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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

— Syntax, semantics, automated reasoning, synthesis



The idea of software product lines and variability
— You will be able to recognize this class of systems

— Aware of the complexity, the specific development
process, and existing techniques

Feature modeling

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

Composing/Decomposing feature models with a
domain-specific language
Reverse engineering variability models
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The three ways to build a (software) product

Indepently »Clone & Own“ »Shared” (reusable) Assets

(credits: Thorsten Berger’s slide) 7



The three ways to build a (software) product

»Shared” (reusable) Assets

Software Product Lines

Product Configuration
Variability Modeling
Components
Domain-specific Languages
Generators

Preprocessors

Design Patterns

(credits: Thorsten Berger’s slide) 8



Modeling and Reverse
Engineering Variability
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Commercia

not, and, or, implies

Feature models
or Product Matrices

(product lines)

o)
&
W Variants of code (e.g., Java or C)
Variants of user interfaces
&  Variants of video sequences
% Variants of models (e.g., UML or
" SysML)
Variants of « things » (3D
models)
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Variants of code (e.g., Java or C)
Variants of user interfaces

Variants of video sequences

Variants of models (e.g., UML or SysML)
Variants of « things » (3D models)
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NEW KANGOO VAN RANGE

o1 Pofoences. o2version 3 Equipment & options

.

Mining/Extracting
Encoding/Formalizing
Synthesising

I

OpenCompare
Product -~ v | License v Price v Language Support v Language v  WYSIWIG Vv
Find n = () (<] “ o )
W1 Commercial 10 Yes Java Yes
w2 NoLimit 20 Yes
w3 NoLimit 10 Yes
w4 GPL 0 Yes Python Yes
W5 GPL 0 Yes Perl Yes
W6 GPL 10 Yes Perl Yes
ws GPL 10 Yes PHP Yes




Variability and
Software Product Lines

Perhaps, you ignore the names of someThing
omnipresent in numerous contexts
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« 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



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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RENAULT VANS i g —

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

RENAULT

Renault UK > Renault Vans > New Kangoo Van Range > Kangoo Van > Build your own Kangoo Van > Select Options

NEW KANGOO VAN RANGE

01 Preferences 02 Version 03 Equipment & options

OPTIONS

> COMFORT

+ Cenfral storage console & armrest between £50.00
seals

> DRIVING
Electric door mirrors £0.00
> SAFETY & SECURITY

v ESC (Electronic Stability Control) with traction £200.00
and understeer control




PATES
MODELES

A~ 4

COULEUR

EECIE Pochette Toile

COULEUR

v Sac Taille 1 Toile

O,
BOUCLERIE

. Sac Taille 2 Toile

Sac Taille 3 Toile

i)

Sac Taille 4 Toile

LE PLIAGE PERSONNALISE

E?cm

LE PLIAGE CUIR

9cm

VOTRE PERSONNALISATION

Porte-monnaie Toile : 9x 7 x5 cm
Couleur recto : Garance

Couleur verso : Malabar

Infos

Bouclerie : Bronze

o g

Partager

35,00 € | AJOUTER AU PANIER

o

J'aime

MAISO




DBA

PAGES >>
CHIVE >>

REVIEWS >>
E EDITORS >>

Power Matte 2.0.1.3 update

- Adobe After Effects plugin that can extract
any object In an Image

[read more >]

Gridus 1.1 update

D 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

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 OS5 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, 07:49 UTC

- -
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Composite

Factory
Tinfi |

ersonality Factory

‘Assembly Factory
'Run-time

FM,

FraSCAti

‘MMFrascati‘ ‘MMTuscany‘ M

rost]
constraints

rest requires MMFrascati

Alternative-
l Optional A Group
http requires MMTuscany

| Mandatory /A\ Or-Group

Variability Model
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config - Linux Kernel v2

] High Resolution Timer Support]

<Select))

Kernel




Viewfinder
. L _ . DxOMark DxO ISO
Model |Sensor Effective Lens Viewfinder coverage Metering |Focus Lowest |Highest
Erandis name ¢ size * megapixels = mount ¢ ty ¢ (% of the * zones ¢ oints ¢ 1SO ¢ ISO ¢ | semsor ¢ perfor- ¢
9ap pe ° P score mancel’!
frame)
Canon |1DX Full frame (18.1 EF Pentaprism (100 252 61 50 204800 82 2786
1Ds Mark
Canon " Full frame |21.1 63 45 50 3200 80 1663
1D Mark
Canon v APS-H 16.1 63 45 50 102400 74 1320
5D Mark
Canon 1 Full frame (22.3 63 61 50 102400 81 2293
5D Mark
Canon ! Full frame |21.1 35 9 50 25600 79 1815
Canon |6D Full frame |20.2 63 11 100 102400 82 2340
Canon |7D APS-C 18.0 W 63 19 100 12800 66 854
Canon |70D APS-C 20.2 IKIPEDII & 63 19 100 25600 68 926
canon (600  |apsc 120 The Free Encyclopedia 63 9 100 12800 |66 813
Canon |50D APS-C 15.1 EF, EF-S |Pentaprism |95 35 9 100 12800 63 696
Canon |40D APS-C 10.1 EF, EF-S |Pentaprism |95 35 9 100 3200 64 703
Canon |30D APS-C 8.2 EF, EF-S |Pentaprism |95 35 9 100 3200 59 736
Canon |20D APS-C 8.2 EF, EF-S |Pentaprism |95 35 9 100 3200 62 721
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I'm all done. Running npm install & bower install for you to install the required dependencies.

macher-wifi:getting-started macherl$ yo jhipster
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Welcome to the JHipster Generator v2.17.0

(1/15) What is the base name of your application? hipster

(2/15) What is your default Java package name? com.mycompany.myapp

(3/15) Do you want to use Java 8? Yes (use Java 8)

(4/15) Which *typex of authentication would you like to use? lU:c arrow keys)
HTTP Session Authentication (stateful, default Spring Security mechanism)
OAuth2 Authentication (stateless, with an 0Auth2 server implementation)
Token-based authentication (stateless, with a token)

25



Branch: master v

1]
m

generator-jhipster / app / templates / src / main / java / package / config / _DatabaseConfiguration.java

' g jdubois 2 days ago Use Spring Boot's configuration meta-data

9 contributors a .! W mﬁ;

184 lines (165 sloc)

package <%=packageName%>.config;

9.69 KB

Raw Blame History [J # 1

<% if (databaseType == 'sql') { %>

<%=packageName%>.config.liquibase.AsyncSpringlLiquibase;

com.codahale.metrics.MetricRegistry;

com.fasterxml.jackson.datatype.hibernate4.Hibernate4Module;

com.zaxxer.hikari.HikariConfig;

com.zaxxer.hikari.HikariDataSource;

liquibase.integration.spring.SpringlLiquibase;<% } %><% if (databaseType == 'mongodb' && authenticationType == ‘oauth2') { %
<%=packageName%>.config.oauth2.0Auth2AuthenticationReadConverter;<% } %><% if (databaseType == ‘mongodb') { %>

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

com.
org.
.slf4j.Logger;
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
.springframework.
org.

org

org

org

org

org

mongodb.Mongo;

mongeez.Mongeez;<% } %>

slf4j.LoggerFactory;<% if (databaseType == 'sql') { %><% if (hibernateCache == ‘'hazelcast') { %>
springframework.cache.CacheManager;<% } %>
beans.factory.annotation.Autowired;

springframework.
springframework.

springframework.
springframework.
springframework.
springframework.
springframework.
springframework.

springframework.
springframework.
springframework.
springframework.

springframework.
springframework.
springframework.
springframework.

springframework.

boot.
boot.
boot.
boot.
boot.

autoconfigure.condition.ConditionalOnExpression;<% } %><% if (databaseType == ‘mongodb') { %>
autoconfigure.mongo.MongoAutoConfiguration;

autoconfigure.mongo.MongoProperties;<% } %><% if (databaseType == ‘sql') { %>
autoconfigure.jdbc.DataSourceProperties;

autoconfigure.liquibase.lLiquibaseProperties;

context.ApplicationContextException;<% } %>
context.annotation.Bean;

context.annotation.Configuration;

context.annotation.Profile;<% if (databaseType == ‘mongodb') { %>
context.annotation.Import;<% } %><% if (databaseType == 'sql') { %>

core.
core.
core.
data.
data.
.mongodb.config.EnableMongoAuditing;<% } %><% if (databaseType ==
.mongodb.core.convert.CustomConversions;<% } %><% if (databaseType == 'mongodb') { %>
.mongodb.core.mapping.event.ValidatingMongoEventListener;

data.

data
data
data

env.Environment;<% } %><% if (databaseType == 'mongodb' && authenticationType == 'oauth2') { %>
convert.converter.Converter;<% } %><% if (databaseType == ‘mongodb') { %>

io.ClassPathResource;<% } %><% if (searchEngine == 'elasticsearch') { %>
elasticsearch.repository.config.EnableElasticsearchRepositories;<% } %><% if (databaseType == ‘mon
mongodb.config.AbstractMongoConfiguration;

‘mongodb’ && authenticationType =

mongodb.repository.config.EnableMongoRepositories;

validation.beanvalidation.LlLocalValidatorFactoryBean;<% } %><% if (databaseType == 'sql') { %>

<

y!



Variability

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

Colored

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(){ ...}} "

27




Mining Features from the Object-Oriented Source Code of Software Variants by
Combining Lexical and Structural Similarity

R. AL-msie’deen, A.-D. Seriai, M. Huchard
LIRMM / CNRS & Montpellier 2 University, Montpellier, France
Al-msiedee, Abdelhak.Seriai, huchard @lirmm.fr

C. Urtado and S. Vauttier
LGI2P / Ecole des Mines d’Ales, Nimes, France
Christelle.Urtado, Sylvain.Vauttier @ mines-ales.fr

Concept_0

Class (ImagePath_Drawing.Shapes.Image)
Class (LineSettings_Drawing.Shapes.Line)
Class (PaintJPanel_Drawing.Shapes.Core)
Class (DrawingShapes_Drawing.Shapes.Core)
Class (ImagePostion_Drawing.Shapes.Image)
Class (MyShape Drawing.Shapes.Core)
Class (LinePosition_Drawing.Shapes.Line)
Class (MyImage Drawing.Shapes.Image)

Class (MyLine_Drawing.Shapes.Line)

Drawing Shapes Application 1

A f

Class (ArcAngle_Drawing.Shapes.Arc) Concept_3

Class (MyText_Drawing.Shapes.Text)

Drawing Shapes Application 2 Class (ArcSettings_Drawing.Shapes.Arc)

Class (RectangleSettings_Drawing.Shapes.Rectangle)

Class (Arc_Drawing.Shapes.Arc)

]
| &
- 4 z
AN
Concept_2 E é E% % g'
pt_. (4 2 E g 7
Concept_1 - - 2 S ] 5 b
- - Class (OvalSettings Drawing.Shapes.Oval) 2 g a Z ]
Class (ArcSettings_Drawing.Shapes.Arc) Class (MyOval_Drawing.Shapes.Oval) % | E £ | 2|
Class (MyTextShape_Drawing.Shapes. Text) Class (Oval_Drawing.Shapes.Oval) £ 5 Z £ g
Class (Text_Drawing.Shapes.Text) — — £ el Z E £
Class (TextInfo_Drawing.Shapes.Text) Drawing Shapes Application 3 Sl s | & |32 | =
Class (Arc_Drawing.Shapes.Arc) = = | & g
Class (MyText_Drawing.Shapes.Text) g Py % % g
&
) =} ) ) o
X X
X X
X X

X | x [ x| Class (ArcSettings_Drawing. Shapes.Arc)

Class (MyRectangle Drawing.Shapes.Rectangle)

Class (Rectangle Drawing.Shapes.Rectangle) Class (ArcAngle Drawing Shapes. Arc)

Class (MyTextShape_Drawing.Shapes. Text)

Drawing Shapes Application 4 Class (Text_Drawing.Shapes.Text)

XXX |[X
XX X|X
XX XX

Class (TextInfo_Drawing.Shapes.Text)
/ Class (MyText_Drawing.Shapes.Text)

XX XX

Concept_4

Class (ThreeDRectangleSettings Drawing.Shapes.ThreeDRectangle)
Class (ThreeDRectangle Drawing.Shapes.ThreeDRectangle)
Class (MyThreeDRectangle_Drawing.Shapes.ThreeDRectangle)

Drawing Shapes Application 5




(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

29

Figure 1: Six variants of video sequences synthesized with ViViD



Video_Sequence_1.cfg Video_Sequence_2.cfg l Video_Sequence_n.cfg

vehicle1.identifier = 15 — Integer number : O=disable, 1=AMX30, .. vehicle1.identifier = 7 — Integer number : O=disable, 1=AMX30, .. vehicle1.identifier = 1 — Integer number : O=disable, 1=AMX30, ..

vehicleb.identifier = 12 — Integer number : O=disable, 1=AMX30, . vehicleb.identifier = 3 — Integer number - O=disable, 1=AMX30, .. vehicle5 identifier = 13 — Integer number : 0=disable, 1=AMX30, .

distractors.bird_level = 0 — Floating point number from O (low level) to 1 (high level) distractors.bird_level = 0.5 — Floating point number from 0 (low level) to 1 (high level) -+ - | distractors bird_level = 0 - Floating point number from 0 (low level) to 1 (high level)
capture illumination_level = 0.80 - Floating point number from 0 (low level) to 1 (high level) | capture illumination_level = 0.90 — Floating point number from O (low level) to 1 (high level) capture.illumination_level = 1.00 — Floating point number from 0 (low level) to 1 (high level)
signal_quality blur_level = 1.00 — Floating point number from O (low level) to 1 (high level) | signal_quality blur_level = 0.50 — Floating point number from 0 (low level) to 1 (high level) signal_quality blur_level = 0.00 — Floating point number from 0 (low level) to 1 (high leve!)
—...more attributes — ...more atfributes — ...more aftributes

! ! !

@ Video Sequences Generator

Video_Sequence_1.avi Video_Sequence_2.avi Video_Sequence_n.avi

-




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 31
will put short dividers in the center section.



(credits: Christian Kaestner’s slide)
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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.

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 ISO-8859-1

i3
Usel s 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>

(=101)
Type fiter text General -
- ™ Always run in background
c L] ne i
Content Types I Show heap status
Editors
Keye Open mode
1 Network Connections € Double dick
Perspectives € single dick
Search I | Sefect o over
Seaurity
Sty ared Shutclown T Open when using arrow keys
Web Browser Note: This preference may not take effect on all views
Workspace
4 Ant
e ste
™
+- Install Update
5 o ces
= re
£ Plug-n Development e
- Run/Debug
4 Tasks
4 Team
4 Usage Data Collector
Valdation
4 XML

Restore Defaults Apply.

@

[ ] conwt |

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);

_DIMENSIONS: ‘0’
¥N_EXCEPTIONS (0)

bck [4443, 8051
STATEMENTS (5)
&

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

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




=lolx|
General v
mwﬁumbly Factory e F M"j"!'"b‘_'dq e

ST TS IV show heap status

Editors N

Nemwerk Conectons ¥ Double cick

Perspectives  Single dick

Search I~ Select on oy

z’.fr";fam smwows1 ﬂem ez _

. Web Browser Nadlt: Wis Dreference may not take effect on all views
httpd.conf -- win32 Af ;- rences
Building a Web Server, for Winda Pre"e
InstalUpdate

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

ServerName localhost:80
ServerAdmin admin@localhost

— Ele Edt Console Toos Window Plugin Help

ServerSignature On
ServerTokens Full

DefaultType text/plain

Configuratioshs

UseCanonicalName Off
° eS
Hts‘t‘nameLookups Off

ErrorLog logs/error.log
LoglLevel error

PidFile logs/httpd.pid
Timeout 300

KeepAlive On
MaxKeepAliveRequests 100
KeepAliveTimeout 15

<IfModule mpm_winnt.c>
ThreadsPerChild 250
MaxRequestsPerChild ©

</IfModule>

Java
PG

Plug-in Development
Run/Debug

Tasks

Team

Usage Data Collector
Validation

XML

(@M >+ karoma - Poderosa

i G || Lnefeed R

~ Encoding iso-8859-1

(4 1 karoma)['4 2 karoma

(] wigh

lution Ti  Suppg

X =l

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

Y/ ‘RENAULT VANS
RENAULT

Renault UK > RenaultVans > New Kangoo Van Range > Kangoo Van > Build your own Kan%oo Van SSeIed Options

igura
NEW KANGOO VAN RANGE config

01 Preferences 02 Version 03 Equipment & options

B el

OPTIONS

£50.00 /
/
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output. setText (t.toString()); alo -
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updateQuarkPanel () ; OC: null 4|
} IERS (1)
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Quizz Time

Give three examples of software product
lines (also called configurable systems or
variability-intensive systems)



Software is eating the world (any
company will be a software company)

If you have the super-power to

“vary” (e.g., for delivering customized
solutions to customers; or for
engineering customized solutions for
addressing your specific problems)

Then you will rule the world




Variants of code (e.g., Java ou C)
Variants of user interfaces
Variants of video sequences
Variants of models (e.g., UML or
SysML)

Variants of « things » (3D models)

ﬁnh

A Or \ Mandatory
A\
not, and, or, implies

Varlablllty MOdGlS (feature models)

Optional




Va ri abl I |ty: two definitions

“the ability of a software system or artifact to be
efficiently extended, changed, customized or

configured for use in a particular context” (svahnberg
et al. 20095)

— software/customization perspective

“an assumption about how members of a family
may differ from each other” (weiss and Lai 1999)

— more related to the notions of domain and
commonality



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

NDKw'A Know our past. Create the futur
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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
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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

43



L’/1 Printer Firmware

nnnnn

e Production cost reduced by 75%

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

e Reported defects reduced by 96%







(credits: Christian Kaestner’s slide)

33 features

a unique variant for every

person on this planet



320 features e
“more variants than estimated

atoms m the umverse







Software product line
and Variability
enhgineering

Basic techniques



Whati IS new?

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



« variéability »

Is it really new?



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



“Cloning Considered Harmful” Considered Harmful

Cory Kapser and Michael W. Godfrey
Software Architecture Group (SWAG)
David R. Cheriton School of Computer Science, University of Waterloo
{cjkapser, migod } @uwaterloo.ca

"Cloning considered harmful” considered harmful: patterns of cloning in software

Authors: Cory J. Kapser Software Architecture Group (SWAG) David R. Cheriton
School of Computer Science, University of Waterloo,
Waterloo, Canada
Michael W. Godfrey Software Architecture Group (SWAG) David R. Cheriton

School of Computer Science, University of Waterloo,
Waterloo, Canada

2008 Article

—d Bibliometrics

published n: Dourloads (¢ ecke) e,
- Journal - Downloads (cumulative): n/a
Empirical Software Engineering archive - iatiosy Counk 40
Volume 13 Issue 6, December 2008

Pages 645 - 692

Kluwer Academic Publishers Hingham, MA, USA

table of contents  d0i>10.1007/s10664-008-9076-6
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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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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

Template Method
Factory
Strategy

Decorator
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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



(Active) Annotations

can have parameters



Metamodeling and Domain-
Specific Languages



Variability
(general approach)



Variants of code (e.g., Java ou C)
Variants of user interfaces

Variants of video sequences

Variants of models (e.g., UML or SysML)

A Or \ Mandatory

AXor \ Optional

not, and, or, implies

Va rla bi I ity M OdElS (feature models)



)7 | RENAULT VANS

Tiner Support

Variability Model

mapping

v v

Configuration

X X

Base Artefacts (e.g.,
models)

e




Graph

weighted Colored

Variability Model

mapping

Graph

Colored -

\'4

Weighted

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);
/Mif[WEIGHT]Y

e.weight = new Weight();
/*end[WEIGHT]*/

return e;

}

/fWEIGHT]Y/

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 e;

}
/*end[WEIGHT]*/
void print() {
for(inti=0; i < ev.size(); i++) {
((Edge)ev.get(i)).print();
}

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();

Software Generator
(derivation engine)




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
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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; 76
/*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);

}
}
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Kastner “Virtual Separation of Concerns:
Toward Preprocessors 2.0”

1| class Add extends Expr { //yellow
2| Expr left, right;

3| Add(Expr 1, Expr r)

4 { left=1; right=r; }
5| double eval() { //red

6 return left.eval() +
7 right.eval();

8 1}

9| wvoid print() { //blue
10 left.print();

11 System.out.print("+");
12 right.print();

13| }

14| }

Features: App, EvaL, PRINT



( - .
Motepad.java Actions.java

( Main.java S@\

output. setText (L. toString());

program. secTexti{t.eval (""));

equation. setText (base) ;

updateQuarkPanel();

}
bi:

e apply.addictionlistener (new Actionlisteneri() {
Zs (=) public void actionPerformed(ictionEvent e) {

if (ladvice.isSelected()) {

t = t.applyinew adwice("a" + layerno));

}
if {intro.isSelected()) {
t = t.applyinew intro("i" + layerno));

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

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

equation. setText ("F" + layerno + "(" + equation.qg
+ II)II,;

3

OC: null

IERS (1)
RUCTOR: 'false'
2ARAMETERS {0)
N_TYPEZ2

x|

ETERS (1)
_DIMENSIONS: '0'
WN_EXCEPTIONS (0)

rck [4443, 805]
- STATEMENTS (S)

IfStatement [4529, 80]
IfStatement [4615, 77]

- IfStatement [4785, 457]

.........................................................................................



macher-wifi:getting-started macherl$ yo jhipster

I'm all done. Running for you to install the required dependencies.

NEEERER
NN

A AA TN
N A N VAR AN

Welcome to the JHipster Generator v2.17.0

(1/15) What is the base name of your application?

(2/15) What is your default Java package name?

(3/15) Do you want to use Java 87

(4/15) Which xtypex of authentication would you like to use?

OAuth2 Authentication (stateless, with an OAuth2 server implementation)
Token-based authentication (stateless, with a token)

Variability Model

mapping

Branch: master v

generator-jhipster / app / templates / src / main / java / package / config / _DatabaseConfiguration.java

9 idubois 2 days

BERTYNEER

Use Spring Boot's configuration meta-data

184 lines (165 sloc) = 9.69 KB Raw Blame History

package <X=packageNane». config;
<% if (databaseType == 'sal’) { %>

import. <%=packageName%>. config. liquibase. Asyncspringliquibase;
import con. codahale.metrics.MetricRegistry;

import con. fasterxnl. Jackson.datatype. hibernates.

import con. zaxxer. hikari.HikariConfig;

import con. zaxxer. hikari.HikariDatasource;

inport liquibase. integration. spring.springliquibase; <% } %< if (databaseType ==
import _config.cauth 1

import. con.mongodb. Mongo;

import org.mongeez.Mongeez; <X } %>

import org.s1#43. Logger;

inport org.s1¢43. LoggerFactory; <% if (databaseType
import org.springfranework. cache. CacheManager; <% } %>

import org. springfranework. beans. factory.annotation. Autowired;
inport org. springfranewor 1 1 its
import org. springfranework. boot .autoconfigure.mongo. HongoAutoConfiguration;

inport org. springfranework. boot 1gure. nongo. perties;k } %k 1f = sql) (%
import. org. springfranework. boot. autoconfigure. jdbc. DataSourceProperties;

inport org. springfranewor ibase. L

import. org. springfranework. context. Applicati )%

'sql') { %><% if (hibernateCache

‘hazelcast') { %>

S<K ) %ok 1F -

inport org. springfranework. context. annotation.Bean;

inport org. springfranework. context. annotation.C 5

import org. springfranework. context. annotation.Profile;<% if (databaseType == ‘mongodb’) { %>

inport org. springfranework. context. annotation. Inport;<X } <% if = 'sal') { %

import org.springfranework. core. env. Environment; <% } %><% if (databaseType == 'mongodb' 8& authenticationType
import ong. springfranework. core. convert. converter. Converter; <% } %><% if (databaseType == 'mongodb’) { %>

inport org.springfranework.core. 10.C: S<E } Bock 1F (. == "elasticsearch’) { %>

import org. springfranework. data.elasticsearch. repository.config.Enable€lasticsearchRepositories; <% } %><% if (databaseType

import ong. springfranework. data.mongodb. config. AbstractMongoConfiguration;
import org. springfranework. data.mongodb. config. EnableMongoAuditing; <% } %><X if (databaseType

import org. springfranework. data.mongodb. core. convert. CustonConversions; <% } %»<% if (databaseType == 'mongodb’
import org.springframework. dat; db \ istener;

import org. springfranework. dat db. repository. config. Enab] 5

inport org.springfranework.validation. beanvalidation. Localvalida 5<% } Ko<k if ==

Base Artefacts

ongodb' && authenticationType == ‘oauth2')
erter;<% } %><% if (databaseType == 'mongodb’) { %>

‘mongodb’) { %>

== ‘oauth2') { %>

) (%

sql') { %

(= |

(%

mon

mongodb’ && authenticationType =

Software Generator
(derivation engine)




Branch: master v

1]
m

generator-jhipster / app / templates / src / main / java / package / config / _DatabaseConfiguration.java

' g jdubois 2 days ago Use Spring Boot's configuration meta-data

9 contributors a .! W mﬁ;

184 lines (165 sloc)

package <%=packageName%>.config;

9.69 KB

Raw Blame History [J # 1

<% if (databaseType == 'sql') { %>

<%=packageName%>.config.liquibase.AsyncSpringlLiquibase;

com.codahale.metrics.MetricRegistry;

com.fasterxml.jackson.datatype.hibernate4.Hibernate4Module;

com.zaxxer.hikari.HikariConfig;

com.zaxxer.hikari.HikariDataSource;

liquibase.integration.spring.SpringlLiquibase;<% } %><% if (databaseType == 'mongodb' && authenticationType == ‘oauth2') { %
<%=packageName%>.config.oauth2.0Auth2AuthenticationReadConverter;<% } %><% if (databaseType == ‘mongodb') { %>

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

com.
org.
.slf4j.Logger;
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
.springframework.
org.
org.
org.
org.
.springframework.
org.

org

org

org

org

org

mongodb.Mongo;

mongeez.Mongeez;<% } %>

slf4j.LoggerFactory;<% if (databaseType == 'sql') { %><% if (hibernateCache == ‘'hazelcast') { %>
springframework.cache.CacheManager;<% } %>
beans.factory.annotation.Autowired;

springframework.
springframework.

springframework.
springframework.
springframework.
springframework.
springframework.
springframework.

springframework.
springframework.
springframework.
springframework.

springframework.
springframework.
springframework.
springframework.

springframework.

boot.
boot.
boot.
boot.
boot.

autoconfigure.condition.ConditionalOnExpression;<% } %><% if (databaseType == ‘mongodb') { %>
autoconfigure.mongo.MongoAutoConfiguration;

autoconfigure.mongo.MongoProperties;<% } %><% if (databaseType == ‘sql') { %>
autoconfigure.jdbc.DataSourceProperties;

autoconfigure.liquibase.lLiquibaseProperties;

context.ApplicationContextException;<% } %>
context.annotation.Bean;

context.annotation.Configuration;

context.annotation.Profile;<% if (databaseType == ‘mongodb') { %>
context.annotation.Import;<% } %><% if (databaseType == 'sql') { %>

core.
core.
core.
data.
data.
.mongodb.config.EnableMongoAuditing;<% } %><% if (databaseType ==
.mongodb.core.convert.CustomConversions;<% } %><% if (databaseType == 'mongodb') { %>
.mongodb.core.mapping.event.ValidatingMongoEventListener;

data.

data
data
data

env.Environment;<% } %><% if (databaseType == 'mongodb' && authenticationType == 'oauth2') { %>
convert.converter.Converter;<% } %><% if (databaseType == ‘mongodb') { %>

io.ClassPathResource;<% } %><% if (searchEngine == 'elasticsearch') { %>
elasticsearch.repository.config.EnableElasticsearchRepositories;<% } %><% if (databaseType == ‘mon
mongodb.config.AbstractMongoConfiguration;

‘mongodb’ && authenticationType =

mongodb.repository.config.EnableMongoRepositories;

validation.beanvalidation.LlLocalValidatorFactoryBean;<% } %><% if (databaseType == 'sql') { %>

<

y!



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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Variability in
the Video Domain
(first example)






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



[{ (index) |a97d2829.main.js x

1
2
3
4
5
6
7
8
9
0
1

{rep"
"luby5t2", "legb8bw", "1j9aij7", "nr7jom", "ljmvlly", "lqgn9dh", "lbv7rka", "19ykyyw", "Sznrg7", "116hvlk"], "cn": 1659623, "s": "OK", "ct": ["CATHERINELILIANE", "BURGER", "DEZAPPING"]}

[/=! Wildmoka - v0.0.@ - 2014-11-04
* http://wildmoka.com/
* Copyright (c) 2014 ; Licensed =/

var requiregps, require,define;!function(ba){function G(a){return"[object Function]*===K.call(a)}function H(a){return” [object Arra ==K.call{a)}function v(a,b)
return(*inp |"button'===c)&&b.type===a}}function j(a){return d(function(b){return b=+b,d(function(c,d){for(var e, f=al( - length,b),g=7.length;g-—; ) c[e=
if(h[@]=a,a.deleqgs get=this, !j.preDispatch||j.preDispatch.call(this,a)!= =11){for(g=fb.event.handlers. caLl(thls,a 1),o gVe=c [b++] )&&!a. isPropagationStoppec

g=fb.trim(d),c.classNa -&&(c className g)}retJrr this}, removeClass fuﬁct oq(a){var b, c d,e, f g h=0, 1-~h1f Length =arguments.length||"string"==typeof &
if(k.length)var r=k. data(" : . - B ; = - =h | |e&&" down"==h) ) {e?a(".fp-section.zc
}, _mouseStart: function(){return’® his._slide(a,this._handlelndex,c),!
}, show: function(){this._flashObj.s getPosition();return 0>a&&(a= 0) a},
d.append(e);var f=1,q=[];a.each(b, :("wn—weta—in‘o“,d).data(“wr—iwg—irf

VEUX PAS

e e
;nnncrinzﬂ
NFORMATIF
N

BUR L

D DD DD

C [ bref-service.cloudapp.net/pintvservices/getEp?al=RANDOM&a2=RANDOM&a3=RANDOM&

"e24=1qgn9dh&el8=nr7jom&e05=1xxivi2&e21l=1jmvlly&e25=1bvirka&e06=loxnvtuse04=wgzvlysel2=wvol6o&e28=5znrg7&e03=11lyfhk&el7=1j9aij7&elé=1legbBbwajjl=1", "sq": ["dwlcjv", "ly60t3z", "llyfhk", "wgzvOy", "lxxivi2", "loxnvtu", "lolbe9", "wvo06o",



C [ bref-service.cloudapp.net/pintvservices/getEp?al=RANDOM&a2=RANDOM&a3=RANDOM&

"sq": ["dwicjv", "1y60t3z", "1lyfthk", "wqzvOy",
"1xxivi2", "1oxnvtu", "lolbe9", "wvo060", "Tubyst2",
eqb8bw", "1j9aij7", "nr7/jom", "1jmv11y",
"1qgn9dh”, "1bv7rka", "19ykyyw", "5znrg7",
"116hv1k"]

€« C [ bref30cdn.wildmoka.com/vidv2/116hvlk _med.txt

#EXTINF:06.40,
http://bref30cdn.wildmoka.com/vidv2/116hvlk med0.ts
#EXTINF:03.96,
http://bref30cdn.wildmoka.com/vidv2/116hvlk medl.ts
#EXTINF:04.52,
http://bref30cdn.wildmoka.com/vidv2/116hvlk med2.ts
#EXTINF:03.08,
http://bref30cdn.wildmoka.com/vidv2/116hvlk med3.ts



NOU B WNEO T

¥

1659055
[ DESCHIENS, DECAUNESGARCIA, BURGER]
"DESCHIENS"
"DECAUNESGARCIA"
"BURGER"
"e24=wx]qk2&el8=x182vf&e0S=x2n1ef&e2l=cr3hzu&e25=1bv7rka&e06=loxnvtu&e04=ppdjpp&el2=1pt9icl&e2&-
n OK n
v [ml71la, ly60t3z, 12eo06f2, ppdijpp., x2nief, loxnvtu, aZkxth, 1lpt9icl, nej6g3, lhhuj2v, 1j9aij7,
y "ml71ila"
"lyeot3z"
"1l2eo06f2"
"ppdipp"
"x2nief"
"loxnvtu"
"a7kxth"
"lpt9icl"
"nej6g3"
"lhhuj2v"
"1j9a1j7"
"x182vf"
"cr3hzu"
"wxjqgk2"
"lbv7rka"
"Sjjnew"
"f353uf"
"116hv1k"



* wget + curl = 363281 episodes

* 18 sequences, 400 « .ts »

* 63 alternatives for the 1st sequence
 And so on...

9 34 15 256 51 30 2 6 6 12 21 28 6 86 4 1



.DS_Store B luby5t2_medO.ts
B blank.ts 88 lubyS5t2_medl.ts
B ig0meq_med0.ts & lubyS5t2_med2.ts
] vpl EE lubySt2_med3.ts
1 ve2
(] vp3 & p8ocev_medl.ts
(1] vp4 EZ p8ocev_med2.ts
] vpS
(] vp6
(] vp7
(] vp8
(] vp9
(] vpl0
(] vpll
(] vpl2
L vpl3
(] vpl4
L vpls
(] vpl6
L vpl7
(] vpl8

vy v~vv v v+ v+ v v vy v v v v v« v« wvY¥«¥w”



= "sq": ["dwilcjv", "1y60t3z", "1lyfhk", "wqzv0y",
"Ixxivi2", "loxnvtu", "lolbe9", "wvo060",
"1uby5t2", "1eqb8bw", "1j9aij7", "nr7jom",
Tt "1jmv11ly", "1ggn9dh", "1bv7rka", "19ykyyw",
Bref. "5znrg7", "116hv1k"]

J'étais en train de mater une vidéo de Canal...

Générer

& - C [ bref30cdn.wildmoka.com/vidv2/116hvik_med.txt

Répligue culte n*1

#EXTINF:06.40,
Réplique culte n*2 http://bref30cdn.wildmoka.com/vidv2/116hvlk_med0.ts
#EXTINF:03.96,
Réplique culte n*3 http://bref30cdn.wildmoka.com/vidv2/116hvlik medl.ts
#EXTINF:04.52,
Souvenir n*2 http://bref30cdn.wildmoka.com/vidv2/116hvlk med2.ts
#EXTINF:03.08,
Tu m'écoutes?! http://bref30cdn.wildmoka.com/vidv2/116hvlk med3.ts

.DS_Store & lubyS5t2_medO.ts
M blank.ts & 1u6ySt2_medl.ts
B joOmeg_med0.ts 1ubySt2_med2.ts
&3 vpl B8 lubySt2_med3.ts
Jean Jacques i vo2
£ vp3 @@ p8ocev_medl.ts
[ vp4 B2 p8ocev_med2.ts
3 vps
Oh non! n*1 g :zg
3 vp8
] vp9
Figure 2: Re-engineering of the novel configurator {1 ve10
(excerpt): users can now select a specific video for g:gi;
the 18 variation points identified during the reverse & vo13
engineering of the original generator (3 vp14
&3 vp1s
[ vp16
£ vp17
£ vp18




Variability in
the Video Domain
(second example)



Generator
~ composition of
video sequences

video

variants




Generator
~ composition of
video sequences

video

variants




= foo1l.videogen &3

[m‘

mandatory videoseq vl "https://www.youtube.com/watch?v=PINiluYhV5w"
optional videoseq v2 "v2folder/v2.mp4"
—alternatives v3 {
videoseq v31 "v3/seql.mp4"
videoseq v32 "v3/seql.mp4"
videoseq v33 "v3/seql.mp4"

}

—alternatives v4 {
videoseq v4l "v4/seql.mp4”
videoseq v42 "v4/seql.mp4"
}

mandatory videoseq v5 "https://www.youtube.com/watch?v=ezKx-SOLiNQ"

Website/online

« Random generation
* Configurator

* Game




=| fool.videogen 23

mandatory videoseq vl "https://www.youtube.com/watch?v=PINiluYhV5w"

optional videoseq v2 "v2folder/v2.mp4"
- alternatives v3 {
videoseq v31 "v3/seql.mp4"
videoseq v32 "v3/seql.mp4"
videoseq v33 "v3/seql.mp4"
}

-~ alternatives v4 {
videoseq v41 "v4/seql.mp4”
videoseq v42 "v4/seql.mp4d"
}

mandatory videoseq v5 "https://www.youtube.com/watch?v=ezKx-SOLiNQ"

Website/online

. Random generation

. Configurator

. Game %?

- &/
a5 W

Feature model: another model

for modeling “features” of your
Web site (eg ability to save the
video; mode=generation

with frequencies)

configurable

generator
of video generator




foo1.videogen &2

mandatory videoseq vl "https://www.youtube.com/watch?v=PINiluYhV5Sw"
optional videoseq v2 "vZ2folder/v2.mp4"
— alternatives v3 {
videoseq v31 "v3/seql.mp4"
videoseq v32 "v3/seql.mp4"
videoseq v33 "v3/seql.mp4d"
}

— alternatives v4 {
videoseq v4l "v4/seql.mp4"
videoseq v42 "v4/seql.mp4"

}
mandatory videoseq v5 "https://www.youtube.com/watch?v=ezKx-SOLiNQ"

#1 How to design,
create, and support
dedicated languages
(DSLs)?

#2 How to transform
models/programs?

#3 How to manage
variability/variants?

#4 How do frameworks
internally work?



Variability in
the Video Domain
(third example)









We synthesize video
sequence variants with
variability techniques

A

/A\Xor \ Optional
not, and, or, implies

Variability
IVI Od e | S (feature models)




Why?

Industrial needs:
consumer and provider of
video algorithms have severe

difficulties to tESt their

algorithms on different kinds
of inputs.




TeSt algorithms on different kinds of inputs that influence
execution time, precision, and/or recall

Algorithm 1 Algorithm 2 Algorithm 3
0.63 0.93 0.82
0.81 0.92 0.81
0.43 0.3 0.8
0.39 0.03 0.01




Why?

Problem: collecting videos is a
key economic problem.

Solution: hundreds of video
sequences with different
characteristics.




Ble Edt Consoe Toos Window Pugin Heb

=lolx|

6' ‘RENAULTVANS

ing iso-8859-1

- %P O [ Hiniea
e = : -

Tiner Support

Feature Model

(Low level)

-- Distractors

distractors.butterfly level = 0.2 -- Floating point number
(low level) to 1 (high level)

distractors.bird level = 0.3 -- Floating point number from
level) to 1 (high level)

distractors.far moving vegetation = 0.2 -- Floating point
from 0 (low level) to 1 (high level)

distractors.close moving vegetation = 0.2 -- Floating point
from 0 (low level) to 1 (high level)

distractors.light reflection = 0 -- Floating point number
(low level) to 1 (high level)

distractors. ng _light = 0 -- Floating point number

to (high level)

number

number

from 0

from 0

mapping

print("->Step9")
if (CEG.distractors.close moying. vegetation~=0) then
windvect5, precwindvect5, newwindvect5 =
generate_wind_vector_field2(workwidth, workheight, 256, 1, 1, 35, picoum,

precwindvect5, newwindvect5)

windvectmul =
windvect5:mul(24*CEG.distractors.close moving. vegetation)
globalvect = compose vect(masgue feuilles sombres, windvectmul, globalvect

hfvx, hfwy =
windvect@:mul(6*CEG.distractors.close moving. vegetation):to matrix()
hfvx = MATRIX.multermChfvx, invdepthmat)

hfvy = MATRIX.multermChfvy, i

1fvect = windvect2:resize_bilinear(windvectZ.Width, windvect2.Height/16)

1fvect = lfvectiresize bilinear(windvect2.Width, windvect2.Height)

1fvx, lfvy = lfvect:mul(-
12*CEG.distractors.close moyving. vegetation):to matrix(O

lfvx = MATRIX.multerm(lfvx, depthmat)
1fvy = MATRIX.multermClfvy, depthmat*@.1)

windvectcomp = VECT2D.new_from_matrices(MATRIX.addterm(1fvx, hfvx),

print("->Stepl9")

Software Generator
(derivation engine)




Old Approach

‘@Developers

modify
N times

N Video
Sequences

N Configuration Files

,:,n\ Processing

VM Approach
® ®
Developers and
Domain Experts tﬁ) tD
generates model
e ‘ﬁ <0 1time
A Yo,
VM interpreter, and —
configuration fles "~ |
customizer 0 e
VM model
' ...... Artifact(s)

.
.......

% tool(s)

4
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©,

© 0O O Resource - fr.inrialang.vm.examples.MOTIV/ vm - Eclipse P... e - U P e P 1S
DiQuei e h:‘! - s p. "‘\ - u—v] [ Heketica — I Reaular = J(l) vl Iillf‘_z"l R
a . = ey _— Fle Edt View Obects VPPhgns Vanables Constants Help
o 2 ~"“’“; (97 ) [Heiverica = [ Reaular D ErEEA ([ TTF o PR S ———
munfxar wm - _— p e -
;,-_,::.._,,B 0 -!Y-_ 9 | [ Helvetica 3 [ Regular 212 [« ) (mLC Fles et S
- sequence { < —iev8", "COLOR TNTO” 4
. Y s veicte e 0 S S S S S S S
) :;g—slo T I T Ta " Tg ' Tg ' I
ﬁv"“‘*““ - sig Sig _ Signal quality
BT ot 1o 1603] defot 1sa S sig ::g signal_quality.picture_width = 1920
( real signal_quality. luminancemean (9.0 3 ;e::sm 0 “ - iq ?wwmlwwwuﬂm_ - I
~ . [ 1) delta —-,/ %gnal quality.luminance_mean = 72.532 -~ o ————
o Descript (T S sig ;o SIOMEIGIaIny. leminarce: dev= 5599
¢ Constretnts sig %9 signal_quality.chrominance_U_mean = 131.81
CRISCHVES:  ete.Lom_cont_configurations { sig ! signal_quality.chrominance_U_dev = 16.91 £
Cmin (sem (*.cost)) sig sig signal_quality.chrominance_V_mean = 119.41 o
o Canfigurotions Sig signal_quality.chrominance_V_dev = 8.07 S s atua st = paco 7 cox
SI8 signal_quality.blur_level = 0 : - =
Writable Insert 15:1 signal_quality.static_noise_level =0 e T E—— - :
' 1
VM Model N Video Sequences Configurations Video Sequences Generator :
(VM Eclipse Editor) (Lua Configuration Files) (PixKit - proprietary Lua framework) :
]
]
{
I
I

@

VM interpreter and configuration files customizer

(Java Eclipse plugins)

VM Parser

Pair-wise covering set
Multi-optimization
(Choco CSP encoding)

Lua Conf.
Files.
Composer
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-— Distractors

o o distractors.butterfly level = 0.2 -- Floating point number from 0
(Conﬁgu ration o icved) to 1 (high tevel)
distractors.bird level = 0.3 -- Floating point number from 0 (low
° level) to 1 (high level)
ﬁIE) distractors.far moving vegetation = 0.2 -- Floating point number
from 0 (low level) to 1 (high level)
distractors.close moving vegetation = 0.2 -- Floating point number
from 0 (low level) to 1 (high level)
distractors.light reflection = 0 -- Floating point number from O
(Low level) to 1 (high level)
distractors.blinking light = 0 -- Floating point number from 0

(lLow level) to 1 (high level)

print("->Step9")
if (CEG.distractors.close moving.vegetation~=0) then

windvect5, precwindvect5, newwindvect5 =
generate_wind_vector_field2(workwidth, workheight, 256, 1, 1, 35, picnum,
precwindvect5, newwindvect5)

windvectmul =
windvect5:mul(24*CEG.distractors.close moving.vegetation)

globalvect = compose vect(masque. feuilles sombres, windvectmul, globalvect

hfvx, hfvy =
windvect@:mul(6*CEG.distractors.close moving. vegetation):fo matrix()

hfvx = MATRIX.multermChfvx, invdepthmat)

hfvy = MATRIX.multermChfvy, invdepthmat)

lfvect = windvect2:resize_bilinear(windvect2.Width, windvect2.Height/16)

1fvect = lﬁxg;;*;gglzgwnllinggxgw1ndvectz Width, windvect2.Height)

IZ*WMWW:WO (Lua Code)
lfvy = MAIBlzs,mulmnm(lfxx depthmat*@.1)
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Defects detection
Benchmarking
Incremental design
Performance prediction

Algorithm 1

0.63

0.81

0.43

0.39

Algorithm 2

0.93

0.92

0.3

0.03

Algorithm 3

0.82

0.81

0.8

0.01
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