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Branching	  is	  usually	  much	  bigger	  
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•  A	  constraint	  :	  	  

1.  A	  logical	  rela@onship	  that	  values	  of	  the	  variables	  must	  saDsfy	  in	  a	  soluDon	  
2.  A	   reasoning	   block	   for	   a	   frequent	   sub-‐problem	   that	   we	   can	   solve	   efficiently	  

(filtering	  algorithm)	  
3.  A	  reusable	  	  modelling	  block	  
4.  (Almost)	  no	  restricDon	  on	  the	  constraints	  :	  

•  Checkable	  in	  polynomial	  @me	  
•  OUen	  a	  known	  relaDon	  for	  which	  an	  efficient	  algorithm	  exists	  

	  
•  Filtering	  :	  Detect	  inconsistent	  variable/value	  pairs	  and	  remove	  them	  
	  
•  Constraint	  Propaga2on:	  	  

•  Exchange	  of	  informa@on	  (trough	  domains)	  between	  constraints	  (	  	  	  	  	  	  	  fix	  point)	  	  
•  The	  inference	  method	  to	  solve	  the	  composite	  problem.	  
•  Used	  before	  each	  decision	  of	  the	  branching	  algorithm	  

•  Tree	  search:	  
•  Take	  decisions	  (reducDons	  of	  the	  problem)	  unDl	  a	  soluDon	  is	  found	  or	  the	  proof	  

that	  none	  exists	  is	  completed	  (backtrack	  search).	  

	  



RestricDons	  of	  the	  problem	  formulaDon	  

SAT	  	  (Boolean	  saDsfiability)	  	  
-‐  Clauses	  (conjoncDve	  normal	  form)	  
-‐  Boolean	  variables	  

CP	  (Constraint	  Programming)	  

MILP	  (Mixed	  Integer	  Linear	  Programming)	  
-‐  linear	  inequaliDes	  
-‐  Real/integer	  variables	  



Constraint	  Programming	  (short	  history)	  

•  Language	  roots:	  logic	  programming	  (declara@vity)	  
–  Planner	  (Hewi_,	  1965)	  and	  later	  Prolog	  (Colmerauer,	  1972)	  
–  Developed	  for	  language	  processing	  and	  then	  used	  in	  Theorem	  proving,	  …,	  Planning.	  

•  Algorithmic	  roots:	  
–  Machine	  vision	  community	  (“a	  man-‐machine	  graphical	  communicaDon	  systems”,	  1963)	  
–  Image	  processing	  (“Waltz	  Filtering”,	  1975)	  (ApplicaDon:	  “scene	  labeling”)	  

•  Constraint	  Logic	  Programming:	  CLP	  	  
–  Concerns:	  Representa@on	  and	  Reasoning	  
–  Methodology:	  Search	  (very	  AI)	  but	  also	  Inference	  
–  CHIP	  (Van	  Hentenryck,	  Constraints	  Handling	  In	  Prolog,	  1989)	  

•  Constraint	  Programming:	  CP	  (strengthened	  relaDonship	  to	  OR)	  
–  1990:	  birth	  of	  a	  workshop	  :	  “Principles	  and	  Prac2ce	  of	  Constraint	  Programming”	  (conf	  in	  1995)	  
–  Global	  constraints:	  (Beldiceanu	  et	  al,	  Extending	  chip	  in	  order	  to	  solve	  complex	  scheduling	  and	  

placement	  problems,	  1992)	  
–  1999:	  birth	  of	  a	  second	  workshop:	  “Constraint	  Programming,	  ArDficial	  Intelligence	  and	  

OperaDons	  Research”	  (conf	  in	  2004)	  
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“Constraint	  Programming	  represents	  one	  of	  the	  closest	  approaches	  	  
computer	  science	  has	  yet	  made	  to	  the	  Holy	  Grail	  of	  programming	  :	  

	  the	  user	  states	  the	  problem,	  the	  computer	  solves	  it.”	  
Eugène	  Freuder	  

	  



Outline	  	  


