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09h00

12h15

13h30

15h45

16h00

16h30

Conférence - Présentation des résultats S2C - Auditorium -
Déjeuner - Salleréception -

3 Ateliers Déemonstrations & Echanges :

- Processus global de cohérence SE-SA - Salle 2 -
-  Guide MBSA - Auditorium - @
- Cohérence MBSE / MBSA - Salle 1 -
Pause - salleréception -
Synthese de la journée et Perspectives - Salleréception -

Visite libre du musée Aéroscopia -Musée-
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Agenda de Ia matinée - Conférence

N et
I F ey Systemx

9h00
9h05
09h15
@ 10h00
10h30
11h15
11h30

12h15

Présentation de la journée

Introduction de la problématique

Processus global de cohérence SE-SA
Méthodologie de MBSA

La cohérence entre MBSE et MBSA

- Pause -

Organisation du projet et synthese des résultats

Depart vers le déjeuner

Avec la participation de
la FIT, de ’ANR et de la
Presse!
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Origin of the need of consistency
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» Theory : One top-down approach
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Physical System

| Development Complete & Ready for Certification |

T

Systermn Development Process

From SAE ARP4761 / Eurocae ED-135

* Real life: Multiple iterations from past projects

feature
branches

Major
feature for
Feature
for future ]
release

From this paint on,
“next release”

means the release
after 1.0

http://nvie.com/posts/a-successful-git-branching-model/

SO

release
develop branches hotfixes master
é) i
/’IV 4 0.1

Severe bug
fixed for
production:
hotfix 0.2

Incorporate
bugfixin
develop

Startof
release
branch for

merged back
into develop

Bugfixes from \ hd Tag
rel. branch

may be 1.0
continuously
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Origin of the need of consistency
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FRENCH

« Safety analyses are based
on a set of requirements
defined by a given
architecture

« Assumptions made by
each domain should be
shared

 Waiting for the final
architecture is too risky

INSTITUTES OF
TECHNOLOGY

* Split the work into
predefined scopes

« Changes may occur in
previous scopes so impact
analysis is important

* New scope can jeopardize
previous results ->
automation of non
regression tests is
mandatory

(7)) saint
Wil ¥ EXUPERY

* More and more complex
systems with highly
configurable software

* (Dys)Functional Behaviour
is hard to handle

* Need of dynamic analyses
(e.g. simulation)

qutéﬁ35<”
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Origin of the need of consistency

On Aircraft development context : Each boxes and links are concerned by consistency.

Reference

ra

Iterations
Complexity

Equipments
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Aircraft
Safety
Analysis

System
Safety
Analysis

Equipment
Analysis

Vertical links

Vertical links

Horizontal links

Horizontal links

B
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N
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Aircraft
Specification
& design

System
Specification
& design

Equipment

Specification
& design
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S2C Project Approach (/ a SAINT qut'é’;‘i%s'é""
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Objectives :

To define processes, methods and tools that allow to guarantee that safety analyses and system
modelling done by system architect (MBSE) are consistent, in a context of numerical continuity,
during all iterative development cycles of products and systems, and answering to certification
constraints.

FRENCH
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S2C Project Approach ((@\\sw
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The project has followed 3 axes to address the problematic at different level :

« SE-SA » Overall SE/SA consistency process
« MBSA » MBSA Methodology Guide

[ ] « MBSE-MBSA » [ }
« SE-SA »
o I - Axis A :
The 3 axes are inter-related. o_vera'uf A
* They have illustrated their work on a consistency process
common Use Case. impacts & impacts &

contraints contraints

« They have also produced a State Of

* e
AR
Sll t 1
INSTITUT DE RECHERCHE
TECHNOLOGIQUE

the Art at the beginning of the project.

MBSA Methodology >

FRENCH i Impacts &
INSTITUTES OF Guide p
TECHNOLOGY

e (
.

fit

contraints

« MBSA. » « MIBSE-MBSA »

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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Axis A - Overall SE/SA

consistency process
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Overview of Axis A | s System
Objectives :
* Provide a global SE/SA process between System Engineers
and Safety analysts (SE/SA) to : 4 « SE-SA » h
« ensure global consistency of Systems/Safety outputs,
all over systemic levels; Axis A :
- maintain and guarantee the consistency in time i
. . con5|stency process
(dynamic consistency)
- Provide Tools to support this process mpacie &
* Enrich the AIDA use case to support the different activities of contraints

the project
Axis B:
Aircraft F\ /—\ MBSA Methodology >
_ Aircraft Horizontal links Guide Impacts & L

Impacts &
contraints

Safet Aircraft ;
Safety Assesysment < afll Specification [EREHED contraints
Analysis & design
— « MBSA » « MBSE-MBSA. »
Vertical links
— D e
Systems (
il o System AU, Horizontal links System
4 £33 Safety A % Specification SIS
- £ ssessment [ Lo i
o I Analysis & design
|- > Wk l‘
Vertical links
L 4
Equipments ( \ ( \
Equi t
LI Safety qu,‘sme_n R
e A Specification ESESER]
v & design
FRENCH

fit
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Reference Use Case - AIDA D;@ | st System
. R

———

g

* Drone system for pre-flight inspection

Drone Pilot

* Open Source Study Case from MOISE project

Aircraft

e ==

Remote
Control

Power X
Supply Data
base

» SE : architectural models on Capella (static) and on Cameo (executable), associated documentation, requirement set (partial) at different
levels. The system has been decomposed artificially to be in line with SAE ARP4754 | Eurocae ED-79 layers: Aircraft, Systems, Items.

» For S2C, Failure Conditions inspired by
aeronautical regulations have been fixed

» Study case content:

* SA : MBSA SimfiaNeo model based on functional architecture and associated documentation, SdF deliverables of SAE ARP4761 /
Eurocae ED-135 process (FHA, PSSA, FMEA/FMES,...).

* Use in the project:
» Axis A : SE-SA process illustration. At the end of the project, the maximum coverage possible of the process is envisaged.

» Axis C : used for the PoC of SSR method (full coverage, limited to functional architecture), and for experimenting with validation of BSR
method (use of behavior requirements in shape of truth tables) and BCC method (use of executable model in Cameo).

» Axis B : realization of models with different tools for the physical architecture to be done following the created guide recommendations.

FRENCH
INSTITUTES OF

fit | e AIDA Open Source Use Case : hiips://sahara.irt-saintexupery.com/AlIDA/

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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* Deliverable release

Axis A Roadmap

2019 2020

N

(g&\\\\\ SAINT
b JZEXUPERY

2021 2022

I rrrrrrrrrrrrrrrrrrrrr
TECHNOLOGI

First formalization of an SE/SA and
consistency process (BPMN, draw.io)

SE/SA Process

*Ll.l Vi L1.1V1
(deliverable) (process model)

Formalization of the SE/SA process in VP
(multi view) modeling

Partners Checklist
practices for SE/SA
analysis review

L1.1V2
(deliverable +
model)

-

Traceability plan

Generic traceability plan

Application of
traceability plan on

cartography

Plan
Optim.

AIDA UC

back

raceability tools * L1 — COTS analysis

and CR spec

POC dynamic consistency management

Yk POC stearing

* L1.3 POC

Compatibility
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S\ SAINT ym X
Agenda ((;\\EXUPERY System

Short overview
e SE/SA Consistency Process (details during WS)

e Traceability plan

e POC dynamic consistency management

e Compatibility

FRENCH
INSTITUTES OF
TECHNOLOGY
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© IRT Saint Exupéry « All rights reserved « Confidential and proprietary document




( SO SAINT qutemx

EXUPERY

Axis A - SE/SA
Consistency Process
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SE/SA consistency Model

* The Model describes:

+ The collaboration between the SE and the
SA teams (data, activities and interactions
between the System Architect and the
Safety Analyst...)

* In the aeronautic context (process
guided by ARP)

- For the different systemic levels:
aircraft manufacturer, system provider,
equipments (items)

* Among the different phases of
development

. Aircraft (\VAY
Aircraft

FRENCH
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Aircraft

Aircraft Horizontal links

Safety

Safety

Assessment
Analysis

l Vertical links

Systems

System
Safety

Safety Horizontal links

Assessment

-

i

= 1 '.‘3. - o
T =
> 5 Analysis

Vertical links

Equipments

Safety
Assessment

Equipment

Analysis

nnnnnnnnnnnnnnnnnnn
sssssssssssss

Aircraft

Specification

& design

Specification
& design

Design

Equipment

Specification
& design

Design
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SE/SA consistency Model (i
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{

Sexupeny Systemx

* The model is « high level » and quite generic, so that it can be instantiated in different
domains.

* The model focuses on the consistency activities (or patterns) that have to be led at each
level to ensure global consistency

Activity to detect inconsistencies (review)

Activity to solve inconsistencies (formalism, syntactic or semantic recommendations for instance,
« iteration » process)

Activity of configuration management

Activity of traceability

Activity of assumptions management

Activity of document aggregation (for a consolidated and consistent specification)

Activity of MBSE/MBSA consistency management (Axis C)

Activity of MBSA (guidance for modelling) (Axis B)

FRENCH
INSTITUTES OF
TECHNOLOGY
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SE/SA consistency model

« Strategy : multi-view modelling

N
I\\\\ o 'y X
@X‘UPERY Sygtem

Is completed by

A « data » view A complex

process

An « activity » view

Is completed by

“<Cartent=
52 prog
1 L 1

s g
3 T :
== e S =
| g e [=E= 1
1 ==
............. s
P
||
FRENCH
INSTITUTES OF
TECHNOLOGY o e | | seesicpee | s T ‘ ‘‘‘‘‘‘‘‘‘
S
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The SE/SA consistency model... in Visual Paradiam

Use of Visual Paradigm (Visual Paradigm Project Viewer):  Visual 9 Paradigm

NN
SN
R v

I rrrrrrrrrrrrrrrrrrrrr
TECHNOLOGI

SE SA process (act

* Three Views 0Project ITsM Agile Dizagram View Team Tools Modeling Window Help
BRE|C
- Direct access to these views from i

Overview ModelingStrategy

this overview panel

@ Model Explorer

Data-oriented view modeling

F=|

Activity-criented view modeding

WP 1 SE/SA consistency
modeling strategy

_"% Diagram Backlog ‘

l

|s represented by

W

Goal-oriented view modeling

L
Is represented by /Is represented by

FRENCH
INSTITUTES OF
TECHNOLOGY
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SE/SA consistency Model: Objectives view

» Different views to describe

The objectives focused by the SE/SA consistency, the strategy and means to reach these objectives on
S2C project.

==Confext=> ==Goal=> =2Goal>> [ ==Coniext>>
SE SA scope ﬂ More robust design of the system Supporting Aeronautics
: : certification
1 | ;
v v p !
<2Goal>> L :
Limit {late} rework e !
. '
T i
| ' ’ '
' ‘\ . ]
| " 1
| A\ 1
<< Goal>> <=Goal=>
Ensure consistency at T time Maintain consistency over time
[ - | T |
1 e ! |
1 reo ! |
| | e |
1 | [ |
1 | | - i
1 1 | -~
v
P = =<5 frategy=> <<Assumpfion=>
Define a methodol g ol Ehrewark Model-bas ed Models fosters clarity and better structure,
é_? approaches for SE/SA —D’ improves understandability and helps
| " - . expose inconsistencies
| | %
| 1" -
| 1 . N
. .
v v N
<<Goal=> 1 <=Goal=> b “
Im B EXC 'coordinate activities S_ﬂtﬂt of data'models *, e
L . N
- [ 1 | o .
- ' | | "I "2 Te, .
¢ | | | ' Tl " *
v A v AV e " .
<<Birategy=> =<Strategy=> << Etrategy=> <<Strategy>> - <d<§1raxa\gy — o \ .
Definition/Formalization Define detailed review Change impact Implementation an malnage th‘e u.m.u. .'I' - . "
| of the interaction process | checklists analysis Traceability R I {cunpuill‘:ulliy . B "
- approach) e TR N
[ O ] -
\ : | X X ! | e
| | I | ~. - .
| ' ! | | ! . T
v ! ! i | | v' S . .
By A «samgu «Solmion?: v <<Salion>> T =~
Generic SE/SA <<Soution>> <<Sahtion=> n U | e | g <Gantext= Compatibility <<Sokution>> <<Solution->
interaction process SA checklist/ SE checklist / e || Trecesbility N Cuatom fo s — BSR SSR
model in PEBMNZ.0 systemic level systemic level Sl —— il project context with associated
FRENCH checking tool
ﬁ.t INSTITUTES OF
TECHNOLOGY
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» Different views to describe

- how the global consistency Process is constructed (keys for understanding).

27/03/2023

il
<o s murmp w2 g e I e
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Inslantisted 1o Pariner Conexs cus
P fi B e e
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e T S L -
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<sEclufare» 4 b= v __"--____b
y ceGadr coGaabe caGaak
Mesdel 3 levels [Aircrafi, < Cantext=-
e and Model main engineering Medel with main e - Project s on SEISA Model activities that confributes to the
Sfatans, ke, activitis rolid oo yof e 2l dsign
intoractions ||,y : \
=" ) i i i e |
- ¥ 1 1 [ e T ! Y
T S | i i Teeeeall - . E
- b w7 kv B L T v
G e e Gaae < S Ak gy G0 G e L R GaE aGaa
Caplure Asls process Caplure T o process Define a dedicated pool for main Madel interactions between Identify all [primary and S2C Project focuses on Model interactions with other Identify easily these
: _ _ roles i roles secondary] roles = Cerification "secondary™ roles acfivifies in the process [}
| 1 1 1 1 v models
! i i : : | | E ] . 1
| | | 1 ¢ | \ 1 |
! | | ! ! | i . | \ i '
i | , ] 1 | T | . 1 |
kv ! w w | " | | \
Sy fane> = -tmmrm:iam-:- ! ! v ! : : =
Capturs. sxisting Fa'tpn o auala*lu w2 i e o S B i : ’i. : ' H Model con
. ) i Sn1 Define a pool for | | Sn2 Definea pool for I S I i w7
practices with L L \ ' \ '
industrial partners i i SE S | T | | oS clu S ]
_ w7 w7 ! . ' ! ! Activifies ane represented .
I | I ! W
S by e B - = - in Blue T
Rely on guides and Relyan S b gy S By o oGl gy Model detection/identifical
standards expertises Madel simple interactions between Model advanced inferactions between Model interactions between main roles activities
T T main rodes with coll aboration main roles with choreography diagram and secondary ones with choreography
1 I diagram style style diagram style h h
| |
: | ! | | | : :
kvi \vi : l : ! I I
|
<< cluiare <eSabiion=» U w w
LIS A i U e [ <eSdufiore> Sl o == "_‘S"'""“"'_':':' < Sallan> <Salulane= | <Salulane=
———e = Use sequence and message Made | co-angineering activities betwesn Model intera ctio ns with Meedel indmraction with Define analysis activities | | fefine review achvifies
el SE'SA with choregraphies Gl "']‘"":::‘"’- certification authe rities with
authorities, ..} wi o
o * choregraphies
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SE/SA consistency Process: Activity view f(;}\x‘usp‘g,;‘; Systemx

« 3 models are available, modeled in BPMN2.0:

« 1 SE SA process (Activity-driven A/C Manufacturer) diagram

Description of SE activities

Description of SE/SA
interaction activities

Description of SA activities

—a= ™ e
od = = .
o ( 2 o [y
@ N RS = = FE E—=d—i 4 k)
= - R - = - . -
g || o g 2N=——= - — & f - ==
= Lal AEE = A = e . .
Syst . -
: (o) =R
. 0. [
s =
. p—

~ mm Description of SE activities

Description of SE/SA
interaction activities

Description of SA activities

FRENCH
INSTITUTES OF
TECHNOLOGY
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SE/SA consistency Process: Activity view P e Systemx

+ 3 models are available, modeled in BPMN2.0:

« 3_SE SA process (Activity-driven Item Provider) diagram

Item Provider | o
r—"
st

Ahiadt | yaten Exgoctar

=) [ Description of SE activities

# Description of SE/SA
interaction activities

Description of SA activities

FRENCH
INSTITUTES OF
TECHNOLOGY
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Use of BMPN2.0 S iy System>

« Use of an SE and SA pool to delineate the activities » Description of the interaction or collaborative

performed by the SE team or the SA team activities between people by the use of
choregraphy, between the different pools

Pool

In blue, the role responsible for
the action (here, the security

validator is responsible for the

* Use of current modeling item validation of the specification)
» Events to make a process start, or end or to model

intermediate event
» Activities and sub processes to describe the tasks performed

on SE and SA side (___ Safety Validator )

» (Gateway to model different possible ways of working, Validate the specification |
depending on the internal work habits of the industrial partners j System Architect
ki T Gomeing s Design Authority
S| s Safety Authority

Pafety Engineer Ly

& P In grey, the other actors
fit | Forer © O involved in the activity




Use of a color code (b s 3l|§!,§m"

« Blue for the consistency activities

* Yellow for the activities that can induce
inconsistencies (often due to “reuse”)

\ |
1 ! o ]
: : SE rework iteration 0 SRR 0
| I
X : () ' ™ ' ™\
|
: \ SA rework iteration Review SFHA assumptions Review SFHA results
I
I . (
I
: ! Safety Engineering Safety Engineer
| : »___Systems Engineering |, ” Safety Validator [
i A A & !
: : f' A vaiTEe
| I
T ; Watdated
! | Validated
| I
| I
| I
| I
| I
I
: |
1
+ Il
4 | :System Functional Hazard Assessment (SFHA) @
: Reus e previous safety analyses whenever possible
| I
| I
Availability of : F‘ Formulate and trace to
documents resulting Get the system ; "“| specification the Perform the SFHA
from previous safety » Specification J : ,assumphons for the SFHA J
analysis 7 B | A
I
H |.| I
I
I
I
Formulate and trace to
Initiate SFHA —-<-|§—br Get the system }—b‘ system specification the 4 Complete the SFHA
specification 0
L Assumptions for the SFHA )
\_ & & g & J
FRENCH
-ﬁt INSTITUTES OF
TECHNOLOGY




Some collaborative activities with other identified roles

Thha Famc ol o = e

J Some collaborative

Oine pool for Safety Engibeering Eactivities

L
{Ar 4B Furetinreal o nd Assobteran] [ FRAY
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v
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L] T awcon ra
mm‘-m - s feainn ! aaimpaiare Tor e AFHA
o

Bofety Enpiraing
¥
o
L
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q
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Axis A - Traceability plan
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SE/SA consistency Method: Data & traceability view @uﬁ'g@ qut'éfiﬁé'
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Traceability:

* Production of a SE/SA Data Model and its generic traceability plan (UML Class diagram), for
each systemic level (and between systemic level)

« And all over V cycle

| [ — N E— —

V&V (SE) Data
(green)

SE Data
(green)

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document

SA Data (pink)



D© Q 29 T

N

13/09/2022

o oo
AR
c e e

I SAINT X
T EXUPERY qutem

SE/SA consistency Method: Data & traceability view

« Description of each link : atomic or grouped traceability, traceability rationale, semantic of the
link...

« Composition link 4 orrelation link ——

‘ Aircraft
functions model

<<Atomic Formal Traceability Link>>

AC-8 is refined into <<Atomic Formal Trageability Link=>>

Aircraft specification allocated
to systems

A

!

Aircraft requirements allocated to
systems (including safety

.ﬁt requirements when available)

(transmitted to SE)

(transmitted to SE)

‘

Aircraft safety
requirements

‘ <<Atomic Formal Traceability Link>>
AC-11 identifies & allocates

Aircraft architecture model AC-14 1= veri Aircraft FCs
PASA Assumptions declined to

systems

<<Atomic Formal Traceability Link=>
AC-13 completes
o PASA results F-DAL
k<Grouped Assessed Traceability Link>> .
AC-10 is analyzed by
Safety requirements Aircraft safety Indapendance
<<Atpmic Formal Traceability Link>> K q ft : "
AC-12 specifies or .alrcra requirements
architecture/ allocated to
interfaces systems
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SE/SA consistency Method: Data & traceability view f(

T EXUPERY

» Application of this traceability plan to a part of the AIDA Use Case
* Itrevealed 2 inconsistencies!

« Some recommendations have been proposed to limit the number of link to be manually
traced

« AFHA/SFHA Form recommendations

« Classification of the links of the traceability plan :

===Link ID semantic™ Links available in SE or SA tool
=1 Ink 1D semantic= Links deduced by method
= ink ID semantic=— Links captured by analysis

=> More details this afternoon!

FRENCH
INSTITUTES OF
OOOOOOOOOO
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S2C Dynamic consistency management PoC (f@\\\\ SAINT gqst‘é‘,;;;{"

EXUPERY

« A cartography of traceability tools has been produced with an analysis of some COTS
tools: Syndeia, SECollab, Reuse Company tool, Kovair.

« Implementation of the AIDA traceability plan on SECollab for analysis of the tool's
capabilities.

AC-4 racedTo

€ - Demo SESA Traceability

SESA Traceability Matrices — UC Aida- ©
®

HEE®

v AC-3 isVerifiedBy

BEiE®

EEE

>

These tools don’t propose (yet) capabilities to analyse the impact of artefact evolutions |
=> objectives of the S2C POC

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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S2C Dynamic consistency

management PoC

Additional services of the PoC (vs COTYS) :

« Suggestion of traceability links when artefact change;

* Impact analysis;
» Severity quotation of the impact

( )
S2C PoC
‘Backend A ' Frontend
Artefact managementi ' Traceabilty E:"C-h;laée- _________ ': " :
'} management '1 Evolution ! Tra_c_eab"!ty M_atn(_:es
MBSE Tools ! i ' management : Edition/Visualisation
(Capella, Excel) I 1 !
: : 1 :h-
MBSA Tools . I } |
SimfiaNeo, M Traceabili h : o
( Excel) M matric esty " | Validation and update of
ik h | the traceability links
Existing :E 1 E ' Impact analysis :
traceability it t | | ;
(Excel) ! ¥ | | :
; : s | |
L Change : E |
i evolutions g ! Graph analysis |
e W | e ——
fit | e - ’ >
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PoC example, with Capella, SimfiaNeo and Excel for illustration purpose

Legend

COTS services
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S2C Dynamic consistency management PoC

Different possible tooling configurations:

S2C PoC S2C PoC
- V- N
Traceability :
S2C PoC Management Tool bata Fedeiratmn
o Tool

(U | 4
e N [ A

Authoring Tools * Authoring Tools * Authoring Tools *
- AN y

A

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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ey Systemx

Services from COTS:

« Data Federation tool
* Heterogeneous data integration (mapping)
* Baseline management
« Data evolution management (difffmerge)
* Link evolution management (suspicious links)

« Traceability management tool
« Traceability management
* Customized plan,
* Matrix edition
* Navigation between traced items and traceability
links,
« Switch to Related Element
* View Related Element Properties
» Technical impact analysis
* Produce customized reports and audits
* Produce Export (Excel)

*e.g. Excel, Capella, SimfiaNeo
* e.g. syndeia, SECollab, System Traceability, ...
** DOORS, rectify, ...
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Axis A - Compatibility
pre-study
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Compatibility : a new abstraction level that supports @uﬁ'& Sl.lstemx

global consistency

Consistency : are the data / points of view

used by the different domains well aligned? VS

compatible

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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Compatibility : are the different
domains constraints or solutions
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Goal: a new abstraction to facilitate the detection of %@\?\\\ksmm quféfﬁf"

incompatibilities

—il— SimfiaNeo

\
TEXUPERY ~ 107
Y Lo

CECILIA WORKSHOP

REQUIREMENTS

New abstraction
(new « kind » of

27/03/2023

== Capella

= o_
REQUIREMENTS

4Ek

>,
S ¢

5

REQUIREMENTS

Problematic
» |s another viewpoint (i.e.

o
FRENCH REQUIREMENTS

TECHNOLOGY Usual tools, e.g.

fit
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modeling) of interest to
highlight inconsistencies?
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Goal: a new abstraction to facilitate the detection of

incompatibilities
SimfiaNeo  [2°°
Usual tOOIS’ eg CECILIA WORKSHOP ‘ . o
I '_RV—’:OUIHEMENTS\-
N[
abstraction
Usual tools, e.g. )
S (new « kind »
= @ of model®
== Capella|=
.;OlJIREIWEN'FS(-
FRENCH - Usual tools, e.g.
ﬁ.t ITI\éScungfg(ng REQUIREMENTS

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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—

What to capture in this new abstraction?

«  For each concern (SE, SA, Test, ...)
- Explain the objectives / needs, e.g.
« SA: Increase reliability, increase robustness, ...
« Test: Increase testability
« SE: Increase performance, reduce space requirement, ...

- Explain the measures applied, e.g.
«  SA: redundancy, diversity, quality of components, ...
« Test: add test links, ...
«  SE: NF constraints...

* Related them to existing engineering artefacts (instances), e.g.
* Model elements in Capella, in SimfiaNeo, Requirements....

+  Between concerns (architecting)
« Capture high level incompatibilities between measures, e.g.
* Redundancy != reduce space requirement,
* Independence != testability
*  Check if contradictory measures are applied on a
same set of artefacts (instance) to raise warnings!

Incompat. with

(S

» Capture a domain knowledge, that will be iteratively enhanced
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Goal: a new abstraction to facilitate the detection of

incompatibilities

SimfiaNeo
iy, SATODEV —

REQUIREMENTS

N[
abstraction
(new « kind »
of model)

Usual tools, e.g.

[ A ]
V]
—]

Usual tools, e.g.

FRENCH
INSTITUTES OF
TECHNOLOGY

REQUIREMENTS

fit
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Redurzancy "/

@@& SAINT
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What to capture in this new abstraction?
Domain specific intentions: « Design for X »
e.g. Design for Safety (feature model representation)

Constraints

Design Additional connection for integration EXCLUDES Independeng|
—. Independence EXCLUDES Additional connection for integratiol
(aND)

‘Y

Desiyn fur safuty
o)
G

Dezign for
refiabilizy
5

/\AND\

Ieasures to incraasa
Systerm rehstess

Measures to reduce
faillre rates

L —_—

heasures ta imgrove
software rel aility

/ R~ // Wx /ﬂm
" f 3N Bl ‘ i il it i &l e | i " g
Exvay il st Advancen adularity 1o Higher Strel qth Higher cuality Iitigate ext e'ng. hertenedidaint: Qvel hau Architectural By
o iagriostics enakle rapid Fylatenzls zapanents amarenmental corditicns nance intervals recundaney
/ ®
Messures to ensure Mezsuras te manaye Weasures
dzta cons'stancy tailure detection manage switch .
~—

With goal oriented notations:
- GSN (Goal Structuring Notation), or KAOS for example

uuuuuuuuuuuuuuuuuuu

Indeperience

(anD)

|

Inilependent
2GMRANENtS
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Incompatibility Pre-study resulits:

What has been produced:

\\\\ SAINT
XUPERY

Feature Model

( _j‘ Sync

A framework based on Eclipse to

* Model the domain

* Represent synchronized viewpoints
(feature model, GSN, KAQOS),

* Analyze incompatibilities between
models, with a propositional logic (SAT
solver).

An application on

» An academic case study (e-shop)

» A partial representation of 3 engineering
domains (SE, SA, and Test)

aemf S Sirius
[ ]

A

1
Représentation _
holistique du systéme

Capacités de raisonnement

a|n% | m

<& Palette I

BrE-|L|lO-w-|lmta-|B-|@

e

What is missing: &
« Connection to engineering domain tools P
 And more over Feature extraction from g e

fit
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—= Add Obstruction
—= Add Resolution

existing domain artifacts
Application to the AIDA case study

Additional test
(inspection) point

FRENCH
INSTITUTES OF
TECHNOLOGY
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- Workshop presentation -
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Today workshop presentation

Deep Dive in the SE/SA consistency process [Stephen]
* Objectives view
* Process view : illustration on some specific scenarii

Deep dive in the traceability activities [Sylvain]
« Traceability plan (data view)

« Application on AIDA Use Case : what we learnt

* Proposal for traceability plan Optimisation

POC « dynamic consistency management »
demonstration [Stephen + Michel]

W eximinn
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Axis B : MBSA Modelling
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Axis B - Overview RosaNr Systemx

Overall SE/SA Objectives
ist |
consisiency process EI Propose . MBSA generlc
Impacts & Impacts & method
contraints contraints

O Contribute to MBSA
: Axis C: : T :
: romotion, specifically in
MBS Aﬁelz?h?:;:lolo Method of consistency P tical P ¢ y
: gy between MBSE and aeronautical ecosystem
Guide Impacts &
contraints MBSA
« MBSA » « MIBSE-MBSA »

FRENCH
INSTITUTES OF
TECHNOLOGY

fit




Objectives of Axis B

Objectives
MBSA methodology and promotion of MBSA

MBSA methodology

* Provide guidance for modeling choices to support the
safety analyzes carried out in the project

* In line with the constraints of industrial developments
« To support MBSE / MBSA consistency activity

Promotion of MBSA

» Guidance for use and appropriation by the industrial
safety specialists

« Integration into an industrial process

* Provide elements of RETEX for MBSA industrial
deployment when possible give elements such as time
spent in modeling, level of precision of the necessary
models, reuse capacities, usability over time, etc ...

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

N RS
= (1 X
@X‘UPERY Sygtem

Aircraft
Safety
Analysis

Aircraft
Specification [BESIy
& design

Safety Horizontal links

Assessment

Vertical links

Systems
= T 2 System Safety Horizontal links System
= Safety A Specification SIS
- : ssessment i
T . .- Analysis & design

Vertical links

Equipments

Equipment
Specification [ESESER
& design

Equipment JEEHS
Analysis Assessment
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4 working axes

A methodology suitable for
aeronautical developments.

Easy to read A methodology that can be
Standalone guideline

Verification and Validation
oriented
Learn by practice * Two deliverables:

* The methodology guide
» The GetStarted kit

integrated in already existing
company process

FRENCH
INSTITUTES OF
NOLOGY

ﬁt TECH
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The guide

* The guide: MBSA Modelling guide and

validation report

fit

Means

To develop and validate a shared MBSA
methodology suitable for aeronautical
developments.

This document provides methodological guidance
for MBSA modelling. It presents some general
principles as well as main identified difficulties
modelers can encounter.

Our intent is to support classical ARP4761A PSSAs
and SSAs analyses with MBSA.

FRENCH
INSTITUTES OF
TECHNOLOGY

\\ \ % ® *o o.;"o.
AN }()
Fexuay System>

H -

Based on RAMS 120
AltaRica engineer pages
Dataflow MBSA full
method
Offers

Beginner level: to give the basics to
RAMS Engineer without specific
knowledge of the MBSA

Intermediate level: for user who whish
to go further in the theory and the
calculation behing the MBSA

 Advanced level: for user who wish to

understand the mathematics behind the
analysis
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The Get Started Kit

The Get Started Kit offers a quick way to
begin without reading the full guide

Means

To allow anyone to start quickly with or
without knowlegde of the MBSA activities

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

\\ Lot *o o.;"o.
i \\\\“ IR
oo System>

%G © =

Based on The 72 slides
AltaRica minimum
Dataflow to start
MBSA
Offers

» All the basics to start modelling
* The tips to know
* An example fully commented in Cecilia

and SimfiaNeo and AltaRica 3.0
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What are the main issues we address?

fit

- How to begin modelling in
MBSA without preliminary
experience ?

- How to deal with equation
loops in AltaRica (control loop)?

- How to solve an event cycle?

FRENCH
INSTITUTES OF
TECHNOLOGY

OJrder

roble

O

=_local_ewvent

N it
S 4
Vel Systen

ct
Fi| @

Cmp
2| @

AllControlInputs Control Plant Plant Juput

I 50 501 > aas

R Event hist X
cycl

OK

Selected component : Problem_local_event_cyde

Choose an event :
Delay| N... | Desapbon
0/fal  (Problem Jocal_event_cyde State_ = ok) |- Problem _local_event_cyde. fal -> Problem local_event_cyde.State_:=ko |

Toblem local event

Figure 56: Event cycie illustration - OK state

KO

. 1 AR Event list X
Selectad component : Problem_local_event_cyde
| Choose an event :
i Orepar  {Problem_jocal_event_cyde.State_ = ko) |- Problem_local_event_cyde.repair -> Problem_local_event_cyde.State_:w=ok |

Figure 57: Event cycie illustration — KO state
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* This method aims is to provide validated recommended practices built on the
experience of the S2C projects members who are amongst the main actors of the
MBSA in aeronautics. We will provide support and illustration of the proposed
methods using AltaRica Data Flow language

* This document targets the safety specialists with no MBSA background as well
as MBSA advanced users. We expect readers discovering the MBSA to have a
set of mind opened to programming, hew reasoning and tools.

» This document offers in particular methods to deal with control loops in AltaRica
Dataflow

FFFFFF
TTTTTTTTTTTT
OOOOOOOOOO

qutéﬁ35<”
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Why AltaRica # Doty Systemx

Members

Two members are AltaRica (language data flow) tool vendor and one member has done its own language (Open
Altarica 3.0)

Experts on projects
AltaRica Experts (on detachement and consulting) available for project

New mean of compliance in ARP

ARP4761A adds an Annex to describe the use of MBSA. Industrial members are interested to see if it is applicable to
their respective systems and what is missing in the Annex.

Limited ressource forced to focus
We can not assess all way of doing thing so take one humbly then be ambitious...

AltaRica GUI concepts are close to SE ones
Evident proximity between the GUI ecosystem that reduce the friction.

fit

FRENCH
INSTITUTES OF
TECHNOLOGY
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A complete description of what is necessary

Introduction

Glossary

General introduction: context and objectives

- B - AltaRica Data Flow language — general vocabulary
- B - Get started with failure propagation modelling
Simulation — general definitions

- B - Get started with model simulation

- A - Models characteristics which impact the simulation

© 00O N OO 0o A W DN PP

— B- Computation of feared events contributors

=
o

Going further with Modelling
11 Computation of events probability

12- B - Verification & validation of MBSA activities

13 Using MBSA to support industrial development in the
aeronautics industry - Recommended Practices
14 Appendix

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

=\ saINT )( .
T EXUPERY S"IStem

U B- Beginner
To understand the basics of MBSA
based on AltaRica Dataflow

Q -
To integer in a an aeronautical
process and to master the tools

4 -A- Advanced
To go further to the maths and
beyond
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Easy to follow

fit

A\l 4

A simple example common to the guide
and the Get Started kit to guide you
through MBSA learning.

Ct
| @

Cmp

F2

FRENCH
INSTITUTES OF
TECHNOLOGY

SAINT x .
EXUPERY Sl"ISI.eﬁ'\

-0

The purpose of the system is to send
a command order F1 consolidated from two input commands.
The system monitors the two orders F1 and F2. When F1 and
F2 are different, an opening command is sent to the Contactor,
the Contactor opens and the command is lost. When the
Contactor does not receive the opening command, F1 is
transmitted.

. Two input command F1 and F2 and one output
command F1.

A comparator (Cmp)
A contactor (Ct)

FC1: erroneous output (Catastrophic)
FC2: loss of output (Minor)
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simple kit to start quickly

» The GetStarted presentation embeds all
necessary information to quick start
modelling.

 Self standing presentation

A summary of the guide to
start modelling for beginner

The intermediate and
advanced parts are not in the
GetStarted

FRENCH
INSTITUTES OF
TECHNOLOGY

0 ey

Modelling examples

» User guide to model the COM / MON
example in:

» Dassault Aviation Cecilia Workshop
» Airbus Protect SimfiaNeo
» AltaRica 3.0

uuuuuuuuuuuuuuuuuuu
nnnnnnnnnnn
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A simple kit to start quickly

* How to get started with MBSA ?
« Main principles
* Questions to address before starting
* The different steps to follow

* Modelling the example
« Go Through the tool
How do | do in practice to model ?
How do | do in practice to simulate?
How do | do In practice to compute?

The COM / MON pattern example

A simple example common to the
guide and the Get Started kit to
guide you through MBSA learning.

F1

F2

Ct

3

SAINT g )(
['® EXUPERY S"IStem
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- The examples -
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TECHNOLOGI

Ct

To model the COM / MON

In Cecilia Workshop, SimfiaNeo and AltaRica 3.0 cmp
F2
A quick and complete user guidance to . =

model the example within the tool.

To apply the method thru a use case o /
apply | e N
In SimfiaNeo and AltaRica 3.0 / H\ L

A use case modeled with the giude

methodology an the return of experience

from the method: the AIDA (Aircraft

Inspection by Drone Assistant) Use Case {

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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A return of experience of modeler in open AR %@\\\smm

Summary

This document provides complements and
recommendations to the MBSA modelling
guide “MBSA Modelling guide and
validation report”,

It highlights questions, comments and
recommendations made by the people in
charge of modelling the "AIDA" safety
case in the S2C project. Our intention is to
provide answers and frequently asked
guestions during MBSA modelling.

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document

2 topics addressed:

* Modelling Activities: Remarks

and recommendations

Modelling strategy: Remarks
and recommendations

This note is based on AIDA Use Case
modeling whith the method proposed by
S2C

EXUPERY

zzzzzzzzzzzzzzzzzzz
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- Workshop presentation -
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Today workshop presentation o

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

Return of experience from modelers when modeling in

AltaRica

AIDA model in SimfiaNeo
AIDA model in open AltaRica
ARP4761A model in Cecilia WS

Discussion about the methods used to deal with the loops

Open discussion on usage of MBSA in the future
aeronautics projects

XUPERY
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Method for consistency
between MBSE and MBSA
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Axis C - Objectives | f i Systemx

« SE-SA »

Axis A :

Overall SE/SA Objectives
L ST - Methodology to improve confidence
between a model based SE (MBSE)
and a model based SA (MBSA)
considering:

+ At the same systemic level

(Functional or physical)
* Maintenance over iteration of each
the model

Impacts &
contraints

Impacts &
contraints

Axis B:

MBSA Methodology

Guide Impacts &
contraints

« MIBSA » « MIBSE-MBSA »

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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- Framing the Problem -
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What occurs... at (very very) high level | b Sustemx

Makes an abstraction that &
will fullfill given constraints

Architect

Proposes an
e

Makes an abstraction

to critic the proposed

Gives safety constraints/recommandations architecture (regarding its
regarding the proposed architecture Safety objectives)




SF2.5 and its

SF2.5 ?”C: its What occurs ... at|abstraction level
contex

seen from SE

context
seen from SA

Refinement and interface differ I

If there Is any SA
aaaaaaaa (o L foEn constraint/recomandation for
et - this function

e= =t X How it could be right without
mastering differences between
abstractions ?

Context differs |

FFFFFF
INSTITUTES OF
TECHNOLOGY

fit

Representation differs
|
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Problem Positioning

Statement

How to improve confidence in the results of safety
assessment from SA models, knowing they are based upon a
distinct abstraction and a distinct realization from SE model

Both SE and SA
models are available

( \\\\ SAINT
When method shall be used ? ( EXUPERY

B Verod S S

Am | confident to launch
safety assessment and
other depending processes ?

nnnnnnnnnnnnnnnnnnn
uuuuuuuuuuuuu

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

Constraints

What is the positioning against company’s processes

Validation
\ result
Process

What are other methods around ?

alidation
Plan

Process

2

Status |

r( ="

s

Method Perimeter

SA
Assessment
Process

0 nﬁguratjon
Management
process

SE&SA
Modeling

Processes Constraints
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(frozen) dimensions

Problem Positioning : 0 their items

Dimension :

Coupling of Authoring

- Each model authored on their own\> [

|

N ‘
5\ SAINT
[® EXUPERY S"ISt LLLLLLLLLLL

- One model derived partially from the other one

1 Model 2 Models N Maodels

Limited none
Fully

- Authoring encompass both specialities

—

Fault Tree

Dimension :

Altarica

SA model paradigm
n - Underlying mathematic rules \

Petr

—

Markov

Dimension :

authoring Incursion e

Preventive

Curative

Dimension :

CAPELLA

SE model paradigm

SYSML

. Other
n - Underlying grammar and usage

fit

FRENCH
INSTITUTES OF
TECHNOLOGY

—{

Functional

<
Physical

Dimension :

Cardinality of Models
- all in one model
- each specialty has its own model

- specialties are spread on several agregated
models

Dimension:
Level of models

- Model(s) represent(s) physical parts

- Model(s) represent(s) functional blocks

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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Problem Positioning :

fit

FRENCH
INSTITUTES OF
TECHNOLOGY

Methods ?

(exploratory) dimensions

= - - N cntee o
with their items | st System

\ - Elements concerned by method

Dimension :

Model perimeter considered by method
- Method considers a sub part of a model n

- Method considers the whole model
® End to end 4— 

@ Scoped -«

“ - Model(s) contain only static définitions

- Model(s) can execute the definitions n
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- Solutions Take away -
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Take away : framing

Structural Scope Review [SSR]

kind of « tracability between ‘N’ SE model
artefacts against ‘M’ SA model artefacts»

(Idea borrowed from process method)

fit

—

Scoped

End to end

FRENCH
INSTITUTES OF
TECHNOLOGY

not 1 method but 3 ones

Behavior Scope Review [BSR]

kind of « Unitary test » between SE spec. and SA

model execution on same perimeter»

(Idea borrowed from software testing)

/

® End to end

BCC METHOD

\\ \ % ® *o o’;“o.
AN 'O
Ve System
Behavior Cross Check [BCC]

kind of « model behavior comparison upon
scenarios»

(Idea borrowed from Flight Testing for
Performance model resynchronisation)

/

Methods inter-relationship

- Only one, (e.g. BSR only)

- Two amongst 3 (e.g. SSR and BCC

- All the 3 (e.g. SSR and BSR and BCC)

@® Scoped

Methods development

End to end - Designed to be applicable to different

project dimensions

- Assessed via a Proofs of Concept [PoCs]
having the previous frozen dimensions.
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Take away : overview
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Structural Scoped Review Behavioral Scope Review

(Fvoses)

SE

ﬁ.t TECH

NOLOGY

FRENCH
INSTITUTES OF

Structure and 10 O+O

Scoped
Static analysis

“—>

Behavior and 1O

Scoped
Static analysis
4 )

=} 63 =
\ y
)
= (€} =
. y,

s

+“—>

Behavior and 1O
End to end

Behavioral Cross Checks

o
p3

Dynamic Observation <:--»
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Proof of Concept [PoC] Positioning : N RO
A
% EXUPERY qutemx
Dimension : Case Study

- How many Cse study used ?  }
- - Is there several iterations ?

- which SE tool Vs SA tools \<

METHOD

Dimension : Amount of sub perimete

- How many sub perimeters consideres ?

Dimension : sub perimeters vs Model
- How sub perimeters overlap the whole model ? Dimension : Coverage of sub perimeters

- Is all case into sub perimeters covered ?

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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- Conclusion -
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Limits

Dimensions limitations

O
R

- As described with the polygons previously, frozen dimension and item are de facto “sky”.

- Free authoring induce encompassing case that can be handle by modelling rules

Time and workforce limitations
- reduce iteration of BCC and BSR
- reduce BSR deep analyse
- reduce SSR extension to physical part

Intrinsic limitations ...

- Matching can neither be 1 to 1
- Matching can neither be strictly 1 to 1

- Not all the reality can be set into model

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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\ Mode

SE SA

Logic
Functional
Logic State of item
(OK)

llllllllllllllllll: State Of Item
(Loss | Err)
Failure

\_
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Where to find informations

Cartographie

-3

TOP

Structural Scoped

Review (SSR)
ann

Behavioral Scoped
Review (BSR)

i

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

v

Behavioral Cross

v
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eview (BoR) e, . [E
g — ] Introduction to BSR

g Check (BCC)
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"> [ | Introduction to SSR

:3 SSR GUI & Vidéos
A ESSR Extended

K

e [ I Introduction to BCC
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- Workshop presentation -
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Worksho =
P | e System>

Presentation of SSR then BCC only (time constraint) with

. More Detalls
. Interaction with public
. Retex of methods

FRENCH
INSTITUTES OF
TECHNOLOGY
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Organisation Projet

& Synthese des réesultats

en présence de :

Vincent Marcatté - Président de la FIT
Pierre Moller - Responsable de 'action IRT a TANR
Magali Vaissiere — Présidente de I'|RT Saint Exupéry
Denis Descheemaeker - Directeur Général de I'|RT Saint Exupéry

d Confidential and property document
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- Rappel de |Ia problematique -

- En Vidéo -
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Les Chiffres clés du projet @Q\\\\ SAINT qut’éfﬁ;'.

\
EXUPERY °~ 107 -
Y e

17 partenaires (industriels et académiques)

« 3,78 M€ de budget

At e anr:
INSTITUTES OF .
agence nationale
TECHNOLOGY d% la recherche

4 années [2019-2023]

— - .—._,_._.
-
-

6,5 ETP (Equivalent Temps Plein) LT /\ SR
o7 Collaboration DR
/ of2IRT

W ¥ P @ @ <t

7 ' ySast AIRBUS TS
- , . Ve /— qu!em x ﬁi\\\\ﬁuspAg:; - Defense & Space\ N . .
e > 50 ContrlbUteurS ./' 4345’5}41{&7 \ / I.ﬂln\ll '\'
! ( 7 onens/ Vil Aays
\ (I:'Atl)'ss OCA-— THA\LES ,ﬁm !
. < - - ‘\. orporate 15387 (AVS) ng? v
2 theses et 12 publications .. mesoa i eatee @7

- .
t -~ L
-~ .=
f e -

e e i mt—r——-

FRENCH
INSTITUTES OF
TECHNOLOGY
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Les membres et partenaires $2C

Airbus D&S

DASSAULT Airbus Protect
7 AVIATION Dassault Aviation

DGA-TA (Partenaire)
LAAS
CNRS IRIT/INPT (Acc. Thése)
LAAS/CNRS (Dir. These)

) / Liebherr
I_[5IT] LGM
— MBDA

ONERA (Partenaire & Acc. These)

»_
13dE¢ Supmeéca (Dir. Thése, Partenaire)
supmecd Samares Engineering
ol SATODEV
fit | e SATODEV Thales AVS THA
EEEEEEEEEEEEEEEEEEEEEE Thales R&T

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document

AIRBUS

o

O

Institut de Re herche
en Informa tq e de ouse
RS - INP - UT3 - UT1 UTzJ

EEEEEEEEEEEEEE
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'SAMARES

ENGINEERING
Accelerate Systems Design

LES

Systemx
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Les acteurs du projet

* Michel BATTEUX - IRT SystemX

» Xavier de BOSSOREILLE - AIRBUS Protect
» Jean-Patrick BRUNET - IRT systemx

» Sylvain CHAMPION — mMBDA

» Stephen CREFF - IRT systemx

« Simon DELAVAULT - LIEBHERR

» Fredéric DESCHAMPS - Lgm

» Seébastien DUBE - SAMARES

* Anouk DUBOIS - IRT Systemx

» Christophe FRAZZA - SATODEV

» Sébastien GUILMEAU - THALES AVS

» Anthony LEGENDRE - FRACTUS (Ss traitance)
« Jérémy PERRIN - LGM

- IRT St Exupéry

- IRT SystemX

Patrick FARAIL — IRT Saint Exupéry
Mathilde MACHIN - AIRBUS Protect
Albert GUILLEN-B. - AIRBUS Protect
Romaric DEMACHY — IRT Saint Exupéry
Julien BACLET — IRT Saint Exupéry
Francois LACRAMPE - LGM

Alain RUAUDEL - LGM

Sophie HUMBERT — SAFRAN

Estelle SAEZ — LIEBHERR

Hanane FADIAW - IRT SystemX
Ismail CHEMAM - IRT SystemX

Afef AWADID - IRT SystemX

Colin POUBEL - IRT SystemX

Nicolas HILI - IRT Saint Exupéry
Lucas MASCARO - IRT Saint Exupéry
Julie DE SOUZA - SAMARES

Mihir JOSHI - SAMARES

Mirna OJEDA - SAMARES

Yann MORTIER - AIRBUS Protect
Salvatore INFANTINO - AIRBUS Protect
Hiba EL OUNI - AIRBUS Protect

=\ saINT emX
T EXUPERY S"IStem

Avec la contribution de:

* Laurent BERRY - DGA TA
 Julien CHAOQOU - LIEBHERR

* Raphaél FAUDOUX - SAMARES

« Jean Luc GARNIER - THALES

« Jean GAUTHIER - DASSAULT

« Emmanuel LEDINOT - THALES

« Xavier LE ROUX - THALES

» Tatiana PROSVIRNOVA - ONERA
» Christel SEGUIN - ONERA

- LAAS

- Airbus DS
- ISAE-SUPMECA
- Airbus DS
- ISAE-SUPMECA

- ISAE-SUPMECA
- ENSEEIHT
- ONERA
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Les modalités du travail collaboratif

Réunions équipe hebdomadaires

» Tous les mardi matin sur chaque site IRT et 1 mardi sur 2 entre
les CdP IRT St Exupéry et SystemX.

» Point(s) Technique(s) deédié(s) en equipe compléte IRT St
Exupéry et SysemX entre les instances COPIL/COTECH.

Outils disponibles pour ’équipe
« SimfiaNeo - Cecilia Workshop - OpenAltaRica

Espace de stockage et de collaboration

«  Webex, Teams et SharePoint.

« Espace de travail et d’échange entre IRT et Participants sur un
espace Sharepoint dédié au projet

* Synthese des livrables sur Sharepoint

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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TECHNOLOGI

Des points de rencontre avec les
membres

« Jalon Jx (date anniversaire projet) — pour un point de
situation.

» COPIL tous les 6 mois — pour la gouvernance projet.
« COTECH tous les 6 mois — pour les orientations techniques.

Des groupes de travail ouverts aux
membres

» QOuverts a tous les intéressés.

» Par sujets de réflexion (intrinseques aux lots).

* Berceau des idées et orientations des travaux.

Le partage des résultats

« Par la relecture des livrables.

 Par disponibilité des travaux et CR des groupes de travail.

» Par la mise a disposition de la mise a jour du Use Case AIDA.
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Structure du
projet et travaux
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L’objectif du projet S2C

Aircraft
Aircraft Safety Horizontal links Aircraft
sately A N lleiile=il] Ml Design
S ssessment ;
Analysis & design
1 Vertical links
Systen Safety Horizontal links System
Safety A Specification Design
5 ssessment ;
Analysis & design
l Vertical links
Equipments
i ’ Equipment
Equipment JEEIENY S -

Analysis Assessment

& design

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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Définir des processus, meéthodes et outils
permettant de garantir que les analyses de slreteé
et de la modélisation systeme réalisées par
I'architecte systeme (MBSE) sont cohérentes,
dans un contexte de continuité numerique, sur
'ensemble des cycles itératifs de
développement des produits et systemes, et
répondant aux contraintes de certification.

Le projet se compose de 4 Axes de recherche (Lot
de travail) pour atteindre ces objectifs.

lIs se concentrent soit sur des boites de ce
schéma, soit sur des liens.



D© Q 29 T

o

27/03/2023

L’objectif du projet S2C

Aircraft

Safety
Analysis

Systems
e N System
e T Safety
O _ .3 Analysis

Safety Horizontal links Al_rc_:raf'_c |
A Specification Design
ssessment :
& design
Vertical links
Safety Horizontal links System
Specification Design

Assessment
& design

Vertical links

Equipments

Equipment
Analysis

Safety Equipment

Assessment

Specification
& design

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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Processus global de
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L’objectif du projet S2C

Aircraft

Safety
Analysis

Horizontal links Aircraft

(o]

Safety
Assessment

Vertical links

Systems
e we System
e T Safety
O _ .3 Analysis

Horizontal links System

Ko[lellile=1ile}s Ml Design
& design
Nelleiile-1ile ;M Design

Safety

Assessment
& design

Vertical links

Equipments

Equipment
Analysis

Safety Equipment

Assessment

Specification
& design

.
BRSNS

N\ X

WP1
Processus global de
développement

« SE-SA »

Cas d'utilisation
commun

« MIBSE-MBSA »

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document



D© Q 29 T

o

WP3

27/03/2023

L’objectif du projet S2C

Aircraft
Safety
Analysis

Horizontal links Aircraft

Ko[lellile=1ile}s Ml Design

Safety
Assessment

& design

Vertical links

E g |T? System
PP | The Safety

Ta-) # Analysis
ll | ".1’ |..

Horizontal links System
Nelleliile-1ilcls M Design

& design

Safety
Assessment

* o0
.
‘000
3

\ cele

WP1
Processus global de
développement

« SE-SA »

Cas d'utilisation
commun

Vertical links

« MIBSE-MBSA »

Equipments

Equipment

Equipment JEElEY

Analysis Assessment Specification [EBESIES

& design

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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SA entre les niveaux
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L’objectif du projet S2C

Aircraft

Aircraft Horizontal links

Safety

Safety

Assessment

Analysis

(o]

Vertical links |

Aircraft
Specification
& design

WP1
Processus global de
développement

Design

Cas d'utilisation

commun

Systems
= T ‘i System Safety Horizontal links
- Safety Assessment

Analysis

Vertical links

Equipments

Safety
Assessment

Equipment
Analysis

System
Specification
& design

ﬁ,‘;\?\\\\k SAINT
(T EXUPERY

Design

Equipment

Specification
& design

WP3
Méthode de cohérence
SA entre les niveaux

Design systémiques

WP4

FRENCH
INSTITUTES OF
TECHNOLOGY
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Méthode de
modélisation MBSA
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« SE-SA »

« MIBSE-MBSA »

€ SA=SA »

« MBSA »
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Définir des processus, méthodes et outils permettant de garantir que les analyses de sreté et la modélisation systéme réalisées
par I'architecte systéme (MBSE) sont cohérentes, dans un contexte de continuité numérique, sur 'ensemble des cycles itératifs de
développement des produits et systemes, et répondant aux contraintes de certification.

Livrables cibles :

+ Méthodes de mise en cohérence SE/SA

« Méthodes et lignes directrices pour le MBSA

» Méthode/processus de synchronisation MBSE/MBSA
« Spécification d'évolution d’outils existants

» Prototype d’outils

« Cas d‘utilisation pour illustrer les propositions

« Transfert de compétences vers les membres et la communauté

« MBSE-MBSA »

Cas d’utilisation :

» AIDA (drone d’inspection préalable au vol) - Open
Source issu du projet MOISE (IRT Saint Exupeéry)

« Cas d'utilisation de référence pour tous les travaux

https://sahara.irt-saintexupery.com/AIDA/

FRENCH
INSTITUTES OF
TECHNOLOGY

Impact sur les
méthodes

Impact sur le
processus

Méthte mise en

Contraintes pour la
mise en cohérence

« SE-SA

Lot 1

»

Impact sur les
méthodes

Processus global
Cycle de vie

Lot 1
Etude de cas
référence

Retour

Méthodologie
modéligation

Lot4

Retour
Evaluation | Evaluation

Impact sur le
de processus

Lot 3 non
réalisé

Méthodclogie dz inise en
cohérerice entre niveaux
systémiques

SA-SA

ontraintes pour la
mise en cohérence

Méthodologie modélisation

safety
« MIBSA

»
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Bilan des travaux

)
( E X\USPAEIg; S LI Stm %

Niveau Projet

Rapport état de I’art

Processus global et tracabilité

Cas d’utilisation AIDA
- Modéles & documents
disponibles

Processus multi-vues
- Orientée Obijectifs
- Orientée Activités
- Orientée Données

POC tracabilité & impacts

- Plan de tracabilité générique .
- Instancié sur AIDA & REX ®

Compatibilité
- Exploration modéle de compatibilité
- Nouvelle abstraction

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document

Méthode de cohérence entre MBSE et MBSA au
méme niveau systémique

Guide méthodologique (AltaRica) Méthodes ,
- Plusieurs niveaux de lecture - Cartographie de la problématique 7 /—
- lllustré par un cas simple - Introduction aux 3 méthodes \\ /

- Description de 3 méthodes :
- Structural Scoped Review (SSR)
- Behavioral Scoped Review (BSR)
- Behavioral Cross Check (BCC)

- Aborde les problématiques concrétes
de modélisation

Get Started
- Basé sur le guide
- Format présentation pour débuter

Modélisations AIDA
- Basé sur le guide ez
- Format présentation pour débuter ;

| POC & Outils au service de la cohérence
o - Cohérence structurelle SSR
- Cohérence comportementale BCC

Note Technique de REX modélisation AIDA .
- Les questions posées e —
- Les hypothéses et arbitrages T , E——
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Les Theses (R exuiunr Systemx
Théorie des catégories pour la cohérence des modeles multi-niveaux
systeme (MBSE) et slireté de fonctionnement (MBSA)

Par Julien Vidalie

Objectif : formaliser, au moyen de la théorie mathématique
des catégories, la comparaison de modeles S2ZML (System

Structure Modeling Langage), issus de la traduction d’un e szmL sl
Y ) \ . ) =,
mOdele MBSE et d un mOdele MBSA (Vla l apprOChe Abstracm:modéles Comparai;d/esmodéles
SmartSync).
Résultats :
> Proposition d’'un cadre mathématique (théorie des MBSEINESA
categories) gui traduit la relation de_ cohérence Fomalisme
» Démonstration du cadre mathématique sur le drone N R
Zipline Flyer (Modeles AltaRica 3.0, SysML et Modelica) .. e @
Catégories de / )0 fa e \
représentation ’ \ . ‘ “-._t“‘
o (8) &) s o
G

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document
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Améliorer le diagnostic en opération par une approche de modélisation interdisciplinaire.

Par Nikolena Christofi

Co-création de modéles dédiés a la surveillance systeme avec

des modeles de conception systeme (fonctionnels et
dysfonctionnels), en utilisant des Arbres de Comportement.

@ Introduire des obijectifs liés au diagnostique opérationnel
~ (maintenance opérationnelle) dés le début du cycle de
développement systeme.

@Amélioration continue de l'architecture systeme (retour
~ aux équipes MBSE & MBSA par des opérateurs).

@Améliorer le diagnostique opérationnel en accompagnant
~ les opérateurs dans leurs activités de recherches de panne:

» meilleure vue d'ensemble de l'architecture systéme

» acces facile et rapide aux données pertinentes pour faire

le diagnostique

« orienter une diagnostique (pinpoint fault candidates)

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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System architecture
definition

............

: System Design |

' Models B

............

System testing,
V&V activities

/ :
/
System /
deployment

Technical
Regs / Specs
A

N

- Needs

Operations &
Maintenance

z;. Operations
| Cenlre r—
Troubicstootna
e b

[

| Operations-Dedicated 1
1 Models (ODMs)
Al

Operator

for system
monitoring
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Un objectif fort de communiquer et diffuser les réesultats pour la montée en compétences et en
maturité dans l'utilisation des modeles

» Un site internet accessible et des livrables a large diffusion

=]

Projet collaboratif piloté par les IRT
Saint Exupéry et SystemX.

WWW.Irt-saintexupery.com/s2c

» Une boite a outils méthodologique

- Processus, méthodes et recommandations
- Guides méthodologiques
- Use Case d’application partagé

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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- Outils de mise en ceuvre (POC)


http://www.irt-saintexupery.com/s2c
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- Les livrables -
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Liste détailléee des livrables

Con Titre Cont Titre
trat

LIV-S085L01-001

NT-S085L01-052

V1

Cartographie des outils de tracabilité

L-0 ISX-S2C-LIV-1001 V2 State of the Art of the S2C Project 9 ISX-S2C-DOC-476
. . o . NT-S085L01-053 lllustration de l'instanciation du plan de tragca AIDA dans
LIV-S085L01-003 va Méthodes de mise et de maintien en cohérence SE/SA ISX-S2C-DOC-477 il SECOLLAB
(b G NeD (livrable chapeau)
NT-SO085L01.055 new NT-S085L01-054 vi Pré-étude Compatibilité : Pré-étude, Modele, résultat Stage
5 A & i ISX-S2C-DOC-478 ibilité
ISX-S2C-DOC-464 V2 Modéle multi vues compatibilité
NESUEELIE0SD vi  Vulgarisation d SE/SA NT-S085L02-015 Assesment of 3D Exerience to implement a method for
At DO ulgarisation du process Vi _
ISX-52C-DOC-351 MBSE/MBSA consistency
Ig;?ggsl')‘ootofge Vi Vulgarisation du plan de tracabilité
-S2C-DOC- 123 NT-S085L02-034 V3 CararET
L1l NT-S085L01-058 ' ISX S2C DOC-455 grapny
1SX-S2C-DOC-467 \%! Plan de traca instancié a AIDA o ) )
LIV-S085L02-007 VG Method to ensure and to maintain consistency of systemic levels &
NT-S085L01-059 e, . L. ISX-52C-LIV-1037 Validation report
ISX-S2C-DOC-468 V1 Retex plan de tracabilité appliqué a AIDA
:‘S'izggis_gggﬁs V3 Structural Scoped Review method
NT-S085L01-060 Lo )
e Vil Plan de traga optimisé avec recommandations
NT-S085L02-040 VO Introduction to SSR
NT-S085L01-061 ISX S2C DOC 458
ISX-S2C-DOC-470 Vi Checklists SE & SA support aux revues
NT-S085L02-031 .
ISX S2C DOC.-454 %1 Technical Note — Extended SSR
LIV-S085L01-004 o
L1.2 ISX-S2C-LIV-1444 V3 Cas d’étude complet AIDA
-S2C-LIV- L2.3 & LIV- S085L02-024 ; :
LIV-S085L01.005 122 ISX-52C.DOC-437 V6 Behavioural Scoped Review method
ISX-S2C-LIV-1626 V1 POC Dynamic Consistency Management (Doc chapeau) o cossLonont
NT-S085L01-047 vi POC D ic Consist M ; ISX S2C DOC-459 Vo Introduction to BSR
ISX.S2C-DOC-AT1 ynamic Consistency Managemen
NT-S085L01-048 ) :_Sl\;(zsszc)g_stl’.gé-&zsss V6 Behavioural Cross Check method
L1.3 ISX.S2C-DOC-472 V1 Stage « cohérence dynamique » (pré étude du POC)
NT-S085L02-042 "
s RN . e \%) Introduction to BCC
NT-S085L01-049 Vi Arbres de décision pour 'aide a la cotation de la sévérité d’'un ISX $2C DOC-460
ISX-52C-DOC-473 i - iti i i . .
IR ST (BCgE, TEfRLT, (e 124 LIV- S085L02-008 vi POC SSR - S2C structural consistency tool Installation & User
y 4 : ISX-S2C-LIV-1628 M I
NT-S085L01-050 n N anual
1SX-S2C-DOC-474 Vi Notice d'utilisation du POC : . —
LIV-S085L01-002 Vi1 Analyse Outils COTS et Spec de besoins (Doc chapeau) L4.1 :.;\)/(-2(2)?:5t?\}-fg;5 va =
PSRy The Get Started
L1
NT-S085L01-051 Document de spécification des évolutions des outils COTS y , . . .
ISX-S2C-DOC-475 Vi P L4.2 g;i%%_'é’égj%o Vi Complements and recommendations of the MBSA modelling guide

(synthése des nouveaux besoins)
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AIRBUS PROTECT 05/2022

11/2022
LIEBHERR

06/2022
LGM 01/2023

06/2022
THALES

01/2023

05/2022
MBDA

01/2023
AIRBUS DS 06/2022
SAMARES 06/2022
DASSAULT AVIATION 07/2022
Tous [2019 — 2023]
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Présentation processus SE-SA en BPMN et plan de tragabilité

Méthodologie MBSA — Présentation détaillée du guide et du Get Started pour utilisation sur nouveaux
projets.

Présentation processus SE-SA en BPMN et plan de tracabilité
Méthodologie MBSA — Présentation détaillée du guide et du Get Started.
Présentation processus SE-SA en BPMN et plan de tracabilité
Présentation d’ensemble du projet & Discussions.

Présentation processus SE-SA en BPMN et plan de tracabilité

Présentation détaillée des Proof Of Concept (POC) des méthodologies de cohérence MBSE et
MBSA.

Présentation processus SE-SA en BPMN et plan de tracabilité
Présentation processus SE-SA en BPMN et plan de tragabilité

Présentation processus SE-SA en BPMN et plan de tracgabilité

-7 COTECH - 10 COPIL - 4 Jalons -
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Disséminations externes (conférences)

19 juin 2019 Journée AFIS Paris

16 au 18 octobre 2019 IMBSA 2019 Thessaloniki
12 novembre 2020 MOSIM Agadir

24 novembre 2020 Lambda MU 22 distanciel

1 et 2 juin 2022 ERTS Toulouse

5 au 7 septembre 2022 IMBSA 2022 Munich

12 au 16 septembre 2022 EUROCAE Lindenberg
14 au 16 septembre 2022 DX 2022 Toulouse

5 et 6 octobre 2022 ISCLP Toulouse

10 au 13 octobre 2022 Lambda MU 23 Paris Saclay
23 au 28 octobre 2022 MODELS 2022 Montréal

24 au 26 octobre 2022 ISSE 2022 Vienne

16 novembre 2022 GIFAS SDF 2022 Paris

22 au 24 novembre 2022 ESA MBSE 2022 Toulouse

6 au 8 décembre 2022 Forum Academie Industrie Toulouse

AFIS
6 au 10 mars 2023 SpaceOps 2023 Dubai

Présentation du projet
Lot 2

Théese NC

These JV

Lot 2 et Thése NC

Lot 4

Lots2 et 4

Thése NC

Lot 1

Lot 4

Thése NC

Thése JV

Lot 2

These NC (Poster)
These NC (Poster)

These NC

1
R
T
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Bilan des publications :

Article : Modeling Functional Allocation in AltaRica to Support MBSE/MBSA Consistency — IMBSA
2019

Mathilde Machin, Estelle Saez, Pierre Virelizier,
Xavier de Bossoreille

Article : Typology of the differences Between Model-Based System Engineering (MBSE) and Safety Julien Vidalie
Assessment (MBSA) models: Analysis of a Reference System — Lambda Mu 2020

Article : State Machines Consistency between Model Based System Engineering and Safety Julien Vidalie
Assessment Models — conference IEE ISSE 2021

Article : Short paper — Structural consistency of MBSE and MBSA models using Consistency Links —

Romaric Demachy et Sébastien Guilmeau
ERTS 2022

Article : Towards an agile, model-based multidisciplinary process to improve operational diagnosis in

Nikolena Christofi
complex systems — ERTS 2022

Article : Category Theory Framework for System Engineering and Safety Assessment Model
Synchronization Methodologies — journal MDPI

Julien Vidalie

Xavier de Bossoreille, Frédéric Deschamps,
Christophe Frazza, Jean Gauthier, Tatiana
Prosvirnova, Christel Seguin Estelle Saez

Article : Strategies for modelling failure propagation in
dynamic systems with AltaRica — IMBSA 2022

Article : Consistency of multiple system engineering models of a fixed wing drone — IEE ISSE 2022 Julien Vidalie

. L . L : . L . Tatiana Prosvirnova, Christel Seguin,
Article : Stratégies de modélisation AltaRica de la propagation de défaillances dans les systemes Christophe Frazza, Estelle Saez, Mathilde

i _ z : Machin, Xavier de Bossoreille, Jean Gauthier,
SIS = CEmEEEE - LENleE bl 2022 Pierre Darfeuil, Frédéric Deschamps

Article : A Digital Twins Modelling Methodology for System Operations using Fault Trees and
Behaviour Trees — conference - MODELS 2022

Nikolena Christofi

Article : Introducing Operational Diagnosis Models for Ground Station Architectures using Behaviour Nikolena Christofi, Xavier Pucel, Claude Baron,

: _ Marc Pantel, David Canu, Jerome Golenzer,
Trees, 17th International Conference on Space Operations - SpaceOps 2023 Christophe Ducamp.
N. Christofi, X. Pucel, C. Baron, M. Pantel, S.

Article : Towards an Operations-Dedicated Model for Space Systems — journal JAIS (Journal of (
Guilmeau, C. Ducamp.

Aerospace Information Systems - AIAA Aerospace Research Central (ARC))

SAINT
EXUPERY

16/10/2019

Présenté le 10/11/2020

Présenté en oct 2021

Présenté en juin 2022

Présenté en juin 2022

Article paru en juin
2022

Présenté en sept 2022

Présenté en oct 2022

Présenté en oct 2022

Présenté en oct 2022

Présenté en mars 2023

article paru en mars
2023
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« S2C a abordé avec pragmatisme et sens du retour sur investissement a court terme le difficile probleme de la cohérence de
modeles entre ingénierie systeme et évaluation de la slreté de fonctionnement. Des avancées significatives également en
méthodologie de modélisation de la propagation des modes de défaillance. » - E. Ledinot - THALES

« La collaboration avec les équipes de I'IRT Saint Exupéry durant les 4 années du projets S2C nous aura permis d’enrichir notre
compréhension de l'état de I'art de l'ingénierie basée sur les modeles et de faciliter son déploiement au sein de notre organisation. La
diversité des parties prenantes du projet et leur expérience ont permis des échanges riches basés sur des résultats d’études
pratiques. Enfin, les équipes de /'IRT Saint Exupéry se sont toujours montrées disponibles, créatives et a /'écoute des problématiques
gue les contributeurs au projet pouvaient rencontrer. » - J. Chaou - LIEBHERR

« Le projet S2C a mis en évidence le résultat positif de ce travail collaboratif grace a 'apport et pertinence des parties prenantes. Les
résultats livrés ont permis de répondre aux exigences attendues et d’aller méme au dela en ouvrant de futures perspectives dans la
continuité du projet S2C. Par exemple la these de Nikolena Christofi, qui avec modestie a permis de mettre en évidence des relations
formelles entre le monde fonctionnel et dysfonctionnel par une approche méthodologique novatrice et pleine de promesses pour
ameliorer le traitement de la complexité de nos univers de demain. » - Ch. Ducamp - AIRBUS D&S

« Le projet S2C a été un fructueux support d’échanges entre les différents acteurs du MBSE et MBSA, aussi bien académiques
qu’industriels. Il a permis a l'autorité et client DGA d’observer et de challenger les tendances dans ces domaines. La DGA est fiere
d’avoir contribué au projet S2C dont la qualité des livrables réalisés va au-dela des objectifs initiaux du projet. Ces livrables vont
permettre d’initier de futurs projets aussi bien orientés sur la recherche que sur des applications chez les industriels en interaction
avec la DGA. » L. Berry - DGA

FRENCH
INSTITUTES OF
TECHNOLOGY
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Sexupeny Systemx

: System & Safety Continuity

. Alignment between understanding of Safety analyst and System Engineer. Ensure Data
Consistency consists in verifying that SE Data inputs are well and right taken into account by the Safety
Analyst so that System Engineer and Safety Analyst share the same vision of the system.

. Technique which models system content and behaviour in order to provide safety analysis results.
MBSA employs an analytical model called a Failure Propagation Model (FPM) — [ARP4761A]

Note: in literature, the MBSA acronym also stands for “Model-Based Safety Assessment”. In this case, it refers to the safety
analyses results.

. The formalized application of modeling to support system requirements, design, analysis, verification
and validation activities beginning in the conceptual design phase and continuing throughout development
and later life cycle phases. [INCOSE Vision 2020]

FRENCH
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(frozen) dimensions : Why two models ? @\smm Systemx

T EXUPERY

SA specialist’s needs vs SE specialist’s needs are differents, are the tools ready for the union of both?

- SA needs to « implement the dysfunctionnal behavior of a block » (internal perspective)

while SE needs to « shape the functional behavior of an allocated block » (external perspective)

- SA needs a tight integration of their engine (to debug dysfunctionnal behavior and compute cut-set, sequence etc) with the model editor

not all SE modelers offer this and the ones remaining needs lot of investments (it is not Out Of the Box and also authoring method dependant)

Some members already explore single model on their side
- No concurrency between company internal R&D and IRT,

better explore what is left apart than redo what is already explore outside.

Previous project at IRT (MOISE) explored multi-model agregation in Extended-Enterprise

- Return of experience on mono-model vs poly-model question has influenced the decision for this project.

(In)Dependance from Authoring dimension ?
- The coupling of authoring and models is often considered (due to tool development convenience) but they are indepdendent

(i.e. one Ul can dispatch and assemble data from different models, each one responsible of its own perimeter)

INSTITUTES OF
TECHNOLOGY
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(frozen) dimensions : Why none-coupled authoring ? ﬁ@\ AT qut'éfiif"

T EXUPERY

Independancy of artefact

How is influenced the SA specialist's assessment if he/she reuses fully or partially SE’s artefacts ?
But SE and SA team (so their brains) are differents is using the same tool remains commonalty?
— The question is raised with no answer currently

= S0 projet choose to be conservative having 2 models

Model Specialities does not have same life time, are the tools ready ?

SA specialist does their assesment on a baselined architecture (not a rolling release one)

But tools for monolithic model are not all able to freeze the SE subpart while the SA will evolve on versionning
— The conservative approach was to consider the freedom of versionning regarding its life time

(this is easy doable with a two model approach)

Authoring shall be considered decoupled from model cardinality (1 or 2)?

This dimension is independant from the cardinality because authored data can be filled into several models e.g. a breakdown can be reproduced in 2 model
applying authoring rules of each model.

INSTITUTES OF
TECHNOLOGY
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Former IRT project had materials to avoid redoing part of the work

- = =
MBSE & MBSA C‘) C‘D C‘D Blocking there

Will anounce
A failure here"

C) Models lterations treated

€D Models Iterations not treated

MBSE & MBSA
INSTITUTES OF u

OOOOOOOOOO
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(frozen) dimensions : Why Altarica ? @\ . qutemx

Members

Two members are AR tool vendors and one member has done its own dialect (Open Altarica 3.0)

Experts on projects

AR Experts (on detachement and consulting) available for project

New mean of compliance in ARP

ARP4761A adds an Annex to describe the use of AR. Industrial members are interested to see if it is applicable to their
respective systems and what is missing in the Annex.

Limited ressource forced to focus

We can not assess all way of doing thing so take one we can master seems reasonnable

AR GUI concepts are close to SE ones

Evident proximity between model representation that reduces the gap between specialties but not solve it.

FRENCH
INSTITUTES OF
TECHNOLOGY
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(frozen) dimensions : Why CAPELLA or SYSML ? f(ﬁ \\sainT gqsté‘,;;;{“
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Our members use or evaluate both of them

For SSR : SC2 project reuse MOISE materials on structure and interfaces which reduce the differencies between models withoutbeing identical.

For BSR : As method requires an exact linking between ins and outs, the behavior defined (textually in CAPELLA or semi-formally in CAMEQ) does not
jeopardize the method.

For BCC : CAPELLA has no executable behavioral semantic contrarily to CAMEO (based upon SYSML) so method was experienced on both models.

FRENCH “
INSTITUTES OF
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(Exploratory) Dimension : Scoped Vs End-to-End 7 et Systemx
Summary
| ssR___ | _BSR_ | BCC_
Method Authoring Scoped Scoped End-to-End
Method Check End-to-End Scoped End-To-End
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(Exploratory) Dimension : Static Vs Dynamic ?

Static means definition only that can be...
... the ones of the structure and interface

... the ones of the behavior (e.g. to this inputs vector i have that output vector)

Dynamic means execution (that need to be defined previously) and can be...

... the order of blocks (ahead of runtime), independently from their content (like a sequence diagram)

... the order of blocks (at runtime), dependantly of the execution of active block content (like any simulation).

FRENCH
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(frozen) dimensions : Why no incursion on authoring? %ﬁéxuﬁ'& gqsté‘,;;;{"

Members of projects have already models (done without any consistency method considerations) such models will not be changed to integrate rules issued from the
method.

Each working group (on consistency and on modelling) follows its own agenda and target not conciliable from the other one
A sequencial order would have been preferable (not the case in fact)

So consistency retex on modelling where available when guide activities were dispatch earlier.

The project was not mandated to elaborate rules on SE authoring.
But ideally, consistency is not only a problem of one specilaty but a trade off between bith of them.

So SE specialty would have to author its models with some rules to ease the consistency with others specilaties.

FRENCH
INSTITUTES OF
TECHNOLOGY
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FRENCH
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Dimension : Case study

Aeronautical subject (drone for inspection)
SE model already available
from reuse of MOISE/WP1 and extension done between MOISE and S2C
SA model partially available
from MOISE/WP2 but baseline on MOISE/WP1 definition
Update less significant thant from scratch
Farther usage for IRT
Comparison with other SE langage (SYSML)

Extended enterprise purpose.

e
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\\ Lot ‘. o.;‘;.
Dimension : Couples of models Fexuinr Systemx

Expected and new track

SE SE
Authonring Authonring
{e]o] tool
CAPELLA SIMFIANEO As expected by dimensions frozen dimensions
CAMEO SIMFIANEO

SIMFIANEO SIMFIANEO New track using SIMFIANEO as SE tool for authoring
due to QoS available (i.e. truth table of SE logics)

But limitation because not all SE QoS available (e.g.
allocation from one layer to another)

FRENCH
INSTITUTES OF
TECHNOLOGY
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Dimension:

Amount of sub perimeters
and

sub perimeters vs Model

Sub perimeters

l =
If model is considered as a perimeter, PoC focused on sub part of it I
One or several sub parts are possible w )

Overlapping of sub parts are possible

Union of all sub parts may cover the whole perimeter

For SSR For BSR

FRENCH
INSTITUTES OF
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Dimension : Coverage of the sub perimeter A s Systein i

\
EXUPERY °~ 107 -
Y e

In a perimeter many different cases can occurs do we cover them all ?

For SSR For BSR For BCC

| S

FRENCH
INSTITUTES OF
TECHNOLOGY
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SSR

Remind the problem:

Method

- Abstract both functional models to get their artefacts

- Define structural link (CLFx) over functions regarding method rules |
and capture: justifications, hypothesis etc.

- Define links interfaces (CLfly) flow regarding method rules

and capture: justifications, hypothesis etc

- Check inconsistency between previous definitions

- Feed SExSA review about captures

PoC

- Tooled process

- Coverage of the model '

FRENCH
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Are both models
consistent at

structure and interface [_‘:L—.—
levels with a scoped e ;LL' H%& F
perspective? /@\ :%JD ﬁ
Uie iy
<SE one SAone = e ?W

(CAPELLA)  (AR)
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I Measure pressure { ‘ SA model
|

SSR : high level processus vs Examples

F------------------------------------‘

I Abstract both functional models to get their artefacts (structure and interfaces) _ ’
L. & B &N &N N B B _§ N &+ & & N B N8 N N N B B N B &N N B __§ B B N §B N N N §N N | Sense
{’- Define structural link (CLFx) over functions (hierarchical or leaf) regarding method ruIes\ i Measure altitude o

and capture: justifications, hypothesis etc.

Measure ground distance
CLF2 Sense

Measure altitude

Compute precise altitude

- Define interfaces links (CLfly) regarding method rules

ure x and y acceleration

CLF3
Rationale: Safety includes the

Measure acceleration

\-

l (T ifi 1 i acquisition of positions into Control position
\ - -a.ﬂd-Cﬂ:)ﬂJr-e uétﬂcgtl)n-s’-hwgth-egS-et-c 8 B _ N B8 N N _§ B N § § N 2 tipesilil positiz_)n ?nd Gl Predefined node X
r 1 31 31 312 32 32 312 3 312 32 32 1T 32 312 1 3213232321132 Control and Monitoring. oredefimed mode Y

- Check gaps between previous definitions

‘_________________---------J

- Feed SEXSA review about captures

Orient camera

CLF4
Rationale: no safety impact

Monitoring position
Tune focus

Trigger end of mission

CLF5 Failure condition

Shoot a photograph

Store photographs

I/
Trigger end of mission 1/ CLF6
|
i
\

Rationale: FC brick is a

modeling artefact to

’—---------------- -----------------N

N

observe safety effect.

\--

-_—— e ..

Control

altitude \ P altitude

\\ Y

-----------------------_’

c

Sy model /
FRENCH
INSTITUTES OF
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\

~----------------------------------_,

-------------------'

|
|
|
/4
' Sx model Sy model Sx model Sy model ‘ i
l I I Sense
__—l F1 ——-| CLF1 I—
1 F1 CLFT Fl 1 : Measure air Al > Take
| F2 oF F1.1 F2 | I transparency [ ansparenky photographs
I F1.2 I
| | 1 Measure altitude
I 1 | Measure ssur
I Sx model Sy model Sx model Sy model I I pressure e Cor.npute > Control
F1 CF T[] F1 | | Measure |__ altitude alfitude altitude
I F2 [F11 oft —{rn | | | distance | Distance
: [F2.1 F2 7 I | /
Xacceleratiof
[F2.1 I | Measure Vaccoleraiio ]
acceleration 7. i
I I | lerati accaleatio [
I N . - LB B | LB N
\
i I !
i oL Clowt [7 ] 1 | cLfin cLfi3 N1
wm,;.",mm “ I I SE model Accelerations on all Air transparency is I
- = axis have the same used by a function that 3 I
I - I I SA model ‘ failure dependencies is not safety relevant
Sx model Sense
1 |lam | [ase | oo -| CLF1 } - | CLF2 ]f -- -{ CLF3 ]- | | ——
i I !
i I !
i I !
\ ! '
4




SSR : Low level processus
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e? 52. Design iteration
56: Take into account

— Reviewers

53: Latest SE model

v

safety recommandations

54. Change indicator:

s request and answer

and refine design and
model|

Y

o

7

: 8E model Vm

>} 55 Compute change indicator

: 8E model Vm

»

ITg

98: Refine design
and model

»

59: Edit CL with respect o
SE model Chanlges

61: Impacted CL

| 60: Highlight impacted CL }

63: Unlinked model elements

»
»

62: Highlight model elements ‘
that are not linked to CL

65: Matching and justification

64 Create and edit CL [+

Loop

66: SA model validati

on iteration

81:. Scope

6?: SA moldellng iteration

68: Edit CL witrll respect to
SA model changes

<

69 Latest SA model

[

71: Impacted CL

| 70: Highlight impacted CL |

72: Highlight model elements ‘

73: Unlinked model elements

» |78 Build SA model,
validate SA model

that are not linked to CL

75 Matching and justification

» |internally,
declare preliminary
consistency with SE model

74: Create and edit CL [+

76 Check coverage

77. Coverage and correctness

and correctness of CL |~

request and answer

79: SA model Vm.n

80: Support SA model review

83: Displayed CL

¥ 52 Define scope

90: Prepare review,
review SA model and
monitor consistency|

85: Updated rationales

}84’? Display CL (and mode\s]|

5| 86: Edit CL rationale

and validation statuses

87 Indicators request

| and CL validation status

_| 88* Compute indicators of

A

and answer
89: SA model change requests

| completeness and validation

91: Validation status of the CL set: validated

<
<

92*. Approval of SA model V1.n

93 Perform safety
analysis (PSSA)

i Case of a non-final design iterati

an

95: Design change requests, safety recommendations

. Case of the final design iteration)

97. Safety requirements

A oA o

T
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SSR : Low level processus
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Reviewers Tool T EXUPERY

el ) Be—

e? 52. Design iteration
56: Take into account 53: Latest SE model >
safety recommandations e d
and refine design and| < 54. Change indicators request and answer ’} 5. Gompule change md\cator‘
modell | -
57: SE model Vm
58: SE model Vm i----------l 4 l———-----l .
e e m == oGt | Ve ——————— SE baseline changed, so ...
SE model Chanlges
- )
|60: Highlight impacted CL} 81 Impacied CL Wh at S n eW ’?
62 Highlight model elements 63 Unlinked model elements N . . .
(rissesssabms (SArealign concialiable CLSs)
II 64" Create and edit CL 1'6 - ganc)
e 66: SA model validation iteration ‘ :_—_—: _-_-_-=l
6?: SA moldellng iteration |
68: Edit CL witrll respect to
SA model changes
P 69: Latest SA model
[
71: Impacted CL
[70: Highlight impacted CL } P » |78 Build SA model,
N " validate SA model
72: Highlight model elements‘ 73 Unlinked model elements | intemally
that are not linked to CL " |declare p!rehmmary
- consistency with SE model
74- Create and edit CL |4 75 Matching and justification
76: Check coverage | 77: Coverage and correciness .
and correctness of CL |~ request and answer -
98: Refine design i -
and model 79: SA model Vm.n
80: Support SA model review
81: Scope ¥ 52 Define scope
< 83 Displayed CL } 84™ Display CL (and mode\s)|
90: Prepare review,
review SA model and 85 Updated rationales o 86 Edit CL rationale
monitor consistency and validation statuses | and CL validation status
o 87- Indicators request _| 88* Compute indicators of
b and answer | completeness and validation

89: SA model change requests

91: Validation status of the CL set: validated

<
<

92*. Approval of SA model V1.n

93 Perform safety
analysis (PSSA)

95: Design change requests, safety recommendations '

i Case of a non-final design iteration

FRENCH
INSTITUTES OF
TECHNOLOGY

. Case of the final design iteration)
97. Safety requirements

A oA o




e? 52. Design iteration
56: Take into account

safety recommandations
and refine design and

98: Refine design
and model

FRENCH
INSTITUTES OF
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model|

53: Latest SE model

SSR : Low level processus
SE '
SE J- —

=
IS exvviny

»
4

54. Change indicator:

s request and answer

N

Y

o

7

: 8E model Vm

"l

55 Compute change indicator ‘

: SE model Vm - ——

ITg

>
|

59: Edit CL witrll respect to
SE model Chanlges

SE baseline changed, so ...
What's new ?

61: Impacted CL

| 60: Highlight impacted CL |

62 Highlight model elements
i i i Ot el Gl ey

63: Unlinked model elements

»
»

. ]

r
Iy

64: Create and edit CL|<—~I-I6 - Vialching and Justification

(SA realign concialiable CLS)

Loop

66: SA model valida

ion iteration

6?: SA moldellng iteration

---Ji
- -

68: Edit CL witrll respect to
SA model changes

Unconciliable CLs means

69 Latest SA model

[

(e e - = - .-
71: Impacted CL

a SA model realignment,

| 70: Highlight impacted CL |

72: Highlight model elements ‘

v wmd

78 Build SA model,
validate SA model

73: Unlinked model elements intemally,

)

75 Matching and justification

S0, Its recommandations too

declare preliminary
consistency with SE model

76 Check coverage

77: Coverage and correciness

(SA creates/corrects CL too)

and correctness of CL
L] L]

request and answer

79: SA model Vm.n

81:. Scope

80: Support SA model review

83: Displayed CL

¥ 52 Define scope

}84’? Display CL (and mode\s)|

90: Prepare review,
review SA model and

85: Updated rationales

5| 86: Edit CL rationale

monitor consistency

and validation statuses

87 Indicators request

| and CL validation status

_| 88* Compute indicators of

A

and answer

| completeness and validation

89: SA model change requests

91: Validation status of the CL set: validated

<
<

92*. Approval of SA model V1.n

rm safety
(PSSA)

93 Perfo
analysis

i Case of a non-final design iterati

an

95: Design change

requests, safety recommendations

. Case of the final design iteration)

97. Safety requirements

A oA o




SSR : Low level processus
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e? 52. Design iteration
56: Take into account

safety recommandations
and refine design and

98: Refine design
and model

model|

53: Latest SE model

SE | Reviewers jm——] Tool _

»
4

54. Change indicators request and answer

Y

o

7

: 8E model Vm

>} 55 Compute change indicator ‘

ITg

: SE model Vm .- ——

r i i i Ol < i Gl R

l
59: Edit CL with respect o
SE model Chanlges

61: Impacted CL

| 60: Highlight impacted CL ‘

62: Highlight model elements 63: Unlinked model elements N

64: Create and edit CL |<——II - Vialching and Justification

B 66: SA model valida

ion iteration

81:. Scope

— —— - ---Ji
- .

6?: SA moldellng iteration
68: Edit CL witrll respect to

)

75 Matching and justification

76 Check coverage

and correctness of CL
L] L]

I . LB _J

77. Coverage and correctness .
I request and answer e

SA model changes T P L L LS
P | 69: Latest SAmodel | g
I € -m - n(r = |V
[70: Highlight mpacted CL} —pace » (75 Build SA model,
N " validate SA model
72: Highlight model elements‘ 73: Unlinked model elements » [intemally.

declare preliminary
consistency with SE model

L2 3 N N N |
78 SA model Vm.n

‘-------

N
|
80: Support SA model review

83: Displayed CL

¥ 52 Define scope

90: Prepare reviel.!,
review SA model ar d
monitor consistency,

85: Updated rationales

}84’? Display CL (and mode\s]|

5| 86: Edit CL rationale

and validation statuses

87 Indicators request

| and CL validation status

_| 88* Compute indicators of

A

and answer
89: SA model change requests

| completeness and validation

91: Validation status of the CL set: validated

<
<

92*. Approval of SA model V1.n

93 Perform safety
analysis (PSSA)

i Case of a non-final design iterati

95: Design change requests, safety recommendations

. Case of the final design iteration)

97. Safety requirements

A oA o

exuniny System

SE baseline changed, so ...
What's new ?
(SA realign concialiable CLS)

Unconciliable CLs means

a SA model realignment,

S0, Its recommandations too
(SA creates/corrects CL too)

SEXSA review abstractions
to agreed that
recommandations are right
(Cl rationnale ans status
updated)
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Remind the problem Are both models consistent at
structure, interface and behavior level with a scoped

perspective ?

Method
- On reputed same perimeter (Scope)

- A SE static specification is transformed into a table that links
ins and associated outs =

- A SA behavior is transformed into a table that links ins and
associated outs =——p

- Atransformation shall be defined to process
- SE(ins) into SA(Ins) —>
- SE(Outs) into SA(OULS) =——p-
- Check for every SE(Ins) :
The path =——» then =—> leads to the same SA(Outs) from
path == then =—

PoC

- Done on two scopes only and on logic exclusively (so very poor
coverage and exploration too)

- Require tooling process because the amount of data can be huge.

fit

FRENCH
INSTITUTES OF
TECHNOLOGY

Ins Outs

I\\\\\\\\ . '.‘:0 .o;.~.0
| Foi Systemx

Nota

- Transformations:: are what SA specilialist’s do in its mind when
he creates its model from SE informations (like tranformation of SE
values into a nominal value or considerering pollution of SE values as
erroneous one, or considering SE invalidity status as lost one etc)

- Transformation —p is the transfert function of SE

- Transformation = is the implementation of failure propagation in a
component of SA.
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Over all process N\
5\ SAINT amX
Fexuptry Oystem
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Compute SE Remove same
outputs with combinations
polluted inputs or select one

Transformation to
Outputs SE~SA

SE Expansion of Apply pollutions
Specification SE inputs on SE inputs

Transformation
to Inputs SE~SA

Expansion of
SA inputs and
outputs

Comparison

A

SA
Specification

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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BCC

Remind the problem :
structure,

Are both models consistent at
interface and behavior level with a end-to-end

perspective ?

AIDA case
study
(SE models)

AIDA case

(SA models)

AIDA
V44

Inputs
materials

= BCC method

POCA

Method application on models
SE descriptive / SA executable

Common artifacts to the 2 POCs

P Variables
Tests Scénarios

coordination table

) SE SE
= Capella I
SimfiaNeo SAMAREQ o
_ _ _ Profile '? o Moot
Description of Comparison SA =
expected values and execution with =
then « mental analyses of the i ==
<+ execution » of propagations in SE : el |
scenario behaviour =

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

A Coordination Tablg =
Coordination Activiy
A A i

POCB

Method application on models

SE executable / SA executable

SimfiaNeo

Comparison using
execution results SA/ SE
and effects propagation

Method

| S

- Force the sharing of common test scenarios between SE and SA

* o0
BRI IR

Sll t‘ M
INSTITUT DE RECHERCHE
TECHNOLOGIQUE

- Coordinate SE observations with SA observation along these scenarios

- Each specialty applies the scenarios regarding its models ans associated QoS

- Check that coordinated observations match or not expectations

- Feed SEXSA exchanges all along the process and on derivations from it

PoC

- Done on two couples
CAPELLA (Sta), AR (Dyn)
SYSML (Dyn), AR (Dyn)

- Coverage is function of the
reduced set of scenarios used

SE&SA
propose together...
... then specialists work
SE Specialist 5S4 Speciahst
l Selection Guide*

| Writing Guide®

olEUIIS

5

cenana's Concapls
e}
SA Variables
de*

Gu

$1d8aU0T) §0UBLSS

S

nmsl'oemal%
Guide'

Transform
Scenario

SCENAND status;

Execule

Scenario stabus

Status on
Concistency

Wer Sioned

Procedure | Tool and Model

=]

If at least one KO in chedk 15t

Coordimation down-stream




