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Models are key components of most advanced
methods and tools, dealing with many different
disciplines and addressing most of systems engineering
processes and domain specific needs.

As aresult,
of modeling
« many different
*  many
&

Consistency of all the information across the different
models & diagrams need to be fully ensured.
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Refer to what models represent: the System. f,,
Building a semantic reference. vy

~

Build it in the most

Useitas a pivot

generic & for interoperability,
reusable models exchanges,
way. transformation and

synchronization.

Use it as Semantic

reference
to ensure models
consistency and
sufficient completeness.
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Scope of interest?
What are we talking about? P

> Models = Systems

\ /

Model Based Systems Engineering

\

Goal we address?

= Engineering
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Model (arRP4754a/ED-79A, 2.2)
An abstract representation of a given set of aspects of a system/function/item
that is used for analysis, simulation and/or code generation
and that has an unambiguous, well defined syntax and semantics.
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Model

An abstract representation of a given set of aspects of a subject,
used to address given concerns, ‘

following structured semantics.
Scope of interest?

= Systems
Approach: Based on Goal we address?
structured semantics = Engineering
= Ontology
%[ Subject — Abstract Re tati
= Concepts presentations
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Model

An abstract representation of a given set of aspects of a subject,

used to address given concerns,

following structured semantics.
|

I

J

Elicit structuring rules & common patterns

Allows to:
* identify similarities > Promote generic approaches
* generalize principles to other concepts

with same recognized structure — Promote reusability

Abstract
Concepts
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Model

An abstract representation of a given set of aspects of a subject,
used to address given concerns,

following structured semantics. _
To support collaborative work

To allow models _ & models configuration
analysis & simulation management

To ease models editing & \

improve visualization
To reduce ambiguity thanks to th \
0 guity thanks to the —_

use of a structured formal language Digitally formalized
A

To ease models
exchanges &
transformation

[ |

Abstract
Concepts
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Model
An abstract representation of a given set of aspects of a subject,
used to address given concerns, . W LMS
following structured semantics. @ A e novarion
3DEXPERiENCE SI EM E N S
GamEo
SYSTEMS MODELER How to model:
* Tools
« Tools language
GEVDEIE software <~ * Meta-Models
S \
_ A | \
(<)
Abstract
é[ Subject — Concepts Representations ——— Data
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Model

An abstract representation of a given set of aspects of a subject
used to address given concerns, = -
following structured semantlcs |

T G G ot o Ton Wi T
¢n|5

"

- What to mc

V'eWpomts;?’? _

ety

Diagrams to use
Diagram elenents
A

Abstract
Concepts
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Model

An abstract representation of a given set of aspects of a subject,
used to address given concerns,
following structured semantics.

What to model: . HOw to model:

Why models: '

« Scope .+ Viewpoints to consider « Tools

« Goal .+ Diagrams to use . *» Tools language
« Associated concepts « Diagram elements .+ Meta-Models

| I | I

w 1
Abstract !
é [ Subject Concepts Representations —— Data
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Model

Model

An abstract representation of a given set of aspects of a subject,
used to address given concerns,
following structured semantics.

System (1so/EC/IEEE 15288)
A combination of interacting elements organized to achieve
one or more stated PUrposes.

_ Abstract _
Subject Concepts Representations ——— Data
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Model

Model

An abstract representation of a given set of aspects of: « a combination of

used to address given concerns, elements

following structured semantics. * interacting

 to achieve one or
more stated
purposes

Abstract

Subject Concepts

Representations ——— Data
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Model

Model

used to address given concerns,

elements

An abstract representation of a given set of aspects of: [ a combination of J

following structured semantics. * interacting

Goal

N

Describe system architecture

 to achieve one or
more stated
purposes

[[ Subject

Abstract _ o
I Concepts Representations — Data
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Model

Goal . Describe system architecture

Model

An abstract representation of a given set of aspects of: « a combination of

used to address given concerns, elements

following structured semantics. * jnteracting

« to achieve one or
more stated
purposes

» Capture what the system shall do
» What is the need the
system shall answer?
» What the system is

v expected to do?
(to answer this need)

_ Abstract _
Subject — Concepts Representations ——— Data
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Model

Model

An abstract representation of a given set of aspects of: « a combination of
used to address given concerns, elements
following structured semantics. [ interacting ]

Goal

N

Describe system architecture
Capture what the system shall do
Capture the system behavior

« to achieve one or
more stated
purposes

[[ Subject

Abstract _ o
I Concepts Representations — Data
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model

\
An abstract representation of a given set of aspects of: .- a combination of !
|

used to address given concerns, /.\ _elements
following structured semantics. //' * interacting
R » to achieve one or
e more stated
System Breakdown

e e e - < purposes

[ 1

| Element [ | System E

|

! | :

N e e o ML /

Abstract

Subject Representations ——— Data

Concepts
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Model

Model

An abstract representation of a given set of aspects of: !« a combination of

Interface (INCOSE SECF v12018) ~
A point where two or more entities interact.

( |
|
used to address given concerns, ' elements i
following structured semantics. _.w¢_interacting )
=7 «~ to achieve one or
- - more stated
-~ purposes

_ Abstract _
Subject Concepts [ Representations ——— Data
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Model

An abstract representation of a given set of aspects of:!« a combination of !
used to address given concerns, ' elements !
following structured semantics. _a* interacting !

- S - ——— - - ——— = == ——
I

Svetem Architoct _.-~" + toachieve one or
ystem Arcnitecture PR
TS e mmmmmmmmmm oo ~ more stated

l i ' purposes

: Element o System :

| ? ? !

! :

: Interface !

LY !

\\ ,
[
= _ Abstract :
§ Subject Concepts Representations ——— Data
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Model

Model

An abstract representation of a given set of aspects of: -

used to address given concerns,
following structured semantics. b
le
S
Capablllty (INCOSE Systems Engineering Handbook) <
“Ability to achieve a specific objective under stated
conditions”.

a combination of
elements

— o o o —— o ——

more stated
purposes

_ Abstract _
Subject Concepts [ Representations ——— Data
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Model

An abstract representation of a given set of aspects of: -
used to address given concerns,

following structured semantics. b
System physical & functional Architecture e
c iz Ffu}c:ﬁgn;;/;;EOZf‘\l e
: Element : -{ Capability : '
B e =
| Interface —— ¥ Capa I/F |
N e s i of the
v I .
S _ Abstract
. Subject Concepts

www.incose.org/symp2019

a combination of
elements

— o o o —— o ——

more stated
purposes

:> Structural representation

system (“Static”).

Representations ——— Data
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Model

An abstract representation of a given set of aspects of:|« a combination of

used to address given concerns,
following structured semantics.

Procedural representation of <:I

the system (“Dynamic”).

Model

_ Abstract
Subject Concepts

elements
* interacting
« to achieve one or
more stated
purposes

%

Representations ——— Data
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The OPM (Object-Process Methodology) - ISO 19450 RSP

Structural Link

Procedural Link

object

OPM Element 2
OPM Link connects OPM Thing
>
connects %
—
\\ Process
connects |
-~
\ connects
2| Object
-
A aggregation-participation
A generalization-specialization

www.incose.org/symp2019

An OPM obiject is an abstract
category identifier for a pattern

of structure, properties and
features.

A process transforms one
or more object.

An object exists while a
process happens to one or
more objects.

AIRBUS



The OPM (Object-Process Methodology) - ISO 19450 M P

OPM Link

OPM Element 1

connects

OPM Thing

\'4

Structural Link

connects

Procedural Link

\\ Process I 1
connects |
-~
\ o
2| Object
> —
A aggregation-participation
A generalization-specialization
object
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Procedural
representation of the
system (“Dynamic”).

Structural representation
of the system (“Static”).
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Model

An abstract representation of a given set of aspects of:|« a combination of

used to address given concerns,
following structured semantics.

o o —— —

2
7

. | perform \
realize N | - \ 4 |
Element — Capability ! perform — Action |
|
LYY vy v LY7o
. 1 > .
Interface p >l Capa I/F | !perform —| Interaction |
realize — |
¥ ¢ : Y |
\ perform )
‘\ ____________ //
o _ Abstract
§ Subject Concepts
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elements

* interacting

« to achieve one or
more stated
purposes

System procedural
representation

Representations ——— Data
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6 main Concepts
4 main structuring Patterns

« Decomposition
* Functional allocation
« Behavior description

 Interfacing

. perform
realize N - 4
Element - Capability | perform — Action
R B L9 9
Interface Y Capa lIF | perform —| Interaction
? realize } } N
perform

_ Abstract
Subject Concepts

Model

|
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2 Generic constructs

- ———
~

-

Generic structural

architecture construct
Generic procedural
architecture construct

T -

, .
7 realize

—

ltem

<

y

Interface

i <frealize ,’
A

— o —

N o e e

—

/
s perform®™ {

\

> Interaction

- -~ ,
M 4
: realize R \\ p erﬂ;/;m R
- Element Capability | perfdrm — Action
1 I
5 YT L5
Interface p < Capa I/F erfarm
realize I \ -
ﬁ J / \ J

R et e e e e

T e o mm omm o



2 Generic constructs

- ———
~

-

: OPM Thi
Generic structural ng
architecture construct | TX
Generic procedural realize
architecture construct ] perform
Object »  Process
/,realize N ZF j
\
| \
1
ltem K = U -
1 Y — N
i ? realize : realize perf oun v )
- ' - ili " Action
Interface |- : Eler<n>ent Capability perf?rm
3 L LT LY T
. realize 4[| torface /' Y Capa I/F | perfarm — Interaction -
________ - realize \ A
g L9 LY
perform™ P o

T e o mm omm o



4 main relationships

Decomposition

T

Y

perform

. . \
Realization |
~== ~N_1_ 7/
Performance ¢ Toalzd
Specialization | : emm=s
0 | perform
- Object fre——r! Process
realize j jl j
|
ltem [
? realize realize perform v
A 4 > > .
ili Action
Interface |~ Eler<n>ent Capability | perform
9 ¥ ' § 7 - F 9
realize Interface Y Capa I/F | perform — Interaction
realize

o
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In addition:

A model is a representation of
a given set of aspects

of the system.

realize

OPM Thing

mill

4

characterize

realize

=

Characteristic

Object

perform

Process

anlll|

tem K

j <frealize

A 4

Interface [ —

T

perform

=1

»

realize

¥ Capability | perform

Y 7

— Action

Y 7

realize
Element
? >
Interface >
realize

T

Capa I/F perform

> Interaction

Y

perform

k=
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In addition:

A model is a representation of

a given set of aspects
of the system.

Characteristic

OPM Thing <
i ~ characterize
realize
ltem perform — Action
realize
LY T 9
Interface [ perform ™ Interaction
realize J
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How concepts
are represented OPM Thing ¢ — Characteristic
in models o 7 etz
realize
ltem perform ™ Action
S T

Model

[ Subject —

Interface

< perform ™ Interaction

J realize J

Abstract

————— Data

Concepts L Representations -
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Let's focus on the

} Architecture
structural architecture o
description
construct | “Box & Pipes”
realize diagrams

Decomposition

representation ~— ltem
j ?I‘?;’:i/ize <:> Box Box

Interface |,
Interfaces - “

representation Y

realize

Abstract
Concepts
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Model

ibd [Block] Context[ Logical Flow

allocatedTo
«fullPortsDevice:pp

allocatedTo
=fullPort=Device:pp |
T

Stick in
2 ,. T
u ! q, rad/seciemd, deg — 5, deg et e \
i Tastt computer : Computer | / printer : Printer
Actuat A
e o o R
: Data a
wus, fisec la > P
q radsec Report
Q,
Gust
- » ) qGus, rad/sec |
armd ibd [Block] Cortext [ g Physical Flewu
Dryden Wind Lo - -
Gust Models b Y"B";" apha, rad computer : Computer printer : Printer
T
alpha, rad
\ /
% !
rom rom
. aproxyPortsDevice:pl eproxyPortzDevice:pl
g
d
SuporvisoryComputer ¥ -
! Data Legger

ibd [Block] Anti-Lock Controlier [ Extended | ]

5 |
a5 s1:Sensor [4] '

¥ activate : Svdc

m1: Brake

G

Tonen

oz

pEpr—

ol otz oo

Crien

Subject

fon cn

@ e

P

Wenwonmers

et

Abstract
Concepts

Box

— 1 Representations -

diagram

————— Data
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Model

What does each
architecture description
element represent 0

connectipns

Decomposition

representation Item
\ ? ‘/ \\‘
g <:> Box Box )—(

4
Interface ¥ i
Interfaces -
representation | % N
| > ports
[ |
diagram
Subject Abstract R tati Dat
_— _— 4+—
ubjec Concepts epresentations ata
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e { OPM Thing “y -
Decomposition pattern . | <,

Basic Structural =
Construct ing
o L REPPPPPa A
[ 7 | Aggregation- \
— Participation
Structural Link ;

E Refineable | | Refinee A Construct
\ ==
A aggregation-participation \ N Part , /
-~

—— o —— o — — o o o

Aggregation-
Participation Link

o o ——

A generalization-specialization

object D_eflnltlon Of .the Thing Usage in the frame of a
thing decomposition parent thing decomposition
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Example of decomposition

Longitudinal
Refineable pattern <} is defined by Refinee Potentiometer
Definition Usage
<>
Lateral
Cockpit Potentiometer
S

Side-stick
S

—— Captain side-stick
— First-Officer side-stick ---

<4—-— J—

is defined by

_——— -

I
4

Side-stick definition

/ '
h i \

— Longitudinal Potentiometer ---;
—— [ateral Potentiometer

Potentiometer <«------------------ooo--oo----T-c
www.incose.org/symp2019
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Model

ltem definition
? Zr — D Item
ltem usage Y ? <:> Box D—] Box D—
4 Interface x
| Y i
i Abstract :
Subject — Concepts — Representations +— Data
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Example of the
side-sticks
acquisition

Sense Side-Stick positions

Sense Side-Stick

[ ]
Compute control orders @'

Q N Q N G Compute roll
lateral position 4 - order
t f
Functional architecture
realize realize

www.incose.org/symp2019

Flight Control
Computer




Exam ple Of the Sense Side-Stick positions Compute control orders
side-sticks Sense Side-Stick | Compute rol
. lateral position 4 A - order
acquisition i
|
i Functional architecture
Same interface What do the connections |
is shared. mean? S :
|
|
Sense Side- . Sense Side-Stick | Compute roll . Compute
Stick position lateral position I order control order
|
i i % i
v
Interface Interface [« » Interface Interface
4 4 TBD Relationship Y A
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Example of the
side-sticks
acquisition

Same interface
is shared.

Sense Side-Stick positions Compute control orders 7
Sense Side-Stick Gf’de'St’C’;D q Compute roll
lateral position 7 position order

Sense Side-
Stick position

Functional architecture

[

Sense Side-Stick Compute roll . Compute
lateral position order control order
Side-Stick
Position
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Model

ltem definition

I T

Item usage

*

Subject —

Abstract
Concepts

> ltem
j ? <:> Box H Box H
| T 'T

Interface A Lo L

- | —— ——

' D N I

: Relationship : : i : i

| [ U S Lo

[

— 1 Representations -
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Diagrams update =
or (re)generation ﬁ\

\

: \ — — =» Model edition
Other models generation \) -
and/or synchronization *. PR
\\/ / \\
e
", - ~ o Model
)
System architecture <:> System architecture
concepts . representations
2 \\
N ' s
N~ _ ="
/7 \
// '
Information Formal elicitation of
edition semantic of models
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« Automatically ensure continuous consistency of all models & diagrams.

* Promote the use of as many diagrams, models types and modeling
features as needed, in an easy and efficient way, in order to address all specific
needs and concems in the most relevant way.

Structural representations

| |

=

| Physical Procedural representations
: architecture ) T |
| description | Semantic II m - :
I | Behavioral

: ! reference | description :
| | Functional | _ T —_ |
I architecture

: description [

Dene NS _ o SR SER  __ J
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2 Generic constructs
4 main relationships

/

— e e o

Characteristic

—

-

o o

(=1 ~OPM Thing fe———
(associated with simple patterns) ! Sir \ characterize
P |\ /I
Specialized into 6 main ez <1-
concepts Lo
- Object r———! »  Process
realize \‘ J jl j
| |
|
ltem K . [P
I Z
i <fr(—’;;alize : realize perf i!rm R \ 4
' ili — Action
Interface — ! Element Capability perfdrm I
B 1 f>
? 1 ? ? J ? I ?
. ] I
realize 4 Interface p Capa I/F pen’o}'m Interaction |
__________ realize
Y | 7 VLY ]
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