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o Software Product Line in a nutshell

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

— Realizing variability
— Product line engineering
* 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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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
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VOTRE PERSONNALISATION

Porte-monnaie Toile : 9x 7 x5 cm
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Couleur verso : Malabar
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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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config - Linux Kernel v2

] High Resolution Timer Support]
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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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0 T U N U N 0 B ) (/20 N W PR R
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Il 7 /N NN /7 7N LIN T vy 700
\_I_| 7/—\ \_\/ /_/—\ 17 |-l— N\ _)_)

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)
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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') { %>

<
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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(){ ...}} "

15




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; 16
/*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);
}

}

17




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);

}
}

18




(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

19

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

-




= "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




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 22
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 /
/

Compare Adobe Creative Suite 4 editions

-
Dwsen owon weo o Producton  Master

Sundard  Promiom  Standard Promium Collection

ronic Stability Control) with traction  hsses wech easenis vy """ USSLTS  Ussiam  Ussiess  Ussao usstes uss24s
d understeer control COMPONENTS
‘Adobe® InDosign® CS4 B . B usse
Acabo Protoshop® G54 Exended . duct. ussmm
S - pPro D
o Bt G54 . n (o) ; . e
. . . . . Usseo9
. . . . ussio
‘Adobe Froworks CS4 . . . . ussom
Adobe Contributed CS4 . . . ussi
Adobe Atter Eficts® CS4 . . Usso
Agobe Pramieres Pro CS4" . . st
‘Adabe Soundbooth® C34 . . . ussi
Adobe OnLocation™ CS4* . .
Adobe Encore® CS4* . .
[ shanep reaTumes, semvices, ano APPLCATIONS
/Adobe Bridge CS4 . . . . . .
‘Adabe Device Contral CS4 . . . . . .
‘Adobe Dynamic Link . .
Adobe Version Cus® CS4 . . . . .
( 7 ~
| EE Notepad.java ‘ EE Actions.java l B Main.java EZ\ = O ||outline =0
output. setText (t.toString()); alo -
program. setText(t.eval(""});
equation. setText (base) ; 3 % | & | = =Ry
updateQuarkPanel () ; OC: null 4|
} IERS (1)
pe RUCTOR: false'
apply. addActionlistener {new ActionListener() { de SARANETERS (0)
= actionPer formed(Actjopige
“co N_TYPEZ
— IETERS (1)
if (ladvice.isSelected()) { -DIMENSIONS: 0
t = t.apply(new advice("a" + layerno)); VN_EXCEPTIONS (0)
}
if (intro.isSelected(})) { bk [4443, 805]
t = t.apply(new intro{"i" + layerno)}); STATEMENTS (S)
} J = IfStatement [4450, 73]
if (gadvice.isSelected(}) { =) EXPRESSION
£ =ct.apply(nev gadvice("g" + layerno)); = [Viethodinvocation [4454, 161}
] Em-_smrzwmﬂ
if (hoa.isSelected() || LSE_STATEMENT: null
|1 ladvice.isSelected() || intro.isSelected() & IfStatement [4529, 80]
Boadsecselactadiiatseil IfStatement [4615, 7]
ladvice.setSelected(false) ; & IfStatement [4785, 457]
intro.setSelected(false) ; g —
equation.setText{"F' + layerno + "{" + equation.g
+ o & &
« i | _»IJ Kl w




)7 | RENAULT VANS

Tiner Support

Variability Model

mapping

v v

Configuration

X X

Base Artefacts (e.g.,
models)

e




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)










What’s the problem (if any)?

#include <stdio.h>

#1fdef WORLD

char * msg = "Hello_World\n";
#endif

#1fdef BYE

char * msg = "Bye_bye!\n";
#endif

main() {
printf(msqg);
}
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Feature Models

Syntacs, Semantics
Feature diagram, Formula



A\

Feature Model

Communicative ‘f%% M

Analytic '&

Generative




¥CarEquipment
¥ ® Healthing
7

AirConditioningFrontAndRear
AirConditioning

v ® Comfort

O AutomaticHeadLights
¥ ® [DrivingAndSafety

v
SAControl x
FrontFogLights x

¥Constraints
AutomaticHeadlights = FrontFoglLights
SAControl » FrontFogLights = AirConditioningFrontAndRear

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

Or-group: at least one!

34




¥CarEquipment
¥ ® Healthing
vA,
AirConditioningFrontAndRear

AirConditioning (L Optional /é\ Xor-Group
v ® Comfort

O AutomaticHeadLights
¥ ® DrivingAndSafety l Mandatory /A\ Or-Group
A
SAControl
FrontFogLights
¥ Constraints
AutomaticHeadlights = FrontFoglLights
SAControl » FrontFogLights = AirConditioningFrontAndRear

{AirConditioningFrontAndRear, FrontFogLights, SAControl}
{Ca rEquipment, Comfort, {AirConditioningFrontAndRear, SAControl}

{AutomaticHeadLlights, AirConditioning, FrontFogLights}

i {AirConditioningFrontAndRear, SAControl, AutomaticHeadLights, FrontFogLights
Healthing} {FrontFogLights, AirConditioning}

{AutomaticHeadLights, AirConditioningFrontAndRear, FrontFogLights}
{FrontFogLights, AirConditioningFrontAndRear}

{SAControl, AirConditioning}

DrivingAndSafety,

35



(Boolean) Feature Models

Hierarchy + Variability = set of valid configurations

v

ve fml

VA,
71

* A

Oy

U
veép

A
R

5
¥ Constraints
U = =5
V=R

[fm1] = {
{W,P,R,S,T,A,V},
{W,P,8,T, A},
{W,P,R, T, A},
{W,P,R,U},
{W,P,R,T,V, A},
{W,P,R,S,T, A},

}
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(Boolean) Feature Models

~ Boolean formula

l Optional /0\ Xor-Group
l Mandatory/‘\ Or-Group

¥ Constraints
U = =5
V=R

dfm, = W // root
AW < P// mandatory
/ / Or-group
ANP=RVS
AR=PANS=P

AV =T // optional

A A << T // mandatory
/ / Xor-group

AT =W

ANU=>W

ATV U

/ / constraints

AV = R // implies

A U = 8 // excludes |




Typical implementations

uuuuuuuuuu

VAN

logics

tttttttt

solvers

result “J‘SQ 5 %“% 35
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Formal semantics of a language

— formal syntax (L) — clearcut syntactic rules
defining all legal diagrams, a.k.a. syntactic domain

— semantic domain (S) — a mathematical
abstraction of the real-world concepts to be
modelled

— semantic function (M: L — S) — clearcut semantic
rules defining the meaning of all legal diagrams



¥CarEquipment
¥ ® Healthing

A

AirConditioningFrontAndRear

¥ Constraints
AutomaticHeadlights = FrontFoglLights
SAControl » FrontFogLights = AirConditioningFrontAndRear

Definition 2 (Feature Diagram) A feature diagram  FD =
(G,EpmanD,Gxor,Gor,I,EX) is defined as follows: G = (F,E,r) is a
rooted, labeled tree where F is a finite set of features, E C F x F is a finite
set of edges and r € JF is the root feature ; Epqyanp € E is a set of edges
that define mandatory features with their parents ; Gxor € P(F) x F and
Gor € P(F) x F define feature groups and are sets of pairs of child features
together with their common parent feature ; I a set of implies constraints whose

form is A = B, EX is a set of excludes constraints whose form is A = —-B
(A€ F and B € F).

Definition 3 (Feature Model) An FM is a tuple (FD,v) where FD is a
feature diagram and 1 is a propositional formula over the set of features F.

AlrConditioning (L Optional /é\ Xor-Group
v ® Comfort
O AutomaticHeadLights
¥ ® DrivingAndSafety l Mandatory/‘\ Or-Group
A
SAControl
FrontFogLights

40




¥CarEquipment
v ® Healthing
vA,
AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadLights
¥ ® DrivingAndSafety
A
SAControl
FrontFogLights

(L Optional /é\ Xor-Group
l Mandatory/‘\ OIFElRN

¥ Constraints

AutomaticHeadLights = FrontFogLights
SAControl » FrontFogLlights = AirConditioningFrontAndRear

Definition 1 (Configuration Semantics) A configuration of an FM fr
defined as a set of selected features. [ fm,] denotes the set of valid configura
of fm, and is a set of sets of features.

{CarEquipment, Comfort,
DrivingAndSafety,
Healthing}

X

{AirConditioningFrontAndRear, FrontFogLights, SAControl}
{AirConditioningFrontAndRear, SAControl}

{AutomaticHeadLlights, AirConditioning, FrontFogLights}
{AirConditioningFrontAndRear, SAControl, AutomaticHeadLights, FrontFogLights
{FrontFogLights, AirConditioning}

{AutomaticHeadLights, AirConditioningFrontAndRear, FrontFogLights}
{FrontFogLights, AirConditioningFrontAndRear}

{SAControl, AirConditioning}
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Quizz

1) Give two feature models with the same
configuration semantics but with different

syntax

2) Does it matter ?



A
A Feature Model Synthesis Problem
A= BA [Czarnecki et al., SPLC’'07]
C=>AAN [She et al., ICSE'11]
D=>A [Andersen et al., SPLC'12]

¢ FAMI liAR

— i3 x|
B B
fm2 = FM (B : A [C] [D] ; ) *
fm3 =FM (B : A ; A : [C] [D] ; )
fm4 = FM (A : B [D] ; B : [C] ; ) () O A
fm5 = FM (A : B [C] ; B : [D] ; ) Al IDIIC
bl2 = compare fml fm2 Dl [C
bl3 = compare fml fm3
bl4 = compare fml fm4
bl5 = compare fml fm5
assert (bl2 eq REFACTORING) 43




#1 Reverse Engineering Scenarios

H ? 4
* [Haslinger et al., WCRE’11], [Acher et al., VaMo0S’12]
P | v | P | R | D | o | T | M | S | K | Ad | Ae | C | // from product descriptions to feature models
P1 VivIivI|Iv I Vv |V v | Vv v // typically something generated by VariCell (see VaMoS'12 paper or the dedicated web page)
v vV v v v 7 7 fm_1 = FM (VOD: RAe TD P AdKV 0 ; )
30 A A N A A A A 3 = ™M (VOD: A T D P AdKYO ;)
m_3 = 1 Ae £
llzg 5 i 7 5 5 5 5 7 5 7 fm_4 = FM (VOD: TAe DP VKO ;)
fm_5 = FM (VOD: R T Ae DPAdKVOC ;)
Po |V IV IVIVIVIV v v fm_6 = FM (VOD: RTD PAd VKO C ; )
PT | VIV IVIVIVIY v a4 fm_7 = FM (VOD: R TAe DP VKO C ; )
PR |V IV IV IV I VIV v v fm_8 = FM (VOD: RTDPKV O0C ; )
P9 |V |V vV Iiv |V v |V v v fm_9 = FM (VOD: Ae TD P Ad VKO C ; )
P10 v v v v v v v v fm_10 = FM (VOD: TDPAdKV OC ;)
PIl | v | ¥ v I v v V3 v v fm_11 = FM (VOD: Ae TD P VK O C ; )
PRIV VY 7 71| |Ta33 2 M (Voo R S D P AdV KOM 5 )
g}i j j j 5 j j 5 j v fm_14 = FM (VOD: RS DPKVOM; )
fm_15 = FM (VOD: SDPAdVKOM; )
PI5 | v | ¥ ans VIV YV fm_16 = FM (VOD: SDP VK OM ; )
P16 | v | v vV |V v | V|V

// fmR represents the union of configurations/products
aracterized by fm_1, fm_2, ..., fm_16
merge sunion fm_x

ksynthesis fmR with hierarchy=VOD : VPRDO ; O : KAd ; D: TM; T: AeC; M:

VoD
Play Record Display oS

Mobile Kernel Advanced

Aerial Cable Smart




#2 Refactoring

[Alves et al., GPCE’06], [Thuem et al., ICSE’09]

= ksynthesis

efactoring!

‘me’withhierarchy=VOD:VPRDO;O:KAd;D:TM;T:AeC;M:S;

\

v

\

/A

P N—

Ae

M Ad K

C requires T
Ae requires T
S equals M

@) D

Advanced

Aerial Cable

reso:

4~ a |

fml> comBare fmR fmR2

(STRING) REFACTORING




Feature Model SemanticS

e As configuration semantics is not sufficient...

* Ontological semantics

— Hierarchy
— And feature groups

46



QU 122 (back to Feature Model)

Definition 2 (Feature Diagram) A feature diagram FD =
(G,EpanD Gxor,Gor,I,EX) is defined as follows: G = (F,E,r) is a
rooted, labeled tree where F is a finite set of features, E C F x F is a finite
set of edges and r € F is the root feature ; Epyanp C FE is a set of edges
that define mandatory features with their parents ; Gxor € P(F) x F and
Gor C P(F) x F define feature groups and are sets of pairs of child features
together with their common parent feature ; I a set of implies constraints whose
form is A = B, EX is a set of excludes constraints whose form is A = —-B
(A€ F and B € F).

Definition 3 (Feature Model) An FM is a tuple (FD,vy) where FD is a
feature diagram and 1 is a propositional formula over the set of features F.

Given a set of configurations s, can we always
characterize s with a feature diagram fd ?

ie [[fd]] =s

In other words: is the formalism of feature diagram expressive
enough wrt Boolean logic?

47



Feature Diagram ?

s = {{A},
{A,C,B},
{B,A},
{C,D,A},
{D,A},
{A,D,B},
{A,C}

}




s = {{A},
{A,C,B},
{BIA}I
{C,D,A},
{D,A},
{A,D,B},
{A,C}

Feature Diagram ?

fml=FM (A:[B][C] [D] A
// B, C and D are optional features of A




Feature Diagram ?

Identifier License Language | Storage | LicenseCostFee | RSS | Unicode
Confluence | Commercial Java Database US10 Yes Yes
PBwiki Nolimit No No Yes Yes No
MoinMoin GPL Python Files No Yes Yes
DokuWiki GPL2 PHP Files No Yes Yes
PmWiki GPL2 PHP Files No Yes Yes
DrupalWiki GPL2 PHP Database | Different Licences | Yes Yes
TWiki GPL Perl FilesRCS Community Yes Yes
MediaWiki GPL PHP Database No Yes Yes

ﬂ

.

v,

i

D

\Mandatorv

Storage <-> Unicode GPL2 > PHP
B| = Communiy <>FieRCS | = Gp( 5 storage
= Commercial <-> US10
FileRCS <> Perl
Unicode <-> Language

US10 <> Java

DifferentLicenses -> -GPL
Database -> -Python
Nolimit -> -DifferentLicenses
Unicode -> -Nolimit
LicenseCostFee -> -Files

VSN

Ao:
Axo.

\’om,



Quizz

Feature Model (bis)

s = 1A}, 1B}

fd="7



Feature Model: Key Insights

* Semantics
— Configuration and ontological

* Syntax
— Feature diagram vs Feature Model
— Feature diagram not expressively complete

* Feature models are a (syntactical) view of a
propositional formula

52



Synthesising
Feature Models
(from semantics to
syntacs)




O e R e .

Ganeral
RS | VNS | RECTRE VEWCLES | ROWANTBUSIWESS | USED RS | OWNER SCRVES | ABOUT ROWAT | ROVAIT S0
Recaul UK > RanaultVans > New Kangoo Van Range > Kangoo Van > Buld yourown Kargoo Van > St Oters. W)
I Koo pxthrercus o, view andprsecovesdiegcven
NEW KANGOO VAN RANGE P a Ven
o1 Pofoences. o2version 3 Equipment & options
efecton sl vens
sl > -
oPTIONS
> comroRT <
5Pl Devepment
| Cartat storage conse & e betwosn 000 o Renfoeg

e 0 Tos
> oRVING 07eam

Eocte dormirors 2000
> SAFETY & SECURTY

| ESC Eoctoic Sabity Conto) wih vacton 2000

eresscy

® 0 0 2o,

Synthesising

o FAMIliAR

/A\XO" \ Optional
not, and, or, implies

Varlablllty MOdGlS (feature models)



iidiii

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

|
|
1

|

EERR R
11313118 ;3
iiiiii




Source code

Configuration
files
) Feature model
synthesis

Textual
Requirements

Spreadsheets

Feature model synthesis problem

Input: ¢, a propositional formula representing the dependencies over a set of features F.

Output: a maximal feature model with a sound configuration semantics

- /




For a given configuration set,

many (maximal) feature diagrams

o

[ Wiki |

/./

|Programmmg Langusqol | Storage | Llconu

Java

PHP

A/\

MySQL | |PostgresaL Pmpﬂﬂﬂrv

Wiki |

EQ { PostgreSQL <=> Proprietary License }
={ PostgreSQL => Doman }

EX = [ Proprietary License => |Programming Language,

Local => Proprietary License }

Hoetlng
Hostad
sonrcs | | Locat Servics
Domaln

Hosted

Opsn Sourcs | | Proprstary Local Postgrs(  |Programming

saL Languags

service MysaL Licsnse
N
Domaln

PHP

Java

EQ = { MySQL <=> Open Source, PostgreSQL <=> Proprietary License }
RE = { Java => Programming Language, PHP => Programming Language }
EX = { PostgreSQL == 'Open Source, Local => Hosted Service }

W = Local v Hosted Senvice

57



P

Maximal feature diagrams
“as much logical information as possible is
represented in the diagram itself, without
resorting to the constraints”

Java

mysaL | |Postgresal| |Propristary| [ opgn Hostsd . N
Licsnas Source — Service | |
etal

EQ = { PostgreSQL <= Propnet.ary License } Hosted MysSaL Opan Sourcs | |PrOPMEtany Local Postgre| |Programming
RE= ( F’ostg’eod. J) Service Licanss saL Language
EX={ Propnetzy anense > IProgramming Language, Domaln | [}

Local => Proprietary License } A EQ = { MySQL <=> Open Source, PosigreSQL «<=> Proprietary License |

| RE = { Java => Programming Language, PHP == Programming Language }
Domaln EX = { PostgreSQL == 'Open Source, Local => 'Hosted Service }
PHP Java
UJ = Local v Hosted Service
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Maximal feature diagrams
“as much logical information as possible is
represented in the diagram itself, without
resorting to the constraints”

Quizz:

give a non maximal feature diagram

Wiki o
..,-J-' | Wiki
IProgrammlng Languagol | Storage | I License | n
/é\ /O\ | /O\ |
Java PHP MysaL | |PostgresaL| |Propristary
Open Hostad
Licsnse Source Local Sarvice .’ )
EQ={PostgreSQL <= Propnetary License } J) ;";‘;nt’;‘:‘: MysSQL Opsn Sourcs P"L‘:g::afy Local Postgra| |Programming
RE = { PostgreSQL => Doman } saL Languags
EX= {Propnetxyanense !Programming Language, Domaln |
Local => Proprietary License } (l) EQ=- {My QL «<=> Open Source, PosigraSQAL <=> Proprietary License }
o RE ={Java= Programmlng Langu. age PHP = Program gL.anguage}
Domaln EX= {P stgreSQL == 'Open Source, Local = 1Hosted Service }
PHP Jav.
W = Local v Hosted Senvice




(1) compute all possible feature groups,

mutual exclusions, (bi-)implications
(2) arbitrary/default choices; or user knowledge

FMO

Source code

Configuration

files
i Feature model FM1
Textual synthesis
Requirements

Spreadsheets

Feature model synthesis problem

Input: ¢, a propositional formula representing the dependencies over a set of features F.

Output: a maximal feature model with a sound configuration semantics

- /




—

N

9
10

11
12
13

14

(¢ : formula over F rooted in r, r € F)

> Find and remove all dead features
D={feF|pAr— —f}

¢ =pld+— 0lgep

> Compute the implication graph G(V, E)
V=F\D
E={(u,v) eV XV ]|pAu— v}

> Compute strongly connected components
VI ={SCV |SisaSCC of G}

> Make edges between SCCs creating a DAG
E'={(u,v) e V! x V' |u#v and
Ju' € u,v €v. (v,v') € E}

> Compute the mutex graph M(V, Ey)
Exy ={{u,v} CV'| 3 € u,v' ev.pAu — '}

> Compute mutex-groups

Gm = {{(flap)a .. a(fk)p)} | {fla- . ',fk} is
a maximal clique in M and Vf;. (fi,p) € E'}

> Compute or-groups

GO - {{(flyp)yy(fk’p)} | f{ V'“Vf],c 1S

a prime implicate of ¢ A p’ and
p' € pand Vf;. f! € fi A (fi,p) € E'}

> Compute xor-groups

Gx = {{(flap)a- . -1(fkap)} € Go I Vi 7é.7 (fz’ f]) € Ex}

Andersen et al. « Efficient Synthesis of Feature Models », SPLC’12



(F5 -> F2) A (F2 -> S) A SYNTETIC_ROOT_FEATURE A
(F6 -> IF5) A (F1 -> S) A (SYNTETIC_ROOT FEATURE
>S) A (F4->S)A(S->F2) A (F6->F2) A ((IF2 | F6) |
(IF2 | F5)) A (S -> SYNTETIC_ROOT FEATURE)

fm1 S

FT F2 F4

N

FS F6

fml> computeImplies fml

computeImplies fml ===> {(F1 -> F2);(F5 -> S);(S -> F2);(F6 -> F2);(F4 -> S);(F1 -> S);(F5 -> F2);(F4 -> F2);(F2 -> S);(F6 -
fml> cliques fml

cliques fml ===> {{S;F2}}

fml> computeXORGroups fml

computeXORGroups fml ===> {[F6, F5] -> S (XOR);[F6, F5] -> FZ2 (XOR)}

fml> computeMUTEXGroups fml

computeMUTEXGroups fml ===> {}

fml> computeExcludes fml

computeExcludes fml ===> {(F5 -> !F6)}



Quizz
There and Back Again

1) Translate this feature model to a

propositional formula

2) Compute the
synthesis « structures »

F2

~F5

F6
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Key: Binary Implication Graph

Sound and complete representation of possible hierarchies

I

Peripheral Support Premium

Windows || Linux || MacOS Keyboard | | Mic | | Webcam Text | |Audio| |Video

Mutex A o \, Mandatory TeXt_=> Key.board
o Audio => Mic
A Xor \, Optional Video => Webcam




Sound and complete representation of
possible hierarchies

Mic Linux Premium Account MacOS

Skype

0OS

Support

Peripheral



For a given configuration set,

many (maximal) feature diagrams

with different ontological semantics

[She et al. ICSE’11, Andersen et al. SPLC’12, Acher et al. VaMo0S’13]

[ Wlkl |
| Programming Language | | Storage | Llconu Hoetlng
Java PHP MysaL | [PostgresaL( [Proprietary Local Hostad
Sourco Servics
EQ { PostgreSQL <=> Progrietary License } J’
={ PostgreSQL => Doman }
EX = { Proprietary License => |Programming Language, Domaln

Local => Proprietary License }

[ Wiki | /O\Mnu Ao\ vansaey
. A\ xor "\ opton
Hosted Propristary
Service MySQL Open Source License Local P"s‘;{‘ Pmﬂ""';gl:ﬂ
i EQ = { MySQL <=> Open Source, PosigreSQL <=> Proprietary License }
— RE = { Java => Programming Language, PHP => Programming Language }
Domaln EX = { PostgreSQL == 'Open Source, Local => 'Hosted Service }

PHP

Java

W = Local v Hosted Senvice
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For a given configuration set, many (maximal) feature diagrams with
different ontological semantics [She et al. ICSE’11, Andersen et al. SPLC’12, Acher et al. VaMoS’13]

—

26

(=X

[
=14

=71

-1

o0
(o
=

PostgreSQL

MySQL

License

Domain

Proprietary License

Local

Programming Language

Java

Storage

PHFP

Open Source

Wila

Hosting

Rt I N A RN [ B Bt RN N B e B e

R I N RN B RN N B Bt B B R R [ s

EAR R N B RN e e R e e RN RN B

Rt I N N B RN [ e et B e R R [ g
EARN RN N RN BN B RN RN B RN BN B e

R I N RN BN N B Bt B RN B B [ e

R I N N NN 4 N Bt B R R e

R I N N NN [ B Bt B RN B R [ e
\\\\X\XXXK\\\KE
EARN NN B RN RN RN RN B RN RN -

Hosted Service

(a) Product comparison matrix (v feature is in the product ; X feature is not in the

Wiki |

N

N\ wassty

product) ;
[ Wlkl
I Programmm; Language I | Storage | Llcome Hoatlng
Java PHP WysaL | |PostgresaL| | Propristary - Hosted
Sourco Service
EQ={Pos|geSQL<->PmpnetaryLoense} J)

RE = { PostgreSQL => Doman }

EX={ License => |Programming Language, Domaln

Proprietary
Local => Proprietary License }

saL

Programming
Language

EQ = { MySQL <=> Open Source, PosigreSQL «<=> Proprietary License }
RE = { Java => Programming Language, PHP => Programming Language }

=
0.
Hostsd ota
oote® | | mysaL | |open sourcs| |PijEnetary Local
N
Domaln

PHP

Java

EX = { PostgreSQL == !Open Source, Local = 1Hosted Service }

W = Local v Hosted Senvice




Importance of ontological semantics (1)

Wiki O Ao e
‘ o A

xor "\, Optona

Licenss Hosting

Hoated
Sarvice

sta | -
MySaL Open Source | [ PTPD=ATY p— Pﬂg‘ PWM:I":G

Domaln

EQ = { MySQL <== Open Source, PosigreSOL <== Proprietary License |
-t RE = { Java == Programming Language, PHP == Programming Language |

EX = { PosigreSQL == 'Open Source, Local == 'Hosted Service }

PHP Java
lIJ = Local v Hostlad Sarvice °
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Importance of ontological semantics (2)

Choose your Wiki
Do you want to choose Open Source as your Select your License: What would you like to choose?
storage system?
() Proprietary License ) PostgreSQL
@ Yes, | want.
© Local @ Programming Language
© No. ) None

() None.
Should your hosted service provide a Domain ?

@ Yes.

) No.

Choose your MySQL database:

@ JAVA
©) PHP

() None.
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Importance of ontological semantics (3)

AN A

(=N
— o ==ys
I Wiki | /(D:?\W“ A Choose your Wiki
‘h\\ r
\\\ urce as your Select your License: What would you like to choose?
Storage License ) Proprietary License () PostgreSQL
© Local @ Programming Language
© None ©) None.

Should your hosted service provide a Domain ?

@ Yes.

Hosted Propristary
sarvice MySaL Open Source Licanas Local Postgre ) No.
| Choose your MySQL database:
A EQ = { MySQL <== Open Source, Posj © JAVA
o RE = {Java == ProgramGiial 3nqus _
Domaln EX = { PostgreSQL = A - ) PHP
PHP Java ) None.
W = LocaNgl:

Communication
Comprehension

Forward engineering (e.g., generation)
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Importance of ontological semantics (4)
Bad FM

=— ——
| Storage I License Hoetlng
/q Lesrs
Java PHP Proprista o
MysQL | |PostgresaL Pﬂ ry Local Hostad
SOun:o Sarvics
EQ = { PostgreSQL <=> Proprietary License } Hoated MysaL Open Source Propristary Local Postgra| |Programming
RE = { PostgreSQL => Domain } JJ Service Licanss saL Language
EX = { Propristary License => |Programming Language, Domaln
Local => !Proprietary License } EQ = { MySQL «<=> Open Source, PosigreSQL <=> Proprietary License }
b RE = { Java => Programming Language, PHP => Programming Language }
Domaln EX = { PostgreSQL == 'Open Source, Local => 1Hosted Service }
PHP Java
lU = Local v Hosted Service
Good configuration interface Bad configuration interface
(%) Wiki Wizard = RS [ (2 wiki Wizard [ESHEENE
Choose your Wiki Choose your Wiki
~ Storage  License ~ Hosting  Storage ’ License " Hosting
Select your storage system: Select your License: Select your Hosting : Do you want to choose Open Source as your Select your License: What would you like to choose?
- @® Local storage system? .
® MysQL ) Proprietary License o . () Proprietary License () PostgreSQL
~ 2 @ Yes, | want. _
) PostgresQL {® Open Source ) Hosted Service i © Local @ Programming Language
) No. =
Should your hosted service provide a Domain ? ) ENoue ) None.
) Yes. Should your hosted service provide a Domain ?
® No. @ Yes.
~ Programming Language © MNo.
Select the programming Language : Choose your MySQL database:
® JAVA o JAVA
) PHP ) PHP
) None. © Hote.

Two product configurators generated from two FMs with the same configuration semantics
but different ontological semantics.




Most of the existing approaches neglect either
configuration or ontological semantics.
We want both!

L, - T |Refactoring

2 ""*IMerging . FMh L(_(‘

1 T ] '-:'_i" ...................... 4
e &

L /”' '-._‘__
¢, —->| Slicing /‘
FMa |

G- N

| Diff Ontologlc-aware
By Feature Model Synthesls
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Fundamental Problem

Selecting a Spanning Tree of the Binary Implication Graph (BIG)

A‘c\
RN AL
T o TR IR .

. 1 ‘-

w SN "

Y/ ) "%
Al

L )
A
L] oS A
’

Hosted Servic: ok ; v
St
Proprietary Lﬁ Local Programming Language
IF
PostgreSQL PHP Java




Fundamental Problem

. Implication Graph (BIG)

Selecting a Spanning Tree of the

Hosted Service

Hosting

Domain

/.

Proprietary License

I,

PostgreSQL

License

Storage

Local

eighting edges

Open Source

4

y
MySQL

N\

Programming Language

PHP

Java
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Fundamental Problem

Implication Graph (BIG)

Selecting a Spanning Tree of the

#1 Ranking lis

Hosted Service

/AN

Domain

- "="MysaL

Storage ~

License ~
_ense

Open Source ~

Wiki ~
Open Source ~ L

Wiki ~

Hosting

Storage

License

Local

each feature

Open Source

4

y
MySQL

N\

Programming Language

PHP

Java
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Fundamental Problem

Selecting a Spanning Tree of the Binary Implication Graph (BIG)




Fundamental Problem

Selecting a Spanning Tree of the Binary Implication Graph (BIG)

Cliques

>
o Storage

o Wiki

>

o PostgreSQL

o Proprietary License
>

o MySQL

o Open Source




Fundamental Problem

ﬂ
AR
2

\ -‘

LY

-
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Fundamental Problem

Selecting a Spanning Tree of the Binary Implication Graph (BIG)

T #4 reduced BIG

omplete but dramatically reduce the problem

inc

Open Source

/ x
MySQL in
S A k
Local Programming Language Proprietary License
/A ‘

PHP Java PostgreSQL
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Ontological Heuristics

For optimum branching, computing ranking lists and
clusters

— ~ « closedness » of features based on their names

Syntactical heuristics

— Smith-Waterman (SW) and Levenshtein (L)
Wordnet

— PathLength (PL) and Wu&Palmer (WP)

Wikipedia Miner offers an APl to browse Wikipedia's
articles and compute their relatedness 40 GB!

- Wi kti O n a ry (Wi kt) Milne, D.N., Witten, I.H.: An open-source toolkit for mining

wikipedia. Artif. Intell. 194, 222{239 (2013) 80



WebFML FAMIlIAR

Familiar # Toggle Console Enter filename. ., ecute FAMILIAR code  Reset variables’ emvironment  Save as..,
= Ewiepositony o "
FML Editor KSynthesis
B mwiki.dimacs ' ! frmmavikd =
B user_study.fml . ’ . " - dfmwiki =
E rmz,dinac); Ranking fists = Smith Waterm » Clustering  Smith Waterm « 0,5 = W Undo MW Redo Complete = Save s L2
& frowvikl.fml i - e :
Wikl License Storage ["Programming
& fm1.dimacs PrEVieW Language”] ; License: ("Proprietary
License™|"Open Sowce”) ; Storage:
Wiki (PostgreSOL|MySOL) : “Programming
! Language®; (Java|PHP) ; ("Proprietary License*
-= "Programming Language®); (PostgreSOL <-=
‘Froprietary License®)
| Programming Language [ License [ Storage ]
[ Java] [ PHP ] Open Source I
Ranking Lists Clusters Cliques
= Proprietary License > ?
License = License = Storage
« Proprietary License = License
Wik - S — o Wikl
Storage v dn
Storage »
o @ PostgreSQL . PostgresoL
PostgreSQL « o MySQL = Proprietary License
+ PostgreSQL >
+ MysQL o MySOQL
= Open Source
FAMILIAR LnCerpreter
Syntheslslng in progress... over fmwiki

tml=

resl

compare fmwikl badfrw ik
REFACTORING
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Support and Empirical Study (1)

Goal: evidence and empirical insights of what heuristics
are effective and what support is needed in WebFML

* Dataset
— 120+ feature models of SPLOT

— 30+ product comparison matrices from Wikipedia (see
Becan et al. ASE’14 and ASE’13)

— Ground truths are known

e Effectiveness of techniques (reduced BIG + ontological
heuristics)
— One shot synthesis

— Quality of the ranking lists (top 2), clusters
— Comparison with randomized and existing techniques



Support and Empirical Study (2)

Default heuristics/support has been determined through
an empirical study

* Dataset
— 120+ feature models of SPLOT

— 30+ product comparison matrices from Wikipedia (see
Becan et al. ASE’14 and ASE’13)

— Ground truths are known

e Effectiveness of techniques (reduced BIG + ontological
heuristics)
— One shot synthesis

— Quality of the ranking lists (top 2), clusters
— Comparison with randomized and existing techniques



Support and Empirical Study (3)

Default heuristics/support has been determined through
an empirical study

* One-step synthesis is far from the ground truth
— despite state-of-the-art techniques we have developed
— interactive support is thus crucial

e State-of-the-art heuristics for ranking lists and clusters

* Empirical insights on « cliques » and BIG reduction
— e.g., support for unfolding of cliques
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Support and Empirical Study (3)

Breathing Ontological Knowledge Into Feature Model
Synthesis: An Empirical Study

Guillaume Bécan, Mathieu Acher, Benoit Baudry, Sana Ben Nasr

» To cite this version:

Guillaume Bécan, Mathieu Acher, Benoit Baudry, Sana Ben Nasr. Breathing Ontological
Knowledge Into Feature Model Synthesis: An Empirical Study. Empirical Software Engineer-
FAMILIAR-p ing, Springer Verlag (Germany), 2015, pp.51. <10.1007/s10664-014-9357-1>. <hal-01096969>

P branch: master v

gbecan on 11 Jul Update links to KSynthesis / / H H / -
e -  https://hal.inria.fr/hal-01096969
0
37 lines (26 sloc) 2.867 kb Raw Blame History S

Empirical Evaluation of Ontologic-aware Feature -
Model Synthesis "
X

How to reproduce the experiments

To reproduce the experiments you have to clone two github repositories:

http://tinyurl.com/
OntoFMExperiments

« KSynthesis repository (version used: ESE-evaluation).
+ FAMILIAR (version used: ESE-evaluation)

The first repository contains the algorithms and heuristics for synthesizing a correct and meaningful FM. It also contains
an Evaluation project with the two FM datasets (SPLOT and PCM) and the necessary code to run the experiments. The
second repository is a dependency for the algorithms.

The SPLOT dataset contains 126 FMs encoded in SXFM format. The PCM dataset contains 30 FMs encoded in fmlbdd
format.

To use heuristics based on Wikipedia, you need to install additional files.
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She et al.
Reverse Engineering Feature Models ICSE’11
(Linux/eCos/FreeBSD case study)

Configuring FreeBSD:

# IPI_PREEMPTION relies on the PREEMPTION option

# Mandatory:
Device apic # I/0 apic

# Optional:
options MPTABLE_FORCE_HTT #enable HTT CPUs ...
options IPI_PREEMPTION

Code:

MODULE_DEPEND (at91_twi, iicbus, ..);
#ifdef A ... #endif

Features and dependencies are scattered through code and
documentation.
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Mining Configuration Constraints:
Static Analyses and Empirical Results

Sarah Nadi
University of Waterloo,

Thorsten Berger
IT University of

Christian Kastner
Carnegie Mellon

Krzysztof Czarnecki
University of Waterloo,

Canada Copenhagen, Denmark University, USA Canada
Problem Space (Sec. 2.1) Solution Space (Sec. 2.2, Sec. 3)
Variability
Model Build Source
Files Files Code
Configurator
VELLEIG TypeChef | Build & Code | FARCE
Model Analysis
< Analysis ; < A\ ;
42 Option ][ option g|
= . L basename (NEW)
s COREUTILS @ Archive iies Bcat (NEw)
v c Console Utilities --@date (NEW)
c ‘s Debian tilities
S -~ Support %[numIN nanosecond format specifier (NEW)
8 CHCON=> SELINUX @ Eﬁ:;?;; Utilities g 5uzgon weird 'date MMDthmm[[YY]Yg][.ssl‘ furmat_..'l]
= LAST_SMALL => UTMP S Init Utilities < i
£ | PLAT_LINUX | o ! . ;
E ) @ t“g'"/:a:;";;") Management Utilit | [ Fhaple 1ISO date format output (-1) =
E DATE NANO * v L::d: M);dule U;?I?t?es (FEATURE_DATE_ISOFMT)
H t stem ilities .
= — _ Crosstree Constraints | 3 T ot deniicatio_) | 725525 150 date ormatoutpt (1
Miscellaneous Utilities dep: DATE
Networking Utilities default: y
V Networking . i dep: DATE
Empirical Study P A _»l_l defined at coreutils/Config.in:29 -
(Sec. 4)
Obj. 1 Obj. 2 0Obj. 3
Accuracy & Scalability Recoverabhility Constraint Classification | #ifndef Y | #if defined(Z)&&defined(X)
2 void foo() { ... } 2 ..
. 0,
Spec. 1: 93% accurate 19 % 3 #endif 3 #ifdef W
Spec. 2: 77% accurate 24% 4 4 ..
1 K 5 gifdef X 5 #endif
\ unknown 6 void bar() { foo (); } 6 ..
\ 7 #endif 7 #endif
\
\ Other 17% 23%
A Analyses fx Domain
A 5/ static
\ o

19%



She et al. Reverse Engineering Feature Models ICSE’11

os_kernel
# ifd.ef A scheduler «+» os_kernel o
#ifndef B networking — os_kernel | scheduler | | networking |
#error bluetooth — networking
#endif bluetooth
#endif

bluetooth is a network driver.

Descriptions

Codebase —> Feature names —>| Feature Model

Dependencies

Leverage both names and descriptions for additional
domain knowledge.



os_kernel

#ifdef A scheduler «+» os_kernel
She et al- Reverse #ifndef B networking — og_kemel [ scheduler | [ networking |
: : #error ... bluetooth — networking
Engineering Feature sendif
’ #endif
Models ICSE’11 bluetooth is a network driver.

Descriptions

Codebase ——> Feature names

}—» Feature Model

Dependencies

Leverage both names and descriptions for additional
domain knowledge.

Merging

|[Hefactoring :

slicing

Source
_,_.‘_Cg_dfeA :

Diff

\/

g:. .......................... ;
L FMa
Ontologlc-aware

Feature Model Synthesls

d;

2"
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She et al. Reverse Engineering Feature Models ICSE’11

Ontological heuristics (based on
feature descriptions)

Feature similarity.

Feature names and descriptions

os_kernel Operating system.
scheduler 1/0 scheduling.
networking Networking drivers.

ethernet Type of local area networking.

Selecting a parent for:

bluetooth, a network driver.
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She et al. Reverse Engineering Feature Models ICSE’11

Ontological heuristics (based on
feature descriptions)

Feature similarity.

Feature names and descriptions

os_kernel Operating system.
scheduler 1/0 scheduling.
networking Networking drivers.

ethernet Type of local area networking.

Selecting a parent for:

bluetooth, a network driver.
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She et al. Reverse Engineering Feature Models ICSE’11

Ontological heuristics (based on
feature descriptions)

Feature similarity.

Feature names and descriptions

os_kernel Operating system.
scheduler 1/0 scheduling.
networking Networking drivers.

ethernet Type of local area networking.

Selecting a parent for:

bluetooth, a network driver.



She et al. Reverse Engineering Feature Models ICSE’11

Ontological heuristics (based on
feature descriptions)

Feature similarity.

Ranked list

Feature names and descriptions

1. networking Networking drivers.

2 ethernet Type of local area networking.
3. os_kernel Operating system.

4 scheduler 1/0 scheduling.

Selecting a parent for:

bluetooth, a network driver.
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She et al. Reverse Engineering Feature Models ICSE’11

Empirical results

How many features have their reference parents ranked in
the top 5 of our RIFs?

e Linux: /6% of features, eCos: /9% of features.
* |gnoring root features, 90% for Linux and 81% for eCos.

* For incomplete descriptions, At least 50% of words needed
for good results (roughly 10 words in Linux).
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Clusters

o

o

o o o o o¥ o oWV o

o}

Preview

Undirected l Graph type I

Connected Ci
Directed
Strongly Cont

[ Graph Product Line ] [ Minimum Spanning Tree Kruskal ] [ Minimum Spanning Tree Prim ] [ Weight ]

Graph Produc
Graph type

Weight

Weighted Algorithms s n
Unweighted

o Minimum Spanning Tree Prim
Search o Minimum Spanning Tree Kruskal

Depth-First Search
Breadth-First Search
i
v
Minimum Spanning Tree Prim

Ofe
Minimum Spanning Tree Kruskal FAM I I I AR 95




Managing
Feature Models



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



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);

98



'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;

01



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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= =

L] I_E
O Ol l‘%—‘l
e L

L
SoC support = Composition/Decomposition |:=|

for managing
large, complex and multiple

feature models

FORM 1998, Tun et al. 2009 (SPLC), Hartmann 2008 (SPLC), Lee et al. 2010, Czarnecki 2005, Reiser et al. 2007 (RE journal), Hartmann
et al. 2009 (SPLC), Thuem et al. 2009 (ICSE), Classen et al. 2009 (SPLC), Mendonca et al. 2010 (SCP), Dunghana et al. 2010, Hubaux et

al. 2011 (SoSyM), Zaid et al. 2010 (ER), She et al., 2011 (ICSE), etc.



aggregateBasics.fml

Composing Feature Models (1)

fml = FM (A : B [C] [D] ; D : (E|F) ; C -> lE; )
fm2 = FM (I : J [K] L ; )

fm3 = FM (M : (N|O|P)+ ; )

cst = constraints (J implies N ; )

// equivalent to aggregate { fml fm2 fm3 }
fm4 = aggregate fm* withMapping cst

(L Optional /0\ Xor-Group
l Mandatory /A\ Or-Group

vfm4a
ve )
vyOD

vA
E

¥ Constraints
C = -E
J=N 104




aggregatel.fml

Composing Feature Models (2)

fmd =

dfmd4d = deads fm4

// composition sometimes leads to

fml = FM (A : B [C] [D] ; D : (E|F) ; C -> IE;
fm2 = FM (I : J [K] L ; )

fm3 = FM (M : (N|O|P)+ ; )

cst = constraints (J implies C ; )

// equivalent to aggregate { fml fm2 fm3 }
aggregate fm* withMapping cst

"anomalies"

)

fml = FM (A : B [C] [D] ; D : (E|F) ; C -=> !E; )
fm2 = FM (I : J [K] L ; )

fm3 = FM (M : (N|O|P)+ ; )

cst = constraints (J implies N

// equivalent to aggregate { fml fm2 fm3 }

MacBook-Pro-de-Mathieu-2:FML-scrip
FAMILIAR (for FeAture Model script

fml> cores fm4

res@: (SET) {C;fmd4;A;]1;I;B;L;M}
fml> falseOptionals fm4

resl: (SET) {F;C}

fml> operator fm4.C

res2:
fml> operator fm4.F
res3:
fml> sibling fm4.F
res4: (SET) {E}
fml> deads fm4
res5: (SET) {E}
fml> operator fm4.E
res6:
fml> fmd

fm4: (FEATURE_MODEL) fmd4: A I M ;
A: [D] B [C] ;

I: J L [K] ;

M: (PIN|O)+ ;

D: (E|F) ;

(C —> 'E);

(] —>_C);

cher$ java -jar -Xmx1024M
Langua
S Laboratory

(VARIABILITY_OPERATOR) OPTIONAL

(VARIABILITY_OPERATOR) ALTERNATIVE

(VARIABILITY_OPERATOR) ALTERNATIVE

r manIpulation and Automatic Reasoning)
University of Nice Sophia Antipolis, UMR CNRS 6
https://nyx.unice.fr/projects/familiar/

fm4 = aggregate fm* withMapping cst p
vfma4 Previou[s7
ve , . <
vO D version
../FML-0.9.9.5.jar a v
eta)
® 3
©C
ve l Optional /6\ Xor-Group
®)
® | l Mandatory/‘\ Or-Group
O K
ve M
A
P
N
0
¥ Constraints
C=-E
J=C 105



mergeMI.fml

erging Feature Models (1)

¥ Medicallmage

Viledicalimage ¥ Medicallmage © Anonymized
Z g:'gg:ﬂm'zed ® Anonymized vf z':IOM
v e MRl © Header 5 =
v @ MRI
v A o 11 O T2
Tl o T2 ¥ Constraints
T2 T1 = Anonymized
fmsuppl = FM (MedicalImage [Anonymized] MRI [DICOM] ; MRI : (T1|T2) ; )
fmsupp2 = FM (MedicalImage Anonymized MRI [Header] MRI [T1] [T2] ; )
fmsupp3 = FM (MedicalImage [Anonymized] MRI [DICOM] ; MRI : [Tl] [T2] ; Tl -> Anonymized; )

sl = configs fmsuppl
s2 = configs fmsupp2
s3 = configs fmsupp3

s123

fmSupp =
assert
fmCommon =

sC = configs fmCommon
sC2 =

merge sunion fmsupp*

setIntersection sl s2

setUnion s3 setUnion sl s2

(size s123 eq counting fmSupp)

merge intersection { fmsuppl fmsupp2 }

¥ Medicallmage
O Anonymized
vo _
vA
DICOM
Header
v ® MRI
Tl
© T2
¥ Constraints
Header = Anonymized

¥ Medicallmage
® Anonymized
v ® MRI

vA
T1

T2




Merging operation (2)

fml = FM (A : B ; B : C ;) L omors A\ v
fm2 — FM (A : B ; B : [ C ] ; ) lMandatory/‘\ Or-Group
fm3 = FM (A : [C] ; C : [B] ; )
fm4d = merge sunion { fml fm2 fm3 }

YA VA VA

veée g veéeg vOcC
®C ©C O B
> configs fm4
resl2: ?SET) {{C;A}L{A;B};{A};{A;B;C}} ?



_compare.fml Comparing Feature Models

fm0 = FM (A: (B|C) ; ) ,v vA
fml = FM (A: (B|C)+ ; ) v A

University of Nice Sophia Antipolis, UMR 6070, I3S Laboratory
a| https://nyx.unice.fr/projects/familiar/
fml> cmp23

cmp23: (STRING) REFACTORING

fml>

MacBook-Pro-de-Mathieu-2:FML-scri macher$ java -jar -Xmx1024M ../FML-0.9.9.5.jar
C FAMILIAR (for FeAture Model script La e for manIpulation and Automatic Reasoningl

assert (cmpl0 eq GENERALIZATION)

fm2 = FM (A: B [C] [D]; ) VA
fm3 = FM (A: B [C]; B : [D]; ) ".’E
cmp23 = compare fm2 fm3 o c
No Products Products
Added Added
No Products e q
Deleted Refactoring Generalization

@
Products @ CO@

Deleted Specialization  Arbitrary Edit

see also Thuem, Kastner and Batory, ICSE’'09

C

// example taken from Automated Analysis of Feature Models

l Optional /6\ Xor-Group
l Mandatory /A\ Or-Group
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FAMIliAR

Combining operators:
an example



A

Merge Intersection: Available Suppliers

WRegistration
O Affine
v ® Header

vA
v3

vl
v ® Modality
®CT
v ® Format
A
DICOM
Nifti

W Registration
v ® Header
® 1
v ® Modality
® CT
v ® fFormat
A
DICOM
Nifti

@

Suppliers? —
Products? @

N

A

W Registration
O Affine
v ® Header

vA
v2

vl
v ® Modality
® MRI
v ® Format
A
Nifti
GE

W Registration
v ® Header

® 1
v ® Modality

A
CcT

MRI
v ® Format
vA
DICOM
Nifti
¥ Constraints
DICOM = —=MRI

W Registration
© Rigid
v ® Header

vA
v3

v2
v ® Modality

A
PET

MRI
v ® Format
® Nifti

A

b 4

A customer
has some
requirements
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suppliersExample0.fml

In FAMILIAR

REGsuppl = FM (Registration : Header Format Modality [Affine] ;

Header : (v1]|v3);

Format : (DICOM|Nifti) ;
' Modality : CT; )
REGsupp2 = FM (Registration : Header [Affine] Format Modality ;

Header : (vl1]|v2);

MacBook-Pro-de-Mathieu-2:FML-scripts macher$ java -jar -Xmx1024M ../FML-0.9.9.6.jar suppliersExample@.fml
FAMILIAR (for FeAture Model scrIpt Language for manIpulation and Automatic Reasoning) version 0.9.9.6 (beta)
University of Nice Sophia Antipolis, UMR CNRS 6070, I3S Laboratory
https://nyx.unice.fr/projects/familiar/

fml> 1s

(FEATURE_MODEL) REGsupp3

(FEATURE_MODEL) REGsupp2p

(FEATURE_MODEL) REGrequired

(FEATURE_MODEL) REGsupp3p

(FEATURE_MODEL) REGsupplp

(FEATURE_MODEL) REGsupp2

(FEATURE_MODEL) REGsuppl

fml> REGsupp3p

REGsupp3p: (FEATURE_MODEL) False

fml> REGsupplp

REGsupplp: (FEATURE_MODEL) Registration: Header Modality Format ;

Header: vl ;

Modality: CT ;

Format: (DICOM|Nifti) ;

REGsupplp = merge intersection { REGrequired REGsuppl }
REGsupp2p = merge intersection { REGrequired REGsupp2 }
REGsupp3p merge intersection { REGrequired REGsupp3 }



A

Merge Union: Availability Checking

W Registration
O Affine
v ® Header

vA

3
vl

VRegistration
v ® Header

vA
v3

v2
vl
v ® Modality

vA
PET

CcT
MRI
vo _
VA,
Affine
Rigid
v ® Format
vA
DICOM
Nifti
GCE
¥ Constraints

GE = MRI

GE = -v3

CT = -2

Rigid = Nifti

DICOM = CT

vl = -Rigid

CT = -Rigid

vl = =PET

PET = -Affine

pdality
cT
rmat

DICOM
Nifti

Yes!

“compare”

D

A

V¥ Registration
O Affine
v ® Header

vA
v2

vl
v ® Modality
® MRI
v ® Format
A
Nifti
GE

W Registration
v ® Header

® 1
v ® Modality

A
cT

MRI
v ® Format

¥ Constraints
DICOM = —=MRI

A

W Registration
© Rigid
v ® Header

vA
v3

v2
v ® Modality

vA
PET

MRI
v ® Format
® Nifti

Can suppliers provide all products?

(I) Optional /6\ Xor-Group
l Mandatory /A\ Or-Group
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suppliersExample.fml

REGsuppl

REGsupp2

REGsupp3

REGrequired = FM (Registration

REGmspl

merge sunion REGsupp*

FM (Registration

FM (Registration

FM (Registration

In FAMILIAR

Header Format Modality [Affine]

Header [Affine] Format Modality

Header [Rigid] Format Modality

: Header Format Modality ;

cmp = compare REGrequired REGmspl

//missingSPL =

merge diff { REGrequired REGmspl }

I

-

-

Header :
Format :
Modality

Header
Format :
Modality

Header
Format
Modality

Header :
Format :
Modality:

(vl|v3);
(DICOM|Nifti) ;
: CT; )

(vl|v2);
(Nifti|GE) ;
: MRI; )

(v2|v3) ;
Nifti ;
: (MRI

PET); )

vl ; //v3;
(DICOM|Nifti) ;
(MRI|CT);

!DICOM or !MRI;

)

// merge all FMs whose variable identifier starts
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Merging operation: implementation issues

¥ Medicallmage
O Anonymized
© DICOM
v ® MRI
vA
Tl
T2
fmsuppl = FM (MedicalImage
fmsupp2 = FM (MedicalImage
fmsupp3 = FM (MedicalImage

¥ Medicallmage

© T2

® Anonymized C DICOM

O Header v & MRI
v e MR @
© 11 ° T2

¥ Medicallmage
O Anonymized

¥ Constraints
T1 = Anonymized

[Anonymized] MRI [DICOM] ; MRI : (T1|T2) ; )
Anonymized MRI [Header] ; MRI : [T1l] [T2] ; )
[Anonymized] MRI [DICOM] ; MRI : [T1l] [T2] ; Tl -> Anonymized;

// computing the union of sets of configurations like this is COSTLY

sl = configs fmsuppl
s2 = configs fmsupp2
s3 = configs fmsupp3

sl23

// you WONT scale
//on.

fmSupp = merge sunion fmsupp*

assert (size sl1l23 eq counting fmSupp)

setUnion s3 setUnion sl s2

)

l Optional /A\ Xor-Group

i or-G
Medical Image lMandatory/A\ r-Group

Anonymized

Header| | DICOM

™| (T2

Header excludes DICOM
Header implies Anonymized
Anonymized v Header v ~DICOM v ~T1 v ~T2

Anonymized v Header v DICOM v ~T1 v ~T2 114



Merging operation: semantic issues (2)

Sy = {
Medical \. Mandatory
{MI, MA,F,CT, Nifti}, mage_ A xer \ ons
¢ {MI,MA,F,CT,Nifti, AN}, Modality Format
Acquisition
{MI,MA,F,DICOM, MRI, AN} /O\ \
cT MRI Nifti DICOM| |Anonymized
Union } DICOM requires MRI
. MRI requires Anonymized
Intersection Nifti requires CT

Diff :
" How to synthesise a feature model that represents

the union of input sets of configurations?

" !

Anonymized| |Format

- Acquisition
Modality Anonymized
Acquisition
Nifti . T DICOM excludes Nifti
cT e;r éIZZZZ”SISC%M CT MRI MRI requires Anonymized
Nifi | |DICOM MR cr (L i
W; = CT | Anonymized
Nifti | |DICOM W: = DICOM | Nifti
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Merging operation: algorithm

¥ Medicallmage
O Anonymized
© DICOM
v ® MRI

A\
T1

T2

P

¥ Medicallmage
® Anonymized
O Header
v ® MRI
Tl
S

?

¥ Medicallmage
O Anonymized
O DICOM
v ® MRI
°T1
© T2
¥ Constraints
T1 = Anonymized

?

¢

123

How to synthesiseaifeature

model that

resen

. Angnymize
+ union SFTAYSE s

configurations?|

merged propositional formula

Set mandatory features

Detect Xor and Or-groups
Compute “implies/excludes”

constraints

eader | | DICOM |

merged hierarchy

¥ Medicallmage
© Anonymized
vOo _
vA
DICOM
Header
v ® MRI
°T
© T2
¥ Constraints

_ e

l Optional /0\ Xor-Group
l Mandatory /A\ Or-Group




mergeNonPC.fml

Merging operation: back to hierarchy

fml = FM (A : B B : C ;) J optona A\ orcrus
fm2 = FM (A : B ; B : [C] ;) LA™
fm3 = FM (A : [C] ; C : [B] ; )

fm4d = merge sunion { fml fm2 fm3 }

we we

YA VA VA
ve g veg vOC
® C O C C B
> configs fm4 ?
res12: (SET) {{C;A};{A;B}:{A};{A;B;C}} °



FAMIliAR

Another application of
composing feature models

(purpose: automated synthesis of feature models)



Problem: multiple ,,car models”

echnik () J

T

Sitemap  Terms of Use




Problem: multiple ,,car models”




Problem: multiple ,,car models”




Problem: multiple ,,car models”

#1 — top-down: specify constraints (e.g., excludes) of all model lines upfront

#2 — bottom-up: elaborate a feature model for each model line and merge them




#1 top-down

[ ®
Modelline { [ J o
group oneof {

AudiAl { [ o
AudiAl -> (ALl |1 AlSportback); [ ] [ ]
AudiAl -> (Door3 || Sportback);

%, : ® ®

AudiA3 . .

{

AudiA3 -> (A3 |1 A3Sportback |1 A3Cabriolet |l S3 Il S3Sportback |l RS3Sportback); [ ] [ ]
AudiA3 -> (Door3 || Sportback Il Cabriolet);

. ® ®

AudiA4 . ‘

{

AudiA4 -> (A4Saloon |1 Ad4Avant || A4AllroadQuattro || S4Saloon || S4Avant); o o
AudiA4 -> (Saloon || Avant || AllroadQuattro);

N ' ® ®

AudiAs . .

{

AudiAS -> (ASCoupe |1 ASSportback |1 ASCabriolet || S5Coupe || S5Sportback |1 S5Cabriolet 11 RSSCoupe); [ ] o
AudiAs -> (Sportback |1 Coupe Il Cabriolet); .

h

AudiA6
AudiA6 -> (A6Saloon |l ABAvant);

AudiA6 -> (Saloon || Avant);

b BodyStyle {

group oneof {
Saloon

Saloon -> (A4Saloon Il S4Saloon || A6Saloon |1 A8 Il ASL || ABWI12);
h

Avant

{
Avant -> (A4Avant || S4Avant || ABAvant);

} 1
Door3

{
Door3 -> (AL I1 A3 |1 S3);

} 1
Sportback

{

h
Coupe

{

Sportback -> (AlSportback |1 A3Sportback |1 S3Sportback || RS3Sportback || ASSportback |1 SSSportback |1 A7Spor

Coupe -> (ASCoupe |1 S5Coupe |1 RSSCoupe |1 TTCoupe |1 TTSCoupe |1 TTRSCoupe |1 R8Coupe);
}!
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#1 bottom-up

FM_1



audiMerge.fml |

#1 bottom-up (FAMILIAR)

FM_1

¢ fml> fmAudiS = merge sunion { fml fm2 fm3 }

¢ fmAudiS: (FEATURE_MODEL) Audi: ModellLine BodyStyle ;

fModellLine: (A1]|A4[A3) ; i sy
¢ BodyStyle: (Saloon|Door3)? (Cabriolet|AllroadQuattro)? (Sportback|Avant)? ;

i1 (A4 -> !Sportback);

1 (A1 -> !Avant);

¥(A1 -> !Saloon);

5(A3 -> !Saloon);

; (A4 —> !Cabriolet);

p (A1 -> !AllroadQuattro);
tE(Al -> !Cabriolet);

1 (A4 -> !Door3);

(A3 -> !Avant);

:(A3 -> !AllroadQuattro);

R it B T s D
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FAMIliAR

Decomposition support

(and its combination with other
operators)



Building “views” of a feature model

* Problem: given a feature model, how to
decompose it into smaller feature models?

* Semantics?
— What's the hierarchy
— What's the set of configurations?

127



A first try

& optional X Xor-Group

A Or-Group
& Mandatory

fm0
| R |
| P1 | | P2 | P3
P1=>P2
A3 =>P1
P2 => A5
A

| M/\|K2 A3 =t A5

A3 A4 A5 A6

Problem: You can select A3 without AS




Slicing Operator

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

constraints

E implies D

R implies E

D excludes F

S implies (F and not E)

constraints T

E implies D
D implies E

S E| [D




Slicing operator: going into details
projected set of configurations

l Optional /0\ Xor-Group
l Mandatory/‘\ Or-Group

fm1

constraints
E implies D
R implies E
D excludes F

S implies (F andnot E)

fmlp ={
D,E, T},

g‘-} =1
5,
il
S, T},
{S,T},

{D,E,T}
}

frirb® £ {

{ABEQIEERA, LW},
{ABEE,PBI, TN},
{ABEQIEERA, TN},
{ABE,CE,PB,S, UMV},
{ABEEPBS, TN MY},
{ABEEPBI, T},
{ABEOEP,RH, VMY,
}}
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{DI EIT}I
{5,T}

Slicing operator: going into details
synthesizing the corresponding feature model

existential
quantification

of features
not included
in the slicing
criterion

fm1

constraints
E implies D
R implies E
D excludes F

S implies (F andnot E)

constraints T

E implies D
D implies E

L Optional /45\ Xor-Group
l Mandatory /‘\ Or-Group




Slicing operator with FAMILIAR (1)

fml = FM (W : PT [U] ; T : [V] A ;
A : BC [D] ;
c : [E] [F] ;
P : (R|S)+ ;
E implies D ; R implies E ;
S implies (F and !E) ; D implies !F ; )

fm2 = slice fml including { S T E D }
fm2bis = slice fml excluding { WP RV A BCFU}

cmp = compare fm2 fm2bis
assert (cmp eq REFACTORING)

fm1 (L Optional /6\ Xor-Group
l Mandatory /A\ Or-Group
constraints T
E implies D
D implies E
constraints
E implies D
R implies E =
D excludes F S E D
S implies (F andnot E) 132




Slicing with FAMILIAR (2)

fml

FM (W : P T [U] ; T : [V] A ;
A : BC [D] ;
C [E] [F] ;
P (R|S)+ ;
E implies D ; R implies E ;

S implies (F and !E) ; D implies !F ; )
fm2 = slice fml including fml.A.* ++ { fml.A }

fm3 = slice fml including fml.P.* ++ { fml.P }
//fm3bis = slice fml including { fml.P fml.R fml.S } // equivalent to fm3

fm4 = slice fml including { fml.E fml.D fml.F }

fts5 = { fml.P fml.W } ++ fml.P.*
fm5 = slice fml including fts5
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From marketing,
customers, product
management

Q7 | RENAULT VANS ¥ e =

From existing software
assets (technical variability)

RENAULT. = Mainjava 53 = B outine =8
CAMS | VANS | ELECTRICVEMCLES | RENAUTBUSWESS | USED CARS | OWNER SERVICES | ABOUT RENALLT | RENALLT SHOP output. setText (&, coString()) ; alo =
Renault UK > RenaultVans > New Kangoo Van Range > Kangoo Van > Buid your own Kangoo Van > Selact Optons Pprogran. setText (t.eval ;
aiuation. setText (base) ; 3 x| & | = = EY
updateQuarkPanel () ; oC: nl =l
NEW KANGOO VAN RANGE ) IERS (1)
e RUCTOR: false'
B apply- venex (new Aetionlistener (] ( SARAMETERS (0)
public void actionPerformed(ActionEvent ) { N TVRE2
01 Preferonces 02 Version 03 Equipment & options. L -
TETERS (1)
[ < proviows | [ > | s | if (ladvice.isSelected(}) ( —DIME"SIO"‘S"D'()
© = t.apply(new advice("a" + layerno)); |VN_EXCEPTIONS (0
OPTIONS B el ¥
1f (intro.isSelected()) ( hck [4443, 805]
> CoMFORT © = t.apply(new intro("i" + layernol); STATEMENTS (5)
</ Contalsorago console & armvest botwoen £5000 8
seats
> DRVING
Electic door mirors 2000
> SAFETY & SECURITY ) @ IfStatement [4529, 80]
/| ESC (Elactonic Stabilty Control) with tracion 20000 LISEStetent 4615 ATz Y
and undersicescontol ladvice.setSelected(false) ; 2
intro.setSelected(false); Ifstatement [4785, 457
equation.setText("F" + layerno + "(* + equation.q
+ & g
< | x| I»I_I




<h

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

VVP1
© vl
© V3
© V2
¥ Constraints
V2 = V3

From marketing,
customers, product
management

usefulness

VAR

V1 < f1
V2 & f2
V3 & 13

-/

realizability

VR
ve
v A
F1
F2
C Fq
® F3

From existing
software assets




Realizability checking

(1)aggregate

i Optional /O\ Xor-Group
l Mandatory/‘\ Or-Group

VaoFM
venp
v A slice (“realizable part”)
Fl vVP1 (P
F2 ve
O F4q -
® 3 VA
v e \p1 x;
o v .3 (fv1,v3,v2,vP1},
O V2 {V1,VP1},
¥ Constraints {V3,VP1},
(F1=V1)a (V1= F1)
(F2 = V2) & (V2 = F2) @ compare {VP1}} .
i merge diff
(F3 = V3) A (V3 = F3) )
(“unrealizable products



i ) \with FAMILIAR

/ *

* Metzger et al. 2007, RE'07
* Disambiguating the .....

* Figure 1, Section 3

*/

fmSoftware = FM (R : (F1|F2) F3 [F4] ; )

- 4wy = r ey - r ey w5 ey TN w - wp N -y N

MacBook Pro-de-Mathieu-2:FML-scripts macher$ java -jar “Xmx1024M . ./FML-0.9. 9 6.jar realizability.fml
FAMILIAR (for FeAture Model scrIpt Language for manIpulation and Automatic Reasoning) version 0.9.9.6
University of Nice Sophia Antipolis, UMR CNRS 6070, I3S Laboratory
https://nyx.unice.fr/projects/familiar/

fml> 1s

(FEATURE_MODEL) gFM

(FEATURE_MODEL) fmSoftware

(FEATURE_MODEL) fmPLDiff

(FEATURE_MODEL) fmPLPrime

(FEATURE_MODEL) fmPL

(SET) xLink

fml> configs fmPLDiff

resl: (SET) {{VP1;V1};{VP1;V3};{VP1};{V3;V1;VP1;V2}}
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Revisiting Merge: | osora /A X

Aggregate + Slice L=\

FMref |

<<reqmres>>

constraints

(Anonymized < (l.Anonymized v |;.Anonymized v l,.Anonymized)) A atmost1 (l,.Anonymized, |;.Anonymized, l,.Anonymized);

(T2 (1.T2 v 1,.T2 v 1,.T2)) A atmost1(1;. T2, 1,.T2, 1,.T2);

(DICOM <> (1,.DICOM v 1,.DICOM)) A atmost1(l;.DICOM, |1,.DICOM);

(Medicallmage < (l;.Medicallmage v |;.Medicallmage v |,.Medicallmage)) A atmost1(l,.Medicallmage, |;.Medicallmage, l,.Medicallmage);
(MRl & (Ip.MRI v [1.MRI v 12.MRI)) A atmost1(l;.MRI, 1,..MRI, 1,.MRI);

(T & (I.T1vI1.T1 v I12.T1)) A atmost1(l.T1, 1,.T1, . T1);

(Header < |,.Header);

Figure 7.10: Merge of three feature models, I, I; and I, using the slicing operator

Medical Image

|Header| | DICOM |

~ ~ ~Header v ~DICOM
Header <<requires>> Anonymized
Anonymized v Header v ~DICOM v ~T1 v ~T2 138
Anonymized v Header v DICOM v ~T1 v ~T2

Anonyized




mergeWithAggregateMI.fml

Revisiting Aggregate,
Merge and Slice:

fmsuppl =

fmsupp2
fmsupp3

fmSupp =

FM (MedicallImage : [Anonymized] MRI [DICOM]
FM (MedicalImage : Anonymized MRI [Header]
FM (MedicalImage : [Anonymized] MRI [DICOM]

merge sunion fmsupp*

fmSuppAgg = aggregateMerge sunion fmsupp*

fmSuppAggSlice = slice fmSuppAgg including fmSupp.*

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

fml> compare fmSuppAggSlice fmSupp
res4: (STRING) REFACTORING

¥ MergeCST
v ® Medicallmage
© pICOM
© Anonymized
O Header
v O MRI
o711
° T2
v ® |nputFMs
vA
¥ Medicallmage 1000
© DICOM1000
© Anonymized1000
v ® MRI1000
vA
T11000
T21000
¥ Medicallmage1001000
© Anonymized 1001000
v ® MRIL001000
© T21001000
© T11001000
© DICOM1001000
¥ Medicallmage2001000
v ® MRI2001000
© T12001000
© T22001000
© Header2001000
® Anonymized2001000
¥ Constraints
(Anonymized1000 v Anonymized1001000 v Anonyt
(Medicallmage2001000 v Medicallmagel000 v Med
(DICOM1001000 v DICOM1000 = DICOM) ~ (DICOM
(T21000 v T21001000 v T22001000 = T2) A (T2 =
T11001000 = Anonymized1001000
(Header2001000 = Header) » (Header = Header20C
(T12001000 v T11000 v T11001000 = T1) A (T1 =
(MRIL001000 v MRI2001000 v MRI1000 = MRI) A (N




“ GitHub, Inc. [US] https://github.com/FAMILIAR-project/familiar-documentation/blob/master/manual /composition.md

o - This repository ~  Search or type a command ® Explore Gist Blog Help FAMILIAR-project Ef ¢ I

PUBLIC FAMILIAR-project / familiar-documentation GbWatch ~ A Star 1 PFork 2

P branch: master ~  familiar-documentation / manual / composition.md =

<

FAMILIAR-project 3 months ago Update composition.md
1 contributor ©
n
[E file | 648 lines (536 sloc) | 29.216 kb Edit Raw Blame History -
- - - - - - %
Composing your Compositions of Variability .,
1]

Models b

X

This document presents:

+ acomprehensive tutorial on feature model composition, showing the equivalence of various operators and mechanims offered
by the FAMILIAR language
« numerous examples (toy examples or based on the revisit of existing works)

The associated FAMILIAR scripts are located in the git repository of the FAMILIAR scripts' repository.
There is an appendix section at the end of the document that demonstrates FAMILIAR sessions when executing the scripts.
Our ultimate goal is to provide solutions that fulfill the various needs of variability model composition.

Authors

* Mathieu Acher (University of Rennes 1, Inria / Irisa, Triskell team)

« Benoit Combemale (University of Rennes 1, Inria / Irisa, Triskell team)
« Philippe Collet (University of Nice Sophia Antipolis)

+ Olivier Barais (University of Rennes 1, Inria / Irisa, Triskell team)

+ Philippe Lahire (University of Nice Sophia Antipolis)

+ Robert B. France (Colorado State University)




Reverse Engineering
Variability



Reverse Engineering

Component
Models

Dependencies f:

Files

Source Code

g b

A

‘!
=S e

B P

—

*D&%L/Dhﬁ
,M: £

Compose/Decompose
Configure
Analyse
Generate

Product
descriptions

Regulatory
Requirements

Web
Configurators




Conclusion

* Modeling variability

— Syntax and semantics of feature models; synthesis
(from semantics to syntax)

— Reasoning and operations for feature models

e Basis for reverse engineering variability

— Code base, textual inputs, tabular data, configuration
files, “variants”
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Find

Acher
Allier
Barais
Baudry
Becan
Behjati
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Combemale
Davril
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Filho
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Modeling and Reverse
Engineering Product Lines

First name

Q

Mathieu
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Olivier
Benoit
Guillaume
Razieh
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Q
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Q
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Postdoc

Associate Professor
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Professor
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o
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yes

DiverSE

Diversity-Centric Software Engineering
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Synthesising T

License v Price v Language Support ¥ Language v WYSIWIG Vv OpenCompare
[ Q| = ° o Q| © [

Commercial 10 Yes Java Yes

NoLimit 20 Yes

NoLimit 10 Yes

GPL 0 Yes Python Yes

GPL 0 Yes Perl Yes

GPL 10 Yes Perl Yes

Pt 0 Yes Prp [

GPL 10 Yes PHP Yes






HP - ENVY 173 Touch-Sereen
Laptop - Intel Core 17

1268 Memory

178 Hard Drive - Red

Lenovo - Yoga 2 2-in-111.6"
Touch-Screen Laptop
Intel Core i3 - 4GB Memory

0GB Hard Drive
Silver/Black

Dell - Inspiron 16.6" Touch-
Scroen Laptop - Intel Coro I7 -
16GB Momory - 178 + 8GB
Hybrid Hard Drive - Black

P——
$579.99

it 4 e moc
e o ot e betmen a5

iy raphucs Bt it Yot WFi b o need

-g.,;mll

m-ﬂwe racreon Suply
s a0

s s icsonos et et

o o

Book Pro with Retina
dispiay - 15.4 Display - 16GB Memory
750GB Flash Storage - Siver
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Appie® - MacBook Pro wh
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Apple® - MacBook Pro with
display - 15.4" Display - 1658
750G Flash Storage - Silver

Dell - Inspiron 15.
Scroen Laptop - Itel Core 17 -
16GB Momory - 1TB + 8GB
Hybrid Hard Drive - Black
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$849.99
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Lenovo - Yoga 2 24n-1 1
Touch-Screen Laptop
Intel Core i3 - 4GB Memory
500GB Hard Drive.
Silver/Black

W s

$579.99

HP -ENVY 17.3" Toueh

| ]

Lenovo - Yoga 2 2-in-1 11.6"
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Manual case-by-case review of each

product ®

HP - ENVY 17.3" Touch-Screen
Laptop - Intel Core i7

12GB Memory

1TB Hard Drive - Red

=
T m

2 R

PR
AR

$849.99

Enjoy stunning images with this HP ENVY m7-k211dx laptop's 17.3" high-
definition touch screen and NVIDIA GeForce 840M graphics, with 2GB
dedicated video memory, which display games, movies and streaming
media in brilliant clarity and detail.

5th Gen Intel® Core™ i7-5500U processor. Features a 4MB L3 cache
and 2.4GHz processor speed.

Intel® Core™ i7 processor. Delivers efficient multiway processing for
ultimate smart performance. Intel® Turbo Boost Technology delivers extra
performance when you need it and increased energy efficiency when you
don't.

, 12GB DDR3L SDRAM memory. For muftitasking power.

_ Muttiformat DVD £ RW/CD-RW drive. Create custom DVDs and CDs.
17 3" WLED-backlit high-definition touch-screen display

With 1920 x 1080 resolution enables simple navigation of content and

’ showcases your favorite media in arresting clarity.

17TB hard drive (5400 rpm). Offers spacious storage. ProtectSmart hard
drive protection safeguards your stored data.

NVIDIA GeForce 840M graphics. Feature 2GB DDR3 dedicated video

i1 memory and up to 4096MB total video memory for high-quality images.
# HDMI output for connection to an HDTV.

| Front-facing TrueVision high-definition webcam. With an integrated
dual-array digital microphone makes it easy to video chat with friends and
family members.

Digital media reader. Supports SD format.

Microsoft Windows 8.1 64-bit operating system preinstalled. Provides a
stable platform for word processing, Web navigation, gaming, media
storage and more.

Software package included. With CyberLink PhotoDirector, CyberLink
PowerDirector and more. Includes 1-month trial of Microsoft Office 365.

$999.99




http://matrix-miner.variability.io/

Choose a sample

Dataset manual-dataset ¢ Category TVs + Filter 1| Filter-Category 4 Filter2 LED + PCM LED4 § Load
y v Home Theater v Picture Quality Vv Resolution v Internet v Home Theater SpaX. High Definition v | Time v Connection v UltraHd Tv v Refresh Rate v  Speaker
space 1080p service mid-sized 60
connection ultra hd-level 4k service 4 sony xbr-55x800b 4k
) connection 720p service 60
1 connection 720p 60
oicture space clear 1080p mid-sized impressive 120hz
motion space overall 1080p midsize 120hz 20w
1 connection 720p 60 two 10w
1 connection 1080p usb two 6w
connection 1080p service full 60
connection ultra hd-level 2160p service 4 sony xbr-65x800b 4k  240hz
Textual overview Specification
47-5/8" screen (measured diagonally from corner to corner)
A great size for a living room or mid-sized home theater space. Feature Value
LED displays perform well in all lighting conditions Maximum Resolution 1920 x 1080

They also deliver plasma-like deep blacks and rich colors.

for stunning HD images Vertical Resolution 1080p
Watch Blu-ray movies and @ HD content at their highest level of detail.

60Hz refresh rate

Images refresh 60 times per second for basic performance during fast-motion scenes.

Motionflow XR 240 technology

Offers realistic scene movement.

Built-in Wi-Fi Smart TV means a huge world of entertainment

Stream movies, music and more.

Experience a crisp, clear picture

X-Reality PRO technology delivers rich colors and exceptional details.

Clear Audio+ technology

Creates robust sound.

4 HDMI inputs for the best home theater connection

High-speed HDMI delivers a full picture and digital surround sound in one convenient cable. HDMI cable not included.
2 USB inputs

Easily connect your digital camera, camcorder or other USB device.

Web-based services and content require high-speed Internet service. Some services may require a subscription.




Viewfinder
N L _ A 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- ¢
gap pe ° P score mancel’!
frame)
Canon |[1D X 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 A 63 19 100 12800 66 854
Canon |70D APS-C 20.2 ec IKIPEDI 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 6
Canon |40D APS-C 101 EF, EF-S |Pentaprism |95 35 ‘ 13
Canon |30D APS-C 8.2 EF, EF-S |Pentaprism |95 35 6
Canon |20D APS-C 8.2 EF, EF-S |Pentaprism |95 35 1

OpenCompare




standard format

collaborative edition 9
import/export of numerous formats
embeddable editor

open SOUICEe (nttps:igithub.com/gbecan/OpenCompare)

Open data (opencompare.org/api/get/|D)

i n n Ovatlve Se rVI CeS (e.q., for visualizing, configuring, filtering and

« playing » with comparisons; ways to share, collaborate, and easily create comparisons)
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Attributed Feature
Models




Product

Find

W1
w2
w3
W4
W5
wWé

ws

Wiki engine

o N

LanguageSupport
Language: {Java, Python, Perl, PHP}

LicenseType WYSIWYG

price (USD/Month): [0..20]

|GPL| |Commercia|| |Nol_imit|

Commercial <=> Licenselype.price = 10 GPL => LanguageSupport

Commercial <=> Java

GPL == LicenseTlype.price <= 10
NoLimit <=> —-lLanguageSupport

NoLimit => LicenseType.price >= 10
—PHP => WYSIWYG
Python => LicenseType.price = 0

® = -WYSIWYG <=> PHP A LicenseTlype.price =0

License D4

Commercial
NoLimit
NoLimit
GPL

GPL

GPL

GPL

GPL

Price

Ht

10

20

10

10

10

nguage Support v Language

°© o L a |

Yes Java
Yes Python
Yes Perl
Yes Perl
Yes PHP
Yes PHP

WYsSIwiG v

© (x]

Yes
Yes
Yes
Yes
Yes

Yes

Yes



Identifier | LicenseType | LicenseType.price Lsa:f:;‘gte Language | WYSIWYG
Confluence Commercial 10 Yes Java Yes
PBwiki NoLimit 20 No — Yes
MyWiki NoLimit 10 No — Yes
MoinMoin GPL 0 Yes Python Yes
TWiki GPL 0 Yes Perl Yes
MyWiki2 GPL 10 Yes Perl Yes
MediaWiki GPL 0 Yes PHP No
MyWiki3 GPL 10 Yes PHP Yes

(a) A configuration matrix for Wiki engines.
Wiki engine
LanguageSupport LicenseType WYSIWYG

Language: {Java, Python, Perl, PHP}||price (USD/Month): [0..20]

/Q\

GPL | [Commercial| [NoLimit

Commercial <=> LicenseType.price = 10 GPL => LanguageSupport
Commercial <=> Java NoLimit => LicenseType.price >= 10
GPL => LicenseType.price <= 10 —=PHP => WYSIWYG
NoLimit <=> —=LanguageSupport Python => LicenseType.price = 0

= =WYSIWYG <=> PHP A LicenseType.price =0

(b) An attributed feature model representing the configuration matrix in Figure 2(a)
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A2<8=>A1>=2
Al>0=>A2<=2

root




Scalability
Random dataset
* Generator of configuration matrices
- Number of variables (features + attributes)
- Number of configurations
- Maximum domain size (number of distinct values in a column)

* Execution time of or-group computation

30- I =default heuristics only

25

» 1000 configurations
* max domain size of 10

L ]
o

Time (min)
b
w

[
e

Timeout always reached with
more than 60 variables

w
1

[
—

5
10
15
20
25
30 e aee
35 -
0
0
0
70

ooooo

L Or groups do not scale !

Number of variables



Square rookt of time {s*¥)

Random dataset

« Execution time (no or-groups)

2. L
R A
8
o "
Number of variables
* Up to 2,000 variables
.

1,000 configurations
 Max domain size of 10

On all experiments:
Average: 2.6 min
Max: 62 min

Scalability

| = default heuristics only
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Number of configurations = i
[
ot

200
oo
1coo0
ooo
000

Up tO 200,000 Configuraﬁons o Majirnum domain size
Max domain size of 10 :
« 10 variables

» 10,000 configurations
* Up to 6000 distinct values,



Scalabllity
Best Buy dataset . BEST

BUY

e 242 matrices

« < 25% of empty cells g ) o
+ Interpretation of empty cells Aty = default heuristics only

Media Card Reader

Number Of Ethernet Ports 1 1
Number Of HDMI Outputs

Number OTUSB Pors)

Number Of VGA Ports 1

Operating System

Execution time of 2.1s for the most challenging matrix:
« 77 variables
185 configurations
« Maximum domain size of 185

Execution time is similar to the random dataset



Qu iZZ (Class Diagram)

1) Give two class diagrams with the same
semantics but with different syntax

— (preliminary) what is the semantic domain of CDs?

2) Does it matter ?

163



3.1 Class diagrams language

As a concrete CD language we use the class diagrams of UML /P [29], a concep-
tually refined and simplified variant of UML designed for low-level design and
implementation. Our semantics of CDs is based on [11] and is given in terms
of sets of objects and relationships between these objects. More formally, the
semantics is defined using three parts: a precise definition of the syntactic do-
main, i.e., the syntax of the modeling language CD and its context conditions
(we use MontiCore [16,24] for this); a semantic domain - for us, a subset of
the System Model (see [7,8]) OM, consisting of all finite object models; and a
mapping sem : CD — P(OM ), which relates each syntactically well-formed CD
to a set of constructs in the semantic domain OM. For a thorough and formal
account of the semantics see [8].

Note that we use a complete interpretation for CDs (see [29] ch. 3.4). This
roughly means that ‘whatever is not in the CD, should indeed not be present in
the object model’. In particular, we assume that the list of attributes of each class
is complete, e.g., an employee object with an id and a salary is not considered
as part of the semantics of an Employee class with an id only.

The CD language constructs we support include generalization (inheritance),
interface implementation, abstract and singleton classes, class attributes, uni-

and bi-directional associations with multiplicities, enumerations, aggregation,
and composition. Maoz et al. CDDiff: Semantic Differencing

for Class Diagrams, ECOOP’11



cd5.vl | <<abstract>> cd5.v2 |
Person
1
Z[& 1|livesIn
livesIn
Employee 1 1 Address Employee Address

Fig. 4. cd5.v1 and its revised version cd5.v2. The two versions have equal semantics.

Maoz et al. CDDiff: Semantic Differencing for Class Diagrams, ECOOP’11 .



Quizz (open problem)

Composition of attributed
feature models



