Kenneth J. Turner. Specifying and Realising Interactive Voice Services. In
Harmut Koenig and Monica Heiner and Adam Wolisz, editors, Proc. Formal
Techniques for Networked and Distributed Systems (FORTE XVI), copyright
Springer-Verlag, Berlin, September 2003.

Specifyingand Realising Interacti ve Voice Sewices

KennethJ. Turner

ComputingScienceandMathematicsniversity of Stirling, ScotlandFK9 4LA
Email kjt@cs.stir.ac.uk

Abstract. VoiceXML (Voice ExtendedViarkup Languagehasbecomea major
forcein interactve voiceservicesHowever currentapproacheto creatingVoice-
XML servicesareratherlow-level. Graphicalrepresentationsf VoiceXML are
closeto thetextual form of thelanguageanddo not give a high-level description
of aservice.CRESS (ChiselRepresentatioEmploying SystematiSpecification)
canbe usedto give a more abstract|anguage-independentew of interactive
voice services CRESS is automaticallycompiledinto VoiceXML for implemen-
tation,andinto LoTos (LanguageOf TemporalOrderingSpecification)or SDL
(SpecificatiorandDescriptionLanguagefor automatednalysis.The paperex-
plainshow CRESs s translatednto Voice XML andL oTos.

1 Intr oduction

1.1 Motivation

This paperexplainshow to representspecifyandanalyselVR (Interactive Voice Re-
sponse}ervicesVoiceXML (Voice ExtendedMarkupLanguagd13]) is typically used
to implementautomatedelephonesnquirysystemsVoiceXML is muchmoreaccept-
ableto usersthanthe early generatiorof touch-tonesystemsSpecifically Voice XML
allows usersto do whatthey expectin atelephonecall: talk andlisten.Voice XML can
be linked to databasedgelephonenetworks and web seners. As a result, Voice XML
is very usefulfor thosewho cannotdirectly accesssuchinformation. A useron the
move, for example,is likely to have a mobile telephonebut limited webaccessA par
tially sightedor physicallyhandicappedsercouldfind web-basedervicedifficult or
impossibleto use.Many householdstill do nothave webaccess.
Beinganapplicationof XML, VoiceXML is textualin form. However severalcom-
mercial packagege.g. Covigo Studio,NuanceV-Builder, Voxeo Designer)provide a
graphicalrepresentatiorSomeof thesereflectthe hierarchicaktructureof Voice XML,
while othersemphasisehe relationshipamongVoiceXML elementsThesepackages
are(not surprisingly)very closeto VoiceXML anddo not give a clearoverview of in-
teractie voiceservicesln theauthorsopinion,existing graphicalformatsare‘window
dressingthatdolittle to clarify the structureandflow of VoiceXML scripts.It is easy
even common,to write VoiceXML scriptswhoseflow of controlis obscureandhard
to follow. Indeed,VoiceXML cansuffer from the ‘spaghetticode’ (tangledlogic) that
structuredorogrammingwasdevisedto avoid. Voice XML adoptsa pragmaticandpro-
grammaticapproachThereis noway to formally checkor analysea Voice XML script.
In telepholy, servicesare often composedrom self-containedeatures A feature
is an additionalfunction that is triggeredautomatically(e.g. call forwarding or call



screening)Because featureis triggeredandnot explicitly called,it readilyaddssup-
plementarycapabilities.The value of featureshasbeenamply demonstratedh the IN
(Intelligent Network). Voice XML doesnot have featuregthoughit hassubdialogues).
In fact, Voice XML doesnot directly recognisethe conceptof a service.lt is therefore
beusefulto enhancé/oiceXML with mechanism$or servicesandfeatures.

The authors approachto defining and analysingservicesis a graphicalnotation
calledCRrEss (ChiselRepresentatioBmploying SystematiSpecification) CRESS was
initially basedon the industrial Chiselnotationdevelopedby BellCore[1]. However,
CRESs hasconsiderablyadvancedfrom its beginnings.The aim of using CRESS with
VoiceXML is to definekey aspectsf interactive voice services.The advantagesof
CRESs over usingVoiceXML directly are:

— VoiceXML is very closeto implementation However CRESS servicesarerepre-
sentechtamoreabstractevel, makingit easierto grasptheiressenced-or thesame
reasonCRESS diagramscan be translatednto a numberof target languagespf
which VoiceXML is justone.

— Thereis no formal definition of VoiceXML. Someconceptsn VoiceXML areonly
vaguelydescribede.g.eventhandling)and somearedefinedloosely (e.g.the se-
manticsof expressionandvariables) As aresult,it is impossibleto sayfor certain
what certainVoiceXML constructamean.At timesthe authorhashadto resorta
commercialVoiceXML implementationto discover what someconstructsmight
mean.Even then, the commercialsolution hasbeenseento behae implausibly
Throughtranslationto a formal language ,CRESS contributesto a more precise
understandingf VoiceXML.

— A large VoiceXML applicationtypically hasmary documentsvith mary parts.It
canbedifficult to checkwhethertheapplicationis self-consistente.g.will notloop
indefinitely or end prematurelyVoiceXML developmentin practiceusesmanual
dehugging.CRrEss givestheimmediatebenefitof translationto aformallanguage:
LoTos (Languageof TemporalOrdering Specification)and SDL (Specification
andDescriptionLanguage)Theresultingspecificatiorcanberigorouslyanalysed.

1.2 Relationshipto Other Work

Severalgraphicalrepresentationave beenusedto describecommunicationservices.
SDL is themainformal languagausedin communicationsAlthoughit hasa graphical
form, SDL is ageneral-purposkanguagehatwasnot designedgarticularlyto represent
communicationservicesMSCs(Messageequenc€harts)arehigherlevel andmore
straightforward in their representatiorf servicesUCMs (Use CaseMaps|[2]) have
beenusedto describecommunicationserviceggraphically However noneof theseap-
proachess domain-specificandthey cannotbe translatednto a rangeof languages.
In comparisonto CRESS, SDL for exampledoesnot have specialisedsupportfor a
domainlik e interactize voice services As a resultthe equivalentSDL specificationis
larger and more complex. The only formal analysispossibleis whatever SDL offers
(mainly statespaceexploration). With CResS an SDL-basedanalysisremainspossi-
ble, differentkinds of analysiscanbeachieredthroughL oT0s, andVoice XML scripts
can be obtainedautomaticallyfrom the samediagrams Seefor example[4, 9] for a
comparisorof CRESS andSDL description®f SIP (Sessiornitiation Protocol).



As notedearlier thereareanumberof commerciatoolsfor VoiceXML. Theseoffer
more completeVoiceXML coveragethan CRESS, and provide proprietaryextensions
for commercialdeployment.However they arefocusedon VoiceXML only, anddo not
offer ary kind of formal analysis.Their (graphical)representationare too closeto
VoiceXML for abstracservicedescriptionghatarecomprehensibléo non-specialists.

Although CRESS hasorigins in communicationsservices,it is not tied to these.
CREss hasplug-indomainghatdefinetheservicevocalularyin aseparatandmodular
fashion.CrEss hasalreadybeenprovenwith servicedor thelIN (IntelligentNetwork)
[8] andSIP(Sessionnitiation Protocol)[9, 11]. Thework reportedn the presenpaper
showvs how 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 formalisationprovides accesgo
ary analytictechniqueusingthesdanguagesAmongthesetheauthors own approach
[7] is oneof several.For implementationCRESS canalsobe compiledasappropriate
into SIP CGI (CommonGatavay Interface,realisedn Perl),partly into SIPCPL (Call
Processing.anguage)andalsointo Voice XML.

A key issuein telephoty is featureinteraction3] —independentlylesignedeatures
caninterferewith eachother This issueis well known from traditionaltelephory and
thelN, but alsoariseswith SIPservicesThefeatureinteractionliteratureis toolargeto
review here;see for example theproceeding®f FIW (FeaturdnteractionWorkshop).
Although VoiceXML doesnot recognisethe conceptof serviceor feature,it hasbeen
shown thatfeatureinteractionscanalsoarisewith Voice XML [11].

1.3 Overview of The Paper

Thenaw contribution madeby this paperis the applicationof CRESS to IVR services.
The paperdiscussefiow IVR servicesand featurescanbe describedn CRess, and
explainshow they aretranslatednto VoiceXML andL oTos. CRESS canalsobetrans-
latedinto SDL, asoutlinedin [10]. As backgroundsection2 summariseshe CRESS
graphicalnotationinsofar asit appliesto interactve voiceservicesExamplesof CRESS
diagramsappeatater, andCRrESs is furtherdiscussedh [8, 9, 11]. Section3 introduces
VoiceXML andits representatioin CRESS. It will be seenhow CRESS diagramsfor
interactive voice servicesaretranslatednto VoiceXML. Section4 discusse$iow the
samediagramsaretranslatednto L oTos. This allows a variety of formal analysego
be carriedout of a servicebeforeit is developedanddeployedusingVoiceXML.

2 The CRESS Notation

At first sight,it might seemthat CRESS is just anotherway of drawing statediagrams.
However it differsin a numberof importantrespectsStateis intentionally implicit
in CRESS becausehis allows more abstractdescriptionsto be given. Arcs between
statesmay be guardedby event conditionsaswell asvalue conditions.Perhapsnost
importantly CRESS hasexplicit supportfor definingand composingfeatures CRESS
alsohasplug-invocahulariesthatadapit for differentapplicationdomainsTheseallow
CRrEss diagramgo bethoroughlychecledfor syntacticandstaticsemanticorrectness.



2.1 Diagram Elements

Ultimately, CRESS dealswith a singlediagram.However it is corvenientto construct
diagramsfrom smallerpieces. A multi-pagediagram,for example,is linked through
connectorsMore usefully, featuresaredefinedin separateliagramshatareautomati-
cally includedby eithercut-and-paster by triggering.A CRESS diagramis a directed,
possiblycyclic graph.If thegraphis cyclic, it maynotbe possibleto determingheini-
tial nodeuniquely In sucha caseanexplicit Start nodeis given.Commentsnaytake
severalforms:text betweerparallellines, hyperlinksto files, andaudiocommentary

Nodesin adiagram(shavn asovals)containeventsandtheir parameterge.g.Sub-
mit orderjsp Tveightproduct™. A nodeis identifiedby a numberfollowedoptionally
by a symbolto indicateits kind. For example,the first nodeof a templatefeatureis
marked‘+' if it is appendedo thetriggeringnode,or ‘—' if it is prefixed.Eventsmaybe
signals(input or outputmessages)r actions(like programminganguagestatements).
A NoEvent (or empty) node can be usedto connectother nodes.An event may be
followedby assignmentseparatedby /' (e.g./ timeout<— 2).

Thearcshetweemodesmaybelabelledby guards.Thesemaybe eithervaluecon-
ditions (imposinga restrictionon the behaiour) or eventconditions(thatareactivated
by dynamicoccurrenceof an event). Eventhandlersaredistinguishedby their names
(e.g.Nolnput, triggeredwhenthe userdoesnotrespondo a Voice XML prompt).

A CRESss diagrammaycontainarule box (aroundedectanglethatdefinegyeneral
rulesandconfigurationinformation.A rule box typically declareshe typesof diagram
variables(e.g.UsesValue product,weigh). A rule box maydefineconfigurationinfor-
mationlike parentdiagrams chosenfeaturesandtranslatoroptions.Rule boxeshave
yetotheruseq8, 9,11] thatarenot soapplicableto interactive voice services.

The main Cress diagramdefinesthe root behaiour. Although this may be the
only diagram,CRESS supportdeaturediagramghat modify the root diagram(or other
features) A spliced(plug-in) featureis insertedinto a root diagramby cut-and-paste.
The featureindicateshow it is linkedinto the original diagramby giving the insertion
pointandhow it flows backinto the root diagram.This style of featureis appropriate
for aone-of changeo the original diagram.

It is often preferableto usea template(macro)featurethatis triggeredby some
eventin theroot diagram.Thetriggeringeventis givenin thefirst nodeof the feature.
Featureexecutionstopson reachinga Finish (or empty)node.At this point, behaiour
resumeg$rom thetriggeringnodein theoriginaldiagram A templatefeatures statically
instantiatedusingthe parametersf the triggeringevent. The instantiatedeaturemay
be appendedprefixedor substitutedor thetriggeringnode.

2.2 Automated Support

CREss usuallyrelies on a domain-specifidnfrastructure For example,IVR services
oftenrequirea speectsynthesiseanda speectrecognisethatcooperatavith themain
application.Sucha framework is specifiedusingthe sametargetlanguageastheoneto
whichdiagramsarecompiled(e.g.LoT0s, SDL, VoiceXML). Althoughtheframeavork
is specificto adomainandatargetlanguageit is independentf the particularservices



or featuredeployed. Theframavork includesmacrocallsthatactivatethe CRESS pre-
processarThis automaticallygeneratesonfiguration-specificnformationsuchasthe
translateddliagramsandfeature-dependeidatatypes.

The CRESs toolsethasthe form of a corventionalcompilerbut is unusualin some
respectskor portability it is writtenin Perl,comprisingabout13,000linesof code.The
CRESSs toolsetconsistsof five maintools. Including testscenariosthereareabout600
supportindilesfor all domainsandtargetlanguagesinternallythe CRESS toolsetcon-
sistsof a preprocessafthatinstantiateshe specificatiorframework), alexical analyser
(thatdealswith variousdiagramformats),a parser(that performssyntacticanalysis),
andseveralcodegeneratorge.g.for Lotos, SDL andVoiceXML). Althoughit might
have beendesirableto usea parsergeneratofe.g. Antlr), parsingis only a small part
of what CRESS hasto do. A traditionalcompilerdealswith textual languagesCRESS,
however, dealswith agraphicalanguageThis createsnterestingchallengese.g.com-
piling cyclic ratherthanhierarchicakonstructs.

3 Interactive Voice Sewicesin VoiceXML

3.1 Intr oduction to VoiceXML

VoiceXML [13] derivesfrom earlierwork on scriptinglanguagedor interactie voice
servicesVoiceXML is a mixture of thedeclaratve andtheimperatve, the event-driven
andthe sequentialVoiceXML is alarge languageembeddedn an evenlarger frame-
work. For example,VoiceXML includeseEcMASCRIPT (JavaScript).It also supports
complex grammarsfor speechsynthesisand speechrecognition.VoiceXML is inte-
gratedwith othertechnologiesuchasdatabasaccesandwebseners.

VoiceXML lacksthetelepholy conceptof a featureasbehaiour thatmay be trig-
geredby somecondition. The nearestequialentin VoiceXML is a subdialogug(re-
semblinga subroutine) Subdialoguesire executedin anindependeninterpretercon-
text, makingit difficult to sharecertaininformation.In VoiceXML, at bestsomecode
canbe explicitly invoked asa ‘feature’; automaticfeatureinvocationis not supported.
Triggeredfeatureshave proventheirworth in telephory andaresupportedy CRESS.

TheVoiceXML callercompletedieldsin forms (or menus)y speakingn response
to prompts.Eachfield is associatedvith a variablethatis setto the usersinput. Voice-
XML applicationsareoftenwritten asa numberof documentsontaininga numberof
forms, eachcontaininga numberof fields. This is the mostnaturalform of modularity
in VoiceXML. However this caneasilyhidethe flow betweerthe formsandfields.

TTS (Text-To-Speech)nay be usedto speakmessagesText may be marked up
to indicatehow certainwordsare pronouncedandgenerallyto definethe speectpat-
tern.However TTSis only approximatiorof naturalspeechso VoiceXML allows pre-
recordedvoiceto be usedin preference.

Speechrecognitionis usedto extractdigital datafrom userinput. Thisis guidedby a
speechgrammayfor whichthereareseveralstandardaNumericinputs(includingmenu
choicesandyes/no)canalsobe provided usingDTMF (Dual Tone Multi-Frequeng),
i.e. dialling digits on a touch-tonetelephone CRESS supportsthe standardvoice XML
grammars:Boolean (optionally defining DTMF digits for yes/no),Currency Date,



Digits (optionally definingexpectedength,or minimum/maximuniengths),Number
Phone(with optionalextension)andTime (12/24hour clock).

SomeVoiceXML actionsmay be governedby a countor a conditionon whenthe
actionis permitted.For examplea different promptmay be given on the third input
attempt,or afield maybeselectednly whensomeconditionis true. Actionsmayhave
optionalparameterge.g.asoundfile or fetchtimeout)thatarerelevantto a Voice XML
platform but not directly useful for CRess. Although thesemay appearin a CRESS
diagramthey areusedonly whentranslatingnto Voice XML. For othertargetlanguages
theseoptionalparameterareignored.

Thetypessupportecby CRESS aredomain-specificFor Voice XML thereis justa
singletype,Value, sincetheunderlyingecMA SCRIPT hasdynamictypes.Actualvalues
canbebooleansnumberor strings.In additiontherearenull andundefined/alues.

VoiceXML supportsafairly complex hierarchicakventmodel.Eventhandleramay
be definedat four levels: platform, application,form, field. Platform handlerspro-
vide fall-back support,thoughthey arerarely useful. Application handlersoverseeall
formsin anapplication.Form handlersallow their fieldsto sharecommoneventhan-
dling. Finally, fieldsusuallydefinehandlerdor eventsof specificinterestA scriptmay
<throw> anevent,transferringcontrola matchinghandler Standardeventsinclude:

Cancel,Exit, Help: theuseraskedto cancelprocessingto exit, or to getguidance
Catch: dealswith alist of events
Error: arun-timeerroroccurred
Filled, Nolnput, NoMatch: theuserspole correctinput, nothing,or invalid input.

Although VoiceXML doesnot considerFilled to be an event, it behaeslike one.
Besidesstandardevents,programmerdefinedeventsmay be constructedrom several
parts(e.g.login.failure.passwod). Normally this would be caughtby a handlerfor the
samename.But if thereis nothingto match,a handlerfor login.failure (or failing that
login) maydealwith theevent.If no handlemmatchestheapplicationterminates.
Eventsarealsoimplicitly associatedavith a promptcount.Eachtime a field is en-
tered,its promptcountis incrementedThis maybe usedvary theresponseo anevent.
In factthisis morecomplex thanit seemsSuppose&venthandlersaredefinedfor counts
1 (thedefault),2 and4. Thefirstis activatedon countl, thesecondncounts2 or 3, and
thelastoncount4 or higher A conditionmayalsobeimposednaneventhandletbeing
activated.Thisis relevantif severalhandlerscouldotherwiseapply. Voice XML doesnot
definewhathappensf conditionsoverlap—in factthebehaiour is non-deterministic.

3.2 CREssfor VoiceXML

In principle, VoiceXML haselementsat platform, application,form andfield levels.
VoiceXML canalsobe split over a numberof documentsHowever a VoiceXML ap-
plication canbe definedasa singledocumentwith a singleform, andthisis how it is
regardedin CRESS; in fact, applicationandform level arethe samein CRESS. Fields
canbedefinedasseparatesectionsor pagesof a CRESS diagram,usingconnectorgo
join them.For alarge applicationthis is convenientandmore modular However for a
small applicationit is sufficient to representhe form asa singleintegratedwhole. In



addition,splitting fields makesthe flow betweenthemlessobvious. For thesereasons,
fieldsaredeliberatelynot prominentin CRESS.

CREss is not a literal graphicalrenderingof VoiceXML structure.This would be
pointlesssincemostcommerciaktoolsfor VoiceXML do this anyway. Theflow of con-
trolin CRESS canbemorevisible;in VoiceXML it canbehardto determineTheflow is
sometimesmplicit (e.g.transitioningto the next field on completionof thecurrentone)
andsometimesuried (e.g.an embedded<goto>). CRESS supportscyclic behaviour
asloopsin adiagram;thesehave to be codedindirectly in VoiceXML.

CRESS expectsto have a definition of root behaiour asthe core of a service.In
VoiceXML, an applicationroot documentsenesa similar purposebut is very restric-
tive. It may containonly variableseventhandlersand elementarydefinitionsthat are
commonto thedocument®f a VoiceXML application.

It is not feasiblefor CRESS to supportthe entirety of VoiceXML, ECMASCRIPT,
speechsynthesignarkup,speechgrammarsdatabaseaccessandweb accessinstead,
CRESs concentratesn the essentiahspectof Voice XML control. Limited supportis
providedfor ECMASCRIPT — specificallyfor numerical stringandlogical expressions.

The following summariseshe main elementsof CRESS for interactive voice ser
vices. Unlessstated the VoiceXML equivalentis very similar (e.g. Audio in CRESS
corresponds$o <audio> in VoiceXML). Stringsandlists aregivenin doublequotes
(e.g.™Pleaseplaceyour order™ Mveightproductl. Substringsanbegiveninsidealist
usingsinglequotesVariablesgrammarsetc.arewithoutquotesn CRESS. VoiceXML
actionssometimesllow literals or expressionsasalternatve parameterge.g.a literal
or computedeventnamemay bethrown); CRESS alwaysusesanexpression.

Audio messge speaksa messageVariablevaluesin this or ary text string may be
interpolatedin CRESS, using $variable to include the value of a variable.Some
namesarespecial e.g.$enumeateis usedo includetheoptionsof thecurrentfield.
TheVoiceXML equivalentsof theseare<value> and<enumerate> respectiely.

Clear [variables] resetghe promptcount,andundefinesall (or the named)variables.

Exit leavestheapplication.

Option variable promptoptions[condition] definesa <field>, issuesa <prompt>,
analysesheinputusing<option> valuesandsetsthefield variablefrom this. An
optionalconditioncanbeimposedon entryto thefield.

Prompt messge [count] [condition] issuesanaudioprompt.Thepromptmaybesub-
jectto acountand/ora condition.

Reprompt restartghe currentform. Thefirst unfilled field is enteredusuallycausing
themostrecentpromptto bere-issued.

Requestvariable promptgrammar[condition] behaes like Option, but definesac-
ceptablegnputusinga grammaratherthanalist of specificoptions.

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

Subdialog[ue]URI variables sendthe variablevaluesto a URI (eitheranotheMoice-
XML scriptor a web sener executablescript). In generalthis may returna new
VoiceXML script dynamically This is not a problemwhen CRESS is interpreted



by VoiceXML. However for translationto otherlanguagege.g.LoTos or SDL),
it is not possibleto handledynamicallycreatedvoiceXML. Instead Jlimited sup-
portis providedfor externalscriptsthat performa computation(e.g.interrogatea
databaseandreturnresults.CRESS providesa webadaptormwritten in C thatlinks
to thetamgetlanguage.

Submit URI variables sendsthe variablevaluesto a web sener URI (usually an ex-
ecutablescript). Often the sener just absorbsthe results(e.g. writes themto a
database)As for subdialoguesthe sener may returnVoiceXML createdon-the-
fly. This cannotbe handledexceptwhen VoiceXML is the target language The
CRESss approachhandlesthe commonestasesof sener scriptsthat produceno
result(Submit) andscriptsthatcomputesomeresults(Subdialogud.

Throw event passesneventto the closestmatchinghandler

3.3 Samplelnteracti ve Voice Sewices

To illustrate the notation, Figure 1 shavs the CRESS root diagramfor a VoiceXML
application.Thisis for thehypotheticalCharitiesBankthatallows telephonelonations
to charity. This serviceinvites the caller to namethe charity (UNICEF, WWF, Red
Cross)andthe requiredamountin US dollars. Theseitems are then submittedto the
donation.jspscript. If the userasksfor help or saysnothing following a prompt, an
explanationis givenandthe useris re-promptedVoiceXML readsa currenyy amount
asastringwhosefirst threecharactergjive the curreny code(e.g.™USDTY. In casethe
usersaysanothercurreny (e.g.poundssterling),the useris re-promptedf the stated
curreng is notUSdollars.Retry in node7 is usedo clearthevalueenteredor amount
otherwisethefield will beignoredonthere-promptbecauseét hasalreadybeenfilled.

SupposéghatCharitiesBank hasa rangeof applicationshesideshe donationappli-
cationin Figurel. Theremight, for example,be separat@pplicationgo enquireabout
what charitiesare supported,or to requesta tax relief statementit would be desir
ableto ensurea consistentvoice XML treatmenf all theseapplicationsthereshould
be the samedefault handlingof eventsanda commonintroduction.It would alsobe
worthwhileto requestonfirmationbeforeanythingis submittedto awebsener. There
is thereforea casefor commonfeatures For brevity several featuresareomittedhere,
suchasonesto requestanaccountnumberandaPIN.

Figure? is afeaturethatdefinesanintroductoryervironmentfor all bankapplica-
tions. Thefeatureis placedustafterthe Start nodein therootdiagram(implicit before
Figurel nodel). Welcomemessagearespolen beforeexecutingapplication-specific
code.Commonhandlersaredefinedfor variousevents Althoughanapplicationis likely
to dealwith Nolnput andNoMatch onaperfield basisfigure2 ensureshatafterthree
suchfailuresthe useris disconnectedrigure2 alsodefinesgeneraNMoice XML proper
ties: herethetimeoutfor no inputis setto two secondgtimeout<— 2).

Figure3 definesa confirmationfeaturethatasksthe userto proceedeforesubmit-
ting informationto a web sener. This featureis not specificto CharitiesBank, andis
usablein a numberof applications.The featureis triggeredby a Submit action, be-
ing executedust beforeit. Onuserconfirmation executioncontinuesvith submission;
otherwisethe currentfieldsareclearedandthe useris re-prompted.



1 Audio "Please
make your donation"

2 Option charity
"Which charity?"
"UNICEF WWF 'Red Cross™

Uses Value charity, amount '

Filled  Catch "Help Nolnput'
8 Audio "Choose
from $enumerate”

e

9 Reprompt '\.

3 Request amount
"How many dollars?"
Currency

SubString(amount,0,3) = Else

IIUSDII
¥
4 Audio "You donated 6 Audio "Choose an
$amount to Scharity" amount in US dollars"

5 Submit donation.jsp e
"charity amount" C TRety )

Fig. 1. CRess RootDiagram(Donaté for Charity DonationApplication

¢ 1+ Start. )

[ timeout <- 2 NoMatch
) Error Catch "Nolnput ,

2 Audio "Welcome NoMatch" 3 7 Audio "Not
to Charities Bank" / Exit X recognised - try again'

4 Audio "Sorry - an 6 Audio "Sorry - too
internal error occurred" many attempts"
3 Audio "Say Help N Vo o
or Exit at any time" 8 Reprompt

“Finish 5 Audio "Thank you

< nis ) for calling - goodbye"

Fig. 2. CREss FeatureDiagram(Intro) to introduceCharitiesBank Applications




Uses Value confirm )) - Submit UV

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

U URL
Vv Variablesl

Filled Catch "Help Nolnp}t{ NoMatch"

/A‘( 5 Audio "Please
\_g) say Yes or No'
confirm Else
K A_ . A
(_ Finish 3 3Ckar 3 < 6 Reprompt >
¢ 4 Reprompt >

Fig. 3. CRess FeatureDiagram(Confirm) for Confirmation

Most of thetranslationfrom CRESS to Voice XML is straightforward. Onecompli-
cationthatarisesis how to dealwith loopsin diagramsandnodesthat canbe reached
alongmorethanonepath.It mightseenobviousto usea VoiceXML <goto>. Unfortu-
natelythis maybranchonly to adocumentform or field; it is not possibleto moveto an
arbitrarynode. As aresult,it is necessaryo branchusinganevent.(A <throw> actsas
acomputed<goto> aryway.) Therevisitednodeis thentranslatedasaneventhandler
Most CRESS operatorshave equivalentsin VoiceXML, but a few like After (remove a
prefix from astring)andin (setmembershiparedefinedusingECMASCRIPT.

To give anideaof how CRESS translatesnteractve voice servicednto VoiceXML,
the following shavs someof the translationfor figure 1 as modified by the features
in figures2 and3. As shown, the CRESS translatorautomaticallygenerategxtensive
commentghatlink the codeto the diagrams.The CRESs Requestin figure 1 node3
becomes VoiceXML field thatfills in theamountasa curreng. Theuseris prompted
to entera donationin dollars. If the userasksfor help or doesnot say arything, an
event handlercatcheghis and movesto figure 1 node6. If US dollars are specified,
thedonationis announcedo the user Executionthencontinueswith the confirmfield;
Confirm.1is instancel of the Confirmtemplate.

<field nameZamounttype=¢urreng'% <1—— Donate3 field @mount——>
<prompt>How mary dollars/prompt> <!—— Donate3 prompt——>
<catch event=helpnoinput> <1—— catchevent——>
<thr ow event=donation.&> <1—— Donate6 (again)——>
</catch> <!——endcatch——>
<filled > <I——filled event——>
<if cond<dmount.substring(0,3)= WSD™L  <1—— checkSubString= "WSD T——>
<audio> <!—— Donate4 audio——>
You donated<valueexpr="amount’> to <valueexpr="¢harity?>
</audio>
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<goto nextitem="¢onfirm. 17> <l——to Confirm.12 ——>

<else¢> <1—— elseafter SubString= WSD™——>
<thr ow event=donation.&/> <1—— Donate6 (again)——>

<lif> <1—— endcheckSubString= "USD ™——>
</filled> <!—— endfilled ——>
<[field> <!—— endfield ——>

As notedearliet figure 1 node6 mustbe translatedn an event handlerbecause
therearetwo pathstoit. It providesaudiohelpto theuser The CRESS Retry undefines
theamountfield (if necessaryforcing re-entryto thefield) andre-promptgheuser

<catch event=Zdonation.6% <!—— Donate6 ——>
<audio>Chooseanamountin US dollars</audio> <!—— Donate6 audio——>
<assignnameZamountexpr="dndefined> <1—— Donate7 undefineamount——>
<reprompt/> <!—— Donate7 to form top ——>
</catch> <!——endcatch——>

4 Interactive Voice Sewicesin LoTosS

In comparisorto the translationof CRESS diagramsinto VoiceXML, the translation
into LoTos is extremelytricky. In addition,a very substantiapecificationframenork
is required.This is fixed and predefined pbeing completedwith typesand behaiour
specificto the diagramsbeingtranslatedThe compleity of the translationshouldbe
no surprisesincemuchof a VoiceXML interpretehasto berepresenteéh LOTOS.

4.1 Inputs, Outputs and Actions

Normally eachnodeis translateddirectly into LoTos behaiour. However if thereis
more than one pathto a node, this node and the following onesare translatedas a
LoTos process.The branchego the nodethen becomecalls of this process.Since
an eventhandlermay be enteredrepeatedlya nodefollowing an event guardis also
translatedasa process.

The CRESS parseroptimisesdiagramsbheforethey arepassedo a codegeneratar
For exampleNoEvent nodesareremovedwherepossible andElsebranchesremoved
to the end of the guardlist. However it is not possibleto remove a NoEvent nodein
somecircumstancege.g.in aloop or betweenguards seefigure 1 beforenodes4 and
6). A NoEvent maythusnot needtranslationor maybetranslatecasa process.

Inputs and outputsare reasonablystraightforward to translate.lt is necessaryo
distinguishthem becauseénputs may acceptnew values,while outputsmustuseonly
definedvalues.In factthe CRESS translatomperformsa data-flav analysisto determine
this. If aninputvariableis known at a certainpoint, it is precededy ‘I’ in the LoTos
translationjf aninputvariableis unknown, it is precededy ‘?’.

CRESs nodegmayalsobe Voice XML actionsthatdo notsimply inputor outputand
soareclassedseparatelyActions aredomain-specificso their translationinto LoTos
alsodepend®on the domain.For mostactions,the translationis not too complex. The
mainexceptionsarefields (Menu, Option, Reques) andevents(Thr ow).

Eachfield is translatedo a L oTos processlf a VoiceXML field hasalreadybeen
filled in (its field variableis defined),behaiour continueswith the next field. CRESS
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mustthereforestaticallybuild a mapof which field follows which. SinceVoiceXML is
linearbut CRESS diagramsaretwo-dimensionalit maynotbe clearwhatthe next field
is. By corvention,fields are orderedby nodenumberwithin eachdiagram.A field is
enteredf its field variableis undefinedandits conditionis satisfied The promptcount
is incrementedht this point.

Input recognitionis performedby a predefinedrecaniserprocesghat dealswith
all the standardvoiceXML grammarsThis is muchsimplerthanspeechrecognition,
but is still complex (in alanguagdike LoT0S). The LOTOS recogniserdoesnot have
to handlethevariationsthatoccurin speechFor examplea curreny amountmight be
spokenas‘one hundredandtendollars’ or ‘a hundredten bucks’. The LOTOS recog-
niseralsoacceptshe DTMF equivalentof ‘speech’input. The recogniserealswith
eventslike Cancel Exit, Help andNolnput. Oncerecognitionis complete therecog-
nisersynchronisewith theapplicationontheresultingevent.For Filled, theinputvalue
is alsosupplied.Thefield procesghenthrows the eventit receved, causingbehaiour
to continuewith the correspondingventhandler Althoughthis might seema comple
solution, it is exactly whatVoice XML does.lt is alsoessentiabecausghe sameevent
may be handleddifferently accordingto the currentpromptcountand condition. For
example,Nolnput may be handledat field level (figure 1 nodes6 and8) or at form
level (figure 2 node6).

4.2 Expressionsand ExpressionGuards

Interactve voice servicesexpectto usespeechsynthesisand speechrecognition.lIt is
not,of coursemeaningfuto usespeectwith LoTos. Instead speechs simulatedusing
text messagesSynthesids little morethanstring processingbut recognitionrequires
substantiamachineryfor parsingtext input accordingto the standardgrammarsThe
L otos specificatioframenork includesabout900 lines of intricatedatatypes.These
arecomple partlybecauséd. otos lackshbuilt-in supportor typeslik e charactersnum-
bersandstrings.However, therecogniserlsorequiresvVoiceXML-specificdatatypes.
ECcMASCRIPT numerical,string andlogical operatorsare supportedoy equivalent
L oTos operatorsThe dynamictypesof VoiceXML createa problemfor translation
sinceLoTos is strongly typed.All variablesand valuesare thereforetranslatedto a
singleValuetypein LoToOs thatis interpretedaccordingto the specificvalue.Assign-
mentis madeusinga L oTOS Let statementAs well asthe declareddiagramvariables,
therearetwo implicit ones:vxoptiongthecurrent<option> values)andvxprompt(the
currentpromptcounter) All thesevariablesareparametersf thegenerateghrocesses.
Expressiorguardsarestraightforvardto translate The only complicationis thata
VoiceXML Value mustbetranslatedo a L oTos Bool. The corveniencesyntaxElsein
CREss is handledby accumulatingall otherexpressiorguardsandnegatingthem.lt is
possibleto give only specificguardexpressionaithout Else In this case a translator
optioncanbesetto dealwith guardsthatleave gaps(e.g.'n > 0’ and‘n < Q).

4.3 Eventsand Event Guards

Eventhandlingis very complex to translate As explainedin section3.1,eventsmaybe
handledat multiple levels,usingmulti-parteventnamessubjectto a promptcountand
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a booleancondition. In addition,a VoiceXML platform providesdefault handlersfor
all standardevents.In thegenerated oT0s, platformhandlersaredefinedfor thesein

processe&vent 1, etc.

The generatedoT0s alsodefinesprocessEvent 0 asthe main eventdispatcher
calledwhenever an eventis thrown. The CRESS translatorstatically builds a table of
contets and events.A context valueis eitherO (i.e. application/formlevel) or > 0
(meaningafield number) All theeventsthatmayoccurin acontext areextractedfrom
the CRESs description.It would be simplestif the destinationof athrown eventname
could be determinedstatically Unfortunatelythis is not possiblebecausdhe thrown
event can be computeddynamicallyas an expression(e.g. Hogin.failure. ™+ causg.
The CREsstranslatoigeneratesventdispatchecodethatrespectshepriority of Voice-
XML eventhandling:longereventprefixesandhigherpromptcountstake precedence.

To give an ideaof how this is done,hereis an extract from the event dispatcher
for field 2 (figure 1 node 3). For brevity, processgatesand parametersare omitted
belown. Donateis the mainapplication(figure 1), Intro_ 1 is the first instantiationof the
introductionfeature(figure 2). Nodenumbersareappendedo theselabels,with None

anda countfor a Nolnput node.
[field Eq2]>

[Match(event,Cancel)}> Event 1
" [Match(event,Error)|>> Intro_ 1.4
[Match(event,Filled)]=> Donate None 0
[Match(event,Help)}> Donate 6

[Match(event,Nolnput)And (vxpromptGe 3)] > Intro_1_6

O /3 /3 3

[Not(Match(event,Nolnput)And (vxpromptGe 3))] >
_ [Match(event,Nolnput)}> Donate 6
P [Match(event,NoMatch)And (vxpromptGe 3)] = Intro-1-6
[Not(Match(ezent,NoMatch)And (vxpromptGe 3))] >
_ [Match(ezent,NoMatch)}> Intro-1-7

[Match(event, Xit)] > Intro_1_5
)

4.4 CRESs Translationto LoTos

(* field Donate3?*)

(* Cancel?)

(* Error?*)

(* Filled?*)

(* Help?*)

(* Nolnput3?¥)
(* Else*)

(* Nolnput?*)

(* NoMatch3?*)
(* Else*)

(* NoMatch?*)

(* Exit?*)

To giveanideaof how CRESS translatesnteractive voiceservicesnto L oTos, thecode

belon wasgeneratedor the Voice XML examplein section3.3.
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Thefollowing is an extractfrom the body of processDonate 3 (figure 1 node3).
Behaviour continuesto the next field (Confirmnode?2) if the field variable(amounj
is undefined.Otherwisethe optionslist is emptied(node3 definesa Requestnot an
Option), andthe promptcountis incrementedThe promptand grammarare sentto
the recogniserlts responsesynchronisesvith the Voice XML application,causingan
eventto be handledby the eventdispatche(Event 0). The promptcountis thenreset.
For readability string valuesare shavn below in corventionalform, thoughLoTos
requiresanawkwardsyntaxusing‘+’ for characteconcatenation.

[(@amountNe Undefined)Of Bool] > (* ignorefield?*)
~ Confirm 1.2 (* to Confirm.12*)
[(@amountEq Undefined)Of Bool] > (* enterfield?*)
(
Let vxoptions: Bxt = <>, vxprompt:Nat= vxprompt+ 1 In (* updatelocals®)
Recognisetrequest MHow mary dollars?™Curreny Of Grammar(* requesfield *)
(
RecognisetFilled ?amount:¥lue; (* filled event®)
(
Let vxprompt:Nat=0 In (* resetpromptcount*)
Event. 0 (* dispatchevent*)
)
0
RecogniseRevent:Eent; (* otherevent*)
Event 0 (* dispatchevent*)

)
)
Thefollowing is an extractfrom the body of processDonate6 (figure 1 node6).
Thefield variable(amoun} is undefined andfield processingestartsfrom the top of
theform (procesdDonate 2).

User!Audio ! ™thooseanamountin dollars™ (* Donate6 *)
(
Let amount:\alue= Undefinedn (* updatelocal *)
Donate 2 (* Donateretry 7 *)
)

Onceatranslatiorto L oTos hasbeenobtainedtheinterestingvork canbegin. The
authorhasusedbothTOPOandCADP with theresultingL oT0S. Thespecificatiorcan
be simulatedthoughthisis not very usefulsinceCRess might aswell betranslatedo
VoiceXML andexecutedasnormal. Wherethe L oTOs translationcomesinto its own is
theformalanalysisBelow areexamplesof whatL 0TOS canbeusedfor, but Voice XML
cannotAlthoughthereis insufiicient spacehereto saymore,thereferencegapersan
be consultedor additionaldetail.

— Thespecificatiorcanbeformally analysedo detectdeadlockslivelocks,unreach-
ablestatesandunspecifiedeceptionsFor example,it is easyto write VoiceXML
scriptsthatloop indefinitely. Figurel suffersfrom this; the readeiis challengedo
detectheproblem!Withoutextensive andtime-consumingesting this canbehard
to find with VoiceXML.
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— Testscanbe automaticallygeneratedrom the specification For example,the au-
thor hasdevelopedPCL (ParameterConstraintLanguage12]) to allow practical
teststo be createdrom data-intensie specificationgsuchasinteractve voice ser
vices).If the specificationhasfinite behaiour, exhaustve testscanbe generated
thattraverseall paths.If thespecificatiorhasinfinite behaiour, testsmustbe gen-
eratedas ChinesePostmartours of the specificatiors suspensiormutomator{6].
Thetestsform a useful(regression}estsuitefor live testingof anIVR service.In
this context, thetestscanactasscriptsfor humanusersor canbefed into a speech
synthesiseactingasanautomatedaller.

— Desirablepropertieof theservicecanbeformulatedin ACTL or XTL, e.g.asdone
in [5]. Forexamplethesemightinclude'a bankaccounmustnotbedebitedwithout
the correctPIN’ (safety),'a call mustendwith a goodbyemessage(liveness)pr
‘the samepromptmustnot beissuedmorethanthreetimes’ (freedomfrom loops).
The CADP modelchecler canverify suchpropertiesagainsthegenerated. otos.

— Featureinteractionscan be checled [11]. For example,a featurethat introduces
extra choicesin a menucaninterferewith currentuseof DTMF digits to select
from the menu.A featuremay introducean eventhandlerthat overridesthe form
eventhandlerresultingin differentbehaviour. An interactioncanalsoariseif two
featureschangeavariablein inconsistentvays.

5 Conclusion

It hasbeenshawvn that CRESS canrepreseninteractive voice serviceslt hasbeenseen
how CRESS descriptionscan be translatedinto VoiceXML andinto LoTos. CRESS
combinesthe benefitsof an accessiblegraphicalnotation,automatedmplementation
of a VoiceXML application,andformal analysisof problemsin a servicedescription.
CREss is thusvaluableasanaid to developinginteractive voice services.

The plug-in architectureof CRESS hasnow beendemonstratedn threedifferent
domains:corventionaltelephoty (IN), Internettelepholy (SIP), andinteractive voice
(VoiceXML). Althoughtheseareall examplesf voiceservicestheapproachs generic
andshouldberelevantto non-wice applicationssuchasweb services For example, it
is hopedin futureto apply CRESS to WSDL (Web ServicesDescriptionLanguage).
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