is the original caller, user2 is the secondcaller, user3 is the calledparty, and‘user’ S is the
surrogate.

ANISE modelsthe currentor waiting call very muchlike thenormalbasiccall. However, featuredefinitions
have to be introducedfor recall (Recall or Flash-Hook),dialling a digit (Selec}, and respondingto an
exchangeing (Responil Recall.Resuspendsanactive call, or resumes suspendedall. Recallcouldbe
declaredasunconfirmedto modelanetworkannouncememtith Recall.Indthatthecall hasbeersuspended
or resumed Select.Reghooses call waiting actionaccordingto thedialled digit. The Ringfeatureof the
basiccall is extendedto allow call waiting toneasa valueof CalledMess

The surrogatedealswith call waiting signals hencethey do not appeadirectly in the basiccall. However,
answeringand speechin the basiccall of figure 5 have to be put undercall waiting control. The holds
combinatorhandlegheeffect of suspensiomndresumptionjncludingthe possibility of eitherparty being
puton hold:

holds(Answering) % answer/speecimay be held

Fromthe point of view of the waiting caller, the destinatioris rung andmay answer Interactionswith the
surrogatee-usemary featuresof thebasiccall. The behaiour of the call waiting surrogatds shavn in the
secondartof figure7. It is ratherstriking thatthe descriptiorof Call Waitingis morecomplicatedhanthat
of the basiccalll This reflectstheinherentcompleity of Call Waiting ratherthana lack of expressveness
in ANISE. Evenso, figure 7 definesonly usercontrol of Call Waiting; global coordinationis embeddedn
thewaits_call combinatordescribedelow.

Theinitial behaiour of call waitingis differentfor two reasonsit is possibleto cancelthewaiting call and
ary future ones;andthe waiting call mustbe answeredhefirst time, notjust takenoff hold. If thewaiting
call is acceptedfuture behaiour is that of the first or secondcaller waiting. Call Waiting involvesthree
logical endpoints:thefirst or currentcaller (1), the secondor waiting caller (2), andthe calledparty (3).
Featuresnustbeinvokedwith anexplicit pair of endpointsoasto identify therelevantcall.

CallPending: This behaiour appliesafter call waiting hasbegun and one party is waiting. The current
calleror the calledparty may hangup, causingthe waiting call to be resumedafterthis thereis just
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% Actual Waiting: 1 Current Caller, 2 Waiting Caller, 3 Called, S Surrogate

declare(CallWaiting,
disableg
offers(
Clear2(1S),
Clear2(2S),
enableg
Clear1(3),
collidegClear2(S1)),
rings(Ring(S3)),
Respond(3)))),
enableg
Recall(3),
offers(
enables on_result
Select(3),
1collidegClear2(S1)),
2,CallWaiting(21),
CallWaiting),
enableg
Recall(3),
Callwaiting)))))

% Potential Waiting: 1 First Caller, 2 SecondCaller, 3 Called, S Surrogate

declare(CallPending,
disableg
offers(

enableg
Clear2(1S),
Answer(S2)),

enableg
Clear1(2),
Silence(3))),

enableg
Clear1(3),
collidegClear2(S1)),
rings(Ring(S3)),
Answer(32))),

enableg

Recall(3),

offers(
enables on_result

Select(3),
0,collidegClear2(S2)),

1.enablegcollidegClear2(S1)),Answer(S2)),
2 enablegAnswer(S2),Callvditing(21)),

CallPending),
enableg
Recall(3),
CallPending))))

% actualcall waiting

% clearfinishescall waiting

% choiceof clears

% currentcallerclearsto surrogate
% waiting callerclearsto surrogate
% calledclears picksup

% calledhangsup

% surrogateclearscurrentcaller
% surrogateingscalledagain
% calledrespondso ringing

% recall,select

% suspendturrentcaller

% selector recall

% selectdecidesaction

% dial digit

% if 1, clearcurrentcaller

% if 2, swapcurrent/waiting

% elsesamecurrent/waiting

% recall

% resumecurrentcaller

% samecurrent/waitingcallers

% potentialcall waiting

% clearfinishescall waiting

% choiceof clears

% first clears,secondanswered
% first callerclearsto surrogate
% surrogateinswerssecondcaller
% secondclears,stopswait tone
% secondcallerhangsup

% call wait tonestopsat caller
% calledclears,secondanswered
% calledhangsup

% surrogateclearsfirst caller

% surrogataingscalleragain

% calledanswersseconccaller
% recall,select

% suspendirst caller

% selector recall

% selectdecidesaction

% dial digit

% if O, clearsecondtaller

% if 1, clearfirst, answersecond
% if 2, answersecondswapfirst
% elsesecondcallerstill waiting
% recall

% resumdfirst caller

% secondcallerstill waiting

Figure7: ANISE Coordinationof Call Waiting



anormalcall. Alternatively the called party may userecall anddial a digit to controlwaiting. The
currentcall may be clearedandreplaceddy the waiting call (1 dialled). The currentcall may alsobe
swappedvith thecurrentcall (2 dialled). If ary otherdigit is dialled or the calledparty pressesecall
again,the currentcall is resumed.Therings andcollidescombinatorsareusedasin the basiccall to
controlringing andclearing.

CallPending: This is the initial behaiour whena potentialwaiting call arrives. It differsfrom the later
behaiour of CallWaitingin afew ways. The calledpartymayrejectthewaiting call by selecting0. If
thewaiting call is acceptedit mustfirst go throughthe answeringorocedure Thereaftercall waiting
is asdescribedy CallWaiting.

Coordinationat the multiple call level is achiezed by the waits_call combinatorthat surroundghe global
callinstances:

waits_call(CallPendingnstancegMaxCalls,Call))

If thecallednumbeitis free, it is rungin theordinaryway. If thecallednumbetis busyanddoesnothave Call

Waiting, the callerrecevessubscribebusyandthe call progresseno further. Howeverif thecallednumber
is busyandis allowing Call Waiting, the callsareconnectedo aninstanceof CallPendingassurrogate The
surrogatgerminatesvhenit is nolongerneededecausenly onecall remains.

5.3 Three-Way Calling (TWC)

Description: Three-Way Calling as suchdoesnot currently appearin the IN Capability Sets. Insteadthe IN
refersto ConferenceCalling (CONF) which appeardo allow any numberof parties. For concretenesa
typical Three-\Way Calling servicewill bedescribed Onepartyin anormalcall canaddathird partyto the
call. Three-Way Calling canbe controlledby pressingRecall(flash-hook)andthena digit or full telephone
number The controlling callerdials thethird party with Recall+ Number The controlling callercanclear
theoriginal call but retainthe new call with Recall+ 1. It is possibleto switchbetweertheoriginal andnewn
callsby usingRecall+ 2. A three-waycallis setupwith Recall+ 3. After athree-waycall is establishedhe
original caller canbe disconnectedby usingRecall+ 5. Alternatively, thethird party canbedisconnected
by usingRecall+ 7. Hangingup athree-waycall clearsboth call legs. Three-Way Calling sharessome
aspectsvith Call Waiting, e.g.theability to switchbetweercalls.

ANISE: Three-Way Calling modifiesthe behaiour of the basiccall. Establishingthe secondeg of the call is
very muchlike a normalcall, exceptthat a surrogates involved. Sincethe threepartiesare not initially
all connectedthe calleron hold is connectedo a surrogatemuchasfor Call Waiting. The surrogatedeals
with requestdy the controlling party to manageThree-Way Calling. Whenthe three-waycall begins, the
surrogatealsorelaysspeectbetweerthe callersmuchasabridgedoesin arealexchange.

TheANIse descriptiorof Three-Wy Callingresembleshatfor Call Waiting in section5.2but extendsit for
the new facilities. Figure7 hasshovn how complex Call Waiting is, sofor brevity the ANISE declarations
for Three-Way Calling arenot given here. Three-Way Calling modifiesthe basiccall in the samekind of
way, requiringthe introductionof Recalland Select The behaiour of the Three-Way Calling surrogate
hasa definition CallThreethatis not givenhere. Coordinationat the multiple call level is achievzed by the
calls.threecombinatortthat surroundghe global call instances:

calls_thregCallThreeinstancegMaxCalls,Call))

In anormalcall, recallcreatesaninstanceof CallThree This overseesstablishmenof a call to the third
party. Initial swappingbetweenrthe original caller andthe third party is managedust asfor Call Waiting.
Whenathree-waycall starts the surrogataemainsto relay speecramongthe threeparties. The surrogate
is alsoinvolvedwhenthewholethree-waycall or justoneof its legsis cleared.

5.4 Completion of Calls to Busy Subscriber (CCBS)

Description: Completionof Calls to Busy Subscriber also namedAutomatic Call-Back, Caller Returnand
Ring-Back,can be invokedwhenthe caller encountersan engagechumber By dialling a digit (5 in one
realisation)thecallercanaskto berungbackwhenthedestinatioris free. At this pointthecall is connected
without having to redialthe number
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declare(RingBack, % ring-backcall

enableg % ring caller, seize ring called
rings(Ring(21)), % ring original caller
Respond, % respondo exchangecall
Ringing)) % ring phase

Figure8: ANISe Coordinationof Completionof Callsto Busy Subscriber

ANISE: Thebasiccall is modifiedby allowing a digit to bedialled on subscribebusy:

enables on_result % dial, checktone
dials(Dial), % dial selectgdestination
SubsBusy®nefinisheqSelect), % if busy, dial extra digit
RingTonegxit) % if ring tone,exit dial phase

Thefinishescombinatorstopsfurther actionafter the extra digit hasbeendialled. At this point, the caller
musthangup (i.e. Clearlmustoccur).

A ring-backcall is similar to the basiccall. The maindifferences thatthe original calleris rungandthen
respondsinsteadf seizingtheline andthendialling. The RingBad declaratiorin figure8 canre-usemuch
of thebasiccall definitionin figure5 (Ringing Answering. SelectandRespondeaturesareusedto control
ring-back. Selectallows a manualrequesto returna call to a busy number Coordinationat the multiple
call level is achieved by thereturns. manual combinatortthat surroundghe globalcall instances:

returns_ manual(RingBackinstancegMaxCalls,Call))

It is necessaryor returns. manual to wait until the calling and called partiesareboth free. At this point,
aninstanceof RingBac is createdto re-establistthe call. Automatic Call-Backis similar, but needsno
manualrequessinceit automaticallyreturnsa call to abusy number Thereturns. automatic combinator
is providedfor this.

6 Featurelnteraction Analysis

6.1 Architectural Analysis

Oneway in which ANISE helpsto detectfeatureinteractionis throughstaticanalysisof how the featuresmodify
the behaiour of POTS. Thisis a structuralandintuitive examinationof how the featuresaredescribedn ANISE.
Featuresreconsideredn pairs,looking for the following situations:

« Onefeaturemay remose someaspecif the basiccall thatanotherdependon. For example,Completion
of Callsto BusySubscriberemaovesthe needfor the callerto re-dialanumberwhenring-backoccurs.lt is
not clearwhetherfeatureghataffect dialling (suchasOutgoingCall Screeningshouldapplyin this case.

* Onefeaturemay add new behaiour thatis normally modified by another For example, Call Waiting
requiresthe waiting call to ring if the called party hangsup. It is not clear whetherfeaturesthat affect
ringing (suchasDistinctive Ring) shouldapplyin this case.

« Both featuresmay modify the samebehaiour. For example,One Numberand OutgoingCall Screening
bothaffectdialling. It is thennecessaryo decidetherelative prioritiesor executionorderof thesefeatures.

Thesekindsof situationmeritinvestigation.Of coursethey do not necessarilymply anunwantednteraction
but they pinpoint areasfor further analysis. One of the practicalproblemsin detectinginteractionsis thatwith
n featuresit may be necessaryo look at @ pairs of features. Discovering whethertwo featuresinteract
canbetime-consumingsoit is usefulto have anapproactsuchasthe onedescribechereto narron the focus of
investigation.

The architecturabpproactclearly haslimitations. It is intuitive, thoughsomedegreeof automatiorncould be
providedto identify wherefeaturegelatein their ANISE descriptions However, theintentionis to identify pairsof
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| ABD | CCBS| CF| CND [CW | DR | OCS| ONE [ TCS| TWC
1 2 3 ABD
4 5 6 7 8 9 10 | CCBS
11 12 | 13| 14 15 16 17 | CF
18 | 19 20 CND
21 22 23 | CW
24 25 DR
26 27 | OCS
28 | ONE
29 | TCS
TWC
ABD AbbreviatedDialling CCBS Completionof Callsto Busy Subscriber
CF Call Forwarding(all forms) CND  Calling NumberDelivery
CW  Call Waiting DR Distinctive Ring

OCS OutgoingCall Screening ONE  OneNumber
TCS TerminatingCall Screening TWC  Three-Wy Call

Thenumberechotesappeaiin thetext

Tablel: PotentiallnteractionsAmong ANISE Features

featuresvhosecombinedbehaiour shouldbestudiedn moredetail. A focusedanalysissuchasin section6.2can
thenbeappliedto pairsof featureghatareidentifiedaspotentiallyinteracting.lt is alsopossiblefor morethantwo

featurego interactin a uniqueway, thoughthesesituationsarelesscommonthanstrictly pairwiseinteractions.
N-way interactionswould not be detectedy architecturalnalysissince,by suppositionthe featureswould not

beconsideredo interactwhentakenin pairs. However, theformalanalysisn section6.2 couldin principledetect
N-way interactionssincethe overall behaiour of the servicecanbe studied.

It is striking thatsomary featuresaffect dialling andringing; theseseemnto bethe majorhot-spotgor features
to alter Tablel1 shavs a pairwisecomparisorof the featuresn sectionsd and5. An entryin thetableis blankif
thereis no structuraloverlapbetweernthefeaturespf coursetheremay still be anundesirablénteraction.Where
oneof thethreesituationsabove appliesthepossibleproblemsof having bothfeatureshave beenconsideredThe
numberedhotesin the tablerefer to the following discussionwhich shows thattherearea numberof unusual
casedo beconsidered.

1. AbbreviatedDialling mustbe handledbeforeOriginating Call Screeningsinceshortdialling codesmight
expandto numberghatshouldbe screened.

2. Must Abbreviated Dialling be handledbefore One Numberlook-up? In principle a shortcodecould be
publishedasa universalnumber

3. Presumably hree-Way Calling mustalsoallow AbbreviatedDialling whenestablishinghesecond:all leg.

4. If the calledpartyis busy but hasCall Forwardingon Busy Line, presumablythe call is forwardedrather
thangiving the callerthe optionto berungback. If acallis forwardedto abusyline, shouldit bethe called
or forwardingnumberthatis usedon ring-back?This questionis particularlyrelevantif Call Forwardingis
cancelledbeforering-backoccurs.

5. Presumablyaring-backcall muststill identify the caller's numberto the calledparty.

6. If thecalledpartyis busy but hasCall Waiting, presumablythis is invokedratherthanreportingbusyand
allowing Completionof Callsto Busy Subscriber

7. Presumablyring-back must respectDistinctive Ring so that the called subscribercan recognisewhich
numberis beingrung.

8. If Completionof Callsto Busy Subscribeis requestedor a numberthatis laterbannedhroughOutgoing
Call Screeningshouldring-backoccur?
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10.

11.

12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.

28.
29.

ShouldTerminatingCall Screeninge appliedonring-backin casethe screenindist haschanged?

If trying to connecthe secondeg in Three-Way Calling call getsbusy, presumablyit is not permissibleo
requesting-back.

Presumablyt is thenumberof therealcallerthatis deliveredto thedestinationandnotthatof thetelephone
atwhich Call Forwardingwasactivated.

How is theconflicthandledbetweerCall Forwardingon Busy Line andCall Waiting?

Is Distinctive Ring givenaccordingo thecallednumberor theforwardingnumber?Theforwardingnumber
may have its own distinctive ring.

PresumablyDutgoingCall Screeningds appliedif Call Forwardingis invoked.
May a OneNumbercall be forwarded?

ShouldTerminatingCall Screeningpplyto the callednumberor to the numberthatrecevestheforwarded
call?

Presumablya call to establisithe secondeg in Three-Wy Calling maybeforwarded.

Is thewaiting caller’'s numberedieliveredif thewaiting call is connectedy hangingup?

Canthecalling numberbedeliveredaswell asDistinctive Ring?

PresumablylerminatingCall Screenings appliedto the calling numberbeforeits delivery is considered.
Is Distinctive Ring givenif thewaiting call is connectedhroughhangingup the currentcall?
PresumablylferminatingCall Screenings appliedbeforeCall Waiting is considered.

Whenacall is waiting, canThree-Wy Calling beinitiated? Whenthe secondeg in Three-Way Calling is
beingestablishedganit be subjectto Call Waiting atthethird party?

Cana Distinctive Ring be allocatedto the OneNumberassociateavith atelephone?
TerminatingCall ScreeningnustbeappliedbeforeDistinctive Ring is considered.
ShouldOutgoingCall Screeninge appliedbeforeOneNumberis translatedo anactualdestination?

Presumablya call to establisithe secondeg in Three-Way Callingis subjectto OutgoingCall Screeningat
thecontrollingparty.

PresumablyOneNumbercanbe usedto establisithe secondeg in Three-Way Calling.

Presumablya call to establisithesecondeg in Three-Way Calling is subjectto TerminatingCall Screening
atthethird party.

Of coursetheanalysisabove is retrospectie sinceit describegeatureghatarewell known. It does however,
suggestheapproactthatwouldbetakenwhendescribingandinvestigatinganew featurein ANISE. It isinteresting
to compareghediscoveriesof table1 with currentknowledge, suchasthe featureinteractionbenchmarlof [4]:

« somesituationsarewell-known interactiongcasesl0,12,14,16 and23)

« somesituationsrequire feature priorities that are presumablyfamiliar to telecommunicationgngineers

(casedl, 6, 20,22,25and26)

« somesituationsrequirefeaturedo be extendedto others(cases3, 15,17,27,28 and29).

This nonethelestearesa numberof obsenationsin thetable(2,5,7,8,9,11,13,18,19,21,24) thatdesere
furtherstudy Relativeto [4], table 1 doesnot appeatto identify certainwell-known problems. Ambiguity with
Call Waiting + Call Waiting doesnot arisein ANISE becausecancellingthe currentcall alwaysreturnsto the
waiting call evenif it is on hold. Call Forwarding+ Call Forwardingis beyond the scopeof ANISE becauset
assumesensibleprofilesthatavoid forwardingloops.
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6.2 Formal Analysis

ANISEis alsointendedo allow dynamicanalysisof featureinteractionthroughformal means. AppendixA briefly
suggesthow ANISE canbeturnedinto LoTos (thoughthe mappingandsupportingtranslatorarecurrentlyonly
in prototypeform). The staticanalysisdescribedn section6.1would beusefulin directingattentionto particular
casedor formal investigation.

TheresultingLoTos specificatiorcanbe analysedusingstandardools. For exampledeadlocksunspecified
receptionsand non-determinisntan be investigated. A commoninterpretationof featureinteractionis that a
features behaiour is differentin isolationcomparedo whenit is embeddedn thetotal system.In Lotos terms,
this meanscheckingsomenotion of equivalence(e.g.obsenation) betweerthe featureandsystemspecifications.
Anothercommontell-talefor interactionis non-deterministibehaiour, thatcanalsobe discoseredformally.

A Loros specificationcan be regardedas a rapid prototype. The behaiour of featuresin isolationandin
conjunctioncanbe studiedthroughsimulationof the LoTos specification. Of coursethis is just validation(i.e.
testing). Thetheoryof canonicakesterq1] couldbe usedto derive testsuitesfor servicesn arigorousway.

7 Conclusion

A brief explanationhasbeengiven of the basisfor ANISE. It hasbeenseenthat ANISE offers general-purpose
featuresandcombinatordor describingservicesaswell astelecommunications-specifatombinatorghatallow
typical IN featurego bedescribed Architecturalanalysisof ANISE descriptionganhighlightareaswvherefeature
interactionshouldbeinvestigatedn depth. Translatiorof ANISE into LOTOS permitsformal analysisof problems.
New constructsanalsobeaddedto ANISE by providing their definitionsin LoTos.

Thegoalslistedin sectionl.1 have beenachieved asfollows:

« insightshave beengainedinto how IN-like servicesanbe structured

= anabstracapproacthasbeendevelopedfor structuringtelecommunicationservicedrom featuresandtheir
combinations

< only userinteractionswith servicesaredescribed
* servicesarebuilt from featuresn a uniformmanner

» featuresand their combinationsare describedfrom the telecommunicationgoint of view, but can be
translatedo aformal representatiom LOTOS

« architecturahnalysiss possiblefor staticdetectionof potentialfeatureinteractionsformal analysiscanbe
usedfor morethoroughinvestigationof dynamicfeaturebehaiour andinteraction

In themain,ANISE allows IN featurego be describedairly compactly However, ANISE description®f some
IN featuredike Call Waiting and Three-\Way Calling areintricate, reflectingtheir inherentcompleity. ANISE
achieves its expressive power partly throughgenericcombinatorsand partly through onesthat are introduced
expresslyto describecertainfeatures. To someextent this moves the burdenof effort from defining features
to defining combinators. However this is a deliberatetrade-of, making life easierfor the telecommunications
engineebut morecomple for the ANISE developer

A static analysishasbeengiven of potentialinteractionsamongthe featuresconsideredn the paper As
expectedsomewell-known interactionsaappearandsomefeatureprioritiesneedto beestablishedHowever, some
new insightshave beenobtained.A deeperdynamicanalysisawaits completionof the semanticdor ANISE and
atool for translatingANISE into LoTos. As new featuresare studied, it is expectedthat the library of ANISE
combinatorswill be extended. However, it is hopedthatthe presentevel of ANISE definitionwill be enoughto
helpin the developmentof new features.
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A Defining and Extending ANISE

A.1 GenericFeaturesand Combinators

Table2 summarisethegenericANISE constructsisedin this paper Thistablegivesgeneral-purposeombinators
thatarenotspecifictotelepholy. A rathersimilarsetof constructss usedn [23] to describeservicesn OSI(Open
Systemdnterconnectiorf12]). Only someof the genericANISE constructsare neededor the kinds of features
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Declaration

Meaning

% commentext

introducednformal explanation

behaviour

featuredeclaratioror combination

collidegbehaviou)

copiesof behaiour executeseparatelyin eachdirec-
tion, mutuallyreinforcingon collision

declare(namebehaviou)

givesnameto behaiour

direction

local/remotdogical endpointssuchas13or S1

disablegbehaviourlbehaviourl

executionof first behaiour stopsthesecondne

duplicategbehaviou)

copiesof behaiour executeindependentlyn eachdi-
rectionsimultaneously

enablegbehaviourlbehaviour2...)

wheneachbehaiour terminatesthe next may start

enableson_resuli(behaviouriresult2behaviour2
result3behaviour3...pehaviourN

resultof first behaiour decideswhich later onestarts:
if result2thenbehaviour? ..., behaviourNoy default

endpoint logical identificationof an endpoint,suchasO (unde-
fined), 1 (first caller)or S (surrogate)
exit currentbehaiour terminatesuccessfully

feature(directionpatternproperty,group(param))

elementarpehaiourwith givencharacteristicspr one
group

feature(... groupi(param),group param))

elementarjpehaiour with givencharacteristicdpr re-
guestandacknavledgemengroups

finisheqbehaviou)

no furtheractionafterbehaiour terminates

global(namebehaviou)

globalspecificatiorbehaiour with givenservicename

group

commonpartof serviceprimitive names

holds(behaviourlbehaviourl

first behaiour interrupts secondbehaiour, then re-
sumesdt whenrepeated

instancegcountbehaviou)

give numberof independenbehaiour instances

interrupts _ after _try (behaviourlbehaviour2

first behaiour may interruptthenrestartsecondone,
aftersecondxecutesequesbr indication

loopg(behaviou) behaiour repeaton successfutermination

name identifier (letters,digits, underscores)

param serviceprimitiveparamete(CalledMessCallingMess
Dig, Num \bice)

pattern asymmetric_confirmed, local-confirmed, provider-

confirmed, provider_initiated, remote confirmed,
unconfirmed, user-confirmed, userinitiated , user.
provider_confirmed

profile(numberidentifier,...)

subscribenumber line identifierandprofile

property

consecutiveordered, reliable, single, unreliable

Table2: ReferencedNISE GenericConstructs
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| Declaration | Meaning |
calls thregbehaviourlbehaviour? three-waycalls follow first behaiour, normal calls follow
secondone
checksbusy(behaviou) monitorsandrespectthe busy stateof linesin behaiour
dials(behaviou) dialled numberdeterminegallednumberin behaiour
dials_codgbehaviou) abbreviateddialling codeis expandedor behaiour
dials_ong(behaviou) calleduniversalnumberis translatedo calledidentifier
diverts_alwayg(behaviou) calledidentifierfor behaiour is changedunconditionally
diverts_busy(behaviou} calledidentifierfor behaiour is changedf calledis busy
diverts_unansweed(behaviou) called identifier for behaiour is changedif call is
unanswered

returns. automatic(behaviourlbehaviour? | automatiaing-backcallsfollow firstbehaiour, normalcalls
follow secondone

returns. manual(behaviourlbehaviour2 manualring-backcalls follow first behaiour, normalcalls
follow secondone
rings(behaviouy calledmessagén behaiour hasappropriateing pattern
rings_display(behaviou) calledmessagén behaiour suppliescalling number
rings_preferencégbehaviou) calledmessagén behaiour suppliescalledring preference
screens in(behaviou) behaiour for bannedtalling numberswill notterminate
screensout(behaviou) behaiour for bannedcallednumberswill notterminate
waits_call(behaviourlbehaviour2 waiting callsfollow first behaiour, normalcallsfollow sec-
ondone

Table3: ANISE TelecommunicationServiceConstructs

describedn thepaper Table3 summarisethe ANISE constructdor describingtelecommunicationservicessuch
asthosein sectionst and5. [25] discusseshefoundationof ANISE, in particulartable?2.

Theintentionis thatANISEshout offer alibraryof combnatorghatareusedn practicefor telecommunications
services.lt is clearlynot possibleto anticipateevery need.ANISE is, however, meantto facilitatetheintroduction
of new services.Simpleservicesdo not requirenen combinatorgasshawn in [25]), but realisticservicessuch
asthosein sections4 and5 do requireadditions. ANISE is thereforeopen-endedh the sensdhatit is possibleto
definenew combinatorsTo do sorequiresalanguagdor definingcombinator@andsomeideaof how theexisting
combinatorsaredefined.

ANISE derivesfrom a similar languagecalled SAGE (ServiceAttribute Generatof23]) for describingservices
in OSI. The semanticof SAGE wasdefineddenotationally giving eachlanguageconstructa representatiofn
Lotos (LanguageOf TemporalOrderingSpecificatior{10]). In fact,thesemanticof SAGE wasgivenimplicitly
by building a SAGE to LoTos translatorwritten usingthe m4 macrolanguagg18]. Althoughm4is justa macro
processarit is flexible andappropriatdo thetask[24].

A semanticgor ANISE hasbeenlargely workedout usingthe sameapproachasfor SAGE. The semanticwill
be definedin aforthcomingpaper soonly someexampleswill begivenhere. Themainreasongor usingLoTOS
astheunderlyinglanguageareits built-in datatyping andflexible synchronisatiomules. Somefeaturegsuchasa
call planor diversionon noanswermayhavetime-dependertiehaiour. E-LoTos (Enhancement® LoTos[14])
mightthereforebea betterchoicethancurrentLotos. In ary case E-LoTos offersmary improvementsncluding
clearerdatatyping andmorepowerful operatorsuchassuspend-resuméatwould simplify thetranslationfrom
ANISE.

A numberof the ANISE combinatorsanbedefinedin theconstraint-orientedtyle[26, 31] thatallowsexisting
behaiourto berestrictedn someway. A constrainprocesss putin parallelwith existingbehaiourto synchronise
onits events,exceptfor certainundesirednes.

Theoccurrencef aserviceprimitivein ANISE correspond$o a LoTos eventwith structure:

tel! num! prim

wherethe gatenametel is the servicenamegivenby the global combinatoy numidentifiesthe numberwherethe
primitive is occurring,andprim is a datavaluefor a serviceprimitive. The numbersat both endpointsstartout
undefinedandbecomeinstantiatecbn the first eventat eachsideof a call. For internalcall controltherearealso
eventsatthe hiddengatectl.
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ANISE featuresandnearlyall combinatorsaremappedonto LOTOS processiefinitions. Processearenamed
afterthefeatureprimitive groupor combinator andnumberedsequentiallyin casethereareseveral examplesof
thesamekind. TheLoTtos examplesthatfollow weregeneratedby the prototypetranslator

The datatype for primitives Prim andits associatedypesare automaticallygeneratedy ANISE from the
elementaryfeatures.The datatypesarerelatively complicatedo allow for thelarge varietyof featurepatternsand
propertiedn figuresl and2. Theoperationglefinedby ANISE for primitivesinclude:

IsGroup: primitiveis of agivengroup(e.g.OnHookGpupfor all OnHookprimitives)
IsKind: primitiveis of agivenkind (e.g.OnHookReqgKindor OnHook.Rej
IsRedIsInd/IsRedlsCon: primitiveis arequest/indication/response/confirm

IsNextPrim: checkghatapair of primitivesfollow from eachother e.g.Speeh.Indfollows Speeh.Regandmust
carrythe samevoice sggment.

The type PrimQueueis usedwhen primitives have to be deliveredin order; sucha queuecan have delivery
priorities.

The behaiour of afeatureis definedby its direction, patternandpropertyasdiscussedn section2.3. As an
example,the Clear1featurein figure5:

feature(12user. initiated ,single, OnHook)
is translatedo thefollowing LoTos
procesOnHookFeafgl, g2] (n1,n2: Num): exit (Num, Num, Result):=

gl?idl: Id ? priml: Prim (* allow primitive... *)
[IsKind (prim1,0OnHookRegKindandlsld (id1, n1)]; (* if OnHook.Recandvalid Id *)
exit (IdNum (id1, n1), n2, ResultOf(prim1)) (* exit with numbersandresult*)
endproc

The currentgatesandtelephonenumbersare suppliedas parameters.Both gatesare usually setto the normal
communicatiorgatetel, but eithermay be setto the hiddencontrolgatectl. Thisis necessarwhenanendpoint
is connectedo a surrogateuser(asfor Call Waiting or Three-Way Calling). OnHookFeatallows OnHook.Req
at endpoint1 with a valid Id. The valuesof the numbersare exported for future use along with the result
of OnHook.Req The relationshipbetweenlds and numbersis storedin the profiles. Isld checksthatan Id
correspond$ anumberwhile IdNumdetermineshenumberfor anld andanumber Isld andldNumhandlethe
caseof anundefinechumberon call start-up.
As amorecomple exampleof afeature considerSeizen figure5:

feature(12Jocal- confirmed,single OffHook,(CallingMess))
Thisis translatednto LoTos asfollows:
procesOffHookFeatgl, g2] (n1,n2: Num): exit (Num, Num, Result):=

gl?idl: Id ? priml: Prim (* allow primitive... *)
[IsKind (prim1, OffHookRegKind)andlsld (id1, n1)]; (* if OffHook.Regandvalid Id *)
gl!id1? prim2: Prim (* allow next primitive... *)
[IsNextPrim (prim2, prim1)]; (* if OffHook.Con*)
exit (IdNum (id1, n1),n2, ResultOf(prim2)) (* exit with numbersandresult*)
endproc

This is rathersimilar to OnHookFat exceptthatit allows a secondorimitive (confirmbeingnext afterrequest).
Theresultof the featureis the calling messagearriedby OffHook.Con(normally dialling tone).

A combinatortakesa featureor othercombinatorsasamgument. The meaningof a combinatoris givenby a
new LoTos procesghatusesthe givenone. As a simple example of a combinatoy the declarationof two-way
speechn figure5:

duplicateqSpeak)
is translatedo thefollowing LoTos
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procesDuplicatedtel, ctl] (n1,n2: Num): noexit :=

SpeechFedtel, tel] (n1,n2) (* speecHrom userlto2*)
Il

SpeechFedtel, tel] (n2,n1) (* speecHromuser2to1¥)
endproc

Duplicatessimply interleaves an instanceof speechSpeehFeat in eachdirection. It hasno exit valuessince
speechs non-terminating The Duplicatesprocessnayin turn be usedby othet higherlevel combinators.
As amorecomplex exampleof acombinatoyconsidetthe useof interrupts _after_try in figure5:

interrupts _ after_try (Clearlenables on_resulf...))

Theinterrupts combinatorallowsthefirst (interrupting)behaiour to stopthesecondmain)behaiour. After the

interruptingbehaiour hascompletedthewhole behaiour is restarted.Theinterrupts _after _try variantallows

interruptiononly afterthemainbehaiour hasstarted(i.e. therehasbeenarequesbrindication). This combinator
is translatedo thefollowing LoTos

procesdnterruptsAfterTy [tel, ctl] (n1,n2: Num): exit (Num, Num, Result):=

(
EnablesOnResujtel, ctl] (n1,n2) (* OffHook/Dial *)
=
(
tel?id1: 1d ? prim: Prim (* allow primitive... *)
[IsGroup(prim, OnHookGroup)]; (* if aclear*®)
InterruptsAfterTyA [tel, ctl] (IdNum (id1, n1),n2) (* allow otherprimitives*)
)
)
|
(
tel?id : Id ? prim: Prim (* allow primitive... *)
[not (IsGroup(prim, OnHookGroup))]; (* if normalReq/Ind*)
InterruptsAfterTyB [tel, ctl] (IdNum (id), n2) (* allow otherprimitives*)
)
where
procesdnterruptsAfterTyA [tel, ctl] (n1,n2: Num): exit (Num, Num, Result):=
tel?id : Id ? prim: Prim (* allow ary primitive... *)
[Isld (id, n1) or Isld (id, n2)]; (* if valid Id *)
InterruptsAfterTyA [tel, ctl] (n1,n2) (* allow otherprimitives*)
[
~ exit (any Num, any Num, any Result) (* exit whenrequired*)
endproc
procesdnterruptsAfterTyB [tel, ctl] (n1,n2: Num): exit (Num,Num, Result):=
(
OnHookFeaftel, tel] (n1,n2) (* allow clear*)
> acceptnl,n2: Num,res: Resultin
InterruptsAfterTy [tel, ctl] (n1,n2) (* repeatwholebehaiour *)
)
tel?id : Id ? prim: Prim (* allow primitive... *)
[not (IsGroup(prim, OnHookGroup))]; (* if notaclear®)
InterruptsAfterTyB [tel, ctl] (n1,n2) (* allow otherprimitives*)
exit (any Num, any Num, any Result) (* exit whenrequired*)
endproc
endproc

EnablesOnResuls the processdefinedby the enables on_result combinatorfor seizingthe line anddialling.
OnHookFeat is the procesdefinedby the one-sidedclearfeature. The interrupts _after_try combinatorintro-
ducegwo synchronise@ehaiours. EnablesOnResuthaybedisabledoy aclear followedby InterruptsAftertyA
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that allows ary primitive or canexit. In parallelwith this, a normalrequestor indication must precedelnter-
ruptsAfterTyB. This thenallows a clearfollowed by repetitionof the whole behaiour. Otherprimitivesfrom
EnablesOnResuihayoccurwithout constraintandEnablesOnResuis allowedto exit.

A.2 TelephonyCombinators

Thedials_codecombinatorusedin sectiond.1to modify dials for abbreviateddialling:
dials(dials_codgDial))

is translatedo thefollowing LoTos thatmapsa shortdialling codeto the destinatiorline identifier:
procesdials|[tel, ctl] (n1,n2: Num): exit (Num,Num, Result):=

(
DialFeatltel, tel] (n1,n2) (* allow dial primitives*)
> acceptnl,n2: Num,res: Resultin
exit (n1,any Num,res) (* callingnumber dial result*)
)
|[teN]
DialsA [tel, ctl] (n1,n2) (* constraincallednumber*)
where
procesdialsA [tel, ctl] (n1,n2: Num): exit (Num, Num, Result):=
tel?id1: I1d ? prim: Prim (* allow primitive... *)
[(IsCon (prim) implies (* if Dial.Con... *)
IsNumCallingMesgn2, CallingMessOf(prim)))]; (* hasconsistentmessagé)
(
[IsReq(prim)] = (* Dial.Req?*)
ctl'! CtlDial | n1 (* requestssociatiorwith ... *)
I ProfCallAbbr(n1, NumOf (prim), Profiles); (* unabbreiatednumber*)
ctl! CtlDial ? n1,n2: Num; (* acceptassociatetiumber*)
DialsA [tel, ctl] (IdNum (id1, n1),n2) (* allow otherprimitives*)
I
[not (IsReq(prim))] = (* notDial.Req?*)
DialsA [tel, ctl] (IdNum (id1, n1),n2) (* allow otherprimitives*)
)
I
exit (any Num, n2,any Result) (* callednumber dial result*)
endproc
endproc

In general defininga new featuremay requirethe structureof the subscribeiprofile recordto be extendedwith
a new field plus someoperationgo manipulateit. The dials_.code combinatorrequiresa setof shortcode/full
numberpairsto be storedin a subscribess profile. The ProfCallAbbr operationlooks up the dialled numberin
the profile for the calling number If the callednumberis presentn the shortcodelist it is expandedo thefull
number otherwisethe numberis usedasgiven.

DialFeatis the procesglefinedby the dialling feature. Whenit exits, it fixesthe calling numberanddialling
result. DialsArunsin parallelwith thisto constraindialling primitives. If Dial.Con occurs thecalling messagé
containanustbeconsistentvith the statusof thediallednumber(e.g.calling abusynumbergetssubscribebusy).
If Dial.Reqgoccurs the dialled numberis usedto generatdhe callednumbervia theinternalcontrol gatectl. As
will beseenthe globalprocesshatmonitorsline statusalsosynchronisesn ctl. It returnstheactualdestination
number which may differ dueto call forwardingfor example. DialsA constrainonly Dial.RegandDial.Con. It
is preparedo exit whenDialFeatdoes settingthe callednumberto thatdeterminedy dialling.

As afinal example,the checksbusy combinatorusedin figure 5 to monitorline busy/free:

checksbusy(instancegMaxCalls,Call))
is translatedo thefollowing process:

processChecksBusytel, ctl] : noexit :=
Instancedgtel, ctl] (* all callinstanceg)
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ChecksBusyAtel, ctl] (<>)
where
processChecksBusyAtel, ctl] (Calls: IdAssocs). noexit :=
tel?id : Id ? prim: Prim
[IsKind (prim, OffHookRegKind)implies
IdAssocAvall (id, Calls)];

(* busy/freecheck*)

(* allow primitive... *)
(* if OffHook.Req... *)
(* is for availableline *)

(
[IsKind (prim, OffHookReqgKind)or (* pickingupor ... *)
IsKind (prim, StartRingIndKind)]= (* startingringing ... *)
ChecksBusyAtel, ctl] (IdAssocAdd(id,Calls)) (* marksline asbusy*)
I
[IsKind (prim, OnHookRegKind)r (* hangingupor ... *)
IsKind (prim, StopRingIndKind] = (* stoppingringing ... *)
ChecksBusyAtel, ctl] (IdAssocRen(id, Calls)) (* marksline asfree*)
[not (IsKind (prim, OffHookReqgKind)or IsKind (prim, StartRingIndKird) or
IsKind (prim, OnHookRegKind)r IsKind (prim, StopRingIndKnd))] =
ChecksBusyAtel, ctl] (Calls) (* busy/freeunaltered)
)
[
ctl'! CtlDial ? n1,n2: Num; (* acceptassociatiomequest)
(
let n2A : Num = IdAssocNum(n2, Calls)in (* setassociatethumber*)
ctl! CtlDial ! n1! n2a; (* returnassociateciumber*)
(
[n2A neBusyNum]—= (* associateumberif free*)
ChecksBusyAtel, ctl] (IdAssocLink(Numld (n1), Numld (n2a),Calls),)
1
[n2A eqBusyNum]—= (* noassociationf busy*)
ChecksBusyAtel, ctl] (Calls)
)
)
endproc
endproc

The interleaved calls generatedy instancesare synchronisedvith Ched&sBusyA This processmaintainsthe
currentlist of associationspairsof Ids thatarecurrentlyconnectedy acall. Che&sBusyAstartswith anempty
list of association§<>). A numberof auxiliary functionsareusedto managdd associations:

IdAssocAail: checksf aline is available
IdAssocAdd:addsaline to anassociation
IdAssocRemremaovesaline from anassociation
IdAssocLink: createsin associatiorbetweera pair of lines

IdAssocNum:determineghe actualcallednumberfrom thedialled one.

Ched&sBusyApermitsary primitive to occur exceptin one case: going off-hook requiresa numberto be
available. Pickingup thetelephoneor startingit ringing (i.e. OffHook.Repr StartRinglnd) marka line asbusy.
Hangingup the telephoneor stoppingit ringing (i.e. OnHook.Rer StopRindind) mark a line asfree. Other
actionsdo not affect the setof busy lines. Che&sBusyAacceptsan enquiryat the ctl gate,askingto createan
associatiorbetweera pair of numbers.Thethird valuein sucheventsis setto the destinatiomumberdetermined
by this pair. Che&sBusyAhenupdatests list of associations.
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