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Communication and 

information management 

problem 

Doing more, with 
more constraints and 
less time 

Coping with very  
demanding customers 

Interacting with more peers 
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Mathematics Construction 

Languages 

Electronics Software 
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Engineering pratices 

Natural language text,  

ad-hoc spreadsheets,  

textual requirements,  

a pinch of traceability, 

etc. 
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System 
Architects 

SW/HW Designers 
& Developers 

Customers 

Requirements 
Manager Support Engineers 

IVVQ Manager 

Others 

Common  
language 

 

Shared models 
with multiple views 

 

Collaborative 
workflow and 

unique reference 
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SHARE MASTER 

AUTOMATE 

Improve communication  
and reduce ambiguities 

Analyze and evaluate 
to secure design, drive 
engineering activities 

Generate 
documentation, code, 
models, etc. 

Which purposes  

for a model? 
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Commercial Tools  
Experiments 

The Thales MBSE Odyssey 

2000 2002 2004 2006 2008 2010 2014 2012 

Na to AF 

Corporate Research Program 

Engineering  Practices 
Transformation  Plan 

Method 
Building 

Short-Loop Validation & Adjustment 

Pilot  
Deployments 

Development 

Early deployments 

First significant  
success stories 

Open 

Source 
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System Architectural Design 

Enterprise Architecting (operational capabilities and 

need, orientations, etc.) 

Detailed design, development 

V&V 
SW/HW/FM 

Architectural Design 

Algos,  

Real-

time 

Analysis, 

NF, 

Etc. 

Multi-

physics: 

3D, 

power 

models, 

thermal 

models, 

etc. 

Scope 
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System Architectural Design 

Enterprise Architecting (operational capabilities and 

need, orientations, etc.) 

Detailed design, development 

V&V 
SW/HW/FM 

Architectural Design 

Algos,  

Real-

time 

Analysis, 

NF, 

Etc. 

Multi-

physics: 

3D, 

power 

models, 

thermal 

models, 

etc. 

Scope 

Method Workbench 
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System models, what for? 

Arcadia 
The method 
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Understand the real user/customer needs 

Define and share the solution among stakeholders 

Secure SYS/SW/HW engineering, prepare subcontracting 

Early evaluate and justify architectural design 

Prepare and master V&V 
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Arcadia : A “Simple” Engineering Language 
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A1 
A3 

A2 

Operational Analysis 

 
WHAT THE USERS/STAKEHOLDERS  

NEED TO ACCOMPLISH  

 
Support of discussions  

with the customer, 

capabilities, scenarios  

and processes 
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F2 

F1 

F3 
F4 

F5 

A1 
A3 

A2 

System Need Analysis 

 
WHAT THE SYSTEM HAS TO 

ACCOMPLISH FOR THE USERS 

 
Boundaries, external 

interfaces, specification,  

v&v procedures,  

feasibility of requirements 
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F2 

F1 

F3 
F4 

F5 

A1 
A3 

A2 

ViewPoints 

C1 

C2 

C3 

F21 

F1 

F6 F3 

F22 

Logical Architecture 

 
HOW THE SYSTEM WILL WORK SO 

AS TO FULFIL EXPECTATIONS 

 
High-level architecture 

description, functional 

refinement, architectural 

drivers, functional allocation, 

first trade-offs,  

modes and states analysis  
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F2 

F1 

F3 
F4 

F5 

A1 
A3 

A2 

HOW THE SYSTEM WILL BE 

DEVELOPED AND BUILT 

Implementation constraints, 

reuse, refined trade-offs, 

M/T/B strategy,  

finalized detailed interfaces 

ViewPoints 

C1 

C2 

C3 

F21 

F1 

F6 F3 

F22 

ViewPoints 

C11 

C12 

C1’ 

C2 

C3 

C4 

F21 

F1 

F6 F7 

F22 

e.g. Processors 

e.g. Buses 

e.g. SW, HW 

components 

Physical Architecture 

 
HOW THE SYSTEM WILL BE 

DEVELOPED AND BUILT 

 
Implementation constraints, 

reuse, refined trade-offs, 

M/T/B strategy,  

finalized detailed interfaces 
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Buy Sub-contract Make Make Buy 

End-Product Break 

Down Structure 

 
WHAT IS EXPECTED FROM EACH 

DESIGNER / SUB-CONTRACTOR 

 
Definition of Configuration 

Items, definition of 

development strategy (make, 

buy, sub-contract) 
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System Need 

Analysis 

 
WHAT THE SYSTEM HAS TO 

ACCOMPLISH FOR THE 

USERS 

 
Boundaries, external 

interfaces, specification,  

v&v procedures,  

feasibility of requirements 
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Allocation 

Allocation 

Allocation 

Allocation Deployment 

Involvement 

Involvement 

Involvement 

Involvement 

Realization 

OA 

SA 

LA 

PA 

Realization 

Realization 

Réalisation 

CAPABILITIES FUNCTIONS STRUCTURE 

Description 

Description 

Description 

Description 

N
E
E
D

 
S
O

LU
TI

O
N

 

Realization Realization Realization 

Realization Realization Realization Realization 

Realization Realization Realization Realization 

Exploitation 

Summary of concepts 
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Requirements and models, a 3-legs stool 

Textual 

requirements are  

at the heart of the 

current engineering 

practices 

“Need” model helps 

formalize and 

consolidate 

customer and 

system requirements 

“Solution” model 
helps validate 
feasibility and 

elicit/justify new 
requirements for the 

system or its 
subsystems 
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Textual and model requirements complete each other 

Not all  expectations can be captured in a model (environmental constraints, 

applicable norms, required maintenance period, etc.) 

Text Req 

Text Req 

Textual  

requirements 

Model  

requirements 

Function 

Function 

Function 

Capability 

Functional Chain 

Scenario 
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Test Results Test 
Campaign 

(Derived,  

reconstructed link) 

Text Req 

Text Req 

Textual  

requirements 

Model  

requirements 
V&V 

Test Case 

Test Case 

 

 

Function 

Function 

Function 

Capability 
IVV  

Version 
(RV/DV) 

Functional Chain 

Scenario 
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System models, what for? 

Arcadia-Capella 
Tight coupling 
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Tight coupling method/tool 

Methodology + high 

level concepts and 

viewpoints 

Purpose-built to 

provide the 

notation and 

diagrams fitting the 

Arcadia approach 
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Tight coupling method/tool 
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(Some of the) Key aspects of Capella 

Modeling accelerators 

(Functional) Interfaces Functional analysis 

Instances first 

Complexity management 

… 
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Demos on Youtube channel 
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Semantic browser ▌ Relations visualization 

User oriented productivity tools 
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Ensures datamodel consistency! ▌ Relations visualization 

▌ Semantic delete 

User oriented productivity tools 
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Hide graphical complexity ▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

User oriented productivity tools 
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Computed 
simplified views 

User oriented productivity tools 

▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 
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Definition of replicable elements and 
multi-instanciation 

 

 

 

 

Definition of libraries for reuse in 
several projects 

Library 

Project 1 
Project 2 

Project 3 

User oriented productivity tools 

▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 
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Operational 

Analysis 

System Analysis 

Logical 

Architecture 

Physical 

Architecture 

Iterative transitions between Arcadia steps 

and tracebability 

User oriented productivity tools 

▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 

▌ Iterative transitions 
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E.g. initialisation of Logical 
Architecture scenario from 
System Analysis scenario 

User oriented productivity tools 

▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 

▌ Iterative transitions 

▌ Modeling Accelerators 
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Execution of validation rules 

Customization of validation rules 

Execution of quick fixes 

▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 

▌ Iterative transitions 

▌ Modeling Accelerators 

▌ Model validations & quick fixes 

User oriented productivity tools 



43 
THALES GROUP INTERNAL 

Th
is

 d
o

c
u

m
e

n
t 

m
a

y
 n

o
t 

b
e

 r
e

p
ro

d
u

c
e

d
, 
m

o
d

if
ie

d
, 

a
d

a
p

te
d

, 
p

u
b

lis
h

e
d

, 
tr

a
n

sl
a

te
d

, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 

p
a

rt
 o

r 
d

is
c

lo
se

d
 t

o
 a

 t
h

ir
d

 p
a

rt
y
 w

it
h

o
u

t 
th

e
 p

rio
r 

w
ri
tt

e
n

 c
o

n
se

n
t 

o
f 

Th
a

le
s 

 -
  
©

 T
h

a
le

s 
 2

0
1

5
 A

ll 
ri
g

h
ts

 r
e

se
rv

e
d

. 

Ref number- date 

Name of  the company/ Template : 87204467-DOC-GRP-EN-002 

Iterative generation of sub-systems specification 

based on super system architecture 
▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 

▌ Iterative transitions 

▌ Modeling Accelerators 

▌ Model validations & quick fixes 

▌ Transition to sub-systems 

User oriented productivity tools 
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Generation of navigable documentation ▌ Relations visualization 

▌ Semantic delete 

▌ Management of filters 

▌ Complexity management 

▌ Reuse 

▌ Iterative transitions 

▌ Modeling Accelerators 

▌ Model validations & quick fixes 

▌ Transition to sub-systems 

▌ HTML generation 

User oriented productivity tools 
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Performance 

Mass 

Safety 

… 

Architecture early evaluation 

Autonomous viewpoints 

Birectional coupling with specialty tools 

Citrus 

simulation 

env. 

All4Tec  

Safety  

Architect 
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Performance 

Mass 

Safety 

… 

Architecture evaluation using domain viewpoints 

Mass evaluation 
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Performance 

Mass 

Safety 

… 

Architecture evaluation using domain viewpoints 

Mass evaluation 

Price evaluation 
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Performance 

Mass 

Safety 

… 

Architecture evaluation using domain viewpoints 

Mass evaluation 

Price evaluation 

Latency evaluation 
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User-level definition of extensions to Capella 

UI for definition of extensions 
Instantiate 

Visualize (automatic coloring) 
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Example: Capella – Safety Architect (All4Tec) 

In Safety Architect, automated  

generation of fault-trees 
In Capella, visualization of fault 
trees as critical functional chains 

In Safety Architect, analysis of 

block local failure conditions 

Functional  

Hazard  
Analysis  

(FHA) 

Feared event added to Capella 

dataflows (viewpoint) 
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System models, what for? 

Open source 
How Capella is developed 
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A practitioner-driven journey started in Thales 

2006 2010 2014 2008 2012 2016 

Practitioner-driven  

Capella development 

Multi-domain  Thales working groups  
on language  and method 
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Evolutions based on 

Thales internal need 

capture 

Evolutions with  

non-Thales funding 

Public and private 

bugfixes 

… and now open source 
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IMPORT OF REQUIREMENTS  
(REQIF) 

2016 

MODES, STATES, CONFIGURATIONS 

GRAPHICAL MODEL QUERYING TOOL 

DOCUMENTATION 

GENERATION (M2DOC) 

… and now open source 

2018 

FILTERING ADD-ON 

eFFBD-LIKE FUNCTIONAL CHAINS 

Not developed by 

Thales 

Developed and 

funded by Thales 

Developed by 

Thales, external 

funding 

PVMT 

2014 
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The community is growing 
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The community is growing 
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System models, what for? 

Arcadia SysML positioning 
Equivalences, differences 
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Arcadia & SysML 
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Arcadia & SysML 

Differences 
 

• Method vs Language 

• Operational analysis 

• Functional analysis: activity 

diagrams vs functional 

dataflows  

 

• Instance-driven 

 
 

Similarities 
 

• Most diagrams: IBDs, BDDs, 

sequence diagrams, state 

machines, class diagrams, 

use cases, etc. 
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Arcadia & Architecture frameworks 

Differences 
 

• Method vs Language 

• Expected level of detail and 

rigor of the model 

 

 
 

Similarities 
 

• A subset of the diagrams 

such as OV2, OV4, OV5, 

OV6, OV7, SOV,  SV1, SV2, 

SV4, SV5, SV10… 
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Activities and several 
kinds of actions, 

parameters nodes 
connected to pins, 

strong delegation 
mechanism. Control 
and objects flows. 

Functional analysis with SysML 
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No delegation, direct 
containment. When the 

design is complete, only leaf 
functions are have 
incoming/outgoing 

exchanges.  

 

Objects flow only 

 

Several levels of functions 
can be displayed in the 

same diagram 

Functional analysis with Capella 
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Automatically computed 
simplified view. Ports are 
displayed on non-leaf 

functions but still belong to 

children functions. 

Functional analysis with Capella 
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Rationale: Supporting multiple functional analysis workflows 

1 

2 

Top-down 
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2 

Bottom-Up 

1 

Rationale: Supporting multiple functional analysis workflows 
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2 

Rationale: Supporting multiple functional analysis workflows 

1 

Bottom-Up 



69 
THALES GROUP INTERNAL 

Th
is

 d
o

c
u

m
e

n
t 

m
a

y
 n

o
t 

b
e

 r
e

p
ro

d
u

c
e

d
, 
m

o
d

if
ie

d
, 

a
d

a
p

te
d

, 
p

u
b

lis
h

e
d

, 
tr

a
n

sl
a

te
d

, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 

p
a

rt
 o

r 
d

is
c

lo
se

d
 t

o
 a

 t
h

ir
d

 p
a

rt
y
 w

it
h

o
u

t 
th

e
 p

rio
r 

w
ri
tt

e
n

 c
o

n
se

n
t 

o
f 

Th
a

le
s 

 -
  
©

 T
h

a
le

s 
 2

0
1

5
 A

ll 
ri
g

h
ts

 r
e

se
rv

e
d

. 

Ref number- date 

Name of  the company/ Template : 87204467-DOC-GRP-EN-002 

F1 

F2 

F21 

F22 

Functional Analysis with 
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² 

F1 

F2 

F21 

F22 

Functional Analysis with 

VIEW MODEL 
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to their children functions.   

Functional Analysis with 

VIEW MODEL 
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Graphical simplification: Ports on F2 do not 
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Functional Analysis with 

VIEW MODEL 
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Graphical simplification: Ports on F1 and F2 

do not actually « belong » to F1 and F2 but to 
their children functions.   

Functional Analysis with 

VIEW MODEL 
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Functional Analysis with 
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Graphical simplification based on the 

« Category » concept. Displayed ports are 
not the real ones anymore 

Functional Analysis with 

VIEW MODEL 
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Definition and functional justification of interfaces 

Function ports specify 
expected/provided 
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Functional 
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allocated to 

Component 
Exchanges 

Function ports are 

allocated to 

component ports 

Exchange Items are sets of 

data/physical flows 

exchanged simultaneously 

Data/physical flows 

descriptions 
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provide/require 

Interfaces 

Interfaces aggregate 

Exchange Items 
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System models, what for? 

Current topics 
Impact of modes and states  

on the system 
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Modes, states, and their impacts on the system 

How are functional, non-functional and parametric 
analyses correlated with modes and states?  

Mass 

Power 

Comm
s 

Detection capability 

Self-protection capability 

Remote-control capability 
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Modes, states, and their impacts on the system 
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[ATOMIC] No communicaton [ATOMIC] Self-Powered AND 

Modes, states, and their impacts on the system 
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[ATOMIC] No communication [EXPECTED] In orbit spacecraft control VS 
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[ATOMIC] No communication [EXPECTED] In orbit spacecraft control VS 

Modes, states, and their impacts on the system 
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System models, what for? 

Current topics 
Capella / Detailed design / Simulation 
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Coupling Capella with Simulink for detailed design 

Support architecture evaluation 

Validate consistency of system model 

Ensure data continuity with 

detailed design activities 
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Prototyping effort in Thales 

Coupling Capella with Simulink for detailed design 
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Ref number- date 

Name of  the company/ Template : 87204467-DOC-GRP-EN-002 

Coupling Capella with Scade for detailed design 

Developed by Esterel Technologies 
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Ref number- date 

Name of  the company/ Template : 87204467-DOC-GRP-EN-002 

System models, what for? 

Current topics 
Articulation with Value Pulled Engineering 

and Product Line Engineering 
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Ref number- date 

Name of  the company/ Template : 87204467-DOC-GRP-EN-002 

[pure-systems] Pure::variants Enterprise in Capella 

Feature model 

Mapping 

Architecture (with 

preview) 

1-day tutorial at 

INCOSE Symposium 
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Thank You!  

Capella website:  
http://www.polarsys.org/capella/ 
LinkedIn 
https://www.linkedin.com/groups/8605600 
Twitter 
https://twitter.com/capella_arcadia 
Arcadia forum:  
https://polarsys.org/forums/index.php/f/12/ 
Capella forum:  
https://polarsys.org/forums/index.php/f/13/ 
IFE model & doc.:  
http://www.polarsys.org/capella/start.html 


