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Abstract.

The phaseof the ANISE project (ArchitecturalNotionsIn ServiceEngi-
neering)are briefly explainedwith referenceo the work reportedhere. An
outline stratgy is given for translatingANISE descriptionsto LoTos (Lan-
guageof TemporalOrderingSpecification) thusproviding a formal basis. It
is shovn how modularANISE descriptionf featurescanbe definedandthen
mewged. Potentiafeatureinteractionsanbeidentifiedstaticallythroughstruc-
turaloverlaps.A scenaridanguages introducedo expressvalidationtestsfor
featuredn a modularfashion,anda numberof examplesaregiven. Scenarios
areautomaticallytranslatedo Lotos andanalysedhroughL otos simulation.
This allows featuresto be validatedin isolation, and dynamicallyin combi-
nationwith otherfeatures. The designof the translationandvalidationtools
is discussedshowing typical resultswheninvestigatingfeaturedescriptions.
The paperconcludeswith aguideto extendingthe approactfor new features.

1 Intr oduction
1.1 Contet of theWbrk

ANISE (ArchitecturalNotionsIn ServiceEngineering)s anapproachalanguageandatoolset
for definingandanalysingtelecommunicationservicesandfeaturesin a rigorousfashion.
For the work reportedin this paper the specificgoalswere: to definea largely complete
denotationabemanticgor ANISE; to devise a stratgy andtool for translationto LOTOS; to
developalanguageandtool for combiningmodulardescriptionf featuresandto develop
alanguagendtool for validatingtheresultingspecifications.

The approachdeliberatelydoesnot give ary specialstatusto servicesfeatures Service
IndependenBuilding Blocks or the basiccall. All areconsidereehaiours — features—
of a telecommunicationsystem. Elementarybehaiours are usedto build more comple
behaiours. Notethat ANISE usestheterm‘feature’ to meanary self-containedehaiour of
atelecommunicationservice.An ANISE featuremaybearything from basiccommunication
betweenthe user and a service (e.g. dialling, speech)to higherlevel combinations(e.g.
AbbreviatedDialling, Three-Way Calling). Normally only thelatterwould be calledservices
or features.However all behaioursaretechnicallythe samein nature,so ANISE talksabout
featuresavenif thebehaiour would not normallybe marketedy itself.

Work on ANISE hasbeenproceedingn a numberof well-definedphases. Initially an
architecturafoundationfor describingelecommunicationteaturesvasdefined[10], allow-
ing the basiccall andsimple modificationsof it to be described.Extensionghenpermitted
typical telecommunicationgeaturesto be described12], andstatic (structural)analysisto



highlight potentialinteractionareas.In therecentphaseeportedn this paperthe semantics
of ANISE have beendefinedthroughtranslationto LoTtos (LanguageOf TemporalOrdering

Specification3]). Apartfrom ascribingformal meaningto ANISE descriptionsthis permits

rigorousanalysisandvalidation. Tool supporthasalsobeenimplementedallowing services
to be definedand validatedin a modularmanner Languagesupporthasbeenintroduced
for memging ANISE descriptionsaandexpressingestsof them. In a future phase yerification

(proof) andformally-dervedtestswill beemployed.

1.2 Philosophy

An importantaim of ANISE is to understandhe constructiorof servicesandfeatures.lIt is

hopedthat a more consistentarchitecturewill helpto avoid interactions,soin this respect
ANISE is an avoidancemethod. However, ANISE also aimsto supportrapid prototyping
andanalysis. In this respectANISE is an off-line detectionmethod. Interactionsare found

at a high-level of featurespecificationwithout referenceto implementatiordetails. Since
ANISE obligespreciseformulation of featuresthe very act of specificationoften identifies
interactions. ANISE alsoaimsto validatethe intrinsic logic of a feature,thoughof course
further interactionsmay arise at the implementationlevel. As will be seen,ANISE can
statically highlight possiblefeatureinteractions. This is not strictly detectionsincefurther
analysisis neededo find which interactionsare genuine. ANISE can also detectdynamic
interactionsamongarbitraryfeatureduringvalidation;suchinteractionsappeamlsdeadlock
or non-determinismAny interactionddentifiedby ANISE mustberesohed manuallyi.e. by

modifyingthespecification.This helpsto exposetheessentiatelationshipbetweerfeatures.

Although ANISE usesLoTos asits formal basis,the approachntentionally hidesits use.
As will be seen featurescanbe describedcombinedandvalidatedwithout the userseeing
ary Lotos. This is partly becausd_oTos is a specialisedormal languagethat a service
engineeris unlikely to be familiar with. ANISE obtainsthe benefitsof formality without
forcing Lotos upontheuser Theotherreasorfor hiding LoTtosis thatANISE is independent
of its underlyingformalism. Although LoTos is the target languagefor the currenttools
(their ‘machinecode’), it would be possibleto supportANISE usingotherformal languages
like SDL (SpecificatiorandDescriptionLanguagd6]) or usingprogramminganguagesike
Java. LoTos is thusmerelya meando anend,althoughit is corvenientandpowerful.

ANISE tool supportwasconsideredo beimportantfor anumberof reasonsFor ANISE to
hareausablesemanti®asis automatidranslatiorto LoOTosis essential Telecommunications
featureqe.g.Call Waiting, ThreeWay Calling) canbecomplex andneedautomatecnalysis.
Sincetheintendedusersof ANISE aretelecommunicationsngineerstool supports required
if the approachis to be acceptable.Figure 1 shows the relationshipbetweentools in the
currentsuite. The functionsof thesetools will be explainedin later sections. The entire
toolsethas14 modulesand6,300lines of code(includingcomments)In factthe Toposuite
of Lotos toolsandthe LoLA simulator[7] area separateandsubstantiapart of the ANISE
validator thoughtheexistenceof theses hiddenfrom theuser Furthertoolsareplannedfor
exampleto createandanimateANISE descriptiongraphically

1.3 Relatedwbrk

ANISEsupportsletailedandrealisticdescription®f telecommunicationservicesComparing
ANISE descriptionswith thosewritten using other approachesit is interestingto note that
ANISE oftenprovidesafinerlevel of detail. As asimpleexample,it is commonlyassumedhat
going off-hook leadsto dialling tone. ANISE correctlyallows for otheroutcomesijncluding
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goingon-hookbeforedialling toneis receved. Althoughthisis largelyamodellingissue(i.e.
a single off-hook/dialling tone event could be considered) ANISE nonethelesgncourages
and supportsa detaileddescriptionof how serviceswork. Although this complicatesthe
modelto someextent, it helpsto give a more accuratespecificationof behaiour. More
importantly a finer level of granularityin the eventsallows more subtleinteractionsto be
discovered. Telecommunicationsetworksareinherentlyconcurreneanddistributed,sofine-
grainedconcurreng in themodelsmayuncover moreproblems.

SinceANISE is supporteddy LOTOS, it is usefulto compareit with otherwork thatuses
Loros directly. Faci andco-workershave successfullyusedLoTos in a constraint-oriented
style to describetelephonesystemsandtheir featureq2], and have shavn how the feature
interactiorproblemcanbeanalysedn Lotos. Thomag8] alsoused.oTtosbutwith particular
interestin formulatingatheoryof featuresandin detectingnteractionsy checkingiemporal
logic propertiesagainsta LoTos specification.

Theauthorsexperienceof usingLotosfor architecturaspecificatiorj11] is thatLoToSis
rathergeneral Although LoTos s fairly abstractijt is nonethelesso low-levelin termsof a
typicalapplicationrdomain. For thisreasontheauthorhasfoundit moreproductveto specify
problemsin a givendomainusinga meta-languagéhat directly supportsdomainconcepts.
For example whendescribingelecommunicationservicest is usefulto have directaccesso
specificatiorconceptdike telephonenumber dialling, feature call, diversionandsubscriber
profile. Usingonly LoTos it is necessaryo expresssuchconceptdrom scratch. However,
a meta-languageanembodytheseconceptsandyet be translatecautomaticallyto LoTos.
This allows the specifierto work at the level of the applicationdomain,resultingin smaller
descriptionghatrelatebetterto the problemarea. As will be seenlater, ANISE descriptions
aremuchmorecompacthantheir automaticallygenerated.otos counterpartsThe author
hasfoundthatdescriptionsn a problem-specifieneta-languagareoftenonly afew percent
in sizeof their LOTOS counterparts.

2 Feature Description
2.1 Language

ANISE offersconstructdor definingelementarpehaioursandcombinatordor building these
into morecomplex behaiours. [10] discusseshe genericcapabilitiesof ANISE, while [12]



introducesdts capabilitiesfor specifictelecommunicationgeatures.Only a basicindication
is givenin this sectionof how ANISE is translatednto LoTtos. The detailsof the translation
areintricate,andnot muchmoreinterestingthanthe internalsof a compiler

2.2 TranslationStrategy

2.2.1 ElementaryFeatues

Elementaryfeaturesdescribethe simplestcommunicationbehaiours betweena userand
the network. Such featuresare modelledfollowing the OSI (Open Systemsintercon-
nection) conceptsof serviceand service primitive. Service primitives play one of four
roles: request/indicatior§notification user- network) and response/confirnfacknavledge-
mentuser- network). Considerthe elementarySeizefeaturedescribedn ANISE by:

declare(Seizefeature(12 Jocal- confirmed,single OffHook,(CallingMess)))

This allows the userto go off-hook, andthe networkto confirmthis. Thefirst primitiveis an
off-hook requesi(correspondingo going picking up the telephone).This is followed by an
off-hook confirm (normally supplyingdial tone).

Featureshave a defineddirection (12 meansfrom user1, the originator, to user2, the
responder).Featuresalsohave a pattern(local_confirmed meansthata userrequesigetsa
networkconfirm). An orderingpropertydefineshow multiple invocationsof a featureare
related(single meanghatonly oneinstanceof a featuremay beinvokedat atime). There-
guest/indicatiomndresponse/confirmprimitivesaredeclaredn theform Name(Rrameters)
Thenamefor response/confirns usuallythe sameasfor request/indicatioandcanbe omit-
ted. If thereare no parametershey are omitted. For Seizethe primitives are all called
OffHook Thereis no parametefor request/indicationbut for response/confirnt is of type
CallingMess Thisis usedfor networkmessaget the calling partyandincludesdial tone.

Communicationbetweena user and the network correspondgo a Lotos event like
tel 142 10ffHookReq All eventsbetweenusersandthenetworktakeplaceata commongate
chosenby the specifier heretel (telephone).Eventsare associatedvith anId like 42 that
specifiesthe line on which they occur It is necessaryo usea line identifier sinceseveral
telephonenumbersnaybeassociateavith thesamdine (e.g.for Distinctive Ring). Theother
informationin aneventis a serviceprimitive valuelike OffHookReq Auxiliary operations
aredefined like IsKind (primitiveis of givenkind) andisld (line identifiermatchedelephone
number). IsNextPrim checksif one primitive logically follows another(in the sensethata
confirmwith dial tonemayfollow anoff-hook request).

The parameter®f an elementaryfeaturedetermineits LoTos translation. An infinite
numberof parametercombinationsmay be used; patternsand propertiesalone define 40
differentvariations. This aspectof the translationis thereforemoderatelycomple, though
it is entirely automated.Eachdeclarationof an elementaryfeatureis translatedo a LoTos
processdefinition. This is necessarpecausesomeelementaryfeaturesmay be invoked
repeatedlysorecursionmustbe possible.In the caseof Seizethegenerated. oToS is:

procesOffHookFeatigl, g2] (n1,n2: Num): exit (Num, Num, Result) :-

gl7?idl: Id ?prim1: Prim (* allow primitiveif ... *)
[IsKind (prim1, OffHookRegKind)andlsld (id1, n1)]; (* off-hookrequesfor caller*)

gllidl ?prim2: Prim (* allow primitiveif ... *)
[IsNextPrim (prim2, prim1)]; (* off-hook confirm*)

exit (IdNum (id1, n1),n2, ResultOf(prim2)) (* exit with numberstone*)

endproc (* OffHookFeat*)



An elementarnyfeatureprocesss namedaccordingto serviceprimitive (here,OffHooK). The
event gatesusedfor communicationwith the originating and terminatingusersaregl and
g2, normally theseare both setto the global gatetel. The processs parameterisetty the
originating/terminatingisemumbergnlandn2). In factthesearenotfixedwhenacall starts,
andaredeterminedoy the calling andcallednumbers. The numbersassociatedavith a call
maychangeasthecall evolves(e.g.dueto call diversion),sothenumbersn useareexported
whena processxits. IdNumin the above setsthe originatingnumberaccordingto theline
that went off-hook. Featuresalsohave a resultvalue— the parameteiof their last service
primitive. For going off-hook, ResultOfreturnsthe calling messag€usuallydial tone);this
resultmaybetestedby laterfeatures.

ANISE providescommontypessuchas Num (telephonenumber)and Result(valuegen-
eratedby a feature)that are definedby specificLoTOS datatypes. The trickiest part of the
translationconcernghetypedefinitionsfor serviceprimitivessincethespecifiermaychoose
ary namesandparameterfor these.FortheSeizdeaturethetranslatiordefineghefollowing
operationdor serviceprimitive valuesof type Prim, aswell assomeauxiliary operations:

OffHookReq: = Prim (* gooff-hook)
OffHookCon: CallingMess = Prim (* getdial tone,etc. *)

2.2.2 Combinators

More comple call behaiour is built by combiningthe elementaryfeatures.Somecombina-
torsaresimple,for exampleenablegClearSilence)describeshe sequencef calleron-hook
causinghe calledpartyto stopringing. Its LoTos translationis trivial:

processEnabledtel, ctl] (n1,n2: Num): exit (Num,Num, Result) =

OnHookFeaftel] (n1,n2) (* on-hookbehaviour *)
= acceptnl,n2: Num,res: Resultin (* usecurrentnumbers®)
StopRingFeajtel] (n1,n2) (* stopringing behaiour *)

endproc (* Enables)

In functionality this resembleghe translationof an elementaryfeature,but the processs
namedafterthecombinator Thegatesaresetto tel (theglobalgate)andctl (a hiddencontrol
gate).lt will beseerthatctl is usedfor globalcoordinatiorof relatedcalls,thoughfor enables
it is notactuallyneeded Thetranslationof enablesis its behaioural parameterg sequence
(Clear correspondingo goingon-hook,andSilenceto stoppingringing).

The more useful combinatorsin ANISE are rather more complex than enables For
exampleinterrupts _after_try is usedto ensurghata callergoeson-hookonly afteracall has
begun. More advancedcombinatorsnakefull useof theflexible synchronisatiomperatorsn
Loros. Severalof thesearewrittenin the constraint-orientedtylethatallows restrictionson
behaiour to be combined. Theinterrupts _after_try combinatoyfor example,is translated
to two synchronisedehaioursand38linesof Lotos. AlthoughLoTosis goodatdescribing
complex combinationof behaiour, theintricacy of sucha translationreflectsthe fact that
themoreadvancedcombinatorsarerelatively powerful. They arealsodesignedo work with
arbitrarybehaiour parametersincethesemaythemselesbe combinations ANISE supports
20general-purposeombinatorsalthoughonly 10 of theseareregularly used.Therearealso
13telecommunications-speciftombinators.

2.2.3 Profiles

Combinatorsareusedto build up the behaiour of asinglecall (includingfeatureghatwork
atthelevel of onecall). A subscribeprofile maybedefinedfor eachtelephonenumber At a
minimumthesanustgive eachtelephonenumberandits correspondingineidentifier. Several



profilesmay exist for the sameline if it hasseveral directorynumbers(e.g.for Distinctive
Ring). In this case the first numberfor a line is consideredo be the primary number A
profile may optionally definefeaturedor anumber:
profile(684,27,
call_divert(207,BusyLine)lial_codg**3 =296,**4 =532),
ring _display,ring _preferencg2),screen in(415,532))
Thisstateghatnumber684is line 27. It hascall diversionto number207onbusy, abbreviated
dialling codes*3 and**4, callingnumbemdisplay distinctivering pattern2, andterminating
call screeningor calling numbers415 and532. The namesusedto defineprofile prefer
encesaresimilar to the correspondinggombinatorge.qg. profile screen.in and combinator
screens in). ANISE checkdor parameteerrorslike two line identifiersfor the samenumber
andcall forwardingloops. Althoughthelatteris sometimesegardedasa featureinteraction,
it is detectedstaticallyin ANISE.

2.2.4 GlobalLevel

Individual call behaiour is instantiatecht the globallevel. Like ary featureor combinatoy
eachcall procesgs parameterisedy the pair of telephonenumberst connects.Theseare
determinedasthe call progressesandthenerasedvhenthe call terminatesandthe process
recurses.Calls operateindependentlyof eachother but subjectto global coordination. In
LoTtostermsthe overall structureis:

hide ctl in (Call [tel, ctl] (n1a,n2a)||| Call[tel, ctl]] (n1b,n2b)]||| ...) || Global][tel, ctl]

Although call coordinationis called global, this doesnot meanthatit is centralised. The
globalprocesgepresentshe controldistributedthroughouthe network. Theglobal process
synchronisesvith ordinaryeventsin callsat thetel gate;for exampleit hasto monitorlines
becomingbusyor free. Userinteractionswith the networkalsooccurattel.

The global processalso synchronisest the ctl gatewhenit is necessaryo coordinate
groupsof calls. Thisappliesparticularlyto featuredike Call WaitingandThreeWay Calling.
In facttheway LoTos processearecombinedembodiesaratherfundamentatiecisionabout
the natureof ANISE. The majority of presentN servicesare classifiedas Type A (single-
ended,single point of control); they are endpoint-oriented.However it is anticipatedthat
futureIN serviceswill includeTypeB andthusinvolve coordinationof multiple endpointsor
calls. ANISE wasintentionallymadecall-orientedbecaus& seemsnorenaturalto emphasise
the call ratherthan the endpoint. ANISE is thus more attunedto Type B services,though
TypeA serviceshave beensuccessfullydescribed.

Mostcallsfollow the standardehaiour. Howeverfeaturedike Alarm Call, Call Waiting
andCall Completionto Busy Subscriberequirean additionalform of call. In suchcasesa
separataescriptionof the specialcall is givenusing ANISE. An instanceof a specialcall is
createdalongsidenormalcalls, andis controlledlike any otherby the global process.Other
Loros-basedpproachesuchas[2] have abroadlysimilar specificatiorstructureattheouter
level, but areendpoint-orientedatherthancall-oriented.

2.3 Tool Support

The ANISE translatoris written usingthe GNU m4 macroprocessar Althoughm4is justa
macroprocessatit is surprisinglyflexible [9]. Theadvantageof m4relativeto acorventional
lex/yacc translatoris that it has good facilities for text processingand translation. The
translatoris fairly robust and confirmsthe static correctnes®f an ANISE description. For
example it checkghefunctionality, patternor propertyof combinatoargumentdo makesure



Feature m4 ANISE Lines | LotosLines
abbre. | meaning macros| lines | call | profile | data| process
ABD AbbreviatedDialling 1 17 1 17 43 1
ACB AutomaticCall Back 2 41 12 1] 10 57
CCBS | Call Completionto Busy Subscriber| 0 0 1 0 0 14
CFBL | CallForwardingBusyLine 2 3 1 1 58 1
CFU | Call ForwardingUnconditional 2 5] 1 1 9 1
CND Calling NumberDelivery 2 11 1 1 24 1
Cw Call Waiting 3 7| 64 1 9 470
DR DistinctiveRing 1 9 1 1 24 1
ONE OneNumber 3 12 1 1 2 1
OCs OutgoingCall Screening 3 12 1 1] 24 1
POTS | PlainOld Telephoneservice 200 2300] 38 17 900 310
TCS TerminatingCall Screening 3 12 1 1] 24 1

aThefiguresarethe extra beyond ACB
bThefiguresarethe extra beyond CFBL

Figure2: ANISE TranslatorStatistics

thatthey makesense.Considerthe behaiour combinationenablgSpeeh,Clear) Sincethe
Speeh featureexecutedgndefinitely it is staticallyincorrectto expectthis to enableclearing.

Figure2 summarisesomestatisticsaboutthe translator The notionof ‘numberof lines’
excludescommentgwhich aregeneratecdutomaticallyduring translationso asto makethe
resultingLoTtos specificatiorhuman-readable)A ‘line’ alsoconformsto theauthorslayout
conventions but is consistenticrosdifferentfeaturessothatsomecomparisorcanbe made.

Eachfeatureis supportedby a collection of m4 macrosthat form part of the whole
translator For eachfeature figure 2 givesthe correspondingiumberof macrosandtheir size
in lines(excludingliteral embedded. oTos). Thisgivessomeideaof thesizeof thetranslator
andits compleity in macroterms. The numberof ANISE linesrequiredto definea feature
is alsogiven. Two kinds of ANISE declarationsareneeded:to definea featureat the call or
globallevel, andto equipa particularnumberwith a featurein its profile. In mostcasesone
declarations neededor each. The ANISE statisticsgive someideaof how compactANISE
descriptionsare. Thefigure alsogivesthe sizeof the resultingLoTos translationaslines of
typedefinitionandlinesof procesglefinition.

It may be notedthatthetranslatorcontainsa large numberof relatively smallmacros.In
factthetranslatoiis verymodular dealingwith differentaspect®f thetranslationelementary
featuresgeneral-purposeombinatorsprofile entries etc.). Within modulesmacrosareself-
containecandweredevelopedargelyin isolation. Thetranslatoiis extensibleby addingnew
modulesandmacros. The translatormakesextensve useof macroprocessingfor example
it makesover 24000callsto userdefinedmacroswhentranslatingthe POT S descriptioninto
Loros. Althoughm4is aremarkablysimplelanguagejt canbe usedto achiere powerful
effects. Translatordevelopmentusingm4is not, however, for the faint-hearted.

POTS is the largestelementin figure 2. SincePOTS is not built into ANISE andis just
anotherdescribedehaiour, it is corvenientto show it asif it werea separatdeature. For
simplicity all the m4 infrastructureis shavn againstPOTS in the figure; of coursethis is
availableto all features.The datatypesgeneratedor POT'S provide a framework for other
featuresthoughtheseusuallyrequiresomespecifictypedefinitions. Theprocessetor POTS
supportthe basiccall behaiour thatis thenmodifiedor extendedby otherfeatures.As may
beseenthesizeof agenerated oTos specificatioris manageabléaround2000linesfor the
featuredn figure 2). LoTos tools cancopewith this sizeof specificationandsocanhuman
readers.The size expansionfrom ANISE to LOTOS is about15 times,so it canbe seenthat



ANISE doesindeedprovide compactdescriptions.

One of the problemswith currentLoTos is thatits datatypesare ratherverbose. A
new versionof LOTOS is currently being standardisedE-LoTos (Enhancement® LOTOS
[5]). This offers significantimprovementsjncluding more corvenienttypes. The authors
experiencas thatE-LoTos datatypesaremorecompacindreadableéhanLoTos datatypes.
E-Lotosalsooffersmodularity new operatorandtiming specificationall of whicharelikely
to beusefulin afuture versionof thetranslator

3 ServiceGeneration
3.1 Feature Addition

It is possibleto write a single ANISE descriptionof POTS and all its high-level features.
However this is undesirablesinceit leadsto monolithic specificationand doesnot allow
automatiddentificationof featureoverlaps.ANISE describegachfeatureby its ‘deltas’ from
POTS. Thatis, the additions,deletionsand changesshouldbe madeexplicit. This allows
eachfeatureto bedescribedn isolation,andthusencouragesodularity More importantly
thealterationanadeto POT S by featurescanbe checkedor static(structural)compatibility.
Alterationsaregivenin the ANGEN (ANISE Generationjanguage A featureis automatically
integratedwith POTS basedn thedirectivesin thislanguage.

The header directive gives the name,date, etc. of the featureandis usedfor version
control. The headelis presered by later transformation®n the ANISE descriptionso that
an ‘audit trail’ canbe maintained. The main directives statehow POTS is to be changed.
chang€old,new,contet) givesthecurrentANISE text andits replacementanoptionalcontext
establishesvhereto makethe change.Otherkinds of alterationcanbe madewith append
(addnew afterold), prefix (addnew beforeold), delete(remove old), fill (insertnew into old)
andwrap (placenew roundold). Thefill directive is usedto inserttext asa parametenof an
existing call. Thewrap directive is usedto treatexisting text asa parametenf anew call.

In fact the editing directivesarerelatively smart. Becauseof the applicatve (functional)
styleof ANISE, alterationgakeaccountof whetherold or new text is a call or parameterFor
example,appendwill noticeif theold text is acombinatoparameteandthusneedghenew
text asa parametetoo. As a simpleexample,Distinctive Ring maybedescribedasfollows:

header(Distinctive Ring, Author, Date,...) % versionheader

fill (rings,rings preference,Ringing) % apply Distinctive Ring
prefix(% Global,profile(125,54)) % insertnumberl125/line54
append54,ring-preference(1),124) % line 54,ring 1, numberl24
append54,ring_preference(3),125) % line 54,ring 3, numberl25

Distinctive Ring modifiesringing (combinatorrings) by insertingselectiorof thering pattern
accordingto the callednumberprofile (combinatorings_ preference. Thischangas made
in the contet of the Ringingdeclaration For testpurposesnumberl25(line 54)is included
asanalternatve to numberl24for the sameline; ‘% Global definesa suitablepointin the
ANISE descriptiorof POT Sto whichtheprofile of anumbemaybeprefixed. Thering pattern
is thenincludedin the profilesfor relevantlines. The profile parametering _preferenceis
appendedftertheline identifier (54) in the context of eachnumbers profile (124,125).

3.2 StaticlnterfeenceCheds

ANGEN beginswith somebasiccheckson the ANISE description.It warnsthe userif several
featurestry to add the samedeclarations. For example, Automatic Call Back and Call
ForwardingBusyLine bothneedhesamelefiniton of aring-backcall. Also, Call Completion



to Busy Subscribeland Call Waiting both needthe elementaryfeatureSelectthatacceptsa
digit to controlthecall. In thesecasesANGEN simply ignorestheduplicatedeclarations.
ANGEN automaticallycheckdor overlappingalterationgo thesamepartof thedescription
by differentfeatures.For example,two changedirectivesfor the samepartof a description
areclearlyincompatible.Similarly deleteandchangefor thesamepartarealsoincompatible.
Mostwarningsconcernnterrelatednsertionghatmayneedto beappliedin aspecificorder

Whenabﬁ)lplylngthefeaturesn figure 2, ANGEN producesvarningslike:
arning — Allowed overlapplng changes of ‘dials”

Fill in. ABD, CFU, OCS, ONE
It is up to the serviceengineetto decidewhethersucha warningneedsaction; ANISE merely

reportsan overlap. Although the detectionof interactionis not automatic,it is helpful to

have potentialinteractionshighlightedout of the mary possiblefeaturecombinations. As

it happensthe warningabove is significantsinceit is importantto apply the featuresn the

correctorderwhenthey modify dialling. Abbreviated Dialling mustbe appliedfirst to the

numberdialled by the user; this is in casethe useremploysa shortcodelike **3. One
Numberexpansionmustnow be usedfor casedike FreePhoner an emegeny number

OutgoingCall Screeningnustthenbeapplied;usingit first in the numbertranslationmight

allow the userto bypassscreeningoy using a shortcode. Call ForwardingUnconditional
mustbe appliedlast so that OutgoingCall Screenings not bypassed.Not respectinghis

orderof applicationwould indeedleadto featureinteractions. Interestingly the possibility

for interactionis identified statically by ANGEN from the natureof the structuralalterations
to POT'S. Of coursehumaninvolvements neededo determinghatinteractionsare present,
andto applythefeaturean the correctordet

ANGEN alsoreportsthefollowing warning: _
Warning — Allowed ove apping changes of ‘rings’:
Fill in CND, DR, TCS
This raisesthe questionof whetherTermlnatlng Call Screeningshouldbe appliedbefore

Calling NumberDelivery, i.e. is abannechumberdisplayedon the calledparty’s telephone?
Thisdepend®ntheinterpretatiorof thesdeaturesjn ANISE (asin mostnetworks)aforbidden
callerwill notcausethecalledpartyto berung,sothecaller's numberwill notbedisplayed.
Thereis alsothe questionof whetherCalling NumberDelivery is compatiblewith giving a
Distinctive Ring. Againthisdependsnthenetworkimplementationbutin ANISE (asin most
networks)the two may be combined.Althoughit canbe concludedhatthe abore warnings
areharmlessthey nonethelesgive pausdor thought.

A furtherwarningfrom ANGEN alsodeseresconsideration:
Warnlng — Allowed overlapplng changes of ‘checks _busy”
ACB, CCBS, CF Cw
The problem herels that all four featuresmodlfy how line busy is handled(combinator

checks busy). TheoverlapbetweerCall Completionto BusySubscribeandAutomaticCall
Backmay not be serious. For the former, the userhasthe optionto askfor a ring-backcall
if the callednumberis busy; for the latter, the ring-backis automatic. Thereis no problem
if the networkallows manualselectionof ring-backevenif it is automaticaryway; ANISE
is tolerantin this respect. However, Call ForwardingBusy Line interactswith Automatic
Call Back; ANISE presumeshatCFBL shouldtakeprecedencever ACB. However, suppose
that the ultimate numberafter forwardingis also busy. Shouldthe call be returnedfrom
the originally dialled numberor from the forwardingnumber? Apart from the ambiguity
this could give rise to conflict with TCS. Finally, Call Waiting causedlifficulties becauset
changeghe meaningof line busy For example,if a callerwith ACB callsa busy line with
CW, shouldthecallerbeheldor shouldthecall bereturned?or thesamesituation thecalled
party may have rejectedwaiting on the currentcall; in this casea differentactionmay be
desirable.Thewarningsabore thereforerequirethe serviceengineeto think carefullyabout
how to specifyandcombinethesefeatures.



3.3 Tool Support

Alterationsdefinedn ANGEN areeffectedby ascriptthatusegerl, sincethishasveryflexible

patterrmatchingandtext substitutiorfacilities. TheANGENdirectivesin afeaturedescription
arecorvertedto perl usinga translatorwritten in m4. In factthe alterationgyivenby all the
featuredescriptionsaremelgedandappliedasa singleedit to the POTS basefile. The perl

andm4programscooperateo detectthekindsof featureoverlapsdiscussedn section3.2.

4 Validation
4.1 TestScenarios

Thenext stageusingANISE is to checkthe correctnessf afeaturedescription.Featuresan
be validatedon their own with POTS, or checkedn conjunctionwith otherfeatures.In the
interestf modularity eachfeaturehasa separatdile of validationchecks.Thesearewritten
in thelanguageANTEST (ANISE Test)thatcapturegypical scenario®r use-casesA feature
is thusassociateavith two files: its alterationgo POT S (ANGEN) andits testsuite(ANTEST).

ANTEST makesit convenientto definefeaturetests,muchas TTCN (Tree and Takular
CombinedNotation [4]) wasintroducedfor OSI. ANTEST also isolatesthe userfrom the
specificlanguagethat is usedto give semanticdo ANISE. In the currentimplementation,
ANISE testsaretranslatedo LoTos andevaluatedby a Lotos validator Testresultsfrom the
validatorarethenre-interpretedh termsof ANTEST, i.e.theuseris notexpectedo understand
aLoros view of testresults(particularlyif thetestfails). Thisis consistentvith the ANISE
philosophyof notforcing formality ontotheuser BecauséANTESTandLoTos aredecoupled,
testscouldbetranslatedo andexecutedoby anotherformal framework suchasSDL.

A testis givenanameanda behaiour; thenameis just for identificationduringtesting:

test{OCS. ScreenedNumberTestBehaviour % testcallsto screenechumbers
A testdefinesa successionf signalsbetweerthe userandthe network:

send685,0fHook) % 685 picksup

rec685,0fHook,DialTone) % 685 heardial tone

A sendis whena signalis sentby the userto the network, a recv is when the userre-
ceivesa signalfrom the network. The telephonenumberusedis the first parameter The
nameof the serviceprimitive is the secondparameter Serviceprimitive parametergnay
be optionally given. Note that ANTEST automaticallyinfers the role of the serviceprimitive
from the contet: technically the signalsabove correspondo primitives OffHook.Recand
OffHook.Con(Dialbne) However ANTEST allows a simplertestdescriptiorto begiven.
Signalscanbe sequencedexibly to allow differentkinds of tests. The simplestform is
anacceptanceestthatrunsthrougha sequencef signals.Hereis a basicconfidencecheck
of POT S thatconfirmssubscribed 24 candial subscribel62,speakonce,andthenhangup:

succeedé % successfusequence
send124,0fHook), % 124 picksup
rec124,0fHook,DialTone), % 124 heardial tone
send124,Dial,162), % 124dials162
rec124,Dial,RingDne), % 124 heargingingtone
rec162,StartRing,NormRing), % 162 startsnormalringing
send162,Answer), % 162 answersstopsringing
rec124,Answer), % 124 hearginging tone
stop send124,Speech,"HellandGoodbye"), % 124 speaksnessage
rec162,Speech,"HellandGoodbye"), % 162hearsmessage
send124,0nHook), % 124 hangsup
rec162,0nHook), % 162told to hangup

send162,0nHook)) % 162 hangsup



If the networkspecificationallows the sequencef signalsasgiven,the testis saidto pass.
If somesignalin the sequencas impossible,the testis saidto fail; this would indicate
anincorrectspecification. Sometimeghe testmay passon one path throughthe network
behaiour but fail on another This canariseif the networkspecificationallows alternatve
behaiours,usuallydueto non-determinismin sucha casethetestis saidto beinconclusve.
Thisis normallyanundesirablesituationthatindicatesanerrorin the specification.
Simplesignalsequencesandefineusefultests.However, ANTEST allows moresophisti-
catedpossibilities.Sincesucceedganbeusedo build only asthelastpartof atestsequence,
morecomple testsusesequencesnsteadto build a chainof testsignals. For example,the
following allows the networkto decidethering patternaccordingo the calledprofile:

sequencel % signalsequence
send780,0fHook), % 780 picksup
rec780,0fHook,DialTone), % 780 heardial tone
send780,Dial,684), % 780dials684
rec780,Dial,Ringbne), % 780heargingingtone
offers( % alternative behaviour
succeedé % successfusequence
rec684,StartRing,NormRing), % 684 startsnormalring
send780,0nHook)), % 780hangsup
succeedé % successfusequence
rec684,StartRing,DistRing?2), % 684 startsring pattern2
send780,0nHook))))) % 780hangsup

This is a testthat allows the called number(684) to have eithera normalring patternor
distinctive ring pattern2. (A betterapproachusingthe profile ring preferences mentioned
later) If a choiceis to be madeat the discretionof the userratherthanthe network, the
decidesdirective maybe usedinsteadof offers to makea non-deterministichoice.

Sincenetworksexhibit concurrenbehaiour, someproblemsshav uponly if thetestitself
is concurrent.Thefollowing is takenfrom a testthatinterleavescallsto the samenumberso
asto confirmthatthe busyconditionis correctlyhandledn all cases:

interleavey % interleavedsequences

sequences % signalsequence
send124,0fHook), % 124 picksup
rec124,0fHook,DialTone), % 124 hearddial tone
send124,Dial,296),...) % 124 dials296

sequences % signalsequence
send162,0fHook), % 162 picksup
rec162,0fHook,DialTone), % 162 hearddial tone
send162,Dial,296),...)) % 162dials296

As well asacceptanceests,it is oftenimportantto have rejectiontests. Thesecheckthat
the networkspecificatiordoesnot allow forbiddenbehaiour. A rejectiontesthastwo parts:
theinitial behaiour requiredto reachthe critical point, andthenthe behaiour thatshould
berejected. Both partsmay be simple sequencedyut more comple testswith a choiceor
interleaving of signalsare possible. A refusaltestis introducedwith refuses the failure
partis definedwith fails. As anexample,hereis a testto checkthata number(780) with
TerminatingCall Screeningwill notacceptacall from aforbiddennumber(304):

refuses % refusedsequence
send304,0fHook), % 304 picksup
rec304,0fHook,DialTone), % 304 heardial tone
send304,Dial,780), % 304 dials780
fails( % failure sequence
rec304,Dial,RingDne))) % 304 mustnot hearringing tone

During validation of the featuresmentionedin this paper the authorfound that test
interactionsverecommoneithanfeatuie interactions! The problemis thattestsof a feature
may beinvalidatedby the presencef otherfeatures.For this reasont is possibleto makea
testdependenvnthepresencer absencef anotherfeature. Theparametersisedn profiles
may beusedasvaluesin signals:



rec124,Dial,Ringbne), % 124 hearginging tone

send196,StartRingjng _preferencg196)) % 196 startsringing asperprofile
or maybeusedin conditionaltests:
dependgreturn_automatic(124),true, % if 124 hasautomatiaing-back
succeedé % then...
send124,0nHook), % 124 hangsup
rec124,StartRing,NormRing),.), % 124ring-backstarts
succeedé %else...
send124,0nHook))) % 124hangsup

4.2 \Validating Featueesin Isolation

A featurecan be testedin isolation by combiningit alone with POTS. This allows the
functionality of a featureto be checkedin absoluteterms. The testsassociatedvith the
featurearerun automaticallyandtheresultsarereturnedo the user:

Testing CFBL Normal Call .. Pass 3 succ 0 fail 3.7 secs
Testing CFBL Forward 1 ... Pass 3 succ 0 fail 7.3 secs
Testing CFBL Forward 2 ... Pass 3 succ 0 fail 9.4 secs
Testing CFBL Opt. Forward 2 ... Pass 3 succ 0 fail 7.2 secs

Dueto specificatiorparallelisntheremaybeseveralwaysto satisfyatest. Thethreesuccesses
reportedabove arisefrom the concurrentall limit of threeusedin the ANISE test. Thereis
notechnicalproblemto increasehis limit, but thetime to runthetestsvariesasthesquareof
thecall limit. Thetimesgivenabove weretakenfrom testsusinga100MHz processarThe
mostcomple testshave non-determinismand concurrenyg, taking several minuteson this
processarSincethreeconcurrentallsaresufficientto conductnearlyall importanttests the
numberis restrictedso asto limit executiontimes. Adding more concurrentcalls doesnot
improve thedetectionpower of tests(exceptin rarecaseghataremorelike ‘soaktests’).

If atestfailsorisinconclusve, ANTESTautomaticallydetermineshesignalsequencethat
causegroblems.Thesearereportedusingthe notationof ANTEST, sincea LoTos validatoris
actuallyperformingthetest,the LoTos interpretatiorof failure mustbe translatedackinto
termsthe usercanunderstand.The following erroneougestrun fails becausehe testdoes
not expectringing toneto follow dialling:

Testing POTS Dial Result ... Fall 0 succ 3 fail 7.0 secs
send(124,0ff  hook)
recv(124,0ff  hook ,Di alTo ne)
send(124,Dia 1,19 6)
<failure point >

The outcomeof a testing featurein isolation is confidencethat the featurehasbeen

describeccorrectlyandis compatiblewith POTS atleast.

4.3 DynamiclnterferenceCheds

The next stageof testingis to validatefeaturesin combination,i.e. addingthe featuresof
interestto POT'S. Usually all featuresare combinedfor testing,but selectedeaturesmay be
checkedfor compatibility. The testsof eachfeaturearerun asbefore,but in the presence
of otherfeatures.Someinteractionsmay dependon the communicatingsubscriberhaving
specificfeaturesenabled. For this reasonsomeadditional, multi-featuretestsare defined
amongthree numberswith all possiblefeatures. (Three numbersare requiredto detect
multiple call interactionssuch as might happenwith Call Forward, Call Waiting or Call
Back.) Thesecompositeestssupplementhe normalfeature-by-featuréests.



Featurenteractionis oftentakento meanthatotherfeatureschangehow a givenfeature
works(usuallyundesirably).Thisshavs up duringvalidationbecaus¢hefeaturefails to pass
thetestshatworkin isolation. Onepossibilityis thatthefeatures preventedrom completing
its task(i.e. thetestdeadlocks)In this caseANTESTwill reportthesignalsequencethatfail.
Incorrectapplicationof ABD andOCS,for example will fail thetestthatshavscall screening
atwork. Anotherpossibilityis thatthepresencef anotheffeatureresultsin non-determinism
(i.e. thetestresultis inconclusve). For example,ACB and CFBL may conflict in this way
becausét is unclearwhetherto forwarda call on busyor to ring backthe caller.

Although ANTEST detectsand reportssuchinteractions,it doesnot explain why the
interactionoccurred(specifically which featuresinteracted). This is technically possible
becausdhe LoTos validator can be askedto list behaiours that deadlockor exhibit non-
determinism.However, this moredetaileddiagnosigs notyet supportedy ANTEST.

Throughformalisingthe featuresdiscussedn this paper the authoridentifiedand cor-
recteda numberof featureinteractions. Although this meantthata numberof well-known
interactiongdid not ariseduring validation,this is of coursethe point of a formal approach.
Nonethelessyalidationshoved up somefeatureinteractionshat the authordid not expect.
Supposehatanumberwith ACB (791)callsanumberthatis busy(792),but thatTCSforbids
callsfrom thisnumber(792maynotcall 791). A testof TCSwould notexpectring-backdue
to ACB. If this occurredthefailure mightbereportedas:

Testing Screen CallBack ... Inconclus ive 1 succ 1 fail 10.7 secs

send(792,0ff  hook)

send(791,0ff  hook)

recv(791,0ff  hook ,Di alTo ne)

send(791,Dia 1,79 2)

recv(791,Dia I,Su bsBusyT one)

send(791,0nh o00k)

send(792,0nh 00k)

<failure point >
To curethis problemthering-backfeaturehadto be changedothat TCSwasappliedbefore
acceptingherequesfor ring-back.

4.4 Tool Support

ANTESTIs alsoimplementedy atranslationto LoTos usingm4. Thetranslatormakesstatic
checksonthevalidity of thetests.For exampleit is checkedhatarefusalttestdoesindeedend
with failure sequencegndthatmalformedtestdike succeed§..succeedg..)) areforbidden.

Serviceprimitive namesin an ANTEST file are expandedto their correctLoTos form
accordingo thecontext (e.g.signalOffHookbecomed. otos eventOffHookRe(. Parameter
types(e.g.telephonenumber voice messagearetranslatednto their LOTOS representation
(digit string, octetstring) without the userhaving to know these.

TheLotostestsareautomaticallycombinedwith theLoTosdescriptiordervedby ANGEN
from the ANISE descriptionof POT'S andthe features. A perl scriptautomateghe running
of the testsby controlling the LoLA (LoTos Laboratory)simulatorfor Lotos. This hasa
TestExpanctcommandthat evaluatesa testin conjunctionwith the main specification. The
LoLA testresultsareinterpretedn ameaningfuform for theuser For afailed orinconclusve
test,LOLA isrunasecondimeto generatéhefailure sequencesrhesearereturnedoy LOLA
in prefix normalform (choicesamongsequencesyndre-interpretedn ANTESTterms.



5 Extending ANISE

Supposéhat the serviceengineemwishesto defineand evaluatea new feature. The stages
requiredareasfollows.

CombinatorDefinition: A new featureusuallyrequiresa new combinator Sucha com-
binatorapplieseitherto the basiccall (if it operatesatthelevel of anisolatedcall) or to the
global call control (if it operatesat the level of multiple calls). The existing featurelibrary
providesmary examplesof featureghatcanbeusedto guidethedefinitionof the newv com-
binator Of coursethe specifiermustbe familiar with m4, Lotos andthelibrary in orderto
definethecombinator As figure 2 shawvs, anew combinatortypically requires20to 70lines
of descriptionto be written (m4 plus LoTos). This is a relatvely modesteffort. The new
combinators addedto the ANISE library, in a separatenoduleif thisis felt to be desirable.
Thecombinatoris likely to makeuseof existing m4 macrosn thelibrary.

SpecialCall Definition: Somecombinatorsat the globallevel requirea specialcall to be
defined.This cangenerallybe doneusingANISE without the needfor new combinators.

Profile Definition: Mostfeaturegequiretheadditionof anew parameteto thesubscriber
profile. This is usuallyvery easy(20 to 30 lines of m4 plus Lotos). The existing profile
parameterarelikely to bea goodguide.

Integration Description: The way the featureis integratedwith POTS is thendefinedin
anANGENfile. Thisis a straightforwardandshorttask.

TestDescription: Testsof the featurethenhave to be written in an ANTEST file. Thisis
againstraightforwardthougha thoroughsetsof testsmaytakesomeeffort.

Validation: Thefeatureis first testedvith POT S alone thenwith all otherfeatures.Static
checkdy ANGEN mayhighlightproblemareador investigation.Dynamicchecksby ANTEST
mayidentify unexpectednteractions.

ANISE providesa simplecommand-linenterfaceto thetools. Having definedthe ANGEN
and ANTEST files for the new feature,the usersimply givesthe commandangen andthe
namesof thefeaturefiles. Themeging of ANGENfiles, thetranslationfrom ANISE to LOTOS,
andtheevaluationof testsproceedautomatically If desiredtherearecommand-lineoptions
for interactive controlandtracingof the procedure.

ANISE providesasubstantialramewvorkfor thedevelopmenbf new features.For someone
who s familiar with this framework (the author!) it is estimatedhatthetime to specifyand
validatea new featureis from half a dayto tendays,dependingn its compleity. Thisis a
smalltimeto investcomparedo the effort thattelecommunicationsompaniesisuallyspend
on developmentof a new feature(measuredn person-years).The major advantageis that
ANISE allows very earlyevaluationof a proposedew feature.Thefeaturecanbeformalised
andvalidatedwell beforeany commitmentis madeto its designandimplementation.This,
of coursejs amajorgoal of servicecreationenvironments.

6 Conclusions

A strat@y andtool for translatingANISE descriptiongo LoTtos have beenoutlined. Theseagive
aformal basisto ANISE descriptionsandallow themto berigorouslyanalysed.The ANGEN
languagendtool permitfeaturego bedescribedn isolationasalterationgo thebehaiour of
POTS.It hasbeenseerhow thesedescriptionganbemeiged,with staticwarningsof potential
interactions. TheANTESTlanguageallowstestscenarioso bedefinedfor eachfeature.These
testscan be appliedto featuresin isolationor in combination,helpingto discover flaws in
featuredescription@nddynamicinteractiondetweerfeatures An indicationhasbeengiven
of how new featurescanbe addedo the ANISE library.



Futurework areasnclude verificationandgraphicalsupport. Currentefforts have been
directedtowardsvalidation becausehis is mostpracticable. But of coursethis hasall the
limitations of testing. Theauthorintendsto investigateverificationin future. For example, it
wouldbeusefulto know thatafeaturecombinedvith POT Sis behaiourally equivalentto that
featurewith POT Sandall otherfeatures.It maybefeasibleto formulatepropertieof features
andto shav by model-checkinghatthesepropertiesaresatisfied8]. Howevertheauthorhas
doubtsaboutthe practicalityof this verificationapproach.A perhapsnoreworkableideais
automatedierivationof testsfrom their Lotos specificationusingthewell-developedesting
theoryfor LOTOS [1].

The ANISE, ANGEN andANTEST languagesindtools have proventhemselescapableof
describingandanalysingealisticfeatures.It hasbeenshavn how formality canbeexploited
withoutrequiringtheuserto seeheformalism. AlthoughL oTosisthecurrenttargetlanguage
for thetools,it wouldbepossibleo consideotherlanguagesuchasSDL. Theeffort required
to usethe approachs small comparedo typical developmentmanpaver for features.The
benefitsof earlyfeedbackon problemsarethereforefelt to beworthwhile.
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