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Product Line Engineering Variation Dimensions
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Product Line Engineering Variation Dimensions
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Variant Management Solution for
Systems & Software Engineering
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Feature Model-based Variant Management
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Feature Models

Family Models
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Feature Model - Dependencies
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Role: Product Line Engineer

Feature Models

External Car Light Product Line
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Configuring a new Variant

Error Markers and Auto-Resolve

Role: Variant Configurator
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Comparing and Analyzing
Variants

Role: Product Line Engineer / Product Line Analyst
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Restricting Superset

Requirements

DOORS NG Integration




®s

: CarLightRequirements e -

2 cC © A% ps-office.local
¥ Meistbesucht # puresvariants Model P... @ Team Server
18M Engincering Requirements Management Next (/
= Car Light Car Light
D srd
e - P '
Mini Dashboard it | CarlLightRequirements
o pmrecynriants £ View! pure:variants
@ H /B 8
Views B~ ForeigniD
1
) 23
u Preview 5
28

N 2
S 21

22

Please open a configspace

30
31
35

20

DNGEDZHIC -
I4—=F =213 T8

26

27

2

~

v

| Head Lights
The beam pattern must fulfil the Federal Motor Vehicle Safety Standard 108

1.1 High Beam

The high beam is activate if the user presses the high beam lever and the light mode switch
is set to full light mode

The high beam is deactived temporarily if incoming trafiic is detected by the camera

The beam must conform to R98 — Headlamps equipped with gas-discharge light source
The beam confom to R112 — Headlamps emitting an asymmetrical passing beam and/or a
driving beam and equipped with filament bulbs

The high beam is activated if the user presses the high beam lever and either the light
mode switch is set to full light mode or light mode switch is to automatic and light
conditions require full light

The high beam is activated if the user presses the high beam lever and the light mode
switch is set to full light mode or light mede switch is to automatic and light conditions
require full light

The high beam is dynamically adjusted if the wight is not balanced
1.2 Low Beam

The beam pattern must conform to R98 — Headlamps equipped with gas-discharge light
source

The beam must confom to R112 — Headlamps emitting an asymmetrical passing beam
and/or a driving beam and equipped with filament bulbs

1.3 Fog Lights

Front fog lamps have to provide a wide, bar-shaped beam of light with a sharp cutoff at the
top, and are generally aimed and mounted low

They may be either white or selective yellow
> Assistance Systems

2.1 Cornering Light

~2.1.1 Adaptive Forward Lighting

The adaptive forward lighting system is activated only when high or low beam is operating
in full light mode

* Carlight Initial De

pvRestriction pvVariation Type

USA or Canada

NOT(AutomaticLight)

HighLowBeamDetection

HighBeamXenon AND
not{USA OR Canada)

HighBeamHalogen AND
not(USA OR Canada)

AutomaticLight AND
NOT(HighLowBeamDetectio
nj

AutomaticLight AND
HighLowBeamDeiection

LowBeamXenon AND
nol(USA OR Canada)

LowBeamHalogen AND
not(USA OR Canada)

FogLight and
BeamConfiguration

LightAssistance

Comeringlights

AdaptiveForvardLighting

)

Search Artifacts
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Parametric Variability

Calculations

Role: Requirements Engineer



L] CarLightRequirements X

&« c @ % .22 ps-office.ocal

¥ Meistbesucht #® pure ants Model P... Jazz Team Server
ngreenng Requirements Management DC

Car Light Car Light

* Mini Dashboard 2 . e ,

CarlightRequirements Q&=

£ pure: i \
4 pure:variants [¢) BECICERE  View. pureivariants . =

[ S = = fo » B
Views @ ~ ForelgniD Contents pvRestrnction pvWariationType
Select a Variant 19 The beam must confom to R112 — Headl itting an asymmetrical passing beam LowseamHalogen ANU PN
.- il E- W@ and/or a driving beam and equipped with ﬁlament bulbs not{USA OR Canada)
F e variants 7 +1 3 : FogLight and
X FOQ nghts BeamConfiguration
il 32 Front fog lamps have to provide a wide, bar-shaped beam of light with a sharp cutoff at the
t®F gnts top, and are generally aimed and mounted low
? ® Daytime Running Light 34 They may be either white or selective yellow
2 (& Driver Assista s 2 LightAssistance

-2 Assistance Systems

F) Reg

i 2.1 Cornering Light Cormeringlights
&K & North America 26 = Adaptive Forward Lighting AdaptiveForwardLighting

27 The adaptive forward lighting system is activated only when high or low beam is operating
in full light mode

12 - Static Cornering Light ComeningStaticLights

13 The day running light on the side of the car is activated when the steering angle is above ~ DRL alternative
-/+15%, the vehicle is moving, and the vehicle speed is at least 10m/s

14 The fog light on the side of the car is activated when the steering angle is above -/+15°, FogLight and nol{DRL) alternative
the vehicle is moving. and the vehicle speed is at least 10m/s

36 9

Automatic Hazard Warning HazardWarning

D R L L OW B e a m 7 /r -)r ‘k}s. @z«:r:;l:’:aal:}‘/::cl:\d:t:tthe hazard warning lights under heavy breaking or if the vehicle is
7 ‘\l ”/n — ‘\m__“ /v-h— _,t_ gal]: %mdlcatornghts

*31 Turn Lights

25 All tumn lights on a side must blink simultaenously with a frequency of 1.5 Hz when the
blink lever for the respective side is activated

15 All turn lights must blink simultaenously as long as the hazard blinking switch is activated
The blinking frequency is 1.5 hz
g Daytime Running Light i
17 The DRL must be compliant with R87_ It must emit white light of 450 candelas NOT(USA or Canada)
v B- 16 The DRL is.implemented by using-the-low-beam-lamps._The “on” pulse is 7 DRL_LowBeam
<[RL Lowﬁeam—>dulycycle]% of the pulse width of [5+5]ms %
18 The LED pulse frequency above 50kHz = DRL_LED o

3 (100% 1 selected (Clear Al Selected
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Preview of Variants

Gray-Out

Role: Requirements Engineer



: CarLightRequirements A -

< c @ 0 & 122 ps-office.local

¥ Meistbesucht @ puresvaniants Model P... @ Team Server
18M Engincenin rements Managemsnt Naxt (/rm)
= Car Light Car Light

5 M : A ) o ou
Mini Dashboard it & CarlightRequirements Q&=
oo parecariants I¢ View! pure;variants A -) (&
@ H EE fo ®» B
Views [+ ForeigniD Contents pvRestriction pvVarniation Type
Selecl a Variant - 1 - 2 A
hvie = -1 Head Lights
I BHE Jre variants 23 The beam pattern must fulfil the Federal Motor Vehicle Safety Standard 108 USA or Canada
F hanis L Ienew 2 1.1 High Beam
7F Light
= : 28 The high beam is activate if the user presses the high beam lever and the light mode switch NOT(AutomaticLight)
2B € ight is set to full light mode
? ® Driv 29 The high beam is deactived temporarily if incoming trafiic is detected by the camera HighLowBeamDetection
§ © Reglons 21 The beam must conform to R98 — Headlamps equipped with gas-discharge light source HighBeamxenon AND
% @& EMEA not{USA OR Canada)
%€ @ North America 22 The beam confom to R112 — Headlamps emitting an asymmetrical passing beam and/or a  HighBeamHalogen AND
'} driving beam and equipped with filament bulbs not{USA OR Canada)
30 The high beam is activated if the user presses the high beam lever and either the light AutomaticLight AND
mode switch is set to full light mode or light mode switch is to automatic and light NOT(HighLowBeamDetectio
conditions require full light n
31 The high beam is activated if the user presses the high beam lever and the light mode AutomaticLight AND
switch is set to full light mode or light mode switch is to automatic and light conditions HighLowBeamDetection

require full light

" \ — 2 me high beam is dynamically adjusted if the wight is not balanced
’ b
- ~ ‘ I,\ < -1.2 Low Beam
‘ e %oeam pattern must conform to R98 — Headlamps equipped with gas-discharge light LowBeamXenon AND

SoUrce nol{USA OR Canada)
f. The beam must confom to R112 — Headlamps emitting an asymmetrical passing beam LowBeamHalogen AND
- and/or a driving beam and equipped with filament bulbs nol(USA OR Canada)
r & r
e = : FogLight and
1.3 FOQ nghts BeamConfiguration
32 Front fog lamps have to provide a wide, bar-shaped beam of light with a sharp cutoff at the
top, and are g lly aimed and d low
34 They may be either white or selective yellow
2 LightAssistance

-2 Assistance Systems

1 21 Cornering nght Corneringlights
26 .2 Adaptive Forward Lighting AdaptiveForwardLighting
27 The adaptive forward lighting system is activated only when high or low beam is operating

in full light mode
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Deriving Variant-Specific

Requirements

Stream & GC Transformations

Role: Variant Configurator / Build Script
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CarLightRequirements o -+

c @ a ps-office.local

£ Meistbesucht @ puresvariants Moded P,

Engincerin rements Management f
= Car Light Car Light ~ @ Cartight Initial Development
D Search Artifacts
2 Mini 2 Loading artifacts.
Mini Dashboard bt « CarlightRequirements Q@& ?=
C3 purezvariants ? T T S 3 &
= H = o ®» B
Views B+ Foreignid Contents pvRestriction pvVariationType pvVariants
) Baselight_Sweden 1Y The beam must confom to R112 — Headlamps emitting an asymmetrical passing beam LowseamHalogen ANU BaseLight_Sweden A
e ol - &g and/or a driving beam and equipped with filament bulbs not(USA OR Canada)
sriants g & 7 4 2 2 FogLight and BaseLight_Sweden
i - 1.3 Fog Lights BeamConfiguration
il 32 Front fog lamps have to provide a wide, bar-shaped beam of light with a sharp cutoff at the BaseLight_Sweden
top, and are generally aimed and mounted low.
34 They may be either white or selective yellow BaseLight_Sweden
2 . LightAssistance BaseLight_Sweden
-2 Assistance Systems
1 “2 1 Cornering nght Comeringlights
28 +2.1.1 Adaptive Forward Lighting Adsptivelcrward! ighiting
27 The adaptive forward lighting system is activated only when high or low beam is operating
in full light mode
12 = Static Cornering Light ComeningStaticLights
13 The day running light on the side of the car is activated when the steering angle is above ~ DRL alternative
-/+157%, the vehicle is moving, and the vehicle speed is at least 10m/s
14 The fog light on the side of the car is activated when the steering angle is above -/+15°, FoglLight and not(DRL) alternative
the vehicle is moving. and the vehicle speed is at least 10m/s
36 ) Automatic Hazard Wa rning HazardWarning Baselight_Sweden
37 Automatically activate the hazard waming lights under heavy breaking or if the vehicle is BaseLight_Sweden
involved in an accident
3 . - BaseLight_Sweden
Indicator Lights
4 4 H 4
*3.1 Tumn nghts BaseLight_Sweden
AII tum lights on a side must blink simultaenously with a frequency of 1.5 Hz when the BaseLight_Sweden
" ink lever faglhe respective side is activated
0 —_— i \: ts-qust blink simultaenously as long as the hazard blinking switch is activated BaseLight_Sweden
O Ine Plirikir J'IE sency is 1.5 hz
DRL BaseLight_Sweden
5l . & Day tlms> Running
I ’ ; / l\ ' ' E f ’ ) ’ ' I — ’ \ ! ' ae BRI n/ul ) ~r-1h/|t vlth R87 fmispemit aiite |-g%50 candelas NOT(USA or Canada) BaseLight_Sweden
” B iy wlex wnhd hasoicila the ;w T [amr‘ / valse is 7 DRL_LowBeam BaseLight_Sweden
[DRL LowBeam->dutyéycle]% of the pulsé width of [DRL- >pu|seWsdlh]ms h
18 The LED pulse frequency above 50kHz DRL_LED v
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Preview Variant-Specific
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Variant Management Use Cases
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(Automotive) OEM Variant Management Challenges

. Each Project may have its own way of writing specifications
. AV EITHB DY A THRENEEEH IND

. Similar behavior / Ul makes for strong “brand experience”

. TIURAA—DFTEE T HEELL =R L

Ul

. Least Possible Amount of variability gives biggest economies of scale
. NYTFETAZTR/INRIZT B EIZEDRT—ILA )Yk

. Continuous Innovation and Variation sells
. HRERTEREN)I—2a 0N E—ILARA UL
. Each Project has i1ts own time line

. TRV ETHEANEFE>TLNVDS
. Often requirements and V&V tests and calibration are main focus areas

. BORAL
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Benefits of Using pure::variants

. Supports full tool chain (Doors, Simulink, Enterprise Architect, standard calibration data formats
via extension, custom transformation generates code)

. ETOREY—INEYR—FTES

. Uniform Variability Concept over all asset types

. ETHEEICHLTHALI=N)TEYT4DaVETH

. Uniform approach across different tools

. BEDY—ILITR L THEHBEL KL

. Migration of home-grown approach to COTS tool based approach
B EOBMEANSNAY—ILADFEITEYR—F

— DOORS Variant Matrix
— Simulink Variability

— (alibration Tool-independent Calibration Data Reuse controlled via pure::variants Extension
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(Automotive) Supplier Variant Management Challenges

. Each Customer in a Customer Project may have its own way of writing specifications

. BEOTODIVRIEIHBEDOPY A TRHRENEHIND

. Least Possible Amount of variability gives biggest economies of scale

. NJFETAZR/MRICTEHEIZEDRT—ILA) vk

. Continuous Innovation and Variation sells

. WG EHFEN) T —2avhE— ILARA UL

. Each Customer Project has its own time line

. BEOTODIVL S ETHEINEE>TLS

. Anything from requirements over code assets to tests and documentation needs to be handled
. BRAHEMNSO—F, TRAMORF AV MEE S TITHBLE T IT AL
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Benefits of Using pure::variants

. Supports full tool chain (Doors/Doors NG, Enterprise Architect, Rhapsody, Custom Tools via
API, RQM, RTC, custom transformation generates code)

. ETOHREY—ILTHYHR—FTES

. Uniform Variability Concept over all asset types

. ETOEEIZRHLTHBELENJTZEYVT4DETH

. Uniform approach across different tools (Easy from Migration from DOORS to DOORS NG)

. BV ILITR L TH@EL =KL (41 : DOORS A5 DOORS NGADRBITELES)
. pure::variants Update allows to quickly address project needs

. AV EDEZICANEIZIECE=E#HE Y R—F
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Starting and Running Success Product Lines — Real World Data
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