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Current Systems Engineering Practices

ENGINEERING KEY QUESTIONS FACTS

= How is the customer need received? How are its = Needs and solutions are more complex, more
consistence and feasibility checked? stakeholders, more constraints, less time

= Which are the engineering phases in the = The approach Doors / Word / Visio / Excel
solution elaboration, how are they related? reaches limits

= How is complexity managed? = Manual processes are not compatible with agility

and short loops

= How are different alternatives evaluated, how do

the specialists collaborate?

= How is the solution justified w.r.t. the need

and the different constraints?
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3 The Thales MBSE Approach
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Arcadia: Model-Based Method for Architectural Design
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Arcadia: Multi-Viewpoint Trade-Off Analysis

Specialty

ARCADIA

engineering:
safety, perf,
Safety security, ...
Performance
Human Factors
Security

W@ Product Line, Cost...

Product Line , Y
¢

Manager, Etc. %

ViewPoints

Evaluation Rules

e e A ‘ | Sub-
£ > contractors
Solution Architecture
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6 Capella: Arcadia Graphical Modelling Workbench

Guidance
[Embedded methodological browser]

_ Complexity management
[Abstraction via computed information]

= Productivity tools
[Automated transitions and
diagram creation accelerators]

= Model Analysis & Navigation

[Model validation, semantic browser]

© Compare Rady 8Pk i ormatcn
© Oetarmce Pustion of Deress S
D Fhan o

= Multi-criteria analysis
[Viewpoints and management framework]

First operational deployments in 2009

-+= ca e I I a Used on most major engineering projects
[

Open sourced in 2014
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Capella: Embedded Methodological Guidance

Melody Advance

Melody Advance

2, S8R - Overview 50

% Doors Management - Overview &5

E_] [015] Doars closing ScenariafScenario Scenaria) £ =0
-l
n n 0 ~ P ]
= | Overview of SAR Physical Architecture ~ 2l ag - B~ et B | A
I
o= &
Operational Logical Physical Architecture EPBS R 2
Analysis Architecture Develop System Architectural Design y—)l | | = I J
| | |
Lok statis L
Define Stakeholder Needs and Environment = = = ! ! ‘
~ Transition from Logical Functions ®% | | |
Capture and consolidate operational needs from stakeholders | | |
Define whatrtne users of the systemrnave to accomplish ) Docrs chase  Sids e . |
Identify entities, actors, roles, capabilities. activities. concepts Perform an sutomated transition of Logical Funckions 'I
| | | ~
< il ]
System =
Analysis Creste Tracestility Matrix p—
]
N N = . v e T S
. . ~ Refine Physical Functions, describe Functional Exchanges = [ERAAN -]
Formalize System Requirements " . @% a ]
— 10
Identify the boundary of the system, consolidate requirements LN | _, %I
Define what the system has to accomplish for the users s] % [PFED] Create 5 new Functionsl Breskdown diagram Ewbermara Pastion and ser Aircr 3
Model functional dataflows and dynamic behaviour B Cowwamicsts with Ships ”
Logical ?g [PDFE] Create & new Functional Datsflow Blank diagram i -
Architecture =
Tﬁ‘g [F5] Create a new Functional Scenaria faroraft pakion T Mnage Stustion
Develop System Logical Architecture ]
See the system as a white box: define how the system will work « Define Physical Components and Actors, Manage deployments @ <:==€t>
s0 as fo fulfill expectations Aot howands Dateess
Perform a first trade-off analysis . Bl Cepp bve o | 0 Pl
iﬁfg Petform an automated transition of Logical Actars
Physical o R
Architecture g
iﬁtg Petform an sutomated bransition of Logicsl Components IR Corcdedatad tracke |
. . s Dol 2hap poaimen 3
Develop System Physical Architecture o (|
How the system will be developed and built d%g [PCBD] Create a new Physical Component Breskdown diagram
Software vs. hardware allocation, specification of interfaces, [ [r— lbk-“ m‘én |
deployment configurations, trade-off analysis v} =
[PAB] Creste a new Physical Architacture disaram | —
L} n n dl} D Samch &
Creste a new Physical Component | Logical Component Matrix
A.'
Formalize Component Requirements - - -
» Allocate Physical Functions to Physical Components @&
Manage industrial criteria and integration strategy: what is bl
expected from each designer / sub-contractor } Delegate Logical Interfaces and create Physical Interfaces [OR=
Specify requirements and intarfaces of all configuration items =
[ - =
» Enrich Physical Scenarios @ % &l | w rachar racks | Fcrpna radar image J | ) fcouae FLIR: mage
< i I B | g | A o
Introduction ] Operational Analysis | System Analysis | Logical Architecture | Introduction | Operational Analysis System Analysis Logical Architecture [Phys\cal Architecture | EPES < il I )
oe [ lzamof7ezm [ s m ==

TRN : 0001-0008969542 rev 001 - 17/03/2014

OPEN

Thales Global Services / Template: 83150233-DOC-TGS-EN-002

THALES



1
()]
n
O

O
O
)

=

pantasal siybu || — ¥T0Z STTVHL @'SafeylL Jo uoissiwiad uapum Joud sy Inoyim
Ayred paiyy Aue 0) pasojosip Jou Jed ul 10 djoym Ul wioy [euayew Aue ui parejsued) ‘paysiignd ‘pajdepe ‘payipow ‘paonpoidal aq 03 Jou SI JUSWNI0P SIY L

ity

Complex

Use Case 1:
System Design

ing

Manag

THALES

OPEN

rev 001 -17/03/2014

Thales Global Services / Template: 83150233-DOC-TGS-EN-002

TRN : 0001-0008969542



Managing System Design Complexity

Context

MBSE usage
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Issues in the latest phases of operational validation

Very good design documents, but in silos

1 man month to reverse a first level of detail in a
model, based on existing documents

First time overall views have been available

= Good support for discussion
= Visualization of transverse functional chains
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Managing System Design Complexity
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Managing System Design Complexity

Contextual Diagrams: Low-level internals, high-level neighboorhood
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Managing System Design Complexity

rty

How to analyze transverse topics?
How to get transverse overviews?

odified, adapted, publishe

Challenge: Build and maintain simplified views
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Managing System Design Complexity

Computed Diagrams: High-level Functions, Low-level Exchanges
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Managing System Design Complexity
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Managing System Design Complexity
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Managing System Design Complexity
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Managing System Design Complexity
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Managing System Design Complexity
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Tag-based simplification mechanism:
each exchange can be marked with
several « grouping » tags

Computed graphical simplifications free engineers from tedious

and error-prone maintenance of abstraction levels
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Managing System Desigh Complexity: Global Overview
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Managing System Desigh Complexity: Global Overview

Manage Emitter
Track Association ‘

| D=ENav & METOC Data
@) Locate Tracks
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D=3 Source Track absolute Location

End-to-end visualization of Functional Chains
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Use Case 2
MBSE-based Change Management
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Use Case 2: Change Management

= Maritime Patrol Program delivered to the Customer

Context
= New functionalities asked by the Customer

= Up-to-date model of the delivered System available
= Modification of the model in order to:

MBSE usage = Estimate feasibility, cost and risks

= Drive developments and IVVQ

= Product line management
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« HDPI » Model Representation

A regular layout / reading pattern

across all diagrams
= Multiple contributors modelling
the same way
= Facilitates first access to diagrams
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Managing Change: Feasibility and Risks

New Customer needs

B New Functional Chains &
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Change Management:. Automated Cost Estimation

COST Analysis Viewpoint
Elementary work decomposition, and
estimation of an average development
cost for each category of function

= Panels

= External / Internal Interfaces

= Data Memorisation Computed Data:
= Processing Complexity Estimated Cost
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Use Case 3

Use Case 3:

Multi-Level Engineering
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Use Case 3: Multi-Level Engineering and Automated Transitions

= Complex systems with full Thales responsibility

Context (from Mission System to SW Component)

= Setup a global, multi-level engineering approach
= Joint effort with Thales Airborne Systems / Thales

Corporate to specify and develop an automated,
MBSE usage iterative transition

= Incubation on two projects

= Now integrated in the product and used in other
contexts
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Multi-Level Engineering and Automated Transitions
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Multi-Level Engineering and Automated Transitions
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Multi-Level Engineering and Automated Transitions
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Functional Chains Driving Engineering Activities
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Requirements are clarified with Functional Chains

Test Procedures are linked to Functional Chains
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IVV Strategy: Requested Versions / Developed Versions
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Mastering System & Components Configurations

Blue: Software
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IVV in Progress : Mastering lterations

Red: Delayed, missing
Grey: expected in further version
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Based on an (non open source)
IV&V viewpoint on top of Capella
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IVV in Progress: Comparing Versions
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Based on an (non open source)
IV&V viewpoint on top of Capella
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Compare Planned vs Developed versions
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Lots of Other Different Use Cases

Real world examples

Capella customisations Multi-level MBSE

Satefy: Essential Data
Profolype

Progress Monitoring

l\

Measured gains on IVV
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Cost estimation

P Real world examples

Code generation

Model-driven IVV

Performance analysis

Product Line modelling

THALES

TRN : 0001-0008969542 rev 001 - 17/03/2014
Thales Global Services / Template: 83150233-DOC-TGS-EN-002

OPEN

= Real world examples

Safety Rules verification
Profolype ‘

Legacy Interfaces

THALES

And more to comel!

This document is not to be reproduced, modified, adapted, published, translated in any material form in whole or in part nor disclosed to any third party

without the prior written permission of Thales.© THALES 2014 — All rights reserved

THALES



Thank you!

Capella Open Source Project
https://www.polarsys.org/projects/capella
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PRE-RELEASE VERSION AVAILABLE

The Capella Eclipse IP review process is well-engaged. In the mean time, 3 pre-release is available for download. Capella is 3
mature workbench that has been used by hundreds of architects in all Thales domains worldwide for about 5 years. Itis now made

| ' available as an open source solution.

Much more than just yet another modelling tool, Capella is a model-based engine
ployed in a wide variety o trial
systems, are and hardware architects with rich meth

olution that has been 21 Talk DSML Po
kbench, it provides  20i0en4: Keynote
cal guidance relying on Arcadia, a comprehensive

e Ensure engineering-w laboration by sharing the same reference architecture

® Master the complexity of systems and architectures
® Define the best optimal architectures threugh trade-off analysis incubation m

® Master different engineering levels and traceability with automated transition and information refinement

Thank you for
. Contacts
your attention! Stephane.Bonnet@thalesgroup.com

Daniel.Exertier@thalesgroup.com
Jean-Luc.Voirin@fr.thalesgroup.com

In Australia
Fabrice.Lestideau@thalesgroup.com.au
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