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Abstract. TimedCommunicatingbjectZ (TCOZ)combinebject-Zsstrengths
in modellingcomplex dataandstatewith TCSPS strengthsn modelingreal-time
concurreng. Basedon our previous work on the XML ervironmentfor TCOZ,
this paper rstly demonstratethe developmentof a type checler for detecting
staticsemantirrorsof the TCOZ speci cation,thenillustratesatransformation
tool to automaticallyproject TCOZ modelsinto UML statechardiagramsfor
visualisingthe dynamicsystembehaiour.
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1 Intr oduction

Themainstimulusfor theinceptionof formalspeci cationtechniquessto preciselyde-
scribesoftwareandsystenrequirementsothattools canbeappliedto performcheck-
ing andanalysison the formal requiremenmodels.Variousformal notationsareoften
combinedfor modellinglarge and complex systemswhich may have intricate system
statesandcomplex concurrentindreal-timebehaior. Timed CommunicatingdbjectZ
(TCO2Z) [8] builds on the strengthof Object-Z[4, 12] in modelingcomple dataand
statewith the strengthsof TCSP[10] in modelingprocessontrolandreal-timeinter-
actions.Our previous works on ZML (Z [15] family on the Web throughXML) [14,
13] have beenfocusingon displayingformal speci cationson the web and projecting
TCOZ modelsto UML classdiagrams.This paperreportson the developmentsof a
typecheckingandUML statecharvisualizationtoolsfor TCOZ.
Therehave beenprevious works on type checkingZ and Object-Z.For example,Wiz-
ard [5] is a IATpX-basedtype checler for Object-Z. Our type checkingtool aimsto
checkTCOZ (includingZ andObject-Z)speci cationswith XML asaninputformat.
UML canbe usedfor visualizing formal speci cation models.For the purposeof vi-
sualizingthe static propertiesof TCOZ speci cation,we have previously developeda
transformatiortool from TCOZ to UML classdiagram[13]. The secondpart of this
paperaimsto developthetechniquesndtoolsfor visualizingTCOZ behaiour speci-
cations (mainly TCSP)by transformingT COZ modelsinto UML statechartiiagrams.
Brooke andPaige[3] have recentlydevelopeda tool-supportedyraphicalnotationfor
TCSP The differencebetweenBrooke and Paige's approachand oursis that we use
existing graphicalnotationsinsteadof creatingnew ones.



The remainderof the paperis organizedas follows. Section2 brie y introducesthe
technicabackgroundthe TCOZ notationandXML/XMI. Section3 providestheover-
all designof the type checler and outlinestype hierarcly andtyping rules. Section4
developstheproperprojectionrulesfor transformingTCOZ modelsto UML statecharts
andillustratesthe developmenif theautomatigorojectiontoolsusingJAVA. Sections
presentsa casestudyof theproject,shaving theworking andoutputof thetypechecler
andvisualizationin UML statechartliagrams Section6 concludeghe paperandcom-
mentson possiblefuturework directions.

2 TechnicalBackground

2.1 TCOzZ

TimedCommunicatingobjectZ (TCOZ) buildsonthestrengthof Object-ZandTCSP
Thesyntacticstructureof TCOZ is similar to Object-Z.A TCOZ documentonsistof
a sequencef de nitions, including type andconstantde nitions in the usualZ style.
TCOZ variesfrom Object-Zin the structureof classde nitions, which may include
CSPchannelandprocesdgle nitions.
In the remainderof this subsectionsomeimportantfeaturesof TCOZ arebrie 'y in-
troduced A detailedintroductioncanbe foundelsavhere[8]. The formal semanticof
TCOZis alsodocumentedh [6].
Active Object
In TCOZ, active objectshave their own threadof control, while passive objectsare
controlledby otherobjectsin a system.An identi er MAIN is usedto representhe
behaior of active objectsof a given class.The MAIN operationis optionalin a class
de nition. It only appearsn aclassde nition whenthe objectsof thatclassareactive
objects.
Interface: Channels,sensorsand actuators
Channelis oneof the mostimportantconceptin CSPandit is givenanindependent,
rst classrole in TCOZ. The classstate-schemaornvention (mechanismin Object-Z)
is extendedto allow the declaratiorof communicatiorchannelslif c is to beusedasa
communicatiorchanneby ary of the operation®f a class thenit mustbedeclaredn
the stateschemao bethetypeof chan, for examplein outin theabove example.One
thing specialaboutchanneis thatchannelaretypeheterogeneousndmaycarrycom-
municationsof ary type.Contraryto the corventionsadoptedor internalstateentities,
channelsareviewedassharedatherthanasencapsulatedntities,thatis, channelsare
commonlyusedto carryinformationbetweenl COZ classes.
Complementaryto the synchronizingCSP channelmechanismTCOZ also adoptsa
non-synchronizingharedrariablemechanisnfi7]. A declaratiorof theforms X sensor
providesa channel-lile interfacefor usingthe sharedvariables asaninput. A decla-
ration of theform s X actuatorprovidesa local-variable-like interfacefor usingthe
sharedvariables asanoutput.
Network Topology
The syntacticstructureof the CSPsynchronizatioroperatoris corvenientonly in the
caseof pipe-linelike communicatiortopologies Expressingnorecomple« communi-
cationtopologieggenerallyresultsin unacceptablgomplicatedexpressionsin TCOZ,



a graph-basedpproachis adoptedto representhe network topology For example,
considerthat processeé and B communicateprivately throughthe interfaceab, pro-
cesse#\ andC communicaterivatelythroughtheinterfaceac, andprocesse® andC
communicaterivatelythroughtheinterfacebc.

This network topologyof A, B andC maybedescribedy

AabBBbcCCcaA

2.2 XML and XMI

Our previouswork [14] hasusedXML andXML schemao de ne astandardxchange
format for Z-family languageqZ, Object-Zand TCOZ). An XML Schemale was
createdfor describingthe structureof the Z-family languagesn XML. It de nesthe
contentsof all elementsthe orderand cardinality of sub-elementsand datatypesof
someof theelements.

XMI (XML Metadatanterchange)s anindustrystandardor storingandsharingob-
ject programminganddesigninformation,allowing developersof distributed systems
to shareobjectmodelsand othermetadataover the Internet. Threekey industry stan-
dards XML (eXtensibleMarkupLanguage)UML (Uni ed Modelling Languagepnd
MOF (Meta ObjectFacility), areintegratedin XMI. XMI marriesthe OMG andW3C
metadataeand modellingtechnologieqg1]. RationalRose2001from OMG which sup-
portsXMI cangeneratéJML diagramonceit importsXMI documentsandit canalso
export XMI documentdor ary existing UML diagramsaswell. Thisis very usefulfor
our work sincewe only needto generatehe properXMI from a TCOZ speci cation
in XML format. The syntaxde nition of XMI for UML is speci edin XMl 1.1 RTF
UML DTD [1]. ThisDTD le de nesall entitiesandXMI syntaxsignaturegor UML.
An XMl le validatedby UML.DTD versionl.3hasthefollowing structure:

<?xml version = '1.0' encoding = '1SO-8859-1' ?>
<XMI xmi.version="1.1' xmins:UML="//org.omg/UML/1.3">
<XMl.header> ... </XMl.header>
<XMl.content>
<UML.Model>
<UML.StateMachine> ... </UML.StateMachine>
</UML.Model>
<UML:Diagram> ... </UML:Diagram>
</XMl.content\>
</XMI>

XMI headercontainsgeneralinformationlike the UML.DTD version.UML StateMa-
chineis the mostimportantpart of UML content which containsinformation about
StatechartUML Diagramis usedto displaythe UML diagramslt containghe exact
positionof every displayableunitin the UML diagram.



3 Typechecker designand typing rules

3.1 High-Level Design

In orderto parse¢he TCOZlanguage#n XML format,we needto parsetheentireXML
le. A compilerapproachwastaken.A handcrafted front endof a completecompiler
waswritten, which includesmoduledik e the scannerthe symboltable,the expression
parserthe predicateparserandothermiscellaneousitility modulesThis type checler
hasa handcraftedront endof a compiler A top-davn, or recursve descentipproach
is takenfor two reasonsThe rst reasonis thatbothDOM and SAX parsergarsean
XML le fromtherootelementwhichisthetopelementdown to thebottomelements.
The otherreasonis simplicity; the recursve descentapproachs easierto understand
andto build. Theclassdiagramof the projectis illustratedin Figurel.
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Fig. 1. ClassDiagramof the Project

The two major functionalitiesof the type checler are to checksyntaxerrorsandto
checkstaticsemanticerrorsin the TCOZ speci cationsin XML format. In the normal
casethe programworksasa 2-pasgparserWhena forward declaratioris presentand
recognizedby the type checler, the XML documentwill be parsedagain. At startup,
the programtakesa list of XML les asparameterskor each le, it callsthe Xerces

! Exceptfor the XercesXML Parser no otherparsingpackagesutility functionssuchasLex,
YACC or JavaCCareused.



XML parsetto parseit andlook for syntaxerrors.If thereis ary syntaxerror, theparser
ags it thenskipsthe le. If thereis no syntaxerror, the programparseghe le again,

traversingthroughthestructureto checkfor typeerrors.Uponencounterin@typeerror,

theprogramags it, re-synchronizeiself andcontinuesuntil it nishes parsingall the
les in thelist.

The TCOZtypecheclerhasbeendesignedn awayto supportmodularityandreusabil-
ity. It is organizedinto Java packages.

3.2 Type hierarchy and rules

Figure2 representshe hierarcly of typesde ned in the project.A utility classForm-
Codeis alsoconstructedlt hasa setof constantle nitions, eachwith a uniqueinteger
valueidentifying oneof thetypes.Thehierarcly consistof 10typesandtheirrelation-
shipsasdiscussedbelow.

Fig. 2. ClassHierarcty of thepackagel YPING

Type is the superclassin the hierarcly andall othertypesinherite from Type, such
asEnumType, RecordType, RelationType, andsoon. ClassType de nesaclassasa
typewith inheritances.

Smithhasdevelopedtyperulesfor Object-Zclasse$11]. For example,givenageneric
statede nition of classA X Xn , thestateschemaule canbe de ned asfollows:

d d p



At t, SATE SWTEb d b d b p
At t,

STATE refersto the statede nition of aclass, STATE standsfor the inheritedstate
de nitions from its superclassesandthe proviso g is in theformofq b X

t Xn  tn wheret; is the actualparametesubstitutedo X; throughsubstitution
operator . Othertyperulesfor operationrschemandinheritancecanbefoundin [11].
We extend Smith's work with extra type rules for additional TCOZ constructs.For
example theChannelTypeinheritsType. Variabledeclaredf ChannelType areused
for inter-processcommunicationsThereare threekinds of channelschannel,sensor
andactuatorA simplesynchronizeaommunicatiof{Channel}ypingrulefor ageneric
network topologyde nition of classed\, B andAB, canbede ned asfollows:

A B AB
¢ chan ¢ chan a Ab B
MAIN cX MAIN Cc X MAIN a—b

At tn STATE ¢ chan MAIN c¢cx X
Bt tn STATE c¢ chan
ABt t, SIATE a A b B MAIN a—b

Bt th MAIN cx X

q

The above statesthat if classA and B are communicatingthrough channelc, syn-
chronizationwill be enforcedon the input and outputs,i.e., outputsfrom A through
c will leadto inputsto B. Thetyping rulesfor the asynchronousommunicatior(sen-
sor/actuatorsganbe similarly developed.

RecordType, SetType andSequenceype canhave no namesassociateavith them;in
otherwords,they canbeanorymoustypes.ThespecialscalatypedummyTypeis used
in two ways.Firstly, it is usedto signaltypeerrorswhenparsingpredicatesgxpressions
anddeclarationslf thetypingis correct,boolType boolean(for predicatepr respectie
datatype (for expressioranddeclaration)s returned;or elsedummyType s returned.
Secondlyit is usedasthebasetypefor emptysetsor sequencesinceanemptysetcan
besubsebf asetof ary type.

Now we have nished thediscussioronthedevelopmenbf atypecheclerfor detecting
staticsemantierrorsfor TCOZ speci cationsin XML format.Next wewill discusghe
developmentof an automatictool for transformingTCOZ dynamicbehaiour models
to UML statechartsia XMI.

4 TCOZ to UML StatechartProjection

As arequiremenspeci cation of software systemsTCOZ modelsare preciseandel-
egantbut dif cult to readandinterpretby software engineersithout relevant mathe-
maticalbackgroundin comparisonthe mostpopulargraphicahotation,UML, ismuch



easierto understanéndwidely acceptedy theindustry Our key ideafor usingUML
statecharto visualizeTCOZis:

— Stateof UML Statecharaireidenti ed with TCOZ processegoperationspndthe
statetransitionlinks areidenti ed with TCOZ events/guards.

In TCOZ,behaior of aclasss speci edby theoperationsasprocessedrigure3 shavs
the detailedtransformatiorrulesfrom TCOZ behaiour modelsto UML statecharts.

Fig. 3. UML projectionrules

The projectionrules for automaticallytranslatingTCOZ models(in XML) to UML
Statechartgin XMI) is implementedoy a JAVA application.The following discusses
thealgorithmandimplementatiorsteps.

StepOne: Preparation

At thisstagethe XML le isreadin andparsectlass-by-clasgyperation-by-operation.
A tagnamedprocessepr is associatewvith eachoperationwhichidenti es thecompu-
tationallogic of theoperationTheprocessgpr follows thegrammarnde nedfor TCOZ
operationexpressionsprocessgpr is dividedinto 13 types?. Theactivities preformed
by thepreprocessaare:

2 For detailinformationaboutfully annotatedperationexpressionspleasereferto
http://nt-appn.comp.nus.edu.sg/fm/zml/zml.xsd.



— Build uptheoperationtablefor eachclass.

— Associateeachclasswith its correspondinguperclass.Oneclassmay have more
thanonesuperclassandit mayinvoke operationsie nedin differentsuperclasses.

— Build upthevariabletablefor eachclass.

— For eachoperationjdentify its processepr. Checkwhetherthe operationinvokes
other operationsIf not, mark this operationas a simple operationand generate
the properstring representatiomf this operation.Otherwise,identify the type of
the processepr. For eachtype of processgpr, gatherthe importantinformation
for thattype. For example,if the type is networktopolgy, identify what are the
active objectsandwhatarecommunicatiorchannelsFor processgpr containedn
processgpr, dothe samerecursvely.

StepTwo: Generation

For eachactive object,anew XMl le is createdvith thenecessariieadeinformation.
A top level compositestatenamed op' is addedto the StatemachineAn initial state
(pseudostatey addedto the top-level compositestate. A MAIN operationmatchego
a main statein the Statechartyhich is the rst statebesidegheinitial state.Starting
from the main operation,we syntacticallyanalyzethe processgpr basedon the type
informationandgeneratgroperstatesor eachoperation.

Onechallengehereis thatat somepointwe maynotknow which projectionrulescould
be used.For example,if someotheroperationis invokedby MAIN, shallwe modelthe
calledoperatiorasasimplestateor acompositestate At thispoint,we maynotbeable
to nd outwhetherthecalledoperationwill consequentljnvoke otheroperations.pne
simple solutionis to modelall called operationsascompositestatesand later replace
thoseunnecessargompositestateshy simplestates.

StepThree:Simpli cation

After thea completeStatecharis generatedthe simpli cation processnvolves:

— Remoare unnecessargimple states."Unnecessarsimple states”’meansstatethat
aretemporarilyaddednto the statechart.

— Remoye trivial compositestates:trivial compositestate”meanscompositestates
thathave oneor evenno substates.

StepFour: Layout

At this stage we needto calculatethe exact positionsof all the statestransitionsand
events/guardsn a diagram.The following formulasare usedto calculatethe width
andheightof a compositestate.Given W the width, H the height,M the numberof
simplestatesn thecompositestate N the numberof compositestatesn the composite
state.WSimpleis the default width of ary simple state.HSimpleis the default height
of ary simple state. W W\ arewidth for eachcompositestatein this composite
stateH Hy is the heightfor eachcompositestatein this compositestate.Sis the
default horizontalspacebetweerstatesK is the default vertical spacebetweenstates.



P is thewidth (or height)of any pseudostatandQ is thewidth (or height)of ary nal
State.

W max M WSimple S W W Wi S P Q

H M HSimple K H H Hve N K

Note that the calculationis donein a bottom-upmannersincethe size of the outer
compositestatedependson the size of the inner one. Oncewe know the width and
height, we placesimple statesat thetop ( M simple statesper row) and composite
statesatthe bottom(oneperrow).

5 CaseStudy: Light Control System

In this section,we rstly presenta TCOZ LCS (Light Control System§ model. Then

we usethis modelto testour type checler andtransformatiortool to UML statechart.

TheLCSsystencomposesf RoomConiwller andRoomDe&ices RoomConioller con-

trolsthewholesystemRoomDeicesconsistof lightsandmotiondetectorsTheTCOZ

speci cationfor LCS s givenasfollows. llimination is anabstractype, Percentis de-
ned as Percent

Light

dim Percentactuator on

TurningOn  dim on true
TurningOf  dim on false

TheLight classhastwo operationsTurningOnandTurningOf.

__ContolledLight
Light

button dimmer chan

ButtonPushing button dim TurningOf
dim TurningOn

DimChang n Percent dimmern on dim n
on SKIP

MAIN N  ButtonPushing DimChang N

TheContolledLightis asubclas®f Light. Two extraoperationsrede ned: ButtonPushing
andDimChang. Any occupantanmanuallyturnonor turnoff thelight usingButtonPushing
or the systemwill automaticallyadjustthe illumination using DimChang. For each

3 Lcsis anintelligentembeddedtontrol system.It candetectthe occupationof the building,
thenturn on or turn off thelights automaticallylt is ableto adjustillumination in the building
accordingto the outsidelight level. The full speci cation model canbe found at: http://nt-
appn.comp.nus.edu.sg/fm/zml/xml-web/light.xml



light, a CSPchannelbutton is de ned to capturethe statusof the button. The other
channedimmeris usedto communicatevith the systemcontroller
The RoomContrllercontrolsboth MotionDetector(for detectingary movementin the
room) and ContwolledLightby sendingpropersignalson channelmotionanddimmer
(The MotionDetectorde nition is omitteddueto spacdimitation.)

__RoomContwller

dimmer motion chan
odsensor llluminationsensor
absenT

olight Illumination

[behaviour part is omitted]

5.1 Static Type checking

Object-Zrelatedtype errorscan be detectedn a similar way as Wizard. The follow-
ing exampleillustratesthatthe type checler spotsTCOZ channel-relateérrorandre-
portsit. In the MAIN operationof classLCS processes andr (belongingto classes
MotionContoller andRoomConioller respectiely) communicateia acommonchan-
nel calledmotion r andl (belongingto ControlledLight) alsocommunicatevia another
commonchannelcalleddimmer Assumingthatin classRoomConiller, the channel
motionis renamedo movementandthereis no otherchangeo the speci cation:

__ RoomConwller

dimmer chan
movement chan [Changed!]

As aresult,the processem andr cannotcommunicatexry moresincethey no longer
sharea commonchannelThis is capturedy thetype checler asfollows.

Error! LCS.xml:  305: Identifier not found Symbol: motion
Location: SymTabNode: RoomController >>

Class Definition [Class Type: RoomController]
Error! LCS.xml:  305: No common channel defined!

Symbol: motion Location: SymTabNode: Main >> Class Operation
OF SymTabNode: LCS >> Class Definition [Class Type: LCS]

LCS.xml parsed 2 times.

2 errors.



5.2 Dynamic UML Visualizing

In this subsectionve will shov how to apply projectiontechniquesand the tool to
generata properUML statecharfrom the LCS formal model.For contolledLight we
startfrom the MAIN operationsinceMAIN is the statethat startingstateleadsto. By
mappingthe TCOZ notationsto a Statechartliagram,a rough statecharts generated
asshawn in theleft partof gure 4. After that, we apply projectionrulesto operation
DimChang and ButtonPushingandgetthe nal statecharasshawn in therighthand
sideof gure 4.

Fig. 4. Statecharfor ControlledLight

6 Conclusions

The rst contritution of the paperis the developmentof a syntaxand staticsemantic
checlerfor the TCOZ languagen XML format,usinga compilerapproachAs TCOZ

is asupersetof Object-ZandZ, thetypechecler canalsobeusedto typecheckObject-

Z andZ speci cationsin XML format.

For the purposeof visualizing TCOZ behaiour model, the secondpart of the paper
de ned asetof projectionrulesfor transforminga TCOZ modelto UML statecharand

demonstratetheimplementatiorstepsfor thetool development.

In summarythis paperpresentsome’light-weight' tool supportfor the TCOZ inte-

gratedformal speci cationtechniqueOnefuturework onthetypechecleris to extend

its capabilitieswith thetechniquesrom ESCI[9]. Looking atevenmore heare-weight'

toolssupportj.e. modelcheckingandtheoremproving, onefurtherwork is to translate
TCOZ to timed automataso thattools like UPRAAL [2] canbe usedto checkother
TCOZ properties We are currently alsoinvestigating the encodingof TCOZ notation
in theoremproverssuchasHOL/Isabellefor automaticveri cation.



Acknowledgements

We would like to thankHugh Andersorfor mary helpful commentsThis work is sup-
portedby the ResearchGrantsintegrated Formal Methodsfrom National University
of Singaporeand Techniquesand Tools for DesigningEmbeddedind Hybrid Systems
from SingaporeA*STAR Program.

References

10.

11.

12.

13.

14.

15.

. Xmi: Xml metadatainterchange. http://www-4.ibm.com/softare/ad/standards/xmi.html,

2000.

. J.BengtssonK. Larsen/F. LarssonP. PetterssorandY. Wang. UPRAAL - atool suitefor

automaticveri cation of real-timesystemsIn Hybrid Systemspages232-243,1995.

. P J.Brooke andR. F. Paige. The Designof a Tool-SupportedsraphicalNotationfor Timed

CSP. In Proc. Integrated Formal Methods2002 (IFM'02), pages299-318,Turku, Finland,
May 2002.

. R. Duke andG. Rose.Formal ObjectOrientedSpeci cationUsing Object-Z Cornerstones

of Computing.Macmillan,March2000.

. W. JohnstonA typecheclerfor Object-Z. Technicakeport96-24,SoftwareVeri cation Re-

searchCentre,Schoolof Information Technology The University of QueenslandBrisbane
4072.Australia,July 1996.

. B. Mahory andJ. S. Dong. Overview of the semanticoof TCOZ. In K. Araki, A. Gal-

loway, andK. Taguchi.editors,IFM'99: IntegratedFormal MethodsYork, UK, pages66—-85.
SpringerVerlag,Junel999.

. B. Mahory andJ. S. Dong. SensorandActuatorsin TCOZ. In J. Wing, J. Woodcock,and

J.Davies,editors,FM'99: World Congesson Formal Methods Lect. Notesin Comput.Sci.,
pagesl166—1185Toulouse France Septembel 999.SpringerVerlag.

. B.Mahory andJ.S.Dong. TimedCommunicatingDbjectZ. IEEE Transaction®n Softwae

Engineering26(2):150-177February2000.

. G.Nelson K. RustanM. Leino, J. Saxe, andR. Stata.Extendedstaticcheckinghomepage.

Availableon the Internetfrom http://www.research.digital.com/SRC/esc/Esc.hti096.

S. SchneiderandJ. Davies. A brief history of Timed CSP. Theoetical ComputerScience
138,1995.

G. Smith.ExtendingW for Object-Z.In J.P. BowenandM. G. Hinchey, editors,Proceedings
of the 9th AnnualZ-UserMeeting page276—295 SpringerVerlag,Septembefl 995.

G. Smith. The Object-ZSpeci cationLanguaje. Advancesin Formal Methods.Kluwer
AcademicPublishers2000.

J.Sun,J. S.Dong,J. Liu, andH. Wang. A XML/XSL Approachto Visualizeand Animate
TCOZ. In J.He, Y. Li, andG. Lowe, editors, The 8th Asia-Raci ¢ Softwae Engineering
Confeence(APSEC'01) pagesA53—460IEEE Press2001.

J.Sun,J.S.Dong,J.Liu, andH. Wang.Object-ZWebEnvironmentandProjectiongo UML.
In WWW10: 10th InternationalWbrld Wde Web Confeence pagesr25-734 ACM Press,
May 2001.

J. WoodcockandJ. Davies. Using Z: Speci cation,Re nementand Proof. Prentice-Hall
International 1996.



