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Abstract Methodsusedto specifyreal-timecontrolsoftwareshouldenablethe
expressionof functional,controlandreal-timerequirements.They shouldenable
multi-disciplinarysystemdevelopmentandpromotereuseof specifications.This
paperdescribesa specificationof a real-timecontrol softwaredevelopedusing
theDisComethod.DisCois anobject-orientedaction-basedmethodwith precise
semanticsin logic. Thespecificationis layeredandpartly reusable.It consistsof
functional,controlandreal-timeparts.Thereal-timepart includeslayerswhich
specifygenericperiodicandaperiodicevents.Thecontrolpartspecifiesthecon-
trol algorithms,andthefunctionalparttherestof thesystem.Thethreepartsare
specifiedusingstepwiserefinementsandcombinedin asimpleway. Althoughthe
specificationpresentedis quite small, the techniquesusedareapplicablewhen
specifyinglargersystemswith complex real-timebehavior.

1 Intr oduction

Real-timesystemsfrequentlyincludecontrolof somephysicaldevices.Thereforetheir
designdemandsknowledgeof both continuousand discreteworlds, making it a de-
mandingtask.As systemsgrow in complexity, theroleof thecontrolsoftwarespecific-
ationis emphasizedin thedesignprocess.

Methodsfor specifyingreal-timecontrolsoftwareshouldenabletheexpressionof
functional,control andreal-timerequirements.They shouldenablemulti-disciplinary
systemdevelopment[3] and facilitate software maintenance.Furthermore,methods
shouldpromotereuseat the specificationlevel. Jacky usedZ (see,e.g. [15]) to spe-
cify acyclotroncontrolsystemasreusableframeworks[6].

DisCo1 [7] is anobject-orientedmethodfor specifyingandreasoningaboutreactive
anddistributedsystems.Themethodincorporatesa specificationlanguage,a method-
ology for developingspecificationsusingthe language,andtool supportfor themeth-
odology[14,8].DisCois designedfor softwareengineersratherthantheoreticians,and
thustheDisCo languageresemblesmorea programminglanguagethanmathematical
formulas.However, every DisCospecificationhasa preciseinterpretationin Temporal
Logic of Actions(TLA) [11], which enablesrigorousreasoning.�

In JaanPenjam,editor, Software Technology, Proceedingsof the Fenno-UgricSymposium
FUSST’99, pages75–86,Sagadi, Estonia,August 1999. Institute of Cyberneticsat Tallinn
TechnicalUniversity(TechnicalReportCS104/99).

1 Acronym for DistributedCo-operation.



In this paper, a specificationof a mobile robot control softwareis presented.The
specificationconsistsof functional, control and real-timeparts.The partsare given
separatelybut arecombinedasthelevel of abstractionis loweredusingstepwiserefine-
ments.The real-timepart includeslayerswhich definegenericperiodicandaperiodic
events.Thespecificationwasimplementedin theC language.

Thegenericreal-timeeventswerefirst introducedin [10], whichdescribesthemeth-
odology in conjunctionwith closedworld modelling,object-orientationanddistribu-
tion, andwherethe control softwarespecificationservedasan example.In this paper
the genericaperiodicevent is generalizedeven a bit more(quantifiedroles)andalso
somelight is shedon theimplementation.

This paperis structuredasfollows. In Section2 the DisCo methodis introduced.
Themethodis appliedin Section3 wherethecasestudyis presented.Conclusionsare
reportedin Section4 togetherwith thedescriptionof a futurework.

2 Intr oduction to DisCo

DisCo is basedon the joint actiontheorydevelopedby BackandKurki-Suonio[1,2],
in which objectscommunicatein atomicactions. The joint actionparadigmhasbeen
foundsuitablefor specifyingandreasoningaboutreactive andconcurrentsystems.In-
steadof processeswe areinterestedin actionsthatmayhave oneor moreparticipants.
Notationsfor processesarenotneeded,becausethey canbemodelledby objectswhich
participatein actions.

A DisCo specificationconsistsof layers. Eachlayer givesan abstractview of the
systemandhasanoperationalinterpretation.All variablesin a layerareencapsulated
in objects.DisCoalsohasclassesandinheritance, familiar from otherobject-oriented
languages.Methodsarereplacedby actions,having neithercallersnorcallees.

In anactioneachparticipantis assigneda role. Objectsaretreatedasdatastructures
capableof participatingin actionsin certainroles.Actionsmay alsohave parameters
whichdonot referto any objects.Parameters,whichhavenondeterministicvalues,can
beusedto introducenondeterminism.

In an actiondefinition the rolesandthe classesof participatingobjectsaregiven.
A Booleanexpression,called the guard, and the body of the action are also given.
Thebodyconsistsof assignmentandconditionalstatements.If therole nameis given
in braces,the role is saidto be quantified. It meansthat a nondeterministic(possibly
empty)setof objectsthatsatisfytheguardcanparticipatein therole.

Actions in DisCoareatomicandareexecutedsequentially. An actionis saidto be
enabledif thereexist potentialparticipantsso that the guardis true. If morethanone
actionis enabledtheoneto beexecutedis selectednondeterministically. Theexecution
of anactionmeansexecutingthestatementsgivenin its body.

As an example,considera simple layer given below which modelssendingand
deliveringmessagesholdingintegervalues.ThelayerdefinesclassesMessage andRe-
ceiver andactionsSending andDelivery. Theparameteri of actionSending, thevalue
of which is copiedto the messageparticipatingasm, modelsthe valueto be sent.In
actionDelivery thevaluewithin participantm is deliveredto all receiversparticipating
in thequantifiedrole r:



layer Messages is
class Message is

i: integ er;
end Message;

class Receiver is
i: integ er;

end Receiver;

action Sending (m: Message; i: integ er) is
when true do

m.i := i;
end Sending;

action Delivery ({r}: Receiver; m: Message) is
when true do

r.i := m.i;
end Delivery;

end Messages;

In DisCo, specificationsare refinedby importing one or more layersinto a new
layerandapplyingthesuperpositionprinciple.Classescanbeextendedwith new com-
ponents,and totally new classescan be added.New actionscan be given, and new
participantsandparameterscanbe addedto the old actions.Also, the guardscanbe
strengthenedandactionbodiesextendedby giving new statements.However, actions
arenot allowed to includeassignmentsto thevariablesintroducedin importedlayers.
This restrictionis necessaryto ensurethepreservationof safetyproperties.

Actionscanbesynchronizedandspecialized. Synchronizingmeansthattwo or more
actionsarecombinedto executein parallel.Synchronizingtwo actionsdoesnotremove
thenon-synchronizedversionsof actionsby default. Specializingmeansintroducinga
new actionthat is specializedfor a subclass,i.e., it is enabledonly for objectsof the
subclass.Theguardsof theotherversionsof theactionareimplicitly strengthenedso
thatthey areno longerenabledfor thesubclass.

Becauseourexecutionmodeldoesnot guaranteethatall enabledactionsarefinally
executed,fairnessrequirementshave to begivento ensureliveness.Prefixingthename
of a (possiblyquantified)role with an asteriskindicatesthat if an action is infinitely
oftenenabledsothatthesameobjectcanparticipatein thesameprefixedrole, thenthe
actionhasto be executedinfinitely often with this objectin the prefixed role. In fact,
explicit fairnessrequirementsarethebiggestdifferencebetweentheexecutionmodels
of DisCoandUNITY [5].

Consideras an examplea simple refinementof layer Messages given below. A
subclassFirstClassMessage of Message is introducedandDelivery is specializedfor
it. Moreover, fairnesswith respectto participantsin the quantifiedrole r is required
(ellipsesreferto thepartsgivenin theimportedaction):

layer FirstClassMessages is
impor t Messages;



class FirstClassMessage is new Message;

specializ ed FirstClassDelivery ({*r}: Receiver; fcm: FirstClassMessage)
of Delivery({r},fcm) is
when ... do

...
end FirstClassDelivery;

end FirstClassMessages;

In layerFirstClassMessages therearetwo versionsof Delivery, onefor Messages
which are not FirstClassMessages and another, namedFirstClassDelivery, for First-
ClassMessages.

Realtimeis modelledin DisCoasfollows.Actionsareassumedto beinstantaneous.
Variable

�
is usedto representthe currenttime after the executionof an action,and

variable � a multisetcontainingdeadlinesfor actions.Variable
�

is initialized as0.0
and � asempty.

An implicit parameter� representingthetime whenanactionis executedis added
to eachaction.Also, all guardsarestrengthenedby theconjunct

��� � ���
	���
 �����
Moreover, anassignment

����� � is addedto all actionbodies.In thepresenceof real
time, livenessstill remainsthe only executionforce. In the sequel,� is denotedby
keywordnow andoperationson � by operator@.

It shouldbe notedthat initializing the global setof deadlines� asempty is not
absolutelynecessary. Theremight initially exist somedeadlinesas long as they are
removedcorrectly.

3 CaseStudy

The mobile robot is a small microcontroller-basedcar. The objective is to keepthe
caron a trackmarked by optical tape.Fromtheviewpoint of thecontrol softwarethe
systemhastwo inputsandtwo outputs.Theinputsarereadingsfrom anA/D converter
connectedto six infra-redcensors,andfrom anodometerwhich receivesa pulseevery
0.75cm.Thereis alsoaswitch,which is usedto startthecarandto stopit.

Theoutputsare,from theviewpoint of thesoftware,two servo motorscontrolling
thesteeringandthemovement.Theservosaredrivenby PWM (PulseWidth Modula-
tion) signals.Pulsesfor theservoshave to begeneratedevery20 ms.

The functionalpart of the specificationconsistsof two consecutive layers,which
arenamedBasic_Actions andDrive_States. LayerControl_Algorithms formsthecontrol
partof thespecification.Thereal-timepartis formedby four layers,Periodic, Aperiodic,
Periodic_Instance andAperiodic_Instance. Thethreepartsarecombinedin layerCom-
bined_Specification. Theimport schemeis illustratedin Figure1.

3.1 Functional Properties

Layer Basic_Actions containsthemodelof theenvironmentandthebasicfunction-
ality of thesystem.Therearetwo classesandthreeactions.ClassData holdsinternal
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Figure1.Import schemeof thespecification

variablesandclassOutput variablesthat model the outputs.The variablesr_dist and
r_tape of type real representthedistancecoveredbetweenthe last two readingsof the
odometerandthelocationof thecarrelativeto thetape,respectively. Variablesc_engine
andc_steer modelthecurrentlengthsof theservo pulses.If bothequalzero,thecar is
stationarywith its wheelsstraight.In a classdefinition, thenumberof instancesis in-
dicatedby placingthenumberin parenthesesafteraclassname.Theclassesareshown
below:

class Data (1) is
r_dist: real := 0.0; r_tape: real := 0.0;

end Data;

class Output (1) is
c_engine: real := 0.0; c_steer: real := 0.0;

end Output;

Action Clear clearsall the variablesgiven in this layer. Action Read, which hasa
participantof classData, modelsthe readingof the odometerandthe A/D converter.
Theactualnew readingsaremodelledby two parametersr_x andr_y. In actionControl,
parametersc_x andc_y areassignedto thevariablesc_engine andc_steer, respectively.
Theparametersareusedto modelthenew valuesgivenby thecontrolalgorithm.The
actionsaregivenbelow:

action Clear (D: Data; O: Output) is
when true do

D.r_dist := 0.0; D.r_tape := 0.0;
O.c_engine := 0.0; O.c_steer := 0.0;

end Clear;

action Read (r_x, r_y: real ; D: Data) is
when true do

D.r_dist := r_x; D.r_tape := r_y;
end Read;



action Control (c_x, c_y: real ; O: Output) is
when true do

O.c_engine := c_x; O.c_steer := c_y:
end Control;

Becausetheguardsof all threeactionsareidenticallytrue,theactionsarecontinu-
ally enabled.Thebehavior of thesystemconsistsof clearingthevariables,readingthe
inputsandwriting the outputs.The order in which theseactionsareexecutedis non-
deterministic.

Layer Drive_States introducesthestart/stopswitchandspecifiestheorderin which
theactionsareexecuted.

ClassData is extendedto hold a statemachined_state, which indicatestheactions
thatareallowedto beexecuted.Thestatemachinehasstatesstart, read andcontrol, the
first of which is thedefault state.

The switch is modelledby variableswitch, which hastwo states,on andoff. The
stateof the switch is changedin actionToggle. When the switch is on in statestart,
actionStart is enabled.It changesthestateto read.

Fairnessis requiredwith respectto the participantof classData in every action
exceptToggle, which is executedby theenvironment.Theextensionsof Data andthe
new actionsareshown below:

extend Data by
d_state: (start, read, control);
switch: (off, on);

end Data;

action Toggle (D: Data) is
when true do

if D.switch’off then
D.switch -> on();

else
D.switch -> off();

end if ;
end Toggle;

action Start (*D: Data) is
when D.switch’on and D.d_state’start do

D.d_state -> read();
end Start;

Thecar is fully operationalwhentheswitch is on in statesread andcontrol. Like-
wise,actionsRead andControl arerefinedsothatthey areenabledcorrespondingly. Fur-
thermore,by additionof statetransitionstatementsD.d_state -> control() andD.d_state
-> read() to Read and Control, respectively, they are executedby turns.The refined
actionReadis givenbelow:



refined Read (r_x, r_y : real ; *D: Data) is
when ... D.switch’on and D.d_state’read do
D.d_state -> control();
...

end Read;

Furthermore,actionClear is refinedto changethe statebackto start whenthe switch
is turnedoff. In this caseit implicitly stopsthe engineandstraightensthe wheelsby
clearingall thevariables.Therefinedactionis namedStop.

3.2 Control Properties

Layer Contr ol_Algorithms containsthe structuresneededto control the movement
andthesteering.The layer importslayer Basic_Actions anddefinestenconstants,ex-
tendsclassData, introducestwo functionsand refinesall threeactionsgiven in Ba-
sic_Actions. The constantsandthe variablesareaddeddueto the control algorithms.
Variablee_state representsthe stateof the engine.The threestatespower_up, moves
andnormal areneededsince,becauseof friction, it is necessaryto powerupuntil move-
mentis sensedandafterthatpowerdown slightly to preventslipping.

ThePandPID algorithmsareusedto computenew valuesfor theengineandsteer-
ing, respectively. FunctionPID is shown below (s_P, s_I ands_D areconstants):

function PID(D: Data) : real is
return –s_P*D.r_tape + s_I*D.r_tape_ma + s_D*(D.r_tape_old – D.r_tape);

end PID;

Action Read is refinedto includethe statementsneededby the control algorithm
(commentsbegin with doublehyphens):

refined Read (r_x, r_y: real ; D: Data) is
when ... do - - the guard is unchanged

if (r_x = 0.0) and (D.r_dist = 0.0) then
D.e_state -> power_up(); - - not moving yet

elsif (r_x > 0.0) and (D.r_dist = 0.0) then
D.e_state -> moves();

else
D.e_state -> normal();

end if ;

D.r_tape_ma := ((n – 1)*D.r_tape_ma – D.r_tape)/n; - - moving average
D.r_tape_old := D.r_tape;
...

end Read;

In theguardof actionControl, parametersc_x andc_y areboundto thereturnvalues
of functionsP andPID, respectively.

If thecarhaslost thetrack,it shouldstop.This is thesituationif theabsolutevalue
of r_tape is greaterthan limit, which is treatedasa specialcasein theguardof action
Control. TherefinedactionControl is shown below:



refined Control (c_x, c_y: real ; O: Output; D: Data) of Control(c_x,c_y,O) is
when ... (c_x = if ((abs D.r_tape) > limit) then 0.0 else P(D,O) end if )

and c_y = PID(D) do
...

end Control;

Furthermore,actionClear is refinedto clearvariablesintroducedin this layer.

3.3 Real-Time Properties

Layer Periodic specifiesa genericperiodicevent,which takesplaceexactly at given
intervals.The layerconsistsof oneclassandoneaction.TheclassPeriodic_data con-
tainsvariablesd of typerealandt of type time, which is a synonym typeof real.The
formeris usedto storetheperiod,andthelatterto storethedeadline:

class Periodic_data is
d: real ;
t: time ;

end Periodic_data;

Action P_Timeout hasoneparticipantof classPeriodic_data. Theactionis enabled
whennow is greaterthanor equalto the currentdeadline,i.e., whenenoughtime has
passed.The default value for variablesof type time is 0.0, so the action is enabled
initially. The actionfirst removesthe possibledeadlinestoredin pd.t from the setof
deadlinesandthenassignsanew oneatnow + pd.d. Thedeadlineis setusingthebinary
versionof operator@. It addsthedeadlineto theglobalsetof deadlines,andstoresit
alsoto the left operand.The deadlineis removed from the global setof deadlinesby
applyingunary@ to thevariablestoringthedeadline:

action P_Timeout (*pd: Periodic_data) is
when pd.t <= now do

pd.t @; - - remove the old deadline
pd.t @ pd.d; - - set a new one

end P_Timeout;

The guardof the actionensuresthat it cannotbe executedtoo early andthe deadline
thatit cannotbeexecutedtoolate.This impliesthattheinterval betweentwo executions
of P_Timeout for oneobjectparticipatingaspd equalspd.d.

The genericperiodic event is instantiatedby inheriting classPeriodic_data. The
classitself is abstract.Its objectsshouldbelongto singletonsubclasses,i.e.,subclasses
in which thereis only oneobject.Subclassesshouldbe singletons,becausethey are
usedto identify differentreal-timerequirements.

It shouldbenotedthatfairnesswith respectto participantpd is required.Otherwise
it would bepossiblethatthetime stopsandtheactionis neverexecuted.



Layer Aperiodic specifiesagenericaperiodiceventsimilarly to theperiodicevent.The
layerhasoneclassandtwo actions.TheclassAperiodic_data is similarto Periodic_data.
ActionsAP_SetTimeout andAP_Timeout areusedto setandremovedeadlines,respect-
ively. Action AP_SetTimeout hasa quantifiedrole apd for classAperiodic_data. The
actionsetsdeadlinesnow + apd.d for everyobjectparticipatingin role apd:

action AP_SetTimeout ({*apd}: Aperiodic_data) is
when true do

apd.t @ apd.d;
end AP_SetTimeout;

Action AP_Timeout hasalsoaquantifiedroleof classAperiodic_data. Whenenough
timehaselapsed,theactionbecomesenabled.Whenexecuted,it removesthedeadlines
storedin variablesapd.t of objectsparticipatingin role apd:

action AP_Timeout ({*apd}: Aperiodic_data) is
when apd.t = now do

apd.t @;
end AP_Timeout;

Like in theperiodiccase,theguardof theactionAP_Timeout andthedeadlinesensure
that the actionis executedexactly whendeadlineintervals have elapsed.Therecould
alsobeasimilaractionwith theguardexpressionreplacedby true. It couldbeexecuted
beforethedeadlinesor exactlyat them.

Again,thegenericaperiodiceventis instantiatedby inheritingclassAperiodic_data.
The classitself is abstract.Objectsof Aperiodic_data shouldbelongto singletonsub-
classes.However, it shouldbe notedthat althoughtheseactionsallow us to set and
remove many deadlinessimultaneously, it doesnot imply that thedeadlinessetsimul-
taneouslyshouldalsoberemovedsimultaneously.

LayersPeriodic_Instance and Aperiodic_Instance areusedto instantiatethegeneric
events.LayerPeriodic_Instance importslayerPeriodic andAperiodic_Instance imports
Aperiodic.

Thegenericperiodiceventis instantiatedby introducinga singletonsubclassP1 of
classPeriodic_data andspecializingactionP1_Timeout for thesubclass:

class P1 (1) is new Periodic_data;

specializ ed P1_Timeout (*p : P1)
of P_Timeout(p) is
when ... do

...
end P_Timeout;

Similarly, thegenericaperiodiceventis instantiatedby introducingasingletonsub-
classAP1 of classAperiodic_data andspecializingAP1_SetTimeout andAP1_Timeout
for thesubclass.



3.4 Combining SpecificationLayers

Layer Combined_Specification combinesthefunctional,controlandreal-timeparts
of the specification.It imports layersDrive_States, Control_Algorithms, Periodic_In-
stance andAperiodic_Instance (seeFigure1). Theparallelrefinementsof actionsand
extensionof classesarecombinedautomatically, e.g.actionRead hasall thecharacter-
istics introducedin layersDrive_States andControl_Algorithms. Furthermore,because
Clear andStop arerefinementsof thesameactionthey arecombinedautomaticallyand
thecombinationis namedClear&Stop.

ActionsRead andControl wererefinedin suchawaythatthelogic ensuresthatthey
areexecutedby turns.Theobjective is to make Read andControl executeperiodically.
This is achievedby forcing Read to executeperiodicallyandControl directlyafterit.

ActionsAP1_SetTimeout andP1_Timeout aresynchronizedwith actionRead and
the combinedaction is namedPeriodic_Read. Every time the action is executedthe
effect is thesameasif all threeactionswereexecutedin parallelso that thedeadlines
arestoredin thevariablesof objectsof classesP1 andAP1. Synchronizationis donein
theimport partof thelayerusinginclude clause:

inc lude AP1_SetTimeout&P1_Timeout&Read(AP1, P1, real , real , Data)
as Periodic_Read(AP1, P1, real , real , Data);

Every time Periodic_Read is executed,two deadlinesareset.Oneis for theaction
itself andtheotheris for Control. BecauseControl shouldremovethedeadlinesetfor it,
theactionis synchronizedwith AP1_Timeout:

inc lude AP1_Timeout&Control(AP1, real , real , Output, Data)
as Aperiodic_Control(AP1, real , real , Output, Data);

Moreover, if theswitchis turnedoff betweenactionsRead andControl, actionClear&-
Stop shouldremove the deadlinesetfor Control. Thus,it is synchronizedwith AP1_-
Timeout:

inc lude AP1_Timeout&Clear&Stop(AP1, Data, Output)
as Stop(AP1, Data, Output);

Theguardof the non-synchronizedversionof P1_Timeout is strengthenedso that
it is not enabledwhile Periodic_Read or Aperiodic_Control areenabled.The resulting
actionis namedMere_P1_Timeout. Intuitively this meansthatif thecaris in statestart
nothingis donewhentheperiodiceventhappens:

refined Mere_P1_Timeout (*p : P1; D: Data)
of P1_Timeout(p) is
when ... D.d_state’start do

...
end Mere_P1_Timeout;

Thenon-synchronizedversionsof actionsRead, Control, AP1_Timeout, AP1_Set-
Timeout, andClear&Stop shouldnot be executed,so their guardsarestrengthenedto
false.ActionsToggle andStart aretakenassuch.



3.5 Implementation

Thespecificationwasimplementedin theC language.Theimplementationwasstraight-
forward.Somepartsof thespecificationwerejustcopy-pastedandeditedto getC code.
With comments,thereareabout400linesof codein theimplementation.

Thearchitectureof the programis asfollows. Besidesmain function therearesix
otherfunctionsandaninterrupthandler. Thefunctionsconsistsof aninitializationfunc-
tion, two functionswhichreadtheodometerandtheA/D converter, two functionswhich
computenew valuesto drivetheservo motors(usingPandPID algorithms),andafunc-
tion whichclearsthevariables.

The control flows as follows. After initialization the programwaits for the user
to switch on the car. Subsequentlyit goesinto an infinite loop to wait for interrupts.
Whenaninterruptoccurs,theinterrupthandlercalls functionswhich readvaluesfrom
theodometerandtheA/D converter. Consecutively, thenew valuesto drive theservos
arecomputed.If theswitch is off whenthe interruptoccurs,thehandleronly calls the
functionwhichclearsthevariables.

Somechangeshad to be madeto the specificationin the implementationphase
becausesomeimportantdetailsof theunderlyingarchitecturewerenotdiscoveredearly
enough.However, specifyinga systemis oftenaniterativeprocess.

4 Conclusionsand Futur eWork

Differentaspectsof the specificationcan be encapsulatedin separatelayers[13,10].
Thespecificationpresentedin thispapergivesanexampleof usingsuchlogical layers.
Themostimportantcharacteristicsof thespecificationare:

– thespecificationis composedof functional,controlandreal-timeparts,
– genericeventswereeasyto specify,
– genericeventscanbeinstantiatedusingobject-orientedinheritance,and
– combinationof thethreepartswassimple.

A layeredDisCo specificationgivesa facile basisfor maintenance.It servesasa
documenton what hasbeendone.New featurescanbe addedby giving new layers.
Becausedifferentlayersarejust abstractviews of thesamesystem,multi-disciplinary
systemdevelopmentis possible.For example,a control engineercanspecifythecon-
trol relatedparts,which are later combinedwith the otherpartsof the specification.
Preservationof safetypropertiesseemsanessentialfeatureof themethodin thiscase.

Methodsfor real-timespecificationshouldcontainabstractionswhich directly re-
lateto commonreal-timeactivities [4]. Thegenericreal-timeeventsintroducedcanbe
usedto give complex real-timerequirements.Furthermore,otherreal-timelayerscan
bespecifiedin asimilarmanner. DisCois well suitedfor specifyingsuchpatterns[12].

In the specificationpresentedthe physical environmentof the car was modelled
usingnondeterminism.Exactmodellingof theenvironmentwould have involvedcon-
tinuousfunctionsof time to describehow thevaluesof parametersr_x andr_y change
whenc_x andc_y arechanged.Without rigorousmodellingof theenvironmentit is not
possibleto reasonaboutall the propertiesthat might be of interest.It seemsevident



that theDisComethodshouldbedevelopedtowardshybrid modelling, involving both
discreteandcontinuousbehavior. Moreover, asindicatedin [9], this is theoreticallya
naturalway to proceed.
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