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Speaker

Tim Weilkiens, managing director of the German consultancy oose
GmbH, is a member of INCOSE MBSE Challenge Team SE”2
(Telescope modeling). He is also an active member of the OMG

’ working groups about SysML and UML and has written sections of
= “ the SysML specification.

Rainer Diekmann, works as an independent consultant in the
aerospace industry, joins the INCOSE MBSE Challenge Team SE”*2
(Telescope modeling) a year ago. He work(ed)s in system
engineering projects focussing on MBSE, using different modelling
approaches like UML, SysML and IDEF.
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Agenda
m What is the SE*2 Challenge project about?
m Overview Variant Modeling
m The SYSMOD Variant Profile for SysML
= Variant Configurations
m Managing Complexity — Building simple views
m What's next?
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About SE/N2

m Collaboration between European Southern Observatory
(ESO) and German Chapter of INCOSE (GfSE)

m Access to high-tech project, the Active Phasing
Experiment (APE).

m The team members are:

m Robert Karban (ESO)
Tim Weilkiens (oose GmbH)
Rudolf Hauber (HOOD Group)
Rainer Diekmann
Michele Zamparelli (ESO)
m Andreas Hein (TU Munich)

m Former members: Andreas Peukert (TU Munich)
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ESO

Non-profit Intergovernmental European Organisation for
Astronomical Research in the Southern Hemisphere

http://www.eso.org

Headquarters in Munich, Germany, 3 Observatories in Chile

Mission statement

Build and operate world class
ground based astronomical facilities
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http://www.eso.org/public/astronomy/teles-instr/paranal.html
http://www.eso.org/public/astronomy/teles-instr/lasilla.html
http://www.eso.org/public/astronomy/teles-instr/apex.html

ESO major projects

Very Large Telescope (VLT)

Started 1988, in operation since
1999

Atacama Large Millimeter Array
(ALMA)
W) Europe-US-Japan
@ Started 1998, installation starting
' now

Images on this slide were produced by ESO
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Images on this slide were produced by ESO
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120m

100 M

80mM
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Diagram name EELT_Caontrol

- 10000 tons of steel and glass e
° 42m Segmented primary mirror S Wodification gale | 6/810911:02 AW

<black= -
oy =] Completion status

- 20000 actuators, 1000 mirrors Lg e -

- 50000 I/O points, 700Gflops/s,
17Gbyte/s

- Many distributed control loops

- Use MBSE/SysML to model the control o
system since 2008
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What is the challenge project about?

m System case study (since 2007)

m APE technology demonstrator for future
Extremely Large Telescope (ELT)

m High-Tech interdisciplinary opto-
mechatronical system in operation at
Paranal observatory

m Goals

m Create modeling guidelines and
conventions for all system aspects,
hierarchy levels, and views

m Create fully fledged SysML model

m Documented at
http://mbse.gfse.de
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APE was installed at telescope in
Atacama desert, Chile.
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Installation on the
platform of the
telescope
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What have we

achieved?

......

‘‘‘‘‘

,,,,,,,,,

ebbckes

Presented at INCOSE MBSE Webinar December 2010

© 2010 by ESO, oose GmbH, TUM, Hood GmbH

m APE model, guidelines and best
practices: MBSE Cookbook

m Model structure and overview
m Objectives and Requirements
m Context, System Structure
m Behavior and Data
= Verification
= Model library and SE Profile
= Plug-in for modeling tool
= |Input for tool vendor and SysML RTF
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Agenda

m What is the SE*2 Challenge project about?

m Overview Variant Modeling

m The SYSMOD Variant Profile for SysML

= Variant Configurations

m Managing Complexity — Building simple views
m What's next?
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The value of variant modeling

The modeling of system variants is a core technique for
model based systems engineering. You need to model
variants

m for analysing design alternatives,
m for evaluating variants via trade-offs,
m for modeling of product families,

m and for the separation of a logical and a physical
architecture.

The challenge is to separate the variant from the common
part and to manage the dependencies.
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Example

The APE system could be installed in the laboratory in
Munich as well as directly at the VLT.

We use the concept of variant modeling to separate the
different contexts in the model.
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Simple model example

pkg [view] Webinar Variant Modeling [ [f=5] APE Context Variation ]J

zsystem context=
<Variation point=

APEContext

I

«%ariant element=
zsystem context=

LaboratoryContext

Modification date

121310
331 PM

Last modified by

TimwW

% ariant element=
zsystem context=

ObservatoryContext

Presented at INCOSE MBSE Webinar December 2010
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Agenda

m What is the SE*2 Challenge project about?

m Overview Variant Modeling

m The SYSMOD Variant Profile for SysML

= Variant Configurations

m Managing Complexity — Building simple views
m What's next?
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pkg [view] Webinar “Variant Modeling [ "-,’ariatiun ]J

iNiti 120510
Defl n Itl O n S Madification date | 12:62
P
Last modified by | TimW

A variation contains a set

of variants that have a | T
. . . £ Observatory ehawnr Cnr_npensatlnnTe.[:hnlques
common discriminator. = Laboratory ) Atmospheric Compensation
B Context_Content =5 Behavior_Content

A variant is a complete set BRtoratory
- E APE Lab
Of Varlant elements that =1 AirDampedSupportStructure

T Laboratory_Context

varies the system B Laboratoy-Content
according to the variation
discriminator. =

1 ExternalSystems

£ Observatory_Context

EX APE_Telescope

—| Passive SupportStructure
& Observatory Content

Presented at INCOSE MBSE Webinar December 2010 page 20
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Definitions
A variation point marks a core element as a docking point

for a variant element.
A variant element is an element in a variant package.

A core element is an element that is valid for all variants.

pkg [view] Webinar YYariarnt Modeling [ “arigtion Poirt, Core and Variant elements ]J
1208510
eStructure Aspects Modification date IEMEE
APE Structure
Last modified by | Tim\
Zsystems
W ariation point=
APE
LA
L E;:EHETE < ariants
Enratory Observatory
e¥ariant element= ¥ ariant element=
zsystems zsystems
APE_Lab APE_Telescope

Presenteu alt INNLVUUUL IVIDOL. vvOoullial woTuClIlivcel cvaiv page 21
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Complete picture

pkg [view] VWebinar Yariant Modeliné[ All Yarigtion elements ]J The mOdel
[
Sl A Structure aspect contains all
1
structural core elements.
'APE Structare | [1ossmo] [ |
Maodific 3

1 — Variation point

zsystems:
aVariation poirts / Last modified by |TimW || [ |
APE
T Variation aspect contains
all variations.

«Variations Aspects / [
APE Variations

—————— Variation

«\ariations /
SystemContext .
Variant
«Variants ah/ariants
Laboratory Observatory | < | | | |
<Varnt demert> T — Variant element
zsystems
APE_Lab APE_Telescope

Pres page 22
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Ontology —
A formal definition of our modeling concepts

Sy=ML View

k- ysMIL | 2ysML Hrofile. mdzip |

LA A A 4 I ‘t Requirements Aspect B-El 5YSMOD

{allocated To = Requirements Aspect} B- El APE «Syskem Models

-name = <ContaininghameSpace=_Reguirements - Relations
£ _APE_Comments «Cammentss

Comtext Aspect B3 _APE_Drawings «Drawings:
-name = <CortainingtameSpace=>_Context EI _APE_FErrors
B3 _APE_External «Externals
H-E3 _APE_Issues «lssuess
Behavior Aspect E-£3 _APE_Parsed «Parseds
-name = =ContaininghameSpace=_Behavior £ _APE_Pictures «Pickuress
E-E3 _APE_Problems «Problems:
Verification Aspect H-F£1 _APE_Rationales «Rationales:
{allocatedTo = Werification Aspect} ; - APE_Eiehaviour «Behavior Aspects
-name = =ContainingMameSpace=_Yerification N5 APE_Contest «Context Aspecks
1-¥5] APE_Data «Data Aspects

Performance Aspect 7N APE_Items «System Itemss
-name = <ContainingllameSpace=_Performance E-51 §PE_Petformance «Performance Aspects
--E‘j APE_Requirements «Requirements Aspeck:
Structure Aspect » -] APE_Struckure «Structure Aspecks
{allocatedTo = Structure Aspect} — --E‘j HPE_Traceahility «Model Traceabiliey:
-name = <ContaininglameSpace=_Structure ’Ej APE Mariations «Variakions Aspects

E-§0 AFE_vetification «Verification Aspects
Variations Aspect B AFE_Wiews =System Viewss
{allocatedTo = Variations Aspect} BPE_Conkent ContentDiagrams

-name = <ContaininghlameSpace=_Variations APE_Project_Conkent «ConkentDiagrans:
----- @ Code engineeting sets

Data Aspect
-name = <ContaininglameSpace=_Data

Presented at INCOSE MBSE Webinar December 2010 page 23
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Variation Ontology

Presente(

zDefintionDiagram:

package ‘ariart[ VariatinnsOntnIng‘g.r_Deﬂn'rtinn

)

Organizational Unit

Variations Aspect
{fallocatedTo = Variations Aspect}

121610 417

Madification date Y

Last modified by

SysML package

-name = =ContainingMameSpace=_Variations

s

n.*

Variation

{allocatedTo = WVariation}

Variation Point

{allocatedTo = Wariation point}

J1

7

varied

The system elemert which is

0.

Variant
fallocatedTo = Variant}

Containg all

system elements
belonging to one

{wariant

fas

U“*

Variant Element

fallocatedTo = Variant element}

_|The {new) varied
= system elements

Contains all variants of a
gystem element. t has the
same name as the system
elemert which iz a variation
paint

© 2010 by ESO, oose GmbH, TUM, Hood GmbH
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Example: Requirement variants

pkg [view] Wekinar % ariant Modeling [ Requirement variants ]J
Modification date 1;?52;
zRequirements Aspects i
APE_Requirements Last modified by | TimW
System requirements|
zderiveRedgt=
areguirements
VLT-SPE-ES0-10000-2723 [} — — — — — — — . _ _ _ _
= !
-
~ \
S
~ ederiveRegts \
: -~ |
xﬁz%u;:?arl:;r;:rﬁesrﬁ:dx ! zReguirements Aspectf
ob i R ) is | a¥ariant elementz
ge B0y BERuiremen 7 Laboratory Requirements
aWariant element: 1
N T
System requirements / O el
I System requi}ements
areguirements 1
=W ariant element= sreguirements
Telescope Mechanical e\ariant elementz
Interface Lab Mechanical Interface
A A
=satisfys ssatisfys
x"u"ﬂriﬂﬁt element sV ariant elements
zmechanicss zmechanicss
Pagsive Support Structure Air Damped Support Structure
Presented at INCOSE N page 25
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~DefrtiorOisra.

Package. Vairt| [ Varatensortiogy_Defian |

Variations Aspect
alsg st Te = Vansans.

package SYSMOD Variants[ [25 Variant Sterectypes ]J [ .
zmetaclasss | —
—_— PackageableElement Fackage
SR T senumerations
Variation point Binding TimeKind
[PackageableElement] .
. ] DesignPhase
fallocatedFrom = Variation Point} ManufacturingPhase
+hindingTime : BindingTimekind = DesignPhase | | OperationPhase
zsterectypes zsterectypes
il e +variation Variation Variant
Variant element Back Pack
[PackageableElement] 1% Iabeg [Fackage]
v {allocatedFrom = Variation} {allocatedFrom = Variant}
{ordered} : —
+maxtariants : UnlimitedMatural = 1
+mintariarts : Unlimitediatural =1
zstereotypes zsterectypes = |
Variation Block
parameter ——— [Class]
[ERes] -igEncapsulated : Boolean [0.1]
Presented at INCOSE MBSE Webinar December 2010 page 26
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Separation of Concerns: Core and Variations

IITI“_’[j 2 SIYIL | 2 SIYIL FTULIE U |

B8 S5YSMoD

E}@ APE «Swstem Models:

A Relations \
-E _APE_Comments «Commentss

-E3 _APE_Drawings «Dramings:

£ _APE_Errars

- _APE_External <Externals

-F3 _APE_Issues «lssuess

- _APE_Parsed «Parseds . ) ]
£ APE_Pictures <Pictures» Core elements — valid for all variations
£ _APE_Problems «Problems:

-] _APE_Rationales «Rationales:

--E‘j APE_Eehaviour «Behavior Aspects

--E‘j APE_Context «Context Aspects

--E‘j APE_Data «Data Aspecks

EI APE_Items «Syskem Ikemss:

--E‘j APE_Petformance «Performance Aspect:
--E‘j APE_Requirements «Requirements Aspects
--ﬁ'j APE_Structure «Structure Aspecks

--E‘j APE_Traceability «Model Traceability:
I__—_|E|':| APE_Yariakions «Yariations Aspeck:

-- < Relations

E}E'j APEContexk <\ ariation:

E3- 7 Relations Variations — one root package for each

--E‘j Laboratory «Yarianks >

-5 Ohservatory syariants Varlat|0n and Varlant

Cantext_Content «CantentDiagram:

e The Yarian, .. «Comments

B} Behavior_CompensationTechniques «Yariations:

BPE_Wariations_Conkent =ContentDiagram:

E-§1 APE_Verification «Verification Aspects

B0 APE_Views «System Yiewss

- APE_Conkent «ConktentDiagram:s
APE_Project_Content «CantentDiagram:s:

PAS

Presented at INCOSE MBSE Webinar December 2010 page 27
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Relations between variant and core elements

zreguirements
=V ariant element=

Lab Mechanical Interface
Id ="56"

Text = "APE hench shall ERRLE! Piomarits
have an air damped EWH?:;':IEACE
classical support system in techniques
laboratory. "

pkg [view] VWehinar “ariant Modeling [ B Wariant Relations |
J Modification date 12,” 610
9:28 AM
areguirement s Last modified by | TimW
VLT-SPE-ESO-10000-2723
[d="5R2"
Text="Requirements for eV ariation pointz
i i N zsystem:
scientific Instruments on Evaluate Phasing techniques &\ariation poirts
the VLT Unit Telescopes” fbinding Time = DesignPhase, APE
wariation = Behavior_CompensationTechniques} iy
T Fa
|edleriveRecgts

zWariart element=
zsystems:

APE_Lab

m No predefined guidelines for the relation type

m Degree of freedom of the relationtype depends on the application type of the
model. automated analysis, model transformations, only human readable

Presented at INCOSE MBSE Webinar December 2010
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Open issue — Modeling Generalizations

zhlock= zhlock=z
Car [ VariamtCar

fredefines w}

w4 wo |4
zhlock= zhlock=:
Wheel [ VariantWheel

fredefines b}

b |& b |&
zhlocks zhlocks
e\ ariation pointz VariantLugBolt
Lughbolt K] ———— s
vahkmes weight : kg = 0.03{redefines weight unit = kilogram}
diameter : m = 0.071 {unit = metre}
weight . kg = 0.05{unit = kilogram}

Presented at INCOSE MBSE Webinar December 2010
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Proposal for a simplified Product Variation

zhblock= ehlockz
Car Wheel

parts parts
w . Wheel [4] Ik : Lugbolt [6]

|

ehlock=
VariamCar

parts

w b VariantLugBolt {redefines lb}

Presented at INCOSE MBSE Webinar December 2010 page 30
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Agenda

m What is the SE*2 Challenge project about?

m Overview Variant Modeling

m The SYSMOD Variant Profile for SysML

m Variant Configurations

m Managing Complexity — Building simple views
m What's next?
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FODA Feature Oriented Domain Analysis

mandatory features must optional features may be

Car
be present in every present, or not, in a
product line instance product line instance
Transmission Horsepower Airconditioning

Manual Automatic

alternative features define
the scope for an exclusiveor

choice of features

Source: Myra Cohen, Matthew Dwyer: Software Product Line Testing Part Il : Variability Modeling

Presented at INCOSE MBSE Webinar December 2010 page 32
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Example: Configuring variations

zhlocks
Car
zhlocks
= ariation point:
Transmission
- - ablocks
¥ ariation:s HorsePower <M ariation:
TransmissionType AirCqnditioningOption
{maxvariants =1, Imaxvariants =1,
minvariants =1} mintariants = 0}
v ariant: <Mariant: «pariant:
Manual Autpmatic WithAirCon
«blocks eblocks # .ﬁtlfr'tﬂclk* y
sWariant elements s ariant elements - et
Manual Transmission Automatic Tranemission AirConditioning
Rules formulated in a textual

DSL and embedded in UML

constraints ared defining the
Configuration Rule ﬁ variation possibilities.

{Comfort: (Automatic transmission AND AirConditioning)

Presented at INCOSE MBSE Webinar December 2010 page 33
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m What's next?
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Model2Model-Transformation (M2M)

Even simple variations are resulting into complex configuration spaces.
Necessary is a simple view for a selected configuration. This view could be
produced by a M2M-Transformation.

3 variations are spanning a 3-dimen-
sional configuration space and eventually
many possible configurations.

A configuration is one point in the
configuration space.

Aim of the model transformation:
Face-out of irrelevant details

m Creation of a product model out of a

product family model

@ m Elimination of non-existing variants
and closure of variants because of
superfluous abstractions

Presented at INCOSE MBSE Webinar December 2010 page 35
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Categories of Model2Model-Transformations

m View- vs. Copy-Strategy:
m View: The transformation creates a view in the source model.
-> Seperation of Product Line Engineering and Product Engineering

= Copy: The transformation creates a new model
-> Discard of variants during the development phase.

m Filter vs. Refactoring-Strategy

m Filter: No more required model elements will be deleted (from the view or the

copy)) by the transformation
-> easy to apply, but some ,ballast* remains

®=  Model-Refactoring: There exists not ,the one and only* transformation, but a set of
adequate refactorings, with a corresponding non-trivial transformation
-> pest possible reduction, but hard to implement

M2M

(-
¢

Presented at INCOSE MBSE Webinar December 2010 page 36
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Example: Simple M2M approach

satructure Azpects
APE Structure

gayatems
sy ariation points:
APE

|

< ariants
Laboratory

¥ ariant element:
zzystems

APE_Lab

N ariants
Observatory

s¥ariant element:s
wsvatems

APE_Telescope

Presented at INCOSE MBSE Webinar December 2010
© 2010 by ESO, oose GmbH, TUM, Hood GmbH

M2M

Filter var.

wstructure &spects
APE Structure

wEystems
gariation paint:
APE
==
v ariant:
Laboratory

svariant element:
gaystems:

APE_Lab
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Example: M2M-Model-Refactoring approach

wStructure &zpects
APE_Structure

waystems
g¥ariation point:

APE

|

sMariant:

Laboratory

gvariant element:
gEystems:

APE_Lab

v atiant:
Observatory

s¥ariant element:
zzystems:

APE_Telescope

Presented at INCOSE MBSE Webinar December 2010
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M2M

Refactor.

w5tructure Azpects
APE Structure

APE_Lab
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Open issue — Model2Model transformation

m Until now model transformations are only manually applied in the telescope
model.

m Simple approach could be easily implemented:
E.g. MagicDraw offers the Module concept. This could be used to hide all
other variants and present only the elements belonging to that module/variant.

m  Automatic model transformation by using transformation frameworks like
OpenArchitectureWare, which is now part of the Eclipse Modelling Project

Presented at INCOSE MBSE Webinar December 2010 page 39
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Trade-Off Analysis for different alternatives

System

A

Architecture Varl

Feedback
results Components  Varl Var2 Var3
Sensor Sensorl Sensor2 Sensor2
Actuator Actuatorl Actuator2  Actuator2
Software - Standard  OpenSource
Criteria Weight Varl Var2 Var3
Performance 0,3 5 10 20
Reliability 0,5 95% 98% 99%
Cost 0,2 10.000,00 € 20.000,00 € 20.000,00 €
Effectivness 2001,975 4003,49  4006,495

-

Performance

Reliability

par [Block] Ohjective [ Effectivhess Calculation ]J

Effectivness
woonstraint:
: Objective
AE=w ] *LP 1 25 RO+ 30000 |
Perfarmance Feliskilty Cost

Source: Sanford Friedenthal:, Advancing Systems Engineering Practice Using Model Based Systems Development
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Agenda
m What is the SE*2 Challenge project about?
m Overview Variant Modeling
m The SYSMOD Variant Profile for SysML
= Variant Configurations
m Managing Complexity — Building simple views
m What’s next?
Presented at INCOSE MBSE Webinar December 2010 page 41

© 2010 by ESO, oose GmbH, TUM, Hood GmbH



ES+
> Gemen Chopter of INGOS @HOOD m

What's next?

m Generalization issue = Fix by SysML RTF

m M2M transformation = Find resources to develop
transformation

m Trade-Off Analysis = Make a Trade-Off analysis in the

Telescope context using the new simulation toolkit from
MagicDraw
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m Please fasten seatbelts - setting

Live Demo of the Model

up the system

=
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i |
P

- = ‘

-
A
==blocks== a
OptoMechanicalBench | -~
B
i
Usage in Diagrams 4 ‘
I
I
o, £
==blocks= Ed
CalibrationUnit A
E]

LaboratoryContext_Control

parts
— — = |-maps: MAPS

Diagram name | LaboratoryContesd_iew:

Authar rkarban

Creation date 6508 2:11 PM

LaboratoryContext_Electrighl Modification date [ 1/22/08 613 AM
®

=<comment==

<=system cortext=>
LaboratoryContext

-LO27 : Laborgtory
-witem ¢ vucmruww

LaboratoryContext_Mechanical

LaboratoryContext_Optical

APE_Project_Content
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