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Résumé
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(Une) définition de Système Cyber Physique (CPS)

«[Ŝǎ /t{ ǎƻƴǘ ŘŜǎ ǎȅǎǘŝƳŜǎ ŦƻǊƳŞǎ ŘΩŜƴǘƛǘŞǎ ŎƻƭƭŀōƻǊŀǘƛǾŜǎΣ ŘƻǘŞŜǎ ŘŜ ŎŀǇŀŎƛǘŞ 
de calcul, qui sont en connexion intensive avec le monde physique environnant 
Ŝǘ ƭŜǎ ǇƘŞƴƻƳŝƴŜǎ ǎΩȅ ŘŞǊƻǳƭŀƴǘΣ ŦƻǳǊƴƛǎǎŀƴǘ Ŝǘ ǳǘƛƭƛǎŀƴǘ Ł ƭŀ Ŧƻƛǎ ƭŜǎ ǎŜǊǾƛŎŜǎ ŘŜ 
mise à disposition et de traitement de données disponibles sur le réseau.» 
(Monostori, 2014)
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Quelques systèmes CPS en transport - ferroviaire

ωFerroviaire: train connecté

ωArchitecture: sol/bord ςsignalisation, objets de voies connectés
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Quelques systèmes CPS en transport -automobile

ωVoiture (semi-)autonome

ωConnectivité interne/externe (Cloud/Edge)

ωNombreux ECU

User Experience

Artificial Intelligence

ECO EdgeComputing

Immersion Lab

ConversationalAgent

Legalaspects

Vocal technologies

Driver Monitoring System

ExpressionLipreading Emotion

Posture Body size

Cloud Computing
DDOS

Data theft
Fake 
ŘŀǘŀΧ

Recording
voice/video
Bad advices

DDOS
Data theft
Inserting

« Man in the 
middle» 
ǎŜǊǾƛŎŜΧ

Tricking
DMS to 
trigger 

emergency 
mode
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Quelques défis identifiés
ω Présence de connectivité

ω ǎǳǊŦŀŎŜ ŘΩŀǘǘŀǉǳŜ ŀŎŎǊǳŜ όŀǳǎǎƛ Ǿƛŀ ƭŜǎ a!Wύ Čcybersécurité

ω impact sur la sureté de fonctionnement Čapproche par co-ingénierie

ω Hypothèse de connectivité

ω «scénario dégradés» avec modes on/off-line

ω raisonnement/vérification sur les transitions

ω réactivité: criticité du temps de réponse ?

ω LƳǇƭŞƳŜƴǘŀǘƛƻƴ ŘŜ ŦƻƴŎǘƛƻƴǎ Ǿƛŀ ǘŜŎƘƴƛǉǳŜ ŘΩL!

ω Notion de fiabilité, validité de certaines hypothèses

ω Certification («permis de conduite» pour voiture autonome)

ω Raisonnement sur les systèmes (semi-autonomes)

ω Interaction humain-système dans différents modes

ω Jumeau numérique: comportement du conducteur  (et inversement)

ω Autres défis liés à la complexité

ω Gestion de la variabilité (ligne de produits)

ω Evolution de système industriel à longue durée de vie

Č LƴǘŞǊşǘ ŘΩǳƴŜ ŘƛǊƛƎŞŜ ǇŀǊ ŘŜǎ ƳƻŘŝƭŜǎ 

Č Mais niveau de pratique industrielle encore fortement basé sur des documents
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Aperçu de la présentation

ωProjet INOGRAMS (ferroviaire)

ωFocus sur le raisonnement formel, synchronisation texte-document

ωModèles:  architecture fonctionnelles, MSC, FSM, variabilité 

ωDocuments: spécifications

ωOutils: CAPELLA (après analyse)

ωProjet SAT (aéronautique)

ωFocus sur la certification incrémentale

ωModèles: exigences, processus, variabilité (ligne de produit)

ωDocuments: flux documentaire de certification

ωOutils industriels: DOORS, Reqtify+ recherche: KAOS, TVL
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Projet INOGRAMS



GRD-GPL 2017 12

But: mettre en place un atelier système «amélioré»

WP2.1 Analyse des processus existants 

et définition des besoins (CETIC)

WP2.2 Architecture et intégration 

de lõatelier syst¯me (CETIC)

WP2.5 Validation 

de lõatelier 

système 

(Industriel)

Etudes de cas:

Å ATO

Å IXL

Å Equip. de voie

Å RailMl

Å Config. bord

WP2.3 

Diagnostic et 

vérification 

(UCL)

WP2.4 Gestion 

de configurations 

et de variantes 

(UNamur)

Collab. 

externes 

IRT/SystemX

Eclipse/ Polar

sys(Capella)

ANSYS,é
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{ŞƭŜŎǘƛƻƴ ŘΩǳƴ ŀǘŜƭƛŜǊ ŘŜ ƳƻŘŞƭƛǎŀǘƛƻƴ -FR

PTC Integrity Capella Papyrus SCADE

FR1 - Notation SysML & UML Dérivé SysML SysML & UML Sous-ensemble 

SysML

FR 2 - Couplage 

formel

Automation 

Interface

Sequence 

diagrams UML2 + 

plugins Eclipse

Théoriquement 

possible, pas 

documenté

Formel sous-

jacent + API

FR3 - Méthodologie Supporte 

ASAP

Arcadia mais 

possible ASAP

Pas de méthodo 

intégrée

Pas de méthodo 

intégrée

FR4- Génération de

documents

Word + Web Word + Web Word + Web (non 

documenté)

Word + Web

FR5 - Navigation Liens inférés + 

manuels

Liens inférés + 

manuels

/ Visions multiples

FR6 - Import/Export XMI XMI + plugins 

customs

XMI Excel + CSV

FR7 -

Automatisation

API Extensions 

Eclipse

Extensions 

Eclipse

Scripting TCL, 

OCL + plugin 

Java.
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{ŞƭŜŎǘƛƻƴ ŘΩǳƴ ŀǘŜƭƛŜǊ ŘŜ ƳƻŘŞƭƛǎŀǘƛƻƴ -NFR

PTC Integrity Capella Papyrus SCADE

NFR1 -

Extensibilité

+ ++ ++ +

NFR2 - Licence - ++ ++ -

NFR3 - Gros 

modèles

++ ++ + ++

NFR4 -

Collaboration

+ +/ ++ 0 +

NFR5 - Maturité ++ ++ -- ++

NFR6 - Pérennité ++ ++ + ++

NFR7 -

Utilisabilité

+ ++ 0 ++
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Choix au final (2016)

ω Architecture

ωwŜǇŀǊǘƛǊ ŘΩǳƴŜ ǇƭŀǘŜŦƻǊƳŜ ŜȄƛǎǘŀƴǘŜ Čchoix de

ω Solution ouverte 

ωPour intégration de composants interne/tiers 
(ex. composant de vérification UCL)

ω!ŘŀǇǘŀōƭŜ ŀǳȄ ōŜǎƻƛƴǎ ŘΩ!ƭǎǘƻƳΥ ŘƻŎǳƳŜƴǘŀǘƛƻƴΣ ƳŞǘƘƻŘŜ !{!t

ω 5ŞƳŀǊŎƘŜ ŘΩƛƴǘŞƎǊŀǘƛƻƴ ƳŜƴŞŜ ƭƻǊǎ ŘŜ ŎŜ ǎŜƳŜǎǘǊŜ

Ç15
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Architecture Modèle ėDocuments

Doc2Mod
el

Generation

EGF
GenDoc

M2Doc

[RAWET]

Model 
synchro

Specific
(OLE, 
UNOé)
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Génération XHTML

Ç17



Ç© CETIC ðwww.cetic.be

GenDoc

M2Doc

18

Nouvelle version

Octobre 2017

Release open source

Regénération incrémentale

Evolution du format

/!\ support
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Synthèse du choix: M2DOC

Ç19

xHTML Gendoc M2Doc Solution Custom Model Writer

Développeur ++ ++ ++ + +

Maturité + +
(mais version 

« capella» décalée)

0
(peuavancé)

0
(maisexpertise 

interne)

--

Activité sur outil - ++ ++ N/A 0

Documentation 0 ++ + N/A -

Support + + ++ N/A 0

Intégration
Capella

++ + + ++ -

Facilité 
installation

++ ++ + ++ 0

Facilité utilisation + + + ++ 0

Personnalisation ++ ++ ++ ++ 0

Effort Connaissance
EGF

Connaissance
OCL

Connaissance 
AQL

Tout développer
+ documenter

Coder 
connexions avec 

Capella
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Problématique de la mise à jour du modèle: «DOC2M»

ωMême en IDM, les flux de documents restent présents 
όŜȄƛƎŜƴŎŜǎΣ ŎƻƴŎŜǇǘƛƻƴΣ ǘŜǎǘ ǇƭŀƴΣΧύ
ωModèle Č document: génération automatique sur base de modèles

ωAprès revue: besoin de retourner dans le modèle (p.ex. corriger une faute) 

Č lourd: localiser, éditer, regénérer

ωComment améliorer ?
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Architecture de référence

ωCible: 
ωaƻŘŞƭƛǎŀǘƛƻƴΥ hōƧŜŎǘƛǾŜǊΣ /!t9[[!Σ Χ
ωDocument :Microsoft Office, Open/Libre Office, HTML (web-based)

ω3 scénarios principaux:
ωLocaliser un concept
ωEditer un concept dans un document
ω/ǊŞŜǊ ǳƴ ŎƻƴŎŜǇǘ Ł ǇŀǊǘƛǊ ŘΩǳƴ ŘƻŎǳƳŜƴǘ
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Techniquement ςgestion de la traçabilité

ωLƴƧŜŎǘƛƻƴ ŘΩƛƴŦƻǊƳŀǘƛƻƴ ŘŜ ǘǊŀœŀōƛƭƛǘŞ Řŀƴǎ ƭŜ ŘƻŎǳƳŜƴǘ

ωFormat URI : objectiver://project_id/concept_id[/attribute-id]

ωUnique (projectid unique, concept id unique dans projectΧύ

ωCodé dans champs spéciaux caché disponibles dans les suites tr. texte

ωInformation insérée automatiquement dans le document lors 
de la phase de génération

ωGénération URI

ωInsertion via une commande spéciale du générateur

ωCycle de vie du document

ωPar default, le document fait aussi partie du modèle

ωMais on peut permettre  une exportation, revue externe puis 
réimportation: la synchronisation se produit à ce moment-là
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Objectiver-Locate from Document (word)
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ObjectiverςRename in LibreOffice
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ObjectiverςConcept Creation in LibreOffice Writer

ωUsage scenario: identify concept from source document
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EMF ςConcept locate from HTML/MS Word
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EMF ςIn Place Edition inside MS Word (1/2)

Edit concept 
inside Word 
document
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EMF ςIn Place Edition inside MS Word (2/2)

Concept 
renamed in 
EMF Model
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EMF: Create Concept from Word (1/2)

1. Select 
Text

2. Right click to obtain 
contextual menu

3. Select Create Concept é 
and select type of concept to create
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EMF: Create Concept from Word (2/2)

Concept 
Agent 
created 
inside EMF 
Model

Reference inserted into 
Word document
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¦ƴŜ ǇŜǘƛǘŜ ǇŀǊŜƴǘƘŝǎŜ ŦƻǊƳŜƭƭŜΧ

But: soutien outillé plus formel à la méthodologie ASAP, à sa décomposition fonctionnelle et 
vérification ČVérificationde propriétéssur les modèles SysML

Approche : Vérification de propriétés
sur les modèles de comportement définis 
par les diagrammes de séquence SysML

ω Propriétés fonctionnelles

ω Consistance, complétude

ω Cohérence
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!ǊŎƘƛǘŜŎǘǳǊŜ ŘΩƛƴǘŞƎǊŀǘƛƻƴ ŎƻƳǇƭŝǘŜ ŘΩǳƴ ƻǳǘƛƭ ŦƻǊƳŜƭ ŘΩŀƴŀƭȅǎŜ

CAPELLA

API intégration

Outillage 

Formel

- PyNuSMV

- NuSMV)
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Type de vérification
ωGénérique: absence de scénarios induits

ωInteractions entre plusieurs scénarios générant des scénarios interdits

ωImplémenté via PyNuSMV

ωSpécifique: par rapport à une propriété formalisée (LTL/Pattern)
ωExemple #1 dans le scénario Skip Station: 

ω«le conducteur du train reçoit toujours une réponse à ses actions» 

ωpropriété de réponse dans une portée globale, traduite en LTL:
G(Driver Requeststo ATO-> FATO Msgto Driver).

ωSatisfaite par le scénario

ωExemple #2 aussi dans le scénario Skip Station: 

ω«chaque fois que le TMS envoie de nouvelles données opérationnelles au système, le 
conducteur en est finalement informé»

ωTraduite en LTL:    G(OperationalData-> FATO Msg to Driver)

ωEgalement satisfaite

ω18 scénarios au total !
Ç33
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Exemple plus détaillé

SyRSAD-4.4.1.1.3.4.png
SyRSAD-4.4.1.1.3.4.png
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Traduction du diagramme
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Modèle de transitions

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=1
f_ato_6.state=1
f_ato_7.state=1
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=2
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Docking_status
origin=f_ato_4

controller.state=1
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=2
f_ato_7.state=2
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=3
f_ato_7.state=2
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=3
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

controller.state=9
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=10
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=brakes_released

message=NONE
origin=NONE

controller.state=5
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=6
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_open
message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=3
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=moving

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=stopped

destination=f_ato_7
event=train_standstill

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=ATO_OB_Closing_doors_request
origin=f_ato_6

controller.state=3
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=moving

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Dwell_time_countdown
origin=f_ato_6

controller.state=3
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=moving

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Docking_status
origin=f_ato_4

controller.state=4
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=7
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=8
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_closed

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_release_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=1
f_ato_6.state=1
f_ato_7.state=1
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=2
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Docking_status
origin=f_ato_4

controller.state=1
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=2
f_ato_7.state=2
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=3
f_ato_7.state=2
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=3
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

controller.state=9
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=10
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=brakes_released

message=NONE
origin=NONE

controller.state=5
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=6
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_open
message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=3
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=moving

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=stopped

destination=f_ato_7
event=train_standstill

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=ATO_OB_Closing_doors_request
origin=f_ato_6

controller.state=3
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=moving

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Dwell_time_countdown
origin=f_ato_6

controller.state=3
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=moving

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Docking_status
origin=f_ato_4

controller.state=4
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=7
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=8
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_closed

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_release_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE
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Contre-exemple Č correction du modèle

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=1
f_ato_6.state=1
f_ato_7.state=1
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=2
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Docking_status
origin=f_ato_4

controller.state=1
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=2
f_ato_7.state=2
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=3
f_ato_7.state=2
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=3
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

controller.state=9
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=10
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=brakes_released

message=NONE
origin=NONE

controller.state=5
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=6
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_open
message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=3
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=moving

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=stopped

destination=f_ato_7
event=train_standstill

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=ATO_OB_Closing_doors_request
origin=f_ato_6

controller.state=3
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=moving

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Dwell_time_countdown
origin=f_ato_6

controller.state=3
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=moving

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Docking_status
origin=f_ato_4

controller.state=4
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=7
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=8
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_closed

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_release_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=1
f_ato_6.state=1
f_ato_7.state=1
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=1
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=2
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Docking_status
origin=f_ato_4

controller.state=1
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=2
f_ato_7.state=2
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=3
f_ato_7.state=2
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=2
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=3
f_ato_7.state=1
train=moving

destination=f_ato_6
event=NONE

message=Train_interface_data
origin=controller

controller.state=9
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=10
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=8
f_ato_7.state=3
train=stopped

destination=NONE
event=brakes_released

message=NONE
origin=NONE

controller.state=5
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=6
doors=open

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_open
message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=3
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=moving

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=open

driver_info=open_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=6
f_ato_7.state=4
train=stopped

destination=f_ato_7
event=train_standstill

message=ATO_OB_Opening_doors_request
origin=f_ato_6

controller.state=4
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=5
f_ato_7.state=3
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=3
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=moving

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=close_request
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=5
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=ATO_OB_Closing_doors_request
origin=f_ato_6

controller.state=3
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=moving

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=4
doors=closed

driver_info=docking
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=4
f_ato_7.state=2
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Dwell_time_countdown
origin=f_ato_6

controller.state=3
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=moving

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=train_standstill

message=Docking_status
origin=f_ato_4

controller.state=4
doors=closed

driver_info=NONE
f_ato_3.state=1
f_ato_4.state=2
f_ato_6.state=4
f_ato_7.state=1
train=stopped

destination=NONE
event=train_standstill

message=NONE
origin=NONE

controller.state=7
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=NONE

message=NONE
origin=NONE

controller.state=8
doors=closed

driver_info=countdown
f_ato_3.state=1
f_ato_4.state=3
f_ato_6.state=7
f_ato_7.state=3
train=stopped

destination=NONE
event=doors_closed

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=controller
event=NONE

message=ATO_OB_Holding_brake_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Closing_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=f_ato_7
event=NONE

message=Dwell_time_countdown
origin=f_ato_6

destination=f_ato_7
event=NONE

message=Docking_status
origin=f_ato_4

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Holding_brake_release_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=controller
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=f_ato_7
event=NONE

message=ATO_OB_Opening_doors_request
origin=f_ato_6

destination=NONE
event=NONE

message=NONE
origin=NONE

destination=NONE
event=NONE

message=NONE
origin=NONE

SyRSAD-4.4.1.1.3.4-doors-cntex.pdf
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Correction du diagramme de séquence
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Projet SAT
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Objectifs du projet

ωCertification de systèmes embarqués critiques suivant les standards 
FAA/EUROCAE
ω logiciel RTCA DO-178B/C et

ωmatériel (RTCA DO-254) 

ωAvec un focus sur les aspects de recertificationet certification 
incrémentale de lignes de produits logiciels

ωMotivation: coût très élevés, processus peu flexibles très 
documentaires, évolution récente des standards

ωн Ŏŀǎ ŘΩŞǘǳŘŜ ŀǾŜŎ ŘŜǎ ŀǇǇǊƻŎƘŜǎ ζmodel-based» différentes
ωpar «delta»

ωpar «famille de produit»
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Vision générale ςapproche basée sur des modèles

41
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/ŀǎŜ ŘΩŞǘǳŘŜ Ім ζradio»

Â Le projet « radio è est certifi®, lôentreprise se trouve 
aujourdôhui confront® ¨ la certification par delta.

Â En effet les base de données (de paramètres) 
évoluent ainsi que le software embarqué.

ÂLa direction g®n®rale de lôaviation (DGA) accepte la 
certification par delta, mais exige des « évidences » 
basées sur la traçabilité des exigences et sur 
lôex®cution des tests.
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Vue générale de la data base: un problème complexe

Cette vue reprend la 
représentation générale de 
la base de données  qui 
contient environ 100.000
paramètres.

1 2 3 1 2 3

1 MCTUaudioAlarm MCTUAuAl 23 20 1 1 20 1 1 460 0,5 460 0,5

2 MCTULanSinkSource MCTULsS 17 5 64 1 2 12 1 5440 5,5 408 0,4

3 MCTUradioSinkSource MCTUrRs 6 5 64 1 2 12 1 1920 2,0 144 0,1

4 MCTURadioDevice MCTUrD 46 48 1 1 5 1 1 2208 2,2 230 0,2

5 SourceStreamClear SSC 5 300 1 1 300 1 1 1500 1,5 1500 1,5

6 SourceStreamSecure SSS 5 300 1 1 300 1 1 1500 1,5 1500 1,5

7 SCTUSystemDatabase SCTUs 53 25 1 1 4 1 1 1325 1,3 212 0,2

8 MCTUDigitalfDefs MCTUdid 4 5 128 2 2 20 2 5120 5,2 320 0,3

9 MCTURelayRouting MCTUrR 10 20 1 1 20 1 1 200 0,2 200 0,2

10 MCTUcryptoDevice MCTUcd 8 42 1 1 5 1 1 336 0,3 40 0,0

11 SCTUSinkStatusdatabase SCTUsS 12 26 89 1 5 16 1 27768 28,2 960 1,0

12 MCTUtacticalDataLinkDevice MCTUtDlD 3 4 1 1 1 1 1 12 0,0 3 0,0

13 SCTUlabelDatabase SCTUl 4 26 89 1 5 16 1 9256 9,4 320 0,3

14 MCTUcryptoRouting MCTUcR 7 48 1 1 5 1 1 336 0,3 35 0,0

15 MCTUallPAemerg MCTUaPe 5 2 1 1 2 1 1 10 0,0 10 0,0

16 MCTUcbSinkSource MCTUcbss 14 5 2 5 2 2 5 700 0,7 280 0,3

17 MCTUsystemdatabase MCTUs 73 5 1 1 2 1 1 365 0,4 146 0,1

18 MCTUsummedAudioDevice MCTUsAd 9 10 1 1 0 1 1 90 0,1 0 0,0

19 MCTUanalogIfDefs MCTUaID 18 5 48 1 2 5 1 4320 4,4 180 0,2

20 MCTUAllPADevice MCTUaPA 5 25 1 1 1 1 1 125 0,1 5 0,0

21 MCTUdataIfDefs MCTUdaId 2 5 16 2 2 0 2 320 0,3 0 0,0

22 SCTUSourceStatusDatabase SCTUsS 13 26 89 1 5 16 1 30082 30,6 1040 1,1

23 MCTUioAction MCTUioA 4 5 136 1 2 136 1 2720 2,8 1088 1,1

24 MCTUrelayroutingActivity MCTUrrActivity 1 20 1 1 20 1 1 20 0,0 20 0,0

25 AssetStatusDatabase AS 9 30 1 1 6 1 1 270 0,3 54 0,1

26 SystemTableDatabase ST 41 1 1 1 1 1 1 41 0,0 41 0,0

27 MCTUcryptoSink MCTUcs 6 5 64 1 2 12 1 1920 2,0 144 0,1

28 Miscellaneous Path 62 1 1 1 1 1 1 62 0,1 62 0,1

465 98426 9402 10%

Name P Taille ratio%

Possible Utilisés sur MSA

Taille ratio%
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Cas industriels
Modified requirements:

MPA_SSS_ICS_AUDIO_0160.01

MPA_SSS_ICS_AUDIO_0160.02

MPA_SSS_ICS_AUDIO_0160.03

MPA_SSS_ICS_AUDIO_0161

MPA_SSS_ICS_AUDIO_0162

MPA_SSS_ICS_AUDIO_0163

new requirement:

MPA_SSS_ICS_AUDIO_0500

INDUSTRY

DOORS et Rectify

Reqs et tests

University

MOCQA

Modèle processus

INDUSTRY

Data base

GUIDdbTool

DBDump

University/CETIC

TVL2 Model

Database (features)

CETIC

Document
Delta tests

98000 

paramètres

1 2 3 1 2 3

1 MCTUaudioAlarm MCTUAuAl 23 20 1 1 20 1 1 460 0,5 460 0,5

2 MCTULanSinkSource MCTULsS 17 5 64 1 2 12 1 5440 5,5 408 0,4

3 MCTUradioSinkSource MCTUrRs 6 5 64 1 2 12 1 1920 2,0 144 0,1

4 MCTURadioDevice MCTUrD 46 48 1 1 5 1 1 2208 2,2 230 0,2

5 SourceStreamClear SSC 5 300 1 1 300 1 1 1500 1,5 1500 1,5

6 SourceStreamSecure SSS 5 300 1 1 300 1 1 1500 1,5 1500 1,5

7 SCTUSystemDatabase SCTUs 53 25 1 1 4 1 1 1325 1,3 212 0,2

8 MCTUDigitalfDefs MCTUdid 4 5 128 2 2 20 2 5120 5,2 320 0,3

9 MCTURelayRouting MCTUrR 10 20 1 1 20 1 1 200 0,2 200 0,2

10 MCTUcryptoDevice MCTUcd 8 42 1 1 5 1 1 336 0,3 40 0,0

11 SCTUSinkStatusdatabase SCTUsS 12 26 89 1 5 16 1 27768 28,2 960 1,0

12 MCTUtacticalDataLinkDevice MCTUtDlD 3 4 1 1 1 1 1 12 0,0 3 0,0

13 SCTUlabelDatabase SCTUl 4 26 89 1 5 16 1 9256 9,4 320 0,3

14 MCTUcryptoRouting MCTUcR 7 48 1 1 5 1 1 336 0,3 35 0,0

15 MCTUallPAemerg MCTUaPe 5 2 1 1 2 1 1 10 0,0 10 0,0

16 MCTUcbSinkSource MCTUcbss 14 5 2 5 2 2 5 700 0,7 280 0,3

17 MCTUsystemdatabase MCTUs 73 5 1 1 2 1 1 365 0,4 146 0,1

18 MCTUsummedAudioDevice MCTUsAd 9 10 1 1 0 1 1 90 0,1 0 0,0

19 MCTUanalogIfDefs MCTUaID 18 5 48 1 2 5 1 4320 4,4 180 0,2

20 MCTUAllPADevice MCTUaPA 5 25 1 1 1 1 1 125 0,1 5 0,0

21 MCTUdataIfDefs MCTUdaId 2 5 16 2 2 0 2 320 0,3 0 0,0

22 SCTUSourceStatusDatabase SCTUsS 13 26 89 1 5 16 1 30082 30,6 1040 1,1

23 MCTUioAction MCTUioA 4 5 136 1 2 136 1 2720 2,8 1088 1,1

24 MCTUrelayroutingActivity MCTUrrActivity 1 20 1 1 20 1 1 20 0,0 20 0,0

25 AssetStatusDatabase AS 9 30 1 1 6 1 1 270 0,3 54 0,1

26 SystemTableDatabase ST 41 1 1 1 1 1 1 41 0,0 41 0,0

27 MCTUcryptoSink MCTUcs 6 5 64 1 2 12 1 1920 2,0 144 0,1

28 Miscellaneous Path 62 1 1 1 1 1 1 62 0,1 62 0,1

465 98426 9402 10%

Name P Taille ratio%

Possible Utilisés sur MSA

Taille ratio%

Change Request
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Cas pratique de certification par DELTA

ωNouvelle feature: Decision Height Warning  tone, 
ŎΩŜǎǘ-à-ŘƛǊŜ ǳƴŜ ŀƭŀǊƳŜ Ŝƴ Ŏŀǎ ŘΩŀƭǘƛǘǳŘŜ ǘǊƻǇ ōŀǎǎŜΦ 

ωLƳǇƭŞƳŜƴǘŞŜ ŘŜ ƳŀƴƛŝǊŜ ƛƴŎǊŞƳŜƴǘŀƭŜ ǎǳǊ ōŀǎŜ ŘΩǳƴŜ ŦŜŀǘǳǊŜ ŜȄƛǎǘŀƴǘŜ 
(Prerecorded Messages) 

ωavec des comportements différents (priorités, mode de diffusion)

ωLes requirements, database et tests doivent être adaptés 

ωLa traçabilité doit être mise à jour.
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Analyse de modèle TVL
SCTU{

int securityLevel in [1..9];

group allof {

Name, Password,

PrerecordedMessageList ,

WarningToneList // extension

}

WarningToneList requires PrerecordedMessageList ; //extension

}

MCTU{

group allof {

Name,  opt CrewBox[0..2], LAN[1..3],

shared PrerecordedMessageList , // same feature as SCTU

shared WarningToneList // same feature as SCTU 

} }

PrerecordedMessageList {

group allof {

PrerecordedMessage [0..16] { 

int id ; // unique

} } }

WarningToneList { // extension

group allof {

WarningTone [0..8] { 

int warningTonePriority in [0..1];    // two priority levels

int id in PrerecordedMessage.map (id); // => a tracer dans les tests

} } }

Ajout de la fonctionnalité « WarningTones »
Réalisé sur base de la fonctionnalité 
existante « Pre-recordedMessage »
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Aspect traçabilité (Reqtify)
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Cerise sur le gâteau: génération de configurateur


