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The	
  three	
  ways	
  to	
  build	
  a	
  (so8ware)	
  product	
  

Indepently	
  	
  

4	
  

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

So8ware	
  Product	
  Lines	
  
	
  
	
  
Product	
  ConfiguraLon	
  
Variability	
  Modeling	
  	
  
Components	
  
Domain-­‐specific	
  Languages	
  
Generators	
  
Preprocessors	
  
Design	
  Pa2erns	
  
…	
  
	
  

(credits:	
  Thorsten	
  Berger’s	
  slide)	
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SoVware-­‐intensive	
  systems	
  

come	
  in	
  many	
  variants	
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«	
  A	
  set	
  of	
  programs	
  is	
  considered	
  to	
  consLtute	
  
a	
  family,	
  whenever	
  it	
  is	
  worthwhile	
  to	
  study	
  
programs	
  from	
  the	
  set	
  by	
  first	
  studying	
  the	
  
common	
  properMes	
  of	
  the	
  set	
  and	
  then	
  
determining	
  the	
  special	
  properMes	
  of	
  the	
  
individual	
  family	
  members	
  »	
  
	
  
	
  
	
  
	
  
	
  
David	
  L.	
  Parnas	
  —	
  ‘‘On	
  the	
  design	
  and	
  development	
  of	
  program	
  
families’’	
  in	
  TransacMons	
  on	
  So8ware	
  Engineering,	
  SE-­‐2(1):1–9,	
  1976	
  	
  8	
  

aka	
  Variability	
  



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

Mikael	
  Svahnberg,	
  Jilles	
  van	
  Gurp,	
  and	
  Jan	
  Bosch	
  (2005)	
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Printer	
  
Firmware	
  



Linux	
  
Kernel	
  



Variability	
  
Pa2erns	
  

ASE'2013	
  -­‐	
  Sannier,	
  Acher	
  and	
  Baudry	
  -­‐	
  
From	
  PCM	
  to	
  VM.	
   - 15 

1.  Boolean	
  yes/no	
  answers	
  
2.  ParLal/constrained	
  yes/no	
  

answers	
  
3.  Single-­‐value	
  answers	
  

4.  MulLple	
  values	
  answers	
  
5.  “Unknown”	
  answers	
  

6.  Empty	
  cells	
  
7.  Inconsistent	
  cells	
  

8.  AddiLonal	
  /	
  Extra	
  informaLon	
  



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() { ... } } 16	
  



Food?	
  Product	
  lines!	
  
(credits:	
  ChrisMan	
  Kaestner’s	
  slide)	
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Extensible
	
  architect

ures	
  

(eg	
  plugin
s-­‐based)	
  

Configura
Mon	
  

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
Mon	
  

files	
  

System	
  

Preferenc
es	
  

Configura
tors	
  

Source	
  co
de	
  

Build	
  syst
ems	
  

Comparison	
  o
f	
  Product

	
  





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

–  the	
  existence	
  of	
  different	
  versions	
  of	
  an	
  arLfact	
  that	
  are	
  valid	
  at	
  
different	
  Lmes	
  

•  Variability	
  in	
  Space	
  (variants)	
  
–  the	
  existence	
  of	
  an	
  arLfact	
  in	
  different	
  shapes	
  at	
  the	
  same	
  Lme	
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A	
  Bit	
  of	
  History:	
  	
  
Industrial	
  RevoluMon	
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1901	
  
Henry	
  Ford	
  

1980s	
  

1698	
  
Thomas	
  Savery	
  



Nowaday:	
  Product	
  Lines	
  
Everywhere	
  

28	
  



Variability = Complexity 



a	
  unique	
  variant	
  for	
  every	
  

person	
  on	
  this	
  planet	
  

33	
  features	
  opLonal,	
  independent	
  

(credits:	
  ChrisMan	
  Kaestner’s	
  slide)	
  



320	
  features	
  
	
  

more	
  variants	
  than	
  esLmated	
  

	
  	
  atoms	
  in	
  the	
  universe	
  

opLonal,	
  independent	
  



2000 features 10000 
features	
  





	
  
What	
  is	
  new?	
  

	
  
Family	
  vs	
  single	
  systems	
  

Focus	
  on	
  reuse	
  
Domain	
  engineering	
  

Factoring	
  out	
  commonality	
  
Managing	
  variability	
  

	
  
	
  



IntenMonal	
  Code	
  Cloning	
  
	
  

~	
  Copy	
  &	
  Paste	
  

35	
  



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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«	
  variability	
  »	
  
	
  

Is	
  it	
  really	
  new?	
  



Parameter	
  

40	
  



Parameter	
  –i	
  in	
  grep	
  

41	
  



Global	
  configuraMon	
  
class	
  Config	
  {	
  
	
  	
  	
  public	
  staLc	
  boolean	
  isLogging	
  =	
  false;	
  
	
  	
  	
  public	
  staLc	
  boolean	
  isWindows	
  =	
  false;	
  
	
  	
  	
  public	
  staLc	
  boolean	
  isLinux	
  =	
  true;	
  
}	
  
class	
  Main	
  {	
  
	
  	
  	
  public	
  void	
  foo()	
  {	
  
	
  	
  	
  	
  	
  	
  if	
  (isLogging)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  log(„running	
  foo()“);	
  
	
  	
  	
  	
  	
  	
  if	
  (isWindows)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  callWindowsMethod();	
  
	
  	
  	
  	
  	
  	
  else	
  if	
  (isLinux)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  callLinuxMethod();	
  
	
  	
  	
  	
  	
  	
  else	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  throw	
  RunLmeExcepLon();	
  
}	
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ConfiguraMon	
  

43	
  



CondiMonal	
  compilaMon	
  
#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 44	
  



Inheritance	
  (OOP)	
  
	
  

Base	
  Class	
  encapsulate	
  commonaliLes	
  
	
  

Derive	
  classes	
  specialize	
  peculiariLes	
  

45	
  



Generic	
  Programming	
  

46	
  

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	
  

48	
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API	
  
	
  

Framework	
  

50	
  



Plugin-­‐based	
  systems	
  

51	
  



(AcMve)	
  AnnotaMons	
  
	
  

can	
  have	
  parameters	
  

52	
  



Metamodeling	
  and	
  Domain-­‐
Specific	
  Languages	
  

53	
  





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)	
  
…	
  



Feature	
  Models	
  

56	
  



Feature	
  Models	
  (Background)	
  

57	
  

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

Optional

Mandatory

Xor-Group

Or-Group



58	
  

Hierarchy	
  +	
  Variability	
  	
  
=	
  	
  

set	
  of	
  valid	
  configuraMons	
  

ü

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

configuraMon	
  =	
  set	
  of	
  features	
  selected	
  

Optional

Mandatory

Xor-Group

Or-Group
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Hierarchy	
  +	
  Variability	
  	
  
=	
  	
  

set	
  of	
  valid	
  configuraMons	
  

ü

{CarEquipment,	
  Comfort,	
  DrivingAndSafety,	
  Healthing,	
  AirCondiLoning}	
  

configuraMon	
  =	
  set	
  of	
  features	
  selected	
  

Optional

Mandatory

Xor-Group

Or-Group
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Hierarchy	
  +	
  Variability	
  	
  
=	
  	
  

set	
  of	
  valid	
  configuraMons	
  

ü

Optional

Mandatory

Xor-Group

Or-Group

{CarEquipment,	
  Comfort,	
  DrivingAndSafety,	
  Healthing,	
  AirCondiLoning,	
  
AutomaLcHeadLights}	
  

configuraMon	
  =	
  set	
  of	
  features	
  selected	
  

ü	
  
ü	
  

ü	
  

ü	
  

ü	
  

ü	
  



Feature	
  Model	
  	
  

ConfiguraMon	
  
(resoluMon	
  model)	
  

Base	
  Artefacts	
  (e.g.,	
  
models)	
  

So8ware	
  Generator	
  
(derivaMon	
  engine)	
  

ü	
   ü	
  

Variability	
  
RealizaMon	
  
Model	
  
(VRM)	
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Unused	
  flexibility	
  



63	
  

Illegal	
  variant	
  





Three	
  pilars	
  of	
  CVL	
  
•  Feature	
  Models	
  with	
  a2ributes	
  and	
  mulL-­‐features	
  
•  Base	
  ”model”	
  (eg	
  UML	
  or	
  SysML	
  model)	
  
•  Variability	
  RealizaMon	
  Model	
  (VRM)	
  

– add,	
  remove,	
  subsLtute,	
  parameterizaLon	
  

Feature	
  Model	
  	
  

ConfiguraMon	
  
	
  

Base	
  Artefacts	
  

DerivaMon	
  Engine	
  

ü	
   ü	
  

VRM	
  



Printer
´Blockª

mainSupply:MainPower1

Attributes

Operations

powerCtrl

emgSupply:EmgPower1

Attributes

threshold:int

Operations

powerCtrl

inputSection1

highSpeedConnector1

Attributes

Operations

MainPowerCtrl EmgPowerCtrl

MainPower
´Blockª

Values

Operations

powerCtrl
EmgPower
´Blockª

Values

threshold:int

powerCtrl

(Amributed)	
  
Feature	
  Model	
  	
  

Printer	
  

EmergencyPower	
  

threshold:Int	
  

Variation 
points 
(VRM) 

HighSpeed	
  &	
  	
  threshold>100	
  è	
  
	
  EmergencyPower	
  

HighSpeed	
  

:ObjectExistence	
   :SlotValueAssignment	
  :ObjectExistence	
   :ObjectExistence	
  

Based	
  Model	
  	
  

Adapted	
  from	
  the	
  CVL	
  tutorial	
  at	
  SPLC’12	
  by	
  Oystein	
  Haugen,	
  Andrezj	
  Wasowski,	
  Krzysztof	
  
Czarnecki	
  	
  



Printer
´Blockª

mainSupply:MainPower1

Attributes

Operations

powerCtrl

emgSupply:EmgPower1

Attributes

threshold:int

Operations

powerCtrl

inputSection1

highSpeedConnector1

Attributes

Operations

MainPowerCtrl EmgPowerCtrl

MainPower
´Blockª

Values

Operations

powerCtrl
EmgPower
´Blockª

Values

threshold:int

powerCtrl

ConfiguraMon	
  and	
  Product	
  DerivaMon	
  

67	
  

Printer	
  

EmergencyPower	
  

threshold:Int	
  

Variation points 

HighSpeed	
  

:ObjectExistence	
   :SlotValueAssignment	
  :ObjectExistence	
   :ObjectExistence	
  

=	
  90	
  

HighSpeed	
  &	
  	
  threshold>100	
  è	
  
	
  EmergencyPower	
  

Printer
´Blockª

mainSupply:MainPower1

Attributes

Operations

powerCtrl

emgSupply:EmergencyPower1

Attributes

threshold:int=90

Operations

powerCtrl

InputSection1

MainPowerCtrl
EmgPowerCtrl

MainPower
´Blockª

Values

Operations

powerCtrl

EmergencyPower
´Blockª

Values

threshold:int=90
powerCtrl

Materialization 

threshold=90 

ü	
  





Marks	
  &	
  Spencer	
  web	
  configurator	
  

How	
  to	
  render	
  a	
  product	
  visualizaMon	
  
given	
  a	
  set	
  of	
  opMons	
  selected?	
  



PRODUCT CONFIGURATION VISUAL REPRESENTATION 

Models	
  

HTML	
  

jpg,	
  png,	
  ...,	
  files	
  
SVG	
  files	
  

Javascrip
t	
  

3D	
  
models	
  

Feature	
  

models	
  



Feature	
  Model	
  	
  

ConfiguraMon	
  
(resoluMon	
  model)	
  

So8ware	
  Generator	
  
(derivaMon	
  engine)	
  

ü	
   ü	
  

Variability	
  
RealizaMon	
  
Model	
  
(VRM)	
  

HTML	
  

SVG	
  files	
  

Javascrip
t	
  





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	
  

difficulMes	
  to	
  test	
  their	
  
algorithms	
  on	
  different	
  kinds	
  
of	
  inputs.	
  
	
  
	
  
	
  

	
  
	
  	
  



Why?	
  
	
  
	
  
Problem:	
  collecMng	
  videos	
  is	
  a	
  
key	
  economic	
  problem.	
  
	
  
SoluMon:	
  hundreds	
  of	
  video	
  
sequences	
  with	
  different	
  
characterisMcs.	
  
	
  
	
  

	
  
	
  	
  



Feature	
  Model	
  	
  

ConfiguraMon	
  
(resoluMon	
  model)	
  

So8ware	
  Generator	
  
(derivaMon	
  engine)	
  

ü	
   ü	
  

Variability	
  
RealizaMon	
  
Model	
  
(VRM)	
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80	
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(configuraMon	
  
file)	
  

(Lua	
  code)	
  



Or

Xor

Mandatory

Optional

not, and, or, implies

Variability	
  	
  
Models	
  (feature	
  models)	
  

We	
  synthesize	
  video	
  
sequence	
  variants	
  with	
  	
  
variability	
  techniques	
  



Take	
  Away	
  Messages	
  
•  Variability	
  is	
  everywhere	
  	
  

–  Like	
  soVware	
  is	
  everywhere	
  
– Numerous	
  artefacts,	
  domains,	
  kinds	
  of	
  systems	
  are	
  subject	
  to	
  
customizaLon	
  

•  Engineering	
  variability	
  can	
  be	
  hard	
  
–  ExponenLal	
  number	
  of	
  products	
  
–  Basic	
  or	
  sophisLcated	
  techniques	
  (than	
  span	
  your	
  enLre	
  
cursus)	
  exist	
  

•  You’re	
  now	
  aware	
  of	
  that!	
  
–  #e1	
  Recognize	
  variability	
  
–  #e2	
  Re-­‐visit	
  your	
  cursus	
  and	
  body	
  of	
  knowledge	
  under	
  the	
  
angle	
  of	
  variability	
  

–  #e3	
  Apply	
  state-­‐of-­‐the-­‐art	
  techniques	
  



84	
  

Compose/Decompose	
  
Configure	
  
Analyse	
  
Generate	
  

	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

ü	
  

Reverse	
  Engineering	
  

Product	
  
descripMons	
  

Component	
  	
  
Models	
  

	
  
	
  

Dependencies	
  
Files	
  

Web	
  
Configurators	
  

Source	
  Code	
  

Regulatory	
  
Requirements	
  

ApplicaLons:	
  SoVpedia,	
  100+	
  web	
  configurators,	
  video	
  analysis,	
  video	
  protecLon,	
  medical	
  
imaging,	
  Wikipedia,	
  plugin	
  architectures,	
  Linux,	
  etc.	
  	
  



	
  (FeAture	
  Model	
  scrIpt	
  Language	
  for	
  manIpulaLon	
  and	
  AutomaLc	
  Reasoning)	
  	
  

not, and, or, implies
φ 

hmp://familiar-­‐project.github.com/	
  

«	
  Fluent	
  »	
  API	
  (Java,	
  for	
  an	
  integraLon	
  into	
  JVM-­‐based	
  applicaLons)	
  
Dedicated	
  language	
  and	
  environment	
  (Web,	
  Eclipse)	
  
	
  

ApplicaLons:	
  SoVpedia,	
  100+	
  web	
  configurators,	
  video	
  analysis,	
  video	
  protecLon,	
  medical	
  
imaging,	
  Wikipedia,	
  architectures	
  à	
  plugins,	
  Linux,	
  etc.	
  	
  


