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Abstract.

New voice servicesareinvestigatedn thefields of Internettelephory (SIP- Ses-
sion Initiation Protocol)andinteractive voice systemgVoice XML — Voice Extended
Markup Language)lt is explainedhow CRESS (Chisel Representatiofemploying
SystematiSpecification)cangraphicallyrepresenservicesandfeaturesn thesedo-
mains.CRESS is a front-endfor detectingfeatureinteractionsandfor implementing
features.The natureof servicearchitectureand featurecompositionare presented.
CRESs descriptionsareautomaticallycompiledinto L oTtos (LanguageOf Temporal
OrderingSpecificationandSDL (SpecificatiorandDescriptionLanguage)allowing
automatedanalysisof servicebehaiour andfeatureinteraction.For implementation,
CREss diagramscanbe compiledinto Perl (for SIP) andVoiceXML. The approach
combineghebenefitsof anaccessiblgraphicalnotation,underlyingformalisms,and
practicalrealisation.

1 Intr oduction
1.1 Motivation

Therepresentationf serviceshasbeenwell investigatedor traditionaltelephory andtheIN

(IntelligentNetwork). Featuranteractionin thesedomainsis alsowell researched-owever
the world of communicationserviceshas moved rapidly beyond theseinto new applica-
tions suchasmobile communicationweb services)nternettelepholy andinteractve voice
services.

This paperconcentratesn developmentsn new voice servicesSpecifically it addresses
Internettelepholy with SIP (Sessionnitiation Protocol[15]) andinteractve voice services
with VoiceXML (Voice ExtendedMarkup Language[5]). Such developmentshave been
mainly driven by commercialand pragmaticconsiderationsResearcrandtheoryfor their
serviceshave laggedbehindpractice For thesenew applicationareasthework reportechere
addressegquestiondike:

Whatis a service,andhow mightit berepresented?

Whatservicearchitecturas neededandwhatdoesfeaturecompositiormean?

How canservicesandfeaturesbe analysedcandimplemented?
Whatpropertieshouldserviceshave, andhow doesfeatureinteractionmanifestitself?



1.2 Relationshipgo OtherWork

Theauthorsapproacho definingandanalysingservicess agraphicainotationcalledCRESS
(ChiselRepresentatioBmploying SystematiSpecification) CRESS wasoriginally basedn
the Chiselnotationdevelopedby BellCore[1]. The authorwasattractedby the simplicity,
graphicalform, andindustrial orientationof Chisel. However, CRESS hasconsiderablyad-
vancedrom its beginnings.Althoughit livesnaturallyin the communicationsvorld, CRESS
is nottiedto this. Indeed,CRESS supportghenotionof plug-indomainsThatis, thevocalu-
lary usedto talk aboutservicess definedin aseparat@andmodularfashion Applying CRESS
to anew applicationmainly needsa new vocahulary for events,typesandsystemvariables.

CRESss is alsoneutralwith respecto thetargetlanguagelt can,for example becompiled
into LoTos (LanguageOf TemporalOrderingSpecificatior{7]) andSDL. This givesformal
meaningto servicesdefinedin CRESS, andallows rigorousanalysisof servicesFor direct
implementationCRESS canalsobecompiledinto SIPCPL (Call Processing.anguage)SIP
CGI (CommonGatevay Interface,realisedn Perl)andVoiceXML.

CREss is thus a front-endfor defining, analysingand implementingservices.t is not
in itself an approachfor detectingfeatureinteractions.Ratherit supportsother detection
techniquesL oTos andSDL, for example,have beenusedin severalapproacheto detecting
interactions Amongthesethe authors own approachs applicable[16], but soarea number
of otherslike [4, 6]. CRESS is alsoa front-endfor implementingfeaturesit is possibleto
translateL oTos and SDL to implementationanguagesuchas C, thusrealisingfeatures.
However the CRESS tools also supportmore directimplementatiorthrough SIP CPL, SIP
CGl andVoiceXML.

Industryseemdo prefergraphicalnotations Severalgraphicalrepresentationsave been
usedto describecommunicationsservices.SDL (Specificationand DescriptionLanguage
[9]) is themainformal languageusedin communicationsAlthoughit hasa graphicalform,
SDL is a general-purposkanguagehatwasnot designedarticularlyto represenservices:
As a result, SDL servicedescriptionsare not especiallycornvenientor accessiblg¢o non-
specialistsMSCs(Messagesequenc&harts[8]) arehigherlevel andmorestraightforward
in their representationf servicesHowever neitherSDL nor MSCscanreadily describethe
notion of featuresandfeaturecomposition.

Severalnotationshave beenspeciallydevisedfor communicationservicesAmongthese,
UCMs (UseCaseMaps|[2, 3]) andDFC (DistributedFeatureComposition19, 20]) areper
hapsmostsimilar in styleto CRess. Both lend themseleswell to describingfeaturesand
their compositionthoughthe mechanismarequite differentfrom CRess (plug-in mapsfor
UCMs, pipe-and-filtecompositiorfor DFC). Both have beenusedsuccessfullyo modelfea-
turesandanalysetheir interactionsUnlike UCMs, CREss allows both plug-in andtriggered
featuresUCMs have beentranslatednto LoOTOS, but CRESS is explicitly designedo sup-
port translationinto a numberof targetlanguagesDFC is primarily a softwarearchitecture,
similar to work on ADLs (ArchitectureDescriptionLanguage$13]). Howeverthe meansof
featurecompositiorhasa naturalgraphicalform.

Theneedfor additionalservicesvasrecognisectarlyin SIP’s developmentSIP supports
severalmechanism$or usercontrolof calls.CPL (Call Processing.anguagd11]) allowsthe
userto managecall preferencessuchasrejectingcallsfrom certainaddressesr forwarding
callsbasedon callerandtime of day. SIP alsosupportsa web-like CGl (CommonGatevay

1SDL doeshave somethingcalleda service but this is notthe usualkind of communicationservice.



Interface[12]) thatis normallydeployedin a senerto interceptandacton SIP messagesA
furthersolutionis the SIP servlet,patternedaftertheideaof a Java servlet.

However, all of theseareratherpragmaticln the authors opinion, CPL is too high-level
and(intentionally)too restrictedto allow a full rangeof serviceso be createdOn the other
hand, SIP CGl is too low-level to allow servicesto be definedat an appropriatelevel of
abstractionFeatureinteractionin SIP hasreceved limited attention,[10] being a notable
exception.As will beseenCRESS hasbeenusedto investigateservicesandfeaturesn SIP—
their architecturerepresentatioandanalysis.

VoiceXML is aimedat IVR (Interactve Voice ResponseyystemsBeing an application
of XML, it istextualin form. Howeverseveralcommerciapackagege.g.Covigo Studio,Nu-
anceV-Builder, Voxeo Designer)provide a graphicalrepresentationf VoiceXML. Someof
thesereflectthe hierarchicaktructureof VoiceXML, while othersemphasis¢heflow among
VoiceXML elementsin the authors experiencethesepackagesre (not surprisingly)very
closeto VoiceXML anddo not give a sufficiently high-level view of VoiceXML services.
More seriously Voice XML takesa pragmaticandprogrammati@approachThereis no way
of formally analysingthe correctnessnd consisteng of a Voice XML description.Interest-
ingly, VoiceXML doesnot have theusualview of afeature(thoughit hasroughlyequvalent
mechanisms)As will be seen,CRESS hasbeenappliedto VoiceXML services- graphical
descriptionformalisation featurecompositionandanalysisof services.

1.3 Overviav of ThePaper

Thegoalof thispaperis to demonstratéhat CRESS is aflexible notationof valuein anumber
of domains As backgroundSection2 summariseshe CReSs diagramformat. Of necessity
the descriptionis brief and condensedRefer backto it when studyingthe diagramsthat
appeatater. More on CRESS appearsn [17, 18]. To complemenprevious CRESS work on

IN serviceq17], Sections3 and4 shov how CRESS canbe appliedto SIP andVoiceXML.

It will be seenthat SIP hasaffinities with IN telepholy, but that Voice XML supportsvery
differentkind of servicesNonethelesghe samenotationcanbeusedin all threedomaingor

variouspurposesrepresentingervicesaandtheir architecturecomposingeaturesanalysing
featuresandimplementingfeatures.

2 The CRrRESS Notation

At first sight,it might seemthat CRESS is just anothemway of drawing statediagramsHow-

ever it differsin a numberof importantrespectsStateis intentionally implicit in CRESS

becausehis allows moreabstractiescriptiongo begiven.It followsthatarcsbetweemodes
shouldnot be thoughtof astransitionsbetweenstates Arcs may be guardedoy eventcon-
ditions as well asvalue conditions.Perhapamostimportantly CRESS hasexplicit support
for definingandcomposingeatures CRESS hasplug-in vocalulariesthatadaptit for differ-

entapplicationdomainsThis allows CRESS diagramgo bethoroughlychecledfor syntactic
andstaticsemanticorrectnessCRESS is alsoneutralwith regardto targetlanguagdwhether
formal or programmatic)andcanbetranslatednto a numberof languages.



2.1 DiagramElements

A CREss diagramis a directed,possiblycyclic graph.The oval hodescontaineventsand
their parameterge.g. StartRingA B). Eventsmay also occurin parallel (|||). Eventsmay
be signals(input or outputmessages)r actions(like programminganguagestatements)A
NoEvent (or empty)nodecanbeusefulto connecbthernodesAn eventmaybefollowedby
assignmentsptionallyseparatetby /' (e.g.Event/ BusyA <— True setsBusy(Alto true).A
nodeis identifiedby a numberthatmaybe followedby a symbolto indicateits kind, e.g.:

e ‘<’ denotesaninput node,while ‘>’ denotesan outputnode(requiredonly if the same
signalcanberecevedaswell assent)

e '+’ startsatemplatethatis appendedo a matchingnode,while ‘—' indicatesa template
thatis prefixed (usedwhendescribingfeaturegriggeredby otherbehaiour).

Thearcsbhetweemodeanaybelabelledby guardsThesemaybeeithervalueexpressions
(imposinga condition on the behaiour) or event handlers(that are activatedby dynamic
occurrenceof a condition).Eventhandlersare distinguishedy their nameg(e.g.Nolnput,
triggeredwhenthe userdoesnotrespondo a Voice XML prompt).If agraphis cyclic, it may
not be possibleto uniquelydeterminetheinitial node.In sucha caseanexplicit Start node
Is given;this is otherwiseimplicit. Commentanaytake severalforms:text betweerparallel
lines, hyperlinksto files,andaudiocommentary

A CRESSs diagrammay containarule box (aroundedrectanglethatdefineshingslik e:

¢ thediagramvariablesandtheirtypes(e.g.UsesAddr essA Value V); temporaryvariables
arepredeclaredor eachtype (e.g.addressef0..A9 messageMO0..M9, valuesVv0..V9

¢ theotherservicesor featureson which thediagramdependge.g.Uses.../ PROXY)

e assignmenttriggeredby signals(e.g.Off-hookP / BusyP <— True, meaningthatwhen
phoneP goesoff-hook thenit is notedasbusy)

e macrosle.g.FreeP <— ~ BusyP, definingfreeasnotbusyfor phoneP)
¢ configurationinformationlik e the choserfeaturestranslatoroptionsanduserprofiles.

Ultimately, CRESs dealswith asinglediagram Howeverit is corvenientto constructdia-
gramsfrom smallerpieces A multi-pagediagram for example,is linkedthroughconnectors.
More usefully, featuresare definedin separataliagramsthat are automaticallyincludedby
eithercut-and-paster by triggering.

2.2 ServiceArchitecture

CRrEess diagramsusuallyrely on someinfrastructure For example,IN billing is handledby
a separatesubsystenwith which call controlcooperatesSimilarly, call processingn the IN
collaboratesvith the SCP(ServiceControlPoint).It is thereforenormalfor CRESS to define
a framework for eachapplicationdomain. Sucha framework is specifiedusing the same
targetlanguageasthe oneto which diagramsarecompiled(e.g.LoT0s, SDL, VoiceXML).
Althoughtheframework is specificto adomainandatametlanguageit is independenof the
particularservicesor featuredeployed. Theframavork includesmacrocallsthatactivatethe
CRESS preprocessoiT hisautomaticallygeneratesonfiguration-specifimformationsuchas
thetranslateddliagramsuserprofiles,andfeature-dependeifatatypes.

A main CrRESs diagramdefinesroot behaiour. Althoughthis may be the only diagram,
CREss supportdeaturediagramghatmodify theroot diagram(or otherfeatures).
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A spliced(plug-in) featureis insertedinto a root diagramby cut-and-pasteThe feature
indicateshow it is linkedinto the original diagramby giving the insertionpoint and how it
flows backinto theroot diagram.This mayleadto nodesandguardsbeinginserted gxisting
nodesandguardbeingreplacedand portionsof the root diagrambeingdeleted.This style
of featureis appropriatdor a one-of changeo the original diagram.Supposehata feature
requiresa PIN or passverd to be givenbeforea call canproceedThis is a once-onlyaction
atthe startof a call, andis appropriatefor a splicedfeature.The main disadwantageof this
kind of featureis thatit mayhave to duplicatelarge portionsof the original diagram.

A templatg(macro)featureis triggeredby someeventin therootdiagram.Thetriggering
eventis givenin the first nodeof the feature.Featureexecutionstopson reachinga Finish
(or empty) node.At this point, behaiour resumesrom the triggering nodein the original
diagram.A templatefeatureis realisedstatically by instantiatingit usingthe parametersf
thetriggeringevent. The instantiatedeaturemay be appendedr prefixed to the triggering
node.Sinceit is commonfor severalfeaturedo betriggeredby the sameevent,a numberof
featureinstancesnay be chained.To helpresole certaincateyoriesof featureinteractionat
designtime, CRESS supportspriorities amongfeaturesto control their orderof application.
For example after dialling, Abbreviated Dialling must be applied before Originating Call
ScreeningSomefeaturesarealsocyclic, e.g.call forwardingmay yield a nev addresghat
Is itself subjectto call forwarding.A loop backto the beginning of a featureis treatedasa
returnto the startof thefeaturechain.This correctlyhandlesilling, for example,if thereare
multiple call forwardinglegs.

Although CRESs is mainly concernedvith userservices,t also supportsancillary as-
pectssuchas userprofiles and billing. The serviceschosenby eachusermay be defined
(e.g.call forwardingto a particularnumber or call screeningor particularcallers).CRESS
alsosupportsoilling. This might appeato belittle morethanloggingthe startandfinish of
calls. However, CRess hasexplicit supportfor featuredike Chage Card, FreephoneSplit
Chaging, andindependenbilling for eachcall leg.

2.3 Tool Support

The CRESS toolsethasthe form of a corventionalcompilerbut is unusualin somerespects.
For portabilityit is writtenin Perl,comprisingabout9000linesof code.Javawould alsohave
beena reasonable&hoice,but Perl waschosenbecausef its excellentsupportfor systems
programming Although it might have beendesirableto usea parsergeneratoi(e.g. Antlr),
parsingis only a small part of what CRESS hasto do. A traditional compiler dealswith
textual languagesCRESS, however, dealswith agraphicallanguageThis createsnteresting
challengese.g.compilingcyclic ratherthanhierarchicakonstructs.

The CRESS toolsetconsistsof five main tools, supportedby seven underlyingmodules
plusancillaryscripts.Internallythe CRESS toolsetcomprises preprocessajthatinstantiates
the specificationframavork), a lexical analyser(thatdealswith variousdiagramformats),a
parser(thatperformssyntacticanalysis) andseveralcodegenerators.

Figure 1 summarisesCRESS applicationdomainsand target languagesFor interactve
voiceservicesCRESS usesvoiceXML astheimplementationanguageFor SIPCGI, CRESS
makes specialiseduse of Perl asthe primary implementationanguage(In general,a SIP
CGl scriptmay be almostary executablecode.)Preliminarywork hasbeenundertalen on
compilinginto SIP CPL, but thisis possiblefor only very limited formsof featurediagram.



TamgetLanguage
[Domain| Lotos | SDL [ VXML | CGI | CPL
IN v v X X | X
IVR v v v X | X
SIP v v X v | VX

Figurel: CRESS LanguageSupport

3 SIP Sewices
3.1 Introductionto SIP

SIP[15] is anInternetstandardor controlling sessionsin the context of Internettelephoty,
SIPis usedto controlvoicecalls.However SIPis amoregeneral-purposprotocolthatcanbe
usedto establisrmultimediasessionsuchasvideo-conferencesSIP hasalsobeenadopted
for usein call controlfor 3G (third generatiormobile communication).

SIP is patternedafter HTTP. The main requestsare Invite (proposea session)Cancel
(aborta request) Bye (closea session)and Ak (acknavledgethe responsdo an Invite).
Responseareidentifiedby numericcode.CRESS identifiesspecificresponsesuchasBusy-
Here, Ringingand Successaswell asclassesf responsdik e Failed (error) and Terminal
(unrecwerableerror).

To establisha sessionthe callersendsanInvite to the callee.An Invite responseuchas
Succeselicits an Adk from the caller. To closea sessiongither party sendsBye and waits
for theresponseCancelmay be usedto aborta previousrequestmainly to cancelanInvite
because call attempthasbeenabandonedOncea sessions establisheddataflows directly
betweertheusersThatis, SIPis concerneanly with sessiorcontrolandnotsessiorcontent.

Although superficiallya straightforward protocol, SIP containshiddencompleity in its
useof headefields. The SIPstandards alsovagueaboutunusuakasesik e cancellinganin-
vite, or crosseersituationdik ereceving CancelByeaftersendingCancelBye Thestandard
haslittle formal definitionof SIP, soits formalisationvia CRESS is a usefulclarification?

3.2 CRrRESSRootDiagramsfor SIP

Ideally, SIP serviceswould be describedourelyfrom a userstandpoini(i.e. without internal
detailsof the protocol).This, for example,is how IN servicesareoftenformalised A CRESS
descriptionof this external SIP behaiour is availableasa singleroot diagram.

However it is in the natureof SIP servicesthatthey build on key eventsin the protocol
(e.g.receving an Invite or sendinga Bye. It wasalsoa goal of using CRESS to translate
SIP servicedescriptiongnto CGI (Perl)andCPL. CRESs is thereforeobligedto have some
knowledgeof protocolactities. A reasonableompromiséhasbeenreachedy definingan
abstracprotocolinterface.For example,this interfacehidestimeoutsandthe processingf
headefields.Insteadtheessentiahspect®f theprotocolaremadevisible: requestandtheir
mainparametergURIs, i.e. useraddresses)esponseandtheircodesThis abstracprotocol
interfaceis easilymappedonto the actualprotocol.In OSIterms,CRESS mapsuserservice

20r, atleast,it formaliseswhatthe authorthinks SIPis meantto do!



Off-Hook Off-Hook

Dial  Announce Dial  Announce
Answer  Start Ring Answer  Start Ring
Reject  Stop Ring Reject  Stop Ring
On-hook  Disconnect On-hook  Disconnect
f User Interface f I
User Agent User Agent
A Protocol Interface A

Invite [F————m.1 Invite
Cancel % Cancel
Bye Bye
Ack Serfer Ack

Response + + Response

Invite Redirect Invite
Cancel Server Cancel
Ack Ack

Response A A Response

Figure2: SIPElements

primitivesto the underlyingSIP serviceprimitivesasshown in figure 2. For example,a user
Dial requestauses SIP Invite.

SIP servicescanbe deployedin threeplaces:UserAgents(which supportthe userinter-
faceto SIP),Proxy Seners(whichrelayandmaymanipulaterequests)andRedirectSeners
(which indicatehow an Invite shouldbe redirectedtio reacha user).As a consequencehe
CREss modelof servicesexposesall threeelementsasshownn in Figure 2. For familiarity,
serviceprimitivesfollow telephoty terminology Thusa useris saidto go Off-hookor On-
hook thoughanactualphonemaynotbein use.Similarly a call resultsin StartRingor Stop
Ring, thoughthis mightbejustavisualindication.A usermayAnsweror Rejectanincoming
call. Announcesendsa call progresssignalto the user Disconnecimeanghe otheruserhas
hungup.

Themodelof Figure2 requiresseparateootdiagramdor aUserAgent,Proxy Senerand
RedirectSener; featureanodify eachseparatelyfor brevity, only a partof onerootdiagram
is givenin this paper Theterminatingcall sideof a UserAgentis shavn in Figure 3; a sep-
aratediagramomittedheredescribesan originatingcall. The normalsequencef behaiour
is asfollows (with referenceo nodenumbersin the figure). UserA is the local callee,and
userB is theremotecaller If anlnviteis recevedby A from B (50), A startsringingandB is
notifiedof this (51).If Anow answerg57),ringingstopsandB is notifiedof successfusetup
(58).B acknavledgeghis with anAdk (59). Now bothuserscancommunicatelf B hangsup,
aByeis receved(63) andA is notified of disconnectior(64). A now hangsup (65) andB is
informedof successfutlisconnectior{66).

The rule box on the left defineshow sessiorstatusis maintained.For example,a user
is noted as busy when going off-hook or as not busy when going on-hook. Obsene that
the notion of busy is definedandis not intrinsic to CRESS. For a corventionaltelephoneor
SIP phone,the definition of busy in Figure 3 is appropriate However CReSS allows other
definitionsof busy. For example,a softphones essentiallynever busy— a new call window
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Incoming Invite

A local address  50<Invite BA )

B remote address Free A Engaged A

K
51> Start Ring AB lll T e
Response A B Ringing . 69> Response A B BusyHere ’
T0<AKBA >
<757 Answer A

67« Cancel BA
58> Stop Ring AB Il
Response A B Success

se AB Termin )
56< Ack B A 60 On-hook A Z63<ByeBA
< 61>Bye AB > 64 Disconnect ArB\'
- Reéponse BA Sucééss\, 65 On-hook A )
66> Response A B Success

Figure3: UserAgentRootDiagram(Incominglnvite)

Uses Address AB

Off-hook P/ Busy P <- True
Answer P / Busy P <- True
On-hook P/ Busy P <- False
Start Ring P Q/Busy P <- True
Stop Ring P Q / Busy P <- False
Free P <- ~Busy P
Engaged P <- Busy P

52 Reject AMS5

53> Stop Ring AB Il
Response A B M5 /

55> Response A B
Terminated

canbe poppedup atary time. A usermay alsobe busyto certaincallers(e.g.friendswhile

atwork) but freeto others(e.g.managers)Thetime of the call might alsoinfluencewhether
the useris consideredo be busy or not. Suchfactorscanbuilt into the definition of busy, or

couldbeimplementedasseparatdéeatureslf appropriatefeaturesmayalsodefinetheir own

individual notionof busy.

3.3 CRrREsS-eature Diagramsfor SIP

A SIPfeaturemodifiesthecorrespondingootdiagram.Unfortunately SIPfeaturesnayvary
in their definitionaccordingo wherethey aredeployed. For exampleUserAgentsandProxy
Senersdiffer in their environment,andwhatthey may initiate is alsodifferent.

Figure 4 shows a call forwardingtemplatefor a User Agent (left) anda Proxy Sener
(right). The*'<’ in templatenodel meanst is triggeredby input of anInvite, while the '+’
meansthe templateis appendedo the matchingnode(e.g.figure 3 node50). After substi-
tution of B for parametelP and A for parametelQ, the templateis copiedandinsertedin
theroot diagram.If the calleeis busy but hasa forwardingnumber(ForwardBusy, a User
Agentreportsthatthe calleehastemporarilymovedto thisaddresgnode?). A Proxy Sener,
however, issuesa new Invite (node3) andhandlegheresponsénode4).

Figure5 shows that TerminatingCall Screenings the samefor a UserAgentor a Proxy
Sener. If thecalleris in thecallees screenindist (Screenln, thecall is declined(node?).



o

o 1<+ Response PQM
Uses/AGENT | < 1<+ Invite P Q \Td

M = BusyHere && Y
ForwardBusy P = Any Se
¥

2> AckQP/ _
P <- ForwardBusy P )

¥
/_\
2> Response Q P -
< Moved(ForwardBusv(Q)) )

3<AckPQ C Finish )

4<Response PQ M3/
M <- M3

Figure4: UserAgentandProxy Sener FeatureDiagramg(Call Forward BusyLine)

Uses /AGENT |\ e+ Invite P o> Uses / PROXY Q;;mvTe P QD

S

P In Screenin Q Else

: - \‘ K
— 7. D T R -
‘ 2> Response Q P Decline b S Response Q P Decine \
(3<AckPQ 2> < Finish > (3<AckPQ D  Finish >

Figure5: UserAgentandProxy Sener FeatureDiagramgTerminatingCall Screening)

PlInScreeninQ  Else

3.4 CRESsasA Front-Endfor detectingSIP Interactions

Whenusedfor Internettelepholy, SIP immediatelylendsitself to IN-lik e features.CRESS
canreadily be usedto model SIP featuressuchas Automatic Call-Back, Call Forwarding
(severalvarieties),Call Screeningseveralvarieties) CampOn BusyandReturnCall.

As notedearlier CRESS is afront-endfor analysingandimplementingfeatures Feature
interactionsare detectedusing separategechniquesFor example,the authors approachin
[16] is applicableto SIP This considersan interactionto have occurredif a features be-
haviour changesn the presencef otherfeaturesEachfeatureis characterisethy use-case
scenarioglerived from automaticsimulationof the featuredescriptionin CRESS. The sce-
nariosarerepresente@s processesvhenusing Lotos or asMSCswhenusingSDL. The
scenariosare not simply traces,but caninclude non-determinismparallelism,and depen-
deng on the presencef otherfeaturesA featuremay be validatedin isolationby running
the scenario®n the featurecombinedwith the correspondingoot diagram.More usefully,
a featuremay be validatedin combinationwith all otherfeatures An interactionmanifests
itself asdeadlock(becausédhe featurecannotproceedas expected)or asnon-determinism
(because triggeringconditioncanleadto behaiour thatis unexpectedor thefeature).



IN-lik e featuressuchasthe above canbe readily representedising CResS. Using the
authorsapproachor severalothers)|t is easyto demonstratéeatureinteractionsn SIPthat
arewell known from the IN. For example,Call Forward Busy Line (Figure4) interactswith
TerminatingCall ScreenindFigure5b): trying to forwarda call to a screeneciumbewill fail.

Certainkinds of IN interactionhave different (or no) manifestationsn SIP. As noted
in [10], Internettelepholy (including SIP) alsointroducesthe possibility of new kinds of
featuresand interactions.CRESS can discover the technicalinteractionsin [10] (e.g. be-
tweenOutgoingCall Screeningand Call Forward). However, a numberof the interactions
in [10] concernuserintentions.For exampleforking by a Proxy Sener may leadto a call
beingpicked up by voicemail,whereaghe caller may preferto wait for a personto answer
Suchinteractionsarebeyondthe scopeof CRESS (andindeedof mostfeatureinteractionap-
proaches)Theauthoris involvedin separatevork to tacklethis [14]. Theideais to capture
userintentionsin theform of policies,andto performresolutionbasedn these.

Many featureentreon busy, for exampleAutomaticCall-Back,Call ForwardBusyLine,
Call WaitingandCampOn Busy. As notedalready busy may have a very differentinterpre-
tationin SIP As a result,busy-relatedeaturesmay not interactor may becomeirrelevant.
Featureselatedto call chaging mayalsonot apply. In alocal or researctervironment,SIP
callsarelikely to be free. FeaturesuchasChage Card,FreePhonend Split Chaging are
thereforeirrelevant. However as SIP movesinto a commercialphase suchfeatureswill be-
comeimportant.CallingNumberDeliveryis oftenaseparatéN feature Howevertheaddress
of thecalleris in principlealwaysavailablein SIP

3.5 CREsSIranslationof SIP Services

SIP CGI allows arbitrary featuresto be written. For example,a CGI script could query a
databaser invoke acomplex algorithm.CREss for SIE however, describegeatureghatper
form only input, output,conditionaltestsandassignmentThis is sufficientfor mary features
but doesnot, of course allow everythinga CGI script might do. If it were necessarySIP-
specificactionscouldbeincludedin CREss muchasVoiceXML-specificactionshave been
included.Whereas/oice XML hasa well-definedrepertoireof actionsthatcanbe supported
in CRESS, thisis notfeasiblefor SIP

To give a feeling for how CRESs translatesSIP services,the following LOTOS is an
extract of whatis generatedor a User Agentincomingcall (figure 3) as modified by Call
Forward Busy Line (figure 4). After an Invite, the Busyand ForwardBusyvaluesfor A are
determinedIf A is busy but hasa forwardingaddressa Movedresponsés sentwith this
forwardingaddressFollowing the Ack from B, the sessiorinstanceends.As seenbelaw, the
CREss translatorautomaticallyaddscommentsso the LoTos canbe relateddirectly back
to diagrams.The diagramlabel AGENT.CFBL. 1 refersto the User Agent’s Call Forward
templatejnstancel.

Recv!invite ?B:Address?A:Address; (* AGENT input50%*)
Stat!Read!Busy !A; (* readstatus®)
Stat!'Read?Busy A:Bool;
Stat!Read!ForwardBusylA; (* readstatus®)
Stat!'Read?ForwardBusy A:Address;
(

[Busy-A And (ForwardBusy A Ne AnyAddress)|> (* conditionvalid?*)

Stat!Read!ForwardBusylA; (* readstatus®)

Stat!'Read?ForwardBusy A:Address;
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Send'ResponséA B !Moved(ForwardBusy A); (* AGENT_CFBL_1 output2*)

Recv!Ack !B IA; (* AGENT_CFBL_1input3*)
~ Stop (* endof behaviour *)
[Not (Busy_A And (ForwardBusy A Ne AnyAddress))l> (* conditioninvalid *)
)
4 VoiceXML

4.1 Introductionto VoiceXML

VoiceXML [5] derivesfrom earlierwork onscriptinglanguage$or interactve voiceservices.
VoiceXML is designedo supportwhatuserswishto doin acall — talk, asopposedo choos-
ing selectiondby using a keypad. Voice XML is receving impetusfrom widespreadiseof
mobiletelepholy (wherea useron the move may not have webaccess)Theneedfor access
by the partially sightedor disableds alsoa strongmotivationfor voice services.

VoiceXML is a mixture of the declaratve andthe proceduralthe event-drven andthe
sequentialThe underlyingmodelis that the usercompletedields in forms (or menus)by
speakingin responsdo prompts.Eachfield is associatedvith a variablethatis setto the
usersinput, usingspeechrecognitionto extractdigital data.Someactionsmay be governed
by a conditionor a countthatspecifiesvhentheactionis permitted.For examplea different
promptmaybegivenonthethird attemptatinput, or afield maybe selectednly whensome
conditionis true.VoiceXML alsosupportsa hierarchicaleventmodel.A scriptmaythrow an
event,abortingthe currentbehaiour andactivatinga matchingeventhandler

The goal of using CRess with VoiceXML is to definethe key aspectof aninteractve
voiceservice.Theadwantage®f CRESS overusingVoiceXML directly are:

e Servicesarerepresentedtamoreabstractevel. VoiceXML is verycloseto therealisation
of aservice As aresult,it is easierto graspthe essencef a servicedescribedn CRESS.

e Thereis no formal definition of VoiceXML. Indeed,someconceptsn VoiceXML are
only vaguelydescribede.g.the meaningof events)and someare definedloosely(e.g.
the semanticof expressionsand variables).CRESS thus contributesto a more precise
understandingf VoiceXML.

e A large VoiceXML scripttypically consistsof mary documentswith mary parts.It can
be difficult to checkwhetherthe scriptis self-consistentg.g.will notloop or endprema-
turely. As far asthe authorcantell, VoiceXML in practiceis developedby manualde-
bugging.CRESs givestheimmediatebenefitof translatiorto aformallanguaggL OTOS,
SDL). Theresultingspecificationcanbe rigorouslyanalysede.g.automatedechniques
canbeusedto detectunspecifiedeceptionsunreachablstatesdeadlocksandlivelocks.

Speechsynthesiamarkupcanbe includedin a prompt,e.g.for emphasisr to spell out
aword. The markupis presered on translationto Voice XML, but ignoredon translationto
LoTos or SDL. Variablevaluesmay alsobe interpolated using $variable to saythe value
of this variable.As a specialcase,$enumeate is usedto speakthe optionsof the current
field. VoiceXML canalsointerpolatevariablevalues put the syntaxis moreawkwardthanin
CRESS.

In practice VoiceXML applicationsareoftenwritten asa numberof documentsontain-
ing anumberof forms. Thisis the mostnaturalform of modularityin VoiceXML. However
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CRESS

VoiceXML

Inter pretation

Audio messge

<audio> messge

Speakmessage

Clear variables

<clear> with namelist
variables

Resetpromptcountey undefinevariables

Option variable

<field> name variable

Startnew field, promptfor input, analysein-

promptoptions <prompt>, <option>s putusingoptions,setvariablefrom input
Prompt messge | <prompt> messge Speakprompt
Reprompt <reprompt> Re-processcurrent form, usually causing

mostrecentpromptto bere-issued
Startnew field, promptfor input, analysein-
putusinggrammay setvariablefrom input

Requestvariable
promptgrammar

<field> name variable
typegrammar <prompt>

Retry Undefine current <field> | Restartcurrentform, re-inputtingmostrecent
variable,<reprompt> field

Submit URI <submit> to URI the| SendvaluestowebsenerURI (usuallyanex-

variables namelistvariables ecutablescript)

Figure6: CRess-VoiceXML Correspondence

aVoiceXML applicationcanbeconsideredisa singledocumentwvith a singleform, andthis
is how it is representeth CRESS. Thefieldsof aform canbe mimickedasseparateections
or pagesof a CReSs diagram,usingconnectorgo join them.For a large applicationthis is
convenientandmoremodular Howeverfor asmallapplicationit is sufficientto representhe
form asa single integratedwhole. For this reason fields are deliberatelynot prominentin
CREss andareinsteadntroducedmplicitly.

For thoseunfamiliar with VoiceXML, Figure 6 outlinesits main capabilities.For those
familiar with VoiceXML, this figureindicatesthe correspondenceith CRESS. In anumber
of casesanoptionalconditionor countmaybegivenaftertheaction.For example adifferent
promptcanbeissuedor thefourth attempt atenteringafield: Prompt ”Stateyour namé 4.

Actionsappeain CRESS diagramnodesPlainarcsbetweemodesareusedfor sequences
of actions.Arcs mayalsobe qualifiedby guardghatarevalueexpression®r eventhandlers.
EventsincludeErr or (run-timescripterror),Exit (scriptexited), Nolnput (no userresponse
to prompt)and NoMatch (userresponselid not matchexpectedform of input). Theseare
all shorthand$or the moregeneraform of Catch plusaneventlist. Filled actslike anevent
handlerthoughit is nottreatedassuchin VoiceXML. If theuserrespondsappropriatelyto a
prompt,theinputis storedin thefield variableandtheFilled ‘event’ occurs.

4.2 CRrESSRootDiagramsfor VoiceXML

CRESs is not a directgraphicalrepresentationf VoiceXML. This would be pointlesssince
mostcommerciakoolsfor VoiceXML do this anyway. In factthe structuringmechanismef
CRrEess arecompletelydifferentfrom thoseof VoiceXML. Both supportactions,sequences
andalternatves.Theflow of controlin CRESS is quitevisible;in VoiceXML it canbehardto
determinepecauseét is sometimesmplicit (e.g.transitioningto the next field on completion
of the currentone)andsometimesuried (e.g.anembeddedsoTo). CRESS supportscyclic
structuressuchasloopsin a diagram.Thesehave to be codedindirectly in VoiceXML, so

3Actually thepromptis issuedf thecountis >= 4, but lessthanthe next highestpromptcountfor thatfield.
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1 Audio "Please
place your order"

Uses Value product, weight ' (

2 Option product
"Which product?"
~Sand Gravel Cement’

Filled  Catch "Help Nolnput
¥

8 Audio "Choose

from $enumerate" )
Filled Catch "Help Nolnput
4

< > < 9 Reprompt >

weight > 0 Else

3 Request weight
"How many kilos?"
. Number

6 Audio "Choose a
weight in kilos"

4 Audio "You ordered
$weight kilos of $product"

5 Submit "order.jsp"
“weight product" '

Figure7: VoiceXML RootDiagramfor QuarryOrderingApplication

the CRESS structureis clearer Although Voice XML supportsa GoTo which appeargo be
equialent,this canbeusedonly for transitiongo anotheffield or documentAs aresult,it is
not obvioushow to translatea directedcyclic graphlike a CRess diagraminto VoiceXML.

CRESs expectsto have a definition of root behaiour. Thereappeargo be something
similar in VoiceXML — an applicationroot documentHowever this is very restrictve, and
may containonly variablesgventhandlersaandelementarydefinitionsthatarecommonto the
document®f a Voice XML application.As aresult,a CRESS root diagramis takento bethe
corebehaiour of a VoiceXML application.This is not unique,in theway that POTS is the
obvious choicefor the IN or a User Agentfor SIP Every VoiceXML applicationtherefore
hasits own rootdiagram.

For concreteness;igure7 shows aroot diagramfor a Voice XML application.It is sup-
posedhatthehypotheticaQuarrylnc. requiresnteractve telephonerderingof its products.
The descriptioninvites the callerto ordera product(sand,gravel, cement)andtherequired
weight Theseitemsarethensubmittedto the orderjsp Java servlet.If the userasksfor help
(simplyby saying'Help’) or saysnothing,anexplanations givenandtheuseris re-prompted.
In thecaseof weight theuseris repromptedf thevalueis notpositive.Retry is usedto clear
the value enteredfor weight otherwisethe field will be ignoredon the repromptbecauset
hasalreadybeenfilled. (Thisis how VoiceXML behaes.Theprogrammemustforceafield
to bere-enteredf it hasalreadybeenfilled.)

4.3 CRrRESSeature Diagramsfor VoiceXML

VoiceXML lacksthe telephory conceptof featureasa behaiour that may be triggeredby
somecondition.The nearesequialentin VoiceXML is a subdialogudresemblinga subrou-

13



( 1 +SAtartr i
[timeout <- "2" Ertor Catch "Nolnput
N Nolaich' 3 Noatch
Exit DY \
2 Audio "Welcome 4 Audio "Sorry - an \ 7 Audio "Not .
‘ internal error occurred" recognised - try again'

6 Audio "Sorry - too
5 Audio "Thank you ‘
for calling - goodbye" )

(

_ Many attempts"

3 Audio "Say Help .
or Exit at any time" )

 Finish- )

Figure8: VoiceXML FeatureDiagramto introduceQuarrylnc. Applications

8 Reprompf\.

tine). A subdialoguemay have parameterandreturnresults.Subdialoguesre executedin
anindependeninterpretercontext, makingit difficult to sharecertaininformation(suchas
promptcount).This limits the valueof subdialogueasfeatureslin Voice XML, the bestthat
canbedoneis to explicitly invoke somecodeasa ‘feature’. Thismeanghatary such‘feature’
needgo bewritten into the original code.lt is not possibleto invoke featuresautomatically
in theway thatis commonwith the IN (or SIP).A VoiceXML programmemwould probably
regardthis a goodthing sincethereare no hiddensurprisesTriggeredfeatureshave, how-
ever, proventheir worth in telephory. They arethereforesupportedby CRESS eventhough
the concepibof featureis unknovn to VoiceXML.

As examplesof desirabldeaturessupposéhatQuarrylnc. hasarangeof applicationde-
sidestheorderingapplicationin Figure7. Theremight, for example,be separatepplications
to modify anorder pay anaccountor changethe delivery addresslt would be desirableto
ensurea consistenvoiceXML treatmenbf theseapplicationsFor example,thereshouldbe
the samedefault handlingof eventsanda commonintroductionto the applicationslit would
alsobeworthwhileto requestonfirmationbeforeanythingis submittecto awebsener.

Figure8 definesanintroductoryervironmentto modify ary root diagram.Commonhan-
dlers are definedfor variousevents.The featureis placedjust after the Start nodein the
rootdiagram(implicit beforeFigure7 nodel). In theabsencef eventhandlerdik e thosein
Figure8, platform-definedhandlersareusedthatmaynot be suitablein general Althoughan
applicationis likely to dealwith Nolnput andNoMatch on a perfield basis figure 8 ensures
thatafterthreesuchfailurestheuseris disconnected-igure8 shavs thatgeneraMoice XML
propertiescanbedefined;herethetimeoutfor noinputis setto two secondgtimeout<— 2).
Welcomemessagearealsospolkenbeforeexecutingapplication-specificode.

Figure 9 definesa confirmationfeaturethatwill askthe userto proceedbeforesubmit-
ting informationto a web sener. This featureis triggeredby a Submit action, but executed
beforeit (asindicatedby the ‘- in the first templatenodenumber).If the usersays'yes’,
executioncontinuesvith submissionOtherwisethe currentfieldsareclearedandthe useris
reprompted.

Even small VoiceXML featurescan be useful. Figure 10 shavs onethat inhibits input
timeout(value0), andonethatpreventspromptsfrom beinginterruptedso-calledbaige-in).
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1- Submit UV

ses Value confirm ‘ v Variablesl

2 Request confirm
"Do you wish to proceed?"
Boolean

Filled Catch "Help Nolnput NoMatch®
ille -

/A‘/ ‘ 5 Audio "Please
\’_v) say Yes or No"
confirm Else

Y

\

C Finish > 3Ckar > < 6 Reprompt >
¢ 4 Reprompt >
Figure9: VoiceXML FeatureDiagramfor Confirmation

st st

/ timeout <- 0" / bargein <- "false"

C Flm%1 )  Finish )

Figure10: VoiceXML FeatureDiagramsfor No TimeoutandNo Interruption

2 <

4.4 CRESsasA Front-Endfor detectingvoiceXMLInteractions

As for SIR CRESS is merelya way of representingervicesandfeatures Separateletection
techniquesnustbe usedon the choserformalismfor the diagramsin point of fact, CRESS

is perhapsmostusefulfor checkingthe integrity of a Voice XML description(freedomfrom

deadlocketc.).Justasfeaturesareforeignto Voice XML, sois featureinteraction. However
severalgenerakateyoriesof ‘featureinteractions’canbeidentified:

Platform propertiesmay be definedhierarchically For example,the generictimeoutin
Figure8 maybeoverriddenwithin afield by somefeature Fromtheusers point of view,
this couldleadto asmallbut obsenablechangen behaiour.

Two featuresmay changeanapplicationvariableinconsistentlyleadingto aninteraction.
Event handlersaredefinedin a hierarchy Whenan event occurs,the VoiceXML inter-
preterlooks upwardsin the hierarchyfor the appropriatéhandler For example,consider
Figures7 and 8. If thereis no input in responsdo the product prompt, executionfol-
lowsthefield handler(figure 7 node8). However afterthreefailuresto input, the generic
handlerwill be invoked (figure 8 node6). A consequencef this is that featuresmay
unexpectedlyoverride the usualhandlingof an event. From the users point of view, a
certaincombinationof featurescouldresultin differentbehaiour.

A more subtleinteractioncan ariseif severalinput grammarsare active at once.User
input maythereforebe parsedn adifferentway if certainfeaturesarecombined.
Anotherindirectinteractionariseswith useof DTMF (Dual-Tone Multi-Frequeng) re-
sponsesvoiceXML allowsthesdan placeof voiceinput,e.g.1 mightselecthefirstchoice
from amenu.By default, DTMF digits areallocatedin sequenceo choiceslf afeature
introducesanotherchoiceearlierin the menu,thenumberingwill be completelyaltered.
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All thesecasedeadto unexpectedchangesn behaiour whencertainfeaturesarepresent,
so featureinteractionis detectedasnormalin CRESS. VoiceXML may alsobeinvolvedin-
directly in corventionalfeatureinteractionssincescriptsareallowedto initiate phonecalls.
Thesemay suffer from the usualtelephory interactionsfor examplecall screeningnightin-
terferewith call forwarding.Sincesuchinteractionsareexternalto VoiceXML andtherefore
to CRESS, the VoiceXML diagramghemseleswill not helpto find the problems.

4.5 CRESSIranslationof VoiceXMLServices

VoiceXML is alarge languageembeddedn anevenlarger framavork. For example,Voice-

XML includessupportfor ECMASCRIPT (JavaScript).It alsosupportscomplex grammars
for speeclrecognitionandmarkupfor speectsynthesisVoice XML is integratedwith other
technologiesuchasdatabaseccessandweb seners.It is not feasibleto representhe en-

tirety of suchvoice-basederviceslnstead,CRESS concentratesn the essentiahspectof

VoiceXML control. Limited supportis providedfor ECMASCRIPT (specificallyfor numeri-

cal,stringandlogicalexpressions)Externalaspectsuchasdatabaseandthewebareoutside
CRESS.

CREss focuseson VoiceXML control. Specialparameterselevantonly to a VoiceXML
interpretercanbe givenin a diagramat the endof anaction. They arecopiedliterally when
CRESs is corvertedto VoiceXML, but areignoredfor translationto othertargetlanguages.
For example,adiagramusuallyjust containsaudiopromptsuchasAudio "’ Stateyour namé'.
However optional VoiceXML parametersnay also be given, suchasthe URI of a source
soundfile andatimeout(2 sec.)for fetchingthis:

Audio " Stateyour namé’ src="http://www.sener.org/name.vav” fetchtimeout<2"

VoiceXML allows application-specifispeechgrammargo be defined.It is not practi-
cableto translatetheseinto, say LoTtos or SDL. Instead,CRESS supportsonly standard
VoiceXML grammarsuchasboolean numberandtime A CRESS specificationframenork
includesthe ability to parsesuchinputs.

To give a feelingfor how CRESS translatedVR servicesnto VoiceXML, the following
correspondpartof thequarryorderingapplication(figure 7) whereit is modifiedby thecon-
firmationfeature(figure 9). The CRESsS Requestbecomes VoiceXML field thatfills in the
confirmvalue.If thisis assignedrue, the ordervaluesaresubmittedo the sener. Otherwise
theform thatinvoked confirmationis clearedandthe useris promptedfor new values.If the
userasksfor help,doesnot sayanything or sayssomethingnvalid, aneventhandlercatches
this and repromptsthe user The diagramlabel CONFIRM.1meansthe Confirmtemplate,
instancel.

<field name=confirm type=boolear> <!-- CONFIRM.1node?2 field ' confirnd -->
<prompt> <!-- CONFIRM.1node2 prompt-->
'Do youwishto proceed?
</prompt>
<catch event=Zhelpnoinputnomatch> <!-- catchevent-->
<audio> <!-- CONFIRM.1node5 audio-->
'PleasesayYesor No’
</audio>
<reprompt/> <l-- CONFIRM.1node6 to form top -->
</catch> <!-- endcatch-->
<filled> <!--filled event-->
<if cond=confirm'> <!-- checkconfirm-->
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<submit expr='orderjsp’ namelistzweightproduct/> <!-- ORDERnNode5 to sener-->

<exit/> <!-- exit script-->
<elsd> <!-- elseafterconfirm-->
<clear/> <!-- CONFIRM.1node3 clear-->
<reprompt/> <!-- CONFIRM.1node4 to form top -->

<fif> <I-- elseafterconfirm-->
</filled> <!-- endfilled -->
<[field> <I-- endfield -->

5 Conclusions

It hasbeenshown thatCrEss is aflexible notationthatcandescribeavarietyof voiceservices
andfeatures- the IN in previous work, andnow SIP andVoiceXML. SIP lendsitself to a
telephoty treatmentsomary IN-lik efeaturesanbedescribecandmary IN-lik e interactions
canbe detectedAs hasbeenseen,VoiceXML is ratherdifferentin characterNonetheless
VoiceXML servicesanusefullybedescribedn CRESS, andameaningfulinterpretatiorcan
be givenof featuredn this context.

In all casesCRESS is thefront-endthatdescribeservices/featuregomposeshem,and
translategshemto a targetlanguagegor analysisor implementation CRESS thusseparates
representatiofrom analysisandsupportsa variety of specificatiolanguagesCRESS com-
plementsexisting interactiondetectiontechniguesenablingthemto beappliedin new areas.

Theplug-inarchitectureof CRESS hasnow beendemonstrateth threedifferentdomains.
Although theseare all examplesof voice servicesthe approachis genericand shouldbe
relevantto non-wiceapplicationssuchaswebservicesFor example,it is hopedin futureto
apply CrEss to servicedor WSDL (Web ServicedDescriptionLanguage).

Acknowledgements

The authoris gratefulto StepharReiff-Marganiec(University of Stirling) for discussion®n
VoiceXML, andfor reviewing a draft of this paper

References

[1] A. V. Aho, S. Gallagher N. D. Griffeth, C. R. Schell,andD. F. Swayne. SCF3/Sculptomwith Chisel:
Requirementengineerindor communicationservicesIn K. Kimbler andW. Bouma,editors,Proc. 5th.
Featuee Interactionsin Telecommunicationand Softwae SystemspagesA5-63.10S PressAmsterdam,
NetherlandsSept.1998.

[2] D. Amyot, R.J. A. Buhr, T. Gray, andL. M. S. Logrippo. Usecasemapsfor the captureandvalidation
of distributed systemgequirements.In Proc. 4th. IEEE International Symposiunon Requiements£En-
gineering pages44-53.Institution of Electricaland ElectronicEngineersPress New York, USA, June
1999.

[3] D.Amyot,L. Charfi,N. Gorse,T. Gray, L. M. S.Logrippo,J. SincennesB. StepienandT. Ware.Feature
descriptionandfeatureinteractionanalysiswith usecasemapsandLoTos. In M. H. CalderandE. H.
Magill, editors,Proc. 6th. Feature Interactionsin Telecommunicationand Softwae Systemspage?74—
289,AmsterdamNetherlandsMay 2000.10S Press.

[4] M. H. CalderE.H. Magill, andD. J.Marples.A hybridapproacho softwareinterworking problemsMan-
aginginteractiondetweerlegag/ andevolving telecommunicationsoftware. IEE Softwae, 146(3):167—
180,Junel999.

17



(5]
(6]

(7]

[8]

[9]

[10]

(11]

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

(20]

V. Forum. Voice eXtensibleMarkup Languaje. Voice XML Version1.0.VoiceXML Forum,Mar. 2000.

Q. Fu, P Harnois,L. M. S. Logrippo, andJ. Sincennes.Featureinteractiondetection:A LoTos-based
approach. ComputemNetworks 32(4):433—448Apr. 2000.

ISO/IEC. InformationProcessingsystems OpenSysteminterconnection- LOTOS— A Formal Descrip-
tion Techniquebasedonthe Tempoal Orderingof ObservationaBehaviour ISO/IEC8807.International
Organizatiorfor StandardizationGenera, Switzerland,1989.

ITU. Mess@e Sequenc€hart (MSC) ITU-T Z.120.InternationalTelecommunicationnion, Genea,
Switzerland 2000.

ITU. Specificatiorand DescriptionLanguage. ITU-T Z.100.InternationalTelecommunication&/nion,
Genea, Switzerland 2000.

J. Lennoxand H. Schulzrinne. Featureinteractionin internettelephory. In M. H. CalderandE. H.
Magill, editors,Proc. 6th. Featue Interactionsin Telecommunicationand Softwae Systemgpages38—
50, AmsterdamNetherlandsMay 2000.10S Press.

J.LennoxandH. Schulzrinnegditors.CPL: A Languajefor UserContmol of InternetTelephonyServices
InternetDraft CPL-05.ThelnternetSociety New York, USA, Nov. 2001.

J.Lennox,H. SchulzrinneandJ. Rosenbeg, editors. CommonGateway Interfacefor SIP. RFC 3050.
TheInternetSociety New York, USA, Jan.2001.

N. Medvidovic andR. N. Taylor. A framework for classifyingand comparingarchitecturedescription
languagesin Proc. 6th. EuropeanSoftwae EngineeringConfeence/Poc. 5th. Symposiunon the Foun-
dationsof Softwae Engineering page0—76,Zurich, Switzerland Sept.1997.

S.Reiff-MarganiecandK. J. Turner Useof logic to describeenhance@ommunicationservicesin D. A.

PeledandM. Y. Vardi, editors,Proc. Formal Techniquesfor Networled and Distributed System¢FORTE
XV), number2529in LectureNotesin ComputerScience pagesl30-145.SpringerVerlag,Berlin, Ger

mary, Nov. 2002.

J. Rosenbay, H. Schulzrinne,G. Camarillo, A. Johnson,J. Peterson,R. Sparks,M. Handley, and
E. Schoolereditors. SIP: Sessionnitiation Protocol RFC3261.ThelnternetSociety New York, USA,
June2002.

K. J. Turner ValidatingarchitecturaffeaturedescriptionausingLotos. In K. Kimbler andW. Bouma,
editors, Proc. 5th. Feature Interactionsin Telecommunicationand Softwae Systemspages247-261,
AmsterdamNetherlandsSept.1998.10S Press.

K. J.Turner Formalisingthe CHISEL featurenotation.ln M. H. CalderandE. H. Magill, editors,Proc. 6th.
Feature Interactionsin Telecommunicationand Softwae Systemspages241-256 AmsterdamNether
lands,May 2000.10S Press.

K. J. Turnet Modelling SIP servicesusing CRESS. In D. A. Peledand M. Y. Vardi, editors, Proc.
Formal Techniquesfor Networled and Distributed SystemgFORTEXYV), number2529in LectureNotes
in ComputerSciencepagesl62—-177 SpringefrVerlag,Berlin, Germaly, Nov. 2002.

P. Zave. Architecturalsolutionsto feature-interactioproblemsn telecommunicationdn K. Kimbler and
W. Bouma,editors,Proc. 5th. Feature Interactionsin Telecommunicationand Softwae Systemspages
10-22.10S PressAmsterdamNetherlandsSept.1998.

P. ZaveandM. JacksonNew featureinteractionsn mobileandmultimediatelecommunicationservices.
In M. H. Calderand E. H. Magill, editors,Proc. 6th. Feature Interactionsin Telecommunicationand
Softwae Systemsgpagess1-66,AmsterdamNetherlandsMay 2000.10S Press.

18



