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ABSTRACT. ANISE(Architectural NotionsIn ServiceEngineering)canbeusedto describea range
of telecommunicationsservices,including thosefrom the Intelligent Network. Theapproach
is supportedby the ANGEN (ANISE Generator) language for combiningfeatures, the ANISE

language for definingfeatures,and the ANTEST(ANISE Test) language for definingvalidation
scenarios. It is explainedhow all three are translatedinto LOTOS (Language of Temporal
Ordering Specification),permittingany numberof features to be validatedin isolation or in
combination. Thetoolsetto permit this and the ANISE feature library are discussed.Typical
resultsare presentedfromtheautomatedanalysisof telecommunicationsservices.
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LOTOS(Language of Temporal OrderingSpecification).Cecipermetla validationdesservices
sṕecifiés,soit individuellementsoit combińeslesunsauxautres. Lesoutils impliquésdemême
que la bibliothèquede servicesd’ANISE sont décrits. Des résultatstypiquesprovenantde
l’analyseautomatiśeedeservicesdetélécommunicationsontprésent́es.
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1. Intr oduction

1.1. Context

A telecommunicationsserviceis a setof network capabilitiesforming a package
that userscan subscribeto. A telecommunications(service)featureis a network
capabilitythatformspartof aservice.Thedistinctionbetweenservicesandfeaturesis
moreof a marketingissuethana technicalissue.For example,AbbreviatingDialling
might beprovidedasa servicein its own right, or it maybeprovidedonly aspartof
anotherservicesuchasCreditCardCalling. For this reason,theauthorprefersto talk
abouta featureasbotha building block andwhat is availableto a user. However in
deferenceto commonusage,the termservicewill alsobeusedwhereit seemsmore
appropriate.

Since the rangeof servicesdifferentiatesnetwork operators,there is a strong
incentive to supportan ever increasingsetof features. It is also likely that service
subscriptionswill beasignificantsourceof futurerevenue,particularlysincethecostof
providing basiccallscontinuesto fall. Howeverashasbeenknown for somedecades,
addingnew featuresis problematicbecausethey mayconflict with existing features.
TheFeatureInteractionProblemhasbeena sourceof active researchfor sometime.
For example,[CAM 93, DER 92] classifya numberof well-known interactionsand
placethemwithin ageneralframework.

Methodsfor dealingwith featureinteractionsmay be broadly split into offline
and online techniques. Among the offline techniquesare thosebasedon formal
specificationand analysisof featuresets. Many different formal languageshave
beenusedto specify features. However, approachesusing LOTOS (e.g. [BOU 93,
FAC 97, KAM 98, STÉ 95, THO 97]) seemto have beenparticularlypopular. MSCs
(MessageSequenceCharts[ITU 96b]) have also inspiredseveral approaches(e.g.
[BER 97, BLO 97, DSS97]). [AMY 99] proposesan approachfor the structuring
of featuresbasedon use casemaps. CHISEL [AHO 98] is anotherexample of a
graphically-basedapproachto structuringservicespecifications.Theauthorhasalso
developedtranslationsto LOTOS(andSDL) for CHISEL [TUR 00].

Anotherclassof offline techniquesis termed‘architectural’ by the author. The
emphasishereis onproperstructuringof features.Indeedtheauthorfeelsthatagood
theoryfor structuringandspecifyingfeaturesis an essentialfoundation. If features
aredefinedin anad hocmanner, it is hardlysurprisingif they overlapandconflict.

TheIN (IntelligentNetwork [ITU 93c, ITU 93d, ITU 96a]) andtheAIN (Advanced
IntelligentNetwork) claimto offer anarchitecturefor definingfeatures.However, the
author’sview isthattheseareratherbottom-upandorientedtowardsengineeringissues.
Instead,top-down servicearchitecturemeritsattention. TINA (Telecommunications
Intelligent Network Architecture,e.g. [DUP 95]) offers a muchhigher level frame-
work for definingservices.Featureinteractionwithin theTINA context is discussedin
[GAA 93, KOL 98, MUL 92, OHT 93, SIN 99]. ANSA (AdvancedNetwork Systems
Architecture[LIN 94b]) presentsacomparablearchitecturalframework. Otherwork-
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ers, including the author, emphasisethe role of architecturein formal specification.
For example,a building blockapproachis presentedin [LIN 94a].

SCEs(ServiceCreationEnvironments,e.g.thetoolsof Ericsson,Hewlett-Packard,
MarconiCommunications,Nortelor Siemens)arecommonin industryfor developing
telecommunicationsservices.SCEsusuallyemploy proprietarySIBs (ServiceInde-
pendentBuilding Blocks[ITU 93b, ITU 97b]). They tendto focusonpragmaticissues
sincetheir goalis to generateactualcodefor network SCPs(ServiceControlPoints).
UnfortunatelythismeansthatSCEsareusuallyspecificto aparticularplatform. They
areratherimplementation-oriented,creatingpotentialproblemsof portability, inter-
operability, andmaintainability. CurrentSCEsmight becaricaturedasbeinggoodat
serviceengineeringbut weakonserviceanalysis.

1.2. ANISE

The authorhasbeendevelopingan architecturallybasedapproachcalledANISE

(ArchitecturalNotionsIn ServiceEngineering).Thefollowing explainstheevolution
of ANISEandhow it relatesto thispaper. AlthoughANISEleadsto formalspecification
andrigorousanalysisof features,it might fairly besaidthat its emphasisis on struc-
turing services.That is, ANISE supportsa theoryfor definingservicesin a rigorous
manner, usinga hierarchyof behavioural building blocksandtheir combinations.In
ANISE all behavioursarecalledfeatures,whetherthey beelementary(suchasdialling
a number)or complex (suchasThree-WayCalling).

Theinitial work onANISE attemptedto createamorerationalservice/featurehier-
archy[TUR 97c]. This showed the possibility for structuringservicesprogressively
from simplerfeatures.The foundationof the approachwasthenlaid in [TUR 97a].
This demonstratedthat the Basic Call and variantsof it could be modelledusing
surprisinglysimple building blocks. By way of contrast,the IN usesa variety of
approachesfor constructingservices.SIBsarerathervariablein sizeandcomplexity.
More importantly, theonespresentedfor theIN have not beenshown to besufficient
or necessaryfor therangeof IN services.Thenotionof GSL (GlobalServiceLogic
[ITU 93b, ITU 97b]) for combiningSIBsisin needof elaboration.TheIN alsopresents
anotherway of constructingservicesusingBasicCall modelsandTriggerDetection
Points[ITU 93a, ITU 97a]. The call modelsareratherdifferent in naturefrom the
approachtakenby SIBs. Thecall modelsarealsoratherimplementation-orientedand
reflecttheservicesthathave beendeployedsofar (mainly single-ended,singlepoint
of control). It is not clearthat the modelswould be appropriatefor moreadvanced
kinds of services(e.g.with distributedcontrol or multimedia). For this reason,the
BasicCall is constructedin ANISE. Otherservicebasescouldequallywell bedefined
in ANISE.

Oncethearchitecturalapproachof ANISE wasestablished,work beganontranslat-
ing ANISE servicedescriptionsinto aformalspecificationlanguage.Althoughtheem-
phasisin ANISEremainsthestructuringof services,aformalbasiswasessentialif fea-



4

turebehaviourandfeatureinteractionwereto berigorouslyassessed.Theauthor’sex-
perienceof architecturalapproachesto formalspecification(e.g.[TUR 93, TUR 94a])
is thatarchitecturaldescriptionscanbejusta few percentin sizeof thecorresponding
formal specifications. This is becausethe descriptionsare written using concepts
taken directly from the problemdomain. For example,ANISE supportsdescription
usingconceptssuchastelephoneline, subscriberprofile, dialling andtelephonecall.
Someonewriting in a formal languagewill generallyhaveto specifysuchconceptsin
detailbeforemoving ontohigher-level,moreinterestingaspects.

Formal methodsarelargely unusedin industrydueto their perceived(or actual)
difficulty. ANISE triesto havethebestof bothworlds. TheANISEuserdefinesservices
using building blocks and their combinationsthat have an intuitive interpretation.
However ANISE is supportedby translationto a formal languageand by rigorous
analysisusingtoolsfor thatlanguage.ANISEgoestosometroubletohidetheexistence
of the formal languagein orderto make the approachmoreacceptableto industrial
engineers.Yet theformalbasisgivesthesameprecisionto ANISE asanapproachthat
directly usesa formal method. Whichever languageis used,it is essentiallyhidden
from theANISE user.

Likeseveralotherworkers,theauthorhasfoundLOTOStobeaflexible languagethat
canbeusedin awidevarietyof domains.LOTOSwasthereforethelanguageof choice
asthe formal basisfor ANISE. However otherlanguagessuchasSDL (Specification
andDescriptionLanguage[ITU 96c]) would have beenpossibilities. SDL is much
moreacceptableto the telecommunicationsindustry. However it would probablybe
ratherharderto useSDL ratherthan LOTOS to supportthe constructsdescribedin
this paper. A startwasthereforemadeon the translationto LOTOS [TUR 98a]. The
main valuein the approachat this point wasdetectingfeatureinteractionsstatically
asoverlapsamongfeatures. In particular, featuresthat modify the sameaspectsof
theBasicCall arepotentialsuspectsfor interaction.This doesnot definitely indicate
interaction,but experienceof usingANISE [TUR 98a] suggeststhatsuchoverlapsare
veryoftentrueinteractionproblems.

To discover featureinteractionrequiresrigorousevaluationof featuresin combin-
ation. [TUR 98b] reportsthe next stagein developingANISE: the rigorousanalysis
(simulation)of features. In isolation, the desiredcharacteristicsof a featurecanbe
confirmed. When featuresare combined,their joint behaviour can be checked for
deviations(interactions)from their individual behaviours. The approachrequiresa
well-definedway of combiningfeaturedescriptions.ANGEN (ANISE Generator)acts
a languagefor describingfeaturesin isolationandcombiningthemwith somebase
servicesuchasPOTS (Plain Old TelephoneService). It is alsonecessaryto have a
formal way of characterisingthe behaviour expectedof a feature. The ideaof use
cases[JAC 92] inspiredthe languageANTEST (ANISE Test)thatallows featuresto be
validatedindividuallyor together. AlthoughANTESTsupportsfeaturevalidationrather
thanverification,this wasa pragmaticchoicethatreflectscurrentindustrialpractice.

[TUR 97a, TUR 98a, TUR 98b] focus on architecturaland telecommunications
orientedaspectsof ANISE. The presentpaperlooksat the detailedmechanismsthat
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supportANISE, and consolidatesthe resultsof thesepapers. The overall approach
is illustratedin section2, that shows typical featuredescriptionsandhow they are
processedby thetools. Section3 explainshow ANGEN combinesindividual features
to form a compositeANISE description,detectingstatic overlapsas it works. The
translationfrom ANISE to LOTOS is presentedin section4. Section5 shows how
validationscenariosin ANTEST are translatedinto LOTOS andevaluatedagainstthe
translatedANISE description.AppendixA givessummariesof the languagesusedin
thearticle: ANISE, ANGEN, ANTESTandLOTOS.

2. Overview of approach

This sectionshows how a baseservicesuch as POTS can be describedusing
ANISE. Featuredescriptionusing ANGEN and featurevalidationusing ANTEST are
thendiscussed.The automatedtools supportingthe wholeprocessarepresented.It
is not feasibleto presenta tutorial on theapproachhere. More detailedexplanations
appearin [TUR 97a, TUR 98b, TUR 98a].

2.1. POTSdescription

The ANISE language(ArchitecturalNotions in ServiceEngineering)is usedto
describea service,perhapsincluding somefeatures.The languageis applicative in
style,with combinatorsappliedto parametersto definenew compositebehaviour. For
reference,a summaryof ANISE is givenin tables3, 4 and5 of theappendix.

As notedearlier, a BasicCall modelis intentionallynot built into ANISE. ANISE

maythusbeusedto describeotherkindsof serviceswith adifferentbasis.HoweverIN
servicesrequirePOTS asa startingpoint. Figure1 shows theapproachto structuring
theBasicCall from simplerbehavioural elements.The innermostbehavioursarein-
stancesof theelementaryfeatures.Variouscombinators(theouterovals)progressively
combinethese,leadingto threephases:Dialling, RingingandAnswering.

Although figure 1 is a convenientway of visualisingthe structureof an ANISE

description,ANISE is a textual language. Figures2 and 3 show the comparable
descriptionof POTS.Thedescriptionis divided(for presentationonly) into four parts:
elementaryfeatures,basiccall behaviour, subscriberprofiles,andglobalbehaviour.

Elementary features: The elementaryfeaturesare the simplestform of beha-
viour that canbe describedin ANISE. They correspondto basicactionslike dialling
a number, answeringa call, andhangingup. To illustratehow anelementaryfeature
is defined,consideroneexamplefrom figure2. This is theactionof seizingthe line
whengoingoff-hook:

declare(Seize,feature(12,local confirmed,single,OffHook,(CallingMess)))
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% Feature:
declare(Seize, % seizetheline

feature(12,local confirmed,single,OffHook,(CallingMess)))
declare(Dial % dial numberandconnect

feature(12,local confirmed,single,Dial(Num),(CallingMess)))
declare(Ring, % startringing number

feature(12,provider initiated ,single,StartRing))
declare(Silence, % stopringing number

feature(12,provider initiated ,single,StopRing))
declare(Answer, % answercall

feature(21,unconfirmed,single,Answer))
declare(Speak, % one-wayspeech

feature(12,unconfirmed,ordered,Speech(Voice)))
declare(Clear1, % clearby caller

feature(12,user initiated ,single,OnHook))
declare(Clear2, % clearby calleror called

feature(12,asymmetric confirmed,single,OnHook,OnHook))
% Call:
declare(Call, % overallbasiccall

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

interrupts after try ( % clearinteruptsafterseizestarts
Clear1, % callerclear
enables on result( % seizethendial if dial tone

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

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

Figure2. ANISEcall declarationsfor POTS
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% Profile:
profile(124,53)... % number124/id53,etc.
% Global:
declare(MaxCalls,100) % numberof concurrentcalls
global(tel, % namefor telephoneservice

checks busy( % monitorline free/busy
instances(MaxCalls,Call))) % instantiatecalls

Figure3. ANISEglobaldeclarationsfor POTS

The declare keyword introducesthe nameof the featureand its definition. In
fact sucha declarationdefinesa macroSeizethat may be usedmultiple times later
in the description. The feature keyword definesthe parametersof an elementary
feature. Its direction is betweena pair of subscribers,numberedgenerically1 (the
caller) and2 (the called). 12 meansfrom subscriber1 to subscriber2 (subscriber1
seizesthe line in the above). Elementaryfeaturesare classifiedaccordingto their
behaviour pattern. In the above case,local confirmed meansthat a requestby the
subscriberis locally confirmedby the serviceprovider (the telephonenetwork). As
with a telephonenetwork, going off-hook normally leadsto dialling tone from the
local exchange.Elementaryfeaturesalsohave an orderingpropertythat stateshow
repeatedinstancesof the featurearerelated(e.g.strictly in sequenceor overlapped).
In theabovecasethereis a single instance(theline is seizedoncepercall).

Therenow followsa serviceprimitiveusedto invokethefeature.Thishasa name
(OffHook to seizethe line) and may have parameters.By default the requestthat
initiatesafeaturehasthesamenameandparametersasotherprimitivesthatform part
of thebehaviour. However if acknowledgementof a requestusesa differentnameor
parameters,thesecanbegivenasthe lastpartof a feature definition. Whenseizing
the line, the acknowledgementis a signalthat carriesdialling tone(or similar). The
CallingMesstypecoversall messagesthatmaybesenttoacallinguser, andissupplied
in theSeizeacknowledgement(henceparenthesesaroundCallingMessasaparameter).

Basiccall: The BasicCall is built up from the elementaryfeatures.Theseare
generallyinvokedjustby citing theirname(e.g.Seize). It is possible,however, to give
asparameterthe identificationof the subscribersinvolved. For example,21 would
invoke thefeaturefrom subscriber2 to subscriber1. As a specialcase,00 meansno
subscribers.Seizeis instantiatedthis way sincethe call startsout unattachedto any
subscriber. Theactof seizingtheline will causeSeizeto setthecalling number.

In thetop-levelCall description,Dialling leadsto Ringing(whichleadsto Answer-
ing). This behaviour is repeatedindefinitely. Althougha singledeclarationcouldbe
givenfor theBasicCall, it is clearerto presentit in phases:Dialling (seizingtheline,
dialling theotherparty),Ringing(ringing theotherparty),andAnswering(answering
thecall, speaking,andfinal hang-up).Eachphasemakesuseof theelementaryfea-
tures.TheANISEcombinatorsareusedto build theseinto progressivelymorecomplex
patterns. For examplein Call, enablesrequiressuccessfulcompletionof Dialling
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beforeRingingcanbegin. Onterminationof Ringing(andpossibleAnswering), loops
causesrepetitionof thewholebehaviour.

Most combinatorshave a fairly straightforwardinterpretation:disables(perman-
ent interruption),duplicates (behaviour repeatedin bothdirections),exit (successful
termination),interrupts (interruptionandresumptionof behaviour), offers (choice
of behaviour). However servicesrequiresomespecialcombinatorsaswell. Some-
times a particular result is neededbefore later behaviour is enabled;for example,
enables on resultrequiresSeizeto obtainaDialToneresultbeforedialling is permit-
ted. Theuseof interrupts after try delaysthepossibilityof Clear1 (i.e. thecaller
hangingup)until Seizehasbeentried. Theuseof Clear2(i.e.bothpartieshangingup)
is qualifiedby collides, which correctlyhandlesbothpartiesclearingsimultaneously:
their requeststo clearthecall cancollideandmutuallyreinforceeachotherinsidethe
network.

Subscriberprofiles: ANISE supportsexplicit declarationof subscriberprofiles.
At theleast,aprofilegivesthesubscriber’s telephonenumberandline identifier. This
distinctionis necessarysinceseveral numbersmay be associatedwith the sameline
(e.g.for Distinctive Ring). As will beseenlater, subscriptionto selectedservicesis
notedin the profiles. Although ANISE requiresspecifictelephonenumbersandline
identifiersto begiven,thesearearbitraryandareusedonly for definiteness.

Global behaviour: As well as the behaviour of a singlecall, ANISE givesthe
overall behaviour of the network. This is partly becausecalls may interfere. For
examplechecks busy monitorswhetherlinesareengagedor not, ensuringthatcalls
to anengagedline receivebusytone.Themaximumnumberof concurrentcallsis also
declaredgloballyusinginstances. Finally, theglobal combinatortakesthetelephone
servicename(tel) andthe top-level behaviour. This builds hierarchicallyon all the
behaviour combinations,right down to theelementaryfeatures.

2.2. Featuredescription

ANISE follows the conventionalapproachof describingfeaturesas changesto
POTS. In anotherservicedomain, featureswould be describedas ‘deltas’ from a
differentbasis.TheANGEN language(ANISE generator)is themeansof statingsuch
differences.For reference,asummaryof ANGEN is givenin table6 of theappendix.

As anexample,figure4 shows how CW (Call Waiting) is definedusingANGEN.
For convenience,thedescriptionis split into thesamesectionsasfor POTS.Figure4
actuallyshowstwo languages:ANISEembeddedin ANGEN. Forclarityonly theANGEN

keywordshave beenset in bold. A small complicationfor the tools is that ANISE

commentsaswell asANGEN commentsare present(both ‘%’). The modifications
carriedout by ANGEN preserve thecomments(andlayout)of theembeddedANISE.

Sincea featureis definedin termsof how it changesPOTS,ANGEN is effectively
an editing languagethat allows the root descriptionto be modified. This doestie a
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header( % give featureheader
% cw.angen– Call Waiting,K. J.Turner, 3rdAugust2000)

% Feature:
prefix(% Call, % suspend/resumecall

declare(Recall,feature(21,userinitiated,single,Recall)))
prefix(% Call, % dial digit to selectaction

declare(Select,feature(21,userinitiated,single,Select(Dig))))
prefix(% Call, % clearcalleronly

declare(Clear3,feature(21,remote confirmed,single,OnHook,OnHook)))
% Call Waiting:
append(% Call, % definecall waiting behaviours

declare(CallWaitClear, % clearduringcall waiting
offers( % clearendscall waiting

Clear1, % callerclears
enables( % calledclears

Clear1(21), % calledclearsandthenrings
rings(Ring), % ring calledagain
offers(Clear1,Clear3)))) % callerclearsor is cleared

declare(CallWait, % call waiting duringspeech
disables( % clear/recallinterruptsspeech

offers( % clearor recall/select
CallWaitClear, % clearfinishescall waiting
enables( % recall,clear/select

Recall, % calledsuspendscall
offers( % clear, selector recall

CallWaitClear, % clearfinishescall waiting
enableson result( % selectdecidesaction

Select, % calleddialsdigit
1, % if 1 dialledthen...

offers(Clear1,Clear3), % callerclearsor is cleared
2, % if 2 dialledthen...

Clear1, % callerclearswhile held
CallWait), % elsecall waiting continues

enables(Recall,CallWait)))), % call waiting continues
duplicates(Speak)))) % speechin bothdirections

wrap(disables, % modify behaviour afteranswer
waits(CallWait),Answering) % allowing call waiting

% Profile:
append(‘124,53’,call wait) % call waiting for num124/id53
% Global:
fill (checks busy,waits call) % put call waiting into busycheck

Figure4. ANGENdeclarationsfor Call Waiting
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featuredescriptionto theroot description;thebasisfor any changesmustbeknown.
This is almostunavoidablein any suchapproach,but is fortunatelynot serioussince
theroot serviceis generallywell-definedandstable.

ANGEN is implementedusingthe very flexible capabilitiesof Perl for modifying
strings. Nearlyall editingoperationshave theform alteration(old,new,context). The
context canbeomitted,meaningthat the first instanceof old in thebasedescription
is changed.This is sometimesambiguous,in which casethecontext is usedto define
whereto startsearchingfor old. Themodificationoperatorsarerelatively smartin that
they checkwhethertheold or new text isacombinatorcall or aparameter. Parentheses
aroundtheparametersof a call arethereforerespectedautomatically. Apart from the
modificationoperators,header is usedto give author, date,purpose,etc. This is
preferableto anANGEN commentsinceheadercontentsarepreservedin thegenerated
ANISE andLOTOS, providing an‘audit trail’ backto theoriginal featuredescription.

Call Waiting introducesthreenew elementaryfeatures:Recall(pressingtherecall
button),Select(dialling a digit to control thecall) andClear3(calleronly is cleared).
The descriptionof Call Waiting in figure 4 follows how it is normally implemented
in theUK. Whena subscriberis alertedby call waiting tone,pressingrecallandthen
a digit indicatesthedesiredaction. Dialling 1 rejectsthewaiting call. Alternatively,
Dialling 2 swapsthewaitingcall andthecurrentcall. If any otherdigit is dialledor the
calledpartypressesrecallagain,thecurrentcall is resumed.At any point thecalleror
thecalledpartymayhangup, causingthewaiting call to beactivated. Note that this
procedurediffersfrom thatnormallyimplementedin theUS,whereflash-hookis used
to swapbetweencalls. TheUK approachavoids theambiguityof flash-hook,which
is alsousedto controlThree-WayCalling in theUS implementation.

The prefix operatorinsertsthe new text beforethe old text. For Call Waiting,
this is usedfor thenew elementaryfeatures.Thestring‘% Call’ identifieswherethe
BasicCall descriptionbegins,i.e. theendof theelementaryfeatures.In fact thenew
elementaryfeaturescouldbeinsertedanywherereasonable;‘% Call’ merelypreserves
theconventionalorganisationof anANISE description.

For convenience,thebehaviour of Call Waiting is givenastwo separatedeclara-
tions: CallWait for themainbehaviour, andCallWaitClear for theactionon clearing
duringCall Waiting. Eachof theseis introducedusingtheappendoperatorthatplaces
thedeclarationsjust wheretheBasicCall behaviour starts.Again, thepositioningof
the declarationsis just for consistency. At the level of a call, Call Waiting modifies
thespeechphase(in thebehaviour definedby Answering). In thePOTS description,
clearingdisablesspeech.Thewrap operatorenvelopesthis portionof thebehaviour
with thewaits combinatorthatspecifiesCall Waiting. ThiscombinatortakesCallWait
asthe top-level definition of how Call Waiting works. Note that the introductionof
waitscorrespondstoprovisioningCallWaitingin thenetwork. Individualsubscription
to Call Waiting is still necessary.

Featuresgenerallyrequiresubscriberprofiles to be set up, since this is where
subscriptionsto a featurearerecorded.In this example,it is supposedthatsubscriber
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124(line 53) haschosenCall Waiting. Theprofile for this subscriberis changedby
appendingcall wait, whichis simplyanindicatorthatCall Waiting is available.Since
commasseparateoperatorparameters,‘124,53’isquotedto indicatethattheembedded
commais literal text.

Featuresgenerallymodify the Basic Call description. Somefeaturesalso have
aneffect at a global level if they changetheway thatmultiple callsarecoordinated.
This is thecasefor Call Waiting sinceit altersthemeaningof a line beingbusy. An
engagedline mayreceivea waiting call (it ‘rings’ with call waiting tone). In passing,
notethata furthercall attemptwhena call is waiting will genuinelyreceive line busy.
Thefill operatoris the inverseof wrap; it insertstext within anexisting combinator.
In the caseof Call Waiting, the waits call combinatoris insertedinside the useof
checks busy in POTS. The ideais that Call Waiting checksfor line busy first, and
passesthis conditiononto the usualbusy checkonly if Call Waiting is not possible
(becauseCall Waiting hasnot beensubscribedto, or becausewaiting is alreadyin
progress).

Theeasiestway to understandtheeffect of ANGEN is to seehow thedeclarations
in figure4 changethoseof figure2 and3. An outlineof thenew ANISE description
appearsin figure 5. (For readability, the layout and commentshave beenslightly
modifiedfrom theactualANGEN output.)

2.3. Featurevalidation

TheANTEST language(ANISE Test)is usedto expressvalidationscenarios.Such
testsarecurrentlydefinedmanuallyusingthedesigner’sunderstandingof how afeature
shouldwork. Thereis thereforeno formal coverageof a feature’sbehaviour, muchas
with otherusecaseapproaches.Testingtheory(e.g.[JI 99, TRE 96]) allows rigorous
generationof testsfrom specifications. This would be useful for deriving testsof
actualfeatureimplementations.However it would be pointlessfor ANTEST sinceit
would merelyproducetestsof a featurespecificationfrom itself. Instead,intuitive
expectationsof featuresarevalidated.An alternativeapproachwouldbeto derivetests
from formally statedpropertiesof features.

For reference,a summaryof ANTEST is given in table7 of the appendix. As an
exampleof ANTEST, figure6 presentsa testof Call Waiting. Theaim is to checkthat
theoriginatorof acall cansuccessfullyparticipatein Call Waiting. Othertestsof Call
Waiting checkcaseslike the calledparty enteringCall Waiting, controlling calls by
dialling a digit or hangingup,etc.

The scenarioin figure 6 involves subscribers296 (Tom), 456 (Fiona) and 624
(Simon). Their namesdo not appearin the test,but they areintroducedto make the
following explanationsmorenatural.Fiona,whohassubscribedto Call Waiting,calls
Tom andbegins talking. Simonnow calls Fiona. Although sheis technicallybusy,
Simonhearsringingtonewhile Fionahearscall waitingtone.FionaasksTomto hold,
andswitchesto the waiting call. Simonnow speaksto Fiona. Fionaswapsbackto
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header(pots.angen− PlainOld TelephoneService,K. J.Turner, 3rdAugust2000)
header(cw.angen− Call Waiting,K. J.Turner, 3rdAugust2000)
% Feature:
... % elementaryfeaturesasPOTS
declare(Recall,...) % suspend/resumecall
declare(Select,...) % dial digit to selectaction
declare(Clear3,...) % clearcalleronly
% Call:
declare(CallWaitClear,...) % clearduringcall waiting asCW
declare(CallWait,...) % call waiting asCW
declare(Dialling,...) % dial phaseasPOTS
declare(Ringing,...) % ring phaseasPOTS
declare(Answering, % answerphase,POTSwith CW

enables( % answer, stopring, speak,clear
Answer, % answercall
waits( % allow call waiting

CallWait, % call waiting behaviour
disables( % clearstopsspeech

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

declare(Call,...) % overallbasiccall asPOTS
% Profile:
profile(124,53,call wait) ... % num124/id53with CW
% Global:
declare(MaxCalls,100) % numberof concurrentcalls
global(tel, % namefor telephoneservice

checks busy( % monitorline free/busy
waits call( % call waiting busycheck

instances(MaxCalls,Call)))) % instantiatecalls

Figure5. ANISEdeclarationsfor POTSmodifiedbyCall Waiting

Tom but thendecidesto hangup,causingTom to hangup aswell. Fiona’s telephone
rings asSimonis reconnected.Shepicks up the call andspeaksto Simon. Finally
bothof themhangup.

A testdeclarationgivesits nameandbehaviours. The testin figure6 shouldrun
successfully, sothesucceedsoperatoris used.This takesa sequenceof actionsto be
performed. A sendactionoccurswhena subscribersendsa signal to the network,
whilearecvactioncorrespondstoreceivingasignal. Suchactionsgivethesubscriber’s
numberandthenameof thesignal.Althoughsignalscorrespondto serviceprimitives,
testdescriptionsaresimplified by not having to explicitly statewhethera primitive
is a request,indication,responseor confirm. This is automaticallyinferredfrom the
ANISEcontext (ormoreexactly, usingtheLOTOSgeneratedfromANISE). Forexample,
thefirst actionin figure6 is actuallyOffHook.Request. Theparameterof a primitive
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test(CW Originator Swaps, % testoriginatorcall swap
succeeds( % successfulsequence

send(456,OffHook), % Fionapicksup
recv(456,OffHook,DialTone), % Fionahearsdial tone
send(456,Dial,296), % FionadialsTom
recv(456,Dial,RingTone), % Fionahearsringing tone
recv(296,StartRing,NormRing), % Tom startsringing
send(296,Answer), % Tom answers,stopsringing
recv(456,Answer), % Fionahearsringing tonestop
send(456,Speech,"HelloTom"), % Fionaspeaksmessage
recv(296,Speech,"HelloTom"), % Tom hearsmessage
send(624,OffHook), % Simonpicksup
recv(624,OffHook,DialTone), % Simonhearsdial tone
send(624,Dial,456), % SimondialsFiona
recv(624,Dial,RingTone), % Simonhearsringing tone
recv(456,StartRing,CallWaitTone), % Fionahearscall waiting tone
send(456,Speech,"PleaseholdTom"), % Fionaspeaksmessage
recv(296,Speech,"PleaseholdTom"), % Tom hearsmessage
send(456,Recall), % Fionarecallsexchange
send(456,Select,2), % FionaselectsSimon
send(456,Answer), % Fionahearswaiting tonestop
recv(624,Answer), % Simonhearsringing tonestop
send(624,Speech,"It’sme,Simon"), % Simonspeaksmessage
recv(456,Speech,"It’sme,Simon"), % Fionahearsmessage
send(456,Recall), % Fionarecallsexchange
send(456,Select,2), % FionaselectsTom
send(296,Speech,"Thisis Tom again"), % Tom speaksmessage
recv(456,Speech,"Thisis Tom again"), % Fionahearsmessage
send(456,OnHook), % Fionahangsup
recv(456,StartRing,NormRing), % Fionastartsringing again
recv(296,OnHook), % Tom told to hangup
send(296,OnHook), % Tom hangsup
send(624,Speech,"Simonwaswaiting"), % Simonspeaksmessage
recv(456,Speech,"Simonwaswaiting"), % Fionahearsmessage
send(456,Speech,"Sorryto keepyou"), % Fionaspeaksmessage
recv(624,Speech,"Sorryto keepyou"), % Simonhearsmessage
send(624,OnHook), % Simonhangsup
send(456,OnHook))) % Fionahangsup

Figure6. AnANTESTtestscenariofor Call Waiting
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test(TCS ScreenedNumber, % testincomingcall screened
refuses( % refusedsequence

send(624,OffHook), % Simonpicksup
recv(624,OffHook,DialTone), % Simonhearsdial tone
send(624,Dial,296), % SimondialsTom
recv(624,Dial,BarredMess), % Simonhearsbarredmessage
fails( % failuresequence

recv(296,StartRing,NormRing)))) % Tom mustnotstartringing

Figure7. AnANTESTtestscenariofor TerminatingCall Screening

mayoptionallybegiven,sothesecondactionis OffHook.Confirm(DialTone). ANTEST

acceptsvaluesof the ANISE built-in types. For example,NormRing(normal ring
cadence)is a valueof CalledMess(messageissuedto a calledparty). Speechin a
call is representedby text strings.Althoughthecontrolaspectsof acall canbetested
withoutgiving explicit speechmessages,for a featurelikeCall Waiting it is important
tostatewhichpairof partiesiscommunicating.Someapproachesdonotmodelspeech
in calls,therebyomitting this crucialaspect.

Figures6 and8 aresimpleacceptancetests– they confirmthatthenetworkbehaves
asexpected. The ANISE library also includesthe more importantrefusalteststhat
checksthenetwork will notdo theunexpected.Figure7 illustratesTCS(Terminating
Call Screening)whereTom hasbarredcalls from Simon. If Simondoescall, then
Tom’s telephonemustnot start ringing. The refusesoperatorintroducesbehaviour
that terminatesin somethingforbidden. In this test,fails definestheactionof Tom’s
telephoneringingasillegal. Althoughthelastparameterof refusesisalwaysforbidden
behaviour, fails is usedto declareany behaviour (possiblycomposite)asincorrect.

Figures6 and7 arealsosequentialtests– actionsareperformedin a fixedorder.
TheANISE library includesmorechallengingteststhat involve concurrency. Indeed,
certainkinds of problemsaremorelikely to be uncoveredby concurrenttestssince
they canexercisemoreof a feature’sbehaviour.

In figure8, bothTom andFionatry to call Simonsimultaneously(asindicatedby
interleaves). Thesequencesoperatordeclaresactionswithout statingif they should
besuccessfulor not; this is separatelystatedusingsucceedsor fails. After dialling,
thereis a choiceof outcomes(as indicatedby offers): the call is put throughand
answered,or the caller receivessubscriberbusy tone. When this test is evaluated
againstthe network specification,all possibleinterleavingswill be checked. In fact
thetestsallows for a racecondition: bothTom andFionamaydial at thesametime,
andit is non-deterministicwhichcall is put through.Notethatthis testmerelyallows
simultaneouscalls to thesamenumber. Anothervariantof this testensuresthatonly
onecall at a time is put through.

ANTEST containsyet more operatorsfor defining useful tests. For example,a
test may be madeconditionalon whethera featurehasbeensubscribedto. Thus
depends(screen in(296,624),...)will beexecutedif TomhasbarredcallsfromSimon.
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test(POTS InterdependentCalls, % testcompetingcalls
interleaves( % interleavedsequences

sequences( % eventsequence
send(296,OffHook), % Tom picksup
recv(296,OffHook,DialTone), % Tom hearsdial tone
send(296,Dial,624), % Tom dialsSimon
offers( % alternativebehaviour

succeeds( % successfulsequence
recv(296,Dial,RingTone), % Tom hearsringing tone
recv(624,StartRing,NormRing), % Simonstartsringing
send(624,Answer), % Simonanswers,stopsringing
recv(296,Answer), % Tom hearsringing tonestop
send(296,OnHook), % Tom hangsup
recv(624,OnHook), % Simontold to hangup
send(624,OnHook)), % Simonhangsup

succeeds( % successfulsequence
recv(296,Dial,SubsBusyTone), % Tom hearssubscriberbusytone
send(296,OnHook)))), % Tom hangsup

sequences( % eventsequence
send(456,OffHook), % Fionapicksup
recv(456,OffHook,DialTone), % Fionahearsdial tone
send(456,Dial,624), % FionadialsSimon
offers( % alternativebehaviour

succeeds( % successfulsequence
recv(456,Dial,RingTone), % Fionahearsringing tone
recv(624,StartRing,NormRing), % Simonstartsringing
send(624,Answer), % Simonanswers,stopsringing
recv(456,Answer), % Fionahearsringing tonestop
send(456,OnHook), % Fionahangsup
recv(624,OnHook), % Simontold to hangup
send(624,OnHook)), % Simonhangsup

succeeds( % successfulsequence
recv(456,Dial,SubsBusyTone), % Fionahearssubscriberbusytone
send(456,OnHook)))))) % Fionahangsup

Figure8. AnANTESTtestscenariofor POTSwith interleavedcalls

2.4. Tool supportfor analysis

To beapractical(andindustriallyacceptable)technique,ANISEneedstool support.
Figure9 shows that themain toolsareessentiallyhidden(within thelight grey box).
Thisemphasisesthepoint thattheuseof a formalmethodis notvisible. Furthermore,
the internal languagecould be somethingother thanLOTOS, suchasSDL. The tool
usercreatesoneor moreANISE featuredescriptions.For eachfeaturedescriptionthe
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tool userwritesa collectionof validationscenarios(usecases)to confirmthedesired
operationof the feature. Thesescenariosare fed into the toolset to automatically
generatereports.

A staticinterferencereportindicateswherefeaturesmodify thesameaspectof the
BasicCall. This doesnot, in itself, meanan interaction– but it is a significanthint.
Static interferenceidentifiesa potentialproblemthat can be studiedin more detail
throughsimulation.Examplesof staticinterferencefor a typical featuresetaregiven
later in this subsectionandin section3. The dynamicinterferencereport indicates
wherethe characteristicsof a featureare changedwhen it is combinedwith other
features.Examplesof dynamicinterferencearegivenin section5. SinceANISE hides
the useof a particularformal language,all reportsaretranslatedfrom their internal
form (LOTOSoriented)backinto theform written by theuser(ANISE, ANTEST). This
makesthereportsintelligible to thenon-formalist.

Unlikesomemethods,ANISEallowsall featurestobecheckedin combination.It is
thereforenotrestrictedto checking,say, pairsof features.It coulddetectaninteraction
thatinvolvedmany features.Althoughdynamicinterferenceappearsto subsumestatic
interference,thelatter is still interestingfor two reasons.First, thestaticinterference
reportidentifiesthespecificfeaturesandwherethey overlap;thedynamicinterference
reportsimply statesthe point at which a featurefails to work. Staticinterferenceis
thereforehelpful in pinpointingthecauseof interaction.Typically it helpsto identify
wherefeaturesneedto be prioritised relative to eachother. Second,the report on
dynamicinterferenceis only ascompleteasthe validationscenarios.Hopefully the
scenariosgive a realisticsetof usecases.But it is possiblefor staticinterferenceto
uneartha problemthat it is not explicitly allowed for duringvalidation. This would
suggestthatthetestscenariosbeextended.

To ensureportability, theANISEtoolsarewrittenusingreadilyavailablelanguages.
Overall tool control is embeddedin Perlscripts(about750non-commentlines). The
ANISE, ANGEN andANTEST translatorsusethe GNU M4 macroprocessor[SEI 97].
Although M4 is just a macroprocessor, it is surprisinglyflexible [TUR 94b]. The
advantageof M4 relative to a conventional lex/yacc translatoris that it has good
facilities for text processingand translation. The parsingcapabilitiesof lex/yacc
would be of limited valueto ANISE sincethe languagesto be translatedhave a very
simplestructure.

Thetranslatorsarerelatively robustandcheckthestaticcorrectnessof their input
descriptions.Thelibrary containsaround60 teststhathave beenusedto evaluatethe
standardfeaturesmentionedlaterin table1. Thetoolsdetectthevastmajorityof static
errorsin an ANISE, ANGEN or ANTEST description,thougha few typesof errorscan
slip throughto thetranslatedLOTOS (wherethey causeanobviouserror). M4 allows
theANISE library to bewrittenin amodularfashion.Thereare12modules,occupying
about8150non-commentlines, that describethe combinatorsandoperatorsof the
languages.It is easyto extendthe library with new modules,or to addnew features
within existingmodules.
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Figure9. Tool Supportfor ANISE

Although the ANISE validatorseemsto have the samestatusas the other tools,
it is actuallya self-standingtoolset: TOPO andLOLA (LOTOS Laboratory[PAV 95])
developedby thePolytechnicUniversityof Madrid. Theseprovide a comprehensive
set of tools for analysingLOTOS. In particular, LOLA hasconvenientfacilities for
checkinga testprocessagainsta specification. LOLA alsoautomatesthe procedure
for introducingsuchatestat thetop level of aspecification.TheTestExpandfunction
of LOLA automaticallychecksfor deadlocksandnon-determinism(eitherof which
is symptomaticof a featureinteraction). CADP (CæsarAldébaranDevelopment
Package[FER 96]) would be an alternative LOTOS toolsetto use. If ANISE useda
differentformal language,the ANISE validatorwould be replacedby a differenttool
(suchastheTelelogicTAU/SDT validatorandits associatedtoolset).

Theuserinterfaceto thetoolsetis a simplecommand-linecall like:

angen pots abd acb cfbl ccbs cnd cw dr one ocs cfu tcs twc

This combinesthe ANGEN and ANTEST files defining eachfeature,translatesthem
to LOTOS, andrunsthe validator. The basedescription(POTS) mustbe given first.
The featuresare appliedin the order given, thus defining a relative priority where
necessary. In fact only a partial orderingis requiredamongthe above featuresfor
correctprioritisation: ABD < ONE < OCS< CFU. The orderof other featuresis
unimportant.It would bestraightforwardto enforceprioritisationruleswith ANGEN,
but this is not donesothatvariousfeaturecombinationscanbeevaluated.

On theauthor’s PC(a 450MHz Pentium),theangen commandabove takes8.5
minutesto complete.Thetool outputis (in part):
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Testing ABD Normal Call Pass 3 succ 0 fail 3.0 sec
Testing ABD Normal Call Pass 3 succ 0 fail 3.0 sec
Testing ABD Abbreviated Call Pass 3 succ 0 fail 1.1 sec
...
Testing POTS Interdependent Calls Pass 102 succ 0 fail 1.6 min
Testing POTS Independent Calls Pass 120 succ 0 fail 2.9 min

This shows eachtestbeingrun andits outcome.In mostcasestherearea numberof
alternativepathsthatleadto successof thetest.Thelastfew testshavealargenumber
of successpathsbecauseof their highdegreeof concurrency.

Thevalidationtime is roughlyproportionalto thesquareof thenumberof concur-
rentcall instances(threefor theresultsabove). Threeconcurrentcallsserveto identify
nearlyall realisticfeatureinteractions.Thenumberof network subscribers,13 in the
testsabove, wasratherlarger to allow for interestingcombinationsof featuresin the
subscriberprofiles. Thevalidationtime doesnot vary muchaccordingto thenumber
of subscribers.The validationtime doesnot vary too seriouslywith the numberof
features.For example,the time to validatePOTS plus the first threefeaturesabove
(ABD, ACB, CFBL) is roughlydoubledafteraddingall theotherfeatures.Validation
in thepresenceof extra featuresis lengthenedmainly by theextra successpathsthey
permit(dueto additionalinternalevents).Sinceonly somefeatures(e.g.CCBS,CW,
TWC)causeadditionalinternalevents,theapproachscalestomorecomplex networks.

Table1 givesanoverview of theresultsfrom usingthetoolset. Cells in thetable
containasymbolwhereANISEreportsaproblemfor apairof features.These(potential)
interactionshave beencategorisedhereas: interactionis well-known, featureneeds
appliedin thecorrectorder, featureneedsextensionto handleaspectsof otherfeatures,
andpotentialinteractionneedsfurtherinvestigation.A moredetailedanalysisappears
in [TUR 98a]. Sampleobservationsdrawn from this tableareasfollows:

CF/CF: Call forwardingloopsaredetectedstaticallywhensubscriberprofiles
areanalysedby ANISE.

CND/CF: Asanexampleof apotentialinteractionneedingfurtherconsideration,
it is necessaryto decideif thenumberof therealcalleror thatof theforwardingline
is deliveredto thecalledparty.

CW/CF: As an exampleof a well-known featureinteraction,Call Forwarding
on BusyLine conflictswith Call Waiting.

CW/CW: A commonlyreportedambiguitywith Call Waiting [CAM 93] does
notarisein ANISEbecausecancellingthecurrentcall alwaysreturnsto thewaitingcall
evenif it is onhold.

CW/TWC: A commonlyreportedambiguity with flash-hook[CAM 93] does
not arisein ANISE becauseCall Waiting follows theUK model(in which flash-hook
is not used).

OCS/ABD: As anexampleof featureordering,OriginatingCall Screeningmust
beappliedafterAbbreviatedDialling to ensurethatthefull numberis screened.

TWC/ABD: As anexampleof featureextension,Three-WayCallingmustallow
AbbreviatedDialling whenthesecondleg of a call is established.
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ABD ACB CCBS CF CND CW DR OCS ONE TCS TWC
ABD
ACB
CCBS
CF
CND
CW
DR
OCS
ONE
TCS
TWC

Well-known interaction Featureorderingneeded
Featureextensionneeded Furtherconsiderationneeded

ABD AbbreviatedDialling ACB AutomaticCall Back
CCBS Call Completionto BusySubscriberCF Call Forwarding(all forms)
CFBL Call Forwardingon BusyLine CFDA Call ForwardingDon’t Answer
CFU CallingForwardingUnconditional CND CallingNumberDelivery
CW Call Waiting DR DistinctiveRing
OCS OutgoingCall Screening ONE OneNumber
TCS TerminatingCall Screening TWC Three-WayCall

Table 1. (Potential)interactionsamongANISEfeatures

3. GeneratingANISE

ANGEN wasdiscussedin section2.2andis summarisedin table6. As anexample
of ANGEN, theCall Waiting featureis definedin afile calledcw.angenwhosecontents
areshown in figure 4. The command-linecall angen cw carriesout the translation
to ANISE. Theangen tool is normallyusedto combinea numberof featuresat once.
Oneof the M4 library modulescontainsdefinitionsof theANGEN operators.In fact
theapplicativesyntaxof ANGEN is alsothatof M4. Theangentool invokesM4 onthe
ANGEN file, resultingin a temporaryfile of Perleditingcommands.This is thenused
onthebasedescription(pots.angen) to createacompositeANISE descriptionof POTS
with Call Waiting. ThePerlcommandsreporterrorssuchasnotbeingableto find the
old text or its context.

ANGEN automaticallychecksfor overlappingalterationsby different featuresin
thesamepartof thebasedescription.For example,achangeby two featuresis clearly
incompatible.Thecheckis achievedby recordingwhichpartsof thebasedescription
aremodified in which way. It is safeto usethe fill operatoron a part of the base
descriptionthatis alteredby differentfeaturesin otherways. If theappendor prefix
operatoris usedwith other append and prefix operatorsin an identical context, a
warningis issuedthat thereareinconsistentalterationsandthe changeis not made.
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For othermodificationoperatorsin anidenticalcontext, awarningof overlapis issued.

Most ANGEN warningsconcernfeaturesthat needto be prioritised relative to
eachother. For examplewhen combiningAbbreviated Dialling, Call Forwarding
Unconditional,OutgoingCall ScreeningandOneNumber, ANGEN reports:

Warning − Allowed overlapping changes of ‘dials ’ :
fill in ABD, CFU, OCS, ONE

All thesechangethedialsbehaviour. TheANISEusermustdecideif thiswarningneeds
actionor not. As it happens,thesefeaturesmustbeappliedin thecorrectordersince
they all affectdialling. AbbreviatedDialling mustbeappliedfirst to thenumberdialled
by theuser, expandingit to its full form. OneNumbermustnow beusedto determine
theactualnumberto becalled. OutgoingCall Screeningcannotbeappliedearlierin
caseAbbreviatedDialling or OneNumberexpandsto a barrednumber. Finally, Call
ForwardingUnconditionalmustbeappliedafterOutgoingCall Screeningto avoid this
beingbypassed.

Not respectingthis orderof applicationwould indeedleadto featureinteractions.
For example, a devious teenagercould still call a barrednumberby defining an
abbreviatedcodefor it. Note that thepossibilityof interactionis identifiedstatically
by ANGEN from thenatureof thestructuralalterationsto POTS. However theANISE

usermuststill decideif the interactionis real andapply the featuresin the correct
order.

WhencombiningCallingNumberDelivery, DistinctiveRingandTerminatingCall
Screening,ANGEN reportsthefollowing warning:

Warning − Allowed overlapping changes of ‘ rings ’ :
fill in CND, DR, TCS

All of thesechangethe rings behaviour. Again this raisesinterestingquestions.
For example,shouldTerminatingCall Screeningbe appliedbeforeCalling Number
Delivery, i.e.shouldabarrednumberbedisplayedonthecalledparty’stelephoneeven
if the call is not put through? Is it technicallypossibleto combineCalling Number
Delivery with Distinctive Ring? Probablythe warningsareharmless,but they raise
issuesfor consideration.

ANGENalsowarnsthatAutomaticCall Back,Call Completionto BusySubscriber,
Call Forwardingon BusyLine andCall Waiting maynot becompatible:

Warning − Allowed overlapping changes of ‘checks busy ’ :
fill in ACB, CCBS, CFBL, CW

The warningidentifiesthat all four featureschangethe meaningof line busy (com-
binatorchecks busy). Call Completionto BusySubscriberandAutomaticCall Back
areprobablycompatiblesincea manualrequestto returnthe call canbe subsumed
by anautomatedreturncall. However, Call Forwardingon BusyLine interactswith
AutomaticCall Back. If thenumberobtainedaftercall forwardingis alsobusy, should
this or theoriginally diallednumberreturnthe call? If a caller with AutomaticCall
Backcallsa busy line with Call Waiting, shouldthecallerbeheldor shouldthecall
bereturned?Again,questionslike theserequirecarefulresolution.
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Module Purpose
anise genericdefinitionsandinclusionof othermodules
anise comb gen general-purposecombinators
anise comb tel telecommunicationsservicecombinators
anise feat elementaryfeatures
anise prim int internaltypes
anise prim par serviceprimitives
anise prim queue serviceprimitivequeues
anise prim type servicetypes
anise prof subscriberprofiles

Table 2. ANISEcombinatorlibrary modules

In general,correct featureordering has beenensuredin ANISE by combining
featuresin the requiredsequence. Featureextensionshave beenincorporatedas
neededin the definitionsof the telecommunicationscombinators. Other problems
have alsobeenresolvedduringthedesignof ANISE, sothat theANISE featurelibrary
canbeusedwithout interactions.

4. Translating ANISE to LOTOS

This sectionexplainshow ANISE is translatedto LOTOS. Theoverall shapeof the
generatedspecificationis givenfirst. Thenit is shown how typicalelementaryfeatures
andcombinatorsaretranslated.Finally, the global behaviour of the specificationis
discussed.Referto section2.1 andtables3, 4, 5 of theappendixfor anoverview of
ANISE. A summaryof LOTOSsyntaxappearsin table8 of theappendix.

4.1. LOTOSgeneration

An ANISEdescriptionnetwork.anise,probablygeneratedby ANGENfromPOTSand
featuredescriptions,is translatedto LOTOSwith thecommand-linecall anisenetwork.
A small script translatesthe ANISE descriptionto LOTOS using M4, automatically
incorporatinga numberof library moduleslistedin table2.

Theoverall shapeof thegeneratedLOTOSspecificationis asfollows:
(* headerdetailingANGEN modulesthatgeneratedthespecification*)
specificationTelService[tel] : noexit

library types
serviceprimitive parametertypes
serviceprimitive types
serviceprofile types
serviceprimitive internal types

behaviour
hide ctl in top-levelprocess
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where
elementaryfeatureprocesses
combinatorprocesses
top-levelprocesses
testprocesses

endspec

TheANGEN descriptiongivesthenameof service(e.g.tel). This is usedto namethe
specificationandthegateusedto communicatewith subscribers.An internalcontrol
gatectl is usedfor coordinationof callsasdescribedin section4.4.

ThegeneratedLOTOS containsa substantialnumberof datatypesusedto support
therestof thespecification:

Serviceprimiti ve parameters: Thesearepredefinedtypesthatmaybeusedin
an ANISE description. CalledMessdefinesmessagesto a calledparty (e.g. various
ring patterns).CallingMesscorrespondsto messagesfor thecallingparty(e.g.various
tones).Dig andNumdefinedigitsandtelephonenumbers;‘#’ and‘*’ arealsoallowed.
Voice is usedfor speechmessages.BecauseLOTOS doesnot have a built-in syntax
for numbersand strings,telephonenumbersandspeechmessagesusea somewhat
awkwardsyntaxinternally. A moreconventionalsyntaxis availableto theANISE user,
andis translatedinto theinternalLOTOSformat.

Serviceprimiti ves: A complex setof typedefinitionsisgeneratedfor theservice
primitivesusedin calls. Theseprimitivesarenot built in; they aredeclaredasele-
mentarybehavioursin POTSandthefeaturesit is combinedwith. Thecorresponding
datatypesaregeneratedautomatically. Eachelementaryfeaturegivesrise to a set
of internal operationsandequations. A further datatype allows queuesof service
primitiveswhoseoccurrencesmay overlap. When POTS is combinedwith the IN
featuresin table1, theserviceprimitivedatatypesamountto about270non-comment
linesof LOTOS. Thesearemainly takenup with equationaldefinitionsof theinternal
operations.

Serviceprofiles: Eachfeaturehasa datatype for defining its usein a profile.
For exampleAbbrevsdefinesabbreviateddialling codes,andScrInsdefinesincoming
numbersto bescreened.ThesubscriberprofilesareheldastheglobalvalueProfiles.
SinceLOTOSdoesnot allow globalvariables,Profilesis actuallya constant(although
generatedon translationfrom theprofile informationin theANISE description).

Serviceprimiti ve internals: It isnecessarytogiveanumberof internaltypesnot
visible in anANISE description.Theseincludeline identifiers,andassociationsof line
identifiersor telephonenumbersin calls. Whenacall ismadebetweentwosubscribers,
their line identifiersandtelephonenumbersaretemporarilyassociated.Otherinternal
typesareusedfor controlof callsandcheckingtheresultsof combinators.

After thetypescometheprocesses.Eachelementaryfeaturedeclarationandeach
combinatorusagegivesriseto aprocessdefinitionasdescribedin sections4.2and4.3.
WhenANTESTtestsaretranslatedto LOTOS, they appearattheendof thespecification.
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4.2. Elementaryfeatures

The following example of an elementaryfeaturedeclarationwas discussedin
section2.1:

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

This is translatedinto LOTOSasfollows:
processOffHookFeat[g1, g2] (* calleroff-hook ... *)
(n1,n2 : Num) : exit (Num,Num,Result): (* yieldsnumbers/result*)
g1 ?id1: Id ?prim1: Prim (* allow primitive if ... *)

[IsKind (prim1,OffHookReqKind)and (* off-hookrequest... *)
IsId (id1, n1)]; (* for first number*)

g1 !id1 ?prim2: Prim (* allow primitive if ... *)
[IsNextPrim(prim2,prim1)]; (* off-hookconfirm*)

exit (IdNum (id1, n1),n2,ResultOf(prim2)) (* yield numbers/result*)
endproc (* OffHookFeat*)

In facta featuredeclarationgeneratestwo things: a processdefinition like theabove
andthemeanstocall thisprocess.In thecontext of adeclarationlikedeclare(Seize,...),
Seizeis definedasa potentialcall of the off-hook process.If Seizeis usedliterally
later in the ANISE description,it expandsto an instantiationof the processabove:
OffHookFeat [g1, g2] (n1, n2). However if logical subscribersare identified,as in
Seize(32), the numberparametersarechanged:OffHookFeat [g1, g2] (n3, n2). For
thespecialcaseof Seize(00), whichappearsin figure2 andis explainedin section2.1,
thenumberparametersaresuppliedasanull value(NoNum).

An elementaryfeatureoperatesbetweenapairof subscribers,andis parameterised
byagateandtelephonenumberateachsubscriber. Bothgatesarenormallytheservice
gate(e.g.tel); theuseof thecontrolgateis discussedin section4.4. If subscriber124
(line 53)goesoff-hook,thiscorrespondsto theLOTOSeventtel !53 !OffHookReq. The
processdefininganelementaryfeaturehasa templatethatis determinedby its pattern
(local confirmed in this case)andits orderingproperty(single in this case). In the
library, thetemplateis embeddedin a macrofor this particularpattern-propertypair.
(Therearesubstantialsimilaritiesamongmany suchmacros.)Thegeneratedprocess
is namedaftertheserviceprimitive(OffHookin thiscase),whosenameis alsobeused
aspartof thedefinition(OffHookReqKindin theabove).

A locally-confirmedserviceprimitive hasa requestfollowed by a confirm. The
featureprocessfirst acceptsa primitive of kind off-hook request(OffHookReqKind)
whoseline identifier correspondsto the subscriber’s number(IsId). Note that the
processis parameterisedby telephonenumbers,but eventsuseline identifiers.This is
becauseseveralnumbersmaycorrespondto oneline, andeventshappenon physical
lines. Following the request,the featureprocessacceptsa primitive that logically
follows the previousone(IsNextPrim). The orderingof primitivesdependson their
pattern. For a locally-confirmedprimitive, a requestis followedby a confirm. The
gateandline identifierfor theconfirmarethesameasfor therequest.
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Finally thefeatureprocessexits with apairof telephonenumbersandtheresultof
the lastprimitive. A call startsout asa processwith anundefinedpair of associated
telephonenumbers. The appropriateelementaryfeaturesbind theseparametersto
actualtelephonenumbers. Going off-hook fixes the calling number, while dialling
fixesthecallednumber. The IsId predicateusedaboveallows for this. If thenumber
is unboundthen any line identifier may be usedin an event, but the processwill
exit with a numbercorrespondingto this. If the numberis known, then only the
correspondingline identifiermaybeusedin anevent. Thesubscriberprofilesdefine
the mappingfrom numbersto identifiers; the mappingmay be many to one. The
featureexit valuesinclude the result of the last primitive (ResultOf). This value
is madeavailable to combinatorsthat dependon it. For exampleas discussedin
section2.1,enables on result requiresanoff-hookconfirmto resultin dialling tone
beforedialling is permitted.

More complex patternshave morecomplex templates.For example,a two-party
clear(Clear2 in figure2) translatesto:

processOnHookFeat1[g1, g2] (* two-partyclear... *)
(n1,n2 : Num) : exit (Num,Num,Result): (* yieldsnumbers/result*)
g1 ?id1: Id ?prim1: Prim (* allow primitive if ... *)

[IsKind (prim1,OnHookReqKind)and (* on-hookrequest... *)
IsId (id1, n1)]; (* for first number*)

g2 ?id2: Id ?prim2: Prim (* allow primitive if ... *)
[IsNextPrim(prim2,prim1)and (* on-hookindication... *)

IsId (id2, n2)]; (* for secondnumber*)
g2 !id2 ?prim3: Prim (* allow primitive if ... *)

[IsNextPrim(prim3,prim2)]; (* on-hookresponse*)
exit (IdNum (id1, n1), IdNum(id2, n2), (* yield numbersand... *)

NoRes) (* no result*)
endproc (* OnHookFeat1*)

If severalelementaryfeaturehavethesameprimitivename(likeOnHook), subsequent
featureprocessesarenumbered(1 in theabovecase).

Morecomplex propertiessuchasorderedallow severalinvocationsof anelement-
ary featureto co-exist. The correspondingserviceprimitive occurrencesarequeued
anddeliveredin theorderthey happened.Forexamplethisappliesto Speakin figure2:

processSpeechFeat[g1, g2] (* one-wayspeech... *)
(n1,n2 : Num) : noexit : (* neverexits *)
SpeechFeatA[g1, g2] (n1,n2) (* speechin isolation*)

|| (* synchronisedwith ... *)
SpeechFeatB[g1, g2] (n1,n2,<> ) (* speechordering*)

where
processSpeechFeatA[g1, g2] (* speechin isolation... *)
(n1,n2 : Num) : noexit : (* neverexits *)
g1 ?id1: Id ?prim1: Prim (* allow primitive if ... *)

[IsKind (prim1,SpeechReqKind)and (* speechrequest... *)
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IsId (id1, n1)]; (* for first number*)
(

g2 ?id2: Id ?prim2: Prim (* allow primitive if ... *)
[IsNextPrim(prim2,prim1) and (* speechindication... *)

IsId (id2, n2)]; (* for secondnumber*)
stop (* speechinstancedone*)

||| (* in parallelwith ... *)
SpeechFeatA[g1, g2] (n1,n2) (* new speechinstance*)

)
endproc (* SpeechFeatA*)
processSpeechFeatB[g1, g2] (n1,n2 : Num, (* speechordering... *)
primq : PrimQueue): noexit : (* hasqueue,neverexits *)
g1 ?id1: Id ?prim1: Prim (* allow primitive if ... *)

[IsKind (prim1,SpeechReqKind)]; (* speechrequest*)
SpeechFeatB[g1, g2] (IdNum(id1, n1),n2, (* repeatordering... *)

prim1+ primq) (* addingnew speech*)
(* or ... *)

g2 ?id2: Id ?prim2: Prim (* allow primitive if ... *)
[IsNextQueue(prim2,primq)]; (* next in speechqueue*)

SpeechFeatB[g1, g2] (n1, IdNum(id2, n2) (* repeatordering*)
RemPrev (prim2,primq)) (* removing old speech*)

endproc (* SpeechFeatB*)
endproc (* SpeechFeat*)

This follows theLOTOS constraint-orientedstyle [TUR 97b, VIS 91]. Oneconstraint
(SpeechFeatA) definesthe basicpatternof speechasunconfirmed. The othercon-
straint(SpeechFeatB) reflectstheorderedpropertythatrequiresaqueueof primitives.
‘<> ’ is the initially emptyqueue,‘+’ appendsto the queue,andRemPrev removes
a previous occurrenceof a queuedprimitive. For yet morecomplex propertieslike
unreliable, queueoperationsallow primitivesto getout of orderandevento belost.

4.3. Featurecombinators

A numberof combinatorstranslateveryeasilyintoLOTOS. Forexample,CallWait-
ing in figure4 offersachoiceof thecallerthecalledclearing:offers(Clear1,Clear3).
This becomesa LOTOS choicebetweeninstancesof the correspondingelementary
features:

processOffers[tel, ctl] (* choiceof clearing... *)
(n1,n2 : Num) : exit (Num,Num,Result): (* yieldsnumbers/result*)
OnHookFeat[tel, tel] (n1,n2) (* callerclears*)

(* or ... *)
OnHookFeat2[tel, tel] (n1,n2) (* calledis cleared*)

endproc (* Offers*)
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Like a featureprocess,a combinatorprocessis parameterisedby a pair of gates
andnumberscorrespondingto the two subscribers.The processis namedafter the
combinator(with a numericalsuffix if thereareseveral of the sameone). Combin-
ators,like features,alsogeneratea processdefinitionandyield the meansof calling
this process. A combinatorcall will thereforework with any parameters,whether
invocationsof elementaryfeaturesor of other combinators. For example,figure 4
specifiesa sequenceof clearingby thecaller, ringing, andfinally a choiceof clears:
enables(Clear1(21),rings(...),offers(...)). The enablescombinatortakesthe process
callsgeneratedby thenestedconstructsandusesthemin sequence:

processEnables[tel, ctl] (* clear/ring/clear... *)
(n1,n2 : Num) : exit (Num,Num,Result): (* yieldsnumbers/result*)
OnHookFeat[tel, tel] (n2,n1) (* callerclears*)

>> acceptn2,n1 : Num,res: Resultin (* andthen... *)
Rings[tel, ctl] (n1,n2) (* calledis rung*)

>> acceptn1,n2 : Num,res: Resultin (* andthen... *)
Offers[tel, ctl] (n1,n2) (* callerclears/iscleared*)

endproc (* Enables*)

In this way, the hierarchicalstructureof an ANISE descriptionis translatedinto a
hierarchicalsetof callson LOTOS processes.Note thatbecausethefirst featureis in
thereversedirection(21), thenumbersareswappedinsidethecombinatordefinition.

An importanttranslationrule is thata combinatortreatsits parametersascallsof
unknown processes,thusensuringcompositionalityof translationrules. This consid-
erablycomplicatestranslatingsomecombinators.As anexample,figure2 dealswith
simultaneousclearingby bothparties:collides(Clear2). Thecomplicationis to define
collideswithoutknowledgeof thespecificnatureof thebehavioursthatarecombined.

processCollides[tel, ctl] (* behaviour collision ... *)
(n1,n2 : Num) : exit (Num,Num,Result): (* yieldsnumbers/result*)
(

(
OnHookFeat1[tel, tel] (n1,n2) (* on-hookfeature*)

> (* disabledby ... *)
exit (n1,n2,NoRes) (* numbers/noresult*)

)
||| (* interleavedwith ... *)

(
(

OnHookFeat1[tel, tel] (n2,n1) (* on-hookswapped*)
>> acceptn2,n1 : Num,res: Resultin (* andthen... *)

exit (n1,n2, res) (* numbers/givenresult*)
)

> (* disabledby ... *)
exit (n1,n2,NoRes) (* numbers/noresult*)

)
)
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|[tel]| (* synchronisedwith ... *)
CollidesA[tel, ctl] (* possiblecollision *)

where

processCollidesA[tel, ctl] : (* allow for collision ... *)
exit (Num,Num,Result): (* yieldsnumbers/result*)
tel ?id : Id ?prim: Prim; (* allow first primitive*)
tel ?id : Id ?prim: Prim; (* allow secondprimitive*)
(

[IsReq(prim)] > (* if request... *)
exit (any Num,any Num,any Result) (* any numbers/result*)

(* or ... *)
[not (IsReq(prim))] > (* if not request... *)

CollidesB[tel, ctl] (* any primitive*)
)

endproc (* CollidesA*)
processCollidesB[tel, ctl] : (* allow any primitive ... *)
exit (Num,Num,Result): (* yieldsnumbers/result*)
tel ?id : Id ?prim: Prim; (* allow any primitive*)
exit (any Num,any Num,any Result) (* any numbers/result*)

endproc (* CollidesB*)
endproc (* Collides*)

Again, this is constraint-orientedin style. Thetop-level behaviour interleavesthe
givenbehaviour (processOnHookFeat1, correspondingto declarationClear2) in each
direction. Eithermaybeinterruptedat any point by anexit, i.e. it maysimply cease.
Coordinationof thetwo directionsis handledby synchronisationwith CollidesA. This
initially allows a pair of primitives. With collision this will be a pair of requests,
but without collision therewill bea requestfollowedby an indication. If thesecond
primitive is a requestthencollision hasoccurred,andCollidesAforcesanimmediate
exit. Otherwisetherehasbeennocollision,andbehaviour proceedsasCollidesB. This
simply allows theremainingbehaviour to unfold andthento terminatesuccessfully.

A furthercomplicationhandledby Collidesis thatoneor bothof thenumbersin
the call may not yet have beenfixed. The exits with any valuesallow theseto be
determinedif necessaryby thecollidesbehaviour parameter. Collidesalsoexits with
whatever resultthegivenbehaviour yields.

The intentionof combinatorslike collides andrelatedonesis relatively easyto
grasp. However as just seen,their formalisationis quite complex. This underlines
theflexibility andappropriatenessof LOTOSastheformal languagechosenfor ANISE.
In otherlanguages,suchasSDL, the translationwould be morecomplex andcould
probablynot begenericin thesensethatcollides is.

Thecombinatorsillustratedabovearegeneral-purposeandcouldbeusedfor other
kinds of service. For examplethe authordevelopeda similar approachcalledSAGE
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(ServiceAttributeGenerator[TUR 93]) for describingservicesin OSI(OpenSystems
Interconnection[ISO 94]). Thetelecommunicationscombinatorslistedin table5 are
translatedin broadlysimilar waysasthegenericcombinators.

4.4. Globalbehaviour

Thetoplevelof anANISEdescriptionis generallyacall of checks busy, translated
into theLOTOStop-level behaviour:

processChecksBusy[tel, ctl] : noexit : (* monitorline busy/free*)
RingsBack[tel, ctl] (* normal/ring-backcalls*)

||
ChecksBusyA[tel, ctl] (<> of IdAssocs, (* busychecks*)

<> of IdAssocs,<> of NumAssocs,<> of NumAssocs)
where

processChecksBusyA[tel, ctl] (* busychecks*)
(Calls,NoWaits: IdAssocs,Dials,Returns: NumAssocs): noexit :
...

endproc (* ChecksBusyA*)
endproc (* ChecksBusy*)

InsideChecksBusy, ChecksBusyAmonitorsthestatusof calls,particularlythebusy/free
stateof lines. ‘<> ’ hereisanemptylist. ChecksBusyAmaintainsanumberof (global)
statusvariables:

Calls: lists the associationsbetweensubscribersin currentcalls; it is simply a
list of calling andcalledline identifierpairs

NoWaits: dealswith lines whereCall Waiting is no longer allowed becausea
subscriberhasdecidedto cancelCall Waiting for thecurrentcall

Dials: listspairsof numbersneededfor LastNumberRedial

Returns: lists pairsof numbersneededfor AutomaticCall Back

A significantchallengeatthetopmostlevelof behaviour is tomakethecombinators
act compositionally. UnfortunatelytherearestronginterrelationshipsamongAuto-
maticCall Back,Call Completionto BusySubscriber, Call Forwardingon BusyLine
andCall Waiting. Eachof the correspondingcombinatorsthereforeinsertsseparate
sectionsof LOTOS into thedefinitionof ChecksBusyA. Wherethereareoverlaps,the
translationprocedurecombinesthesesections.

Anotherchallengeis controlof calls. Sincecall control is internalto thenetwork
it cannotbe exertedthroughthe normal LOTOS gateusedfor communicationwith
subscribers(tel). Instead,all call processeshaveaninternalgate(ctl) thatcanbeused
to manipulatecalls. Internal interactionsat the control gatearesynchronous,so its
introductiondoesnotcausespuriousdeadlocks.
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Thecontrolgateisusedfor featuressuchasCallWaiting. A waitingcall exchanges
normalsignalswith its subscriber, but is not connectedto theotherparty. Insteadany
eventsat the waiting end take placeat the control gate. This is usedto causethe
connectionto becleared,sayif thecalledpartydecidesto rejectthewaiting call. The
control gateis alsousedfor internalsignallingconcernedwith automaticredial and
normalandring-backcalls.

ChecksBusyAsynchroniseswith RingsBack. This representsregular subscriber-
initiatedcallsaswell asnetwork-initiatednormalandring-backcalls. RingsBack has
theform:

Instances[tel, ctl] (* normalcalls*)
||| (* interleavedwith ... *)

RingsBackA[tel, ctl] (* ring-backcalls*)

Instancescontainstherequirednumberof callsdeclaredwith the instancescom-
binator. Eachcall is aninstanceof theBasicCall behaviour definedin ANISE. It starts
out with no associatedsubscribers.Whena subscribergoesoff-hook, any free call
instancesynchroniseswith thesubscriberandremainsin useuntil thecall is cleared.
Thenthe call instancemay be usedagain. The numberof instancesis thereforethe
concurrentcapacityof thenetwork; theremaybemoresubscribersthancall instances.
However thenumberof ring-backcall instancesvariesdynamically. Whenring-back
is required,a call instanceis createddynamically. Ring-backcallsarenot subjectto
the instanceslimit, anddisappearwhenthecall is cleared.

Supposethat therearetwo call instances,oneof which is currentlyidle andone
of which connectsnumber124(line 53) to number456 (line 37). Supposealsothat
a ring-backcall is pendingfrom number296 to number456. The LOTOS process
structurein thissituationis equivalentto:

(Call [tel, ctl] (NoNum,NoNum) ||| Call [tel, ctl] (124,456))
||

ChecksBusyA[tel, ctl] (< [53,37]> ,<> ,< [124,456]> ,< [296,456]> )

SinceLOTOS doesnot have a built-in syntaxfor lists, < [...,...], ...> is usedabove
asa shorthandfor a list of pairs. A pair of associatednumbersor line identifiersis
built up gradually. Whenline 53 goesoff-hook,anembryonicassociation[53,NoId]
is created.Whenline 37 is called,this changesto [53,37]. Supposethat line 53 is
laterput on hold dueto Call Waiting. In this situation,theassociationis changedto
[Held(53),37].

Thefirst call instanceabove hasno associatedsubscribers(NoNum). Thesecond
call instanceabove links numbers124 and 456. Both call instancesoperateinde-
pendentlyin parallel,but aresynchronisedwith ChecksBusyAfor call control. The
parametersof this show thatlines53 and37 areassociated(thesecondcall instance),
Call Waiting hasnot beensuspendedby any subscribers,124 last dialled456,anda
ring-backcall from 296to 456is pending.Whenthecall from 124to 456clears,296
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and456will be‘claimed’ for thering-backcall. This will becreatedasa furthercall
instanceinterleavedwith thetwo regularcall instances.

5. Translating ANTEST to LOTOS

ANTEST was introducedin section2.3 and is summarisedin table 7. ANTEST

scenariosare translatedquite readily to LOTOS. The command-linecall antestcw
translatesthe file cw.antest into LOTOS. As mentionedin section2.3, the signal
namesusedby sendand recv aretranslatedto their LOTOS equivalents. Onesmall
complicationis translatingthe conventionalsyntaxfor decimalnumbersandspeech
messagesinto aninternalLOTOSsyntax.A numberis translatedasadigit string,while
a speechmessageis translatedinto a string of (ASCII) binary values. Numberand
stringvaluescouldhave beentranslatedinto internalconstants,with possiblesavings
in validationtime.

As examplesof ANTEST translations,figure 10 shows how figures7 and 8 are
translated.For readability, theconventionalsyntaxfor numbersis usedhere.Eachtest
correspondsto a LOTOSprocesswith thesamename.A testprocessis parameterised
by the standardservicegate(tel) andone for indicatingsuccessfultest completion
(OK).

Theactionsof sendandrecvaretranslatedtoLOTOSevents.Themaindifferenceis
thatthetelephonenumberin anaction is translatedinto thecorresponding lineidentifier
(asexplainedin section4.2). A testwith refusesis a sequenceof eventsfollowedby
a choiceof theinvalid behaviour (which leadsto deadlock)or successfultermination.
The interleaves operatorrequiressynchronisationonly on the OK gate; eventsat
the tel gateare indeedinterleaved. The sequencesoperatorsimply giveseventsin
sequence,while offers correspondsto LOTOS choice. The othertestoperatorshave
straightforwardcounterparts.Theonly unusualoperatoris depends, which statically
checksthesubscriberprofilesduringtestgenerationandproducestestcodeasrequired.

All thetestfilesarenormallytranslatedtogetherasalist of LOTOSprocesses.These
arecombinedautomaticallywith thetranslationof thegeneratedANISE. Thisresultsin
asingleLOTOSfile thatis usedfor validation.Thetestsarethenrunautomaticallyone
by one.TheTestExpandfeatureof LOLA internallymodifiesthespecificationto place
the testprocessin parallelwith the top-level behaviour. Thecompositebehaviour is
thenexhaustively explored. If all pathsleadto thesuccessevent,thetestis saidto be
‘must pass’. However if only someof thepathsleadto success,thetestis saidto be
‘may pass’.If no pathsleadto success,thetestis saidto fail. In ANTEST terms,these
correspondto success,inconclusiveandfailureverdicts.

If a testdoesnot succeed,ANTESTrunsit a secondtime to determineall thepaths
that lead to failure. Theseare thenprintedout in a diagnosticreport. Sincethere
maybeseveralequivalentpathsleadingto failure,theduplicatesareeliminatedin the
report. ThediagnosticreportalsoconvertstheLOTOSsyntaxfor eventsbackinto the
form originally usedby ANTEST. ThisavoidsexposingtheANISE userto thevagaries
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processTest TCS ScreenedNumber[tel, OK] : noexit :
tel ! 32 ! OffHookReq; tel ! 32 ! OffHookCon(DialTone);
tel ! 32 ! DialReq(296); tel ! 32 ! DialCon(RingTone);
(

tel ! 27 ! StartRingInd(NormRing);stop

i; OK; stop
)

endproc (* Test TCS ScreenedNumber*)

processTest POTS InterdependentCalls[tel, OK] : noexit :
(

tel ! 54 ! OffHookReq; tel ! 54 ! OffHookCon(DialTone);
tel ! 54 ! DialReq(296);
(

tel ! 54 ! DialCon(RingTone);
tel ! 18 ! StartRingInd(NormRing);
tel ! 18 ! AnswerReq;tel ! 54 ! AnswerInd;
tel ! 54 ! OnHookReq;
tel ! 18 ! OnHookInd;tel ! 18 ! OnHookReq;
OK; stop

tel ! 54 ! DialCon(SubsBusyTone);
tel ! 54 ! OnHookReq;
OK; stop

)
|[OK]|

tel ! 95 ! OffHookReq; tel ! 95 ! OffHookCon(DialTone);
tel ! 95 ! DialReq(296);
(

tel ! 95 ! DialCon(RingTone);
tel ! 18 ! StartRingInd(NormRing);
tel ! 18 ! AnswerReq;tel ! 95 ! AnswerInd;
tel ! 95 ! OnHookReq;
tel ! 18 ! OnHookInd;tel ! 18 ! OnHookReq;
OK; stop

tel ! 95 ! DialCon(SubsBusyTone);
tel ! 95 ! OnHookReq;
OK; stop

)
)

endproc (* Test POTS InterdependentCalls*)

Figure10. Sampletranslationsof ANTESTscenarios
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of LOTOS.

Supposethatnumber296(Tom)hassubscribedto AutomaticCall Back. Tom has
alsochosento barcallsfrom number624(Simon).Tom callsSimonwhenheis busy
andthenhangsup. WhenSimonis free,shouldthenetworkcallTomback?Automatic
Call Back would requirethis, while TerminatingCall Screeningwould forbid it. A
testthatcreatedthis situationwould bereportedasfollows:

Testing Screen CallBack Inconclusive 1 succ 1 fail 7.4 sec
send(624,Offhook)
send(296,Offhook)
recv(296,Offhook,DialTone)
send(296,Dial,624)
recv(296,Dial,SubsBusyTone)
send(296,Onhook)
send(624,Onhook)
< failure point >

Thechoiceof network actionsleadsto successin onecase(thecall is returned)and
failurein theothercase(thecall is not returned).In factthis problemwasdiscovered
and curedduring the developmentof ANISE by checkingfor call screeningbefore
honouringtherequestfor ring-back.

Apart from non-determinism,featureinteractionalsoappearsasstraightfailureof
a test:

Testing POTS Dial Check Fail 0 succ 3 fail 4.8 sec
send(124,Offhook)
recv(124,Offhook,DialTone)
send(124,Dial,196)
< failure point >

Threefailurepathsarereportedbecausethreeconcurrentcall instancesareallowed.

6. Conclusionand discussion

It hasbeenseenthatANISE offersfacilitiesfor structuring,describing,combining
andvalidating features. The approachhasbeenevaluatedusingPOTS anda range
of typical IN features.Throughstaticanddynamicanalysis,interestinginteractions
canbe found– someof themwell-known andsomerequiringfurther consideration.
AlthoughLOTOS hasbeensuccessfullyusedasthe internalformal representation,its
existenceis hiddenfrom thetool user.

In principlethis allows a differentchoiceof internallanguagein future. SDL and
conventionalprogramminglanguages(e.g.C++ or Java) would beattractivepossibil-
ities,but therewouldbesignificantchallengesin translatingtheANISE constructsinto
theselanguages.ANISE wasdevelopedlargely from architecturalprinciples. In fact,
it is a derivativeof theearlierSAGE language(ServiceAttributeGenerator[TUR 93])
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usedto expressOSI services.It shouldbesaid,however, that ANISE wasdeveloped
hand-in-handwith its translationto LOTOS. A numberof thegenericANISE combinat-
orsareratherLOTOS-likein style(e.g.disables), butanumberarenot(e.g.interrupts ).
Thetelecommunicationscombinatorswereinspiredpurelyby the IN, andsoarenot
LOTOS-oriented. Most of the combinatorscould be representedreadily in another
language. However, asseenin section4.3 someof the combinators(e.g.collides)
arecomplicatedto translate.Theconstraint-orientedstyle in LOTOS worksvery well
for these.In a more‘conventional’language,suchcombinatorswould probablyhave
to be translatedusinga setof case-specifictemplates.Theadvantageof the LOTOS-
basedapproachis that combinatorscanbe translatedalmostindependentlyof their
(behavioural)parameters.

TheANISE languageallows a rangeof typical telecommunicationsfeaturesto be
described.ANISEderivesitsflexibility fromasetof simplebuildingblocks(elementary
features)andwaysof combiningthem(genericor telecommunicationscombinators).
In this sense,ANISE supportsan architecturefor definingservices.Although POTS
andtheBasicCall form thebasisfor IN features,theANISE approachis moregeneral
than this andcould be usedfor otherkinds of services. Being derived from SAGE,
ANISE cancertainlybeusedfor OSI-likeservices.ANISE is alsodeliberatelydesigned
to handleawiderangeof IN features,andnotjustsingle-endedsingle-point-of-control
features.Specifically, ANISE is targetedat definingtherelationshipamonga number
of calls(e.g.asrequiredfor multiwaycallsor conferences).

ANISE alsotakesa ratherhigh-level view of servicesasseenby communicating
users.It shouldthereforebepossibleto modelotherkindsof servicessuchasarisein
TINA or in multimediasystems.ANISE would handlecontinuousbit streamsasit cur-
rently handlesspeech– asstreamsof packetiseddata.Issuessuchassynchronisation
andsessioncontrolcouldwell requirenew ANISE combinators.Servicemanagement,
suchasbilling andservicesubscription,arenot currentlydealtwith in ANISE. There
is a deliberatefocus on ordinary userbehaviour, so managementwould requirean
extensionof themodel.

SinceANISEisatextuallanguage,it is lessattractiveto industrialusers.A prototype
tool hasbeendevelopedfor giving ANISE descriptionsin agraphicalform resembling
figure1. Thetextual form of ANISE canbederivedautomaticallyfrom this. Theonly
reasonfor consideringagraphicalsyntaxis to improvecomprehensibility–particularly
for noviceusers.A graphicaldescriptioncanprovideagoodoverview of structure,as
is hopefullyevident from figure1. Thetextual form of ANISE, seenin figure2, does
not show theoverall relationshipbetweenbehaviouralelementssowell.

TheLOTOSspecificationsgeneratedby ANISE arequitereadable(by thosefamiliar
with LOTOS!). This is helpedby the neat layout and the automaticallygenerated
comments(whichalsoprovidelinks backto theANISEsource).Howevertheextensive
useof abstractdatatypesandconstraint-orientedcompositionmakesthespecifications
somewhatremotefrom aprogrammaticimplementation.Theintentionwas,of course,
to representfeaturebehaviour compactlyandto facilitatesimulationandanalysis.
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The ANGEN languageallows featuresto be definedin isolation and then to be
automaticallycombinedwith a basedescription. ANGEN generatesreportsof static
overlapsamongfeaturesasaby-productof combingfeatures.Typically theseoverlaps
requireprioritisationor extensionof features.

The ANTEST languageallows validation scenarios(usecases)to be definedfor
features. Theseare automaticallyapplied, and allow featuresto be evaluatedin
isolationor in combination. It is possibleto checkall featuressimultaneously, and
thusto discover arbitraryn-way interactions.ANTEST looks even morelike LOTOS,
yet it essentiallyexpressessequence,choiceandconcurrency. It shouldthereforebe
feasibleto translatemostof ANTESTto otherlanguages.Themaindifficulty wouldbe
in handlingconcurrency (awkwardin SDL, threadsin Java). Refusaltestswould be
expressedby actionsthat led to an internalerror. MSCs(MessageSequenceCharts
[ITU 96b]) couldbeusedasanalternativetoANTEST, thusconnectingtoawell-known
formalism. Yet, ANTEST hasthe advantageof beingclosedtied in with ANISE (e.g.
theuseof shorthandsfor signalnames).A graphicalapproachcouldalsobeusedwith
ANTEST.

NotethatANTESTmerelyvalidatesratherthanverifiesfeatures,soit wouldbeuseful
to derive rigoroustestsautomatically. The authorhasshown [JI 99] that techniques
for protocoltestderivationaremoregenerallyapplicable,andshouldbeadaptablefor
telecommunicationsservices.It would alsobeusefulto definesymbolicteststhatdo
not rely on particularsubscribersandparticularprofiles. Thereis someprospectof
achieving this usingLOLA. Using an ANISE specificationto generateuseful feature
implementationtestsis anareafor furtherstudy.
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[FER 96] FERNÁNDEZ J.-C.,GARAVEL H., KERBRAT A., MATEESCUR., MOUNIER L., SIGHIRE-
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71–86,North-Holland,Amsterdam,Netherlands,1994.

[TUR 94b] TURNER K. J., “Exploiting them4MacroLanguage”,TechnicalReportCSM-126,
Departmentof ComputingScienceandMathematics,Universityof Stirling,UK, September
1994.

[TUR 97a] TURNER K. J., “An Architectural Foundationfor Relating Features”,in: Proc.
4th. InternationalWorkshopon Feature Interactionsin TelecommunicationNetworksand
Software Systems(ed. by DINI P., BOUTABA R., LOGRIPPOL. M. S.), pp. 226–241,IOS
Press,Amsterdam,Netherlands,1997.

[TUR 97b] TURNERK. J.,“IncrementalRequirementsSpecificationwith LOTOS”, Requirements
EngineeringJournal, Vol. 2, pp.132–151,November1997,Springer-Verlag.

[TUR 97c] TURNERK. J.,“RelatingServicesandFeaturesin theIntelligentNetwork”, in: Proc.
4th. InternationalConferenceon Telecommunications(ed.by KUNS̆TIĆ M.), pp. 235–243,
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A. Languagesummaries

The ANISE servicecombinatorsare summarisedin tables3, 4 and5. Tables3
and4 give genericcombinatorsthatareapplicableto a rangeof services,andnot just
thosein telecommunications.Table5 givestelecommunicationscombinatorsthatare
particularto servicessuchas thosefound in the IN. The modificationoperatorsof
ANGEN aresummarisedin table6. The testoperatorsof ANTEST aresummarisedin
table7. LOTOSsyntaxis summarisedin table8.

Statement Meaning
% commenttext informal explanation
alternates(behaviour) alternatesin eachdirection
behaviour featuredeclaration/combination
collides(behaviour) executesseparatelyin eachdir-

ection,reinforcingon collision
declare(name,behaviour) givesnameto behaviour
direction local/remote subscribers, e.g.

00 (none)or 21
disables(behaviour1,behaviour2) execution of behaviour1stops

behaviour2
duplicates(behaviour) executesindependentlyin each

directionsimultaneously
enables(behaviour1,behaviour2,...) when each behaviour termin-

ates,thenext maystart
enables after ack(behaviour1,behaviour2,...) after response/confirmof each

behaviour, thenext maystart
enables after try (behaviour1,behaviour2,...) after request/indicationof each

behaviour, thenext maystart
enableson result(behaviour1,result2, beha-
viour2,result3,behaviour3,...,behaviourN)

behaviour1 result decides fu-
ture: if result2thenbehaviour2,
..., behaviourNby default

exit successfultermination
feature(direction) named elementary behaviour,

with optionaldirection
feature(direction,pattern,property,group(param)) elementarybehaviour of given

characteristics,for onegroup
feature(...,group1(param),group2(param)) elementary behaviour of

given characteristics, for
reques/acknowledgement
groups

Table 3. ANISEgenericservicecombinators
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Statement Meaning

finishes(behaviour) no further action after behaviour
terminates

global(name,behaviour) global specification behaviour
with givenservicename

group commonpartof serviceprimitive
names,e.g.OffHook

header(commentary) preservescommentaryasaheader
in thegeneratedLOTOS

instances(count,behaviour) numberof independentbehaviour
instances

interleaves(behaviour1,behaviour2,...) independentexecution
interrupts (behaviour1,behaviour2) behaviour1mayinterruptthenre-

startbehaviour2
interrupts after ack(behaviour1,behaviour2) behaviour1 may interrupt then

restart behaviour2 after re-
sponse/confirmfrom behaviour2

interrupts after try (behaviour1,behaviour2) behaviour1 may interrupt then
restart behaviour2 after re-
quest/indicationfrom behaviour2

loops(behaviour) repeatson successfultermination
name identifier (letters, digits, under-

scores),e.g.Call Clear
overtakes(behaviour1,behaviour2) behaviour1may begin later than

behaviour2but finish earlier
param service primitive parameter

(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,line,...) subscribernumber, line identifier
andparameters

property consecutive, ordered, reliable,
single, unreliable

reverses(behaviour) executesin oppositedirection

Table 4. ANISEgenericservicecombinators
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Statement Meaning

calls thr ee(behaviour1,behaviour2) three-way calls follow behaviour1,
normalcallsbehaviour2(TWC)

checksbusy(behaviour) monitorsandrespectsline busystate
dials(behaviour) dialled number determinescalled

number
dials code(behaviour) abbreviateddialling codeis expan-

dedfor behaviour (ABD)
dials one(behaviour) calleduniversalnumberis translated

to calledidentifier(ONE)
diverts always(behaviour) called line is changeduncondition-

ally (CFU)
diverts busy(behaviour) calledlineischangedif calledisbusy

(CFBL)
diverts unanswered(behaviour) called line is changedif call is un-

answered(CFDA)
returns automatic(behaviour1,behaviour2) ring-back calls follow behaviour1,

normalcallsbehaviour2(ACB)
returns manual(behaviour1,behaviour2) ring-back calls follow behaviour1,

normalcallsbehaviour2(CCBS)
rings(behaviour) calledgetsappropriatering pattern
rings display(behaviour) calledgetcalling number(CND)
rings preference(behaviour) calledgetsring preference(DR)
screens in(behaviour) behaviour for bannedcallingnumber

will not terminate(TCS)
screensout(behaviour) behaviour for bannedcallednumber

will not terminate(OCS)
waits(behaviour1,behaviour2) waitingcallsfollow behaviour1,nor-

mal callsbehaviour2(CW)
waits call(behaviour) handlecall waiting globally (CW)

Table 5. ANISEtelecommunicationsservicecombinators
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Statement Meaning

% commenttext informal explanation
append(old,new,context) old hasnew appended,in theoptionalcontext
change(old,new,context) old is changedto new, in theoptionalcontext
delete(old,context) deletesold, in theoptionalcontext
fill (old,new,context) old hasnew inserted,in theoptionalcontext
header(commentary) preservescommentaryasheaderin thegeneratedANISE

prefix(old,new,context) old hasnew placedin front, in theoptionalcontext
wrap(old,new,context) old hasnew wrappedaroundit, in theoptionalcontext

Table 6. ANGENmodificationoperators

Statement Meaning
% commenttext informal explanation
decides(behaviour1,behaviour2,...) testermakesbehaviour choice
depends(condition1,behaviour1,

condition2,behaviour2,...,behaviourN)
if condition1holdsthenbehaviour1, ...,
elsebehaviourNby default

exits(behaviour1,behaviour2,...) behaviour1, ... in sequence,and then
termination

fails(behaviour1,behaviour2,...) behaviour1, ... in sequence,and then
deadlock

interleaves(behaviour1,behaviour2,...) independentparallelbehaviours
offers(behaviour1,behaviour2,...) network makesbehaviour choice
recv(number,primitive,parameter) subscriberat numberreceivesprimitive,

with optionalparameter
refuses(behaviour1,behaviour2,..., be-
haviourN)

behaviour1, ... in sequence,and then
behaviourNmustnot happen

send(number,primitive,parameter) subscriberat number sendsprimitive,
with optionalparameter

sequences(behaviour1,behaviour2,...) behaviour1, ... in sequence
succeeds(behaviour1,behaviour2,...) behaviour1, ... in sequence,and then

terminatessuccessfully
test(name,behaviour) testnameandbehaviour

Table 7. ANTESTtestoperators
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Statement Meaning
(* commenttext *) informal explanation
exit behaviour terminatessuccessfully
exit(results) successfulterminationwith resultvalues
exit(results) >>

acceptdeclarationsin behaviour
terminationwith export of resultvalues

gate a‘port’ atwhicheventoffersmaysynchronise
gate!value eventoffer synchroniseson givenvalue
gate?variable:sort eventoffer synchronisesonany valueof sort,

bindingactualvalueto variable
gate!... ?... [predicate] eventoffer with predicateon values
processname[gates] (parameters) :

noexit := behaviour
namedprocessdefinitionwith givengatesand
parameters,but no termination

processname[gates] (parameters) :
exit(results) := behaviour

process that terminatessuccessfully with
givenresultsorts

process[gates] (parameters) instantiationof namedprocess
stop behaviour doesnothing(no furtheraction)
event; behaviour prefixeseventoffer to somebehaviour (‘fol-

lowedby’)
[guard] > behaviour offers behaviour only if guard condition is

satisfied(‘if ’)
behaviour1 behaviour2 offerschoicebetweentwo behaviours(‘or’)
behaviour1>> behaviour2 if behaviour1exits, behaviour2follows(‘en-

ables’)
behaviour1> behaviour2 behaviour2may disrupt behaviour1, unless

behaviour1exits first (‘disabledby’)
behaviour1|| behaviour2 two behaviours in parallel, but fully syn-

chronised on their events (‘synchronised
with’)

behaviour1||| behaviour2 two behavioursin parallel,but independently
occurringevents(‘interleavedwith’)

behaviour1|[gates]| behaviour2 two behaviours in parallel,synchronisingat
givengates(‘synchronisedon gateswith’)

Table 8. LOTOSsyntaxsummary
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