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What	  is	  it	  all	  about	  ?	  

Associate	  to	  a	  constraint	  	  Ctr(Arg1,Arg2,…,Argn)	  	  
a	  0/1	  variable	  B	  so	  that:	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ctr(Arg1,Arg2,…,Argn)	  	  	  	  B	  

	  	   	   	   	   	   	   	  and	  of	  course	  use	  variable	  B	  

	  	   	   	   	   	   	   	   	   	   	  in	  other	  constraints	  



Overview	  

•  Introduc,on	  and	  mo,va,on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica7on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica7on	  of	  g.c.	  wrt.	  reifica7on	  
•  Conclusion	  



Reifica,on	  today	  

•  Easy	  for	  arithme7c	  constraints	  
•  But	  not	  so	  easy	  for	  global	  constraints	  
•  Useful	  for	  expressing	  :	  
– Nega,on	  of	  a	  constraint	  
– Disjunc,on	  between	  constraints	  
– Cardinality	  operator	  

•  Many	  kernels	  implementors	  and	  users	  like	  it	  



Mo,va,ons	  

•  Proving	  the	  equivalence	  of	  two	  constraints	  
models	  (see	  PhD	  thesis	  of	  Nadjib	  Lazaar	  where	  
one	  needs	  to	  negate	  global	  constraints)	  

•  Learning	  models	  from	  posi7ve	  (and	  nega,ve	  
samples)	  <=	  our	  mo)va)on	  



Our	  contribu,on	  

A	  simple	  way	  to	  look	  at	  global	  constraints	  
that	  allows	  to	  get	  reifica=on	  in	  an	  easy	  way	  



•  Introduc7on	  and	  mo7va7on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica7on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica7on	  of	  g.c.	  wrt.	  reifica7on	  
•  Conclusion	  



Defining	  a	  global	  constraint	  

•  A	  global	  constraint	  GC(A)	  is	  defined	  by	  :	  
– Some	  restric,ons	  R(A),	  

– Some	  condi,on	  C(A).	  

•  Example	  :	  

condi,on	  	  



Defining	  a	  global	  constraint	  

•  Why	  to	  dis,nguish	  between	  restric7on	  
and	  condi7on?	  
Because	  restric=ons	  also	  apply	  to	  the	  nega)on	  



Defining	  a	  global	  constraint	  

•  Why	  to	  dis,nguish	  between	  restric7on	  
and	  condi7on?	  
Because	  restric=ons	  also	  apply	  to	  the	  nega)on	  

•  Remark	  

All	  constraint	  solvers	  (and	  the	  catalog)	  made	  a	  
mistake	  while	  defining	  automata	  constraints	  :	  

not	  providing	  explictly	  the	  alphabet	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  =>	  you	  cannot	  negate	  the	  constraint	  !	  	  



Reifica,on	  of	  global	  constraint	  



Intui,on	  for	  deriving	  reified	  g.c.	  

Defining	  the	  meaning	  of	  most	  global	  constraints	  
obeys	  a	  determine	  and	  test	  scheme:	  

1)  Determine	  (never	  fails	  !,	  	  PFD)	  
computes	  values	  from	  some	  arguments	  

2)	  Test	  

	  simple	  test	  on	  the	  computed	  values	  
(e.g.,	  arithme=c,	  automaton)	  	  



Intui,on	  for	  deriving	  reified	  g.c.	  
(alldifferent)	  

1)  Determine	  
sort	  the	  original	  variables	  

2)	  Test	  

	  check	  that	  they	  are	  strictly	  increasing	  



Intui,on	  for	  deriving	  reified	  g.c.	  
(cumula)ve)	  

1)  Determine	  
compute	  the	  cumulated	  resource	  consump=on	  at	  
each	  task	  start	  (since	  the	  resource	  consump=on	  
increases	  at	  these	  points)	  

2)	  Test	  
	  check	  that	  all	  previously	  computed	  resource	  
consump=on	  are	  less	  than	  or	  equal	  to	  the	  overall	  
limit	  



Intui,on	  for	  deriving	  reified	  g.c.	  
(nvalue)	  

1)  Determine	  
compute	  the	  number	  of	  dis=nct	  values	  

2)	  Test	  

	  check	  that	  the	  computed	  number	  of	  dis=nct	  
values	  is	  actually	  equal	  to	  the	  target	  



Intui,on	  for	  deriving	  reified	  g.c.	  
(cycle)	  

1)  Determine	  
sort	  the	  successor	  variables	  (as	  for	  alldifferent)	  

	  compute	  the	  number	  of	  cycles	  

2)	  Test	  

	  check	  that	  sorted	  values	  are	  strictly	  increasing	  

	  check	  that	  number	  of	  cycle	  is	  equal	  to	  the	  target	  



Pure	  Func,onal	  Dependency	  Constraint	  

No	  addi7onal	  condi7on	  is	  imposed	  by	  the	  constraint	  
other	  than	  determining	  some	  of	  its	  variables	  

It	  can	  therefore	  never	  fail	  when	  the	  variables	  to	  be	  
determined	  are	  unrestricted	  !	  



Pure	  Func,onal	  Dependency	  Constraint	  
(examples)	  

EXAMPLE	  
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Pure	  Func,onal	  Dependency	  Constraint	  
(examples)	  
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Pure	  Func,onal	  Dependency	  Constraint	  
(examples)	  

EXAMPLE	  



Pure	  Func,onal	  Dependency	  Constraint	  
(keyword	  in	  the	  catalogue)	  

23%	  of	  the	  constraints	  
of	  the	  catalogue	  



Reifica,on	  of	  g.c.	  

DETERMINE	   CHECK	  RESTRICTIONS	  

pure	  func,onal	  dependency	  ctrs	   arith.	  or	  automaton	  ctrs	  



•  Introduc7on	  and	  mo7va7on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica,on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica7on	  of	  g.c.	  wrt.	  reifica7on	  
•  Conclusion	  



Core	  global	  constraints	  

(reformula,on)	  



PFD	  

CHECK	  



PFD	  

CHECK	  



PFD	  

CHECK	  



PFD	  

CHECK	  



PFD	  

CHECK	  

PFD	  for	  alldifferent	  

Extrac,ng	  i-‐th	  cycle	  

Ge[ng	  a	  unique	  representa,ve	  for	  i-‐th	  cycle	  

Coun,ng	  the	  number	  of	  dis,nct	  representa,ves	  

Check	  for	  alldifferent	  

Check	  on	  number	  of	  cycles	  



•  Introduc7on	  and	  mo7va7on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica7on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica7on	  of	  g.c.	  wrt.	  reifica7on	  
•  Conclusion	  



Categories	  (automata)	  

Automata	  
(with,	  without	  counters)	  
(with,	  without	  signature	  constraint)	  

can	  construct	  reifica=on	  from	  the	  automata	  



Example	  (automaton	  without	  counter)	  



Example	  (automaton	  with	  counter)	  



Category	  (Qlogic)	   contain_sboxes(K,DIMS,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  OBJECTS,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SBOXES)	  



Category	  (sort)	  

Many	  constraints	  on	  a	  collec7on	  of	  variables	  become	  

much	  simpler	  to	  define	  if	  you	  sort	  the	  variables	  

(use	  the	  sort	  constraint	  for	  that	  which	  is	  a	  PFD)	  

The	  nice	  point	  is	  that	  these	  reformula7ons	  are	  linear	  

in	  size	  wrt.	  number	  of	  variables,	  

e.g.,	  get	  a	  linear	  size	  reformula7on	  for	  alldifferent	  (unlike	  
the	  naïve	  one,	  the	  one	  using	  gcc	  where	  values	  are	  
made	  explicit,	  the	  one	  of	  C.	  Bessière	  and	  al.)	  



•  Introduc7on	  and	  mo7va7on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica7on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica,on	  of	  g.c.	  wrt.	  reifica,on	  
•  Conclusion	  



…………………………………………………………………………	  

Table	  providing	  reifica,on	  for	  313	  out	  of	  381	  contraints	  (82	  %)	  



•  Introduc7on	  and	  mo7va7on	  
•  How	  to	  derive	  reified	  global	  constraints	  
•  Reifica7on	  of	  core	  global	  constraints	  
•  Categories	  used	  in	  reifying	  global	  constraints	  
•  A	  classifica7on	  of	  g.c.	  wrt.	  reifica7on	  
•  Conclusion	  



•  A	  simple	  way	  for	  providing	  reifica7on	  
(and	  nega=on,	  and	  reformula=on)	  

•  Could	  also	  be	  used	  for	  measuring	  cost	  
viola7on	  of	  global	  constraints	  
(evaluate	  cost	  related	  to	  the	  check	  part)	  

Conclusion	  

Exploit	  the	  determine	  and	  test	  scheme	  
for	  defining	  global	  constraints	  



•  Reasonable	  for	  a	  number	  of	  categories	  
(automata,	  PFD)	  where	  you	  get	  things	  for	  free	  
(using	  the	  meta	  data	  of	  the	  catalogue)	  

•  Given	  a	  PFD	  constraint	  and	  its	  filtering	  
algorithm	  you	  should	  get	  a	  similar	  pruning	  
power	  for	  the	  reified	  version	  

Observa,ons	  



•  Huge	  for	  graph	  constraints	  (could	  be	  lowered)	  
From	  a	  prac=cal	  point	  of	  view	  cubic	  size	  
reformula=ons	  are	  useless	  

•  Reformula7ons	  of	  C.	  Bessière	  et	  al.	  for	  
alldifferent,	  global	  cardinality,	  …	  can	  
be	  unfolded	  to	  make	  PFD	  explicit	  

Observa,ons	  



•  You	  may	  (perhaps)	  exploit	  the	  constraints	  
network	  associated	  with	  these	  reifica7ons?	  

	  	  	  	  The	  PFD	  part	  looks	  maybe	  similar	  to	  a	  dag?	  

Conclusion	  



Thanks	  

Technical	  	  report	  	  available	  	  at	  
	  	   	  	  

	  	   	   	   	   	  hfp://soda.swedish-‐ict.se/5194/	  


