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Challenges and Overview

— Developping billions of software product is hard
but now a common practice

Implementing Variability

— Reuvisit of existing techniques and curriculum
Specificity of Product Line Engineering

— Process, methods

Feature Models

— Defacto standard for modeling product lines and
variability



* The idea of software product lines and
variability
— You will be able to recognize this class of systems
— Aware of the complexity
— Aware of the specific development process
— Aware of existing techniques

* Feature modeling

— A widely used formalism for modeling product lines
and configurable systems in a broad sense



Software Product Line and
Variability Engineering

Challenges and Overview



Trois manieres de
construire un produit (logiciel)

Assets , partagés”

Lignes de produits logiciels

Configuration de produits
Modélisation de la variabilité
Composants

Langages dédiés
Générateurs

Préprocesseurs

Patrons de conceptions







« A set of programs is considered to constitute
a family, whenever it is worthwhile to study
programs from the set by first studying the
common properties of the set and then
determining the special properties of the
individual family members »

aka Variability

David L. Parnas — “On the design and development of program
families” in Transactions on Software Engineering, SE-2(1):1-9, 1976



Communication
Bluetooth support

Join a homegroup
Internet Explorer 8

View Available Networks

Windows Connect Now
(WCN)

Create a homegroup

Location and other sensors
support

Support for joining domains

Entertainment
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Software Product
Line Engineering

Factoring out commonalities

for Reuse [Krueger et al., 1992] [Jacobson et al., 1997]

Managing variabilities

fOF SOﬂwa e |V|aSS CUStomization [Bass et al., 1998] [Krueger et al., 2001], [Pohl et al., 2005]
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Variability
“the ability of a system to be efficiently

extended, changed, customized or

configured for use in a particular context
Mikael Svahnberg, Jilles van Gurp, and Jan Bosch (2005)
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RanaulUK > RanautVans > NewKangoo Ven Rarge > KangooVen > Buidyourown Kangoo Van > Select Optns

NEW KANGOO VAN RANGE

_~Configurato”™

OPTIONS
> couror
| Cartalsorago conole & areos btwoon 000
P
> bRVING
Becticdoa mirars 000

> SAFETY & SECURITY

| E5C (Backonic Subity Convo) wah racson 2000

‘Gompare Adobe Creative Sute 4 editons.

| N |

20701 untro 5 o 40 75

‘Sandardsqupment | Technicalsata

Q3 - Detalls and comparison

httpd.conf -- win32 Apache
Building a Web Server, for Windows
Listen 80

ServerRoot "/www/Apache2”

DocumentRoot " /un/webroot”

ServerName localhost:80
ServerAdmin admin@localhost

z::“:iis::‘“":ﬁgurat'\on
uecge text/platn

AddDefaultCharset IS0-8859-1
i3

Usemas Off

HostnameLookups OFf

Errorlog logs/error.log
LogLevel error

PidFile logs/httpd.pid
Timeout 300

KeepAlive On
MaxKeepAliveRequests 100
KeepAliveTimeout 15

<IfModule mpm_winnt.c>
ThreadsPerChild 250
MaxRequestsPerChild 0

</IfModule>

(€ preferences e S

General 2 >

I~ Always run in background
r .

c
Content Types

Editors.

Keys

i Network Connections
Perspectives

Search

Seaurity

Startup and Shutdown
Web Browser
Workspace

- Ant
- Help.
™
- Install Update
5 Java
PG
#1.Plug-in Development
+1- Run/Debug
) Tasks
5 Team
+1- Usage Data Collector
Validation
5 XML

[V Show heap status
‘Open mode
 Double dick
€ single dick
I Select on over:

I~ Open when using rrow keys
Note: This preference may not take effect on all views

Svstem
prefere“ces

Restore Defaults Apply.

@
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Be Edt Consoe Took Wndow Blgn Hep

o) G o)

¥ Ercodng sosesst ¥ @ Dfoenec [ B2

ution Tiner Suppartl

Extens
(eg IV

ssembly Factory

Run-time

B Notepad.java | Actionsjava | EB Mainjava 52 = O |[outine. ==
output. setText (c.toString(l); alm 7
progran. setTexe (t.eval(" ")) ;
equation. secText (base) ; 3 L AR = =Y
updateQuarkPanel () ; OC: null S

¥ IERS (1)
i n: “RUCTOR: false'

N apply. add (newr 0t SARAMETERS (0)

7 public void actionPerformed(ActionEvent ) ( NLTYRE2

ETERS (1)

]
1t (advice tsselect
S ‘qeeue, =,

© = t.apply(new intro("i' + layerno));
}

if (Hoaldsseleceed(l 1
|| ladvice.isSelected() || intro.isSelected()

ladvice.setSelected{false) ;
intro.secSelected(false);
equation.setText ("F' + layerno + "(" + equation.g

_DIMENSIONS: ‘0’
¥N_EXCEPTIONS (0)

bck [4443, 8051
STATEMENTS (5)
&

IfStatement [4529, 80]
[ IfStatement [4615, 7]
B IfStatement [4785, 457]




Power Matte 1.3 update

lugin that can extract

.1 update

Helps you generate perspective grids

[read more >]

Picture Frame 2.2 update

Quickly generate multi-frame photos using
your Mac

[read more >]

FashionLab Studio 1.1 urdate

PAGES >>
CHIVE >>

REVIEWS >>
E EDITORS >>

Makes It easy to design your own T-shirt
using a Mac

[read more >]

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

13.20 MB

Mac OS5 X 10.5 or later
Trial

Good (3.0/5)

1,504

June 20th, 08:21 UTC

102 KB

Mac OS5 X 10.8B or later
Commerclalware

NOT RATED

21

June 20th, 07:56 UTC

716 KB

Mac 05 X 10.6.6 or |...

Commerclalware
Excellent (5.0/5)

287

June 20th, 07:53 UTC

3.10 MB

Mac 05 X 10.6.6 or ...

Commerclalware

NOT RATED

3

June 20th, 07:4% UTC
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RENAULT VANS

¥

CARS | VANS | ELECTRIC VEHICLES | RENAULT BUSINESS

Renault UK > RenaultVans > New Kangoo Van Range

NEW KANGOO VAN RANGE

01 Preferences

OPTIONS

> COMFORT

+ Cenfral storage console & armrest between
seals

> DRIVING
Elecltric door mirrors
> SAFETY & SECURITY

v ESC (Electronic Stability Control) with traction
and understeer control

| USED CARS | OWNER SERVICES | ABOUT RENAULT | RENAULT SHOP

» Kangoo Van > Build your own Kangoo Van > Select Options

02 Version

oW

03 Equipment & options

£50.00

£0.00

£200.00
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(a) Variant #1 of video sequence (b) Variant #2 of video sequence

(d) Variant #4 of video sequence

(e) Variant #5 of video sequence (f) Variant #6 of video sequence

18

Figure 1: Six variants of video sequences synthesized with ViViD



MakerBot Thingiverse DASHBOARD EXPLORE CREATE Q Enter a search term ’ You v

Customizable Battery Case
/* [Custcmize body] */ by walter, published Mar 5, 2013

//Set the outside length of your pencil box.
length=190;//[70:400] @
//Set the outside depth of your pencil box.

depth=70;//[50:400]

//Set the total height of your pencil box. The top of the box is set at 15mm.

//Extra height is added to the body section.
height=40;//[40:150]

& Openin Customizer

Y1 Download This Thing!

//Choose divider orientation. Long is for the X direction.

long = 1;//[0,1,2]
g = N i N1
//Short is for the Y direction.
short = 2;//[0,1,2,3] (] B w 20 8 473 366
//when you have 2 -long divider"s s Thing Info Instructions Thing Files Comments Made Collections Remixes
// picking yes here will put short dividers in the center section. descrption oo
center = @;//[1:Yes,0:No] A customizae batery casetohold bteries whi aveing, Cenfgurabe fr therumber e e
of batteries and type (as long as they're cylindrical). This is a updated version of the
izable battery carrier ( thingi i ). re-designed to work without T m——
magnets as requested by GregFisk25.
Lid inside settings Lid inside content Lid outside Customize body Design key Customize ruier FrRTer pritonT sy 47 akes e
Length Set the outside length of your pencil box. 190 A
\ N
Depth Set the outside depth of your pencil box. 70 4 # { ’_‘
(] \ v

Height Set the total height of your pencil box. The top of
the box is set at 15mm. Extra height is added to the body
section. 40

Long Choose divider orientation. Long is for the X
direction.

1

<

Short Short is for the Y direction.

2 v

Center When you have 2 long dividers, picking yes here 19
will put short dividers in the center section.



Variability in time vs in space

e Variability in Time (releases)

— the existence of different versions of an artifact that are valid
at different times

e Variability in Space (variants)
— the existence of an artifact in different shapes at the same time
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Benefits

Improve product reliability
Improve usability

Improve consistency across
products...




Benefits

Reduce production costs

Reduce certification costs L '100

Shorten time-to-market

22



Hall of Fame

splc.net/fame.html

¥311.0GIC)

) BOSCH

Invented for life

o
PHILIPS  ERICSSON Z
@ﬂﬂflﬂﬂ @K\ET MAKER?

NOKIA

Connecting People

CelsiusTech Lucent Technologies

Bell Labs Innovat
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L’/1 Printer Firmware

nnnnn

e Production cost reduced by 75%

S—
‘ |
e Development time reduced by 33% { [ =

e Reported defects reduced by 96%




A Bit of History:
Industrial Revolution

1901
Henry Ford

1698
Thomas Savery
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INes

Product L
Everywhere

Nowaday
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Product Lines of Cars

Exterior | Interior side | Front | Rear

1. Trims/Series 2. Engine/Transmission 3. Colour & Style 4. Options

Choose Your Options

Audio/Comms/Nav Heating/Ventilation Mechanical Safety/Security A-Z

Audio/Comms/Nav

v cp30
- MP3 CD player with MP3 format, stereo radio, steering wheel mounted audio controls

Heating/Ventilation

v| Air conditioning

Mechanical

v| Electronic Stability Programme (ESP)
Safety/Security

v Emergency tyre inflation kit in lieu of space-saver spare wheel
and tyre

Audio/C /Nav Heating/Ventilation |\ ical Safety/Security A-Z

Legend v| Selected Option
Selectable Option

| Option contained in an option pack

—
£7360°

Standard

€923.00

€411.00

Standard

Option contained in an option pack or standard equipment which has been replace by another option

5 Option that is only selectable together with another option. Please click for detalls

This Image may contain optional equipment. %60° 7

Agila, Club
1.21 16v, 5 Speed

Blaze Red, Melt / Elba Charcoal
Total

Pricing Details

Club

1.2i 16v, 5 Speed

Blaze Red

Melt / Elba Charcoal

15-inch steel wheels with 185/60
R 15 tyres and flush wheel covers
Options (2)

You selected:

v| Air conditioning

v| Electronic Stability

Programme (ESP)

Total

€ 15,684.00

€ 14,350.00
€0.00

€ 0.00
€ 0.00

€923.00

€411.00

€ 15,684.00
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B Willkommen bei selve - the shoe individualizer —1O] x|
o ¢ = @ . ‘ http: ffwww, selve.netfindex_js.html ? B 66

| KOLLEKTION ]  russTve ' MYSELUE f\ INFO @ HoME @

MODELLE

LOOKEOOK SELVE ":"
PHSSUJDRT"
>>ANMELDEN

selve Kollektion -> Style: casuals -> Modell: Opal

w 4

SCHU g
inhalt:0
-~ A Erstes Oberleder
(] wrsledersand 9
L—1 g, |Veloursleder Bordeaux
»>SHOFPFING
EAG Veloursleder Cognac
inhalt:0 nd
(o
D. Absatz
[Hufeisen Braun ~|
E. Sohle
| Gummisohle ~|
>>ANDERN
>»ZURUCKLEGEN
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?) Miisli individuell online mixen! Bio-Miisli. - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@ c b ¢ Q I'.',‘. Ihttp://www.mymuesli.oom/muesliﬁndex.php?vw=mixer&ec=shep1&nnid=1&11npt=1&type=t0 - I?"Isoﬂwareprodukﬁinien e - a

mymueSIi muesli mixer

custom-mixed cereals

Miislibasis Fruchte

Kostliche Bio-Trockenfriichte, musligerecht aufbereitet. Du
kannst eine Frucht auch mehrmals auswahlen, um deren Anteil

zu steigern.
Ananas
Nisse & Keme lecker, exotisch und wunderbar | 0.65€
(309) .
Extras mehr Infos
Apfelstlicke
Ohne Worte weil Klassiker | 0.45€ (25Q) -
mehr Infos
N LR
G 2. (BO
o Aprikosen a

go=2

®, Apfelstlicke

< Buchweizenflocken )

. C'Mohn, baby!

Nahrwerte pro 100g A

575@ nur 4,70€

fertig gemixt?

v
| »

EE
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¥)per Dell Online-Shop: Stellen Sie Ihr eigenes System zusammen - Mozilla Firefox - ll:l|§]
File Edit Yew Go Bookmarks Tools Help
<;§l v [? v @ @ I@ http:,f,fconﬁgurez.euro.dell.comidellstoreﬁconfig.aspx?c=de&cs=dedhs1&kc=3D5&I=de&oc=W06390xp&s=dhs&sbc=prEI @ Go I@
# Getting Started @ Latest Headlines
-~

o Bestellen Sie online oder wahlen Sie 0800 533 55 40 03(gebuhrenfrei)

ML Service = Support  Einkaufsunterstitzung

Dell empfiehit Windows Vista™ Home Premium.

Sie befinden sich hier: ™® Deutschland = PRIVATANAENDER

o Meinen Dell konfigurieren ‘ o Zubehor auswahlen o Elektronik o Software & Service o Bestatigen & zum Warenk g

| Suche o

Sicher Einkaufen mit Trusted
~ Shops und
y U9EB d-zuriick-Garantie.

» Als Symbol anzeigen
* o ELL UUVHZL-DURAM-DPEIChner MIT<4U VB UNd 0D/ MHZ 1L X LU @8 VIMM) [PIUS DY, Y99 € 0der LU EnMonart |

B Grafikkarte

128 MB n¥idia NVS285 DVINVGA-Grafikkarte

@ ~uswanlhilfe

e 256 MB ATi Fire GL W7200-Grafikarte [plus 416,50 € oder 13 €lMonat1]

" 128 MB nVidia Quadro FX550-Grafikkarte [plus 69,02 € oder2 @Monat‘]

" 256 MB nVidia Quadro FX3450- Grafikkarte [plus 547 40 € oder 17 QMonat‘]

(¢ 128 MB nVidia NVS285 DVINGA- Grafikkarte [Im Preis enthalten]

(" Grafikkarte PCle %16 (DVIAVGA) Matrox QID LP PCle, 128 MB, DVI- oder VGA Grafikkarte fiir 4
Monitore [plus 630,70 € oder20 @Monat‘]

" 128 MB ATi Fire GL V3400-Grafikkarte [plus 44,03 € oder 1 €/Monat1]

Festplatte

80 GB Serial ATA-ll-Festplatte (7.200 Uinin) mit NCQ

© Auswahihilfe

(" 180 GB Serial ATA-II-Festplatte (7.200 U/min) mit NCQ [plus 16 66 €]
(¢ 20 GB Serial ATA-I-Festplatte (7.200 U/min) mit NCQ [Im Preis enthalten]

[ |

Dell Precision™ 390
Essential (W06390xp)

inkl. MwSt., zzgl. 19,04
£Yersand
*Ermaligter
Sonderpreis**

Es getten keine
9 1 3 y 92 € zusatzlichen
Preisnachlasse.

Das Angehot gilt far
maximal 5 Systeme

Finanzierung ab 30 €imtl.

Jetzt finanzieren - erst ab Januar 2008
zahlen!

Weitere Informationen zur Ratenfinanzierung

Fiir einen noch umfassenderen Schutz
Ilhres Systems beinhaltet der oben
erwahnte Preis ein Upgrade Service
Paket. Um auf den beworbenen Preis
zu kommen, entmarkieren Sie die
Kategorie " Business Support".

Transferring data from i.dell.com. ..

N L
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Food? Product lines!
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Software intensive systems

are declined in many variants
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Software intensive systems

are declined in many variants




Software Product Lines
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config - Linux Kernel v2

] High Resolution Timer Support]

<Select))

Kernel




Linux-Kernel




Features in Microsoft Office

i-s'J Microsoft Office 2003 Setup

Microsoft Office Professional Edition 2003 n
W]

Advanced Customization
Choose installation options for applications and tools.

_X_~| New and Cpen Office Document Shortcuts ~
| Office 2003 Web Components
=T

" ~ | English

2 X _v|French

2 X v | Spenish
| Microsoft Office Download Control

X | Themes

_X_v| Visual Basc for Applications

W
X
4

P

B

|

Description
Tools for proofreading Office documents.

Space Required on C: 342 MB
Space Available on C: 3553 M8

Helo < Back Next > Cancel







cANAL+ L@l PROGRAMMES  SURPRISES  EXPO
JOANS

bref.
CANAL a 30 ans.

ETAPE1: DONNE TON PRENOM

MATHIEU




Online Generator

ETAPE 2 : CHOISIS 3 BONS SOUVENIRS

€« (& bref30ans.canalplus.fr/#c

JE NE
VEUX PAS
CHOISIR

‘cnnncn:mf‘
INFORMATIF o




Variant

€« C' [9 bref30ans.canalplus.fr/#video

ETAPE 3 : JE REGARDE MON EPISODE UNIQUE
DEJA 761 545 EPISODES GENERES.

MATHIEU +
présente

L "2
HD ..\

POWERED BY MICROSOFT AZURE



Quizz Time

€« = C [ socrative.com

fPsocrative . e mor e

; D N
N

Welcome to Socrative!

Enter your teacher's room below

e9a8d603



Quizz Time

e9a8d603

Give three examples of software product lines

(also called configurable systems or variability-
intensive systems)



Variability
“the ability of a system to be efficiently

extended, changed, customized or

configured for use in a particular context
Mikael Svahnberg, Jilles van Gurp, and Jan Bosch (2005)
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33 features

a unique variant for every

person on this planet



320 features e
“more variants than estimated

atoms m the umverse







Automation?



i I

15 the first time you've seen this Stop err

your computer. If W screen appears ag
eps: < ’ !

If this
restart.

> 4 % % s 1
| w*¥ STOP: 0X00000050 (0XBOOOOSF2,0X00000000, OXBOSEBICS, 0X00000000)
. seginning dump of physical memory : .':.:,

1cal memory dump complete. O'p
rontact your system administrator or technical SUPPOTT Oroup for further
assistance.




The development of a

family of software systems

differs from the development of

a single software system






« The development of a

family of software systems
differs from the development of
a single software system »

Reuse
Commonality

Customization

Automation Variability

60
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Reuse
and
Mass Customization









“a set of software- intensive systems that share a common, managed
set of features satisfying the specific needs of a particular market
segment or mission and that are developed from a common set of
core assets in a prescribed way” [Clements et al., 2001]

Software “gam
Product Lines

65



Domain
Engineering

Application

Software Product-Line
Engineering

Domain Domain Domain Domain
Req. Engineering Design Realization Testing

& . <

Application Application Application Application
Req. Engineering Design Realization Testing

3 3

Engineering
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Variability Abstracrt;ion
Model (VAM)

Variability
Realization
Model
(VRM)

v v

Configuration

(resolution model)

X X

Domain Artefacts
(e.g., models)

4




Mapping:

an example

Graph

class Graph {
Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);

class Node {

intid =0; Weighted

Color color = new Color(); «—_|
void print() {
Color.setDisplayColor(color); <

e.weight = new Weight();
return e;

} —

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return ¢;

}

void print() {
for(inti = 0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();

}

}

System.out.print(id);
}

class Edge {
Node a, b;
Color color = new Color();
Weight weight;= new Weight();
Edge(Node _a, Node b){a=_a;
void print() {
Color.setDisplayColor(color);
a.print(); b.print();

}

weight.print();

class Color {

}
}

— ]

P

static void setDisplayColor(Colorc){ ... }

}

class Weight { void print(){ ...}} "

Colored

68



Graph

Weighted Colored

class Graph { class Edge {
Vector nv = new Vector(); Vector ev = new Vector(); Node a, b;
Edge add(Node n, Node m) { /*if[COLORJY/
Edge e = new Edge(n, m); Color color = new Color();
nv.add(n); nv.add(m); ev.add(e); /*end[COLORJY/
/If(WEIGHT]Y/ /f(WEIGHT]Y/
e.weight = new Weight(); Weight weight;
/*end[WEIGHT]/ /*end[WEIGHT]/
return g; Edge(Node a, Node b){a=_a;b=_b;}
} void print() {
/fWEIGHT]Y/ /MiffCOLOR]Y/
Edge add(Node n, Node m, Weight w) Color.setDisplayColor(color);
Edge e = new Edge(n, m); /*end[COLORJY/
nv.add(n); nv.add(m); ev.add(e); a.print(); b.print();
e.weight = w; return ¢; /NIfWEIGHT]Y/
} weight.print();
/*end[WEIGHT]*/ /*end[WEIGHT]*/
void print() { }
for(inti = 0; i < ev.size(); i++) { }
}((Edge)ev.get(l)).prlnt(), fICOLOR]
} class Color {
} static void setDisplayColor(Colorc){ ... }
}
/*end[COLORJ/
/fWEIGHT]Y/
class Weight { void print() { ... } }
/*end[WEIGHT]Y/ class Node {
intid =0; 69
/*if[COLORJY/




class Graph {
Vector nv = new Vector(); Vector ev = new Vector();
Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = new Weight();
return e;
}

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return ¢;

}

void print() {

for(inti=0;i < ev.size(); i++) {
((Edge)ev.get(i)).print();

class Weight { void print() { ... } }

class Edge {
Node a, b;
Weight weight;
Edge(Node _a, Node b){a=_a;b
void print() {
a.print(); b.print();
weight.print();
}
}

b; }

class Node {
intid =0;
void print() {
System.out.print(id);
}

}
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Graph

XWeiEHted \ \ Col‘a‘red/

class Graph {
Vector nv = new Vector(); Vector ev = new Vector();
Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
return e;
}
void print() {
for(inti=0; i < ev.size(); i++) {
((Edge)ev.get(i)).print();

class Edge {
Node a, b;
Color color = new Color();
Edge(Node _a, Node b){a=_a;b=_b;}
void print() {
Color.setDisplayColor(color);
a.print(); b.print();
}
}

class Color {
static void setDisplayColor(Colorc) { ... }
}

class Node {

intid = 0;
Color color = new Color();
void print() {
Color.setDisplayColor(color);
System.out.print(id);

}
}

71




variantes de code (e.g., Java ou C)
variantes d’interface utilisateur
variantes de séquence vidéo
variantes de langages

variantes de mOdEIes

i

A\

A Or \ Mandatory
A\

Optional

not, and, or, implies

Feature Models




[Czarnecki et al. (GPCE’05)]

Feature-based Model Templates

Presence conditions:
true I

WishLists I
SendWishList I -
Registration W 3

[create wish
list]

- list
' CreateWishList ] ] ( CreateWishList ]
2

[create wish [register]

(RegisterWithTheStore )

(a) Storefront template (b) Storefront instance
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[Czarnecki et al. (GPCE’05)]

Approach

Presence conditions:

* —subCategories

true BN MultiLevel —
AssociatedAssets ~EEEEEEM !  MultipleClassification 5
PhysicalGoods B 2 Categories & [MultipleClassification i
Categories BN 3 MultipleClassification | !Categories —
. Product d
Asset | —associatedAssets -String name ’ Category
N 1 —product —-float price , —products
-String weightt |* 6
o _ —categorie:
Catalog
—produx;ts ‘ . .
Refers to features
through annotations Model template
[ Feature model Jéo """""""""""""" expressed in target notation and annotated

—superCategory

4

with presence conditions and meta—expressions

V

Automatic template instantiation
— Evaluation of presence
conditions and meta—expressions
— Element removal
— Post—processing

=-fe

C
‘@ Structure
- ategories
[ Multilevel
“ [ MultipleClassification
#® Productinformation

‘e BasicInformation
[ DetailedDescription
[ warrantyInformation
[ CustomerReviews
& Jﬂ AssociatedAssests
= Lf’roductType

(e
«Q

¢

[#] ElectronicGoods
[ PhysicalGoods
[ services

Template instance

del




[Czarnecki et al. (GPCE’05)]

- -“e Catalog
S fe CatalogStructure
= E Categories
[ Multilevel
[ MultipleClassification
—--*# Productinformation
‘e BasicInformation
[¥] DetailedDescription
[ warrantyInformation
[ customerReviews
+ E AssociatedAssests
-. cProductType
E ElectronicGoods
[ PhysicalGoods

[ services
Presence conditions:
true I MultiLevel E—
AssociatedAssets HENEEEM '  MultipleClassification )
PhysicalGoods MWW 2 Categories & /MultipleClassification M- ©
Categories BN’  MultipleClassification | !Categories -
5
1 Product
3 * —subCategories
Asset | —associatedAssets -String name Category 8
. I _product|~float price ) —products -
-String weightt | * 6 _
_ —categories
e * —superCategory
Catalog
—products | - - :
¥ 7 3




A CatalogStructure (52 configurations) «ML&

=@ Categories
o MultipleClassification
o Multilevel
o Description
o Thumbnails

- # Productinformation
- o Associatedassets

=

subCategories

Catalog

«Multilevel»

*

Category
«Categories»

_’.

-

«Categories & !'MultipleClassification»

.k
«Categories»
tipleClassification | !Categories»

String description «Description»

b1

*

«MultipleClassification | !Categories»

%

Product

o 2DImage+——
o 30Image

String name
float price

* * Image2D
«2DImage» | «2DImage»

* * | Image3D
«3DImage» | «3DImage»
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subCategone: Category
Catalog | «Multilevel» «Categories»
A CatalogStructure (1 configuration) '
=[] Categaries ~ . *
«Categories»
[] MultipleClassification b 5 1
[ Multilevel «MultipleClassification | !Categories» 1.*
[X] Description «MultipleClassification | !Categories»
B Thumbnails * %
= “® Productinformation Product * * | Image2D
- f‘-ssodamd'&sse"s Strs «2DImage» | «2DImage»
= ring name
E 2DImage float price
B<] 3DImage —
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W CatalogStructure (1 configuration)

- 5] Categories

D] MultipleClassification

O] Multilevel
%] Description
U< Thumbnails

--“# Productinformation
- [#] Associatedassets

-

[¥] 2DImage
Bx] 3DImage

Ooops

Catalog

«MultipleClassification | !Categories»

*

L.*

«MultipleClassification | !Categories»

Product

* *

String name
float price

«2DImage»

Image2D
«2DImage»
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Mobile

oc: null
IERS (1)

up ;
o1y addrceionLiseence (new Actionbistencr() RUCTOR; false’
S apply. addhctionlistener (new Actionlistener
S ic voi i SARAVETERS (0)
public void actionPerformed(Actionvent o) { el
 ©=c.epplyinev hoa("h" + layerno));
D i

TETERS (1)
Camera 3G+ 3G GPS

»n

it (ladvics.isselected()) ( _DIMENSIONS: 0

VN_EXCEPTIONS (0)

© = t.apply(new advice('a’ + layerno));

3

if (intro.isSelected()) (

bck [4443, 8051

Engineering N —

Maps

] ,
&) Ifstatement [4615, 771

[}
& IfStatement [4785, 457]

Domain/Variability Model Domain Artefacts

Mobile

Application Camera 3 /Q\SG/ GPS
. . v Y
Engineering

Map}
v
Configuration




variantes de code (e.g., Java ou C)
variantes d’interface utilisateur
variantes de séquence vidéo
variantes de langages

variantes de modeles

| g
ﬁ n

i

A\

Or Mandatory

o//

A
AxOr

Optional

not, and, or, implies

Feature Models



Software Product Line and
Variability Engineering

A revisit of your cursus



Whati IS new?

Family vs single systems
Focus on reuse
Domairér engineering
Factoring éut commonality
Managi;ng variability



« variéability »

Is it really new?



Administrator: C:\Windows\system32\cmd.exe

C:\Users\kaestner.INFORMATIK.B088>dir /7
Displays a list of files and subdirectories in a directory.

DIR [drive:llpathllfilenamel [/ALL:lattributesl] [/B]1 [/C]1 [/D]1 [/L]1 [/N]
[/0[L[:1sortorderl] [/P]1 [~»Q1 [/R]1 [/S] [/TLL[:1timefield]] [ W] [/X]1 [/4]

[drive:llpathllfilename]l
Specifies drive, directory, and/or files to list.

/A Displays files with specified attributes.

attributes D Directories R Read-only files
H Hidden files A Files ready for archiving
S System files I Not content indexed files
L. Reparse Points — Prefix meaning not

/B Uses bare format <(no heading information or summary).

/G Display the thousand separator in file sizes. This is the
default. Use /-C to disable display of separator.

/D Same as wide but files are list sorted by column.

/L Uses lowercase.

/N New long list format where filenames are on the far right.

/70 List by files in sorted order.

sortorder N By name <{(alphabhetic> S By size (smallest first)
E By extension {(alphabetic?> D By date/time <(oldest first)
G Group directories first — Prefix to reverse order

/P Pauses after each screenful of information.




O W o J 6 & W

17

19
20
21
22
23
24
25
26
27

Parameter —i in grep

int match_icase;

int main (int argc, char **argv)
=E
[...]
while ((opt = get nondigit_ option (argc, argv, &default o
switch (opt)
= {
[...]
case '1':
match icase = 1 ;
break;

static const char *
print_line middle (const char *beg, const char *1lim,
const char *line color, const char *match color)

=1
[...]
if (match_icase)
= {
ibeg = buf = (char *) xmalloc(i) ;
while (--1 >= 0)

buf[i] = tolower (begl[i])
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Global configuration

class Config {
public static boolean isLogging = false;
public static boolean isWindows = false;
public static boolean isLinux = true;
}
class Main {
public void foo() {
if (isLogging)
log(,,running foo()");
if (isWindows)
callWindowsMethod();
else if (isLinux)
callLinuxMethod();
else
throw RuntimeException();
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=lBix|

Console  Toos  Window  Plugin  Help

= Encoding iso8859-1 [+ @ [ [genenc iRz

Configuration

httpd.conf -- win32 Apache

Building a Web Server, for Windows

Listen 80
ServerRoot " /www/Apache2™
DocumentRoot " /www/webroot”

ServerName localhost:80
ServerAdmin admin@localhost

ServerSignature On
ServerTokens Full

l_:s
DefaultType text/plain I [=TF

AddDefaultCharset IS0-8859-1 | type filter text General & v NS
= B S
UseCanonicalName Off [+]- Appearance B e
- Compare/Patch I™ Keep next/previous editor, view and perspectives dialog open
HostnamelLookups Off c;"'he"t Types V¥ Show heap status
i [oEs
ErrorLog logs/error.log ~ Network Connections ¢ Double click
Loglevel error - Perspectives " Single dick
zearch ™ Select om hiover
: 2 - ,A 1
PidFile logs/httpd.pid M Sfac:l;gand Shutdown I” | Open when using arraw keys
. Web Browser Note: This preference may not take effect on all views
Timeout 300 [+ Workspace
[+ Ant
KeepAlive On (- Help
- IMP

MaxKeepAliveRequests 100
.- Tnetall A Indate




Conditional compilation
#tifdef (Berkeley DB)

static int __rep _queue_filedone(dbenv, rep, rfp)
DB ENV *dbenv;
REP *rep;
__rep_fileinfo_args *rfp; {
#ifndef HAVE_QUEUE
COMPQUIET(rep, NULL);
COMPQUIET(rfp, NULL);
return (__db _no_queue am(dbenv));
#else
db_pgno t first, last;
u_int32_t flags;
int empty, ret, t_ret;
#ifdef DIAGNOSTIC
DB _MSGBUF mb;
#endif

}
#endif

// over 100 lines of additional code
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Intentional Code Cloning

~ Copy & Paste



Code Cloning (example, Linux driver)

cyberstorm.c

static void dma_dump_state(struct NCR_ESP *esp)
{
ESPLOG(("esp%d: dma -- cond_reg<%02x>\n",
esp->esp_id, ((struct cyber_dma_registers *)
(esp->dregs))->cond_req));
ESPLOG(("intreq:<%04x>, intena:<%04x>\n",
custom.intreqr, custom.intenar));

}

static void dma_init_read(struct NCR_ESP *esp, _ u32 addr, int
length)
{
struct cyber_dma_registers *dregs =
(struct cyber_dma_registers *) esp->dregs;

cache_clear(addr, length);

addr &= ~(1);

dregs->dma_addr0 = (addr >> 24) & 0xff;
dregs->dma_addr1 = (addr >> 16) & Oxff;
dregs->dma_addr2 = (addr >> 8) & 0xff;
dregs->dma_addr3 = (addr ) & Oxff;
ctrl_data &= ~(CYBER_DMA_WRITE);

cyberstormll.c

static void dma_dump_state(struct NCR_ESP *esp)
{
ESPLOG(("esp%d: dma -- cond_reg<%02x>\n",
esp->esp_id, ((struct cyberll_dma_registers *)
(esp->dregs))->cond_req));
ESPLOG(("intreq:<%04x>, intena:<%04x>\n",
custom.intregr, custom.intenar));

}

static void dma_init_read(struct NCR_ESP *esp, _ u32 addr, int
length)

{
struct cyberll_dma_registers *dregs =

(struct cyberll_dma_registers *) esp->dregs;

cache_clear(addr, length);
addr &= ~(1);
dregs->dma_addr0 = (addr >> 24) & 0xff;
dregs->dma_addr1 = (addr >> 16) & Oxff;
dregs->dma_addr2 = (addr >> 8) & 0xff;
dregs->dma_addr3 = (addr ) & Oxff;

}



Replicate & Specialize

Clone to reuse and adapt existing solutions
+ Less effort needed

- Long-term cost outweighs short-term benefit

~ Cost of refactoring rises over time
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Platform Variations

Clone existing code and fix

low level platform interaction

+ Avoid complexity of virtualization layer
- Hard to propagate bug fixes

~ Ensure consistent behavior of all clones



Hardware Variations

-
[

Clone existing driver

+ No risk of changing existing driver
- Code growth

~ Dead code can creep into system
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Inheritance (OOP)

Base Class encapsulate commonalities

Derive classes specialize peculiarities
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Generic Programming

C++ template

template <typename T>
Tmax(Tx, Ty)

{

return x<y?y:x;

}

Generics in Java

public interface List<E> {
void add(E x);
Iterator<E> iterator();

}

public interface Iterator<E> {
E next();

boolean hasNext();

}
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Design Patterns
(more details in the next course)

Template Method
Factory
Strategy

Decorator

96



Template Method

...
go Something();

Primitive Operationl();
...

Primitive Operationl();
...

doAbs olutely This();
...

Gﬁ AbstactClass

4" PrimitiveOperation] §

& PrimitiveOperation? |

S 4 Template Method
& dotbsolutehThis ()
4 doSomething ()

Q ConcreteClass

A PrmitiveOperation]
4 PrmitiveOperation2 ()
A doSomething )
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The decision model

m [he Abstract Factory Design Pattern

— [Gamma et al 95]

call_back

Mercure Factory

fhew_qui() : GUI

<<Abstract>> <
Mercure_Factory

builds

‘new_language() - Language
Snew_network_manager() : Manager

‘new_netdriver() - Net Driver I

|

Snew_engine() : Engine FullMercure MinMercure

CustomMercure

CustomMercure

S.<GUI1>> <<GUI2>>new_gui() : GUI
’<<<LanguageZ-1>> new_language() : Language
‘<<Manager1>> new_network_manager() : Manager

’<<Engine1>> new_engine() : Engine

®<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver

Mercure

R/
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API

Framework



Plugin-based systems



httpd.conf -- win32 Apacl

Building a Web Server, for Windows

Listen 80
ServerRoot " /www/Apache2™
DocumentRoot " /www/webroot™

ServerName localhost:80
ServerAdmin admin@localhost

ServerSignature On
ServerTokens Full

DefaultType text/plain
AddDefaultCharset IS0-8859-1

UseCanonicalName Off
Hostnamelookups Off

ErrorLog logs/error.log
Loglevel error

PidFile logs/httpd.pid
Timeout 300

KeepAlive On
MaxKeepAliveRequests 100
KeepAliveTimeout 15

<IfModule mpm_winnt.c>
ThreadsPerChild 250
MaxRequestsPerChild ©

T e A L e e

g 1=

Ele Edit Console Tools Window Plugin  Help

i | Lnefeed R ~ Encoding iso-8859-1

i@ Ao [iR[2H]

¢ 1 karoma)['¢ 2 karoma
f - Lin el v2.6.33.3

.config nux Kern

] High Resolution Timer Support

[

-
[+- Appearance
Compare/Patch
Content Types
- Editors

- Security

- Startup and Shutdown
“Web Browser

- Workspace

[+~ Ant

[+~ Help

- IMP

[+ Install/Update

[+ Java

- LPG

General

@ RENAULT VANS

CARS | VANS | ELECTRIC VEHICLES | REMAULT BUSINESS | USED CARS | OWNER SERVICES | ABOUT RENAULT | RENAULT SHOP

Renault UK > RenaultVans > New Kangoo Van Range >

NEW KANGOO VAN RANGE

01 Preferences 02 Version

|
OPTIONS
> COMFORT
| Central storage console & armrest between
seats
> DRIVING
Electric door mirrors
> SAFETY & SECURITY

| ESC (Electronic Stability Control) with traction
‘and understeer control

& Preferences

It’-,'p:': filter text

Kangoo Van > Build your own Kangoo Van > Select Options

03 Equipment & options

£50.00

£200.00

[~ Always run in background

I~ Keep next/previous editor, view and perspectives dialog open

v Show heap status/® voepadiova | & actionsjava [ mainjove 22

= ) oune TN,

<

&t =t.apply(nev gadvice('g" + layerno));
if (hoa.isSelected() ||

|| ladvice.isSelected() || intro.isSelected()

hoa.setSelected{false);

ladvice.setSelected{false);
intro.setSelected(false);

equation.setText("F" + layerno + "(" + equation.g

+

ol

output. setText (t.toString()); Ao
_qﬁn mode program.setText(t.eval({"")); R
equation. setText (base) ; F) % | & |
updateQuarkPanel(); OC: null
6 Double dick ¥ IERS (1)
N RUCTOR: alse'
i ) apply.addictionlistener (new Actionlistener() { DARAMETERS (0)
S‘nde dd( public void actionPerformed{ictionEvent e) {
if (hoa.isSelected(}) { N_TYPE2
— © = t.apply(new hoa("h" + Vi
I~ Select on he 1 JETERS (1
if {ladvice.isSelected{}} { |_DIMENSIONS: '0'
t = t.applyinew advice("a" + layerno)); VN_EXCEPTIONS (0)
" | Gpenwhen )
if (intro.isSelected()) { bk [4443, 805]
2 t = t.apply(new intro("i" + layerno)); STATEMENTS (5)
Note: This preferer ; J -, EE—
if (gadvice.isSelected()) { = EXPRESSION

[ Ethndlnvncathn
+) THEN_STATEMENT
ELSE_STATEMENT: null
IfStatement [4529, 80]
- IfStatement [4615, 77]
IfStatement [4785, 457]

K] =




Feature
Models



—ioixi
File Edt Console Tools Window Plugin  Help

G iered i Sewong sosssn 5@ Dfeee iR 3H
4 1 karoma| ("4 © karoma

(1] High Resolution Tiner Support

Variability Model

TETTTTTTTS =

FE Notepad.java [ B m:

output . setText (t.toString{}); alm
program.setText({t.eval({""}));
equation. setText (base) ;
updateQuarkPanel();
}
e
apply.addictionlistener (new Actionlistener() {
public void actionPerformed{ActionEvent e) {
if thoa.isSelected()) {
t = t.apply(new hoa("h" + layerno));
}
if {ladvice.isSelected()) {
t = t.applyinew advice("a" + layerno));

}
if (intro.isSelected()) {
t = t.apply(new intro("i" + layerno));
}
if (gadvice.isSelected{}) {
©.applyinew gadvi " + layerno));
|
if (hoa.isSelected() || gadvice.isSelected
|| ladvice.isSelected{) || intro.isSelected()

hoa.setSelected(false);

gadvi setSelected(false);

ladvice.setSelected(false);

intro.setSelected{false);

equation.setText ("F" + layerno + "{(" + equation.g
+ oy

o — 1

3 X6
OC: null
IERS (1)
'RUCTOR: false’
SARAMETERS (0)
N_TYPEZ

IETERS (1)
_DIMENSIONS: '0'
YN_EXCEPTIONS (0)

rck [4443, 805]
STATEMENTS (S)
- Ifstatement [4450, 73]
[=} EXPRESSION
[+ THEN_STATEMENT
ELSE_STATEMENT: null
&)- IfStatement [4529, 80]
- IfStatement [4615, 77]
[
@- IfStatement [4785, 457]

b

cts (e.g., source code)

variability

v v
Configuration

X X

\

"«

Software Generator
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Feature Model

Communicative ‘f%% M

Analytic '&

Generative




= —

SN R 8018

[+] 4 = L]
Packs Couleurs
Aucun pack n'est proposé pour ce modeéle. Blanc Ibis

Noir
Prix: 0,00 EUR

Couleurs métallisées a partir de 0,00 EUR

Couleurs a effet perlé a partir de 0,00 EUR

Couleurs personnalisées Audi exclusive

Audi
avelicive

Couleur capote
Noir

Moteur 3 Extérieur Intérieur

:

Audi (000 0
R8 Spyder
5.2 FSI quattro R tronic

» Informations détaillées
» Entrez |'Audi Code B

» Générer un PDF

» Nouvelle configuration

Jantes

4 Jantes alu 5 BRANCHES ROTOR finition titane 8,5 x 19 a
I'avant, 11 x 19 a |'arriére. Pneus 235/35 R19 a |'avant et
305 /30 R19 a |'arriére

Prix: 726,00 EUR

19" a partir de 0,00 EUR

Option Votre Audi



Audi (" (Y 1) ¢
N e R
R8 Spyder
5.2 FSI quattro R tronic

» Informations détalllées
» Entrez I'Audi Code B

» Générer un PDF

» Nouvelle configuration

» Packs d'éguipements > Chéssis ~ Régulateur de vitesse 8 320,65 EUR
> Extérieur > Freins
» Jantes & pneumatigues Systémes d'assistance e au stationnement APS @ — 931,70 EUR
» Intérieur » Autres v
» Volants
» Siéges
Sécurité & technique
AFS B 1.373,35 EUR
» Infotainment excludes z
v Systéme d'alde au stationnement [ ] 1.790,80 EUR
Advanced : APS avant et arriére et
caméra arriére
Attention:
Le prix peut varier en fonction du choix de moteur et des équipements. @ Audi hill assist : assistance au ;| Série
démarrage en cote v

Un aperc des équipements:

[ Réinitia

:

Moteur Extérieur Intérieur 5 Option Votre Audi




Prix total

Vérification de votre sélection




Feature Models

@romm)

Vorsprung durch Technik

e
S \‘h oy 1 R _‘ Prix total

V¥ CarEquipment
v ® Healthing { h— B e
AirConditioningFrontAndRear =l
AirConditioning s i i
v ® Comfort
O AutomaticHeadLights
¥ ® DrivingAndSafety
© FrontFoglLights
¥ Constraints
AutomaticHeadLights = FrontFogLights

oysemes dossstance
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Feature Models (Background)

V¥ CarEquipment

v ® Healthing ]

vA =
AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadLights
v ® DrivingAndSafety
O FrontFogLights
¥ Constraints
AutomaticHeadlights = FrontFogLights

Hierarchy: rooted tree L Optional /é\ Xor-Group
Varlablllty - /A\ Or-Group
mandatory, ¢ Vanaatory

. optional,
. Groups: exclusive or inclusive features

. 111
° Cross-tree constraints



4% SPLC12Scripts Model ¢ SPLC12Scripts.config 22 [

v [F|CarEquipment (valid, 1 possible configurations)
v [/ Healthing
|=| AirConditioningFrontAndRear
|4+ AirConditioning
v [|Comfort
|= AutomaticHeadLights
v || DrivingAndSafety
FrontFogLights

V¥ CarEquipment
v ® Healthing
vA
AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadlights
¥ ® DrivingAndSafety
O FrontFoglights
¥ Constraints
AutomaticHeadLights = FrontFoglLights

l Optional /0\ Xor-Group

Or-Group

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning, FrontFogLights}
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V¥ CarEquipment
| ¥ ® Healthin
& SPLC12Scripts Model | [¢] SPLC12Scripts.config 52 v A g
v [ CarEquipment (valid, 1 possible configurations) AirConditioningFrontAndRear
v [|Healthing AirConditioning
|=| AirConditioningFrontAndRear v ® Comfort
[+ AirConditioning © AutomaticHeadLights
v [ Comfort ¥ ® DrivingAndSafety
- [=|AutomaticHeadLights °. FrontFogLights
v [| DrivingAndSafety ¥ Constraints
El FrontFogLights AutomaticHeadLights = FrontFoglLights

l Optional /0\ Xor-Group

Or-Group

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning}




¥ CarEquipment \/
v ® Healthing v/
vA
AirConditioningFrontAndRear x
AirConditioning ./
v ® Comfort
© AutomaticHeadlights /
¥ ® DrivingAndSafety v/
O FrontFoglights x
¥ Constraints
AutomaticHeadLights = FrontFogLights

(L Optional /é\ Xor-Group
l Mandatory /A\ CIFEIRI

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning,

AutomaticHeadLights}




V¥ CarEquipment
v ® Healthing

vA

AirConditioningFrontAndRear (L T sor-Gro
ion r-Gr
AirConditioning ptiona /é\ up
v ® Comfort
. . Or-Group
O AutomaticHeadLights Mandatory
¥ ® DrivingAndSafety

O FrontFoglights
¥ Constraints

AutomaticHeadLights = FrontFogLights

_ {AirConditioning, FrontFogLights}
{CarEquipment, Comfort, @ {AutomaticHeadLights, AirConditioning, FrontFogLights}

DrivingAndSafety,

{AutomaticHeadLights, FrontFogLights, AirConditioningFrontAndRear}
Healthing}

{AirConditioningFrontAndRear}
{AirConditioning}

{AirConditioningFrontAndRear, FrontFogLights} 115



Typical implementations
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Learning
Feature Models with

FAMIliAR

(a.k.a implementing the introductory
example)




FAMIliAR

(FeAture Model script Language for manlpulation and Automatic Reasoning)

http://familiar-project.github.com/

LANGUAGE

COMMON @
VARIABILITY g

s‘l’.l-.("’l'ﬂ

FrontFogLights

art n
/Ae\az in
irConditioningFrontAndRear
irConditionin
o
aticHeadLights
rivi e
ron
nstraints
o i ights
aticHea ts
rivingAndsafer
°
onstraints
Software Product Lines nline Tools 3 :
eature A\

I VI nin
uty cHeadLights
i ndsafe
tFoglights
onstraints
Automatic HeadLights = FrontFogLights

not, and, or, implies




z fml> convert fmCarEquipment into SPLOT
VCarEquupment LOPﬁOna' /a\XOT'GmUP resl: (STRING) <feagur2_model name="fmCarEquipment">
v @ Healthing o fml> d<meta>
v lMandatory/A\ r-Group reso: <ga§a name= descilpt;on />
f} <data name="creator"/>
CarEqu .gata name="address"/>
AirConditioningFrontAndRear <data name="email"/>
Drivin <data name="phone"/>
AirConditioning <data name="website"/>
<data name="organization"/> ® PS agw
v ® Comfort Comfor| <data name="department"/> el ol o l e
X ) <data name="date"/> Software froducT Lines Unlime Tools
O AutomaticHeadLights <data name="reference"/>
Health|
e </meta>
ve DrivingAndSafety <feature_tree>
. :r CarEquipment(_ro)
© FrontFoglLights %% :m Healthing(_r1)
. :g [1,1]
¥ Constraints Automa : AirConditioningFrontAndRear(_r2)
- - - : AirConditioni 3
AutomaticHeadLights = FrontFogLights :m DrivingAndSafety( rd) loning(_r3)

:0 FrontFogLights(_r5)
:m Comfort(_r6)
:0 AutomaticHeadLights(_r7)

</feature_tree>
<constraints>
CO:~_r7 or _r5
</constraints>
</feature_model>

CarEquipment ;

ty

fmCarEquipment = FM (CarEquipment :

Healthing :

Comfort :

Healthing DrivingAndSafety Comfort ;

: [FrontFogLights] ; // optional

// optional

// cross-tree constraints
AutomaticHeadLights -> FrontFogLights ; )

// 3 mandatory features
(AirConditioning|AirConditioningFrontAndRear) ;
DrivingAndSafety
[AutomaticHeadLights] ;

// Xor

http://familiar-project.github.com/
fml> 1s

(FEATURE_MODEL) fmCarEquipment

fml> |

MacBook-Pro-de-Mathieu-3:Documents macherl$ java -Xmx1024M -jar FML-basic-1.1l.jar FMLTestRepository/carEquipTuto.fml

FAMILIAR (for FeAture Model scrIpt Language for manIpulation and Automatic Reasoning) version 1.1 (beta)
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VCarEquipment L Optional /0\ Xor-Group

ve i
Healthi ng l Mandatory/‘\ Or-Group

vA

AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadLights
v ® DrivingAndSafety
© FrontFoglLights
¥ Constraints
AutomaticHeadLights = FrontFogLights

“4* SPLC12Scripts Model | SPLC12Scripts.config 22

v [l CarEquipment (valid, 1 possible configurations)
v [/ Healthing
[=| AirConditioningFrontAndRear
4 AirConditioning
v |4/ Comfort
f=| AutomaticHeadLights
v 4| DrivingAndSafety
[+ FrontFogLights

fmCarEquipment = FM (CarEquipment : Healthing DrivingAndSafety Comfort ; // 3 mandatory features
Healthing : (AirConditioning|AirConditioningFrontAndRear) ; // Xor
DrivingAndSafety : [FrontFogLights] ; // optional

Comfort :

[AutomaticHeadLights] ; // optional

// cross-tree constraints
AutomaticHeadLights -> FrontFogLights ; )

fml> ¢l = configuration fmCarEquipment

cl: (CONFIGURATION) selected: [Healthing, CarEquipment, DrivingAndSafety, Comfort] deselected: []
fml> select AirConditioning FrontFogLights in cl

res2: (BOOLEAN) true

fml> deselect AutomaticHeadlLights in cl
res3: (BOOLEAN) true

fml> selectedF cl

res4: (SET) {Comfort;CarEquipment;Healthing;AirConditioning;DrivingAndSafety;FrontFogLights}
|
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v CarEQUipment L Optional /0\ Xor-Group
v ® Healthin
g l Mandatory/‘\ Or-Group

vA

AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadLights
v ® DrivingAndSafety
© FrontFoglLights
¥ Constraints
AutomaticHeadlLights = FrontFogLights

{CarEquipment, Comfort,
DrivingAndSafety,

Healthing}

{AirConditioning, FrontFogLights}
{AutomaticHeadLights, AirConditioning,
FrontFogLights}

{AutomaticHeadLights, FrontFoglLights,
AirConditioningFrontAndRear}
{AirConditioningFrontAndRear}
{AirConditioning}
{AirConditioningFrontAndRear, FrontFogLights}

fmCarEquipment = FM (CarEquipment : Healthing DrivingAndSafety Comfort ; // 3 mandatory features

Healthing :
DrivingAndSafety :
Comfort :

(AirConditioning|AirConditioningFrontAndRear) ; // Xor
[FrontFogLights] ; // optional

[AutomaticHeadLights] ; // optional
// cross-tree constraints
AutomaticHeadLights -> FrontFogLights ; )

fml> co = cores fmCarEquipment

co: (SET) {CarEquipment;Healthing;DrivingAndSafety;Comfort}

fml> fmCarEquipment.x

res6: (SET) {DrivingAndSafety;AirConditioningFrontAndRear;Comfort;Healthing;FrontFogLights;AirConditioning;AutomaticHeadLights;CarEquipment}

fml> setDiff fmCarEquipment.* co

res7: (SET) {AutomaticHeadLights;FrontFogLights;AirConditioning;AirConditioningFrontAndRear}

fml> [

|res1: (DOUBLE) 6.0
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// carEquipTuto.fml
fmCarEquipment = FM ('"carEquip.fml")

cl = configuration fmCarEquipment

select AirConditioning FrontFogLights in cl
deselect AutomaticHeadLights in cl

s0 selectedF cl

sl = configs fmCarEquipment // configuration set
nl = size sl

n2 = counting fmCarEquipment // efficient way, se
assert (n2 eq nl)

co = cores fmCarEquipment // features necessarily

vp
//

setDiff fmCarEquipment.* co



FAMIliAR

Much more than that!

Let us have a deeper look



FAMIliAR

(FeAture Model script Language for manlpulation and Automatic Reasoning)

http://familiar-project.github.com/

LANGUAGE

COMMON @
VARIABILITY g

s.l’.l-.(".l'.

Software Product Lines nline Tools

TVL
DIMACS

not, and, or, implies

importing, exporting, composing, decomposing, editing, configuring,
reverse engineering, computing "diffs", refactoring, testing,
and reasoning about (multiple) variability models



basics3.fml

Importing/Exporting feature models

FaMa  FaMa (language)
_ < TVL (language)
o ﬁ -~ // » S2T2 (visual configurator)
FAMILIAR (£ 77 .| EEECss
<§: — — - feature-model-synthesis
T foalBE

Internal notation or by “filename extensions”

fml = FM ("fool.tvl")

fm2 = FM (A : [B] [C] D ; )

fm3 = FM ("foo2.m")

serialize fm2 into SPLOT // export



f.fml o o Optional 2\ Xor-Group
conf.fm ‘ Con ﬁ gurd tion i} Mandatory? orroup

fml = FM (A: B [C] [D] E; D : (F|G) ; E : (I|J|K|L) ; C => ID ; )

cl = configuration fml :
select C in cl \

scl = selectedF cl // accessors vA

cFM1 = asFM cl // configuration and FM: back! 'ovfz\
F
G

® g

MacBook-Pro-de-Mathieu-2:FML-scripts macher$ java -jar -Xmx1024M ../FML-0.9.9 ve

FAMILIAR (for FeAture Model scrIpt Language for manIpulation and Automatic Re '/A

University of Nice Sophia Antipolis, UMR CNRS 6070, I3S Laboratory ]

https://nyx.unice.fr/projects/familiar/ L

fml> cFM1

cFM1: (FEATURE_MODEL) A: B E C ; !

E: (JIL|I|K) ; K

E; ©C

A; ¥ Constraints

B; C=-D

G

fml> fml

fml: (FEATURE_MODEL) A: [D] B E [C] ;

D: (F|G) ;

E: (J|L|I|K) ;
(C —> 'D);
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'fml X l

A A
Ofje
A< BA A
C=>AAN I I
D=>A
F M (L Optional /G\ Xor-Group
l Mandatory/‘\ Or-Group
fml> fml = FM ("output/fml.tvl")
root A {
fmlbis = FM ("foo3.dimacs") group [ 3..3 ] {
fmlbisbis = FM ("foo3.constraints") ;pt D {
B {
b
opt C {
}
fml> cl1 = cores fml ) }
fml> s cl: (SET) {B;A} . . .
1. (SEfm1> c1bis = cores fmlbis L C) fml: (FEATURE_MODEL) A: [D] B [C] ;
fml> fml> compare fml fmlbis
slbisres7: (STRING) REFACTORING A;B;D}}
fml? fml> compare fmlbis fmlbisbis
:1?15 res8: (STRING) REFACTORING iAY;{B;A}}
m > S ———r oo == -

res3: (fml> c1 eq c1b15b15
fml> siresé6: ﬁ(BOOLEAN) true

res4:ﬁ(BOOLEAN) true
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operatorsFM.fml
Operations for Feature Models (1)

fml = FM (A : [B] [C] ; B -> !IC ; Band C ; )

4

bl = isValid fml \ o B
°cC

i Optional /6\ Xor-Group vcor;SZaLnés
l Mandatory/‘\ Or-Group BAC

acher-scr:FML-scripts macher$ java -jar -Xmx1024M ../FML-0.9.9.5.jar operatorsFM.1
FAMILIAR (for FeAture Model scrIpt Language for manIpulation and Automatic Reasoni
University of Nice Sophia Antipolis, UMR CNRS 6070, I3S Laboratory
https://nyx.unice.fr/projects/familiar/

fml> s

(FEATURE_MODEL) fml

(BOOLEAN) bl

fml> bl

bl: (BOOLEAN) false

fml> configs fml

res@: (SET) {}
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operatorsFM2.fml

Operations for Feature Models (2)

1L{fml =FM (W : P (T|U); P : (R|S)+ ; T :
2|bl = isvalid fml ~
31s1 = configs fml

S

cl = counting fml

dfml = deads fml

println "cores: ", cores fml
fol = falseOptionals fml

on

(9))]

(vl [A]

acher-scr:FML-scripts macher$ java -jar -Xmx1024
cores: {P;W}

FAMILIAR (for FeAture Model scrIpt Language for
University of Nice Sophia Antipolis, UMR CNRS 60
https://nyx.unice.fr/projects/familiar/

fml> 1s

(SET) fol

(SET) dfml

(SET) s1

(DOUBLE) c1

(BOOLEAN) bl

(FEATURE_MODEL) fml

¥ Constraints
S=U
R=A
R= -V

l Optional /6\ Xor-Group
l Mandatory /‘\ Or-Group

fml> cl

cl: (DOUBLE) 2.0
fml> fol

fol: (SET) {A}
fml> dfml

dfml: (SET) {Vv}

ar operatorsFM2.fml

utomatic Reasoning)

; R->1W,; S->U; R->A;

29



operatorsFM3.fml

Operations for Feature Models (3) |!~ /A\
l Mandatory Or-Group

fml = FM (A : [B] [C] ; B -> !IC ; Band C ; )

14 14

bl = isValid fml VA

cstsl = constraints fml ©C

foreach (cst in cstsl) do ¥ Constraints
println "removing constraint... ", cst B= ~C
removeConstraint cst in fml BaC

c = counting fml

println "now the number of valid configurations is... ", c

end

MacBook-Pro-de-Mathieu-2:FML-scripts macher$ java -jar -Xmx1024M

«./FML-0.9.9.5.jar operatorsFM3.fml
removing constraint... (B & C)

now the number of valid configurations is... 3.0

removing constraint... (B -> !()

now the number of valid configurations is... 4.0
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Product Derivation

variable model and

feature model code assets
7S~ ——— |
| " pruning,
{2)._composition,
configuration = Weaving,
transformation

{ MP, Photo, Print, Inkjet, Scan,
Fax, Connection, USB, Ethernet }

product spec product



Bref

as a product line



[ bref30ans.canalplus.fr/#c

ETAPE 2 : CHOISIS 3 BONS SOUVENIRS

JENE §=
VEUX PAS
CHOISIR |

e 3 % 2|
&= MLUN &
= i‘rﬁts_snst
B4 '

5T 5]

B4 CARACTEREY |
TNFORMATIF

ETAPE 3 : JE REGARDE MON EPISODE UNIQUE
DEJA 1796 108 EPISODES GENERES.

-

sl
MICHEL DENISOT
DIRECTEUR ARTISTIQUE
DES :CESAR
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Generative approach

* Programming the generation of programs

* Very old practice

* Metaprogramming: generative language and target
language are the same
— Reflection capabilities

e Generalization of this idea:

— from a specification (model) written in one or more
textual or graphical domain-specific languages

— you generate customized variants
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Modeling and implementing system
families such that a desired system can be
automatically generated from a
specification written in one or more textual
or graphical domain-specific languages.

-
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