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1. Context - two "main streams” of implementation of ﬁ?\?\\\\\smm

T EXUPERY
consistency in systems engineering
 « Traditional » Requirement Driven Approach * Model driven approach
Regs . —
Reqs
A traceability
l | Construction of A
rules, checklists, ...
on artifacts (with
SE Artefacts SA Artefacts their level of e

abstraction and mappings
details) SE models  _ . SAmodels

4 I 4 - -

4

. . ldea: add a
Consistency is based on
requirements and COmp|emen Consistency is based on
traceability tary new overlapping
. models/requirements
. abstraction
Difficulties: expression of verification rules to reconcile
applicable on unstructured information _ engineering - Challenges: identification and formalization of
. exhaustive overlap between models
£t | S domains P
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2. Compatibility : a new abstraction level that
supports global consistency

Consistency : are the data / points of view

used by the different domains well aligned? VS

compatible
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Compatibility : are the different
domains constraints or solutions
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3. Exploratory approach - summary ff\é\\“\\\\ o quféfﬁ?w
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» Philosophy: formalize the abstraction and then bring out the rules of incoherence (incompatibility in a given logical
space)
* Question : which abstraction to formalize ?

» Covering critical cases of inconsistency,

» Presenting a "high level" view of architecture and design decisions,

Engineering
continuity, cost

 Declined on levels: functional, logical, physical...

reduction

» Objectives:
1. Avoid redundancy of measures (solutions) proposed by the business ldentification of needs / solution patterns

2. Avoid inconsistencies (incompatibilities) from this abstraction/modeling of a domain of possibilities and
incompatibilities at the need and solution level.

Reduce the risk

of inconsistency

Perimeter of the domains concerned for the illustration: Archi (IS and SW) + RAMS + Test
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4. Goal: a new abstraction to facilitate the detection of

incompatibilities

@ T— - ’
SimfiaNeo
: o ite SATODEV
REQUIREMENTS ';2" SAFETY TOOLS DEVELDAMENT

New abstraction
(new « kind » of
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Usual tools, e.g.
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REQUIREMENTS

Problematic

» |s another viewpoint (i.e.
modeling) of interest to
highlight inconsistencies?
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4. Goal: a new abstraction to facilitate the detection of

incompatibilities
SimfiaNeo oyl
I '_R‘V—’:-OUIHEMENTS\-
New
abstraction
Usual tools, e.g. )
S (new « kind »
. @ of model
== Capella==
.;OlJIREIWEN'FS(-
. Usual tools, e.g.
ﬁ.t IFI\?SE;:"I':L'J‘ITESOF REQUIREMENTS
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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

—

» Capture a domain knowledge, that will be iteratively enhanced
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5. Application in

an engineering process
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SA update Check do rework
compatibility of
Test update the overall

model

needs rework ?

same process as
SA

Test Engineer

[~

update available
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6. Goal: a new abstraction to facilitate the detection of @Q\uﬁ'&?
incompatibilities
(" )
Feature Model
Test Eng.
\
E How to capture in this new abstraction?
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6. Tooling, what are the issues ? A phsan

J—
= i . 3
SimfiaNeo  [I22°
Usual tools, e.g. =
.:I:OUIREMENTS’-
Traceability
Usual tools, e.g. \
- 7 Traceability
[ A = —
== Capella==
.:\"ZOUIREMEN'\ S’ ) ITraceabi"ty
FRENGH s~ Usual tools, e.g. _
ﬁ.t INSTITUTES OF REQUIREMENTS
TECHNOLOGY
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Tooling, what are the problematics?

« Provide a consistent high-level view of the
system

« Allow different views of the system for different
teams

- Ensure all views are synchronized

- Detect and resolve incompatibilities in the
overall view

- Extract a model from existing work
(engineering artefacts, in Capella, Simfia, ...)
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6. progress report on the tooling

SimfiaNeo =

.TIZOUIR’EMENTS .
Traceability

Usual tools, e.g.

Usual tools, e.g.

U Traceability

== Capella==

REQUIREMENTS

|: i
& Gee

Usual tools, e.g.
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How to capture this new abstraction?

Provide a new tool to engineers to capture this knowledge

A new viewpoint (i.e. language) for each concern, e.g.
*  GSN for SA,
+  KAOS for Test Eng.,
*  Generic Feature Model Notation for SE.

A pivot MM to align these viewpoints
* Generic (abstract) language for compatibility
«  Operator needed: variability, compatibility/incompatibility
«  Synchronisation between viewpoints
* Logical
« Language (abstract/ concrete syntax, semantics)

Reasoning capability to assist the engineers
* In detecting potential inconsistencies,
* In extracting « features » to feed this new abstraction from existing
tools.

Traceability/link support to existing tools

N RIS
W F e Systemx
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6. Tooling Incompatibility Pre-study results:

What has been produced:
» Aframework based on Eclipse to

* Model the domain

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

* 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)

What is missing:
« Connection to engineering domain tools
* And more over Feature extraction from
existing domain artifacts
« Application to the AIDA case study
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7. Internship result materials

* Poster

.+ Specification et implémentation d'un
langage de modelisation dédié  la capture INSA‘ ==
de probiémes c'ingénierie systeme et de
solutions compatibles

Sécurité et Technologies Informatiques [

Option : Architecture et Sécurité Logicielle
Nom du stagiaire : Colin POUBEL
: Stephen CREFF  Tuteur Ecole: Vincent IDASIAK

qutéﬁi

Tuteur(s) entrepri

‘entreprise Le projet : System S
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* Presentation support

A Accélérateur
SystemX | de la transformation

numerique

Spécification et impl itation d’un langage de
modélisation dédié a la capture de problémes
d’ingénierie systéme et de solutions compatibles

Colin POUBEL - 5A STI Option ASL
Tuteur entreprise : Stephen CREFF
Tuteur école : Vincent IDASIAK

INSA

CENTRE VAL DE LOIRE Soutenance de stage de fin d'études 010912022
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* Report

INSA -

Rapport CONFIDENTIEL
Commnpandurte)
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510 estoent

@ NoN

POUBEL
Colin

5A STI - Option ASL

202112022

et

de problémes d'ingénierie systéme et de solutions compatibles

IRT SYSTEMX
PALAISEAU 91

d'un langage de

RAPPORT DE STAGE

CREFF Stephen
o ,%_ e

dédié 3 la capture

Tutewr Enveprae

Enseignant rétérent
IDASIAK Vincent
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8. Example of domain models

Usual tools, e.g.

== Capella-ElL-

e °
REQUIREMENTS

FRENCH
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TECHNOLOGY

fit

REQUIREMENTS

i, SATODEV

SimfiaNeo o

° —

REQUIREMENTS

New

abstraction
(new « kind »
of model)

Redurzancy "/

Usual tools, e.g.
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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

Additianal connection for integration EXCLUDES Independen:
Independence EXCLUDES Additional connection for integratiol

Design

e -
|AND)

\

Desiyn fur safuty
inn‘u
G
Dezign for
reliabilizy

N,
/ND\

Ieasures to incraasa
Systerm rehstess

Measures to reduce

faillre rates
L =~

AN

Higher cuality Mitigate extreme Shertenedidainte
apanents amarenmental corditicns nance

Cregrhau
intervals

Advancen
o iagriostics

adularity 1o
enakle rapid

Higher Strength

Builtn testing [Wlzterizls

Messures to ensure
data cong'steniy

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

Archtectural

recundaney
—~
[OR)

AN

Mezsuras te manaye
tailure detection

rrrrrrrrrr

heasures ta imgrove

software rel aility
—

—

(OR|

Diversily

Megsures &
manage switch .

nnnnnnn

Indeperience

(anD)

|

Inilependent
2GMRANENtS
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Constraints

Desion Additional connection for integration EXCLUDES Independene
) Independence EXCLUDES Additinnal caonnection far integratio

ARD

Desiyn for safuety
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8. Example of domain models

| O~ | =

Strategy : Measures to
increase system robustness

av| @~ ® 5% | mm

Goal : Modularity to
enable rapid physical
replacement

Goal : Advanced
diagnostics

Goal : Builtin
testing

Goal :
Redundancy

Goal :
Diversity

Strategy : Measures to g
reduce failure rates

Goal : Design
for reliability Strategy : Measures to improve|
software reliability
r
Goal : Goal : Goal :
Independence Diversity Architectural
redundancy

F

ftrategy : Measures
to manage
switchover

Btrategy : Measures
to manage failura

detection

Birategy : Measures to
ensure data
consistency

Goal : Overhaul
intervals

Goal : Higher
strength materials

IGoal : Higher quality
components

Goal : Shortened
inspection

Goal : Shortened
maintenance

FRENCH
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GSN notation

Goal : Mitigate extreme
environmental
conditions

(\ SO\ SAINT
XUPERY

INSTITUT DE RECHERCHE
TECHNOLOGIQUE

qutemx

~ 2 Palette [
e -N -
= Add elements &0

Add Goal
Add Strateqgy

Add Solution

L Add Context

(=)

Add Assumption
Add Justification

InContextOf Link

—_—

— SupportedBy Link
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Constraints

Design Additional connection for integration EXCLUDES Independeng
Independence EXCLUDES Additional connection for integratio
AND

Projet

cost planning

Design for test

Design for
operability
AND AND
Desi Sust . Design for g
esign ystem Usability fract
verification verification sffectiveness COSt
/ANEI - &
Measurels to ea;e Measures to easg Measures to ease system A - bert Berveifariel
integration testing companents testing operational testing ccessinility SRS suitability
AND AND

AND AND\
Additional connection

Additional test
for integration

i tion) point Accuracy Time behavior
inspection) pain

Correcthess Completeneass
AND AND
Relate H
T Open ports Feature model notation
.ﬁt INsTITUTES
TECHNOLOGY
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Design for
test

System Design
verification verification

Measures to ease
component testing

Measures to ease
system operational
testing

Measures to ease
integration testing

Additional test
(inspection) point

Open ports

Additional connection
for integration

Relate
components

KAOS notation
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XUPERY

<2 Palette [
% @ E N
(= Add elements E

Add Geal

Add Obstacle

? Add AMD Refinement
é @Add OR Refinement

—= Add Obstruction

—= Add Resclution
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Measures to improve Measures to ease
software reliability integration testing
| DR | IF';NDI
Additional connection

CLUDES for integration
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o Diversity Independence CLUDES / (AND|

[AND| I
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components
je Measures to Independent
manage switch... components
Feature model
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Dasign to reduce manufcturing costs

type of raw material

companent placement and soklering  © form of the raw matarial

|
Reduce Set-Up Time of Operations (Flip of the Party \
o 1| Design for manufacturabllity (DFM)
aluminum, brass, and softer metals

mast easly machined types
synthetic polymers e ChooseMatenaiype
steel, sainiess steel ttanium, and exctic alloys o harder to machine Design for CNC (computer sumerical contral) machining

Choase material form

Choose dimensions| talerances Accelerated Life Testing

Design and shape Objectives of DFT for microelectronics products < Improve controllabiliy

Improve observabily

design for storage. and transportation arking aphysical probe poi o anet © Ading|TAG

‘aud active circut elements to faciluate contrallability

N electricelectronic data processing equipment physical measures (design modfications) < _sbservalslty (e.g, inserting a mulplexer inta anet)
Design for logistics e
Interface the ATE to the LT thraugh a customzed Interface

Test adapter (TA)

reduci by tim i
educing assembly fime and costs & Objectives cancurrent

easier to grasp, mave, or in ssures ondne | o————
Make parts easier o grasp, mave, oriert and to insert wessures || Design for Assembly (DFA) ) e — [ , ————— | monconcurrent
reduciion of the number of parts | ————— | Design for testing |- pltn el et BT meseues | sditon oftest nconelly Functional
—— — ] e o——

offi

—{ stucural
Design for Verification | software measures

Faut Tracing

redundancy
e Use Automatad Test Equoment (ATE)

diversity —_—
bultintesting |+ measures  © Objective: increase system robustness. szsy o Inspect with redily avallstle messurement instruments

advanced diagnastics

Objectives
Design for Inspection (DFI) |+ ————— | _measurement uncertaimy s considered in the olerance
madularity to enable rapid physical replacement
higher strength materlals Design for Variability (Dfv)
Design For Excellence (DfX or

ncreasing the quaity companents

Mmoderating extreme enviranmental conditiens

DFX)
measures Design for Cost (DfC)
shartensd maintenance |- —————— J
shartened insgecton
— Design for maintainability
shortened overtiaud nteevals

Objective: reduce failure rates

radiation |7 mechanical companents | Production for Reliability

& architecure

echanicalsress |
e Design analyses defersive mesures reduce the frequency of faires due to maicious everts
thermalanayses harical and el
[ " devices such as firewals, policy enforcement devices, and access/authenticatian serves (also knawn a5 “directory servers™) can aisa become single points of falure or performance boitlenecks that reduce system reliabiity and availability
E M) anslyses of electrical components and subsystems | Design for reliability | | Dasign for ybersacurity
e respect to acce: writy device failures. could impact the availability of the product ar system to users
development efforts and tests
&nsure data consistancy Seawrity
S — Survivabiity
it i .. R NSRS
managed switchover Objective: improve saftware relistilty = Spacfic for CPS | Effectiveness (illities...) |- Respansweness
_— messures - Otyectve: reliabilty and availabiey J—
dversity
ch a5 watchdog timers, flow control, data integrty checks (e g. hashing or checks) retris, and restarts_ © increas rebabilty nd failre detection coverage
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|
Objective: ncrease manitoring during operation and use

Obpective: improve Reliabilry and Maintainatility Testing

‘OBjective: enSure At operators and MANTaiNes can Iteract
with the system in & manner that minimizes failures and the
Human factor analyses o measures  restoration times when they occur

of a system

Design for Systems Safety

Example of Design for X domain model
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