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1| 7 |Estrutura e Filosofia do Curso
V o5-Aug| 1 |O que é Engenharia de Sistemas? INCOSE Al-01 - Resumo Cap 1 - 10%
1 [Elementos da Eng Sis. HB INCOSE
1 |Introducgdo aos diagrams classicos.
2 * (Viagem ao EUA)
o Al-02 - Leitura/Resumo
J paper sobre 10%
representacdes classicas.
3 * (Viagem ao EUA)
o Al-03 - Exercicio sobre
J arquitetura e escrita de 10%
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4| 1 |Metodologias de MBSE e uso de modelos.
26-Aw| 1 |Reviséo de UML-SysML. Al-04 - Resumo Artigo de 10%
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5| 1 [OPM
o b Al-05 - Lista de exercicios 10%
1
1
6| 7 |Blocos e Classes
] W N— Al-06 - Lista de Exercicios | 20%
1 |Méaquina de Estados
1
7| 7 |Casos de Uso
e o — Al-07 - Lista de Exercicios 20%
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1
8| 7 |Integragéo dos pontos de vistas em um
23-sep| 1 [Associagdo dos artefatos de SE com modelos Al-08 - Resumo sobre Al-08 - Descrigéo e
. . 10% 100%
1 |Analise Operacional Ciclo de Vida de Modelos Contorno do Problema.
1
100% 100%
SEM
30-Sep




SEMANA TEORIA INDIVIDUAL PESO GRUPO PESO

9| 7 |Apresentacédo das necessidades
o7-oct| 1 |Intervengdo Sistémica AG-09 - Apresentagéo 20%
1 |Associagdo com Requisitos Necsssidades
1
10| 7 |Apresentacdo da Arq e Req de sistema
14-0ct| 1 |Conceitos de Arquitetura Funcional A|-1Q - Exercicio§ de 20% AG-10- Apresentagéo Arq 20%
1 |Arquitetura Conceitual Arquitetura Funcional / Caixa Preta
1
1| 7 |Utilizacdo de modelos para outros processos
21- 1 AG-11 - Geracao de 10%
1 |Exportagdo automatica de documentos R e
1
12| 7 |Apresentagéo da arquitetura Conceitual .
1 |Arquitetura Concreta arquivo do Capella de VV
1

13 * (ADS-HLG)

04-Nov AG.13 - Explorar Plugin

M2DOC (extra) 20%
14 * (ADS-HLG)
11-Nov AG-14 - Explorar Plug in 20%
P4C (extra) °
15| 7
18-Nov| 1 AG=5 - Figura do o AG-15 = Relat6rio de o
1 Metamodelo 20% Proposta de plugin 20%
1
16| 7 |Apresentagéo final
25-Nov| 1 AG-16 - Apresentacéo do
. 20%
1 Projeto Completo
1 [Encerramento do Curso
100% 110%
EXAME
02-Dec o 5 o z .
I Grupo: Apresentacao / Relatério / Gravacao / Cédigo de um: gin ou doc 100%
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~# Systems Engineering Helm

e

System VV
Architecture

CONOPs
Life Cycle

Systems

Engineering

System Synthesis
System Types Traceability

Functions




MBSE HELM

Methodology
Capabilities (Use Cases Behaviour (Statecharts)

)
Structure (Blocks @ Behaviour (Scenarios)

Structure (Class)

Structure (Breakdown)



Domains

Capabilities (Use Cases)
. .
Behaviour (Statemachine)

Life Cycle
Systems Structure (Blocks)

Engineering
System Synthesis
Behaviour (Scenarios)

Traceability
System Types Structure (Breakdown)

CONOPs
Structure (Class)

System VV Methodology
8




Relationship with Other Disciplines

Systems Engineering

Systems Implementation

* Production Line
Preparation

* Needs and Opportunities
Analysis

* Operational Concept
Development

* Production Planning
and Analysis

*Production

« System Scoping and
Requirements Definition

» System Integration

* Production Control

* Architecture Definition « Lifecycle Planning

and Estimating

. + Testing
«» Tradeoff Analysis,

Modeling and
Simulation

* Change Analysis
and Management, CM

« QA, V&Y, Continuous
Process Improvement

* Business Case
Analysis

« Supply Chain
Management

» Systems Engineering
Management

- Systems Implementation
Management

« Staffing, Organizing, Directing

» Cost, Schedule, Performance, Risk Monitoring
and Control

* Operations Planning and Preparation

* Operations Management

Project / Systems Management
9 https://sebokwiki.org/wiki/Systems_Engineering Overview
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Context analysis
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x Modelling the Actors/Entities of what is
happening now (as is)

15

X

Worker Demolition

A

Symbols

Use context images

Capella>>0Operational Analysis>>Operational Entity Breakdown Diagrams
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“* Map what is happening

16

-

% Carl

Stay in the House

House

Destroy house

N,

Demolition
Workers

Demolition

Workers
—_—>

Keep the house

% Carl

P

House Ownership

Final:
Stay in the House

% Carl »
« i » Demolition

Workers
Demolition Equment/

* «i»

Kee e house

Rep\ng /

EE House

=

Capella>>0Operational Analysis>>Operational Capabilities Diagrams
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Each Stakeholder (Actor/Entity) do something
(activity) and relates to each Other (interaction)

% Demolition Work
<

Moving Team

ceanina |4 : :
@ eep the M Sending to a retirement place @ Remove Carl
house
House @ Demolish House
Repairing
’ @ Host a
Family D= Force
Def] Mait g the H P e
‘ Demolition Equipment

17 Capella>>Operational Analysis>>Operational Architecture Diagram
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e Describe the stakeholders’ behaviors

Sending to a retirement place [Carls agrees to leave] / Demolish House

!

r ; . \
"% Removing Carl (f] Demolishing House

[region] [region]

-

. &
(WHEN) Order to remove Karl
Initial 1
a
' % Waiting orders
[region]
>

. J

18 Capella>>0Operational Analysis>>StateMachine Diagram



“* What do we need to finish with it?

* Needs mapped: What the users of the system need to
accomplish
* Mission Requirements
* User Requirements

* Maybe not all the stakeholders opinion/needs are going to be
“relevant”. It is a matter of analysis and priorization of the
organization.

* One thing: this is the problem domain..... So your systems DOES
NOT EXIST.
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System intervention

What the system has to accomplish for the users
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Systemic Intervention

Seed

System Analysis

A
y

Concept

D Simulation

System Element Requirements
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|
-+ Well.. What do the system must do?!

@ System

arl

D=l Moving Team

Deflsending to a retitement prace

I © oo s

D=fl Force

D=E] Maitaining the House

Dﬂ Demolition Equipment

H’:ﬂ Repairing

. e Capella>>System Analysis>>System Architecture Diagram



Well... Carl wants to move the house

@ System
Passthrough Sky
>
ke
N2 move through
Controls ' |

2] Mechanisms L«
3

M Fixing Structures

D=El Family Place

- L
@ Keep the house
v

24 Capella>>System Analysis>>System Architecture Diagram



What do we need to finish with it?

* Requirements mapped: What the system has to accomplish for the
users
* System Requirements

* Remember that requirements are on the problem domain = does not
carry solution on it.

* The system must receive 24V /// and not /// The Li-Po Battery must provide 24V
to the System.

* One thing: The System is a black box... We can not see inside only the
frontier functions (interface/external functions) — such functions are
what emerges!!! (emergent properties)
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Conceptual Architecture

How the system will work to fulfill the expectations
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System Element Requirements

Conceptual Alternatives
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= Aummm

*Even though the joke with Led
Zeppelinis a good one... And |
could not avoid to make it... ©

°|t is more a balloon than a
zeppelin.

31
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’l LF : Move Housé€

LF . Lift House

LF

Control

Moviment

LF

Allow Carl
to Navigate

@ Sail th_rough
air

“* Well.. The main function was: Move House

We can decompose the functions in
subfunctions.

Only leaf functions must be used.

Capella>>Logical Architecture>>Logical Function Breakdown Diagram
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The functions might have its own architecture:
Functional Architecture

( )
@ Move H
i) Blow
D=E Altitud bil move through
@ Lift House
i )
@ Control Moviment
n
D=3 air flow change
@ Sail through air
A
D=fl change dlirection
D=fl change Altitude
@ Change House Place @ Allow Carl to Navigate
D=# controls
\ =
& i ]

33 Capella>>Logical Architecture>>Logical Function Data Flow Diagram



v split functions into a
reference architecture of the aiming solution

Balloon House System

|

=] Passthrough Sky
5] ‘T Air

=
Fins ,)—l Ballon Structuye)—l
rt— -
@ Sail through air LFI Lift House
Al
N ns

D=1 Chang%:tion (=1 Chang%e

Human Machine interfate

Etﬂ Lift Controls

Fins Controls

Carl E]

Allow Carl to
Navigate

ATV

B

¥l Mechanisms

[l

34 Capella>>Logical Architecture>>Logical Architecture Diagram



We could have decided a CONOPs to this
solution concept

35



What do we need to finish with it?

* Requirements mapped: How the system will work to fulfill the
expectations
e Subsystem Requirements (or any decomposition part of it)

* We have a functional architecture spread through a desired
architecture.
* We can plan verifications, transitions, integrations, operations, and everything.

* Here is the place to ask for functions that will have a technological solution on
the next step.

* One thing: The System is now a white box... We can see inside and
design the desired (at least requested) architecture.

36
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Concrete Architecture

How the system will be built
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m—p RT

Realized Architecture

Design Architecture

Physical
Architecture

a

Product 2L
rogue
Simulation -
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So ok... Final step is specify what is
going to be built

* He had the “things” that were
feasible, pre-existing in the
house and easily acquirable.

* To lift: balloons

* To steer: some house tools
e To sail: towels, blankets

* To navigate: compass

e To adjust altitude: cut the
balloon strings

39






;Yi Point out the technological choices to built the
Balloon House System

41
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Capella>>Physical Architecture>>Physical Component Breakdown Diagram



;ﬁSEissoé"

E ‘ E House attachment
4

)

D=8 Fireplace fixings

D] hand manipulation

42 Capella>>Physical Architecture>>Physical Architecture Diagram



What do we need to finish with it?

* Specifications to the development/acquisition/building
process

* Would go to every details necessary to build the system.

* We have a concrete architecture ( do not be confused by the
word physical — does not need to be “physical”... can be a
process, software, information, so on)

e Usually in the Phase 0 / Pre-A of the Space System Lifecycle it
is designed a feasibility architecture with co-engineering (in
Concurrent Engineering Labs). This Architecture would be born

in this phase and iterated/adapted through the next life cycle
phases.

43
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System Delivered:
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FireSAT Example
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Context Analysis
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~# Research before engineer

Initial understanding: free

explorations of the problem.

‘,é:. Learning the domain to
=N\ improve knowledge

Find stakeholders!

50



“* Framework Activities

DCA-400-6
—p PNOP
Context Analysis
‘ Operational Probl Hard
. _ P BN roblem X
=™ Problem Framing o Analysis ) Simulation Operational
Research
‘ Formalized Needs > NOP
A 4
v
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- Structuring the problem (infinite ways of doing)

l Forest %
2 L

Group Of Fire Set Of Forest Fires

Fighters
[ with fire ] [ fire ceased } |
}-Z / o o0

Fire

8

Fire Information

-~ Combating %3
f Fire Fighters Problem ﬁ&

) ) Handling Time
The fire fighters described that [day] {htime}

takes too long to receive the

fire information so the 5
handling time (after a fire

starts) is usually 2 days.

ﬁ&

Context Understanding

E; - Set of Problem Exploration
(S problems

52



" |dentification of stakeholders

e Raising who they are

* What they want

* What changes are desired in the current situation
e Capture Success Metrics (MoEs)

e Lift



= Operational a

% Population

% Fire Fighter

Initial 1
D

[Fire == 0]

help call, fire information

%) Combating Fire

nalysis

(R}

Q

- Provide notification to USFS within
1hour of detection.

- Detect a potentially dangerous wildfire in
less than 1 day.

- Provide 24/7 monitoring of high
priority dangerous and potentially
dangerous wildfires.

Receive fire information

% Fire

54

%
Burn trees

. po¥
. fireinformatipn 08 heip cal .
@ Bumtrees P> Call for help Stop fires
----- > - -
v 8 fire information y
@ Burn trees @ Stop fires
Lo oo ]
o= S @ Callforheip | _ _ _

Btatistics

D= helpXsall

D=3 fire |nformation

—— TimeFrameOfNewInf
e olnDays =1
-
s DetectionDelay = 1

% Fire

Visual

Fire Cofnbating

isual

- Reduce the avarage size of fire at
first contact by firefighters by 20%
fromm 2006 average baseli

\ % Population

F Public Safety Role

Call for help

% Fire Fighter

Website Reading

Telep

£ Media

hone

. Group of Fire Fighters

T, Forest Fires

Fire information

{R) Common Role

D=F news

--

@ Stop fires

% Media
D=Hl summary
Collect
Statistics
Publish
&r) Statistics
7
’
’
’
/
/
l

OR) Read News

LOOP

fire = true ] fire combating

2{days

near real tjmy

A

_ Fireinformation

- Develop a wildfire notification system with

greater than 90% user ion rating.

% Population
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~ FAB: Publicago do NOP

* Descrever os stakeholders (OMs)

e Descrever o conjunto de documentos originadores

e Estruturar as propostas de necessidades

* Descreve a situacao atual com a mudanca que precisa existir.

e Rastrear o desejo de mudanca com a arquitetura da situacao atual

e Justificar conjunto de necessidades.
* |Isento de solucao

55
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Systemic intervention



57

!

Formalized Needs

Systemic Intervention

}

Seed _ | Concept
-| System Analysis Simulation

I
|
[
[
\{

'

System Element Requirements

DCA-400-6

—> NOP

——p ROP




== Capella

Open Source MBSE Solution

Systemic Intervention

RERA

4

©e

0 W
(O] ™

_—
o

System Analysis
Define the system’s mission and

desired emergence capabilities.
Define the system-actors’ functions,
interfaces, relations and behaviors
within a black box architecture.
Describe the concept of operations /
scenarios of the architecture that

express the capability.
Abstract all the flowed capabilities

into a single function seed.

System Element Requirements




= Systemic Intervention Analysis

Monitor the forest fires

Fire Fighter Fire
Get into the fire pefore it spreads

.-/

g Define the system’s mission and @
e desired emergence capabilities.

. Define the system-actors’ functions,
7S g interfaces, relations and behaviors
within a black box architecture.
Describe the concept of operations /
scenarios of the architecture that

express the capability.
Seed Abstract all the flowed capabilities P

into a single function seed.

CFireSat-Br System

- CIFireSat-Br System

System Element Requirements

\ DelRouted Forest Fire Dats

! & FireSat-Br System,

-------
uuuuu
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Context

Fire Fighter

Legacy SAR GS

60



MISSION STATEMENT

Because forest fires pose an ever-increasing threat to lives, property and biodiversity,
have a significant impact on recreation and commerce, and have an ever higher public
visibility (largely because of the ability to transmit television images from nearly
anywhere in real time), the USFS needs a more effective system to identify and monitor
them. In addition, it would be desired (but not required) to monitor forest fires for other
nations; collect statistical data on fire outbreaks, spread, speed and duration, and provide
other forest management data. This must be done at low cost to make the system
affordable to the Forest Service and not give the perception of wasting money that could
be better spent on fire-fighting equipment or personnel.
Ultimately, the Forest Service’s fire monitoring office, fire management officers in the
field, and individual firefighters and rangers fighting the fire will use the data. Data flow
and formats must meet the needs of all the groups without specialized training and must
allow them to respond promptly and efficiently to changing conditions.

(adapted from “Space Mission Engineering: the new SMAD, 2011")




R

- Monitor Forest L - Monitor Forest Fires - Mission Statement - Because
- - _ %_""“5“95 forest fires pose an ever-increasing threat to lives,
T - property and biodiversity, have a significant impact on

-

= = ~ ] recreation and commerce, and have an ever higher public
visibility (largely because of the ability to transmit
television images from nea...

Fire

SA

Identify Forest Fires

Distribute Forest Fire Data

Legacy SAR GS Distribute throuqﬁ"Ground Stations Distribute if}i.rectly to FireFighters

3SA

62

Fire Fighter




- Monitor Forest Fires - Mission Stat t-B forest fires Q
pose an ever-increasing threat to lives, property and biodiversity,
have a significant impact on recreation and commerce, and have an - The FireSat-BR Mission shall send
ever higher public visibility (largely because of the ability to Forest Fires Data to the Fire Fighters
transmit television images from nea... Trucks.
[
Qo 1 7
- The FireSat-BR Mission shall !
s e 1
monitor the fire parameters as 7
indicated in Table 1. \ /
W | /
N |
N\ sal'lsf'lells
ire Data
Route Forest
Fire Data
D= Fire Signal
est Fire Data
Def] Fire Smoke
D=f] Fire Thermal Signal =) Send Forest Fires
Data
Def] Fire Flames
- -
— sawsties Dirdet Forest Fire Data
- a QIJPQ
-
_ - e / \ N “
- -~ / \ N ~
= -~ - 7 \ N\ ~
- 7 A b
(R - ’ \ \ ~
_ setisfies p \ \
- The FireSat-BR Mission shall identify - ’ \ sajsfies
; -
Forest Fires. > ; \
- \ ~
- s A
L satisfies ! \ (R
- ’ sa{'lsf'les s n S
- 7 \ \ - The FireSat-BR Mission shall send Forest
yad P l N Fires Data to SAR Ground Stations.
(R} / *
’ ! \
- The FireSat-BR Mission shall comply with NASA space debris / \ \\1
mitigation guidelines as documented in NASA Technical Standard | 7 \
NASA-STD-8719.14A. ’ \ Q
/]
’ | - The FireSat-BR Mission shall prevent unauthorized
7 \ access to the command and control functions of the
P 1 spacecraft.
(R} '
- The FireSat-BR Mission shall deliver the identified
FireSpots to the Fire Fighters in less than 1 hours. IB
- The FireSat-BR Mission shall preclude the release or
generation of any foreign object debris (FOD) for all

mission phases.
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n Receive Route
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Data Data Data
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Fires Data

Forest Fires|

=l
[R)::;:g Receive Route
o Monitor Fire 0 Burn Trees 5 Forest Fire Forest Fire
Forest Fire Data Data
Data
[
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~ -~
~
-
, -~
1
i
satisfies

1

T
1
1
1
1
! 1
1

satisfies

|
1
1
1
1
1
1
1
!

64




-+ Requirements...

v fH System Analysis
v [Capella Module]
v [ Mission Statement
> ) [Mission Statement] Because forest fires pose an ever-increasing threat to lives...

v [ Mission Requirements .
v [B Functional Requirements

& [IE PUID] MIS-XXX
& [Rationale] null
2 [VV Method] null
& [VV Success Criteria] null
2 [VV Phase] null Word
) [VV Procedure] null
2 [VV Report] null
> @ [MIS-XXX] The FireSat-BR Mission shall send Forest Fires Data to SAR Ground Stat.
> @ [MIS-XXX] The FireSat-BR Mission shall send Forest Fires Data to the Fire Fighte...
> @ [MIS-XXX] The FireSat-BR Mission shall monitor the fire parameters as indicated ...

> @ Nan-Funectional Reauirements

v
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- Tracea bility req user —req sys (nop-rop

- Develop a wildfire notification system [< + —Reduce the avarage size of fire at first [= -+ <Pravide 24/7 monitoring of high priority [= _ _ —satisfies
with greater than 90% user satisfaction contact by firefighters by 20% framAT — |— =+ dengersu H@eﬁ]i@ d_anggmt - - - = = @
rating. 2006 average baseline. wildfires. - = ===Z- ZTz==z=d
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I - ! P \ -
A / P / ; ~ o \
1 Y -~ / A / ~ hY
‘e \ ! e Vi Y > N
- P A / -~ A
- ! 7/
- I A\ - \ ! = \
- Il - / -~ -~
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fire parameters as indicated in Table 1. I Fires Data to the Fire Fighters Trucks. 7 Fires Data to SAR G[ound Stations. Forest Fires.
| - *
| / !
I /7 !
I ’ /
I / /
v / ¥
f
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identified FireSpots to the Fire Fighters in MASA space debris mitigation guidelines release or generation of any foreign object
less than 1 hours. ! d ted in NASA Technical Standard debris (FOD) for all mission phases.
/
!
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- The FireSat-BR Mission shall prevent
unauthorized access to the command and

control functions of the spacecraft.
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 FAB: publicagdo do ROP

* Descrever o que o sistema tem que fazer para os stakeholders (OMs)

* Descrever o conceito de operacao geral desse sistema com os
stakeholders.

e Rastrear as necessidades aos requisitos.
* Justificar as interfaces e funcoes.

* Formaliza o que o sistema tem que prover sem explicar como e dar
margem para os fornecedores.
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Conceptual Alternatives
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“* Intention exploration

70

Fire

Fire Detecting

Aerial
Observing

Space
Observing

—

Population
Informing

OPL

1. Aerial Observing, Population Informing and Space Observing are Fire Detecting.
2. Fire Detecting affects Fire.

3. Aerial Observing requires Aircraft and Ballon.

4. Space Observing requires Satellite.

5. Population Informing requires Gossip.

Ballon

Aircraft

Satellite

Gossip
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“* Trading

__ Ballon mmm

TimeFrameOfNe
winformation
DetectionDelay .6 + - + 0
Total 0 0 2
Weighted .6 4 1
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Arcadia Methodology

REF-006: VOIRIN, J.L. Model-based System and Architecture Engineering with the
Arcadia Method. Elsevier, 2017. ISBN 978-0-0810-1794-4.

REF-007: ROQUES, P. Systems Architecture Modeling with the Arcadia Method — A
Practical Guide to Capella. Elsevier, 2017. ISBN: 978-0-0810-1792-0
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e Key References

Systems Architecture Modeling Model-based System
with the Arcadia Method and Architecture Engineering
with the Arcadia Method
Pascal Roques
Jean-Luc Voirin
A Practical Guide to Capells ‘
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* Systems engineers have been making use of modeling
techniques for a long time.

* The technique of structured analysis and design (SADT)
and structured real-time analytics (Structured Analysis
for Real Time SA/RT) are some of the best known and
date back to the 1980s.

* There are many other approaches based on Petri nets or
finite state machines.

* However, they are also limited by their
comprehensiveness and expressiveness, as well as by the
difficulty in integrating them with other formalisms and
requirements.



e Unfortunately, in practice, it

“#  has been shown that the
affiliation of the SysML
language to UML often leads to
difficulties in terms of
understanding and use for
systems engineers who are not
also computer scientists.

* This is the reason that led
Thales to define the ARCADIA
method, structured by Jean-Luc
VOIrIn'.along Wlth Its Under|y|ng https://www.linkedin.corhin/iean—luc-voirin-
formalism, for his own needs. 808729155/
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https://www.linkedin.com/in/jean-luc-voirin-8087a9155/
https://www.linkedin.com/in/jean-luc-voirin-8087a9155/

La méthode Arcadia
par 'exemple

Jean-Luc VOIRIN
Thales

https://www.youtube.com/watch?v=NIFayQAueso


https://www.youtube.com/watch?v=NIFayQAueso

THALES

=

O espirito de Arcadia e
Capella em 8 minutos

Content: 3¥déphone Bonnet
Qe

sy VA AN W™
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https://www.youtube.com/watch?v=2fveJ7nwiuU

Specialty
engineering:
safety, perf,
secunty, ...

Solution Architecture
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Founding principles

* All engineering stakeholders share the same methodology, the same
information, the same description of the need and the product in
the form of a shared model;

e Each specialized type of engineering (e.g., safety, performance, cost,
and mass) is formalized as a "point of view" against the requirements
from which the proposed architecture is then verified;

* The rules for early verification of the architecture are established in
order to verify the architecture as quickly as possible;

* Co-engineering between the different levels of engineering is
supported by the joint elaboration of models, with the models of the
different levels and specialties being deduced/validated/linked to
each other.
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METHOD STEPS

Customer
Operational

TASKS

+ Define operational
capabilities

Need AnaIYSis + Performan

System/
SW/HW

Need Analysis

Logical
Architecture
Design

Physical
Architecture
Design

Development
Contracts

operational need
analysis

+ Perform a capability
trade-off analysis

« Perform a functional
and non-functional
analysis

+ Formalise and
consolidate
requirements

+ Define architecture
drivers and viewpoints

+ Build candidate
architectural
breakdowns in
components

+ Select best compromise
architecture

+ Define architectural
patterns

« Consider reuse of existing

assets design a physical

« Design a physical
reference architecture

« Validate and check it

+ Define a components
IVVQ strategy

+ Define & enforce a
PBS and component
integration contract

SAMPLE MODEL

2

BROADCASTING STATION
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Radio contents

2
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Fréquency | Volume
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= e |
[ ceuna
Vohcable
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Y Statior
H Select radio frequency - —

Select ]q)—v" s

USER &

CONCEPTS

- 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 justification by
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...)

of dataflows to interfaces, of
elements to configuration items

DESCRIPTION MEANS
Dataflow: functions, op.
— [ [~I—} activities interactions &
. [} exchanges
/— |
Scenarios: m m m l—‘ m
actors, system, —
components interactions ASm—  pro—
& exchanges - >
Ao ——— [ —
[ :l:, l Functional chains,
% operational processes
i~ through functions &

op. activities

Modes & states
of actors, system,
components
Breakdown of functions
& components
sounopRoRLE TUNNGVALUE
Data model: dataflow @@ TREBBLELEVEL s FREQUENCY BAND
: =
& scenario contents, W2 SR il
definition & justification of NG
interfaces FuTRALLE

Component wiring:
all kinds of components

Allocation

of op.activities to actors,

of functions to components,
of behav.components

to impl.components,




“&= XP £67-140 - ARCADIA Norme XP 267-140 (afnorore)

https://norminfo.afnor.org
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AFNOR

norm’info

NORME EN REEXAMEN

.F'? Accédez

Becherche : mot clé, sujet, n® norme aux tutoriels

SUIVRE @ ﬂ

Technologies de l'information - ARCADIA - Méthode pour I'ingénierie des systémes soutenue par son langage de
modélisation conceptuel - Description Générale - Spécification de la méthode de définition de I'ingénierie et du
langage de modélisation

XP Z67-140

Suivi par la commission :

Origine des travaux :
Type :
Motif :

Résumeé :

Vie de la norme

Francaise
Expérimentale
Mouveau document

La méthode ARCADIA peut &tre appliquée 3 Ia définition de la conception de tout type de systéme. en se concentrant sur la description et
I'évaluation des propriétés de conception (colt, performance, sécurité, réutilisation, consommation, poids ...) .

Norme Norme Norme Norme
. Enquéte . .
En conception publique Publiée En réexamen
Inscrite le : Publiée le : En cours
231172017 07/03/2018
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Figure 2.3: Arcadia ontology traceability

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256 664096
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Capability

Arcadia layer Requirements Capability Functional Structure Modes and States Data Interfaces
description
R-0A 0Al 0A2 0A3 OA4 M&S-0AS5 D-OA6 -0A7
Capture stakeholder Define Operational Define processes and Define Operational Capture Operational Entities and Define operational Define operational data Define interfaces and
requirements Capabilities scenarios Activities and interactions Actors. modes and states model describe interfaces
Operational Allocate Operatienal Activities scenarios
Analy sis to Operational Actors, Entities
oP \ -
o [ @S < TH ©A D= “0E “OA mME P E @7
D=0
R-5A SAl SA2 SA3 SA4 ME&S-SAS D-5A6 1-SA7

System Analysis

Derive Stakeholder
requirements and
capture System
requirements

it

Define System Missions
and System Capabilities

® O

Define Functional
Chains and Scenarios.

<% [}

Define System Functions.
Define Functional
Exchanges and components

&P b=

Allocate System Functions to
System and Actors

0=

Define system modes
and states

() ()

Define system data
model

L ™Y

Define interfaces and
describe interfaces
scenarios

Enrich Logical Scenarios.

@ 1%

R-LA

Derive system
requirements and

LAl

Transition Capabilities
Realization from system

LA2

Define Functional
Chains and scenarios

LA3

Derive System Functions
and define Logical

LA4

Allocate Logical Functions to
Logical Components

M&5-LAS

Define logical
components modes and

D-LAG

Define logical data
model

I-LA7

Delegate System
Interfaces and create

Ll:EglCiﬂ Capture components layer Functions. Define Functional states Logical Interfaces.
Architecture requirements Exchanges and components. E Enrich Logical Scenarios.
= [=F=F=]
€ s @ o= s e
on) o) E3 S . (m) @ T8
R-PA PA1 PA2 PA3 PA4 M&S-PAS D-PAG I-PA7
Derive logical Transition Capabilities Define Functional Derive Logical Functionsand  Define Physical Nodes and refine  Define physical nodes Define physical data Delegate Logical
requirements and Realization from logical Chains, Scenarios, and  define Physical Functions. Behavioural Physical modes and states model Interfaces and create
Physical capture physical layer Physical Path Define Functional Components. Physical Interface.
Architecture requirements Exchanges and components.  Allocate Behavioural Enrich Physical
Components. Scenarios.
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Table 3.2: Arcadia matrix activities
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Modes and

Arcadia layer Requirements Capability Capability description Functional Structural States Data Interfaces
R-OA 0Al 0A2 0OA3 0A4 MES-0AS D-OAG I-OA7
No dedicated [OCB] Operational [OAS] Operational [OABD] Operational [OEBD) Operational [MSM)] Modes [CDE] Class [IDB]
diagram Capabilities Activity Scenario Activity Breakdown Entities Blank and States Diagram Interface Definition Blank
Operational [OPD] Operational Diagram Diagram [CEI] Component External
Analysis Process Scenario [OAIB] Operational [ORB] Operational Interfaces
[OES] Operational Entity Activity Interaction Roles Blank [IS] Interface Scenario
Scenario Blank [OAB] Operational (CDI] Component Detailed
Architecture Blank Interface
R-SA SAl SA2 SA3 SA4 ME.S-5A5 D-5A6 I-SA7
No dedicated [MCB] Mission and [FS] System Functional [SFBD] System [CSA] Contextual [MSM] Modes [CDE] Class (IDB]
diagram Capabilities Blank Scenario Functional Breakdown  System Actor and States Diagram Interface Definition Blank
System [CC] Contextual [ES] System Entity Diagram [SAB] System [CEl] Component External
Analysis Capability Scenario [SDFB] System Data Architecture Blank Interfaces
[SFCD] System Flow Blank [1S] Interface Scenario
Functional Chain (CDI] Component Detailed
Description Interface
R-LA LAl LAZ LA3 LA4 M&ES-LAS D-LAG I-LA7
Mo dedicated [CRB] Capabilities [FS] Logical Functional [LFBD] Logical [LCBD] Logical [MSM] Modes [CDB] Class (IDB]
diagram Realization Blank Scenario Functional Breakdown  Component and States Diagram Interface Definition Blank
Logical [CRI] Contextual [ES] Logical Entity Diagram Breakdown [CEI] Component External
Architecture Capability Scenario [LDFB] Logical Data Diagram Interfaces
Realization [LFCD] Logical Functional Flow Blank [LAB] Logical [IS] Interface Scenario
Involvement Chain Description Architecture Blank [CDI] Component Detailed
Interface
R-PA PA1l PA2 PA3 PA4 ME.S-PAS D-PAB I-PA7
No dedicated [CRB] Capabilities [FS] Physical Functional [PFBD] Physical [PCBD] Physical [MSM)] Modes [CDE] Class (IDB]
diagram Realization Blank Scenario Functional Breakdown  Component and States Diagram Interface Definition Blank
Physical [CRI] Contextual [ES] Physical Entity Diagram Breakdown [CEI] Component External
Architecture Capability Scenario [PDFB] Physical Data Diagram Interfaces
Realization [PFCD] Physical Flow Blank [PAB] Physical [IS] Interface Scenario
Involvement Functional Chain Architecture Blank [CDI] Component Detailed

Description

Interface
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Table 3.3: Arcadia diagrams matrix

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256 664096
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ADOPTERS https://www.eclipse.org/c
apella/adopters.html

Eclipse Capella is a MBSE solution adopted worldwide in various industrial domains.
Discover some of the many organizatiols using Capella.
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~ T2 — Consider the whole problem, the whole
~ solution and the full ifecycle

* Systems Engineering is concerned with the whole
problem and the whole solution, including how the
“intervention system” will interact with its environment
as part of a larger system when it is deployed, and all the
enabling systems and services required to establish and
maintain system effectiveness throughout its lifecycle
until eventual satisfactory disposal.

*We need to consider the full lifecycle of the entire
solution, including all the enabling systems that go along
with the system of interest



-+ PROBLEM SPACE

* viewing the problem as a system,

. understandinﬁ how the interdependencies between the
elements in the problem space create the “problem
symptoms”, and how the “intervention system” might alleviate
the problem symptoms

and
interdependencies and establishing overall agreed purpose
and success criteria

* anticipating and aiming to minimize potential adverse or
unintended consequences of the intervention system

* scanning for and early detection of anomalous behavior and
unintended consequences — not all can be anticipated
beforehand



~= TYPES OF PROBLEMS

(i

*Problems can be “tame,” “regular,” or “wicked”:

e Tame problems: are those that the solution may be
well-defined and obvious.

* Regular problems: are those that are encountered on a
regular basis. Their solutions may not be obvious, thus
serious attention should be given to every aspect of
them.

* Wicked problems: are those that cannot be fully
solved, or perhaps even fully defined.
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“# CHARACTERISTICS OF A "WICKED PROBLEM"

Many stakeholders involved Complex context

CONTEXT

Solutions require design Decisions require weighing Long time horizons
and analysis value trade-offs
99



For every complex problem
there is an answer that is
clear, simple, and wrong
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STAKEHOLDERS



= Stakeholders

* A stakeholder is any individual, group or organization that
can affect, be affected by a project.

=1

STAKEHOLDER DEFINITION

102



Method for stakeholder identification in interorganizational
environments

Luciana C. Ballejos - Jorge M. Montagna

STAKEHOLDER IDENTIFICATION

1. SPECIFY
STAKEHOLDER
TYPES

2. SPECIFY 3. SELECT 4. ASSOCIATE
STAKEHOLDER P STAKEHOLDERS M STAKEHOLDERS

ROLES

WITH ROLES

5. ANALYZE
INFLUENCE AND
INTEREST

By executing the first step, diverse stakeholders’ attributes are analyzed, such as: performed functions,
hierarchical levels, abilities or knowledge, and geographical location. The roles that stakeholders may
play along the project lifecycle are determined. The third step is devoted to selecting the concrete
stakeholders that will represent the diverse interests in the project. The identified stakeholders are
associated to the roles specified in Step 2. Tools for analyzing the influence and interest each of them
may have in relation to the project and its success.




Table 1 Stskeholder Roles
Benchiciarier: Thane that benchit from the system implementation Table 8 Facilitator Role Table

Functional: They benefit disectly from the functions pecformed by the system and its products of results. Other information systems that interact
ith the new one can be included in this role, since the functionalities 10 be implemented would be beacficial

Name: Facilitator

Financial: They benefit indirectly from the system, obtaining financial rewards

Political: They benefit indirectly from the system, obtaining politic
the proj
example

s in terms of power., influcnce and/or prestige

Brief description: This role represents collaborators who interact directly with the project team. They hel,
specific questions related to the entity to which they pertain

in the resolution of problems regarding

Sponsors; Those in charge
‘and budget reductions,

and of starting the system development, collccting funds and protecting them against political pressures

Negatives: Those that uadergo some kind of dam

as a consequence of the system implementation oF are adversely impacted by its

development (for example, losing their jobs. losing power for decision making. physical damage. financial dumages, ctc.) Responsibilities: They are the nexus between the external project team and the organization. They must collaborate in the normal executions of
Repomibles: They ar incharge of the sysiem throughoot sl fecycle phsses This role includes people working with budgets i schedles (for . . . . . - - . -

comnglé, gl andss, o tnpomaible R slcing sppiccn, 1) = interviews and solving problems in order to achieve synergy with personnel. making easier to arrive to consensus
Decision-maters: Those that ool the process and make decisions o reach agrecments. They define the way in which coasensus s atained L . . .

throughou the project Participation: It will take part in different stages of the project:

Regulators: They are also called legishators, They are gencrally appointed by government or indusiry 10 act as 1o
costs or ther aspects of the sysiem. They gencrate guidelines and outlines that will affect the system developa

instance, health organisms tht coatrol standards, organisms that defend rights, organisms related 10 le

ors of quality, security

and/or operation, Far Initial contact

ind tax controls, etc

Operators: They are slso called “users™ by many authors, since they operate the syster 10 be developed. They interact with the system and use -
it results (information, products, etc.). They are differeat from functional benefciaries, even though their roles may overtap. An operstor can Meetings moderator
benefit from the sysiem or ot

Documentation of processes and “as-is” situation

Expers: Toey are familiar with funcionaliies sod comsequences of the sysiem They widely kaow he P
Comsmitanc: Thass Tocbuls sy s detling, wilk pecviding sapport o sy aspect o e syviom v alopment Thay e genacall sxtecsal 9 e Stakeholder selection

arganization and have specific knowle . 3
Developers: They are directly involved in 10S development (requirements engincer, analyst. desigaer, programmer, tester, safety engincer Requirements validation
security engineer, project manager, ei.)

on a particular area

Table 9 Stakeholders Table for the example

D Stakcholder Description Stakeholder type
Tahble 6 Stakeholders influence and interest matrix Criterion Dimension
N Physicians organization X They perform their activities in Functional Organiz. (Hospital X)
Influence Organization X (c.g., hospital
X)
Low High 2 Private laboratory A Organizations which supply drugs Functional Extemal
and medicines to Centra] Geographical location
Interest High B A Pharmacy
. . . ) A s3 RHA coordinator (region Pursues political goals and Geographical location 10N
These stakeholders will need These stakeholders constitute the supporting base of the project Private Laboratory 1 | - -|Prwate Laboratory n Private Laboratory X B) regional interests in health area Hierarchial
special initiatives ; (Region B)
Low D ¢ s4 Specialist in process Defends strategic issues for Knowledgeability External
w redesign processes performance
They are the least important They can influence results, but their priorities are not the same as those of the project. They . tmprovement . . )
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<+ At the end: Stakeholder “Requirements”

e Stakeholder requirements describe the needs, wants,
desires, expectations and constraints of stakeholders

* Defines value to be created for stakeholders

ID Need Stakeholder

N1 | "Need to notify support manager when a Support manager
‘support request’ is initiated."

Need .Want

STAKEHOLDER DEFINITION

N2 | "Need to assign support request to Support manager
appropriate support engineer.”

N3 | "Need to keep customer informed of Customer (user)
the progress of a support request.”
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Operational Analysis

“What system users must achieve”
“What the users of the system need to accomplish”

* This perspective analyses the issue of operational users,
by identifying actors that have to interact with the system,
their goals, activities, constraints and the interaction
conditions between them.

* Analysis of the issues of operational users by identifying
the actors that must interact with the system, their
activities and their interactions with each other.



e * Trying to best satisfy a customer need, without having an
imposed system scope.

on smowa  MNOT Mention .

system, so as not to bar itself from potentially interesting
alternatives for achieving the satisfaction of customer
needs: it aims at understanding this need without any a
priori assumptions about how the system will contribute
thereto; this is to not restrict the scope of possibilities too
oo quickly.
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<&~ « EXAMPLE.— Suppose that the customer need

is to be able to hang a mirror on a wall.

If this need is translated too quickly into “how
to attach a dowel to the wall with a drill?”

* this prematurely excludes other possibilities
(such as using glue, for example),

* And, also, criteria that would help guiding
the process toward the right solution (such
as the need or not to be able to
disassemble the mirror later).




Arcad|a method — operational analysis summary

Define missions |determining future system and environment

and required users’ missions — or more generally their

operational motivations, expectations, goals, objectives,

capabilities intentions, etc., as well as the capabilities
required to assume these missions.

Perform capture the conditions for the completion of a

operational mission previously identified, and those for the

needs analysis implementation of associated capabilities,

mainly through the activities and interactions
of the key players that contribute thereto.




OA ELEMENTS VOCABULARY



* Operational Capability: capability of an organization to
provide a high-level service leading to an operational
objective being reached (for example Provide weather
forecasts, etc.); - high-level objectives

N ! 3 (1 LN
? @ ] @ : -Il!/!Igrg§/7j dHhihites
@ Q% @ MAINTAINABILITY kit
V)

EXTENSIBILITY

B > VULNERABILITY
o )/ \o o/ \a o/ \c o/ \ | =
and several cozens more

OA CONCEPTS




* Operational Entity: entity belonging to the real world
(organization, existing system, etc.) whose role is to
interact with the system being studied or with its users
(for example Crew, Ship, etc.);

OA CONCEPTS

. "o e

d18

00:09
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* Operational Actor: particular case of a (human) non-
decomposable operational entity (for example Pilot,
etc.);

OA CONCEPTS

=, -
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* Operational Activity: process step carried out in order to
reach a precise objective by an operational entity, which

might need to use the future system in order to do so (for
example Detect a threat, Collect meteorological data,
etc.);

OA CONCEPTS

00:09
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* Operational Interaction: exchange of information or of
unidirectional matter between operational activities (for
example meteorological data, etc.);

OA CONCEPTS

00:09
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* Operational Process: series of activities and of
interactions that contribute toward an operational
capability.

R

OA CONCEPTS

LKL

s
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* Operational Scenario: scenario that describes the
behavior of entities and and/or operational activities in
the context of an operational capability. /t is commonly
represented as a sequence diagram, with the vertical axis

representing time.

eeeeeeeeee

Order Confirmed Order Confirmed
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Systemn
Analysis

Operational Analysis
Define Stakeholders Needs

= Define Operational Entities and Capabilities

B B
m] % [QEBD] Create a new Operational Entity Breakdown diagram

€

i-*“"-_l l:rE [DCB] Create a new Operational Capabilities diagram

= Define Operational Activities and describe Interactions

D

|

[DABD] Create a new Operational Activity Breakdown diagram

[DAIB] Create 3 new Operational Activity Interaction diagram

QGC' o]

L] B
L |
]

[DAS] Create a new Operational Activity Scenario

S——

= Allocate Operational Activities to Operational Actors, Entities or Roles

B

[OAB] Create a new Operational Architecture diagram
L&)

n [ORB] Create a new Operational Role diagram

I [DES] Create a new Operational Entity Scenario

+[ +.[
=

¥ Transverse Modeling

121

Identify the operational domain: who are the actors and
entities, what are their purposes? The activities give a global
view of the operational objectives of the business.

Detail the breakdown of operational activities, describe the
interactions between entities, and model the processes.

The actors and operational entities are responsible for the
execution of operational activities. Manage allocations and
deduce means of communication between entities.

Create scenarios to illustrate interactions between operational
actors and entities
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Figure 4.10: Operational Analysis model elements and diagrams traceability
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-+~ SOME THOUGHTS

* OPERATIONAL ANALYSIS ANSWERS:
 What the users of the system need to accomplish

*There is NO SYSTEM IN the operational analysis.

* Focus in the problem and in the “as-is”.

* Map the stakeholders’ interactions with the subject
domain.
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* Fazer a etapa de Analise de Contexto

* Apresentar o entendimento do problema na sua maneira (pode usar o
método que achar interessante)

* Apresentar o modelo da analise operacional

e Caracteristicas minimas: 3 stakeholders — um deles negativo, 2 capacidades
dese{'adas, 1 diagrama de capacidades, 2 cenarios que acontecem no sistema
problema, 6 atividades distribuidas pelos stakeholders, 1 diagrama de fluxo
funcional, 1 diagrama de arquitetura do problema, 2 processos — 1 deles
relacionado com um cenario, 1 classe que indique o que é trafegado em 1a
interacao, 5 necessidades apontadas, 4 medidas de efetividade e 3 restricoes.

el PN OP
Context Analysis l
Hard
, Operational Problem .
Problem F —
L robiem Framing H Analysis |‘_ Simulation Operational
Research
‘ Formalized Needs = NOP
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