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Abstract

TheRavenscarProfile emergedin 1997asa mostprom-
isingapproach to bringingmature,predictableandefficient
concurrencyinto real-timesystemswith integrity require-
ments.Oneof the crucial questionsthat havearisensince
is whethertheexpressivepowerof theprofilewouldbetruly
sufficientfor theeffectiveconstructionof such systems.This
paperprovidespositiveevidenceto thiseffectbydiscussing
themeritof theRavenscarcompliantarchitectureof a reuse
library that supportsthe constructionof on-board embed-
ded real-timesystemsof the new generation. This paper
arguesthat thenotionsof theprofileespeciallycontributed
to increasethe maturity of the reuseproduct. As true ob-
ject orientationis the next frontier of the product,this pa-
peralsoreflectsontheimportanceof integratingtheprofile
with suitableflavoursof objectorientation.

1. Intr oduction

The RavenscarProfile [1] definesa taskingprofile that
is amenableto staticanalysisandis especiallysuitablefor
thedirectexpressionof concurrency in high-integrity appli-
cations[12]. [11] contendedthat mappingrulesthat con-
form to theRavenscarProfilemaybeusefullyspecifiedfor
theactive terminalobjectsdefinedby the HRT-HOOD de-
sign method[3], arguablyoneof the bestequippedmeth-
odsfor thedesignandimplementationof real-timesystems.
Oneof the questionsthat immediatelyarisefrom this ar-
gumenthowever, is whetherthe expressive power of the
RavenscarProfile,dramaticallyinferior to thatprovidedby
thebaselanguage,sufficesfor theconstructionof real-life
real-timesystems.This questionis significantandthis pa-
peraddressesit on thebasisof a practicalexerciserecently
performedattheEuropeanSpaceResearchandTechnology
Centre(ESTEC).

An ESTECproject carriedout in 1996 produceda li-
brary of reusablesoftwarecomponentsdesignedfor the
constructionof datahandlingsystemscompliantwith the

PacketUtilisationStandard(PUS)[6] for useonboardnew-
generationsatellitesystems.Datahandlingsystemsof this
kind representa crucial componentof the spacecraft,for
they cover abouthalf of the overall functionality required
of the on-boardcontrol computer, the otherhalf beingde-
votedto attitudedeterminationandcontrol.

ThePUSdefinesastandardprotocolfor thetransmission
anddistribution of telecommands(TC) on boardthespace-
craftandspecifiesastandardsetof servicesfor designersto
draw from in theconstructionof datahandlingsystems.

ThePUSdefinesthosestandardservicesby prescribing
theservicemodel,i.e. themannerin whichapplicationpro-
cessesonboardareto behaveonthearrivalof any givenser-
vicerequest,andtheinnerstructureof thetelecommandand
telemetry(TM) packetsexchangedto thisend.Thestandard
natureof thePUSspecificationconsiderablyfacilitatesthe
designfor reuseof softwarecomponentssupportingtheim-
plementationof compliantsystems.

The projectthat first attemptedto exploit the reusepo-
tentialof thePUSwasdenominatedOBOSS,for on-board
operationssupportsoftware.OBOSSusedAda83[8] asthe
programminglanguageandinspiredto HRT-HOODfor the
designmethod.HRT-HOOD wasespeciallyusefulto elicit
theextentof concurrency thatis inherentto thePUSservice
model. Ada in turn wasrich with languageconstructsthat
provide thedegreeof modularity, scalabilityandgenericity
thatform thecrucialbasisto any reusableproduct.As a re-
flectionof the imprint from bothsources,theOBOSScon-
ceptcomprisedanorderly collectionof active andpassive
objectsalongwith a domain-specificarchitecturefor their
utilisation. In keepingwith thecapabilitiesof Ada 83, the
OBOSSobjectshavestructure,stateandoperationsbut lack
trueinheritance(in thesenseof incrementalbuild) andpoly-
morphism,which arethe distinguishingcharactersof full
objectorientation.OBOSSobjectsmaybederivedfrom by
genericinstantiationandaremadeactive by embeddingthe
requiredtype of concurrency (in theHRT-HOOD senseof
cyclic, sporadicandprotected)within them.Thesefeatures,
if limited in therespectof full objectorientation,appearto
besufficient to theachievementof a considerablepotential



for unmodifiedreuse,with importantbenefitsin termsof
effort saving.

The emergenceof the RavenscarProfile in 1997 pre-
sentedtheOBOSSprojectteamwith theopportunityto re-
visit certainimplementationchoicesin theareaof concur-
rency andto challengetheexpressive power of theprofile.
OBOSS2ndgeneration(OBOSS-II)[10] originatedasthe
team’s responseto thesestimuli. This paperdiscussesse-
lectedaspectsof this response.Accordingly, all references
to OBOSSin theremainderof thispaperspecificallydenote
OBOSS2ndgeneration.

An additionaldimensionof interestis whetherandhow
the RavenscarProfile integrateswith the object orienta-
tion capabilitiesof Ada 95 [9]. Thebelatedappearanceof
Ada95crosscompilationsystemsfor space-qualifiedtarget
processors(cf. e.g.: [5]) haspreventedthecurrentOBOSS
revisionfrombeingableto augmentitsobjectorientedchar-
acteristics.Yet, the issueis of major importanceto the fu-
tureof OBOSS.Attentionis currentlybeingdevotedto de-
termining whetherand to what extent the exploitation of
inheritanceandpolymorphismof Ada 95 couldaddto the
expressivenessandreusabilityqualitiesof OBOSSwithout
detractingfrom the current integrity and predictability of
thesystem.

Along theselines,thispaperaddressesthreeaspectsthat
especiallycharacterisethe presentand the future of the
OBOSSconcept:section2 presentstheapproachwetookto
embeddingRavenscar-compliant concurrency in OBOSS;
section3 shows that the expressive power of the profile
is indeedsufficient to meettherequirementsof systemsin
theOBOSSapplicationdomain;section4 briefly discusses
presentandfutureflavoursof objectorientationin OBOSS.

2. EmbeddingRavenscarConcurrency

2.1.Motivations

The tasking model that emanatesfrom the Ravenscar
profile is particularlyrestrictivein termsof whatit excludes
of the wealth of taskingconstructssupportedby the lan-
guagedefinition. Yet theprofile is powerful enoughto ex-
pressaplausibleimplementationof thecyclic, sporadicand
protectedobjectsdefinedby HRT-HOOD,whichareamong
themainingredientsof theOBOSSconcept.Theprimemo-
tivationbehindthe definitionof the RavenscarProfile was
the questfor memorysize and executiontime efficiency,
predictability and verifiability. This notion madean es-
pecially compellingargumentfor OBOSSto consider, for
OBOSSaddressesan applicationdomainconstantlyseek-
ing thosecharacteristics.We facedtwo majorchallengesin
thedecisionto shapetheOBOSSconcurrency modelin ac-
cordwith theRavenscarProfile. Thefirst challengewasto
expressthis concurrency in a mannerthat would fit in the

overall designphilosophyof thereuselibrary. Thesecond
challengewastodeterminewhatdrawbacksandlimitations,
if any, wouldarisefor anOBOSS-basedsystemfrom there-
strictionsimposedby theprofile. Theremainderof section
2 will presenttheresponseto thefirst challenge.Section3
will discusstheissuesarisingfrom thesecondchallenge.

2.2.OBOSSCornerstones

The OBOSSreusablesoftwarecomponentsbelong in
threemaincategories:(i) classes1, implementedasgeneric
units, which the userderives from by way of genericin-
stantiation; (ii) templates,implementedas model library
units,whichtheusermusttailor (i.e. sourceedit) to suit the
specificneedsof the system;(iii) auxiliary objects,which
OBOSSusesfor the definition of classand templateob-
jects,andthat theuserneednot access.OBOSSobjectsin
any of thesethreecategoriesareeitheractive or protected
or passive in thewayHRT-HOODdefinesthesenotions.

Passive objectsarecomposite(i.e. parent)objectsthe
implementationof whichneedschildobjectsof passivetype
only. Active objectsarecompositeobjectsthat areimple-
mentedby at leastoneactive child object. Child objects
may in turn be parentor terminal. Terminalobjectshave
no child. Passive terminalobjectsdo not possessan own
threadof controlandtheir methods(calledexportedopera-
tionsin HOODparlance)areexecutedby thecalling thread
of control.Active terminalobjectspossesstheirown thread
of control,which maybeeithercyclic or sporadic.Cyclic
terminalobjectsprovidenomethodsfor otherobjectsto in-
voke,hencethey only invoke themethodsof others.Spo-
radic terminalobjectsprovide onesinglemethod(notion-
ally denominatedStart) which otherobjectsinvoketo trig-
gerthesporadicoperationof theobject.TheStart methodis
asynchronousin thatit returnsimmediatelyafterdelivering
theintendedexecutionrequestto themailboxof thedesig-
natedserviceobject. Active objectsthat provide methods
other than Start have them implementedby child objects
thatareeitherpassive or protected.Protectedobjectspro-
videmethodsthatwarrantsynchronousandmutuallyexclu-
sive execution.

The structureof the active terminal objectsin OBOSS
rigorously conform to the prescriptionsof the Ravenscar
Profile.Themostnaturalway for OBOSSto factorout this
structuralconformancewas to representsporadic,cyclic
andprotectedterminalobjectsasclassobjects.In thisman-
ner, individual active terminalobjectsaresimply obtained
by genericinstantiationof the correspondingclassobject.
To illustratethe approach,in the following we presentthe
implementationof theclassobjectsthatmakeupa sporadic
terminalobject.

1We usethe notion of classin a loosesense:an OBOSSclassmay
instantiateto aclassobject,but cannot,asyet,beextended.



The requirementthat sporadicterminalobjectsprovide
onesinglemethoddenominatedStart fully determinesthe
specificationof thecorrespondinggenericunit:

with . . . – auxiliary definitions including:
with Priority Ctrl; – system-specific priority definition
generic

. . . – configuration parameters including:
Task Priority : in Priority Ctrl.Active Task Priority;
Task Stack Size : in Natural;
Event Buffer Priority : in Priority Ctrl.Protected Priority;
Event Buffer Size : in Positive := ��������� ;
type Param Type is private;
with procedureOperation (Param : in Param Type);

– sporadic operation
packageSporadic Task is

function Start (Param : Param Type) return Boolean;
end Sporadic Task;

OBOSSactive componentscommunicateby message
passing,asa reflectionof which theparameterof theStart
operationis expectedto bea packet-encodedmessagewith
a variablestructure.The typeof theparameterdetermines
the type of the incoming message,that is to say the in-
ner structureof the correspondingpacket. The sporadic
operationof the task(Operation) takesa parameterof the
sametype as the Start operation,which allows the for-
mer to operateon the incoming message.The arrival of
the messagedefinesthe triggering event for the sporadic
task. The Start operationin OBOSSand in HRT-HOOD
is asynchronous(i.e. non-blocking)and, thus, it simply
poststhemessagein a dedicatedeventbuffer. OBOSSfac-
tors out the definition of this buffer too, and implements
it as an auxiliary classprotectedobject. Every instantia-
tion of a sporadictaskwill have its own event buffer with
a givensize(Event Buffer Size) anda givenceiling priority
(Event Buffer Priority).

with . . . – useful definitions including:
with Queue; – auxiliary class object for event buffer
with System Clock; – interface to system clock
packagebody Sporadic Task is

packageEvent Buffer is newQueue
(Element Type � � Param Type,
Queue Size �

� Event Buffer Size,
Queue Priority � � Event Buffer Priority);

function Start (Param : Param Type) return Boolean is
begin

return Event Buffer.Deposit (Param);
end Start;
task Sporadic Task is

pragma Priority (Task Priority);
pragma Storage Size (Task Stack Size);

end Sporadic Task;
task body Sporadic Task is

Due Event : Param Type;
Activation Time : Ada.Real Time.Time := . . . ;

begin
delayuntil Activation Time;

loop
Due Event := Event Buffer.Extract;
Operation (Due Event);

end loop;
exception

when . . . – appropriate handling
end Sporadic Task;

end Sporadic Task;

All thesporadictaskis to doat this level of specification
is to fetchonemessageoff theeventbuffer andperformthe
appropriateoperationon it. The OBOSSimplementation
allowsfor theoccurrenceof exceptionsandperformssome
standardhandlingon them. (Cf. section3 for a discussion
of this issue.)Partly owing to limitationswith thelanguage
supportin useandpartly to designdecisions,the current
OBOSSimplementationties theexceptionhandlingpolicy
at this level to thespecificOBOSSbuild.

The implementationof the classobject Queue, from
whichtheprotectedterminalobjectEvent Buffer is derived,
determinesthetypeof data-orientedsynchronisationmodel
in placebetweenthe caller of the Start operationand the
sporadictaskitself. In fact,thecurrentimplementationren-
dersthe Start operationnon-blockingeven on buffer full,
while it blocksthesporadictaskindefinitelyon theExtract
operationonbuffer empty. (Cf. section4.1for a discussion
of data-orientedsynchronisationissuesin OBOSS.)

At present,both the implementationof the queuedata
structureandthatof theDeposit andExtract operationsare
fixedfor any specificOBOSSbuild. Typicalchoicesfor the
insertionandextractionpolicy areFIFO or priority based.

with . . . – auxiliary definitions
generic

type Element Type is private;
Queue Size : in Natural;
Queue Priority : in Priority Ctrl.Protected Priority;

packageQueue is
function Deposit (Elem : in Element Type)

return Boolean;
function Extract return Element Type;

end Queue;
packagebody Queue is

protectedQueue is
pragma Priority (Queue Priority);
procedureDeposit (Elem : in Element Type;

Response : out Boolean);
entry Extract (Elem : out Element Type);

private
– implementation details

end Queue;
function Deposit (Elem : in Element Type)

return Boolean is
Response : Boolean;

begin



Queue.Deposit (Elem, Response);
return Response;

end Deposit;
function Extract return Element Type is

Elem : Element Type;
begin – Extract

Queue.Extract (Elem);
return Elem;

end Extract;
– implementation details

end Queue;

2.3.Building an Application Process

A PUS systemmay be regardedas a collectionof in-
dependentand occasionallycooperatingapplicationpro-
cesses.Applicationprocessesrepresentphysicalor logical
on boardsubsystems,which may be commandedinto the
provisionof a numberof specificservices.

An OBOSSapplicationprocessiseasilybuilt upby com-
positionandconfigurationof reusemodulesaccordingto a
recurrenttemplate,whichwe illustratein thefollowing. At
the top of the OBOSShierarchywe encounterthe notion
of Application Process, the body of which definesthe ex-
portedoperationSend TC in termsof anoperationwith the
sameprofile exportedby a serviceunit (a child object in
HRT-HOODparlance):

with PUS; – OBOSS reuse component
with . . . – non-OBOSS components
packageApplication Process i is

. . . – non-PUS components
procedureSend TC (Packet : in PUS.Packet);

– for message producers to invoke
end Application Process i;

with AP i Dispatcher – to handle incoming messages
with . . . – supplementary components
packagebody Application Process i is

. . . – for non-PUS components
procedureSend TC (Packet : in PUS.Packet) is
begin

AP i Dispatcher.Send TC (Packet);
end Send TC;

end Application Process i;

As we resolve the messagedispatchingcomponentof
Application Process i (i.e. AP i Dispatcher) we encounter
the first instanceof embeddedconcurrency within the
OBOSSsystem.Thespecificationof thedispatchingobject
is ratherobviousandvery symmetricalto thespecification
of its parentobject. Thebodyof this packagein particular
shows how OBOSSmakescertainobjectsactive by attach-
ing thedesiredconcurrentbehaviour to theirdefinition:

with PUS; – OBOSS reuse component

packageAP i Dispatcher is
procedureSend TC (Packet : in PUS.Packet);

end AP i Dispatcher;

with . . . – OBOSS reuse components including:
with AP i TC Interpreter;
with AP i Params; – configuration parameters
packagebody AP i Dispatcher is

packageTC Forwarder is new Sporadic Task
(Task Priority � � AP i Params.Task Priority,
Task Stack Size �

� AP i Params.Task Stack Size,
Event Buffer Priority � � AP i Params.Buffer Priority,
Event Buffer Size �

� AP i Params.Buffer Size,
Operation � � AP i TC Interpreter.Receive Packet,
. . . – all other parameters);

procedureSend TC (Packet : in PUS.Packet) is
begin – non-blocking

if not TC Forwarder.Start (Packet)
. . . – error handling on buffer full

end if ;
end Send TC;

end AP i Dispatcher;

Wenotefrom theabovecodefragmentsthatacall to Ap-
plication Process i.Send TC resolvesinto a call to theStart
operationof the sporadictaskTC Forwarder embeddedin
AP i Dispatcher. We have seenearlierthattheimplementa-
tion of theStart operationentailsa transactionon the local
event buffer embeddedwithin the sporadictask instance.
The implication of this choiceis that the messagesender
is fully decoupledfrom the messagereceiver, so that they
mayeffectively proceedin parallel.Thekey notionwe de-
rive from theimplementationof procedureSend TC is that
OBOSSletsthesenderproceedevenin caseof buffer full.
The implementationtrapsthe failure event without block-
ing thesenderandproducestheappropriateresponse,which
typically amountsto a failure reportdestinedto thesender
and/orto somesupervisoryauthority.

ThestylethatOBOSShaschosento embedconcurrency
within objectsallows the user to capturein the form of
genericactualparameterssuchnotionsas: the operation
that the embeddedthreadis to carry out; the priority at
which that is to be done; the ceiling priority and the size
of theassociatedeventbuffer (if any) or any otherrelevant
servicedatastructure.Thisshowsfor examplein theinstan-
tiation of sporadictaskTC Forwarder thatwe have seenin
thecodefragmentabove.

Theconcurrentoperationof TC Forwarder is definedby
packageAP i TC Interpreter. Thespecificationof this def-
inition packagesimply exportstheprocedurenominatedas
genericactualparameterof TC Forwarder. ProcedureRe-
ceive Packet effectively multiplexesmessages(i.e. service
requests)to theappropriateserviceprovider within theap-
plication process. This is in keepingwith the delegation
of controlapproachtakenby OBOSS,whichallowsservice



providersto be implementedasactive objectsandthus to
operateconcurrently.

with PUS; – OBOSS reuse component
packageAP i TC Interpreter is

procedureReceive Packet (Packet : in PUS.Packet);
end AP i TC Interpreter;

with . . . – OBOSS reuse components including e.g.:
with AP i Service J;

– instantiation of PUS service J in application process i
packagebody AP i TC Interpreter is

procedureReject Packet (Packet : in PUS.Packet) is
. . . – to handle erroneous messages

end Reject Packet;
procedureReceive Packet (Packet : in PUS.Packet) is
begin

caseGet Service Type (Packet) is
– for any supported PUS service
when Service J � �

AP i Service J.Receive Packet (Packet);
– for all unsupported services
when others � � Reject Packet (Packet);

end case;
end Receive Packet;

end AP i TC Interpreter;

Onelevel below applicationprocessesin theOBOSShi-
erarchywe encounterthe implementationof the PUSser-
vice capabilitiesto embedwithin applicationprocesses.
This is whereOBOSSpushesits reuseapproachto its ex-
treme.

AP i Service J is describedas an active (sporadic)ob-
ject,which in HRT-HOOD parlancemeansthatit mayem-
bedmultiple threadswith predominant(i.e. externallyvisi-
ble)sporadicbehaviour.

The implementationof AP i Service J.Receive Packet
involvestheconcurrentoperationof (at least)onesporadic
task. This implementationapproachwarrantsloosecou-
pling betweenthe messagereceptionmechanismat appli-
cationlevel andtheexecutionof theserviceprotocolssup-
portedby theapplicationprocess.

The genericunit Service J fully definesthe structures
andoperationscorrespondingto PUSserviceJ andthere-
fore sufficesfor theimplementationof theserviceinstanti-
ationembeddedwithin theapplicationprocess.

with Service J; – OBOSS reuse component for service J
with AP i Router; – to send response messages
with . . . – any non-OBOSS components
packageAP i Service J is new Service J

(Deposit � � AP i Router.Deposit; . . . );
end AP i Service J;

with . . . – OBOSS reuse components
generic

. . . – service-specific configuration parameters

with Deposit (Packet : in PUS.Packet) return Boolean;
packageService J is

procedureReceive Packet (Packet : in PUS.Packet);
– for service request to reach service provider

end Service J;

OBOSSusesthe instantiationof the formal genericop-
erationDeposit to dispatchthe messagesproducedby the
operationof theserviceobjectto thedesignateddestination
mailbox. Becauseof its inherentinner concurrency, Ser-
vice J is an active parentobject in the HRT-HOOD sense.
Its implementationencompassesa considerableamountof
recurrentactive andpassive components:

with . . . – OBOSS reuse components
packagebody Service J is

. . . – auxiliary instantiations
packageCmd Interpreter is

– command reception concurrent to service execution
procedureReceive Packet (Packet : in PUS.Packet);

end Cmd Interpreter;
procedureReceive Packet (Packet : in PUS.Packet) is
begin

Cmd Interpreter.Receive Packet (Packet);
end Receive Packet;
packagebody Cmd Interpreter is

. . . – auxiliary definitions
procedureExecute Cmd (Packet : in PUS.Packet);
packageInterpreter is new Sporadic Task

(Operation � � Execute Cmd, . . . );
procedureReceive Packet (Packet : in PUS.Packet) is
begin – caller does not block

if not Interpreter.Start (Packet)
. . . – error handling on buffer full

end if ;
end Receive Packet;

end Cmd Interpreter;
end Service J;

Theverysameapproachtakento theembeddingof con-
currency in thehandlingof messagesacrossandwithin ap-
plication processesappliesto the executionof the specific
serviceprotocols.We notein fact that the implementation
of theexportedoperationReceive Packet of unit Service J
resolves in depositingthe servicerequestinto the event
buffer of Cmd Interpreter.Interpreter. In thiswaytheexecu-
tion of the serviceprotocolwithin any applicationprocess
may proceedconcurrentlyto the dispatchingof messages
within thesystem.

It is alsoaprerogativeof theOBOSSdesignthatthepro-
cessingof theservicerequestcarriedout by theconcurrent
operationExecute Cmd of sporadictask Cmd Interpreter
may producemessagesthat trigger the operationof mul-
tiple concurrentthreadsbothwithin theserviceinstanceit-
self andwithout it. This concurrency potentialis obtained
throughthesamemechanismthatwarrantsconcurrency of



execution betweenthe Send TC operationinvoked by a
messageproduceroutsideApplication Process i andtheRe-
ceive Packet operationthatdispatchesthemessageto its in-
ternaldestination.

Individualapplicationprocessesin OBOSSmayembed
multiple messageproducers.The architectureof OBOSS
requiresthatall outgoingmessagesgetinto themailboxof a
centralisedpacketrouter, thesoleentity with knowledgeof
all legaldestinationsin thesystem.To thisend,a dedicated
passive objectperapplicationprocesscollectsall outgoing
messagesanddispatchesthemto themailboxof thepacket
router. Thebaseclassfor this dispatchingobjectis denom-
inatedPacket Depositor. Thedispatchingoperationis sim-
ply implementedby: (1) connectingthe Deposit operation
exportedby the correspondingclassobjectto the mailbox
of the packetrouter;and(2) usingthe resultingoperation
for theinstantiationof theformalgenericDeposit operation
of themessageproducerconcerned(e.g.:AP i ServiceJ).

OBOSSleverageson therecurrenceof the activity per-
formedby thePacket Depositor to yield anotherobviousin-
stanceof reusablesoftwarecomponent.

with Packet Depositor; – OBOSS reuse component
with Packet Router; – the system-level message router
packageAP i Router is newPacket Depositor

(Deposit Response � � Packet Router.Deposit);

with PUS;
generic

with function Deposit Response (Packet : PUS.Packet)
return Boolean;

packagePacket Depositor is
function Deposit (Packet : PUS.Packet) return Boolean;

end Packet Depositor;

with . . . – OBOSS reuse components
packagebody Packet Depositor is

. . . – service operations including:
function Deposit (Packet : PUS.Packet)

return Boolean is
begin. . . – administration on outgoing Packet

return Deposit Response (Packet);
end Deposit;

end Packet Depositor;

3. The RavenscarProfile asa Limiting Factor

3.1.Understandingthe Profile Restrictions

TheRavenscarProfiledefinesasubsetof theAda95lan-
guagethat aimsat predictableandefficient useof concur-
rency in high-integrity real-timesystems.Concreteimple-
mentationsof the profile, however, tendto introduceaddi-
tionalrestrictionswith aview to furtherreducingthecauses

of potentialnon-determinismat runtime aswell asto com-
ply with the prescriptionsof specificsafety-criticalstan-
dards(cf. [12]). In particular, specificimplementationsmay
chooseto prohibit theuseof declarationsthat involve allo-
cationsor deallocationsfrom theheap.This is for example
the casewith explicit useof allocatorsfor accesstypesas
well as implicit allocationsgeneratedby the compiler, for
exampleasa resultof arrayslicing.

Exceptionhandling,aboutwhich the profile definition
currently is silent, is anotherissueon which concreteim-
plementationsmayadoptrestrictivestrategies.Theproblem
with exceptionhandlingin thegeneralcaseis thatthetime
to transfercontrol to theappropriatehandleron theraising
of anexceptionat run time maybedifficult to bound.This
eventmaypresentanhazardto thesystemandthuscontrast
with the spirit of the profile. Restrictive implementations
may prohibit the useof user-definedexceptionsaltogether
andonly supportthe occurrenceof predefinedexceptions.
The handlingof predefinedexceptionswould thensimply
involve direct transferof control to designated‘last-rites’
routinesexplicitly suppliedby theuser.

While specificdesignandanalysisefforts shouldbedi-
rectedto preventing the occurrenceof predefinedexcep-
tions, all systemsthat take input from inherentlyunsafe
sourcesareintrinsically exposedto exceptionsituationsat
run time. On-boardsystemslike OBOSSdefinitelybelong
in thelattercategory.

Two questionsarecrucial to determinethenatureof the
exceptionhandlingsupportsuitedfor an applicationwith
integrity requirements:(i) whetherstaticanalysiscanprove
thatthetime takenatruntime to locateandreachthedesig-
natedhandlerdoesnot posehazardsto thesystem;and(ii)
whetheranappropriatelevel of treatmentis possiblefor any
givenexception.

Question(ii) above only allows an application-specific
response,whereasquestion(i) takesa positive,application-
independentanswer. Researchwork (cf. e.g.: [4]) hasin
fact shown that a few minor restrictionssuffice to render
worst-casetiming analysisof the Ada exceptionhandling
mechanismtractable.Arguably, thereducedtaskingmodel
thatemanatesfrom theRavenscarProfilefurthersimplifies
theexceptionpropagationmechanism,thuslendingitself to
usefulandanalysableexceptionhandlingmodels.Thevery
designof OBOSSspecificallyreflectsthisview.

3.2.Implications on OBOSS

Overall, the prescriptionsof the RavenscarProfile did
not presentOBOSSwith significantimplementationprob-
lems. In fact, thecodingrestrictionsthatemanatefrom the
profile arenot distantfrom the standardcodingguidelines
normally followedby a largefractionof theon-boardsoft-
warecommunityand,ironically, evenmorepermissivewith



respectto theuseof native tasking.
Theprescriptionfor taskdeclarationsto placeat library

level only, wascomparatively naturalfor OBOSSto com-
ply with. In fact, all of the packagenestingthat so dis-
tinctly markstheOBOSSdesignoutlinedin section2 rigor-
ouslyoccursat library level. Within this structure,theonly
OBOSSpackagesthat definetaskobjectsdo so at library
level too, as shown for packageSporadic Task and sit at
thebottomof thenestinghierarchy, wherebyany suchtasks
transitively becomelibrary-level objectsin their respective
chainof instantiation.

Heapoperationsat run-timedo indeedposea problem
to systemsin theapplicationdomainof OBOSS.Thenon-
deterministicworst-caseexecutiontimes resultingfrom a
fragmentedheapis a seriousthreatto the predictabilityof
theresponsetimebehaviour of thesystem.In theholyname
of abstraction,OBOSSoccasionallyusesdeclarationsand
constructsthatthecompilermayresolveby insertionof im-
plicit heapoperations.In particular, OBOSSusesdiscrimi-
natedrecordsandunconstrainedarraytypesto provide en-
compassingabstractionsfor datastructuresthat are poly-
morphicby nature. This is for examplethe casewith the
PUSpacketshandledby the OBOSSobjects,which have
variablesizeandvariableinnerstructureby their very def-
inition. Most compilerswould allocatesuchpolymorphic
objectson the heap,and even createmultiple copiesof
them,for examplewhenthey arereturnedasthe resultof
subprogramcalls. On considerationof thepotentialhazard
of non-deterministicexecutionagainsttheexpressivepower
(and beauty)of the abstraction,the OBOSSteamis now
consideringto eliminateany constructsinvolving dynamic
heapmanagementfrom futurereleasesof OBOSS.

Prohibitingtheuseof exceptionsaltogetherwouldbetoo
restrictive and thus unacceptablefor OBOSS.Exceptions
offer an excellent meansfor separatingthe management
of error situationsfrom that of nominalsituations,and,as
such,they areextensively usedthroughoutOBOSS.In fact,
the OBOSSdesignphilosophyacceptsthat certainopera-
tionsmayfail at run timeandrequiresthatthoseshouldre-
portthefailureeventin theformof aspecificexception.No-
tableexamplesof suchoperationsin OBOSSarethosethat
have to takedatainput from unreliablesourcesand those
thathave to copewith userdemandsin theeventof tempo-
rary shortageof resources.In orderto ensurethat thecon-
trol flow modificationresultingfrom exceptioneventsbeal-
waysstaticallyanalysableandwouldnot inducehazardsto
thesystem,OBOSSrequiresthatoperationsthatmayraise
exceptionsbeencapsulatedwithin blocksequippedwith ap-
propriatehandlers.In fact theseprescriptionsarein keep-
ing with theprovisionsthat[4] assumesfor thestatictiming
analysisof Adaexceptionhandlers.

Abandoningexceptionswouldimply thatthevastmajor-
ity of subprogramsin OBOSSwouldhave to returnanenu-

merationtype indicatingany possibleerrorstatusresulting
fromthecall. Thiswoulddetractfromtheclarityof thecon-
trol flow by cloggingit with conditionalchecksthatpropa-
gatetheresultvalueupthecall graphto thelevel wherethe
errorwereto behandled.

4. OBOSSFlavours of Object Orientation

4.1.Data-orientedSynchronisation Issues

Concurrentobjectstypically cooperateby exchangeof
messagesandso do OBOSSobjectstoo. The processing
of the messageflow producedby concurrentobjectsmay
give rise to undesirableinteractions.Implementationsuse
variousforms of objectsynchronisationto prevent the oc-
currenceof suchevents.

OBOSSusessynchronisationas the designatedmeans
for objectsto exchangedata. More specifically, OBOSS
treatsthe arrival of an incomingmessageasthe activation
eventof thedestinationobject.For OBOSSthuswe talk of
data-orientedsynchronisation,whichis oneparticularman-
ifestationof the broaderconcernof the synchronisationof
concurrentobjects.

The synchronisationof concurrentobjects effectively
amountsto verifying specificplausibilityconditionsfor the
processingof individual messagesin a messageflow. [7]
distinguishesthreebroadcategoriesof synchronisationcon-
straintsthat determinesuchconditions: (i) exclusioncon-
straints,whichholdwhenimplementationcharacteristicsof
theobjectsconcernedinhibit concurrentprocessingof mul-
tiple messages;(ii) stateconstraints,which hold whenthe
internalstateof anobjectpreventsthecorrectprocessingof
messages;(iii) coordinationconstraints,which involve the
coordinationof multiplemessagesto multipledestinations.

Wetalk of server-sidesynchronisationwhentheapplica-
ble constraintsareenforcedaspart of the messageaccep-
tancemechanismof thedestinationobject. Converselywe
talk of client-sidesynchronisationas the constraintis en-
forcedon thesendingof themessage.

Arguably, theadoptionof server-sidesynchronisationdi-
rectly followsfrom theuseof theRavenscarProfilein force
of which protectedobjectsoperateasserversto communi-
catingtasksandprotectedoperationsnaturallysupportthe
enforcementof theapplicablesynchronisationconstraints.

An obviousconsequenceof demandingtheenforcement
of synchronisationconstraintsis that the objectbehaviour
in the event of their violation mustalsobe specified. [7]
definesthreeclassesof responsebehaviour on violation of
synchronisationconstraints: (i) balking, which is to re-
turn immediatelywith a failure indication; (ii) blocking,
which is to wait indefinitelyuntil theconstraintis met;(iii)
timed waiting, which to wait for up to a maximumtime



for the constraintto bemet, returningwith anerror other-
wise. WhereastheAda languagedefinition[9] supportsall
threeclassesof responsebehaviour, the RavenscarProfile
excludestheuseof timed-waitconstructsandlimits theuse
of blockingto atmostonewaiterperprotectedentryqueue.

OBOSS contemplatesexclusion constraintsand state
constraintswhile it currently hasno requirementsfor the
supportof coordinationconstraints.The useof protected
objects for the implementationof event buffers allows
OBOSSto enforceexclusionconstraintsin thesimplestand
most radical form of total mutual exclusion. Statecon-
straintshold for OBOSSsynchronisationin the classical
eventsof buffer full or buffer empty.

The useof HRT-HOOD led OBOSSto modelmessage
receiversassporadicobjectsandthemessagearrival asthe
activation event. As the designmethodrequires,the ex-
portedoperationExtract of baseclassQueue shown in sec-
tion 2.2 mapsto a protectedentry with blocking response
onstateconstraintviolation of buffer empty. For statecon-
straintviolation of buffer full on sending,instead,OBOSS
hasoptedfor abalkingresponse,in keepingwith theRaven-
scarProfile. Accordingly, the Deposit methodof Queue
mapsto a protectedprocedurethat returnsa booleanre-
sponseparameter. A negative responseon sendingdenotes
astateconstraintviolationof buffer full andresultsin theis-
sueof anexceptionmessagedirectedtowarda supervisory
authority. Thisbehaviour is in accordwith whatis typically
expectedof currenton-boardsystems. In section2.3 we
have encounteredtwo codefragmentsthatgiveriseto balk-
ing responsebehaviour: in theimplementationof operation
Send TC of objectAP i Dispatcher; andin theimplementa-
tion of operationReceive Packet of objectCmd Interpreter
within classobjectService J.

It is our opinion that the synchronisationbehaviour of
OBOSSobjectsfully meetsthe relevant requirementsof
the target applicationdomain. This observation arguably
provesthattheexpressive powerof theRavenscarProfilein
this particularrespectis sufficient for spaceapplicationsin
thedomainof OBOSS.

4.2.Other OO Issues

OBOSS class objects can be instantiatedbut cannot
presentlybeextended.This limitation boundsthereusabil-
ity potentialof OBOSSandweakenstheobjectorientation
characteristicsof its design.

The classobject Queue that we introducedin section
2.2, presentsan obvious casewhereinheritanceby exten-
sionwould bemorepowerful andadvantageousthanmere
inheritanceby instantiation.The currentdesignof the ob-
ject, which is centralto the data-orientedsynchronisation
characteristicsof OBOSS,in factsuffersfrom two intrinsic
limitations(cf. [2]):

1. Theimplementationof theobjectis fixedfor any given
definitionof the internaldatastructureandof the ex-
portedoperationsDeposit andExtract: a re-definition
of thewhole module(andthusanotherOBOSSbuild
altogether)would thereforeberequiredto supportany
otherimplementation.

2. Any giveninstantiationof theobjectfully determines
thedatatypethat thedatastructureholdsandthat the
exportedoperationsareable to manipulate(i.e. Ele-
ment Type): nooperationmaybethusdefinedthatma-
nipulatesthedatastructurewithoutregardto theactual
datastoredin it.

PotentialOBOSSusersmaywell wishto specifyfor any
groupof sporadicobjectsin the systemthe desiredinser-
tion andextractionpolicy for usewith therespective event
buffer. With the currentsolutioninsteadthe choice(e.g.:
FIFO, priority based)is irremediablyfixed for all objects
for any OBOSSbuild. This is no intolerabledrawbackat
present,yet it may becomemore of an annoyancein the
faceof increasinglydemandingusers.It is a subjectof cur-
rent investigationthe issuewhetherOBOSSincludeother
componentsasobviously andasconvenientlyamenableto
extensionas the event buffer. A further issueof concern
is the increasein resourcerequirements(particularlycode
size)thatmayarisefrom theadoptionof inheritanceby ex-
tension.

Anotheropportunityfor OBOSSto benefitfrom the in-
creasedexpressive power of Ada 95 may obviously arise
from the useof taggedtypesin the placeof discriminated
recordsfor the handlingof polymorphicdataobjects.The
casefor replacementis particularlyattractive from the ab-
stractionpoint of view. It remainsto be seenhowever
whethercompilerswould treatobjectsof taggedtype in a
lessheap-intensive way thanthey tendto do for discrimi-
natedrecordsin theusecontext of OBOSS.Any increasein
the heap-intensivenessof their treatmentwould obviously
detractfrom their ultimateappeal.

Underall circumstancesandin spiteof the intellectual
interestof full objectorientation,OBOSSrevisionswill al-
waysgive precedenceto thepreservationof thecurrentin-
tegrity, predictabilityandresourcedemandof thesystem.

5. Overall Assessmentand Futur eDir ections

Fitting the RavenscarProfile in the original OBOSS
baselineproved fairly smoothand, in retrospect,particu-
larly naturalandconvenientto the overall economyof the
OBOSSconcept.This notionarguablyshows that thepro-
file suitstheneedsof on-boardreal-timeembeddedsystems
of thenew generationvery well.

Thecombinedeffect from theOBOSSreusephilosophy
andtheRavenscartaskingmodelcallsfor aradical‘special-



isation’ of tasks,for taskscanonly exhibit a very specific
executionbehaviour andthuscanonly adequatelyperform
specificoperations.This notion addsto the clarity of de-
signbut alsoincreasesthetaskingpopulationof thesystem
to unprecedentedlevels,whichdemandsanunusuallylarge
rangeof priorities.

Oneinescapableconsequenceof thisphenomenonis that
Ravenscar-compliantcompilersmayhave to supportmuch
largerpriority rangesthanusuallycontemplated.(By way
of example,anaverageOBOSSsystemwouldcompriseno
lessthan40tasksand40protectedobjects,thusneedingup
to 80distinctpriorities.)Theuseof distinctprioritiesis not
anecessaryrequirementto theconstructionof apredictable
real-timesystem.Arguably, however, it addsto thesimplic-
ity of theruntimeimplementationaswell asto that of the
schedulinganalysis.

The prescription to avoid the dynamic use of heap
broughtto theforegroundtheneedto thoroughlyweighthe
beautyof abstractionagainstany ensuingbreachto integrity
andpredictability. Thisnotionprovedausefullessonto the
OBOSSteam.Futurereleasesof theproductwill eliminate
all constructsthatviolatetheprescription,for this will fur-
therincreasetheultimatevalueof thesystem.

The OBOSSexperiencesuggeststhat evolutionsor in-
terpretationsof the RavenscarProfile shouldneithercon-
templatenor encouragetheprohibitionof user-definedex-
ceptions. In section3.2 we arguedagainstthe increasein
complexity andobfuscationof programlogic thatmay re-
sult from the lack of user-definedexceptions. Exceptions
area delicatematterfor all systemswith integrity require-
ments,andtheirpresenceor absenceandtheir handlingare
critical issuesfor design,implementationandverification.
OBOSSfoundwhatweconsideranacceptablewayof cop-
ing with theunavoidablepresenceof exceptionsin our ap-
plicationdomain.Otherdesignersandotherapplicationdo-
mainsmayperhapsfind theOBOSSapproachnotappropri-
ateto their needs.Without detractingfrom this diversityof
positions,we arguethat the RavenscarProfile shouldpos-
sibly be annexed the definition of model(s)for the useof
exceptionsthatpreserve thespirit andtheintentof thepro-
file.

The interactionbetweenthe Ada concurrency (andthe
RavenscarProfilein particular)andobjectorientationcon-
stitutesanotherdimensionof considerableintellectualin-
terest.Theprime goalof OBOSSis to maximiseits reuse
potential.Trueobjectorientationcanthusbeof greatben-
efit to it. Thecurrentreleaseof OBOSSusesAda 83 class
objectsin the form of genericunits. Suchobjectscanbe
instantiatedbut cannotbeextended.In this paperwe have
briefly discussedonetypicalcasein whichobjectextension
wouldbeof obviousbenefitto OBOSS.

Thepresenthighlight of OBOSSlays in themerit of its
virtually full complianceto theRavenscarProfile. The fu-

turedirectionof this productwill mostcertainlylay in the
acquisitionof a morematureobjectorientedconnotation,
in a fashionthat preserve the integrity, predictabilityand
resourcedemandof thesystem.

Disclaimer. The views expressedin this paperare those
of theauthors’only anddo not necessarilyengagethoseof
theEuropeanSpaceAgency.
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