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! With more and more importance of software
Embedded systems soon > 50 % of market

" How to master…How to master…How to master…How to master…

… the software wave !
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Craft practices # Low
mastery of the products

Beginning 99 : the PITAC report (US)

"FactsFactsFactsFacts ::::

… Demand for software far exceeds the Nation's ability to produce it.

… « We put the Nation at risk »

… The Nation depends on fragile software.

… Technologies to build reliable and secure software are inadequate.

… The diversity and sophistication of software systems are growing rapidly.

… common activities of ordinary people are based on software.

… The Nation is under-investing in fundamental software research.
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4444Focus on Electronics in the car industry

" Situation :Situation :Situation :Situation :

$ Flexibility : each person will have a different car…

The car will be the first complex system
of the current life based on software

% Hardware cost 
& Integration cost

' Software innovation is required

( Safety / security

$ Independency between soft / hard
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5555Gros plan sur l’électronique automobile (source PSA)

" Au cœur de la question des systèmes embarquésAu cœur de la question des systèmes embarquésAu cœur de la question des systèmes embarquésAu cœur de la question des systèmes embarqués

ECM BVA

SUSP ABS/CDS

BSI

Capteurs

Capteurs

- Partage d'informations
- Interactions
- Concurrence
- Distribution
- Temps réel...

Passerelle

) Part du logiciel en &&&
« très bon rapport en valeur ajoutée… »

$ Problématique technique de système complexe

! 60 processeurs sur les modèles haut de gamme !

) L’électronique :
25% du coût
d’une voiture
d’ici 2005…
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6666Use of a « universal » modeling standard
" We must go from craft practices to

industrial production solutions
) high level modeling and component based development

) Idea integration of complementary/concurrent modeling
notations proposed for OO methods

OOSE
(Jacobson et al.)

UML 0.9UML 0.9

1996

etc.ROOMCatalysis

OMGOMG

UML 1.1UML 1.1
Nov. 1997Nov. 1997

UML 1.3UML 1.3

UML 1.4UML 1.4

UML 2.0UML 2.0

JunJunee 19991999

End ofEnd of 20002000

……

ROOM

Classe-Relation

Fusion

HOOD

etc...

OMT 

Booch

OOSE

End of 1990

OMT
(Rumbaugh et al.)

Booch

Unified MethodUnified Method
0.8

1995 RationalRational



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

7777But what about real-time systems ?

" Importance of dynamic in such system requires the 
specialization  of the modeling language

" Solutions have been developed to integrate current 
practices into the UML OO framework:

! More or less advanced levels of integration of
real time and object paradigms

" Variability of the practices of real time domain
depending on the context: small embedded system or installation 
control and  command, production automaton, distributed systems, safety 
critical systems, telecom, high performance computing…

) Low level of automatic integration of the « good practices »
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8888Plan of the presentation

) Current status of UML 1.3Current status of UML 1.3Current status of UML 1.3Current status of UML 1.3

) Some proposalsSome proposalsSome proposalsSome proposals
* ARTiSANARTiSANARTiSANARTiSAN / Real Time Studio/ Real Time Studio/ Real Time Studio/ Real Time Studio
* RTRTRTRT----UML / Rhapsody toolUML / Rhapsody toolUML / Rhapsody toolUML / Rhapsody tool
* UML/SDL tools associationUML/SDL tools associationUML/SDL tools associationUML/SDL tools association
* UMLUMLUMLUML----RT / ROSERT / ROSERT / ROSERT / ROSE----RT RT RT RT tooltooltooltool

) Toward a stronger paradigm integrationToward a stronger paradigm integrationToward a stronger paradigm integrationToward a stronger paradigm integration
* The ACCORD/UML approachThe ACCORD/UML approachThe ACCORD/UML approachThe ACCORD/UML approach

) Information & ProspectsInformation & ProspectsInformation & ProspectsInformation & Prospects

) Current status of UML 1.3Current status of UML 1.3Current status of UML 1.3Current status of UML 1.3

) Some proposalsSome proposalsSome proposalsSome proposals
* ARTiSANARTiSANARTiSANARTiSAN / Real Time Studio/ Real Time Studio/ Real Time Studio/ Real Time Studio
* RTRTRTRT----UML / Rhapsody toolUML / Rhapsody toolUML / Rhapsody toolUML / Rhapsody tool
* UML/SDL tools associationUML/SDL tools associationUML/SDL tools associationUML/SDL tools association
* UMLUMLUMLUML----RT / ROSERT / ROSERT / ROSERT / ROSE----RT RT RT RT tooltooltooltool

) Toward a stronger paradigm integrationToward a stronger paradigm integrationToward a stronger paradigm integrationToward a stronger paradigm integration
* The ACCORD/UML approachThe ACCORD/UML approachThe ACCORD/UML approachThe ACCORD/UML approach

) Information & ProspectsInformation & ProspectsInformation & ProspectsInformation & Prospects

Menu



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

9999UML 1.3: essential models

" Use case Use case Use case Use case diagramdiagramdiagramdiagram
) RequirementRequirementRequirementRequirement modelingmodelingmodelingmodeling

" ClassClassClassClass diagramsdiagramsdiagramsdiagrams
) Static Static Static Static structurestructurestructurestructure

" ActivityActivityActivityActivity, , , , sequencesequencesequencesequence or or or or collaborationcollaborationcollaborationcollaboration diagramsdiagramsdiagramsdiagrams
) InteractionInteractionInteractionInteraction

" State machineState machineState machineState machine diagramsdiagramsdiagramsdiagrams
) BehaviorBehaviorBehaviorBehavior viewviewviewview

" Component, Component, Component, Component, deployementdeployementdeployementdeployement diagramdiagramdiagramdiagram
) Structure of Structure of Structure of Structure of materialmaterialmaterialmaterial implantationimplantationimplantationimplantation
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10101010Use case diagram

Speed Regulator
use case

regulate speed

start regulating

stop regulating

« include »

actor

Regulator
On/Off

Motor

SpeedSensor

environment

system

system 
border

relation

RegulatorDisplay



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

11111111

« Interface »
RegulatorDisplay

interface class

Regulator_SRegulator_SRegulator_S

tgSpeed: integer;
maintanSpeed();

0..1display

RegulatorDisplay

Class diagram

class

regLaw

0..*
RegulatingLaw Regulator

role

arity

association

Speed

sp 0..*
generalization

RegDisplay_I

composition

compartment

attributes compartment

operations compartment

implementing of interface

« Interface »
RegulatorDisplay

RegulatingLaw

sp: Speed
0..1

Regulator

Active objectsactive objects
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" They are objects having an They are objects having an They are objects having an They are objects having an (only ?)(only ?)(only ?)(only ?) independent independent independent independent 
processing resource processing resource processing resource processing resource («(«(«(« threadthreadthreadthread », «», «», «», « processprocessprocessprocess » or other)» or other)» or other)» or other)

Memory space

The UML concept of active object 

anActiveObject

Messages

Attributesoperations 
code

Messages ?

" are they just an Object Oriented view of «are they just an Object Oriented view of «are they just an Object Oriented view of «are they just an Object Oriented view of « taskstaskstaskstasks » ?» ?» ?» ?

?

? ? ?

) Behavior not well defined: Behavior not well defined: Behavior not well defined: Behavior not well defined: connection between messages connection between messages connection between messages connection between messages 
processing and use of the processing resource are not definedprocessing and use of the processing resource are not definedprocessing and use of the processing resource are not definedprocessing and use of the processing resource are not defined
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13131313

::RegulatorlDisplayRegulatorlDisplay:Regulator:Regulator ::RegulatoingLawRegulatoingLaw

SequenceSequenceSequenceSequenceSequenceSequenceSequenceSequence diagramdiagramdiagramdiagramdiagramdiagramdiagramdiagram

Time +

calculate()

dtorque

maintainSpeed()

update(info)
response

instance

life line

sp

getSpeed()

:Speed:Speed

asynchronous message

synchronous message 

create()

:Regulator:Regulator
[speed>50] startRegulating()

create message 

guard on message

:Speed:Speed
delete()

:Regulator:Regulator
stopRegulating()

:Speed:Speed

deleting message 

active instance
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14141414UML communication mechanisms
" Communication: only by message passingCommunication: only by message passingCommunication: only by message passingCommunication: only by message passing
) AAAA message = an action + an eventmessage = an action + an eventmessage = an action + an eventmessage = an action + an event

* Point to point communication orPoint to point communication orPoint to point communication orPoint to point communication or possibility to possibility to possibility to possibility to havehavehavehave a set of targetsa set of targetsa set of targetsa set of targets

" Two types of message sendingTwo types of message sendingTwo types of message sendingTwo types of message sending
) Operation call (Operation call (Operation call (Operation call (CallActionCallActionCallActionCallAction + + + + CallEventCallEventCallEventCallEvent))))

* Synchronous/asynchronousSynchronous/asynchronousSynchronous/asynchronousSynchronous/asynchronous, i, i, i, inputnputnputnput and output parametersand output parametersand output parametersand output parameters

) Signal sending (Signal sending (Signal sending (Signal sending (SendActionSendActionSendActionSendAction + + + + SignalEventSignalEventSignalEventSignalEvent))))
* Asynchronous communication, input parameters onlyAsynchronous communication, input parameters onlyAsynchronous communication, input parameters onlyAsynchronous communication, input parameters only

" No specific communication mechanismsNo specific communication mechanismsNo specific communication mechanismsNo specific communication mechanisms
for the active objects…for the active objects…for the active objects…for the active objects…
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15151515

" Each object may have a state machine (or even several)Each object may have a state machine (or even several)Each object may have a state machine (or even several)Each object may have a state machine (or even several)

) Transitions can have four triggering types of events (or none):Transitions can have four triggering types of events (or none):Transitions can have four triggering types of events (or none):Transitions can have four triggering types of events (or none):
* Object operation call:Object operation call:Object operation call:Object operation call: ““““CallEventCallEventCallEventCallEvent””””
* Signal receipt:Signal receipt:Signal receipt:Signal receipt: ““““SignalEventSignalEventSignalEventSignalEvent””””
* Condition becoming true:Condition becoming true:Condition becoming true:Condition becoming true: ““““ChangeEventChangeEventChangeEventChangeEvent””””
* Date occurrence:Date occurrence:Date occurrence:Date occurrence: ““““TimeEventTimeEventTimeEventTimeEvent””””

UML state machines

messages

" A state machine has a queue to store incoming eventsA state machine has a queue to store incoming eventsA state machine has a queue to store incoming eventsA state machine has a queue to store incoming events
) Storing mechanisms and its extraction protocol has to be definedStoring mechanisms and its extraction protocol has to be definedStoring mechanisms and its extraction protocol has to be definedStoring mechanisms and its extraction protocol has to be defined

(implemented) by developers(implemented) by developers(implemented) by developers(implemented) by developers

" Current event processing has to be completed before Current event processing has to be completed before Current event processing has to be completed before Current event processing has to be completed before 
handling of next incoming eventhandling of next incoming eventhandling of next incoming eventhandling of next incoming event
) Run To Completion (RTC) assumptionRun To Completion (RTC) assumptionRun To Completion (RTC) assumptionRun To Completion (RTC) assumption
) No distinction between internal and external eventsNo distinction between internal and external eventsNo distinction between internal and external eventsNo distinction between internal and external events
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16161616

Off

Off

OnOff [vitesse>30] / startRegulating(); ++speed;

State machine State machine State machine State machine diagram diagram diagram diagram (1/2)(1/2)(1/2)(1/2)

state

final state

Initial state Event:
• CallEvent
• SignalEvent
• ChangeEvent
• TimeEvent

root state

List of actions

transition
guard

group transition

Running

Suspended

/maintainSpeed()

suspend resume

On

composite statesimple state

completion
transition

Regulator
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17171717

Regulator
Regulator

regulating monitoring

Off

OnOff [vitesse>30]
/ startRegulating(); ++speed;

State machine State machine State machine State machine diagram diagram diagram diagram (2/2)(2/2)(2/2)(2/2)

On

no-developed 
composite state

[error]

OK

damaged

scan
reset

[¬ error]

pseudo-state 
=> Choice

compound 
transition

S2

S21

S22

S1

S11

S12
join pseudo-statefork pseudo-state

concurrent stateconcurrent states
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18181818

Run-To-Completion:
only one event at a time 

State machine semantics

UML state machines = hypothetical machine that:

Processor
=> Consumes selected event

processes event 

– FIFO dequeuing (commonly used by OO tools)

Dispatcher
=> Selects and dequeues an event

dispatches event 

incoming event

Queue
=> Saves incoming events

queues event 
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19191919

after(10 ms) / ‘action-list’
S1 S2S2S1

" Timer setting Timer setting Timer setting Timer setting on transitions ofon transitions ofon transitions ofon transitions of state machinestate machinestate machinestate machinessss
) TimeEventTimeEventTimeEventTimeEvent

* after ⇒ relative moment in time
* when ⇒ absolute moment in time

UML 1.3 & real-time specification (1/3)

after(10 ms) A timer is set to fire 10ms later

10ms later, if no state change

/ ‘action-list’

" DrawbacksDrawbacksDrawbacksDrawbacks
) Specification is performed through implementation mechanismsSpecification is performed through implementation mechanismsSpecification is performed through implementation mechanismsSpecification is performed through implementation mechanisms

) TimeEvent TimeEvent TimeEvent TimeEvent handled as other events handled as other events handled as other events handled as other events ⇒⇒⇒⇒ nonnonnonnon----deterministdeterministdeterministdeterminist

" SemanticsSemanticsSemanticsSemantics
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20202020UML 1.3 & real-time specification (2/3)

$ No relation is defined between these specifications 
neither with the rest of the model nor with the system 
scheduling policy

) Dates & timing intervals in sequence diagramsDates & timing intervals in sequence diagramsDates & timing intervals in sequence diagramsDates & timing intervals in sequence diagrams

< 1 sec.
{b.receiveTime()

- a.sendTime() < 1sec.}

Informal specification…

a : m_1
O1 O2

b : m_2

O3

c : m_3
propagation delay??
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21212121UML 1.3 & real-time specification (3/3)

" Ongoing works at the OMG
) Proposal of an «Proposal of an «Proposal of an «Proposal of an « Action language semanticsAction language semanticsAction language semanticsAction language semantics »»»»

* Must integrate proposals from all the submittersMust integrate proposals from all the submittersMust integrate proposals from all the submittersMust integrate proposals from all the submitters
(«(«(«(« SDLSDLSDLSDL » domain consortium, Rational and other tool vendors)» domain consortium, Rational and other tool vendors)» domain consortium, Rational and other tool vendors)» domain consortium, Rational and other tool vendors)

* Standard only on semantics  not on notations…Standard only on semantics  not on notations…Standard only on semantics  not on notations…Standard only on semantics  not on notations…

* Several times postponed…Several times postponed…Several times postponed…Several times postponed…

) Proposal of a realProposal of a realProposal of a realProposal of a real----time profile ontime profile ontime profile ontime profile on
* Time semantics, scheduling and realTime semantics, scheduling and realTime semantics, scheduling and realTime semantics, scheduling and real----time concepts at time concepts at time concepts at time concepts at 

implementation level implementation level implementation level implementation level # a UML virtual machine…a UML virtual machine…a UML virtual machine…a UML virtual machine…

) Works are also in progress on Profile formalization,Works are also in progress on Profile formalization,Works are also in progress on Profile formalization,Works are also in progress on Profile formalization,
and on pattern description and use…and on pattern description and use…and on pattern description and use…and on pattern description and use…
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22222222UML meta-model: four levels of instanciation
Meta Meta Model (M3)

Model (M1)

Objects (M0)

Meta Model (M2)

MOF

UML

instanceOfinstanceOf

instanceOfinstanceOf

instanceOfinstanceOf

instanceOfinstanceOfmyCar

Car
instanceOf

instanceOf

Entity

instanceOf

Class

instanceOf

Standard profiles (M2)

Specific user profiles (M2)

SDL?Real Time?

SPE

UML-RT

Application model

Application implantation



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

23232323UML 1.3: specialization mechanisms

" StereotypesStereotypesStereotypesStereotypes

" Tagged valueTagged valueTagged valueTagged value

" ConstraintConstraintConstraintConstraint

! Indirect add of elements to the metaIndirect add of elements to the metaIndirect add of elements to the metaIndirect add of elements to the meta----modelmodelmodelmodel

• E.g., «E.g., «E.g., «E.g., « threadthreadthreadthread » or «» or «» or «» or « processprocessprocessprocess » on Classifier» on Classifier» on Classifier» on Classifier

! Properties added to a Properties added to a Properties added to a Properties added to a metametametameta----classclassclassclass

• E.g., {documentation = “E.g., {documentation = “E.g., {documentation = “E.g., {documentation = “ … ”… ”… ”… ” } on Element} on Element} on Element} on Element
! Addition of Addition of Addition of Addition of «««« WellWellWellWell----Formed ness RulesFormed ness RulesFormed ness RulesFormed ness Rules »»»»

• E.g., {destroyed}, {new} or {transient} on InstanceE.g., {destroyed}, {new} or {transient} on InstanceE.g., {destroyed}, {new} or {transient} on InstanceE.g., {destroyed}, {new} or {transient} on Instance

Organisation Organisation needsneeds
!! notion of Profile in UML 1.3notion of Profile in UML 1.3

Set of tagged values
and of constraints 

specializing
an element of the 

meta-model
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24242424

! Selected elements of the reference meta-model
! Extension mechanisms
! Descriptions of the profile semantics

! Additional notations
! Rules for model translation, validation, presentation

"A profile can contain:

"Objective
Specialization of a standard meta-model (e.g., UML) into a 
specific meta-model dedicated to a given application domain.

Fundamental meta-classes on 
which is based the profile

UML profile definition

Stereotypes, tagged values, 
constraints added to the profileClarification of
« Semantics Variation Points »

or UML ambiguitiese.g.:
Mr Dupont
« driver » Mr Dupont

Système

Train

Control

Circuit

?e.g.:
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RT qualitative properties RT quantitative properties

UML-based existing approaches for RT

"Four main industrial approaches
) UMLUMLUMLUML----RT (ROOM) & RoseRT (ROOM) & RoseRT (ROOM) & RoseRT (ROOM) & Rose----RTRTRTRT
) RTRTRTRT----UML & RhapsodyUML & RhapsodyUML & RhapsodyUML & Rhapsody
) UMLUMLUMLUML----SDL & SDL & SDL & SDL & TelelogicTelelogicTelelogicTelelogic----TauTauTauTau SuiteSuiteSuiteSuite
) ARTiSAN ARTiSAN ARTiSAN ARTiSAN & Real Time Studio& Real Time Studio& Real Time Studio& Real Time Studio

« Real-Time systems are those systems in which correctness of the system 
depends not only on the logical results of computations, but also on the 
time at which results are produced. »

« Real-Time systems are those systems in which correctness of the system 
depends not only on the logical results of computations, but also on the 
time at which results are produced. »

TimeConcurrency CommunicationBehavior

" Real-time systems [J. A. Stankovic 1988 ]
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26262626

) Communication between object of different tasks must be Communication between object of different tasks must be Communication between object of different tasks must be Communication between object of different tasks must be 
implemented by the user with low level conceptsimplemented by the user with low level conceptsimplemented by the user with low level conceptsimplemented by the user with low level concepts

ARTiSAN: two orthogonal models, weak integration

" This tool aims to offer in the same environment:This tool aims to offer in the same environment:This tool aims to offer in the same environment:This tool aims to offer in the same environment:

" Relation between task and object model is weakRelation between task and object model is weakRelation between task and object model is weakRelation between task and object model is weak
" Task model has to be manually implementedTask model has to be manually implementedTask model has to be manually implementedTask model has to be manually implemented

) An implementing stage (assignment of the objects to tasks)

" Timing constraints must be translated on the implementation Timing constraints must be translated on the implementation Timing constraints must be translated on the implementation Timing constraints must be translated on the implementation 

) A classical task model called the concurrent model

Actuator
control MotorActuator

Controlcalculation
SpeedmetercontrolChannel1

Speedmeter

PMH

) A classical UML modeling facilities

::Commande

update
read

::RegulatingLaw

calculate

*
pRegLaw

regLaw:Commande

update()

read()

Actuator
control Motor

Actuator

Controlcalculation
SpeedmetercontrolChannel1

Speedmeter

PMH
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27272727RT-UML: two « orthogonal » but « integrated » models

" Tasks are identified by declaration of active objectTasks are identified by declaration of active objectTasks are identified by declaration of active objectTasks are identified by declaration of active objectssss

! Rhapsody tool

ActuatorControl
« reactive »
RegControl

SensorControl

pRC   1

pAC
1

RegulatingLaw
pAC

1

RegControlTask

RegControl

ActControlTask

ActuatorControl

SpeedRegulator_Behavior

On

stopRegulating()
/ updateScreen(OFF);

Off
startRegulating()

/ targetSpeed = returnValue;

SpeedRegulator_Behavior

On

stopRegulating()
/ updateScreen(OFF);

Off
startRegulating()

/ targetSpeed = returnValue;

) Behavior specified by state machine of reactive objectsBehavior specified by state machine of reactive objectsBehavior specified by state machine of reactive objectsBehavior specified by state machine of reactive objects

) Reactive objects Reactive objects Reactive objects Reactive objects are are are are assigned assigned assigned assigned to active to active to active to active objectsobjectsobjectsobjects…………

) Communication by message between reactive objectsCommunication by message between reactive objectsCommunication by message between reactive objectsCommunication by message between reactive objects

SensorControl
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28282828RT-UML: non homogenous features
" Different processing semantic betweenDifferent processing semantic betweenDifferent processing semantic betweenDifferent processing semantic between signals andsignals andsignals andsignals and

operation callsoperation callsoperation callsoperation calls
) Signals: parallel execution in thread of receiver objectSignals: parallel execution in thread of receiver objectSignals: parallel execution in thread of receiver objectSignals: parallel execution in thread of receiver object
) Operation calls: execution in thread of sender objectOperation calls: execution in thread of sender objectOperation calls: execution in thread of sender objectOperation calls: execution in thread of sender object

* Under control of the object state machine «Under control of the object state machine «Under control of the object state machine «Under control of the object state machine « triggered op. calltriggered op. calltriggered op. calltriggered op. call »»»»
* Without control of the object state machine…Without control of the object state machine…Without control of the object state machine…Without control of the object state machine…

) Concurrency is only managed through RTC assumptionConcurrency is only managed through RTC assumptionConcurrency is only managed through RTC assumptionConcurrency is only managed through RTC assumption
) Return value of operation call can be defined…Return value of operation call can be defined…Return value of operation call can be defined…Return value of operation call can be defined…

under responsibility of the callerunder responsibility of the callerunder responsibility of the callerunder responsibility of the caller

" Priorities can be assigned to the active objectsPriorities can be assigned to the active objectsPriorities can be assigned to the active objectsPriorities can be assigned to the active objects
# Not on the event themselves…Not on the event themselves…Not on the event themselves…Not on the event themselves…

" Timing constraints must be implementedTiming constraints must be implementedTiming constraints must be implementedTiming constraints must be implemented
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29292929UML/SDL: association of UML analysis and SDL design

" UML modeling is used at the first modeling stageUML modeling is used at the first modeling stageUML modeling is used at the first modeling stageUML modeling is used at the first modeling stage
) Use cases, sequence and class diagrams are definedUse cases, sequence and class diagrams are definedUse cases, sequence and class diagrams are definedUse cases, sequence and class diagrams are defined

) Passive objects Passive objects Passive objects Passive objects # Abstract Data Types of SDLAbstract Data Types of SDLAbstract Data Types of SDLAbstract Data Types of SDL
) Active object declarations Active object declarations Active object declarations Active object declarations # SDL processesSDL processesSDL processesSDL processes

ActuatorControlRegControl
[cmd]

C1

SensorControl

[speed]C2

ActuatorControlRegControl

SensorControl

pRC   1

pAC
1

RegulatingLawpAC
1

Newtype RegulatingLaw
Operators
calculate : Speed, Speed -> TorqueVariation
endnewtype:;

SpeedRegulator_Behavior

On

stopRegulating()
/ updateScreen(OFF);

Off
startRegulating()

/ targetSpeed = returnValue;

Stopped

Running Stopped

Running

stopRegulating

updateScreen(OFF)

startRegulating

targetSpeed = returnvalue
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30303030UML/SDL: mapping is under user responsibility
" The developer has to clarify the mapping of:The developer has to clarify the mapping of:The developer has to clarify the mapping of:The developer has to clarify the mapping of:

) UML state machines UML state machines UML state machines UML state machines # SDL specificationsSDL specificationsSDL specificationsSDL specifications

) Use of shared passive objects in UML model Use of shared passive objects in UML model Use of shared passive objects in UML model Use of shared passive objects in UML model # SDLSDLSDLSDL

) Active object communication Active object communication Active object communication Active object communication # SDL signal exchangeSDL signal exchangeSDL signal exchangeSDL signal exchange

" Independency between model and implementationIndependency between model and implementationIndependency between model and implementationIndependency between model and implementation????

" Timing specifications:Timing specifications:Timing specifications:Timing specifications:
# only with low level implementation mechanismsonly with low level implementation mechanismsonly with low level implementation mechanismsonly with low level implementation mechanisms
• • • • Timers, SDL priorities…Timers, SDL priorities…Timers, SDL priorities…Timers, SDL priorities…
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31313131UML-RT: attempt to integrate task and object paradigms

" «««« capsulecapsulecapsulecapsule » stereotype identifies active objects» stereotype identifies active objects» stereotype identifies active objects» stereotype identifies active objects
) They will be assigned to task at implementation stageThey will be assigned to task at implementation stageThey will be assigned to task at implementation stageThey will be assigned to task at implementation stage

) They have state automatonThey have state automatonThey have state automatonThey have state automaton

! Defines the set and protocol of the exchanged messagesDefines the set and protocol of the exchanged messagesDefines the set and protocol of the exchanged messagesDefines the set and protocol of the exchanged messages

" Communication is performed through «Communication is performed through «Communication is performed through «Communication is performed through « portsportsportsports »»»»
) Sending of signal via port of communicationSending of signal via port of communicationSending of signal via port of communicationSending of signal via port of communication

« capsule »
anEmitter : Emitter

State 1

State 2

portA.send (s1) ;Signal sending

Communication port

« protocol »
infoProto
incoming

S1

Protocol

portA : infoProto

portB : infoProto~
capsule link

« capsule »
aReceiver : Receiver

Behaviour
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32323232UML-RT (ROOM/ObjecTime# ROSE-RT): Synthesis
" Communication based on specific conceptsCommunication based on specific conceptsCommunication based on specific conceptsCommunication based on specific concepts
)Output parameters: return values managed by Output parameters: return values managed by Output parameters: return values managed by Output parameters: return values managed by sendersendersendersender

" Priorities can be assigned on messagesPriorities can be assigned on messagesPriorities can be assigned on messagesPriorities can be assigned on messages
"One message queue by priorityOne message queue by priorityOne message queue by priorityOne message queue by priority ((((five levelsfive levelsfive levelsfive levels) :) :) :) :

At implementation level mapping with task priorities must be At implementation level mapping with task priorities must be At implementation level mapping with task priorities must be At implementation level mapping with task priorities must be 
managed by handmanaged by handmanaged by handmanaged by hand

" Timing specification through low level mechanismsTiming specification through low level mechanismsTiming specification through low level mechanismsTiming specification through low level mechanisms

« capsule »
anEmitter : Emitter

« capsule »
aReceiver : Receiver

Etat 1

Etat 2

s1 / msg #reply(s 2 , 5);

Etat 1

Etat 2

a : infoProto
b : infoProto ~

s1

MyInfo info;
pMsgReturn = portA . invoke(s 1 ) ;

info=*(MyInfo*) pMsgReturn.data;

s2 5

« protocol »
infoProto
incoming

outgoings1

s2
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33333333Synthesis on current offers

"Weak integration of object and real time…
* Two very different models (e.g., ARTiSAN, UML/SDL)
* Behavior lies on operation and signal processing but with 

poor links to the usual object interface
* Focus is made more on signal than on operations that leads to 

behavior specification mixing up control action at object level 
and processing actions at operation level 

* Output parameters often hard to manage

" Poor facilities to express timing constraints
* Specification of timers or of priorities
* Implementation of real time constraints kept to the users
* Sometimes difficulties to map model constraints on RT-OS
# model / task priorities with OS priority management policies



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

34343434Larger market # New users # New needs
" Customers want to specify good RT models

" Notations are not sufficient: method of use is required
) Continuity and “tracability” of the model is mandatory
) Availability of Model and application validation is critical

Customers Providers

The system must…

Specification

Product

Prototype

?
?

) They want also to be able to prototype/develop the systems
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35353535

ACCORD : une méthode reposant sur un standard

" Objectif principal :Objectif principal :Objectif principal :Objectif principal :assurer la création d’un modèle d’application
unique, complet, homogène, cohérent et standard

, Continuité triple

Modèles

Structurel

Fonctionnel

Dynamique

Cycle de vie

Analyse

Conception

Implémentation

Acteurs

Prototypage Industrialisation Exploitation

⇒ Puis, fournir : un support de développement pour la méthode
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36363636ACCORD/UML: introduction of real-time objects
" High level specification of real time behaviorHigh level specification of real time behaviorHigh level specification of real time behaviorHigh level specification of real time behavior

) Declarative expression of the realDeclarative expression of the realDeclarative expression of the realDeclarative expression of the real----time constraintstime constraintstime constraintstime constraints

) Hide RTHide RTHide RTHide RT----OS implementation conceptsOS implementation conceptsOS implementation conceptsOS implementation concepts

" «««« FormalFormalFormalFormal » models» models» models» models

) Validation on modelValidation on modelValidation on modelValidation on model

) Automatic prototyping code generationAutomatic prototyping code generationAutomatic prototyping code generationAutomatic prototyping code generation

) Tuning of implementation through directives, patterns…Tuning of implementation through directives, patterns…Tuning of implementation through directives, patterns…Tuning of implementation through directives, patterns…

" Keep the usual object programming practicesKeep the usual object programming practicesKeep the usual object programming practicesKeep the usual object programming practices
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37373737« meta-modeling » using in the ACCORD platform

" Introduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling concepts
) RealRealRealReal----Time ObjectsTime ObjectsTime ObjectsTime Objects
) Signals …Signals …Signals …Signals …

" Modeling rules introductionModeling rules introductionModeling rules introductionModeling rules introduction
) Model structuringModel structuringModel structuringModel structuring
) Behavior specificationBehavior specificationBehavior specificationBehavior specification
) Signals usingSignals usingSignals usingSignals using

" Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  operatringoperatringoperatringoperatring
) Design patterns dedicated to Signals, RealDesign patterns dedicated to Signals, RealDesign patterns dedicated to Signals, RealDesign patterns dedicated to Signals, Real----Time objects …Time objects …Time objects …Time objects …
) Automatic code generationAutomatic code generationAutomatic code generationAutomatic code generation

" Models analysis for validationModels analysis for validationModels analysis for validationModels analysis for validation
) Test cases automatic generationTest cases automatic generationTest cases automatic generationTest cases automatic generation
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38383838

ACCORD : development framework

coding rules
ACCORD

Model

Application Code generation

VxWorks

Application

C++  Source
Application

Compilation &
Link edition

kernel

virtual machine
ACCORD

Solaris 2.5
Windows-NT

ACCORD

Modeling

method
ACCORD

Objecteering
UML

Requirements
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39393939ACCORD executing architecture

Hardware target

Real-time operating system

ACCORD virtual machine

ACCORD kernel

User application
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40404040

aRealTimeObject

operation_1
operation_2
...

Extern
interface Memory space

ACCORD/UML: « task » model
" Task are attached to implementation of RT objectsTask are attached to implementation of RT objectsTask are attached to implementation of RT objectsTask are attached to implementation of RT objects
# support parallel processing of the messages they receivesupport parallel processing of the messages they receivesupport parallel processing of the messages they receivesupport parallel processing of the messages they receive

" User point of view :

operations
code

an object encapsulating data & processingan object encapsulating data & processingan object encapsulating data & processingan object encapsulating data & processingan object with its own processing resourcesan object with its own processing resourcesan object with its own processing resourcesan object with its own processing resources

Message processing &
attribute access control

an object performing itself the control of its processingan object performing itself the control of its processingan object performing itself the control of its processingan object performing itself the control of its processing
an autonomous computingan autonomous computingan autonomous computingan autonomous computing

Operation calls

Operation calls
Signals

Signals

Attributes

entityentityentityentity with a standard UML object interfacewith a standard UML object interfacewith a standard UML object interfacewith a standard UML object interface
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41414141

Regulator

Speed

New stereotype in Class diagram of 
ACCORD/UML

<<RealTimeObject>>
Speed

RegulatingLaw
regLaw

0..*

sp 0..*

0..1display

RegulatorDisplay
RegDisplay_I

<<RealTimeObject>>
Regulator
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42424242

" Reaction to a signal receipt = method executionReaction to a signal receipt = method executionReaction to a signal receipt = method executionReaction to a signal receipt = method execution

Signal specialization of ACCORD/UML (1/2)
" Usual signal using Usual signal using Usual signal using Usual signal using ⇒⇒⇒⇒ overlapping between overlapping between overlapping between overlapping between 

asynchronous operation call & signal sendingasynchronous operation call & signal sendingasynchronous operation call & signal sendingasynchronous operation call & signal sending
" ACCORD/UML ACCORD/UML ACCORD/UML ACCORD/UML ⇒⇒⇒⇒ broadcasting communicationbroadcasting communicationbroadcasting communicationbroadcasting communication

) Broadcasted to all objects declaring sensibleBroadcasted to all objects declaring sensibleBroadcasted to all objects declaring sensibleBroadcasted to all objects declaring sensible
) sending sending sending sending ⇒⇒⇒⇒ unknown receiversunknown receiversunknown receiversunknown receivers
) reception reception reception reception ⇒⇒⇒⇒ unknown senderunknown senderunknown senderunknown sender

« Signal »
OnOff

CarStarter

RegualtorDisplay

« Signal »
OnOff()

Regualtor

« Signal »
OnOff()

Speedometer

« Signal »
OnOff()
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43434343

Diagramme de séquenceDiagramme de séquence

:Regulateur:Demarreur

MA_Reg()

Class Class diagramdiagram

Sequence diagramSequence diagram

:Regulateur

MA_Reg()

:Demarreur

MA_Reg()

Signal specialization of ACCORD/UML (2/2)

« Signal »
MA_Reg

OffCar

OffCar
CarStarter

Regulator
« Signals »

OffCar()
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44444444« meta-modeling » using in the ACCORD platform

" Introduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling concepts
) RealRealRealReal----Time ObjectsTime ObjectsTime ObjectsTime Objects

) Signals …Signals …Signals …Signals …

" Modeling rules introductionModeling rules introductionModeling rules introductionModeling rules introduction
) Model structuringModel structuringModel structuringModel structuring

) Behavior specificationBehavior specificationBehavior specificationBehavior specification

) Signals usingSignals usingSignals usingSignals using
" Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  operatringoperatringoperatringoperatring

) DesingDesingDesingDesing patterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Real----Time objects …Time objects …Time objects …Time objects …

) Automatic code generationAutomatic code generationAutomatic code generationAutomatic code generation

" Models analysis for validationModels analysis for validationModels analysis for validationModels analysis for validation
) Test cases automatic generationTest cases automatic generationTest cases automatic generationTest cases automatic generation
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45454545ACCORD development process

Système

Système

Requirements

Dictionary

Train

Control

Circuit

Statecharts

Train

Control

Circuit

StatechartsSequence diagram

Use case

Class Diagram 

Prototype 

Detailed analysis

Preliminary analysis

Système

Class Diagram 

Sequence diagram

Système

Système

Requirements

Dictionary

Train

Control

Circuit

Statecharts

Train

Control

Circuit

StatechartsSequence diagram

Use case

Class Diagram 

Prototype 

Detailed analysis

Preliminary analysis

Système

Class Diagram 

Sequence diagram

Régulateur Afficheur

Capteur

Modèle d’interaction Modèle de comportement

Modèle structurel
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46464646Active / Passive actors

OnOffButton

CarStarter

Accelerator

Brake

Speedometer

RegulatorDisplay

MotorSystem

Speed regulating system

maintain speed

stop regulating

suspend regulating

resume regulating

start regulating

Interactions from 
environnement to 
system

« passive »

« passive »

« passive »

Interactions from 
environnement to 
system

« active »

« active »

« active »

« active »
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47474747

Inputs specification:
⇒⇒⇒⇒ How to use the component

Ouputs specification:
⇒⇒⇒⇒ What needs the component to run

Generic structure of an ACCORD/UML component

Inside component 
modeling

Active Interface

Passive Interface

SignalsSysteme
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48484848Consistency rule and model transformation between 
development stages (1/2)

Passive Interface

Signals

OnOffButton

CarStarter

Accelerator

Brake

Speedometer

RegulatorDisplay

MotorSystem

Speed regulating system

maintain speed

stop regulating

suspend regulating

resume regulating

start regulating
« passive »

« passive »

« passive »

« active »

« active »

« active »

« active »

Active Interface

Systeme
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49494949Consistency rule and model transformation between 
development stages (2/2)

SignalsSysteme

Passive Interface

RegulatorDisplay Speedometer MotorSystem

Active Interface

OnOffButton Brake AcceleratorCarStarter
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50505050« meta-modeling » using in the ACCORD platform

" Introduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling concepts
) RealRealRealReal----Time ObjectsTime ObjectsTime ObjectsTime Objects

) Signals …Signals …Signals …Signals …

" Modeling rules introductionModeling rules introductionModeling rules introductionModeling rules introduction
) Model structuringModel structuringModel structuringModel structuring

) Behavior specificationBehavior specificationBehavior specificationBehavior specification

) Signals usingSignals usingSignals usingSignals using
" Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  operatringoperatringoperatringoperatring

) DesingDesingDesingDesing patterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Real----Time objects …Time objects …Time objects …Time objects …

) Automatic code generationAutomatic code generationAutomatic code generationAutomatic code generation

" Models analysis for validationModels analysis for validationModels analysis for validationModels analysis for validation
) Test cases automatic generationTest cases automatic generationTest cases automatic generationTest cases automatic generation
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51515151

off onoff on

onOff()[spSens->readSp()=<30]
/display("ON");

onOff()/display("OFF");

tm(100)[spSens->readSp()>30]
/carSp = spSens->readSp();

[carSp=<30]/display("OFF");

delta=k1*atan(targetSp-carSp);
engine->cmdConf(delta);

Application Application Application Application behaviorbehaviorbehaviorbehavior = { objet = { objet = { objet = { objet behaviorbehaviorbehaviorbehavior }}}}
EachEachEachEach objectobjectobjectobject cancancancan have state machineshave state machineshave state machineshave state machines

Runs on OnOff signal receipt, if speed > 30
Stops on OnOff signal or if speed =< 30 
Maintain speed (if > 30) with a period of 100 milliseconds

Runs on OnOff signal receipt, if speed > 30
Stops on OnOff signal or if speed =< 30 
Maintain speed (if > 30) with a period of 100 milliseconds

Drawbacks:' mix of control logic & algorithmic specifications
' loose of clear relation with object interface

Drawbacks:' mix of control logic & algorithmic specifications
' loose of clear relation with object interface

Usual modeling of the application behavior

Reusability -

Logic Algorithmic&

Readability -

targetSp: int
Regulator

maintainSp()
« Signal »
OnOff()
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52525252

targetSp: int
Regulator

maintainSp()

« Signal »
OnOff()

Approach, step1:  separation of concerns

" The The The The control state machinescontrol state machinescontrol state machinescontrol state machines
⇒⇒⇒⇒ assign all action sequences to object operations 

method specificationmethod specificationmethod specificationmethod specification

off on

[spSens->readSp()>30]

/display("OFF")

OnOff
/display("OFF")

OnOff[spSens->readSp()>30]

/display("OFF")

/carSpeed = spSensor->readSpeed();
delta=k1*atan(targetSp-carSpeed);
engine->cmdConf(deltaCouple);

tm(100)[spSens->readSp()>30]

maintainSp()

initReg()
stopReg()

/initReg()

/stopReg()

/stopReg()

/maintainSp()

maintainSp()

Begin

End

/ carSp = spSens->readSp();
delta=k1*atan(targetSp-carSp);
engine->cmdConf(delta);
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53535353

off onoff on

Approach, step2:  definition of « legal » use

Protocol automaton:
focus on possibility to process operations

stopReg()

maintainSp()
[spSens->readSp()>30]

[spSens->readSp()>30]initReg()

Transition-protocole
nameOfoperationCalled ‘(’params‘)’ ‘[’ guard ‘]’

targetSp: int
Regulator

maintainSp()

« Signal »
OnOff()
initReg()
stopReg()
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54545454

off onoff on

Approach, step3: specify reactivity

/maintainSp()

/stopReg()

/initReg()

[spSens->readSp()>30]OnOff()

OnOff()

[spSens->readSp()>30] /stopReg()

Trigger automaton: focus on object reactivity

[spSens->readSp()>30]
tm(100)

* Reaction to signal events

* Reaction to change events
* Reaction to time 

events

targetSp: int
Regulator

maintainSp()

« Signal »
OnOff()
initReg()
stopReg()

« Signal »
OnOff()

Trigger-Transition

eventName (params) ‘[’ guard ‘]’ / <opeName> 
(params)
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55555555

S1 S2

‘call-event-name’ ‘(’param-list‘)’ ‘[’ guard ‘]’

S2S1

‘event-name’ ‘(’param-list‘)’ ‘[’ guard ‘]’

/ Called-operation-name ‘(’param-
list‘)’

Trigger view (ACCORD/UML)
=

“What have the instances of this class to do”

Class state machine use with two different views

Class

m1()
S1

S2

m1()

Class structure
Class behavior

=
control logic 

Protocol view (UML ~standard)
=

“What may instances of this class do”

Method view
(~UML standard)

=
How

processings
are performed

e1

e2

actions…

m1()
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56565656Examples of Well Formedness-Rules of 
ACCORD/UML statemachines using

SendAction
[1] The target of a SendAction is the instances set of the system that own a 

reception declaration towards the signal sent.

self.target.body = “all”
[2] Parameter direction of a SendAction has to be « in ».

self.parameter# forAll( p | p.kind = # in ) 

SignalEvent

[1] SignalEvent owns as many parameters as its associated signal owns 
attributes
self.parameter # size = self.signal.allAttributes # size

…



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

57575757Communication between Real-Time Objects

" By messages that convey realBy messages that convey realBy messages that convey realBy messages that convey real----time constraintstime constraintstime constraintstime constraints

) Deadlines, priorities…Deadlines, priorities…Deadlines, priorities…Deadlines, priorities…

)Operation calls: Asynchronous message passingOperation calls: Asynchronous message passingOperation calls: Asynchronous message passingOperation calls: Asynchronous message passing
* Output parameters create synchronization on their useOutput parameters create synchronization on their useOutput parameters create synchronization on their useOutput parameters create synchronization on their use

) Signals: Asynchronous anonymous broadcast (atomic)Signals: Asynchronous anonymous broadcast (atomic)Signals: Asynchronous anonymous broadcast (atomic)Signals: Asynchronous anonymous broadcast (atomic)
* Only input parameters Only input parameters Only input parameters Only input parameters # signal attributessignal attributessignal attributessignal attributes

" Shared passive object can be definedShared passive object can be definedShared passive object can be definedShared passive object can be defined

) Concurrency control is addedConcurrency control is addedConcurrency control is addedConcurrency control is added



The Real Time-Object : a task server

Server Object

Message management

Client Object X

Executing thread

Client Object Y

Message

Request

Both concepts integration :
message / request

" The concurrency granularity is the messageThe concurrency granularity is the messageThe concurrency granularity is the messageThe concurrency granularity is the message
) activity / taskactivity / taskactivity / taskactivity / task . message managementmessage managementmessage managementmessage management
) executing threadexecuting threadexecuting threadexecuting thread . method associated to operationmethod associated to operationmethod associated to operationmethod associated to operation

" Communication : asynchronous message sendingCommunication : asynchronous message sendingCommunication : asynchronous message sendingCommunication : asynchronous message sending
) “needed”synchronization : output parameters“needed”synchronization : output parameters“needed”synchronization : output parameters“needed”synchronization : output parameters
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59595959Real-Time constraint & ACCORD/UML (1/2)

" Real-time constraint ⌦ on messages !" Real-time constraint ⌦ on messages !

O1 O2

Message sending towards O2

Service request towards O2

ope

O2

deadline (d) ou priority (p)

" Distinction ⇒⇒⇒⇒ property / constraint :

{RTF}{RTF}
{WCET}{WCET}

ope

) ConstraintConstraintConstraintConstraint : : : : what wants the what wants the what wants the what wants the clientclientclientclient ⌦ {RTF}{RTF}
) PropertyPropertyPropertyProperty : : : : what can what can what can what can do do do do the serverthe serverthe serverthe server ⌦ {WCET}{WCET}

" Possibility of treatments triggering with different RT constraints
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60606060

" Time constraints are implemented, not specified…
) Use of timers for periodic processings
) No specification of deadline on reactions to events

Use of UML constraints
' on internal processings

Use of UML constraints
' on internal processings

onoff /maintainSp()

/stopReg()

/initReg()

OnOff()

[spSens->readSp()>30] /stopReg()

[spSens->readSp()>30]
tm(100)

[spSens->readSp()>30]OnOff()

Approach, step4:  specification of time 
constraints

Reuse -« Low » level modelling -

targetSp: int
Regulator

maintainSp()

« Signal »
OnOff()
initReg()
stopReg()

{period=100}

{deadline=50}
:Starter

OnOff()

{deadline=50}

' when sending messages (signals, operation call)
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61616161

Regulator

maintainSpeed()

Regulator

maintainSpeed()

aRTF : RTF;

/ MA_Reg();

/ maintenirVit()

Running

Cyclic behavior

RT specification in ACCORD/UML

/ OnOff();
{RTF = (RefDate, Deadline(100, ms))}

start_ startRegulatin()

/ endOf_startRegulatin()

Begin

End

{RTF=(DateRef, Period(500, ms))}
/ maintainSpeed()

Running

RTF on a message sending Periodic behavior

{RTF=aRTF}



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

62626262« meta-modeling » using in the ACCORD platform

" Introduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling concepts
) RealRealRealReal----Time ObjectsTime ObjectsTime ObjectsTime Objects

) Signals …Signals …Signals …Signals …

" Modeling rules introductionModeling rules introductionModeling rules introductionModeling rules introduction
) Model structuringModel structuringModel structuringModel structuring

) Behavior specificationBehavior specificationBehavior specificationBehavior specification

) Signals usingSignals usingSignals usingSignals using

" Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  operatringoperatringoperatringoperatring
) DesingDesingDesingDesing patterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Real----Time objects …Time objects …Time objects …Time objects …

) Automatic code generationAutomatic code generationAutomatic code generationAutomatic code generation

" Models analysis for validationModels analysis for validationModels analysis for validationModels analysis for validation

) Test cases automatic generationTest cases automatic generationTest cases automatic generationTest cases automatic generation
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Transformation du modèle applicatif

Modélisation du systèmeModélisation du système

Transformation du modèleTransformation du modèle

Codage automatiqueCodage automatique

ExploitationExploitation

Modèle

Modèle
déduit

Code
déduit

Méta-modèle
techniques d'implémentation
mise en oeuvre du temps réel
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64646464Model transformation, signal pattern

Regulator
OffCar

OffCarCarStarter

<<signal>>
OffCar
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65656565Model transformation, signal pattern

Target

+ handleSignals()

{isAbstarct = true}

+ _Signal()
+ addToListOfTarget ()
+ removeFromListOfTarget ()
+ broadcast()

_OffCar <<signal>>
OffCar

« derive »

listOfTargets

0..*

Regulator
OffCar

OffCarCarStarter

<<signal>>
OffCar

- sendSignal()

CarStarter

«use»

Regulator
+ Recepteur ()
+ ~Recepteur ()
+ handleSignals()

«use»
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66666666Mise en œuvre de la communication par signal
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67676767Dynamique du pattern des signaux

create()
:Regulator _OffCar

addToListOfTargets(this)

delete()
removeFromListOfTargets(this)

:Regulator

sendOffCar()
create()

delete()

:Target

handleSignals(sig)
i=1..listOfTargets.size

:_OffCar
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TOP (1) : "a real Time Object Pattern"
" Buts Buts Buts Buts ⇒⇒⇒⇒ créer du parallélisme via messages dans un fil créer du parallélisme via messages dans un fil créer du parallélisme via messages dans un fil créer du parallélisme via messages dans un fil 

d'exécutiond'exécutiond'exécutiond'exécution
) synchroniser les accès aux ressourcessynchroniser les accès aux ressourcessynchroniser les accès aux ressourcessynchroniser les accès aux ressources encapsuléesencapsuléesencapsuléesencapsulées par les objetspar les objetspar les objetspar les objets
) gérer les contraintes d'échéance ou de priorité sur les traitemegérer les contraintes d'échéance ou de priorité sur les traitemegérer les contraintes d'échéance ou de priorité sur les traitemegérer les contraintes d'échéance ou de priorité sur les traitements des messagesnts des messagesnts des messagesnts des messages
) sélectionner le message à traiter et demander son traitement au sélectionner le message à traiter et demander son traitement au sélectionner le message à traiter et demander son traitement au sélectionner le message à traiter et demander son traitement au "système""système""système""système"

" Motivation Motivation Motivation Motivation ⇒⇒⇒⇒ ssssimplifier la mise en oeuvre des instructions implifier la mise en oeuvre des instructions implifier la mise en oeuvre des instructions implifier la mise en oeuvre des instructions 
systèmes...systèmes...systèmes...systèmes...
) intégrer dans un unique modèle (objet) les aspects "structurels"intégrer dans un unique modèle (objet) les aspects "structurels"intégrer dans un unique modèle (objet) les aspects "structurels"intégrer dans un unique modèle (objet) les aspects "structurels" et "fonctionnels"et "fonctionnels"et "fonctionnels"et "fonctionnels"

" Applications Applications Applications Applications ⇒⇒⇒⇒ applications temps réel à contraintes "souples"applications temps réel à contraintes "souples"applications temps réel à contraintes "souples"applications temps réel à contraintes "souples"
) logiciellogiciellogiciellogiciel multimultimultimulti----tâches avec/sans contraintes d'échéances/priorités conçu en techtâches avec/sans contraintes d'échéances/priorités conçu en techtâches avec/sans contraintes d'échéances/priorités conçu en techtâches avec/sans contraintes d'échéances/priorités conçu en tech. OO. OO. OO. OO
) tâchestâchestâchestâches applicatives applicatives applicatives applicatives dont les tps dont les tps dont les tps dont les tps d'exéd'exéd'exéd'exé sont grands / aux opérations systèmessont grands / aux opérations systèmessont grands / aux opérations systèmessont grands / aux opérations systèmes

) machine cible avec système d'exploitation temps réel fournissantmachine cible avec système d'exploitation temps réel fournissantmachine cible avec système d'exploitation temps réel fournissantmachine cible avec système d'exploitation temps réel fournissant du "du "du "du "multimultimultimulti----threadingthreadingthreadingthreading""""
(plusieurs tâches à commutation de contexte rapide fonctionnant dans un espace 
d'adresse commun)
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69696969

Objet ServeurObjet Serveur

lost
{ignored}

TOP (2) : Modèle d’Exécution Multi-Tâches

IdService
ListParams
Real-time features
Carac. de Conc.

Gestion état Gestion concurrence

?? …

…
Ordonnanceur global

Objet ServeurObjet Serveur

exception{rejected
}
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Une même spécification pour des implantations différentes

Real-Time Objects

Regulateur

maintenir

Compteur

acquerir

InterfaceBoutonMA

emettreAppuiBoutonMA

«RTO» «RTO»

«thread»«thread»

«RTO»

«thread»

ACCORD Kernel

Multitasking
Regulateur

maintenir
tacheMaintenir

InterfaceBoutonMA

emettreAppuiBoutonMA
tacheEmettreAppuiBoutonMA

Compteur

acquerir
tacheAcquerir

Task

create
start

Lock

create
take
release

MailBox ReplyBoxSignal

ACCORD Virtual Machine

Loop

Regulateur

maintenir

InterfaceBoutonMA

gererAppuiBoutonMA

Compteur

acquerir

Main

Specific Code
Generation
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71717171Passage du modèle à sa mise en œuvre multi-tâches

1Un fil d'exécution par traitement 
de message d’un objet temps réel.

O1

O2

Oi

ML2

MLiML1

ML1

ML2

MLi

P1

2Les données sont encapsulées et en 
accès protégé (sémaphore associé).

3Les tâches son activées, synchronisées 
et ordonnancées en fonction des 
contraintes temps réel exprimées
dans le modèle.



Example of a synchronization management : classical view

4 Task creation :
...
taskSpawn( "T1", priority, ..., maintain , ... );
...
void maintain () { ... } 

2 Data declaration :
...
double tgSpeed;

1 Data protection creation :
...
SEM_ID semTgSpeed;
semTgSpeed = semMCreate(...);

3 Writing access :
...
void maintain ()
{    semTake (semTgSpeed, WAIT_FOREVER );

if ( carSpeed > tgSpeed ) ...
semGive (semTgSpeed ); }

"" This approach needs low level code integrationThis approach needs low level code integration
"" The programmer have to forget nothing …The programmer have to forget nothing …
"" The user have to know the task implementingThe user have to know the task implementing



Example of a synchronization management : ACCORD view

1 Shared data access :
# the owning class have direct access
# else, access via a special operation

aReg.get_tgSpeed ()

double tgSpeed;

Regulator
2 Data declaration and protection creation :

# Encapsulated in a class

3 Task creation :
# To declare the object as task server
# To add operations to the object

" void maintain () { if ( carSpeed > get_tgSpeed () ) ... }

"" Automatic implementing (transparent to developer)Automatic implementing (transparent to developer)
"" Only need declaration of constraints to respectOnly need declaration of constraints to respect

double 
get_tgSpeed();double tgSpeed;

« RealTimeObject »

double tgSpeed;

double 
get_tgSpeed();
maintain();
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TOP (3) : Structure

ReplyBox<T>

Parameter<T>

LocalController

RequestQueue

Request Thread
m i

MethodId

InputValue<T>
(A ny application type)

ConcurrencyConstraints

Mutex

GlobalController

RealTimeObject

ReqRTConstraint TimeV al

Thread

CondW ait

V eirtual Machin
(OS interface)

rto lc

R T U s e r O b j e c t

lc
gc

lct

rc

r

rq

rt

cd

mx

tv

mp

" Réalisation dépendante des classes utilisateur
" Classes réutilisées par héritage

" Vue orientée objets du 
système d'exploitation
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75757575ACCORD/UML: Real-Time implementation
" Assignment of task to message processing by RTOAssignment of task to message processing by RTOAssignment of task to message processing by RTOAssignment of task to message processing by RTO
) Default: reaction on signal and internal processingDefault: reaction on signal and internal processingDefault: reaction on signal and internal processingDefault: reaction on signal and internal processing

(always defined by the execution of an object operation)(always defined by the execution of an object operation)(always defined by the execution of an object operation)(always defined by the execution of an object operation)

) User: implementation directives on message processingUser: implementation directives on message processingUser: implementation directives on message processingUser: implementation directives on message processing

) Constraints specification only (deadline, period, priority)Constraints specification only (deadline, period, priority)Constraints specification only (deadline, period, priority)Constraints specification only (deadline, period, priority)
* Associated, when possible, to operation properties like executioAssociated, when possible, to operation properties like executioAssociated, when possible, to operation properties like executioAssociated, when possible, to operation properties like execution timesn timesn timesn times

" Scheduling mechanisms are providedScheduling mechanisms are providedScheduling mechanisms are providedScheduling mechanisms are provided
) Event queue management based on message RT constraintsEvent queue management based on message RT constraintsEvent queue management based on message RT constraintsEvent queue management based on message RT constraints

) Concurrency management based on operation constraint declarationConcurrency management based on operation constraint declarationConcurrency management based on operation constraint declarationConcurrency management based on operation constraint declaration
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76767676« meta-modeling » using in the ACCORD platform

" Introduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling conceptsIntroduction of high level modeling concepts
) RealRealRealReal----Time ObjectsTime ObjectsTime ObjectsTime Objects

) Signals …Signals …Signals …Signals …

" Modeling rules introductionModeling rules introductionModeling rules introductionModeling rules introduction
) Model structuringModel structuringModel structuringModel structuring

) Behavior specificationBehavior specificationBehavior specificationBehavior specification

) Signals usingSignals usingSignals usingSignals using

" Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  Mechanisms definition of  operatringoperatringoperatringoperatring
) DesingDesingDesingDesing patterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Realpatterns dedicated to Signals, Real----Time objects …Time objects …Time objects …Time objects …

) Automatic code generationAutomatic code generationAutomatic code generationAutomatic code generation

" Models analysis for validationModels analysis for validationModels analysis for validationModels analysis for validation
) Test cases automatic generationTest cases automatic generationTest cases automatic generationTest cases automatic generation
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77777777AIT-WOODDES : Workshop for Object Oriented 
Design & Development of Embedded System

UML Modeling

Application« Prime »
PSA MECEL INTRACOM

UML model validation
AGATHA

CEA
UPPAAL
Uppsala

Model Checker
OFFIS

ACCORD
CEA

Objecteering

UML TAU
Telelogic

Rhapsody
I-Logix

UML/Statecharts
I-Logix

UML/SDL
Telelogic
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78787878

Tests

AGATHA : Un prototype de générateur de tests 

Résolution
de

contraintes 

Editeur Simulateur

Spécification

Environnement

Implémentation

Calcul des
comportements 

Tests
Symboliques

Composition    des automates

Exécution      symbolique
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79797979UML to AGATHA connection

Train

Control

Circuit

Product

ACCORD/UML

Enviro
nment

AGATHA
##

¬ (Vit < 100 ) ∧ ( dist < 200)
(Reg = true) ∧ (Vit ≥ 50)
…

¬ (Vit < 100 ) ∧ ( dist < 200)
(Reg = true) ∧ (Vit ≥ 50)
…

Path Conditions

J1 = (Vit=120, dist=150)
J2 = (Reg=true, Vit=55)
…

J1 = (Vit=120, dist=150)
J2 = (Reg=true, Vit=55)
…
Test sequences
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80808080

Structural Model

C3

C1 C2

UML views

Interaction model

O1r O2

O3

Behavioral model

Class Diagram

Statechart
Collaboration & Sequence Diagrams
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81818181Objecteering 4 UML Modeler
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82828282

UML active Object :
myObject

Incoming event 
instance

De-queued event 
instance :
Event to be processed

UML Statechart representing the 
behavior of the Active Object

Event queue

• UML Communication between objects
– UML state machines define an hypothetical machine that holds, de-queues 

and processes events instances
– FIFO dequeuing (commonly used by Object Oriented tools)

UML active objects principals
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83838383The RTC assumption

"When does the dispatcher is allowed to When does the dispatcher is allowed to When does the dispatcher is allowed to When does the dispatcher is allowed to 
dededede----queue a message ?queue a message ?queue a message ?queue a message ?

"An Object does only process 1 message at a timeAn Object does only process 1 message at a timeAn Object does only process 1 message at a timeAn Object does only process 1 message at a time

" The Dispatcher deThe Dispatcher deThe Dispatcher deThe Dispatcher de----queue a new message when the current queue a new message when the current queue a new message when the current queue a new message when the current 
message processing is endedmessage processing is endedmessage processing is endedmessage processing is ended

" SynchronisationSynchronisationSynchronisationSynchronisation message between LSA+ modulesmessage between LSA+ modulesmessage between LSA+ modulesmessage between LSA+ modules
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84848484

UML active Object,  myObject

Incoming event instance

De-queued event 
instance to process it

Event queue

UML state machine representing 
the behavior of the Active Object

myObject
ev

Incoming event 
instance

ESTELLE module, 
myObject, corresponding to 
the UML Event Processor

Event to processESTELLE module, myObject_FIFO,
corresponding to the UML Event Dispatcher

ESTELLE state 
machine
corresponding to the 
behavior of the Active 
Object

ev
myObject_FIFO myObject

Translated into

Translated into

Translated into

Translated into

UML ac
tive o

bjec
t

ESTELLE eq
uivale

nt m
odules



François Terrier, Sébastien Gérard          27-06-2000     NOTERE’2000

85858585Ping-Pong Example
" ExampleExampleExampleExample of 2 simpleof 2 simpleof 2 simpleof 2 simple parallel automatonparallel automatonparallel automatonparallel automaton

• Symbolic execution tree

⇒ Detect more than 1 path
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86868686Intuitive communication case

O2 O2 O1O1

pong()

pong()

State

Init State

ping()

ping()
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87878787Other execution

O2 O2 O1O1
pong()

pong()

ping()

ping() O2 
enqueues 

pong

O2 
dequeues 

pong

DetectionDetection of of unexpected behaviorunexpected behavior
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88888888ACCORD/UML: synthesis

" Keeps to modeling concepts the common OO viewKeeps to modeling concepts the common OO viewKeeps to modeling concepts the common OO viewKeeps to modeling concepts the common OO view

) It can be used by non realIt can be used by non realIt can be used by non realIt can be used by non real----time specialiststime specialiststime specialiststime specialists

" Provides models without implementation detailsProvides models without implementation detailsProvides models without implementation detailsProvides models without implementation details

) They can be changed without changing the structure of the modelsThey can be changed without changing the structure of the modelsThey can be changed without changing the structure of the modelsThey can be changed without changing the structure of the models
(nor in class, or sequence or state diagrams)(nor in class, or sequence or state diagrams)(nor in class, or sequence or state diagrams)(nor in class, or sequence or state diagrams)

" Facilitate automatic generation of prototype codeFacilitate automatic generation of prototype codeFacilitate automatic generation of prototype codeFacilitate automatic generation of prototype code

" Allows model validationAllows model validationAllows model validationAllows model validation

) through simulation or formal analysisthrough simulation or formal analysisthrough simulation or formal analysisthrough simulation or formal analysis
(execution model can be deduced from the specification)(execution model can be deduced from the specification)(execution model can be deduced from the specification)(execution model can be deduced from the specification)
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89898989

Profil ACCORD/UML => expression haut niveau de:
Contrainte Temps-réel, Concurrence, Communication, Comportement

AGL industriel : Objecteering + modules d’extension 
Support des notations dédiées, Règles de modélisation
Génération de code TR mutli-tâches (C++ sous Solaris et VxWorks)
Framework multi-tâches temps-réel

Conclusions

Évaluation sur un cas d’étude PSA: Régulateur

Contrat avec PSA pour le transfert

Évaluation en cours sur application Télécom
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Travaux en cours et perspectives...
Poursuite des travaux

Liens outils existant (Rhapsody, TAU UML) ⇒ AIT-WOODDES
⇒ proposition OMG

Relation modèles flots de données/synchrones ⇒ RNTL ACOTRIS
Déploiement/distribution et lien Soft/Hard ⇒ DAPNIA (A. Shebli)
Techniques de validation par le test d'une application UML

⇒ Thèses de Thèses de Thèses de Thèses de Phan Phan Phan Phan Trung Trung Trung Trung HiêHiêHiêHiêúúúú ((((ProprProprProprPropr. TR) et N. Rapin (composants). TR) et N. Rapin (composants). TR) et N. Rapin (composants). TR) et N. Rapin (composants)

Perspectives ouvertes
Formalisation et génération de modèles d’implantation
Définition d'une bibliothèque de patrons dédiés TR
Intégration des contraintes liées aux systèmes critiques
Liaison avec le Co-Design et les modèles continus
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91919191Some web sites
" AITAITAITAIT----WOODDES: WOODDES: WOODDES: WOODDES: «Workshop for Object Oriented Design and Development

of Embedded Systems », IST project of the 5th PCRD
http://wooddes.intranet.gr/project.htm

" SIVOOES: SIVOOES: SIVOOES: SIVOOES: ECOOP’2000 workshop on « Specification, Implementation and
Validation of Object-oriented Embedded Systems »
http://www-dta.cea.fr/leti/UK/Pages/Tech_info/Sivooes.htm

" UML’2000: UML’2000: UML’2000: UML’2000: http://www.cs.york.ac.uk/uml2000
Workshop on Formal Design Techniques for Real-Time UML
http://wooddes.intranet.gr/workshop.htm

" Action Action Action Action semanticssemanticssemanticssemantics: : : : AD/98-11-01, http://www.omg.org, http://uml.simware.com
http://people.ce.mediaone.net/weigert/actionsemantics/home.html

" ARTiSAN: http://www.artisansw.com
" RT-UML (Rhapsody): http://www.ilogix.com
" UML-SDL (UML TAU Suite): http://www.telelogic.com
" UML-RT (ROSE-RT): http://www.rational.com
" Objecteering: http://www.softeam.com
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