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Introduction: Pascal Roques

= Senior consultant, 25+ years of modeling experience
' « SADT, OMT, UML, SysML, ARCADIA/Capella

Professional
Advanced

AR
< g =

= UML2 and SysML Certified by the OMG
b

= Co-founder of the SysML| association

Friince

= Trainer for Thales on ARCADIA / Capella
| e 130+ sessions, 1500+ trainees

-
Ecosystem for the
o Part Of é ‘ Model Based Systems Engineering
Solution Capella

= Author of UML/SysML best-sellers in France
= ... and of the first Capella book soon!

Practical Gu CAPELLA
o
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ARCADIA Summary

Customer

. + Define operational
Operational capabilities
Need Analysis  performan

operational need

What the users of the -
analysis

system need to
accomplish

1
BROADCASTING STATION

Programs

Radiocontents

1 i
ENVIRONMENT USER

[ Srosdcsiado s [ s Radiochinnel | iy

= LT

System/
SW/HW
Need Analysis

What the system has )

to accomplish for the ¥ FUfma!ISE and

Users consolidate
requirements

+ Perform a functional
and non-functional
analysis

~ZmMZzZOD—<zZm b

user
Playrado
coments

Receive radio
signal

+ Define architecture
drivers and viewpoints

Logical
Architecture
Design

How the system will
work so as to fulfil
expectations

+ Build candidate
architectural
breakdowns in
components

architecture

Frequendy buning

+ Select best compromise

SOLUTIONS

+ Define architectural
Physical patterns
Architecture
Design

How the system will
be developed & built

assets design a physical

+ Design a physical
reference architecture

+ Validate and check it

+ Consider reuse of existing

T

Pascal Rogues Formation & Conseil

Devel opment ./ pefinea components
Contracts WQstrategy

What is expected
from each designer/
sub-contractor

+ Define &enforce a
PBS and component
integration contract

RFC)

- Operational capabilities

- Actors, operational entities

- Actor activities

- Interactions between activities & actors

- Information used in activities &
interactions

- Operational processes chaining
activities

- Scenarios for dynamic behaviour

- Actors and system, capabilities

- Functions of system & actors

- Dataflow exchanges between functions

- Functional chains traversing dataflow

- Information used in functions &
exchanges, data model

- Scenarios for dynamic behaviour

- Modes & states

SAME CONCEPTS, PLUS :

- Components

- Component ports and interfaces

- Exchanges between components

- Function allocation to components

- Component interface justificationby
functional exchanges allocation

SAME CONCEPTS, PLUS :

- Behavioural components refining
logical ones, and implementing
functional behaviour

- Implementation components
supplying resources for behavioural
components

- Physical links between
implementation components

- Configuration items tree

- Parts numbers, quantities

- Development contract (expected
behaviour, interfaces, scenarios,
resource consumption, non-functional
properties...)

¥ Clarity

Dataflow: functions, op.
activities interactions &

|_—1_|—‘ exchanges

[E—

Scenarios: @.D D

actors, system,
components interactions
& exchanges

—|
|

Functional chains,
operational processes
through functions &
op. activities

<1

Modes & states
of actors, system,
components
Breakdown of functions
& components

Data model: dataflow

& scenario contents,
definition & justification of
interfaces

Component wiring:
all kinds of components

Allocation

of op.activities to actors,

of functions to components,

of behav.components
toimpl.components,

of dataflows to interfaces, of
elements to configurationitems




= Activity Browser

Operational
Analysis

System
Analysis

Logical
Architecture

Physical
Architecture

{PRFC)

Define Stakeholder Needs and Environment

Capture and consclidate operational needs from stackholders
Define what the users of the system have to accomplish
Identify entities, actors, roles, activitys, concepts

Formalize System Requirements

Identify the boundary of the system, consolidate requirements
Define what the systemn has to accomplish for the users
Model functional dataflows and dynamic behaviour

Develop System Logical Architecture

See the system as a white box define how the system will work so as

Perform a first trade-off analysis

Develop System Physical Architecture

How the system will be developed and built
Software vs. hardware allocation, specification of interfaces,
deployment configurations, trade-off analysis

Formalize Component Requirements

Manage industrial criteria and integration strategy: what is
expected from each designer/sub-contractor
Specify requirements and interfaces of all configuration items

System Analysis
Formalize Systam Requirements

Operational
Analysis

¢ Transition From Operational Activities
b Define Actors, Missions and Capabilities

+ Refine System Functions, describe Functional Exchanges

B N
] % [SFBD] Create a new Functional Breakdown diagram

0
c?é) [SDFB] Create a new Functional Dataflow Blank diagram

T?i; F5] Create a new Functional Scenanig
* Allocate System Functions to System and Actors

)

m [SAB] Create a new System Architecture diagram

-

i 1
[ |[: i [E5] Create a new Exchange Scenario

Logical
Architecture

Methodological Guidance

& o

&



Methodological Guidance

= Semantic Browser

] Properties i Information | ## Semantic Browser 3

@ [Logical Function] Acquire Met Data

Referencing Elements

Current Element

G A= g AR

Referenced Elements

e
ms = O

a4 {1 Allocating Logical Component
Airborne Subsytem
4 3 Functional Chains
-, Acquisition FC
4 # Incoming Functional Exchanges
4 DA env. conditions
F Provide Env. Conditions
4 DF met data request
@ Launch Data Acquisition
- 4 In Flow Ports
#4 Realizing Physical Functions
Acquire Met Data
a4 {1 Scenarios
F [LES] Acquisition Scenario

bk

PRFC)

a4 @ Acquire Met Data
a4 {1 Parent
7 Collect Met Data
4 4 All Related Diagrams
& [LAB] Logical System
'E' [LES] Acquisition Scenario

- £ Out Flow Ports
a4 f# Outgoing Functional Exchanges
4 DF collected met data
F) Elaborate Current Situation
4 3 Realized System Functions
&) Acquire Met Data




= Model Checking

| type filter text

General

Activity Explorer

Capella

EGF

Help

Install/Update

Kitalpha

MDE Reporting

Model Validation
Constraints
Export

Sirius

Team

Constraints

Methodological Guidance

Constraint categories:

Select constraints to enable:

s+ [m] Capella
4 [m]  Design
[=] Completeness
Consistency
Coverage
[=]  Well-Formedness
Integrity
Quality
Subsystemn Transition Addon
> Transiticn
pattern
patternParameter
patternVariable
[# Referential Integrity
Sirius Constraints
Sirius Diagram Validation Rules

W

DC_CL_ 01 Communication Link is delegated by one subcomponent at least
DC_CL_02 Communication Link for a component is defined in its parent
DCOM_01 - Logical component used interfaces delegation check
DCOM_02 - Legical component implemented interfaces delegation check
|DCDM_D3 - Terminating Function and ControlMode Allocation

DCOM_04 - Activity Allocation

DCOM_05 - Scenaric components capability involvernent check
DCOM_06 - Interface implementation 1
DCOM_OT - Interface used one sub component at least
DCOM_08 - Interface implemented by one component
DCOM_09 - Interface operations number check
DCOM_10 - Used interface delegation
DCOM_11 - Activity Allecation Consistency

DCOM_13 - Exchange items allocation on Function Ports check

Description:

Constraint 1D: org.polarsys.capella.core.data.fa validation,DCOM_03,
This constraint has warning severity and executes in batch (on-demand) mode.

This rule ensures that a leaf Function and ContrelMede should be allocated by a Component.

| Restore Defaults ‘ |

{PRFC}




Methodological Guidance

= Semantic Color Map

Functional analysis

< = Green
& cat i

Components engineering

% =3 @ = Blue

Data models and interfaces =

= e .
==

{Prro) o
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1. Tooled-Up
Modeling Method

2. Systems
Engineering
Continuity

3. User-Driven
Modeling Tool

4. Open-Source!
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SOLUTION ARCHITECTURAL DESIGN

uses

4

" Processors

—
J

ViewPoints

What the users of
the system need to
accomplish

What the system
has to accomplish
for the users

How the system
will work to fulfill
expectations

How the system
will be developed
and built
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Automated Transitions

= Functions / Actors / etc.

Logical Architecture -
System Logical Architecture Physical
Analysis Develop System Architectural Design Architecture

» Transition from System Functions

®
o ol

}+ Refine Logical Functions, describe Functional Exchanges

@

= Define Logical Components and Actors

; © Perform an automated transition of Syster Actors

Logical Architecture ~

0o
8] % [LCBD] Create a new Logical Component Breakdown diagram

B System Logical Architecture Physical
[LAB] Create a new Logical Architecture diagram Analysis Architecture

% Develop Syslem Architectural Design

}» Allocate Logical Functions to Logical Components @ <)===>
+ Delegate System Interfaces and create Logical Interfaces ® % AL A A Y T o ®@%
» Forich bogiclScenarios ®%5 N ﬂ Perform an automated transition of System Functions
} Transverse Modeling [GR=3 T
| il Create Traceability Matrix
i
» Refine Logical Functions, describe Functional Exchanges @ <)===>
» Define Logical Components and Actors @ <)==D
}+ Allocate Logical Functions to Logical Components @ <)==D
} Delegate System Interfaces and create Logical Interfaces @ <)==b
» Enrich Logical Scenarios ) <}==D
E » Transverse Modeling ® <'===D
; Pascal Roques Formation & Conseil

13



Automated Transitions

{

= Even Scenario Transition!

Pascal Rogues Formation & Conseil

PRFC

}

" Measurement =
%Htmcsphere Tom —iEOLE —i, orecaster
| | I |
PAR T T T T
| | I |
woe | | | | [
| | weather | |
| | |
[ [ T [
| | I |
,,,,,, e e

{<1mn}

data request |

Acquire Met Data

collected met data

I
e

Elaborate Current

Situation

current situation

Acquire Met
® Data

$:| Logical System

]

ound Subsystem

$:| Web

Prepare
® Publication
® Manage

Subscriptions

Data
Elaborate

@0 Current
Situation

cessing

—i, Atmosphere

Measurement
Eng

—i, Airborne Segment

—?, Data Processing

—%Fc’ecaste’

env. cpnditions

i

data acquisition request |

Acquire Met Data

collected met data

Elaborate Current
Situation

current situation

fu
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Components

v

Befl Funictional Exchange 1

Bl Component Exchange 12

‘. DlFunctional Exchange 2 Functions
Exchange
Operation 1 Operation 2 5 Flow 3
¢ ¢ ltems
"ah ’ "‘ *
& L i W X
r % " u\ !
i1 \ =y “ l
W, % i .
S pl2 i . ]
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Class 1 Class 2 Class 3 1
5 = 8 me Types

=5 al: Integer =5 a21: String =5 a3: Integer |




System/Subsystem Transition

G/&

)
*.
5

v
L—C. . E>
\F1‘ - g F4 » S
; Sa@s, —red [ -
e . :

ViewPoints

Subsystem 1 Subsystem 2

ViewPoints

ViewPoints / / { ViewPoints
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comp\iance. .

% S?[’lp!fa nee

PROJECT
MODEL P2

PROJECT
MODEL P3

RPLs

READ

ONLY

READ
WRITE

PROJECT

=

Synchronization

Yﬁ;wewnwnt

READ
ONLY

LIBRARY L1

READ
WRITE

PROJECT MODEL P1

 MA Eng. Phases

[ MA Eng. Phases

MODEL P4

Replicable Elements and Libraries
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Architecture Evaluation

= Viewpoints

5, BOLE_AF - Crerview
o [ o ol

2 "[PAB] - Physical System - Physical Aschitecture Blank with functsans (7
W Mg B S A~ -l =

(W arreane
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Cufert lber 18
1] Tempat S .
P Corare v T
B e

Eill mramer S

p—

coliacied imuges

e

L p—— | Crewmc| | €00 . [ rr— .
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I Information | (5 Viewpoi

Viewpoint .
[.-;IB\'!FC Price
r,,le‘-aguc Price

() Basic Peformance
[ Basic Performance
(o) Basic Mass

[ Basic Mass

Pascal Rogues Formation & Conseil

|+ Bebaenior
| Fumdiions
(o Regeberalon
¢ L= BasicMass
it Manager ,",.1 Easic Mass f,,l Basic Peformance {,,‘ Basic Price r,,l Aschitectre Evalustion 2 =0 Froperiies =2 B+ Semantic Browser - 7 =0
' {d Climatical Station: Climatical Station
Property Value Architecture Evaluation (basic) B
4 i = Property &
£ -\.-ellghl 1 1.2 L0666 m— S— Melody Advance
. cnl.lcal 1a|sc . 0,965 09667 e
 weight == Meme : Clirnatical Stati |
[ [T Descriptia e atica on
eritical false = - a P
& venight i E o4 Extensions ummany :
erfical lalse Basic Price
o4 T T T 1 = — A Imterd
Besic Mass Besic Price Basic Pedformance  Symthesis Semantic mplemeznted Interfoces
m 5 Inchcatars Sl Used Irberfaces :
B B . Appearance -

+ {8 Physical Actor

D Plrgsical Link

[ Phiysical Port

[%= Manage Node PCs Deployment
‘R_ Hode PCs

+ ' Deployed PCs
+ W Physical Links

f‘..) Component Post Allacetion
&, Priysical Pagh

&, Ports

&, Physical Links / Categories

(£} Censtraing
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X Kitalphae-- == Capella

== Cdpella Studio

Integration of Capella in Kitalpha

Definition of a Capella Target Application

Integration of Capella-specific generators
Extensions of the textual editors

Customization of the html documentation generation

RN~

(PrFO! ’



Architecture Evaluation

= Coupling with External Tools

« Example: Safety Architect

Feared event added to Capella
dataflows (viewpoint)

P
® yoas

3 >

e ¥

g =2 =" »
..,.Nr: | - Joornopg  Ewo
v Came o e .

In Capella, visualization of fault
trees as critical functional chains

In Safety Architect, analysis of
block local failure conditions

o .
. — .n“ 'S 9
A —

. : E i
Functional 1 ’/ ; . \
Hazard { -'i )
Analysis . s

~ -

~ -
——————

(FHA)

In Safety Architect, avtomated

generation of fault-trees

40
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§ B tase s o it it Vo Db ke Ve e
1§ e e R v o= o v et e v o

i b e ;@«a.,. -
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1. Tooled-Up
Modeling Method

2. Systems
Engineering
Continuity

3. User-Driven
Modeling Tool

4. Open-Source!
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{

Computed Links

DSIFlight plan

DHIFLIR Image mode|

Dl Radar mode command:

DSl Radar tracks

D=1 Next waypoint

Dl Radar Imagery mode commands
DSIFLIR steering

DSl Radar image

DSIFLIR images

Pascal Rogues Formation & Conseil

PRFC

@ Interact with external systems

@ Dialog with external Systems

(@ Elaborate information for external systems

@ Manage Situation

DRI Release comma

a

@ Manage Actions

—n n

D31 Routing data

Dl Request

Assess Situation

Del Radar imagery

ode

DS FUR mode

DI FLIR target desig

gnation

DI Ship position

A}

Dl Request

A A B A B A BN A A B A B

¥ Process information from external syftems

D=l Radar mode

DSl Radar tracks

i
© acquire radar tracks

D=l Radar image

L @ Acquire radar image

( |

DR FLIR image

DSl Request

L @ #cquire FLIR image

}

[

DAl FLIR target Position

Dl search Flight plan

S Y B A B V B VI V)

@ Elaborate search strategy

D Request
D Request
Dl Request:
D1 Ship position
D=1 Request
D1 Request
D1 Ship position
D1 Request
D Request
D1 Request
D21 Request
D1 Request

DAl Search pattern

D Request

D Search Zone

D1 Ship features

Dl Meteo & sea data

@0 Interact with external systems

D=F FLIR target designation

Dl Release command

@ Manage Situation

Dl Routing data

D= Request

D=3l Radar imagery mode

D FLIR mode

D Ship position

D Request

Dl Request

Dol Radar mode

D= Search Flight plan

D= Radar image

DFE Radar tracks

D=H FLIR image

DE] FLIR target Position

r

@) Manage Actions

23



Category

&) SystemFunction 1 ;

D=l FunctionalExchange 1 & SystemFunction 2 v &

D=l FunctionalExchange 2 L

D= FunctionalExchange 3

MFundionalExchange‘t

':EIFunctic

InalExchange 6|

[ Y]
&) SystemFunction 3

Pascal Rogues Formation & Conseil

Dl FunctionalExchange 5

Category name:

xchangeCategory 2|

&) SystemFunction 1

Lat evchangeCategory 1

Lat £vchang

E ExchangeCategory 1

&) SystemFunction 2

Cat evchangeCategory 2

G SystemFunction 3

Category 2

24



Advanced Diagram Management

» |5 Common
a |2 System Analysis
4 [ System Architecture Blank
7| [SAB] System - Sustem Architecturs Blank

a4 [ System Data Flow £ T2 Show in Melody Advance Explorer F8
5 [SDFE] Collect | o
2./ [SDFE] Global - (=
5 [SDFE] Publish = Clone Diagram
= [SDFE] PuFJhsh % Delete Delete
4 [ System Function B
5 [SFBD] Root Sy: Rename F2
I
3 Arnosphers
Provide
& Environmental
Cenditions
i
Defl weather
3__§| Measurement Engineer = El EQLE
=
@ _:unch Ea'.a Acquirs Mat Prapars
s @ Data @ Publication
Er 3]
D=f) et datz request
BomTe Manage
® S?L&I::n @ Subscriptions

-

D= publication request

sroadeaster

Trigger

D=l published forecast

T‘ Aublication

Collapse Component Ports

Collapse Function Ports

Hide Function Ports without Exchanges

Hide Component Ports without Exchanges

Hide Allocated Functional Exchanges

Hide Functions

Hide Functional Exchanges

Hide Component Exchanges

Hide Port Allocations

Hide Allocated Function Ports

Show Exchange ltems on Functional Exchanges

Show Exchange ltems on Component Exchanges

Show Exchange ltems on Compeonent Exchange (without Functional Exchanges)
Show Allocated Functional Exchanges on Compenent Exchanges
Hide cross Functional Exchanges of reusable Compeonents

Hide Simplified Grouped Component Exchanges

Hide Simplified Oriented Grouped Component Exchanges

Hide Functional Exchanges names

Hide Component Exchanges names

Hide Physical Links narmes

€3 sciemific User

Consul:
L | @

Pascal Rogues Formation & Conseil

D=8 weather ‘cte:a{. current situation
LT

§3] Forecazmer

Forecast
‘Weather

@

Forecast

@) Subscribe
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Powerful Accelerators!

: %2, test - Overview ffﬁ [LAB] Logical System - Logical Architecture Blank &2 = O
BB S| O w2 ] & S 100% v Em % Palette >
5 % ]logical System Jow -

H =

= Components

< & [= Functions

== Accelerators ]
[®] Functions from Mode / State
[ Elements from Scenario

: ' test - Overview £a [LAB] Logical System - Logical Architecture Blank 2 ':_5’ Initialization from existing

ag - || & X% B I A~vE| S Fv— B OB B diagram

é 4% Atmosphere —

. Initializes the current

@ Make diagram according to an

Weather existing diagram defined in

the previous architecture, It

adds realizing elements for

o each element from the

T Logical system £ eroadcaster .| |source diagram and

o presenves layout between

g Measurement K riager diagrams. This tool does

Engineer © ;. piication not modify the sermantic

model.

H Launch Data

H ©@ Acquisition

: 5

: Selection Wizard

E Select existing diagram for initialization.

E Select a name te find 2
H ? = any character, * = any string

E type filter text

: £ [SAB]EOLE

: A & [SAB] EOLE External View

E & [SAB] EOLE Functional View

& Foreaast /[ & [SAB]EOLE Synthetic View

H Weather N

é Pascal Rogues Formation & Conseil ® OK Cancel
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Model Diff | Merge

= Capella - Compare ('Airborne’ - 'Airborne_Mai') - Capella — O *
File Edit Mavigate Search Project Run  Window Help

=- Vb B P~ C 2 -EHR = | 2 Cop

L= Capella Project Bxplorer 52 = B | F Compare (‘Airborne’ - “Airborne_Mai’) 53 = O
| = G==é> = Synthesis {2 ﬁb % =] laz }:D <}==",> - Airborne/Sirborne.aird % Airborne_Mai/&irborne_Mai.aird %
L
Select a name to find 1 Airborne_Mai.aird (9) =) Airborne.aird 5 Airborne_Mai.aird
? = * ;
' = any character, * = any string & [SAB] Airborne Subsystem (434) BT [SES] Example Scenario 2 [SAB] Airborne Subsystem
L=y 2 [5ES] Acquisition Main Success Scenario (329) 2 [S4B] Airborne Subsystemn [SES] &cquisition Main Success Scena
E q ¥ q
— . Metadata _sLGWADvZEeel6eTY1JrulA (1) | Metadata _BIDbcCqgMEeeMVag-pzvb | Metadata _sL GWADwIEeelbe T 1 ruld
5 irb < q q-pzvbqg
w =% Airborne . . .
v (i Airborne (36) G Airborne G Airborne_Mai

[ Airberne.aird
= Airborne.melodymodeller
w [=F Airborne Mai
D Airborne_Mai.aird
= Airborne_Mai.melodymodeller
LI EOLE
LJ EQLE_Mai

T In-Flinkt Frtartainmeant Srtam

v =i Llibrary Dependencies (1) Met_Library Safran_Lib
E; Safran_Lib [readOnly]
‘& Airborne_Mai (32)
@ Safran_Lib (8)
w [ Metadata _8JDbcCqNEeeNVag-pzvbgA (1)
“i» Viewpoint Reference _81518CqNEeeNVaq-pzvbgA
& Met_Library (109)
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Capella Ecosystem

\/'" BOMBARDIER
SC |i DR p — AIRBUS SAFRAN @nfinental 2
) LAUNCHERS eT—
aLTrRan S 7 I\

THALES
AIRBUS

N.. ——
RENNES'1T » :
« \J Concordia
< P e

ENSTA

http://www.polarsys.org/capella |NSA‘

PRFC AREVA

v Vv
== Capella

Initial 3-year (French) collaborative project

Larger industry consortium currently being initiated

{Prro) ’



To Learn More...

« www.polarsys.org/capella

« //wiki.polarsys.org/Capella == Caq pe"a
/[polarsys.org/forums/index.php/f/13/

- www.obeo.fr/en/capella-professional-offer .“ OBEO
« www.prfc.fr {Pkrc}
 Www.clarity-se.org/ Q*Clarity“m““ N

{PrFC) 0



