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Variability – Overview
Variability is modeled essentially on two different abstraction layers:
1. Feature layer variability (being the primary source for variant/product 

configuration)
2. Artifact layer variability (comprising all artifact elements, e.g. 

requirements, FAA, FDA…)

Feature layer variability

Artifact layer variability

configures

Vehicle Level

Analysis Level

Design Level

Implementation Level

Operational Level
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Basic Concepts

Vehicle Level

Analysis Level

Design Level

Implementation Level

Operational Level

Feature Modeling

Variation Points
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Basic Concepts – Feature Modeling
• as introduced by Kang et al. in 1990

Wiper

Basic
Advanced

Speed-Ctrld Rain-Ctrld

LowEnergy
Consumption Simple Adaptive

Radar

CruiseControl

Body Electronic SystemEngine Control Infotainment /
Telematics

Car

Accelerator
Actuator

SpeedLimit : Int
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What is a Feature ?

A Feature is a characteristic or trait that the variants
of a variable entity may or may not have.

Variable
Entity

Var 2 Var 3Var 1 …

FrontWiper

Basic
Advanced

Speed-Ctrld Rain-Ctrld

LowEnergy
Consumption
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Hardware-
Component

Functionality

cross-cutting
characteristic

Specializations

Subsystem / Subdomain

What is a Feature ?

a Feature can represent
things of very different nature

Wiper

Basic
Advanced

Speed-Ctrld Rain-Ctrld

LowEnergy
Consumption Simple Adaptive

Radar

CruiseControl

Body Electronic SystemEngine Control Infotainment /
Telematics

Car

Accelerator
Actuator

SpeedLimit : Int
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Basic Concepts – Variation Points
Variability is modeled for the artifacts based on the notion of variation 

points and variation groups:

• all ADLEntities can be variable

• variable ADLEntities are marked a variation point  (and then serve as 
a placeholder)

• the variation point is linked to the entities that represent the available 
variants

• variation groups can describe various constraints between arbitrary 
variable entities
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Variation Point – Example
<<ADLFunctionType>>
Vehicle_Application

<<ADLFunctionPrototype>>
sv_brake_controller_v10: SV_Brake_Controller

ACC_brake_request

Radar_brake_torque_request
wheel_brake_torqueX4

0..1
…

<<ADLFunctionPrototype>>
vp_sv_abs: VP_SV_ABS

Vehicle_speed

Pedal_brake_request

brake_torque_requestX4 …

<<ADLFunctionPrototype>>
vp_acc: VP_ACC

acc_brake_request

optional! 
(because acc 
is an optional 

function)

…

…

0..1

implicit 
optional! 
(because only 

used by opt abs)

0..1
<<VariationPoint>>

<<VariationPoint>>

<<VariationPoint>>

<<VariationPoint>>

Brake_Torque_request_ABS

<<VariationPoint>>

Brake_Torque_request
Acc_brake_request

Vehicle_speed

Pedal_brake_request

0..1

0..1
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Advanced Concepts

Vehicle Level

Analysis Level

Design Level

Implementation Level

Operational Level

View concept for
End-Customer Configuration

(and others)

Model Range Spanning
Variability

Hierarchical Composition
of Variability
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End-Customer Configuration
• vehicle level contains the core feature model

• showing variability of the complete system
• high complexity
• technical viewpoint

(terminology, customer-invisible variability, diverse life-cycle)
• not appropriate for end-customer configuration

• vehicle level supports to define end-customer configuration
• provides „view“ on core feature model
• allows for orthogonal „packaging“ of variability
• supports orthogonal configuration considerations
• can be used for separation of other concerns
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Model Range Spanning Variability
two kinds of variabilty:

• model range specific variability

• model range spanning variability

E240 E320 E320 CDI

A-Class E-ClassC-Class

MCG

……

S-Class
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Model Range Spanning Variability
• traditional solution: either one large software product line

or several independent ones

• multi-level concept: compromise between the two
• sublines can be managed locally
• concordance can still be managed globally

A-Class E-ClassC-Class

MCG

E240 E320 E320 CDI
……

S-Class

Mercedes
Trucks

DaimlerChrysler
Group

SMARTMaybach …
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Multi-Level Feature Model – Example
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Composite Variability – Motivation
A

A has
variability
inside.

B

y : A

x : A When A is used twice in B, 
then it must be configured
separately for each
occurence.

Thus, definition of A is not a suitable context for configuration !!

Variant 1 Variant 2
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Composite Variability
• variability is managed in a hierarchical manner

• key elements:
• Step 1:  ADLFunctions get a „public“ feature model
• Step 2:  internal structure of composite ADLFunctions can be variable

(by way of variation points)
• Step 2:  for each composite ADLFunction a mapping is defined

from its public feature model to …
(a) the public feature models of its contained ADLFunctions and
(b) the variants of the contained variation points

(in other words:  it is defined how the configuration of the contained ADLFunctions’
feature models can be derived from a given configuration of the public feature model of 
the container ADLFunction)



Variability Modeling Page 17

thresholdValue:Float

Step 1:  ADLFunctions get „public“ FM
• as part of their public interface

• for elementary ADLFunctions, the configuration of the
public feature model will be made available for reference
within the behavioral description of the ADLFunction

• details depend on type of behavioral description
• e.g. for C-Source-Code, parameters can be realized as pre-

processor macros

EXAMPLE: ElemSWComp that realizes a „Threshold“

output
:Boolean

input
:Float

if input >= thresholdValue
then output = True
else output = False.

Threshold
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Step 1: cont‘d

EXAMPLE:  CompSWFunc that controls a wiper depending on driver input
and rain sensor

rainThreshold:Float

wi:WiperIntegrator

rsThr:Threshold

wiperButtonSig

rainSensorSig
thresholdValue

rainSensor
Request

driver
Request

wiper
ActuationSig

WiperControl
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rainThreshold:Float

wi:WiperIntegrator

rsThr:Threshold

wiperButtonSig

rainSensorSig
thresholdValue

rainSensor
Request

driver
Request

wiper
ActuationSig

WiperControl

Step 3: Mapping
• mapping from the public feature model of a composite ADLFunction to

(a) the public feature models of its contained ADLFunctions and
(b) the variants of the contained variation points

• in this case:  only (a) used

wiper
ActuationSig

thresholdValue :=
rainThreshold

NOTE:
Here thresholdValue is

simply propagated up the
containment hierarchy

BINDING-SCENARIO #1
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:FrontWiperMotor

:FrontWiperButton

:FrontRainSensor

Applying WiperControl

FrontCtrl:WiperControl

rainThreshold := 140

:RearWiperMotor

:RearWiperButton

:RearRainSensor

RearCtrl:WiperControl

rainThreshold := 80

NOTE:
Here rainThreshold is

directly and invariantly(!) 
bound instead of being

propagated up
BINDING-SCENARIO #2

WiperSystem
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Alternative

wi:WiperIntegrator

rsThr:Threshold

wiperButtonSig

rainSensorSig
thresholdValue

rainSensor
Request

driver
Request

WiperControl
thresholdValue :=

front ? 140 :
rear ? 80 : undef

WiperControl

Front  Rear

NOTE:
Here, two kinds of bindings of 

thresholdValue are defined
and selection between the two

is propagated up
BINDING-SCENARIO #3
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Feature Models in ATESST
Customer-Config Feature Model

public FM of
ADLFunction WiperSystem

Vehicle Feature Model (= the core feature model)

public FM of
ADLFunction ClimateSystem

public FM of
ADLFunction RainSensor

public FM of
ADLFunction WiperControl

public FM of
ADLFunction Car (= top-level ADLFunction)

VF
M

FD
A

Configuration Link
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Summary
• Variant handling based on feature modeling

• Supports end-customer configuration

• Model range spanning variability

• Hierarchical composition of variable entities

• Variability modeling within the architecture (variation 
points)
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Backup
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EA – Feature Modeling
cd FeatureModeling

ADLEntity
Feature

+ description:  String
+ cardinality:  String

ADLEntity
FeatureModel

+ description:  String
+ complianceLevel:  String

FeatureGroup

+ cardinality:  String

FeatureTreeNode

ProductDecision

+ excludedFeatures:  String
+ includedFeatures:  String
+ inclusionCriterion:  String
+ personInCharge:  String
+ rationale:  String
+ isEquivalence:  Boolean

ADLRelationship
FeatureLink

+/ isBidirectional:  Boolean
+ selectionCondition:  String
+ type:  String

Parameter

FunctionFeatureModel

ProductDecisionModelEntry

+ isActive:  Boolean

ProductDecisionFolder

+ name:  String
+ description:  String

ProductDecisionModel

+ name:  String
+ description:  String

VehicleFeatureModeling::
MultiLev elFeatureModel

BindingTimeAttribute

+ kind:  BindingTimeKind = DEVELOPMENT
+ rationale:  String

+rootEntries1..*

+parentModel0..1

*+sourceFeatureModel

1..*

*+targetFeatureModel

1..*

+featureGroups
0..*

+featureModel
1

+childEntries

1..*

+parentFolder 0..1

+features

0..*

+featureModel
1

+requiredBindingTime
0..1

0..1

+actualBindingTime

1

0..1

+featureLinks 0..*

+featureModel

1

+endingLinks*

+end
0..1

+startingLinks
*

+start
0..1

+parent 0..1

+children 0..*

+referringModel *+referenceModel 0..1

+parameter

*

+feature
1
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EA – Vehicle Feature Modeling
cd VehicleFeatureModeling

FeatureModeling::BindingTimeAttribute

+ kind:  BindingTimeKind = DEVELOPMENT
+ rationale:  String

Dev iationAttributeSet

+ allowChangeAttribute:  DeviationPermissionKind = YES
+ allowChangeCardinality:  DeviationPermissionKind = YES
+ allowChangeDesc:  DeviationPermissionKind = YES
+ allowChangeName:  DeviationPermissionKind = YES
+ allowMove:  DeviationPermissionKind = YES
+ allowReduction:  DeviationPermissionKind = YES
+ allowRefinement:  DeviationPermissionKind = YES
+ allowRegrouping:  DeviationPermissionKind = YES
+ allowRemoval:  DeviationPermissionKind = YES

MultiLev elFeatureModel

VehicleFeature

+ isCustomerVisible:  boolean
+ isDesignVariabil i tyRationale:  boolean
+ isRemoved:  boolean

ADLEntity
VehicleFeatureModel

«enumeration»
BindingTimeKind

enumeration
+ DEVELOPMENT:  
+ PRODUCTION:  
+ WORKSHOP:  
+ DRIVER_SETUP:  
+ DRIVING:  

«enumeration»
Dev iationPermissionKind

enumeration
+ NO:  
+ APPEND:  
+ SUBSET:  
+ SUBTREE:  
+ YES:  

ADLFunctionType
SystemModel::

ADLSystemModel

ADLEntity
FeatureModeling::Feature

+ description:  String
+ cardinality:  String

FeatureModeling::
FeatureGroup

+ cardinality:  String

ADLRelationship
FeatureModeling::

FeatureLink

+/ isBidirectional:  Boolean
+ selectionCondition:  String
+ type:  String

ADLEntity
FeatureModeling::

FeatureModel

+ description:  String
+ complianceLevel:  String

FeatureModeling::
FeatureTreeNode

FeatureModeling::Parameter

FeatureModeling::
ProductDecision

+ excludedFeatures:  String
+ includedFeatures:  String
+ inclusionCriterion:  String
+ personInCharge:  String
+ rationale:  String
+ isEquivalence:  Boolean

FeatureModeling::
ProductDecisionFolder

+ name:  String
+ description:  String

FeatureModeling::
ProductDecisionModel

+ name:  String
+ description:  String

FeatureModeling::
ProductDecisionModelEntry

+ isActive:  Boolean

+actualBindingTime
1

0..1

+deviationAttributeSet

0..1

+feature 1

+referringModel *+referenceModel 0..1

+mlfm 1..*

+vfm

1

+referenceFeature *

+vehicleFeatureModel
0..1

1

+features

0..*

+featureModel

1

+requiredBindingTime
0..1

0..1

+featureGroups 0..*

+featureModel 1

+rootEntries 1..*

+parentModel 0..1

+featureLinks 0..*

+featureModel

1

+endingLinks
*

+end 0..1

+startingLinks *

+start
0..1

+parent 0..1 +children 0..*

+parameter

*

+feature

1

*

+sourceFeatureModel

1..* *

+targetFeatureModel

1..*

+childEntries

1..*

+parentFolder 0..1
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EA – Artifact Level Variation Management
cd ArtifactLev elVariationManagement

ADLRelationship
VariationGroup

+ constraint:  String
+ kind:  VariationGroupKind
+ motivation:  String

«enumeration»
VariationGroupKind

enumeration
+ exclude:  
+ include:  
+ customizedCombination:  

VariationPointConfiguration

+ selectionCriterion:  String

DependencyConstraint

FeatureModeling::BindingTimeAttribute

+ kind:  BindingTimeKind = DEVELOPMENT
+ rationale:  String

ADLEntity
AllocateableElement

«atpType»
FunctionModeling::
ADLFunctionType

+ isComponent:  Boolean [0..1]
+ isDiscrete:  Boolean
+ isElementary:  Boolean

FeatureModel
FeatureModeling::

FunctionFeatureModel

FeatureModeling::
ProductDecisionModel

+ name:  String
+ description:  String

ReuseMetaInformation

+ information:  String
+ isReusable:  Boolean = true

ADLVariableElement

+ configuration:  String
+ isVP:  Boolean
+ isOptional:  Boolean

ADLEntity

«atpPrototype»
FunctionModeling::

ADLConnectorPrototype

FunctionModeling::
FunctionalDev ice

VariantLink

ADLEntity

«atpPrototype»
FunctionModeling::

ADLFunctionPrototype

ADLConfigurableContainer

ADLPrototype

ADLEntity

«atpPrototype»
HardwareDesignArchitecture:

:ADLHwElementPrototype

ADLEntity

«atpType»
HardwareDesignArchitecture:

:ADLHwElement

+publicLocalFeatureModel 0..1

+configContainer
0..1

+connector
0..*

1

+pDecModel0..1

+configContainer
*

+targetPrototypes

0..*

+variationPoint
1

1..*

0..1

+transferFunction

0..1

+reuseMetaInformation0..1

+reusableElement 1

+part

0..*

0..1

+next 0..*

+previous
0..*

0..*

+target 1..*

0..*

+source 1..*

0..1

+variantElement
1

+requiredBindingTime
0..1

0..1

+actualBindingTime
1

0..1

+vpConfiguration
1

+variationPoint 1

+part

0..* 1

+variationGroup
0..*

+variableElement
1..* {ordered}


