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Application Domains
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Everything is
potentially reusable

Requirements

Validation

Requirements

HW/SW
\ntegration
Test

HW/SW,
Design

Implementation Unit Test



Growing compléxny of assets
systems andﬂnte lependencies
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pure::variants & PLE positioning

Customer Requirement Model and Devel Deo|
Definition Definition Simulate eVelop epioy
Customer Requirement Model and Develo Deolo
Definition Definition Simulate P PIoy
\ Use of pure::variants throughout lifecycle of product line /
Simulink | G/C++/Java  DOORS /NG | SCADE

pos [ ora] 1 R

Rational Quality Manager

© pure-systems GmbH



© pure-systems GmbH

PLE in a Nutshell

N\ N N\

0
Feature 1$OA Variant
Model Assets in Capella Model

& other Tools

—_
U e |

100% 100% 100%
Variant 1 Variant 2 Variant 3




Example:

Entertainment System




Variations Everywhere




Basic Variation Concepts — Existence

® Listen to Aud D= Audio Signal ® Listen to Aud B=H Audio Signal ® Listen to Audi D=l Audio Signal
Announcement Announcement Announcement
\Watch Video . Watch Vidao , Watch Vidao ,
(&) on Cabin [B=]] Dlsplda',red (&) on Cabin [B=1] Dspldayed (&) on Cabin [B=1] Dspldayed
Soreen Video Screen Vigeo Screen Vigeo
Played Audio Played Audio
p D=l Video p D=l Video
Wakch Video urEl Wakch Video urEl
@ : g @ ) I
Private Screen Private Screen
CheapAir N
( (&) Store L y ( {&EF) Store L y ( {&EF) Store
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Basic Variation Concepts — Parametric Variation

§0 BUS: BUS

£ Digital Analog Converter : Digital Analoa Convert:
$0 BUS: BUS PVDU Processor $0 BUS: BUS
£ Digital Analog Converter : Digital Analog Converts PVDU MPEG Decoder § Digital Analog Converter : Digital Analog Converts
§F] PVDU Processor PVDU Screen §P] PVDU Processor

§F] PVDU MPEG Decoder
v §P] PVDU Screen

§F] PVDU MPEG Decoder
PVDU Screen

5 AspectRatio = <undefined>

PVDU Audio Processing Unit
— AspectRatio = 4:3 BUS = AspectRatio = 16:9

$F] PVDU Audio Processing Unit Digital Analog Converter §P] PVDU Audio Processing Unit

{F] BUS {F] BUS
$P] Digital Analog Converter v $P] Digital Analog Converter
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Helpful Variation Concepts — Propagation

" y Buade0 S Ty Displayeqd Audio
@ Listen to Audior} D= A pra Listen to Mdiﬂen DA runtioh Scrasn s
Announcement T ' AnnouncementZ} |
pegy  Disolayed Audio
Infermuptign Screen D=fl Audio Signal
o) : <
p . -
% o
Play Audio on Play Audio on
@) Cabin Aircraft Cabin F-.ir-:ral’t__ Defl Audio Stream
Speakers - Speakers o :
), h

Watch Imposed ) Watch Impose y DFEl Displayed \ideo l
Maovi Cabi - -
e Sc-:::_:fnﬂn a njl Dol Played Wideo ;ﬂ;*.::nﬂn Cabirﬁ pisplayedl Videa
J i j
Logical Architecture Physical Architecture

© pure-systems GmbH



Controlling Variation with

Feature Models

Role: Product Line Engineer



~ = Variant Management - In-Flight Variability/In-Flight Entertainment.xfm - Capella
File Edit Navigate Search Project Window Help

g | @B wy FvevoyedX|EFaB
Z Variant Projects &2 & =8 |a [OAB] All Operational Activities an... £ [SFBD] All Actor Functions & [LAB]ICTX] Start Playing VOD Movi... & [PFBD] All Physical Functions [& In-Flight Entertainment.xfm &2
» & In-Flight Entertainment System [+ Select

4 (&2 In-Flight Variability
4 (& InFlightVariability

& fesiure | 1 InFlight Entertain... |

CheapAirvdm
PureAirvdm

& input

? WiFiAccess ]

? Power Supply\l 7 Show Navigation D...

? Exterior Came

7 Video|

I = output
v [@ In-Flight Entertainment.xfm

@ Requires: "Video"—

i

» B Mapping.ccfm

| % USB| | % Mains)

Sy

|4 240v| |@ 110V]

=

8= Outline 2 & Visualizatio Y g
Label
In Flight Entertainment

@

&

Screen Ratio
110V

240V
Standard
Wide

@ @

m

Screen Rati01 | #& Cabin Screens| | ¥ Private Screens

N

| Wide| | Standard|

@

Exterior Cameras [E) Tree | Table | =& Graph| @ Constraints|
Power Supply —

@

& Properties & L[l Bookmarks [2! Problems

m

Show Navigation Data
Video

WiFi Access

Cabin Screens

B3R Mains

F1& Private Screens

®X USB

&)

XSSttt

Properties are not available.

™

< | 1l »

|15 0 ' | 167M of 2292m

(E=8 F=l ™%
Quick Access | B | = [Te]]
= Relatio... 8 55 Result m]
E1L-3 g
4 < Children (2)
® 110V
F) 240V

4 < Parent (1)

F) Power Supply

1
»
S |
4




Configuring a Variant

Role: Variant Configurator



Fil Edit Navigate Search Project Variant Window Help

Ny EBBR B ev@~yyvwmy FAvovow 65 (o] &)

QuickAccess || | =(ED

&

7 Variant Projects 22 % v=n0 .é. [OAB] All Operational Ac... & [SFBD] All Actor Functio... & [LAB][CTX] Start Playing ... £ [PFBD] All Physical Func... In-Flight Entertainment.... = InFlightVariability &2 | ==
» EF In-Flight Entertainment System -
4 2 In-Flight Variability = .

4 % InFlightVariability g $ 3
CheapAirvdm Model Elements Level ] I
PureAirvdm = [B InFlightVariabilityFeatures
& input | 2 1®emn Flight Entertainment v %
» & output | = 2 ® Power Supply 1 o v
v [B In-Flight Entertainment.xfm u % ® USB 11 O @
» B Mapping.ccfm | = X ® Mains 12 O v N
| @® 240V 124 | ]
| @® 110V 122 O X]
| = 7® video 2 v v
B K () Cabin Screens 21 1| ]
B K (®) Private Screens 2.2 O %
B = I ® Screen Ratio 23 v v
B @ ® Wide 231 X] ]
B @ ® Standard 232 v ]
B 7 ® WiFi Access 3 O o
8= Outline &2 6 Visualization =8 B ? ® Show Navigation Data 4 O ]
An outline is not available. B ? [ Exterior Cameras 5 ] v
BE Mapping
| 210 Mapping v v
| *" vel:name 'Mapping'  'Mapping'
B = ! @ vel:admindata: Mapping_ROOT 1 ¥ v
| *" vel:version gk 1
B = I @ vel:specialdata: propagation_settings 2 v v hd
1 Matrix
& Properties 2 LIl Bookmarks (2! Problems
Properties are not available.
| | 241Mof2205M |@

< Relatio.. 8% Result = O

(Blez & ~

M@~ v =0




Restricting Capella Assets

Role: System Architect



-

e Edit Navigate Search Project Variant Window Help

QuickAccess || 8| 23

0w E@ |&‘ & v VariationPoints v 'y iy ' v &G vov x| e (Bl & a [

&, Variant Projects 2 3% Y= 8 | 2[0AB]All Operationa.. & [SFBD] All Actor Fun.. & [LABJICTX] Start Play.. & [PFBD] All Physical ... In-Flight Entertain... & InFlightVariability | medAirvdm 22 | = O
» EF In-Flight Entertainment System 4[ v 1 ® InFlight Entertainmenﬂ =
4 (2 In-Flight Variability 4 [1%? ® Power Supply

4 (& InFlightVariability X ® USB
CheapAirvdm > X ® Mains
medAirvdm 4 v 1 ® Video
PureAirvdm WX  Cabin Screens
& input 1% ® Private Screens
¢ & output 4 v 1 ® Screen Ratio
» B In-Flight Entertainment.xfm e ® Wide
» & Mapping.ccfm V¢ Standard
[1% ® WiFi Access
4 4 7 ® Show Navigation Data
@ Requires: "Video"
[]? ©® Exterior Cameras
N
2= Qutline 8 & Visualization v=4a

Label
¥ & ® Cabin Screens
v 1 ®1In Flight Entertainment

v 1 ® Screen Ratio

¥ ? ® Show Navigation Data
iv| 4 ® Standard

v ? ®Video

Feature Models O‘VELCbnfiguraﬁDnl &) Family Models

< Relatio.. 8% T Resuit = O

(Bl & ~
4 < Children (5)

() Exterior Cameras

(F) Power Supply

® Show Navigation Data
(F) Video

F) WiFi Access

[ Properties 2 Ll Bookmarks (£ Problems A~y =08
v 1 ® In Flight Entertainment
=]

General Unique ID [ 10rgMFbp-esvPKxLT =

| Unique Name1 InFlightEntertainment

Visible Name 1 In Flight Entertainment

Class/Type [ps:feature

o ’ [ ps:.feature

@ Mandatory
Variation Type .

() Optional

(@) Alternative

@ or

15597

213

| | 186M of 2204M

o




Transformation of 100%

Capella Models

Role: Variant Configurator



-

File Edit Navigate Search Project Variant Window Help

RyE@@ B ev@~vEvimy Fraovoy aspex R ead

Quick Access \ & | 5

2, Variant Projects 3% Y= O | &[0AB]AllOperation.. & [SFBD] All ActorFu.. & [LAB](CTX] StartPla.. & [PFBD] All Physical .. B In-Flight Entertain.. & InFlightVariability |' CheapAirvdm 22 = = O
» EF In-Flight Entertainment System 4 v 1 ® InFlight Entertainment i
4 (& In-Flight Variability > 1% ® Power Supply

4 (2 InFlightVariability > v 2 ® Video
CheapAirvdm 17 ® WiFi Access
medAirvdm > 1% ® Show Navigation Data
PureAirvdm [ % ® Exterior Cameras

= input

I & output

» B In-Flight Entertainment.xfm

B Mapping.ccfm

Bz Qutline 5% 6 Visualization ¥ s
Label
W X ® Cabin Screens
v 1 ®1In Flight Entertainment
v 1 {® Screen Ratio
vl ¢ ® Standard
v 7 B Video

Feature Models QJ-VEI.'Cbnﬁgur,aﬁon| &) Family Models
[ Properties 32 LIl Bookmarks [2 Problems
Properties are not available.
15:20 |21 | [335Mof2608M |

< Relatio.. % T Resuit = O

(Bloz % ~

mv v = [




Summary
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From Feature Model to Variants

(& *InFlightVaniability 3

= A
< | =
g | ¥
Model Elements Level 6 a
- InFlightVariabilityFeatures
= Y (F In Flight Entertainment v ¥
- ? (F) Power Supply 1 ] v
X F) USB 1.1 ] W
- K F) Mains 1.2 ] v
& F 240V 1.2.1 ] W
& F 110V 1.2.2 n K
= 7 (F) Video 2 v v
& F) Cabin Screens 2.1 vl ¥
& F Private Screens 2.2 ]
- E F Screen Ratio 2.3 v v
& F) Wide 2.3.1 N
& F) Standard 2.3.2 vl
? (F) WiFi Access 3 N v
? (F) Show Navigation Data 4 "
? (F) Exterior Cameras 5 N v ’
] Matrix
Legend: ! =Mandatory

?

= Optional # = Alternative &= Or



Basic Variation Concepts Revisited — Existence

lo| Mappings 2 10w | @&REln v~= 0
Mapping Mudel:lMaPPing I /7 Assigned Variant:‘ J =
type filter text b el

v & CabinScreens

@D Watch Video on Cabin Screen
w & PrivateScreens

@) Watch Video on Private Screen

® Listen to Audi D= Audio Signal & Listen to Aud D= Audio Signal & Listen to Aud D= Audio Signal
Announcement Anmouncement Announcement
\Watch Video . Watch Video , Watch Vidao ,
(&) on Cabin [B=]] Dlsplda',red &) on Cabin B=1] D*fﬁdaﬁd &) on Cabin B=1] D*fﬁdaﬁd
Screen Video Screen 20 Screen 20
Played Audia Played Audia
p b Video p b Video
Watkch Video urEl Watkch Video urEl
G f G f
Private Screen Private Screen
CheapAir z
( (&) Store L y ( {&F) Store L y ( {&F) Store
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Basic Variation Concepts Revisited — Parametric Variation

3] *Mappings 3 B | @RHpe O =6
Mapping Mudel:lMapping ‘ /i Assigned Variant:‘CheapAir J B e 4

type filter text D {0

v @& CabinScreens
@) Watch Video on Cabin Screen
v @& PrivateScreens
& Watch Video on Private Screen
v {69 IF Wide THEN "16:9' ELSE '4:3' ENDIF = '4:3
== AspectRatio = <undefined> - value: EString

§0 BUS: BUS

£ Digital Analog Converter : Digital Analoa Convert:
$0 BUS: BUS PVDU Processor $0 BUS: BUS
£ Digital Analog Converter : Digital Analog Converts PVDU MPEG Decoder § Digital Analog Converter : Digital Analog Converts
§F] PVDU Processor PVDU Screen §P] PVDU Processor

§F] PVDU MPEG Decoder
v §P] PVDU Screen
— AspectRatio = 4:3

$F] PVDU Audio Processing Unit

§P] BUS
$P] Digital Analog Converter

© pure-systems GmbH

5 AspectRatio = <undefined> §F] PVDU MPEG Decoder
PVDU Audio Processing Unit PVDU Screen

BUS = AspectRatio = 16:9
Digital Analog Converter §P] PVDU Audio Processing Unit
§P] BUS
v $P] Digital Analog Converter
> < >



Helpful Variation Concepts Revisited

@ &8 Y= 0

D=l Audio Si

onal

Listen to Audi
©@ Announcement

Displayed
Intermupkio

Audio
In Screen

Play Audio on
@ Cabin Aircraft
Spaakars

Watch Imposad
(@5 Movie on Cabin
Screen

CheapAir

D=fl Played

Midao

Logical Architecture

© pure-systems GmbH

2] Mappings 52

(]

Mapping Model: lMapping

Assigned Variant: ‘

type filter text

W

W

Cabin Aircraft

Watch Imposan
Movie on Cabin

Screen

> CabinScreens

&) Watch Video on Cabin Screen

L. PrivateScreens
@) Watch Video on Private Screen

@) Watch Movie on Private Screen - Realizing Function

o o hud D-ispla',.rei‘.ﬁ.udi-u
20 D3 Audio Imterruptign Screen
Announcemen

D=f Audio EignLI

Play Audio on
Defl Audio Ftream

Speakers

D=fl Displayed ideo

Listen to Audi
©@ Announcement

D= Displayed Video

Physical Architecture

(@F) Maovie on Cabin

D=f Audio Signal

Displayed Audio
Interruptian Screen

Play Audio on
& Cabin Aircraft

Watch Imposed

Screen

D=l Played Jideo

Logical Architecture

Listen to Audio

— Propagation

D=l Displayei‘.ﬁ.udiﬂ

Interrupkian Screen

Announcemen

D=l Audio Signll

Play Audio on
Cabin Aircraft

D= Audio Stream

Speakers

Watch Movie
A

D=l Display =d Audio Video

Watch Imposan

D=l Displayed \ideo

Movie on Cabin

Screen

Defl Display a4 Video

Physical Architecture
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