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Plan 
•  Challenges and Overview 

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

•  Implementing Variability 
–  Revisit of existing techniques and curriculum 

•  Specificity of Product Line Engineering 
–  Process, methods 

•  Feature Models 
–  Defacto standard for modeling product lines and 

variability 
–  Syntax, semantics, automated reasoning, synthesis 
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Contract 
•  The idea of software product lines and variability 

– You will be able to recognize this class of systems 
– Aware of the complexity, the specific development 

process, and existing techniques 
•  Feature modeling 

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

•  Composing/Decomposing feature models with a 
domain-specific language 

•  Reverse engineering variability models 
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Product	  Lines	  
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(So0ware)	  Product	  Lines	  
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The	  three	  ways	  to	  build	  a	  (so0ware)	  product	  

Indepently	  	  

7	  

„Clone	  &	  Own“	   „Shared“	  (reusable)	  Assets	  

(credits:	  Thorsten	  Berger’s	  slide)	  



The	  three	  ways	  to	  build	  a	  (so0ware)	  product	  

Indepently	  	  

8	  

„Clone	  &	  Own“	   „Shared“	  (reusable)	  Assets	  

So0ware	  Product	  Lines	  
	  
	  
Product	  Configura2on	  
Variability	  Modeling	  	  
Components	  
Domain-‐specific	  Languages	  
Generators	  
Preprocessors	  
Design	  PaAerns	  
…	  
	  

(credits:	  Thorsten	  Berger’s	  slide)	  



not, and, or, implies

Feature	  models	  	  
or	  Product	  Matrices	  

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

Modeling	  and	  Reverse	  
Engineering	  Variability	  	  

(product	  lines)	  



Or

Xor

Mandatory

Optional

not, and, or, implies

Variability	  Models	  (feature	  models)	  

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

Mining/ExtracLng	  
Encoding/Formalizing	  
Synthesising	  



Mining/ExtracLng	  
Encoding/Formalizing	  
Synthesising	  
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«	  A	  set	  of	  programs	  is	  considered	  to	  cons2tute	  
a	  family,	  whenever	  it	  is	  worthwhile	  to	  study	  
programs	  from	  the	  set	  by	  first	  studying	  the	  
common	  properLes	  of	  the	  set	  and	  then	  
determining	  the	  special	  properLes	  of	  the	  
individual	  family	  members	  »	  
	  
	  
	  
	  
	  
David	  L.	  Parnas	  —	  ‘‘On	  the	  design	  and	  development	  of	  program	  
families’’	  in	  TransacLons	  on	  So0ware	  Engineering,	  SE-‐2(1):1–9,	  1976	  	  14	  

aka	  Variability	  



Variability	  	  
“the	  ability	  of	  a	  system	  to	  be	  efficiently	  
extended,	  changed,	  customized	  or	  
configured	  for	  use	  in	  a	  parLcular	  context”	  	  

Mikael	  Svahnberg,	  Jilles	  van	  Gurp,	  and	  Jan	  Bosch	  (2005)	  
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SoWware-‐intensive	  systems	  

come	  in	  many	  variants	  	  
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“Reverse	  Engineering	  Web	  Configurators”	  Ebrahim	  Khalil	  Abbasi,	  Mathieu	  Acher,	  Patrick	  
Heymans,	  and	  Anthony	  Cleve.	  In	  17th	  European	  Conference	  on	  SoWware	  Maintenance	  and	  
Reengineering	  (CSMR'14)	  
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«	  Feature	  Model	  Extrac2on	  from	  Large	  Collec2ons	  of	  Informal	  Product	  Descrip2ons	  »	  	  
Jean-‐Marc	  Davril,	  Edouard	  Delfosse,	  Negar	  Hariri,	  Mathieu	  Acher,	  Jane	  Cleland-‐Huang,	  Patrick	  
Heymans	  (ESEC/FSE’13)	  
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«	  Extrac2on	  and	  Evolu2on	  of	  Architectural	  Variability	  Models	  in	  Plugin-‐based	  Systems	  »	  	  	  
Mathieu	  Acher,	  Anthony	  Cleve,	  Philippe	  Collet,	  Philippe	  Merle,	  Laurence	  Duchien,	  Philippe	  
Lahire	  ECSA/SoSyM’14	  

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

Variability	  Model	  



Printer	  
Firmware	  



Linux	  
Kernel	  



Guillaume	  Bécan,	  Nicolas	  Sannier,	  Mathieu	  Acher,	  Olivier	  Barais,	  Arnaud	  Blouin,	  and	  Benoit	  Baudry.	  
Automa2ng	  the	  Formaliza2on	  of	  Product	  Comparison	  Matrices	  (2014).	  In	  29th	  IEEE/ACM	  Interna2onal	  
Conference	  on	  Automated	  SoWware	  Engineering	  (ASE'14)	  
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Variability	  

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() { ... } } 27	  
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Food?	  Product	  lines!	  
(credits:	  ChrisLan	  Kaestner’s	  slide)	  





34	  34	  

Extensible
	  architect

ures	  

(eg	  plugin
s-‐based)	  

Configura
Lon	  

files	  

System	  

Preferenc
es	  

Configura
tors	  

Source	  co
de	  Build	  

systems	  

Comparison	  o
f	  *	  

Structura
l	  or	  behav

orial	  	  

models	  

Product	  Lines	  
and	  	  

Variability	  
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Extensible
	  architect

ures	  

(plugins-‐b
ased)	  

Configura
Lon	  

files	  

System	  

Preferenc
es	  

Configura
tors	  

Source	  co
de	  

Build	  syst
ems	  

Comparison	  o
f	  Product

	  



Quizz	  Time	  	  

Give	  three	  examples	  of	  soWware	  product	  
lines	  (also	  called	  configurable	  systems	  or	  

variability-‐intensive	  systems)	  
	  
	  



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

If you have the super-power to 
“vary” (e.g., for delivering customized 
solutions to customers; or for 
engineering customized solutions for 
addressing your specific problems)  
Then you will rule the world 



Or

Xor

Mandatory

Optional

not, and, or, implies

Variability Models (feature models) 

Variants of code (e.g., Java ou C)  
Variants of user interfaces 
Variants of video sequences 
Variants of models (e.g., UML or 
SysML) 
Variants of « things » (3D models) 
… 



Variability: two definitions 
•  “the ability of a software system or artifact to be 

efficiently extended, changed, customized or 
configured for use in a particular context” (Svahnberg 
et al. 2005) 

–  software/customization perspective  

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

– more related to the notions of domain and 
commonality 



Variability	  in	  Lme	  vs	  in	  space	  
•  Variability	  in	  Time	  (releases)	  	  

–  the	  existence	  of	  different	  versions	  of	  an	  ar2fact	  that	  are	  valid	  at	  
different	  2mes	  

•  Variability	  in	  Space	  (variants)	  
–  the	  existence	  of	  an	  ar2fact	  in	  different	  shapes	  at	  the	  same	  2me	  
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Variability = Complexity 



a	  unique	  variant	  for	  every	  

person	  on	  this	  planet	  

33	  features	  op2onal,	  independent	  

(credits:	  ChrisLan	  Kaestner’s	  slide)	  



320	  features	  
	  

more	  variants	  than	  es2mated	  

	  	  atoms	  in	  the	  universe	  

op2onal,	  independent	  



2000 features 10000 
features	  





	  
What	  is	  new?	  

	  
Family	  vs	  single	  systems	  

Focus	  on	  reuse	  
Domain	  engineering	  

Factoring	  out	  commonality	  
Managing	  variability	  

	  
	  



«	  variability	  »	  
	  

Is	  it	  really	  new?	  



IntenLonal	  Code	  Cloning	  
	  

~	  Copy	  &	  Paste	  

52	  



Code	  Cloning	  (example,	  Linux	  driver)	  
cyberstorm.c	  
….	  
static void dma_dump_state(struct NCR_ESP *esp) 
{ 

 ESPLOG(("esp%d: dma -- cond_reg<%02x>\n", 
  esp->esp_id, ((struct cyber_dma_registers *) 
         (esp->dregs))->cond_reg)); 
 ESPLOG(("intreq:<%04x>, intena:<%04x>\n", 
  custom.intreqr, custom.intenar)); 

} 
 
static void dma_init_read(struct NCR_ESP *esp, __u32 addr, int 

length) 
{ 

 struct cyber_dma_registers *dregs =  
  (struct cyber_dma_registers *) esp->dregs; 

 
 cache_clear(addr, length); 

 
 addr &= ~(1); 
 dregs->dma_addr0 = (addr >> 24) & 0xff; 
 dregs->dma_addr1 = (addr >> 16) & 0xff; 
 dregs->dma_addr2 = (addr >>  8) & 0xff; 
 dregs->dma_addr3 = (addr      ) & 0xff; 
 ctrl_data &= ~(CYBER_DMA_WRITE); 

……. 
	  

cyberstormII.c	  
….	  
static void dma_dump_state(struct NCR_ESP *esp) 
{ 

 ESPLOG(("esp%d: dma -- cond_reg<%02x>\n", 
  esp->esp_id, ((struct cyberII_dma_registers *) 
         (esp->dregs))->cond_reg)); 
 ESPLOG(("intreq:<%04x>, intena:<%04x>\n", 
  custom.intreqr, custom.intenar)); 

} 
 
static void dma_init_read(struct NCR_ESP *esp, __u32 addr, int 

length) 
{ 

 struct cyberII_dma_registers *dregs =  
  (struct cyberII_dma_registers *) esp->dregs; 

 
 cache_clear(addr, length); 

 
 addr &= ~(1); 
 dregs->dma_addr0 = (addr >> 24) & 0xff; 
 dregs->dma_addr1 = (addr >> 16) & 0xff; 
 dregs->dma_addr2 = (addr >>  8) & 0xff; 
 dregs->dma_addr3 = (addr      ) & 0xff; 

} 
……... 
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Parameter	  
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Parameter	  –i	  in	  grep	  
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Global	  configuraLon	  
class	  Config	  {	  
	  	  	  public	  sta2c	  boolean	  isLogging	  =	  false;	  
	  	  	  public	  sta2c	  boolean	  isWindows	  =	  false;	  
	  	  	  public	  sta2c	  boolean	  isLinux	  =	  true;	  
}	  
class	  Main	  {	  
	  	  	  public	  void	  foo()	  {	  
	  	  	  	  	  	  if	  (isLogging)	  
	  	  	  	  	  	  	  	  	  log(„running	  foo()“);	  
	  	  	  	  	  	  if	  (isWindows)	  
	  	  	  	  	  	  	  	  	  callWindowsMethod();	  
	  	  	  	  	  	  else	  if	  (isLinux)	  
	  	  	  	  	  	  	  	  	  callLinuxMethod();	  
	  	  	  	  	  	  else	  
	  	  	  	  	  	  	  	  	  throw	  Run2meExcep2on();	  
}	  

59	  



ConfiguraLon	  

60	  



CondiLonal	  compilaLon	  
#ifdef	  (Berkeley	  DB)	  

static int __rep_queue_filedone(dbenv, rep, rfp) 
  DB_ENV *dbenv; 
  REP *rep; 
  __rep_fileinfo_args *rfp; { 

#ifndef HAVE_QUEUE 
  COMPQUIET(rep, NULL); 
  COMPQUIET(rfp, NULL); 
  return (__db_no_queue_am(dbenv)); 

#else 
  db_pgno_t first, last; 
  u_int32_t flags; 
  int empty, ret, t_ret; 

#ifdef DIAGNOSTIC 
  DB_MSGBUF mb; 

#endif 
  // over 100 lines of additional code 

} 
#endif 61	  



Inheritance	  (OOP)	  
	  

Base	  Class	  encapsulate	  commonali2es	  
	  

Derive	  classes	  specialize	  peculiari2es	  

62	  



Generic	  Programming	  

63	  

C++	  template	  
	  
template	  <typename	  T>	  
T	  max(T	  x,	  T	  y)	  	  
{	  
	  	  	  	  return	  x	  <	  y	  ?	  y	  :	  x;	  
}	  
	  
	  
Generics	  in	  Java	  
	  
public	  interface	  List<E>	  {	  	  
void	  add(E	  x);	  	  
Iterator<E>	  iterator();	  	  
}	  	  
public	  interface	  Iterator<E>	  {	  	  
E	  next();	  	  
boolean	  hasNext();	  	  
}	  	  
	  
	  



Design	  Pamerns	  

Template	  Method	  
	  
Factory	  
	  
Strategy	  
	  
Decorator	  
	  
....	  
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Template	  Method	  

65	  
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API	  
	  

Framework	  

67	  



Plugin-‐based	  systems	  

68	  



(AcLve)	  AnnotaLons	  
	  

can	  have	  parameters	  

69	  



Metamodeling	  and	  Domain-‐
Specific	  Languages	  

70	  





Or

Xor

Mandatory

Optional

not, and, or, implies

Variability	  Models	  (feature	  models)	  

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



Variability	  Model	  	  

ConfiguraLon	  

Base	  Artefacts	  (e.g.,	  
models)	  

So0ware	  Generator	  
(derivaLon	  engine)	  

ü	   ü	  

mapping	  	  



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);  
    /*if[WEIGHT]*/ 
    e.weight = new Weight(); 
    /*end[WEIGHT]*/ 
    return e; 
  } 
  /*if[WEIGHT]*/ 
  Edge add(Node n, Node m, Weight w) 
    Edge e = new Edge(n, m); 
    nv.add(n); nv.add(m); ev.add(e); 
    e.weight = w; return e; 
  } 
  /*end[WEIGHT]*/ 
  void print() { 
    for(int i = 0; i < ev.size(); i++) { 
      ((Edge)ev.get(i)).print();  
    } 
  } 
} Variability	  Model	  	  

So0ware	  Generator	  
(derivaLon	  engine)	  

Base	  Artefacts	  

ü	  

mapping	  	  

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



Mapping:	  an	  example	  

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() { ... } } 75	  



class Edge { 
  Node a, b; 
  /*if[COLOR]*/ 
  Color color = new Color(); 
  /*end[COLOR]*/ 
  /*if[WEIGHT]*/ 
  Weight weight; 
  /*end[WEIGHT]*/ 
  Edge(Node _a, Node _b) { a = _a; b = _b; } 
  void print() { 
    /*if[COLOR]*/ 
    Color.setDisplayColor(color); 
    /*end[COLOR]*/ 
    a.print(); b.print();  
    /*if[WEIGHT]*/ 
    weight.print(); 
    /*end[WEIGHT]*/ 
  } 
} 

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);  
    /*if[WEIGHT]*/ 
    e.weight = new Weight(); 
    /*end[WEIGHT]*/ 
    return e; 
  } 
  /*if[WEIGHT]*/ 
  Edge add(Node n, Node m, Weight w) 
    Edge e = new Edge(n, m); 
    nv.add(n); nv.add(m); ev.add(e); 
    e.weight = w; return e; 
  } 
  /*end[WEIGHT]*/ 
  void print() { 
    for(int i = 0; i < ev.size(); i++) { 
      ((Edge)ev.get(i)).print();  
    } 
  } 
} 

class Node { 
  int id = 0; 
  /*if[COLOR]*/ 
 Color color = new Color(); 
  /*end[COLOR]*/ 
 void print() {  
    /*if[COLOR]*/ 
    Color.setDisplayColor(color); 
    /*end[COLOR]*/ 
    System.out.print(id); 
  } 
} 

/*if[COLOR]*/ 
class Color { 
  static void setDisplayColor(Color c) { ... }  
} 
/*end[COLOR]*/ 

 /*if[WEIGHT]*/ 
class Weight { void print() { ... } } 
 /*end[WEIGHT]*/ 
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class Edge { 
  Node a, b; 
  Weight weight; 
  Edge(Node _a, Node _b) { a = _a; b = _b; } 
  void print() { 
   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 Node { 
  int id = 0; 
  void print() {  
   System.out.print(id); 
  } 
} 

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

class Graph { 
  Vector nv = new Vector(); Vector ev = new Vector(); 
  Edge add(Node n, Node m) { 
    Edge e = new Edge(n, m); 
    nv.add(n); nv.add(m); ev.add(e);  
return e; 
  } 
void print() { 
    for(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 Color { 
  static void setDisplayColor(Color c) { ... }  
} 
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Kästner	  “Virtual	  Separa2on	  of	  Concerns:	  	  
Toward	  Preprocessors	  2.0”	  





Variability	  Model	  	  

So0ware	  Generator	  
(derivaLon	  engine)	  

Base	  Artefacts	  

mapping	  	  

ü	  
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Online Generator 



Variant 





"sq": ["dwlcjv", "1y60t3z", "1lyfhk", "wqzv0y", 
"1xxivi2", "1oxnvtu", "lolbe9", "wvo06o", "1u6y5t2", 
"1eqb8bw", "1j9aij7", "nr7jom", "1jmv11y", 
"1qgn9dh", "1bv7rka", "19ykyyw", "5znrg7", 
"116hv1k"] 





•  wget + curl = 363281 episodes 

•  18 sequences, 400 « .ts » 

•  63 alternatives for the 1st sequence 
•  And so on… 

9     34     15     25     51     30      2      6      6     12     21     28      6     86      4     1 





Guillaume	  Bécan,	  Mathieu	  Acher,	  Jean-‐Marc	  Jézéquel,	  and	  Thomas	  Menguy.	  On	  the	  Variability	  Secrets	  of	  an	  
Online	  Video	  Generator	  (2015).	  In	  VaMoS'15	  

"sq":	  ["dwlcjv",	  "1y60t3z",	  "1ly}k",	  "wqzv0y",	  
"1xxivi2",	  "1oxnvtu",	  "lolbe9",	  "wvo06o",	  
"1u6y5t2",	  "1eqb8bw",	  "1j9aij7",	  "nr7jom",	  
"1jmv11y",	  "1qgn9dh",	  "1bv7rka",	  "19ykyyw",	  
"5znrg7",	  "116hv1k"]	  





Generator 
~ composition of 
video sequences 

video 
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Generator 
~ composition of 
video sequences 

video 

variants 



Website/online	  
•  Random	  generaLon	  
•  Configurator	  
•  Game	  
•  …	  



Website/online	  
•  Random	  generaLon	  
•  Configurator	  
•  Game	  
•  …	  

Feature	  model:	  another	  model	  	  
for	  modeling	  “features”	  of	  your	  	  
Web	  site	  (eg	  ability	  to	  save	  the	  	  
video;	  mode=genera2on	  	  
with	  frequencies)	  

configurable	  
generator	  	  
of	  video	  generator	  	  



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

#2	  How	  to	  transform	  
models/programs?	  

#4	  How	  do	  frameworks	  
internally	  work?	  

#3	  How	  to	  manage	  
variability/variants?	  	  





What	  are	  the	  differences?	  



aka	  what	  is	  the	  variability	  of	  a	  video?	  



Or

Xor

Mandatory

Optional

not, and, or, implies

Variability	  	  
Models	  (feature	  models)	  

We	  synthesize	  video	  
sequence	  variants	  with	  	  
variability	  techniques	  



Why?	  
	  
Industrial	  needs:	  
consumer	  and	  provider	  of	  
video	  algorithms	  have	  severe	  

difficulLes	  to	  test	  their	  
algorithms	  on	  different	  kinds	  
of	  inputs.	  
	  
	  
	  

	  
	  	  



Test	  algorithms	  on	  different	  kinds	  of	  inputs	  that	  influence	  
execuLon	  Lme,	  precision,	  and/or	  recall	  
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0.39	  
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0.03	  

0.3	  

0.92	  

0.82	  

0.81	  

0.8	  

0.01	  

Algorithm	  1	   Algorithm	  2	   Algorithm	  3	  



Why?	  
	  
	  
Problem:	  collecLng	  videos	  is	  a	  
key	  economic	  problem.	  
	  
SoluLon:	  hundreds	  of	  video	  
sequences	  with	  different	  
characterisLcs.	  
	  
	  

	  
	  	  



Feature	  Model	  	  

ConfiguraLon	  
(resoluLon	  model)	  

So0ware	  Generator	  
(derivaLon	  engine)	  

ü	   ü	  

mapping	  
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(configuraLon	  
file)	  

(Lua	  code)	  



Defects	  detecLon	  
Benchmarking	  	  
Incremental	  design	  	  
Performance	  predicLon	  
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