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BTVar i abl e ( ' domai n'  ' const r ai nt s'  ' val ueDemons'  . . . )  
 BTBool eanVar i abl e ( )  
 BTI nt eger Var i abl e ( ' mi n'  ' max'  ' mi nEvent '  ' mi nDemons'  . . . )  
  BTReal Var i abl e ( ' pr eci si on' )  
 BTObj ect Var i abl e ( ' domai nDi ct i onar y'  ' act ual Domai n'  . . . )  
  BTOr der edObj ect Var i abl e ( ' mi nEvent '  ' mi nDemons'  . . . )  
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of constrained vairables��

“ Cr eat i on of  an i nt eger  var i abl e,  f r om t he bounds of  an i nt er val ”  
x : = V l abel :  ' x’  f r om:  1 t o:  10 => [ ' x '  i nt [ 1. . 10] ]  

 
“ Modi f yi ng t he bounds of  t he domai n of  an i nt eger  var i abl e”  
x mi n:  3;  max:  4 => [ ' x’  i nt [ 3. . 4] ]  
 
“ Cr eat i on an I nt eger  Var i abl e f r om a col l ect i on of  i nt eger s”  
V l abel :  ' Var '  domai n:  #( 1 6 7 8 9) , #( 2 3 18 0 - 5)  => [ ' Var '  i nt [ - 5 0. . 3 6. . 9 18] ]  
 
“ Cr eat i on an Obj ect  Var i abl e f r om t he col l ect i on of  al l  Poi nt s”  
V l abel :  ' obj ’  domai n:  ( Poi nt  al l I nst ances)  => [ ' obj ’  ( 0@0 0@1 142@274 0@4 et c. . . ) ]  

� ���	��
���	�$�
��	
��� �	
�� ���$�
�! 	���	�� !���
�	
� ���� ���
�������0��
��
� ���
������2��������
��
���"����$
�
�����?
������
��� ��.�.��

.
�
��  /*���������������������

�����
����
��� ���� �
�� !�� ���	������ ���	��������$
��

����8���#�9�$
�"

���
�
	���	�$�
��0����
�� !�
�
���  !� � �����
��� ����
�2�� �� 	
 �
	� � ���	���� !���
	��%��
�
����  �� ��
� ���	
�  !� ��
� � ���	���� � ����
	
���
"������
������	����� ���
���
� !� 	%��?��%�� ���	�������� ����
		���� !�����
������
�	  �� !��������
		����
��� ��$��	��� ������BTConst r ai nt �� ������ ����� ����
�
���� � �
!���� !���
	��%��% 	������"������ ������� ���

�! 	���%� 	�� � �����
����� � ����� �
!���� !���
	��%� ��� 	
�
!��
�� ��� ��$����
�� � � ����
�
��� ��
��!��� �
�� ����
���
���%��$
��
	�� ��	 ���
�$
�"

��	
����� �����
!!���
�����

� ��
!��
���
"������ !�� ���	�������=��A��A� �
��

���� ��	
�
����$����� !������BTConst r ai nt � 	�
 !� ���  !� ���� ��$����
��� � =
���
� ��� � ���	����� 	
� �
!��
�� ��� ���
��� �� ��� =��A��A� ��
� �
"� ����� "����
	
�
!��
���
�! 	���� !�����!��� ���

(!�� �	�
���
!����%���
��!��� !���
	��%��
�� ��� ���� ���
�
��	��$
���
� !� ���
	����
�� � ���

���"�
����
���
	�
�
!��
����
"�� ���	���������� ���$
�
!������ ��������!	 ����
�!���
	��%��
�� ���
!��
������������
	������ ����
��
� �
��� ���
	
����%� ��
��� ��
� �
!���� !���
	��%��
�������"���� $
� ��
�� $�� ��
� �
"��� �
!��
�� � ���	���� �������
��
��!���!���
	��%��
�� ���	
� ������
��� �����
�
���� 	
�
!!���
���!���
	��%��
���������

.
�
�
	� 7����������������������

�	
�
!��
��=��A��A�� ���	�����������
�	����
����� ���	�������	�����������!!
	
��
����� %����� ���	�������
��
	
� 	
� �� � �	�����	� �	
�
!��
�� � ���	������ �
����
�� � � ����%� ��
��!���  $'
��) 	�
��
���
��������� ����
"���� $
� �	
�
��
�� ��� �
��� �� >�-�� � (�
� ��� 	���� ��
���  !�  	%��?��%� � ���	����� ��� ����� � ��
		���� ��� � �
�	 ���
���
���
	�"��������	
���! 	���
�� ���	�������� 	
 �
	����
���
	�� 
��� ����
�� �#� "�������%�� 	
�
������
������ !���
�� ���	����� ���������
�������
���	 �	��
��	
�� ���
�� ���

� 	�������
����
�� ���	����8% ≠ &9�"����$
����
��$����
�! �� "��%��������������� ���
��%
��"�
	
�%����&�
�
� �
�� ���	��
���	�$�
�7�

BTAl l Di f f Ct  on:  X and:  Y 

(��
	�� ���	�����	
��	
�
�������	��������%����!	���� ���$�
����
���
��	
�� �����
	!�
���� 	�������
����
�

� ���	���� 8%�4�/�&� � <�= ≥ 99�"����$
� ���
��$�� ��
� ! �� "��%������ ��������� ���
��%
��"�
	
�%��&� ���=�
�
� �
�� ���	��
���	�$�
�7�



������������	�
��������������������	
���������������������������������

� :

BTLi near Gr eat er Or Equal Ct  
 on:  ( Ar r ay wi t h:  X wi t h:  Y wi t h:  Z)  
 coef f i ci ent s:  #( 1 2 - 5)  
 val ue:  0 
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BTConst r ai nt  ( ' i sPer si st ent '  ' i sSt at i c'  ' owner ' )  
 BTBi nar yCt  ( ' x '  ' y ' )  
  BTBi nar yExt ensi onCt  ( ' r el at i on' )  
  BTCompar at or Ct  ( )  
   BTGr eat er Or Equal Ct  ( )  
   BTGr eat er ThanCt  ( )  
  BTEqual Ct  ( )  
  BTPer f or mCt  ( ' expr essi on' )  
  BTUnar yOper at or Ct  ( )  
   BTAbsCt  ( )  
   BTOpposi t eCt  ( )  
   BTSquar eCt  ( )  
 BTGener al Ct  ( ' var i abl es'  ' ar i t y' )  
  BTAl l Di f f Ct  ( ' r emai ni ngVar s' )  
  BTBl ockCt  ( ' bl ock' )  
  BTI f ThenCt  ( ' i f Bl ock'  ' t henBl ock' )  
  BTLi near Ct  ( ' expr essi on'  ' const ant '  . . . )  
   BTLi near Equal Ct  ( ' mi n'  . . . )  
   BTLi near Gr eat er Or Equal Ct  ( ' max'  ' maxLi st ' )  
  BTNar yLogi cal Ct  ( ' expr essi on'  ' l ef t Var i abl esNumber ' )  
   BTAndCt  ( ' t r ueVar i abl esNumber ' )  
   BTOr Ct  ( ' f al seVar i abl esNumber ' )  
   BTXOr Ct  ( ' f al seVar i abl esNumber ' )  
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BTLi near Gr eat er Or Equal Ct  
  on:  ( Ar r ay wi t h:  x wi t h:  x wi t h:  z)  
  coef f i ci ent s:  #( 1 2 - 5)  
  val ue:  0 
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sendMor eMoney 
 |  l et t er s s e n d m o r  y send mor e money pbm |  

 " The pr obl em i s cr eat ed by i nst ant i at i ng cl ass BTSol ver "  
 pbm : = BTSol ver  new:  ' send + mor e = money' .  

 " Const r ai ned var i abl es cr eat i on.   The domai ns of  s and m ar e 
 r est r i ct ed t o 1. . 9 as r equi r ed i n pr obl em st at ement "  

 ( l et t er s : = Or der edCol l ect i on new:  8)  
  add:  ( s : = V f r om:  1 t o:  9) ;  add:  ( e : = V f r om:  0 t o:  9) ;  
  add:  ( n : = V f r om:  0 t o:  9) ;  add:  ( d : = V f r om:  0 t o:  9) ;  
  add:  ( m : = V f r om:  1 t o:  9) ;  add:  ( o : = V f r om:  0 t o:  9) ;  
  add:  ( r  : = V f r om:  0 t o:  9) ;  add:  ( y : = V f r om:  0 t o:  9) .  

 " Ar i t hmet i c expr essi ons t hat  ar e t o be used t o decl ar e t he 
 act ual  const r ai nt s"  

  send : = ( 1000* s + ( 100* e)  + ( 10* n)  + d) .  
  mor e : = ( 1000* m + ( 100* o)  + ( 10* r )  + e) .  
  money : = ( 10000* m + ( 1000* o)  + ( 100* n)  + ( 10* e)  + y) .  

 " Const r ai nt s st at ement "  
  ( send + mor e -  money)  @= 0.  
  BTAl l Di f f Ct  on:  l et t er s.  

 " Pat t er n used t o di spl ay t he event ual  sol ut i on"  
  pbm pr i nt :  s;  pr i nt :  e;  pr i nt :  n;  pr i nt :  d;  pr i nt :  ' +' ;  

   pr i nt :  m;  pr i nt :  o;  pr i nt :  r ;  pr i nt :  e;  pr i nt :  ' =' ;  
   pr i nt :  m;  pr i nt :  o;  pr i nt :  n;  pr i nt :  e;  pr i nt :  y.  

 " The r esul t i ng pr obl em"  
 ^pbm var i abl esToI nst ant i at e:  l et t er s 
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pbm pr i nt Fi r st Sol ut i on 
( send + mor e = money)  0. 002sec ;  1 bt  ;  2 choi ces 
9567+1085=10652 

 
pbm pr i nt Al l Sol ut i ons  

SOL 1:  ( send + mor e = money)  0. 002sec ;  1 bt  ;  2 choi ces 
9567+1085=10652 
 
No mor e sol ut i ons.  
( send + mor e = money)  0. 004sec ;  4 bt  ;  3 choi ces 
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f i r st Sol ut i on 
 “ goes f or war d unt i l  a sol ut i on i s f ound”  
[ sel f  sol ut i onFound]  whi l eFal se:  [ sel f  moveFor war d] .  
 ̂ sel f  sol ut i on 
 
moveFor war d 
“ goes f or war d unt i l  a f ai l ur e occur s,  whi ch t r i gger s a backt r acki ng”  
 [ sel f  domai nWi pedOut ]  whi l eFal se:  [ sel f  f or war d] .  
 sel f  backwar d 
 
f or war d 
“ saves t he st at e of  t he pr obl em and chooses an i nst ant i at i on t o enf or ce”   
 sel f  saveCont ext .  
 sel f  makeAChoi ce 
 
backwar d 
 “ chooses a pr evi ousl y saved st at e of  t he pr obl em and r est or es i t  
|  cont ext  |  
 cont ext  : = sel f  choosePr evi ousACont ext .  
 sel f  r est or eCont ext :  cont ext  
 
makeAChoi ce 
“ chooses a var i abl e t o i nst ant i at e and a val ue f or  t hi s var i abl e.  Then per f or ms 
t he i nst ant i at i on and t r i gger s const r ai nt  pr opagat i on”  
 cur r ent Var  : = sel f  chooseAVar .  
 cur r ent Val  : = cur r ent Var  next Val ue.  
 sel f  pr opagat eI nst ant i at i onOf :  cur r ent Var  
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Default Algorithm

forward backward propagate

Forward checking

propagate

Backjumping

backward propagate
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post Demons 
 “ Def i nes t he demons const r ai nt  ‘ sel f ’  has t o r espond t o.   I n t hi s case,   
 sel f  i s f i l t er ed when t he maxi mum bound of  x i s changes ( i . e.  decr eased)  
 and when t he mi ni mum bound of  y i ncr eases”  
 
 x addMaxDemonOn:  sel f .  
 y addMi nDemonOn:  sel f  
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�� ���! �� "7�

max:  v  
 " Her e v i s necessar i l y x si nce no maxDemon i s def i ned f or  y. "  
 y max:  v max;  r emove:  v max 
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mi n:  v  
 " Her e v i s necessar i l y y because no mi nDemon i s def i ned f or  x"  
 x mi n:  v mi n;  r emove:  v mi n 
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x : = V f r om:  1 t o:  2.  y : = V f r om:  1 t o:  2.  z : = V f r om:  1 t o:  2.  
BTI f ThenEl seCt  on:  x 
 i f :  [ x val ue = 1]  
 t hen:  [ y @= z]  el se:  [ BTAl l Di f f Ct  on:  y and:  z] .  

SOL 1:  x = 1;  y = 1;  z = 1 
SOL 2:  x = 1;  y = 2;  z = 2 
SOL 3:  x = 2;  y = 1;  z = 2 
SOL 4:  x = 2;  y = 2;  z = 1 
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val ue:  aVar  
 i f Bl ock val ue == ni l  i f Tr ue:  [ ^sel f ] . “ not hi ng t o do”  
 sel f  r emove.  “ r est or ed af t er  backt r acki ngs”  
 Condi t i on i f Tr ue:  [ t henBl ock val ue]  
    i f Fal se:  [ el seBl ock val ue]  
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 “ The const r ai nt  st at es t hat  t asks t 1 and t 2 ar e not  si mul t aneous”  
BTDi sj unct i veCt  ei t her :  [ t 1 pr ecedes:  t 2]  or :  [ t 2 pr ecedes t 1]  
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“ R1 i s a squar e”  
( R1 t op)  -  ( R1 bot t om)  = ( R1 r i ght )  -  ( R1 l ef t )  

“ R2 i s a squar e”  
( R2 t op)  -  ( R2 bot t om)  = ( R2 r i ght )  -  ( R2 l ef t )  

“ R1 and R2 do not  over l ap”  
( R1 r i ght  < R2 l ef t )  
OR ( R1 t op > R2 bot t om)  
OR ( R1 l ef t  > R2 r i ght )  
OR ( R1 t op < R2 bot t om)  
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“ R1 i s a squar e”  
R1 i sASquar e 

“ R2 i s a squar e”  
R2 i sASquar e 

“ R1 and R2 do not  over l ap”  
R1 doNot Over l ap:  R2 
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• ( i ,  j )  : = i nt er sect i on of  X and Y.  
• Comput e possi bl eLet t er s  ( X, i )  = t he set  of  possi bl e l et t er s at  posi t i on i  f or  X.  
• Remove f r om domai n( Y)  wor ds t hat  don’ t  cont ai n one of  possi bl eLet t er s  ( X, i )  at  j .  
• Comput e possi bl eLet t er s  ( Y, j )  = t he set  of  possi bl e l et t er s at  posi t i on j  f or  Y.  
• I f  possi bl eLet t er s( Y, j )  ⊄ possi bl eLet t er s  ( X, i )  t hen r emove f r om domai n( X)  wor ds t hat  
don’ t  cont ai n one of  possi bl eLet t er s  ( Y, j )  at  posi t i on i .  
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