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Part 1

* Introduction to MDD for RT/E systems & MARTE in a nutshell

Part 2
* Non-functional properties modeling
* Outline of the Value Specification Language (VSL)
Part 3
* The timing model
Part 4
* A component model for RT/E
Part 5
*  Platform modeling
Part 6
* Repetitive structure modeling
Part 7
* Model-based analysis for RT/E
Part 8
°* MARTE and AADL
Part9
* Conclusions
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UMLED Component-based paradigms in the

Component architectures are increasingly used in RTE execution
platforms

* Need for manageable and reusable pieces of software
* Key examples: Lightweight-CCM, SCA, Autosar

Concept of component also used to structure System / Software
engineering processes

* Entities under analysis/design broken down into a series of components
* Applicable at different stages of the process

* Different kind: active vs. passive (e.g., UML active classes)

° Examples of related languages: SysML, AADL

RTE domain

There is a need to provide modeling constructs to support these concepts at
different levels of abstraction
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LD What is a component in UML?
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UML distinguishes the notions of structured class and component

* The kernel of the language defines Class
and Interface

* StructuredClasses defines Port and
=) Connector and provide the ability to
describe a Class as an assembly of parts

* Basic and PackagingComponent define
the notion of component realization and
adds packaging capabilities

L= ]
| StructuredClasses —‘ Dependencies
I pzid
<=Merge== /
‘ / ==merge=>
BasicComponenis

FackagingComponents

In any case, no support for flow-oriented communications
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UL General Component Model
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Introduced to cope with various component-based models
* SysML, Spirit, AADL, Lightweight-CCM, EAST-ADLZ2, Autosar

Does not imply any specific model of computation

Relies mainly on UML structured classes, on top of which a support for
SysML blocks has been added

* Atomic and non-atomic flow ports
* Flow properties and flow specifications

But also providing a support for Lightweight-CCM, AADL and EAST-
ADL2, Spirit and Autosar
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The MARTE GCM subprofile

)

« enumeration »

« enumeration » .
BFeatureKind
« metaclass » DirectionKind R UML
InvocationAction . Port in
n t out
A ou ) inout
inou f required
N\ provided
« stereotype »
SendFlowAction « stereotype» « stereotype»
FlowPort MessagePort
fisAtomic: Boolean [1] = false /isAtomic: Boolean [1] = false
isConjugated: Boolean [1] = false isConjugated: Boolean [1] =false
direction: DirectionKind kind: BFeatureKind [0..1]
« metaclass » « metaclass » « metaclass »
Property BehavioralFeature Interface
A A T
| |
« stereotype » « stereotype » « stereotype » « stereotype »
FlowProperty FlowBFeature FlowSpecification BFeatureSpecification
direction: DirectionKind [1 kind: BF eatureKind [1] direction: DirectionKind [0..1] ilind: BFeatureKind [0..1]
y, .
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O

Example of component definition

User
Location
« interface »
LocationAccess
-EE:--I
LocationData: getLocation()
FlightPlan
« interface »
PlanAccess =

FlightFlanData: getFlightPlan()

Standard UML port typed by a class that
uses the LocationAccess interface

O Lust

Database

« signal »
Paramesterlpdated

Classifier

newParam: ParameterData

A

Trajectory

« Interface »
« flowSpecification »
MavCommand

« flowProperty » {direction = out} vnav: Command
« flowProperty » {direction = out} Inav: Command

« FlowPort »

update: ParamsterUpdated

— (Tl

fp: PlanAccess ) - TN
Trajectory « FlowPort »
nav: NavComw

T

Atomic flow port typed by a

_
L

loc: LocationAccess /J' 5

Complex flow port typed by a
flow specification
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| Outgoing atomic

User
ﬂOW port FlightMahagementSyste~=
a Incoming atomic e
CDSCommand flow port
) Z__ cis: src: Famerneterl ptated
cdsCom- LH——11 Database L
COSCommand : ] | ‘
o o DBEAccess
! handler: Pafameterlpdatad
CDSDisplay DBAccess ] diy thlf
1 - . FlanAccess -
: cds: traj. a TETH mmand
cdsDisplay: L F——""11 ‘FlightPlan [l Trajecto = =
_ ) ) PlanAccess o }&av: NavCommand
COsDisplay 1
loc: |7
LocationAccess

irs- IRSInt Irm _ O LocationAccess UML delegation connector used
irs  TRSIN wche! I%] ocatien [ﬂ.jc; with a non-atomic flow port

' p ]
’ radio: Faadioln:e?ace

UML delegation connector used
with an atomic flow port

Reference MARTE Tutorial — November 2007 — Version 1.1

e List THALES BRI INRIA 100

Copyright © Thales, CEA and INRIA 2007 All rights reserved, commercial use strictly prohibited.



LD RTE Model of Computation and

M/ RTE = -
Communication

High-level modeling concepts for RT/E design

* Qualitative aspects
= E.g. concurrency and behavior

* Quantitative aspects as real-time feature
= E.g. deadline or period

Allows expressing real-time constraints on component interfaces and
connectors

* Applicable whether component are active or passive

For active components, introduces specific models of computation
* Currently, active objects (e.g. Rhapsody, Rose RT, ACCORD)
* Alternative MoCC can be defined using the MARTE foundations

Reference MARTE Tutorial — November 2007 — Version 1.1
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LD RTE Model of Computation and

M/ RTE = -
Communication

Provides high-level concepts for modeling qualitative real-time features
on classes / structured classes / components
* Real-Time Unit (RTUnit)
" Generalization of the Active Objects of the UML 2
= Owns at least one schedulable resource
* Resources are managed either statically (pool) or dynamically
" May have operational mode description (similar to AADL modes)

* Protected Passive Unit (PPUnit)
* Generalization of the Passive Objects of the UML2
* Requires schedulable resources to be executed
Supports different concurrency policies (e.g. sequential, guarded)
Policies are specified either locally or globally
Execution is either immediateRemote or deferred

Reference MARTE Tutorial — November 2007 — Version 1.1
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LD RTE Model of Computation and

M/.RIE Communication (cont’d)

Provides high-level concepts for modeling quantitative real-time features
on classes / structured classes / components

* Real-Time Behavior (RtBehavior)
* Message Queue size and policy bound to a provided behavior

* Real-Time Feature (RTF)
» Extends UML Action, Message, Signal, BehavioralFeature
* Relative/absolute/bound deadlines, ready time and miss ratio

* Real-Time Connector (RteConnector)
= Extends UML Connector
* Throughput, transmission mode and max blocking/packet Tx time

Reference MARTE Tutorial — November 2007 — Version 1.1
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Usage examples of the RTEMoCC
extensions

Can be one of the following:

. |
- sequential ———— isDynamic = false
« nit» i in =
isMair =t’li‘lf(eD - guarded t / stacleDeteci@r | | Scl\,g?ér;ze ff'?%
main = star - -
concurren startDetection() poolPolicy = create
- - stopDetection()
«rtService» {exeKind=deferred} start()
«rtService» {exeKind=deferred} stop() ObstacleDectector class declared
é as “active”
Spim | « ppUsiit»
1 {concPuiiy=guarded} [/~ 4
Speedometer « dataType»
_ _ _ getSpeed(): Speed Speed
Characterizes the behavior with
real-time features
I r===-- @10 {kind=startAction} i
« rtf » p==
tgSpeed = spin->getSpeed() occKind = aperiodic ()
value = (tRef=t0, relDI=(10, ms), miss=(1, %, max))

|
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@ Qualitative features on a
component interface pricrity=1

User

Location

Modeling real-time features of
components

ccckind = periodic (pericd={10,ms], jider={2 us})
relCi=(3,ms]

tRef=tl

miss=i1,_%. max)

« pplnit =
LocationData

latitude: Degres

longitude: Degres

e
.-"-.

o

concPolicy=sequential

« FlowPaort =

irs: IRSInterface

Protected passive unit
exchange between
components with a
sequential access policy

COnNCHolIcy=reaaer
exstind=deferrad
synckimnd=delayedSynchronous

!
_ ;
« interface » /

LocationAccess

~ tSernvice rif anfinnData:'getLﬂcatiﬂn{J

LocationAccess
3 (oo [, "o
loc: | Quantitative features on a

(2| component interface

a FlowPort =
radio: Radiolnterface |

Without a «rtUnit» stereotype, the component is
considered as passive
It needs to be allocated on a computing resource (e.g.,

- T ing th |
=) List using the «allocate» stereotype) S _
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uMLD Modeling real-time features of

MARIE components (cont’d)

Qualitative features defined on @to @
actions of the | e
COmputeTraJectory behav'or rl::;‘.lI:IE.:II‘IZLI'.:l:::_!:l-:n:;.'arirc:udil::n:;:naru:uc:|={'12:m:3.}|:‘i‘cter=-{2.u5]] User

{Ref=t0

migs=(1, %, max)
- :I syncKind=delayedSynchranous
.II ..' -\. ’
. ~

‘ getLocation ’ | «rtAction, rify» ¢
getFl ghtFlan )

- =

priority=1

occkind = perodic (period=(10,ms}, jiter=(2 us))
relDi={£ ms)

tRef=t0

miss={1, %, max)

syncKind=synchronous

'a T
| artfction, rtfe |
' Derfﬂrchrmputatian

N

Qualitative features defined on

] ] ction, rtf»
the LocationAccess interface  ecommand
iy
apply
(‘w priority=1
N, __,.’ occkKind = pericdic (period={10,ms), jitter={2 us]))
o relDl=(1.ms)
tRef=t0
miss=(1, %, max)
syncKind=synchronous
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Modeling real-time features of
components (cont’d)

Trajectory execution scenario )

‘PlanAccess

‘Database

ocokind = periodic (pericd=(10.ms]}]

[

cockind = apericdic(] [l\]

/

Trajectory ‘LocationAccess
7 I ocokind = periodic (period={10,ms}]
| | relli={3.ms)
g L I tRef=tD
@] « i = getLocation 0—*"‘":"__#
= I01={2.ms}
LocationData E I—.:e-'r.n "
=< TimedConstraint=> @l ge:llzllghtF'Ian{] H_,/"/'_ :
1 =
t1[i] — tO[] < (2. ms) I
]
“-\_‘_\ I
=
e Fli I
- ghtPlanData
@il |
I
|
|
!
« rif n':-aran'lLlpl:Iatedl:paranwalue]l
1
|| ]
@tofi=1]-" '

O Lust
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All models of computation in the RTE domain not explicitly addressed by
MARTE

MARTE foundations (NFP, Time, GRM) allow third-parties to specify
other model of computations that rely on the same semantic basis

* Allows one to use MARTE features along with this user-defined MoCC
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