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Abstract.

The CHISEL notationwas developedby Bellcore as an informal graphi-
cal notationfor describingtelecommsservicesandfeatures. CRESS(CHISEL
RepresentatioEmploying SystematicSpecification)is an enhancedrersion
of CHISEL with tightly definedrules for the syntaxand static semanticsof
diagrams. More importantly CrResshasformal denotationggiven by SDL
(SpecificatiorandDescriptionLanguage andLoTtos (LanguageOf Temporal
OrderingSpecification). This permitsrigorouschecking,analysisand proto-
typing of descriptions.The accompaying toolsethasbeenwrittenin anopen
andextensiblemanner

1 Intr oduction

CHISEL [1] is a graphicallanguagefor describingtelecommsservicesand features. It was
developedat Bellcore (now TelcordiaTechnologies}o supportthe servicecreationprocess.
AlthoughintendedasarigorousapproachCHISEL presentslescriptionsn anaccessiblenanner
In particular it allows stale-holdersin servicecreationto understandeaturedesignwithout
becomingoroficientin aformalnotation. At its simplest CHISEL merelydescribeshesequences
of eventsthatcharacterisa feature.Yetits usein thefirst featureinteractiondetectioncontest
[4] demonstratedhatit is capableof describinga wide variety of features. The community
lacksa commonnotationfor definingfeaturesCHISEL hasthe potentialto fill thisrole.

CHISEL was initially definedas a way of giving the event sequenceshat characterise
features. A complementarynotation was developedto describesequence®f interactions
amongAIN (AdvancedntelligentNetwork) componentsCHISEL is supportedy the Sculptor
tool developedatBellcore. TheCHISEL designerfiave outlinedstrateiesfor translatingCHISEL
diagramanto MSCs(Messagesequence&harts), hierarchicaltextual descriptionsfinite state
automataregularexpressionsandbasicprocessalgebra.

However, thediagramsusedn thefeatureinteractioncontestontainnew constructghatdo
not appeaio have beenpartof the original CHISEL notation. In particulay the ability to define
separatdeaturediagramss powerful but morecomplex. Unfortunately the interpretationof
thesemore advanceddiagramsis not alwaysclear The rulesfor draving CHISEL diagrams
have not beenformalisedto the authors knowledge. The diagramsareoftensupplementetly
informal commentanythatis not rigorouslyintegratedinto the descriptions Certainaspect®of
theCHISEL notationleadto unnecessamepetitionandto someobscurity Sculptors proprietary
andthereforenot publically available;its availability on avarietyof platformsis alsorestricted.

For thesereasonsthe authorsetout to extend the CHISEL notationfor greaterusability,
while retainingbackwardscompatibility with existing diagrams. Diagramsare given formal
denotationsn two popularformal languages- SDL (SpecificatiorDescriptionLanguagdg6])
andLotos(Languagef TemporalOrderingSpecificatiorj5]). Theendresultofthisworkisan
improvedlanguagealledCRESS(CHISEL RepresentatioBmploying StructuredSpecifications)
for graphicalfeaturedescription,analysisand prototyping. CRESSIis supportedoy a toolset
thanrunson mary differentplatformsandcanbe usedwith awide variety of targetlanguages.
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A numberof authorshave adoptedarchitecturalstructuredapproacheso featuredescrip-
tion (e.q.[2, 7, 10)). The authorhimself hasdevelopeda separateapproachcalled ANISE
(ArchitecturalNotionsIn ServiceEngineeringe.g.[9]). Thegoalof suchapproachess to have
a well-definedarchitecturethat supportscreation,specification analysisand developmentof
features.Thework reportedin [3] is directly comparabldo the LoTos translationundertalen
by CREsS but makesuseof hand-crafted. oTos specifications.

2 The CrRESSNotation
2.1 BasicCrEssDiagramConcepts

CREssextendsthe CHISEL vocalulary for describingdiagrams.A CrRessdiagramdefinesthe
behaiour of a system— a switch, anothemetwork componentike an SCP (ServiceControl
Point),or the network asawhole. CHISEL usestheterm ‘platform’ to meanthe participantsn
afeatureandtherulesfor the signalsthey exchange.CHISEL diagramdik e thosein [4] often
describea userview, treatingthe network asa blackbox.

Figurel shaws partof aroot diagramthat describesa self-containedservice,herePOTS.
Generallyspeakinga root diagramdefinesa basetelephory service.However notethat POT'S
is definedn CRESS it is notbuilt-in, aswith thelN andsimilarapproachesThis makesCRESS
morewidely applicable g.g.for mobilecommunicatiorservicesor multimediaservices.

In generabh CRESsdiagramis adirectedcyclic graph.A diagramhasnumberedventnodes
like 1 and2 in figure 1. The shapeof aneventnodeis unimportant;shadeved ovalsareused
here,while ovals andrectangleave beenusedfor CHISEL. A nodecontainsinput or output
signals(but not both) suchasOff-hookandDialTone Signalscarry parametershatareoften
the addressesf the participantqtheir telephonenumbers).Several signalsin a nodemay be
processeihdependentlyn parallel(e.g.node4 in figure1).

Eventnodesarelinked by arcsto shav the flow of control. An arcmay be labelledwith a
booleanconditionasa guardon the occurrenceof atransition(e.g.BusyB in figure1). When
guarddbecomecomplex (e.g.seeThree-Way Callingin [4]), thereis arisk of giving inconsistent
guards(they may not be disjoint, and may not amountto a tautology). To reducethe risk of
error, CRessallows oneof the guarddeaving a nodeto belabelledElse (meaningthe negated
disjunctionof all otherguards).

It is often difficult to persuadelevelopersto give adequateeommentaryon their designs.



CRrREssmakesthis easierby providing severalmechanisms$o addcommentsasily The most
cornventionalideais acommentox, shavn besidenodel of figure1l. As asecondnechanism,
CrEsssupportsattachmentsThesearefilesthattheusercanopenby clicking ontheassociated
marker (the small diamondnext to node2 in figure 1). Attachmentscanbe ary kind of file
including other CREssdiagrams. Perhapghe mostcornvenientkind of attachments a sound
annotatior(thesmallloudspeakrnext to nodel7in figurel). Sincedevelopersanbereluctant
to write full commentsthey areencouragedo recorda verbalexplanationasa spontaneous
noteof their thoughts.Clicking on a soundattachmenteplaysthe commentsnadewhile the
diagramwasbeingdeveloped.

The greatesinformality in CHISEL stemsfrom the textual descriptionof how call status
variablesandfeatureparametersremanipulated For example,[4] givesinformalrulesin this
way. Apart from the possibleambiguitiesof naturallanguage suchrulesare not integrated
into the notationandthereforecannotbe enforcedby tools. CREssaddressethis problemby
supportingule boxes(theroundedectanglen figurel). A rule box containsa Usesstatement,
andmay alsodefinesignalassignmentdunctiondefinitionsandvariableinitialisations.

A Usesstatementleclareshefeatureparameter@yenericsubscriberé&andBin figurel)and
ary subsidiarydiagrams.A morecomplex examplewould be UsesA B C/ CND POTS where
‘I' separateparametersrom diagrams.Thefirst partoptionally givesthe featureparameters
(hereA, B andC). A featurethatbuilds onanothemight notintroducenew parameterssothis
partof the statementnaybeempty Featureparameteraccumulateasfeaturesarecombined;
they areusedfor staticallycheckingdiagramsandduringcodegeneration.Theoptionalsecond
partof Usesnameghediagramghatthecurrentdiagramdepend®n. In theabore example the
featuredepend®n CND (Calling NumberDelivery)andPOT S. CRESSincorporatesubsidiary
diagramsautomaticallyhandlingmultiple referencesindevenself-references.

Most of theinformal rulesin CHISEL describehow call statusvariableschangeasa result
of signalsoccurring. Suchrulescanbe written explicitly into eventnodes separatingignals
from assignmentby ‘/’. For example,node4 in figure 1 mightbewritten outin full as:

StartAudibleRingingA B / AudibleRingingA B <— True
. StartRingingB A / BusyB < True RingingB A < True

Call statusvariableslik e Ringing are usually parameterisetty addresses.The ‘<" symbol
denotesassignmentdf anexpression.If asignalis followedby severalassignmentshesemay
besyntacticallyambiguous(More exactly, the CHISEL grammaiis contect-sensitveratherthan
context-freeandis thustrickier to parse.)In suchcasesCRESSrequiresgheuseof a‘/’ symbol
betweereachambiguousassignmentThis is goodpracticeanyway asit helpsreadability

Although diagramscan be dravn with explicit assignments$ik e the above, they quickly
becometediousto createandto read. In fact, signalassignmentsanlargely be capturedby
simplerules. A Cressrule boxallows signalassignmentto bedefined.Figurel shovstwo of
therulesgoverningwhetherasubscribeis busy. Parametersike P aregenericandarereplaced
by the actualparametersf a signal. The useof suchrulesgreatlysimplifiesthe descriptions
of eventnodes.However in somecaseseg.g.busyfor Call Waiting or Three-Way Calling, the
rulesareirregularandcannotbe so easilycaptured.lt is thereforepossibleto give exceptions
to suchrulesdirectly in eventnodesgexplicit assignmentsverridethoseimplied by therules.

A ruleboxmayalsocontainfunctiondefinitions.For example aline beingidle is definedas
Idle P < [BusyP. Thisformatof ruleis distinguishedy notbeingprefixedwith asignal.In
factsignalassignmentandfunctiondefinitionsarehandledby a macroprocessoim the CRESS
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parser Arbitrary functiondefinitionslike Markup CostPercent<- Cost* (1 + Percent/ 100)
are supportedn this way. The macro processolis also usedfor certaininternal functions
within the CRESStools. Macroscanbe usedto simplify theappearancef complex guardsand
parameter@n thegraphicalpartof adiagram.

Theredoesnot appeaito be a definitive descriptionof CHISEL expressions.The operators
permittedby CREssareasfollows (in decreasingrderof bindingprecedence):

- 1 * 1% +—NotIn

zl=<<=>=>1In && [~
Theseincludesetmembershi@ndits negation(In, Not In) andexclusive or (). Expressions
may alsouseparenthesedf...Then...Else..Fi, Any (ary subscriber)jndexed variables(like
RingingB A) andTime (the currentclock).

Finally, arule box maygive avariableinitialisationlik e Integer PeakRate= 4. Permissible
variabletypesareAddress(subscribenumber),Boolean Cadencgspecialring tone),Integer,
Messae (charactestring), PIN (PersonaldentificationNumber)andTime. Initialisationsare
performedbeforethefirst nodeof adiagram.

CrEssdiagramsamay containloops. As aresult,this canleadto ambiguityaboutwhatthe
first nodeof a diagramis. In suchcasesa nodemarked Start mustbe addedasthe top-level
node.In factsuchanodeis alwaysimpliedif it is notgivenexplicitly. CRESSalsosupportghe
CHISEL notion of a NoEvent nodethat performsno action. It is occasionallyusefulwherem
nodeshave to be connectedo n nodes.Insteadof m % n arrons betweerall pairs,they canbe
connectedria anintermediateNoEvent node.

2.2 AdvancedCREsSDiagramConcepts

Featuresare generallyregardedas modifying a basetelepholy servicein someway, though
they mayalsobefree-standingFor IN-lik e featuresandthoseappearingn [4], thedescriptions
aregivenasthechangeso POTS. A featurediagramshonvshow anotherdiagramis changedy
addition,deletionandmaodificationof nodegandguards).Featuresnaymodify arootdiagram
or anotherfeaturediagram. Figure 2 shavs the featureCND (Calling NumberDelivery). For
anumberof featuressuchasthis, the CREssdiagramsaresimplerthanthe onesin [4].

A CREss (or CHISEL) featurediagramis modularin the sensethat it definesa feature
separatelyLik e any moduleit hasinterfaces- the elementf theroot diagramthatit links to.
However afeaturedoesnot exhibit a strongsemantianodularity Althougha featurediagram
canbeconsidere@nits own, it needgo beseerin thecontext of therootdiagramandis thusnot
completelyindependentSimilarly, featuresn the IN areinvoked at variouspointsin call and
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returnto otherpointsof thecall. Fromanobject-orientediewpoint,afeaturespecialisesbase
descriptionby ‘inheriting’ behaiour andmodifyingit. Theremaybeabehaioural subtyping
relationshipfor somefeaturecombinations(e.g. POTS+TCS< POT'S) and not others(e.g.
POTS & POTS+CFU).Despiteattemptdik e [8], thereis little realopportunityfor true object
orientationin typical telecommsservices.

Thefirst nodein a featurediagramis termeda sourcenode;it locatesthe diagramnode
thatis aboutto be changedin figure 2, POTS node3). Thisis followed by nodesthataddto
or replaceothernodesin the original diagram. The nodesof a featurediagramarenumbered
independentlyjn factthe nodenumberdor a diagramareimplicitly prefixed by the diagram
name.CHISEL doesnot appearto have a notationthatallows a new nodeto be appendedo the
first nodeof arootdiagram.Cressallows additionto aninitial nodesuchasStart in POTS.

A featuremay simply addnew nodesnot presenin the original diagram.Thearcsleading
to thesenodesmay have guardsthatareadditionalto the original. A featuremayalsoreplace
nodesof the original diagram. In this case,a sourcenodeis followed by a swap node: a
descendarnf the sourcenodethatis to bereplaced.n figure2, node4 of POT'Sis completely
replacedoy node2 of CND. Sincethe original arcbetweemodes3 and4 of POT'Sis guarded
by Idle B, thefeaturediagramis similarly guarded.Thestaticsemantic®f CRESSrequireghat
thisarcin thefeaturediagramcorrespondsxactly to thatof the original.

A featurediagrammay containleaf nodesasin aroot diagram.Most commonly afeature
diagramcontinueswith other nodesin the original diagram;thesedestinationdgn a feature
diagramarecalledsink nodes.In figure2, node2 is followedby sinknodess and13 of POTS.
Theeffect of afeaturediagramis thereforeto splicea new graphinto theoriginal. In doingso
it mayaugmentalteror deletepartsof the original.

CHISEL diagramsshav source ,swap andsink nodeswith completebindingsof all feature
parameterse.g.POTSA<—A B<—B 3. As studyof [4] will shav, a greatmary sourceswap
andsink nodescontainuninterestingoindingslik e this. To simplify diagrams,CRessallows
identity bindingsto beomitted;indeedit suppressethemif they aregiven. Theexampleabove
is thereforesimplified to POTS3. A diagramwith loops may have sink nodesin the same
diagram.Thediagramnamein asink nodecanbe omitted,meaninghe currentdiagram.Thus
‘2’ would meannode2 in figure 2 asa destination.

For sink nodes,the CRESSInterpretationof bindingsis asexpected: make the parameter
substitutionson moving to the new destination.For sourceandswap nodes,CRESSIinterprets
thebindingsbadkwards. ThusA<-X means A correspondso X in thefeaturediagram’.If the
bindingwereinterpretedas‘substituteX for A’, it would alterall usesof A in therootdiagram.
This would interferewith otherfeatureamodifying theroot diagram.Insteada sourceor swap
bindingmodifiesthe featuie diagram allowing a numberof featuredo be combined.

Like CHISEL, CREssallowsrootdiagramsor featurediagramgo besplit intopiecegtypically
to give page-sizeahunksof description).Theintra-diagranconnectorsarecalledarraons (to)
andtargets(from) in CRESS By corventionsuchconnectorsarelabelledalphabetically(e.g.
TWCD), thusdistinguishingthemfrom the numericlabelsusedin ordinarynodes. Although
arrovs/tagetsaresimilar to sinks/sourceghey maynot give parametebindings. Tamgetsmay
alsobequalifiedby a guardthatcontrolstheir applicability (e.g.seethe ReturnCall featurein
[4]). Arrows/tagetsconnechodesstrictly within thesamediagram.As mightbeexpectedthe
diagramnameis normally omittedfor anarrow or target(e.g.asimplereferencdik e D).

Loopsin a diagramcan be dravn explicitly. They can also arise throughuse of sink
andarrov nodes. Figure 3 shovs TESTR(TestRepeats)- a fairly pathologicaldiagramwith
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comple directandindirectloops. The numbersn boxesare not part of the CRESsnotation;
they areusedlaterto explain codegeneration. TESTRmakesno sensan telephory terms,and
is givenhereonly asanindicationof diagramcompleity. In factit is partof the CRESStool
regressiortestsuite. Its translationto SDL andLoTosappearsn sectionst and5.

2.3 RelationshippetweerCRESsand CHISEL

CRESsis a supersebf CHISEL, soary CHISEL diagram(subjectto disambiguatiorof syntax)
canbe processedy the CResstools. However CREssoffers a numberof simplificationsand
moretightly definedrules. Thegrammarof CREssdiagramshasin factbeenformulatedusing
themetasyntaxisedfor SDL diagramg6]. A list of thedifferencedbetweerCHISEL andCRESS
is available from the author Most of the syntacticand static semanticconstraintson CRESS
diagramsarefairly obvious,but anumberof non-trivial grammarulesarealsoenforced.

Theauthorhasre-dravn diagramdgrom [4], takingadvantageof theimprovement®fferedby
CRrREss The Cressdiagramsarenotidenticalto thoseof [4], partly dueto the simplifications
but more importantly becauseautomatedanalysisfound a numberof technicalerrorsin the
original CHISEL diagrams.Someof theseerrorsaresimple (but easilymissed)mistakes. The
more seriouserrorsconcernthe logic of the features. It seemghat the diagramsof [4] have
only beenhand-dravn andnot checledwith toolslik e thoseaboutto be described.

3 Tool Support for CRESS
3.1 ToolsetArchitecture

As agraphicalnotation,CrREsSsis justadraving aid andhasno formal semanticsHoweverthe
interpretationof CREsscorrespond€loselyto anLTS (LabelledTransitionSystem). Rather
thanre-inventthe wheelby definingsemanticaisingan LTS andbuilding toolsto supportthis,
it is preferableto give the semanticgshroughanexisting LTS language Both SDL andLoTOS
(atleastin their bareforms) have LTS semanticandrich tools. Sincethe basicsof CRESSsare
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rathersimple,therecanbe confidencehatits denotationsn SDL andLoTos arecompatible.
Denotationsn other(operationalconstructve) formal languagesvould alsobe possible.

CRESsis supportedby a setof tools for parsing,checkingandtranslatingdiagrams. The
overalltool architecturas illustratedin figure 4. The symbolsshavn doubledindicatewhere
anumberof instancesnayoccur Thediagrameditorandtargetlanguagdoolsareexternalto
CRrREssandnot partof its toolset.

Themaintoolswork from thecommandine, andcanberunthisway by theuser However
they arenormallyinvokedautomatically Thedesignecreates setof diagramsusingwhateser
graphicaleditor is corvenient. The target languagetools are then invoked for one of the
framework specifications.The framework is fixed andindependenof theindividual features,
but is specificto the target language. Most target languagesupportpreprocessingf their
input. The CRESSpreprocessoexpandsthe framewvork specificatiorandgeneratesodefrom
the nameddiagrams.Theseareincorporatednto the final realisationthatis thenanalysecdbr
run asa prototype.As indicatedby the grey rectanglen figure4, theuserseesonly the CRESS
diagramsandthe resultinganalysisor simulation. A simpleinvocationof the targetlanguage
tools(e.g.abuttonclick in TelelogicSDT) carriesout the translationandanalysis.The useof
ary particulartagetlanguages thuslargely invisible to the user

Any reasonabldiagrameditorcanbeused.Theauthorused.ighthouseDesigns Diagram!
thatrunson five differentplatforms. Diagram! is ideal for draving CRESsdiagramsandcan
be tailoredfor the applicationdomain. For example,the authorhascreateda paletteof the
symbolsusedin CRESsdiagrams.It is thena simplematterto dragthe selectedsymbolonthe
drawing area. Diagram! alsosupportghe notion of arcsdirectly connectingsymbols(unlike
a numberof diagrameditorswheresymbolsand arcsare separatelydravn). The file format
usedby Diagram! is alreadyreadily parsed.From preliminaryinvestigationsit appearshata
numberof otherdiagramformatsaresuitablefor CREss(e.g.Adobelllustrator, FrameMaler
MIF, andxfig). Many diagrameditorscanproduceoutputin well-knowvn formats. CRESSIis
thusnot dependenbn a particulardiagrameditor. However a differentversionof the CRESS
lexer (lexical analyser)is neededfor eachdiagramformat. Fortunatelythe lexer is a fairly
straightforvardandsmallpartof thetoolset. Much of the codefor Diagram! couldbere-used.

Thereis alsofreedomin the choiceof tamget language. Sincethe authoris interestedn
formalanalysisSDL andLoTosarealternatve targets. SDL is theindustry-standarthnguage
in telecommsand an obvious choice. The SDL codegeneratedrom CRESSis compactand
human-readablendsomayevenbeof usein productdevelopnent. LoTtosoffersbetteranalytic
capabilities andis the preferredchoicefor verification. Translationto corventionallanguages
like C(++) or Java shouldalsobe quite feasible. SDL is sufficiently closeto a programming
languagethat its codegeneratoiprovidesevidenceof this claim. Note thatthe currenttarget



languagesupportedy CREsSscomplementhe capabilitiesof CHISEL andSculptor

In developingtool supporfor CRESS theauthorhasspecificallyjhadopennesandportability
in mind. Thefreedomto choosediagrameditorandtargetlanguagearetwo factors.Thetools
have beenwritten usingPerl (Version5) andwill thusrun on all major platforms. The code
hasbeendocumentedn greatdetail, helpingothersto useit andto make adaptationgor other
diagramformatsandtargetlanguages.

Sincethe CRESstoolsessentiallyperformthetaskof acompiler(indeedthey arestructured
as a normal compiler would be), it might have beenexpectedthat a corventional lex/yacc
approachwould have beenused. In fact, this would have supportedbnly the basicparsingof
CrEssdiagrams(about15% of the total codein the toolset). The remainderwould have to
have beenwrittenin C (or possiblyC++). TranslatingCRESSrequiresvery substantiahmounts
of stringhandlingandpattern-matchingor whichthe C(++) librariesprovide limited support.
Perloffers extremelyflexible handlingof data,andis very suitablefor writing the 85% of the
toolsetthatsupportghe complexities of checkingandcodegeneration.

The toolsetcomprisesine modules totalling 4200 non-commentines of ratherintricate
Perl. Thesizesof the key tools areof interest: lexer 289 lines, parserl266lines, SDL code
generatorl043lines, LoTos codegenerato®36lines. Thelexeris relatively small (andlarge
amountsof the codecanbere-usedor otherdiagramformats). The SDL codegeneratois a
little largerthanthatfor Lotos. However, it will be seenthat SDL codegeneratioris much
moredifficult thanfor LoTos.

3.2 Tool Operation

The CRESS preprocessoexpandsa framewvork specificationas describedater for SDL and
Lotos. Thepreprocessatranslatestatementsf theform Cress(...)into thetargetlanguage.
Thesestatementsre macrocalls that namethe CRESselementso be imported. In factthe
Cressmacrois usedexactly twice in a targetlanguagdramework: to incorporatesupporting
definitions(mainly types),andto incorporatecodefor the nameddiagrams.The preprocessor
automaticallycallsthelexer, parserandcodegeneratoffor thetamgetlanguage).

The Cresslexer identifiesnodesandarcsin a diagramandbuilds a directedgraph. This
Is not aseasyasit might seemsincethe nodesandarcsmayappeaiin ary orderin adiagram
file. Thepossibility of cycleswithin the graphalsocomplicateghe procedure.Thelexer first
extractsall thearcsfrom thefile, andconstructsa graphof emptynodesusingthe adjacenyg of
arcendpoints.Thenthelexerfills in the contentof nodesandguardsfrom the diagramfile.

The CRessparsertakesthe graphreadby the lexer and parsesall nodes. The graphis
checledfor syntacticandstaticsemanticorrectnessThereareanastonishingqiumberof ways
to make mistakesin diagrams.The CReSsstools detect70 error conditions,andmake a further
30 sanitychecks. A corventionalparserbuilds an abstractsyntaxtree, but the CRESsparser
buildsanabstracsyntaxgraph Systemati¢ransformationsireperformedasthegraphis built:

e Thesyntaxinheritedfrom CHISEL is alittle incorvenient.Signalnamesandexpressions
are thereforenormalised. For example, signal Off-hook doesnot conform to usual
identifier rules and is changedto OffHook Parameterdisted after a signal nameor
indexed variable are placedin parenthesesg.g. LogEnd A B Time is transformedto
LogEnd(A,B,ime) Guardexpressionsarealsonormalised.

< Parallelinputsor outputs(‘|||") aresplitinto separateignals.Signalsandsignalassign-
mentsarealsoseparated.



< Arrow nodesarematchedo tagetnodesandthetwo aremerged. Sinknodesn afeature
diagramarematchedwith the correspondingriginals.

e Sourceandswap nodesin a featurediagramare matchedwith the originalssothatthe
featurediagramcanbe splicedin.

« NoEvent nodesare eliminatedby insertingdirect links betweenthe indirectly linked
nodes.Elseguardsareplacedat theendof guardlists soasto simplify codegeneration.
Severalinputsafteranodearesortedby signalnameto simplify (SDL) codegeneration.

Theendresultis asingle,possiblycyclic, graphfor therootdiagrammergedwith its feature
diagrams. The graphcontainsonly input, guard,outputand sink nodes. The sink nodesare
retainedbecauseheir bindingsareneededluring codegeneration Finally thewhole graphis
checledfor staticcorrectness.

Oneof the CREsscodegeneratorsiow traverseshe graphandproducesodefromit. The
graphis traverseddepth-firstbut becausét maybe cyclic eachnodeis markedasit is visited.
If a nodeis revisited, the codegeneratormay ignoreit or generatecodefor it; the latteris
necessarin somecasesHoweverthedescendantsf arevisitednodearenotfurthertraversed.
The codegeneratorsupportcommonoptions:

Genente Comments:For humanreadersthe codegeneratorganautomaticallyannotateheir
outputwith commentghatexplain how the coderelatesto the CREssdiagram.

InterleaveSignals: CRessallows parallelinputsand outputs. This doesnot greatlyenhance
the expressve power of CRESS althoughit simplifiesthe diagrams.By defaultthe code
generatorserialiseary parallelinputsor outputs. This makesthe codemuch simpler
andreducegshe statespaceequiredfor verification. If required thecodegeneratorgan
generateodethatinterleavesinputsor outputs.

RepeaBehaviour: By default, behaiour terminatesat a leaf node; the correspondingcall
instancedies. If preferredthewholebehaiour canberestartedafteraleafnode.
SwaplLabels: A swap nodeis usuallyhandledby preservingthe label of the original thatis
replaced.For example figure2 causesheoriginalnodeto staylabelledasPOTS4. This
makesit possiblefor several featuresto addto a nodein the root diagram. However
this can be problematicif the featuresmodify the root diagramin inconsistentways.
The codegeneratorsanthereforebe asked to usethe label of the replacingnode. In
figure2, for example thisis CND 2. A featuremodifying POT S4 afterinclusionof CND
would thushaveto referto CND 2. This deliberatelyforcesthedesigneto recognisdéhe
interdependencof featuresensuringhey arecombinedn astaticallyconsistentmanner

Tablel shavsthesizeof codegeneratedn additionto POT Sfor asamplingof thefeatures
found in [4]; INCF is IN Call Forwarding. Ottava University’s contestsubmission[3] is
directly comparableandalsoappearsn thetable. SinceSDL andLoTos areratherdifferent
languagesa comparisonin termsof lines of codeis not necessarilyobvious. However as
the layout corventionsillustratedin figures6 and 7 shaw, the comparisoris reasonablyfair.
Exceptfor datatypes(for which Lotos is moreverbose)the CRESSLOTOS specificationsare
alittle smallerthanthantheir CRESSSDL counterpartsThe CRESSLOTOS specificationglso
have fewer declarations. The numerousstatesandjoins in SDL leadto spaghetti-lile code.
Subjectvely, the LoTos specificationsrerathereasierto read.

The comparisorof CRESsgenerated.otos andthe Ottava hand-generatedoToS is in-
teresting. The layout corventionsare similar in both cases.The Ottava codeis significantly
longer with more processes.The CRESs code (with automaticallygenerateccomments)is



CFBL CND INCF POTS TWC
Code]| Decs| Code| Decs| Code| Decs| Code| Decs| Defs| Code| Decs
CRESSSDL 62 4 2 0 9 1 94 71 196] 506 27
CRESsLoOTOS 56 0 2 0 9 0 67 1| 218] 430 17
OttavalLoTtos| 165 6 41 1 165 6 310 12| 964 813 15

Code linesof behaiour code Decs numberof declarationgSDL states] OTOS processes)
Defs linesof definitions(SDL datatypesandsignals,L otos datatypes)

Tablel: SDL andLotos Statisticsfor SampleFeatures

actuallybettercommentedhanthe Ottava code. The moststriking differenceas thatthe POTS

specificatioris muchlengthierin the Ottava approach Thisis because¢he Ottava grouphave

built anumberof featurecallsdirectlyinto POTS, sothis codeshouldreally be countedagainst
thefeatureandnot POT'S. This would make the Ottava featurespecification®venlongerthan
shonvn. The Ottava approachs alsolessmodularin thatanintegratedPOT S specificatiorhas
beenproduced. For CRESS featurespecificationsare automaticallyintegratedwith POTS as

required Despitethe factthatthe CRESsspecificationsaremachine-translatedhey compare
well with the manuallywritten specificationslevelopedby Ottawva.

4 Supporting CRESswith SDL
4.1 SDL SpecificatiorFrameavork

Thetamgetframeavork for SDL is shovnin figure5. The symbolatthetop left of thisfigureis
anSDL (andCresg macrocall. Whenthe CREsspreprocessaexpandshis, all thedefinitions
neededor the SDL framework areinsertedat this point. As well asdatatypes,Typesexpands
to the signaldefinitionsrequiredfor communicatiorin SDL.

Telephonesubscribergorm the environmentof the system. The Switdh processs the key
elementhatexecutesservicesandfeaturesn acall. Thenotation(0,10)’ meanghatzerocalls
exist initially, anda maximumof ten calls canexist simultaneously The switchinteractswith
the BillingSystenprocesdo log startandendtimesfor calls betweersubscribersThe switch
alsointeractswith the SCPprocesgo handlelN-lik e features.

The StatusManger processrepresentghe distributed control of lines acrossthe whole
network. For example,line busyis handledby this process.Featureselectedoer subscriber
arerecordedby the statusmanageror SCP The statusmanageroutesuserinput signalsto
the appropriateswitch processinstance. This complicationarisesbecausen SDL it is the
senders responsibilityto determinewhich procesdnstancerecevesa signal. The subscriber
is of courseunawareof theinternalnetwork operationandcannotdo this. The statusmanager
usesits knowledgeof line statusto direct usersignalsto the correctswitchinstance.The act
of going off-hook causeghe statusmanageto createa switch procesanstance(if possible).
Subsequergignalsfrom this subscribearesentto the samenstance.The statusmanagealso
noteswhich subscribers dialledin acall, androutessignalsfrom this subscribeto the correct
instance.In featuredike CW andTWC, morethantwo subscribersnay be associateavith a
call. Finally, clearingacall breakgheassociatiorbetweersubscriberandtheswitchinstance.

The statusmanagerbilling systemand SCPprocesse$ave fixed definitionsin the SDL
framework. Theswitchprocesglefinitionsimply callsthe Cressmacroto includethediagrams
to be analysed.e.g. Cress(CFBL,CND,INCFWC) POTS neednot be namedbecauset is
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Cress(Types)

BillingSystem

[(SwitchBill)]

[(SwitchSCP)]

[(StatusSCP)]

[(StatusUser)]
User

Figure5: SDL Framevork Architecture

includedimplicitly. The combinationof featureds up to the designer:eithera singlefeature
plusPOTS, or ary combinatiornof featuresncludingall of them. Theapproachs notrestricted
to analysingust pairsof featuresn combination.

4.2 SDLCodeGenentor

CrEssdiagramsaretranslatedo a plainform of SDL. Althougha seriousattemptwasmadeto
usetheobject-orientedeaturesof SDL 92 (andlater),thesehave subtlerestrictionsanddo not
work properlyfor CRESS Also, commercialSDL tools do not yet supportobjectorientation
fully. For thesereasonsthetranslationusesa simplestatemachinerepresentation.

The SDL codegeneratomwasthefirst onewritten for CRESS It provedto berathertricky,
largely becauseherulesfor inputsin SDL causeémmensecomplications.Inputsin SDL are
passve,asynchronouandseverelyrestrictedn thesyntax. The passve natureof inputsmeans
that a processhasno control over the arrival of signals. This is why the statusmanageihas
to route subscribersignalsto the correctswitch instance. The asynchronougatureof inputs
meangthat they arequeuedandonly handledlater by the process.If aninputis unwantedit
hasto be discardedthe sendeicannotbe preventedfrom sendingsomethingundesirable The
syntaxfor inputsrequireshemto appeaimmediatelyaftera state atthe startof atransition.

The SDL codegeneratothereforehasto definea stateprior to eachinput; the nodelabel
is usedfor the state(e.g.POTS.1for the off-hook input in figure 1). Sincea later partof the
diagrammaybranchto aninput node thetransitionthatfollows aninputis precededy a SDL
label(alsonamedaftertheinputnode).

Any assignmentassociatedavith theinputthenfollow. Featureparametersanbeusedor
assignedlirectly in an SDL task. However, call statusvariableslike line busy needspecial
treatment.Theseareownedby the statusmanageiprocess.To accesshemrequiresthe View
featureof SDL. The SDL syntaxis View(Busy)(B)}o checkthe busystatusof line B. To update
aglobalstatusvariableis morecomplec. Thisrequiresanexplicit signalto the statusmanager
e.g.Update(BusyB, True). Normally thesemechanism$or readingandwriting statusvariables
would be unsafebecausehe variablesshouldbe usedundermutual exclusion. However the
schedulingstrateyy of atypical SDL toolsetcanbe setfor atomicexecutionof transitions.

A further complicationwith input is that SDL doesnot allow the samesignalin several
inputsleadingfrom a state. Unfortunatelythis situationis commonin CrRessdiagrams.The
codegenerators forcedto createoneinput statementandthento checkwhich of theexpected
parametergvasreceved. SupposehateitherA or B maygoon-hook. Thetranslatiorwill have
asinglestatemeninputOnHook(In0). (Thedummyinputparameterarenumberedn_0, In_1,
etc.) Thesubscriberaddressn_0 is thenchecledto seeif it is A; if notit is assumedo be B.
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This shouldbe safesincethe statusnanagewill sendsignalsfrom only A andB to theprocess
instance.For somepurposest is desirableo make anexplicit checkthatinput parametersire
asexpected. This is achiered by selectingthe codegeneratos ParameterChed option. An
incorrectinput parametecausesleadlockor is ignored,dependingon the settingof the code
generatos RepeaBehaviouroption.

A new complicationwith inputsis now evident. Supposéehatalternatve inputsallow A or
B to gooff-hook. Thetwo OffHookinputscouldreferto eitherof thesesubscribersimproperly
dravn CRessdiagramscanthusleadto non-determinism.To combatthis, the codegenerator
performsa dataflow analysissothatit knows which call parametersaredefinedat eachpoint
in theflow graph.The codegeneratouseshis to detectnon-deterministienputsandoutputs.

Branchedo input nodescauseyet anothercomplication. The SDL syntaxforcesthe code
generatoto make a copyof the input statemenat the point the branchoccurs. The codethen
joinsthetransitionassociateavith the original input.

Sink nodesassignnew valuesto featureparameterandthenbranchto the new destination
node. However SDL syntaxrequiresinput statementbefore the sink bindings. In sucha case
the codegeneratordelaysthe bindingsuntil after the input. Fortunatelythe rulesof CRESS
permit this to be done. Due to loopsin the diagram,several nodesmay branchto the same
destination f thisis aninput,auniquestatenameneedgo beused.Sharednputsaretherefore
labelledasdestinationlabel.souce label. As anexample,node8 in figure 3 is enteredfrom
bothnodeO andnode?. Thefirst entrygivesriseto thestateTESTR.8. TESTR.O

Outputsaremuchmorestraightforvard,thoughthe dataflow analysiss usedto make sure
that outputparameterfiave definedvalues. An outputstatements labelled(e.g.POTS.3 so
thata laternodemay branchbackto it. Outputsarefollowedby ary associate@ssignments.

CrEssexpressionsnapverydirectlyto SDL expressionswith justminor syntacticchanges
(e.g.' %’ becomedMod). Only Not In needsexplicit support— aninfix operator//’ thatis
addedto the definition of the PowerSetgeneratar The value Time equatego Now in SDL.
Guardscorrespondo SDL decisions.An Else guardhasanexactcounterpartn SDL. If alist
of guardsdoesnothave anElse oneis suppliedin thegeneratedDL. Howeverthis Elseleads
to deadlocksinceits executionis a seriouserrorin the description(the guardsareincomplete).

As anindicationof thecompleity in generatingDL, thecodefor figure3 startingatnode2
is shawvn in figure 6. The numbersin boxesattachedo nodesof figure 3 indicatethe order
in which symbolsarevisitedduring graphtraversal. Although depth-firstsearchs performed,
nodesmaybedrawn in ary positionin adiagramandsoneednotbevisitedleft-to-right. Since
therearecomplex loops,somesymbolsarevisited severaltimes. The numberfor eachsymbol
visit appearson the right of the codein figure 6. The codewill requirecarefulstudy but the
interestedeademill findit illuminating. Thereis insufficientspacenereto shav thecomments
producedy the codegeneratofwhich would make thereadingeasier).

4.3 AnalysingFeaturesusingSDL

The SDL generatedrom the CREss diagramsmay be simulatedusing a tool like the SDT
Simulator This allows step-by-stepnanualanalysisof the featurebehaiour. However thisis
atediousprocedurdhatrequiresthe userto be familiar with SDL. It is thereforepreferableto
useanautomate@nalysissuchassupportedy theSDT Validator The ExhaustiveExploration
option is the mostpowerful, but tendsto reachinternal SDT limits ratherquickly. Random
Walk andPowerWalk arethereforebetterfor validation. By settingparametersik e the search
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State TESTR.2; 1 State TESTR.8; 4
Input OnHook(B); 1 Input OffHook(A); 4
TESTR.2: 1 TESTR.S8: 4
Output Update(Bus)B,False); 1 Output Update(BusyA,True); 4
DecisionView(Busy)(B); 2 Task B.0:=B, B:=A, A:=B _0; 5
(True): 2 TESTR.O: 6
TESTR.7: 3 Output StartRinging(B,A); 6
Output Disconnect(A,B); 3 Output Update(Bus)B,True); 6
NextStateTESTR.S; 4 Output Update(Ringing,B,A,Tue); 6
(False): 4 NextStateTESTR.8. TESTR.0; 7
EndDecision 4 State TESTR.8.TESTR.0; 7
DecisionNot View(Busy)(B); 17 Input OffHook(A); 7
(True): 17 Join TESTR.8; 7
Join TESTR.O; 18 Input Dial(A,B); 8
(False): 17 TESTR.3: 9
EndDecision 17 NextStateTESTR.3.TESTR.3; 10
DecisionView(Busy)(A); 19 State TESTR.3.TESTR.3; 10
(True): 19 Input Dial(A,B); 10
TESTR.4: 20 Task B:=A,; 9
Output LineBusyTone(A); 20 Join TESTR.3; 9
NextStateTESTR.3.TESTR.4; 22 Input OnHook(In0); 11
(False): 19 DecisionIn_0=B; 11
EndDecision 19 (True): 11
DecisionNot View(Busy)(A); 23 Task A:=B; 11
(True): 23 Join POTS.9; 11
NextStateTESTR.2.TESTR.2; 24 (False): 12
(False): 23 TESTR.5: 13
Stop; 23 Output Update(BusyA,False); 13
EndDecision 23 NextStateTESTR.3.TESTR.5; 14
StateTESTR.2.TESTR.Z2; 24 EndDecision 15
Input OnHook(B); 24 State TESTR.3.TESTR.5; 15
Join TESTR.2; 24 Input Dial(A,B); 15
State TESTR.3.TESTR.4; 21 Task B:=A; 14
Input Dial(A,B); 21 Join TESTR.3; 15
Join TESTR.3; 21 Input OnHook(B); 16
Input OnHook(A); 22 Join TESTR.2; 16
Join TESTR.5; 22

Figure6: SDL generatedor Part of Figure3

depthandcheckingthe percentagef symbolcoverage substantially(or completely)the same
effect canbe achiezedasexhaustve exploration.

Whatemegesfrom validationis alist of errorreportsandanMSC describinghevalidation
undertalen. Error reportsdealwith situationdik e deadlocksimplicitly consumednputs,and
inputqueuegrowing without bound. They all indicateproblemswith afeatures description.

A singlefeaturecan be evaluatedwith POTS, whetherthroughsimulationor validation.
TheresultingMSC characterisesow the featurebehaes. This proceduras repeatedor each
feature. Now all the featurescanbe combinedat once. The MSC for eachindividual feature
is usedto validatethe compositebehaiour. If thereis no interaction,the featurewill behae
exactly asbefore. If thereis interaction,the validationwill fail (generallythroughdeadlock).
The validatorerrorreportsgive a traceof the signalsleadingup to failure. It is thenup to the
designeto resol\e theinteractionby changinghedescriptionof one(or more)features As an
alternatve, a numberof the techniqueslevelopedfor LoTos [3] canalsobe appliedto SDL.
For exampleobsenrers,watchdogsandanalysisof traceshave directcounterpartsn SDL.
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SinceSDL is closeto a programminganguage SDL tools generatecodein corventional
languagedike C. In principle, this code could be embeddedlirectly in a switch. Several
companiesusecompiledSDL in just this way, so CRessoffers an interestingalternatve for
generatingdeaturecode.

5 Supporting CRESswith LoTOS
5.1 LoTtosSpecificatiorFramevork

The Lotos framewvork resembleghat for SDL, exceptthat subscribersnteractdirectly with
the switch becaus&ommunicatiorin LOTOS is synchronousA switchinstancesynchronises
only with the subscribersn a call. The switch processcommunicate®n gateUser with the
subscribersBill with the billing system Statwith the statusmanagerand Scpwith the SCP
The CrRESs preprocessoautomaticallydetectswhich code generatorto use— here LOTOS.
Cress(Vpes)definesthe requireddatatypes. Cress(CFBL,CND,INCFWC)instantiateghe
top-level switchprocessfollowedby its definitionfor thesediagrams.The*-n 10 parameteis
anexampleof acodegeneratooption,herethe maximumnumberof switch processnstances.

SpecificationNetwork [User]: NoEXxit
Cress(Vpes)
Behaviour
Hide Bill,Stat,Scpln
( (StatusManagdiStat] [[Stai] SCP[Scp,Stat]) ||| BillingSystem[Bill])

Il
Cress{-n 10,CFBL,CND,INCFTWC)
ProcessBillingSystem[Bill] : NoEXxit = ...
ProcessStatusManag€giStat] : NoExit = ...
ProcessSCP[Scp,Stat] NoExit = ...
EndSpec

5.2 LortosCodeGenentor

For comparisonof LOTOS codegenerationwith SDL, the translationof figure 3 startingat
node2 is shown in figure 7. The LoTos codegenerators structurallysimilar to thatfor SDL,
but is significantlysimpler This is largely becausenputs are completelystraightforvard in
LoTtos. In fact,Lotos doesnot distinguishbetweennput andoutputat all; theuseof ‘?’ for
inputand‘?’ for outputis essentiallycorventional. The codegeneratotranslate <CRESSIinputs
andoutputsto Lotosin exactly thesameway. Theonly slight differenceis that CRESSoutput
parameterarechecledto have definedvaluesusingthe dataflow analysis.Node1 of figure 1
is translatedo User !OffHook ?A:AddressbecauseA is known to be undefinedat this point.
Howevernode2 is translatedo User!DialTone!A asA is now defined.

Assignmentsassociatedvith input or outputare translatedafter the correspondingvent.
Featureparametersan be useddirectly, and are updatedin a Let statement.Use of a call
statusvariablelike BusyB requiresa prior eventlike Stat!'Read!Busy !B ?BusyB:Boolthat
synchronisesvith the statusmanager Translatingan expressionis thereforeslightly tricky,
becauseall suchvariablesneedto be readbeforethe codefor the expressionis generated.
Updating a call statusvariable also requiressynchronisationwith the statusmanager e.g.
Stat!Write !AudibleRinging/A !B !True.

CRESs expressionsmap fairly directly to LOTOS expressionswith just minor syntactic
changege.g.'<=" becomedt). SinceLotosdoesnothaveanif constructfhetranslatiorcallsa
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ProcessTESTR 2 [Bill, SCP,Stat,User] 1 ProcessTESTRO [Bill, SCP,Stat,User] 6
(A,B:Address). NoExit = 1 (A,B:Address). NoExit = 6
User!lOnHook ?B:Address; 1 User!StartRinging!B !A; 6
Stat!Write IBusy IB False; 1 Stat!Write 1Busy !B !True; 6
Stat!'Read!Busy !B ?BusyB:Bool; 2 Stat!Write IRinging !B 'A True; 6
Stat!Read!Busy!A ?BusyA:Bool; 19 ( 7

( 2 TESTR 8 [Bill, SCP,Stat,User[A,B) 7
[BusyB] = 2 I 8
User!DisconnectA !B; 3 TESTR 3[Bill,SCP,Stat,User|A,B) 8
TESTR 8 [Bill, SCP,Stat,User[A,B) 4 ) 8

I 17 EndProc 8
[Not (BusyB)|—= 17 ProcessTESTR 3 [Bill, SCP,Stat,User] 8
TESTRO [Bill, SCP,Stat,User]A,B) 6 (A,B:Address): NoExit = 8

I 19 User!Dial 'A !B; 8
[BusyA] = 19 ( 9
UserlLineBusyTone!A; 20 TESTR 3[Bill,SCP,Stat,User[A,A) 9

( 21 11
TESTR 3 [Bill,SCPStat,User|A,B) 21 POTS. 9 [Bill, SCP,Stat,User]B,B) 11

Il 22 I 12
TESTR.5[Bill, SCP,Stat,User[A,B) 22 TESTR. 5 [Bill, SCP,Stat,User[A,B) 12

) 22 ) 12

I 23 EndProc 12
[Not (BusyA)]= 23 ProcessTESTR 5 [Bill, SCP,Stat,User] 13
TESTR 2 [Bill,SCP,Stat,User[A,B) 24 (A,B:Address): NoExit = 13

) 24 User!lOnHook!A; 13
EndProc 24 Stat!Write IBusy A !False; 13
ProcessTESTR 8 [Bill, SCP,Stat,User] 4 ( 14
(A,B:Address). NoExit = 4 TESTR 3[Bill,SCP,Stat,User[A,A) 14
User!OffHook !A; 4 I 16
Stat!Write IBusy A !True; 4 TESTR 2 [Bill,SCP,Stat,User|A,B) 16
TESTRO [BIll,SCP,Stat,User]B,A) 5 ) 16
EndProc 5 EndProc 16

Figure7: Lotosgeneratedor Partof Figure3

specification-definedperation for exampleConditional(Time Lt 0900,CheapRatBeakRate)
If the value Time appeardn an expression,it is first readfrom the statusmanagers clock:
Stat!'Read!Clock ?Time:Time CRESsSguardsequatedirectly to LoTos guards. The code
generatorscansall guardsin the list following a node, first readingall the statusvariables
neededandthentranslatinghe guards.

The main complicationin the LoTos translationariseswhere several nodeslead to the
samesharechode. Thisrequiresaprocesshatstartsatthe sharechode.All suchprocesseare
parameteriselly thestandardyateqBill, Scp Stat Usern andthefeatureparametersProcesses
are namedafter the nodelabel (e.g.POTS 1 for nodel in figure 1). Whena sharednodeis
enteredwhetherdirectly or via asink node theLoTtostranslations a call of thecorresponding
processin thecaseof asink node,thebindingis usedto definethe call parameters.

5.3 AnalysingFeaturesusingLOTOS

Featuresare simulatedand analysedmuch as for SDL. LOLA (LOTOS Laboratory)is very
cornvenientfor this. Step-by-stesimulationis possiblebut tedious. Insteadthe VarExpand
functionof LOLA is usedto explore eachfeatures behaiour to a certaindepth. This createsa
testprocesghatcanbeusedwith LoLA’s TextExpandfunctionto checkif thefeaturebehaes
the sameway whencombinedwith a numberof otherfeatures.
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In factit is hardly necessaryo develop new techniquedor detectingfeatureinteractions
usingLoTos. [3] describesechniqueshatcanbeuseddirectlywith LoTtosgeneratethy CRESS
Theonly differences thatin theauthors casethe LoTosis generatecdutomaticallyinsteadof
beinghand-written.This ensureghatthe LoTtosreflectsthe CREssdescriptiondaithfully, and
simplifiesmaintenancandextensionof thedescriptions.

6 Conclusion

As hasbeendescribedCrEsshassignificantlytightenedup andextendedCHISEL asarigorous
notationfor describingservicesandfeatures.Theavailability of toolsto checkCressdiagrams
for static correctnesss an importantgain. The open, multi-platform natureof thesetools
makesof themof potentialwidespreadralue. The authorintendsto distribute thetoolsfreely
to otherorganisationgor researchpurposesBy doingso, it is hopedthat CHISEL (in its CRESS
extension)canbecomea sharechotationwithin thecommunityfor describingeatures.Efforts
towardsfeatureinteractionhave beendiluted aseachresearchehasneededo developfeature
descriptiondrom scratch. It is hopedthatotherswill be helpedby the CRessfeaturelibrary,
toolsfor creatingandcheckingnew featuresandcodegeneratoror producingotherlanguages.
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