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1. Introduction




Why a New SysML V1 Profile?

Functional architecture is a representation of the system behavior (what the system does) in the
form of functions considered as transformations of inputs into outputs.

Traditionally, the functional analysis approach for developing functional architectures has been
applied to the development of many systems since the 1950s.

We consider a correct functional architecture to be the one that follows the basic guidelines of
traditional functional analysis, where there are two fundamental types of relationships: the
parent-child relationship between a parent function and its child functions, and the out->in
dependency relationship between functions that exchange matter, energy, or data.

This new ISE&PPOOA SysML profile & plugin for the Cameo System Modeler MBSE tool is the
best way to facilitate the creation and validation of functional architectures by MBSE engineers.
That is, functional architectures that meet parent-child relations and out-in dependencies
between functions.

COPYRIGHT BY THE AUTHORS 4



2. ISE&PPOOA Concept Model




ISE&PPOOA Conceptual Model Diagram
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ISE&PPOOA Conceptual Model for Functional
Architectures

= |n the ISE&PPOOA conceptual model, a function is a transformation that may play the role of
sender or receiver of items.

= An item may be either a material item, energy item or data item.
= When a function is a parent function it has one to many children.
= A functional flow is an ordered aggregation of functions that have the role of used functions.

= So, the parent-child relation is established when the functions are defined. The order of
functions is established when the functions are used in a functional flow. Between each pair of
functions, we model functional interfaces. Functional interfaces are defined as well between
some functions and external entities interacting with our system of interest
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3. Resource Installation




Profile Installation Process

1. Start Cameo 2024x as Administrator

Open Help > Resource/Plugin Manager

Click “Import”

Browse to the downloaded “ISEPPOOQA.zip” and click Open
Wait until Cameo completes the installation

Close the Resource/Plugin Manager window

Restart Cameo (Required, as the plugin will not load until Cameo is restarted)

© N o o »~ W N

Confirm ISE&PPOOA plugin is shown in the Resource/Plugin Manager Window
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Start Cameo 2024 x as Administrator

&Y CATIA | Cameo Systems Modeler 2024x = O >
: File View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE  Window Help
OB i [ Create Diagram : E
4 B |

L'( Welcome X

p?S 2srai Welcome to CATIA | Cameo Systems Modele

SYSTEMES

% MANAGE PROJECTS

[ Create New Project
& Open Project

(= RECENT PROJECTS

10
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Open Help > Resource/Plugin Manager

WY CATIA | Cameo Systems Modeler 2024x = O X
: File View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE  Window | Help
D E}r Create Diagram Online Documentation
& Welcome X Online Support b
Online Demo =

MagicDraw User Manual

Cameo Systems Modeler User Manual

2.
pSSDL?f:ST"SE?‘:JI:E; Welcome to CATIA | Came Other Documentation >

Tip of the Day

License Manager

Show Welcome Screen
What's Mew ,
Resource/Plugin Manager

Entertainment with UML *

About Cameo Systems Modeler

Lé MANAGE PROJECTS

[ Create New Project
Open Project

(= RECENT PROJECTS
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ick “Import”

[ Rescurce/Plugin Manager ><1

Add or remove Cameo Systems Modeler plugins, samples, language packs, profiles, and templates

Resource/Plugin Manager allows the addition of extra features and resources from a local file system or
over the Internet. Use resource manager to manage plugins, case studies/examples, language packs,
profiles, templates, custom diagrams, etc. 1

Rescurce Location:

https://www.magicdraw.com/ w

B8l B o= & Refresh

| Marme Status Version

Plugins (commercial)
El Plugins [no cost)

[0 Development Tools = Installed 2024x Refresh3
[ IsEPPOOA = Installed 1.0
Profiles

Installed Resource or version available Changes will be applied after application restart
Download / Install Remowve Manage Licenses

Details Close Help
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Select ISEPPOOA.zip and Click Open

¥ Select Cameo Systems Modeler resources to import X oo
Look in: downloads w ? ® [ad-

% #% |SEPPOOA. zip

Recent [tems

el Desktop
'H
=

Documents
1 — Filename:  |ISEPPOOAzip | Open |
i This PC . S
5 - Files of type:  Cameo Systems Modeler resources (*zip)  ~ Cancel E
:lau FOITI=eagTr TRETTTrowe I L o I I l'mlw‘_ [ Sy L ) I
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Wait Until Cameo Completes the Installation &
Close Resource/Plugin Manager

SUREER UL I PR IR DR LR LR B P TR, LI IR 3 AL

I Y Message >

WY Resource/Plugin Manager *

ISEPPOOA F|'| LI giﬂ (version 1.0) | Add or remove Cameo Systems Modeler plugins, samples, language packs, profiles, and templates

Resource/Plugin Manager allows the addition of extra features and resources from a local file system or
- over the Internet. Use resource manager to manage plugins, case studies/examples, language packs,
profiles, templates, custom diagrams, etc.

1 @ The following resource(s) will be updated on startup:

rearree I Resource Location:
o T https:/fwww.magicdraw.com/ v
g 8 =24 & Refresh
| Mame | Status Version
E Plugins (commercial)
[mRUAF 1.2 Evaluation expir 25721 2024x Refresh3 '
= Plugins (no cost)
() Development Tools ] Installed 2024x Refresh3
ISEPPOOA ] will be installed after restart 1.0 !
J = Profiles
[ SeaML Profile [ Installed 2024x Refresh3

Installed Resource or version available Changes will be applied after application restart

Download / Install Remowe

Manage Licenses

7 Details Close
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Exit and Restart Cameo as Administrator

(ﬂ’ CATIA | Cameo Systems Modeler 2024x = O X
:| File | Eit View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE Window Help
‘ [ | New Project.. Ctrl+ Shift+N e Diagram P B
[| ¥ Open Project... Ctrl+0 4@ |
Save Project Ctrl+5 ,
Open Element from URL
Import From >
Ctrl+P
[3 MANAGE PROJECTS
B Print Options...
m [1 Create New Project
B 1Generic ex...application.mdzip Bpetliee
EF 2 EPBS_v3.mdzip
= 3 Ejernplo Ap...00A Profile.mdzip
&5 4lronmezi
ronmdp (B RECENT PROJECTS
Exit
\ \ Generic ex... application
Ready A
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Confirm ISEPPOOA Plugin is Installed

. - S —
WX CATIA | Cameo Systems Modeler 2024x = a X
¢ File View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE Window | Help
D E‘F’ Create Diagram Online Decumentation
Online 5 I3
Y Welcome X niine Suppo
Online Demo

MagicDraw User Manual
7 Cameo Systems Modeler User Manual
DASSAULT
pSaisaar Welcome to CATIA | Camejpsinsiin

Tip of the Day

[ g Resource/Plugin Manager X

Add or remove Cameo Systems Modeler plugins, samples, language packs, profiles, and templates

Resource/Plugin Manager allows the addition of extra features and resources from a lacal file system or
over the Internet. Use resource manager to manage plugins, case studies/examples, language packs, 'U"J

License Manager . X
profiles, templates, custom diagrams, etc. )

Show Welcome Screen
What's Mew

Resource/Plugin Manager .
i Resource Location:
Entertainrment with UNML

About Cameo Systems Modeler https://fwww.magicdraw.com/ w

L@; MANAGE PROJ

Bl = ex

[0 Create New Project | Name Status Version
& Open Project Plugins (commercial)
B Plugins (no cost)
[ Development Tools = Installed 2024« Refresh3
[ ISEPPOOA = Installed 1.0
(= RECENT PROJECTS Profiles

| text | Installed | text | Resource or version available Changes will be applied after application restart

Download / Install Remave Import Manage Licenses

|
! Details Close Help
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4. Project Setup




Project Set Up Process

1. Open an existing Project in Cameo which uses the SysML profile

2.
3.
4.
o.

Open File > Use Project > Use Local Project
Select the “ISEPPOOA Profile.mdzip” in <install.root>\profiles
Ensure the profile is always loaded when the project is opened

Confirm ISE&PPOOA Profile is used in the project
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Open a Project

WY CATIA | Cameo Systems Modeler 2024x - MyProject.mdzip [DACamecWorkspaces\MyProject\]
: File Edit View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIEM
DE’E' g -~ - EﬁCreateDiagram :

E Containment réﬂ Diagrams r%g Structure I

Containment (LT . 6
wr Q o -
E- E Model

Bt Relations

£ 00 External ltems

=[] 01 Mission Dimensicn

EI 02 Systern Dimensicn

E MD Customization for Requirements [MD Customization for
E MD Custemization for SysML [MD_customization_for_SyshL
Bt [ MD Customization for ViewsViewpoints [MD_customization
E UML Standard Profile [UML_Standard_Prefile.mdzip]

B SysML [SysML Profile.mdzip
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en File » Use Project > Use Local
roject

WY CATIA | Cameo Systems Modeler 2024x - MyProject.mdzip [DA\CamecWorkspaces\MyProject\] - [m] *
i| File | Edit View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE Window Help x
i [0 Mew Project... Ctrl+Shift+N  te Diagram iy -
B Open Project... Ctrl+0
B SaveProject Ctrl+5 E—
B Save Project As... o5 -
| BB Close Project
B Close All Projects
tion for
Open Element from URL :.Ifn_r._c_;:_

Use Project > Use Local Project
Import From > [
Export To >

Save as Image...

0 Print.. Ctrl+P
L B Print Preview
B

Print Options...
Project Properties LI ¢
Switch Projects >
1 MyProject.mdzip

2 Generic ex...application.mdzip

3 EPB5_v3.mdzip

4 Ejemplo Ap...00A Profile.mdzip

W0 T W&

Exit

Ready e
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Select the ISE&PPOOA Profile

| ¥ Use Project X |

Select a project from the file system or predefined location (paths to used projects) and click "Mext' to \
proceed, Predefined locations help finding default application profiles and libraries.

1 Select a project to use
a
I

rSelect a project to use
0 1. Select project

() From file system
() 2. Specify usage options i
© From predefined location

Paths to used projects:

<project.dir>
<install.root=\profiles

<install.root>"YmodelLil

EAI_Profile.mdzip
M ECA_Profile.mdzip
@ Ecore_Profile.mdzip I
S| FCh_Profile.mdzip
@ Free_Form_Elements_Profile.mdzip
.. ] IEEE1233_Profile.mdzip
@ ISEPPOOA Profile.mdzip
E lava constraints.mdzip

Project description:
Profile for the ISE&PPOOA methodology.

< Back Mext =» Finish Cancel Help
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hsure the ISE&PPOOA Profile Is Always
oaded

WY Use Project

Specify project usage options
Specify usage options for the selected project and then click 'Finish’ to start using it

Accessibility Lead Mode
() 1. Select project
© Read-only © Always load
© 2. Specify usage options
() Read-write () Autoload
() Autoload with prompt
8 Use Index () Manual load
Packages:
Shared Package Preferred Path Mounted On

&, ISE&PPOOA Profile [

< Back Next = Cancel Help
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Confirm the ISE&PPOOA Profile is Used

& cana | Cameo Systems Modeler 2024x - MyProject.mdzip [D\CameoWorkspaces\MyProject]

: File Edit View Layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE  Window
OE E- g & - - . : [3 Create Diagram i
rI::'E Containment réﬂ Diagrams r%g Structure I

Containment (LI 4
g5 ir Q o -
E-E Model

G- a:;"’ Relaticns

&[0 0D External ltems

-3 01 Mission Dimension

&[0 02 System Dimension

E MDD Customization for Requirements [MD Customization for

E MD Customization for SysML [MD_custemization_for_ZysML

B O MD Customization for ViewsViewpoints [MD_cust n_|

E UML Standard Profile [UML_Standard_Profile.r

e ISE&PPOOA Profile [ISEPPOOA Profile.mdzip]
ysML Profile.mdzip]

=2 Zoom r B Documentation r Proper‘tiﬁ]

Zoom LI 3
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5. Functional Architecting Process




Goal of the ISE&PPOOA Functional Architecting
Process

The goal of the ISE&PPOOA functional architecting process is to build a correct functional
architecture that emulates the traditional functional decomposition process used with DFDs

by using SysML notation and N-squared charts instead.
Example of a traditional functional analysis process using Dataflow Diagrams (DFDs)

EN \—E|11

EO1 / 7.\\- / B
LR 1" » F4 +  EO1

N . / J 12 -.‘\ o /

System |:37 » El2 -:f F2.1 14 u F2.2 15 u F2.3 13 »
EO2— EI24" F2 13 = F5 EO2—»
El2
Example system context Example top level functions Example F2 children

25
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Functional Architecting Process Overview

= Pre-condition: the system context is already modeled (defined in the Mission
Dimension in the ISE&PPOOA methodology)

= Functional Architecting Process Steps:
1. Define Functional Hierarchy

2. Define Functional Interfaces
3. Validate Functional Consistency
4. lterate on Child Functions

Define Functional Flows

o1
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Precondition: System Context

During the definition of the Mission Dimension, the System Context is created. The
steps to create it are:

1. ldentify external entities interacting with the system of interest

2. ldentify external items send and/or received by our system of interest from
external entities
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Identify External Entities

ibd [Block] System of Interest Context] System of Interest Context ]J_J

s0i ¢ System of Interest

ex1: External Entity 1

ex? : External Entity 2

exd: External Entity 3

exd : External Entity 4
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Identify External Exchanged Items and Add them
to Context

bdd [Package] 00 External tem=s[ 01 External items ]_J

wltems wltems wltems whtems
External Input 1 External Input 2 External Output 1 External Qutput 2

Block] System of Interest Context|[ System of Interest Context ],J

soi » System of Interest

ex1 @ External Entity 1 [ - exd : External Entity 3
External Input 1 External Output 1

ex2 : External Entity 2 [ [~ exd : External Entity 4
External Input 2 External Qutput 2
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5.1 Define Functional Hierarchy




Define the Functional Hierarchy

In a Package within the Functional Architecture:

1. Create a Functional Hierarchy Diagram

2. Create the top-level functions of the system
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Create a Functional Hierarchy Diagram

The ISE&PPOOA Profile provides a special type of SysML block definition
diagram to help users create functional hierarchies

Containment

= B wa Top-level Functions X l
B E Model . . . . .
B £ 00 External ltems iR B O ; . - | s - -
B3 01 Mission Dimension .
: Selection i i . i
E}r'_'l 02 System Dimension AT package 00 Functional Hlerﬂrchy[ Top-level Functions ])
¢ [0 00 Internal Items Definition & By lme v
- EI 01 Functional Architecture Taalk
Wl 00 Functional Hierarchy
EI 01 Functional Interfaces ¢ oeo Diagram: (1 Cemmen
l ISE&PPOOA Profile [ISEPPOCE Functional Hierarchy Diagram
SysML Relation Maps ¥ <" Generalization
el hd w” Directed Composition
Analysis Diagrams *
e Td Activity=Functions
Other Diagrams ¥ -
ISE&:PPOOA #
@ Functional Flow Diagram
-- | Functional Hierarchy Diagram
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Create the Top-level Functions of the
System (1/2)

Use the ISE&PPOOA Profile «kFunction» to represent the functions of the system, and the
directed-composition association to represent the parent-child relationships:

package 00 Functional Hierarchy [ @ Owverview ])

aFunction»

Parent
Function

«ChildFunctionFrop ertyj
aFunction»

Child
Function
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Create the Top-level Functions of the

System (2/2)

E- CJ 01 Functional Architecture
=3 00 Functional Hierarchy
G- . Relations
=- £ 00 Functions
ﬂ- Function 1 <Function=
T4 Function 2 «Functions
T Function 3 «Functions
T4 Function 4 «Functions
“- & Function 5 «Functions
Top-level Functions
E- T4 System Functions «Functions
& Function 3 «ChildFunctionProperty=
i & 1 Function 2 «ChildFunctienProperty=
< i Function 4 <ChildFunctionProperty=
< i Function 1 «ChildFunctionProperty»
L & : Function 5 «ChildFunctionProperty=»
- [ 01 Functional Interfaces

package 00 Functional Hierarchy [ Top-level Functions ]J

«Function»
System
Functions
inputs
outputs
«Function» «Function» «Function» «Function» «Function»
Function 1 Function 2 Function 3 Function 4 Function 5
inputs inputs inputs inputs inputs
outputs outputs outputs outputs outputs
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5.2 Define Functional Interfaces




Define Functional Interfaces

In a Package within the Functional Architecture :

1. Select a group of functions that are related among them

o Itisrecommended that these functions are at the same level of decomposition in the
functional hierarchy

2. Create the N-squared diagram for the selected functions

o Herethe N squared diagram is the equivalent to a DFD and the core of the functional
architecting process

3. Add each item external to the group to the N-squared diagram to define which
function receives or provides the item

4. Create and add the internal items between functions to define their needed
exchanges to transform the received external items into the system outputs

5. Reorder the functions if needed
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Create N-squared Diagram for Selected
Functions

The ISE&PPOOA Profile & Plugin allows users to create and modify N-squared diagrams
easily.

To create an N-squared diagram:

1. Select the functions in the containment tree that you need to create the N-squared
diagram

2. Right-click to open the context menu and select ,,Create N2 Chart From Selected

3. The ISE&PPOOA Plugin creates the N-squared diagram and all the needed
infrastructure elements in a package named N2 Package accordingly

4. Move the created package to the Functional Interfaces package and rename it
accordingly
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Create N-squared Diagram for Selected

Functions

Create the N-squared diagram from the selected functions. Alternatively, you

can do the same N-squared diagram from the root of the functional hierarchy.

‘E Containment r%ﬂ Diagrams r%g Structure I

Containment (R ¢
54 = i Q o -
E- & Model

B0 00 External ltems

--EI 01 Mission Dimensicn

&0 02 System Dirmension

-- £ 00 Internal ltems Definition
B £ 01 Functional Architecture
EE7 00 Functional Hierarchy
-- <7 Relations

E- £ 00 Functions

L FY Function 1 <Functions

OR

S P Function 2 <Function
S FA Function 3 <Function
SN Function 4 «Function

T Function 5 <Function
- [#] Top-level Functions
BI- T Systern Functions <Func

Create Diagram

Create Relation

Validation

Create M2 Chart From Selected

4

E Containment r &ﬂ Diagrams r%g Structure ]

Containment [EI T ¢
HE Swa & -
B- & Model

B3~ 00 External ltems

EI 01 Mission Dimension

& 02 System Dimensien

" 3 00 Internal Items Definition

Bl [J 01 Functional Architecture
[ 00 Functicnal Hierarchy
-« Relations

E||=__| 00 Functions

¢ b~ Function 1 «Functions
T Function 2 «Functions
- Function 3 «Functions
-4 Function 4 «Functions
i - Function 5 «Functions
Top-level Functions

=R Y System Functions
-3 1 Function 1 «
-3 1 Function 2 «
- > 1 Function 3 «
- 1 Function 4 «

Create Elernent
Create Diagram

Create Relation

""" £ 01 Functional Interfaces
E}- ISE&PPCOOA Profile [ISEPPOCA Prof

Elernent Group
Select in Structure Tree

Refactor

Related Elements
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Create N-squared Diagram for Selected
Functions

The ISE&PPOOA Plugin creates the related N-squared diagram accordingly

R Containment ré.ﬂ Diagrams r%g Structure I @ N-squared Diagram X ]
Centainment bt - - N - B & Columns B Bpot @ - (@ i%-ia @-iQ b -
= B Q o - Criteria
Bl (& Model [ . : :
- Classifier: | N2 Row Type Scope (optional): | N2 Package Filter: |V
-0 00 External ltems e peler 2
#- [ 01 Mission Dimension # | Name | Function 1 Function 2 Function 3 Function 4 Function 5 ext out
[0 02 System Dimension -
-- £ 00 Internal ltems Definition ! = extin
EEI 01 Functional Architecture 2 =1 Function 1 3 Function 1
-3 00 Functional Hierarchy - . .
- . Relations 3 =1 Function 2 2 Function 2
=- B3 00 Functiens 4 = Function 3 €38 Function 3
=8 M2 Pack - : :
= L 5 =1 Function 4 @2 Function 4
@ M-squared Diagram
- B N2 Row Type «N2 Row Types 6 = Function 5 @3 Function 5

= et in: N2 Row Type N2 Rows

- = Function 1:

- = Function 2

- = Function 3:

- =) Function 4
Bl = Function 3: N2 Row Type «N2 Rows

- T Function 1 «Functions

-4 Function 2 «Functions

-4 Function 3 «Functions

-4 Function 4 «Functions

""" & Function 5 «Functions

Top-level Functions

Bl T System Functions «Functions

-~ 2t Function 1 «ChildFunctionProperty

- 2t Function 2 «ChildFunctionProperty-

- 1 Function 3 «ChildFunctionProperty=

- 3 1 Function 4 «ChildFunctionProperty=

- 2 1 Function 5 «ChildFunctionProperty=

""" 7 01 Functional Interfaces
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Create N-squared Diagram for Selected
Functions

Move the package containing the N-squared diagram to the Functional
Interfaces package and rename the package and diagram accordingly.

B Containment réﬂ Diagrams rTa_g Structure I R Containment rgﬂ Diagrams ﬁﬁ Structure I |

Containment LIS C.ontainment LI 4
B = vy Q Foy = = wAQ oo
B & Model E- & Model

- 00 External ltems
[J 01 Mission Dimension

[ 00 External ltems

3 01 Mission Dimension B0 02 Sy :
B3 02 System Dimension L ystem Dimension
B3 £ 00 Internal ltems Definition E g?anternal |tEII'RS :.eflnltlon
B~ EI 01 Functional Architecture o0 [:Dﬂé'tm:: rlc '—;tactur:
£ 00 Functional Hierarchy % :n| t!ona ierarchy
I Elations

H 7 Relations B[ 00 Functions
= E--glﬁj;?;ocr;:ge i b4 Function 1 «Functions
- Function 2 «Functions

- Function 3 «Functions
-4 Function 4 «Functions
- Function 5 «Functions
H Tnp-level Functions
Bl T4 System Functions «Functions
- @ 1 Function 1 «ChildFunctionProperty=
-~ ¢ 1 Function 2 «ChildFunctionProperty=
- ¢ 1 Function 3 «ChildFunctionProperty=
- & 1 Function 4 «ChildFunctionProperty=

- & 1 Function 5 «ChildFunctionProperty=
E}EI 01 Functional Interfaces

E- & N2 Row Type «MN2 Row Typ

ext in: N2 Row Type =MN2 Rows
Function 1: N2 Row Type «MN2 Rows
Function 2 : N2 Row Type «M2 Rows
Function 3 : N2 Row Type «M2 Rows
Function 4 : N2 Row Type «M2 Rows
Function 5: M2 Row Type «MN2 Rows
- Function 1 «Functions

- Function 2 «Functions

- Function 3 «Functions

- Function 4 «Functions

""" & Function 5 «Functions

Top-level Functions

B T System Functions «Functions

-~ &+ Function 1 «ChildFunctionProperty»
- & 1 Function 2 «ChildFunctionProperty»
- & 1 Function 3 «ChildFunctionProperty»
- & 1 Function 4 «ChildFunctionProperty»
- & 1 Function 5 «ChildFunctionProperty»
""" [ 01 Functional Interfaces

-3-3-E-E-;
DDDOOD

N2 Row Type =MZ2 Row
- = ext in: N2 Row Type «[N2 Rows

B = Function 1: N2 Row Type <2 Rows
B = Function 2: N2 Row Type M2 Rows
Bt =1 Function 3 : N2 Row Type «[N2 Rowe
B = Function 4: N2 Row Type <2 Rows
Bt~ = Function 5: N2 Row Type «M2 Rowe

L B3 1Ic0mnnan A e - NICERANATA Penfil o dein]
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Add the External Items To the N-squared Diagram

(1/2)

Drag and drop the items external to the group of selected functions to the n-squared diagram.

Note: in case the group is the top-level functions, then the external items are the external items to the system identified during the context

definition step.

Containment (LT ¢
=54 B ir Q % -
E- & Model
B+ 00 External ltems
- I External ltems Definition
b S ternal Input 1 =ltems
H External Input 2 «ltem:
E External Qutput 1 «ltem:
& External Qutput 2 =ltem:
B3 01 Mission Dimension #
=7 02 System Dirmension
E- [ 00 Internal ltems Definition 1 = et in
Z =1 Function 1
3 =1 Function 2
4 =1 Function 3
3 =1 Function 4
6 =1 Function 5

Function 1 | Function 2 Function 3 Function 4 Function 3 ext out
ernal Input 1
& Function 1
& Function 2
T& Function 3
T& Function 4
T & Function 5
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Add the External Items To The N-squared Diagram
(2/2)

Note that as you add items to the N-squared diagram, the ISE&PPOOA Plugin automatically updates the
function definitions to add the related inputs and outputs accordingly, maintaining consistency.

# | Mame | Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | ext out |

1 = extin E External Input 1 H External Input 2

2 = Function1  |%& Function 1 B[] 02 System Dimension

3 =1 Function 2 L Function 2 " £ 00 Internal [ters Definition
4 = Function 3 & Function 3 & External Qutput 1 B0 o1 F"'”Ct":'”a_l Archl‘.cer:ture
- - - -0 00 Functional Hierarchy
5 = Function 4 & Function 4 -7 Relations

b = Function 5 T Function 3 | External Output 2 E- £ 00 Functions

B+ & Function 1 =Functions
b O : External Input 1 «=lnput=
- & Function 2 «Functions
& T4 Function 3 «Function:
e @ External Output 1 «Output
T4 Function 4 «Function:
b @ External Input 2 «lnputs.
- Function 5 =Functions
b & External Qutput 2 =Outputs
Top-level Functions
B- T& Systemn Functions «Functions
B} [T 01 Functional Interfaces
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Identify the Internal Items Exchanged
between Functions

In the Internal Items package, define the internal items to be exchanged between
the functions displayed in the N-squared diagram.

E-[ 02 Systemn Dimension bdd [Fackage] 01 Internal tems [ Internal kems ])
E- 3 01 Internal items

>@ Internal lterms

@ Internal ltems Description Table
i Internal ltem1 «ltems

E Internal ltem2 «ltem:=

E Internal ltem3 «ltem:=

= 7102 FLIHL'tII:IﬂE| architecture

#lteme #lteme altene
Internal Item 1 Internal tem 2 Internal Item 3

O e T e B 2 T2 T
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Add the Internal Items between Functions

Add the internal items to the N-squared diagram by drag & drop from the
containment tree.

3 02 System Dimension

B- £ 01 Internal iterns

@ Internal ltems

@ Internal ltems Description Table
- Internal ltem1 =lterms

- Internal ltem2 =lterms

- Internal ltem3 =lterms

B- [ 02 Functional architecture

E+[1 00 Functions 2 Mame Function 1 Function 2 Function 3 Function 4 Function 5 ext out
El-+i Relations
BT Function] «Functions 1 =l ext in H External Input 1 E EBxternal Input 2
..... g ET::::: ||:£::15|Str;tttz 2 = Function 1 7& Function 1 H Internal Item 1
EF T8 Function2 «Function: 3 = Function 2 & Function 2 H Internal ltem 2
# @ Function2.1 «ChildFunctionProperty»
b+ O Function2.2 «ChildFunctionPropertys - = Function 3 74 Function 3 E External Output 1
g ;E;;::;nli'suigh:ﬂ;fxtmnplCPEIJD’» 3 = Function 4 & Function 4 H Internal ltem 3
""" © :Internal ftem3 «Outputs 6 = Function 5 74 Function 3 E External Output 2
B & Function3 «Functions
< ¢ Internal ltem1 «Inputs
----- < Internal ltem2 «Outputs
El- & Functiond «Functions
e O Internal ltem? «lnputs=
< @ Bxternal Output 1 «Outputs
- & Function3 «Functions
> < ¢ Internal ltem3 «Inputs
e O : Bxternal Output 2 «Outputs

Elﬂ Function® «Functicns
< ¢ Internal ltem3 «Inputs
W O 1 External Output 2 =Outputs

- T Top level System functions «Functions COPYRIGHT BY THE AUTHORS



Add the Internal Items between Functions

The updated inputs and outputs resulting from the creation of the N-squared
diagram can be displayed in the functional hierarchy diagrams.

2 Mame | Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | ext out I
1 =l extin H External Input 1 H Bxernal Input 2 Q Top-level Functions ]J
2 = Function 1 & Function 1 H Internal ltem 1
3 = Function 2 & Function 2 E Internal ltem 2 «Function»
4 = Function 3 T Function 3 E External Output 1 System
c . . Functions
5 = Function 4 T Function 4 E Internal ltem 3 puts
b = Function 3 7 Function 5 E External Output 2
outputs
]
«Function» «Function» «Function» «Function» «Function»
Function 1 Function 2 Function 3 Function 4 Function 5
inputs inputs inputs inputs inputs
. External Input 1 - Internal tem 1 - Internal ltem 2 . External Input 2 . Internal ltem 3
outputs outputs outputs outputs outputs
. Internal ltem 1 - Internal ltem 2 : External Output 1 . Internal ltem 3 . External Qutput 2

COPYRIGHT BY THE AUTHORS




(Optional) Re-order Functions Manually

Drag a function in the diagram and drop it on another function in the diagonal of the
N-squared diagram to exchange their positions,

4 Mame Functicn Function2 Functiond Function3 Function3 ext out
1 = extin E External Input 1 E External Input 2
2 = Functioni & FunctionT H Internal ltem1
3 = Function? & Function? E Internal ltem3
- = Functiond 74 Functiond E External Qutput 1
5 =1 Function3 H Internal ltem?2 | Function?
b6 = Function3 T4 Function3 E External Qutput 2
£ Mame Functionl Function3 Functiond Function2 Function3 ext out
1 = et in H External Input 1 H External Input 2
2 = Function & Functionl H Internal ltem1
3 = Function3 & Function3 E Internal ltem?2
- =1 Functiond & Functiond H External Output 1
5 = Function2 & Function? E Internal ltem?2
b = Function3 74 Function5 H External Qutput 2
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5.3 Validate Functional Consistency




Validate Functional Consistency
The ISE&PPOOA Profile & Plugin allow users to evaluate:

1. (Manual) Consistency between defined inputs and outputs and between
o sibling functions at the same level of the functional hierarchy
o parent functions and their child functions

2. (Automatic) Consistency between defined inputs and outputs and the related
functional interfaces in N-squared diagrams.
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Validate Functional Consistency

To validate the consistency of functional interfaces,

1. Open the Validation analysis tool

2. Execute the ISE&PPOOA Validation Suite on the model
3. Fix all the findings in the Validation Results

4. Confirm all findings are resolved
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Open the Validation Tool

: File Edit View Layout Diagrams Options Tools

Open Analyze - Validation - Validate...

Analyze | Collaborate 3DEXPERIENCE Window Help

DEE-D8- - | B3 Crea

'EE Containment réﬂ Diagrams r%g Structure ]

Model Visualizer
OV-5Y Gap Analysis

Containment L]

= ir Q

hd hrd
B EZ

Dependency Checker
[%) Compare Projects

B- [& Madel

"|=__| 00 External [tems

"|=__| 01 Mission Dimensicn
B[ 02 System Dimension
-- £ 00 Internal ltems Definition
B-0

--EI 00 Functional Hierarchy

B3 01 Functional Interfaces

com) Top-level N2 Package

E Top-level Functions - N-squared Dia
E M2 Row Type «M2 Row Types
= extin: M2 Row Type «MN2 Rows

Validation
Suspect Links
Check Complete Diagrams

Display Related Elements
Create Relation Map
Used By...

Depends On...

Go To

=l Function 1: N2 Row Type «MN2 Rows

Ctrl+Alt+U
Ctrl+Alt+D

>

B -

Top-level Functions r@ Interr

- I'I,I'I ns [

= Function 2: N2 Row Type «MNZ Rows
= Function 3: N2 Row Type «MNZ Rows
= Function 4: N2 Row Type «MN2 Rows
B = Function 5: M2 Row Type «MZ Rows
B35 ISE&PPOOA Profile [ISEPPOOA Profile.mdzip]
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Execute the ISE&PPOOA Validation Suite

1. Select “ISE&PPOOA ValSuite” as the “Validation Suite”.
2. Select “Whole Project” as the “Validate For”
3. Click on the “Validate” button

1 ¥ validation bl

Validate the model

Choose a group of rules to be used during model checking [validation) and indicate which part of the
model to check, Click Walidate to perform the validation or use the Validation Options button to edit the
validation suites and their validation rules,

Validation Suite: [ ISE&PPOOAValSuite, v
Validate For: Whaole Project ~ N -

Minimal Severity: (L] >=debug: SeverityKind ~

1| 8 Exclu ents from projects used in read-only mede

= | B Exclude elements from additional content

J Validation Suites I

| s |
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Fix All the Findings in the Validation Results

Update the model by adding/deleting inputs/outputs to fix each inconsistency found by the
ISE&PPOOQOA Validation Suite.

For example, External Input 1 (which types an input of Function 1) was not found to type any input of its parent function (i.e.
System Functions) or any output of its sibling functions (i.e. Function 2,...,Function 5).

=5 EZ‘ Model Element
B[] 00 External ltems El [ ISE&PPOOA ValSuite -
BE1-[7] 01 Mission Dimension
- - B 02 System Dimension - © : Bdernal Input 2
| @ Validation Results l B [ 00 Internal Items Definition . g ’;E"‘a: g“zp“:
t R . = : Bxternal Outpu
- - B %7 01 Functional Architecture
Validation Results B 00 Functional Hierarchy 2 System Functions
. p )
EI_X Eh T F - g l;‘r" ﬂ -/ Relations - & System Functions
- — -1 00 Functions
. . B Function 1 «Functi
Element i Severity Abbreviation M 22 Func [Iu ot
S0 : Externa « »
= D ISE&PPOOA Val5uite - Functional Architecture O Imerllnputwas not found neither in parent function nor in any sibling as an output. l
LI : E-F0 Function 2 =Function FErrors, Z Warnings
: External Input 1 ® error siblings consistency e —
- E-£2 Function 3 <Functions P Top-level Function
- 1 Bxternal Input 2 Ignore ings consistency Inp gD : External Output 1 <Outputs Nl
- . = @ :lnternal Item 2 «Input» P —
- 2 1 Bxternal Output 1 ings consisten Criteria
P S Navigate to Validated Object Alg+B || D7 CONEIEENSY Out B-§8 Function 4 <Function- T [T
- & External Cutput 2 o ings consistency Ciud g : External Input 2 «Inputs
Open Specification Fur = O :Internal ltem 3 «Outputs :‘* :Name
- b System Functions ion without inputs _ E-§2 Function 5 «Functions 1] Betin
(;l’) Go To ¢ ng Top-level Functions < =1 Function *
i {1 Select Rulein the Containment Tree : : : Fur B} £2 System Functions «Functions 3 =1 Function ;
& Systern Functions ion without inputs inp O Function 1 «ChildFunctionPropertys .  runcton.
r @ :Function 2 «ChildFunctionProperty» 5 =1 Function «
= :Function 3 «ChildFunctionPropertys -
. - 3 =1 Function !
= O :Function 4 «ChildFunctionPropertys
= @ :Function 5 «ChildFunctionProperty»
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Fix All the Findings in the Validation Results

External Input 1 comes from outside the system boundary, so it must be an input

for System Functions. To resolve this issue, we add the missing input to the

parent function of Function 1.

package 00 Functional Hierarchy [ System Functions Map ]J

«Function»
System Functions
inputs |
outputs
«Function» «Function» «Function» «Function» «Function»
Function 1 Function 2 Function 3 Function 4 Function 5
inputs inputs inputs inputs inputs
. Bxternal Input 1 . Internal ltem 1 :Internal ltem 2 : External Input 2 . Internal ltem 3
outputs oufpl s outputs
. BExternal Output 2

outputs

. Internal ltem 1

outputs

. Internal ltem 2

: Externa'I-Output 1

outpL
:Internal ltem 3

package 00 Functional Hierarchy [ System Functions Map ]J

«Function»
System Functions

Touts

- External In‘pui 1

] its
| l
«Function» «Function» «Function» «Function»
Function 1 Function 3 Function 4 Function 5
DUts inputs
. Internal ltem 3

inputs <4  inpu

. External Input 1

: Inlernél rtém 2

inputs
: External Input 2

outpu

auton

outputs

. Internal ltem 2

outputs

. Internal ltem 1

Ao

outputs
: External Output 1

outputs
. Internal item 3

outputs
. External Output 2
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Confirm All Findings Are Resolved (1/2)

After resolving each finding, re-run the validation suite to confirm it is resolved,
repeating the process until no issues remain.

# Validation Results l

Validation Results

B x x B e %
Elernent Severity Abbreviati.. Message
B3 ISEAPPOOA ValSuite - Functional Architecture
& : External Input 2 & error siblings con... Input was not found neither in parent function nor in any sibling as an output,
& : External Qutput 1 Q@ error siblings con... Qutput was not found neither in parent function nor in any sibling as an input.
< 1 Bxternal OQutput 2 @ error siblings con... Qutput was not found neither in parent function nor in any sibling as an input.
Lo System Functions A warning  function wit... Functions are considered transformations and they must have one input at least one input
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Confirm

All Findings Are Resolved (2/2)

@ Validation Results
Validation Results

Element

Severity

Abbreviation

Message

package 00 Functional Hierarchy [ System Functions Map ])

«Function»
System Functions

s
: External Input 1
: External Input 2

outputs
: BExternal Output 1
: Bxternal Qutput 2

A i} 4

L

«Function» «Function» «Function» «Function» «Function»
Function 1 Function 2 Function 3 Function 4 Function 5
inputs inputs inputs inputs inputs
. External Input 1 : Internal item 1 : Internal tem 2 : External Input 2 . Internal tem 3
outputs outputs outputs outputs outputs
- Internal ltem 1 :Internal ltem 2 : External Output 1 :Internal item 3 : External Qutput 2
z MName ‘ Function 1 | Function 2 | Function 3 | Function 4 Function 5 ext out
1 = et in H External Input 1 E External Input 2
2 = Function 1 & Function 1 H Internal ltem 1
3 = Function 2 & Function 2 H Internal ltem 2
4 =1 Function 3 4 Function 3 H Bxdernal Output 1
5 = Function 4 T& Function 4 E Internal ltem 3

on

=1 Function 5
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Sequence the N-squared Diagram

The ISE&PPOOA Profile allows users to sequence N-squared Diagrams easily. To
sequence a N-squared Diagram,

1. Open the N-squared Diagram
Right-click anywhere within the diagram

Select “Sequence Functions in N-squared Diagram”

o

(Optional) Re-order the functions manually
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Select “Sequence Functions In N-squared Diagram”

@N-squared Diagram-Top le... X]
IEE @ —' ﬁ" i O,—F,—.Columns EExpor‘tﬂﬂ' '2', 'a" A El' Q |>'

" Criteria

Classifier: | N2 Row Type Scope (optional): | 01 Functional interfaces Top level functions Filter: | Y~
z | MName | Functionl | Function2 | Function3 | Functiond | Function3 | ext out |
1 = extin H EBxternal Input 1 H External Input 2
2 =1 Functionl T4 Functionl E Internal ltem1
3 = Function2 T4 Function2 H Internal ltem3
4 = Function3 L Eunctinnd = bl
5 = Functiond Specification H EBxternal Output 1
6 = Function3 Create Relation * bn5 H Bxternal Output 2
GoTo >
E Select in Containment Tree Alt+B
%g Select in Structure Tree
Refactor >
Related Elements >
Tools >
i+ Up Ctrl+Up
£ Down Ctrl+Down
P — 3 E N-squared Diagram-Top le... X
Sequence Functions in N-squared Diagram % @ ‘ T - - I'I!I'I Columns Export Hﬂ b g ﬁ h — El h Q > -
Criteria
’7 Classifier: | N2 Row Type Scope (optional): | 01 Functional interfaces Top level functions Filter: | V™~
# | MName | Functionl | Function3 | Functiond | Function2 | Functien3 | ext out
1 = extin B External Input 1 H External Input 2
2 =1 Functioni T4 Function H Internal ltem1
3 = Function3 & Function3 H Internal ltem2
4 = Functiond & Functiond H External Output 1
5 =1 Function2 & Function2 H Internal Item3
& = Functiond & Function3 H External Output 2
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5.4 lterate on Child Functions




Iterate on Child Functions

Select a child function and repeat the whole process to expand the functional
analysis

1. Define Functional Hierarchy for the selected function
2. Define Functional Interfaces for the child functions of the selected function

3. Validate Functional Consistency of the child functions
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Define Functional Hierarchy for Selected Function

package 00 Functional Hierarchy [ Function 2 Decomposition ]J

«Function»
Function 2

inputs
- Internal ltem 1

outputs

- Internal ltem 2
«Function» «Function» «Function»
Function 2.1 Function 2.2 Function 2.3
inputs inputs inputs
outputs outputs outputs
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Define Functional Interfaces for its Children

Create the N squared diagram for the child functions of the selected function

MName

Function 2.1

Function 2.2

Function 2.3

ext out

e T R R e I

=l extin

=1 Function 2.1
[=] Function 2.2
(=] Function 2.3

2 & Function 2.1

22 Function 2.2
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Define Functional Interfaces for its
Children

1. Add the inputs of the selected function to its child functions which transform them

2. Add the outputs of the selected function to its child functions which produce them

«Function»
Function 2

e |
INpULs

" Internal tem 1

outputs
* Internal tem 2

# Name Function 2.1 Function 2.2 Function 2.3 ext out

1 = ext in E Internal Item 1

2 = Function 2.1 72 Function 2.1

3 = Function 2.2 72 Function 2.2

4 [=] Function 2.3 T o Function 2.3 ] Internal Item 2
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Define Functional Interfaces for F2 Children

Define the internal items which are exchanged between the child functions and
add them in the N-squared diagram accordingly.

# Name Function 2.1 Function 2.2 Function 2.3 ext out

1 =l extin ] Internal Item 1

2 =] Function 2.1 T3 Function 2.1 ] Internal Item 4 ] Internal Item 4

3 [=] Function 2.2 T Function 2.2 ] Internal Item 5

4 [=] Function 2.3 T Function 2.3 ] Internal Item 2
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Validate Functional Consistency

Validate and fix all issues for the updated functions

package 00 Functional Hierarchy [ Function 2 Decomposition ])

«Function»
Function 2

inputs
- Internal tem 1

outputs
- Internal ltem 2

«Function» «Function» «Function»
Function 2.1 Function 2.2 Function 2.3
inputs inputs inputs
- Internal tem 1 - Internal ltem 4 - Internal tem 4
. Internal ltem 5
outputs outputs
Internalflemd | | -intemalltems | oume # Name Function 2.1 Function 2.2 Function 2.3 ext out
1 = ext in E Internal Item 1
2 = Function 2.1 £0 Function 2.1 L Internal Item 4 ] Internal Item 4
3 = Function 2.2 £2 Function 2.2 E Internal Item 5
4 = Function 2.3 £ Function 2.3 E Internal Item 2
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Continue...

Continue until all children functions are defined accordingly.
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5.5 Define Functional Flows




Overview

Once the functional hierarchies are modeled and the out-in dependencies are
iIdentified from the N-squared diagram, it is quite easy for the systems engineer to
build up the functional flows to depict how different functions are used and
activated to transform the inputs to the system into the required outputs.

The out-in dependencies identified in the N-squared charts are critical to
represent functional sequences.

@ N-squared Diagram-Top le... X

[EE@-" - i ™ ,-,!,-,ColumnsiExportaﬂ'igiﬁ‘iAEE‘EQED'
Criteria
" Classifier: | N2 Row Type Scope (optional): | 01 FunctionalinterfalcesToplevelfunctions Filter: |37
£ | Marme | Functionl | Function3 | Functiond | Fun{'tion?_ | Function3 | ext out |
1 = ext in H Externallinput 1 = F_xl:errial Input 2
2 =1 Function T Functioln'l____.g.lu.tama.hltem1 '
3 =1 Function3 L Functiclﬂ-—-g-k'hrﬂal Item2 |
4 = Functiond T Functlonds e o o o = -{ ------------- E=lExtermatOutputl >
5 =1 Function2 T Functlor? = = <=} imtenmg) lter3
=1 Function3 Th Fundihi--_gmm;ﬂuﬂ)
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Create Functional Flows

In a Package within the Functional Architecture:

1. Create a Functional Flow Diagram
2. Add used functions to the functional flow
3. Represent control flows to show the activation of functions

Repeat the process until all functional flows are defined
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Create a Functional Flow Diagram

The ISE&PPOOA Profile provides a special type of SysML activity diagram to
help users create functional flows easily.

E- & Medel
Bt 00 External items
B0 01 Mission
B[] 02 System _ (Functional Flow Diagram 02 Functional Flows [ [£F| 03 Functional Flows ]/J
El- 7 01 Internal items
EI 03 02 Functional architecture
"D 00 Functions
¢ E+[J 01 Functional Hierarchies
{ B[O 02 Functional Interfaces
E- £7 03 Physical archite Create Diagram: |
-] 03 Software
B[R ISEAPPOOA Profile [ | SysML Relation Maps
General
Analysis Diagrams
Other Diagrams
ISEE:PPOOA

FunctinnaIHi rrrrr hy Diagram
@ M-squared Diagram

SN L SN SR T ——
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Add Used Functions to The Functional Flow

Drag functions from the containment tree onto the Functional Flow diagram to add
used functions:

Functional Flow Diagram Top Level Functional Flow | @ Top Level Functional Flow ]’J )

E}|=__I 02 Systermn
B[ 01 Internal items
B- [ 02 Functional architecture

-7 00 Functi
~ F.I:m| t!nns xU=zed Functions xU=zed Functions «U=sed Functions
: ;’]: FE 3 ".:'”51 - : Functiont : Function2 : Function4
- unction’] «=Function=

- T Function2 «Functions
-4 Function2.1 «Functions

Pt ion 2 o )

- 74 Function2.3 «Functions

-4 Function? «Function= sUsed Functions zUsed Functions

- fd Functiond «Functions

- Td Functiond «Functions
- T4 Functien® «Function=

- - . —
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Add Control Flows to the Functional Flow (1/2)

Use the tools bar to add the needed control flows and nodes as it is done for SysML
activity diagrams:

[*%] Functienal Flow Diagram
) Call Behavior Actionalse... =

L Control Flow

> Send Signal Action
> Accept Event Action
. Time Event

® [nitial Node ellsed Functions «lUsed Functions «lJsed Functions
® Activity Final : Function1 : Function2 : Functiond

& Flow Final -
£ Decision [Condition 1]

¥ Merge o — <—(®)
ﬁ Fork Horizontal -

% Join Horizontal -

B T | [Bse] f{-:Used Functions» «Used Functiun»\] )
{¥} Interruptible Activity Region —"I\ : Function3 - Eunction5 J
{5 Structured Activity Mode

&2} Expansion Region b A

(Functional Flow Diagram Top Level Functional Flow | @ Top Level Functional Flow ])

i} Conditional Mode -
1 Vertical Swimlanes -

s
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Add Control Flows to the Functional Flow (2/2)

@ N-squared Diagram-Top le... X l

[EE@-Y ol - ,-,!,-,ColumnsiExportﬂﬂ‘iﬁiﬁ‘i‘i@*ing'
Criteria
" Classifier: | N2 Row Type Scope (optional): | 01 FunctionalinterfalcesTopleveI functions Filter: |3
# | MName | Functionl | Function3 | Functiond | Fune'tion?_ | Function3 | ext out |
1 = extin H Externallinput 1 = Exterrial Input 2
2 = Functioni i Functiolu'l____.g.ln.tama.hltem1 :
3 =1 Function3 T3 Functichd = = — Entempl ltem2 |
4 = Functiond T Functlonds e e o o = -{ ------------ = =l btermatOutpuil >
5 = Function2 T Functlor? = = <=} mtenmg) ltem3
6 = Function3 Th Fundihi--_gmmmﬂ)
d ; ; - - =
Functional Flow Diagram Top Level Functional Flow | @ Top Level Functional Flow ]J
' \
- . |
[Bse] : «Used Function» «Used Function» '
| : Function3 : Function5 :
|
| — —'
M A
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Do You Want To Know More?

Book “Practical Model-Based Systems Engineering”
Authors: Jose L. Fernandez and Carlos Hernandez
Publisher: Artech House, 2019
ISBN-13:978-1-63081-579-0

ISE&PPOOA MBSE Methodology Training Course

Other resources

ISE&PPOOA MBSE methodology in OMG wiki:
https://www.omgwiki.org/MBSE/doku.php?id=mbse:ppooa

ISE&PPOOA official website: http://www.ppooa.com.es/
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Cameo ISE&PPOOA Profile & Plugin
Available For Free

Get the ISE&PPOOA Profile & Plugin for Cameo Systems
Modeler 2024x by contacting us via email
iIse&ppooa@ppooa.com.es with your contact details
(name, institution or company, location, and professional
email address).
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