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Abstract. It is corvenientto describetelecommsservicesusinga graphicalno-

tationthatis accessibléo non-specialistddowever, thenotationshouldalsohave

aformalinterpretatiorfor rigorousanalysis. CRESS (ChiselRepresentatioBEm-

ploying SystematicSpecification)hasbeendevelopedfor this purpose A brief

overview of CRESS is given. It is explainedhow features(additionalservices)
canbe definedin a modularfashion,and automaticallycombinedwith a base
service.Brief casestudiesillustratehow the approacthasbeenusedto describe
servicesin the IN (Intelligent Network), SIP (Sessionnitiation Protocol),and

IVR (Interactve Voice Response)rinally, it is shavn howv CRESS diagramsare
translatednto SDL for automatedimulation,validationandimplementation.

1 Intr oduction

A telecommsserviceis a setof capabilitiespackagedand sold to end-userswhile a
telecommdeatureis a self-containedispecbf a service However, theterms'service’
and ‘feature’ tendto be usedinterchangeablyit is costly andtime-consumingo de-
velopanew telecommsservice.lt is thereforedesirableo have a precisedescriptionof
whatis to bebuilt. A critical lessonfrom telephoty is thatservicesofteninterferewith
eachotherin unexpectedandundesirablevays— so-calledfeatureinteraction[2].

A formal descriptioncan be usedfor automatedanalysisof serviceincompatibil-
ities. However, both technicaland non-technicapeoplemustcooperatén defininga
service.A formal descriptionis likely to be understoodnly by speciallytraineden-
gineers.lt is thereforedesirablethat servicedescriptionsbe meaningfulto the non-
specialistsuchasamanagepramarketingpersonTheidealservicedescriptiorshould
be graphical(accessibléo non-technicattaf), abstrac{permittinga variety of imple-
mentations)andprecise(automaticallytranslatednto a formallanguage)

Therepresentationf serviceshasbeenwell investigatedor traditionaltelephory
andtheIN (Intelligent Network). Featureinteractionin thesedomainsis alsowell re-
searchedHowever the world of communicationserviceshasmoved rapidly beyond
theseinto new applicationssuchasmobile communicationwebservices]nternettele-
phory, andinteractive voice services.

The authors approachto defining and analysingservicesis a graphicalnotation
calledCREss (ChiselRepresentatioBmploying SystematicSpecification) CRESS is a
significantextensionof the original Chisel notationdevelopedby BellCore[1]. The
authorwas attractedby the simplicity, graphicalform, and industrial orientation of
Chisel.Althoughit hasmainly beenusedin telecommsCRESS is not tied to this. In-
deed,CRESS supportsplug-in applicationdomainsthat definethe vocalulary usedto



describeservices Applying CRESS to a new applicationmainly requiresthe definition
of anew vocalularyfor events,typesandsystemvariables.

CRESS is neutralwith respecto the targetlanguagelt can,for example,be com-
piledinto SDL (SpecificatiorandDescriptionLanguagg8]) andL oTos (LanguageOf
TemporalOrderingSpecificatior{5]). This givesformal meaningto servicedefinedin
CRESs, andallows rigorousanalysisof services.The semanticof a CRESS diagram
is thusdefinedby thetargetlanguageln principle,thisrisksinconsisteng. In practice,
CRrEess diagramsaresuficiently simplethatthey canbe giventhe sameinterpretation
in differentlanguages.

For directimplementationn certaindomains CRESS canalsobecompiledinto SIP
CPL (Call Processind anguage)SIP CGI (CommonGatevay Interface,realisedin
Perl)andVoiceXML. CREss is thusafront-endfor defining,analysingandimplement-
ing serviceslt is notin itself anapproacHor detectingfeatureinteractions.

This paperexplainshow SDL is usedto supportCRess. Thegenerabpproachsil-
lustratedwith examplestakenfrom telephory with theIN (IntelligentNetwork [6]), In-
ternettelephory with SIP (Sessiornitiation Protocol[10]), andIVR (Interactive Voice
ResponselisingVoiceXML (Voice ExtendedMarkup Languagd3]).

Several graphicalrepresentationare usedto describecommunicationsservices.
SDL is themainformallanguageusedin telecommsAlthoughit hasa graphicalform,
SDL is a general-purpostanguagehat was not especiallydesignedo represenser
vices.SDL servicedescriptionsarenot accessibléo non-specialistasthey tendto be
low-level andrathertechnical. MSCs (MessageSequenceCharts[7]) arehigherlevel
andmorestraightforvardin their representatioof servicesHowever neitherSDL nor
MSCscanreadily describethe notionsof featureandfeaturecompositionthatareim-
portantin definingservicesCRESs wasdesignedo fill this gap.

SinceCRESS canbetranslatedo SDL, thenof coursethe sameservicescould be
describedlirectlyin SDL. Thisis notdonefor a variety of reasons:

— The Cress diagramsare muchmore compactthantheir SDL equivalent. CRESS
diagramsalsorequirelesstechnicalknowledgethanSDL. As shovn by BellCore
[1], evennon-technicapeoplecanunderstandiiagramsn the style of CRESS.

— CRESSs servicedescriptionsare more abstractthan their equivalentin SDL. Al-
thoughUML could be used,servicesdo not usuallylendthemselesto anobject-
orientedtreatment(Thisis areflectionon typical servicesnot UML.)

— CRESS hasexplicit supportfor featuresandfeaturecompositionOnly approxima-
tionsto theseexist in UML or SDL. As aresult,it would be necessaryo re-invent
this support-which is what CREsSs doesnatively.

— CRESs is language-independenfThe samediagramscan be translatedo differ-
enttarget languagesThis is very powerful, becausdhe samediagramscanthen
be usedfor different purposesConsidey for example,an IVR service.This can
be formulatedin CRess for discussioramongtechnicaland non-technicaktaf.
It canthenbe translatedinto SDL, wherereachabilityanalysisand MSC-based
validationarevery corvenient.lt canalsobetranslatednto L oTos, wheremodel-
checking theorem-prging andtestgeneratioralgorithmsareavailable.Finally, it
canbetranslatednto Voice XML for actualimplementation.



— CRESs providesdomain-specifidramenorks. For example,the IN framework has
built-in supportfor SCPs(ServiceControl Points),userprofilesandbilling. These
would all needto bedevisedandspecifiedusinga plain SDL approach.

The paperaimsto showv that CRESS, supportedy SDL, canbe usedwith avariety
of kinds of servicesSection2 providesa brief overview of the CRESS diagrammatic
notation.It is notfeasibleto provide atutorial on CRESS here but moreinformationcan
befoundin [11,12]. Sections3, 4 and5 shav how CRESS canbe appliedto services
in the IN, SIP and VoiceXML; someknowledgeof theseareasis assumedFinally,
section6 discussesiow CRESS diagramsareturnedinto SDL andthenanalysed.

2 The CRESS Notation

This sectiongivesa compactoverview of the CRESS notationusedin this paper For
concretenes&xamplesaretakenfrom diagramshatappeataterin the paper

2.1 Diagram Elements

A CRESs diagramis a directed,possiblycyclic graph.Oval nodescontaineventsand
their parameterge.g. StartRingA B). Eventsmay alsooccurin parallel (||]). Events
maybesignals(input or outputmessages)r actions(lik e programmindanguagestate-
ments).An eventmay be followed by assignmentsptionally separatedby /. A No-

Event (or empty)node,meaningno eventoccurs,canbe usefulasa connectorlt may
join a numberof precedingandfollowing nodesasa morecompactway of linking all

thenodes.

Nodesareidentifiedby a numberwhich may be followed by a symbolto indicate
thekind of node.For example,' <’ denotesaninput node,while ‘>’ denotesan output
node.A featurestartnodeis marked‘+’ or ‘—’, dependingon whetherit is appended
or prefixedto thematchingnodethattriggersit. Sometimest is necessaryo preventa
nodefrom matchinga featuretemplateby appending!’ to its nodenumber

As anexampleof anode thefollowing appearsn figure6:

2> Ack Q P/ P <— ForwardBusyP

This outputnode,numbered®, sendsa SIPacknavledgemenfrom callerQ to calleeP.
Thecalleeaddres® is thenreplacedy theoneusedfor forwardingon busy. Parenthe-
sesareoftenomittedin CRESS if thereis no ambiguity soAdk Q P for examplemeans
AX(Q,P)andForwardBusyP meand-orwardBusy(P)

A directedarc betweennodeslinks themin sequenceBranchingis permittedif
thereis achoiceof events.Thearcsbetweemodeamaybelabelledby guardsTheseare
eithervalueexpressiongimposinga conditionon the behaviour) or eventtriggers(that
are activatedby dynamicoccurrenceof a condition). Eventtriggersaredistinguished
by their namesExamplesof guardsappeaiin figures2 and8:

FreeAB in thelN meanghatB is freefor acall from A
Filled in VoiceXML triggersthe behaiour for correctuserinput.



A CRESs diagramcancontaina rule box (a roundedrectanglethat definesthings
suchasthediagramvariables parentdiagramsmacros.andconfigurationinformation
like subscribeprofiles.Samplerule boxesappeain figures2 and3:

UsesAddressA,B definesdiagramvariablesA andB of type Address
Uses/ POTS saysthe parentdiagramis thatfor POTS

Off-hookP / BusyP <- True is triggeredby signalOff-hookwith parameteP; it notes
the statusof phoneP asbusywhenit goesoff-hook.

Ultimately, CRESS dealswith a single diagram.However it is cornvenientto con-
struct diagramsfrom smaller pieces.A multi-page diagram,for example, is linked
throughconnectorsMore usefully, featuresare definedin separatediagramsthat are
automaticallyincludedby eithercopy-and-past®r by triggering.

2.2 Sewicesand Features

CRrEss diagramsareinterpretedn the context of a specificatiorframewvork thatdefines
a domain-specifiénfrastructure For example,IN billing is handledby a separatesub-
systenthatcooperatesvith call control.Similarly, call processingn theIN collaborates
with anSCP(ServiceControlPoint).It is thereforenormalfor CRESS to defineaframe-
work for eachapplicationdomain.Sucha framework is specifiedusingthe sametarget
languageasthe oneto which diagramsare compiled(e.g.LoTos, SDL, VoiceXML).
Althoughtheframework is specificto adomainandatargetlanguageit is independent
of the particularservicesor featuresdeployed.

The framework includesmacrocalls that are handledby the CRESS preprocessor
For SDL, themacrocall Cress(V¥pes)generateSignal, SignalListandTypedefinitions
appropriateto the applicationdomain. This informationis determinedoy the plug-in
vocahulary. Featurediagramsare automaticallycombinedwith the root diagramby
the macrocall Cress(features) If thereare sereral root diagrams,eachroot and its
featuresarecombinedby a macrocall suchasCress(features/Poxy) for a SIP Proxy
Sener. Finally, the macrocall Cress(Pofiles) automaticallygenerateconfiguration-
specific details and the subscriberprofiles. This information is definedby a special
CRESss configurationdiagram.

A mainCREss diagramdefinestheroot (or basic)behaiour. Althoughthis maybe
the only diagram,CRESS alsosupportdeaturediagramshat modify the root diagram
(or otherfeatures)augmentingbasicbehaviour with new or modifiedcapabilities.

A spliced(plug-in) featureaddsto a root diagramby copy-and-pasteThe feature
indicateshow it is linkedinto theoriginal diagramby giving theinsertionpointandhow
it flows backinto the root diagram.This mayleadto nodesandguardsbeinginserted,
existingnodesandguardbeingreplacedandportionsof therootdiagrambeingdeleted.
This style of featureis appropriatdor aone-of changeto the original diagram.

A template(macro)featureis triggeredby someeventin the root diagram.The
triggering event is given in the first node of the feature.Featureexecutionstopsat
a Finish (or empty)node.At this point, behaiour resumedrom the triggering node
in the original diagram.A templatefeatureis realisedstatically instantiatingit with
the parameter®f the triggering event. The instantiatedfeaturemay be appendedr



prefixedto the triggeringnode.Sinceit is commonfor featuresto be triggeredby the

sameevent, featureactivationsmay be chained.In sucha situation, CRESS defines
prioritiesfor featurego controltheir orderof application. Somefeaturesarecyclic, e.g.
call forwardingmay yield a new addresghatis itself subjectto call forwarding (see
figure6). A loop backto the beginning of a featureis treatedasa returnto the startof

thefeaturechain.

Although CRESS is mainly concernedvith userservicesjt alsosupportsancillary
aspectsuchassubscribeprofilesandbilling (dependenbn the applicationdomain).
Profilesdefinethe serviceschosernby eachsubscriberCress alsohasexplicit support
for billing featuressuchascreditcardcalling andindependenbilling for eachcall leg.

2.3 Tool Support

The CRESS toolsethasthe form of a corventionalcompiler but is unusualin some
respectskor portability it is writtenin Perl,comprisingabout13,000linesof code Jara
would alsohave beena possibility, but Perlis justasportableandis very corvenientfor
CRESS purposesA traditionalcompilerdealswith textual languagestHowever CRESS
is agraphicallanguageandthis createsnterestingchallengesuchascompilingcyclic
ratherthanhierarchicalkonstructs.

The CRESSs toolsetconsistsof five maintools. Including testscenariosthereare
about600 supportingdfiles for all domainsandtargetlanguageslnternally the CRESS
toolsetcomprisesa preprocessofthatinstantiateshe specificatiorframework), a lexi-
calanalysei(thatdealswith variousdiagramformats),a parser(thatperformssyntactic
analysis),and several codegeneratorgincluding one for SDL). CRESS hasbeende-
signedto work with a numberof diagramformats.Currently diagramsaredrawvn with
theDiagram!tool thatrunsonfivedifferentplatforms Howeveraplatform-independent
diagrameditoris currentlybeingimplementedisingthe open-sourcgGraphRad.

CREss supportghelN, SIPandVoiceXML domainsFor formalanalysisSDL and
L otos arethetargetlanguages-or SIR theprimarytargetlanguages aspecialisedise
of Perlfor CGlI scripts.Preliminarywork hasbeenundertalen on compiling into SIP
CPL, but thisis possiblefor only very limited forms of featurediagram For interactive
voice servicesVoiceXML is the obvioustargetlanguagdor implementation.

The CRESs userdraws root and featurediagramsusing an appropriategraphical
editor. A singlebutton-clickretrievesall the diagramscombinesghemwith the appro-
priatespecificatiorframewnork, andtranslateshemto SDL. Validationandverification
may useary standardSDL mechanisnsuchasreachabilityanalysis However it is of-
ten mostcorvenientto useMSC validation. Eachfeatureis characterisedy a setof
use-casacenariogxpressechsMSCs. Thesemay be creatednanually or maybede-
rived from simulationof the feature.Validating a featurethenmeansvalidatingthese
MSCs.Featurecanbe validatedin isolation. This is usefulto gain confidencen the
featuredescription More usefully, featurescanbe validatedin combination-the most
completetestbeingwhenall featuresaredeployed simultaneously

In fact, the CRESS designprocedurealreadyeliminatesa numberof featureinter-
actions.For example, CRESS requiresthe specifierto prioritise featuresso that they
areappliedin an appropriateorder A commoninterpretationof featureinteractionis
thata featureoperatesorrectlyon its own but notin combinationwith otherfeatures.
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Featurenteractionshows up asfailureto validatean MSC. OncecharacteristidMSCs
have beendefined the validationprocesss completelyautomatedThis is particularly
valuablewhennew featuresareaddedto a system.The existing MSCscanbe usedas
regressiorteststo checkthatexisting featuresstill behave correctly

3 CaseStudy: IN Sewices

ThelN (IntelligentNetwork [6]) definesanarchitecturdor flexible supportof services
in telephoty. A key contribution is the separatiorof call switchingin SSPs(Service
Switchingpoints)from servicehandlingin SCPs(ServiceControl Points). TheIN has
beenusedto implementawide variety of servicessuchasvariousforms of billing (e.g.
split chaging), busy handling(e.g. call waiting), call forwarding(e.g.on no answer),
call screeninge.g.on calleridentification),andconferencinge.g.three-vay calls).
Thegoalsof using CRess with thelN are:

— to definefeaturedn acomprehensiblevay

— to allow featurego bevalidatedin isolation

— to validatefeaturesn combinationcheckingfor featureinteractions.

The CRress specificationframenork for the IN occupiesl5 pagesof SDL/GR, so
only thetop level canbe givenhere;moredetailcanbefoundin [11]. Themainblock
structureis shown in figure 1. Telephoneuserscommunicatewith the network via the
User channel.This allows usersto sendsignalssuchas Off-hook Dial and On-hook
The network cansendthe usersignalssuchasDialTone Disconnectind StartRinging
Theinternalstructureof thenetwork is hiddenfrom theuserslt compriseshefollowing
processewhosebehaviour is fixed, exceptfor thatof Switd:

Switdh is multiply instantiatecup to the concurrentall limit MaxInst It describeghe
operationof aswitch (SSP)provisionedwith featuresThe switchbehaiour is that
of the POT S root servicedefinedin CREss, modifiedby the featuresdescribedn
separaté€CRESS diagrams.
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CallCoorinator is responsibldor linking usersandtheir calls. For exampleif a user
goesoff-hook, it is necessaryo createaninstanceof the Switc processandsend
it the Off-hooksignal. The CallCoorinator processhereforeactsasa distributor
of usersignals.

StatusManger maintainsthe statusand profiles of all users.The dynamicstatusof
eachuseris maintained,e.g. whetherbusy or the numberof the last caller The
profilesdefinethe userstelephonenumberwhich featureshave beenselectedand
theparametersf thesefeatureqe.g.aforwardingaddress)Subscribeprofilesare
provided by the CRESS configurationdiagram.

BillingSystemlogsall billing information.SinceSDL doesnotdirectly supportexternal
files, theraw billing datais merelyabsorbedy this procesqi.e. callerandcallee,
payingparty, startandfinish timesof call). However this informationcanbe used
in (say)simulationor validationoutput.

ServiceContl describeghe operationof an SCPR It providesthe supportexpectedof
anIN SCP It alsoretrievesuserstatuseandprofilesfrom the StatusManger.

Figure 2 shavs the CREss root diagramfor POTS. This (plus features)s usedto
generatahe body of the Switd processn figure 1. The IN modeldealswith complete
calls(i.e. callerplus calleebehaiour) andnot just onesideof a call. CRESs diagrams
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have also beencreatedfor 11 typical IN features,basedon descriptionsin the first
featureinteractioncontest[4]. Most featuresare switch-basedbut thosedesignated
asIN featuresmake useof SCPcapabilities.The featuresoccupy about10 pagesof
CREss diagrams,and include billing, busy handling,call forwarding, call screening
and conferencing As a samplefeature,figure 3 shavs the templatefor ReturnCall.
This is triggeredwhen a phonestartsringing, storing the caller's number It is also
triggeredby dialling. If the diallednumberis 1471 (the UK codefor Caller Return),it
is replacedby thelastcaller

Thefeaturesarecombinedwith POTS andthe IN specificatiorframework to yield
about2500lines of SDL/PR. Dependingon compleity, eachfeaturehasbetween2
and23 MSCsasuse-casescenariosThe CRess validationdemonstratesvell-known
interactionsamongtypical features For example,Call Forwarding may interactwith
Call Screeninga caller may be forwardedto anundesirablenumber Call Forwarding
alsointeractwith itself by causingaforwardingloop. However, CRESS is mostvaluable
whenanalysingnovel featuresfor compatibility with existing ones.

4 CaseStudy: SIP Sewices

SIP (Sessionnitiation Protocol[10]) is an Internetstandardfor controlling sessions.
In the context of Internettelepholy, SIP is usedto control voice calls. However SIP
is a general-purposerotocol that can be usedto establishmultimediasessionsuch
asvideo-conferencesSIP hasalsobeenadoptedfor usein call control for 3G (third
generatiormobile communication).

Thegoalsof usingCRESs with SIPincludethosefor theIN. However SIP services
arenot yet sowell understoodand SIP cansupportnew kinds of services Additional
goalsaretherefore:

— to clarify whatSIP servicesneanandwherethey canbedeployed
— to provide anarchitecturdor definingSIP services
— to definea baseof ‘typical’ SIPservices.

SIP servicescanbe deployedin threeplaces:UserAgents(which supportthe user
interfaceto SIP), Proxy Seners(which relayandmay manipulaterequests)andRedi-
rectSeners(whichindicatehow callsshouldberedirectedo reachauser).As aconse-
quencethe CReESS modelof servicesexposesll threeelementsUnliketheIN, CRESS



UserCoord |(UserAgent
User,_—oereoor [( serAgen )] AgentCoordinator
T(AgentUser)] l

[(AgentUser)]
CoordAgent

(UserAgem)]

\, AgentStatus [(AgentStatus)
UserAgent( StatusManager
0,MaxInst)

[(AgentProtocoI)]

AgentBuff StatusBill

(AgentProtocoI)] (StatusBiII)]

[(AgentProtocoI)] (AgentProtocoI)]

ProtocolBuffer BillingSystem

BuffProxy

BuffRedirect

(AgentProtocoI)] [(AgemProtocoI)]

RedirectServer(
0, MaxInst)

Fig. 4. CRess SDL Structurefor SIP
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hasto definehalf-call modelsfor SIP (i.e. the behaiour of the caller or calleein iso-
lation). For familiarity, serviceprimitivesfollow telephory terminology Thusa useris
saidto go Off-hookor On-hook eventhoughanactualphonemaynotbein use.

Ideally, SIPservicesvould be describedvithoutinternalprotocoldetails.However
SIP servicesare closelyrelatedto the protocol. CRESS is thereforeobligedto include
someaspectof this when describingfeatures.This is not entirely desirablesinceit
is then necessaryo give the mappingbetweenuseractionsand protocol actions.A
reasonableompromisehasbeenreachedy mappingto anabstractview of SIP. This
high-level interfaceis easilymappedntotheactualprotocol.

The SIP specificatiorframenork resembleshatfor theIN. As it occupie22 pages
of SDL/GR,only thetop level canbe givenhere;moredetailcanbefoundin [12]. The
main block structureis shown in figure 4. Internettelephory userscommunicatewith
the network via the Userchannel.The internal structureof the network compriseghe
following processedn the SIP framework the UserAgent, ProxyServeland Redilect-
Servemprocesseareall generatecutomaticallytheotherprocessearefixed.

UserAgnt consistsof multiple instancesup to the concurrentsessiodimit MaxInst
The relevant CRess diagramsdefine the root behaviour and featuresof a User
Agent. It usesthe abstractSIP interfaceto communicatewith a ProxyServeror
RediectServewia the ProtocolBufer.

ProxyServerconsistof multiple instancesipto theMaxInstlimit. TherelevantCRESS
diagramgdefinetheroot behaviour andfeaturesof a Proxy Sener.

RediectServerconsistsof multiple instancesup to the MaxInst limit. The relevant
CRrEess diagramdefinethe root behaviour andfeaturesf a RedirectSener.
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AgentCoodinator createsUserAgntinstancesand distributesusersignals(muchas
theIN CallCoordinator does).

ProtocolBufer distributesUserAgentsignalsto Seners,andvice versalt alsocreates
instance®f ProxyServeandRediectServeasrequired A RedirectSeneris used
if the calledUserAgenthascall forwarding,otherwisea Proxy Sener.

StatusManger maintainsthe statusandprofilesof all userg(likeits IN equivalent).
BillingSystemlogsall billing information(likeits IN equivalent).

Figure5 is the CRESS rootdiagramfor a RedirectSener. A samplefeatureappears
in figure6. Thisis triggeredwhena SIPresponsenessag® from calleeP to callerQ is
recevvedby a Proxy Sener. If theresponsés ‘Busy Here', it is checledwhetherP has
aforwardingaddresslf soanacknavledgements sentfrom Q to P, andafreshinvite
is sentto theforwardingaddres®f P. Thenew responsenessagdi3 is alsosubjectto
aforward-on-lusycheck.

Thekinds of SIP featuresdescribedusing CRESS area subseif thosefor the IN.
This is partly becausesCP-basedeaturesare, of course,irrelevantfor SIP: thereare
no centralisedservicesBecausdeatureamaybedeployedin threeplaces(UserAgent,
ProxySener, RedirectSener), therearevariantsof eachfeature For examplecall for-
wardingdiffersaccordingto whereit is deployed.Many IN featuresfocuson handling
busy conditions.In facta SIP usermaynever be busysincethereis no singletelephone
line/instrumenthatbecome®ccupiedFor thisreasonthenotionof ‘busy’ is definedn
CRESs. It maysimply beasin thelN, i.e.only onecall atatime is permitted However
it may be definedin a morecomplex mannerto dependon the time of day, the caller,
andthe subjectof thecall.

Asfor thelN, rootandfeaturediagramdor SIPareautomaticallycombinedandval-
idated.A differenceis thatthereareseparateiagramdor UserAgents,Proxy Seners
andRedirectSeners.SIPfeaturesarecharacterisely MSCsandvalidatedin thesame
way asfor theIN. WhenstandardN featuredik e call forwardingandcall screeningre
reformulatedfor SIR, similar kinds of interactionsarediscovered.However, SIP lends
itself to new kinds of featuresnot foundin the IN [9]. CRESS is usefulto investigate
new interactionsarisingfrom these.
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5 CaseStudy: VoiceXML Sewvices

VoiceXML (Voice ExtendedMarkup Language[3]) draws on earlier scripting lan-
guagedor interactive voice services.The underlyingmodelof VoiceXML is thatthe
usercompletedields in forms (or menus)by speakingin responsdo prompts.Each
field is associatedvith a variablethatis setto the users input. Someactionsmay be
governedby a conditionor a countthatspecifieavhentheactionis permitted.A script
maythrow anevent,abortingcurrentbehaiour andactivatingamatchingeventhandler

Thegoalsof CRESs for IVR (Interactve Voice Response3ervicedliffer somevhat
from usewith theIN or SIP:

— to exploretheconceptof featureandfeatureinteractionin anlVR setting
— to represenaindanalysearangeof genericandapplication-specifiéeatures
— to automatediscovery of flawsin IVR applications.

VoiceXML is alarge languageembeddedn an evenlarger framework. For exam-
ple, Voice XML includessupportfor EcmaScrip{JavaScript).It alsosupportscomplex
grammardor speectrecognitionandmarkupfor speectsynthesisVoiceXML is inte-
gratedwith othertechnologiesuchasdatabaseandweb seners.lIt is not feasibleto
representheentiretyof suchvoice-basedervicesinstead CRESS concentratesnthe
essentiabspectof VoiceXML control.In the main, this meanghata numberof addi-
tional parametersnay be givenin a CRess diagramat the endof anaction.They are
copiedliterally whenCRESS is corvertedto Voice XML, but areignoredfor translation
to othertamgetlanguages.

VoiceXML applicationsare often written asa numberof documentcontaininga
numberof forms.However a Voice XML applicationcanbe consideredsa singledoc-
umentwith a singleform, andthis is how it is ultimately representeéh CRESS. The
fields of a form canbe mimicked as separatesectionsor pagesof a CRESS diagram,
usingconnectorso join them.However, fieldsaredeliberatelynot prominentin CRESS
andareinsteadntroducedmplicitly.
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TheVoiceXML specificatiorframenork is muchsimplerthanfor theIN or SIP. The
top-level structureis shawvn in figure 7. Telephonaiserscommunicatewvith the system
viatheUserchannelPromptsandaudioare‘spoken’ to user who ‘speaks’in response.
WhenusingSDL, thegoalis analysisandsimulationsovoicemessagearerepresented
by charactestrings.WhenusingVoice XML, voice messagemdeeduseaudio.

Application is themainVoiceXML behaiour, createdrom the CRess rootandfeature
diagramsThe applicationmay outputAudio messageto the user Whena Voice-
XML field needgo befilled in, theapplicationsendsnformationto theReca@niser.
the requiredpromptand the grammardefining a valid responseThe application
may also submitinformation to the Server The applicationmay receive events
from itself (Throw) or from the Recogniserlt thereforecontainseventdispatcher
codethatis generatedtaticallyfrom the servicedescription.

Recagniser dealswith thecompletionof fields. It issuesa promptandawaitsa userre-
sponseThisis checledaccordingo thegrammaycausinganapplicationeventlike
Filled (valid response)NoMatch (invalid responsedr Nolnput (inputtimeout).

Server represents sener supportingweb and databaseccessOften the sener just
absorbgheresults(e.g.writesthemto a database ) owever, thesenermayreturn
VoiceXML createdon-the-fly This cannotbe handledexceptwhenVoiceXML is
thetargetlanguageFor SDL, CRESS handleshecommonestase®f senerscripts
that produceno result (Submif), and scriptsthat computesomeresults(Subdia-
logue). Limited supportis providedfor thelatterusinga web adaptomwrittenin C
thatlinks to thegenerate&DL.

IVR is quitedifferentfrom theIN andSIPin having no uniqueroot service Rather
this dependsentirely on the particularapplication.As a concreteexample,figure 8
shavs a quarry orderingapplication.It allows usersto placetelephoneordersfor a
product(sand,gravel, cement)andthe requiredweight. This informationis thensub-
mittedfor furtherprocessingo orderjsp, aJavaservletin thesener. If theuserrequests
helpor saysnothing,anexplanationis givenandthe useris re-prompted.

VoiceXML was not definedwith featuresin mind, thoughsubdialoguesctin a
roughly similar manner CRESs hasbeenusedto introducea featureconceptto Voice-
XML. GenericCRESs featurescanbe definedfor usein a numberof VoiceXML ap-
plications.ExamplesncludedefiningVoiceXML behaiour (e.g.timeouts),askingfor
positive confirmationof anaction (e.g.chaging an account)andcollectingcustomer
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1 Audio "Please
place your order"

Uses Value product, weight

Welcome <- "Welcome to Quarry Inc."

2 Option product
"Which product?"
~Sand Gravel Cement' &

3 Request weight
"How many kilos?"
Number

8 Audio "Choose
from $enumerate”

< '\. l 9 Reprorﬁpt' )

weight > 0 Else
r'd

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

6 Audio "Choose a
weight in kilos"

5 Submit order.jsp
"weight product"

Fig. 8. CREss RootDiagramfor QuarryOrderingApplication

identification(e.g.for anorder). CRESS canalsobe usedto defineapplication-specific
features.For example,a common‘welcome’ featurehasbeendefinedfor all quarry
applicationgordering,checkingdelivery status etc.).
Featuradiagramsarecombinedwith theroot diagramfor the basicapplication(e.g.
for quarryordering).Voice XML is not asproneto featureinteractionasthe IN or SIP
Nonethelesghe CRESS approactallows interactiongo bediscoveredin the sameway.
Perhapsmoreimportantly CRESs allows otherkinds of serviceflaws to beidentified
throughsimulation.For exampleVoice XML servicesnayunintentionallyloop, or there
may be part of an applicationthat it is not possibleto execute.CRESS allows such
problemsto be discoreredthroughreachabilityanalysisof thegeneratedDL.

6 Supporting CRESS with SDL

This sectiongivesan overview of how CRESS diagramsaretranslatednto SDL. The
translationstratayy is designedor generality eventhougha manualtranslationcould
be morestraightforvardin somecasesHowever the benefitsof automatedranslation
outweighthe occasionallyindirectapproachCRESS is currentlytargetedat SDL 96 as
this assureshewidesttool support;smallchangesrerequiredfor SDL 2000.
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6.1 CRESS Expressions

CREss typesaredefinedby thedomainvocahulary. In theIN for example they areAd-
dress(phonenumber),Boolean Messaggserviceannouncemengnd Time. Boolean
and Time translateto the sametypesin SDL. Addresstranslatedo a digit string (in-
cluding#’ and*’), while Messagédranslatedo a setof literalslike EnterPIN

CRESS supportdemporaryvariables diagramvariablesandstatusvariables.Tem-
porary variablesare declaredfor eachtype; for exampleMO0 to M9 are available for
messag®alues Variablesnayalsobeexplicitly declaredor usein adiagram e.g.fig-
ure8 declaregproductandweight Temporaryariablesanddiagramvariablegranslate
into ordinarySDL variableshelongingto thecorrespondingrocessSuchvariablesare
useddirectly in anexpressionandareassignedn anSDL Task

Statusvariablesareusedto hold globalinformationabouta user suchasdynamic
statusor profile information.For example,SIP statusincludeswhetherthe useris busy
and the addres=of the userpaying for the call. SIP profile information includesthe
users forwardingnumberandthe PIN usedfor chaging a call to the users account.
Statusvariablesare owned by a separateStatusManger processin the specification
framework. They areRewaledby this processandreadelsavhereusingView.! Status
variablesarearraysof valueswith the sameindex andresulttypes.For example,Sta-
tusABis indexed by useraddresqA) to yield a boolean(B) result. Statusis accessed
by giving the variablenameandindexes.For example,the CRESS expressionBusyA
is translatednto the SDL expressionView(StatusAB)((BusyA .)). Updatinga status
variablerequiresasignalto besentto the statusmanagerThis givesthevariablename,
indexesandnew value.The CRESS assignmenBusyA <- True, for example,is trans-
latedinto Output Update AB(Busy, True).

Expressionsareotherwisetranslatedstraightforvardly into SDL. Most CRESS op-
eratorshave directequivalentsin SDL. A few (like After, which removesa prefix from
astring)aredefinedin the specificatiorframenork. ThegenericvalueAny is translated
to a specialvalue of the correspondingSDL type (e.g. AnyAddess. Time in CRESS
meanghe currenttime, andcorrespondso Now in SDL.

6.2 Signals

A CRESS eventnodemay containparallelsignalsandalsoassignmentsAlthoughthe
CRESs translatorhasan option to dealwith parallelism,for SDL this would have to
explicitly unfold concurreng. (Sub-statesn SDL 2000 might be an alternatve.) The
comple translationwould hardly be worthwhile comparedo the smallincreasen ex-
pressvenessConcurreninputswould alsobevery awkwardto handle Parallelsignals
asthereforetranslatechsconsecutie signals.

Assignmentsnaybeexplicit in eventnodespr maybeimplied by therulesgivenin
arule box. For examplein theIN, whenerer phoneP goeson-hookthentheassignment
BusyP <- Falseisimplied (seetherule boxin figure2). Eventassignmentarehandled
like ordinaryassignments.

! Thisis theonly casethatcodegeneratiortiffersfor SDL 2000,whichrequiresstatusvariables
to bereadby aremoteprocedurecall.
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Outputeventsare reasonablystraightforvard. For examplein node?2 of figure 2,
the CRESS event DialTone A is translatedasthe SDL signal Output DialTone(A) A
complicationarisesbecauseCRESS diagramsmay containcycles.Sinceanothemode
may loop back to the one containingan output, eachoutputis precededby a label
constructedrom thediagramnameandnodenumber For node2 in figure 2, thelabel
is POTS.2 A loop backto this would then be translatedas Join POTS.2 Sometimes
CRESS hasto generatdwo labelsfor the sameSDL statementThis is unfortunately
notallowedby SDL syntax,sothelabelsareseparatethy a dummystatementask ™

Input eventscanbe awkwardto translateln a simple caselike node5 of figure 2,
the CRESS event AnswerB is translatednto the SDL Input Answer(B) Sinceinputs
mustoccuronly atthe startof a new state thisinputis precededvith StatePOTS.5 If
therearealternatveinputs(e.g.nodes7 and10 of figure 2), oneis usedto labelthenew
statebut thetransitionsareindividually labelled.

A CRESs diagrammay alsoloop backto aninput. The transitionthat follows this
input is thereforelabelledwith POTS.5 A loop backto this mustbe translatedas a
repeatednput andthenJoin POTS.5 It mightseenthatthis couldsimply betranslated
asNextStatePOTS.5 Unfortunatelythis doesnot work in generalsinceloopsareto
individual inputsin astate.lt is thereforenecessaryo branchto theseinputs.

CREss parametersike A andB arefixedwhenthey arefirst input. However, SDL
is preparedo inputa completelydifferentvalue.The CReSS translatothereforehasan
optionto checkif theparametemputis thesameasthevalueexpectedThisis achieved
by performinga dataflow analysisof the CRESS diagram.If aninput parameteiis
alreadyfixed,anerroroccurs(Stop if theactualparametediffers.

CRESS permitsalternative branchego inputthe samesignal.For example,nodes’
and10 of figure2 bothreferto On-hook SDL doesnot permitalternatveinputsto carry
the samesignal. The CRESS translatormustthereforelook at all alternatve inputsand
groupthosewith thesamesignal.A singleSDL Input thenreadghis signal. Thesignal
parameters checled,andthe appropriatébranchis taken (for A or B in this example).

The CRESS parseroptimisesdiagramsheforethey arepassedo a codegeneratar
For exampleNoEventnodesareremovedwherepossible andElsebranchesremoved
to the end of the guardlist. However it is not possibleto remove a NoEvent nodeif
it appearsn loop (seefigure5). In sucha casethe NoEvent doesnot translateto ary
SDL, but theloop resultsin the sameinput beingreachedy differentroutes.A more
comple statenamemustthereforebe used.For examplewhennode5 is enteredrom
node4 in figure5, the statelabelis REDIRECT5.REDIRECH.

6.3 Actions and Guards

Applicationdomainssuchasthe IN andSIP requireonly inputsandoutputs.However

VoiceXML requiresactionslike Clear (clearform fields) or Throw (causean event).

Thesedonotinputor outputandsoareclassedsactions Actionsaredomain-specific,
sotheirtranslationinto SDL is alsodomain-specificA Cleartranslatesnto a Taskthat

setsfield variablesto undefinedinitial) values.A Throw transferscontrolto the event

dispatchercode.As for output,anactionis precededy alabelin casesomeotherpart

of adiagramloopsbackto it.
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Expressiorguardsarestraightforvardto translateFor example FreeA B in figure2
translatedo a Decisionin SDL. As notedearlier Freeis macro-epandedo a check
of Busy Sincethis is a statusvariable,it is accessedsingView. An Else guardasin
figure 2 correspond$o the Falsebranchof a Decisionin SDL.

An event guardis translatedinto an SDL Input of the correspondingsignal. In
VoiceXML, for example,this signalmay comefrom the Recaniserprocesgollowing
the parsingof userinput. An eventguardmay alsobe activatedby a Throw within the
applicationitself. A complicationin VoiceXML is thateventguardsmay be written at
severallevels: application documentform andfield. An eventis handledatthe closest
enclosinglevel. In addition,eventsmay have a hierarchicalstructure Supposehatthe
quarry ordering applicationthrows the quarry.orderstodk event. If thereis no event
handlerfor this specificevent,it maybecaughtby ahandlerfor quarry.orderor (failing
that) quarry events.The CRESs translatormanageshis by maintainingthe hierarchy
of eventhandlerghatapplyat eachlevel. (The hierarchycanbe staticallydetermined.)
Eventsareinterpretedy the eventdispatcheaccordingo the context, andmayinvoke
platform,form or field handlers.

6.4 SampleTranslation

Now thatthe basisof the SDL translationhasbeenexplained,it will be instructive to
seewhatthe generatedodelookslike. Thefollowing is the codecreatedor figure 5.
CRESss producesxtensive commentghatlink the SDL backto the original diagrams.
This is importantbecausery flaw discoveredin the SDL (e.g.an unreachablestate)
needgo bereadilyrelatedto the original CRESS.

As mentionedearlier, stateREDIRECT5.REDIRECH is introducedsincenode5
may be enteredrom node4 via theemptynode.As it happensall thefollowing inputs
areavailabledueto this loop. In this particularcase NextStateREDIRECTS could be
the translation.But asexplainedpreviously, this is not always appropriatesinceonly
someinputsin a statemayberepeatedThe moreindirect,but moregeneral solutionis
to handletherepeatednput signalsandthenJoin the correspondindransitions.

Dcl A, A0, B, B_O Address; [* call parameterg/
Dcl A0, Al, A2, A3, A4, A5, A6, A7, A8, A9 Address; [* temporaryaddresse¥
Dcl MO, M1, M2, M3, M4, M5, M6, M7, M8, M9 Message; /* temporarymessage¥

Dcl TO,T1,T2,T3,T4,T5,T6,T7,T8,T9 Time; [* temporarytimes*/
Start; [* startcall instance®/
NextStateREDIRECT1; /* for next input*/
State REDIRECT1; [* readyfor input*/
Input Invite(A,B); /* REDIRECTinput1*/
REDIRECT1:
Task ™ [* dummylabelseparator/
REDIRECT2: /* REDIRECToutput2 */
Output Response(B,A,Meed(View(StatusAA)((.MovedTo,B .))));
NextStateREDIRECTS5; [* for next input*/
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State REDIRECTS5; [* readyfor input*/

Input Ack(A,B); /* REDIRECTinput5*/
REDIRECTS5:
Stop; /* endof behaiour */
Input Cancel(A,B); /* REDIRECTinput 3 */
REDIRECTS3:
Task ™ [* dummylabelseparatot/
REDIRECTA4: /* REDIRECToutput4 */
Output Response(B,A rminated);
NextStateREDIRECT5.REDIRECT4; /* for next input*/
State REDIRECT5.REDIRECT4; [* readyfor input*/
Input Ack(A,B); /* REDIRECTinput5 (again)*/
Join REDIRECTS;
Input Cancel(A,B); /* REDIRECTinput 3 (again)*/

Join REDIRECTS;

7 Conclusion

The CREss notationhasbeenbriefly presentedCRrEss offersthefollowing benefits:
— CRESS appliesto a variety of domainsusingplug-in vocalularies.The application

of CRESsto IN, SIPandIVR have beenbriefly overviewedin this paper Although
theseare all examplesof voice services the approachis genericand should be
relevantto non-wiceapplicationsuchaswebservicesFor example,it is hopedin
futureto apply CRESS to servicesor WSDL (Web ServiceDescriptionLanguage).
It is advantageouto have asinglenotationthatcanbeusedn anumbernf domains.

— SinceCREssis graphicalt is moreaccessibléo non-specialistsThediagramsare
alsomorecompacthantheir translationsnto variouslanguages.

— CRrEssislanguage-independer@othesamediagramsanbeusedfor verification,
validationandimplementationCRESS canbetranslatednto formal languagesor
rigorousanalysisaswell asinto programmindanguage$or realisatiorof services.

— CREss explicitly supportdeaturesandfeaturecomposition.CRESS alsoprovides
domain-specifidramenorks, e.g. for userprofiles and billing. All theseaspects
would have to bere-specifiedf justastandardanguagevereused.

— TheCRrEss toolsareportable andcanbedeployedon avariety of systemsCRESS

canthereforeberegardedasa platform-independergervicecreationtoolset.
AlthoughCRESs canbeusedn domainsvherefeaturesarenotapplicablethemost

benefitis gainedif this applies.CREss shouldthereforebe consideredvherea system
canbe thoughtof ashaving basicfunctionality plus additionalfeatures CRESS hasa

simplenotionof time asamonotonicallyincreasingszalue.Any morerealisticnotion of

time would requirea targetlanguagevith a concepbf realtime. CRESs thereforedoes
not have explicit supportfor real-timesystems.

CRress itself is mainly a front-endfor describingserviceslt is deliberatelydecou-
pled from analytictechniquesCRESS canthereforebe usedwith ary availabletech-
nique, whetherformal or informal. When usedwith SDL, reachabilityanalysisand
MSC validationarethe mostohvioustechniquesBut othertechniquesuchasmodel-
checkingandtheorem-preing are possible— limited only by the tamgetlanguageand
its tool support.
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