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About the Title ek GFSE

Very Advanced Systems Engineering
with FAS

Why “very advanced”?

Just a little side joke about the Advanced Systems Engineering
project inspired by the VLT and ELT.

What we do not intend

We would not like to offend those many of you who work on more
advanced theories and practices than we show here.

FAS = Functional Architectures for Systems

Copyright © 2017-2023 by GfSE / oose Innovative Informatik eG. Permission granted to INCOSE to publish and use.
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Speakers weas: GFSE

Jesko Lamm

= Systems Engineer in the field of hearing healthcare technology

= Active INCOSE member with focus on the Swiss and German chapter
= Co-Chair FAS @ GfSE

Tim Weilkiens - https://www.linkedin.com/in/timweilkiens/

= MBSE Consultant & Trainer & Executive Board Member @ oose
= Co-Chair FAS @ GfSE

= Co-Chair SysML v2 FTF @ OMG

= Founder @ MBSE4U

= Co-Host @ MBSE-Podcast.Rocks

FAS History - some milestones... o GFSE
(‘
2008/2009 2010
Jesko and Tim TdSE Conference 2011
found the FAS Method Charter FAS WG @ GfSE

. : Systems
/ Engineering
2020 (\ ~— ‘
ces g s =
:3.".!!?‘..,.; 10 years FAS o 2014

Online Presentation

& e 2015 International Publication
«s&. 5 years FAS of the FAS Method
(Volume 17, Issue 2)
2022 :
FAS in a Book 2015
2nd edition .
FAS in a Book
© GfSE 4
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FAS Working Group ek GFSE

Of GfSE (=German chapter of INCOSE)

Chartered as GfSE working group in 2011

The working group shares experiences in working with
functional architectures and aims to improve the available
methods, especially FAS.

Online meetings around 7x per year

Webinars (like today)

© GfSE

Content of the Webinars

= PART I: Concepts / theory R_ =
— Overview Functional Architectures Lot 'I_"' ‘E
— The FAS Method IR
— Introducing an example system
— Different representations content when working with the FAS Method
— The so-called ,SAMS Method* as add-on

7 545 prugiy

i
FAS Plugin for SysML v2 :

= PART II: Application in practice / demos

Server h

Project yuip il I
fei C 2

— Recap
— Working with the above on paper and in tools

— Recommendations for daily work in B
workshops and in the back-office i 5\ -
6
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Patient Information

Risks and side effects

As a Systems Engineer, you should first clarify how you
will contribute to the success of the company.

Accordingly, the methods in systems engineering should
be chosen. These can then be supported by tools if required.

If you use the methods and tools mentioned here without evidence of their contribution
to your company’s success, you run the risk of an ulcer.

© GfSE 7

Recap of Part | weat: GFSE

The www.FAS-Method.org

,zfr - S e e =
T = T o e -
" ST ! s Object Flow Matrix
= B -as-a-
USER = | —5F F;;AS as-a-formula 0 CabinBaggageRequirements__—{ ApprovalOTAcees
VIEWPOINT . 2 N s e ; [fmepaady] FontisRiEnii= () — | 0 0 ApprovalOfCabinbaggage
=S z =) — 0 0
| System Use Cozes ; = 1 | Passenger
o I t
ApprovalCiAccess e -
SAMS Method e ) F=GoG! hitps:igithub com/GISE
< ChockBookingData ) Hasdsysmiv2/blob/main/
Storyboard for the Example System N3« GFSE e docNeth docs ToS A
%‘ as-a-formula-2022.cdt
Fulcanlnﬁwn!lumm—j

unctional Architecture F
ARC

| {CabinBaggageRequirements  [ApprovalOfAceess + Approval OfCabinbaggage))
VIE I 0 0 )
-
Ibd [System] System| IBD_System | /
©GISE
1 N

O P gl 1 1 : Authorizati ]
L ApprovalOfAccess,
ApprovalOf Cabinbaggage
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b
u

9
Card Technique
for Workshops
Use case a number
| for identification ‘
o r———E CASE
1 Get Access
y
ACTIVITY
1.1 Check Booking Data
Approval of "9 P
i S Access
i cases Wlth step
4. \dentify use ) ACTIVITY
Do the functiona! grouping 1.2 Check Cabin Baggage
2. e arrange the cards) I abin
(re f ncflona‘ | ‘\ Data Approval of
he fu ; ‘ o Cabin Baggage
v ir:t‘\ict';;ture on awhnteboard f case steps \‘[ Approval of  ACTTVITY Approval of
\ Ui:\ a number (#uc.#steP) Access Cabin Baggage
‘ :‘nd input objects 1.3 Grant Access
and output objects 4
© 2023 oose Innovative Informatik eG, reproduced with permission 10
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The FAS Method:
SysML v2 and Tool Support

11

Use Case

Use Case Activity

Functional Group

Functional Block

© GfSE

Artifact in the context

of the FAS Method

(Optionally: Use case)
Activity of same name as the use case.
Created as an Activity

Called by Call Behavior Actions

Block with stereotype «functionalGroup»
with «trace» relationships to the Activities that should
be grouped

(one may re-use the block that represents the
Functional Block)

Block with stereotype «functionalBlock»

used in the functional architecture as type
of the Part Properties.

FAS Method: Recommended mapping to SysML

weak: GFSE

Representation in SysML v1 Represenation in SysML v2

UseCaseUsage

ActionUsage

Package with import relationships to the
ActionUsages for the functional grouping

(one may instead import directly into the
PartUsages that represent Functional
Blocks)

PartUsage

(specified by a PartDefinition only if a
functional block shall be re-used in multiple
locations)

12
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’ ~ - ~

[ iloPassenger \ ; authorizationControl A\

1 1 =

Example ! | , e GFSE

I

1 ApprovalOfAccess I 1

| i '

i 1 I

I

I I 1

| I '

\ f !

72 GrantAccess

“u|f3 CheckBookingData
|73 CheckCabinBaggageData

SysML v1 SysML v2
e Fonctont G 11 [ FunctionaiModel |

=] AuthorizationControl
[ 1/0 Passenger

N

afunctional blacks atrasen wfunctianal groups wraces aciviye FunctionalGroups
anger |- — — — 3 senger | GrantAccass
wactions
grantAccess
.-+ fimporta
eparte 1 L I iloPassenger -
iloPassenger waction»
_.-""| checkCabinBaggageData
- fimporta
wparts | --->| authorizationContral »
authorizationControl B Mt vaction
imports| checkBookingData

© GfSE
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Automatic Creation of the weas: GFSE

o T
F=GOG Functional Architecture

Use Case Activities
Functional Architecture
Functional Groups

14

© GfSE
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F=QoaT Automatic Creation of the W GFSE
— Functional Architecture

- [ 02.03 Use Cases
} Relations
-] 02.03 Use Cases

O Board the Cabin SysML v1: The Plugin is integrated into the modeling tool.
| B-@> Get Access

El-£2 Get Access

. Eb. Relations

¢ ) Get Access

£2 CheckBookingData

Use Case Activities

Functional Architecture

ibd [System] System] [BD_System |

1110 Passenger : AuthorizationControl
ApprovalOfAccess,
ApprovalOfCabinbaggage

Functional Groups

Toggle SysML Version

[=3m) 02.04 Functional Architectura
- Relations Create Element
= [ Functional Groups «func Create Diagram

.7 Relations
"+ Functional Grouping

Initialize Activity Diagrams
Initialize functional groups
Create functional blocks
Create Relation Create functional interfaces
Create Functional System Context
Functional Architectures for Systems with SysML
Create Internal Block Diagrams

Do all creations at once
15

© GfSE Create behavior view

15

F— oGt Automatic Creation of the o GFSE
. Functional Architecture

SysML v2:  We have not worked with an off-the-shelf modeling tool yet.
The plugin works with the reference implementation of the standardized API.

Use Case Activities
Functional Architecture

Functiopal Groups
SysML v2 API U
SysML v2 Repository 16
© GfSE — R
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FAS Plugin Implementations weas: GFSE

= SysML vl
FAS Plugin for MagicDraw: https://sourceforge.net/projects/fasamd/ The FAS Plugin for

Toggle SysML Version (current: 1.3)

SysML v1 is based Iitialze Actity Diagrams
on dedicated imple- i ups
mentations per tool.

FAS Plugin for Enterprise Architect: https://sourceforge.net/projects/fas4ea/

Create Internal Block Diagrams

Functional Architectures for Systems with SysML » Do all creations at once
= SysML v2 I crete bebaviorview
First prototype of the FAS Plugin for SysML v2: https://github.com/GfSE/fas4sysmlv2 or https://sourceforge.net/projects/fasdsysmliv2/
\_\,_,Jx/‘w??, The FAS Plugin for SysML v2 is intended to
< NN = be tool-independent. It supports visualization
Z"‘m\‘-\l FAS for SysMLv2 of its operation in the FAS-as-a-formula notation.

Python app e It is accompanied by some OpenOffice macros +

some scripts for filling the repository with input
data and for visualizing output data.

Python calls SysML2 APl calls

“ SysML v2 SaL Linux
API Service Pilot H
Scala / Java l

saL DB
MS Windows or Linux ==

©GfSE 7
17
weas: GFSE
You can reproduce all demos yourself, with freely available resources.
Here is a link to the used model files and to presenter notes, describing how to execute the demos:
https://fas-method.org/content/wp-content/uploads/2023/10/2023-11-08 Webinar Demo.zip
18
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weas: GFSE

Automatic Creation of the Functional Architecture

= SysML vl

(T

r E]
[ ue (Package] 02 Use Cases [ 02 Use Cases | 2 o
o & ibd [System] System[ IBD_System ]/[
o - T g é‘ . —
T = ChwckBachinglia E ik : /0 Passenger : AuthorizationControl I
b T e Lot iy ApprovalOfAccess,
| 5 5 5 ApprovalOfCabinbaggage
Sy = authorzationContral |
|7 Asmmmnrcrcasmoaznon 2 o Passenger »
= SysML v2 (Prototype) = r e
——
i/oPassenger authorizationContral
—
19
D : FAS Plugin for SysML v1 cos
emao: ugin ror oys \'4 neos: GFSE
Containment a e i i -
" -
s:emm uc [Pactage] 02 Use Cases | 02 Use Cases 1 ]
. — C
B8 7 GatAccess ;I%
| N P : ul 58 |
iy & Functional Architectures for Systams with SyshL > P p—rm—
| B1O Get Access ]
Containmen: O e . ® e
= § 3 o -
5:;“‘: act [Actviy) Get Access | Get Access |
kO
- Passenger
Tooks
& ApprovafAccess | | : ApprovaiCrAccess
a2 .
# d 1! ) WA~
= CRONBagpageruaUr TR T el 1o yvtam Sysen{ 0 v
o[ ] p B o
Ml T Apprwaiotc [+ GheckCabinBaggage Data | .
o o T —
o.-
an, T TR
Containment 18 I P iR D0 Delete
= 8w Q & -l - criteria
& ~ ﬂ“‘:‘ I Row Element Type:  functional grod| i oy
B3 Boardingsystem
& [ 00 Domain Row Scope: | Functional Grol [ bdd [Package] Functional Groups [ Functional Groups | J
t [3;;:;‘:];5 Dependency Criteria: | Trace
% - afunctionalblocks | traces [efunctional groups
i 1O Passenger |~ — — — | 1O Passenger
© Get Access i
703 FAS Functional Architecture i %
= I;r:m:uanaw Groups «function, g = ]
i luncticnal blocks Lwlrlccn o
11: | ontrol [~ ol
556
2aa 20
© GfSE ] MuthorizationConteal | 7 7
i [] /O Passanger .
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Demo: FAS Plugin for SysML v2 wea: GFSE

B

File Edit YView Insert Format Tools ShideShow Window Help x

Normal Outfine Notes Handout Slide Sorter

Lakimage mippet W CAWINDOWS\system32\cmd.exe
Only use images in
B800x600 size, until
scaling is solved.
s T T T T T T ~ s, - - - ---T-T--== \
[ i/oPassenger \ ; authorizationControl \
| i |
The graphical = | o l
parts of our demo I ApprovalOficoass i |
implementation | I |
will hopefully be | I :
replaced by ] _ Iy CetinSeggegeRequitments
off-the-shelf . I
SysML v2 tools. I ApprovalOfCabinbaggage | I I
I \
| \ d 7
~ / . -
# FAS Plugin - o x
FAS Plugin for SysML v2
vms::':um t‘t";mlv::‘::;]fmr-‘mmr‘r ) —PnFAS v o EAS Do
J = =S y): grometermnal Workng folder: C \Tempt
Run FAS transformation Quit . 21
©GfSE L /o@@T 2 "% @ @ - @ P %X m&@ @k~ i
21
Symbolic Computation:
Easy Formulation of the Job, but ... wek: GFSE>
1500 .
~ 11th Gen Intel® Core™ i7 @ 2.50GHz
c
(=]
=]
8 1200
=]
o
§
8 8 900
F = GOGT S 5
=
€ 3 600
n
G
[]
c
2 300
e
©
S
: .
o 1 minute
0 -‘o—o—o—0
0 100 200 300 400 500
# Use Case Activities 22
© GfSE

22
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weas: GFSE

Final Remark About the FAS Method

# FAs Plugin
Containment oo x e o Delete
= 8w Q © - || - criteria
&+ [=] Madel "
T B3 Boardingsystem Row Element Type: | functional grot
& [ 00 Domain Row Scope: | Functional Gror
Dependency Criteria: | Trace G = (symbolic 2x3 matrix)

T L 0]
[ 1
0 o 1]

Note the similarity of matrices in both shown implementations
(which is there, because row and column elements are sorted
alphabetically in both implementations).

23

23

The SAMS Method

24
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Tool Support for the SAMS Method

SysML v1

Option #1: Transparent comments on the diagram

G

Weather

+: Persisted in the repository

-: Only works on diagrams and not in direct connection
with the described model element

Storyboard images © 2017 oose Innovative Informatik eG. Rest of the slide: © GfSE

weas: GFSE

Option #2: Dedicated plugin
http://sourceforge.net/projects/freesketches-for-magicdraw/

+: Direct linking with model elements
+: Full compliance with the data model of the SAMS method

- No implementation yet for persisting images in the repository

25

25

Tool Support for the SAMS Method

SysML v2

weak: GFSE

Afirst solution has been prototyped, including persistence in the repository.

Since use cases are not yet implemented in the SysML v2 prototype,
we temporarily link image snippets directly to use case activities.

accessControl

Storyboard images © 2017 oose Innovative Informatik eG. Rest of the slide: © GfSE
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weas: GFSE

Demo of Tool Support for the SAMS Method

27

Storyboard images © 2017 oose Innovative Informatik eG. Rest of the slide: © GfSE

27
Functional Models with
Higher Complexity
An Example of
Automation Benefits
with MBSE

28
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Boarding System’s Full Functional Architecture
(as far as modeled in our little working group study)

INCOSE GfsE
b [System Corsex] Fure 11

Part Property_: System

10 Ground Staft -
£5_Catin Bagaage. 40 Cabin Baggage

) F5_Eror Messaget
Cabin Baggage o]

10 Pass enger
o FS_Access Saned

O Booking System

WocCabin oy o (FS Becwity?

5 F5_Tharmal Fow_Wins_Rain_Lgtiring - :Weather Protection

* This simple example is already quite complex to overlook.
» Real-world systems are usually considerably more complex.
Overlooking everything at once may not be needed. Usually, the model will be viewed regarding one concern at a time.

=> |t is the strength of MBSE to support the generation of the corresponding views

© GfSE 29
29
Example Concerns o GFSE
&)
()2 Development Team X
°0
Concern #1: We like to see all functional blocks
we are responsible for
Concern #2: We like to see all interfaces to functional blocks
we are not responsible for
Adapted from: Gerritsen W., Lamm J.G., Neitzel K.E., Scheithauer A., Webel C., Weilkiens T.: "Zielgerichtete Modellierung und stets aktuelle
Views durch ein prazises Viewpoint-Konzept im MBSE", in Schulze, S.-O.; Tschirner, C.; Kaffenberger, R.; Ackva, S. (Eds.): Tag des Systems
Engineering 2019 Miinchen 6.-8. November 2019, Gesellschaft fir Systems Engineering e.V., Bremen, Germany, 2019, pp. 23-32
© GfSE 30
30
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AID Plugin @ GFSE

https://sourceforge.net/projects/aiddmd/

AID = Automated Instrument for Diagrams

@O Airport Func- ?@@ Airline Func-
)2 tionality Team (&) tionality Team

e ———— e AID
i Pluginpy|

Model
Repository

D = Functionality within the team’s responsibility [Concern #1 ]

31

© GfSE
31
AID Plugin < GFSE
https://sourceforge.net/projects/aid4md/
AID = Automated Instrument for Diagrams
g@ Airport Func- @@@ Airline Func-
) tionality Team ) tionality Team
e T T Repository
|:| = Functionality within the team’s responsibility [Concern #1 ]
D = Functionality outside the team’s responsibility with an interface to the above functionality[Concern #2 ]
© GfSE 32
32
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The AID Plugin v GFSE

Demo ...

5[] _Team resposibilities » —
&[5 Airline Team @T System - Airline Team
i F~E AuthorizationControl | Auto-populate Main IBD...

| [+ Fiight identification Retriever
i “EJ /0 Booking System
&2 Airport Team
{++ ] Eletricical Energy Distributor
& 1/0 Cabin

L= 1/0 Cabin Baggage e [Sysiar] Syviem| Sysiam - Avinm Team Sccpa |

ﬁg 1/O Electrical Supply

i~ /0 Ground Staff [ 13 Baoking $ystem
1+ /0 Passenger i =]
& /O Passport [

= AutherzatonGartro |
----- =] Weather Protection

[ < Fagt igsmiication Retever p_l T

L 5

Toggle strict context (current: Off) ‘

. . |\ Auto-populate Extended IBD
Configurable context handling:

— ‘“on” means: Show connectors between the \ o= "J

context elements (green symbols)

- =) B

— ‘“on” means: Do not show these connectors j—]
g = ER =,
= Eeinal - il

© GfSE
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Summary

34
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Summary weas: GFSE

e Pencil and paper (or its virtual counterpart) are well suited for developing
functional architectures together as a team

e SysML and its successor, SysML v2, offer a good way of formally recording
the results of work on the functional architecture.

e Traceability and consistency in larger functional models can be maintained
well with a modeling tool.

e Once a model has been recorded in a model, automation can help to
master the complexity.

© GfSE 35

35

THANK YOUI! i GFSE

Contact us: fas@gfse.de

Selected References

www.fas-method.org

Link to the used model files and to presenter notes,
describing how to execute the shown demos:

with links to publications and the shown modeling tool plugins https://fas-method.org/content/wp-
content/uploads/2023/10/2023-11-

08 Webinar Demo.zip
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