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MBPLE and SysMLv1

MBPLE and SysMLv2
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Variability Modeling
with SysML v2






First version of
the DroneSystem

«part def»

DroneSystem
«par"i'» « par"l'» « par"i'»
droneDocks[*] drones[*] controlStation

{; 1

«part def» .
Drone

« par"l'» « par‘l’» « par1'>>
engines[4] battery body
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Change Requests!

—

We need to be able ™
to transport small
and large things.

Sure, no problem! We
can provide drones with
different capadbilities.

SER

Different number of
engines

Different kinds of batteries
Different payload
attachments
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Variant Modeling Methods
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Abstract

Product Line Engineering (PLE) is a fundamental component of systems engineering. As
postulated in INCOSE's Vision 2025, Model-Based Systems Engineering (MBSE) is
becoming the norm for systems engineering. Thus, we need to integrate PLE into MBSE.
An important aspect of this integration is the definition of model-based methods. This
paper defines two possible approaches for variant modeling with SysML applied at
Airbus and provides insights into their application in practice.
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Ncost  Direct Approach in a Nutshell

«part def»
Drone

Variability: Different kinds of batteries

«par"]'» «par"l'»

«par"l'»

engines[4..8] standardBattery| longDistanceBattery

/
«library package» /
DronePartsCatalogue

8

«par"l'»

body

5,/

2%

«part def»
StandardBattery

«part def»
LongDistanceBattery

Just model it!

A drone can have a
standard battery or a
long distance battery.



Ncose  Clean Approach in a Nutshell

«part def»
Drone

«par"l'»
engines[4..8]

«library package»
DronePartsCatal

ogue

« par-*l-»
battery

«pqr"l'»

body

Variability: Different kinds of batteries

1. Identify the commonality!

A drone has a battery.

=

«part def»

Battery

y

«part def»

StandardBattery

i

«part def»
LongDistanceBattery

2. Specialize the variants!

It can be a StandardBattery or
a LongDistanceBattery.
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SysML v2 Variations and Variants W
«part def»
DroneSystem
«part» «part» ‘«pqrt»
dr'oneDocks[*] J drones[*] | controlStation
ON
IATI
VAR RI ATION «part def»
V Drone
«variation part» «variation part» \1 «part» N
engines[4..8] battery: Battery | l body
2 2 7 7 N
r?vcr*icmf part» ‘] «variant part» YA par‘r» «variant part» «variant part» j ‘/ «varation part» /r «part»
fourEngines[4] || sixEngines[6] elghTEngmes[ 2::: da:rib;c::::); ':::;i’;ii:im‘ | pRyisncintachineny fréﬁ‘f
‘ ‘ «variant parﬂ: W r «var-|c1n+ parf»
VARIANTS | smallPayloadAttachment J largePayloadAttachment |
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SysML v2 Variations and Variants

Variants are not individual model elements. In the background, it is a
VariantMembership relationship between the variation and a variant.

Being a variation is a Boolean characteristic of a definition/usage element
that can be switched on or off.

«variation part»
battery: Battery

el °

«variant part» «variant part»

standardbattery: powerBattery:
StandardBattery PowerBattery
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Ncost  Variations/Variants - Textual Notation

part def Drone {
variation part battery: Battery {
variant part standardBattery: StandardBattery;
variant part powerBattery: PowerBattery;
}
variation part engines[4..8]
variant part fourEng1nes[4]
]
[

{

«part def»
DroneSystem

variant part sixEngines|[6]; L

variant part eightEngines[8]; A
} : 2
[...] dbart def»

Drone

«variation part» | «variation part»
engines[4..8] battery: Battery |
«variant part» «variant part» | | «variant part» g 0
| standardbattery: powerBc

fourEngines[4] sixEngines[6] eightEngines[8] StandardBattery | PowerB
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Product Model - Let’s derive a product oy

The DeliveryDroneSystem X42 has
six engines, a power battery, and an attachment for large payloads.

ool

«part def» «part def»
DroneSystem < DeliveryDroneSystem X42

«pqr"l'» «pqr"l'» «pqr"l'»
“droneDocks[*] “controlStation
«part» «part»
:>> engines = siXxEngines :>> battery: = powerBattery

:>> drones[*]
REDEF INI TION

«part»
:>> body

«part»

«part»
L :>> payloadAttachment = largePayloadAttachment g frame




ISO/IEC 26580

Feature Model: Feature Tree & Feature

gurations

Confi

PLE
Configurator

Shared Assets

Product
Models

Supersets



Feature Model: Feature Tree & Feature
Configurations

Shared Assets PLE >

Supersets Configurator Product
Models
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Feature Modeling
with SysML v2
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Feature Tree with FeaturelDE '

droneProductLineFeatureTree
missionKind missionTime hasPayload payloadSize
deliveryMission = funMission observationMission standardMission longMission largePayload  smallPayload

forestFireMission  securityMission



Neost QysML Model as the Backbone of the Digital Thread
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INTEGRATION OF ENGINEERING MODELS L

SysML v2 API

Analysis T
R W

CAD Models

Software Models
/Code

OoPenLca

. Life Cycle Assessment
(Sustainability)

Simulation
Models
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NC%t  PLE in the Digital Thread 0

SysML v2 API

Requirements Software Models

/Code

OoPenLca

Analysis
Life Cycle Assessment

CAD Me Is Siniatien (Sustainability)

Models



Ne%*  PLE in the Digital Thread

PLE Tool

SysML v2 API

\

ieProductLineFeatureTree ‘ ' AT 77

«parf»
missionTime  hasPayload payloadSize @\ T \
standardMission  longMission  largePayload  smallPayload svariant: parte “ ,l xvaration parts ' “p""*
powerBattery: payloadAttachment | '
Powchaﬁcry
Feature /® K
«variant part» «variant part»

Bindin g smallPayloadAﬁachmcm IargePaonadAﬁachmem




"o PLE in the Digital Thread

SusninableBatiey

PLE Tool

SysML v2 API

—

«part def» .]

V

ieProductLineFeatureTree = f—\ 77 =
| «variation part» | : «part»

‘ baf‘rcry Battery body

Drone

missionTime hasPayload payloadSize / . @\

standardMission  longMission largePayload smallPayload ) «variant part» f|' «varation part»
powerBattery: , payloadAttachment

Powechmery /@ & ]

«var:on‘r part» «var
srmllPaylochﬂcchmem ‘ ‘Iarchayk

.feafure 7
proxy

Feature |

+ Binding )
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NC%t  PLE in the Digital Thread 0

SysML v2 API

Requirements Software Models

/Code

OoPenLca

Analysis
Life Cycle Assessment

CAD Me Is Siniatien (Sustainability)

Models



NC%t  PLE in the Digital Thread L
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p PLE Tool

SysML v2 API

Analysis

CAD Models

Software Models
/Code

OoPenLca

, 3 Life Cycle Assessment
Sintiaion (Sustainability)
Models



DIFFERDING LANQUAGES
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'NCOSELaboratory SysML v2 for Feature Modellng i

In SysML v2, | would

In PLE, you typically model it this way.

do it that way.

& MARCO
FORL INGI ERI

‘ - 1t It looks nice, but it is

"\, formally notfully correct.
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librarv package Fea

reModeling

enum def LifeCycleKind :> ScalarValues::Natural {

———

docll = Def T OB Of
* The numbers prog
=

enum Development

enum Production

enum Operation

155

= &5

doc /* A Feature is a
v roductdline £
* =Rt he  product
i~

attribute bindingTime :

doc /* The binding time of the feature with default Development.

constraint def XORConstraint

:> FeatureConstraint {

in occurrence excluded :> constrainedFeatures;

in occurrence featureConfiguration
if featureConfiguration != null ?

featureConfiguration.suboccurrences->includes (owningFeature)

:>> featureConfiguration;

implies (1..size(excluded)-1)->ControlFunctions::forAll {

in f; not featureConfiguration.suboccurrences->includes (f)

}

else
true

LifeCycleKind default LifeCycleKind: :Development ({

)
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Feature Representation - Textual

ISO/IEC 26580

package DroneFeatureModel ({
private import FeatureModeling::*;

#feature def droneProductlLineFeatures ({
#feature missionTime {
attribute :>> bindingTime = LifeCycleKind::Production;
} _
#feature standardMission :> missionTime;
#feature longMission :> missionTime;
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Feature Configuration

#featureConfiguration deliveryDrone

#feature :>> missionKind =
#feature :>> missionTime =
#feature :>> hasPayload;

#feature :>> payloadSize =

}

st i SeNonNRK 1 ndl =
S el S SO Le =

#feature
#feature

}

#featureConfiguration consumerDrone
#feature :>> missionKind =

#featureConfiguration observationDrone

(securityMission,

:> droneProductLineFeatures {

(deliveryMission) ;
(kengMils si orv)h

largePayload;

:> droneProductLineFeatures {

(forestFireMission) ;
(lengMi's Sien)-;

:> droneProductlLineFeatures {
funMission)
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Feature Binding

ISO/IEC 26580

// Feature Bindings from Shared Assets to the Features | e

#featureBinding connect droneSystemRequirements.minimumFlightTime: :standar
to droneFeatureModel .droneProductLineFeatures.standardMission;

#featureBinding connect droneSystemRequirements.minimumFlightTime: :extende
to droneFeatureModel .droneProductlLineFeatures.longMission;

#featureBinding connect droneProduct.battery::standardBattery
to droneFeatureModel .droneProductLineFeatures.standardMission;
#featureBinding connect droneProduct.battery::longDistanceBattery
to droneFeatureModel .droneProductLineFeatures.longMission;
#featureBinding connect droneProduct.battery::longDistanceBattery::longRan
to droneFeatureModel .droneProductLineFeatures.deliveryMission;
#featureBinding connect droneProduct.battery::longDistanceBattery::longRan
to droneFeatureModel .droneProductLineFeatures.forestFireMission;

e ST e . gia SR 0 SR S DS L AR R o, e L [ N 1 o) o e s LA T E Al e e ST R e =



NEOE - What's nextl!

Complete the language extension PLEML
Variation WG for SysML v2.1

Optional variation

Constraints
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Thank You

Question Time!

Contacts:

@ mforlingieri@ptc.com

@ tim.weilkiens@oose.de

Model-Based
Product Line
Engineering (MBPLE)

The Feature-Based Path to
Product Lines Success

Marco Forlingieri
Tim Weilkiens
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