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Abstract

A brief explanationis givenof thelanguageANISE (ArchitecturalNotionsIn ServiceEngineering)thatcan
be usedto describegenericservicesaswell as telecommunicationsservices. The ANISE approachembodies
a featurecalculusthat canbe usedto structureandanalyseservices. A descriptionis given of the Plain Old
TelephoneServiceusingANISE. This is extendedfor a numberof typical featuresdrawn from the Intelligent
Network. It is shown how the descriptionof featurespermitsstaticanddynamicanalysisof interactions. A
partialsemanticsis givenfor ANISE usingLOTOS (Languageof TemporalOrderingSpecification).This allows
featuredescriptionsto betranslatedinto LOTOSandanalysedformally.

KeywordsFeatureCalculus,FeatureInteraction,FormalMethod,IntelligentNetworkService,LOTOS(Lan-
guageof TemporalOrderingSpecification),ServiceArchitecture,ServiceFeature,Telecommunications

1 Intr oduction

1.1 Modelling ServicesusingANISE

An architecturalfoundationfor describing(service)featuresin telecommunicationsis givenin [25]. Thispresents
anarchitectureandalanguagefor definingfeaturesin arigorous,declarativeandconsistentmanner. Theapproach
deliberatelydoesnotgiveany specialstatusto services,features,ServiceIndependentBuilding Blocksor thebasic
call. All areconsideredto bebehaviours– features– of a telecommunicationssystem.Elementarybehavioursare
takenasthebasison which morecomplex behaviourscanbebuilt.

Thegoalsof this work are:

• to gainabetterunderstandingof telecommunicationsservices,particularlyin thesenseof theIN (Intelligent
Network,Q.1200seriesof recommendations[16])

• to developanabstractarchitecturefor structuringtelecommunicationsservicesin termsof theirconstituent
features

• to treatservicesfrom a userpoint of view

• to offer a uniformservicemodellingapproach

• to developaformally-basedlanguagefor describingtelecommunicationsfeaturesandtheir combinations

• to gainaninsightinto featureinteractionsthroughstaticanddynamicanalysisof servicedescriptions.
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A servicein thetelecommunicationssenseis somesetof networkcapabilitiesthatis separatelysubscribedto
andchargedfor. A serviceis thusa way of packagingandmarketinga collectionof features.However, this is a
ratherloosedistinctionsincesomefeaturesareservicesin their own right. Theexamplesusedin this paperare
basedon servicesin the IN. The IN recommendationsto someextent blur the distinctionbetweenservicesand
features.

Theauthor’sbeliefis thatweaknessesin servicearchitecturecontributetowardsthefeatureinteractionproblem.
Of coursethisisnottrueof all featureinteractions,but it isfelt thatanimprovedunderstandingof servicearchitecture
is animportantsteptowardsidentifying interactions.Architectureis usedin this paperto meanthestructureof a
systemspecification(here,anIN service). More specifically, an architectureis characterisedby its components
andhow they arecombined[28]. A serviceis usedto meanthefacilitiesofferedto clients(here,telephoneusers).

Thebasedocumentfor thispaperis [25] thatintroducesthelanguageANISE (ArchitecturalNotionsIn Service
Engineering).ANISE is usedto describefeaturesandtheir combinationsin a declarative way. Thepresentpaper
is complementaryto [25] sinceit shows how to build higher-level featureson top of an ANISE modelfor POTS
(thePlainOld TelephoneService). Theversionof ANISE usedherehasevolvedto allow descriptionof IN-like
services.To makethepaperreadablein isolation,asummaryis givenof ANISE andhow it canbeusedto describe
POTS.

1.2 RelatedWork

The work is ratherdifferent in style from most approachesto describingfeaturesand their interactions. The
emphasison constructingservicesfrom well-definedcomponentsusingwell-definedrulesis reminiscentof the
AdvancedNetworkSystemsArchitecture[30]. Thebuilding blockapproachis alsosimilar in spirit to thework of
Lin andLin [19], thoughin theircasethebuilding blocksareata higherlevel.

The emphasisin ANISE is on structuringspecificationsof IN-like services. TINA (Telecommunications
Intelligent Network Architecture[6]) hastakena somewhat differentapproachto definingtelecommunications
services,including conceptsfrom ODP (OpenDistributedProcessing[13]) andmodellingusingOMT (Object
ModellingTechnique[20]). TheTINA work is complementaryto ANISE.

As will be seen,the semanticsof ANISE is given by LOTOS (LanguageOf TemporalOrderingSpecification
[10]). Therearethereforeinterestingcomparisonswith otherwork thatusesLOTOSdirectly. Faci andco-workers
havesuccessfullyusedLOTOSin aconstraint-orientedstyleto describetelephonesystemsandtheir features[7, 8].
In [9] they have shown how the featureinteractionproblemcanbe analysedin LOTOS. Thomas[22] alsouses
LOTOS, focussinglike thepresentpaperon theuserinterfaceto a telephonesystem,but detectinginteractionsby
checkingtemporalpropertiesagainsta LOTOS specification.

Sowhy notwrite LOTOSspecificationsdirectly?It is theauthor’sexperience[21, 23,27, 29] thatLOTOSoffers
rathergeneralfeaturesfor specifyingbehaviour. In a particularapplicationdomainsuchastelecommunications
servicesthespecifiermust‘bootstrap’him/herselfto thearchitecturallevel atwhichsystemsshouldbedescribed.
Telecommunicationsservices,for example,areexpressedusingconceptslike dialling,call,diversion,clearingand
busy. A directspecificationhasto expresssuchconceptsusingonly theconstructsof LOTOS. Theauthorbelieves
thatit is preferableto have suchconceptsavailablein thespecificationlanguage,evenif they arerepresentedat a
lowerlevel in LOTOS. Thisallowsthespecifierto workat thelevel of theapplicationdomain,andresultsin smaller
andmorecomprehensibledescriptions.It alsoallows formal specificationsto be produced(throughtranslation
from theservicedescriptionlanguage)without requiringtheuserto know LOTOS.

SeveralresearchersspecifytherelationshipbetweenuserandnetworkactionsusingMessageSequenceCharts
(e.g.[3, 5]). Thesearereminiscentof the time-sequencediagramsthat inspiredthe presentpaper. Among the
approachesusingMessageSequenceCharts,thatof BergstraandBouma[2] is similarin styleto thework reported
herealthougha differentalgebraicformalismis used.

1.3 Structur eof the Paper

Section2 summarisestheANISE approachto describingservices.SincePOTSis thefoundationfor all higher-level
services,its descriptionin ANISE is presentedbriefly in section3. Featuresarebroadlycategorisedasaffecting
an isolatedcall or as relating separatecalls. Examplesof both categories are describedin sections4 and 5,
mainlyusingIN features.Section6 discusseshow ANISEhelpsto identify problemareaswherefeatureinteraction
might occur. ANISE needsa formalmeaning,andneedsto beextensiblefor descriptionof new kindsof services.
AppendixA thereforeoutlineshow ANISE constructscanbegivenmeaningusingLOTOS.
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2 The ANISE Language

ANISE consistsof constructsfor definingelementarybehaviours(features)andcombinatorsfor building theseinto
morecomplex behaviours (alsocalled features). It might thusbe regardedasa featurecalculus. AppendixA
summarisestheANISE languagein tables2 and3. [25] discussesthefoundationsof ANISE, in particulartable2,
so thedetailsarenot repeatedin thepresentpaper. However, theconstructsof ANISE will be illustratedthrough
examples.

2.1 Modelling Approach

TheANISE approachis bottom-up,but from a user’s perspective ratherthananengineeringviewpoint. Features
andservicesarecombinationsof thesignalsexchangedbetweenatelephoneuserandthenetwork(goingoff-hook,
dialling anumber, etc.).A featureis characterisedby therulesfor exchangingsignals.Following theterminology
of OSI (OpenSystemsInterconnection[12]), signalsarecalledserviceprimitives.Sincehigher-level featuresare
built from lower-level onesin a uniformway, all behaviour is justa featurein ANISE.

Themajoradvantageof theapproachis architecturalconsistency sincea uniformnotationandsetof concepts
is used.Theelementsof a servicehave thesamestatusandaredescribedin thesamekind of way. Thereis no
specialtreatment,for example,of thebasiccall or of servicesvs.features.Becausetheapproachis compositional,
thereis a rigorousfoundationon which higher-level featurescanbe built. This permitssystematicdefinition,
formal description,rapidprototypingandmethodicalanalysis.Thearchitectureis user-orientedin thesensethat
it concentratessolely on the interactionsa userhaswith services.(Note that thepaperuses‘interaction’ in the
generalsenseof exchanginginformation,andalsoin thesenseof featuresinterferingwith eachother.)

Thegenericconstructsin ANISE areusefulfor describingawide rangeof servicessuchasthosein OSI,theIN
or ODP. OSIservicestendto beveryregularin natureandneedlittle moredescriptivepowerthanbasicANISE. IN
servicestendto bemuchmoreindividual. Theresultis thatANISE needsto beextendedwith specificconstructsto
reflectparticularservices.Experiencesofar with ANISE suggeststhata new servicecannormallybedescribedat
thecall level with thegenericANISE constructs.However, a special-purposecombinatoris oftenneededto reflect
theservice’s functionalityata globallevel. Section5.2will illustratethisobservationfor Call Waiting. Theprice
that is paid for specificationconvenienceis that thesemanticsof special-purposecombinatorshasto be defined
(throughtheir translationto LOTOS).

Featuresmaybeinvokedin anisolatedfashion,but usuallyhavesomerelationshipto eachother. For example,
a normaltelephonecall requiresorderedexecutionof call establishment,speechandclearing.Thegeneralnotion
of an interactiongroupis introducedfor a collectionof interactionsthatshouldbeconsideredasrelated.Sucha
groupis known to eachuserby a local referencecalledaninteractiongroupidentifier(Id for short).Connections
suchastelephonecalls areinteractiongroups,andinteractiongroupidentifiersindicatethe telephonelines that
areconnected.A setof Ids (onefor eachuserin a call) is associatedwith aninteractiongroup. Interactiongroup
identifiersarepartof themodellingapproach,andarenot explicitly written in anANISE description.

As anexample,a call startsout with undefinedidentifiersfor eachend. Theactof seizingthe line fixesthe
identifierof the calling end,while dialling fixesthe identifierat the calledend. Both identifiersarenow known
andareusedduringthe remainderof thecall. Whenthecall is cleared,the identifiersareno longerneededand
canbere-boundin a new call.

2.2 FeatureCharacteristics

Featureshave a direction,usuallyrelatinga pair of usersandthereforeinteractiongroup identifiers. Although
someservicesaresymmetrical,therecanbe asymmetriesin what usersmay invoke. For example,someusers
maybeallowedonly to initiate callswhile othersmaybeallowedonly to answerthem(i.e. Incoming/Outgoing
Call Barring). Featuresarethereforespecifiedunidirectionally;a symmetricalservicesimply allows a featureto
beinvokedby eitheruser.

Featuresare the componentsof services. Featuresmay be combinedinto larger features,so a serviceis
effectivelyjustatop-levelfeature.Featuresarecharacterisedbythepatternsof interactionamongusers;interactions
correspondto theoccurrenceof OSI-likeserviceprimitives.OSIdefinesfour rolesfor primitives:

req(uest):a serviceuseraskstheserviceprovider to carryoutsomefunction

ind(ication): theserviceprovidernotifiesaserviceuser, usuallyin responseto arequest;theserviceprovidermay
alsogiveanindicationautonomously
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res(ponse):a respondingserviceuseracknowledgesreceiptof anindication

con(firm): theserviceproviderconfirmsexecutionof arequestbackto theoriginatingserviceuser

A studyof typicaltelecommunicationsservicesrevealsthatthereareanumberof basicpatternsin thebehaviour
of features,illustratedin figure1 usingtheOSIdiagrammaticnotationfor services[11]. Theactionsof usersand
the serviceprovider areshown in columns,with time runningdown the page. User1 is conventionallyon the
left of thesediagrams,andUser2 is on the right. Serviceprimitivesappearashorizontalarrows becausethey
notionallyoccurinstantaneously. Slopinglinesareusedwithin theserviceprovider to show thepassageof time
dueto transmissiondelays.Normally thevertical relationshipbetweenprimitivesshowsa time ordering.A tilde
(∼) is usedwherethe order is undefined(i.e. the primitivescanoccur in eitherrelative order). Somepossible
telephony examplesof thepatternsin figure1 areasfollows:

user initiated: a userclearsacall by goingon-hook(request)

provider initiated: thenetworkringsthecalledparty(indication)

unconfirmed: speechby oneparty(request)is deliveredto theother(indication)

local confirmed: a callergoesoff-hook (request)andobtainsdialling tone(confirm)

remote confirmed: thenetworkasksthecallerto hangup (indication)who doesso(response)

asymmetric confirmed: onepartyhangsup (request),causingtheotherto benotifiedof disconnection(indica-
tion) andto hangup aswell (response)

provider confirmed: a numberis dialled (request),causingringing at the calledparty (indication)andat the
caller(confirm)

user confirmed: a userasksfor the cost of the last call (request),and this is forwardedto the billing centre
(indication);thecostis announcedby thebilling centre(response)andis notifiedto theuser(confirm)

user provider confirmed: acreditcardnumberis supplied(request)andis notifiedto thebilling centre(indica-
tion); in eitherorder, thenetworkis told thatthechargewill behonoured(response)andtheuseris told that
thecardwill becharged(confirm)

Eachbasicpatternmay have oneof the propertiesillustratedin figure 2, arrangedin a hierarchythat be-
comesprogressively moredegenerate. The propertiesare single (one-off), consecutive(sequential),ordered
(overlapped),reliable (overtaking)andunreliable (lossy).Possibletelephony examplesof thesepropertiesareas
follows:

single: seizinga line beforedialling

consecutive: acall is dealtwith beforeanotheris permitted

ordered: voicesamplesaredeliveredin thecorrectorderevenif their end-to-endtransmissionis overlapped

reliable: nearlysimultaneouscalls to a PABX (PrivateAutomaticBranchExchange)may be connectedin any
order

unreliable: call requestsmaybelostdueto problemsin theserviceprovidersuchascongestion

Patternsandpropertiesareessentialin definingthe elementsof call behaviour. Examplesof their usewill
appearin figures5 and7. Thesemanticsof patternsandpropertiesareillustratedwith somesampletranslations
to LOTOS in appendixA.
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User-Initiated Pattern Provider-Initiated Pattern

Unconfirmed Pattern

Local-Confirmed Pattern

Provider-Confirmed Pattern
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User 1 Provider User 2
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User 1 Provider User 2

X.Req
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User 1 Provider User 2
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User 1 Provider User 2
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User 1 Provider User 2

X.Req
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Figure1: FeaturePatterns
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Figure2: FeatureProperties
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2.3 FeatureCombinations

Featuresandtheir combinationsaredeclaredusingthe languageof ANISE. Elementaryfeaturesaredeclaredin
oneof two ways:

feature(direction,pattern,property,group)
feature(direction,pattern,property,group1,group2)

Themeaningof suchadeclarationis thebehaviour impliedby theparameters.Thedirectionis 12or 21,depending
on which userinitiatesthefeature(logical endpoint1 or 2). Thepatternis oneof thosegivenin figure1, andthe
propertyis oneof theleaf nodesin figure2. Thegroupnameis usuallythesameasthatof theserviceprimitives
involved(e.g.groupOffHookfor primitivesOffHook.Req/Ind). In thecaseof aconfirmedpattern,two groupsmay
be given. This allows for the possibility that the groupnamesdiffer. For examplecall establishmentmight be
consideredto haveseparatecallingandanswerbehaviour, andthusto havetwo groupnames:Call andAnswer. A
groupmayalsocite anexplicit parametertypein parentheses,e.g.Call(Num). If bothgroupnamesarethesame
but their parametersdiffer thenonly the secondparametermaybe given,e.g.Call(Num),(CallingMess). In this
casetheprimitivesmightbeDial.Req(Num)andDial.Con(CallingMess).

The following basicdatatypesarepre-definedin ANISE. Eachtype hasnamedconstantasundefinedvalue
(NoDig,NoNum, etc.). In additionanumberof datatypesareusedinternallysuchasId (aline identifier)andResult
(generatedby afeature).If special-purposedatatypesareneededto describea service,they mustbeincorporated
in thetranslationto LOTOS.

CalledMess:issuedto the calledparty while a call is beingestablishedor is in progress(e.g. ringing current,
callingnumber)

CallingMess: received by thecalling partywhile a call is beingestablishedor is in progress(e.g.ringing tone,
subscriberbusy)

Dig: a ‘digit’ (including* and#)

Num: a sequenceof digits suchasa telephonenumber

Voice: a segmentof speech

In principle,featurescouldbecombinedin alimitlessnumberof ways.However, telecommunicationsservices
tendto usea limited rangeof combinations.Thesebuild on oneor morebehaviours asparameters– thoseof
elementaryfeaturesor theircombinations:

Combinator(Parameter 1, ... ,Parameter N)

A featuregroup is given asparameterwhenthe combinedbehaviour appliesonly to a particulargroupwithin
it. Combinatorsmay be built up into larger expressions.A singleexpressionfor a high-level featuremight be
unwieldy, or might requirerepetitionof sub-expressions.In sucha casea partof the overall behaviour maybe
namedby:

declare(Name,Behaviour)

whereNamewouldbeusedasa parameterto othercombinators.Typically this is usefulfor giving a nameto the
behaviour of eachfeature.

2.4 FeatureParameters

Thebehaviour of a telecommunicationsfeatureis oftendependentoncharacteristicschosenby thesubscriber. For
example,thesubscribermight setup abbreviateddialling or might requestcall diversionto anothernumber. This
collectionof characteristicsis storedin a telephonenumber’sprofile – arecord-likesetof values.Theprofilesare
globallyavailableto all featuresin casetheirbehaviour dependson it.

Sincea featureor combinatorrelatesendpoints,its behaviour is parameterisedby their numbers.However,
a featuremayestablishor changea numberasit executes.For example,thecalling numberis setby thefeature
that seizesthe line, andthe callednumberis establishedwhenthe dial featuredeterminesthe destinationline.
Thecallednumbermaydiffer from thediallednumberdueto theuseof featureslike call forwarding. A feature
thereforeexportsthenumbersin usewhenit terminates;thenumbersmaybeusedby featuresthatexecutelater.

Featuresareoften behaviourally relatedthroughresult values. For example,unlessseizingthe line yields
dialling toneit will notbepossibleto dial anumber. Similarly, dialling anumbermustresultin ringingtonebefore
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thecall canbeanswered.Thebehaviour of a featuremay just stop;this is regardedasunsuccessfultermination
andproducesno result. If a behaviour terminatessuccessfullyit is consideredto producea result– theparameter
valueof theconfirmserviceprimitive(if any). Apart from terminatingunsuccessfullyor successfully, abehaviour
mayalsorecurse(i.e. loop). Clearlyno resultis possiblein thiscase.

Summarisingthepointsabove, thefunctionalityof a terminatingfeatureis consideredto be:

Num× Num >Num× Num× Result

wherethepairof numbersrefersto thelocal/remoteends,andResultis sometypelike acalledor callingmessage.
The numbersof a featureinstancestart out undefined(NoNum). Whena featureinstancefirst interactsat an
endpointit acceptsany number. In futureonly thatnumberis permittedat theendpoint,andthenumbersin use
areexportedon termination.

To makethis ideaconcrete,considerseizingthe line by picking up the telephone. Initially the numberof
neitherendpointis known, but the act of seizingthe line determinesthe caller’s number. In addition, seizing
normallyyieldsdialling toneasresult. In this casethefunctionalityof theSeizefeatureis:

NoNum× NoNum 7→ SomeNum× NoNum× DialTone

Normally a featureexecutesin the directionspecifiedfor it; for example,featureFeat might be definedfor
direction12. It is sometimesdesirableto overridethis by specifyingdifferentendpoints;for example,Feat(21)
invokesthefeaturein thereversedirection. It is essentialto specifyendpointsin thisway for featuresthatinvolve
morethanonecall suchasThree-WayCalling;for example,Feat(32)invokesthefeaturebetweenlogicalendpoints
3 and2. Endpoint0 correspondsto nonumber;for example,Feat(00)startswith neithercallingnorcallednumber
known. EndpointSmeansasurrogateuser(asusedwith Call Waiting andThree-Way Calling in sections5.2and
5.3).

3 Call Description

This sectionusesANISE to describePOTS (the Plain Old TelephoneService). A fuller explanationappearsin
[25], so a fairly brief exposition is given here. Note that the basiccall is definedin ANISE andis not intrinsic
to it. The descriptiongivesan architecturefor the basiccall in the senseof defining its componentbehaviours
andhow thesearecombined.SincetheANISE descriptionis linear, figure3 maybehelpful in understandingthe
overall structure. The innermostovals in the figure show the features. Theseareprogressively combinedinto
morecomplex behaviours usingthecombinatorsshown. Thebasiccall behaviour is a repeatedsequenceof the
threephases.

3.1 BasicCall Features

Theelementaryfeaturesidentifiedfor abasiccall areshown in figure4. This is unadornedwith detailsof features
suchastheirparameters,propertiesandrelationships;theANISEdeclarationsin thefirst partof figure5 makethese
explicit.

Seize:This featureis invokedby the caller (i.e. in the 1→2 direction), and the patternhasa single instance.
OffHook.Reqcorrespondsto picking up the telephone. OffHook.Con is the response,with parameter
CallingMessnormallyindicatingdialling tone.However, otherresponseslike unobtainablearepossible.

Dial: Dial.Reqconveys thecallednumberNum. Theresponseis Dial.Con, hopefullycarryingringingtoneasthe
valueof parameterCallingMess. Howeverotherpossibilitiesincludesubscriberbusyandunobtainable.

Ring: StartRing.Ind is issuedwhenthecalledpartyis rung.

Silence: StopRing.Ind is issuedto stopthecalledpartyringing.

Answer: This featureoperatesfrom calledto caller (i.e. 2→1). Answer.Reqcorrespondsto answeringthe call.
Answer.Ind is anexplicit signalthatthecalledpartyhasanswered,thoughin currenttelephony thecaller is
notdirectlyawareof this.

Speak:Thisfeatureis declaredin the1→2directiononly sinceanidenticalfeatureoperatesin thereversedirection
(i.e. bothpartiesmayspeak).Speechallows overlappedvoicetransmissionsin thesamedirectionthatare
keptin thecorrectrelativeorder. Speech.ReqandSpeech.Indbothcarryspeechsegmentsof typeVoice.
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Figure3: Structureof theBasicCall Descriptionin ANISE
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% BasicCall Elementary Features:

declare(Seize,feature(12,local confirmed,single,OffHook,(CallingMess))) % seizetheline
declare(Dial,feature(12,local confirmed,single,Dial(Num),(CallingMess))) % dial numberandconnect
declare(Ring,feature(12,provider initiated ,single,StartRing)) % startringingnumber
declare(Silence,feature(12,provider initiated ,single,StopRing)) % stopringingnumber
declare(Answer,feature(21,unconfirmed,single,Answer)) % answercall
declare(Speak,feature(12,unconfirmed,ordered,Speech(Voice))) % one-wayspeech
declare(Clear1,feature(12,user initiated ,single,OnHook)) % clearby caller
declare(Clear2,feature(12,asymmetric confirmed,single,OnHook,OnHook))% clearby calleror called

% BasicCall Behaviour :

declare(Dialling, % dial phase
interrupts after try ( % clearinteruptsseize,dial

Clear1, % callerclear
enables on result( % seize,dial if dial tone

Seize(00), % seizeline in freshcall
DialTone, % if seizegot dial tonethen...

enables on result( % dial, exit if ring tone
dials(Dial), % dial selectsdestination
RingTone,exit)))) % if ring tone,exit dial phase

declare(Ringing, % ring phase
offers( % clearor ringing

Clear1, % callerclear
enables( % ring, clearor answer

rings(Ring), % ring destinationappropriately
offers( % clearor answering

enables(Clear1,Silence), % callerclear, stopringing
Answering)))) % answer, speak

declare(Answering, % answerphase
enables( % answer, stopring, speak,clear

Answer, % answercall
disables( % clearstopsspeech

collides(Clear2), % caller/calledclear
duplicates(Speak)))) % speechin bothdirections

declare(Call, % overall basiccall
loops( % loopsindefinitelydoing...

enables(Dialling,Ringing))) % dial phase,ring/answerphase

% Global (POTS) Behaviour :

profile(124,53)... % number124/id53,etc.

declare(MaxCalls,100) % numberof concurrentcalls

global(tel, % namefor telephoneservice
checks busy( % monitorline free/busy

instances(MaxCalls,Call))) % instantiatecalls

Figure5: ANISE Declarationsfor thePlainOld TelephoneService
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Clear1: This is one-sidedclearing,wherethecallerbreaksthecall with OnHook.Reqbeforetheotherpartyhas
beenrung.

Clear2: This is two-sidedclearing,whereeitherpartycanbreakthecall by hangingup (i.e. doingOnHook.Req).
OnHook.Indsignalstheotherpartythatthecall hasbeenbroken,thoughin currenttelephony theremaybe
noexplicit indicationof this. Thecall is fully clearedonly whenthesecondpartyhangsup,i.e.OnHook.Req
occurs.

3.2 BasicCall Behaviour

The relationshipsbetweenbasiccall features– their combinations– areshown in the secondpart of figure 5.
Althoughacall couldbedefinedby asingleANISE declaration,thedescriptionis brokendown into smallerpieces
for convenience.Thefeaturesandcombinatorsusedin thedescriptionarementionedbelow.

Dialling: Thisis theinitial behaviour of thecall (seizingtheline,dialling). A one-sidedclearby thecaller(Clear1)
is permittedonceanattemptto makeacall hasbegun(interrupts after try ). If acall is interruptedby this
clear, its initial behaviour repeats;this is the‘inner loop’ of thecall. Seizingtheline (Seize) permitsdialling
only if dial toneis received (enables on result). Any otherresultsuchasunobtainablepreventsdialling.
Receiptof ringing tonepermitsthedialling phaseto finish (Dial obtainsRingTone). Any otherresultlike
subscriberbusypreventsfurtherprogressonthecall. Thedials combinatorensuresthatthecalledtelephone
is theonedeterminedby thediallednumber(Dial).

Ringing: Theringing phaseis surprisinglycomplex becausethecallermayhangup ata numberof pointsbefore
answeringoccurs. The caller may clearbeforethe calledparty is actuallyrung (Clear1). Normally, the
calledparty is rung (Ring); the rings combinatorchoosesthe appropriatering pattern. At this point the
callermayhangup,causingringing to stop(Clear1,Silence). Hopefully, however, thecall will progressto
theansweringphase(Answering).

Answering: This is the main behaviour of the call (answeringandspeakingfollowed by clearing). Whenthe
call is answered(Answer), speechis enabled.Theduplicatescombinatorinterleavesindependentcopiesof
theSpeakfeaturein eachdirection.Sinceinterruptionthroughclearingis immediatelypossible,theremay
beno speechbeforethecall is cleared.Speechcontinuesindefinitely, soonly clearingcanstopthis. The
collidescombinatorallows eitherparty to initiate clearing(Clear2), andhandlesthecaseof simultaneous
clearing.Thewholebehaviour of Answeringterminateswhenclearinghasfinished.

Call: This definesthe behaviour of calls betweena single,unspecifiedpair of users. Onceclearinghasbeen
completed,anew call canbegin. If ringingdoesnotoccurbecausethecall cannotbeput through,Clear1in
Dialling will occur(i.e. thecallerwill hangup). Ringingtonepermitstheringing phaseto start(Ringing).
The‘outer loop’ in thedefinition(loops) dealswith repetitionof thewholecall whenit clears.

3.3 Plain Old TelephoneService

At thegloballevel, thethird partof figure5 showshow basiccallsareassembledinto thestandardservicebetween
any pair of users.

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

global: Thehighestlevel in theANISEdescriptionnamesthetelephoneserviceast. Thechecksbusycombinator
keepstrack of which lines arebusy andwhich are free. In particularit ensuresthat calling an engaged
numberresultsin thecallergettingsubscriberbusy. The instancescombinatorcreatestherequirednumber
of independentbasiccall instances.

3.4 Call FeatureClassification

Featureshave staticanddynamicaspects.The staticaspectsreflectthe functionality andparameterisationof a
feature.Generallyspeaking,if a featureis presentit is potentiallyavailableto all users.Subscriptionto a feature
is regardedasstatic in ANISE, that is theparametersrequiredto invokea featureareincludedin a description–
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specifically, in the profiles. In practicethe subscribermay supply featureparametersto the networkoperator
just onceon subscriptionor mayrequestchangesinfrequently. It maybepossiblefor theuserto changefeature
parametersdynamically(e.g. to setup call diversion). ANISE could in principle allow suchchanges(including
cancellationof asubscription).However, managementof subscriberprofilesis aseparateissueandis notcurrently
consideredin ANISE.

Thedynamicaspectsof a featurereflectits invocationandexecution.A featuremayaccesstheprofile for the
correspondingnumberto decidewhetherandhow it shouldexecute.Theexistenceof theprofile is largelyhidden
from theANISE specifier, i.e. its useis implicit in the combinators.Useof theprofile is actuallydefinedin the
semanticsfor ANISE. Theadditionof a new featuremayrequiretheprofile to beextended.Seethetreatmentof
abbreviateddialling in appendixA.2 asanexampleof thehow theprofile is handled‘behindthescenes’.

Featurescanbecategorisedassingle-callor multiple-call. Single-callfeaturesapplyto acall in isolation,e.g.
AbbreviatedDialling andCall Screening.Suchfeaturesmodify thebehaviour of thebasiccall. In ANISE terms,
they appearaschangesto thefirst or secondpartsof figure5 (i.e. theelementaryfeaturesor basiccall behaviour).
Multiple-call featuresrelatethebehaviour of severalcalls,e.g.Call WaitingandThree-WayCalling. Suchfeatures
principally operateat a higherlevel thanthebasiccall, so they mainly changethe third part of figure5 (i.e. the
globalbehaviour). Single-callandmultiple-call featuresaretreatedseparatelyin sections4 and5. Thenaming
of featuresvariesamongnetworkoperators,sothetermsandabbreviationsin CapabilitySets1 and2 [15, 17] are
usedwherepossible. However alternative namesarementionedwhereknown to the author;someof theseare
trademarkedby their owners.

In the following two sections,a brief descriptionof eachfeatureis givenandthena discussionof how it is
modelledin ANISE. Thealterationscausedby a featurearerelative to thePOTS descriptionin figure 5. Unlike
the genericcombinatorsin table 2, the telephony combinatorsin table 3 assumethe namingconventionsfor
primitivesin figure4. This is not a necessaryrestriction,however, sincethenamescouldin principlebesupplied
asparametersto thecombinators.

4 Single-CallFeatures

4.1 Abbr eviated Dialling (ABD)

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

ANISE: Theprofile maycontaina setof shortcode/fullnumberpairs. Thedials codecombinatortranslatesthe
shortcodegivento abehaviour into thefull number. It modifiesdialling in thebasiccall:

dials code(Dial)

4.2 OneNumber (ONE)

Description: OneNumberis usedin variousservicesto allow thecalledpartyto have a singlenumberthatmay
becalledfrom anywhere.Commercialexamplesincludefreecalls(FreePhone)andnationalcallsata local
rate. Otherusesfor OneNumberincludecallsto emergency services,thetelephoneoperatorandnetwork
customerservices. This featureresemblesAbbreviated Dialling, but the short codesaredefinedby the
calledpartyonanetwork-widebasis.An importantdifferenceis thatOneNumberneednotbeasimple1:1
translation.For example,a call to thesinglenumbermayberoutedto a company’s nearestbranch.A call
planmayevencarryout thetranslationbasedon otherfactorssuchasthetimeof day.

ANISE: Therequiredtranslationis similar to thatof thedials combinatorexceptthatit maybemorethana static
look-up. By default,ANISE supportsonly asimplelook-upof theprofile;analgorithmicnumbertranslation
wouldhave to bebuilt into theLOTOS definition. A call planthatdependedon timeof daywouldpresenta
problemsincestandardLOTOS doesnot specifymetrictime. A clock processcouldbe introduced(though
thiswouldnot modelthepassageof realtime). A bettersolutionwouldbeto useE-LOTOS (Enhancements
to LOTOS[14]) thatdoesallow timedspecification.Thedials onecombinatormodifiesdialling in thebasic
call:

dials one(Dial)
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4.3 Originating Call Screening(OCS)

Description: OriginatingCall Screening,alsonamedOutgoingCall Barring,preventscallsto certaintelephone
numbersor areacodes.Parents,for example,might wish to stoptheir childrenfrom calling premiumrate
numbers.In theextremecase,all outgoingcalls(exceptperhapsto theemergency services)maybedisabled;
thenetworkoperatormightdo this if a telephonebill remainsunpaid.

ANISE: The profile may containa setof callednumbersto be forbidden,or the valueAll. A call to any such
numberis not allowed to proceedbeyond dialling. The screensout combinatorpreventsbehaviour that
wouldotherwisecall abannednumber. It modifiesdialling in thebasiccall:

screens out(Dial)

4.4 Terminating Call Screening(TCS)

Description: TerminatingCall Screening,alsonamedIncomingCallBarring,preventsthereceptionof callsfrom
certaintelephonenumbersor areacodes. In the extremecase,all incoming calls may be disabled;for
example,acall-boxmaynotbeallowedto receive calls.

ANISE: Theprofile maycontaina setof calling numbersto beforbidden,or thevalueAll. A call from any such
numberis not allowed to proceedto ringing. The screens in combinatorpreventsbehaviour that would
otherwiseaccepta call from a bannednumber. It modifiesringing behaviour in thebasiccall:

screens in(Ring)

4.5 Calling Number Delivery (CND)

Description: CallingNumberDelivery, alsonamedCallerDisplay, requiresaspecialtelephonethatcanshow the
caller’snumberbeforeacall is answered.Basedonthecallingnumber, theusermightdecidenot to answer
whenthetelephonerings.

ANISE: The rings display combinatorsetsthe CalledMessparameterin a behaviour to the caller’s number. It
modifiesringingbehaviour in thebasiccall:

rings display(Ring)

4.6 Distinctive Ring (DR)

Description: Distinctive Ring, alsonamedMultiple DirectoryNumberLine with Distinctive Ringing,doesnot
yet seemto have beenintroducedinto the IN CapabilitySets. It allows the subscriberto have multiple
numbersassociatedwith onetelephone.For examplea family might choosea numberandring patternfor
callsto parents,andanotherfor callsto children.A separatenumberandring patternmightalsobeusedfor
callsto a fax machinethatsharesthesameline asthetelephone.

ANISE: Thereareseveral telephonenumbersfor the sameline identifier, eachassociatedwith a particularring
patternin its profile. The rings preferencecombinatorselectsthe CalledMessparameterin a behaviour
accordingto thering preferencein theprofile. It modifiesringingbehaviour in thebasiccall:

rings preference(Ring)
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4.7 Call Forwarding Unconditional/Don’t Answer (CFU/CFDA)

Description: Call Forwardinghasavarietyof formsandnamessuchasCall Diversion,Call ForwardingonBusy
Line,CallForwardingDon’t Answer, CallReroutingDistributionandFollow-MeDiversion.Theircommon
characteristicis thattheusermaydecideto have incomingcallsdivertedto analternative telephone.At the
user’s discretioncallsmaybedivertedunconditionally, if thenumberis busy, or if thereis no answerafter
someperiod. All forms of call forwardingessentiallyperforma translation,changingthe callednumber
into the actualdestinationline. Call ForwardingUnconditionalandCall ForwardingDon’t Answer are
consideredheresincethey affect justanisolatedcall. Call Forwardingon BusyLine appearsin section5.1.

AnswerCall, alsonamedCall Minder, hasnot yet beenfully introducedinto the IN CapabilitySets. It
resemblesCall Forwardingin that a call to a busy line or an unansweredcall is divertedto an answering
service.Thiswill recorda messagethattheusercanlaterretrieve.

ANISE: Call diversioninformationmayappearin theprofile. Variousdiverts combinatorsmodify thecalled Id
in a behaviour accordingto theselecteddiversioncondition. AlthoughCall Forwardingis oftenofferedas
a singleserviceto the user, ANISE correctlytreatsthe variousforms of Call Forwardingseparately. Call
ForwardingUnconditional/Don’t Answerusesthe diverts always/unanswered combinatorsthat modify
dialling/ringing in thebasiccall:

diverts always(Dial)
diverts unanswered(Ring)

Diversiononno answerrequiresmetrictimesoE-LOTOSmaybeabetterchoicefor thesemantics.Without
time,ANISE canonly non-deterministicallydecidewhetherto continueringingthetelephoneor to divertthe
call.

At thelevelof abstractionchosenfor ANISE, AnswerCall looksjustlike CallForwardingonBusyLine/Don’t
Answer. ANISE treatstheansweringnumberjust like anothersubscriber. Only adiverts combinatorwould
thereforebeused.

5 Multiple-Call Features

5.1 Call Forwarding on Busy Line (CFBL)

Description: Single-callformsof Call Forwardingappearedin section4.7. Call ForwardingonBusyLine needs
to betreatedasa multi-call featurebecauseit relieson knowledgeof whetherthedestinationline is busy.

ANISE: Coordinationat the multiple call level is achieved by the diverts busy combinatorthat surrounds
checksbusy at theglobal level:

diverts busy(checksbusy(instances(MaxCalls,Call)))

If the callednumberis busy, the forwardingnumber(if any) in the profile is usedto determinethe new
destinationnumber.

5.2 Call Waiting (CW)

Description: Sincerealisationsof Call Waitingmayvary, atypicalservicewill bedescribed.Normallyacall to a
busyline resultsin engagedtonefor thecaller. However if thecalledpartyhassubscribedto Call Waiting,
thecallercanbeheld. Thecalledparty is alertedby a specialtoneto saythatan incomingcall is waiting.
Call waiting canbecontrolledby pressingRecall(flash-hook)andthena digit. Thecalledpartycanreject
waitingcall(s)with Recall+ 0. Hangingupclearsthecurrentcall, causingthewaitingcall to beconnected;
thesameresultcanalsobeachievedby Recall+ 1. It is possibleto switchbetweenthecurrentandwaiting
callsby usingRecall+ 2.

ANISE: Call Waiting modifiestheendpointsof thebasiccall. Sincethecallerscannotbothbe connectedto the
calledparty, connectionsare madeto a surrogateuserthat manageswaiting calls. This is a modelling
conceptthatmaynotcorrespondto arealnetworkfunction. Thesurrogatedealswith requestsby thecalled
partyto manageCall Waiting. Thetransitionsbetweendifferentcall waiting situationsareshown figure6.

14



current call
cleared/clears

waiting call
clears

waiting call
accepted

current/
waiting
calls
swapped

3

1

2

3

waiting call
clears

3

1

2

S

3

1

2

S

current call
cleared/clears

initial
state

Figure6: TransitionsbetweenCall Waiting Situations

Here,user1 is theoriginal caller, user2 is thesecondcaller, user3 is thecalledparty, and‘user’ S is the
surrogate.

ANISE modelsthecurrentor waitingcall very muchlike thenormalbasiccall. However, featuredefinitions
have to be introducedfor recall (Recall or Flash-Hook),dialling a digit (Select), and respondingto an
exchangering (Respond). Recall.Reqsuspendsanactive call, or resumesa suspendedcall. Recallcouldbe
declaredasunconfirmed tomodelanetworkannouncementwith Recall.Indthatthecall hasbeensuspended
or resumed.Select.Reqchoosesa call waiting actionaccordingto thedialleddigit. TheRing featureof the
basiccall is extendedto allow call waiting toneasa valueof CalledMess.

Thesurrogatedealswith call waiting signals,hencethey do not appeardirectly in thebasiccall. However,
answeringandspeechin the basiccall of figure 5 have to be put undercall waiting control. The holds
combinatorhandlestheeffect of suspensionandresumption,includingthepossibilityof eitherpartybeing
puton hold:

holds(Answering) % answer/speechmaybeheld

Fromthepoint of view of thewaiting caller, thedestinationis rungandmayanswer. Interactionswith the
surrogatere-usemany featuresof thebasiccall. Thebehaviour of thecall waitingsurrogateis shown in the
secondpartof figure7. It is ratherstrikingthatthedescriptionof Call Waitingis morecomplicatedthanthat
of thebasiccall! This reflectstheinherentcomplexity of Call Waiting ratherthana lack of expressiveness
in ANISE. Evenso,figure7 definesonly usercontrolof Call Waiting; globalcoordinationis embeddedin
thewaits call combinatordescribedbelow.

Theinitial behaviour of call waiting is differentfor two reasons:it is possibleto cancelthewaitingcall and
any futureones;andthewaiting call mustbeansweredthefirst time, not just takenoff hold. If thewaiting
call is accepted,future behaviour is that of the first or secondcaller waiting. Call Waiting involvesthree
logical endpoints:thefirst or currentcaller (1), thesecondor waiting caller (2), andthe calledparty (3).
Featuresmustbeinvokedwith anexplicit pair of endpointssoasto identify therelevantcall.

CallPending: This behaviour appliesafter call waiting hasbegun andoneparty is waiting. The current
calleror thecalledpartymayhangup, causingthewaiting call to beresumed;after this thereis just
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% Actual Waiting: 1 Curr ent Caller, 2 Waiting Caller, 3 Called, S Surrogate

declare(CallWaiting, % actualcall waiting
disables( % clearfinishescall waiting

offers( % choiceof clears
Clear2(1S), % currentcallerclearsto surrogate
Clear2(2S), % waiting callerclearsto surrogate
enables( % calledclears,picksup

Clear1(3), % calledhangsup
collides(Clear2(S1)), % surrogateclearscurrentcaller
rings(Ring(S3)), % surrogateringscalledagain
Respond(3)))), % calledrespondsto ringing

enables( % recall,select
Recall(3), % suspendcurrentcaller
offers( % selector recall

enables on result( % selectdecidesaction
Select(3), % dial digit

1,collides(Clear2(S1)), % if 1, clearcurrentcaller
2,CallWaiting(21), % if 2, swapcurrent/waiting
CallWaiting), % elsesamecurrent/waiting

enables( % recall
Recall(3), % resumecurrentcaller
CallWaiting))))) % samecurrent/waitingcallers

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

declare(CallPending, % potentialcall waiting
disables( % clearfinishescall waiting

offers( % choiceof clears
enables( % first clears,secondanswered

Clear2(1S), % first callerclearsto surrogate
Answer(S2)), % surrogateanswerssecondcaller

enables( % secondclears,stopswait tone
Clear1(2), % secondcallerhangsup
Silence(3))), % call wait tonestopsatcaller

enables( % calledclears,secondanswered
Clear1(3), % calledhangsup
collides(Clear2(S1)), % surrogateclearsfirst caller
rings(Ring(S3)), % surrogateringscalleragain
Answer(32))), % calledanswerssecondcaller

enables( % recall,select
Recall(3), % suspendfirst caller
offers( % selector recall

enables on result( % selectdecidesaction
Select(3), % dial digit

0,collides(Clear2(S2)), % if 0, clearsecondcaller
1,enables(collides(Clear2(S1)),Answer(S2)), % if 1, clearfirst, answersecond
2,enables(Answer(S2),CallWaiting(21)), % if 2, answersecond,swapfirst
CallPending), % elsesecondcallerstill waiting

enables( % recall
Recall(3), % resumefirst caller
CallPending)))) % secondcallerstill waiting

Figure7: ANISE Coordinationof Call Waiting
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a normalcall. Alternatively thecalledparty mayuserecall anddial a digit to controlwaiting. The
currentcall maybeclearedandreplacedby thewaiting call (1 dialled). Thecurrentcall mayalsobe
swappedwith thecurrentcall (2 dialled). If any otherdigit is dialledor thecalledpartypressesrecall
again,thecurrentcall is resumed.The rings andcollidescombinatorsareusedasin thebasiccall to
controlringingandclearing.

CallPending: This is the initial behaviour whena potentialwaiting call arrives. It differs from the later
behaviour of CallWaiting in a few ways.Thecalledpartymayrejectthewaitingcall by selecting0. If
thewaiting call is accepted,it mustfirst go throughtheansweringprocedure.Thereafter, call waiting
is asdescribedby CallWaiting.

Coordinationat themultiple call level is achieved by the waits call combinatorthat surroundstheglobal
call instances:

waits call(CallPending,instances(MaxCalls,Call))

If thecallednumberis free,it is rungin theordinaryway. If thecallednumberis busyanddoesnothaveCall
Waiting,thecallerreceivessubscriberbusyandthecall progressesnofurther. Howeverif thecallednumber
is busyandis allowing Call Waiting,thecallsareconnectedto aninstanceof CallPendingassurrogate.The
surrogateterminateswhenit is no longerneededbecauseonly onecall remains.

5.3 Thr ee-Way Calling (TWC)

Description: Three-Way Calling assuchdoesnot currently appearin the IN CapabilitySets. Insteadthe IN
refersto ConferenceCalling (CONF) which appearsto allow any numberof parties. For concretenessa
typicalThree-Way Callingservicewill bedescribed.Onepartyin anormalcall canadda third partyto the
call. Three-Way Callingcanbecontrolledby pressingRecall(flash-hook)andthena digit or full telephone
number. Thecontrollingcallerdials thethird partywith Recall+ Number. Thecontrollingcallercanclear
theoriginalcall but retainthenew call with Recall+ 1. It is possibleto switchbetweentheoriginalandnew
callsby usingRecall+ 2. A three-waycall is setupwith Recall+ 3. After athree-waycall is established,the
original callercanbedisconnectedby usingRecall+ 5. Alternatively, thethird partycanbedisconnected
by usingRecall+ 7. Hangingup a three-waycall clearsboth call legs. Three-Way Calling sharessome
aspectswith Call Waiting,e.g.theability to switchbetweencalls.

ANISE: Three-Way Calling modifiesthe behaviour of the basiccall. Establishingthe secondleg of the call is
very muchlike a normalcall, exceptthat a surrogateis involved. Sincethe threepartiesarenot initially
all connected,thecalleron hold is connectedto a surrogatemuchasfor Call Waiting. Thesurrogatedeals
with requestsby thecontrollingparty to manageThree-Way Calling. Whenthe three-waycall begins, the
surrogatealsorelaysspeechbetweenthecallersmuchasabridgedoesin a realexchange.

TheANISE descriptionof Three-WayCallingresemblesthatfor Call Waiting in section5.2but extendsit for
thenew facilities. Figure7 hasshown how complex Call Waiting is, so for brevity theANISE declarations
for Three-Way Calling arenot givenhere. Three-Way Calling modifiesthebasiccall in thesamekind of
way, requiringthe introductionof RecallandSelect. The behaviour of the Three-Way Calling surrogate
hasa definitionCallThreethat is not givenhere. Coordinationat themultiple call level is achievedby the
calls threecombinatorthatsurroundstheglobalcall instances:

calls three(CallThree,instances(MaxCalls,Call))

In a normalcall, recallcreatesan instanceof CallThree. This overseesestablishmentof a call to the third
party. Initial swappingbetweentheoriginal callerandthe third party is managedjust asfor Call Waiting.
Whena three-waycall starts,thesurrogateremainsto relayspeechamongthethreeparties.Thesurrogate
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,canbe invokedwhenthe caller encountersan engagednumber. By dialling a digit (5 in one
realisation),thecallercanaskto berungbackwhenthedestinationis free. At thispointthecall is connected
withouthaving to redialthenumber.
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declare(RingBack, % ring-backcall
enables( % ring caller, seize,ring called

rings(Ring(21)), % ring originalcaller
Respond, % respondto exchangecall
Ringing)) % ring phase

Figure8: ANISE Coordinationof Completionof Callsto BusySubscriber

ANISE: Thebasiccall is modifiedby allowing adigit to bedialledon subscriberbusy:

enables on result( % dial, checktone
dials(Dial), % dial selectsdestination

SubsBusyTone,finishes(Select), % if busy, dial extra digit
RingTone,exit) % if ring tone,exit dial phase

Thefinishescombinatorstopsfurtheractionafter theextra digit hasbeendialled. At this point, thecaller
musthangup (i.e. Clear1mustoccur).

A ring-backcall is similar to thebasiccall. Themaindifferenceis that theoriginal caller is rungandthen
responds,insteadof seizingtheline andthendialling. TheRingBack declarationin figure8 canre-usemuch
of thebasiccall definitionin figure5 (Ringing, Answering). SelectandRespondfeaturesareusedto control
ring-back. Selectallows a manualrequestto returna call to a busynumber. Coordinationat themultiple
call level is achievedby thereturns manual combinatorthatsurroundstheglobalcall instances:

returns manual(RingBack,instances(MaxCalls,Call))

It is necessaryfor returns manual to wait until thecalling andcalledpartiesareboth free. At this point,
an instanceof RingBack is createdto re-establishthe call. AutomaticCall-Backis similar, but needsno
manualrequestsinceit automaticallyreturnsa call to a busynumber. The returns automatic combinator
is providedfor this.

6 FeatureInteraction Analysis

6.1 Ar chitectural Analysis

Oneway in which ANISE helpsto detectfeatureinteractionis throughstaticanalysisof how thefeaturesmodify
thebehaviour of POTS. This is a structuralandintuitiveexaminationof how thefeaturesaredescribedin ANISE.
Featuresareconsideredin pairs,looking for thefollowingsituations:

• Onefeaturemayremove someaspectof thebasiccall thatanotherdependson. For example,Completion
of Callsto BusySubscriberremovestheneedfor thecallerto re-dialanumberwhenring-backoccurs.It is
notclearwhetherfeaturesthataffect dialling (suchasOutgoingCall Screening)shouldapplyin this case.

• One featuremay add new behaviour that is normally modified by another. For example,Call Waiting
requiresthe waiting call to ring if the calledparty hangsup. It is not clear whetherfeaturesthat affect
ringing (suchasDistinctiveRing) shouldapplyin thiscase.

• Both featuresmaymodify the samebehaviour. For example,OneNumberandOutgoingCall Screening
bothaffectdialling. It is thennecessaryto decidetherelativeprioritiesor executionorderof thesefeatures.

Thesekindsof situationmerit investigation.Of course,they do notnecessarilyimply anunwantedinteraction
but they pinpoint areasfor further analysis.Oneof the practicalproblemsin detectinginteractionsis that with
n featuresit may be necessaryto look at n(n−1)

2 pairs of features. Discovering whethertwo featuresinteract
canbetime-consuming,soit is usefulto have anapproachsuchastheonedescribedhereto narrow thefocusof
investigation.

Thearchitecturalapproachclearlyhaslimitations. It is intuitive,thoughsomedegreeof automationcouldbe
providedto identify wherefeaturesrelatein theirANISE 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 BusySubscriber
CF Call Forwarding(all forms) CND Calling NumberDelivery
CW Call Waiting DR DistinctiveRing
OCS OutgoingCall Screening ONE OneNumber
TCS TerminatingCall Screening TWC Three-Way Call

Thenumberednotesappearin thetext

Table1: PotentialInteractionsAmongANISE Features

featureswhosecombinedbehaviour shouldbestudiedin moredetail. A focusedanalysissuchasin section6.2can
thenbeappliedto pairsof featuresthatareidentifiedaspotentiallyinteracting.It is alsopossiblefor morethantwo
featuresto interactin a uniqueway, thoughthesesituationsarelesscommonthanstrictly pairwiseinteractions.
N-way interactionswould not be detectedby architecturalanalysissince,by supposition,thefeatureswould not
beconsideredto interactwhentakenin pairs.However, theformalanalysisin section6.2couldin principledetect
N-way interactionssincetheoverall behaviour of theservicecanbestudied.

It is striking thatsomany featuresaffectdialling andringing; theseseemto bethemajorhot-spotsfor features
to alter. Table1 shows a pairwisecomparisonof thefeaturesin sections4 and5. An entryin thetableis blankif
thereis no structuraloverlapbetweenthefeatures;of coursetheremaystill beanundesirableinteraction.Where
oneof thethreesituationsaboveapplies,thepossibleproblemsof having bothfeatureshavebeenconsidered.The
numberednotesin the tablerefer to the following discussion,which shows that therearea numberof unusual
casesto beconsidered.

1. AbbreviatedDialling mustbehandledbeforeOriginatingCall Screening,sinceshortdialling codesmight
expandto numbersthatshouldbescreened.

2. Must AbbreviatedDialling be handledbeforeOneNumberlook-up? In principle a short codecould be
publishedasauniversalnumber.

3. PresumablyThree-WayCallingmustalsoallow AbbreviatedDialling whenestablishingthesecondcall leg.

4. If thecalledparty is busybut hasCall Forwardingon BusyLine, presumablythecall is forwardedrather
thangiving thecallertheoptionto berungback.If acall is forwardedto abusyline, shouldit bethecalled
or forwardingnumberthatis usedon ring-back?Thisquestionis particularlyrelevantif Call Forwardingis
cancelledbeforering-backoccurs.

5. Presumablya ring-backcall muststill identify thecaller’snumberto thecalledparty.

6. If thecalledparty is busybut hasCall Waiting, presumablythis is invokedratherthanreportingbusyand
allowing Completionof Callsto BusySubscriber.

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

8. If Completionof Callsto BusySubscriberis requestedfor a numberthatis laterbannedthroughOutgoing
Call Screening,shouldring-backoccur?
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9. ShouldTerminatingCall Screeningbeappliedonring-backin casethescreeninglist haschanged?

10. If trying to connectthesecondleg in Three-Way Calling call getsbusy, presumablyit is not permissibleto
requestring-back.

11. Presumablyit is thenumberof therealcallerthatis deliveredto thedestination,andnot thatof thetelephone
atwhich Call Forwardingwasactivated.

12. How is theconflict handledbetweenCall Forwardingon BusyLine andCall Waiting?

13. IsDistinctiveRinggivenaccordingto thecallednumberor theforwardingnumber?Theforwardingnumber
mayhave its own distinctivering.

14. PresumablyOutgoingCall Screeningis appliedif Call Forwardingis invoked.

15. May a OneNumbercall beforwarded?

16. ShouldTerminatingCall Screeningapplyto thecallednumberor to thenumberthatreceivestheforwarded
call?

17. Presumablya call to establishthesecondleg in Three-Way Callingmaybeforwarded.

18. Is thewaiting caller’snumbereddeliveredif thewaiting call is connectedby hangingup?

19. Canthecalling numberbedeliveredaswell asDistinctiveRing?

20. PresumablyTerminatingCall Screeningis appliedto thecalling numberbeforeits delivery is considered.

21. Is DistinctiveRinggivenif thewaitingcall is connectedthroughhangingup thecurrentcall?

22. PresumablyTerminatingCall Screeningis appliedbeforeCall Waiting is considered.

23. Whena call is waiting,canThree-Way Calling be initiated?Whenthesecondleg in Three-Way Calling is
beingestablished,canit besubjectto Call Waiting at thethird party?

24. Cana DistinctiveRingbeallocatedto theOneNumberassociatedwith a telephone?

25. TerminatingCall ScreeningmustbeappliedbeforeDistinctiveRing is considered.

26. ShouldOutgoingCall ScreeningbeappliedbeforeOneNumberis translatedto anactualdestination?

27. Presumablyacall to establishthesecondleg in Three-WayCalling is subjectto OutgoingCall Screeningat
thecontrollingparty.

28. PresumablyOneNumbercanbeusedto establishthesecondleg in Three-Way Calling.

29. Presumablyacall to establishthesecondleg in Three-WayCalling is subjectto TerminatingCall Screening
at thethird party.

Of course,theanalysisabove is retrospectivesinceit describesfeaturesthatarewell known. It does,however,
suggesttheapproachthatwouldbetakenwhendescribingandinvestigatinganew featurein ANISE. It is interesting
to comparethediscoveriesof table1 with currentknowledge,suchasthefeatureinteractionbenchmarkof [4]:

• somesituationsarewell-known interactions(cases10,12,14,16 and23)

• somesituationsrequire featurepriorities that are presumablyfamiliar to telecommunicationsengineers
(cases1, 6, 20,22,25 and26)

• somesituationsrequirefeaturesto beextendedto others(cases3, 15,17,27,28 and29).

Thisnonethelessleavesa numberof observationsin thetable(2, 5, 7, 8, 9, 11,13,18,19,21,24) thatdeserve
furtherstudy. Relative to [4], table1 doesnot appearto identify certainwell-known problems.Ambiguity with
Call Waiting + Call Waiting doesnot arisein ANISE becausecancellingthe currentcall alwaysreturnsto the
waiting call even if it is on hold. Call Forwarding+ Call Forwardingis beyond the scopeof ANISE becauseit
assumessensibleprofilesthatavoid forwardingloops.
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6.2 Formal Analysis

ANISE is alsointendedto allow dynamicanalysisof featureinteractionthroughformalmeans.AppendixA briefly
suggestshow ANISE canbeturnedinto LOTOS (thoughthemappingandsupportingtranslatorarecurrentlyonly
in prototypeform). Thestaticanalysisdescribedin section6.1wouldbeusefulin directingattentionto particular
casesfor formal investigation.

The resultingLOTOS specificationcanbeanalysedusingstandardtools. For exampledeadlocks,unspecified
receptionsandnon-determinismcan be investigated. A commoninterpretationof featureinteractionis that a
feature’sbehaviour is differentin isolationcomparedto whenit is embeddedin thetotal system.In LOTOS terms,
thismeanscheckingsomenotionof equivalence(e.g.observation)betweenthefeatureandsystemspecifications.
Anothercommontell-talefor interactionis non-deterministicbehaviour, thatcanalsobediscoveredformally.

A LOTOS specificationcanbe regardedasa rapid prototype. The behaviour of featuresin isolationandin
conjunctioncanbe studiedthroughsimulationof the LOTOS specification.Of coursethis is just validation(i.e.
testing).Thetheoryof canonicaltesters[1] couldbeusedto derive testsuitesfor servicesin a rigorousway.

7 Conclusion

A brief explanationhasbeengiven of the basisfor ANISE. It hasbeenseenthat ANISE offers general-purpose
featuresandcombinatorsfor describingservices,aswell astelecommunications-specificcombinatorsthatallow
typical IN featuresto bedescribed.Architecturalanalysisof ANISE descriptionscanhighlightareaswherefeature
interactionshouldbeinvestigatedin depth.Translationof ANISE into LOTOSpermitsformalanalysisof problems.
New constructscanalsobeaddedto ANISE by providing theirdefinitionsin LOTOS.

Thegoalslistedin section1.1have beenachievedasfollows:

• insightshave beengainedinto how IN-like servicescanbestructured

• anabstractapproachhasbeendevelopedfor structuringtelecommunicationsservicesfrom featuresandtheir
combinations

• only userinteractionswith servicesaredescribed

• servicesarebuilt from featuresin a uniformmanner

• featuresand their combinationsare describedfrom the telecommunicationspoint of view, but can be
translatedto a formal representationin LOTOS

• architecturalanalysisis possiblefor staticdetectionof potentialfeatureinteractions;formalanalysiscanbe
usedfor morethoroughinvestigationof dynamicfeaturebehaviour andinteraction

In themain,ANISE allows IN featuresto bedescribedfairly compactly. However, ANISE descriptionsof some
IN featureslike Call Waiting andThree-Way Calling areintricate, reflectingtheir inherentcomplexity. ANISE

achieves its expressive power partly throughgenericcombinatorsandpartly throughonesthat are introduced
expresslyto describecertainfeatures. To someextent this moves the burdenof effort from defining features
to definingcombinators.However this is a deliberatetrade-off, making life easierfor the telecommunications
engineerbut morecomplex for theANISE developer.

A static analysishasbeengiven of potential interactionsamongthe featuresconsideredin the paper. As
expectedsomewell-known interactionsappear, andsomefeatureprioritiesneedto beestablished.However, some
new insightshave beenobtained.A deeper, dynamicanalysisawaitscompletionof thesemanticsfor ANISE and
a tool for translatingANISE into LOTOS. As new featuresare studied,it is expectedthat the library of ANISE

combinatorswill be extended.However, it is hopedthat thepresentlevel of ANISE definitionwill beenoughto
helpin thedevelopmentof new features.
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A Defining and Extending ANISE

A.1 GenericFeaturesand Combinators

Table2 summarisesthegenericANISE constructsusedin thispaper. This tablegivesgeneral-purposecombinators
thatarenotspecificto telephony. A rathersimilarsetof constructsis usedin [23] todescribeservicesin OSI(Open
SystemsInterconnection[12]). Only someof the genericANISE constructsareneededfor the kindsof features
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Declaration Meaning

% commenttext introducesinformal explanation
behaviour featuredeclarationor combination
collides(behaviour) copiesof behaviour executeseparatelyin eachdirec-

tion, mutuallyreinforcingon collision
declare(name,behaviour) givesnameto behaviour
direction local/remotelogicalendpoints, suchas13 or S1
disables(behaviour1,behaviour2) executionof first behaviour stopsthesecondone
duplicates(behaviour) copiesof behaviour executeindependentlyin eachdi-

rectionsimultaneously
enables(behaviour1,behaviour2,...) wheneachbehaviour terminates,thenext maystart
enableson result(behaviour1,result2,behaviour2,

result3,behaviour3,...,behaviourN)
resultof first behaviour decideswhich lateronestarts:
if result2thenbehaviour2, ...,behaviourNby default

endpoint logical identificationof an endpoint,suchas0 (unde-
fined),1 (first caller)or S(surrogate)

exit currentbehaviour terminatessuccessfully
feature(direction,pattern,property,group(param)) elementarybehaviourwith givencharacteristics,for one

group
feature(...,group1(param),group2(param)) elementarybehaviour with givencharacteristics,for re-

questandacknowledgementgroups
finishes(behaviour) no furtheractionafterbehaviour terminates
global(name,behaviour) globalspecificationbehaviour with givenservicename
group commonpartof serviceprimitivenames
holds(behaviour1,behaviour2) first behaviour interruptssecondbehaviour, then re-

sumesit whenrepeated
instances(count,behaviour) givenumberof independentbehaviour instances
interrupts after try (behaviour1,behaviour2) first behaviour may interrupt thenrestartsecondone,

aftersecondexecutesrequestor indication
loops(behaviour) behaviour repeatson successfultermination
name identifier(letters,digits,underscores)
param serviceprimitiveparameter(CalledMess, CallingMess,

Dig, Num, Voice)
pattern asymmetric confirmed, local confirmed, provider

confirmed, provider initiated , remote confirmed,
unconfirmed, user confirmed, user initiated , user
provider confirmed

profile(number,identifier,...) subscribernumber, line identifierandprofile
property consecutive, ordered, reliable, single, unreliable

Table2: ReferencedANISE GenericConstructs
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Declaration Meaning

calls three(behaviour1,behaviour2) three-waycalls follow first behaviour, normalcalls follow
secondone

checksbusy(behaviour) monitorsandrespectsthebusystateof linesin behaviour
dials(behaviour) diallednumberdeterminescallednumberin behaviour
dials code(behaviour) abbreviateddialling codeis expandedfor behaviour
dials one(behaviour) calleduniversalnumberis translatedto calledidentifier
diverts always(behaviour) calledidentifierfor behaviour is changedunconditionally
diverts busy(behaviour) calledidentifierfor behaviour is changedif calledis busy
diverts unanswered(behaviour) called identifier for behaviour is changed if call is

unanswered
returns automatic(behaviour1,behaviour2) automaticring-backcallsfollow firstbehaviour, normalcalls

follow secondone
returns manual(behaviour1,behaviour2) manualring-backcalls follow first behaviour, normalcalls

follow secondone
rings(behaviour) calledmessagein behaviour hasappropriatering pattern
rings display(behaviour) calledmessagein behaviour suppliescalling number
rings preference(behaviour) calledmessagein behaviour suppliescalledring preference
screens in(behaviour) behaviour for bannedcallingnumberswill not terminate
screensout(behaviour) behaviour for bannedcallednumberswill not terminate
waits call(behaviour1,behaviour2) waitingcallsfollow first behaviour, normalcallsfollow sec-

ondone

Table3: ANISE TelecommunicationsServiceConstructs

describedin thepaper. Table3 summarisestheANISE constructsfor describingtelecommunicationsservicessuch
asthosein sections4 and5. [25] discussesthefoundationsof ANISE, in particulartable2.

Theintentionis thatANISEshouldofferalibraryof combinatorsthatareusedin practicefor telecommunications
services.It is clearlynotpossibleto anticipateevery need.ANISE is, however, meantto facilitatetheintroduction
of new services.Simpleservicesdo not requirenew combinators(asshown in [25]), but realisticservicessuch
asthosein sections4 and5 do requireadditions.ANISE is thereforeopen-endedin thesensethat it is possibleto
definenew combinators.To do sorequiresa languagefor definingcombinatorsandsomeideaof how theexisting
combinatorsaredefined.

ANISE derivesfrom a similar languagecalledSAGE (ServiceAttributeGenerator[23]) for describingservices
in OSI. The semanticsof SAGE wasdefineddenotationally, giving eachlanguageconstructa representationin
LOTOS (LanguageOf TemporalOrderingSpecification[10]). In fact, thesemanticsof SAGE wasgivenimplicitly
by building a SAGE to LOTOS translatorwritten usingthem4macrolanguage[18]. Althoughm4 is just a macro
processor, it is flexible andappropriateto thetask[24].

A semanticsfor ANISE hasbeenlargely workedout usingthesameapproachasfor SAGE. Thesemanticswill
bedefinedin a forthcomingpaper, soonly someexampleswill begivenhere.Themainreasonsfor usingLOTOS

astheunderlyinglanguageareits built-in datatypingandflexible synchronisationrules.Somefeatures(suchasa
call planor diversiononnoanswer)mayhavetime-dependentbehaviour. E-LOTOS(Enhancementsto LOTOS[14])
might thereforebeabetterchoicethancurrentLOTOS. In any case,E-LOTOSoffersmany improvementsincluding
clearerdatatypingandmorepowerful operatorssuchassuspend-resumethatwouldsimplify thetranslationfrom
ANISE.

A numberof theANISEcombinatorscanbedefinedin theconstraint-orientedstyle[26, 31] thatallowsexisting
behaviour toberestrictedin someway. A constraintprocessisputin parallelwith existingbehaviour tosynchronise
on its events,exceptfor certainundesiredones.

Theoccurrenceof aserviceprimitivein ANISE correspondsto a LOTOSeventwith structure:

tel ! num! prim

wherethegatenametel is theservicenamegivenby theglobal combinator, numidentifiesthenumberwherethe
primitive is occurring,andprim is a datavaluefor a serviceprimitive. Thenumbersat bothendpointsstartout
undefined,andbecomeinstantiatedon thefirst eventat eachsideof a call. For internalcall controltherearealso
eventsat thehiddengatectl.
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ANISE featuresandnearlyall combinatorsaremappedontoLOTOS processdefinitions. Processesarenamed
after thefeatureprimitivegroupor combinator, andnumberedsequentiallyin casethereareseveral examplesof
thesamekind. TheLOTOSexamplesthatfollow weregeneratedby theprototypetranslator.

The datatype for primitivesPrim and its associatedtypesare automaticallygeneratedby ANISE from the
elementaryfeatures.Thedatatypesarerelatively complicatedto allow for thelargevarietyof featurepatternsand
propertiesin figures1 and2. Theoperationsdefinedby ANISE for primitivesinclude:

IsGroup: primitiveis of a givengroup(e.g.OnHookGroup for all OnHookprimitives)

IsKind: primitiveis of a givenkind (e.g.OnHookReqKindfor OnHook.Req)

IsReq/IsInd/IsRes/IsCon: primitiveis a request/indication/response/confirm

IsNextPrim: checksthatapairof primitivesfollow from eachother, e.g.Speech.Ind followsSpeech.Reqandmust
carrythesamevoicesegment.

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

Thebehaviour of a featureis definedby its direction,patternandpropertyasdiscussedin section2.3. As an
example,theClear1 featurein figure5:

feature(12,user initiated ,single,OnHook)

is translatedto thefollowingLOTOS:

processOnHookFeat[g1, g2] (n1,n2 : Num) : exit (Num,Num,Result):
g1 ? id1 : Id ? prim1: Prim (* allow primitive... *)

[IsKind (prim1,OnHookReqKind)andIsId (id1, n1)]; (* if OnHook.Reqandvalid Id *)
exit (IdNum (id1, n1),n2,ResultOf(prim1)) (* exit with numbersandresult*)

endproc

The currentgatesandtelephonenumbersaresuppliedasparameters.Both gatesareusuallyset to the normal
communicationgatetel, but eithermaybesetto thehiddencontrolgatectl. This is necessarywhenanendpoint
is connectedto a surrogateuser(asfor Call Waiting or Three-Way Calling). OnHookFeat allows OnHook.Req
at endpoint1 with a valid Id. The valuesof the numbersare exported for future usealong with the result
of OnHook.Req. The relationshipbetweenIds and numbersis storedin the profiles. IsId checksthat an Id
correspondsto anumber, while IdNumdeterminesthenumberfor anId andanumber. IsId andIdNumhandlethe
caseof anundefinednumberon call start-up.

As a morecomplex exampleof a feature,considerSeizein figure5:

feature(12,local confirmed,single,OffHook,(CallingMess))

This is translatedinto LOTOS asfollows:

processOffHookFeat[g1, g2] (n1,n2 : Num) : exit (Num,Num,Result):
g1 ? id1 : Id ? prim1: Prim (* allow primitive... *)

[IsKind (prim1,OffHookReqKind)andIsId (id1, n1)]; (* if OffHook.Reqandvalid Id *)
g1 ! 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 OnHookFeatexceptthat it allows a secondprimitive (confirmbeingnext after request).
Theresultof thefeatureis thecalling messagecarriedby OffHook.Con(normallydialling tone).

A combinatortakesa featureor othercombinatorsasargument. Themeaningof a combinatoris givenby a
new LOTOS processthat usesthe given one. As a simpleexampleof a combinator, the declarationof two-way
speechin figure5:

duplicates(Speak)

is translatedto thefollowingLOTOS:
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processDuplicates[tel, ctl] (n1,n2 : Num) : noexit :
SpeechFeat[tel, tel] (n1,n2) (* speechfrom user1 to 2 *)
|||

SpeechFeat[tel, tel] (n2,n1) (* speechfrom user2 to 1 *)
endproc

Duplicatessimply interleavesan instanceof speechSpeechFeat in eachdirection. It hasno exit valuessince
speechis non-terminating.TheDuplicatesprocessmayin turnbeusedby other, higher-level combinators.

As a morecomplex exampleof a combinator, considertheuseof interrupts after try in figure5:

interrupts after try (Clear1,enables on result(...))

Theinterrupts combinatorallowsthefirst (interrupting)behaviour to stopthesecond(main)behaviour. After the
interruptingbehaviour hascompleted,thewholebehaviour is restarted.The interrupts after try variantallows
interruptiononly afterthemainbehaviour hasstarted(i.e. therehasbeenarequestor indication).Thiscombinator
is translatedto thefollowingLOTOS:

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

EnablesOnResult[tel, ctl] (n1,n2) (* OffHook/Dial *)
>

(
tel ? id1 : Id ? prim : Prim (* allow primitive... *)

[IsGroup(prim, OnHookGroup)]; (* if aclear*)
InterruptsAfterTryA [tel, ctl] (IdNum(id1, n1),n2) (* allow otherprimitives*)

)
)
||

(
tel ? id : Id ? prim : Prim (* allow primitive... *)

[not (IsGroup(prim, OnHookGroup))]; (* if normalReq/Ind*)
InterruptsAfterTryB [tel, ctl] (IdNum (id), n2) (* allow otherprimitives*)

)
where

processInterruptsAfterTryA [tel, ctl] (n1,n2 : Num) : exit (Num,Num,Result):
tel ? id : Id ? prim : Prim (* allow any primitive... *)

[IsId (id, n1)or IsId (id, n2)]; (* if valid Id *)
InterruptsAfterTryA [tel, ctl] (n1,n2) (* allow otherprimitives*)

exit (any Num,any Num,any Result) (* exit whenrequired*)
endproc
processInterruptsAfterTryB [tel, ctl] (n1,n2: Num) : exit (Num,Num,Result):

(
OnHookFeat[tel, tel] (n1,n2) (* allow clear*)

>> acceptn1,n2 : Num,res: Resultin
InterruptsAfterTry [tel, ctl] (n1,n2) (* repeatwholebehaviour *)

)

tel ? id : Id ? prim : Prim (* allow primitive... *)
[not (IsGroup(prim, OnHookGroup))]; (* if nota clear*)

InterruptsAfterTryB [tel, ctl] (n1,n2) (* allow otherprimitives*)

exit (any Num,any Num,any Result) (* exit whenrequired*)
endproc

endproc

EnablesOnResultis the processdefinedby the enables on result combinatorfor seizingthe line anddialling.
OnHookFeat is the processdefinedby theone-sidedclearfeature. The interrupts after try combinatorintro-
ducestwosynchronisedbehaviours.EnablesOnResultmaybedisabledbyaclear, followedby InterruptsAfterTryA
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that allows any primitive or canexit. In parallelwith this, a normal requestor indicationmustprecedeInter-
ruptsAfterTryB. This thenallows a clearfollowed by repetitionof the whole behaviour. Otherprimitivesfrom
EnablesOnResultmayoccurwithoutconstraint,andEnablesOnResultis allowedto exit.

A.2 TelephonyCombinators

Thedials codecombinatorusedin section4.1to modify dials for abbreviateddialling:

dials(dials code(Dial))

is translatedto thefollowingLOTOS thatmapsashortdialling codeto thedestinationline identifier:

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

DialFeat[tel, tel] (n1,n2) (* allow dial primitives*)
>> acceptn1,n2 : Num,res: Resultin

exit (n1,any Num,res) (* callingnumber, dial result*)
)
|[tel]|

DialsA [tel, ctl] (n1,n2) (* constraincallednumber*)
where

processDialsA [tel, ctl] (n1,n2 : Num) : exit (Num,Num,Result):
tel ? id1 : Id ? prim : Prim (* allow primitive... *)

[(IsCon(prim) implies (* if Dial.Con... *)
IsNumCallingMess(n2,CallingMessOf(prim)))]; (* hasconsistentmessage*)

(
[IsReq(prim)] > (* Dial.Req?*)

ctl ! CtlDial ! n1 (* requestassociationwith ... *)
! ProfCallAbbr(n1,NumOf (prim), Profiles); (* unabbreviatednumber*)

ctl ! CtlDial ? n1,n2: Num; (* acceptassociatednumber*)
DialsA [tel, ctl] (IdNum (id1, n1),n2) (* allow otherprimitives*)

[not (IsReq(prim))] > (* notDial.Req?*)
DialsA [tel, ctl] (IdNum (id1, n1),n2) (* allow otherprimitives*)

)

exit (any Num,n2,any Result) (* callednumber, dial result*)
endproc

endproc

In general,defininga new featuremay requirethestructureof thesubscriberprofile recordto be extendedwith
a new field plus someoperationsto manipulateit. The dials codecombinatorrequiresa setof shortcode/full
numberpairsto be storedin a subscriber’s profile. TheProfCallAbbr operationlooks up thedialled numberin
theprofile for thecalling number. If thecallednumberis presentin theshortcodelist it is expandedto the full
number, otherwisethenumberis usedasgiven.

DialFeat is theprocessdefinedby thedialling feature.Whenit exits, it fixesthecalling numberanddialling
result.DialsA runsin parallelwith this to constraindialling primitives.If Dial.Conoccurs,thecallingmessageit
containsmustbeconsistentwith thestatusof thediallednumber(e.g.callingabusynumbergetssubscriberbusy).
If Dial.Reqoccurs,thediallednumberis usedto generatethecallednumbervia theinternalcontrolgatectl. As
will beseen,theglobalprocessthatmonitorsline statusalsosynchroniseson ctl. It returnstheactualdestination
number, which maydiffer dueto call forwardingfor example.DialsA constrainsonly Dial.ReqandDial.Con. It
is preparedto exit whenDialFeatdoes,settingthecallednumberto thatdeterminedby dialling.

As a final example,thechecksbusy combinatorusedin figure5 to monitorline busy/free:

checksbusy(instances(MaxCalls,Call))

is translatedto thefollowingprocess:

processChecksBusy[tel, ctl] : noexit :
Instances[tel, ctl] (* all call instances*)
||
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ChecksBusyA[tel, ctl] (<>) (* busy/freecheck*)
where

processChecksBusyA[tel, ctl] (Calls: IdAssocs): noexit :
tel ? id : Id ? prim : Prim (* allow primitive... *)

[IsKind (prim, OffHookReqKind)implies (* if OffHook.Req... *)
IdAssocAvail (id, Calls)]; (* is for availableline *)

(
[IsKind (prim, OffHookReqKind)or (* picking up or ... *)
IsKind (prim, StartRingIndKind)] > (* startingringing ... *)
ChecksBusyA[tel, ctl] (IdAssocAdd(id,Calls)) (* marksline asbusy*)

[IsKind (prim, OnHookReqKind)or (* hangingup or ... *)
IsKind (prim, StopRingIndKind)] > (* stoppingringing ... *)
ChecksBusyA[tel, ctl] (IdAssocRem(id, Calls)) (* marksline asfree*)

[not (IsKind (prim, OffHookReqKind)or IsKind (prim, StartRingIndKind)or
IsKind (prim, OnHookReqKind)or IsKind (prim, StopRingIndKind))] >
ChecksBusyA[tel, ctl] (Calls) (* busy/freeunaltered*)

)

ctl ! CtlDial ? n1,n2: Num; (* acceptassociationrequest*)
(

let n2A : Num= IdAssocNum(n2,Calls) in (* setassociatednumber*)
ctl ! CtlDial ! n1 ! n2a; (* returnassociatednumber*)
(

[n2A neBusyNum] > (* associatenumberif free*)
ChecksBusyA[tel, ctl] (IdAssocLink(NumId (n1),NumId (n2a),Calls),)

[n2A eqBusyNum] > (* no associationif busy*)
ChecksBusyA[tel, ctl] (Calls)

)
)

endproc
endproc

The interleaved calls generatedby instancesare synchronisedwith ChecksBusyA. This processmaintainsthe
currentlist of associations:pairsof Ids thatarecurrentlyconnectedby a call. ChecksBusyAstartswith anempty
list of associations(<>). A numberof auxiliary functionsareusedto manageId associations:

IdAssocAvail: checksif a line is available

IdAssocAdd:addsa line to anassociation

IdAssocRem:removesa line from anassociation

IdAssocLink:createsanassociationbetweenapair of lines

IdAssocNum:determinestheactualcallednumberfrom thedialledone.

ChecksBusyApermitsany primitive to occur except in onecase: going off-hook requiresa numberto be
available. Pickingup thetelephoneor startingit ringing (i.e. OffHook.Reqor StartRing.Ind) marka line asbusy.
Hangingup the telephoneor stoppingit ringing (i.e. OnHook.Reqor StopRing.Ind) mark a line as free. Other
actionsdo not affect the setof busy lines. ChecksBusyAacceptsan enquiryat the ctl gate,askingto createan
associationbetweena pair of numbers.Thethird valuein sucheventsis setto thedestinationnumberdetermined
by thispair. ChecksBusyAthenupdatesits list of associations.
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