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Audience	  

•  No	  pre-‐requisite	  background!	  
•  Targeted	  Audience	  

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

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

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

•  SPL	  guys:	  advances	  that	  want	  to	  learn	  new	  technique	  
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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	  model-‐based	  so\ware	  product	  line	  engineering	  
•  You	  will	  be	  able	  to	  go	  further	  with	  the	  languages	  and	  modelling	  

techniques	  
•  reuse	  them	  in	  pracCcal	  or	  academic	  contexts	  	  

•  SupporCng	  material:	  hbps://nyx.unice.fr/projects/familiar/wiki/SPLC12-‐tutorial	  

•  slides	  of	  the	  tutorial	  
•  related	  arCcles,	  	  
•  TVL	  models,	  	  
•  FAMILIAR	  scripts,	  
•  and	  packaged	  tools	  to	  interacCvely	  play	  with	  the	  models	  during	  the	  

tutorial.	  	  
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•  Why	  managing	  Variability	  does	  maber	  (25’)	  

•  Modelling	  variability	  with	  TVL	  (25’)	  	  

•  Managing	  variability	  models	  with	  FAMILIAR	  (60’)	  
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Plan	  



	  0.	  Why	  managing	  
Variability	  does	  (and	  

will)	  maber	  
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So\ware-‐intensive	  systems	  

come	  in	  many	  variants	  	  
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Linux	  
Kernel	  



Database	  
Engine	  



Printer	  
Firmware	  



Features	  in	  MicrosoE	  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	  cerCficaCon	  costs	  	  
•  Shorten	  Cme-‐to-‐market	  	  

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

ChrisCan	  Kästner	  slide	  



a	  unique	  variant	  for	  every	  

person	  on	  this	  planet	  

33	  features	  opConal,	  independent	  

ChrisCan	  Kästner	  slide	  



320	  features	  
	  

more	  variants	  than	  esCmated	  

	  	  atoms	  in	  the	  universe	  

opConal,	  independent	  

ChrisCan	  Kästner	  slide	  



2000	  features	   10000	  
features	  

ChrisCan	  Kästner	  slide	  



20	  

	  
	  

Avoid	  solving	  the	  same	  problem!	  
	  
	  

	  2,	  3…n	  *mes	  	  

Automa*on?	  



Correctness?	  

ChrisCan	  Kästner	  slide	  



Maintenance?	  
Comprehension?	  

ChrisCan	  Kästner	  slide	  



	  
	  
Goal:	  So\ware	  mass	  customizaCon	  	  
/	  AdapCve	  and	  configurable	  systems	  
	  
Problem:	  Variability	  =	  Complexity	  
	  
Approach:	  Model-‐based	  variability	  management	  
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Why	  managing	  Variability	  	  
does	  (and	  will)	  maXer	  
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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	   SoEware	  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%	  applicaCon	  engineering?	  
– specifies	  what	  you	  want	  (click,	  click,	  click)	  a	  customized	  
product	  is	  automaCcally	  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)	  

SoEware	  Generator	  

Modeling	  
variability	  	  
is	  crucial	  
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Unused	  flexibility	  
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Illegal	  variant	  



Variability	  Model	  
Feature	  Model:	  defacto	  standard	  

•  Research	  	  
–  2500+	  citaCons	  of	  [Kang	  et	  al.,	  1990]	  on	  Google	  Scholar	  	  
–  Central	  to	  many	  generaCve	  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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•  Why	  managing	  Variability	  does	  maber	  

•  Modelling	  variability	  with	  TVL	  

•  Managing	  feature	  models	  with	  FAMILIAR	  
	  
•  Configuring	  feature	  models	  
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Plan	  
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Formally	  define	  the	  
scope	  of	  your	  product	  
line	  with	  a	  textual	  
language	  

Edit,	  compose,	  
decompose,	  compare,	  
reason	  about	  your	  
variability	  specificaCons	  	  

Configure	  your	  product	  line	  
with	  a	  collaboraCve,	  
distributed	  and	  dependable	  
feature-‐based	  configuraCon	  

ü



1.	  Modelling	  variability	  
with	  TVL	  	  

(Text-‐based	  Variability	  Language)	  
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excludes





Feature	  Models	  
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Feature	  Models	  (Background)	  
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Hierarchy:	  rooted	  tree	  	  
Variability:	  	  
•  mandatory,	  	  
•  opConal,	  	  
•  Groups:	  exclusive	  or	  inclusive	  features	  
•  Cross-‐tree	  constraints	  

Optional

Mandatory

Xor-Group

Or-Group
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Hierarchy	  +	  Variability	  	  
=	  	  

set	  of	  valid	  configura*ons	  

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	  Comfort,	  DrivingAndSafety,	  Healthing,	  AirCondiConing,	  FrontFogLights}	  

configura*on	  =	  set	  of	  features	  selected	  

ü	  
ü	  

ü	  

ü	  
ü	  

ü	  
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Hierarchy	  +	  Variability	  	  
=	  	  

set	  of	  valid	  configura*ons	  

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	  Comfort,	  DrivingAndSafety,	  Healthing,	  AirCondiConing}	  

configura*on	  =	  set	  of	  features	  selected	  

ü	  
ü	  

ü	  

ü	  

ü	  
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Hierarchy	  +	  Variability	  	  
=	  	  

set	  of	  valid	  configura*ons	  

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	  Comfort,	  DrivingAndSafety,	  Healthing,	  AirCondiConing,	  
AirCondiConingFrontAndRear,	  FrontFogLights}	  

configura*on	  =	  set	  of	  features	  selected	  

ü	  
ü	  

ü	  

ü	  
ü	  
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Hierarchy	  +	  Variability	  	  
=	  	  

set	  of	  valid	  configura*ons	  

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	  Comfort,	  DrivingAndSafety,	  Healthing,	  AirCondiConing}	  

configura*on	  =	  set	  of	  features	  selected	  

ü	  
ü	  

ü	  

ü	  

ü	  



43	  

Hierarchy	  +	  Variability	  	  
=	  	  

set	  of	  valid	  configura*ons	  

ü

ü

Optional

Mandatory

Xor-Group

Or-Group

{AirCondiConing,	  FrontFogLights}	  
{AutomaCcHeadLights,	  AirCondiConing,	  FrontFogLights}	  
{AutomaCcHeadLights,	  FrontFogLights,	  AirCondiConingFrontAndRear}	  
{AirCondiConingFrontAndRear}	  
{AirCondiConing}	  
{AirCondiConingFrontAndRear,	  FrontFogLights}	  

{CarEquipment,	  Comfort,	  
DrivingAndSafety,	  
Healthing}	   X



Feature	  Models	  
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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..*];



Visualisa*on	  will	  help,	  right	  ?	  

•  Tools	  create	  their	  own	  problems	  
•  Lock-‐in,	  dependance	  
•  Some	  informaCon	  is	  inevitably	  textual	  

– OCL	  constraints	  in	  UML	  
– Minispecs	  in	  StateCharts	  
– Abributes	  and	  constraints	  in	  FD	  
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Why	  not	  use	  text	  altogether	  ?	  

•  There	  are	  powerful	  tools	  for	  that	  
•  Helps	  with	  

– EdiCng	  
– TransformaCon	  
– Versioning	  
–  InformaCon	  exchange	  	  
– …	  

•  Graphical	  views	  can	  be	  generated	  anyway	  

49	  



Not	  a	  new	  idea	  

Language	   User	  Friendly	   AXributes	   Cardinali*es	   Cross	  tree	  
constraints	  

Modula-‐
risa*on	  

Van	  Deursen	  
et	  al.	  

✔	  

GUIDSL	  
(AHEAD)	  

✔	  

SXFM	   ✔	  
XML-‐based	  
(FAMA	  etc.)	  

✔	   ✔	   ✔	  
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+	  CML	  
+	  VSL	  



Furthermore	  

•  IntuiCve	  C-‐like	  syntax	  
•  Formal	  semanCcs	  
•  StaCcally	  typed	  
•  Implemented	  
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root	  AudiCar	  { 	   	  
	  group	  allOf	  {
	  ModelLine,	  
	  BodyStyle,	   	  	  
	  Model, 	  
	  Engine, 	  
	  Exterior,	  
	  Interior,	  
	  Equipment	  }	  

	  
}	  

root	  feature	  

and	  decomposiCon	  
all	  subfeatures	  must	  be	  present	  in	  the	  product	  

sub	  features	  

TVL	  :	  allOf	  –	  and	  decomposi*on	  



TVL	  :	  op*onal	  features	  

all	  subfeatures	  	  
must	  be	  present	  in	  the	  product	  

except	  this	  one	  
it	  is	  opConal	  

Exterior{	  
	  	  	  	  group	  allof	  {	  

	  Wheels,	  
	  Paint,	  

	   	  opt	  BlackStylingPack	  
	  	  	  	  }	  
}	  



TVL	  :	  one	  of	  –	  xor	  decomposi*on	  

ModelLine	  {	  
	  	  
	  group	  oneof	  {	  
	   	  AudiA1	  {	  
	   	   	  AudiA1	  -‐>	  (A1	  ||	  A1Sportback);	  
	   	   	  AudiA1	  -‐>	  (Door3	  ||	  Sportback);	  
	   	  },	  
	   	  AudiA3	  
	   	  {	  
	   	   	  AudiA3	  -‐>	  (A3	  ||	  A3Sportback	  ||	  A3Cabriolet	  	  
	   	   	   	  ||	  S3	  ||	  S3Sportback	  ||	  RS3Sportback);	  
	   	   	  AudiA3	  -‐>	  (Door3	  ||	  Sportback	  ||	  Cabriolet);	  
	   	  },	  
	   	  AudiA4	  
	   	  {	  
	   	   	  AudiA4	  -‐>	  (A4Avant	  ||	  A4AllroadQuattro	  ||	  S4Avant);	  
	   	   	  AudiA4	  -‐>	  (Avant	  ||	  AllroadQuattro);	  
	   	  },	  
	  }	  
	  	  

}	  

feature	  definiCon	  
xor	  decomposiCon	  
one	  and	  only	  one	  subfeature	  must	  be	  present	  in	  the	  product	  

constraints	  definiCon	  
Boolean	  expressions	  in	  terms	  of	  features	  

that	  must	  remain	  true	  



TVL	  :	  someOf	  –	  or	  decomposi*on	  

Equipment{	  
	  group	  someof	  {	  
	   	  Package,	  
	   	  EquipExterior,	  
	   	  Tyres,	  
	   	  EquipInterior,	  
	   	  SteeringWheels,	  
	   	  Seats,	  
	   	  SafetyAndTechnology,	  
	   	  AudiAndCommunication,	  
	   	  Warranty	  
	  }	  

}	  

feature	  definiCon	  

or	  decomposiCon	  
one	  or	  more	  subfeatures	  must	  be	  present	  in	  the	  product	  



TVL	  :	  Cardinali*es	  

Fuel	  {	  
	  group	  [1..2]	  {	  
	   	  Diesel,	  
	   	  Gas,	  
	   	  LPG,	  
	   	  Electricity	  
	  }	  	  

	  	  	  	  	  LPG	  -‐>	  Gas	  
	  	  	  	  	  Diesel	  excludes	  Gas	  	  
	  	  	  	  	  LPG	  excludes	  Electricity	  	  
}	  

or	  decomposiCon	  
the	  minimum	  and	  maximum	  number	  of	  features	  	  
that	  must	  be	  present	  in	  the	  product	  are	  specified	  

addiConal	  constraints	  
more	  restricCve	  than	  cardinaliCes	  alone	  



TVL	  :	  AXributes	  

Exterior	  {	  
	  	  group	  allof	  {	  

	  Wheels	  {	  
	  	  	  	  	  	  	   	  	  	  	  	  int	  size	  in	  [17..19]	  
	  	  	  	  	  	   	  }	  
	  	  }	  
}	  

numerical	  abribute	  

value	  range	  



TVL	  :	  Constants	  

const	  int	  minSize	  is	  17;	  
const	  int	  maxSize	  is	  19;	  
	  
Exterior	  {	  
	  	  group	  allof	  {	  
	  	  	  	  	  	  Wheels	  {	  
	  	  	  	  	  	  	   	  int	  size	  in	  [minSize..maxSize]	  
	  	  	  	  	  	  }	  
	  	  }	  
}	  

constants	  can	  be	  reused	  
constants	  are	  allowed	  in	  cardinaliCes,	  expressions,	  etc.	  



TVL	  :	  AXributes	  

Car	  {	  
	  	  	  	  int	  price	  is	  sum(children.price);	  
	  
	  	  	  	  Equipment	  {	  
	  	  	  	  	  	  	  	  int	  price	  is	  sum(selectedChildren.price);	  
	  
	  	  	  	  	  	  	  	  group	  someof	  {	  

	  NavigationSystems	  {	  
	  	  	  	  	  int	  price	  is	  605;	  
	  },	  
	  Telephone	  {	  
	  	  	  	  	  int	  price	  is	  300;	  
	  },	  
	  Speakers	  {	  
	  	  	  	  	  int	  price	  is	  690;	  
	  },	  
	  Other	  {	  
	  	  	  	  	  int	  price	  is	  385;	  

	   	  }	  
	  
	  	  	  	  	  	  	  	  }	  
}	  

aggregaCon	  funcCon	  
aggregaCon	  funcCons	  :	  sum,	  mul,	  min,	  max	  

built-‐in	  selectors	  



TVL	  :	  AXributes	  

Car	  {	  
	  
	  	  	  int	  engineSize	  in	  {1300,	  1500,	  1900,	  2200};	  
	  
	  	  	  enum	  bodyType	  in	  {Sedan,	  Coupe,	  Break,	  Cabriolet};	  
	  
	  	  	  bodyType	  type;	  
	  
	  	  	  type	  ==	  Break	  -‐>	  ...	  

	  	  
}	  

enumeraCon	  of	  possible	  values	  

enumerated	  type	  definiCon	  

enumerated	  abribute	  



TVL	  :	  ifIn	  /	  ifOut	  

Infotainment	  {	  
	  	  	  	  	  group	  someof	  {	  

	  NavigationSystem	  {	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  int	  price;	  

	  	  	  	  group	  oneof	  {	  
DVDBased	  {	  
	  	  	  	  	  ifIn:	  NavigationSystem.price	  ==	  1620;	  
},	  
HDDBased	  {	  
	  	  	  	  	  ifIn:	  NavigationSystem.price	  ==	  2045;	  
}	  

	  	  	  	  }	  
	  	   	  },	  
	  	  	  	  	   	  ...	  
	  	  	  	  }	  	  
	  	  	  	  	  	  
}	  

condiConal	  constraint	  
ifIn	  :	  applies	  only	  if	  the	  feature	  is	  selected	  
	  
ifOut	  :	  applies	  if	  the	  feature	  is	  not	  selected	  



TVL	  :	  Ternary	  operator	  

Infotainment	  {	  
	  	  	  	  group	  someof	  {	  

	  NavigationSystem	  {	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  int	  price	  =	  DVDBased	  ?	  1620	  :	  2045;	  

	  	  	  	  group	  oneof	  {	  
	   	  DVDBased,	  
	   	  HDDBased	  	  
	  	  	  	  }	  

	  	   	  },	  
	   	  ...	  
	  	  	  	  }	  	  
	  	  	  	  	  	  
}	  

condiCon	  
a	  feature	  is	  true	  if	  it	  is	  selected	  

value	  if	  condiCon	  
is	  true	  

value	  if	  condiCon	  
is	  false	  



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	  :	  Modularity	  

BodyStyle	  {	  
	  	  	  	  group	  oneof	  {	  

	  Avant,	  
	  Door3,	  
	  Sportback,	  
	  Coupe,	  
	  Cabriolet,	  
	  Roadster,	  
	  Spyder,	  
	  SUV	  

	  	  	  	  	  } 	  	  
	  	  

}	  

Model	  {	  
	  	  	  	  group	  oneof	  {	  

A1,	  
A3,	  
S3,	  
A4,	  
S4,	  
A5,	  
S5,	  
RS5,	  
A6,	  
A7,	  
A8,	  
A8L,	  
R8	  
Q3,	  
Q5,	  
Q7,	  
TT,	  
TTS,	  
TT	  RS	  

	  	  	  	  	  } 	  	  
}	  

Engine	  {	  
	  	  	  group	  oneof	  {	  

SE12TFSI,	  
CE14TFSI,	  
CE14TFSI119,	  
Sport12TFSI,	  
Sport14TFSI,	  
Sport14TFSI119,	  
BlackEdition14TFSI,	  
SLine12TFSI,	  
SLine14TFSI,	  
SE16TDI,	  
CE16TDI,	  
CE20TDI,	  
...	  

	  	  	  	  	  } 	  	  
	  	  

}	  

BodyStyle.tvl	   Model.tvl	   Engine.tvl	  



•  Key	  references	  
–  Classen,	  A.;	  Boucher,	  Q.	  and	  Heymans,	  P.	  A	  Text-‐based	  Approach	  to	  

Feature	  Modelling:	  Syntax	  and	  SemanCcs	  of	  TVL.	  In	  Science	  of	  
Computer	  Programming	  (SCP),	  Special	  Issue	  on	  So\ware	  EvoluCon	  

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

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

–  Parser	  /	  SyntacCc	  and	  semanCc	  checker	  	  
–  SAT-‐based	  checker	  for	  Boolean	  models	  

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

TVL	  :	  Tools	  



2.	  Managing	  variability	  
models	  with	  FAMILIAR	  

66	  



At	  the	  end	  of	  the	  tutorial	  (bis)	  
•  You	  will	  have	  an	  overview	  of	  what’s	  going	  on	  in	  the	  field	  of	  	  

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

techniques	  
•  reuse	  them	  in	  pracCcal	  or	  academic	  contexts	  	  

•  SupporCng	  material:	  hbps://nyx.unice.fr/projects/familiar/wiki/SPLC12-‐tutorial	  

•  slides	  of	  the	  tutorial	  
•  related	  arCcles,	  	  
•  TVL	  models,	  	  
•  FAMILIAR	  scripts,	  
•  and	  packaged	  tools	  to	  interacCvely	  play	  with	  the	  models	  during	  the	  

tutorial.	  	  
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#1	  Automated	  Analysis	  

68	  



#2	  Mul*ple	  Feature	  Models	  

69	  



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

•  #2	  Managing	  mulCple	  feature	  models	  
–  Composing	  /	  Decomposing	  /	  Diff	  and	  Reasoning	  about	  their	  
relaConships	  

–  Combining	  these	  operators	  
70	  

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	  
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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	  
	  	  	  	  	  	  	  	  	  	  	  intersecCon	  
	  	  	  	  	  	  	  	  	  	  	  sunion	  

	  	  

aggregate	  
	  map	  
	  unmap	  

extract	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  slicing	  

Edi*ng	  
renameFeature	  

	  removeFeature	  
accessors	  	  

	  copy	  

	   	   	   	  	   	  	  Reasoning	  	  
counCng	   configs	  

isValid	  
deads	  cores	  
falseOpConals	  

cleanup	  

configuraCon	  	  
	  select	  
	  deselect	  
	  asFM	  compare	  

setOpConal 	  	  
	  	  	  	  	  	  	  	  	  	  	  setMandatory	  

setAlternaCves	  
	   	  setOr	  

	  

	  Language	  Facili*es	  
fm1.*	   fm1.B	  

modular	  mechanisms	  
	  
	  

restricted	  set	  of	  types	  
iterator/condiConal	  

asserCon	  

insert	  

FAMILIAR	  …	  features	  



Hello	  World	  
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helloworld.fml	  



Typed	  language	  	  
•  Domain-‐specific	  types	  

–  Feature	  Model,	  	  
–  ConfiguraCon,	  	  
–  Feature,	  	  
–  Constraint	  	  

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

•  A	  set	  of	  operaCons,	  called	  operators,	  are	  defined	  for	  a	  given	  type.	  	  
74	  

basics2.fml	  



Typed	  language	  	  

75	  

basics2.fml	  



Typed	  language	  	  

76	  

basics2.fml	  



Impor*ng/Expor*ng	  feature	  models	  

77	  

FAMILIAR

S2T2
TVL

feature-model-synthesis

(visual configurator)

(language)

(language)FaMa

Internal	  notaCon	  or	  by	  “filename	  extensions”	  	  

basics3.fml	  



Feature	  Accessors	  (1)	  
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\Accessors.fml	  



Other	  constructs	  

79	  

\Accessors2.fml	  



Configura*on	  

80	  

conf.fml	  



Opera*ons	  for	  Feature	  Models	  (1)	  

81	  
φ

operatorsFM.fml	  



Opera*ons	  for	  Feature	  Models	  (2)	  

82	  

φ

operatorsFM2.fml	  



Opera*ons	  for	  Feature	  Models	  (3)	  

83	  

operatorsFM3.fml	  



FAMILIAR	   84	  

constraints

……..

SPL/internal/soEware	  variability	  	  
(Pohl	  et	  al.	  2005,	  Metzger	  2007)	  

constraints

……..

PL/external	  variability	  	  
(Pohl	  et	  al.	  2005,	  Metzger	  2007)	  

	  

constraints

……..

context	  variability	  
(FORM	  1998,	  Tun	  et	  al.	  2009	  (problem	  world),	  	  
Hartmann	  2008	  (CVM),	  Lee	  et	  al.	  2010	  

Stakeholder	  1,	  2,	  3,	  …,	  n	  	  
(Czarnecki	  2005,	  Reiser	  et	  al.	  2007,	  
Hartmann	  et	  al.	  2009,	  Classen	  et	  al.	  2009,	  
Mendonca	  et	  al.	  2010)	  

constraints

……..

constraints

……..

constraints

……..

constraints

……..

Concern	  1,	  2,	  3,	  …,	  n	  
View	  1,	  2,	  3,	  …,	  n	  
(Dunghana	  et	  al.	  2010,	  	  
Hubaux	  et	  al.	  2010,	  Zaid	  et	  al.	  2010)	  

	  
	  
	  
	  
	  
	  

constraints

……..

constraints

……..

constraints

……..

constraints

……..

constraints

……..

Mul*ple	  Feature	  Models	  
	  	  

	  	  

	  	   	  	  

	  	  



	  	  

	  	  

	  	   	  	  

	  	   	  	  

	  	  

	  	   	  	  

	  	  

	  	  

	  	  

	  	   	  	  

	  	  
	  	  

	  	  

	  	   	  	  

	  	  

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)	  

86	  

aggregateBasics.fml	  



Composing	  Feature	  Models	  (2)	  

87	  

aggregate1.fml	  

Previous	  
version	  



Merging	  Feature	  Models	  	  

88	  

mergeMI.fml	  



see	  also	  Thuem,	  Kastner	  and	  Batory,	  ICSE’09	  

Comparing	  Feature	  Models	  

89	  

compare.fml	  



Puung	  all	  together:	  Example	  1	  

90	  



Merge	  Intersec*on:	  Available	  Suppliers	  

91	  

∩	   ∩	  

A	  customer	  
has	  some	  

requirements	  

Suppliers?	  
Products?	  



In	  FAMILIAR	  

92	  

suppliersExample0.fml	  



Merge	  Union:	  Availability	  Checking	  

93	  

Can	  suppliers	  provide	  all	  products?	  
Yes!	  

“compare”	  
	  	  

	  

∩	  



In	  FAMILIAR	  

94	  

suppliersExample.fml	  



Merging	  opera*on:	  	  implementa*on	  issues	  

95	  

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?	  



96	  

Merging	  opera*on:	  seman*c	  issues	  (2)	  

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

the	  union	  of	  input	  sets	  of	  configura*ons?	  



Merging	  opera*on:	  algorithm	  

97	  

φ
1 

φ
2 

φ3 

φ 
123 

merged	  proposiConal	  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?	  

see	  also	  [Czarnecki	  SPLC’07	  or	  SPLC’12]	  



Merging	  opera*on:	  back	  to	  hierarchy	  

98	  

mergeNonPC.fml	  

>	  configs	  fm4	  
res12:	  (SET)	  {{C;A};{A;B};{A};{A;B;C}}	   ?	  

see	  also	  [Acher	  PhD	  thesis]	  



see	  also	  [Acher	  et	  al.,	  ECMFA’12/AOSD’12/PhD	  thesis]	  

– Well-‐defined	  semanCcs	  
– Guarantee	  semanCcs	  properCes	  by	  construcCon	  
– More	  compact	  feature	  models	  than	  reference-‐based	  
techniques	  [Schobbens	  et	  al.,	  2007],	  [Hartmann	  et	  al.,	  2007]	  

•  Easier	  to	  understand	  
•  Easier	  to	  analyze	  (e.g.,	  compare	  with	  another)	  

– Applicable	  to	  any	  proposiConal	  feature	  models	  	  
•  Full	  support	  of	  proposiConal	  constraints	  	  
•  Different	  hierarchies	  [Van	  Den	  Broek	  et	  al.,	  SPLC’2010/2012]	  

– SyntacCcal	  strategies	  fail	  [Alves	  et	  al.,	  2006],	  [Segura	  et	  al.,	  2007]	  
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Related	  Works	  



Another	  Example	  
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101	  

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“	  	  

	  
#2	  –	  boXom-‐up:	  elaborate	  a	  feature	  model	  for	  each	  model	  line	  and	  merge	  them	  

Two	  modeling	  approaches	  
#1	  –	  top-‐down:	  specify	  constraints	  (e.g.,	  excludes)	  of	  all	  model	  lines	  upfront	  
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#1	  top-‐down	  



106	  

#1	  boXom-‐up	  
FM_1	  

FM_2	  

FM_3	  

FM_r	  merge	  



107	  

#1	  boXom-‐up	  (FAMILIAR)	  
FM_1	  

FM_2	  

FM_3	  

FM_r	  merge	  

audiMerge.fml	  
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Building	  “views”	  of	  a	  feature	  model	  



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

•  SemanCcs?	  
– What’s	  the	  hierarchy	  
– What’s	  the	  set	  of	  configuraCons?	  

109	  

Building	  “views”	  of	  a	  feature	  model	  



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	  maXer!	   110	  



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	  :	  an	  arbitrary	  set	  of	  features,	  relevant	  for	  a	  feature	  model	  user	  

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

112	  

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



T

S E D

constraints
E implies D
D implies E
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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

slicingOp2.fml	  
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Slicing	  with	  FAMILIAR	  (2)	  
slicingOp.fml	  
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Revisi*ng	  Merge	  and	  Slice:	  
AggregateMerge	  
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Revisi*ng	  Merge	  and	  Slice:	  AggregateMerge	  
mergeWithAggregateMI.fml	  



Puung	  all	  together:	  Example	  2	  
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From	  marke.ng,	  
customers,	  product	  
management	  	  

From	  exis.ng	  so?ware	  
assets	  	  (technical	  variability)	  



V1 ⬄ f1
V2 ⬄ f2
V3 ⬄ f3 

From	  marke.ng,	  
customers,	  product	  
management	  	  

From	  exis.ng	  so?ware	  assets	  	  

realizability	  

usefulness	  

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



Realizability	  checking	  
aggregate	  

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

merge	  diff	  
(“unrealizable	  products”)	  

	  

φ

1

slice	  (“realizable	  part”)	  2

3 compare	  
4	  

see	  also	  [Acher	  et	  al.	  AOSD’12	  and	  CAiSE’12	  



With	  FAMILIAR	  
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realizibility.fml	  



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	  adopCon	  of	  the	  languages	  

– You’re	  the	  future	  users!	  
•  TVL	  

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

•  FAMILIAR	  
– Applicability,	  Learnability,	  Expressiveness,	  Usability	  	  

•  ConnecCon	  of	  feature	  models	  to	  other	  artefacts	  
– Automated	  product	  derivaCon	  
– VerificaCon	  &	  CerCficaCon	  
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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]	  
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Software 
Artefacts

Variability 
Modeling

Automatic 
Extraction

Software 
Architect View

?

1	  
2	  

Philippe	  Merle,	  
so\ware	  architect	  of	  FraSCAC	  

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

Extrac*on	  process	  



Highlights	  
•  Automated	  Procedure	  

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

•  Lessons	  Learned	  
–  ExtracCon	  procedure	  yields	  promising	  results	  
–  EssenCal	  role	  of	  so\ware	  architect	  	  

•  To	  validate	  the	  extracted	  feature	  model	  
•  To	  integrate	  knowledge	  

•  Ongoing	  Work	  
–  EvoluCon	  of	  FraSCAC	  (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	  configuraCons	  
(634	  counter	  examples)	  

Exact	  set	  of	  configuraCons,	  each	  configuraCon	  	  
corresponding	  to	  at	  least	  one	  product	  

Manual	  extracCon	  of	  a	  feature	  model	  	  
from	  product	  descripCon(s)	  is	  not	  possible	  



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

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

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

–  Can	  be	  overridden	  by	  specific	  user	  direcCves	  

–  VariCell	  
•  DSL	  built	  on	  top	  of	  FAMILIAR	  

132	  

fm1	  
fm2	  
fm3	  
fm4	  
fm5	  
fm6	  
fm7	  
fm8	  
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SyntacCc	  differences	  do	  not	  scale	  
	  
	  see	  [Acher	  et	  al.,	  CAiSE’12]	  

Feature	  Model	  Differences	  



Modeling	  Variability	  From	  
Requirements	  to	  Run*me	  

	  The	  case	  of	  video	  surveillance	  processing	  chains	  

Collabora*on	  with	  Sabine	  Moisan	  and	  Jean-‐Paul	  Rigault	  (INRIA)	  

Adap*ve	  systems	  large	  number	  of	  soEware	  configura*ons	  

for	  a	  large	  number	  of	  requirements	  



•  SeparaCon	  of	  Concerns	  
–  So\ware	  variability	  is	  disCnguished	  from	  requirements	  
variability	  

•  A	  systemaCc	  approach	  to	  specify	  and	  reason	  about	  
variability	  of	  adapCve	  systems	  
–  Variability	  requirements	  are	  step-‐wised	  specified	  at	  design	  Cme	  

•  Some	  variability	  choices	  are	  kept	  for	  runCme	  adaptaCon	  (e.g.,	  Day/Night)	  
–  ReducCon	  of	  so\ware	  configuraCons	  to	  be	  considered	  at	  runCme	  

•  Reasoning	  operaCons	  
–  Consistency	  checking	  
–  “Reachability”	  property	  

•  for	  all	  valid	  requirements	  (e.g.,	  contexts),	  there	  exists	  at	  least	  one	  valid	  so\ware	  configuraCon	  
–  SpecializaCon	  checking	  
–  Choices	  PropagaCon	  	  

•  Language	  support	  
–  aggregate	  +	  slice	  +	  compare	  +	  ediCng	  faciliCes	  
–  Reuse	  of	  feature	  models	  and	  analysis	  procedures	  in	  6	  scenarios	  	  
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Contribu*ons	  

See	  also	  [Acher	  et	  al.,	  ICECCS’11]	  or	  DemonstraBon	  (screencast)	  


