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Abstract  Considerationof servicesin the Intelligent Network and telecommunicationseadsto the
definitionof ANISE (ArchitecturalNotionsin ServiceEngineering).Thisis arigorouslanguagéor defining
servicessystematicallyusing a hierarchyof constituentfeatures. The basictelephonecall is usedas an
illustrative example,supplementety a numberof variationsthat shov how ANISE caneasily copewith
changego thebasiccall. An indicationis givenof how thismight be usedto detectproblemareaghatmay
leadto featureinteraction.
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1 Intr oduction

The authors beliefis thatweaknessem servicearchitectureareanimportantcauseof featureinteractions.Of

coursethis is not true of all featureinteractionsbut it is believed that an improved understandingf service
architecturas animportantsteptowardsidentifying interactions. Architectureis usedin this paperto meanthe
structureof asystenspecificatior(here of anadvancedelephonaetwork). More specifically anarchitecturas

characterisedly its componentg&ndhow they arecombined6]. A serviceis usedto meanthefacilities offered
to clients(here telephoneusers).As the paperunfolds,bothtermswill be givenmoreprecisemeanings.

In thepresentvork, theauthorhasconcentratednfoundationalssuesn servicearchitecturenddescription.
The paperconcludeswvith adescriptionof how it is hopedthatthe foundationwill facilitate detectionof feature
interactions.Thethrustof thework is ratherdifferentfrom mostattackson thefeatureinteractionproblem. The
emphasi®n constructingservicedrom well-definedcomponentsisingwell-definedrulesis consonantwith the
architecturalapproachof ANSA [8]. The building block approachs alsosimilar in spirit to the work of [4],
thoughin their casethebuilding blocksareata higherlevel.

Servicesn thelN (IntelligentNetwork[3]) areof coursedirectedtowardstelecommunicationsThey arerel-
atively low-level sincethey derive fairly directly from networkcapabilities.A servicein thetelecommunications
sensgyenerallymeanssomenetworkfunctionthat canbe separatelsubscribedo andchagedfor. A feature
might be regardedasoneof the constituenipartsof a service. However, this is a ratherloosedistinctionsince
featurescanbe servicedn their own right. Indeedthe IN recommendationto someextentblur the distinction
betweerservicesandservicefeatures.

The immediateaim of the work reportedin this paperwasto develop an architectureand a languagefor
describingtelecommunicationservicessuchasthosefoundin the IN. Therearetechnicalproblemsandgaps
in theway the IN relatesservicego featuresandfeatureso SIBs (ServicelndependenBuilding Blocks). For
example,SIBs are at ratherdifferentlevels of granularityand have not beendemonstratedo be necessarpr
sufficient for describingIN services.The way in which BasicCall Processings treatedasakind of SIB is also
unsatisfactoryn theauthorsview. This paperdeliberatelydoesnot give ary specialstatugo servicesfeatures,
SIBs and the basiccall. All are consideredo be behaiours of a telecommunicationsystem. Elementary
behaiours aretakenasthe foundationfrom which more complex behaiours canbe built. Thesebehaiours
areall termedfeatures.A serviceis merelya corvenientway of labelling or packagingeaturesor marketing
purposes.

The major advantageof the approachs architecturalconsisteng, sinceall the elementf a servicehave
the samestatusandaredescribedn the samekind of way. Also becauseghe approachs compositionalthere
is arigorousfoundationon which higherlevel servicescanbe built. This permitssystematialefinition, formal
description,rapid prototypingand methodicalanalysis. The architectureis userorientedin the sensethat it
concentratesolelyontheinteractionsa userhaswith services.

Section2 investigateshe architectureof IN and telecommunicationservices,leadingto a systematic
modellingapproach.Section3 introducesthe languageANISE (ArchitecturalNotionsin ServiceEngineering)
for describingfeaturesandtheir combinationsn a declaratve way. Section4 usesANISE to describethe basic
call, while section5 extendsthis with anumberof variations.Finally section6 discusseghe future evolution of
ANISE, includingits useto identify areasof potentialfeatureinteraction.



2 Issuesin TelecommunicatonsSetrvice Description

2.1 OSlandIN Services

Theauthorpreviously workedon the definition of servicesn OSI (OpenSystemdnterconnection)Thisledto

the languageandtools called SAGE (ServiceAttribute Generatof5]). However, sinceOSl servicesaremuch
more regular thanIN services,SAGE wasnot immediatelyapplicableto telecommunications.The work has
thereforebeento adaptthe conceptuabpproactof SAGE. Theresultis ANISE (ArchitecturalNotionsin Service
Engineering)- a languagefor rigorousdefinition of IN andtelecommunicationservices. The emphasisn

ANISE is on behaiour asit might be percevedby a user ANISE aimsto usewell-definedpatternsof behaiour,

to allow flexible definitionandmodificationof servicesandto formaliseandanalysetheresultingservices.

The ANISE approachs bottom-up but from a users perspectie ratherthanan engineeringriewpoint. The
ideais to constructfeaturesand servicesas combinationsof the signalsexchangedetweena telephoneuser
andthe network(goingoff-hook, dialling anumber etc.). A featureis characterisetly therulesfor exchanging
thesesignals.Sincehigherlevel featuresarebuilt from lowerlevel onesin a consistentvay, everythingis justa
featurein ANISE. Featuresn theIN aregenerallyat ahigh level andarerelatively closeto services.Featuresn
the ANISE sensestartout beingratherelementanput grow towardsthe level of the IN.

It is interestingthatthe ANISE andIN philosophiesare almostdiametricallyopposed. ANISE focuseson
userbehaiour and so is implementation-independentANISE emphasisesigh-level architecturalissuesand
intentionally ignoresthe details of actually building telecommunicationsetworks. ANISE is intendedfor
describingandanalysingserviceswithout consideratiorof engineeringssues.ANISE is not requiredto create
specificationghataresomehwv refinedinto animplementatior(thoughthisis apossibility). By way of contrast,
the IN focuseson engineeringdetail and so is ratherconcrete. Although the IN definesplanesof abstraction
andpurportsto shav a relationshipbetweenthese,in practiceeverythingis driven bottom-upby engineering
concernsAs aresult,thelN servicearchitecturas ratherinsubstantiahndunsatisfyingn theauthors opinion.
ANISE andthe IN approactarethuscomplementary

The behaioural structureof OSI servicesis largely independenpf the dataparametersarriedby the
service.Thebehaiour of IN servicess, however, rathermoredependentn datadescribinghecall stateor the
customeiprofile. Marny IN servicegequirerelationshipamongcalls;in OSI, connectiongrealmostinvariably
independent.Someof the following terminologyand conceptsof OSI are borroved to describelN services.
Serviceusersinteractwith a serviceprovider at serviceaccesgoints. (Note thatthroughoutmostof this paper
aninteractionmeangust an exchangeof informationandnot interferencen the senseof featureinteraction.)
A serviceuserhasa uniquetitle, while a serviceaccesgoint hasa unique address. Several instancef a
serviceusermay executeconcurrently Interactionswith a serviceprovider arecalledserviceprimitives. Each
serviceuserengage connections- separatseriesof serviceprimitives. Connectionserminateat connection
endpointswithin eachserviceaccesgpoint.

The suffix of a serviceprimitive nameis usedto distinguishits role. A requesibccurswhena serviceuser
asksthe serviceprovider to carry out somefunction; anindicationoccurswhenthe serviceprovider notifiesa
serviceuser usuallyin responséo arequest A responseccurswhenaserviceuseracknavledgeseceiptof an
indication;a confirm occurswhenthe serviceprovider notifiesthe originatingserviceuserof aresponse.The
useof indication,responser confirmdepend®n the particularservice;for examplearequestmay befollowed
by only anindicationor a confirm. Serviceprimitivesmay carry parametersin particular a servicedataunit
is informationthatis corveyed transparentiyoy the serviceprovider. A self-containedcapability of a service
is calleda facility in OSI; this usually employsall primitiveswith the samenamebut differing suffix (e.g.a
datatransferfacility might useData.Reg Data.IndandData.Con. A reasonablyclosecorrespondenceanbe
establishedetweenOSI| andtelecommunicationterms,for example: an addresds the (unique)numberof a
telephoneaconnectioris acall, aconnectiorendpointis theterminationof aline, aservicefacility is afeature,
a serviceprimitiveis a signal,anda serviceuseris (usually)the subscriber In whatfollows, OSI terminology
will bepreferredvhereit seemsnoreappropriate.

The OSldiagrammatimotationfor serviceqg2] will alsobeused;seefigure 1 laterfor someexamples.The
actionsof usersandthe provider areshowvn in columns,with time runningdown the page. Serviceprimitives
appearas horizontalarrons becausehey notionally occurinstantaneously Sloping lines are usedwithin the
serviceprovider to shav the passagef time dueto transmissiordelays. Normally the vertical relationship
betweerprimitivesshows a time ordering. A tilde ( 03 usedwherethe orderis undefined(i.e. the primitives
canoccurin eitherrelative order).



2.2 Relatingendpointsand Calls

Thedescriptiorof atelephonenetworkcanfocusonthebehaiour of individualendpointghatdescribehestate
of users.Callsbetweerendpointarethenrelegatedo thestatusof ‘glue’ thattemporarilybindstheseendpoints.
The endpoint-orientediiew seemgo be the conventionalway of regardingtelephonenetworks. The view is
essentiallyone-sideddefiningwhatone userseesof the networkbehaiour. Certainkinds of coordinationare
easierin this viewpoint, specificallyhow the users actionsaffect whatis obsered in future by thatuser In
TerminatingCall Screeningfor example, a usermay ask not to receie calls from certainnumbersor area
codescoordinationis neededetweertheusersrequesandfutureincomingcalls. Theendpoint-orientediew
promotesuserstateandmakescall behaiour subserviento this. It alsotiesin naturallywith otheruseraspects
suchasbilling. Theview easegoordinatioratasingleendpointbput complicatesoordinatioramonganumber
of endpoints.To put this anothemway, anendpoint-orientediew may have difficultiesin managingdistributed
state.

The descriptionof a telephonenetwork can alternatiely focuson the behaiour of calls. Endpointsare
thenrelegatedto the statusof ‘appendagesthat exist at eachendof a call. The call-orientedview seemgo
be naturalasit chooseghe call to be fundamentalthe primaryrole of a telephonenetworkis to establishand
supportcalls. It is thereforeperhapssurprisingthat the call-orientedview is not the corventionalone. This
may bebecaus¢he endpoint-orientediew is closerto engineeringractice.An interestingquestionis whether
usersthink of using a telephonenetworkin endpoint-orientecbr call-orientedterms. It is likely that some
featureinteractionproblemsstemfrom presentingservicesin the wrongway to users. The call-orientedview
is essentiallytwo-sided,relating the behaiour of both endpointgparticipatingin a call. The entirebehaiour
of the telephonenetworkis thena collection of all suchpairwisecalls. Sincethe basiccall in this treatment
is unidirectional,it is necessaryo instantiatethe call descriptionfor every permutatiorof userpairs. It would
be possibleto modelcallsbidirectionally, i.e. to recognisexplicitly thatpairsof userscancall eachotherin a
symmetricaway. However, this would requireunidirectionalcall behaiour to be duplicatedper bidirectional
call.

It is significantthatCapabilitySetsl and2 for thelN aresingle-endedsinglepointof control-theso-called
TypeA service.ServicessuchasMulti-Way Calling appeato breakthis requirement.Type B serviceswhich
may have multiple calls segmentsor multiple controlfunctions,have not yet beenstandardisedHowever, it is
expectedthat suchserviceswill be addedto the IN in future. The authorconjectureghatIN Type A services
would be more naturally describedfrom a endpoint-orientegherspectie, whereasType B serviceswould be
betterin a call-orientedstyle. In whatfollows, a call-orientedapproactis adoptedbecauset is felt to bemore
appropriate.

2.3 HandlingCall Instances

Featuresnaybeinvokedin anisolatedfashion. Thisis thecase€or aconnection-lesservicen whichconsecutie
invocationsareunrelatedo others.However, featureausuallyhave somerelationshipto eachother Thisapplies
to aconnection-orientedervice(e.g.anormaltelephoneall) in which call establishmennustprecedehevoice
phaseandcall clearing. OSlusegheconceptof associatiorandconnectiorto indicatethatservicefacilities are
related. However, this is not generalenoughsincetherearemary possibilitiesbetweerpurely connection-less
andconnection-oriented.

The more generalnotion of an interactiongroup (IG) is thereforeintroduced. This is a collection of
interactionghatshouldbeconsideredsrelated.Suchagroupneedgo beknown to eachuserby alocally unique
referencecalled an interactiongroupidentifier (IGId). Connectiongsuchas telephonecalls) are interaction
groups,and connectiorendpointidentifiersareinteractiongroupidentifiers. If thereis only oneinstanceof a
user(i.e. the usermay be engagedn only onecall at a time), the interactiongroup identifieris 1:1 with the
userstelephonenumber If thereareseveralinstance®f a user theinteractiongroupidentifieris logically the
telephonenumberqualifiedby alocal identificationof theline.

Interactiongroupsarisein telecommunicationsvhen theremay be several calls simultaneouslyon one
telephonenumber For example,this appliesto a PABX with multiple networklines: a call to the single PABX
numberselectoneof the availablelines. In the caseof Call Distribution or a Hunt Group, it could be saidthat
therearemultiple interactiongroupsfor onenumber Alternatively it could be saidthatthereis onegroupper
‘real’ numbertherebeinga strat@y for selectingwhich numberis chosenwhena call is made.

IGIds have only local significancefor a user soa setof identifiers(onefor eachuserin acall) is associated
with oneinteractiongroup. In the context of telephonecalls,an IGld identifiesoneendpointof a call, andthe
behaiour of acall is parameterisetly the IGlds ateachendpoint. Thereareseveral possibilitiesfor how these
IGIds mightbefixed.

Call behaiour could be instantiatedor definedsets(usually pairs)of users. This would allow calls only
betweentheseendpointsandwould thusrepresent limited call topology Although this is concevable, it is



unlikely to applyto arealisticnetworksincenormallyalmostall userscancall eachother At the otherextreme,
both IGlds could beleft open. Potentialcall instancesvould thus constitutea pool of call resourcesThesize
of this pool would reflectthe networkcapacitythough,of course the pool could be aslarge asthe numberof
users. As anintermediatepossibility the calling IGId could be fixed, with only the calledIGId left open. A
potentialcall instancewould be rootedat oneorigin but couldterminateat ary otherendpoint.In this case the
numberthatwasdialledwouldfix thecalledIGId. Thisthird approactcorrespondmostcloselyto corventional
telepholy: eachuserseesatelephoneasa meansf connectingo ary other Call behaiour would bere-used
for successie callsto otherusersrom the sametelephone.

Abstractly speaking,thereis a relation betweentelephonenumbersand line identifiers (IGIds). This
associationAssocis of typeNumx IGId. Assods truly arelationsinceit neednotbe1:1in eitherdirection. Of
course Assods just anabstractiorof the (comple) way in which telephonenumbersarehandlednsideareal
network. Assoamightbe a relatively staticdatabasePortionsof Assoccouldalsobe calculatedalgorithmically
(asin a call planfor Freephoneservices). The way in which Associs determineds beyond the scopeof the
servicedescriptiongonsiderechere.

Whenthe userpicks up the handseto makea call, theidentifier of theline thatis actvatedmustbe present
in Assoc If it is not (perhapsecausehe line hasbeendisconnected)the userwill not be givendialling tone.
Similarly if ausertriesto call anumberthatis notpresentn Assog¢thecall cannotbeputthroughandwill result
in unobtainable This s trivial for ordinarysubscriberdut a Freephoneall, for example,is morecomple. In
all casestherequirements simply thatthe (number line) pair appearsn Assoc If anumberis associatedavith
severallinesit will benecessaryo selectone. At anabstractevel this is treatedasa nondeterministichoice,
thoughin practicetherewill besomealgorithmto makethedecision.ThesameapproacttanalsohandlePABXs
with multiple lines.

3 Describing Features
3.1 FeatuesasBuilding Bloks

Featuresirethecomponentsf services Featuresnaybecombinednto largerfeaturessoaservices effectively

justatop-level feature.Featuresrecharacterisetly their patternof interactionamonguserstheseanteractions
correspondindo the occurrenceof serviceprimitives. A particularfeaturemay requireonly someof a service
primitive'sroles. Also, afeaturemight be subdividedinto two: arequestndindication,followedby arequest
andindicationin acknavledgementatherthanarespons@ndconfirm. For example,Call.Req/Indmighttrigger

AnswerReg/Indinsteadof Call.Res/Con In sucha case however, thereis really just onefeaturewith different
namingof its componenserviceprimitives.

A serviceprimitive with namelike Call.Regbelongswith othersof the samefeaturein a groupwith name
Call. Thegroupnameis alabelfor therequestindication,responsandconfirmprimitives(whicheverareused).
If arequestandindicationratherthanresponseandconfirm areusedin the acknavledgementhena different
groupnameis used.Thusa call establishmenfieaturemight be subdvidedinto groupsCall and Answer

The parameter®f serviceprimitivesin a featuremay have a definedrelationshipto eachother In the
simplestcase a parametepf anindicationor a confirmis identicalto thatof arequesbr responseespectiely.
Similarly, aparameteof aresponsenaybedirectlyrelatedto thatof theindication. However, morecomplicated
possibilitiesexist. For Call Diversionor Freephonealls,for example thecallednumberwill notbethesameas
thatgivenby thecaller Thespecificatiorof afeatureshouldthusallow for arelation(thatmay not beidentity)
betweerthe parametersf request/indicatiorindication/responsandresponse/confirm.

OSl serviceprimitivesmay carry ary numberof parametersHowever, it seemghatin telecommunications
thereis generallyat mostone explicit parameter This is not really a necessaryestrictionof ANISE, but is
assumedbecausédt simplifiescertainissuesn thelanguagedesign.

3.2 Featue PatternsandProperties

A study of typical telecommunicationservicesrevealsthat thereare eight basicpatternsin the behaiour of
features.Theseareillustratedin figure 1. As anexample,alocal-confirmedpatternmight occurwhena caller
goesoff-hook (requestiandobtainsdialling tone(confirm). As a furtherexample,a provider-confirmedpattern
mightoccurduringa call attemptwith dialling (request)sendinginging currentto thecalledparty(indication),
andsendingringing toneto the calling party (confirm). More examplesof thesepatternsaappeaiin sectiond.1.
Each basic patternmay have one of the propertiesillustratedin figure 2, arrangedin a hierarchythat
becomesgprogressiely moredegenerate The propertiesaaresingle (one-of), consecutivg(sequential)prdered
(overlapped),reliable (overtaking)and unreliable (lossy). For examplea single property might correspond
to seizinga line beforedialling, whereasa reliable propertywould meanthatunorderedccurrencegrefully
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executecbuttheirrelativeordermaynotbepresered(e.g.nearlysimultaneousallstoaPABX maybeconnected
in ary order). More examplesof thesepropertiesappeaiin sectiond.1.

Featuresalso have a direction, usually relating a pair of usersand thereforeinteractiongroup identifiers.
Although someservicesare symmetrical therecan be asymmetriesn what userscaninvoke. For example,
someusersmay be allowed only to initiate calls while othersmay be allowed only to answerthem (i.e.
Incoming/OutgoingCall Barring). Within a call, perhapsonly the respondemay speakor only the originator
may be allowedto breakthe connection(e.g.a recordedannouncemerin eithercase). Featuresaretherefore
specifiedunidirectionally;a symmetricakervicecansimply allow featurego beinvokedby eitheruser

3.3 Featue Description

Featuresandtheir combinationsredeclaredusingthelanguageof ANISE. Thelanguages describednformally
in this paper but therehasbeenpreliminary work on a denotationalsemanticsusing Lotos (LanguageOf
TemporalOrderingSpecificatior{1]). However, theessencef ANISE is architecturahndits semanticgouldin
principlebe givenin otherways.

Elementaryfeaturesaredeclaredn oneof two ways:

feature(directionpatternproperty,group)
feature(directionpatternpropertygrouplgroup?

The meaningof sucha declarationis the behaiour specifiedby the parameters.The directionis 12 or 21,
dependingon which userinitiatesthe feature;user1 is corventionally the left-handuserin a time-sequence
diagramuser?2 is theright-handuser The patternis oneof thosegivenin figure 1 andthe propertyis oneof the
leavesin thetreeof figure 2. Featurer combinationsareimplicitly parameterisety theIGld at eachof the
endpointsvherethey operate.

In the caseof a userinitiated, provider-initiated or unconfirmedpattern,only one groupis given. The
groupnameis the sameasthatof the serviceprimitivesinvolved (e.g.groupDial for primitivesDial.Req/Ing.
In the caseof a confirmedpattern,two groupsmay be given. This allows for the possibility that the group
namesdiffer, e.g.a subdvided call establishmenfeaturemay have group nameslike Call and Answer A
groupmayalsocite anexplicit serviceprimitive paramete(if thereis one)in parenthese®.g.Call(Num). The
parameteof a response/confirnmay differ from that of a request/indicatioreven if the primitivesareall in
the samegroup. In sucha casethe secondgroupmustbe given althoughonly the parameteis required,e.g.
Call(Num),(CalingMess) All serviceprimitivesimplicitly carryanlGld asa parametesothisis notdeclared.

Somebasicserviceprimitive parametetypesare pre-definedso thatthey may be usedimmediatelyin the
declarationof features. The availabletypesare: CalledMesgissuedto the called party while establishinga
call or while it is in progress)CallingMess(receved by the calling party while establishinga call or while it
is in progress)Num(a sequenc®f decimaldigits suchasa telephonenumber),and\bice (a servicedataunit
representing sggmentof speech).Othertypesmay be usedfreely as serviceprimitive parametersbut their
definitionsmustbe addedby the specifier The definitionsof the abore typesmay alsoneedto be modifiedor
replaced.For example,a specifictelephonenumberstructuremaybeneededr specificoptionsmaybedefined.

3.4 Featue Combinations

In principle,featurescould be combinedn alimitless numberof ways. However, telecommunicationservices
tendto usea limited rangeof combinations.Thesebuild on oneor morebehaiours asparameters- thoseof
basicfeaturesor their combinations. The meaningof a combinatoris the compositebehaiour definition. Each
declaratiortakestheform:

combinato(parameter 1, ... ,parameter N)

Suchadeclaratiorstandgor thebehaiour givenby its parameters;ombinedn aparticulaiway. A featuregroup
is given asparametewhenthe combinedbehaiour appliesonly to a particulargroupwithin it. Combinators
may be built up into largerexpressions.Sometimes singlelarge expressionfor a servicewould be unwieldy;
or wouldrequirerepetitionof sub-expressionsin sucha casea partof the overall behaiour maybedefinedby:

defing(Name,Behaviodyr..))

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

ANISE usegheconcept®f terminationandresultbecaus¢elecommunicationfeaturegunlike OSlfacilities)
areoftenbehaiourally relatedthroughvalues.For example theusermay notdial anumberunlesstheprevious
stepof seizingtheline resultedn dialling tone. Separat@rimitivesmightbeusedto distinguishbetweersuccess
andfailure (e.g.Call.ConandCall.Err). However, it is simplerandcloserto normalpracticeto indicatesuccess
or failure througha parameteralue(e.g.Call.Con(Ringbne)or Call. Con(SubsBusy)



Tablel: Summaryof ANISE Syntax

| Declaration | Meaning |

Assoc setof associatedelephonenumberandline identifierpairs

associate@ehaviar) serviceprimitive parameter(telephonenumber)is associatedvith
IGId (line identifier)

alternateg(behaviou) behaviour alternatesn eachdirection

behaviour featuredeclaratioror combination

collidegbehaviou) copiesof behariour executeseparatelyin eachdirection, mutually
reinforcingon collision

defingnamebehaviou) givesnameto behaviour

direction 12 (userl to user2), 21 (user2to userl)

disablegbehaviourlbehavour2) first behaviour mayterminatesecond

duplicategbehaviou) copies of behaiour execute separately in each direction
simultaneously

enablegbehaviourlbehaviour2) whenfirst behaviour succeedssecondnay start

enables after _ack(behaviourlbehaviour2) whenfirst behariour executesesponser confirm,secondnay start

enables after try (behaviourlbehaviour2) whenfirst behariour executesequesbr indication,secondnay start

enableson._resultbehaviourlbehaviair2,resul) | whenfirst behaviour succeedsvith givenresult,secondnay start
feature(directionpatternproperty,group(param)) | behaviour with givencharacteristicandgroup

feature(... groupl(param),group2(param)) behaviour with given characteristicsfor requestand acknavledge-
mentgroups

global(hameAssoghbehaviour) givesnameto globalbehaviour for givenassociations

group commonpartof serviceprimitive names

interleavegbehaviouribetaviour2) two beharioursexecuteseparately

interrupts (behaviouribehaviou?2) first behaviour mayinterruptandrestartsecond

interrupts _after _ack(behaviourlbehaviour2) firstbehariourmayinterruptandrestartsecondaftersecondexecutes
respons@r confirm

interrupts _after try (behaviourlberaviour2) firstbehariourmayinterruptandrestartsecondaftersecondexecutes
requesbr indication

loopgbehaviou) behaviour repeatn successfulermination

name identifier (letters,digits, underscore)

overtakegbehaviou1,behaviour2) executionof first behariour may beginlater than secondbehaviour
but finish earlier

pattern local-confirmed, provider_confirmed, provider_ initiated, re-

mote_confirmed, unconfirmed, user. confirmed, user_initiated,
user_provider-confirmed

property consecutive ordered, reliable, single unreliable

reversegbehaviour) behaviour executesn oppositedirection

unique_ids(groupl,group2,behaviour) serviceprimitivesin first groupallocateuniquelGlds,thosein second
groupdeallocatehem

withholds(group,behaviou) serviceprimitivesof groupmaybetemporarilyheldoff in behaviour

Behaviour may just stop; this is regardedas unsuccessfulerminationand produceso result. Normally,
however, behaiour will terminatesuccessfullylIn this casethebehaiour is definedasproducinga result—the
parametewaluefor the last serviceprimitive thatoccurred. If the lastserviceprimitive occurringin a feature
doesnot have a parametethena void valueis assumed.The notion of ‘last serviceprimitive’ is well-defined
for nearlyall of the patternsgin figure 1. For example,the resultof a provider-confirmedfeatureis thatof the
confirm. In thecaseof auser/preider-confirmedfeaturethe valuesin theresponsandtheconfirmarenottied,
sotheresultis takenasthat of the confirm. Apart from terminatingunsuccessfullyr successfullya behaiour
may alsorecurse(i.e. loop). Clearly no resultis possiblein this case. Consideringthe propertiesshovn in
figure2 it will beseerthatafeaturecannotproducearesultunlessit is describedassingle

In additionto theexplicit resultvalue,thelGldsin usearealsoproducedaspartof theresultfrom behaiour.
This allows the called IGId to be fixed for the benefitof later behaiour. The functionality of a featureor
combinationis thereforeconsideredo be:

IGId %< IGId = IGId * IGId x< Result

Thereis insufficientspacehereto describeANISE in detail. Insteadt is summarisedh table1 andexplained

throughexamplesin whatfollows.

4 Describing The BasicCall

4.1 BasicCall Featues

This sectionusesANISE to describehebasiccall; section5 progressiely addsfeaturego this. For themoment
onlyisolatedbasiccallswill beconsideredput multiple concurrentallsarecoveredater. Somemajormodelling
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issuesveredealtwith in section®2.2and2.3. Mary otherdetailedissueshave beenaddresseth ANISE though
they arenotdiscussedhere.

Thefeaturesdentifiedfor a basiccall areshown in figure 3. Thisis unadornedvith detailsof featuresuch
astheir parameterspropertiesandrelationships.The ANISE declarationghat follow maketheseexplicit. The
meaningof the behaioural building blocks— the features- is now presentedwith an explanationfollowing
eachline in the ANISE description.

defingSeizefeature(12,local- confirmed,single OffHook,(CallingMess)))

Thefeaturefor seizingtheline is calledSeize Theactionof seizingtheline takesplacefrom callingto called
party, i.e.in thel- 2 direction(eventhoughonly userl is involvedhere).The patternis locally-confirmedsince
theotheruseris not contactedthetelephonenetworkreturnsdialling toneafterthetelephones pickedup. The
line is seizedjust oncefor a call, sothe patternhasa singleinstance.Becausehe patternis locally-confirmed,
it declaresarequestprimitive OffHook.Reqcorrespondingo picking up the telephone.Becausehe patternis
locally-confirmedijt declaresa confirmprimitiveOffHook.Corwith CallingMessasexplicit parameterThis will
normally indicatedialling tone,but thereareother(unlikely) valuesthis type maytakesuchasequipmenbusy
or unobtainablalueto a networkproblem.

defing(Dial,feature(12,local_confirmed,single Call(Num),(CallingMess)))

Thepatternis thattheprovider confirmswhathappeneafterdialling. Normallytheremoteexchangeaeports
that the called party is being rung so that the local exchangecan sendringing toneto the caller Sincethe
patternis provider-confirmed,Call.Reqis declaredwith an explicit parametewf type Numfor the telephone
number Note thatthe lower-level detail of collecting dialled digits into one numberis abstractedsa single



higherlevel parametefor Call.Req Sincethe patternis provider-confirmedthereis Call. Conwith parameteof
type CallingMesshopefully conveying ringing tone. Howeverthereareotherpossiblevaluessuchassubscriber
busyor unobtainable.

defingRing feature(12,provider_initiated ,single, OffHook(CalledMess)))

The provider (i.e. the network)may issuean OffHook.Indwhenthe called party is rung. From the point of
view of the calledpartythis indicationis spontaneoughoughof courseit resultsfrom the callerdialling. An
OffHook.Indis declaredwith anexplicit parameteof type CalledMess Normally this will justberinging, but
otherpossibilitiesincludeDistinctive Ring andCall Waiting tone.

defing Answetfeature(21,unconfirmed,single OffHook))

This featureoperatedrom user2 to 1 without confirmation. OffHook.Regand OffHook.Indare declared
without anexplicit parameterThe OffHook.Indis alittle strangen termsof currenttelephoyy. It is anexplicit
signalyetin practiceit is theabsencef a signal(ringing tonestops).However, in a differentkind of telephone
there might be someindication that the called party had answerede.g. a lamp illuminateson the caller’s
telephone).

defingSpeakfeature(12,unconfirmed,ordered,Speeh(\ice)))

Thisfeatureis declaredn the 1 - 2 directiononly sinceanidenticalfeatureoperatesn thereversedirection
(i.e. both partiesmay speakto eachother). Ratherthandeclarethe samefeaturetwice, a singledeclarationis
given. A combinatomwill be usedlaterto createtwo interleaved Speakfeatures.Sincespeectis regardedasa
sequencef voice samplesspeectleffectively involvesa numberedf overlappedransferghatarekeptin the
correctrelative sequenceSpeeh.RegandSpeeh.Ind both carry speectsegmentsof type \Vbice

defingClearlfeature(12,user. initiated ,single, OnHook))
Only thecallerinitiatesa one-sidectlear sothereis justanOnHook.Req
defingClear2feature(12,remote confirmed,single, OnHook))

In two-sidedclearing,eitherparty canbreakthe call. Thiswill be takencareof later by a combinatorthat
interleavesa copy of the featurewith itself. The combinatorwill alsohandlethe possibility of collision, i.e.
bothuserssimultaneouslynitiating a clear Remoteconfirmationmeanghatthe userrequestsa clear andthis
is indicatedto the otheruserwho confirmsclearing. The declaratiormeanghatOnHook.RegOnHook.Indand
OnHook.Corhave no explicit parameter In practice,if one party goeson-hookthe othermight be givenan
unobtainablesignal (thoughthis may be network-dependent)Since OnHook.Indis normally associatedvith
justonesignalthis canbeleft implicit. However for differentpossibilities(e.g.arecordedannouncementr a
tone),OnHook.Indcouldbe givenanexplicit parameter

4.2 BasicCall Combinations

Thefeaturesof abasiccall have now beendescribed Therelationshipdbetweerfeatures- their combinations-
arenow presentedwith anexplanationfollowing eachline of ANISE.

defingCalll,nterrupts _ after_try (Clearl,
enableson_resuli(Seizeenableson_resulfDial,Ring,RingTone),Dialone)))

Purely to breakthe descriptionup into smaller pieces,the initial behaiour of the call (seizingthe line
dialling, ringing) is separatelynamedasCalll. A one-sidedclearby the calleris permittedoncean attempt
to makea call hasbegun. Specifically OnHook.Regmay occur following OffHook.Req Oncethe call has
beeninterruptedby the clear the behaiour of the call repeats.If the plain interrupts combinatorhad been
usedhere,an OnHook.Regvould have beenpermittedbeforeOffHook.Red] The interrupts _after_try variant
caninterruptonly afterthefirst request(or indication,thoughthis is irrelevanthere). Seizingthe line permits
dialling only if dial toneis receved asa resultof seizingtheline. Any otherresult,e.g.unobtainableprevents
dialling. Similarly, receiptof ringing tone permitsringing to occur Any otherresult,e.g. engagedprevents
further progresson the call. In eithercase the interrupts _after_try combinatorwill only permitthe callerto
go on-hookandtry again. The whole behaiour of Calll exits whenringing occurs. The choiceof resultfrom
seizingor dialling is non-deterministicfrom the users perspectie only the possibleresultsandnot how they
arisearerelevant.

defingCall2 disablegcollidegClear2)enablegAnswerduplicateg Speak))))

Again for convenience,the main behaiour of the call (answeringand speakingfollowed by clearing)is
separatelypjamedasCall2. Clearingmaypreventspeakingatary time. Sincedisablingis immediatelypossible,



there may be no answeror speechbeforethe call is cleared. By itself speakingcontinuesindefinitely, so
this behaiour cannotexit and preventthe disablingaction. Clear2 refersto two-sidedclearing. The collides
combinatormakesa copy of this behaiour, definedfor the 1 -, 2 directiononly, andinstantiatest for 2- 1 as
well. Both copiesmay executeindependentlyi.e. eitherusermay clearthe call. But in the particularcasethat
both usershangup almostsimultaneouslythe collides combinatorensureghat only the OnHook.Recat each
endoccurs(i.e. the indicationsdo not appear). Whenthe call is answeredthe enablespermitsspeaking. If
answeringdoesnot occut no progresghroughenablingis possible. The next actionwill thereforebe clearing
by the caller. The duplicates combinatorinterleavesindependentopiesof the Speakfeaturein eachdirection.
(Speakwasdefinedfor the 1 2 directiononly.) The two copiesrun independenthandwithout interference:
bothusersmaythusspeakwithout restriction.

defing/Call Joopsenable¢Call1,Call2)))

This namesthe overall behaiour of calls betweena single, unspecifiedpair of users. Oncethe call (i.e.
Clear?) hasfinished,it begins again. Note thatthereare two loopsinsidethe definition of a call. The ‘outer
loop’ heredealswith repetitionof thewholecall. The'innerloop’ (usinginterrupts _ after_try in Calll) repeats
if dialling or ringingis unsuccessfulThefirst partof thecall enablegsheremaindeof the call providedit results
in ringing. If ringingdoesnotoccurbecaus¢hecall cannotbeputthrough,nofurtherbehaiour is possiblefrom
this partof thedescription.Clear1will thereforeoccur i.e. thecallerwill hangup. Ringing permitsthesecond
partof thecall to proceed Notethewaythatthe call hasbeenbrokenup here: Calll (seizing,dialling, ringing)
andCall2 (answering speakingclearing). Thereis nothingspecialaboutthis decompositionandindeedthe
call couldbedescribedasa singlebehaiour.

defing{Assoc{(humberl,line}, ..})
Thisdeclareghe Assocaelationto be somesetof telephonenumber/lineidentifier pairs.
global(bc,Assoc,Call)

This declareghe global behaiour of the basiccall servicebc as genericcalls with the given association
betweertelephonenumbersandline identifiers.

The descriptionof the basiccall just givenrequires1? lines of ANISE. Revisit the ANISE declarationsand
obsenrethestructureof thedescription:thebehaioural building blocksarethefeaturesandthesearecombined
progressiely to yield the overall behaiour of the basiccall. ANISE descriptionganbefairly compactecause
thebuilt-in capabilitiesof thelanguagearequite expressie.

5 Describing Variations on The BasicCall

This sectionmainly dealswith isolatedbasiccalls, but multiple concurrentcalls are dealtwith in the final
variation. The variationscanbe seenassimplefeatures.lt wasfelt betterto evaluatethe approachn this way
first beforetackling more realistic featuressuchas Call Waiting or Three-Way Calling. Work is in progress
towardsfull-blown servicessuchasUPT (UniversalPersonallelecommunications).

A benefitclaimedfor ANISEis thatthedescriptionsaremodular Thisallows selectedispect®f adescription
to be changedairly readily, and declarationgo be re-usedin new descriptions. To underlinethis point, the
following shaws how variationson the basiccall descriptionin section4 canbe accommodatedinterestingly
the changegequiredto the basiccall descriptionaresmallin all caseso only the differencesaregiven. In the
following, the explanationcomesafterthe changesequiredto the basiccall description.

defingCall2, ... reverse¢Speak)) Recoded Announcement

A recordedannouncemengervicesuchasthe SpeakingClock effectively permitsjust the called party to
speak. To modelthis situationrequiresonly replacemenbf the duplicates combinatorwith reversesinside
Call2. Theuseof reversesis necessarfierebecaus&peakis definedonly for the 1 - 2 direction.

defingCall2, ... alternateqSpeak)) Echo Suppession

Telephoneconnectionsometimepermitonly half-duplex speech(e.g.for echosuppression)Thisrequires
theduplicatescombinatorto bereplacedwith alternatesinsideCall2.

defingSpeakieature(12,unconfirmed,ordered,Speeh(\bice))) Leased.ine
defing(Call,duplicateqSpeak))

A leasedine hasno call establishmenor call clearing;atleast,this is invisible to the usereven thoughit
may occurunderthecontrolof networkmanagementAlthoughtheleasedine is definedascarryingspeechin
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practiceit is mostlikely to be usedto link modemgwhich of coursegeneratesignalsin the speectband). This
allowsthewhole descriptionto be drasticallysimplifiedto thetwo linesabove.

defingCall2, ... enables after_try (...)) Speeh before Answer

The basiccall descriptionrequiresthe callerto be told the called party hasansweredeforereceving ary
voice signals. If the called party speakimmediatelyon answering the initial segmentof speechmay arrive
beforethe caller is notified that the call hasbeenanswered. This is a very fine point that is hardly worth
consideringput it shavs how ANISE canmakesuchdistinctionswherenecessaryThe changeneededs to turn
theenablescombinatorin Call2 into enables after_try . Thisallowsthe calledpartyto speakmmediatelyi.e.
Speeh.Reqgafter OffHook.Redut beforethe correspondingffHook.Ind Thespeectsggment,i.e. Speeh.Ind,
may be deliveredbeforethe callerknowsthe call hasbeenanswered.

defing(Call2, ... interleavegduplicateqloopgDial)),duplicateq Speak))) Extra Dialling

Dialling afteraconnectiorhasbeensetup shouldhave noeffectonanormalcall. To achierethis, Call2 must
bechangedo allow duplicated1 - 2, 2 - 1) repeatednstance®f Dial. Implicitly thisassumeshatspeectand
signallingdo notinterfere. The duplicatedinstancesreinterleavedwith Spealsothatthey areindependent.

defing(Calll,nterrupts _ after_try (Clearl,Seize)) Hot-Line

A hot-line serviceis a simplified basiccall: picking up the handsetalls a predefinechumber normally
resultingin ringingtone. TheDial featureof thebasiccall is thusnotneededindcanbedropped.This simplifies
Calll asabove.

defing(Calll, ... withholds(OffHook,Seize)) ExdangeBusy

If thelocalexchangds busy, goingoff-hookmaynot(immediately)seizetheline andreturndialling tone. In
otherwords,theoccurrencef anOffHook.Redi.e. off-hook beingnoticedby theexchangemaybetemporarily
withheldfor certainlines. Thechangeequiredin Calll is to qualify Seizeby withholds.

defingCalll, ... associate@ial) ...) One-Number
defing(Call, ... associateRing)...)

Servicesof the one-numbetype include OperatorServicesand Freephone.They are calledwith a single
numberirrespectve of location. The call is thenroutedto an appropriatedestination(of which theremay be
morethanone);theroutingdecisionmaybe madeby call plansoftware.ANISE simply assumeshe availability
of the Assocrelationshipdiscussedn subsectior?.3. The changeneededto the basiccall descriptionis to
introducethe associatezombinator Thiswasnot usedfor the basiccall sincethereareonly two users.When
multiple callsareconsideredn amomentassociatesvill beusedto handlethis multiplicity. Both Dial in Calll
andRingin Call needto be qualifiedby associates The first of theseensureghatthe dialled numberselects
therequireddestinatiorline. The secondensureghatCalling NumberDelivery (if in use)suppliesthe caller’s
number In addition,the Assoarelationneedgo be enrichedfor theone-numbecaseg.g.to includeFreephone
numbers.

global(mbc,Assoajnique_ids(OffHook,OnHook,Call)) Multiple Users

The basiccall descriptionin section4 definescalls betweera single pair of users. This canbe generalised
to dealwith mary userswho cancall eachother but with only pairwiseconnections.The associateombi-
natoris thereforeneeded. In addition a richer setof number/lineassociationwvill be needed. The effect of
unique_ids(OffHook,OnHook,Callisto allocateanlGld (markit busy)whenanOffHook(requesbr indication)
occurs.An IGId will be deallocatedmarkedasfree)whenanOnHook(requesbr confirm)occurs.Thebook-
keepingof which linesarebusyandwhich arefreeis handlednternallyby unique_ids. It is ensuredhata busy
line cannotbe rung (using OffHook.Ind becausats 1GId will have alreadybeenallocated(by OffHook.Red;
Themultiple basiccall servicembg usesunique._ ids atthetop level to constrainthe operationof basiccallsin
thisway. A multi-userserviceis rathermorelikely to suffer from call congestionthe solutionusingwithholds
givenearliercouldberelevanthere. A multi-userserviceis alsomorelikely to makeuseof one-numbeservices
suchasFreephoneandcanadoptthe approactdescribecreviously.

6 A Look to The Future

Work sofar on ANISE hasconcentratean architecturalandlanguagessues.However it is the foundationfor

describingrealisticIN-type servicesandcontributingto thedetectiorof featureinteractions.Thekey ideais that
new servicesaregenerallymodificationsof the basiccall (or of existing services).Thesemodificationsmaybe
additions,deletionsor changes.Orthogonaladditionsshouldnot be ary problem;‘additions’ thataffect basic
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call behaiour shouldbe consideredhschanges.Remwal of basiccall behaiour may be problematicif other
partsof the basiccall rely onthis. However, it might be possibleto omit certainpartswithout problems(e.g.to
permitonly outgoingcalls or one-wayspeech).Changesn basiccall behaiour are possiblecausef feature
interactionandso shouldbe spotlightedfor investigation.

ANISE shouldallow potentialareasfor featureinteractionto be highlighted. The assumptioris that all
servicexcanbe seenasmodificationsof the basiccall. In avery literal sensega new servicewill modify ANISE
declarationsuchasthosein section4. A servicemay thusbe definedby its ‘deltas’ — the textual changest
causedo the basiccall descriptionin ANISE. This would allow servicesto be describedcompactlyin terms
of their changego the basiccall. More importantly, the approachwould highlight whereservicesoverlap. If
servicesamodify the samepartsof an ANISE description this is anindication of interdependencandhenceof
potentialfeatureinteraction. The modificationscould concevably be combinedcompatibly but the specifier
shouldlook carefullyat how suchintegrationcould be achieved— if atall.

The semanticof ANISE have notyet beendefined thoughpreliminarywork hasbeenundertakeron giving
denotationsn Lotos. LoTosis particularlysuitablefor thisin view of its flexible synchronisatiomechanisms.
In fact,someof the ANISE operatorsarejust thinly disguised_otos. Theuseof LoTosalsoopenaupinteresting
possibilitiessuchasvisual animationof thetranslatedspecificationg7]. The aim would beto translateANISE
descriptionsnto LoTtos andthenanimatethemon-screemwithout the userhaving to know (much)LoTos. It is
alsonothardto imaginehow thetime-sequencdiagramsaunderlyingANISE might bebroughtto life graphically
usingtheideasof [7].

Although ANISE is mainly aimedat understandinghe constructionof services,a formal semanticsvould
permitrigorousanalysisthroughstandardverificationtechniques.The ability to generatea formal description
from ANISE could alsobe usefulin otherways. For example, it couldsene asa contractwith developerscould
be usedaspartof aformal method,andcouldbe usedto derive conformanceestsin arigorousway.

ANISE copescomfortablywith the descriptionof the basiccall in sectiond. The mostpleasingresultsarein
section5, wherealarge numberof modificationsto the basiccall areaccommodatety almostone-linechanges
to thedescription.In asensesection5 extendsthebasiccall with new features However, thesearerathersmall
by telecommunicationstandardsFuturework will producedescriptionsf typical IN services.

An articleof faith underlyingthedevelopmenbf ANISE hasbeerthatit wouldultimatelysupporthedetection
of featureinteractions. The principle hasbeento develop a rigorous,useroriented,architecturaimethodfor
describingservices.lt is believedthata soundemunderstandingf how to constructserviceswill leadto amore
structuredapproachthusmakingthe detectiornof interactionseasier
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