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Audience	
  

•  No	
  pre-­‐requisite	
  background!	
  
•  Targeted	
  Audience	
  

•  Academics	
  or	
  pracDDoners	
  	
  
•  Curious	
  guys:	
  e.g.,	
  PhD	
  students	
  or	
  modellers	
  unaware	
  of…	
  	
  

–  Variability	
  and	
  so\ware	
  product	
  lines	
  (SPLs)	
  
–  Variability	
  modelling	
  	
  
–  ConfiguraDon	
  

•  MDE	
  guys:	
  people	
  involved	
  or	
  interested	
  in	
  the	
  development	
  of	
  model	
  
management	
  tools	
  
–  e.g.,	
  model	
  composiDon/decomposiDon	
  

•  SPL	
  guys:	
  advances	
  that	
  want	
  to	
  learn	
  new	
  techniques	
  

–  Similar	
  tutorial	
  will	
  be	
  presented	
  at	
  SPLC’12	
  and	
  MODELS’12	
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At	
  the	
  end	
  of	
  the	
  tutorial…	
  
•  You	
  will	
  have	
  an	
  overview	
  of	
  what’s	
  going	
  on	
  in	
  the	
  field	
  of	
  	
  

variability	
  and	
  so\ware	
  product	
  line	
  engineering	
  
•  You	
  will	
  be	
  able	
  to	
  go	
  further	
  with	
  the	
  languages	
  and	
  modelling	
  

techniques	
  
•  reuse	
  them	
  in	
  pracDcal	
  or	
  academic	
  contexts	
  	
  

•  SupporDng	
  material:	
  hdps://nyx.unice.fr/projects/familiar/wiki/CIEL12-­‐tutorial	
  
•  slides	
  of	
  the	
  tutorial	
  
•  related	
  arDcles,	
  	
  
•  TVL	
  models,	
  	
  
•  FAMILIAR	
  scripts,	
  
•  and	
  packaged	
  tools	
  to	
  interacDvely	
  play	
  with	
  the	
  models	
  during	
  the	
  

tutorial.	
  	
  
•  =>	
  Will	
  be	
  updated	
  ASAP	
  (when	
  I	
  will	
  get	
  a	
  decent	
  Wifi	
  access)	
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Plan	
  

•  Why	
  managing	
  Variability	
  does	
  mader	
  (25’)	
  

•  Modelling	
  variability	
  with	
  TVL	
  (25’)	
  	
  

•  Managing	
  variability	
  models	
  with	
  FAMILIAR	
  (60’)	
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0.	
  Why	
  managing	
  
Variability	
  does	
  (and	
  

will)	
  mader	
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So\ware-­‐intensive	
  systems	
  

come	
  in	
  many	
  variants	
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Linux	
  
Kernel	
  



Database	
  
Engine	
  



Printer	
  
Firmware	
  



Features	
  in	
  MicrosoD	
  Office	
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Variability	
  	
  
“the	
  ability	
  of	
  a	
  system	
  to	
  be	
  efficiently	
  
extended,	
  changed,	
  customized	
  or	
  
configured	
  for	
  use	
  in	
  a	
  par*cular	
  context”	
  	
  

Mikael	
  Svahnberg,	
  Jilles	
  van	
  Gurp,	
  and	
  Jan	
  Bosch	
  (2005)	
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If	
  you’re	
  able	
  to	
  master	
  variability…	
  

•  Reduce	
  development	
  costs	
  	
  
•  Reduce	
  cerDficaDon	
  costs	
  	
  
•  Shorten	
  Dme-­‐to-­‐market	
  	
  

•  But,	
  are	
  you	
  able?	
  	
  
– developing,	
  verifying,	
  cerDfying	
  billions	
  of	
  variants	
  is	
  
challenging!	
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Variability = Complexity 

ChrisDan	
  Kästner	
  slide	
  



a	
  unique	
  variant	
  for	
  every	
  

person	
  on	
  this	
  planet	
  

33	
  features	
  opDonal,	
  independent	
  

ChrisDan	
  Kästner	
  slide	
  



320	
  features	
  
	
  

more	
  variants	
  than	
  esDmated	
  

	
  	
  atoms	
  in	
  the	
  universe	
  

opDonal,	
  independent	
  

ChrisDan	
  Kästner	
  slide	
  



2000 features 10000 
features	
  

ChrisDan	
  Kästner	
  slide	
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Avoid	
  solving	
  the	
  same	
  problem!	
  
	
  
	
  

	
  2,	
  3…n	
  *mes	
  	
  

Automation? 



Correctness? 

ChrisDan	
  Kästner	
  slide	
  



Maintenance?	
  
Comprehension?	
  

ChrisDan	
  Kästner	
  slide	
  



	
  Why	
  managing	
  Variability	
  does	
  
(and	
  will)	
  mader	
  
	
  
Goal:	
  So\ware	
  mass	
  customizaDon	
  	
  
/	
  AdapDve	
  and	
  configurable	
  systems	
  
	
  
Problem:	
  Variability	
  =	
  Complexity	
  
	
  
Approach:	
  Model-­‐based	
  variability	
  management	
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So\ware-­‐intensive	
  systems	
  
come	
  in	
  many	
  variants	
  	
  

Model-­‐based	
  	
  
Variability	
  Management	
  



Mobile

3G+ 3G GPS

Maps

Camera

ü	
  
ü	
  
ü	
  

Mobile

3G+ 3G GPS

Maps

Camera

Domain/Variability	
  Model	
  

Configura*on	
   SoDware	
  Generator	
  

Domain	
  Artefacts	
  	
  
	
  

Domain	
  	
  
Engineering	
  

Applica*on	
  	
  
Engineering	
  

«	
  the	
  investments	
  required	
  to	
  develop	
  the	
  reusable	
  arBfacts	
  during	
  
domain	
  engineering,	
  are	
  outweighed	
  by	
  the	
  benefits	
  of	
  deriving	
  
the	
  individual	
  products	
  during	
  applica.on	
  engineering	
  »	
  

Jan	
  Bosch	
  et	
  al.	
  (2004)	
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99%	
  domain	
  engineering,	
  1%	
  applicaDon	
  engineering?	
  
– specifies	
  what	
  you	
  want	
  (click,	
  click,	
  click)	
  a	
  customized	
  
product	
  is	
  automaDcally	
  built	
  for	
  you	
  

–  Iterate	
  the	
  process	
  for	
  n	
  products	
  

Amount 
of 

effort

Application 
Engineering

More Sophisticated 
Technology

Domain 
Engineering



Mobile

3G+ 3G GPS

Maps

Camera ü	
  

ü	
  

ü	
  

Mobile

3G+ 3G GPS

Maps

Camera

Variability	
  Model	
  

Configura*on	
  

Domain	
  Artefacts	
  (e.g.,	
  source	
  code)	
  

SoDware	
  Generator	
  

Modeling	
  
variability	
  	
  
is	
  crucial	
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Unused	
  flexibility	
  



Illegal	
  	
  Variant	
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Variability	
  Model	
  
Feature	
  Model:	
  defacto	
  standard	
  

•  Research	
  	
  
–  2500+	
  citaDons	
  of	
  [Kang	
  et	
  al.,	
  1990]	
  on	
  Google	
  Scholar	
  	
  
–  Central	
  to	
  many	
  generaDve	
  approaches	
  

•  at	
  requirements	
  or	
  code	
  level	
  
–  Tools	
  &	
  Languages	
  (GUIDSL/FeatureIDE,	
  SPLOT,	
  FaMa,	
  
etc.)	
  

•  Industry	
  	
  
–  Tools	
  (Gears,	
  pure::variants),	
  	
  
– Will	
  be	
  Part	
  of	
  Common	
  Variability	
  Language	
  (CVL),	
  
future	
  OMG	
  standard	
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Plan	
  

•  Why	
  managing	
  Variability	
  does	
  mader	
  

•  Modelling	
  variability	
  with	
  TVL	
  
– ElaboraDng	
  feature	
  models	
  with	
  a	
  textual,	
  formally	
  
defined	
  language	
  

•  Managing	
  feature	
  models	
  with	
  FAMILIAR	
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1.	
  Modelling	
  variability	
  
with	
  TVL	
  (Text-­‐based	
  Variability	
  Language)	
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excludes






Feature	
  Models	
  (Background)	
  

36	
  

Hierarchy:	
  rooted	
  tree	
  	
  
Variability:	
  	
  
•  mandatory,	
  	
  
•  opDonal,	
  	
  
•  Groups:	
  exclusive	
  or	
  inclusive	
  features	
  
•  Cross-­‐tree	
  constraints	
  

Car Equipment 

Comfort

Automatic headlights

Driving And Safety

Front fog lights

Healthing and 
Ventilation

Air conditioning Air conditioning-
front and rear

implies	
  Optional

Mandatory

Xor-Group

Or-Group



Feature	
  Models	
  (Background)	
  

37	
  Hierarchy	
  +	
  Variability	
  =	
  set	
  of	
  valid	
  configura*ons	
  

Car Equipment 

Comfort

Automatic headlights

Driving And Safety

Front fog lights

Healthing and 
Ventilation

Air conditioning Air conditioning-
front and rear

implies	
  

Optional

Mandatory

Xor-Group

Or-Group

{	
  	
  
{Car	
  Equipment,Healthing	
  and	
  VenDlaDon,Driving	
  And	
  Safety,Comfort,	
  Air	
  condiDoning,	
  AutomaDc	
  headlights,	
  Front	
  fog	
  
lights},	
  	
  
{Car	
  Equipment,Healthing	
  and	
  VenDlaDon,Driving	
  And	
  Safety,Comfort,	
  Air	
  condiDoning},	
  	
  
{Car	
  Equipment,Healthing	
  and	
  VenDlaDon,Driving	
  And	
  Safety,Comfort,	
  Air	
  condiDoning	
  front	
  and	
  rear,	
  AutomaDc	
  
headlights,	
  Front	
  fog	
  lights},	
  	
  
{Car	
  Equipment,Healthing	
  and	
  Ven*la*on,Driving	
  And	
  Safety,Comfort,	
  Air	
  condi*oning	
  front	
  and	
  rear,	
  Front	
  fog	
  
ligths},	
  	
  
…	
  
}	
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Document

Type

Normal Booklet

Binding

TopLeft

FinisherBinding

TopLeft

Staple

1saddle 2 saddles

Properties

Title Owner Account Addressee Banner
Message

Special
Instructions

Creation
Date

Spine
Caption

Background 
Color Content Text font Text color Alignment

BottomMiddleTop

Margin Orientation

Hor_L Hor_R Vert

Punch

Sheet

2 3 4

Sides

1 2

Page

Force

Front Back

<<requires>>

Staple

Left Other 
binding Top Stitch

1 edge 2 edge 1 edge 2 edge 1
saddle

2 
saddle

Media

Name Size

Numbering 
method

Front Back

Top

Left Center Right

Bottom

Left Center Right

Top

Left Center Right

Bottom

Left Center Right

Margins

Horizontal Vertical

Format

Prefix Suffix Style Font Color

Arab Roman Capital 
Roman

HeightWidth

Insert Tab

Indent

Cyclic

Length

Weight Type Color

Z-folding

Folding

Multi Tri-
Fold In Tri-Fold Out Half Fold Multi Half 

Fold
Parallel 

Fold
Simple 

Gate Fold Gate Fold

<<excludes>>

Orientation

Portrait Landscape

Binding 
Margin Metrics

Size Position

HeightWidth YX

<<excludes>>

<<excludes>>

<<excludes>>

<<excludes>>

<<excludes>>

Punched

2 Holes 3 Holes 4 Holes 21 
Holes

Single- 
Sided

<<excludes>>

Pre- 
Printed Thickness

Tab

<<requires>>

Alignment

Vertical Horizontal

Top Center Bottom Left Center Right

Orientation

Vert Hor_L Hor_R

Margin Margin MarginMargin

Text

Font Color Back
Side

Rotate

<<Requires>>

<<requires>>

<<excludes>>

<<excludes>>

Page 
Size

ReduceKeep

[1..*]

Tri-Fold In

Content

<<excludes>>

Side

Recto Verso

<<requires>>

<<requires>>

Orientation

Portrait Landscape

<<requires>>

<<requires>>

[0..*]
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        enum type in {normal, booklet, perfectBinding};
        enum binding in {top, left, right};

        Document.type in {booklet, perfectBinding} -> Sheet.folding==none;
        Document.type in {booklet, perfectBinding} -> !Sheet.Tab;
        Document.type in {booklet, perfectBinding} -> !Media.tab;
        Document.type in {booklet, perfectBinding} -> !Sheet.Staple;
        Document.type == booklet -> !Sheet.Hole;
        Document.type == booklet -> !Media.Hole;
        Document.type in {booklet, perfectBinding} -> !Media.cyclic;
        ((Sheet.paperPass == sef && Document.binding == top) || (Sheet.paperPass == lef }

        orientation orient;
        real margin in [0..*];
        int lineCount in [0..*];
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        enum type in {normal, booklet, perfectBinding};
        enum binding in {top, left, right};

        Document.type in {booklet, perfectBinding} -> Sheet.folding==none;
        Document.type in {booklet, perfectBinding} -> !Sheet.Tab;
        Document.type in {booklet, perfectBinding} -> !Media.tab;
        Document.type in {booklet, perfectBinding} -> !Sheet.Staple;
        Document.type == booklet -> !Sheet.Hole;
        Document.type == booklet -> !Media.Hole;
        Document.type in {booklet, perfectBinding} -> !Media.cyclic;
        ((Sheet.paperPass == sef && Document.binding == top) || (Sheet.paperPass == lef }

        orientation orient;
        real margin in [0..*];
        int lineCount in [0..*];
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Visualisation will help, right?
Tools create their own problems

Lock-in, dependence

Some information is inevitably textual

OCL constraints in UML

Minispecs in StateCharts

Attributes and constraints in FDs

★

★

★

‣
‣
‣
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Why not use text altogether?
There are powerful tools for that

Helps with

editing, 

transformation, 

versioning, 

information exchange, 

...

Graphical views can be generated anyway

★

★

‣
‣
‣
‣
‣

★
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+
CML,
+ VSLNot a new idea

Language Userfriendly Attributes Cardinalities Cross-tree
constraints

Modulari-
sation

Van
Deursen et

al.

GUIDSL
(AHEAD)

SXFM

XML-based
(FAMA etc.)

TVL
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Furthermore
Intuitive C-like syntax

Formal semantics

Statically typed

Implemented

★

★

★

★



TVL	
  :	
  allOf	
  -­‐	
  and	
  decomposiDon.	
  

root	
  AudiCar	
  { 	
   	
  
	
  group	
  allOf	
  {
	
  ModelLine,	
  
	
  BodyStyle,	
   	
  	
  
	
  Model, 	
  
	
  Engine, 	
  
	
  Exterior,	
  
	
  Interior,	
  
	
  Equipment	
  }	
  

	
  
}	
  

root	
  feature	
  

and	
  decomposiDon	
  
all	
  subfeatures	
  must	
  be	
  present	
  in	
  the	
  product	
  

sub	
  features	
  



TVL	
  :	
  opDonal	
  features.	
  



TVL	
  :	
  oneOf	
  -­‐	
  xor	
  decomposiDon.	
  



TVL	
  :	
  someof	
  -­‐	
  or	
  decomposiDon.	
  



TVL	
  :	
  CardinaliDes	
  



TVL	
  :	
  Adributes	
  



TVL	
  :	
  Constants	
  



TVL	
  :	
  Adributes	
  



TVL	
  :	
  Adributes	
  



TVL	
  :	
  ifIn	
  /	
  ifOut	
  



TVL	
  :	
  ternary	
  operator	
  



TVL	
  :	
  Modularity	
  

root	
  Car	
  {	
   	
   	
  	
  
	
  group	
  allOf	
  { 	
   	
  	
  
	
  BodyStyle,	
   	
  	
  
	
  Model, 	
   	
  	
  
	
  Engine, 	
   	
  	
  
	
  Equipment	
  }	
  

	
  
}	
  
	
  
include(BodyStyle.tvl);	
  
include(Model.tvl);	
  
include(Engine.tvl);	
  
include(Equipment.tvl);	
  

Split	
  model	
  in	
  reusable	
  parts	
  	
  
using	
  external	
  files	
  



TVL	
  :	
  Modularity	
  



TVL	
  :	
  Tools	
  
•  Key	
  references	
  

–  Classen,	
  A.;	
  Boucher,	
  Q.	
  and	
  Heymans,	
  P.	
  A	
  Text-­‐based	
  Approach	
  to	
  
Feature	
  Modelling:	
  Syntax	
  and	
  SemanDcs	
  of	
  TVL.	
  In	
  Science	
  of	
  
Computer	
  Programming	
  (SCP),	
  Special	
  Issue	
  on	
  So\ware	
  EvoluDon	
  

–  Hubaux,	
  A.;	
  Boucher,	
  Q.;	
  Hartman,	
  H.;	
  Michel,	
  R.	
  and	
  Heymans,	
  P.	
  
EvaluaDng	
  a	
  Text-­‐based	
  Feature	
  Modelling	
  Language:	
  Four	
  Industrial	
  
Case	
  (SLE	
  2010)	
  

–  hdp://info.fundp.ac.be/tvl/	
  
•  Support	
  

–  Parser	
  /	
  SyntacDc	
  and	
  semanDc	
  checker	
  	
  
–  SAT-­‐based	
  checker	
  for	
  Boolean	
  models	
  

•  Ongoing	
  	
  
–  SMT-­‐based	
  checker	
  for	
  models	
  with	
  numerical	
  adributes	
  (ongoing)	
  
–  Eclipse	
  editor	
  (ongoing)	
  



2.	
  Managing	
  variability	
  
models	
  with	
  FAMILIAR	
  

59	
  



•  Automated	
  analysis	
  	
  
– Aka	
  support	
  to	
  beder	
  understand	
  and	
  play	
  with	
  your	
  
feature	
  model	
  (TVL	
  model)	
  

•  Managing	
  mulDple	
  feature	
  models	
  
– Composing	
  /	
  Decomposing	
  /	
  Diff	
  and	
  Reasoning	
  
about	
  their	
  relaDonships	
  

– Combining	
  these	
  operators	
  
60	
  

Two	
  Key	
  Requirements	
  



FAMILIAR	
  language	
  and	
  environment	
  

	
  
	
  
	
  
	
  
	
  

FAMILIAR	
  	
  
	
  

And-Group

Optional

Mandatory

Xor-Group

Or-Group

constraints

……..

DirectX

V10 V10.1 v11

Outputs

VIVO DVI HDMI

S-Video Composite

VGA

GraphicCard And-Group

Optional

Mandatory

Xor-Group

Or-Group

TV output

constraints

VGA excludes TV output
HDMI implies v10.1 or v11

constraints

……..

constraints

……..

constraints

……..

//	
  foo.fml	
  
fm1	
  =	
  FM	
  (“foo1.tvl”)	
  
fm2	
  =	
  FM	
  (“foo2.m”)	
  
fm3	
  =	
  merge	
  intersec*on	
  {	
  fm1	
  fm2	
  }	
  
c3	
  =	
  coun*ng	
  fm3	
  
renameFeature	
  fm3.TV	
  as	
  “OutputTV”	
  
fm5	
  =	
  aggregate	
  {	
  fm3	
  FM	
  (“foo4.xml”)	
  }	
  
assert	
  (isValid	
  fm5)	
  	
  	
  
fm6	
  =	
  slice	
  fm5	
  including	
  fm5.TV.*	
  	
  
export	
  fm6	
  
	
  

True/False	
  
8759	
  
“OutputTV”,	
  “TV”	
  	
  

Interoperability	
   Language	
  facili*es	
   Environment	
  



FAMILIAR…	
  features	
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Interoperability	
  
fm1	
  =	
  FM(“foo.tvl”)	
  
fm2	
  =	
  FM	
  (“foo.m”)	
  
	
  

serialize	
  fm4	
  into	
  SPLOT	
  
serialize	
  fm1	
  into	
  featureide	
  fm3	
  =	
  FM	
  (“foo.xmi”)	
  

fm4	
  =	
  FM	
  (A	
  :	
  B	
  ….)	
  
	
  

	
  	
  De/Composi*on	
  
merge	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  diff	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  intersecDon	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  sunion	
  

	
  	
  

aggregate	
  
	
  map	
  
	
  unmap	
  

extract	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  slicing	
  

Edi*ng	
  
renameFeature	
  

	
  removeFeature	
  
accessors	
  	
  

	
  copy	
  

	
   	
   	
   	
  	
   	
  	
  Reasoning	
  	
  
counDng	
   configs	
  

isValid	
  
deads	
  cores	
  
falseOpDonals	
  

cleanup	
  

configuraDon	
  	
  
	
  select	
  
	
  deselect	
  
	
  asFM	
  compare	
  

setOpDonal 	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  setMandatory	
  

setAlternaDves	
  
	
   	
  setOr	
  

	
  

	
  Language	
  Facili*es	
  
fm1.*	
   fm1.B	
  

modular	
  mechanisms	
  
	
  
	
  

restricted	
  set	
  of	
  types	
  
iterator/condiDonal	
  

asserDon	
  

insert	
  



Hello	
  World	
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Typed	
  language	
  	
  
•  Domain-­‐specific	
  types	
  

–  Feature	
  Model,	
  	
  
–  ConfiguraDon,	
  	
  
–  Feature,	
  	
  
–  Constraint	
  	
  

•  Other	
  types	
  include	
  	
  
–  Set	
  
–  String	
  	
  
–  Boolean,	
  	
  
–  Enum,	
  	
  
–  Integer	
  and	
  Real.	
  	
  

•  A	
  set	
  of	
  operaDons,	
  called	
  operators,	
  are	
  defined	
  for	
  a	
  given	
  type.	
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Impor*ng/Expor*ng	
  feature	
  models	
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FAMILIAR

S2T2
TVL

feature-model-synthesis

(visual configurator)

(language)

(language)FaMa

Internal	
  notaDon	
  or	
  by	
  “filename	
  extensions”	
  	
  



Feature	
  Accessors	
  (1)	
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Other	
  constructs	
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Configura*on	
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Opera*ons	
  for	
  Feature	
  Models	
  (1)	
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φ



Opera*ons	
  for	
  Feature	
  Models	
  (2)	
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Opera*ons	
  for	
  Feature	
  Models	
  (3)	
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φ



	
  	
  

	
  	
  

	
  	
   	
  	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
   	
  	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
   	
  	
  

	
  	
  

	
  	
  

	
  	
  

	
  	
   	
  	
  

	
  	
  

SoC	
  support	
  =	
  Composi*on/Decomposi*on	
  
for	
  managing	
  
large,	
  complex	
  and	
  mul*ple	
  
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.	
  
	
  



Composing	
  Feature	
  Models	
  (1)	
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Composing	
  Feature	
  Models	
  (2)	
  

74	
  



Merging	
  Feature	
  Models	
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Comparing	
  Feature	
  Models	
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Thuem,	
  Kastner	
  
and	
  Batory,	
  ICSE’09	
  



Pumng	
  all	
  together:	
  Example	
  1	
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Merge	
  Intersec*on:	
  Available	
  Suppliers	
  

78	
  

∩	
   ∩	
  
Suppliers?	
  
Products?	
  

A	
  customer	
  has	
  some	
  requirements	
  



In	
  FAMILIAR	
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Merge	
  Union:	
  Availability	
  Checking	
  

80	
  

Can	
  suppliers	
  provide	
  all	
  products?	
  
Yes!	
  

comparison	
  
see	
  [Thuem	
  et	
  al.,	
  2009]	
  	
  

	
  

∩	
  



In	
  FAMILIAR	
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Merging	
  opera*on:	
  
	
  implementa*on	
  issues	
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T2

MRI

Medical Image

HeaderAnonymized

T1

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

How	
  to	
  synthesise	
  a	
  feature	
  model	
  that	
  represents	
  
the	
  union	
  of	
  input	
  sets	
  of	
  configura*ons?	
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Merging	
  opera*on:	
  seman*c	
  issues	
  (2)	
  

φ 
Union	
  
IntersecDon	
  	
  
Diff	
  
	
   How	
  to	
  synthesise	
  a	
  feature	
  model	
  that	
  represents	
  

the	
  union	
  of	
  input	
  sets	
  of	
  configura*ons?	
  



Merging	
  opera*on:	
  algorithm	
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φ
1 

φ
2 

φ3 

φ 
123 

merged	
  proposiDonal	
  formula	
  
T2

MRI

Medical Image

HeaderAnonymized

T1

DICOM

merged	
  hierarchy	
  
+	
  

Set	
  mandatory	
  features	
  
Detect	
  Xor	
  and	
  Or-­‐groups	
  
Compute	
  “implies/excludes”	
  
constraints	
  

How	
  to	
  synthesise	
  a	
  feature	
  
model	
  that	
  represents	
  the	
  
union	
  of	
  input	
  sets	
  of	
  
configura*ons?	
  



Another	
  Example	
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Problem:	
  mul*ple	
  „car	
  models“	
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Problem:	
  mul*ple	
  „car	
  models“	
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Problem:	
  mul*ple	
  „car	
  models“	
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Problem:	
  mul*ple	
  „car	
  models“	
  	
  

Two	
  modeling	
  approaches	
  
	
  
#1	
  –	
  top-­‐down:	
  specify	
  constraints	
  (e.g.,	
  
excludes)	
  of	
  all	
  model	
  lines	
  upfront	
  
	
  
#2	
  –	
  bosom-­‐up:	
  elaborate	
  a	
  feature	
  
model	
  for	
  each	
  model	
  line	
  and	
  merge	
  
them	
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#1	
  top-­‐down	
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#1	
  bosom-­‐up	
  
FM_1	
  

FM_2	
  

FM_3	
  

FM_r	
  merge	
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#1	
  bosom-­‐up	
  (FAMILIAR)	
  
FM_1	
  

FM_2	
  

FM_3	
  

FM_r	
  merge	
  



Merge	
  vs	
  Aggregate	
  

93	
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Building	
  “views”	
  of	
  a	
  feature	
  model	
  



Building	
  “views”	
  of	
  a	
  feature	
  model	
  
	
  

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

•  SemanDcs?	
  
– What’s	
  the	
  hierarchy	
  
– What’s	
  the	
  set	
  of	
  configuraDons?	
  

95	
  



A	
  first	
  try	
  

A3 => P1
P2 => A5

R

A2

A5 A6

A1

A3 A4

A

fm0

P3P2P1

P

P1 => P2

A2

A5 A6

A1

A3 A4

A
fmExtraction1

A2

A5 A6

A1

A3 A4

A
fmExtraction2

A3 => A5
A4 => A6

Problem:	
  You	
  can	
  select	
  A3	
  without	
  A5	
  
Hierarchy	
  and	
  Configura*on	
  maser!	
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Slicing	
  Operator	
  

W

constraints
E implies D
R implies E 
D excludes F
S implies (F and not E)

P

R S

fm1

AV

T U

B C D

E F

Optional

Mandatory

Xor-Group

Or-Group

T

S E D

constraints
E implies D
D implies E

slicing	
  criterion	
  arbitrary	
  set	
  of	
  
features,	
  relevant	
  for	
  a	
  feature	
  model	
  
user	
  

slice	
  a	
  new	
  feature	
  model,	
  
represenDng	
  a	
  projected	
  set	
  
of	
  configuraDons	
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Slicing	
  operator:	
  going	
  into	
  details	
  
projected	
  set	
  of	
  configura*ons	
  

98	
  

fm1	
  =	
  {	
  	
  
{A,B,C,D,E,P,R,T,U,W},	
  	
  
{A,B,C,F,P,S,T,U,W},	
  	
  
{A,B,C,D,E,P,R,T,W},	
  	
  
{A,B,C,F,P,S,T,V,W},	
  	
  
{A,B,C,F,P,S,T,U,V,W},	
  	
  
{A,B,C,F,P,S,T,W},	
  	
  
{A,B,C,D,E,P,R,T,V,W},	
  	
  
}	
  

fm1	
  =	
  {	
  	
  
{A,B,C,D,E,P,R,T,U,W},	
  	
  
{A,B,C,F,P,S,T,U,W},	
  	
  
{A,B,C,D,E,P,R,T,W},	
  	
  
{A,B,C,F,P,S,T,V,W},	
  	
  
{A,B,C,F,P,S,T,U,V,W},	
  	
  
{A,B,C,F,P,S,T,W},	
  	
  
{A,B,C,D,E,P,R,T,V,W},	
  	
  
}	
  

fm1p	
  =	
  {	
  	
  
{D,E,T},	
  	
  
{S,T},	
  	
  
{D,E,T},	
  	
  
{S,T},	
  	
  
{S,T},	
  	
  
{S,T},	
  	
  
{D,E,T}	
  
}	
  

fm1p	
  =	
  {	
  	
  
{D,E,T},	
  	
  
{S,T},	
  	
  
}	
  

W

constraints
E implies D
R implies E 
D excludes F
S implies (F andnot E)

P

R S

fm1

AV

T U

B C D

E F

Optional

Mandatory

Xor-Group

Or-Group



+	
  
T

S E D

constraints
E implies D
D implies E

φ
s1 

existenBal	
  
quanBficaBon	
  
of	
  features	
  
not	
  included	
  
in	
  the	
  slicing	
  
criterion	
  

99	
  

fm1p	
  =	
  {	
  	
  
{D,E,T},	
  	
  
{S,T}	
  
}	
  

Slicing	
  operator:	
  going	
  into	
  details	
  
synthesizing	
  the	
  corresponding	
  feature	
  model	
  

S	
   E	
   D	
  

T	
  

W

constraints
E implies D
R implies E 
D excludes F
S implies (F andnot E)

P

R S

fm1

AV

T U

B C D

E F

φ
1 

see	
  [Acher	
  et	
  al.,	
  ASE’11/
AOSD’12]	
  



T

S E D

constraints
E implies D
D implies E

100	
  

Slicing	
  operator	
  with	
  FAMILIAR	
  (1)	
  

W

constraints
E implies D
R implies E 
D excludes F
S implies (F andnot E)

P

R S

fm1

AV

T U

B C D

E F



Slicing	
  with	
  FAMILIAR	
  (2)	
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Pumng	
  all	
  together:	
  Example	
  2	
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From	
  marke.ng,	
  
customers,	
  product	
  
management	
  	
  

From	
  exis.ng	
  soIware	
  
assets	
  	
  (technical	
  variability)	
  



VP1

V1 V2 V3

V2 => V3

R

f1 f2 f4f3

V1 ⬄ f1
V2 ⬄ f2
V3 ⬄ f3 

From	
  marke.ng,	
  
customers,	
  product	
  
management	
  	
  

From	
  exis.ng	
  soIware	
  assets	
  	
  

realizability	
  

usefulness	
  

Metzger,	
  Heymans	
  et	
  al.	
  “DisambiguaBng	
  the	
  DocumentaBon	
  of	
  Variability	
  in	
  Sobware	
  Product	
  
Lines:	
  A	
  SeparaBon	
  of	
  Concerns,	
  FormalizaBon	
  and	
  Automated	
  Analysis“	
  (RE’07)	
  



Realizability	
  checking	
  

aggregate	
  R

f1 f2 f4f3

VP1

V1 V2 V3

V2 => V3
V1 ⬄ f1
V2 ⬄ f2
V3 ⬄ f3 

FAKE_ROOT

{{V1,V3,V2,VP1},	
  
{V1,VP1},	
  
{V3,VP1},	
  	
  
{VP1}}	
  	
  

merge	
  diff	
  
(“unrealizable	
  products”)	
  

	
  

VP1

V1 V2 V3

slice	
  (“realizable	
  part”)	
  

φ

[Acher	
  et	
  al.,	
  AOSD’12]	
  
[Acher	
  et	
  al.,	
  ASE’11]	
  

[Acher	
  et	
  al.,	
  CAISE’12]	
  



With	
  FAMILIAR	
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3.	
  Model-­‐based	
  Variability	
  
Management:	
  

Summary	
  
What’s	
  next?	
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Summary	
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Text-­‐based	
  variability	
  
language	
  with	
  formal	
  
seman*cs	
  &	
  support	
  
(Boolean	
  form)	
  

A	
  domain-­‐specific	
  language	
  for	
  Impor*ng,	
  
expor*ng,	
  edi*ng,	
  composing,	
  
decomposing,	
  compu*ng	
  differences,	
  
comparing,	
  reasoning	
  about	
  (mul*ple)	
  
feature	
  models	
  



What’s	
  next?	
  
•  Increasing	
  further	
  the	
  adopDon	
  of	
  the	
  languages	
  

– You’re	
  the	
  future	
  users!	
  
•  TVL	
  

– Comprehensive	
  support	
  for	
  non	
  Boolean	
  constructs	
  
– SaDsfiability	
  Modulo	
  Theory	
  (SMT)	
  solver	
  

•  FAMILIAR	
  
– Applicability,	
  Learnability,	
  Expressiveness,	
  Usability	
  	
  

•  ConnecDon	
  of	
  feature	
  models	
  to	
  other	
  artefacts	
  
– Automated	
  product	
  derivaDon	
  
– VerificaDon	
  &	
  CerDficaDon	
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  ?	
  



#1	
  Reverse	
  Engineering	
  
Architectural	
  Feature	
  Models	
  

Case	
  Study:	
  FraSCA*	
  Architecture	
  

Collabora*on	
  with	
  Anthony	
  Cleve	
  (University	
  of	
  Namur	
  /	
  PRECISE,	
  Belgium),	
  	
  
Philippe	
  Collet	
  and	
  Philippe	
  Lahire	
  (University	
  of	
  Nice	
  Sophia	
  An*polis),	
  	
  
Philippe	
  Merle	
  and	
  Laurence	
  Duchien	
  (University	
  of	
  Lille	
  /	
  INRIA)	
  

FraSCAti

SCAParser

Java Compiler

JDK6 JDT

Optional

Mandatory

Alternative-
Group

Or-Group

Assembly Factory

resthttp

Binding

MMFrascati

Component Factory

Metamodel

MMTuscany

constraints

rest requires MMFrascati
http requires MMTuscany

FM1

[Acher	
  et	
  al.,	
  ECSA’11]	
  
[Acher	
  et	
  al.,	
  BENEVOL’11]	
  
[Acher	
  et	
  al.,	
  GDR	
  GPL’12]	
  



ExtracDon	
  Process	
  

112	
  

Software 
Artefacts

Variability 
Modeling

Automatic 
Extraction

Software 
Architect View

?

1	
  
2	
  

Philippe	
  Merle,	
  
so\ware	
  architect	
  of	
  FraSCAD	
  

CombinaDon	
  of	
  plugin	
  dependencies	
  	
  
and	
  hierarchical	
  component	
  model	
  to	
  	
  
synthesise	
  a	
  feature	
  model	
  



Highlights	
  
•  Automated	
  Procedure	
  

–  ExtracDng	
  and	
  Combining	
  Variability	
  Sources	
  
(incl.	
  so\ware	
  architect	
  knowledge)	
  
–  Advanced	
  feature	
  modeling	
  techniques	
  have	
  been	
  developed	
  
(tool	
  supported	
  with	
  FAMILIAR)	
  

•  Lessons	
  Learned	
  
–  ExtracDon	
  procedure	
  yields	
  promising	
  results	
  
–  EssenDal	
  role	
  of	
  so\ware	
  architect	
  	
  

•  To	
  validate	
  the	
  extracted	
  feature	
  model	
  
•  To	
  integrate	
  knowledge	
  

•  Ongoing	
  Work	
  
–  EvoluDon	
  of	
  FraSCAD	
  (v1.3,	
  v1.4,	
  etc.)	
  
–  Applicability	
  to	
  other	
  so\ware	
  architectures	
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#2	
  from	
  product	
  descrip*ons	
  	
  
to	
  feature	
  models	
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Collabora*on	
  with	
  Patrick	
  Heymans,	
  Anthony	
  Cleve,	
  Gilles	
  Perrouin	
  
(University	
  of	
  Namur	
  /	
  PRECISE,	
  Belgium),	
  Philippe	
  Collet	
  and	
  Philippe	
  
Lahire	
  (University	
  of	
  Nice	
  Sophia	
  An*polis),	
  	
  

[Acher	
  et	
  al.,	
  VaMoS’12]	
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WikiMatrix

RSSStorage LicenseLicenseCostFee

US CommunityDifferent 
Licenses

LanguageUnicode

Java Python PHP PerlCommercial GPL GPL2NoLimitFiles Database FileRCS

Xor

Mandatory

Optional

640	
  configuraDons	
  
(634	
  counter	
  examples)	
  

Exact	
  set	
  of	
  configuraDons,	
  each	
  configuraDon	
  	
  
corresponding	
  to	
  at	
  least	
  one	
  product	
  

Manual	
  extracDon	
  of	
  a	
  feature	
  model	
  	
  
from	
  product	
  descripDon(s)	
  is	
  not	
  possible	
  



Automa*on	
  	
  
•  Each	
  product	
  descripDon	
  is	
  encoded	
  as	
  a	
  feature	
  model	
  

•  Feature	
  models	
  {fm1,	
  fm2,…,fm8}	
  are	
  merged	
  
–  Output:	
  a	
  new	
  feature	
  model	
  

•  ConfiguraDon:	
  union	
  of	
  input	
  sets	
  of	
  configuraDons	
  
•  Hierarchy:	
  by	
  default,	
  we	
  exploit	
  the	
  structure	
  of	
  the	
  tabular	
  data	
  

–  Can	
  be	
  overridden	
  by	
  specific	
  user	
  direcDves	
  

–  VariCell	
  
•  DSL	
  built	
  on	
  top	
  of	
  FAMILIAR	
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fm1	
  
fm2	
  
fm3	
  
fm4	
  
fm5	
  
fm6	
  
fm7	
  
fm8	
  
	
  



Feature	
  Model	
  Differences	
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SyntacDc	
  differences	
  do	
  not	
  scale	
  
	
  
	
  see	
  [Acher	
  et	
  al.,	
  CAiSE’12]	
  



Next-­‐Genera*on	
  	
  
Model-­‐based	
  Variability	
  Management:	
  	
  

Languages	
  and	
  Tools	
  	
  
	
  

	
  

Mathieu	
  Acher	
  (PhD)	
  
	
  
Raphaël	
  Michel	
  (PhD	
  candidate)	
  
	
  
Prof.	
  Patrick	
  Heymans	
  
	
  



Next-­‐Genera*on	
  	
  
Model-­‐based	
  Variability	
  Management:	
  	
  

Languages	
  and	
  Tools	
  	
  
	
  

	
  

Mathieu	
  Acher	
  (PhD	
  p	
  as	
  vraiment	
  sur	
  ;))	
  
	
  
Raphaël	
  Michel	
  (PhD	
  candidate)	
  
	
  
Prof.	
  Patrick	
  Heymans	
  
	
  


