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Linux	
  Kernel	
  

2000 features 
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So3ware	
  Product	
  
Line	
  Engineering	
  

Factoring	
  out	
  commonali?es	
  
	
  for	
  Reuse	
  [Krueger	
  et	
  al.,	
  1992]	
  [Jacobson	
  et	
  al.,	
  1997]	
  

	
  
	
  
	
  
Managing	
  variabili?es	
  	
  

	
  for	
  SoHware	
  Mass	
  Customiza?on	
  [Bass	
  et	
  al.,	
  1998]	
  [Krueger	
  et	
  al.,	
  2001],	
  [Pohl	
  et	
  al.,	
  2005]	
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Variability	
  	
  
“the	
  ability	
  of	
  a	
  system	
  to	
  be	
  efficiently	
  
extended,	
  changed,	
  customized	
  or	
  
configured	
  for	
  use	
  in	
  a	
  par?cular	
  context”	
  	
  

Mikael	
  Svahnberg,	
  Jilles	
  van	
  Gurp,	
  and	
  Jan	
  Bosch	
  (2005)	
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Domain	
  engineering	
  (development	
  for	
  reuse)	
  

7	
  

Common	
  assets	
   Variants	
  

Applica?on	
  engineering	
  (development	
  with	
  reuse)	
  

Reusable	
  Assets	
  	
  
(e.g.,	
  models	
  or	
  source	
  code)	
  	
  

Variability	
  Model	
  

product2	
   productn	
  
product1	
  

Configura?on	
  

Configura?ons	
  





Variability	
  Models	
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#1	
  precise	
  specifica?on	
  is	
  needed	
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Domain	
  engineering	
  (development	
  for	
  reuse)	
  

11	
  

Common	
  assets	
   Variants	
  

Applica?on	
  engineering	
  (development	
  with	
  reuse)	
  

Reusable	
  Assets	
  	
  
(e.g.,	
  models	
  or	
  source	
  code)	
  	
  

Variability	
  Model	
  

product2	
   productn	
  
product1	
  

Feature	
  Configura?on	
  

Configura?ons	
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Illegal	
  	
  Variant	
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Unused	
  flexibility	
  



	
  
#2	
  variability	
  cross	
  cuts	
  all	
  

artefacts	
  (from	
  requirements	
  to	
  
code)	
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#3	
  automa?on	
  

(exponen?al	
  number	
  of	
  products)	
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Variability = Complexity 

Kästner’s	
  slide	
  	
  	
  



a	
  unique	
  variant	
  for	
  every	
  

person	
  on	
  this	
  planet	
  

33	
  features	
  opWonal,	
  independent	
  

Kästner’s	
  slide	
  	
  	
  



320	
  features	
  
	
  

more	
  variants	
  than	
  esWmated	
  

	
  	
  atoms	
  in	
  the	
  universe	
  

opWonal,	
  independent	
  

Kästner’s	
  slide	
  	
  	
  



2000 features 10000 
features	
  



Variability	
  Model	
  

•  Abstrac?on	
  of	
  some	
  aspect	
  of	
  a	
  system	
  under	
  
study	
  (SUS)	
  
– Some	
  details	
  are	
  hidden	
  or	
  removed	
  to	
  simplify	
  and	
  
focus	
  aZenWon	
  

– general	
  concepts	
  can	
  be	
  formulated	
  by	
  abstracWng	
  
common	
  properWes	
  of	
  instances	
  

•  In	
  a	
  form	
  that	
  can	
  be	
  mechanically	
  analyzed	
  
– properWes	
  of	
  a	
  SUS	
  	
  
– model	
  transformaWon	
  

•  GeneraWon	
  of	
  another	
  abstracWon	
  (including	
  code)	
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Variability	
  Models:	
  Why?	
  	
  
(3	
  arguments,	
  summary)	
  

	
  
precise	
  specifica?on	
  

	
  
variability	
  is	
  orthogonal	
  /	
  cross	
  cuts	
  different	
  

artefacts	
  
	
  

automa?on	
  

24	
  



Variability	
  models	
  are	
  needed.	
  Now	
  
we	
  are	
  convinced…	
  
	
  
#1	
  Formalism?	
  Theory?	
  

	
  modeling	
  principles,	
  seman?cs,	
  logics	
  
	
  
#2	
  Language?	
  	
  

	
  to	
  elaborate/build	
  variability	
  models	
  
	
  
#3	
  Reasoning	
  techniques?	
  

	
  to	
  analyze	
  proper?es	
  of	
  an	
  SPL	
  (scalable	
  and	
  automated	
  way)	
  	
  
	
  
#4	
  Applica?ons	
  of	
  variability	
  models?	
  

	
  variability	
  model	
  and	
  so	
  what?	
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Or

Xor

Mandatory

Optional

not, and, or, implies

Feature	
  Models	
  



Feature	
  Model:	
  defacto	
  standard	
  

•  Central	
  to	
  many	
  soHware	
  product	
  line	
  approaches	
  
– More	
  than	
  1000	
  citaWons	
  of	
  [Kang	
  et	
  al.,	
  1990]	
  per	
  year	
  
–  GeneraWve	
  programming	
  	
  [Czarnecki	
  et	
  al.,	
  2000]	
  	
  	
  

•  Research	
  effort	
  
–  Formal	
  SemanWcs	
  [Schobbens	
  et	
  al.,	
  2007]	
  
–  Automated	
  Reasoning	
  Techniques	
  [Batory	
  et	
  al.,	
  2005],	
  [Czarnecki	
  et	
  al.,	
  2007],	
  	
  

[Mendonca	
  et	
  al.,	
  2009],	
  [Thuem	
  et	
  al.,	
  2009]	
  ,	
  [Janota	
  et	
  al.,	
  2010],	
  [Benavides	
  et	
  al.,	
  2010]	
  	
  

•  Tools	
  
–  Commercial:	
  pure::variants,	
  Gears	
  	
  
–  Academic:	
  fmp,	
  FeatureIDE,	
  FaMa,	
  FAMILIAR,	
  SPLOT,	
  TVL,	
  
etc.	
  	
   28	
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Feature	
  Model:	
  Applica?ons	
  
•  Domain	
  Analysis	
  

•  Configurators	
  	
  

•  Automated	
  DerivaWon	
  of	
  “Product”	
  

•  TesWng	
  

•  Model	
  Checking	
  
29	
  





Feature	
  modeling	
  is…	
  
•  …	
  about	
  idenWfying	
  	
  

–  common	
  features	
  of	
  concepts	
  
–  variable	
  features	
  of	
  concepts	
  
–  and	
  their	
  dependencies	
  	
  
–  and	
  documenWng	
  them	
  in	
  a	
  coherent	
  model,	
  called	
  a	
  
feature	
  model	
  	
  

•  Core	
  acWvity	
  of	
  domain-­‐engineering	
  methods	
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Feature	
  and	
  Psychology	
  
•  The	
  human	
  mind	
  processes	
  lots	
  of	
  informaWon	
  	
  
•  Important	
  funcWon	
  of	
  human	
  informaWon	
  processing:	
  
reducing	
  the	
  amount	
  of	
  informaWon	
  	
  

•  Describing	
  concepts	
  by	
  features	
  
–  Clustering	
  	
  
–  AbstracWon	
  	
  (ClassificaWon/GeneralizaWon)	
  
–  Vocabulary	
  construcWon	
  

•  Classifying	
  a	
  percepWonal	
  unit	
  as	
  an	
  instance	
  of	
  a	
  concept	
  
•  Analysis	
  of	
  similarity	
  	
  

– Features	
  common	
  to	
  enWWes,	
  acWviWes,	
  events,	
  
relaWonships,	
  structures,	
  etc.	
  	
  

•  Analysis	
  of	
  variaWons	
  	
  
– Features	
  that	
  are	
  unique	
  to	
  enWWes,	
  acWviWes,	
  events,	
  
relaWonships,	
  structures,	
  etc.	
  	
   32	
  



Modeling	
  variability	
  (and	
  commonality)	
  
•  Features	
  are	
  a	
  convenient	
  way	
  to	
  think	
  about	
  commonaliWes	
  and	
  

differences	
  between	
  family	
  members	
  

–  e.g.	
  "MP3	
  player"	
  –	
  some	
  phones	
  have	
  it,	
  some	
  don't	
  

•  Features	
  are	
  «	
  usually	
  »	
  coarse-­‐grained	
  abstracWons	
  
–  Abstract	
  from	
  detailed	
  requirements	
  

•  e.g.	
  "when	
  in	
  shuffle	
  mode,	
  the	
  player	
  selects	
  the	
  next	
  track	
  using	
  a	
  random	
  funcWon"	
  

–  Abstract	
  from	
  design/implementaWon	
  details	
  

•  e.g.	
  "MP3_Player	
  is	
  a	
  concrete	
  subclass	
  of	
  Media_Player	
  »	
  

•  Depends	
  on	
  what	
  you	
  are	
  modeling	
  and	
  for	
  which	
  purpose	
  

–  ElicitaWng	
  requirements	
  with	
  customers	
  (informal	
  document)	
  	
  

–  VS	
  builiding	
  a	
  representaWon	
  of	
  your	
  code	
  (based	
  on	
  CPP	
  direcWves)	
  	
  



What's	
  a	
  feature?	
  (survey	
  excerpt)	
  
•  [Kang	
  et	
  al.]	
  “a	
  prominent	
  or	
  disWncWve	
  user-­‐visible	
  aspect,	
  quality	
  or	
  characteris?c	
  of	
  a	
  

soHware	
  system	
  or	
  systems”	
  

•  [Kang	
  et	
  al.]	
  “disWncWvely	
  idenWfiable	
  func?onal	
  abstrac?ons	
  that	
  must	
  be	
  
implemented,	
  tested,	
  delivered,	
  and	
  maintained”	
  

•  [Eisenecker	
  and	
  Czarnecki].	
  “anything	
  users	
  or	
  client	
  programs	
  might	
  want	
  to	
  control	
  
about	
  a	
  concept”	
  

•  [Bosch	
  et	
  al.]	
  “A	
  logical	
  unit	
  of	
  behaviour	
  specified	
  by	
  a	
  set	
  of	
  func?onal	
  and	
  non-­‐
func?onal	
  requirements.”	
  

•  [Chen	
  et	
  al.]	
  “a	
  product	
  characteris?c	
  from	
  user	
  or	
  customer	
  views,	
  which	
  essenWally	
  
consists	
  of	
  a	
  cohesive	
  set	
  of	
  individual	
  requirements”	
  

•  [Batory]	
  “an	
  elaboraWon	
  or	
  augmentaWon	
  of	
  an	
  enWty(s)	
  that	
  introduces	
  a	
  new	
  service,	
  
capability	
  or	
  relaWonship”	
  	
  







excludes






Feature	
  Models	
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Feature	
  Models	
  (Background)	
  

40	
  

Hierarchy:	
  rooted	
  tree	
  	
  
Variability:	
  	
  
•  mandatory,	
  	
  
•  opWonal,	
  	
  
•  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,	
  AirCondiWoning,	
  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,	
  AirCondiWoning}	
  

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,	
  AirCondiWoning,	
  
AirCondiWoningFrontAndRear,	
  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,	
  AirCondiWoning,	
  
AutomaWcHeadLights}	
  

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

Boolean	
  logic:	
  ^,	
  v,	
  not,	
  implies	
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Hierarchy	
  +	
  Variability	
  	
  
=	
  	
  

set	
  of	
  valid	
  configura?ons	
  

ü

Optional

Mandatory

Xor-Group

Or-Group

Or-­‐group:	
  at	
  least	
  one!	
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Hierarchy	
  +	
  Variability	
  	
  
=	
  	
  

set	
  of	
  valid	
  configura?ons	
  

ü

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	
  Comfort,	
  
DrivingAndSafety,	
  
Healthing}	
   X

{AirCondiWoningFrontAndRear,	
  FrontFogLights,	
  SAControl}	
  
{AirCondiWoningFrontAndRear,	
  SAControl}	
  
{AutomaWcHeadLights,	
  AirCondiWoning,	
  FrontFogLights}	
  
{AirCondiWoningFrontAndRear,	
  SAControl,	
  AutomaWcHeadLights,	
  FrontFogLights}	
  
{FrontFogLights,	
  AirCondiWoning}	
  
{AutomaWcHeadLights,	
  AirCondiWoningFrontAndRear,	
  FrontFogLights}	
  
{FrontFogLights,	
  AirCondiWoningFrontAndRear}	
  
{SAControl,	
  AirCondiWoning}	
  





Feature	
  Models	
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History	
  of	
  Feature	
  Models	
  

	
  
~	
  o3en	
  called	
  Feature	
  Diagrams	
  	
  
(suggest	
  a	
  visual	
  representa?on)	
  

	
  
graphical	
  languages	
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Feature	
  Models	
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Kang	
  et	
  al.	
  (1990)	
  



FD dialects 

FODA (OFT) 
[Kang et al., 1990] 

FORM (OFD) 
[Kang et al., 1998] 

FeatuRSEB (RFD) 
[Griss et al., 1998] 

VBFD 
[van Gurp et al., 

2001] 

EFD 
[Riebisch et al., 2002] 

Gen. Prog. (GPFT) 
[Czarnecki et al.,  

2000] 

PLUSS (PFT) 
[Eriksson et al., 2005] 



FD dialects 

FODA (OFT) 
[Kang et al., 1990] 

FORM (OFD) 
[Kang et al., 1998] 

FeatuRSEB (RFD) 
[Griss et al., 1998] 

VBFD 
[van Gurp et al., 

2001] 

EFD 
[Riebisch et al., 2002] 

Gen. Prog. (GPFT) 
[Czarnecki et al.,  

2000] 

PLUSS (PFT) 
[Eriksson et al., 2005] 



FD dialects 

FODA (OFT) 
[Kang et al., 1990] 

FORM (OFD) 
[Kang et al., 1998] 

FeatuRSEB (RFD) 
[Griss et al., 1998] 

VBFD 
[van Gurp et al., 

2001] 

EFD 
[Riebisch et al., 2002] 

Gen. Prog. (GPFT) 
[Czarnecki et al.,  

2000] 

PLUSS (PFT) 
[Eriksson et al., 2005] 



FD dialects 

FODA (OFT) 
[Kang et al., 1990] 

FORM (OFD) 
[Kang et al., 1998] 

FeatuRSEB (RFD) 
[Griss et al., 1998] 

VBFD 
[van Gurp et al., 

2001] 

EFD 
[Riebisch et al., 2002] 

Gen. Prog. (GPFT) 
[Czarnecki et al.,  

2000] 

PLUSS (PFT) 
[Eriksson et al., 2005] 





	
  
Feature	
  Models	
  
	
  
~	
  Feature	
  Diagrams	
  	
  
(suggest	
  a	
  visual	
  representa?on)	
  
	
  
but	
  that’s	
  not	
  mandatory	
  
that	
  does	
  not	
  necessary	
  scale	
  	
  
or	
  respond	
  to	
  users’	
  concerns	
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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
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Numbering 
method
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Left Center Right
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Bottom
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Format

Prefix Suffix Style Font Color
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Roman

HeightWidth

Insert Tab
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Z-folding

Folding
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Fold
Parallel 

Fold
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<<excludes>>
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Binding 
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<<excludes>>

<<excludes>>
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<<excludes>>

<<excludes>>
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<<excludes>>
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Text
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Page 
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Content

<<excludes>>

Side

Recto Verso

<<requires>>

<<requires>>

Orientation

Portrait Landscape
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<<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..*];



Visualisa?on	
  will	
  help,	
  right	
  ?	
  

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

– OCL	
  constraints	
  in	
  UML	
  
– Minispecs	
  in	
  StateCharts	
  
– AZributes	
  and	
  constraints	
  in	
  FD	
  

61	
  



Why	
  not	
  use	
  text	
  altogether	
  ?	
  

•  There	
  are	
  powerful	
  tools	
  for	
  that	
  
•  Helps	
  with	
  

– EdiWng	
  
– TransformaWon	
  
– Versioning	
  
–  InformaWon	
  exchange	
  	
  
– …	
  

•  Graphical	
  views	
  can	
  be	
  generated	
  anyway	
  

62	
  



Not	
  a	
  new	
  idea	
  

Language	
   User	
  Friendly	
   Ahributes	
   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	
  

•  IntuiWve	
  C-­‐like	
  syntax	
  

•  Formal	
  semanWcs	
  

•  StaWcally	
  typed	
  

•  EdiWng	
  faciliWes	
  
–  Textual	
  editor	
  with	
  auto-­‐compleWon	
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root	
  AudiCar	
  { 	
   	
  
	
  group	
  allOf	
  {
	
  ModelLine,	
  
	
  BodyStyle,	
   	
  	
  
	
  Model, 	
  
	
  Engine, 	
  
	
  Exterior,	
  
	
  Interior,	
  
	
  Equipment	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  }	
  
	
  
}	
  

root	
  feature	
  

and	
  decomposiWon	
  

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	
  opWonal	
  

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	
  definiWon	
  
xor	
  decomposiWon	
  
one	
  and	
  only	
  one	
  subfeature	
  must	
  be	
  present	
  in	
  the	
  product	
  

constraints	
  definiWon	
  
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	
  definiWon	
  

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



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	
  SemanWcs	
  of	
  TVL.	
  In	
  Science	
  of	
  
Computer	
  Programming	
  (SCP),	
  Special	
  Issue	
  on	
  SoHware	
  EvoluWon	
  

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

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

–  Parser	
  /	
  SyntacWc	
  and	
  semanWc	
  checker	
  	
  
–  SAT-­‐based	
  checker	
  for	
  Boolean	
  models	
  

•  Lessons	
  learned	
  
–  Textual	
  vs	
  graphical	
  languages	
  
–  SemanWcs	
  of	
  your	
  language	
  maZer	
  

TVL	
  :	
  Tools	
  





Empty	
  set	
  of	
  
configura?ons	
  

Optional

Mandatory

Xor-Group

Or-Group



Dead	
  feature	
  

False	
  op?onal	
  
feature	
  

Optional

Mandatory

Xor-Group

Or-Group



Core	
  features	
  

{CarEquipment,	
  Comfort,	
  
DrivingAndSafety,	
  Healthing}	
  

Optional

Mandatory

Xor-Group

Or-Group



Interac?ve	
  
Configura?on	
  

Optional

Mandatory

Xor-Group

Or-Group



	
  
Feature	
  Models	
  and	
  Automated	
  Reasoning	
  

Benavides	
  et	
  al.	
  survey,	
  2010	
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Decision	
  problems	
  and	
  complexity	
  

•  Validity	
  of	
  a	
  feature	
  model	
  

•  Validity	
  of	
  a	
  configuraWon	
  
•  ComputaWon	
  of	
  dead	
  and	
  core	
  features	
  

•  CounWng	
  of	
  the	
  number	
  of	
  valid	
  configuraWons	
  

•  Equivalence	
  between	
  two	
  feature	
  models	
  

•  SaWsfiability	
  (SAT)	
  problem	
  
–  NP-­‐complete	
  







(Boolean)	
  Feature	
  Models	
  

81	
  

Hierarchy	
  +	
  Variability	
  =	
  set	
  of	
  valid	
  configura?ons	
  

Optional

Mandatory

Xor-Group

Or-Group

fm1	
  



(Boolean)	
  Feature	
  Models	
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~	
  Boolean	
  formula	
  

Optional

Mandatory

Xor-Group

Or-Group

fm1	
  



Truth table, boolean function 
from to 

x1 x2 x3 x4 f 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 1 
0 0 1 1 1 
0 1 0 0 0 
0 1 0 1 0 
0 1 1 0 0 
0 1 1 1 1 
1 0 0 0 0 
1 0 0 1 0 
1 0 1 0 0 
1 0 1 1 1 
1 1 0 0 0 
1 1 0 1 0 
1 1 1 0 0 
1 1 1 1 0 





Binary Decision Diagrams (Bryant 1986) 

encoding of a truth table. 

x2 

x4 

x3 x3 

x4 x4 x4 

0 0 0 1 0 0 0 0 

x2 

x4 

x3 x3 

x4 x4 x4 

0 1 1 1 0 0 0 1 

x1 0 edge 
1 edge 

from to 

x1 x2 x3 x4 f 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 1 
0 0 1 1 1 
0 1 0 0 0 
0 1 0 1 0 
0 1 1 0 0 
0 1 1 1 1 
1 0 0 0 0 
1 0 0 1 0 
1 0 1 0 0 
1 0 1 1 1 
1 1 0 0 0 
1 1 0 1 0 
1 1 1 0 0 
1 1 1 1 0 



Reduction  
•  Identify Redundancies  

•  3 Rules 
– Merge equivalent leaves  
– Merge isomorphic nodes  
– Eliminate redundant tests  



Merge equivalent leaves  



Merge isomorphic nodes 



Eliminate redundant tests  



Binary Decision Diagrams 
•  Collapse redundant nodes. 

x2 

x4 

x3 x3 

x4 x4 x4 

0 0 0 0 0 0 0 

x2 

x4 

x3 x3 

x4 x4 x4 

0 0 0 0 

x1 

1 1 1 1 1 

0 edge 
1 edge 



Binary Decision Diagrams 
•  Collapse redundant nodes. 

x2 

x4 

x3 x3 

x4 x4 x4 

x2 

x4 

x3 x3 

x4 x4 x4 

0 

x1 

1 

0 edge 
1 edge 



Binary Decision Diagrams 
•  Collapse redundant nodes. 

x2 

x4 

x3 x3 

x2 

x3 x3 

x4 x4 

0 

x1 

1 

0 edge 
1 edge 



Binary Decision Diagrams 
•  Collapse redundant nodes. 

x2 

x4 

x3 x3 

x2 

x3 

x4 x4 

0 

x1 

1 

0 edge 
1 edge 



Binary Decision Diagrams 
•  Eliminate unnecessary nodes. 

x2 

x4 

x3 x3 

x2 

x3 

x4 x4 

0 

x1 

1 

0 edge 
1 edge 



Binary Decision Diagrams 
•  Eliminate unnecessary nodes. 

x2 

x3 

x2 

x3 

x4 

0 

x1 

1 

0 edge 
1 edge 



Binary	
  Decision	
  Diagrams	
  (BDDs)	
  
	
  

•  Very	
  efficient	
  structure	
  for	
  most	
  of	
  the	
  
saWsfiability	
  operaWons	
  

•  Polynomial	
  in	
  Wme	
  for	
  checking	
  saWsfiability	
  
and	
  determining	
  equivalence	
  between	
  two	
  
BDDs	
  

•  Graph	
  trasversal	
  
•  So	
  great?	
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Binary	
  Decision	
  Diagrams	
  (BDDs):	
  
Theore?cal	
  Problem	
  

•  The	
  size	
  of	
  the	
  BDD	
  is	
  very	
  sensiWve	
  to	
  the	
  
order	
  of	
  the	
  BDD	
  variables	
  	
  
– e.g.	
  two	
  equivalent	
  BDDs	
  for	
  the	
  same	
  feature	
  
model	
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[Mendonca,	
  slide]	
  



Binary	
  Decision	
  Diagrams	
  (BDDs):	
  
Theore?cal	
  Problem	
  

•  The	
  size	
  of	
  the	
  BDD	
  is	
  very	
  sensiWve	
  to	
  the	
  
order	
  of	
  the	
  BDD	
  variables	
  	
  
– e.g.	
  two	
  equivalent	
  BDDs	
  for	
  the	
  same	
  feature	
  
model	
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  slide]	
  

May	
  lead	
  to	
  
size	
  explosion	
  



Binary	
  Decision	
  Diagrams	
  (BDDs):	
  
Theore?cal	
  Problem	
  

•  The	
  size	
  of	
  the	
  BDD	
  is	
  very	
  sensiWve	
  to	
  the	
  
order	
  of	
  the	
  BDD	
  variables	
  	
  
– e.g.	
  two	
  equivalent	
  BDDs	
  for	
  the	
  same	
  feature	
  
model	
  	
  

99	
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  slide]	
  

Best	
  order:	
  
NP-­‐complete!	
  



Binary	
  Decision	
  Diagrams	
  (BDDs):	
  
Prac?cal	
  Problem	
  

•  The	
  size	
  of	
  the	
  BDD	
  is	
  very	
  sensiWve	
  to	
  the	
  order	
  of	
  
the	
  BDD	
  variables.	
  In	
  pracWce:	
  BDDs	
  cannot	
  be	
  build	
  for	
  
feature	
  models	
  with	
  2000+	
  features	
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HeurisWcs	
  
needed	
  





Sa?sfiability	
  (SAT)	
  solver	
  
•  A	
  “SAT	
  solver”	
  is	
  a	
  program	
  that	
  automaWcally	
  decides	
  
whether	
  a	
  proposiWonal	
  logic	
  formula	
  is	
  saWsfiable.	
  	
  
–  If	
  it	
  is	
  saWsfiable,	
  a	
  SAT	
  solver	
  will	
  produce	
  an	
  example	
  of	
  a	
  truth	
  
assignment	
  that	
  saWsfies	
  the	
  formula.	
  	
  

•  Basic	
  idea:	
  since	
  all	
  NP-­‐complete	
  problems	
  are	
  mutually	
  
reducible:	
  	
  
– Write	
  one	
  really	
  good	
  solver	
  for	
  NP-­‐complete	
  problems	
  (in	
  fact,	
  
get	
  lots	
  of	
  people	
  to	
  do	
  it.	
  Hold	
  compeWWons.)	
  	
  

–  Translate	
  your	
  NP-­‐complete	
  problems	
  to	
  that	
  problem.	
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SAT	
  solver	
  and	
  CNF	
  

•  All	
  current	
  fast	
  SAT	
  solvers	
  work	
  on	
  CNF	
  
•  Terminology:	
  	
  

– A	
  literal	
  is	
  a	
  proposiWonal	
  variable	
  or	
  its	
  negaWon	
  
(e.g.,	
  p	
  or	
  ¬q).	
  

– A	
  clause	
  is	
  a	
  disjuncWon	
  of	
  literals	
  (e.g.,	
  (p	
  ∨	
  ¬q	
  ∨	
  
r	
  )).	
  Since	
  ∨	
  is	
  associaWve,	
  we	
  can	
  represent	
  clauses	
  
as	
  lists	
  of	
  literals.	
  	
  

•  A	
  formula	
  is	
  in	
  conjuncWve	
  normal	
  form	
  (CNF)	
  if	
  it	
  
is	
  a	
  conjuncWon	
  of	
  clauses	
  	
  
–  e.g.,	
  (p	
  ∨	
  q	
  ∨	
  ¬r)	
  ∧	
  (¬p	
  ∨	
  s	
  ∨	
  t	
  ∨	
  ¬u)	
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SAT	
  solver	
  and	
  Unit	
  Propaga?on	
  
•  Whenever	
  all	
  the	
  literals	
  in	
  a	
  clause	
  are	
  false	
  except	
  one,	
  the	
  

remaining	
  literal	
  must	
  be	
  true	
  in	
  any	
  saWsfying	
  assignment	
  (such	
  a	
  
clause	
  is	
  called	
  a	
  unit	
  clause).	
  	
  
–  Therefore,	
  the	
  algorithm	
  can	
  assign	
  it	
  to	
  true	
  immediately.	
  AHer	
  choosing	
  a	
  

variable	
  there	
  are	
  oHen	
  many	
  unit	
  clauses.	
  	
  
–  Se�ng	
  a	
  literal	
  in	
  a	
  unit	
  clause	
  oHen	
  creates	
  other	
  unit	
  clauses,	
  leading	
  to	
  a	
  

cascade.	
  	
  

•  A	
  good	
  SAT	
  solver	
  oHen	
  spends	
  80-­‐90%	
  of	
  its	
  Wme	
  in	
  unit	
  
propagaWon.	
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SAT	
  solver	
  and	
  Unit	
  Propaga?on	
  

110	
  





Consistency	
  
•  SAT-­‐Solver	
  

– SAT(FM)	
  



Core	
  and	
  dead	
  features	
  

•  Dead	
  :	
  SAT(FM	
  ^	
  F)	
  
•  Core:	
  SAT(FM	
  ^	
  not(F))	
  



ParWal	
  configuraWon	
  

•  SAT(FM	
  ^	
  PK	
  ^	
  F)	
  
•  SAT(FM	
  ^	
  PK	
  ^	
  not(F))	
  



RelaWonship	
  between	
  feature	
  models	
  
	
  

•  Refactoring	
  	
  
–  Tautology:	
  (FM1	
  <=>	
  FM2)	
  
=	
  not	
  SAT(not	
  (FM1	
  <=>	
  FM2))	
  





Like	
  this?	
  



No.	
  Like	
  this!	
  



FAMILIAR:	
  domain-­‐specific	
  language	
  

more	
  concise	
  and	
  readable	
  
no	
  need	
  to	
  learn	
  a	
  (set	
  of)	
  API	
  
interoperability	
  facili?es	
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not, and, or, implies

MulWple	
  Feature	
  Models	
  



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.	
  
	
  



Composi?on	
  (Merging)	
  

123	
  Offering:	
  union	
  of	
  sets	
  of	
  configuraWons	
  



Merging	
  opera?on:	
  algorithm	
  

124	
  

φ
1 

φ
2 

φ3 

φ 
123 

merged	
  proposiWonal	
  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?	
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Building	
  “views”	
  of	
  a	
  feature	
  model	
  



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

•  SemanWcs?	
  
– What’s	
  the	
  hierarchy	
  
– What’s	
  the	
  set	
  of	
  configuraWons?	
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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	
  maher!	
   127	
  



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,	
  represenWng	
  a	
  projected	
  set	
  of	
  configuraWons	
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Slicing	
  operator:	
  going	
  into	
  details	
  
projected	
  set	
  of	
  configura?ons	
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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 

existen[al	
  
quan[fica[on	
  
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 



FAMILIAR	
  language	
  and	
  environment	
  

Reasoning/composi?on/decomposi?on……	
  	
  
opera?ons	
  implemented	
  in	
  a	
  dedicated	
  language	
  

	
  

hhps://nyx.unice.fr/projects/familiar	
  





Feature	
  model	
  in	
  the	
  SPL	
  framework	
  

•  Not	
  restricted	
  to	
  document/communicate	
  

•  Product/model	
  derivaWon	
  
•  reminder	
  of	
  previous	
  course	
  

•  Safe	
  composiWon	
  and	
  automated	
  reasoning	
  

•  GeneraWon	
  of	
  Configurators	
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Feature	
  Models	
  	
  

	
  
+	
  
	
  

other	
  artefacs	
  
	
  

(what	
  we	
  can	
  do	
  with	
  feature	
  models)	
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“features”	
  in	
  feature	
  models:	
  	
  

a	
  label	
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Ooops	
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Safe	
  composiWon?	
  No!	
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Safe	
  composiWon:	
  how	
  does	
  it	
  work?	
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Another	
  
proposi?onal	
  
formula	
  



Mapping:	
  an	
  example	
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class Edge { 
  Node a, b; 
  Color color = new Color(); 
  Weight weight = new Weight(); 
  Edge(Node _a, Node _b) { a = _a; b = _b; } 
  void print() { 
    Color.setDisplayColor(color); 
    a.print(); b.print();  
    weight.print(); 
  } 
} 

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

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

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

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

class Node { 
  int id = 0; 
  Color color = new Color(); 
  void print() {  
    Color.setDisplayColor(color); 
    System.out.print(id); 
  } 
} 

class Node { 
  int id = 0; 
  Color color = new Color(); 
  void print() {  
    Color.setDisplayColor(color); 
    System.out.print(id); 
  } 
} 

class Color { 
  static void setDisplayColor(Color c) { ... }  
} class Weight { void print() { ... } } 
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From	
  Products	
  to	
  Feature	
  Models	
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Manual	
  extracWon	
  of	
  a	
  feature	
  model	
  from	
  
product	
  descripWon(s)	
  is	
  not	
  possible	
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WikiMatrix

RSSStorage LicenseLicenseCostFee

US CommunityDifferent 
Licenses

LanguageUnicode

Java Python PHP PerlCommercial GPL GPL2NoLimitFiles Database FileRCS

Xor

Mandatory

Optional

Exact	
  set	
  of	
  configuraWons,	
  each	
  configuraWon	
  
corresponding	
  to	
  at	
  least	
  one	
  product	
  

640	
  configuraWons	
  
(634	
  counter	
  examples)	
  



Automa?on	
  	
  
•  Each	
  product	
  descripWon	
  is	
  encoded	
  as	
  a	
  feature	
  model	
  

•  Feature	
  models	
  {fm1,	
  fm2,…,fm8}	
  are	
  merged	
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fm1	
  
fm2	
  
fm3	
  
fm4	
  
fm5	
  
fm6	
  
fm7	
  
fm8	
  
	
  



Each	
  product	
  descripWon	
  	
  
is	
  encoded	
  as	
  a	
  feature	
  model	
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Merging	
  of	
  feature	
  models	
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φ 
1 

φ
2 φ 3 

φ 
m 

merged	
  proposiWonal	
  formula	
   merged	
  hierarchy	
  
+	
  

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

WikiMatrix

License
LanguageUnicode

Java PerlCommercial GPL2

WikiMatrix

License Language

Java PerlGPL GPL2

WikiMatrix

License Language

Python PerlCommercial

WikiMatrix

License LanguageUnicode

Java PerlCommercial GPL GPL2 Python

WikiMatrix

License LanguageUnicode

Java PerlCommercial GPL GPL2 Python

GPL excludes Unicode
Unicode excludes Python

GPL excludes Python
GPL2 excludes Python



Feature	
  models	
  in	
  the	
  real	
  

•  SPLOT	
  repository	
  
–  more	
  than	
  200	
  feature	
  models	
  reported	
  from	
  the	
  
literature	
  (various	
  domains)	
  	
  

•  Linux	
  feature	
  model	
  
–  worst	
  case:	
  more	
  than	
  6300	
  features!	
  
–  eCos,	
  FreeBSD,	
  BusyBox,	
  etc.	
  

•  AutomoWve	
  industry	
  
–  thousands	
  of	
  features	
  

•  Wiki	
  matrix	
  
–  wiki	
  engines:	
  ~	
  2000	
  features	
  

•  Reverse	
  engineering	
  procedures	
  are	
  emerging	
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•  Variability	
  models	
  for	
  mastering	
  complexity:	
  
variability	
  is	
  everywhere,	
  precise	
  specificaWon,	
  
automated	
  reasoning	
  and	
  management	
  

•  Feature	
  Models	
  	
  
– Formalism	
  and	
  theory:	
  modeling	
  principles,	
  
semanWcs,	
  logics	
  

– Language	
  to	
  elaborate/build	
  variability	
  models	
  
– Reasoning	
  techniques	
  to	
  analyze	
  properWes	
  of	
  an	
  SPL	
  
(scalable	
  and	
  automated	
  way)	
  	
  

– Applica?ons:	
  variability	
  models	
  and	
  so	
  what?	
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Summary	
  



151	
  

Reusable	
  Assets	
  	
  
(e.g.,	
  models	
  or	
  source	
  code)	
  	
  mapping	
  

Configurators	
  

genera[on	
  

reasoning	
  and	
  	
  
management	
   Textual	
  or	
  Graphical	
  	
  

Languages	
  

Feature	
  Model	
  

productn	
  

deriva[on	
  


