
Journée Thématique “Validation des architectures de 
Système via les modèles MBSE -MBSA”

« Intégration des approches MBSE/MBSA pour la prévision, le suivi 
et l’optimisation des performances de systèmes pendant leur 

cycle de vie: : couplage avec les Data Science »

Le 
19/06/2019

Présentateur
ARBARETIER Emmanuel, 



2

1st Part 

• APSYS context

• APSYS at a glance

• Simulation Software 
Editor

YOUR 

BUSINES

S

2nd Part
• MBSA for Performance

prediction
• MBSE/MBSA for

Performance follow up
• And management

• MBSE/MBSA for 
Performance based
architecture validation

• MBSE/MBSA for 
Performance 
Optimization

• Conclusion
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47%

14%

8%

31%

AI AH ADS External

Consulting company specialized
in Risk Management

Over 440 Consultants

3 sites in France – Toulouse, Elancourt, Vitrolles
2 subsidiaries in UK & Germany

WHO IS 
APSYS?

100% AIRBUS COMPANY

40,8
M€

+4,6 M€ New 

domain product 

security

1,3 M€ Amasis 

ecosystem

+4 M€ Organic 

growth

50,8
M€ *

20182017 * To be valided by APSYS Board

2018 Turnover 50,8 M€*
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MBSA in aeronautic
Safety prediction

Evaluate an architecture and 
demonstrate compliance to safety 
requirements
�Model Based Safety Analysis

Example:

�MBSE/MBSA may also be the 
support for predictive or 
prescriptive maintenance

�MBSE/MBSA may highlight 
improvement leverages on OR / 
AOG indicators 

MBSA
application

MBSA for performance prediction
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MBSA in Automotive industry
Safety prediction

MBSA for performance prediction
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MBSA in Energy industry
Safety and Operational Availability

MBSA for performance prediction
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MBSA in Railway industry
Safety and Operational Availability

MBSA for performance prediction
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PERFORMANCE PREDICTION AND 
FOLLOW UP

MBSA for performance follow up and management
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PERFORMANCE PREDICTION AND 
FOLLOW UP

MBSA for performance follow up and management
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CAD/CAM/CM     (Modelling / Simulation)

Definition of
test/ diagnosis

Function/ Test
Definition

Predictive
Reliability

BITE Analysis 
LOG. versus HW.

System
Breakdown

Diagnosis Definition BIT/BITE

Functional
Analysis

Modelling 

System definition

Result Analysis

Test strategy (definition)BIT/BITE

Critical
FMECA

Failure
Mode

Validation

Maintenance
Procedure

Model
Validation

Design / Development
Hardware / Software

Component
Selection

Preliminary
FMECA

System
Test

Integration

SOW
Need Allocation

Need and 
Concept
Definition

Concept and 
Validation 

Of Architecture

Functional
Modelling

Demonstration

Performance
Demonstration

Maintenance
Specification

MBSE / MBSA info and model collection during whole Life Cycle

Maintenance
Definition

P.L.M

Diag. Mod.
Modelling Int. Diag.

Generation

Funct Test.
Modelling

Failure
Injection

SIMFIA Neo Logistic Data base     Field Data
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Interoperability of system engineering processes

System
Design

Additional
Analysis

Trouble
shooting /
Testability

Operaters /
Users

Specification
Information

Safety
Demonstration

MBSA capturing

Functional
Hazard 

Analysis

Design process

SIMFIA Neo

Development process

RAMS tasks

Doc / Report

RAMS
Analysis

Safety
Analysis

Qualitative
Quantitative 
Assessment

Data
Sheet

FAULT
TREE

Support

Demonstration
Report

Design
Information

MODELS SAFETY FMECA

RELDIAG SIMUL
MBSA for performance follow up and management
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DESIGN
INFORMATION
REPOSITORY

DESIGN
INFORMATION
REPOSITORY

…

…

EQUIPMENT

SUB SYSTEM

SYSTEM

-1

-2

-3

-4

RAMS
INFORMATION

DATA BASES

RAMS
INFORMATION

DATA BASES

System
Engineering

Tool / Workbench
Framework

System
Engineering

Tool / Workbench
Framework

Bottom Up

Top Down

Info and  model structuration issued from MBSA

MBSA for performance follow up and management
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Failure Case

MODEL 1

MODEL 2

SEQUENCE LIST 1

CUTSET 1

FAULT TREE 1

SEQUENCE LIST 1

CUTSET 1

FAULT TREE 1
Refered symptoms

Catalogue of faults

Records and Logs

Clues tracking

Historical Patterns

Refered items

MAINTENANCE

DOCUMENTATION

PROCEDURES

DIAGNOSIS 

TEST

MBSE/MBSA content organization through
KNOWLEDGE  GRAPHS as a support for DATA SCIENCE
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Diagnosis / Troubleshooting 
enhancement
� Reduce isolation time, Mean Down Time

Prognosis
� Improve Mean Up Time

Predictive Maintenance
� Reduce Mean Down Time

Prescriptive Maintenance
� Reduce Maintenance Cost and improve Mean Up Time

Operational Performance Enhancement  owing to  
MBSE/MBSA
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MBSA output for Safety performance

� Use for PSSA/SSA
� Alternative method

System 
architecture 

and behavior
SDD

Probability
(& cutset)

Failure tree,
Block 

diagram

Model

MBSA for architecture validation
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Concurrent Multi Actors Validation
Libraries for better coherency

Instantiation:

Redefinitions:

Library   Model

MBSA for architecture validation
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Architecture Validation:
Traceability of “content” for

diversity / variability  management

1. Working with files
2. Working with local repository (keep history)
3. Working with remote repository (multi-users)

User #1 User #2

SHARE MODIFICATIONS

MBSA for architecture validation
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Architecture Validation:
Collaborative sharing of content for more relevancy

MBSA for architecture validation
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Causal dependency chains for diagnosis
efficiency and precision

Dysfunctional propagation chains
� Through dependancy logical equations and discrete state automata

Architecture Validation:
Causal dependency chains for diagnosis

efficiency and precision

MBSA for architecture validation
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Step-by-step diagnosis 
for verification or discrimination 

� Simulate the behaviour of the system 
� Visualize the system’s  state
� Trigger one or more events and observe the propagation of the failure.

Step-by-step diagnosis 
for verification or discrimination 

MBSA for architecture validation
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Model-checking: a new way to validate
design contents

Classically, we compare MCS or FT to our understanding of the 
system.

Now, we can directly check the behavior of the system
Constraints verification

• Reachability of dangerous states from the initial state
• Is this state reachable from any other state?
• Can the system be locked in a state?

• Without step limit, without maximal order

MBSA for architecture validation
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requirement relation for
Architecture Model Validation and Qualification

� Can be linked to 
any element in the 
model

� Is defined by a 
Status

� Modifications are 
kept

MBSA for architecture validation
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architecture validation through FMECA

MBSA for architecture validation
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• Different type of models
functional, physical
logical, 

• Several viewpoints

• Stored in one model

• Cross viewpoints and cut set

• Express cut set in the viewpoint you want

Other relevant extensions 
of models for validation

MBSA for architecture validation
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eamline
processing capability
for better context
understanding of failure cases… 

• New version of model
Re-check cutsets through your different viewpoints

• Gain efficiency in cutsets analysis during 
development iterations and field feedback processing

Cross cutsets 
and viewpoint, 
add a checkAdd 

viewpoint

Execute at 
each model 
version

…and streamline
processing capability
for better context
understanding 
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New version of model?
� Keep your manual modifications in 

reports
� Gain efficiency in report redaction

Template

MBSA
model

Comments, 

expertise, 

conclusions

Comments, 

expertise, 

conclusions

Documentation and report generation for
dedicated textual information
for better validation

MBSA for architecture validation
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Content management and exploration
for multiple point of view validation

MBSA for architecture validation
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� Functional breakdown

� Classification

� Effects, detection 
means, flight crew 
actions…

� Safety parameters

FHA content generation and processing

MBSA for architecture validation
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Share objects between FHA and SSA
for better decision making

Share objects between FHA and SSA
for multi criteria architecture validation

MBSA for architecture validation
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If required
stochastic simulation

Operational Performance Simulation

MBSA for logistic optimization
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Spare Part Optimization Flow

MBSA for logistic optimization
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Human Ressource Optimization Flow

MBSA for logistic optimization
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� MBSA
� Altarica
� Petri networks
� StateFlow StateCharts
� …

� MBSE
� 3DExperience®, 
� MagicDraw
� Modelica
� …

� Working on methods to synchronize 
the different contents

MBSE / MBSA
languages

MBSE/MBSA for more added value 
contents supporting performance based 
architecture validation

As a conclusion…
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Content repository for performance 
prediction and follow up and management
� Innovative required by performance simulation

� Capability to produce models of a system and its su pport 
system

� Capability to manage as many mission profile(s) as required
� Capability to integrate functional / dysfunctional system 

behavior in every performance production context

� Support to results analysis, content document generation
� Capability to perform failure simulations
� Capability to generate FMEA / Fault Tree Analysis /  Cut Sets / 

Sequences

� Customizable and configurable for every performance

As a conclusion…
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� Crossing MBSE / MBSA contents and output
for architecture validation

� Models: functional, dysfunctional, physical…
� RAMS content: FMEA / Fault Tree Analysis / 

Reliability Diagrams /Cut Sets
� Dedicated Safety content: FHA, SHA, PSSA
� RAMS KPI and other performance KPI
� Documentary contents

MBSE / MBSA approach for 
performance based architecture validation

As a conclusion…


