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Abstract. VoiceXML (VoiceExtendedMarkupLanguage)hasbecomea major
forcein interactivevoiceservices.Howevercurrentapproachesto creatingVoice-
XML servicesareratherlow-level. Graphicalrepresentationsof VoiceXML are
closeto thetextual form of thelanguage,anddonotgiveahigh-level description
of aservice.CRESS (ChiselRepresentationEmploying SystematicSpecification)
can be usedto give a more abstract,language-independentview of interactive
voiceservices.CRESS is automaticallycompiledinto VoiceXML for implemen-
tation,andinto LOTOS (LanguageOf TemporalOrderingSpecification)or SDL
(SpecificationandDescriptionLanguage)for automatedanalysis.Thepaperex-
plainshow CRESS is translatedinto VoiceXML andLOTOS.

1 Intr oduction

1.1 Moti vation

This paperexplainshow to represent,specifyandanalyseIVR (Interactive Voice Re-
sponse)services.VoiceXML (VoiceExtendedMarkupLanguage[13]) is typically used
to implementautomatedtelephoneenquirysystems.VoiceXML is muchmoreaccept-
ableto usersthantheearlygenerationof touch-tonesystems.Specifically, VoiceXML
allows usersto do whatthey expectin a telephonecall: talk andlisten.VoiceXML can
be linked to databases,telephonenetworks andweb servers.As a result,VoiceXML
is very useful for thosewho cannotdirectly accesssuchinformation.A useron the
move, for example,is likely to have a mobiletelephonebut limited webaccess.A par-
tially sightedor physicallyhandicappedusercouldfind web-basedservicesdifficult or
impossibleto use.Many householdsstill do not havewebaccess.

Beinganapplicationof XML, VoiceXML is textual in form. Howeverseveralcom-
mercialpackages(e.g.Covigo Studio,NuanceV-Builder, Voxeo Designer)provide a
graphicalrepresentation.Someof thesereflectthehierarchicalstructureof VoiceXML,
while othersemphasisethe relationshipamongVoiceXML elements.Thesepackages
are(not surprisingly)very closeto VoiceXML anddo not give a clearoverview of in-
teractivevoiceservices.In theauthor’sopinion,existinggraphicalformatsare‘window
dressing’thatdo little to clarify thestructureandflow of VoiceXML scripts.It is easy,
even common,to write VoiceXML scriptswhoseflow of control is obscureandhard
to follow. Indeed,VoiceXML cansuffer from the ‘spaghetticode’ (tangledlogic) that
structuredprogrammingwasdevisedto avoid. VoiceXML adoptsa pragmaticandpro-
grammaticapproach.Thereis noway to formally checkor analyseaVoiceXML script.

In telephony, servicesareoften composedfrom self-containedfeatures.A feature
is an additional function that is triggeredautomatically(e.g. call forwarding or call



screening).Becausea featureis triggeredandnot explicitly called,it readilyaddssup-
plementarycapabilities.Thevalueof featureshasbeenamplydemonstratedin the IN
(IntelligentNetwork). VoiceXML doesnot have features(thoughit hassubdialogues).
In fact,VoiceXML doesnot directly recognisetheconceptof a service.It is therefore
beusefulto enhanceVoiceXML with mechanismsfor servicesandfeatures.

The author’s approachto defining and analysingservicesis a graphicalnotation
calledCRESS (ChiselRepresentationEmployingSystematicSpecification).CRESS was
initially basedon the industrialChiselnotationdevelopedby BellCore[1]. However,
CRESS hasconsiderablyadvancedfrom its beginnings.Theaim of usingCRESS with
VoiceXML is to definekey aspectsof interactive voice services.The advantagesof
CRESS overusingVoiceXML directlyare:

– VoiceXML is very closeto implementation.However CRESS servicesare repre-
sentedatamoreabstractlevel,makingit easierto grasptheiressence.For thesame
reasonCRESS diagramscan be translatedinto a numberof target languages,of
which VoiceXML is justone.

– Thereis no formaldefinitionof VoiceXML. Someconceptsin VoiceXML areonly
vaguelydescribed(e.g.eventhandling)andsomearedefinedloosely(e.g.these-
manticsof expressionsandvariables).As aresult,it is impossibleto sayfor certain
what certainVoiceXML constructsmean.At timesthe authorhashadto resorta
commercialVoiceXML implementationto discover what someconstructsmight
mean.Even then,the commercialsolutionhasbeenseento behave implausibly.
Throughtranslationto a formal language,CRESS contributesto a more precise
understandingof VoiceXML.

– A largeVoiceXML applicationtypically hasmany documentswith many parts.It
canbedifficult to checkwhethertheapplicationis self-consistent,e.g.will not loop
indefinitely or endprematurely. VoiceXML developmentin practiceusesmanual
debugging.CRESS givestheimmediatebenefitof translationto a formal language:
LOTOS (Languageof TemporalOrderingSpecification)and SDL (Specification
andDescriptionLanguage).Theresultingspecificationcanberigorouslyanalysed.

1.2 Relationship to Other Work

Severalgraphicalrepresentationshavebeenusedto describecommunicationsservices.
SDL is themainformal languageusedin communications.Althoughit hasa graphical
form,SDL is ageneral-purposelanguagethatwasnotdesignedparticularlyto represent
communicationsservices.MSCs(MessageSequenceCharts)arehigher-levelandmore
straightforward in their representationof services.UCMs (UseCaseMaps [2]) have
beenusedto describecommunicationsservicesgraphically. Howevernoneof theseap-
proachesis domain-specific,andthey cannotbe translatedinto a rangeof languages.
In comparisonto CRESS, SDL for exampledoesnot have specialisedsupportfor a
domainlike interactive voiceservices.As a result the equivalentSDL specificationis
larger andmorecomplex. The only formal analysispossibleis whatever SDL offers
(mainly statespaceexploration).With CRESS an SDL-basedanalysisremainspossi-
ble,differentkindsof analysiscanbeachievedthroughLOTOS, andVoiceXML scripts
canbe obtainedautomaticallyfrom the samediagrams. Seefor example[4, 9] for a
comparisonof CRESS andSDL descriptionsof SIP(SessionInitiation Protocol).
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As notedearlier, thereareanumberof commercialtoolsfor VoiceXML. Theseoffer
morecompleteVoiceXML coveragethanCRESS, andprovide proprietaryextensions
for commercialdeployment.However they arefocusedon VoiceXML only, anddo not
offer any kind of formal analysis.Their (graphical)representationsare too closeto
VoiceXML for abstractservicedescriptionsthatarecomprehensibleto non-specialists.

Although CRESS hasorigins in communicationsservices,it is not tied to these.
CRESS hasplug-indomainsthatdefinetheservicevocabularyin aseparateandmodular
fashion.CRESS hasalreadybeenprovenwith servicesfor theIN (IntelligentNetwork)
[8] andSIP(SessionInitiation Protocol)[9,11]. Thework reportedin thepresentpaper
showshow CRESS canbeusedwith VoiceXML.

CRESS is a front-endfor definingandformalisingservices.CRESS is neutralwith
respectto the target language.The translationof CRESS into LOTOS or SDL gives
formal meaningto servicesdefinedin CRESS. This formalisationprovidesaccessto
any analytictechniqueusingtheselanguages.Amongthese,theauthor’sown approach
[7] is oneof several.For implementation,CRESS canalsobecompiledasappropriate
into SIPCGI (CommonGateway Interface,realisedin Perl),partly into SIPCPL (Call
ProcessingLanguage),andalsointo VoiceXML.

A key issuein telephony is featureinteraction[3] – independentlydesignedfeatures
caninterferewith eachother. This issueis well known from traditionaltelephony and
theIN, but alsoariseswith SIPservices.Thefeatureinteractionliteratureis too largeto
review here;see,for example,theproceedingsof FIW (FeatureInteractionWorkshop).
AlthoughVoiceXML doesnot recognisetheconceptof serviceor feature,it hasbeen
shown thatfeatureinteractionscanalsoarisewith VoiceXML [11].

1.3 Overview of The Paper

Thenew contribution madeby this paperis theapplicationof CRESS to IVR services.
The paperdiscusseshow IVR servicesand featurescanbe describedin CRESS, and
explainshow they aretranslatedinto VoiceXML andLOTOS. CRESS canalsobetrans-
latedinto SDL, asoutlinedin [10]. As background,section2 summarisesthe CRESS

graphicalnotationinsofarasit appliesto interactivevoiceservices.Examplesof CRESS

diagramsappearlater, andCRESS is furtherdiscussedin [8, 9,11]. Section3 introduces
VoiceXML andits representationin CRESS. It will be seenhow CRESS diagramsfor
interactive voice servicesaretranslatedinto VoiceXML. Section4 discusseshow the
samediagramsaretranslatedinto LOTOS. This allows a varietyof formal analysesto
becarriedout of a servicebeforeit is developedanddeployedusingVoiceXML.

2 The CRESS Notation

At first sight,it might seemthat CRESS is just anotherway of drawing statediagrams.
However it differs in a numberof importantrespects.Stateis intentionally implicit
in CRESS becausethis allows more abstractdescriptionsto be given. Arcs between
statesmay be guardedby event conditionsaswell asvalueconditions.Perhapsmost
importantly, CRESS hasexplicit supportfor definingandcomposingfeatures.CRESS

alsohasplug-invocabulariesthatadaptit for differentapplicationdomains.Theseallow
CRESS diagramsto bethoroughlycheckedfor syntacticandstaticsemanticcorrectness.
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2.1 Diagram Elements

Ultimately, CRESS dealswith a singlediagram.However it is convenientto construct
diagramsfrom smallerpieces.A multi-pagediagram,for example,is linked through
connectors.More usefully, featuresaredefinedin separatediagramsthatareautomati-
cally includedby eithercut-and-pasteor by triggering.A CRESS diagramis a directed,
possiblycyclic graph.If thegraphis cyclic, it maynotbepossibleto determinetheini-
tial nodeuniquely. In sucha case,anexplicit Start nodeis given.Commentsmaytake
severalforms:text betweenparallellines,hyperlinksto files,andaudiocommentary.

Nodesin adiagram(shown asovals)containeventsandtheirparameters(e.g.Sub-
mit order.jsp ′′weightproduct′′). A nodeis identifiedby a numberfollowedoptionally
by a symbol to indicateits kind. For example,the first nodeof a templatefeatureis
marked‘+’ if it is appendedto thetriggeringnode,or ‘–’ if it is prefixed.Eventsmaybe
signals(input or outputmessages)or actions(like programminglanguagestatements).
A NoEvent (or empty) nodecan be usedto connectother nodes.An event may be
followedby assignmentsseparatedby ‘/’ (e.g./ timeout<− 2).

Thearcsbetweennodesmaybelabelledby guards.Thesemaybeeithervaluecon-
ditions(imposinga restrictionon thebehaviour) or eventconditions(thatareactivated
by dynamicoccurrenceof an event).Eventhandlersaredistinguishedby their names
(e.g.NoInput , triggeredwhentheuserdoesnot respondto aVoiceXML prompt).

A CRESS diagrammaycontainarulebox(aroundedrectangle)thatdefinesgeneral
rulesandconfigurationinformation.A rule box typically declaresthetypesof diagram
variables(e.g.UsesValueproduct,weight). A ruleboxmaydefineconfigurationinfor-
mationlike parentdiagrams,chosenfeaturesandtranslatoroptions.Rule boxeshave
yetotheruses[8, 9,11] thatarenot soapplicableto interactivevoiceservices.

The main CRESS diagramdefinesthe root behaviour. Although this may be the
only diagram,CRESS supportsfeaturediagramsthatmodify theroot diagram(or other
features).A spliced(plug-in) featureis insertedinto a root diagramby cut-and-paste.
Thefeatureindicateshow it is linked into theoriginal diagramby giving the insertion
point andhow it flows backinto the root diagram.This styleof featureis appropriate
for aone-off changeto theoriginaldiagram.

It is often preferableto usea template(macro)featurethat is triggeredby some
eventin theroot diagram.Thetriggeringevent is givenin thefirst nodeof thefeature.
Featureexecutionstopson reachinga Finish (or empty)node.At this point,behaviour
resumesfrom thetriggeringnodein theoriginaldiagram.A templatefeatureisstatically
instantiatedusingthe parametersof the triggeringevent.The instantiatedfeaturemay
beappended,prefixedor substitutedfor thetriggeringnode.

2.2 AutomatedSupport

CRESS usually relieson a domain-specificinfrastructure.For example,IVR services
oftenrequireaspeechsynthesiserandaspeechrecogniserthatcooperatewith themain
application.Sucha framework is specifiedusingthesametargetlanguageastheoneto
whichdiagramsarecompiled(e.g.LOTOS, SDL,VoiceXML). Althoughtheframework
is specificto adomainanda targetlanguage,it is independentof theparticularservices
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or featuresdeployed.Theframework includesmacrocallsthatactivatetheCRESS pre-
processor. This automaticallygeneratesconfiguration-specificinformationsuchasthe
translateddiagramsandfeature-dependentdatatypes.

TheCRESS toolsethastheform of a conventionalcompilerbut is unusualin some
respects.For portability it is written in Perl,comprisingabout13,000linesof code.The
CRESS toolsetconsistsof five maintools.Includingtestscenarios,thereareabout600
supportingfiles for all domainsandtargetlanguages.InternallytheCRESS toolsetcon-
sistsof apreprocessor(thatinstantiatesthespecificationframework), a lexical analyser
(that dealswith variousdiagramformats),a parser(that performssyntacticanalysis),
andseveralcodegenerators(e.g.for LOTOS, SDL andVoiceXML). Althoughit might
have beendesirableto usea parsergenerator(e.g.Antlr), parsingis only a small part
of whatCRESS hasto do.A traditionalcompilerdealswith textual languages.CRESS,
however, dealswith agraphicallanguage.Thiscreatesinterestingchallenges,e.g.com-
piling cyclic ratherthanhierarchicalconstructs.

3 Interacti ve VoiceServicesin VoiceXML

3.1 Intr oduction to VoiceXML

VoiceXML [13] derivesfrom earlierwork on scriptinglanguagesfor interactive voice
services.VoiceXML is amixtureof thedeclarativeandtheimperative,theevent-driven
andthesequential.VoiceXML is a large languageembeddedin aneven larger frame-
work. For example,VoiceXML includesECMASCRIPT (JavaScript).It also supports
complex grammarsfor speechsynthesisand speechrecognition.VoiceXML is inte-
gratedwith othertechnologiessuchasdatabaseaccessandwebservers.

VoiceXML lacksthetelephony conceptof a featureasbehaviour thatmaybetrig-
geredby somecondition.The nearestequivalent in VoiceXML is a subdialogue(re-
semblinga subroutine).Subdialoguesareexecutedin an independentinterpretercon-
text, makingit difficult to sharecertaininformation.In VoiceXML, at bestsomecode
canbeexplicitly invokedasa ‘feature’; automaticfeatureinvocationis not supported.
Triggeredfeatureshaveproventheirworth in telephony andaresupportedby CRESS.

TheVoiceXML callercompletesfieldsin forms(or menus)by speakingin response
to prompts.Eachfield is associatedwith avariablethatis setto theuser’s input.Voice-
XML applicationsareoftenwritten asa numberof documentscontaininga numberof
forms,eachcontaininga numberof fields.This is themostnaturalform of modularity
in VoiceXML. However thiscaneasilyhidetheflow betweentheformsandfields.

TTS (Text-To-Speech)may be usedto speakmessages.Text may be marked up
to indicatehow certainwordsarepronounced,andgenerallyto definethespeechpat-
tern.HoweverTTS is only approximationof naturalspeech,soVoiceXML allowspre-
recordedvoiceto beusedin preference.

Speechrecognitionis usedto extractdigital datafrom userinput.Thisis guidedby a
speechgrammar, for whichthereareseveralstandards.Numericinputs(includingmenu
choicesandyes/no)canalsobeprovidedusingDTMF (Dual ToneMulti-Frequency),
i.e. dialling digits on a touch-tonetelephone.CRESS supportsthestandardVoiceXML
grammars:Boolean (optionally defining DTMF digits for yes/no),Currency, Date,
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Digits (optionallydefiningexpectedlength,or minimum/maximumlengths),Number,
Phone(with optionalextension)andTime(12/24hourclock).

SomeVoiceXML actionsmaybegovernedby a countor a conditionon whenthe
action is permitted.For examplea differentpromptmay be given on the third input
attempt,or afield maybeselectedonly whensomeconditionis true.Actionsmayhave
optionalparameters(e.g.asoundfile or fetchtimeout)thatarerelevantto aVoiceXML
platform but not directly useful for CRESS. Although thesemay appearin a CRESS

diagram,they areusedonly whentranslatingintoVoiceXML. Forothertargetlanguages
theseoptionalparametersareignored.

Thetypessupportedby CRESS aredomain-specific.For VoiceXML thereis just a
singletype,Value, sincetheunderlyingECMASCRIPT hasdynamictypes.Actualvalues
canbebooleans,numbersor strings.In additiontherearenull andundefinedvalues.

VoiceXML supportsa fairly complex hierarchicaleventmodel.Eventhandlersmay
be definedat four levels: platform, application,form, field. Platform handlerspro-
vide fall-backsupport,thoughthey arerarelyuseful.Applicationhandlersoverseeall
forms in anapplication.Form handlersallow their fields to sharecommoneventhan-
dling. Finally, fieldsusuallydefinehandlersfor eventsof specificinterest.A scriptmay
<thr ow> anevent,transferringcontrolamatchinghandler. Standardeventsinclude:

Cancel,Exit, Help: theuseraskedto cancelprocessing,to exit, or to getguidance

Catch: dealswith a list of events

Err or: a run-timeerroroccurred

Filled, NoInput, NoMatch: theuserspokecorrectinput,nothing,or invalid input.

Although VoiceXML doesnot considerFilled to be an event, it behaves like one.
Besidesstandardevents,programmer-definedeventsmaybe constructedfrom several
parts(e.g.login.failure.password). Normally this would becaughtby a handlerfor the
samename.But if thereis nothingto match,a handlerfor login.failure (or failing that
login) maydealwith theevent.If no handlermatches,theapplicationterminates.

Eventsarealsoimplicitly associatedwith a promptcount.Eachtime a field is en-
tered,its promptcountis incremented.Thismaybeusedvary theresponseto anevent.
In factthisis morecomplex thanit seems.Supposeeventhandlersaredefinedfor counts
1 (thedefault),2 and4.Thefirst is activatedoncount1, thesecondoncounts2 or 3,and
thelastoncount4or higher. A conditionmayalsobeimposedonaneventhandlerbeing
activated.Thisis relevantif severalhandlerscouldotherwiseapply. VoiceXML doesnot
definewhathappensif conditionsoverlap– in factthebehaviour is non-deterministic.

3.2 CRESS for VoiceXML

In principle, VoiceXML haselementsat platform, application,form andfield levels.
VoiceXML canalsobe split over a numberof documents.However a VoiceXML ap-
plicationcanbedefinedasa singledocumentwith a singleform, andthis is how it is
regardedin CRESS; in fact,applicationandform level arethe samein CRESS. Fields
canbedefinedasseparatesectionsor pagesof a CRESS diagram,usingconnectorsto
join them.For a largeapplicationthis is convenientandmoremodular. However for a
small applicationit is sufficient to representthe form asa singleintegratedwhole. In
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addition,splitting fieldsmakestheflow betweenthemlessobvious.For thesereasons,
fieldsaredeliberatelynotprominentin CRESS.

CRESS is not a literal graphicalrenderingof VoiceXML structure.This would be
pointlesssincemostcommercialtoolsfor VoiceXML do thisanyway. Theflow of con-
trol in CRESS canbemorevisible; in VoiceXML it canbehardto determine.Theflow is
sometimesimplicit (e.g.transitioningto thenext field oncompletionof thecurrentone)
andsometimesburied (e.g.an embedded<goto>). CRESS supportscyclic behaviour
asloopsin a diagram;thesehaveto becodedindirectly in VoiceXML.

CRESS expectsto have a definition of root behaviour asthe coreof a service.In
VoiceXML, an applicationroot documentservesa similar purposebut is very restric-
tive. It may containonly variables,eventhandlersandelementarydefinitionsthat are
commonto thedocumentsof a VoiceXML application.

It is not feasiblefor CRESS to supportthe entiretyof VoiceXML, ECMASCRIPT,
speechsynthesismarkup,speechgrammars,databaseaccessandweb access.Instead,
CRESS concentrateson theessentialaspectsof VoiceXML control.Limited supportis
providedfor ECMASCRIPT – specificallyfor numerical,stringandlogicalexpressions.

The following summarisesthe main elementsof CRESS for interactive voice ser-
vices.Unlessstated,the VoiceXML equivalent is very similar (e.g.Audio in CRESS

correspondsto <audio> in VoiceXML). Stringsandlists aregiven in doublequotes
(e.g.′′Pleaseplaceyourorder′′, ′′weightproduct′′). Substringscanbegiveninsidealist
usingsinglequotes.Variables,grammars,etc.arewithoutquotesin CRESS. VoiceXML
actionssometimesallow literalsor expressionsasalternative parameters(e.g.a literal
or computedeventnamemaybethrown); CRESS alwaysusesanexpression.

Audio message speaksa message.Variablevaluesin this or any text string may be
interpolatedin CRESS, using $variable to include the valueof a variable.Some
namesarespecial,e.g.$enumerateis usedto includetheoptionsof thecurrentfield.
TheVoiceXML equivalentsof theseare<value> and<enumerate> respectively.

Clear [variables] resetsthepromptcount,andundefinesall (or thenamed)variables.

Exit leavestheapplication.

Option variablepromptoptions[condition] definesa <field>, issuesa <prompt>,
analysestheinputusing<option> values,andsetsthefield variablefrom this.An
optionalconditioncanbeimposedonentryto thefield.

Prompt message [count] [condition] issuesanaudioprompt.Thepromptmaybesub-
ject to a countand/oracondition.

Reprompt restartsthecurrentform. Thefirst unfilled field is entered,usuallycausing
themostrecentpromptto bere-issued.

Requestvariablepromptgrammar[condition] behaves like Option, but definesac-
ceptableinputusingagrammarratherthana list of specificoptions.

Retry restartsthe currentform, re-inputtingthe mostrecentfield. This is a common
requirementthat is surprisinglymissingfrom VoiceXML. It undefinesthecurrent
field variable,andissuesa<reprompt>.

Subdialog[ue]URI variables sendthevariablevaluesto a URI (eitheranotherVoice-
XML script or a web server executablescript). In general,this may returna new
VoiceXML script dynamically. This is not a problemwhen CRESS is interpreted

7



by VoiceXML. However for translationto otherlanguages(e.g.LOTOS or SDL),
it is not possibleto handledynamicallycreatedVoiceXML. Instead,limited sup-
port is providedfor externalscriptsthatperforma computation(e.g.interrogatea
database)andreturnresults.CRESS providesa webadaptorwritten in C thatlinks
to thetargetlanguage.

Submit URI variables sendsthe variablevaluesto a web server URI (usuallyan ex-
ecutablescript). Often the server just absorbsthe results(e.g. writes them to a
database).As for subdialogues,the server may returnVoiceXML createdon-the-
fly. This cannotbe handledexcept when VoiceXML is the target language.The
CRESS approachhandlesthe commonestcasesof server scriptsthat produceno
result(Submit) andscriptsthatcomputesomeresults(Subdialogue).

Thr ow event passesaneventto theclosestmatchinghandler.

3.3 SampleInteracti veVoiceServices

To illustrate the notation,Figure 1 shows the CRESS root diagramfor a VoiceXML
application.This is for thehypotheticalCharitiesBankthatallows telephonedonations
to charity. This serviceinvites the caller to namethe charity (UNICEF, WWF, Red
Cross)andthe requiredamountin US dollars.Theseitemsarethensubmittedto the
donation.jspscript. If the userasksfor help or saysnothing following a prompt,an
explanationis givenandtheuseris re-prompted.VoiceXML readsa currency amount
asastringwhosefirst threecharactersgivethecurrency code(e.g.′′USD′′). In casethe
usersaysanothercurrency (e.g.poundssterling),the useris re-promptedif thestated
currency is notUSdollars.Retry in node7 is usedto clearthevalueenteredfor amount,
otherwisethefield will beignoredon there-promptbecauseit hasalreadybeenfilled.

SupposethatCharitiesBankhasarangeof applicationsbesidesthedonationappli-
cationin Figure1. Theremight, for example,beseparateapplicationsto enquireabout
what charitiesare supported,or to requesta tax relief statement.It would be desir-
ableto ensurea consistentVoiceXML treatmentof all theseapplications:thereshould
be the samedefault handlingof eventsanda commonintroduction.It would alsobe
worthwhileto requestconfirmationbeforeanything is submittedto awebserver. There
is thereforea casefor commonfeatures.For brevity several featuresareomittedhere,
suchasonesto requestanaccountnumberandaPIN.

Figure2 is a featurethatdefinesan introductoryenvironmentfor all bankapplica-
tions.Thefeatureis placedjustaftertheStart nodein therootdiagram(implicit before
Figure1 node1). Welcomemessagesarespokenbeforeexecutingapplication-specific
code.Commonhandlersaredefinedfor variousevents.Althoughanapplicationis likely
to dealwith NoInput andNoMatch onaper-field basis,figure2 ensuresthatafterthree
suchfailurestheuseris disconnected.Figure2 alsodefinesgeneralVoiceXML proper-
ties:herethetimeoutfor no input is setto two seconds(timeout<− 2).

Figure3 definesa confirmationfeaturethataskstheuserto proceedbeforesubmit-
ting informationto a webserver. This featureis not specificto CharitiesBank,andis
usablein a numberof applications.The featureis triggeredby a Submit action,be-
ing executedjustbeforeit. Onuserconfirmation,executioncontinueswith submission;
otherwise,thecurrentfieldsareclearedandtheuseris re-prompted.
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1 Audio "Please
make your donation"

2 Option charity
"Which charity?"

"UNICEF WWF ’Red Cross’"

8 Audio "Choose
from $enumerate"

9 Reprompt

Catch "Help NoInput"

3 Request amount
"How many dollars?"

Currency

6 Audio "Choose an
amount in US dollars"

7 Retry

4 Audio "You donated
$amount to $charity"

Filled

ElseSubString(amount,0,3) =
"USD"

Filled

Uses Value charity, amount

5 Submit donation.jsp
"charity amount"

Catch "Help NoInput"

Fig.1. CRESS RootDiagram(Donate) for CharityDonationApplication

7 Audio "Not
recognised - try again"

8 Reprompt

6 Audio "Sorry - too
many attempts"

5 Audio "Thank you
for calling - goodbye"

4 Audio "Sorry - an
internal error occurred"

NoMatch
Catch "NoInput

NoMatch" 3
Error

Exit
2 Audio "Welcome
to Charities Bank"

1+ Start

/ timeout <- 2

Finish

3 Audio "Say Help
or Exit at any time"

Fig.2. CRESS FeatureDiagram(Intro) to introduceCharitiesBankApplications
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2 Request confirm
"Do you wish to proceed?"

Boolean

Filled

5 Audio "Please
say Yes or No"

6 Reprompt

Catch "Help NoInput NoMatch"

3 Clear

Else

Uses Value confirm 1- Submit U V

Finish

confirm

4 Reprompt

U URL
V Variables

Fig.3. CRESS FeatureDiagram(Confirm) for Confirmation

Most of thetranslationfrom CRESS to VoiceXML is straightforward.Onecompli-
cationthatarisesis how to dealwith loopsin diagramsandnodesthatcanbereached
alongmorethanonepath.It mightseemobviousto useaVoiceXML <goto>. Unfortu-
natelythismaybranchonly to adocument,form or field; it is notpossibleto moveto an
arbitrarynode.As aresult,it is necessaryto branchusinganevent.(A <thr ow> actsas
acomputed<goto> anyway.) Therevisitednodeis thentranslatedasaneventhandler.
Most CRESS operatorshave equivalentsin VoiceXML, but a few like After (remove a
prefix from astring)andIn (setmembership)aredefinedusingECMASCRIPT.

To giveanideaof how CRESS translatesinteractivevoiceservicesinto VoiceXML,
the following shows someof the translationfor figure 1 asmodifiedby the features
in figures2 and3. As shown, the CRESS translatorautomaticallygeneratesextensive
commentsthat link the codeto the diagrams.The CRESS Requestin figure1 node3
becomesa VoiceXML field thatfills in theamountasa currency. Theuseris prompted
to entera donationin dollars. If the userasksfor help or doesnot say anything, an
event handlercatchesthis andmovesto figure 1 node6. If US dollarsarespecified,
thedonationis announcedto theuser. Executionthencontinueswith theconfirmfield;
Confirm.1is instance1 of theConfirmtemplate.
<field name=′amount′ type=′currency′> <!−− Donate3 field ′amount′ −−>

<prompt>How many dollars?</prompt> <!−− Donate3 prompt−−>
<catchevent=′helpnoinput′> <!−− catchevent−−>

<thr ow event=′donation.6′/> <!−− Donate6 (again)−−>
</catch> <!−− endcatch−−>
<filled> <!−− filled event−−>

<if cond=′amount.substring(0,3)= = ′′USD′′ ′> <!−− checkSubString= ′′USD′′ −−>
<audio> <!−− Donate4 audio−−>

Youdonated<valueexpr=′amount′/> to <valueexpr=′charity′/>
</audio>
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<goto nextitem=′confirm.1′/> <!−− to Confirm.12 −−>
<else/> <!−− elseafterSubString= ′′USD′′ −−>

<thr ow event=′donation.6′/> <!−− Donate6 (again)−−>
</if> <!−− endcheckSubString= ′′USD′′ −−>

</filled> <!−− endfilled −−>
</field> <!−− endfield −−>

As notedearlier, figure 1 node6 must be translatedin an event handlerbecause
therearetwo pathsto it. It providesaudiohelpto theuser. TheCRESS Retry undefines
theamountfield (if necessary, forcing re-entryto thefield) andre-promptstheuser.
<catchevent=′donation.6′> <!−− Donate6 −−>

<audio>Chooseanamountin US dollars</audio> <!−− Donate6 audio−−>
<assignname=′amount′ expr=′undefined′/> <!−− Donate7 undefine′amount′ −−>
<reprompt/> <!−− Donate7 to form top −−>

</catch> <!−− endcatch−−>

4 Interacti ve VoiceServicesin L OTOS

In comparisonto the translationof CRESS diagramsinto VoiceXML, the translation
into LOTOS is extremelytricky. In addition,a very substantialspecificationframework
is required.This is fixed and predefined,being completedwith typesand behaviour
specificto the diagramsbeingtranslated.The complexity of the translationshouldbe
no surprisesincemuchof a VoiceXML interpreterhasto berepresentedin LOTOS.

4.1 Inputs, Outputs and Actions

Normally eachnodeis translateddirectly into LOTOS behaviour. However if thereis
more than one path to a node,this nodeand the following onesare translatedas a
LOTOS process.The branchesto the nodethen becomecalls of this process.Since
an event handlermay be enteredrepeatedly, a nodefollowing an event guardis also
translatedasa process.

The CRESS parseroptimisesdiagramsbeforethey arepassedto a codegenerator.
For exampleNoEvent nodesareremovedwherepossible,andElsebranchesaremoved
to the endof the guardlist. However it is not possibleto remove a NoEvent nodein
somecircumstances(e.g.in a loop or betweenguards,seefigure1 beforenodes4 and
6). A NoEvent maythusnot needtranslationor maybetranslatedasa process.

Inputs and outputsare reasonablystraightforward to translate.It is necessaryto
distinguishthembecauseinputsmay acceptnew values,while outputsmustuseonly
definedvalues.In facttheCRESS translatorperformsa data-flow analysisto determine
this. If aninput variableis known at a certainpoint, it is precededby ‘!’ in theLOTOS

translation;if aninputvariableis unknown, it is precededby ‘?’.
CRESS nodesmayalsobeVoiceXML actionsthatdonotsimply inputor outputand

soareclassedseparately. Actionsaredomain-specific,sotheir translationinto LOTOS

alsodependson thedomain.For mostactions,thetranslationis not too complex. The
mainexceptionsarefields(Menu, Option, Request) andevents(Thr ow).

Eachfield is translatedto a LOTOS process.If a VoiceXML field hasalreadybeen
filled in (its field variableis defined),behaviour continueswith the next field. CRESS
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mustthereforestaticallybuild a mapof which field followswhich.SinceVoiceXML is
linearbut CRESS diagramsaretwo-dimensional,it maynotbeclearwhatthenext field
is. By convention,fields areorderedby nodenumberwithin eachdiagram.A field is
enteredif its field variableis undefinedandits conditionis satisfied.Thepromptcount
is incrementedat this point.

Input recognitionis performedby a predefinedRecogniserprocessthatdealswith
all the standardVoiceXML grammars.This is muchsimplerthanspeechrecognition,
but is still complex (in a languagelike LOTOS). The LOTOS recogniserdoesnot have
to handlethevariationsthatoccurin speech.For examplea currency amountmight be
spokenas‘one hundredandtendollars’ or ‘a hundredten bucks’. The LOTOS recog-
niseralsoacceptsthe DTMF equivalentof ‘speech’input. The recogniserdealswith
eventslike Cancel, Exit , Help andNoInput . Oncerecognitionis complete,therecog-
nisersynchroniseswith theapplicationontheresultingevent.ForFilled, theinputvalue
is alsosupplied.Thefield processthenthrows theeventit received,causingbehaviour
to continuewith thecorrespondingeventhandler. Althoughthismight seemacomplex
solution,it is exactly whatVoiceXML does.It is alsoessentialbecausethesameevent
may be handleddifferently accordingto the currentpromptcountandcondition.For
example,NoInput may be handledat field level (figure 1 nodes6 and8) or at form
level (figure2 node6).

4.2 Expressionsand ExpressionGuards

Interactive voice servicesexpectto usespeechsynthesisandspeechrecognition.It is
not,of course,meaningfulto usespeechwith LOTOS. Instead,speechis simulatedusing
text messages.Synthesisis little morethanstringprocessing,but recognitionrequires
substantialmachineryfor parsingtext input accordingto the standardgrammars.The
LOTOS specificationframework includesabout900linesof intricatedatatypes.These
arecomplex partlybecauseLOTOS lacksbuilt-in supportfor typeslikecharacters,num-
bersandstrings.However, therecogniseralsorequiresVoiceXML-specificdatatypes.

ECMASCRIPT numerical,string andlogical operatorsaresupportedby equivalent
LOTOS operators.The dynamictypesof VoiceXML createa problemfor translation
sinceLOTOS is strongly typed.All variablesandvaluesare thereforetranslatedto a
singleValue type in LOTOS that is interpretedaccordingto thespecificvalue.Assign-
mentis madeusinga LOTOS Let statement.As well asthedeclareddiagramvariables,
therearetwo implicit ones:vxoptions(thecurrent<option> values)andvxprompt(the
currentpromptcounter).All thesevariablesareparametersof thegeneratedprocesses.

Expressionguardsarestraightforwardto translate.Theonly complicationis thata
VoiceXML Valuemustbetranslatedto a LOTOS Bool. TheconveniencesyntaxElse in
CRESS is handledby accumulatingall otherexpressionguardsandnegatingthem.It is
possibleto give only specificguardexpressionswithout Else. In this case,a translator
optioncanbesetto dealwith guardsthatleavegaps(e.g.‘n > 0’ and‘n < 0’).

4.3 Eventsand Event Guards

Eventhandlingis verycomplex to translate.As explainedin section3.1,eventsmaybe
handledatmultiple levels,usingmulti-parteventnames,subjectto apromptcountand
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a booleancondition.In addition,a VoiceXML platform providesdefault handlersfor
all standardevents.In thegeneratedLOTOS, platformhandlersaredefinedfor thesein
processesEvent 1, etc.

The generatedLOTOS alsodefinesprocessEvent 0 asthe main event dispatcher,
calledwhenever an event is thrown. The CRESS translatorstaticallybuilds a tableof
contexts and events.A context value is either 0 (i.e. application/formlevel) or > 0
(meaningafield number).All theeventsthatmayoccurin acontext areextractedfrom
the CRESS description.It would besimplestif thedestinationof a thrown eventname
could be determinedstatically. Unfortunatelythis is not possiblebecausethe thrown
event canbe computeddynamicallyasan expression(e.g. ′′login.failure.′′ + cause).
TheCRESS translatorgenerateseventdispatchercodethatrespectsthepriority of Voice-
XML eventhandling:longereventprefixesandhigherpromptcountstakeprecedence.

To give an ideaof how this is done,hereis an extract from the event dispatcher
for field 2 (figure 1 node3). For brevity, processgatesand parametersare omitted
below. Donateis themainapplication(figure1), Intro 1 is thefirst instantiationof the
introductionfeature(figure2). Nodenumbersareappendedto theselabels,with None
andacountfor a NoInput node.
[field Eq 2] > (* field Donate3?*)

(
[Match(event,Cancel)]> Event 1 (* Cancel?*)

[Match(event,Error)] > Intro 1 4 (* Error?*)

[Match(event,Filled)] > Donate None 0 (* Filled?*)

[Match(event,Help)] > Donate 6 (* Help?*)

[Match(event,NoInput)And (vxpromptGe3)] > Intro 1 6 (* NoInput3?*)

[Not(Match(event,NoInput)And (vxpromptGe3))] > (* Else*)
(

[Match(event,NoInput)]> Donate 6 (* NoInput?*)

[Match(event,NoMatch)And (vxpromptGe3)] > Intro 1 6 (* NoMatch3?*)

[Not(Match(event,NoMatch)And (vxpromptGe3))] > (* Else*)
(

[Match(event,NoMatch)]> Intro 1 7 (* NoMatch?*)

[Match(event,Xit)] > Intro 1 5 (* Exit? *)
)

)
)

4.4 CRESS Translation to L OTOS

To giveanideaof how CRESS translatesinteractivevoiceservicesinto LOTOS, thecode
below wasgeneratedfor theVoiceXML examplein section3.3.
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The following is an extract from the bodyof processDonate 3 (figure 1 node3).
Behaviour continuesto the next field (Confirmnode2) if the field variable(amount)
is undefined.Otherwisethe optionslist is emptied(node3 definesa Requestnot an
Option), andthe promptcount is incremented.The promptandgrammararesentto
the recogniser. Its responsesynchroniseswith the VoiceXML application,causingan
eventto behandledby theeventdispatcher(Event 0). Thepromptcountis thenreset.
For readability, string valuesare shown below in conventionalform, thoughLOTOS

requiresanawkwardsyntaxusing‘+’ for characterconcatenation.

[(amountNe Undefined)Of Bool] > (* ignorefield?*)
Confirm 1 2 (* to Confirm.12 *)

[(amountEq Undefined)Of Bool] > (* enterfield?*)
(

Let vxoptions:Text = <>, vxprompt:Nat= vxprompt+ 1 In (* updatelocals*)
Recogniser!request!′′How many dollars?′′ !Currency Of Grammar;(* requestfield *)
(

Recogniser!Filled ?amount:Value; (* filled event*)
(

Let vxprompt:Nat= 0 In (* resetpromptcount*)
Event 0 (* dispatchevent*)

)

Recogniser?event:Event; (* otherevent*)
Event 0 (* dispatchevent*)

)
)

The following is an extract from the body of processDonate6 (figure 1 node6).
The field variable(amount) is undefined,andfield processingrestartsfrom the top of
theform (processDonate 2).

User!Audio !′′Chooseanamountin dollars′′; (* Donate6 *)
(

Let amount:Value= UndefinedIn (* updatelocal *)
Donate 2 (* Donateretry 7 *)

)

Onceatranslationto LOTOS hasbeenobtained,theinterestingwork canbegin.The
authorhasusedbothTOPOandCADPwith theresultingLOTOS. Thespecificationcan
besimulated,thoughthis is not very usefulsinceCRESS might aswell betranslatedto
VoiceXML andexecutedasnormal.WheretheLOTOS translationcomesinto its own is
theformalanalysis.Below areexamplesof whatLOTOS canbeusedfor, but VoiceXML
cannot.Althoughthereis insufficientspacehereto saymore,thereferencedpaperscan
beconsultedfor additionaldetail.

– Thespecificationcanbeformally analysedto detectdeadlocks,livelocks,unreach-
ablestatesandunspecifiedreceptions.For example,it is easyto write VoiceXML
scriptsthatloop indefinitely. Figure1 suffersfrom this; thereaderis challengedto
detecttheproblem!Withoutextensiveandtime-consumingtesting,thiscanbehard
to find with VoiceXML.
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– Testscanbe automaticallygeneratedfrom thespecification.For example,the au-
thor hasdevelopedPCL (ParameterConstraintLanguage[12]) to allow practical
teststo becreatedfrom data-intensivespecifications(suchasinteractivevoiceser-
vices).If the specificationhasfinite behaviour, exhaustive testscanbe generated
thattraverseall paths.If thespecificationhasinfinite behaviour, testsmustbegen-
eratedasChinesePostmantoursof the specification’s suspensionautomaton[6].
Thetestsform a useful(regression)testsuitefor live testingof anIVR service.In
this context, thetestscanactasscriptsfor humanusersor canbefed into a speech
synthesiseractingasanautomatedcaller.

– Desirablepropertiesof theservicecanbeformulatedin ACTL or XTL, e.g.asdone
in [5]. Forexamplethesemightinclude‘a bankaccountmustnotbedebitedwithout
thecorrectPIN’ (safety),‘a call mustendwith a goodbyemessage’(liveness),or
‘the samepromptmustnot beissuedmorethanthreetimes’ (freedomfrom loops).
TheCADPmodelcheckercanverify suchpropertiesagainstthegeneratedLOTOS.

– Featureinteractionscanbe checked [11]. For example,a featurethat introduces
extra choicesin a menucan interferewith currentuseof DTMF digits to select
from themenu.A featuremay introduceaneventhandlerthat overridesthe form
eventhandler, resultingin differentbehaviour. An interactioncanalsoariseif two
featureschangeavariablein inconsistentways.

5 Conclusion

It hasbeenshown thatCRESS canrepresentinteractivevoiceservices.It hasbeenseen
how CRESS descriptionscan be translatedinto VoiceXML and into LOTOS. CRESS

combinesthe benefitsof an accessiblegraphicalnotation,automatedimplementation
of a VoiceXML application,andformal analysisof problemsin a servicedescription.
CRESS is thusvaluableasanaid to developinginteractivevoiceservices.

The plug-in architectureof CRESS hasnow beendemonstratedin threedifferent
domains:conventionaltelephony (IN), Internettelephony (SIP),andinteractive voice
(VoiceXML). Althoughtheseareall examplesof voiceservices,theapproachis generic
andshouldberelevantto non-voiceapplicationssuchaswebservices.For example,it
is hopedin futureto applyCRESS to WSDL (WebServicesDescriptionLanguage).
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