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Significant Driving Forces

Cost sensitive
Resource constraints

Short time-to-market

Increas ing functionality ’ﬂ ”ﬁ “ﬁ \ 1 & R % % Q’

Larger scope of distribution of functionality ’ ” ' n ﬁ ﬂ ' ” “ t

Tighter collaboration among organizations ” ” ' R i n t “
'”““ﬂn‘%%ﬂ

High degree of division of labor ﬂ ﬁ " I
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Five Strong Divisions

]
Chassis & Safety

Powertrain

Interior

Vehicle Dynamics

Engine Systems

Instrumentation &
Driver HMI

Original Equipment

Hydraulic
Brake Systems

Passive Safety &
Sensorics

Advanced Driver
Assistance Systems
(ADAS)

Automotive

Transmission

Infotainment &
Connectivity

PLT, Repl. Business,
EMEA

Hybrid Electric

Intelligent Transportation

PLT, Repl. Business,
The Americas

PLT, Repl. Business,
Asia Pacific

Vehicle Systems
Sensors & .
Actuators Body & Security

Fuel & Commercial Vehicles &

Exhaust Management

Aftermarket

Commercial
Vehicle Tires

Two Wheel Tires

PLT — Passenger and Light Truck Tires

- .
Tires ContiTech
PLT,

Air Spring Systems

Benecke-Kaliko
Group

Compounding
Technology

Conveyor Belt
Group

Elastomer Coatings

Fluid Technology

Power Transmission
Group

Vibration Control
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Continental Corporation
300 Locations in 49 Countries

Europe Austria Greece Portugal Czech Republic Russia
Belgium Ireland Spain Hungary Serbia
Denmark Italy Sweden Kazakhstan Slovakia
Finland Netherlands  Switzerland Poland Turkey
France Norway United King Romania - A
Germany*  -mrilis 3 b : sia
) s % ‘* , ; : China
F 3 . P& , India
' Indonesia
North America Maigﬁgg
Canada , Philippines
Mexico ‘ Singapore
USA L South Korea
q‘ Sri Lanka
‘. Taiwan
% Thailand
South America TR o United Arab
Argentina Emirates
Brazil
Chile ,
Columbia Afnga *
Ecuador Algeria -~
Republic of South Africa Australia
*Headquarters in Hanover k Morocco Status: January 2014
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Automotive Domain
Powertrain Engine Systems: Gasoline DI and SCR

.‘5‘5’ - ) ,,&O
LAl “ N »
) {J:
Manifold Electronic Exhaust Gas Exhaust General Varigble Lambda High Sg:)sxor
Air Pressure Throttle Control Recirculation Bypass Valve Purpose Lift Sensor Temperature
Sensor Valve (EGR) Actuator Control Sensor
Mass Air Flow
Sensor with
integrated
Temperature
Sensor
— - -
Intercooler t Y I
& WY —
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I
I
—
Lambds Senser oA Catais
j Catalyst
Canister i
Purge Solenoid In Cylinder
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Sensor
=
A
Knock Sensor Coolant Water
m Temperature
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ensor for
Canister Purge SMART Fuel Pressure " Actuator
Manifold I :
Natural Sensor Ultrasonic
Absolute oi
Vacuum il Level
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Leal with Integrated Sensor
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Automotive Domain
Powertrain Engine Systems: Diesel DI

|y
Tr ¢ \ __-:\
I | u
Di_esel SCR
Particulate (optional: LNT)
Filte
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Automotive Domain
Example: Combustion Engine Management System

» Roughly over 6.000 system/engine variants
» Software:

» 70 up to 140 functionalities

» 4.000 to over 8.000 executable units

20.000 to over 42.000 data/variables

A

A

1.5 to 2.2 MByte of ROM

» 0.75to 1.5 MByte of RAM
» Calibration data
Hardware/ECU:

> Minimum 7.000 variants
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Example: Smart NOX Sensor

Roughly 200 Variants
Three different micro controller families

Different standard and proprietary
communication protocols

Various functionality including third-party
functionalities

Diagnostics

Number of NOX sensors in a vehicle -
NOX Sensor Network

Passenger and commercial vehicles
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Conclusion

Taking all elements of a system that
are varying into account the
challenge is to manage several
thousands of variants

Variations shall be managed
at different levels of abstraction, and

at various activities in the development and maintenance process

It is an architectural topic: Requirement - Structure - Variability

Variability modeling in the automotive domain 2015-01-21
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Specification of Variation

Manual approach
Document based supported by proprietary tool chain - documents and tables
Verification and validation by reviews - Four-Eyes Principle

Detection of inconsistencies at build/compile time respectively specific testing/inspections

Specification of variation - Definition of Variants Programming Language

Artifact
1.4  Versionand Configuration
Versions: int function ( ... ) {
Data Name Values Physical Meaning 5"
(YIN) . <statements> ...
NC_ENSD_VERS 01 With Camshaft Sensor Y #if NC ENSD VERS == 1
02 Without Camshaft Sensor N - -

03 For HED engines N <statements> ...

S* = Supported #endil
. <s5tatements> ...

Legend:
HED  Hybrid Electric Drives
NC Non Configurable

return( CK )

}
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Present
Levels of Abstraction

System

B Engine Speed {rpm} =EE
sge|®« i O%% BaS ~
Function
Software il— j Lilfss, B
Hardware P T o |
Mechatronics . LN e = =
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Present
EAST-ADL - Purpose of Abstraction Levels

- Level of abstraction
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Present
EAST-ADL - Cross-Cutting Concerns

Timing

Requirements
Variability
Dependability/Safety

- Level of abstraction |:| Cross Cutting Concern
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Present
EAST-ADL: Feature Modeling

Technical Feature
Model

Functional Analysis
Architecture

Feature
Model

Environment

Model

Functional Design
Architecture

AUTOSAR VFB, Software Component,
System, Basic Software Module,
and ECU view

|:| Models

- Level of abstraction @ Transformation

Hardware
Design

Architecture
Feature

Allocation

AUTOSAR
ECU Resource
Description

Variability modeling in the automotive domain
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EAST-ADL: Feature Modeling Meta Model

Context| o

«atpStructureElement»
FeatureModel

’0..1 0.1

+featureConstraint

*
+featureLink

FeatureConstraint

EAElement

s

criterion :String

Relationship

FeatureLink

VariabilityDependencyKind

«enumeration»

+ customType :String

needs

Public

S . . optionalAlternative
Context . + isBidirectional :Boolean [0..1] i
+childNode + kind :VariabilityDependencyKind mandatoryAlternative
FeatureTreeNode suggests
impedes
custom
+rootFeature  +gtart +end
0.1 |" 1 1
0..1 +requiredBindingTime
«atpStructureElement» PN 4 9 SRl
FeatureGroup Feature 0.1 BindingTime
o +childFeature -
+ cardinality :String %2 o1+ cardinality :String + kind :BindingTimeKind = systemDesignTime
0.1 ; 0..1 +actualBindingTime
1
«enumeration»
+featureParameter\(/0..1 BindingTimeKind
TraceableSpecification systemDesgn_T|m9
codeGenerationTime
«atpType» preCompileTime
Datatypes::EADatatype linkTime
postBuild
runtime
Variability modeling in the automotive domain 2015-01-21
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Brief Introduction into AUTOSAR - Objectives

Standardization of basic software functionality of automotive ECUs
Scalability to different vehicle and platform variants

Transferability of software

Support of different functional domains

Definition of an open architecture

Collaboration between various partners

Development of highly dependable systems

Support of applicable automotive international standards and state-of-the-art technologies

Variability modeling in the automotive domain 2015-01-21
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Present

Brief Introduction into AUTOSAR - Methodology

System - OEM

Views:
* Virtual Function Bus (VFB)

» Software Component (SW-C)
» System Topology

SW-C Descriptions
VFB, SW-C »

ECU Resource
Descriptions
System Topology _

Y

ECU Extract of
System Configuration

E o

Electronic Control Unit (ECU) - Supplier

Views:
« ECU
+ Basic Software (BSW) Module

2

Y

Operating System (OS)
Communications (COM)

B =

BSW Modules (BSWM)
pC Abstraction Layer (MCAL)

Software Components (SW-C)

(ontinental®
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AUTOSAR Support for Variability

Variation Point
AUTOSAR meta model: stereotype «atpVariation»
Controlled by System Constants
Aggregation
Association
Attribute Value
Property Set
Feature Model
Specific AUTOSAR template

Feature Selection and Feature Map

Variability modeling in the automotive domain
Public
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AUTOSAR Variation Point

VanationPoint MultiLanguageOverviewParagraph

+desc
+ shortLabel ‘ldentifier [0 1] [
0.1
+sdg

Sd

<& : g

0.1 gid :NameToken

«enumeration»

) ; i BindingTimeE
+swSyscond | 0.1 +postBuildVariantCondition | g * fnding fimeenum
systemDesignTime
SwSystemconstDependentFormila PodBuildVanantCondition codeGenerationTime
ConditionByFormula preCompileTime
- - «atpVariation» linkTime
+ bindingTime :BindingTimeEnum

+ value :Integer

vh latestBindingtime=preCompileTime ﬁ

+bluepnntCondition | 0.1 +matchingCriterion\|/1

«atpMixed>» ARElement
DocumentationBlock AtpDefinition

PogBuildVanantCriterion

senumeration»
dditionalBindingTimeEnu

bluepnntDenvationTime

postBuild
+formalBlueprintCondition | 0..1

SwSystenmconstDependentFonmula

«atpMixedStnng»
BlueprintFormula

Courtesy AUTOSAR Development Cooperation 2015
AUTOSARR4.2.1
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AUTOSAR Feature Model

Feature Model - Hierarchical
model containing features
and its dependencies

Feature Selection - Decision
model

Feature Map - Mapping
features and system
constants

‘Fealure Model: Sample Car ‘

—{ Mandatory: Engine ‘

—< Mandatory: Engine Controller

—{ Alternative: Gasoline Engine Controller ‘

4‘ Alternative: Diesel Engine Controller ‘

—{ Mandatory: Doors

4‘ Mandatory: Two Doors ‘

—{ Optional: Four Doors ‘
—{ Optional: Extras

|
|
4‘ Mandatory: Electric window lift ‘
|

Courtesy AUTOSAR Development Cooperation 2015 Optional: Halogen lights

AUTOSARR4.2.1

—_{ Requires: Gasline Engine Controlleﬁ

—{ Alternative: Gasoline Engine T

—{ Alternative: Diesel Engine *

Requires: Diesel Engine Controlleﬁ

__J Confliets: Sunroof ﬁ

Confilicts: Four Doors ﬁ

Variability modeling in the automotive domain 2015-01-21
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Identifiable
FMFeatureRestriction

+restriction ? 1

FMFormulaByFeaturesAndAttributes
FMConditionByFeatures AndAttributes

Identifiable
FMAttributeDef

+restriction

0.*

o
+
+

defaultValue :Numerical [0..1]
min :Limit
max :Limit

Identifiable
FMFeatureRelation

AUTOSAR Feature Model - Meta Model

ARElement
FMFeatureModel
«atpSplitable»
+feature\[/ 0..* +root\[/0..1
ARElement

FMFeature

“

minimumintendedBindingTime :BindingTimeEnum [0..1]

+ maximumintendedBindingTime :BindingTimeEnum [0..1]
+attributeDef
0.*
+relation
0.*
+feature
1.*
+feature 1.*
+decomposition | 0..*
FMFeatureDecomposition
+ min :Positivelnteger [0..1]
+ max :Positivelnteger [0..1]
+ category :CategoryString

Courtesy AUTOSAR Development Cooperation 2015
AUTOSARR 4.2.1
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Present
AUTOSAR Example

-~ , : Ol
ECU HW | AUTOSAR | ECU HW
Abstraction i Service Abstraction
Sensor i i Actuator
SW-C #1 . swc#7 | SW-C #6
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Present

AUTOSAR Example ... continued

& Components (3

AUTOSAR_WP-M1_PV.wdm &2

AUTOSAR Contents Tree

Components Contents

Show Types

This secticn enables the contents of thiz element to be edited.

4 B Components;
b EE SWC_01
b HE SWC_02
4 3 swC3
4 £ swc.03
[« rP1_SWC_03
[ pP1_SWC_03
B[] pP2_SWC_03
[ W sc_pP2 SWC 03
4 3 SWC_D4
2 7 swC. 04
4] rP1_SWC_04
& pP1_SWC_04
b [« rP2_SWC_04
b [ rP3_SWC_04
> M scrP2 SWC 04
[ M sc_rP3 SWC 04
b HE SWC_05
b HE SWC_06
[ SWC_(

&8

[ SWC_08

Overview | AUTOSAR Contents Tree

4 E (F) AUTOSAR_WPM1_PV_Features

a v 1 (F) Engine
[v] % (F) Gasoline
|21 % (F) Diesel
[ 4% (F) Gasoline Hybrid
a4 v 1 F Gearbox
[v] 4% F) Automatic
214 F) Manual
[ # (F) Driver Assistance

Feature Models Family Models

(ontinental 3
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AUTOSAR Example ... continued

-

iy i
# cswe_system_1 2 AUTOSAR_WP-M1L_PV.vdm &2 = 0O
AUTOSAR Contents Tree a v E Eg AUTGS&H_WPMI_PV_FeaturES .
4 « ! (F) Engine
[v] % iF) Gasoline
CSWC_System_1 Contents Show Types 14 7 Diesel
This section enables the contents of this element to be edited. L ¥ (F) Gasoline Hybrid
IR, E F! Gearbox
& cswc_system 1 [v] 4 (F) Automatic

8w X1 4% F: Manual
B w2 » [1? (F) Driver Assistance
- swi_13
8 v
' swe_05
. sw 08
M acl_swe 01-02
M ac?_swc 02-03
I ac3_swe_03-04
3 acd_swe 04-05
M ach_swe 05-06

Overview | AUTOSAR Contents Tree Feature Models] Family Models
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Conclusion

The automotive industry is making
good progress and works towards a
standard

AUTOSAR

E/NAST-ADL

http://www.east-adl.info/

Variability modeling in the automotive domain 2015-01-21
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Challenges

Heterogeneous solutions for methods and tools

There is still no seamless integrated tool chain supporting variations across all levels of
abstraction

Variability is still not considered as integral part of architecture: Requirements - Structure -
Variability

Lack of tools to migrate existing assets: “Harvesting Variability”
Lack of tools for analysis of variations and variability (visualization)

Determination of reusable packages

Variability modeling in the automotive domain 2015-01-21
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Future
Seamless Integrated Tool Chain

System

Function Feature
Models

Software

Hardware ———

Mechatronics .
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ldea: Configuration Management System and Variability

Checking out version and variant and vice versa

Variability modeling in the automotive domain 2015-01-21
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ldea: Integration Tool

Public

SW-C SW-C SW-C
> > > > >
>
M
O
SW-C
Variability modeling in the automotive domain 2015-01-21
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|dea: Integration Tool ... continued

Public

SW-C SW-C SW-C
= Cut >
Paste
Replace
Replace SW Component
C) SwW-C Vvariants:
SW-C variant 1: ..
variant 4: ..
variant 5: PV Sensor
( cancel ][ ok )
Variability modeling in the automotive domain 2015-01-21
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|dea: Integration Tool ... continued

SW-C | oswec | SW-C

______________________

Variability modeling in the automotive domain 2015-01-21
Public Stefan Kuntz, © Continental AG



Agenda

Automotive Domain
- Past
< Present

Future

5 Conclusion

Ontinental "s\ Variability modeling in the automotive domain 2015-01-21
— Public Stefan Kuntz, © Continental AG 37



Conclusion

Theory of variations respectively variability is already understood in the industry
Lack of integrated and seamless tool chain, for

Defining and specifying variations

Analyze variations

Process variations

Visualize variations depending on context
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Questions and Answers

Thank very much for your attention!
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