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Abstract

TheRavenscaProfile emegedin 1997asa mostprom-
isingapproad to bringing mature, predictableandefficient
concurencyinto real-time systemswith integrity require-
ments.Oneof the crucial questionghat havearisensince
is whetherthe expressivgpowerof the profilewouldbetruly
suficientfor theeffectiveconstructiorof sud systemsThis
paperprovidespositiveevidenceto this effectby discussing
themeritofthe Ravenscacompliantarchitecture of a reuse
library that supportsthe constructionof on-boad embed-
ded real-time systemof the new geneation. This paper
arguesthat the notionsof the profile especiallycontributed
to increasethe maturity of the reuseproduct. Astrue ob-
ject orientationis the next frontier of the product, this pa-
peralsoreflectsontheimportanceof integrating the profile
with suitableflavoursof objectorientation.

1. Intr oduction

The RavenscarProfile [1] definesa taskingprofile that
is amenablao staticanalysisandis especiallysuitablefor
thedirectexpressiorof concurreng in high-integrity appli-
cations[12]. [11] contendedhat mappingrulesthat con-
form to the RavenscarProfile may be usefully specifiedfor
the active terminalobjectsdefinedby the HRT-HOOD de-
sign method[3], arguably one of the bestequippedmeth-
odsfor thedesignandimplementatiorof real-timesystems.
One of the questionghat immediatelyarisefrom this ar
gumenthowever, is whetherthe expressie power of the
RavenscarProfile,dramaticallyinferior to thatprovided by
the baselanguagesufiicesfor the constructiorof real-life
real-timesystems.This questionis significantandthis pa-
peraddresses onthebasisof a practicalexerciserecently
performedatthe EuropearSpaceResearclandTechnology
Centre(ESTEC).

An ESTEC project carriedout in 1996 produceda li-
brary of reusablesoftwarecomponentsdesignedfor the
constructionof datahandlingsystemscompliantwith the
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PacketUtilisation StandardPUS)[6] for useonboardnew-

generatiorsatellitesystems Datahandlingsystemsof this
kind represent crucial componenbf the spacecraftfor

they cover abouthalf of the overall functionality required
of the on-boardcontrol computer the otherhalf beingde-
votedto attitudedeterminatiorandcontrol.

ThePUSdefinesastandargrotocolfor thetransmission
anddistribution of telecommand§T C) on boardthe space-
craftandspecifiesastandardetof servicedor designerso
draw from in the constructiorof datahandlingsystems.

The PUSdefinesthosestandardservicesby prescribing
theservicemodel,i.e. themanneiin which applicationpro-
cessesnboardareto behae onthearrival of ary givenser
vicerequestandtheinnerstructureof thetelecommanand
telemetry(TM) packetsxchangedo thisend.Thestandard
natureof the PUS specificationconsiderablyfacilitatesthe
designfor reuseof softwarecomponentsupportingheim-
plementatiorof compliantsystems.

The projectthatfirst attemptedo exploit the reusepo-
tential of the PUSwasdenominateddBOSS for on-board
operationsupportsoftware. OBOSSusedAda83[8] asthe
programmindanguageandinspiredto HRT-HOOD for the
designmethod.HRT-HOOD wasespeciallyusefulto elicit
theextentof concurreng thatis inherento thePUSservice
model. Adain turn wasrich with languageconstructghat
provide the degreeof modularity scalabilityandgenericity
thatform thecrucialbasisto ary reusableproduct.As are-
flection of theimprint from both sourcesthe OBOSScon-
ceptcomprisedan orderly collectionof active and passie
objectsalongwith a domain-specifiarchitecturefor their
utilisation. In keepingwith the capabilitiesof Ada 83, the
OBOSSobjectshave structure stateandoperationdut lack
trueinheritancgin thesensef incrementabuild) andpoly-
morphism,which are the distinguishingcharacterf full
objectorientation.OBOSSobjectsmaybederivedfrom by
genericinstantiatiorandaremadeactive by embeddinghe
requiredtype of concurreng (in the HRT-HOOD senseof
cyclic, sporadicandprotectedwithin them.Thesefeatures,
if limited in therespecbf full objectorientation,appeato
be sufficientto the achiezementof a considerablgotential



for unmodifiedreuse,with importantbenefitsin termsof
effort saving.

The emegenceof the RavenscarProfile in 1997 pre-
sentedhe OBOSSprojectteamwith the opportunityto re-
visit certainimplementatiorchoicesin the areaof concur
reng/ andto challengethe expressie power of the profile.
OBOSS2nd generatiofOBOSS-I1)[10] originatedasthe
teams responseo thesestimuli. This paperdiscussese-
lectedaspect®f thisresponseAccordingly, all references
to OBOSSin theremaindenf this paperspecificallydenote
OBOSS2ndgeneration.

An additionaldimensionof interestis whetherandhow
the RavenscarProfile integrateswith the object orienta-
tion capabilitiesof Ada 95[9]. The belatedappearancef
Ada95 crosscompilationsystemdor space-qualifiethrget
processorgcf. e.g.:[5]) haspreventedthe currentOBOSS
revisionfrom beingableto augmentts objectorientedchar
acteristics.Yet, theissueis of majorimportanceto the fu-
ture of OBOSS Attentionis currentlybeingdevotedto de-
termining whetherand to what extent the exploitation of
inheritanceand polymorphismof Ada 95 could addto the
expressienessandreusabilityqualitiesof OBOSSwithout
detractingfrom the currentintegrity and predictability of
thesystem.

Along thesdines, this paperaddressethreeaspectshat
especiallycharacterisehe presentand the future of the
OBOSSconceptsection? presentsheapproachwetookto
embeddingRavenscaicompliantconcurreng in OBOSS;
section3 shaows that the expressive power of the profile
is indeedsufficient to meetthe requirement®f systemsn
the OBOSSapplicationdomain;sectiord briefly discusses
presentindfutureflavoursof objectorientationin OBOSS.

2. EmbeddingRavenscarConcurrency
2.1.Motivations

The tasking model that emanatedrom the Ravenscar
profileis particularlyrestrictvein termsof whatit excludes
of the wealth of taskingconstructssupportedby the lan-
guagedefinition. Yet the profile is powerful enoughto ex-
pressaplausibleimplementatiorof thecyclic, sporadicand
protectedbjectsdefinedoy HRT-HOOD, whichareamong
themainingredientof theOBOSSconcept.Theprimemo-
tivation behindthe definition of the RavenscarProfile was
the questfor memorysize and executiontime efficiengy,
predictability and verifiability. This notion madean es-
pecially compellingagumentfor OBOSSto considey for
OBOSSaddressean applicationdomainconstantlyseek-
ing thosecharacteristicsWe facedtwo majorchallengesn
thedecisionto shapeghe OBOSSconcurreng modelin ac-
cordwith the RavenscarProfile. Thefirst challengevasto
expressthis concurreng in a mannerthat would fit in the

overall designphilosophyof thereuselibrary. The second
challengavasto determinevhatdravbacksandlimitations,

if ary, wouldarisefor anOBOSS-basesdystenirom there-

strictionsimposedby the profile. Theremainderof section
2 will presentheresponseo thefirst challenge.Section3

will discusgheissuesarisingfrom thesecondhallenge.

2.2.0BOSSCornerstones

The OBOSSreusablesoftware componentselongin
threemain cateyories: (i) classel implementecasgeneric
units, which the userderives from by way of genericin-
stantiation; (i) templates,mplementedas model library
units,whichthe usermusttailor (i.e. sourceedit) to suitthe
specificneedsof the system;(iii) auxiliary objects,which
OBOSSusesfor the definition of classand templateob-
jects,andthat the userneednot access OBOSSobjectsin
ary of thesethreecatgoriesare eitheractive or protected
or passie in theway HRT-HOOD defineghesenotions.

Passve objectsare composite(i.e. parent)objectsthe
implementatiorof whichneedshild objectsof passietype
only. Active objectsare compositeobjectsthat areimple-
mentedby at leastone active child object. Child objects
may in turn be parentor terminal. Terminal objectshave
no child. Passve terminal objectsdo not possessn own
threadof controlandtheir methodqcalledexportedopera-
tionsin HOOD parlancepreexecutedby thecalling thread
of control. Active terminalobjectspossesgheir own thread
of control, which may be eithercyclic or sporadic.Cyclic
terminalobjectsprovide no methoddor otherobjectsto in-
voke, hencethey only invoke the methodsof others. Spo-
radic terminal objectsprovide one single method(notion-
ally denominatedbtart) which otherobjectsinvoketo trig-
gerthesporadicoperatiorof theobject. TheStart methods
asynchronoum thatit returnsimmediatelyafterdelivering
theintendedexecutionrequesto the mailboxof the desig-
natedserviceobject. Active objectsthat provide methods
otherthan Start have them implementedby child objects
thatare eitherpassie or protected.Protectecbjectspro-
vide methodghatwarrantsynchronousndmutuallyexclu-
sive execution.

The structureof the active terminal objectsin OBOSS
rigorously conformto the prescriptionsof the Ravenscar
Profile. Themostnaturalway for OBOSSto factor outthis
structuralconformancewas to representsporadic, cyclic
andprotectederminalobjectsasclassobjects.In thisman-
ner, individual active terminal objectsare simply obtained
by genericinstantiationof the correspondinglassobject.
To illustrate the approachjn the following we presenthe
implementatiorof theclassobjectsthatmakeup a sporadic
terminalobject.

1We usethe notion of classin a loosesense:an OBOSSclassmay
instantiateto a classobject,but cannotasyet, be extended.



The requirementhat sporadicterminal objectsprovide
onesingle methoddenominatedstart fully determinegshe
specificatiorof the correspondingenericunit:

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 procedure Operation (Param : in Param_Type);
— sporadic operation
packageSporadic_Task is
function Start (Param : Param_Type) return Boolean;
end Sporadic_Task;

OBOSSactive componentscommunicateby message
passingasa reflectionof which the parametenof the Start
operationis expectedto be a packet-encodethessagavith
a variablestructure.The type of the parametedetermines
the type of the incoming messagethat is to say the in-
ner structureof the correspondingpacket. The sporadic
operationof the task (Operation) takesa parameteof the
sametype as the Start operation,which allows the for-
mer to operateon the incoming message.The arrival of
the messagalefinesthe triggering event for the sporadic
task. The Start operationin OBOSSandin HRT-HOOD
is asynchronougi.e. non-blocking)and, thus, it simply
poststhe messagén a dedicatedventbuffer. OBOSSfac-
tors out the definition of this buffer too, and implements
it asan auxiliary classprotectedobject. Every instantia-
tion of a sporadictaskwill have its own event buffer with
agivensize(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 new Queue
(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
delay until Activation_Time;
loop
Due_Event := Event_Buffer.Extract;
Operation (Due_Event);
endloop;
exception
when...— appropriate handling
end Sporadic_Task;
end Sporadic_Task;

All thesporadidaskis to do atthis level of specification
is to fetchonemessageff the eventbuffer andperformthe
appropriateoperationon it. The OBOSSimplementation
allowsfor the occurrencef exceptionsandperformssome
standarchandlingon them. (Cf. section3 for adiscussion
of thisissue.)Partly owing to limitationswith thelanguage
supportin useand partly to designdecisionsthe current
OBOSSimplementatiorties the exceptionhandlingpolicy
atthis level to the specificOBOSShuild.

The implementationof the classobject Queue, from
whichthe protectederminalobjectEvent_Buffer is derived,
determineshetypeof data-orientedynchronisatiomodel
in placebetweenthe caller of the Start operationandthe
sporadidaskitself. In fact, the currentimplementationmen-
dersthe Start operationnon-blockingeven on buffer full,
while it blocksthe sporadidaskindefinitely on the Extract
operationon buffer empty (Cf. sectiond.1for adiscussion
of data-orientedynchronisatioissuesn OBOSS.)

At presentboth the implementatiorof the queuedata
structureandthatof the Deposit andExtract operationsare
fixedfor ary specificOBOSShuild. Typical choicesfor 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);
procedure Deposit (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 collection of in-
dependentand occasionallycooperatingapplication pro-
cessesApplication processesepresenphysicalor logical
on boardsubsystemsywhich may be commandednto the
provision of anumberof specificservices.

An OBOSSapplicationprocesss easilybuilt upby com-
positionandconfigurationof reusemodulesaccordingto a
recurrentemplatewhichweillustratein thefollowing. At
the top of the OBOSShierarchywe encounteithe notion
of Application_Process, the body of which definesthe ex-
portedoperationSend_TC in termsof anoperatiorwith the
sameprofile exported by a serviceunit (a child objectin
HRT-HOOD parlance):

with PUS; — OBOSS reuse component
with ...— non-OBOSS components
packageApplication_Process.i is
...—non-PUS components
procedure Send_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
procedure Send_TC (Packet : in PUS.Packet) is
begin
AP_i_Dispatcher.Send_TC (Packet);
end Send_TC;
end Application_Process._i;

As we resohe the messagalispatchingcomponentof
Application_Process.i (i.e. AP_i_Dispatcher) we encounter
the first instanceof embeddedconcurreng within the
OBOSSsystem.Thespecificatiorof thedispatchingobject
is ratherobvious andvery symmetricalto the specification
of its parentobject. The body of this packagen particular
shavs how OBOSSmakescertainobjectsactive by attach-
ing the desiredconcurrenbehaiour to their definition:

with PUS; — OBOSS reuse component

packageAP_i_Dispatcher is
procedure Send_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);
procedure Send_TC (Packet : in PUS.Packet) is
begin — non-blocking
if not TC_Forwarder.Start (Packet)
...— error handling on buffer full
endif;
end Send_TC;
end AP_i_Dispatcher;

We notefrom theabove codefragmentghata call to Ap-
plication_Process_i.Send_TC resolesinto a call to the Start
operationof the sporadictask TC_Forwarder embeddedn
AP_i_Dispatcher. We have seerearlierthattheimplementa-
tion of the Start operationentailsa transactioron thelocal
event buffer embeddedvithin the sporadictaskinstance.
The implication of this choiceis that the messageender
is fully decoupledrom the messageecever, sothatthey
may effectively proceedn parallel. The key notionwe de-
rive from theimplementatiorof procedureSsend_TC is that
OBOSSletsthe senderproceedavenin caseof buffer full.
The implementatiortrapsthe failure event without block-
ing thesendeandproducesheappropriateesponsewhich
typically amountso a failure reportdestinedo the sender
and/orto somesupervisoryauthority

ThestylethatOBOSShaschoserto embedconcurreng
within objectsallows the userto capturein the form of
genericactual parametersuchnotionsas: the operation
that the embeddedhreadis to carry out; the priority at
which thatis to be done;the ceiling priority andthe size
of the associate@ventbuffer (if ary) or ary otherrelevant
servicedatastructure Thisshowvsfor examplein theinstan-
tiation of sporadictask TC_Forwarder thatwe have seenin
thecodefragmentabove.

Theconcurrenbperationof TC_Forwarder is definedby
packageAP_i_TC_Interpreter. The specificatiorof this def-
inition packagesimply exportsthe procedurenominatedas
genericactualparameteof TC_Forwarder. ProcedureRe-
ceive_Packet effectively multiplexesmessage§.e. service
requestsjo the appropriateserviceprovider within the ap-
plication process. This is in keepingwith the delegation
of controlapproachiakenby OBOSS which allows service



providersto be implementedas active objectsandthusto
operateconcurrently

with PUS; — OBOSS reuse component
packageAP_i_TC_Interpreter is

procedure Receive_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
procedure Reject_Packet (Packet : in PUS.Packet) is
...— to handle erroneous messages
end Reject_Packet;
procedure Receive_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 applicationprocesses the OBOSShi-
erarchywe encountethe implementatiorof the PUS ser

vice capabilitiesto embedwithin application processes.

This is whereOBOSSpushesdts reuseapproacho its ex-
treme.

AP_i_Service_J is describedas an active (sporadic)ob-
ject,whichin HRT-HOOD parlancemeanghatit mayem-
bedmultiple threadswith predominanti.e. externally visi-
ble) sporadicbehaiour.

The implementationof AP_i_Service_J.Receive_Packet
involvesthe concurrenpperationof (atleast)onesporadic
task. This implementationapproachwarrantsloose cou-
pling betweenthe messageeceptionmechanisnat appli-
cationlevel andthe executionof the serviceprotocolssup-
portedby theapplicationprocess.

The genericunit Service_J fully definesthe structures
and operationscorrespondingo PUS serviceJ andthere-
fore sufficesfor theimplementatiorof the serviceinstanti-
ationembeddeadvithin 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
procedure Receive_Packet (Packet : in PUS.Packet);
— for service request to reach service provider
end Service_J;

OBOSSusesthe instantiationof the formal genericop-
erationDeposit to dispatchthe messageproducedoby the
operatiorof the serviceobjectto thedesignatediestination
mailbox. Becauseof its inherentinner concurrenyg, Ser-
vice J is an active parentobjectin the HRT-HOOD sense.
Its implementatiorencompasses considerablemountof
recurrentactive andpassve components:

with ...— OBOSS reuse components
packagebody Service_J is
...— auxiliary instantiations
packageCmd_Interpreter is
— command reception concurrent to service execution
procedure Receive_Packet (Packet : in PUS.Packet);
end Cmd_Interpreter;
procedure Receive_Packet (Packet : in PUS.Packet) is
begin
Cmd_Interpreter.Receive_Packet (Packet);
end Receive_Packet;
packagebody Cmd_Interpreter is
...— auxiliary definitions
procedure Execute_Cmd (Packet : in PUS.Packet);
packagelnterpreter is new Sporadic_Task
(Operation => Execute.Cmd, ...);
procedure Receive_Packet (Packet : in PUS.Packet) is
begin— caller does not block
if not Interpreter.Start (Packet)
...— error handling on buffer full
endif;
end Receive_Packet;
end Cmd_Interpreter;
end Service_J;

Thevery sameapproacttakento the embeddingf con-
curreng in the handlingof messageacrossandwithin ap-
plication processesppliesto the executionof the specific
serviceprotocols. We notein fact thatthe implementation
of the exportedoperationReceive_Packet of unit Service_J
resoles in depositingthe service requestinto the event
buffer of Cmd_Interpreter.Interpreter. In this waythe execu-
tion of the serviceprotocolwithin arny applicationprocess
may proceedconcurrentlyto the dispatchingof messages
within the system.

It is alsoaprerogatve of the OBOSSdesigrnthatthepro-
cessingf the servicerequestarriedout by the concurrent
operationExecute_Cmd of sporadictask Cmd_Interpreter
may producemessageshat trigger the operationof mul-
tiple concurrenthreadsbothwithin the serviceinstancet-
self andwithoutit. This concurreng potentialis obtained
throughthe samemechanisnthatwarrantsconcurreng of



execution betweenthe Send_TC operationinvoked by a
messageroducenutsideApplication_Process_i andtheRe-
ceive_Packet operatiorthatdispatcheshemessag#o its in-
ternaldestination.

Individual applicationprocessein OBOSSmay embed
multiple messageroducers. The architectureof OBOSS
requireghatall outgoingmessagegetinto themailboxof a
centralisegacketrouter the soleentity with knowledgeof
all legal destinationsn the system.To thisend,a dedicated
passie objectperapplicationprocesollectsall outgoing
messageanddispatcheshemto the mailboxof the packet
router Thebaseclassfor this dispatchingobjectis denom-
inatedPacket_Depositor. The dispatchingoperationis sim-
ply implementedoy: (1) connectinghe Deposit operation
exportedby the correspondinglassobjectto the mailbox
of the packetrouter; and (2) usingthe resultingoperation
for theinstantiatiorof theformal genericDeposit operation
of themessag@roducerconcernede.g.: AP_i_ServiceJ).

OBOSSleverageon therecurrenceof the actvity per
formedby the Packet_Depositor to yield anothembviousin-
stanceof reusablesoftwarecomponent.

with Packet_Depositor; — OBOSS reuse component

with Packet_Router; — the system-level message router

packageAP_i_Router is new Packet_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

TheRavenscaProfiledefinesasubsebf theAda95lan-
guagethat aimsat predictableand efficient useof concur
reng in high-integrity real-timesystems.Concreteimple-
mentationof the profile, however, tendto introduceaddi-
tionalrestrictionswith aview to furtherreducingthecauses

of potentialnon-determinisnat runtime aswell asto com-
ply with the prescriptionsof specific safety-criticalstan-
dardg(cf. [12]). In particular specificimplementationsnay
chooseo prohibitthe useof declarationghatinvolve allo-
cationsor deallocationgrom the heap.Thisis for example
the casewith explicit useof allocatorsfor accessypesas
well asimplicit allocationsgeneratedy the compilet for
exampleasaresultof arrayslicing.

Exceptionhandling, aboutwhich the profile definition
currentlyis silent, is anotherissueon which concreteim-
plementationsnayadoptrestrictive stratgies. Theproblem
with exceptionhandlingin the generakaseis thatthetime
to transfercontrolto the appropriatehandleron theraising
of anexceptionat run time may bedifficult to bound.This
eventmaypresenainhazardo the systemandthuscontrast
with the spirit of the profile. Restrictive implementations
may prohibit the useof userdefinedexceptionsaltogether
and only supportthe occurrenceof predefinedexceptions.
The handlingof predefinedexceptionswould thensimply
involve direct transferof control to designatedlast-rites’
routinesexplicitly suppliedby theuser

While specificdesignand analysisefforts shouldbe di-
rectedto preventing the occurrenceof predefinedexcep-
tions, all systemsthat take input from inherently unsafe
sourcesareintrinsically exposedto exceptionsituationsat
runtime. On-boardsystemdike OBOSSdefinitelybelong
in thelattercateory.

Two questionsarecrucialto determinethe natureof the
exceptionhandlingsupportsuitedfor an applicationwith
integrity requirements(i) whetherstaticanalysiscanprove
thatthetime takenatruntimeto locateandreachthe desig-
natedhandlerdoesnot posehazarddo the system;and(ii)
whetheranappropriatdevel of treatments possiblefor ary
givenexception.

Question(ii) above only allows an application-specific
responsewhereagjuestion(i) takesa positive,application-
independenanswer Researctwork (cf. e.g.: [4]) hasin
fact shavn that a few minor restrictionssuffice to render
worst-casdiming analysisof the Ada exceptionhandling
mechanismractable.Arguably the reducedaskingmodel
thatemanatefrom the RavenscarProfile further simplifies
theexceptionpropagatiormechanismthuslendingitself to
usefulandanalysablexceptionhandlingmodels.Thevery
designof OBOSSspecificallyreflectsthis view.

3.2.Implications on OBOSS

Overall, the prescriptionsof the RavenscarProfile did
not presentOBOSSwith significantimplementatiorprob-
lems. In fact, the codingrestrictionsthatemanatdrom the
profile arenot distantfrom the standarccoding guidelines
normally followedby a large fraction of the on-boardsoft-
warecommunityand,ironically, evenmorepermissie with



respecto the useof native tasking.

The prescriptionfor taskdeclarationgo placeat library
level only, was comparatrely naturalfor OBOSSto com-
ply with. In fact, all of the packagenestingthat so dis-
tinctly marksthe OBOSSdesignoutlinedin section2 rigor-
ouslyoccursat library level. Within this structure the only
OBOSSpackageghat definetask objectsdo so at library
level too, as shown for packageSporadic_Task and sit at
thebottomof thenestinghierarchywherebyary suchtasks
transitively becomedibrary-level objectsin their respectre
chainof instantiation.

Heapoperationsat run-time do indeedposea problem
to systemsn the applicationdomainof OBOSS.The non-
deterministicworst-casexecutiontimes resultingfrom a
fragmentecheapis a seriousthreatto the predictability of
theresponsémebehaiour of thesystem.In theholy name
of abstractionOBOSSoccasionallyusesdeclarationsand
constructghatthe compilermayresole by insertionof im-
plicit heapoperationsin particular OBOSSusesdiscrimi-
natedrecordsandunconstraine@rraytypesto provide en-
compassingbstractiondor datastructuresthat are poly-
morphicby nature. This is for examplethe casewith the
PUS packetshandledby the OBOSSobjects,which have
variablesizeandvariableinner structureby their very def-
inition. Most compilerswould allocatesuchpolymorphic
objectson the heap, and even createmultiple copies of
them, for examplewhenthey arereturnedasthe result of
subprograntalls. On consideratiorof the potentialhazard
of non-deterministiexecutionagainstheexpressie power
(and beauty)of the abstractionthe OBOSSteamis now
consideringo eliminateary constructdnvolving dynamic
heapmanagemerftom futurereleasesf OBOSS.

Prohibitingtheuseof exceptionsaltogethemwouldbetoo
restrictve and thus unacceptabldor OBOSS.Exceptions
offer an excellent meansfor separatingthe management
of error situationsfrom that of nominalsituations,and, as
such they areextensiely usedthroughoutOBOSS In fact,
the OBOSSdesignphilosophyacceptghat certainopera-
tionsmayfail at runtime andrequireghatthoseshouldre-
portthefailure eventin theform of aspecificexception.No-
tableexamplesof suchoperationsn OBOSSarethosethat
have to take datainput from unreliablesourcesand those
thathave to copewith userdemandsn the eventof tempo-
rary shortageof resourcesin orderto ensurethatthe con-
trol flow modificationresultingfrom exceptioneventsheal-
waysstaticallyanalysablendwould notinducehazarddo
the system OBOSSrequiresthatoperationghatmayraise
exceptionsbeencapsulatedithin blocksequippedvith ap-
propriatehandlers.In fact theseprescriptionsarein keep-
ing with theprovisionsthat[4] assumesor thestatictiming
analysisof Adaexceptionhandlers.

Abandoningxceptionswouldimply thatthevastmajor
ity of subprogram@ OBOSSwould have to returnanenu-

merationtypeindicatingary possibleerror statusresulting
fromthecall. Thiswoulddetractfrom theclarity of thecon-
trol flow by cloggingit with conditionalchecksthatpropa-
gatetheresultvalueupthecall graphto thelevel wherethe
errorwereto behandled.

4. OBOSSFlavours of Object Orientation
4.1.Data-oriented Synchronisation Issues

Concurrentobjectstypically cooperateby exchangeof
messagesnd so do OBOSSobjectstoo. The processing
of the messagdlow producedby concurrentobjectsmay
give rise to undesirablénteractions.Implementationsise
variousforms of objectsynchronisationio preventthe oc-
currenceof suchevents.

OBOSSusessynchronisatioras the designatedneans
for objectsto exchangedata. More specifically OBOSS
treatsthe arrival of anincomingmessagasthe activation
eventof the destinatiorobject. For OBOSSthuswe talk of
data-orientedynchronisatiornyhichis oneparticularman-
ifestationof the broaderconcernof the synchronisatiorof
concurrenbbjects.

The synchronisationof concurrentobjects effectively
amountdo verifying specificplausibility conditionsfor the
processingf individual message a messagédlow. [7]
distinguisheshreebroadcateoriesof synchronisatiolon-
straintsthat determinesuchconditions: (i) exclusioncon-
straintswhich hold whenimplementatiorcharacteristicsf
the objectsconcernednhibit concurrenprocessingf mul-
tiple messagedi) stateconstraintswhich hold whenthe
internalstateof anobjectpreventsthe correctprocessingf
messagesg(ii) coordinationconstraintswhich involve the
coordinatiorof multiple messaget multiple destinations.

Wetalk of sener-sidesynchronisatiomvhentheapplica-
ble constraintsare enforcedas part of the messageaccep-
tancemechanisnof the destinationobject. Corverselywe
talk of client-sidesynchronisatiorasthe constraintis en-
forcedon thesendingof themessage.

Arguably theadoptionof sener-sidesynchronisationli-
rectly followsfrom theuseof theRavenscaProfilein force
of which protectedobjectsoperateas sernersto communi-
catingtasksand protectedoperationmaturallysupportthe
enforcemenbf theapplicablesynchronisatioronstraints.

An obvious consequencef demandinghe enforcement
of synchronisatiorconstraintss that the objectbehaiour
in the event of their violation mustalso be specified. [7]
definesthreeclasseof responséehaiour on violation of
synchronisatiorconstraints: (i) balking, which is to re-
turn immediatelywith a failure indication; (ii) blocking,
whichis to wait indefinitelyuntil the constraints met; (iii)
timed waiting, which to wait for up to a maximumtime



for the constraintto be met, returningwith an error other
wise. Whereaghe Ada languagedefinition[9] supportsall
threeclassef responsdehaiour, the RavenscarProfile
excludestheuseof timed-waitconstructandlimits theuse
of blockingto atmostonewaiterperprotectecentryqueue.

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

The useof HRT-HOOD led OBOSSto modelmessage
receversassporadicobjectsandthe messagearrival asthe
activation event. As the designmethodrequires,the ex-
portedoperatiorExtract of baseclassQueue shovn in sec-
tion 2.2 mapsto a protectedentry with blocking response
on stateconstraintviolation of buffer empty For statecon-
straintviolation of buffer full on sending,instead OBOSS
hasoptedfor abalkingresponsein keepingwith theRaven-
scarProfile. Accordingly, the Deposit methodof Queue
mapsto a protectedprocedurethat returnsa booleanre-
sponsegparameterA negative responsen sendingdenotes
astateconstraintsiolation of buffer full andresultsin theis-
sueof an exceptionmessagelirectedtowarda supervisory
authority Thisbehaiour is in accordwith whatis typically
expectedof currenton-boardsystems. In section2.3 we
have encounteretivo codefragmentghatgive riseto balk-
ing responséehaiour: in theimplementatiorof 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 synchronisatiorbehaiour of
OBOSSobjectsfully meetsthe relevant requirementsof
the target applicationdomain. This obsenration arguably
provesthattheexpressve power of theRavenscafProfilein
this particularrespecis sufficient for spaceapplicationdn
thedomainof OBOSS.

4.2.0ther OO Issues

OBOSS class objects can be instantiatedbut cannot
presentlybe extended.This limitation boundsthe reusabil-
ity potentialof OBOSSandweakenghe objectorientation
characteristicsf its design.

The classobject Queue that we introducedin section
2.2, presentsan ohvious casewhereinheritanceby exten-
sionwould be morepowerful andadwantageoushanmere
inheritanceby instantiation. The currentdesignof the ob-
ject, which is centralto the data-orientedsynchronisation
characteristicef OBOSS jn factsuffersfrom two intrinsic
limitations(cf. [2]):

1. Theimplementatiorof theobjectis fixedfor ary given
definition of the internaldatastructureand of the ex-
portedoperationDeposit andExtract: a re-definition
of thewhole module(andthusanotherOBOSShbuild
altogetherwouldthereforebe requiredto supportary
otherimplementation.

2. Any giveninstantiationof the objectfully determines
the datatypethatthe datastructureholdsandthatthe
exportedoperationsare ableto manipulate(i.e. Ele-
ment_Type): no operatiormaybethusdefinedthatma-
nipulateghedatastructurewithoutregardto theactual
datastoredin it.

PotentialOBOSSuseramaywell wishto specifyfor ary
groupof sporadicobjectsin the systemthe desiredinser
tion andextractionpolicy for usewith the respeciie event
buffer. With the currentsolutioninsteadthe choice(e.g.:
FIFO, priority based)is irremediablyfixed for all objects
for ary OBOSShuild. Thisis no intolerabledravbackat
presentyet it may becomemore of an annoyancen the
faceof increasinglydemandingisers.lt is a subjectof cur-
rentinvestigationthe issuewhetherOBOSSinclude other
component&sobviously andas convenientlyamenableo
extensionas the event buffer. A furtherissueof concern
is the increasdn resourcerequirementgparticularlycode
size)thatmayarisefrom the adoptionof inheritanceby ex-
tension.

Anotheropportunityfor OBOSSto benefitfrom thein-
creasedexpressve power of Ada 95 may obviously arise
from the useof taggedtypesin the placeof discriminated
recordsfor the handlingof polymorphicdataobjects. The
casefor replacemenis particularly attractive from the ab-
stractionpoint of view. It remainsto be seenhowever
whethercompilerswould treat objectsof taggedtype in a
lessheap-intensie way thanthey tendto do for discrimi-
natedrecordsn theusecontext of OBOSS Any increasen
the heap-intensienessof their treatmentwould obviously
detractirom their ultimateappeal.

Underall circumstancesindin spite of the intellectual
interestof full objectorientation,OBOSSrevisionswill al-
waysgive precedencéo the preseration of the currentin-
tegrity, predictabilityandresourcalemanddf the system.

5. Overall Assessmenand Futur e Dir ections

Fitting the RavenscarProfile in the original OBOSS
baselineproved fairly smoothand, in retrospectparticu-
larly naturaland cornvenientto the overall economyof the
OBOSSconcept.This notionarguablyshows thatthe pro-
file suitstheneedof on-boardreal-timeembeddedystems
of thenew generatiorvery well.

Thecombinedeffect from the OBOSSreusephilosophy
andtheRavenscataskingmodelcallsfor aradical'special-



isation’ of tasks,for taskscanonly exhibit a very specific
executionbehaiour andthuscanonly adequatelyperform
specificoperations. This notion addsto the clarity of de-
signbut alsoincreaseshe taskingpopulationof the system
to unprecedenteldvels,which demandsanunusuallylarge
rangeof priorities.

Oneinescapableonsequencef thisphenomenois that
Ravenscaicompliantcompilersmay have to supportmuch
larger priority rangesthanusually contemplated (By way
of example,anaverageOBOSSsystemwould compriseno
lessthan40tasksand40 protecteddbjectsthusneedingup
to 80 distinctpriorities.) Theuseof distinctprioritiesis not
anecessaryequiremento theconstructiorof a predictable
real-timesystem Arguably however, it addsto thesimplic-
ity of the runtimeimplementatiomswell asto that of the
schedulincanalysis.

The prescriptionto avoid the dynamic use of heap
broughtto theforegroundthe needto thoroughlyweighthe
beautyof abstractioragainstry ensuindgoreacho integrity
andpredictability This notionprovedausefullessorto the
OBOSSteam.Futurerelease®f the productwill eliminate
all constructghatviolate the prescription for this will fur-
therincreasehe ultimatevalueof thesystem.

The OBOSSexperiencesuggestghat evolutionsor in-
terpretationf the RavenscarProfile shouldneithercon-
templatenor encouragehe prohibition of userdefinedex-
ceptions. In section3.2 we aguedagainstthe increasen
compleity and obfuscationof programlogic thatmay re-
sult from the lack of userdefinedexceptions. Exceptions
area delicatematterfor all systemswith integrity require-
ments,andtheir presence®r absencandtheir handlingare
critical issuesfor design,implementatiorandverification.
OBOSSfoundwhatwe consideranacceptablevay of cop-
ing with the unavoidablepresencef exceptionsin our ap-
plicationdomain.Otherdesignersindotherapplicationdo-
mainsmay perhapgind theOBOSSapproachotappropri-
ateto their needs Without detractingirom this diversity of
positions,we amguethat the RavenscarProfile shouldpos-
sibly be annexed the definition of model(s)for the useof
exceptionsthatpresere the spirit andtheintentof the pro-
file.

The interactionbetweenthe Ada concurreng (andthe
RavenscarProfilein particular)andobjectorientationcon-
stitutesanotherdimensionof considerabléntellectualin-
terest. The prime goal of OBOSSis to maximiseits reuse
potential. True objectorientationcanthusbe of greatben-
efit to it. The currentreleaseof OBOSSusesAda 83 class
objectsin the form of genericunits. Suchobjectscanbe
instantiatedbut cannotbe extended. In this paperwe have
briefly discusseanetypical casein which objectextension
would be of obviousbenefitto OBOSS.

The presentighlight of OBOSSIlaysin the merit of its
virtually full complianceto the RavenscarProfile. The fu-

turedirectionof this productwill mostcertainlylay in the
acquisitionof a more matureobjectorientedconnotation,
in a fashionthat presere the integrity, predictability and
resourcalemandf thesystem.

Disclaimer. The views expressedn this paperarethose
of theauthors’only anddo not necessarilyengagehoseof
the EuropearSpaceAgeng.
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