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ABSTRAT. ANISE(Architectural Notionsin ServiceEngineeringcanbeusedo describearange
of telecommunicationservices,including thosefrom the Intelligent Network. The approad
is supportedby the ANGEN (ANISE Geneator) languaye for combining featues, the ANISE
language for definingfeatues, and the ANTEST(ANISE Test) language for definingvalidation
scenarios. It is explained how all three are translatedinto Lotos (Languaye of Tempoel
Ordering Specification) permitting any numberof featuesto be validatedin isolation or in
combination. Thetoolsetto permit this and the Anise featue library are discussed.Typical
resultsare presentedromthe automatedanalysisof telecommunicationservices.

RESUME. ANISE (Architectural Notionsin ServiceEngineering)estutilisé pour la description
d’'une gammevariée de servicesde telecommunicationincluant ceuxdu Réseaulntelligent.
L’approche offre le langage ANGEN (ANISE Geneator) pour la combinaisondesservices,le
langage ANISE pour la descriptiondes services,et le langage ANTEST (ANISE Test) pour la
définition desscenariosde test. L'article explique commentiraduire cestrois langages en
Lotos (Languae of Tempoal Ordering Specification).Cecipermetla validation desservices
specifies, soitindividuellemensoit combiresles unsauxautres. Lesoutils impliguesde meme
que la bibliotheque de servicesd’ANISE sont décrits. Des résultatstypiquesprovenantde
I'analyseautomati€ede servicegletélecommunicatiosontprésengs.
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1. Intr oduction
1.1. Context

A telecommunicationserviceis a setof network capabilitiesforming a package
that userscan subscribeto. A telecommunicationgservice)featureis a network
capabilitythatformspartof aservice.Thedistinctionbetweerservicesandfeatureds
moreof a marketingissuethanatechnicalissue.For example,Abbreviating Dialling
might be providedasa servicein its own right, or it may be provided only aspart of
anotherservicesuchasCreditCardCalling. For this reasonthe authorprefersto talk
abouta featureasboth a building block andwhatis availableto a user Howeverin
deferencéo commonusagethe termservicewill alsobe usedwhereit seemanore
appropriate.

Since the rangeof servicesdifferentiatesnetwork operators,thereis a strong
incentive to supportan ever increasingsetof features. It is alsolikely that service
subscriptionsvill beasignificantsourceof futurerevenue particularlysincethecostof
providing basiccallscontinuedo fall. Howeverashasbeenknown for somedecades,
addingnew featureds problematicbhecausehey may conflict with existing features.
The FeaturenteractionProblemhasbeena sourceof active researcior sometime.
For example,[CAM 93, DER 92] classifya numberof well-known interactionsand
placethemwithin ageneraframework.

Methodsfor dealingwith featureinteractionsmay be broadly split into offline
and online techniques. Among the offline techniquesare those basedon formal
specificationand analysisof featuresets. Many different formal languageshave
beenusedto specify features. However, approachesising LoTos (e.g. [BOU 93,
FAC 97, KAM 98, STE 95, THO 97]) seento have beenparticularlypopular MSCs
(MessageSequenceCharts[ITU 96h) have also inspired several approachege.g.
[BER 97, BLO 97, DSS97]). [AMY 99] proposesan approachfor the structuring
of featuresbasedon use casemaps. CHISEL [AHO 98] is anotherexample of a
graphically-basedpproacho structuringservicespecifications.The authorhasalso
developedtranslationgo LoTos (andSDL) for CHISEL [TUR 0Q].

Another classof offline techniqueds termed‘architectural’ by the author The
emphasisereis on properstructuringof features.Indeedthe authorfeelsthata good
theoryfor structuringand specifyingfeaturess an essentiafoundation. If features
aredefinedin anad hocmannerit is hardly surprisingif they overlapandconflict.

ThelN (IntelligentNetwork [ITU 93¢ ITU 93d ITU 964) andtheAIN (Advanced
IntelligentNetwork) claimto offer anarchitecturdor definingfeatures However, the
authorsview isthattheseareratherbottomup andorientedtowardsergineerirg issues.
Instead,top-davn servicearchitecturemerits attention. TINA (Telecommunications
Intelligent Network Architecture,e.g.[DUP 95]) offers a much higherlevel frame-
work for definingservices Featuranteractionwithin the TINA context is discussedhn
[GAA 93 KOL 98, MUL 92, OHT 93, SIN 99. ANSA (Advanced\etwork Systems
Architecture[LIN 94h])) present@ comparablarchitecturaframewnork. Otherwork-



ers, including the author emphasiséhe role of architecturen formal specification.
For example,a building block approacthis presentedn [LIN 944.

SCEg(ServiceCreationErvironmentsg.g.thetoolsof EricssonHewlett-Packard,
MarconiCommunicationsiNortelor Siemensarecommonin industryfor developing
telecommunicationservices. SCEsusuallyemploy proprietarySIBs (Servicelnde-
pendenBuilding Blocks[ITU 93k ITU 97h). They tendto focusonpragmatidssues
sincetheir goalis to generatectualcodefor network SCPYServiceControl Points).
Unfortunatelythis meanghatSCEsareusuallyspecificto a particularplatform. They
areratherimplementation-orientedsreatingpotentialproblemsof portability, inter-
operability andmaintainability CurrentSCEsmight be caricaturedasbeinggoodat
serviceengineeringout weakon serviceanalysis.

1.2. ANISE

The authorhasbeendeveloping an architecturallybasedapproachcalled ANISE
(ArchitecturalNotionsIn ServiceEngineering).Thefollowing explainsthe evolution
of ANISEandhow it relatego this paper AlthoughANise leadsto formal specification
andrigorousanalysisof featuresjt mightfairly be saidthatits emphasiss on struc-
turing services. Thatis, ANISE supportsa theoryfor definingservicesin arigorous
manney usinga hierarchyof behaioural building blocksandtheir combinations.In
ANISE all beharioursarecalledfeatureswhetherthey be elementarysuchasdialling
anumber)or complex (suchasThree-Way Calling).

Theinitial work on ANISE attemptedo createa morerationalservice/featurdier
archy[TUR 97d. This shavedthe possibility for structuringservicesprogressiely
from simplerfeatures. The foundationof the approachwasthenlaid in [TUR 974.
This demonstratedhat the Basic Call and variantsof it could be modelledusing
surprisingly simple building blocks. By way of contrast,the IN usesa variety of
approachefor constructingservices.SIBsarerathervariablein sizeandcomplexity.
More importantly, the onespresentedor theIN have not beenshavn to be sufficient
or necessaryor therangeof IN services.The notionof GSL (Global ServiceLogic
[ITU 93b ITU 974]) for combiningSIBsisin needof elaborationThelN alsopresents
anothermway of constructingservicesusing Basic Call modelsand Trigger Detection
Points[ITU 933 ITU 974. The call modelsare ratherdifferentin naturefrom the
approachiakenby SIBs. Thecall modelsarealsoratherimplementation-orientednd
reflectthe serviceshathave beendeployed sofar (mainly single-endedsingle point
of control). It is not clearthatthe modelswould be appropriatefor more advanced
kinds of services(e.g.with distributed control or multimedia). For this reasonthe
BasicCall is constructedn ANISE. Otherservicebasesouldequallywell be defined
in ANISE.

Oncethearchitecturabpproachof ANISE wasestablishedywork beganontranslat-
ing ANISE servicedescriptiongnto aformal specificationanguage Althoughtheem-
phasign ANISE remainghe structuringof servicesaformal basiswasessentiaif fea-



turebehaiour andfeatureinteractionwereto berigorouslyassessedlheauthorsex-
perienceof architecturabpproacheto formal specification(e.g.[TUR 93, TUR 944)
is thatarchitecturatescriptionscanbejust afew percenin sizeof the corresponding
formal specifications. This is becausehe descriptionsare written using concepts
taken directly from the problemdomain. For example, ANISE supportsdescription
usingconceptssuchastelephondine, subscribeprofile, dialling andtelephonecall.
Someonevriting in aformal languagewill generallyhave to specifysuchconceptsn
detailbeforemoving ontohigherlevel, moreinterestingaspects.

Formal methodsarelargely unusedn industrydueto their perceved (or actual)
difficulty. ANISEtriesto havethebestof bothworlds. The ANISE userdefinesservices
using building blocks and their combinationsthat have an intuitive interpretation.
However ANISE is supportedby translationto a formal languageand by rigorous
analysiausingtoolsfor thatlanguage ANISE goesto sometroubleto hidetheexistence
of the formal languagen orderto make the approachmore acceptabldo industrial
engineersYettheformal basisgivesthe sameprecisionto ANISE asanapproactthat
directly usesa formal method. Whichever languageds used,it is essentiallyhidden
from the ANISE user

Likeseveralotherworkers theauthorhasfoundL otosto beaflexible languagethat
canbeusedin awide varietyof domains.Lotoswasthereforethelanguagef choice
asthe formal basisfor ANISE. However otherlanguagesuchasSDL (Specification
and DescriptionLanguagdITU 96d) would have beenpossibilities. SDL is much
moreacceptabldo the telecommunicationsdustry However it would probablybe
ratherharderto use SDL ratherthan LOTOS to supportthe constructsdescribedn
this paper A startwasthereforemadeon the translationto Lotos [TUR 984. The
main valuein the approachat this point was detectingfeatureinteractionsstatically
asoverlapsamongfeatures. In particular featuresthat modify the sameaspectof
the BasicCall are potentialsuspectgor interaction. This doesnot definitely indicate
interaction but experienceof usingANISE [TUR 984 suggestshatsuchoverlapsare
very oftentrueinteractionproblems.

To discoverfeatureinteractionrequiresrigorousevaluationof featuresn combin-
ation. [TUR 984 reportsthe next stagein developing ANISE: the rigorousanalysis
(simulation)of features. In isolation, the desiredcharacteristic®f a featurecanbe
confirmed. When featuresare combined,their joint behaiiour can be checled for
deviations (interactions)rom their individual behaiours. The approachrequiresa
well-definedway of combiningfeaturedescriptions.ANGEN (ANISE Generatoracts
a languagefor describingfeaturesin isolationand combiningthemwith somebase
servicesuchasPOTS (Plain Old TelephoneService). It is alsonecessaryo have a
formal way of characterisinghe behaiour expectedof a feature. The idea of use
caseqJAC 92] inspiredthe languageANTEST (ANISE Test)thatallows featureso be
validatedndividually or together AlthoughANTESTsupportdeaturevalidationrather
thanverification,this wasa pragmaticchoicethatreflectscurrentindustrialpractice.

[TUR 973 TUR 983 TUR 984 focus on architecturaland telecommunications
orientedaspectof ANISE. The presentpaperlooks at the detailedmechanismshat



supportANISE, and consolidateghe resultsof thesepapers. The overall approach
is illustratedin section2, that shaws typical featuredescriptionsand how they are
processedby thetools. Section3 explainshow ANGEN combinesndividual features
to form a compositeANISE description,detectingstatic overlapsasit works. The

translationfrom ANISE to LOTOS is presentedn section4. Section5 shows how

validation scenariosn ANTEST aretranslatednto LoTos and evaluatedagainstthe
translatedANISE description.AppendixA givessummarie®of the languagesisedin

thearticle: ANISE, ANGEN, ANTESTandLOTOS.

2. Overview of approach

This sectionshavs how a baseservicesuchas POTS can be describedusing
ANISE. Featuredescriptionusing ANGEN and featurevalidation using ANTEST are
thendiscussed.The automatedools supportingthe whole processare presented.It
is not feasibleto presenta tutorial on the approacthere. More detailedexplanations
appeatin [TUR 97 TUR 98b, TUR 984.

2.1. POTSdescription

The ANISE language(ArchitecturalNotions in ServiceEngineering)is usedto
describea service,perhapsncluding somefeatures. The languages applicative in
style,with combinatorsppliedto parameterso definenew compositebehaiour. For
referencea summaryof ANISE is givenin tables3, 4 and5 of theappendix.

As notedearlier a Basic Call modelis intentionally not built into ANISE. ANISE
maythusbeusedo describevtherkindsof serviceswith adifferentbasis.HoweverIN
servicegequirePOT S asa startingpoint. Figurel shovs theapproactho structuring
the BasicCall from simplerbehaioural elements.The innermostbehaioursarein-
stance®f theelementaryeatures.Variouscombinatorgtheouterovals)progressiely
combinetheseeadingto threephasesDialling, RingingandAnswering

Although figure 1 is a corvenientway of visualisingthe structureof an ANISE
description, ANISE is a textual language. Figures2 and 3 shav the comparable
descriptiorof POTS. Thedescriptions divided (for presentatiommnly) into four parts:
elementanyfeaturespasiccall behaiour, subscribeprofiles,andglobalbehaiour.

Elementary features: The elementaryfeaturesare the simplestform of beha-
viour that canbe describedn ANISE. They correspondo basicactionslike dialling
anumber answeringa call, andhangingup. To illustratehow anelementanfeature
is defined,considerone examplefrom figure 2. This is the actionof seizingtheline
whengoingoff-hook:

declare(Seizefeature(12 Jocal-confirmed,single OffHook,(CallingMess)))
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Figure 1. Graphical Repesentatiorof BasicCall Structue in ANISE



% Feature:

declare(Seize, % seizetheline
feature(12Jocal_confirmed,single OffHook,(CallingMess)))

declare(Dial % dial numberandconnect
feature(12 Jocal_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-way speech
feature(12,unconfirmed,ordered,Speechyoice))

declare(Clearl, % clearby caller
feature(12 user_initiated ,single OnHook))

declare(Clear2, % clearby calleror called

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

declare(Call, % overallbasiccall
loopgenablegDialling,Ringing))) % dial phasering/answeiphase
declare(Dialling, % dial phase
interrupts _after _try ( % clearinteruptsafterseizestarts
Clearl, % 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 selectgdestination
RingTonegxit)))) % if ring tonethenexit dial phase
declare(Ringing, % ring phase
offers( % clearor ringing
Clearl, % callerclear
enableg % ring, clearor answer
rings(Ring), % ring destinatiorappropriately
offers( % clearor answering
enablegClearl,Silence), % callerclear, stopringing
Answering)))) % answeyspeak
declare(Answering, % answelphase
enableg % answer stopring, speakclear
Answer, % answercall
disableg % clearstopsspeech
collideqClear2), % caller/calledclear
duplicateqSpeak)))) % speechn bothdirections

Figure 2. ANisecall declarationsfor POTS
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% Profile:
profile(124,53)... % numberl24/id53, etc.
% Global:
declare(MaxCalls,100) % numberof concurrentalls
global(tel, % namefor telephoneservice
checks busy( % monitorline free/kusy
instancegMaxCalls,Call))) % instantiatecalls

Figure 3. ANiIseglobal declaationsfor POTS

The declare keyword introducesthe nameof the featureand its definition. In
fact sucha declarationdefinesa macro Seizethat may be usedmultiple timeslater
in the description. The feature keyword definesthe parameterof an elementary
feature. Its directionis betweena pair of subscribersnumberedgenericallyl (the
caller)and 2 (the called). 12 meansfrom subscriberl to subscriber2 (subscriberl
seizesthe line in the above). Elementaryfeaturesare classifiedaccordingto their
behaiour pattern. In the above case,local- confirmed meansthat a requestby the
subscribeiis locally confirmedby the serviceprovider (the telephonenetwork). As
with a telephonenetwork, going off-hook normally leadsto dialling tone from the
local exchange. Elementaryfeaturesalso have an orderingpropertythat stateshow
repeatednstancef the featurearerelated(e.g.strictly in sequencer overlapped).
In theabove casethereis a singleinstancetheline is seizedoncepercall).

Therenow follows a serviceprimitive usedto invoke thefeature.This hasa name
(OffHook to seizethe line) and may have parameters.By default the requestthat
initiatesa featurehasthe samenameandparameterasotherprimitivesthatform part
of thebehaviour. Howeverif acknavledgemenbf arequestusesa differentnameor
parametersthesecanbe givenasthe lastpart of a feature definition. Whenseizing
theline, the acknavledgements a signalthat carriesdialling tone (or similar). The
CallingMesgypecoversall messagethatmaybesentto acallinguser andis supplied
in theSeizeacknavledgementhenceparenthesearoundCallingMessasaparameter).

Basiccall: The BasicCall is built up from the elementaryfeatures. Theseare
generallyinvokedjustby citing theirname(e.g.Seizg. It is possible however, to give
as parametethe identificationof the subscribersnvolved. For example,21 would
invoke the featurefrom subscribel to subscriberl. As a specialcase 00 meansno
subscribers.Seizes instantiatedhis way sincethe call startsout unattachedo arny
subscriberTheactof seizingtheline will causeSeizeto setthe calling number

In thetop-level Call descriptionDialling leadsto Ringing(whichleadsto Answer
ing). This behaiour is repeatedndefinitely. Althougha singledeclarationcould be
givenfor theBasicCall, it is clearerto presentit in phasesDialling (seizingtheline,
dialling the otherparty),Ringing(ringing the otherparty),andAnswering(answering
the call, speakingandfinal hang-up). Eachphasemakesuseof the elementaryfea-
tures. The ANISE combinatorsreusedto build thesento progressiely morecomplex
patterns. For examplein Call, enablesrequiressuccessfutompletionof Dialling



beforeRingingcanbegin. Onterminationof Ringing(andpossibleAnswering, loops
causesepetitionof thewholebehaiour.

Most combinatorshave a fairly straightforvardinterpretation:disables(perman-
entinterruption),duplicates (behaiour repeatedn bothdirections),exit (successful
termination),interrupts (interruptionand resumptionof behaiour), offers (choice
of behaiiour). However servicesrequiresomespecialcombinatorsaswell. Some-
times a particularresultis neededbefore later behaiour is enabled;for example,
enables on_resultrequiresSeizdo obtainaDialToneresultbeforedialling is permit-
ted. The useof interrupts _after_try delaysthe possibility of Clearl (i.e. thecaller
hangingup) until Seizehasbeentried. Theuseof Clear2(i.e. bothpartieshangingup)
is qualifiedby collides which correctlyhandlesbothpartiesclearingsimultaneously:
theirrequestdo clearthe call cancollide andmutually reinforceeachotherinsidethe
network.

Subscriberprofiles: ANISE supportsexplicit declarationof subscribeprofiles.
At theleast,aprofile givesthe subscribes telephonenumberandline identifier. This
distinctionis necessarginceserseral numberamay be associatedavith the sameline
(e.g.for Distinctive Ring). As will be seenlater, subscriptiorto selectedservicess
notedin the profiles. Although ANISE requiresspecifictelephonenumbersandline
identifiersto be given,thesearearbitraryandareusedonly for definiteness.

Global behaviour:  As well asthe behaiour of a single call, ANISE givesthe
overall behaiour of the network. This is partly becausecalls may interfere. For
examplechecks busy monitorswhetherlines areengagedr not, ensuringthat calls
toanengagedine receive busytone. Themaximumnumberof concurrentallsis also
declaredjlobally usinginstances Finally, the global combinatottakesthetelephone
servicename(tel) andthe top-level behaiour. This builds hierarchicallyon all the
behaiour combinationsright down to the elementaryeatures.

2.2. Featuredescription

ANISE follows the corventional approachof describingfeaturesas changesto
POTS. In anotherservicedomain, featureswould be describedas ‘deltas’ from a
differentbasis. The ANGEN languaggANISE generator)s the meansof statingsuch
differencesFor referencea summaryof ANGEN is givenin table6 of theappendix.

As anexample,figure 4 shavs how CW (Call Waiting) is definedusing ANGEN.
For corveniencethe descriptionis split into the samesectionsasfor POTS. Figure4
actuallyshavstwo languagesANISEembeddedh ANGEN. For clarity only the ANGEN
keywords have beensetin bold. A small complicationfor the tools is that ANISE
commentsas well as ANGEN commentsare present(both ‘%’). The modifications
carriedoutby ANGEN presere the commentgandlayout) of theembedded\NISE.

Sinceafeatureis definedin termsof how it changePOT'S, 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, 3rd August2000)

% Feature:

prefix(% Call, % suspend/resumzall
declare(Recall,feature(21,usanitiated,single,Recall)))

prefix(% Call, % dial digit to selectaction
declare(Select,feature(21,usmitiated,single,Select(Dig))))

prefix(% Call, % clearcalleronly
declare(Clear3,feature(21,rete_confirmed,single,OnHook,Giook)))

% Call Waiting:

append% Call, % definecall waiting behaviours
declare(CallVditClear % clearduring call waiting
offers( % clearendscall waiting
Clear1, % callerclears
enables( % calledclears
Clear1(21), % calledclearsandthenrings
rings(Ring), % ring calledagain
offers(Clear1,Clear3)))) % callerclearsor is cleared
declare(CallVdit, % call waiting duringspeech
disables( % clear/recalinterruptsspeech
offers( % clearor recall/select
CallWaitClear % clearfinishescall waiting
enables( % recall,clear/select
Recall, % calledsuspendsall
offers( % clear, selector recall
CallWaitClear % clearfinishescall waiting
enableson_result( % selectdecidesaction
Select, % calleddialsdigit
1, % if 1 dialledthen...
offers(Clearl1,Clear3), % callerclearsor is cleared
2, % if 2 dialledthen...
Clearl, % callerclearswhile held
CallWait), % elsecall waiting continues
enables(Recall,Callit)))), % call waiting continues
duplicates(Speak)))) % speechn bothdirections
wrap(disables, % modify behaiour afteranswer
waits(CallWait),Answering) % allowing call waiting
% Profile:
append(*124,53’,callwait) % call waiting for num124/id53
% Global:
fill (checks busywaits. call) % put call waiting into busy check

Figure4. ANGENdeclamationsfor Call Waiting
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featuredescriptionto the root descriptionithe basisfor any changesnustbe known.
This is almostunavoidablein any suchapproachput is fortunatelynot serioussince
theroot serviceis generallywell-definedandstable.

ANGEN is implementedusingthe very flexible capabilitiesof Perlfor modifying
strings. Nearly all editing operationshave the form alteration(old,nev,context). The
context canbe omitted, meaningthatthe first instanceof old in the basedescription
is changed.Thisis sometimesambiguousin which casethe contet is usedto define
whereto startsearchindgor old. Themodificationoperatorsrerelatively smartin that
they checkwhethertheold or new text is acombinatoicall or aparameterParentheses
aroundthe parametersf a call arethereforerespectedutomatically Apart from the
modificationoperators,header is usedto give author date, purpose,etc. This is
preferableéo anANGEN commentinceheadercontentsarepreseredin thegenerated
ANISE andLoT0s, providing an‘audit trail’ backto the original featuredescription.

Call Waiting introduceghreenew elementarfeatures:Recall(pressingherecall
button), Select(dialling a digit to controlthe call) andClear3 (calleronly is cleared).
The descriptionof Call Waiting in figure 4 follows how it is normally implemented
in the UK. Whena subscribeis alertedby call waiting tone,pressingecallandthen
a digit indicatesthe desiredaction. Dialling 1 rejectsthe waiting call. Alternatively,
Dialling 2 swapsthewaiting call andthecurrentcall. If any otherdigit is dialledor the
calledpartypressesecallagain,thecurrentcall is resumed At ary pointthecalleror
the calledparty may hangup, causingthe waiting call to be activated. Note thatthis
proceduraliffersfrom thatnormallyimplementedn theUS, whereflash-hookis used
to swap betweencalls. The UK approactavoids the ambiguity of flash-hookwhich
is alsousedto control Three-Way Calling in the US implementation.

The prefix operatorinsertsthe new text beforethe old text. For Call Waiting,
this is usedfor the new elementaryfeatures.The string‘% Call’ identifieswherethe
BasicCall descriptionbegins,i.e. the endof the elementaryeatures.In factthe new
elementaryeaturecouldbeinsertedanywherereasonable% Call’ merelypreseres
the corventionalorganisatiorof an ANISE description.

For corveniencethe behaiour of Call Waiting is givenastwo separataleclara-
tions: CallWait for the main behaiour, and CallWaitClear for the actionon clearing
duringCall Waiting. Eachof thesds introducedusingtheappendoperatothatplaces
the declarationgust wherethe Basic Call behaiour starts. Again, the positioningof
the declarationgs just for consisteng. At the level of a call, Call Waiting modifies
the speectphasg(in the behaiour definedby Answering. In the POTS description,
clearingdisablesspeech.Thewrap operatorervelopesthis portion of the behaiour
with thewaits combinatoithatspecifiesCall Waiting. This combinatoitakesCallWait
asthetop-level definition of how Call Waiting works. Note that the introductionof
waits correspondto provisioningCall Waitingin thenetwork. Individualsubscription
to Call Waiting is still necessary

Featuresgenerallyrequire subscribemrofiles to be setup, sincethis is where
subscriptiongo afeaturearerecorded.In this example,it is supposedhatsubscriber
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124 (line 53) haschosenCall Waiting. The profile for this subscribeiis changedy
appendingall_wait, whichis simplyanindicatorthatCall Waiting is available. Since
commasseparateperatoiparameters124,53'is quotedo indicatethattheembedded
commais literal text.

Featureggenerallymodify the Basic Call description. Somefeaturesalso have
an effect at a globallevel if they changethe way that multiple calls are coordinated.
This is the casefor Call Waiting sinceit altersthe meaningof a line beingbusy. An
engagedine mayreceive awaiting call (it ‘rings’ with call waiting tone). In passing,
notethata furthercall attemptwhenacall is waiting will genuinelyreceie line busy.
Thefill operatoris theinverseof wrap; it insertstext within an existing combinator
In the caseof Call Waiting, the waits_call combinatoris insertedinside the useof
checks busy in POTS. Theideais that Call Waiting checksfor line busy first, and
passeghis conditiononto the usualbusy checkonly if Call Waiting is not possible
(becauseCall Waiting hasnot beensubscribedo, or becausewaiting is alreadyin
progress).

The easiestvay to understandhe effect of ANGEN is to seehow the declarations
in figure 4 changethoseof figure 2 and3. An outline of the new ANISE description
appearsn figure 5. (For readability the layout and commentshave beenslightly
modifiedfrom theactualANGEN output.)

2.3. Featurevalidation

The ANTEST languagg/ANISE Test)is usedto expressvalidationscenarios.Such
testsaarecurrentlydefinedmanuallyusingthedesignersunderstandingf how afeature
shouldwork. Thereis thereforeno formal coverageof a features behaiiour, muchas
with otherusecaseapproachesTestingtheory(e.g.[JI 99, TRE 9€]) allows rigorous
generationof testsfrom specifications. This would be useful for deriving testsof
actualfeatureimplementations.However it would be pointlessfor ANTEST sinceit
would merely producetestsof a featurespecificationfrom itself. Instead,intuitive
expectation®f featuresarevalidated.An alternatve approactwouldbeto derive tests
from formally statedpropertiesof features.

For referencea summaryof ANTEST is givenin table7 of the appendix. As an
exampleof ANTEST, figure 6 presentsa testof Call Waiting. Theaim s to checkthat
theoriginatorof a call cansuccessfullyparticipatein Call Waiting. Othertestsof Call
Waiting checkcasedik e the called party enteringCall Waiting, controlling calls by
dialling a digit or hangingup, etc.

The scenarioin figure 6 involves subscriber296 (Tom), 456 (Fiona) and 624
(Simon). Their namesdo not appearin the test,but they areintroducedto malke the
following explanationsnorenatural. Fiona,who hassubscribedo Call Waiting, calls
Tom andbeginstalking. Simonnow calls Fiona. Although sheis technicallybusy;
Simonheargingingtonewhile Fionahearscall waitingtone. FionaasksTomto hold,
andswitchesto the waiting call. Simonnow speakgo Fiona. Fionaswapsbackto
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header(pots.anger PlainOld Telephone&Service K. J. Turner, 3rd August2000)
headercw.angen- Call Waiting, K. J. Turner, 3rd August2000)
% Feature:

% elementaryfeaturesasPOT'S

declare(Recall,...) % suspend/resumzall
declare(Select,...) % dial digit to selectaction
declare(Clear3,...) % clearcalleronly
% Call:
declare(CallWaitClear...) % clearduring call waiting asCW
declare(CallWait,...) % call waitingasCW
declare(Dialling,...) % dial phaseasPOTS
declare(Ringing,...) % ring phaseasPOTS
declare(Answering, % answermphasePOTS with CW
enableg % answeystopring, speakclear
Answer, % answercall
waits( % allow call waiting
CallWait, % call waiting behaiour
disableg % clearstopsspeech
collidegClear2), % caller/calledclear
duplicateqSpeak))))) % speechin bothdirections
declare(Call,...) % overallbasiccall asPOTS
% Profile:
profile(124,53¢all_wait) ... % num124/id53 with CW
% Global:
declare(MaxCalls,100) % numberof concurrentalls
global(tel, % namefor telephoneservice
checks busy( % monitorline free/kusy
waits_ call( % call waiting busy check
instancegMaxCalls,Call)))) % instantiatecalls

Figure5. ANisedeclamtionsfor POTSmodifiedby Call Waiting

Tom but thendecidego hangup, causingTom to hangup aswell. Fiona’stelephone
rings as Simonis reconnected.Shepicks up the call andspeakgo Simon. Finally
bothof themhangup.

A testdeclarationgivesits nameandbehaviours. Thetestin figure 6 shouldrun
successfullysothe succeedperatoris used. This takesa sequenc®f actionsto be
performed. A sendaction occurswhena subscribersendsa signalto the network,
while arecvactioncorrespodsto receiving asignal. Suchactionsgivethesubscribels
numberandthenameof thesignal. Althoughsignalscorrespondo serviceprimitives,
testdescriptionsare simplified by not having to explicitly statewhethera primitive
is arequestjndication,responser confirm. This is automaticallyinferredfrom the
ANISE context (or moreexactly, usingtheLotosgeneratedrom ANISE). Forexample,
thefirst actionin figure 6 is actually OffHook.RequestThe parameteof a primitive
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test(CW._ Originator_Swaps,
succeedé

% testoriginatorcall swap
% successfusequence

send456,0fHook),
rec456,0fHook,DialTone),
send456,Dial,296),
rec456,Dial,RingDne),
rec\296,StartRing,NormRing)
send296,Answer),
rec\456,Answer),
send456,Speech,"Helldom"),
rec\296,Speech,"Helldom"),
send624,0fHook),
rec\624,0fHook,DialTone),
send624,Dial,456),
rec624,Dial,RingDne),
rec456,StartRing,Call\&itTone),
send456,Speech,"Pleaswld Tom"),
rec296,Speech,"Pleasmld Tom"),
send456,Recall),
send456,Select,2),
send456,Answer),
rec624,Answer),
send624,Speech,"ls me, Simon"),
rec456,Speech,"Isme,Simon"),
send456,Recall),
send456,Select,2),
send296,Speech,"This Tomagain®),
rec456,Speech,"This Tomagain"),
send456,0nHook),
rec\456,StartRing,NormRing)
rec296,0nHook),
send296,0nHook),

send624,Speech,"Simowaswaiting"),
rec456,Speech,"Simowaswaiting™),

send456,Speech,"Sorrp keepyou"),
rec624,Speech,"Sornp keepyou"),
send624,0nHook),
send456,0nHook)))

% Fionapicksup

% Fionahearddial tone

% Fionadials Tom

% Fionahearsingingtone

% Tom startsringing

% Tom answersstopsringing
% Fionahearsringing tonestop
% Fionaspeaksnessage

% Tom hearsmessage

% Simonpicksup

% Simonheargdial tone

% Simondials Fiona

% Simonhearsinging tone

% Fionahearscall waiting tone
% Fionaspeaksnessage

% Tom hearsmessage

% Fionarecallsexchange

% FionaselectsSimon

% Fionahearswaiting tonestop
% Simonhearsinging tonestop
% Simonspeaksnessage

% Fionahearsmessage

% Fionarecallsexchange

% FionaselectsTom

% Tom speaksnessage

% Fionahearsmessage

% Fionahangsup

% Fionastartsringing again

% Tomtold to hangup

% Tom hangsup

% Simonspeaksnessage

% Fionahearsmessage

% Fionaspeaksnessage

% Simonhearsmessage

% Simonhangsup

% Fionahangsup

Figure 6. An ANTESTtestscenariofor Call Waiting
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test(TCS. ScreenedNumbey % testincomingcall screened
refuseg % refusedsequence
send624,0fHook), % Simonpicksup
rec624,0fHook,DialTone), % Simonhearsdial tone
send624,Dial,296), % Simondials Tom
rec624,Dial,BarredMess), % Simonhearsharredmessage
fails( % failuresequence
rec296,StartRing,NormRing)) % Tom mustnot startringing

Figure 7. An ANTESTtestscenariofor TerminatingCall Scieening

mayoptionallybegiven,sothesecondactionis OffHook.Confirm(Dialdne) ANTEST

acceptsvaluesof the ANISE built-in types. For example, NormRing(normal ring

cadence)s a value of CalledMesgmessagéssuedto a called party). Speechin a

call is representeddy text strings. Althoughthe controlaspect®f a call canbetested
withoutgiving explicit speechmessagedor afeaturelike Call Waiting it is important
to statewhich pairof partiess communicating Someapproachedonotmodelspeech
in calls,therebyomitting this crucialaspect.

Figurest and8 aresimpleacceptanctests-they confirmthatthenetwork behaves
as expected. The ANISE library alsoincludesthe moreimportantrefusalteststhat
checksthe network will notdotheunexpected.Figure? illustratesTCS (Terminating
Call ScreeningwhereTom hasbarredcalls from Simon. If Simondoescall, then
Tom'’s telephonemustnot startringing. The refusesoperatorintroducesbehaiour
thatterminatesn somethingforbidden. In this test,fails definesthe actionof Tom'’s
telephoneingingasillegal. Althoughthelastparameteof refuseds alwaysforbidden
behaiour, fails is usedto declareany behaiour (possiblycomposite)asincorrect.

Figures6 and7 arealsosequentiatests— actionsareperformedin a fixed ordet
The ANISE library includesmorechallengingteststhatinvolve concurreng. Indeed,
certainkinds of problemsare morelikely to be uncoveredby concurrenttestssince
they canexercisemoreof afeaturesbehaiour.

In figure 8, both Tom andFionatry to call Simonsimultaneouslhfasindicatedby
interleavey. The sequence®peratordeclaresactionswithout statingif they should
be successfubr not; this is separatelystatedusingsucceedor fails. After dialling,
thereis a choiceof outcomeg(asindicatedby offers): the call is put throughand
answeredpr the caller receves subscriberbusy tone. Whenthis testis evaluated
againstthe network specificationall possibleinterleavingswill be checled. In fact
the testsallows for a racecondition: both Tom and Fionamay dial at the sametime,
andit is non-deterministiavhich call is putthrough. Note thatthis testmerelyallows
simultaneougallsto the samenumber Anothervariantof this testensureghatonly
onecall atatimeis putthrough.

ANTEST containsyet more operatorsfor defining useful tests. For example, a
test may be madeconditionalon whethera featurehasbeensubscribedo. Thus
dependgscreen in(296,624),...will beexecutedf Tomhasbarredcallsfrom Simon.
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test(POTS_InterdependentCalls, % testcompetingcalls

interleavey % interleavedsequences
sequences % eventsequence
send296,0fHook), % Tom picksup

% Tom hearsdial tone
% Tom dials Simon

% alternatve behaiour
% successfusequence

rec296,0fHook,DialTone),
send296,Dial,624),
offers(

succeedé

rec296,Dial,RingDne),
rec624,StartRing,NormRing),
send624,Answer),
rec296,Answer),
send296,0nHook),
rec624,0nHook),
send624,0nHook)),

succeedé

rec296,Dial,SubsBusydne),
send296,0nHook)))),

% Tom hearsiingingtone

% Simonstartsringing

% Simonanswersstopsringing
% Tom hearsringing tonestop
% Tom hangsup

% Simontold to hangup

% Simonhangsup

% successfusequence

% Tom hearssubscribebusytone
% Tom hangsup

% eventsequence

sequences
send456,0fHook),
rec456,0fHook,DialTone),
send456,Dial,624),
offers(
succeedé

% Fionapicksup

% Fionahearddial tone
% Fionadials Simon

% alternatve behaiour
% successfusequence

rec456,Dial,RingDne),
rec624,StartRing,NormRing),
send624,Answer),
rec456,Answer),
send456,0nHook),
rec624,0nHook),
send624,0nHook)),

succeedé

rec456,Dial,SubsBusydne),
send456,0nHook))))))

% Fionahearsinging tone

% Simonstartsringing

% Simonanswersstopsringing

% Fionahearsringing tonestop

% Fionahangsup

% Simontold to hangup

% Simonhangsup

% successfusequence

% Fionahearssubscribebusytone
% Fionahangsup

Figure 8. An ANTESTtestscenariofor POT Swith interleavedcalls

2.4. Tool supportfor analysis

To beapractical(andindustriallyacceptablejechnique ANISE needgool support.
Figure9 shows thatthe maintools are essentiallyhidden(within thelight grey box).
Thisemphasisethepointthatthe useof aformal methodis notvisible. Furthermore,
the internallanguagecould be somethingotherthanLotos, suchas SDL. Thetool
usercreateneor more ANISE featuredescriptions.For eachfeaturedescriptionthe
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tool userwritesa collectionof validationscenariogusecases}o confirmthe desired
operationof the feature. Thesescenariosare fed into the toolsetto automatically
generataeports.

A staticinterferenceeportindicateswherefeaturesmodify the sameaspecbf the
BasicCall. This doesnot, in itself, meananinteraction— but it is a significanthint.
Static interferenceidentifiesa potential problemthat can be studiedin more detail
throughsimulation. Exampleof staticinterferencdor atypical featuresetaregiven
later in this subsectiorandin section3. The dynamicinterferencereportindicates
wherethe characteristicof a featureare changedwhenit is combinedwith other
features Examplesof dynamicinterferencearegivenin section5. SinceANISE hides
the useof a particularformal languageall reportsaretranslatedrom their internal
form (LoTos oriented)backinto the form written by the user(ANISE, ANTEST). This
makesthereportsintelligible to the non-formalist.

UnlikesomemethodsANIsE allowsall featurego bechecledin combination.lt is
thereforenotrestrictedo checkingsay pairsof features.t coulddetectaninteraction
thatinvolvedmary features Althoughdynamicinterferenceappearso subsumestatic
interferencethelatteris still interestingfor two reasonsFirst, the staticinterference
reportidentifiesthe specificfeaturesandwherethey overlap;thedynamicinterference
reportsimply statesthe point at which a featurefails to work. Staticinterferencds
thereforehelpfulin pinpointingthe causeof interaction. Typically it helpsto identify
wherefeaturesneedto be prioritised relative to eachother Second the reporton
dynamicinterferences only ascompleteasthe validation scenarios.Hopefully the
scenariogjive arealisticsetof usecases.But it is possiblefor staticinterferenceo
uneartha problemthatit is not explicitly allowed for during validation. This would
suggesthatthetestscenariodeextended.

To ensurgoortability, the ANISE toolsarewritten usingreadilyavailablelanguages.
Overalltool controlis embeddedn Perlscripts(about750 non-commentines). The
ANISE, ANGEN and ANTEST translatorsusethe GNU M4 macroprocessofSEI 97].
Although M4 is just a macroprocessarit is surprisinglyflexible [TUR 944. The
adwantageof M4 relative to a corventionallex/yacc translatoris that it has good
facilities for text processingand translation. The parsing capabilitiesof lex/yacc
would be of limited valueto ANISE sincethe languagedo be translatechave a very
simplestructure.

Thetranslatorsarerelatively robustandcheckthe staticcorrectnessf their input
descriptions.Thelibrary containsaround60 teststhathave beenusedto evaluatethe
standardeaturesmentionedaterin tablel. Thetoolsdetecthevastmajority of static
errorsin an ANISE, ANGEN or ANTEST descriptionthougha few typesof errorscan
slip throughto the translated_oros (wherethey causeanobviouserror). M4 allows
theANIsElibrary to bewrittenin amodularfashion.Thereare12 modulespccupying
about8150 non-commentines, that describethe combinatorsand operatorsof the
languageslt is easyto extendthelibrary with nev modules,or to addnew features
within existing modules.
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Figure 9. Tool Supportfor ANISE

Although the ANISE validator seemsto have the samestatusas the othertools,
it is actually a self-standingoolset: TopoandLoLA (LoTos Laboratory[PAV 95])
developedby the PolytechnicUniversity of Madrid. Theseprovide a comprehensie
setof tools for analysingLoTos. In particular LOLA hascorvenientfacilities for
checkinga test processagainsta specification. LOLA alsoautomateghe procedure
for introducingsuchatestatthetop level of a specification. The TestExpandunction
of LoLA automaticallychecksfor deadlocksand non-determinismeither of which
is symptomaticof a featureinteraction). CADP (CaesarAldébaranDevelopment
Package[FER 96]) would be an alternatve LoTOS toolsetto use. If ANISE useda
differentformal languagethe ANISE validatorwould be replacedby a differenttool
(suchasthe TelelogicTAU/SDT validatorandits associatedoolset).

The userinterfaceto 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, translateshem
to Loros, andrunsthe validator The basedescription(POT'S) 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 otherfeaturesis
unimportant.It would be straightforvardto enforceprioritisationruleswith ANGEN,
but thisis not donesothatvariousfeaturecombinationsanbe evaluated.

On the authors PC (a 450 MHz Pentium),the angen commandabore takes8.5
minutesto complete.Thetool outputis (in part):
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Testing ABD Normal Call Pass 3 succ O fal 3.0 sec
Testing ABD Normal Call Pass 3 succ O fal 3.0 sec
Testing ABD Abbreviated Call Pass 3 succ O fal 1.1 sec

Testing POTS Interdependent Calls Pass 102 succ O fail 1.6 min
Testing POTS Independent  Calls Pass 120 succ 0 fail 2.9 min

This shavs eachtestbeingrun andits outcome.In mostcasegherearea numberof
alternatve pathsthatleadto succes®f thetest. Thelastfew testshave alargenumber
of succespathsbecausef their high degreeof concurreng.

Thevalidationtimeis roughly proportionalto the squareof thenumberof concur
rentcall instancegthreefor theresultsabove). Threeconcurrentallsseneto identify
nearlyall realisticfeatureinteractions.The numberof network subscribers]13in the
testsabove, wasratherlargerto allow for interestingcombinationof featuresin the
subscribeprofiles. The validationtime doesnot vary muchaccordingto the number
of subscribers.The validationtime doesnot vary too seriouslywith the numberof
features. For example,the time to validatePOT'S plus the first threefeaturesabove
(ABD, ACB, CFBL) is roughlydoubledafteraddingall the otherfeatures.Validation
in the presencef extrafeatureds lengthenednainly by the extra succespathsthey
permit(dueto additionalinternalevents). Sinceonly somefeatureqe.g.CCBS,CW,
TWC) causeadditionalinternalevents theapproactscalego morecomplex networks.

Tablel givesanoverview of theresultsfrom usingthetoolset. Cellsin thetable
containasymbolwhereANISErepatsaproblemfor apair of featues. Thesgpotential)
interactionshave beencategyorisedhereas: interactionis well-known, featureneeds
appliedin thecorrectorder, featureneedsxtensionto handleaspect®f otherfeatures,
andpotentialinteractionneeddurtherinvestigation.A moredetailedanalysisappears
in [TUR 984. Sampleobsenationsdravn from this tableareasfollows:

CF/CF: Call forwardingloops are detectedstatically when subscriberprofiles
areanalysedy ANISE.

CND/CF: Asanexampleof apotentialinteractiomneedindurtherconsideration,
it is necessaryo decideif the numberof the real calleror that of the forwardingline
is deliveredto the calledparty.

CWI/CF: As anexampleof a well-known featureinteraction,Call Forwarding
onBusyLine conflictswith Call Waiting.

CW/CW: A commonlyreportedambiguity with Call Waiting [CAM 93] does
notarisein ANISE becauseancellingthecurrentcall alwaysreturnsto thewaiting call
evenif it isonhold.

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

OCS/ABD: Asanexampleof featureordering,OriginatingCall Screeningnust
be appliedafter AbbreviatedDialling to ensurethatthefull numberis screened.

TWC/ABD: Asanexampleof featureextension,Three-Way Calling mustallow
AbbreviatedDialling whenthe secondeg of a call is established.
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| ABD | ACB| CCBS|CF|CND|CW |DR|OCS|ONE|TCS|TWC
> ? + | ABD
> v v ? > ? |ACB
? ? > | ? ? ? v | CCBS
? v | v + v + |CF
N > CND
? > v |CW
? > DR
> + | OCS
ONE
TCS
TWC
v Well-known interaction > Featureorderingneeded
+ Featureextensionneeded ? Furtherconsideratiomeeded
ABD AbbreviatedDialling ACB AutomaticCall Back
CCBS Call Completionto Busy SubscriberCF Call Forwarding(all forms)
CFBL Call Forwardingon BusyLine CFDA Call ForwardingDon’t Answer
CFU Calling ForwardingUnconditional CND Calling NumberDelivery
CW  Call Waiting DR  Distinctive Ring
OCS OutgoingCall Screening ONE OneNumber
TCS TerminatingCall Screening TWC Three-Way Call

Table 1. (Potential)interactionsamongANISEfeatures

3. Generating ANISE

ANGEN wasdiscussedn section2.2 andis summarisedn table6. As anexample
of ANGEN, the Call Waiting featureis definedin afile calledcwangenwhosecontents
areshown in figure 4. The command-linecall angen cw carriesout the translation
to ANISE. Theangentool is normally usedto combinea numberof featuresat once.
Oneof the M4 library modulescontainsdefinitionsof the ANGEN operators.In fact
theapplicative syntaxof ANGEN is alsothatof M4. Theangentool invokesM4 onthe
ANGEN file, resultingin atemporaryfile of PerleditingcommandsThisis thenused
onthebasedescription(pots.angn) to createa compositeANISE descriptionof POTS
with Call Waiting. The Perlcommandseporterrorssuchasnot beingableto find the
old text or its context.

ANGEN automaticallychecksfor overlappingalterationsby differentfeaturesin
thesamepartof thebasedescription.For example,achangeby two featureds clearly
incompatible.Thecheckis achievedby recordingwhich partsof the basedescription
are modified in which way. It is safeto usethe fill operatoron a part of the base
descriptionthatis alteredby differentfeaturesn otherways. If theappendor prefix
operatoris usedwith otherappend and prefix operatorsin an identical contet, a
warningis issuedthat thereareinconsistentlterationsandthe changeis not made.
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For othermodificationoperatorsn anidenticalcontext, awarningof overlapis issued.

Most ANGEN warnings concernfeaturesthat needto be prioritised relative to
eachother For example when combining Abbreviated Dialling, Call Forwarding
Unconditional,OutgoingCall ScreeningandOneNumber ANGEN reports:

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

All thesechangehedials behaviour. The ANISEusemustdecidef thiswarningneeds
actionor not. As it happensthesefeaturesmustbe appliedin the correctordersince
they all affectdialling. AbbreviatedDialling mustbeappliedfirst to thenumberdialled
by theuser expandingit to its full form. OneNumbermustnow beusedto determine
theactualnumberto be called. OutgoingCall Screeningcannotbe appliedearlierin
caseAbbreviatedDialling or OneNumberexpandsto a barrednumber Finally, Call
ForwardingUnconditionaimustbeappliedafterOutgoingCall Screeningo avoid this
beingbypassed.

Not respectinghis orderof applicationwould indeedleadto featureinteractions.
For example, a devious teenagercould still call a barrednumberby defining an
abbreviatedcodefor it. Note thatthe possibility of interactionis identifiedstatically
by ANGEN from the natureof the structuralalterationso POT'S. However the ANISE
usermuststill decideif the interactionis real and apply the featuresin the correct
order

WhencombiningCalling NumberDelivery, Distinctive RingandTerminatingCall
Screening ANGEN reportsthefollowing warning:
Warning - Allowed overlapping changes of ‘rings ':
fill in CND, DR, TCS

All of thesechangethe rings behaiour. Again this raisesinterestingquestions.
For example,should TerminatingCall Screeningoe appliedbefore Calling Number
Delivery, i.e.shouldabarrednumbemedisplayedonthecalledparty’'stelephonaven
if the call is not put through? Is it technicallypossibleto combineCalling Number
Delivery with Distinctive Ring? Probablythe warningsare harmlesshut they raise
issuedor consideration.

ANGEN alsowarnsthatAutomaticCall Back, Call Completionto Busy Subscriber
Call Forwardingon Busy Line andCall Waiting may not be compatible:
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 Busy SubscribeandAutomaticCall Back
are probablycompatiblesincea manualrequestto returnthe call canbe subsumed
by anautomatedeturncall. However, Call Forwardingon Busy Line interactswith
AutomaticCall Back. If thenumberobtainedaftercall forwardingis alsobusy, should
this or the originally dialled numberreturnthe call? If a caller with AutomaticCall
Back calls a busyline with Call Waiting, shouldthe caller be held or shouldthe call
bereturned?Again, questiondik e theserequirecarefulresolution.
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| Module | Purpose |
anise genericdefinitionsandinclusionof othermodules
anise comh.gen | general-purposeombinators
anise comh tel telecommunicationservicecombinators
anise feat elementanyfeatures
anise prim.int internaltypes

anise prim_par serviceprimitives

anise prim_queue| serviceprimitive queues
anise prim_type | servicetypes

anise prof subscribeprofiles

Table 2. ANISEcombinatoribrary modules

In general,correctfeature ordering has beenensuredin ANISE by combining
featuresin the requiredsequence. Featureextensionshave beenincorporatedas
neededin the definitionsof the telecommunicationgombinators. Other problems
have alsobeenresohedduringthe designof ANISE, sothatthe ANISE featurelibrary
canbeusedwithoutinteractions.

4. Translating ANISE to LOTOS

This sectionexplainshow ANISE is translatedo Lotos. The overall shapeof the
generatedpecificatioris givenfirst. Thenit is shavn how typical elementaryeatures
and combinatorsaretranslated. Finally, the global behaiour of the specificationis
discussed Referto section2.1 andtables3, 4, 5 of the appendixfor an overview of
ANISE. A summaryof LoTos syntaxappearsn table8 of the appendix.

4.1. Lotosgeneration

An ANISEdescriptiometwork.anisgorobablygeneratethy ANGENfrom POT Sard
featuredescriptionsis translatedo L oToswith the command-linecall anisenetwork
A small script translateshe ANISE descriptionto LoTos using M4, automatically
incorporatinga numberof library moduledistedin table2.

Theoverall shapeof the generated otos specificationis asfollows:
(* headedetailingANGEN moduleshatgeneratedhe specificatiort)
specificationTelServicetel] : noexit
library types
serviceprimitive parametertypes
serviceprimitive types
serviceprofile types
serviceprimitive internal types
behaviour
hide ctl in top-level process
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where
elementanyfeature processes
combinatorprocesses
top-level processes
testprocesses

endspec

The ANGEN descriptiongivesthe nameof service(e.g.tel). Thisis usedto namethe
specificatiorandthe gateusedto communicatevith subscribersAn internalcontrol
gatectl is usedfor coordinationof callsasdescribedn sectior4.4.

The generated.oTOS containsa substantiahumberof datatypesusedto support
therestof the specification:

Selwvice primiti ve parameters: Theseare predefinedypesthatmay be usedin
an ANISE description. CalledMessdefinesmessageso a called party (e.g. various
ring patterns).CallingMesscorrespond$o messagefor thecalling party(e.g.various
tones).Dig andNumdefinedigits andtelephonenumbers;# and™*' arealsoallowed.
\oice is usedfor speechmessagesBecausd. otos doesnot have a built-in syntax
for numbersand strings, telephonenumbersand speechmessagesise a somavhat
awkwardsyntaxinternally. A morecorventionalsyntaxis availableto the ANISE user
andis translatednto theinternalLorosformat.

Sewvice primiti ves: A complec setof typedefinitionsis generatedor theservice
primitivesusedin calls. Theseprimitivesare not built in; they aredeclaredasele-
mentarybehaioursin POTS andthefeaturest is combinedwith. The corresponding
datatypesare generatechutomatically Eachelementaryfeaturegivesrise to a set
of internal operationsand equations. A further datatype allows queuesof service
primitiveswhoseoccurrencesnay overlap. When POTS is combinedwith the IN
featuredn tablel, theserviceprimitive datatypesamountto about270non-comment
linesof Lotos. Thesearemainly takenup with equationablefinitionsof theinternal
operations.

Sewiceprofiles: Eachfeaturehasa datatype for definingits usein a profile.
For exampleAbbrevsdefinesabbreviateddialling codesand Scrinsdefinesncoming
numbergo bescreenedThe subscribeprofilesareheld asthe globalvalueProfiles
SinceLorosdoesnotallow globalvariables Profilesis actuallya constan{although
generatean translationfrom the profile informationin the ANISE description).

Selwvice primiti veinternals: It isnecessarto giveanumberof internaltypesnot
visiblein an ANISE description.Thesencludeline identifiers,andassociationsf line
identifiersortelephonaumbersn calls. Whenacall is madebetweenwo subscribers,
theirline identifiersandtelephonenumbersaretemporarilyassociatedOtherinternal
typesareusedfor controlof callsandcheckingtheresultsof combinators.

After thetypescomethe processesEachelementaryeaturedeclaratiorandeach
combinatousagegivesriseto aprocesslefinitionasdescribedn sectiongl.2and4.3.
WhenANTESTtestsaretranslatedo Lotos, they appeaattheendof thespecification.
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4.2. Elementaryfeatures
The following example of an elementaryfeature declarationwas discussedn
section2.1:
feature(12 Jocal_confirmed,single OffHook,(CallingMess))

Thisis translatednto LoTos asfollows:

procesOffHookFeatgl, g2] (* calleroff-hook... *)
(n1,n2: Num): exit (Num,Num,Result);=  (* yieldsnumbers/result)
gl?idl: Id ?prim1: Prim (* allow primitiveif ... *)
[IsKind (prim1, OffHookRegKind)and (* off-hookrequest.. *)
Isld (id1, n1)]; (* for first number*)
gl!idl ?prim2: Prim (* allow primitiveif ... *)
[IsNextPrim (prim2, prim21)]; (* off-hook confirm¥)

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

In facta featuredeclarationgenerate$wo things: a procesdefinitionlike the above
andthemeanso call thisprocessin thecontext of adeclaratiorik e declare(Seize..),
Seizeis definedas a potentialcall of the off-hook process.If Seizeis usedliterally
later in the ANISE description,it expandsto an instantiationof the processabove:
OffHookFeat[gl, g2] (n1, n2). However if logical subscribersareidentified,asin
Seize(32)the numberparameterare changed:OffHookFeat[g1, g2] (n3, n2). For
thespecialcaseof Seize(0Q)which appearsn figure 2 andis explainedin section2.1,
thenumberparameteraresuppliedasa null value(NoNun).

An elementarfeatureoperatedetweerapair of subscribersandis parameterised
by agateandtelephonenumberateachsubscriberBothgatesarenormallytheservice
gate(e.qg.tel); theuseof thecontrolgateis discussedh sectiond.4. If subscriberd24
(line 53) goesoff-hook, thiscorrespondso the LoTtoseventtel 153 |OffHookReq The
procesglefininganelementaryeaturehasatemplatethatis determinedy its pattern
(local_confirmed in this case)andits orderingproperty(singlein this case).In the
library, the templateis embeddedn a macrofor this particularpattern-propertyair.
(Therearesubstantiakimilaritiesamongmary suchmacros.)The generategrocess
is namedaftertheserviceprimitive (OffHookin this case) whosenameis alsobeused
aspartof thedefinition (OffHookRegKindn theabove).

A locally-confirmedserviceprimitive hasa requestfollowed by a confirm. The
featureprocesdirst acceptsa primitive of kind off-hook request{OffHookRegKingl
whoseline identifier correspondgo the subscribeis number(Isid). Note that the
processs parameterisetly telephonenumbershut eventsuseline identifiers. Thisis
becauseseveral numberamay correspondo oneline, andeventshappenon physical
lines. Following the request.the featureprocessacceptsa primitive that logically
follows the previous one (IsNextPrim). The orderingof primitivesdependson their
pattern. For a locally-confirmedprimitive, a requestis followed by a confirm. The
gateandline identifierfor the confirmarethe sameasfor therequest.
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Finally thefeatureprocessxits with a pair of telephonenumbersandtheresultof
thelastprimitive. A call startsout asa processwith anundefinedpair of associated
telephonenumbers. The appropriateelementaryfeaturesbind theseparametergo
actualtelephonenumbers. Going off-hook fixes the calling number while dialling
fixesthe callednumber Thelsld predicateusedabove allows for this. If the number
is unboundthen ary line identifier may be usedin an event, but the processwill
exit with a numbercorrespondingo this. If the numberis known, then only the
correspondindine identifiermay be usedin anevent. The subscribeprofilesdefine
the mappingfrom numbersto identifiers; the mappingmay be mary to one. The
featureexit valuesinclude the result of the last primitive (ResultO). This value
is madeavailable to combinatorsthat dependon it. For example as discussedn
section2.1,enables on_resultrequiresan off-hook confirmto resultin dialling tone
beforedialling is permitted.

More complex patternshave more complex templates.For example,a two-party
clear(Clear2in figure 2) translatego:

procesOnHookFeat1gl, g2] (* two-partyclear... *)
(n1,n2: Num): exit (Num,Num,Result):=  (* yieldsnumbers/result)
gl?idl: Id ?priml1: Prim (* allow primitiveif ... *)
[IsKind (prim1, OnHookReqgKindjand (* on-hookrequest.. *)
Isld (id1, n1)]; (* for first number*)
g2?id2: 1d ?prim2: Prim (* allow primitiveif ... *)
[IsNextPrim (prim2, prim1) and (* on-hookindication... *)
Isld (id2, n2)]; (* for seconchumber*)
g2!id2 ?prim3: Prim (* allow primitiveif ... *)
[IsNextPrim (prim3, prim2)]; (* on-hookresponsé)
exit (IdNum (id1, n1), I[dNum (id2, n2), (* yield numbersand... *)
NoRes) (* noresult*)

endproc (* OnHookFeatZ¥)

If severalelementarfeaturehavethesameprimitive name(like OnHoolR, subsequent
featureprocessearenumbered in theabove case).

More complex propertiesuchasorderedallow severalinvocationsof anelement-
ary featureto co-exist. The correspondingerviceprimitive occurrencesre queued
anddeliveredin theorderthey happenedFor examplethisappliesto Speakn figure2:

processSpeechFedyl, g2] (* one-way speech.. *)
(n1,n2: Num): noexit := (* neverexits *)
SpeechFeatdgl, g2] (n1,n2) (* speechn isolation*)
[| (* synchronisedvith ... *)
SpeechFeatBy1, g2] (n1,n2,<> ) (* speechordering*)
where
processSpeechFeatdgl, g2] (* speechn isolation... *)
(n1,n2: Num): noexit := (* neverexits *)
g17?idl: Id ?prim1: Prim (* allow primitiveif ... *)

[IsKind (prim1, SpeechReqgKinddnd  (* speechrequest.. *)
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Isld (id1, n1)]; (* for first number*)
(
g2?id2: 1d ?prim2: Prim (* allow primitiveif ... *)
[IsNextPrim (prim2, prim1) and (* speechndication... *)
Isld (id2, n2)]; (* for seconchumber*)
stop (* speechnstancedone*)
[Il (* in parallelwith ... *)
SpeechFeatdgl, g2] (n1,n2) (* new speechnstance)
)

endproc (* SpeechFeatA)
processSpeechFeatRyl, g2] (n1,n2: Num, (* speectordering... *)
primq: PrimQueue) noexit := (* hasqueuenever exits *)
g17?idl: Id ?prim1: Prim (* allow primitiveif ... *)
[IsKind (prim1, SpeechRegKind)]; (* speechrequest)
SpeechFeat®y1, g2] (IdNum (id1, n1),n2, (* repeatbrdering... *)

prim1+ primq) (* addingnew speectt)
] (*or...*
g27?id2: Id ?prim2: Prim (* allow primitiveif ... *)
[IsNextQueue(prim2, primq)]; (* nextin speeclgueue®)
SpeechFeatBy1, g2] (n1,1dNum (id2,n2) (* repeatbrdering*)
RemPreg (prim2, primq)) (* removing old speecht)

endproc (* SpeechFeatB)
endproc (* SpeechFea)

This follows the LoTos constraint-orientedtyle [TUR 97h, VIS 91]. Oneconstraint
(SpeebFeatA) definesthe basicpatternof speechasunconfirmed. The othercon-
straint(SpeebFeatB) reflectstheordered propertythatrequiresaqueueof primitives.
‘<>’ is theinitially emptyqueue,'+’ appendgo the queue,andRemPev removes
a previous occurrenceof a queuedprimitive. For yet more complex propertieslike
unreliable, queueoperationsallow primitivesto getout of orderandevento belost.

4.3. Featurecombinators

A numberof combinatordranslateveryeasilyinto Lotos. Forexample Call Wait-
ing in figure 4 offersachoiceof thecallerthe calledclearing: offers(Clearl,Clear3)
This becomesa LoTos choice betweeninstancesof the correspondingelementary
features:

procesOffers|tel, ctl] (* choiceof clearing... *)
(n1,n2: Num): exit (Num,Num,Result):=  (* yieldsnumbers/result)
OnHookFeaftel, tel] (n1,n2) (* callerclears®)
[l (*or..*
OnHookFeatZtel, tel] (n1,n2) (* calledis cleared)

endproc (* Offers*)
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Like a featureprocess,a combinatorprocessis parameterisedby a pair of gates
and numberscorrespondingo the two subscribers.The processs namedafter the

combinator(with a numericalsufiix if thereare several of the sameone). Combin-
ators, like featuresalsogeneratea procesdefinition andyield the meansof calling

this process. A combinatorcall will thereforework with any parametersywhether
invocationsof elementaryfeaturesor of other combinators. For example,figure 4

specifiesa sequenc®f clearingby the caller, ringing, andfinally a choiceof clears:
enablegClear1(21)ings(...),offers(...)). The enablescombinatortakesthe process
callsgeneratedby the nestedconstructsandusesthemin sequence:

processEnabledtel, ctl] (* clear/ring/clear.. *)
(n1,n2: Num): exit (Num,Num,Result):=  (* yieldsnumbers/result)
OnHookFeaftel, tel] (n2,n1) (* callerclears®)
>> acceptn2,nl: Num,res: Resultin (* andthen... *)
RingsJtel, ctl] (n1,n2) (* calledis rung®)
>> acceptnl,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 calls on Lotos processesNote that becausehe first featureis in
thereversedirection(21), thenumbersareswappednsidethe combinatordefinition.

An importanttranslationrule is thata combinatortreatsits parameterascalls of
unknown processeghusensuringcompositionalityof translationrules. This consid-
erablycomplicatedranslatingsomecombinators As anexample,figure 2 dealswith
simultaneouslearingby bothparties:collideqClear2). Thecomplicationis to define
collideswithoutknowledgeof the specificnatureof thebehaioursthatarecombined.

proces<ollidestel, ctl] (* behaiour collision... *)
(n1,n2: Num): exit (Num,Num,Result):= (* yieldsnumbers/result)
(
(
OnHookFeat{tel, tel] (n1,n2) (* on-hookfeature*)
> (* disabledby ... *)
exit (n1,n2,NoRes) (* numbers/naesult*)
)
II| (* interleavedwith ... *)
(
(
OnHookFeat{tel, tel] (n2,n1) (* on-hookswapped*)
>> acceptn2,nl: Num,res: Resultin (* andthen... *)
exit (n1,n2,res) (* numbers/gienresult*)
)
> (* disabledby ... *)
exit (n1,n2,NoRes) (* numbers/naesult*)
)

)
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[TteN (* synchroniseavith ... *)
CollidesA[tel, ctl] (* possiblecollision™*)
where
proces<CollidesA[tel, ctl] : (* allow for collision... *)
exit (Num, Num, Result):= (* yieldsnumbers/resutt)
tel ?id: Id ?prim: Prim; (* allow first primitive *)
tel ?id: 1d ?prim: Prim; (* allow secondprimitive *)
[IsReq(prim)] = (* if request.. *)
exit (any Num,any Num, any Result) (* any numbers/result)
I (*or..*
[not (IsReq(prim))] = (* if notrequest.. *)
CollidesBitel, ctl] (* any primitive*)
)
endproc (* CollidesA*)
processCollidesBltel, ctl] : (* allow ary primitive... *)
exit (Num, Num, Result):= (* yieldsnumbers/resutt)
tel ?id: 1d ?prim: Prim; (* allow ary primitive *)
exit (any Num,any Num, any Result) (* any numbers/result)

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

Again, this is constraint-orienteth style. Thetop-level behaiour interleavesthe
givenbehaiour (procesOnHookFeatl, correspondingo declaratiorClear?) in each
direction. Eithermay beinterruptedat ary point by anexit, i.e. it maysimply cease.
Coordinationof thetwo directionsis handledby synchronisationvith CollidesA This
initially allows a pair of primitives. With collision this will be a pair of requests,
but without collision therewill be arequestollowedby anindication. If thesecond
primitive is arequesthencollision hasoccurredandCollidesAforcesanimmediate
exit. Otherwisetherehasbeenno collision,andbehaiour proceedasCollidesB This
simply allows the remainingbehaviour to unfold andthento terminatesuccessfully

A further complicationhandledby Collidesis thatoneor both of the numbersn
the call may not yet have beenfixed. The exits with any valuesallow theseto be
determinedf necessarpy the collides behaiour parameterCollidesalsoexits with
whateverresultthe givenbehaviour yields.

The intention of combinatordike collides andrelatedonesis relatively easyto
grasp. However asjust seen,their formalisationis quite complex. This underlines
theflexibility andappropriatenessf LoTosastheformallanguagechoserfor ANISE.
In otherlanguagessuchas SDL, the translationwould be more complex and could
probablynotbegenericin the senseahatcollidesis.

Thecombinatorsllustratedabove aregeneral-purposandcouldbe usedfor other
kinds of service. For examplethe authordevelopeda similar approactcalled SAGE
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(ServiceAttribute GeneratofTUR 93)) for describingservicesn OSI(OpenSystems
InterconnectiorflSO 94]). Thetelecommunicationsombinatordistedin table5 are
translatedn broadlysimilar waysasthe genericcombinators.

4.4. Global behaviour

Thetoplevel of anANISE descriptions generallya call of checks busy, translated
into the LoTostop-level behaiour:

processChecksBusytel, ctl] : noexit := (* monitorline busy/free*)
RingsBacHtel, ctl] (* normal/ring-baclcalls*)
[
ChecksBusyAtel, ctl] (<> of IdAssocs, (* busychecks¥)
<> of IdAssocs<> of NumAssocsg> of NumAssocs)
where
processChecksBusyAtel, ctl] (* busychecks")
(Calls,NoWaits: IdAssocsDials, Returns NumAssocs) noexit ;=

endproc (* ChecksBusyA)
endproc (* ChecksBusy)

InsideChedsBusyChedksBusyAnonitorsthestatusof calls,particularlythebusy/free
stateof lines. ‘<> " hereisanemptylist. ChedksBusyAnaintainsanumberof (global)
statusvariables:

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

NoWaits: dealswith lines where Call Waiting is no longer allowed becausea
subscribehasdecidedo cancelCall Waiting for the currentcall

Dials: lists pairsof numberseededor LastNumberRedial
Returns: lists pairsof numberseededor AutomaticCall Back

A significantchallengeatthetopmostevel of behaiour is to makethecombinators
actcompositionally Unfortunatelythereare stronginterrelationshipamongAuto-
matic Call Back,Call Completionto Busy SubscriberCall Forwardingon BusyLine
and Call Waiting. Eachof the correspondingombinatorghereforeinsertsseparate
sectionsof LoTtos into the definition of CheksBusyAWherethereare overlaps,the
translationprocedurecombineghesesections.

Anotherchallenges control of calls. Sincecall controlis internalto the network
it cannotbe exertedthroughthe normal LoTos gateusedfor communicationwith
subscribergtel). Insteadall call processebave aninternalgate(ctl) thatcanbeused
to manipulatecalls. Internalinteractionsat the control gateare synchronousso its
introductiondoesnot causespuriousdeadlocks.
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Thecontrolgateis usedfor featuresuchasCall Waiting. A waitingcall exchanges
normalsignalswith its subscriberbut is not connectedo the otherparty. Insteadarny
eventsat the waiting end take place at the control gate. This is usedto causethe
connectiorto beclearedsayif the calledparty decidedo rejectthewaiting call. The
control gateis alsousedfor internalsignallingconcernedvith automaticredial and
normalandring-backcalls.

Ched&sBusyAsynchronisesvith RingsBak&. This representsegular subscriber
initiated callsaswell asnetwork-initiatednormalandring-backcalls. RingsBak has
theform:

Instancegtel, ctl] (* normalcalls*)
[Il (* interleavedwith ... *)
RingsBackA[tel, ctl] (* ring-backcalls*)

Instancesontainsthe requirednumberof calls declaredwith theinstancescom-
binator Eachcallis aninstanceof theBasicCall behaiour definedin ANISE. It starts
out with no associatedgubscribers.Whena subscribemgoesoff-hook, ary free call
instancesynchronisesvith the subscribeandremainsin useuntil the call is cleared.
Thenthe call instancemay be usedagain. The numberof instancess thereforethe
concurrentapacityof thenetwork; theremaybemoresubscribershancall instances.
However the numberof ring-backcall instancesariesdynamically Whenring-back
is required,a call instanceis createddynamically Ring-backcalls arenot subjectto
theinstanceslimit, anddisappeawhenthecall is cleared.

Supposeéhattherearetwo call instancespne of which is currentlyidle andone
of which connectsiumber124 (line 53) to number456 (line 37). Supposealsothat
a ring-backcall is pendingfrom number296 to number456. The LOTOS process
structurein this situationis equivalentto:

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

[
ChecksBusyAtel, ctl] (<[53,37p ,<> ,<[124,456]> < [296,456]>)

SinceLoros doesnot have a built-in syntaxfor lists, <[...,...], ..> is usedabove
asa shorthandor a list of pairs. A pair of associatechumbersor line identifiersis
built up gradually Whenline 53 goesoff-hook, anembryonicassociatiorj53,Nold]
is created. Whenline 37 is called, this changeso [53,37]. Supposehatline 53 is
later put on hold dueto Call Waiting. In this situation,the associations changedo
[Held(53),37].

Thefirst call instanceabore hasno associatedubscribergNoNun). The second
call instanceabove links numbers124 and 456. Both call instancesoperateinde-
pendentlyin parallel, but are synchronisedvith Ched&sBusyAfor call control. The
parametersf this show thatlines53 and37 areassociatedthe seconccall instance),
Call Waiting hasnot beensuspendedby ary subscribers124lastdialled 456,anda
ring-backcall from 29610 456is pending.Whenthecall from 124to 456 clears,296
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and456will be‘claimed’ for thering-backcall. Thiswill becreatedasa furthercall
instancanterleavedwith thetwo regularcall instances.

5. Translating ANTEST to LOTOS

ANTEST was introducedin section2.3 andis summarisedn table 7. ANTEST
scenariosare translatedquite readily to Lotos. The command-linecall antestcw
translatesthe file cwantestinto Lotos. As mentionedin section2.3, the signal
namesusedby sendandrecv aretranslatedo their LOTOS equivalents. One small
complicationis translatingthe corventionalsyntaxfor decimalnumbersand speech
messagemito aninternalLotossyntax. A numbelis translatedisadigit string,while
a speechmessageés translatednto a string of (ASCII) binary values. Numberand
stringvaluescould have beentranslatednto internalconstantsyith possiblesavzings
in validationtime.

As examplesof ANTEST translationsfigure 10 shavs how figures7 and 8 are
translated For readability theconventionalsyntaxfor numberds usedhere.Eachtest
correspondso a LoTos processwith the samename. A testprocesds parameterised
by the standardservicegate (tel) and one for indicating successfutestcompletion
(OK).

Theactionsof sendandrecvaretranslatedo Lotosevents. Themaindifferences
thatthetelephonenumbetin an adionistrarslatednto the correspording lineidentifier
(asexplainedin section4.2). A testwith refusess a sequencef eventsfollowed by
achoiceof theinvalid behaiour (which leadsto deadlock)or successfutermination.
The interleaves operatorrequiressynchronisatioronly on the OK gate; eventsat
the tel gateareindeedinterleaved. The sequenceoperatorsimply giveseventsin
sequencewhile offers correspondso LoTos choice. The othertestoperatorshave
straightforward counterpartsThe only unusualoperatolis depends which statically
checkghesubscribeprofilesduringtestgeneratiormndproducesestcodeasrequired.

All thetestfilesarenormallytranslatedogetheasalist of LoTosprocessesThese
arecombinedautomaticallywith thetranslatiorof thegeneratedNISE. Thisresultsin
asingleLorosfile thatis usedfor validation. Thetestsarethenrunautomaticallyone
by one. The TestExpandeatureof LoLA internallymodifiesthe specificatiorto place
thetestprocessn parallelwith the top-level behaiiour. The compositebehaviour is
thenexhaustvely explored. If all pathsleadto thesuccesgvent,thetestis saidto be
‘must pass’. However if only someof the pathsleadto successthetestis saidto be
‘may pass’.If no pathsleadto successthetestis saidto fail. In ANTESTterms,these
correspondo successinconclusve andfailure verdicts.

If atestdoesnotsucceedANTESTrunsit asecondime to determineall thepaths
thatleadto failure. Thesearethen printedout in a diagnosticreport. Sincethere
may be severalequialentpathsleadingto failure,theduplicatesareeliminatedin the
report. The diagnosticreportalsoconvertsthe LoTos syntaxfor eventsbackinto the
form originally usedby ANTEST. This avoidsexposingthe ANISE 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
i; OK; stop
)
endproc (* Test TCS_ ScreenedNumber*)

processTest POT'S_InterdependentCalls|tel, OK] : noexit =
(
tel! 541 OffHookReq; tel! 54! OffHookCon(DialTone);
tel! 54! DialReq(296);
(
tel! 54! DialCon(RingTone);
tel! 18! StartRingIndNormRing);
tel! 18! AnswerReq;tel ! 54! Answerind,;
tel! 54! OnHookRegq;
tel! 18! OnHookiInd;tel! 18! OnHookReq;
OK; stop

tel! 54! DialCon(SubsBusy®ne);
tel! 54! OnHookReq;
OK; stop

)
I[OK]|

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

tel! 95! DialRe((296);

(
tel! 95! DialCon(RingTone);
tel! 18! StartRingIndNormRing);
tel! 18! AnswerReq;tel! 95! Answerind,;
tel! 95! OnHookReq;
tel! 18! OnHookind;tel! 18! OnHookReq;
OK; stop

tel! 95! DialCon(SubsBusy®ne);
tel! 95! OnHookReq;
OK; stop

)

)
endproc (* Test POTS_InterdependentCalls*)

Figure 10. Sampldranslationsof ANTESTSCenarios
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of LoTos.

Supposehatnumber296 (Tom) hassubscribedo AutomaticCall Back. Tom has
alsochoserto barcallsfrom number624 (Simon). Tom calls Simonwhenheis busy
andthenhangsup. WhenSimonis free,shouldthenetwork call Tomback?Automatic
Call Back would requirethis, while TerminatingCall Screeningwvould forbid it. A
testthatcreatedhis situationwould bereportedasfollows:

Testing Screen CallBack Inconclusive 1 succ 1 fail 7.4 sec

send(624,0ffhook)

send(296,0ffhook)

recv(296,0ffhook,DialTone)

send(296,Dial,624)

recv(296,Dial,SubsBusyTone)

send(296,0nhook)

send(624,0nhook)

< failure point >

The choiceof network actionsleadsto successn onecase(the call is returned)and
failurein the othercase(thecall is notreturned).In factthis problemwasdiscovered
and cured during the developmentof ANISE by checkingfor call screeningbefore
honouringtherequesfor ring-back.

Apartfrom non-determinismfeatureinteractionalsoappearasstraightfailure of
atest:

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

Threefailure pathsarereportedbecausehreeconcurrentall instancesreallowed.

6. Conclusionand discussion

It hasbeenseenthat ANISE offersfacilities for structuring,describingcombining
andvalidating features. The approachhasbeenevaluatedusing POTS anda range
of typical IN features.Throughstaticanddynamicanalysis,interestinginteractions
canbe found — someof themwell-known andsomerequiring further consideration.
Although Lotos hasbeensuccessfullyusedasthe internalformal representatiorits
existences hiddenfrom thetool user

In principle this allows a differentchoiceof internallanguagean future. SDL and
conventionalprogramminganguagege.g.C++ or Java) would be attractive possibil-
ities, but therewould be significantchallenges$n translatinghe ANISE constructsnto
theselanguages ANISE wasdevelopedlargely from architecturaprinciples. In fact,
it is a derivative of the earlierSAGE languag€gServiceAttribute Generatof TUR 93])
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usedto expressOSI services.It shouldbe said,however, that ANISE wasdeveloped
hand-in-handvith its translationto Lotos. A numberof thegenericANISE combinat-
orsareratherLotos likein style(e.g.disableg, butanumberarenot(e.g.interrupts ).
Thetelecommunicationsombinatorsvereinspiredpurely by the IN, andso arenot
Loros-oriented. Most of the combinatorscould be representedeadily in another
language. However, asseenin section4.3 someof the combinatorg(e.g. collides)
arecomplicatedo translate.The constraint-orientedtyle in Lotosworksvery well
for these.In amore‘conventional’ languagesuchcombinatorsvould probablyhave
to betranslatedusinga setof case-specifitemplates.The advantageof the LoTos
basedapproachis that combinatorscan be translatedalmostindependentlyof their
(behavioural) parameters.

The ANISE languageallows a rangeof typical telecommunicationfeaturesto be
described ANISEderivesits flexibility from asetof simplebuilding blocks(elementary
featurespndwaysof combiningthem(genericor telecommunicationsombinators).
In this sense ANISE supportsan architecturefor definingservices. Although POTS
andtheBasicCall form thebasisfor IN featuresthe ANISE approachs moregeneral
thanthis and could be usedfor otherkinds of services. Being derived from SAGE,
ANISE cancertainlybeusedfor OSl-like services ANISE is alsodeliberatelydesigned
to handleawiderangeof IN featuresandnotjustsingle-endedingle-point-of-control
features.Specifically ANISE is targetedat definingthe relationshipamonga number
of calls(e.g.asrequiredfor multiway callsor conferences).

ANISE alsotakes a ratherhigh-level view of servicesas seenby communicating
users.It shouldthereforebe possibleto modelotherkindsof servicesuchasarisein
TINA or in multimediasystems ANISE would handlecontinuoughit streamsasit cur-
rently handlesspeech- asstream®f pacletiseddata. Issuessuchassynchronisation
andsessiorcontrolcouldwell requirenew ANISE combinators Servicemanagement,
suchasbilling andservicesubscriptionarenot currentlydealtwith in ANISE. There
is a deliberatefocus on ordinary userbehaiour, so managementvould requirean
extensionof themodel.

SinceANIsEis atextuallanguageit islessattractvetoindustrialusers.A prototype
tool hasbeendevelopedfor giving ANISE descriptionsn agraphicalform resembling
figure 1. Thetextualform of ANISE canbe derivedautomaticallyfrom this. Theonly
reasorfor consideringagraphicakyntaxis toimprovecomprehensibility-particularly
for novice users.A graphicaldescriptioncanprovide agoodoverview of structureas
is hopefully evidentfrom figure 1. Thetextual form of ANISE, seenin figure 2, does
notshav the overall relationshipbetweerbehaioural elementsowell.

ThelLoTosspecificationgeneratedby ANISE arequitereadablgby thosefamiliar
with Lotod). This is helpedby the neatlayout and the automaticallygenerated
commentgwhichalsoprovidelinks backto the ANISE source).Howevertheextensie
useof abstractlatatypesandconstraint-orientedompositiormakesthespecifications
somavhatremotefrom aprogrammatiémplementationTheintentionwas,of course,
to represenfeaturebehaiour compactlyandto facilitatesimulationandanalysis.
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The ANGEN languageallows featuresto be definedin isolation andthento be
automaticallycombinedwith a basedescription. ANGEN generateseportsof static
overlapsamongfeaturesasaby-productof combingfeatures Typically theseoverlaps
requireprioritisationor extensionof features.

The ANTEST languageallows validation scenarioquse cases)to be definedfor
features. Theseare automaticallyapplied, and allow featuresto be evaluatedin
isolationor in combination. It is possibleto checkall featuressimultaneouslyand
thusto discover arbitrary n-way interactions. ANTEST looks even morelike LoTOS,
yetit essentiallyexpressesequenceghoiceandconcurreng. It shouldthereforebe
feasibleto translatemostof ANTESTto otherlanguagesThemaindifficulty would be
in handlingconcurreng (awkwardin SDL, threadsn Java). Refusaltestswould be
expresseddy actionsthatled to aninternalerror. MSCs(MessageSequence&harts
[ITU 96h) couldbeusedasanalternatieto ANTEST, thusconnectingo awell-known
formalism. Yet, ANTEST hasthe advantageof beingclosedtied in with ANISE (e.g.
theuseof shorthandgor signalnames) A graphicalapproacttouldalsobeusedwith
ANTEST.

NotethatANTESTmerelyvalidatesratherthanverifiesfeatues soit would beuseful
to derive rigoroustestsautomatically The authorhasshowvn [JI 99] thattechniques
for protocoltestderivationaremoregenerallyapplicable andshouldbe adaptabldor
telecommunicationservices.lt would alsobe usefulto definesymbolicteststhatdo
not rely on particularsubscribersand particularprofiles. Thereis someprospectof
achieving this usingLOLA. Using an ANISE specificationto generateuseful feature
implementatiortestsis anareafor furtherstudy
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The ANISE servicecombinatorsare summarisedn tables3, 4 and5. Tables3
and4 give genericcombinatorghatareapplicableto a rangeof servicesandnot just
thosein telecommunicationsTable5 givestelecommunicationsombinatorghatare
particularto servicessuchasthosefound in the IN. The modificationoperatorsof
ANGEN aresummarisedn table6. Thetestoperatorof ANTEST aresummarisedn

table7. LoTos syntaxis summarisedn table8.

| Statement | Meaning
% commentext informal explanation
alternateqbehaviou) alternatesn eachdirection
behaviour featuredeclaration/combinatio

collidegbehaviou)

executesseparatelyn eachdir-
ection,reinforcingon collision

declare(namebehaviouj

givesnameto behaiour

direction

local/remote subscribers, e.g.
00 (none)or 21

disablegbehaviourlbehaviourl

execution of behaviourlstops
behaviour2

duplicategbehaviou)

executesindependentlyin each
directionsimultaneously

enablegbehaviourlbehaviour2...)

when each behaiour termin-
atesthenext maystart

enables after _ack(behaviourlbehaviour2..)

after response/confirnof each
behaiour, the next may start

enables after try (behaviourlbehaviou2,...)

after request/indicatiorof each
behaiour, the next may start

enableson_result(behaviouriresult2 beha-

viour2,result3behaviour3... behaviourN)

behaviourl result decidesfu-
ture: if result2thenbehaviour?
..., behaviourNby default

exit

successfutermination

feature(direction)

named elementary behaiour,
with optionaldirection

feature(directionpatternproperty,group(param))

elementarybehaiour of given
characteristicsfpor onegroup

feature(...,group(param),grou2(param)

elementary behaiour  of
given characteristics, for
reques/ackneledgement
groups

Table 3. ANISEgenericservicecombinatos
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| Statement

| Meaning |

finishegbehaviouj

no further action after behaiour
terminates

global(namebehaviouj

global specification behaiour
with givenservicename

group commonpartof serviceprimitive
namesg.g.OffHook
headefcommentary preserescommentaryasaheader

in thegenerated.otos

instancegcountbehaviouy

numberof independenbehaiour
instances

interleavegbehaviourlbehaviair2,...)

independenéxecution

interrupts (behaviourlbehaviourl

behaviourlmayinterruptthenre-
startbehaviour2

interrupts _ after_ack(behaviourlbehaviou2)

behaviourl may interrupt then
restart behaviour2 after re-
sponse/confirnfrom behaviour2

interrupts _ after_try (behaviourlbehaviou2)

behaviourl may interrupt then
restart behaviour2 after re-
quest/indicatiorfrom behaviour2

loopgbehaviou)

repeaton successfutermination

name

identifier (letters, digits, under
scores)ge.g.Call_Clear

overtakegbehaviourlbehaviar2)

behaviourlmay begin later than
behaviourzbut finish earlier

param service primitive paramete
(CalledMess CallingMess Dig,
Num \oice)

pattern asymmetric_confirmed, local

confirmed, provider_confirmed,
provider _initiated, remote
confirmed, unconfirmed, user.
confirmed, user_initiated, user.
provider_confirmed

profile(numbetline,...)

subscribemumber line identifier
andparameters

property consecutve, ordered, reliable,
single, unreliable
reversegbehaviou) executedn oppositedirection

Table 4. ANISEgenericservicecombinatos
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| Statement

| Meaning |

calls_thr egbehaviourlbehaviar2)

three-vay calls follow behaviourl
normalcallsbehaviour2(TWC)

checksbusy(behaviou)

monitorsandrespectdine busystate

dials(behaviou)

dialled number determinescalled
number

dials_codgbehaviouj

abbreviated dialling codeis expan-
dedfor behaiiour (ABD)

dials_ong(behaviou)

calleduniversalnumberis translated
to calledidentifier (ONE)

diverts_alwaygbehaviou)

called line is changeduncondition-
ally (CFU)

diverts_busy(behaviouy

calledlineischangedf calledis busy
(CFBL)

diverts_unanswered(behaviouj

calledline is changedif call is un-
answeredqCFDA)

returns. automatic(behaviouribehaviour?)

ring-back calls follow behaviourl
normalcallsbehaviour2(ACB)

returns. manual(behaviouribehaviour3

ring-back calls follow behaviourl
normalcallsbehaviour2(CCBS)

rings(behaviouj

calledgetsappropriateing pattern

rings_display(behaviou)

calledgetcalling number(CND)

rings _preferencgbehaviouy

calledgetsring preferencdDR)

screens in(behaviou)

behaiourfor bannectallingnumber
will notterminate(TCS)

screensout(behaviouy

behaiour for banneccallednumber
will notterminate(OCS)

waits(behaviourlbehaviour

waitingcallsfollow behaviourlnor-
mal callsbehaviour2(CW)

waits_call(behaviou)

handlecall waiting globally (CW)

Table 5. ANISEtelecommunicationservicecombinatos
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| Statement | Meaning

% commentext

informal explanation

append(old,nawv,context)

old hasnew appendedin the optionalcontet

chang€old,nav,context)

old is changedo new, in the optionalcontext

deletgold,contet)

deletesnld, in the optionalcontext

fill (old,naw,context)

old hasnew insertedjn the optionalcontext

headerlcommentary

preserescommentanasheadein thegeneratedNISE

prefix(old,nen,context)

old hasnew placedin front, in the optionalcontext

wrap (old,nen,context)

old hasnew wrappedaroundit, in the optionalcontext

Table 6. ANGENmModificationoperators

| Statement

Meaning

% commentext

informal explanation

decidegbehaviourl,behaviour2,).

testermakesbehaviour choice

dependgcondition1,behaviourl,

if conditionlholdsthenbehaviourl ...,

condition2,behaviour2,.betaviourN) | elsebehaviourNby default
exits(behaviourl,behaviour?2.) behaviourl ... in sequenceand then
termination
fails(behaviourl,behaviour2,) behaviourl ... in sequenceand then
deadlock

interleavegbehaviourl,behaviar2,...)

independenparallelbehaiours

offers(behaviourl,behaviar2,...)

network makesbehaiour choice

recnumbeprimitive,paramete}

subscriberat numberrecevvesprimitive,
with optionalparameter

refusegbehaviourl,behaviour2. be-

haviourN

behaviourl ... in sequenceand then
behaviourNmustnot happen

sendnumbejprimitive parametej

subscriberat number sends primitive,
with optionalparameter

sequencefehaviourl,behaviour2,)..

behaviourl ... in sequence

succeedéehaviourl,behaviour2,)..

behaviourl ... in sequenceand then
terminatesuccessfully

test(namebehaviouy

testnameandbehaviour

Table 7. ANTESTtestoperators
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| Statement Meaning
(* commentext *) informal explanation
exit behaiour terminatesuccessfully

exit(resulty

successfuterminationwith resultvalues

exit(resulty >
acceptdeclamationsin behaviour

terminationwith export of resultvalues

gate

a‘port’ atwhicheventoffersmaysynchronise

gate!value

eventoffer synchronisesn givenvalue

gatevariablesort

eventoffer synchronisesnary valueof sort,
bindingactualvalueto variable

gate!l... ?...[predicatd

eventoffer with predicateon values

procesmame[gateg (parametes) :
noexit := behaviour

namedrocesslefinitionwith givengatesaand
parameterdhut no termination

procesmame[gateg (parametes) :
exit(resulty := behaviour

processthat terminates successfully with
givenresultsorts

procesqgateg (parametes)

instantiationof namedprocess

stop

behaiour doesnothing(no furtheraction)

event; behaviour

prefixeseventoffer to somebehaiour (‘fol-
lowedby’)

[guard] = behaviour

offers behaiour only if guard condition is
satisfied(‘if ")

behaviourl]| behaviour2

offerschoicebetweerntwo behaiours(‘or’)

behaviourl>> behaviour2

if behaviourlexits, behaviourZollows (‘en-
ables”)

behaviourl> behaviour2

behaviour2may disrupt behaviourl unless
behaviourlexits first (‘disabledby’)

behaviourl|| behaviour2

two behaiours in parallel, but fully syn-
chronised on their events (‘synchronised
with’)

behaviourl||| behaviour2

two behaioursin parallel,butindependently
occurringevents(‘interleavedwith’)

behaviourl|[gated| behaviour2

two behaioursin parallel, synchronisingat
givengatey‘synchronisedn gateswith’)

Table 8. Lotossyntaxsummary
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