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Abstract. CRESS(CHISEL RepresentatioRmploying SystematicSpecification)
is a notationandsetof toolsfor graphicalspecificatiorandanalysisof services.
It is applicablewherever a systemconsistsof basefunctionality to which may
be addedselectedservicesThe CRESS notationis introducedfor root diagrams,
servicediagramsandrules governing their behaiour. It is shavn hov CRESS

canrepresenservicesin SIP (Sessionnitiation Protocol).For analysisservice
diagramscan be automaticallytranslatedinto LoTos (LanguageOf Temporal
Ordering Specification)or SDL (Specificationand DescriptionLanguage) For

scripting, translationis into CPL (Call Processind.anguagepr CGl (Common
Gatavay Interface).The structureof the portableCRESS toolsetis explained.

1 Intr oduction

11 SIP

In telepholy, aservicemeanscapabilitiesghatarepackagedndsoldto end-usersyhile
afeatureis a self-containedaspecibf a service.Most modellingapproacheslealwith
featuresandhow they canbe composedo form largerservicesA critical lessonfrom
telepholy is thatservicesor featuresofteninterferewith eachotherin unexpectedand
undesirablavays— the so-calledfeatureinteractionproblem[3].

IP Telephoty or VoIP (Voice over IP) is a hot topic that hasattractedsignificant
commercialandresearchinterest.The main standardsleployedin this areaareH.323
[6] andSIP (Sessionnitiation Protocol[9]). AlthoughH.323is morewidely deployed
andmoremature,SIP is moreflexible andbetterorientedtowardsproviding new ser
vices. For exampleit is beingusedfor presenceand instantmessagingervicesand
hasbeenadoptedfor usein 3G mobile communicationsHowever SIP servicesarea
relatively new area,andservicecreationervironmentsfor SIP areonly just emeging.
SinceSIP wasdesignedrom an Internetphilosophy it appearghat someissueswell
known in telepholy have notyetbeentransferredo the SIP domain.For example fea-
tureinteractionin SIP hasrecevedonly limited attention[4].

Thispaperaimsto clarify anumberof importantquestiongoncerningSIPservices:

— Whatis thenatureof a SIPservice? seesection3.1
— How might SIP serviceshe modelled? seesection3.2
— How canSIP servicesdbeanalysedaindchecledfor compatibility?(seesectiond.3
— How canSIPservicese prototyped? seesectiord.3
— How canSIP modelsbe usedto createoperationakervices? seesectiord.4

Establishinga SIPsessionnvolvestheUserAgentof eachend-userAlthoughUser
Agentscancontacteachotherdirectly, it is preferableo establishsessionyia Seners.
The mostflexible kind is a Proxy Sener. This is often combinedwith a Registrarthat
recevesnotificationsfrom usersasto their currentaddresgor evenmultiple addresses),



thus supportingmobility. If a sessiorinvitation is sentto the users Proxy Sener, the
Sener candirecttherequesto theusers currentlocation(s) Proxy Seners,andsome-
times User Agents,also supportservicescripting. This allows the userto definecall
preferencess.g.how they may be contactedby certainindividuals,at certaintimes,or
on certainsubjectsA RedirectSenerhasthe morelimited role of returninga forward-
ing addresdo theinitiating user requiringa furthersessiorrequesto beissued.
Verybriefly, SIPworksasfollows; consultthe SIPstandard9] or atextbook[10] for
moredetails.It maybehelpfulto notethatSIPis patternedafterHTTP. SIPcommands
(‘methods’) are confirmedby responsesSIP responsegarry a numericcodeand a
text explanation.Thereare two broad classesof responsepreliminary (e.g. session
establishmenin progress)and final (e.g. sessionsetupsucceedear failed). A user
initiatesa SIP sessiorby sendingan Invite. The receving usersendsa Respons¢hat
mayaccepbr declinethesessionTheinitiating userconfirmsreceiptof this by sending
anAdk. SIP neggotiatesthe sessiormediadescription.e.g.for audioandvideo. Evenif
the sessionis establishediia a Proxy Sener, mediadatais sentdirectly betweenthe
usersTo closeasessiongitherpartymaysenda Byeandconfirmthiswith aResponse

1.2 CRESS

Thispaperdiscusseadevelopmenbf CRESS (CHISEL RepresentatioBmploying Sys-
tematicSpecification) CRESS is considerablyevolvedfrom its basisin CHISEL, which
wasdevelopedby BellCore[1] for telepholy services.CRESS is a notationand setof
toolsfor graphicaldescriptionandanalysisof serviceq12]. It is graphicalin orderto
improveits attractvenesgo anindustrialaudience CRESS haspreviously beenusedto
modelandanalysdN (IntelligentNetwork) serviced12]. Adaptationof CRess for SIP
hasbeenfairly straightforward,thoughdifferentservicemodelshave beenrequired.

Unlike CHISEL, CRESs allows modular servicedescriptionsand permits much
moreflexible combinationof services CRESS alsohas‘plug-in’ applicationdomains,
soit canbe usedoutsidetraditionaltelepholy. For example,the applicationto SIP is
achievedby pluggingin adifferentvocalulary andframework.

A formal languageor a programminglanguagecould, of course be useddirectly
to model services But CRESS aimsto make servicedescriptionsmore accessibldo
non-specialistsCRESS diagramsare more compactthan their translationsinto other
languagedargely because¢hey defineservicesatasuitablelevel of abstractionCRESS
is operationalin nature:it givesconstructve, behaioural descriptionof servicesSer
vice diagramderive their formal meaningthroughtranslationto a targetlanguage.

CRESS supportgtranslationinto implementatiorlanguagesln the context of SIRP,
servicediagramscanbetranslatedndirectly into C, or directly into CPL or CGI. CPL
(Call ProcessindLanguag€g8]) is usedfor SIPservicescripting.SIPalsohasanHTTP-
like CGI (CommonGatavay Interface)thatis alsointendedfor SIP scripting.

CRESs is neutralwith respecto thetargetapplicationdomainandtargetlanguage.
It canthereforebe usedasa front-endfor someother(formal) approachCRESS sepa-
ratestherepresentationf servicedrom their analysissoit is opento variousanalytic
techniquesThe CRESS toolsetis platform-independengndsocanbedeployedwidely.

Automatecdtool supporthasbeendevelopedto checkthe correctnesef CRESS di-
agramsandto translateheminto various(formal) languagesCRESS hasa tightly de-



fined notationthat can be corvertedautomaticallyinto formal specificationsFormal
analysisof serviceds basedon atranslationto L otos (LanguageOf TemporalOrder
ing Specificationpr SDL (SpecificatiorandDescriptionLanguage)This opensCRESS
upto mary formally-basedechniquegor analysingservicesanddetectingnteractions.
The CrRESS approacttonfersatriple advantageFirst, it is acomprehensiblgraph-
ical notationfor servicesSecondjt is automaticallytranslatednto a formal language
for rigorous analysis.Third, it is automaticallytranslatedinto implementationlan-
guagedor deployment.Using CRESS with SIP partly aimsto defineandanalyseser
vices,but alsoto generateservicescriptsautomatically Although thereareweb-based
tools for web scripting, theseare closeto the scriptinglanguageemployed (typically
CPL). CrEss aimsto abstracfrom this, andto addrigour whendefiningservices.

2 CRESsin General

2.1 BasicDiagrams

While readingthissectionjt maybehelpfulto referforwardto sampleCReSs diagrams
suchasfigures2 and6. A CRESs diagramis a directed possiblycyclic, graphof nodes
linkedby arcs.A diagramdescribeshebehaviour of acompletesystempor of aservice
thatis addedo abasesystemA basicnodehasa numberandanassociatedvent,e.g.
1 Off-hook A to indicatesubscriberA initiating a call. The nodenumberis mainly for
identification,but is usedwhen servicesare combined.An event carriesa signallike
Off-hook and optional parameterdik e addressA. If an event parametethasa known
valueit is usedin the event,otherwisethe parameterecevesavaluein theevent.

Eventsare classifiedas inputs or outputs(asfar asthe systembeing specifiedis
concerned)A compositenodemay containseveraleventsin parallel,but thesemustbe
all inputsor all outputs.Input nodesnormally alternatewith outputnodesalonga path,
but thisis notarestriction.Thesignalsin anodeareusedto determindf it is aninputor
outputnode.However, it is permissibldo usethe samesignalfor bothinputandoutput.
(For example,a SIPUserAgentmaysendor receve anAdk.) As aresult,it maynotbe
possibleto determingheinput/outputkind of anode.ln suchacasethekind of nodeis
explicitly givenby placinganinputmarker* <’ or outputmarker’>’ (mnemonicfrom,
to) afterthenodenumber A systemmaymerelyrelaysignals(e.g.a SIPProxy Sener).
To avoid mary pairsof identicalinput/outputnodes the marker ‘&’ (mnemonic:and)
canbe placedafterthe nodenumberto meanconsecutre input/output.

Eachevent may be associatedvith explicit assignmentsTheseare normally sep-
aratedby ‘/’, but this symbolcanbe omitted (asin CHISEL) if thereis no syntactic
ambiguity CRESS expressionallow the usualkinds of arithmetic,comparison]ogi-
cal andsetoperatorslf thereis no ambiguity parentheseare corventionallyomitted
aroundparametersg.g.Ack A B meansAdc(A,B).

As anexampleof a compositeavent,a nodemight contain:

12> StopRingA B/BusyA <— False ||| AckAB

This outputnode,numberedL2, occurswhenB cancelsainvitation to A becausehere
is no answer A stopsringing from B, andits statusis recordedasno longerbusy: In
parallel,anacknavledgementf the cancellatioris sentfrom A to B.



An emptynode,meaningno eventoccurs,canbeusefulasa connectorlt mayjoin
a numberof precedingandfollowing nodesasa more compactway of linking all the
nodesAs in CHISEL, anemptynodemay explicitly containNoEvent.

The arcslinking nodesmay be plain arrons or may be labelledwith a boolean
conditionasaguard.If branche®f achoicearenotguardedthedecisionis determined
by the eventsthat follow. If branchesare guarded the decisionis determinecby the
guardexpressionskor corveniencean Else conditionmay be oneof the alternatves.

A diagrammusthave a uniqueinitial node.If cyclesin a diagrammeanthatthe
initial nodecannotbedeterminedanartificial Start nodemaybeaddedo thediagram.
A diagrammay have severalleaf nodes Behaviour terminateshere,or may cycle back
to theinitial node(atthespecifiers discretion).

A large diagrammay be split over several pages Eachsectionis lettered(to avoid
confusionwith the numericnodelabels).An arrov symbolpointsto the next diagram
section(e.g.B), which beginswith thistargetlabel.

A CRESs rootdiagramdescribeshe basicbehaiour of a system An importantca-
pability is beingableto defineadditionalservicediagramshatmodify therootdiagram
(or other servicediagrams) Diagramsare combinedsyntacticallyusing either of the
methodddiscussedn section2.3. Servicesareautomaticallycombinedwith eachother
andwith the root diagramto yield a compositesystemdescription.This approachs
commonin telepholty, wheretheroot diagramis POTS (Plain Old TelephoneService)
andtheservicediagramsareadditionalservicedik e call waiting or call screening.

2.2 Rule Boxes

A major informality in CHISEL concernshow variablevaluesare changedby events.
As seenin [5], suchrulesarewrittenin English.In CRESS, arule box givesarigorous
andmachine-processiblefinition. Diagramvariablesaredeclaredexplicitly, e.g.:
UsesAddressA AddressB

An addresds the identification of a user(e.g. a SIP address)Other variable types
includeBoolean Messae (voicemessagéo asubscriber)PIN (Personaldentification
Number),Responséesponseode)andTime Temporaryariabledik e addres#\0..A9
and responseR0..R9are implicitly available. Any standsfor an indeterminatevalue
(unknown or don't care).

In additionto diagramvariables,CRESS supportsstatusvariablesthat captureuser
informationandpreferenced-or example,a SIP invitation needgo know if the called
partyis busyor not. Statusvariablesaretypically indexedby addresparametersThus
BusyP indicateswhetherSIP address is busy. Statusvariablesarealsousedto hold
userprofileinformationsuchaswhatserviceshave beensetup, e.g.forwardingon busy.

Following the Usesstatementrules of varioustypescan be given. For example,
variableinitialisation rules can be given. Theseare actionedonly whenthe required
values(A below) areknown:

F := ForwardBusyA

Althoughthe assignmentsriggeredby an eventcanbe written explicitly afterthe
event, this cluttersa diagramandbecomegsepetitious.Instead,CRESS allows rulesto
beformulatedfor assignmentgzor examplewhenthe calling party hangsup beforethe
calledpartyanswersthe calledparty stopsringing andis no longerbusy:
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StopRing P Q/ BusyP <— False

This is the samenotationas usedin an event node,exceptthat the event parameters
areplace-holderslf aneventmatcheghe patternabove, P andQ aresetto the actual
parametersAn assignmentule may be overriddenby an explicit assignmenfor the
samevariablein aneventnode.

Expressiorrewrite rulesmaybedefinede.g.'idle’ meansnot busy’:

Idle P <~ ~BusyP

Any useof Idle is thentransformednto a useof Busy Thiskind of rule in factdefines
amacro.Much morecomplex macroscanbe definedasshorthanchotations(e.g.for a
billing calculation).Macroscanalsobe usedto introducenamedconstantge.g.for a
time-of-daychage-band).

Occasionallyuseful,a signaltransformatiorrule cause®nesignalto sendanother:

StartBilling PQ/LogBegin PQ P Time

meaningthatwhenbilling startsfor a call from P to Q, the billing systemgetsa Log-
Begin signal. Thecall is from P to Q, with P paying,startingatthe currenttime.

2.3 Sewice Diagrams

The CRESS notationintroducedsofaris essentiallyacornvenientform of statetransition
diagram.Where CREss makesa significantcontribution is in its capabilitiesfor com-
bining services.The particularservicesdeployed for eachuserarelisted in a special
configurationdiagram(notillustratedhere).

A servicedescribeshow it is insertedinto anotherdiagram.Typically this is the
root diagram,althoughserviceamay modify otherservicesfor brevity, ‘root diagram’
in the following coversboth casesA servicehasa Usesstatemento import the other
diagramdt needslIf servicesdependon eachotherhierarchically the subsidiarydia-
gramsareimportedautomatically In the simplestand commonestase,only the root
diagramneedbe named:Uses/ AGENT (i.e. the SIP User Agentdiagram).Variables
requiredby aserviceappeabefore'/’ (thoughvariablesareoftenunnecessarygervice
behaiour maybeinsertednto anothediagramthroughsplicing or instantiation.

Splicing Sewvices Whena serviceis to be splicedit definesits attachmenpoint in

the root diagram,e.g. AGENT 1. This sourcenodegivesthe diagramnameandnode
number (In fact,thisis the mainreasorfor having nodenumbers.)lo attachto thefirst
nodeof adiagram,the node'number’ is givenasStart. The sourcenodefor a service
may bind the valuesof servicevariableso thosein theroot diagram:

AGENTA<-XB<-Y1

i.e. substitutevariablesX andY in the servicediagramfor A andB in theroot diagram
whensplicein behaiour startingatnodeAGENT1.

Having locatedthe point of attachmenta servicedefineswhatit altersin theroot
diagram.A nodeandits successormay be addedto the root. Part of theroot diagram
mayalsobereplacedn its entiretyby identifying the originalnode,e.g.nodeAGENT1
andits contentsl Off-hook A. The effect is to replacethis nodeand what originally



followedit. Guardsaswell aseventnodesmay be addedor replacedn a servicedia-
gram.A servicemay simply addbehaiour thatterminatesn its own leaf nodes More
usuallyit continueswith anotherpart of the root diagramby referencinga targetnode
like AGENT?2. A targetnodemay alsohave variablebindingslik e a sourcenode.

Serwice Templates A serviceshouldbe splicedif it appliesjust onceto the root di-
agram.Anotherdesirableconditionfor splicingis thatthe servicehasonly very local
effectontherootdiagram A numberof the CHISEL servicesn [5] suffer from theprob-
lem of replacinglarge partsof the root diagram.For exampleCFBL (Call Forwardon
BusyLine) replacesbout80%of POTS, muchof thediagrambeingsimilarto the orig-
inal. CFBL canalsoapply morethanoncein acall. A call may be forwardedseveral
times, for example,if successie forwardingnumbersare busy. The original CHISEL
diagramscanthereforereally only be combinedndividually with theroot diagram.

CREss allows servicesto be definedmore corveniently astemplatesThe initial
templatenode statesthe event that may trigger it. For eachmatchingtrigger in the
root diagram aninstanceof the serviceis inserted The templatebody hasuniquestart
andfinish nodes,andmay have its own leaf nodes.The startnodeis marked with “*’
(mnemonic:ary match)afterthe nodenumber while the finish nodeis anemptyone
(mnemonicnothingfurther). Thetemplates copiedwith substitutionof actualparam-
eters,andplacedafterthetriggeringnodein theroot diagram.

Sometimest is not desirableto apply a template.For examplearnywherethereis
an Invite to establisha SIP sessionthen forwarding servicescould apply However
someusesof Invite arenot to establisha sessionput ratherto renegotiatethe session
mediadescription.Templatematchingcan be suppressedtby placing‘!” (mnemonic:
don’t match)afteranevent’'snodenumber

2.4 Call Billing and Redirection

CRESS (CHISEL) is relatively unusualamongmodellingapproache# explicitly sup-
porting billing. This is surprisingsincebilling is a crucial aspectof services(for the
operatomatleast!).In factbilling itself canleadto interactionsCHISEL hassimpleLog-
Begin andLogEndeventsto denotethe startandendof billing. The calling, calledand
paying partiesare identifiedin theseevents.Normally the caller pays,but with free-
phonethe calleepays.More complex arrangementsanexist, e.g.the caller paysfor
partof the call andthe calleepaysthe rest. Whereadilling is well understoodn tele-
phory or in the context of the IN (Intelligent Network), billing is still the subjectof
studyfor SIP. NonethelessCRESs alreadyhasthe ability to dealwith billing aspects.

Billing first checkswhich party will pay. Variousservicesthenhave the opportu-
nity to forward the invitation (unconditional,controlledby origin/time/subjector de-
pendingon destinationbusy). If the invitation is forwardedthenthe servicechainis
invokedagain.Thisis necessarpecausehe new destinatiormayhave differentchag-
ing arrangementBy the time the invitation reachedts destinationjt may have been
forwardedseveraltimes.Thebilling for eachredirectionmayalsobe different.

The LogBeagin/LogEndeventsof CHISEL arethereforeinsufficient. Althoughthese
areallowedby CREss, StartBilling/StopBilling eventsshouldbe usedinsteadn fact,
thesearemacroeventsthatexpandto LogBegin/LogEndeventsfor eachredirection.
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Fig. 1. Elementf SIPModel

Establishinga SIP sessioris a major nexusfor serviceso be invoked. Fortunately
theservicecompositiormechanisnautomaticallyhandleghechainingof servicesThe
designercan describeeachservicein isolation (i.e. in a modularmanner),andtheir
combinationis automatic.In fact there are certain precedenceules that have to be
enforced.For examplebilling mustbe consideredeforeforwarding, and subscriber
screeningnustbeappliedto thefinal SIPaddres®btainedafterforwarding. The CRESS
toolsautomaticallyensurehatservicesarecombinedn asensibleorder

3 CReEssfor SIP Sewices

3.1 SIP Model

CPL (Call Processing.anguagd8]) andSIP CGl (CommonGatevay Interface)might
appearto be adequatdor defining SIP servicesHowever they do not permit formal
analysisin the way that CRESS does.The authoralsofeelsthat CPL is too high-level
(useroriented but at somedistancefrom the protocol)while SIP CGl is too low-level
(closelytied in with the protocol). The CRESS representatiomhereforeaimsat anin-
termediatdevel. Theuserinterfaceis representetly familiar actionssuchasinitiating,
receving andclosingsessionsThis is mappedo anabstractepresentationf the pro-
tocol interfacesuchasissuingsessioninvitations, re-establishingessiorparameters,
andremoving usersfrom sessions.

Before applying CRESS to SIPB, it is necessaryirst to decidehow SIP shouldbe
modelled Figurel shavsthekey SIPelementsTheupperinterfaceof eachUserAgent
definegheserviceprimitivesthata SIPuserseesLik e ary serviceprimitives,theseare
abstraction®f anactualinterface.

SIP primitives are deliberatelynamedusing corventionaltelephoneterminology
For examplea SIP userA startsor finishesa sessiorwith Off-hookA, thoughanactual
telephonanaynotbeused A SIPsessions requestedrom userAto userB by Dial AB,
eventhoughtheremaybe no physicaldial. UserA is alertedto a potentialsessiorwith
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Fig. 2. CRess Diagramfor ExternalView of SIP

userB by StartRingA B, thoughin facta pop-upwindow or someotherindicationmay
be used.AnnounceA R is usedgive userA a serviceresponsdR, e.g.aprogresssignal
like a SIP ‘180 Trying'. User A canrefusean invitation with responseRr by invoking
RejectA R. If userA closesa sessionuserB is informedwith DisconnecB A.

Thelowerinterfaceof eachUserAgentdealswith abstracSIP messagesarriedby
theprotocol.Thatis, eachUserAgentcorvertshetweerserviceprimitivesandprotocol
messagedMany of thecompleities of SIParehidden.For example mostheadeffields
arenotrepresentedindissuessuchasretransmissior messagesrossingareignored.
Thisis sufficientto represenimajoraspect®f SIPfor thepurpose®f servicedefinition,
but is certainlyincompleteand not ableto handleSIP servicesthat dependon proto-
col details.Figure 1 doesnot show the completerepertoireof SIP methodg(e.g.those
for cancellationyegistration,instantmessagingandthird-partycall control). A Proxy
Sener sitsbetweerusersandhandlesSIP messagesctinglike a gatevay. A Redirect
Sener playsa muchmorelimited role, sendinga (forwarding) Responsén answerto
anlnvite.

3.2 SIP Root Diagrams

Using CRESS it is possibleto definea root diagramfor the externalview of a SIP ses-
sion.As shawvn in figure 2, this describegheinterfaceseenby the usersin the session,
omitting all protocol messageandactionsby seners. The diagramis too detailedto



explain here,but the brief summaryof SIPin section1.1 shouldhelpto make it com-
prehensibleThis kind of modelis appropriatfor describingIN-lik e servicessuchas
call forwardingor conferencecalling. However, it is not so usefulfor SIP because&IP
servicexanbedeployedin anumberof placesin UserAgentsandin Seners.In addi-
tion, SIPcall servicesarealsointimatelyboundup with the protocol.For thesereasons,
the CRESS treatmenprovidesthreeroot diagramqUserAgent, Proxy Sener, Redirect
Sener) thatshov the mappingbetweernuserserviceprimitivesandprotocolmessages.

TheUserAgentmodelin figure 3 describe®neend(half) of asessionThediagram
is dividedinto originating(caller) andterminating(callee)parts.In fact,the SIP stan-
dard[9] doesnotprovide acompletestatemachinedescriptionof the protocol.Figure3
is thereforeusefulin its own right asan overview of SIP. But it is only an overview;
it doesnot cover mary detailsof the protocols(suchashandlingheadeffieldsor time-
outs). The modelis, however, sufficient to allow servicesto be addedto the basicSIP
behaiour. Many of the protocolmessagesanbe sentor receved by a User Agentor
Sener, andsoaremarkedwith * <’ or ‘>’ asdiscussedh section2.1.

The Proxy Sener modelin figure 4 describesone sessioninstance Many of the
protocolmessagearerelayed.The shorthanchotation'®’ mentionedn section2.1is
thereforecorvenient.Initially a Proxy becomesnvolvedwhenan Invite is received. It
passeshis on, andrelaysary preliminaryResponseintil thereis afinal responself a
sessionis establishedthe Successesponsas followed by the A to this. The Proxy
now doesnothingsincethe mediastreamsare sentdirectly betweenthe users.But it
relaysthe closingByeandthe Respons#o this. If, however, sessiorestablishmentioes
notsucceedhentheFailed predicatédentifiesafinal but unsuccessfulesponseln this
casethe Proxywaitsfor a Responsandthencontinuesfrom anew Invite.

TheRedirectSenermodelin figure5 is very straightforward.It repeatedlyeceves
anlnvite, andsendsa Responswith the ForwardTo addresgif ary) for the calleduser

3.3 SampleSIP Sewices

A SIPserviceis consideredo be a modificationof the appropriateoot diagram(s)An
unfortunatecharacteristiof SIP servicess thattheir definitionsmay differ according
to wherethey are deployed. To give a flavour of the approachthe following showvs
somesimplecall control servicesMore complec servicessuchasConferenceCalling
have alsobeenrepresenteth CRESS. CRESS is hotlimited to call controlservicesFor
example, it couldbeadaptedor web-like servicessuchassupportedy SIPservlets.
Figure6 shavs how asubscribescreeningervicecanbedefinedin aProxySener.
Themodificationsarerelative to theroot diagramfor the Proxy (figure4). This service
aimsto screeroutsessionmequest$rom anundesirediser Screenings triggeredwhen
anlnviteisrecevedby the Sener. If callerP is ontheblack-list(Sceenlin for calleeQ,
the requestis declinedand sessionsetupfails. Otherwise the sessiornrequests pro-
cesseasusual(following thetemplateend-nodewhereProxy behaiour continues).
A secondSIP serviceis shavn in figure 7. This time the serviceis deplojedin a
UserAgent,sothe servicemodifiesthis root diagram(figure 3). If anInviteis receved
by abusyuserQ, theUserAgentwill respondo callerP if thereis aforwardingaddress
(ForwardBusy. Therootdiagranfor aUserAgentstatesvhat'busy’ meansAccording
to therule box of figure 3, busy simply indicatesthatthe useris engagedn anexisting
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Fig. 6. CRESS ServiceDiagramfor Proxy Sener IncomingCall Screening
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It D O Pis the calling address
Uses  AGENT <" Invite P Q Qis the called address I
Busy Q8& E

ForwardBusy Q = Any Else
K

Fig. 7. CRess ServiceDiagramfor UserAgent Forwardingon Busy

2> Response Q P
Moved(ForwardBusy Q)

sessionHowever busy could be definedin otherways,e.g.if theusersdiary shavs an
engagemerfor the currenttime. This could evendependon the callerandthe subject.
For example,a userin anexisting SIP sessiormight wish to acceptanew Inviteif it is
from his manageror if the subjectis urgent.

4 Tool Support

4.1 ToolsetStructure

Figure8 shavs the CRESS tools. Symbolsareshavn doubledwheretheremaybe sev-
eralfiles or several variantsof atool. The boxedareain figure 8 is the CRESS toolset.
Outsidethis, thediagrameditorandthetargetlanguageoolsareprovidedby others.

CREss is designedor versatility and portability. It is thereforenot boundto arny
particulardiagrameditor or target language.The tools are written in Perl 5, which
runson a wide variety of platforms.In total the toolsetis about5000 non-comment
lines of code(five Perlscriptsandfive Perl modules).The codeis quite intricate,and
representgbout9 man-monthof work. However the investmenin the infrastructure
hasproduceda general-purpos#olsetof usein a variety of domainson a variety of
platforms.To helpothersuseandadaptthetoolset,the codeis extensively commented.

The author preparesCRESs diagramsusing LighthouseDesigns Diagram! edi-
tor that runs on five different platforms. From preliminary investigationsjt appears
thata numberof otherdiagramformatsaresuitablefor CReSS (e.g.Adobelllustrator,
FrameMaler MIF, andxfig). Many diagrameditorscanproduceoutputin well-defined
formats. CRESS is thus not dependenbn a particulardiagrameditor. In future, it is
plannedto developaweb-basededitorfor CRESS diagrams.

CRESs is also not boundto ary particulartarget language For formal analysis,
translationto LoTos andto SDL is supportedE-L oTos wasstudiedasa target lan-
guageasit conferssomeadwantagegelative to LoT0oS. However E-LOTOS tools are
only atanearlystage soE-LOTOS is notyet atargetfor CRESS. For servicescripting,
CREss diagramscan be translatedo CPL or CGI. CPL is anintentionallyrestricted
languageput SIP CGl scriptscando almostanything. CRESS translatesliagramsnto
astylisedform of Perlfor useasCGl scripts.
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Diagram CRESS Pre- ‘ ‘ Parser
Diagram || > processor '@» b
Target Target Analysis/
FTarEEt d Language G Codet j Language BTalz_gEel d Simulation
Framework enerator Realisation Results

Fig. 8. CRESs Toolset

The target languageframework is createdusing the target developmenterviron-
ment. Sincethe frameawork is fixed for a given domainandtargetlanguagejt canbe
providedasstandardIN andSIP frameavorksfor LoTos andSDL arecurrentlyavail-
able.SIP frameworks areavailablefor CPL and CGI. The frameawork providesthe ar
chitecturen whichtheserviceaareembeddedr-or example the SIPframework defines
thebehaviour of the statusmanageandthebilling system.

4.2 ToolsetUsage

The designempreparesCRESS diagramsusinga corvenienteditor. The designetis as-
sumedto have a suitabledevelopmentervironmentfor the targetlanguage Most de-
velopmentervironmentsallow pre-processingA simplecommandor button click can
activate the CRESS toolsetautomatically The CRESS pre-processoscansthe target
languagdramework for CRESS macrocalls:

CresgTypes) (* generatelomain-dependenypes*)
CresgProfiles) (* generataiserprofileinformation*)
CresgServices) (* combinerootdiagramandservices)

Eachof theseis expandedo the correspondinglefinitionsin the targetlanguageThe
types(andassociatedunctions)are partly fixed and partly dependenbn the domain
of application.Since(status)variablesandsignalsaredefinedin tablesloadedinto the
tools,a changeof domainis easyto arrange The variable/signatablesareusedwhile
checkingdiagramsandarealsousedto generatghe domain-specificypes.

EachCRress macrocall is expandedusingthetoolset.The lexer appropriateo the
diagrameditoris calledto build arule list andeventnodegraphfor eachdiagram.The
parseris common,and checksthe syntaxand static semanticf eachdiagramsepa-
rately The parsethencombinegherootandservicediagramsperformingfurthercon-
sisteny checks A numberof optimisationsare carriedout on the graphto make code
generatiomoreefficient. For exampleempty(NoEvent) nodesareremovedwherepos-
sible, Elseis movedto the endof alternatve guards andalternative inputsareordered
by signalname Finally theparsethandghegraphto theappropriateeodegeneratothat
outputsin thetargetlanguageTo thetargetdevelopmentervironment,a single (albeit
very complex) stepof pre-processingastakenplace.Thetranslatorsiave anoptionto
producedetailedcommentsn the generateatode thussimplifying maintenancef the
tool output.
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Oncethe tamget languagespecificationhasbeengeneratedthe languageback-end
toolscanbe usedto simulate analyseor implementthe specificationBoth Lotos and
SDL canbeusedfor single-ster automatedimulation.They canalsobeusedfor state
spaceexploration. LoTOs hasadvancedanalysistools for statespaceminimisation,
equialencechecking,model checking,etc. Both LoTos and SDL can be compiled
to usableC for implementationlf a CPL or CGI scriptis generatedrom a CRESS
diagram thescriptis directly usableby a SIP UserAgentor Proxy Sener.

4.3 Formal Analysis

The emphasisn CRESS so far hasbeenon the representatiorand formalisationof
services.CRESS work on detectingserviceinteractionshasbeenlimited to date.The
following presentgreliminarywork, but in facttechniqueslevelopedby otherscanbe
adaptedor usewith the specificationgjeneratedy CRESS.

To checkthecorrectnessf serviceseachwassimulatedonits own whencombined
with the appropriateroot diagram.Humanjudgmentwas usedin decidingsignificant
executionpaths,the aim beingto executeeachpathat leastonce.This proceduréouilt
confidencen theservicedescriptionsaaswell ascreatinga setof validationscenarios.

For simpleserviceghenumberof pathsto checkis small.For comple< servicesthe
numberof interestingpathsis just manageableConferenceCalling, for example,has
23 ssignificantpaths.

Validation scenariosare generatedo characteriséhe expectedbehaiour of ser
vicesin isolation. The scenarioxanthenbe encodedisingthe ANTEST (ANISE Test)
languagedevelopedby theauthorfor ANISE [11]. Briefly, ANTEST is aflexible valida-
tion languagethat expressedestsin termsof uservisible behaiour. Acceptancdests
(behariour musthappen)ndrejectiontests(behaiour mustnot happen)canbe writ-
ten. Testsmay have sequentiabr concurrenbehaiour. Alternativesarepermitted.and
behaiour can be madeconditionalon a servicebeing presentfor a SIP addressin
fact, ANTEST is usedto encodecomprehensie use-casecenarioghat synthesisehe
individual executionsobtainedthroughsimulation.

The ANTEST tool automaticallytranslatessalidationscenariosnto the targetlan-
guage(currently only LoTos), and automaticallyrunsthemin parallelwith a spec-
ification. When servicesare combinedindividually with a root diagram,this merely
confirmsthevalidity of thescenariosMore importantly, thevalidationscenarioganbe
run with all servicesdeployed. A commoninterpretationof serviceinteractionis that
a servicefails to performasexpectedwhenotherservicesare presentThe manifesta-
tion of serviceinteractionwhenusing ANTEST is eitherdeadlockor non-determinism.
Deadlockmeansthat one servicepreventedanotherfrom working. Non-determinism
meanghatanambiguityarose.

In futurework, theauthorintendsto applytechniqueslevelopedfrom protocolcon-
formancetesting[7] to derive use-casescenariosautomatically Anotheravenueto be
exploredis the useof model-checkindo verify thatservicepropertiesarepreseredin
the presenc®f otherservicesThe currentvalidationapproactcancheckonly specific
scenariosModel-checkingshouldallow suchpropertiesto be provedin general.An
approactbasedn symbolicmodel-checking?2] looksan attractive possibility, though
toolsarecurrentlyunderdevelopment.
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4.4 Sewice Scripting

CREss diagramscanbetranslatednto CPL scripts.For example,UserAgentforward-
ing on busydefinedin figure 7 corresponds$o thefollowing CPL:

<incoming> #incomingcall
<proxy> # forwardcall
<busy> #if calleeis busy
<locationurl = "sip:forward@domaifi> # to forward@domain
</busy>
</proxy>
</incoming>

It should,however, be notedthatit is not possibleto translatean arbitrary CRESS dia-
graminto CPL sincethe latteris muchmorerestrictive. Instead,only certainpatterns
of CREsSs diagramcanbe turnedinto CPL scripts.Furthermorea CRESS diagramis
genericandmustbeinstantiatedvith userconfiguratiordataduringtranslatiorto CPL.
CREss diagramscanalsobetranslatednto CGl scriptsusingstylisedPerl. For ex-
ample,UserAgentscreeninglefinedin figure 7 correspondso thefollowing CGl/Perl;

if ($Method== $Invite) { #if methodis Invite
if ($Busy($Q) && #if calleeis busyand
$ForwardBusy($Q) = $Any) { # hasaforwardingaddress
&Respons€$Q, $P, # respondo caller
&Moved ($ForwardBusy($Q))) # with forwardingaddress
}
}

It is mucheasietto translatea CRESs diagraminto CGl/Perlsincethisis muchmoreex-
pressve thanCPL. As theabove exampleshaws, thetranslatiorrelieson a Perlframe-
work (notshawvn) thatestablishesariablesPerlprefix ‘$’) containingthe SIPmethod
andits parametersTheseare obtainedfrom the CGI script ervironmentvariables.In
addition,a numberof PerlsubroutinegPerl prefix ‘&") arepre-definedo handlecall
processingFor example,Responseeturnsthe CGl scriptoutputto the Proxy Sener.

5 Conclusion

It hasbeenseenthat CRESS is a graphicallanguagdor specifyingsystemswith abase
functionalityandadditionalservicesTheelement®of thenotationhave beenintroduced
for root diagrams,servicediagramsand rules. The particularcontribution of CRESS
is its ability to describeand combineservicesin a flexible and automaticmanner A
portabletoolsetenableghoroughcheckingandtranslationof diagramgo variouslan-
guagedor formal analysigL otos andSDL) andfor scripting(CPL andCGl/Perl).

Preliminary work hasbeenpresentedn serviceinteractiondetectionusing the
specificationggeneratedy CRESs. Futuredevelopmentswill includeweb supportfor
graphicalservicedescriptionand analysis.More completeinteractiondetectiontech-
niqueswill alsobedeveloped.Although CRESS hasbeenillustratedwith SIP services,
it is applicableto a numberof otherproblemdomainssuchasthelN.
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