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interleave different

combinations of

Backtrack to 

Analyse how many tricks can be

lines of play

profile. Extra information (e.g., derived
Convert this result into a probability

won under each possible world state

from the bidding) could be used here.

plan objects

Chapter 5

Chapters 6, 7

Chapters 8, 9

2

1 1

2 2

1 1

2

Pre-planner Pre-planner Pre-planner

Planner Planner Planner

Pre-planner

Planner

spades hearts diamonds clubs

critical cards critical cards critical cards critical cards

minimax tree minimax tree minimax tree minimax tree

3 3 3

Interpreter Interpreter Interpreter Interpreter

3

line of play line of play line of play line of play

- The four lines of play interleaved,

Plan objects consist of :

- The inter-suit operators,

- The constraints on ordering, 

- A profile of the interleaving.

Add inter-suit operators

Add ordering constraints

Interleaver

4

Select one plan object and execute.

Different styles of play (e.g., rubber,
duplicate) modelled by switching

between different selection criteria

Play

5

Chapter 10
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4?�C� � � ,1���=2 ' M ����� � � )T) $ � � �3, '*)�� � ���=2 )�� �����H,1��<����
� 6 58$ $*) ,NM���� 7 ,14?� ��@�� � � /.� � � �D�T)T) �+*",14 ��6 � ��6 2*���3, �T) ��6 ����� � � )�) � �D��6�7 /��", $ �.��� �3!
3 6 ���32*��� ��� � <��.�������5� 6 �", 6 /H� �.���;<�� �T)�� �PM � � ��� � � ��6 ����� � ,�/H� @ �.��� , '*�T)T� �&MX�.���+* ,-4 ��6 � �.���
$*) , 6�6*��6�7W� �3,1�.� ,1�9, 6 M 6 � 2*�
� � �����
���.��� � , ����6 ������2*<"/H�=2A! K ���D��� � �9$ <�� $ � � � @ ����� $*) , 6�6*��6�7, )�7 ��� � �.��4 � , � 4?� 2 � R"�=2:�.� � ��������2�,1�3, � 6 ����� � 4 $ �����3, 6 � $*) , 6�6*��6�7 �(6*� ����4 ,1� � � 6 ��6 �=,�/.�
� ��� �E� � ����� $*) , 6 ��� $ �.� � � 6 �H,1� � � 6 ! 4 � � ,C/ ��)T� �3,1�.�E��� � ��@ �����E2�,1�H,8/H� 6 �3, ��6 �=2 ��6 ��� � � ,-� 7 <�4?� 6 �
� � ��� $ �.� � � 6 �.�=2 , � , )T� � ��� � � ��� � �4] � 	���	 $ , � � ��@ � �����.�?����� � � � � �W2*� � /H� ��' � � �.���?4?�=, 6*��6�7� � ����� � 	��
	 � 6 ���.M � � �#� $ , � ���=2 �D� ��� ! � *",14 $*) � � � � ����� $ � ���&�('*) � � � � � � � <�� �T)T� � �=2 ' M �.���
$*) , 6�6 ���
,1��� �

 ) , ' � ) & ����� 6 ,14 �
� � �.��� 6 � 2*� � $ � 	 � @ � �(6 @ � ,(* @ ����R �=, � �3!
 � �3,1��� & ������/H<������ 6 � 7 ,14?� � �3,1��� � � � � /.� �P$ �=/ � R"� � ����� � �������;�.��� /�,-�32 ��@ ����� < ��<��.�


 3�
�#%!�5���DI �& �����,!�0*��!$#%& �*��0 ��� ��56�����D���<#F'F#%� �� ���0.
��!�!$#%�*�����6����� #%�*������56� �D�����0@#%�����/���*����
���� !���!������+!����
� ��
*��� ����!��,�,���J
�����!�:��*� � ��2����+5�'%��*#%��� �4�,!����������J'%� !������6#%� #%! �*!���0E���"A�#%!�����'F'%�.������'F#%!���� ���'%� &+5�����&��D������#%��&
�����D
��<#�������!�:
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/�,1�32 ��@ �����E�C<�� � �3, 6 2 ��6�7 /�,1�32 �L@ �.��� /H� � � � /�, ) /�,1�32 ��@ , 6 2 � � � � , 7 �F�(6 2 � /�,1� �(6�7 � �����������
� , � �D��� '�� � �E,1�.� � 6 � �96 ��� ' � ��� � 2 ��6 �.��� � < � � �3!

 �3,�/H� � / � & ������, $�$*)T� /�, '*) �	�H,�/H� � / � � � 6*) M5��� ) ���1, 6 �J��� �:,* 6 � 2*� � �H!
 ' �3, 6 /.��� � & ����� $ � ���I��'*) �?/�,1�32 $*) ,NM � � � 6*) M ��� ) ��� , 6 �J��� � ��6 6 � 2*� � �H!

G9��, 6 M 6 ��2*� ��6 �.��� $*) , 6 @ ����� �1, ) <�� � � � ����� � � 2�,1�3, � ����4 � /�, 6�' �5�+*",14 ��6 �=2 ' M �I� 4 $*) M/ )T� /
� ��6�7 � 6 ����� 6 ��2*�J��� $ ����2*<"/H�
, $ � $ $ < $ �D��6 2*� ��@ , � � ��� �96���6 K ��7 <����	��! NFM � 6 ����� 6 �+* �
$ , 7 ��! 4 ��� $ � $ $ < $ �D��6 2*� � � ���G�����J��� �C� 6 ��2*�
� � �����E�.����� � ��� �J� ��� � �����
2�,1�3,�, �.� � / � ,1�.�=2
�D� ��� ����� � �3,1�.�9R"� ) 2 � � 2 � �P$*) ,=MC�=2 7 �3, $ � � /�, )T) M ' M , $*� /H��<��.�8� � ����� 7 ,14 � � �H,1����!
� *��+*.- ��65021 8.9 ;E3 = > J�N.029�9 >G6

' ��� 6 < $�7 �3,�2 ��6�7 < -01(3>=F= 3 �.� $ �.� 2*<"/H�W, 6 �+* $*)�� / � �;��� $ ��� � � 6 �3,-� � � 6 � � ����� � 6 � � ��� � �=,1�3/.�
�P$ ,�/H� � ��� ) ,1� � ���;�.�������;4?��������2 � ��� � @�� � � , �
� ��< 6 2 ���",1� � ��4?� $ �.� '*) ��4 ��� ��� � � � /.� �.���
��� ��71��6 , )Q$*) , 6�6 ��� � , � /�, $ , '*) �8� � $ �.� 2*<"/ ��6�7;$ ,1��� � , ) �.����� �D6 � � /�,1< � �=2 �.��� 6 � � � M � ����4 ���
/H�3, � � 2*<��J��� � � 7 4?� 6 �3,1� � � 6�� ,-< ) � � �C� � , �T) �=2 4?��4?���.M , )�) ��/�,1� � � 6"� ! 4 � � �D' ���",�� � ��<�� � , � ,1� $
��� ��' <����=2 �.�8� � �������9�����
,�/H��<", ) $*) , 6 � ����45,1� � � 65$ ����/H� ��� �+*"/H���=2 �(6�7 �����J4?��4?���.M )T� 4 � �H,1� � � 6"�� � �����D45,�/.� �(6 � @ ���Q���
����� $ � ���I��'*) � $ �.� � � 6 /H�E� �") � � $*�(6�7 ! 3 6 �C�32*�������
2 � , 7�6 � � �9�.��� ) ,1�.������� ������ � � $ � ���I��'*�T)�� � � � ��@ � ��4?� � ,NM�� � 4?� 6*� ���C� ��6�7 �.��� $*) , 6�6 ��� " � �+* �=/H<�� � � 6 � , ��6 �=/H� ��� ,-��M�! Q 6 $2*���J�����
��� ��71��6 , )Q� 4 $*) ��4?� 6 �H,1� � � 6 @ ��� � � � , �D6 �C�9���=,�2 �T) M $ � ���I��'*) � @ � �5,�4 � 2 � R"�=2 $*) , 6�6*��6�7
$ ���=2 � /�,1��� � , �B� 4 $*) ��4 � 6 ���=2 , )T) � �D��6�7 , �D��6 2*� � ��� ' �?� $ � 6 �=2:� 6 ���;����� $*) , 6�6*��6�7 � $ ��� $
,1� � � 6"� ! K ��7 <��.� � !C5"E�� 6 %�, 7 � M # � ��� �J� , 6 �+*",14 $*) ��� �%� <"/��:, Z[@ D \ 	 �D��6 2*� � 4?� 6*� ����� �(6�7����� $*) , 6�6*��6�7 � � ����� �I� ��<",1� � � 6 � � �����JG � � � $�$ � �&� �.�
����� 5 � !
� * $ ��� � 4 � 6 �3,-� � � 6 �D� ��� ��� � � ���3,C/ �(6�7 � ,�/ �T)�� �PM @ ��� � ������� @F� , �T) �=2X�.� ) � /�,1�.� , 6 M ) �*� $*��6�7 � 6
$ ��� '*) ��4S�+*",14 $*) � � ! 3 6 � ,�/H� @ , )T) �.��� $*) , 6�6*�(6�7;� �3,-��� �G' � ��6�7 �.�=,�/����=2;, $�$ �=,1���=2 �.� ' � ) � 71� � $
� 45,1��� @ , 6 2 ' ���=, � 2*� �96"� ��/�/H<������=2 ,1�9� � 4?� � � ��� 6 ����� $*) , 6�6 ���8, $�$ �=,-���=2;��� ' �8� $ ���3,1� �(6�7
6 ����4 , )T) M�! 4 ���	, ) �.��� 6 ,1� � �����+* $*) , 6 ,1� � � 6W� ���J< -01(3>=F= 3 " �D$ ��� '*) ��4 ���Y��6"� < � / � � 6 � $ �*M �I� /�, )4?��4?�C��M

� � , � ��������� � �����;�+*",14 ��6 �=2A! � �=2*<"/ ��6�7 ����� ,14 ��< 6 � � � 4 ��4?����M ���FRC< � �.�=2 ' M
����� $*) , 6�6 ��� ) �=2 ���������8�.� � � ) <�� � � 6 � � ����� $ ��� '*) ��4 � �D� ���W�.��� � M � ����4 , 6 2>���5, �I��7�6*� R/�, 6 �
��6 /H���=, � � ��6 ���;/ � � 6 /HM�! 4 � � � � , � ,�/�� � �����=2 �����.��< 7 �X����� �(6 ������2*<"/H� � � 6 � � ����� 6 ��� � � 6 � �
$*) , 6�6*��6�7 D $ ] Z%#2@ $ 	B]�@ � � � /.� � �82*� � /H� �(' � ' � ) � � !
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K ��7 <����&��! 5"E � � *",14 $*) �
���3,C/H� �D��6 2*� � � ��� �D��6�7 4?� 6 <;� $ � � � 6"�
$&% � ��+ * ' � ��/ 1���� /�9 ��� /$749 �	'�/$+�7

� 6 ����� $ ����/H� ��� � � /H� 6"� �.��<"/H� ��6�7 ,.SG� � 2 7 � $*) , 6 @B� �5�.�3, 6"�P$*� ��� � ���",-�5����� � ,14?� $*) , 6�6*��6�7
� �3,-���
45,NM ' ��� 6 /H��< 6 �������=2:, 6 <�4 ' ���
� � � � 4?� � !�G 6 ,1<����C45,1���=2&S � � 2 7 � $*) , 6�6*��6�7W� M � ����4��������� � ��������< 6"� �����8� � � � � �"� , � � ��6�7 � � 4 �	� 6 ��� $ �=,1���=2W/�, ) /H< ) ,1� � � 6 � ��� 2*� 6 � � /�, )U� < ' $ $*) , 6"� !K��C�	�+*",14 $*) � @F) ���?< � /H� 6"�I� 2*��� � 6 /H� 4?�����;�����;/�, � �;� � ����� G �S� $�$ � �I� ���;��������! � 6 �.� �#�
�I� ��<",1� � � 6 @ < -01(3>=?=83 �", � ���J/����*� � � ' ��� � ��� 6 �.��� � � � $ � ���I��'*) �9�3,C/H� � / � � � R 6 � �.�I��6�7 �������9<���� 6
� 4 M $ � N � , 7 , ��6"� � � , � � @ �C� �&� 4 $*) MW/�, � � ��6�7 ����� G /H��!��B� � ������� @1��6 �+*",14 ��6*��6�7 �.��� $ � ���I��'*) ���� �P$ � 6"� � �J' M;�����?2*� � � 6 2*��� � ���5�.��� � ���3,�/H� � / ��@ ��� $ �=,-���=2 � �3,1��� � 45,NM ' ��� 6 /H��< 6 �������=2A! K ���
�+*",14 $*) � @ � 6 , 6 M ' �3, 6 /.� � ������� '�� � � $*) ,NM � �����
� ��6�7"@D' �C���X�����W/�, � � , 6 2 ����� R 6 � ��� ��3,�/H� � / �D�T)T)D) �=,C2���� ����� � ,14?� � �3,1��� �P�I��6 /H� ' ����� �3,�/H� � / � �%��)T)E$*) ,NM:������� � ����4��.��� < ��<��.�
�", 6 2�, 6 2W�.��� G /H� � ����4 ����� � �������:�", 6 2 �(6 ��� � �8�I� ��<",1� � � 6 �3! < � 4 �T) ,1� ) M @Q�T� '�� � � � � ��� � 2 @������� � �?�H,�/H� � / � �D�T)T) , ) � � ) �=,�2 ��� � 2*� 6 � � /�, )9� �3,1��� ���&�I��6 /H� < -01(3>=?=83 " � 2*��45, ��6 ��< ) � � /.��� � � ���� � � ) �=/H�G�����E/�, � �?/�,1�H2 � ��� 6 �����E2*� � � 6 2*��� ' � �(6�7 R 6 � ��� �=2���<�� 6"� ��<������ ' � ��� � 2��3! K <���������� @
� ��� 6 /�, � � ��6�7 ����� G
/H� @ ������� � � ' �H, 6 /���� � � ��������� 6 �52*� � � 6 2*��� $*) ,=M � �.��� � ��6�7 , 6 2:�.���
��������� $*) ,NM �G) � � �D�T)T) , ) � � ' � ��6 2 � � � ��6�7 < � � �", '*) � @ �&�(6 /H�������82*�=/ ) ,1����� " � /�,1�H2 �"�%��)T) , )�� ,=M �G' �
G
/H�	, 6 2 ������� � �.��� �P$ �=/H� � �C�8� � �����8/�,1�32 � /���� � � 6;' M �����82*� � � 6 /H��! 4 � � � 4?�=, 6"� �.�",1�D� � �.���
� ��<�������� 6 � �3,1��� � � � � /.� ,-��� $ ��� 2*<"/H�=2 � 6 �.��� � �=/H� 6 2 ) ����� ) � � ����� $*) , 6 @ � 6*) M:R���� �D�T)�)D' �
< 6*� R�<�� @ , �9� ��� �B6 �(6 K ��7 <���� � !	�ON�!
� 6 , �I� 4 $*) � �I� ��<",1� � � 6X� <"/.� , � ��� � ��@ �.��� 2*< $*)T� /�,1� � � 6 � � �����5��� ���.� �(6 ��� ) ���=2 ��6 $*) , 6�6*��6�7�=,�/.� � � �.���?��� $ �=,-���=2 � �3,1��� � , � �.� � � � ��6 ��� $ ,1�.� � /H< ) ,-� ) M �I��7�6*� R/�, 6 �=! �B� � ������� @ �&�(6 /H�;�.���
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K ��7 <����&��! �ON � � *",14 $*) � � ��� �%�(6�7 ��� $ �=,1�.�=2 � �3,-��� � � 6 �����JR"� � � $*) , 6�6*�(6�7 ) ����� )
�I��� �
� � ,����.��� 7 �.� �J� �+* $ � 6 � 6 � � , )�) M �D� ���5�.��� ' �3, 6 /�� ��6�7�� ,�/H����� @ ����� 6 <�4 ' ���D� � ��� $ ��� � � � � 6"�/�, 6;' �8�+* $ �=/H���=2 ��� ' � �I��7�6*� R/�, 6 � ) M ) ,1� 7 ��� �(6:� �3,1�.� �"�%� �.�W4?���.� , $�$*)T� /�, '*) �?�3,C/H� � / � !
� 6 ,C2�2 � � � � 6 ���:����� �I� 4 $*) � /H��4 $ <��3,1� � � 6 � � 4?�;���",1�?/�, 6X' � � ,���=2 �(6X6 �C�	�.�B$�/�, ) /H< ) ,-� ��6�7��� $ �=,1���=2 � < ' $ $*) , 6"��@ � � � � , ) � � $ � ���I��'*) �?���",-�E4?��4 ����MW/H��< ) 2 ' �	<�� ��)T� � �=2 4?��������� / � � 6 � ) M �/H� 6"� �.��<"/H� ��6�7 �.���
R 6*� � ���=2:2�,1�3, � ����<"/H��<����
< �&�(6�7 $ � �(6 ����� � ��� � �",1���=2 � < ' $ � ����<"/H��<��.� � /H��< ) 2,��� � 2 /H���=,1� ��6�7 45, 6 M?/H� $*� � � � � � 6 � � �.� � < ' $ �.����� � ! � 6 � ��!�� !	� � �9�+*",14 ��6 �
��� � � <"/�� ��� / � � 6 $/ � � � � ���.�E,�/.� � ���C�=2 �(6 < -[163>=F=83 ' M?�.���9< � �J� � ,�� $ ] Z%# @�K C $ ]BZ 4?�=/.�", 6*� � 4W! 4 � � � ������M �I� 4 $*) �
� 2*�=, �(6 ��� ) ��� � ���=/H���32 ��6�7 ����� $*) , 6"� ���",1� ,1�.� 7 � 6 ���3,1�.�=2 � �C���=,�/�� 2 �#� � ��6 /H� � �3,1���D� 6 /H��< 6 �������=2
' M	�.��� $*) , 6�6 ��� @�� �����",1� � ��� 6 , � �3,1�.�9���",1���", � , ) ���=,C2*M ' ��� 6 , 6 , ) M � �=2 � � ���=,�/.���=2 @ �����E, � $
� ��/ � ,1���=2 $*) , 6 /�, 6 ' �
/H� $*� �=25, 7 , ��6 �3,1�������G���", 6 �",� ��6�7 ��� ' �J���B$ 7 � 6 ���3,1�.�=2 � �.��4 � /H�3,1�H/�� ! �
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!$#\4\9;'=4H. _�/s� �~/Y%)3QA�,E9}T+%C*Y6 !$#8%(' nO'�3Q,C#HW=4H. _�4H.?3Q/1�M%)6 /1� �r�M%)354H�+*p! *1,=n$#`�+< BR� �+*1��%X#[#"/s� �
!$#&%(')�+*Y32*1�+W=�M%(#R/1� �U4H*ZT+%C*Y6 32/s,��M%=T1��,)/s� �+*M@ �C4`.?TU�r/1� �G!m�+*Q9]�MTU/fAO. ,CB�#H�M6$_)�p3 4`/s>?%C/Q4H,).�TU*s�+�
%C/1�M6onO'	/1�$4&37%)TU/R4&37%CA=4`.0/1,f/1� �S,)! !?,=. �+.O/Y3�!$#&%)Ts4H. _G/1� �U4H*"T+%C*Y6 3�,=.p/1� �S/Y%Cn$#H�-4H.p/s� ��31%C<P�
<Z%C. . �+*p%=3G6$> <f<2')LF/s�$483031TU�+.?%C*Q4H, 483o,C9]/1�+.�6$�M31TU*Q4Hn?�M6 %)3 �  $j � R\k � � jEM?M c �^*Q4&6$_)�)@ �^�+�
#H,CB"L)B��7! *1�M3Q�+.$/V/1� �-6$,)> n$#H�+�K6$> <f<2'�%E*YT1�$4H/1�MTU/s> *1�M3^! *1,)!?,$3Q�M6fn$'fnm,)/1��l�+W$'Z%C.?6ozR4H.?3Qnm�+*1_
� l�+W$'�C � L^zR4H.?3Qnm�+*1_ �g) # @ n�9]/1�+*ML^B �	>?3Q�G,)> *}9;*Y%E<f�+B�,)*1A~/1,~6$�+<f,=.?3Q/1*Y%C/s�ZBR�$'�3Q>?T1��%E!J�
! *1,O%=T1� �M37! *1, 6$>?TU�Z3Q> nm,)! /Q4H<Z%(#�*1�M3Q>$#H/Y3-%C.?6:/1,f9],)*1<	%(#\483N�f/QB ,	_)�+. �+*Y%X#t! *1,=n$#`�+<	3-/1�?%C/"T+%E.
%-,f4&TU/F3N�M%C*YTs�p%(#H_),)*Q4H/1� <Z3 4`.0_O%C<f�M3IB�4H/1�G4H.?TU,)<f!$#H�+/1� 4H.$9;,)*s<Z%C/Q4H,).h@

� � � 3�3 � )2- � ) � -98 ����� 8 � � � � ) � � �"'��
��� ��q?*U3Q/�!?�+*Y3N,).Z/s,-�U{�!$#\4&Ts4H/Q#H'Z! *1,=!?,O3Q��/1� �R>?3Q�R,E9j%-6$,=> n$#`�+�K6$> <P<�'	3Q,C#HW)�+* %=3J/1� �Rn?%)354&3�9],)*
%S! *1,)_)*U%C< /1,S!$#&%M' �^*Q4&6$_)�-%C! !?�M%C*U3�/1,"�?%(W)�7n?�+�+.� �+WO'%� l�+W$' C�� # @ ��-BR%)3VTU,=.$qd6$�+.O/R/s�?%C/
/1�$4&3�A=4H.?6G,C9�! *1,)_)*U%C<�TU,)>$#&6GB�4H.G/1� �-! *Q4 -+�S,C9 W7<24\#\#\4H,).~!?,=> .?6 3R,H'h�+*1�M6Pn$'f9],)*1<f�+* �^*Q4&6$_)�
�~,)*N#86��V�?%C<f!$4H,).hL���48%]"r%C� <f,$,�6lL^/1,~/s� ��6$�M354H_). �+*Y3P,C9"%�TU,=<f! > /1�+*f!$#&%(')�+*	/1�?%C/ZTU,)>$#&6
6$�U9]�M%C/R�$4H<p@ R�+*1�)L$B��"6$�M31TU*Q4Hnm�  �+WO'aY 3R%(#H_),=*Q4H/1� <�n$'�TU,).?3 486$�+*N4`. _G/s� �-_)�+. �+*Y%(#�! *s,)n$#H�+<�,C9
3Q�U#H�MTU/Q4H. _!"Vn��?Y 3^. �U{ /R<f,CW)�74H.�%C.p%E*1n$4H/1*Y%C*1'P4H.?TU,)<f!$#H�+/1� 4`.$9],)*1<	%C/Q4H,).p_$%C<f�)@
l�+/->?3731%('G/1�?%C/ML�9],)*u3N,)<f�"<P,XW=�"> .?6$�+*"TU,).?354&6$�+*Y%E/Q4H,).hLh/1� �23Q�+/-,C9VB�,)*Q#&6 3�BR�$4&T1�~%C*s�}TU,=.J�
354&3Q/1�+.$/7B�4H/1�p/1� �2,)> /UTU,)<f�M3�,C9V/s� �"! *1�+W=4H,)>?35\ %C.$/1�+*Q4H,)*+`^<f,CW)�M3^4&3R_E4`W=�+.�n$'	��@ l�+/7>?3F%(#&3Q,
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mj4H_)> *1��(�@ � b���� �-<24H.$4H<Z%({pWC%(#H> �M3+L � 5 � L$,C9t�M%=T1�0<f,CW)� � 5J> .?6$�+*FB�,)*Q#&6 � �

l�+W$' Y 32! *1,)!m,O31%(#FBR%)3S/1�?%E/��M%=T1� #`�+_$%(#F<f,CW)�)L � 5QL TU,)>$#&6 n?�p_E4`W=�+.�%~31TU,)*1�Gn?%=3Q�M6�,).�4H/Y3
�U{ !?�MTU/1�M6�!?%('),H'V@ZF5.�/s� �pTU,).O/s�U{�/S,C9 mj4`_=> *1� ( @ � L l�+W$' Y 3231TU,=*1��T+%E.�nm�G�U{�! *1�M3s3Q�M6�%=3"/s� �
31TU,)*N4`. _}9;> .?TU/Q4H,).hL�� b
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�)�U#H�MTU/Q4H. _p%2<f,CW)��4&3F%)Ts�$4H�+W)�M6Gn$'G%)TU/1>?%(#\#H'Z>?3 4`. _	/1� �-<24H.$4H<Z%({�%X#`_=,)*Q4H/1� < /1,2_)�+. �+*Y%C/1�-/s� �
WX%X#`> �M3J,E9�/1� � � 5 � 3+LC%C.?6-6$�+/1�+*1<24H.$4H. _-/1� ��� 5=9;,=*hBR�$4&T1�S/1� �VWC%(#H> �V,C9��d\ � 5 ` 4&3j_)*1�M%C/s�M3Q/M@ �C4H.?TU�
/1�$4&3S/1�MTs� .$4 q=> �	*1�U#\4`�M3S,).|*1�+!?�M%C/s�M6�%C! !$#\4&T+%C/Q4H,).?3},C9R/1� �f<24H.$4H<Z%({ %X#`_=,)*Q4H/1� < /s,G! *1,)n$#H�+<Z3
B�4H/1�f!m�+*Q9]�MTU/�4H.$9;,=*1<Z%C/Q4H,).hL=B�� BI4[#\#l*1�U9;�+*^/1,74H/ %)3oNQk � k Q$G]k � M%� � �XM Q # � � ^ L)%C.?62/s,-/1� ��#\4H<24H/Q4H. _T+%)3Q�-B�� �+*1�Zk K kON cf!m,O31354Hn$#H�2B�,)*Q#&6P4&3R�U{?%C<24H. �M6p%=3-k$# � Q j ICG �LK k M%� � �XM Q # � � ^ @
l 9ITU,=> *Y3Q�)Ll,)/1� �+*7!?,$31354Hn$#H�Z6$�Uq?.$4H/Q4H,).?3 9;,)*7/1� �231TU,)*Q4H. _	9]> .?TU/Q4H,).��~T+%C.rnm�f�+.OW=4&31%C_)�M6lLh%E.?6
4H.?6$�+�M6PzR4H.?3Qn?�+*s_�Y 3l. ,)/N4`,=.",C9?3Q�U#H�MTU/Q4H. _U /1� ��!$#&%M'-/s�?%C/lB ,=*1A�3mnm�M3Q/�,=."%MW=�+*Y%C_)�$Yk�\zR4H.?3Qnm�+*1_ �g) #
3Q> _)_=�M3Q/Y3�/1� �79],C#\#H,CB�4H. _�%(#H/1�+*s.?%C/Q4HW)�$b
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BR� �+*1� � *Y%E. _)�M3�9;*1,=<
WF/s, �rLO%E.?6 �� 4&3 %E.24H.$q {Z9]> .?TU/Q4H,).	BR�$4&T1�G�Oq=>?%(#&3�W�4\9�n?,=/1��3 486$�M3�%C*s�
�Oq=>?%(#KL�%E.?6 : ,)/1� �+*1BI483N��\K/1�?%C/j4&3+L %7<f,CW)�^4&3�_C4HW)�+.Z%S31TU,)*1��,C99W^9],)*��M%)Ts�fB�,)*Q#&6 4H.ZBR�$4&Ts�24H/�4&3
/1� �Rnm�M3Q/ML$,)*��Oq=>?%(#dnm�M3Q/ML %(#H/1�+*1.?%E/Q4HW)�H`Y@ nF. ,=/1� �+*V!m,O31354Hn$4\#\4`/Q'%\K!?%E*1/Q4&TU>$#&%C*Q#H'24H. �^*Q4&6$_)�)L$BR� �+*s�
/1� �S,)n 
Q�MTU/Q4HW)�S483�>?3Q>?%(#\#H'r/1,fB�4H.~%C/�#H�M%)3Q/-%ZTU�+*1/U%(4H.�.$> <2n?�+*7,C9V/1*Q4&TsA�3C`V4&37/1,f,=.$#`'rTU,).?354&6$�+*
<f,CW)�M3^BR�$4&Ts�p_)>?%C*U%C.O/s�+�u%S*1�M3Q>$#H/F%E/V#H�M%)3N/F%)3^#&%C*1_=�u%)3�3Q,)<f�7<24H.$4H<�> < WX%X#`> �)L � L 31%(')@9�I�?%C/
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�,XB��+W)�+*(L?<f,=*1�-4H<f!m,)*1/Y%C.$/-/1�?%C.r/1� �fTs� ,C4&TU�2,C9 /1� �f31TU,=*Q4H. _	9;> .?TU/Q4H,).:4`.r,)> *"TU> *s*1�+.O/"TU,=.J�
/1�U{ /-4&3S/1� �G%C.?3QB��+*"/1,0/1� �	<f,)*1�29]> .?6 %C<f�+.$/Y%(# q=> �M3Q/Q4H,).�,C9RBR� �+/1� �+* l�+W$'r4&3 
 >?3Q/N4[q?�M6|4H.
3Q!m�MTU>$#8%E/Q4H. _�/1�?%E/�/s�$483}A)4H.?6�,E9u%C*YTs�$4H/1�MTU/1> *1�P4&32/1� �GA)�+'~/s,�!$#&%('=4`. _�/1� �GT+%C*Y6 31U !?�+*Q9]�MTU/Q#H' Y
\ l�+W$'aY 3�q=> ,)/1�M3 `Y@ �^�U#H,CB�B��u3Q� ,CB�/1�?%C/�. ,f!m,O31354Hn$#H�f31TU,)*Q4H. _29]> .?TU/Q4H,).pT+%C.GB�,)*sAf,)! /Q4H<Z%(#\#H')@
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*1�M3Q�+.$/Y%C/N4`W=��31%E<f!$#H�p,C9F!m,O31354Hn$#H�~6=4&3Q/1*Q4Hn > /Q4H,).?3P,C9F,)> /U3Q/Y%C.?6=4H. _�T+%C*U6 3f%C.?6|>?354H. _�/1� �+< /1,
�+WX%X#`>?%E/1�f/1� �2n?�M3N/"3Q/1*Y%C/s�+_)')@��~�2>?3Q�2/1� �S9]*Y%C<f�+B�,)*sAGB �26$�+W)�U#H,)!?�M6:4H. � ( @ �P/1,�3N� ,XB�/s�?%C/
/1�$4&3P4&3f. ,=/Z!m,O31354Hn$#H�)L � � k � LR3Q> n?,=! /Q4H<Z%(#�3Q/1*U%C/1�+_C4H�M32<Z%('�nm��*s�+/1> *1. �M6l@ F5.?6$�+�M6lL7B �r3Q� ,CB
/1�?%C/S�+W)�+.�%C.��U{��?%E>?3Q/Q4HW)�G<24H.$4H<Z%({$4H. _�%(#H_),)*Q4H/1� <0L��U{�%E<24H.$4`. _ Q$RLR�/1� �	!?,O313 4`n$#H�r6=483N/1*Q4Hn >J�
/Q4H,).?3+L^<Z%('r9K%(4\#F/1,�3N�U#`�MTU/	/1� �pTU,)*s*1�MTU/f3Q/1*Y%C/s�+_)'�; nR#H/1� ,=> _)��,)> *	6=483sTU>?31354H,). 4&3f6$*Q4HW)�+.�n$'
/1� �f! *s,)n$#H�+<Z3-�U{ !?�+*Q4H�+.?TU�M6�n$'p*1�+!m�M%C/1�M6r<}4`.$4H<Z%X{O4H. _?LJB��Z%(#&3Q,p3Q� ,CB�/1�?%E/"%C.O'r%(#H_),)*Q4H/1� <
BR�$4&Ts��3Q�?%C*1�M323Q!m�MTs4[qdTGTs�?%C*Y%=TU/1�+*Q4&3Q/Q4&T+32B�4H/1��<24H.$4H<Z%({$4H. _�B�4\#\#R�U{�!m�+*Q4H�+.?TU�p/1� �G31%C<P��6=4�� �
TU>$#H/Q4H�M3+@��~�S>?3Q�2�U{�%E<f!$#H�M3�9;*1,=< �^*Q4&6$_)�2/1,G3Q� ,CBD� ,CB�3Q>?Ts��3Q> nJ�],)! /N4`<	%(# %(#H_),)*Q4H/1� <	3�#H�M%)6
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cards held by East
Possible number of

Binary string

Decimal Value 

3 2

1 1 0 0

=        12
3 2

2        +        2

cards held by East
Possible number of

Binary string

Decimal Value 

3 1 0

1 0 1 1

2        +                    + 2         + 2        =        11
3 1 0

AKQ
"East holds all, none or one of the sequence"

AKQ
" East holds at least two of the sequence"
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���
�!K	����5���6���� 4�� ����
 � ��
���5/�A�%
��)= ; ��"��)���)$+:�"*���)
 5�"��>4�� ����
 � ��
���5/�A�%
��9��$-�
����	1���
��+&I��
�5-��� �Q"*����:L53���8$3�+�/���A5/�A
�!G��B\6�$-�+�3������
 ���������R����$3���%���A$-�+���/��8�	���
���6����'��5�����
4�R�

$3�+&���
�&���
����2�'� 53�81?���+�%���'&��+&L= ,���$ ��B^��E6��A��:L����
����'&��)$U53��������53����5/�A�%
 "*���)$3�,"�����$-�,53$3�%�A
�!
53�9&��+�-��$���1��*53���H6��.�-����1��A� "#�%$��'&��L�M��$38�+&U1��,53��$3�)�������%���)
����+� ��������5>��5���
�&%��
�!F�)��$�&��<�������)
�!�53�

��:���:V��
�& 
�:V���	������"*
I��
 ,[��!���$3� .=�
M-O��
 53���8�M���R����"���
�!�6��N!���=�� �)5����	�3���I53����5	"�����$-�
!������)
@53���K5�����W����,$3�)6�$3�+�/�)
.5���
�!�5-��� &%� ��� ��
���5�����
 ���,53���K6��.�-����1��A�G"���$��'&��	$3�)6�$3�+�/�)
.53�+& 1��
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first sequence

second sequence

third sequence

,[��!���$3� .=�
C-@. �����8����86?�.����53�	53$3�)�	���Z6?�.�3����1��������N� &%��
�!.�F�J�%$953��$-�)���%��5>��5>��
�&%��
�! �����%���)
����+�
��� ���)
�!�53��� ��: �8��
�& 


5�"������)6���$>�N53�>4 � ���%
 � ��
���5�����
��,&��)6��'��53�+&��A
 ,[�A!%��$3� .=�
 ��= N*����53���)$Q���Z53���+���>4�� ����
 ����
���5�����
��
���W%�+�8��
���$3�+��53$/� ��5/�A�%
D��
@53���I�)��$>&��	5-����58�)��
@1��G����� & ��
D5-��� ��
����F�����%���)
�����:�1���5��%
��

4�� ����
 ����
���5�����
<:�$3�)6�$3�+�/�)
.53�+&E��
K1?���'&L:����R���C"U� %H����5�53�Q�����'& � � �	��� � � ��
��F�)�N$>&	�M$3��(53������$>��5
��
�&2���+����
�&2�����%���)
����+�):�"*���)$3�+�%�Z5-���9���+����
�&L:�$3�)6�$3�+�/�)
.53�+&21��8&��������+&E�R��
��+�):����R����"9� � � ,�� �"�
��
����)��$�&L=

Paths common to both subtrees

,[��!���$3� �=�
 �@. ������6���5-���*���R���C"��+&21��K53����&%�'� ����
���5�����
I��� 5�"��0�/�)6���$>��53� 4�� ����
 ����
���5�����
��

�M�*"������-����8�	53����5,53��� ��
����P�����%���)
����E�A
 ����$,6��'��53��$/� �C�#$3�)6�$3�+�/�)
.5>�N5�����
I�'��&��+�3��$/�A1���
�!�5-���

����" �)��$>&�� : ��
�&O��!�
���$3�0�J��$Q53���	8��8�)
�5�5-�����'�3�/��������53���	�'&��)
�5���5 �4���#53���E���A!%�7�)��$>&��):["��

�)��
 &��+�3��$/�A1?�	53���+����5�"�� 4�� ����
 ����
���5�����
��U���

; � . ������� � 
 
 � �
# �������P@�A�A�ACB K�# ������� &�')( � 
 
 �
;�� . ������� � � 
 
 �
# �������P@ B�B�A�A K�# ������� &�')( � 
 
 �

�����,&%�'� � ��
���5/�A�%
K��� 53���+��� 5 "��94 � ���%
 � ��
���5�����
����������'&21?�9$3�)6�$-�+���)
.5-�+&21.�8����86����K����
���53$3����5 �
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	 � ����� � 	��� � ��� � �����
��	 � 	 � � � � � ����	���� � ���
��
�!7�I53�)$- �/���3�D���E; ��� ;���= ; ��"#�)�%�)$+: ��5����������'& 1�� ��6�6���$-�)
.5	53����52�����3�D�N
 ��6�6�$-�.���-�
��
.5-$3�\&������+�X53���	6��.�-����1��]�R��5������Z$3�+&���
�&��N
�����:Y�%�9���%8�	6���53���U����K1��	$3�)6�$-�+���)
.5-�+&I5�"��'����1��

53���'�Q��B\6�$-�+�3������
<= � 
�&��)�+&L: ��
75-��� �Q��B���86�����:H53���)$3�K��$3�85�"��K6���53���Q"*���'�-�D��$3������E8��
 53�

1��%53�75-��� 4�� ����
 � ��
���5/�A�%
��)= � 
 �+��$������%�)$>������
��Q��� ��� BAI F F@I�: 53���	�'��
�!%����!��2�����+&�5-� $3�)6�$3�+� �
�)
�5���
����)$35�����
.5�� &%�'& 
���52$3�+��&%�R��� ���R�A��" 53���I$3�)"*$���5���
�!@�����/���3� &%�'� ����
���5���������B�6�$3�+�3������
��):

���+��&%��
�!I53�8�'��$-!��8��B�6�$3�+�3������
��): ������!�!��'����6?�)$��M��$3���
����2��
�&I$3�+������5>�U" ��� �-��"��)$3�8
��%
	�M53$������'���

53�G��
.5-�)$36�$3�)5+= �����'�8$3�+&���
�&��N
���� ���'��� ����86��R�'�)��53�+&@5-���K5>����W��N�9!��)
��)$>��5/�A
�!46�$3��1���1��R�R��5����+�

��$	53��B�53�����*��B�6�� �N
���5�����
��0�J$3�% ��B�6�$3�+�3� �A�%
���� �G�M�+��53��$3�2"*���'�3� "�� &��+�3��$/�A1?�K�'��53�)$ �(���*
�� :
���)� %96�6?�)
�&%�RB � ��= ��� BAI F F@II"*���,53���)$-���J��$-�88��&%� ���+& 5-� ���
���6����'��53� �N
.��&%�'� ����
���5�����
@���
4�� ����
 ����
���5�����
��Q��
.5-�7�G�M��$3 "*���)$3�K�)���)$-� 4�� ����
 � ��
���5/�A�%
@��
@53��� &%�'� ����
���5�����
 $3���J�)$���5-� �
����86����)53�����I&%� ��� ����
�5F�/�)5*��� 6���5-���)= �����'�P� �U���-�����)���+&K1�� �06�$3�\���+�-�*"*���'�-� "���&��+�3��$���1?�����)$-�

��
�53�)$32�U���P�2$3�+����$�������������!���$/�A5-�� ���W%��
�! �253��6	� &���"*
I6����3�U�����)$,5-����5-$3�)�+�U$3�)6�$3�+���)
�53�+&

1���5�"��>4 � ���%
 � ��
���5�����
�� =

	 :
	����������������������� >�� �"!#� :�$� >@<&%�:#<('$:*)�+

�-,�.0/�1@5�"��24�� ���01 ���"1���52,��01��	5-��13/ &4,'� � �5,61"/+& 53�%!0/)587"/)$+: "9/�6�$;:\�</�/+&>=0?A@B:�CDC�:�EF?)= ��1G,�52,H=ICDC�J�:
K 7"/ML�:G?8?N,�OGC�/PL�= K 7�?Q= KFK 7"/SR;:�: K :�@ K 7"/ K R8/�/T?Q=�R8/MU<:0VWL�=�R;/TX�Y��Z@ K 7"/�R8/W=�R;/S1":�O"R<=�1�U87"/T?[,�1

U<:0VWV\:01*] K 7"/�1 K 7"/ K E9: K R8/�/T?#=5R8/-=IC�R8/T=0XGJWX4,H? �^:5,61 K =51�X_1":QV\:`X4,	��U�= K ,�:01�?aE9,DCDC�O�/[1"/TU</T?8?8=�R8J0Y

;[:�E9/�.0/�RI]�,D@ K 7"/�R8/b=5R8/FO"R<=�1�U87"/T?a,�1cU<:4VWVW:01*]G=�1�J\:�@ K 7"/dL�= K 7�?9U<:01 K =I,�1G,�1"e K 7"/T?2/QO"R<=�1�U87"/T?
VP=IJ�O�/�U<:01 K =I,�1"/TX�,�1fO3: K 7 K 7"/ K R8/�/T?g]�=�1�X =�R8/<@h:0R8VMiGCH= K ,�:01 VP=IJ K 7"/�R;/<@B:0R;/_O�/\1"/TU</T?8?8=�R8J0Y

�97"/���Rj? K ? K /�Lk,�1 K 7G,H?�R8/<@B:4R8VMiGC�= K ,�:01f,H? K :�,HXG/�1 K ,l@hJm=�1�Xn?2/�L�=�Rj= K / K 7"/�?2i"O K R8/�/T?oE9, K 7$1":

O"Rj=�1�U;7"/T?p,61fU<:0V\VW:01*Y �97"/T?2/ME9,DCDC&O�/ K 7"/S?qi"O K R8/�/T?[E-7G,HU87f=�R8/�R8:G: K /TX�:41rO"Rj=�1�U;7"/T?[E-7G,HU87

:01GC�Jn:`U�U<i"RM,�1s:01"/�:5@ K 7"/�:0R2,�e�,�1�=IC K R;/�/T?�Y ��1se0/�1"/�R<=IC K 7"/�R8/�VP=IJfO�/��"] 
0]&:0R �t:�@ K 7"/T?q/
?2i"O K R;/�/T?�]�XG/�L�/�1�X4,�1"en:01nE-7"/ K 7"/�R K 7"/ K R8/�/T?�7�=I.0/�=ICDC K 7"/<,�RSO"R<=�1�U87"/T?S,61mU<:4VWVW:01$= KSK 7"/

R8:G: K ] �2i�? K :01"/ K R;/�/r7�=0?�?2:0VW/ti"1G, �0i"/fO"R<=�1�U87"/T?g]-:0R K 7"/�JsO�: K 7m7�=I.0/ti"1G, �4i"/fO"Rj=51�U87"/T?�Y

,":4R K 7"/ K R8/�/T?-:5@ ,(,�e0i"R8/ �Y�
 �u] K 7"/�R8/M=�R8/ K E9:P?2i"O K R8/�/T?[E9, K 7t1":PO"Rj=51�U87"/T?p,�1vU<:4VWVW:01 �^?q/�/
,(,�e0i"R8/ �Y � ��:01 K 7"/d@h:�CDC�:�E9,�1"ePL�=�e4/ �jY
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Subtrees with no branches in common

common paths to the root of the original tree
Subtrees with no branches in common, but with

,(,�e0i"R8/ �Y � �@. # K /�L�?o,61G.0:�C�.0/TX
,�1 K Rj=51�?N@B:4R8VM,�1"ef:�.0/�R2CH=�L"LG,�1"es?2i"O K R8/�/T?�,�1 K :f1"/�E ?2i"O K R8/�/T?
E9, K 7t1":W:�.0/�R2CH=�L

�-1�U</ K 7"/T?2/_?2i"O K R8/�/T?p7�=T.4/FO3/�/�1�,HXG/�1 K , ��/TX�] K 7"/QL"R8:`U</T?;? ,H?9R8/�L�/T= K /TX�:01 K 7"/ K R;/�/d@B:0i"1�X�OGJ

XG/T?8U</�1�X4,�1"e :01"/M:�@ K 7"/SVMi K i�=�C O"Rj=51�U87"/T? ��1": K ,HU</ K 7�= K =�1GJr:�@ K 7"/MVSi K i�=IC L�= K 7�?dVP=IJ�O�/
U;7":�?2/�1P= K K 7G,H?&L3:�,�1 K ]"?N,�1�U</ K 7"/-O"Rj=51�U87G,�1"eML�= K8K /�R;1P= K /T=0U;7P1":"XG/-:01�=�1�JMe�,�.0/�1\C�/�.0/<C�:5@ K 7"/

K R8/�/[,H? K 7"/Q?8=�VW/ �<Y �p7"/b?2i"O K R8/�/T? L"R8:`XGi�U</TX�E[7"/�1r=�L"LGC�J0,�1"e K 7"/QV\:`X4,	��U�= K ,�:01�? K : K 7G,H?91"/�E
K R8/�/�7�=I.0/ K 7"/�L�= K 7�?b@BR;:0V K 7"/�R8:G: K =4X"XG/TX K : K 7"/�V K :rL"R;/T?2/�R8.0/ K 7"/�:0R2,�e�,�1�=ICF? K R8i�U K i"R8/0Y

�97"/ K E :�:0R2,�e�,�1�=IC K R;/�/T?d,�1 ,(,�e0i"R;/��Y � �"] K 7"/�1*]&=�R8/ K Rj=�1�?N@h:0R8V\/TX�,�1 K :f= K : K =IC&:�@���.0/P1"/�E
K R8/�/T?�OGJ K 7G,H?�:0L�/�R<= K ,�:01*Y ��1 K /�R8VP?�:�@ K 7"/r? K Rq,61"e R8/�L"R;/T?2/�1 K = K ,�:01sXG/T?8U<R2,�O�/TX /T=�R2CD,�/�RT] K 7G,�?

L"R8:"U</T?8?9U�=�1�O�/QXG/T?8U<R2,�O�/TXt=0? K 7"/Q=IC�e0:0Rq, K 7"V :�@ ,(,�e0i"R;/ �Y � 
9:01 K 7"/-1"/�� K L�=5e0/0Y �97G,H?9E9:0iGCHX
U<:01G.0/�R KMK 7"/rX4,H? �2i"1�U K ,�:01m:5@ K 7"/�:0R2,�e�,�1�=IC��C�S=�1�X�� � ,�1 K : K 7"/�/��`L"R;/T?8?N,�:01m:5@B� �Y � �j]�E-7G,HU87
7�=0? ��.4/_X4,�?��^i"1�U K ?g]�/T=0U;7rU<:0R8R;/T?2L�:01�X4,�1"e K :M:01"/Q:5@ K 7"/�1"/�E9C�J�,HXG/�1 K ,	��/TX ?2i"O K R;/�/T?���7"/�R8/0]G,�1
C�/<@ K � K : �hR2,�e07 K :0RjXG/�R�� .

������� � 
 � � ��# ��������@�A�A�AMB K # ������� &�')( � 
 
 � �
������� � � 
 � ��# ��������@�A�ACB�B K # ������� &�')( � 
 
 � �
������� � � 
 � ��# ��������@ B�B�AMB K # ������� &�')( � 
 
 � �
������� � � 
 � ��# ��������@ B�B�B�A K # ������� &�')( � 
 
 � �
������� � � � 
 ��# ��������@ B�B�A�A K # ������� &�')( � 
 
 � � �Y � �
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�(:-R8/�E-R2, K / K 7"/ K /�R8V � �j� ����XG/T?8U<R2,�OG,�1"e K 7"/ X4,H? �2i"1�U K ,�:01M:�@ K 7"/ 4���U<:01 �2i"1�U K ,�:01�? � � =�1�X ����]�U�=�ClC
K 7"/A@B:�CDC�:�E9,�1"er=IC�e0:0R2, K 7"V =�1�XrX4,H? �2:�,�1$=ICDC K 7"/94���U<:01 �^i"1�U K ,6:41�?[, K R8/ K i"R;1�?�Y��h@ K 7"/M=IC�e0:0R2, K 7"V
@�=I,DC�?g] K 7"/ 4���U<:01 �^i"1�U K ,6:41�?�=IC�R8/T=0XGJ XG/T?8U<R2,�O�/sX4,H? �2:�,�1 K X4,�? K R2,�O"i K ,�:01�?r=51�X 1":sR8/�E-R2, K ,�1"en,H?
1"/TU</T?8?8=5R8J0Y

# =��0/T? i�?2/_:5@ K 7"/ K E9:M:0L�/�R<= K :0Rj?�.
� % N�
�� OG, K E9,H?2/ �l=�1�X$AG:0L3/�Rj= K ,�:01t:01 K 7"/QOG,�1�=�R8Jr? K R2,�1"e�? � ]���Y
�	� � 
� OG, K E9,H?2/ � /���U;C6i�?^,6.4/_:0R AG:0L3/�Rj= K ,�:01t:01 K 7"/QOG,�1�=�R8Jr? K R2,�1"e�? � ]���Y


4Y #0LGCl, K � � ,�1 K :�� � ] K 7"/[OG,61�=5R8JW? K R2,�1"eQR8/�L"R8/T?q/�1 K ,�1"e K 7"/ ��Rj? K :0i K ? K =�1�X4,�1"e_?2/��4i"/�1�U</0]`=51�X
�� � ]�= K /�R;V U<:41 K =�,61G,�1"e K 7"/_R;/�VP=I,�1G,�1"e ? K R2,�1"e�?�Y #�,�VM,DCH=�R2C�Jc?qLGCl, K ���9,�1 K :�� �-=�1�X �� � Y

�uY ��/ K�� 3�� � % N 
�� ��Y

�uY��h@ � ,H?���/�R8: K 7"/�1 K 7"/FU�=ICDC K : K 7"/d=IC�e0:0R2, K 7"V @�=I,DC�? �^?^,61�U</ K 7"/ K R8/�/T? U�=�1P7�=I.0/[1":_L�= K 7�?
,61 U<:0VWVW:41$�jY

�3Y ��/ K �� � 3�� � � �  � �^?2: K 7�= K �� � ,HXG/�1 K ,	��/T?-OG, K ? K 7�= K =�R8/ � :01=A�@h:0R�� � O"i K 1": K @h:0R�� � �jY
�h@��  � ,H?d1": K ��/�R8:�]�U<:0VMOG,�1"/��  � E9, K 7 K 7"/M? K R2,�1"e�?[,�1 �  � K :\@B:0R;V =W1"/�E 4���U<:01 �2i"1�U K ,�:01
=�1�X�R8/ K i"R81 K 7G,�?d=0?-=MU<:01�? K , K i"/�1 K :�@ K 7"/���1�=IC =51�?2E9/�RTY

)uY ��/ K � � 3�� � � �  � �^?2: K 7�= K � � ,HXG/�1 K ,	��/T?-OG, K ? K 7�= K =�R8/ � :01=A�@h:0R�� � O"i K 1": K @h:0R�� � �jY
�h@�� � ,H?�1": K ��/�R;:�]0U<:0VMOG,�1"/ K 7"/�� � E9, K 7 K 7"/9? K R2,�1"e�?(,�1 �  � K :-@h:0R8V =-1"/�E 4���U<:01 �2i"1�U K ,�:01
=�1�X�R8/ K i"R81 K 7G,�?d=0?-=MU<:01�? K , K i"/�1 K :�@ K 7"/���1�=IC =51�?2E9/�RTY

�uY��h@ � ,H?Q1": K ��/�R8: K 7"/�1$U�=ICDC K 7"/W=IC�e0:4R2, K 7"V :01 �  � =�1�X �  � ]#=�1�X U<:0VMOG,�1"/ � E9, K 7 K 7"/
R8/T?2iGC K ?9:�@ K 7G,H?dU�=ICDC#O�/<@h:0R8/QR8/ K i"R81G,�1"e K 7"/�V =0?-U<:01�? K , K i"/�1 K ?p:�@ K 7"/���1�=ICa=51�?2E9/�RTY
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/T=0U;701 = � O"R<=�1�U87\R8/�L"R8/T?2/�1 K ?&= K =0U K ,�U K :FE[7G,�U;7 K 7"/�R;/9,H?&:01GC�J 
 � ��1 �7NsR;/T?2L�:01�?q/0]�=�1�X K 7"/
LGCH=�1�?QU<:01 K =I,�1 � � ] � �T] � 	 ] �&% K =0U K ,HU�?-R;/T?2L�/TU K ,�.0/<C�J&� K 7"/M1Gi"VMO�/�Rd:�@ L3:�?8?N,�OGC�/M,�1 K /�R2C�/T=T.4,�1"e�?
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n n n n1 2 3 4

5(,6e4i"R8/ -"Y FED �3,�1"/T=�R-CD,�1"/T?d:�@#LGCH=IJ

5":4R K J�LG,HU�=ICdCD,61"/T? :�@_LGCH=IJ0] K 7G,H?�1�i"VMO�/�R ,4iG,�U �4C6J O3/TU<:0VW/T?�.0/�R8JkCH=�R8e0/0Y 5":0R\/��u=�V\LGC6/0]p,D@
� � 3 � � 3 � 	 3 ��]"=�1�X �&% 3 F K 7"/�R;/QE9,DClC&O�/ � H � � H �QL3:�?8?N,�OGC�/�,61 K /�R2C�/T=I.4,61"eG?�Y

��� # � %  *)��T���� �_'�%#�� � ��+��  *)��"�I��'��  ��<+

�9@ U<:0i"R<?2/0] K 7"/QR8/�L"R8/T?2/�1 K = K ,6:41P:�@�5(,6e4i"R8/ -uYCF9,H?9:�.0/�R >�?^,6V\LGCl,H? K ,�U�]�=0?a, K ,6e41":0R8/T? K 7"/_X4,@3*/�R8/�1 K
L�:G?8?N,�OGC�/fR8/T?2L3:01�?2/T?�:0L3/�1 K : K 7"/fXG/<@h/�1�XG/�Rj?�E[7"/�1 =51�Jm?N,�1"e�C�/ K =0U K ,HU�,H?�/��"/TU<i K /TX�Y�@97G,H?
X4,H? �2i"1�U K ,�:01 � K 7"/PXG/<@B/�1�XG/�R<?MVP=IJ :01GC�J
U;7":�:G?2/ 
 � ��:�@ K 7"/�=I.�=I,DCH=�OGC�/c=�C K /�R81�= K ,�.0/T?��QVP= �0/T?
K 7"/ K =0? � :�@-/���=�VM,�1G,�1"e K 7"/WL3:�?8?N,�OGC�/�,�1 K /�R2C�/T=I.0,�1"e�?M? K ,lCDC-7�=�RjXG/�RI] =4? K 7"/�i"1�U</�R K =I,�1 K Jf:�.0/�R

K 7"/FXG/<@h/�1�XG/�Rj? NGU87":5,�U</d:�@*U�=�RjX"?&V\/T=�1�? K 7�= K E /-U�=�1\1":�Es1":AC�:01"e0/�R�O3/F?2i"R8/[:�@ K 7"/F?N, K i�= K ,6:41
R8/T=0U;7"/TXs=I@ K /�R K 7"/�/��"/TU<i K ,�:01>:�@A= K =4U K ,HU�Y�@97G,H?W1": K :41GC6Jm=4X"X"?M/�� K Rj= O"Rj=�1�U;7G,�1"e K : K 7"/
L"R8:"U</T?8?[:�@#C�:G: �4,61"er= K-K 7"/_L3:�?8?N,�OGC�/W:0R<XG/�R2,�1"e�?�]3O"i K =ICH?2:�U<:0VWLGCD,HU�= K /T? K 7"/ K =0? ��:�@ XG/TU;,HX4,�1"e

E-7"/ K 7"/�R[L"R8/TU<:01�X4, K ,�:01�?d=�R8/_=0U K i�=�ClC�J K R8i"/_= K =Me5,6.4/�1�L�:�,�1 K ,�1c=�LGCH=�1*]�?^,61�U</�VP=�1GJP=0U K ,�:01�?

E9,DCDC�:01GC�JWO3/-L�:G?8?N,�OGC�/d,61�=Q?2i"O�?2/ K :�@ K 7"/-L�:�?;?N,�OGC6/QE9:0RqC�X"? � @h:0R&/��u=5VWLGC�/0]���=4? K U�=�1W:01GC�JWLGCH=IJ
K 7"/ =�� ,D@�7"/_=0U K i�=�ClC�J�7":�CHX"? K 7"/ =�� �jY

�_� �#�! ���P�����s���
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entry(n) lead(n)
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consume: entry(n,1)
produce:  lead(n,1)

terms ‘cancel’

terms ‘cancel’

cash

cash

cash

sequence

KQJT987654

QJT987654
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cash lead(n)

lead(w)

lead(n)

lead(n)

lead(n)

produce: lead(n,1)

produce: lead(n,1)

produce: lead(n,1)

produce:  lead(n,1), lead(w,1)
consume: entry(n,2)
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lead(n)

lead(n)
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. � ��(��.������j��%+��/(H���/(34*(.��0���:D ��-D��.$. � �H����i�?A *���"��434*(-�� �( ���,�$;�9�(9-���.��8	^�����8d. � 9�N^C��.D�)-�.����(;
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Complete set of possible worlds
Possible worlds under which search 

can reach this node.
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in some of the possible worlds
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6��5�9T�9-�^(�d�(�(8�d5 � �,A �a� �����(�4��. � 9-D�
�e(*� '�,A1��.� �"`A�������.�-D�!���(�8d.��@A���34��!%:.�9-N��.�����8d�  ��Z5 *(-1�%s9-�9��A��5��b ' ��e � ��H���.�. � �H� � �!T�����/(-$��%
H�����(;`A � �A1c��8 � '�� ! �7.���34@���`��A�.������j�,�$*��,A1c��8	> @ � �?���,���@/����%:/� �%:���.�/(-1�%s��-$��34*� �9349��.����(;
��
O���"! � � <&� ��.D��A�.��,A9� � 8���1A�-���H��8]���\. � J�(�e(.[A � ��*(.�9-���^��E����A�d. � 9"B��-�7.i"�*��,A9�! b �"B�e(�A�/(.��8F��.
����3j��0��8�9.19-�3d������.�7*�������.n5 � 9�a. � ���-n*(-1�A�����8���.��������6H&�A���347.�-�/(�>
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Preconditions
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an immediate 
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remaining preference
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Pick node with highest

by node
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Take top tactic
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Y
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Y
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another node?
Is node after 
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N

Done

     

5L��;�/(-� 
(> � <DH2n�E���(;I�7�(9.i5���-1c`.��d��-�8�9-6*� ,���\��A�.��0�����



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

k
�9




= � ���

e
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(> ��� D = �E��34*� �0+�-��,8�;�J�e���34*� �

= *� ,���<.��4A9��� � %:��/(-�.�-��,A1c#�����I. � �,�2��/��0.�5��b b t;�9�(9-���.�6���(�9��.�-�" � -1�����/(-DA���L�0��.��d. � nk���-�. �
� ����8	> 
6��5�9T�9-�^p�b%n. � �,�d9��.�-�"a�,�@��343j�8��?�).�� �" /����8SH�"r���q��A�.������_%s-���3 ���(��. � 9-���/��0.!^��
%:/(-�. � 9-<9�C.�-1" 5��b ' JH&F-�4,�/���-��8 ���W��-D8�9-<.�� A9��� � . � \-193`�!�������(; .�-��,A�c(�9>H9SB. � 9-1�%s��-1
����A1 �/�8�4. � @�e(.�-D�dA�������.�-��!���C.6. � ��.65 � 9�B� � ��� ��� � ��� ��� � ����� � � � � � �J� � � � � � � � ����� � � � �
*(-���.1�A�.������a�?�[���S$3N�A�.�^N����" � � �J� � � � � ��A�.������S. � ��.n*(-1���9-�T����. � 4��/(*(*� �" � ����8F�! ,���B8��C��
�(��.�56����.��-������/(-DA����H�"4-�A>f��/(*(*� �"����(;`. � @����3jn-������/(-DA�@��;C�!��� � � < � ��H�@�e(�A�/(.��8<H&�%s��-1
34��T��0�(;j.��4. �  ��� � ����� � � >
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9S � �!T�7 �����c��8q��. � ��5 . � `�E���(;� �A>f��/���.d b���(��7��%6*� ?�!"F*(-��(8�/�A��8SH�" ��� 	���  � A9�)�\H&4���<>
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��A � ��9T��8F56����. � d�,8�9�C.�� �+A9�).������r�)%�-������/(-DA�j*(-�� �( ����%:��-��0��8���T��,8�/��! 6 b���(��@��%�*� ?�!"�>?@ � ���
*(-�� �( ����5�9-��/����8`����. � nH����i�?��%:��-�. � n-� ���(93j9�C.6��.�-���.�9;�"h�0�B�7*���-1.��,�! C>:��-D8�9-�*� ,���<>f��*���A�
��"(��.�93 %s��-d8����A�-���H����(;r. � 4*��C�1�E��H� 0]���C.�9-� 0��!T����(;C�9> = �(��. � 9-J��34*&��-�.D�)�C.h%s���.1/(-�456���@. � 
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 ����A�d. � �,��-� ���(9349��.6-�934��T��8<. � d��H��b b�0.�"a.��
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k +a*� -,!"rA.,)-�-0/2143735+�-614*(-7143�.0/�;81<.69:,<;S.69=1>36?�/=1.1 �.1�>A@E.B/-375C/,8D1� 2E�F61.GH,<FJID14I�,83
K 9=1L1NMPOQ1.F K4R 3�9:,! b TS	,<F6UWV

� X �=Y � 	[Z �]\ � �� �A^ 	`_baL^Dc �d_be �fYW_g%F0/hIDG818i K 9=1kjl+PID1.F7; � ,<S51

m K K 9=1Ln:1.G</2;=;D/2;=G>+<o K 9=1LO=F61.pq/T+qr:3ts79:,<O K 1.F uC1v/hID1.; K /xw:14I K 9=F61.1kIq/�
ysNr� K /2143vuC/ K 9 K 9=1 K 14s79=z
;D/h?8r=1	+<o 30+� 2p8/2;=G�,	O=F6+8n� 21.S{nDE�n=F614,<Uq/T;=G|/ K ID+}u~;�/2; K +A3�S�,! b 21.Fk30r=n=zdO=F6+qn� T1.S	3�u~9D/-s79�,<F71
30+� 2p814I�/2;:ID1.O:1.;:ID1.; K  2E8V%�]1 K 9=1.;L/2; K F6+=IDr:sN14Ik,�;�/2; K 1.F� 214,�p8/2;=G�,<FNs69D/ K 14s K r=F71�u 9D/hs79�,qI=IDF614363014I
K 9=1Bw:FJ3 K +�o K 9=143018� K 9:, K +<o sN+8OD/2;=GAuC/ K 9�O:+D363�/2n� 21AID1.O:1.;:ID1.;:s7/2143�u 9=1.; K F6E8/2;=G K +AsN+qSknD/2;=1
K +8Gq1 K 9=1.Fk301.O:,�FJ, K 1�O� h,<;:3�o�+qF6S514I�o�+8F K 9=1y30r=n=Gq+H,! h3.V>� 1.F718i�uC1�,qI=IDF614363 K 9=1�3014sN+q;:I]O=F6+qn=z
 21.SA� K 9=1~O:+H363�/TnD/b x/ K E K 9:, K 3�+8S51tID+8S	,�/2;�,8s K /2+8;:3%uC/b b `n:1v+}pq1.F� 2+H+8Uq14I�u 9=1.;>30O� x/ K7K /2;=G5r=O K 9=1
+<p81.FJ,! b K ,83�U[V
�]1C1NM:,<S�/2;=1 K 9D/-3�O=F7+8n� 21.S'/2; K 9=1�sN+q; K 1NM K +<o`g�F�/-IDGq1 nHE�sN+8;:3�/hID1.F0/2;=G5,L30O:14s7/xw[s K EHOQ1 +<o[O� h,�E
s.,! b 214IA,��.�4�D�J�����LO� h,�E8V��]1vG</2p81L1NM:,<S5O� 2143C+<o�30r:s69>O� h,�E=3 K 9:, K 309=+<u�9=+<u K 9=1.Eys.,�;�+8;� 2E	n:1
ID1436sNF0/2nQ14I�nHE�F614,83�+8;D/2;=G�,�n:+8r K Skr� K /2O� 21A30rD/ K 3�3�/2S�r� K ,<;=1.+8r:3E 2E8V>��1y309=+<u K 9:, K ,! K 9=+8r=Gq9
K 9=15n:,q3�/hs ��� 	���  ��30E=3 K 1.S{u�/' b C;=+ K Iq/h36sN+<p81.F�30r:s69�O� h,�EP3.i�/ K /h3BO:+H363�/Tn� 21 K +>1NM=O� x/hs7/ K  TEbF71.z
/2; K F6+PIDr:sN1 K 9=1.S�/T; K + K 9=1L/2; K 1.F� 214,4pq/2;=Gy,�FJs69D/ K 14s K r=F61k,83~,530O:14s7/h,! �od+8F6S�+<o � �:¡d�4¢7£¤�.�D�h¡ K ,qs K /hs
K 9:, K ID1436sNF0/2nQ143>O:+D363�/2n� 21�O� h,�EP3�/2;Hpq+� 2p8/2;=G�s.,�FJI=3�o�F7+8S$S�+8F61 K 9:,<;¥+8;=1]30rD/ K V§¦C9D/h3�/-3>,�;
/2S5O:+qF K ,<; K ID1.p81� 2+8O=S�1.; K 3�/2;:sN1	/ K 30r=GqG8143 K 3¨o�+8F K 9=1�w:FJ3 K�K /2S51 K 9=1�od14,83�/2nD/b x/ K E�+<o O� h,<;=;D/2;=G
36?qr=1.1 �.1]O� h,�EP3>,<r K +8S�, K /hs.,! b 2E8V�¦©+¥I=, K 18i K 9=1]ID1.O K 9�+<oJ 2+D+8U},<9=14,qI�F614?qrD/TF714I K +�/-ID1.; K /xodE
O:+D363�/2n� 21k36?qr=1.1 �.1k3�/ K r:, K /2+8;:3C9:,83%O� h,8sN14I K 9=1 K ,q30U5uC1� b �n:1.E8+q;:I K 9=1tF714,8s69>+�oª,<;DE�sN+8S5O=r K 1.F
30E=3 K 1.SA� K 9=1>nQ143 K5K 9:, K 9:,q3�n:1.1.;�,8s69D/21.p814I«/h35¬ EDGH, K 1 R 3�¯®`°�±[² 	¥30E=3 K 1.S´³�ID1437sNF0/2n:14I�/2;
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0 9:,<O K 1.F µ21 i©u 9D/hs69bs.,<;�/hID1.; K /xodE¥�43<�2�.¡d� �65]36?qr=1.1 �.1	O:+H3�/ K /2+8;:3�i�n=r K s.,<;=;=+ K ID1 K 1.F6S�/T;=1 K 9=1
+8FJID1.F�/2;�u 9D/hs79¥s.,<FJI=3B309=+8r� hI]nQ1�O� h,�E814I�/2;�+8FNID1.F K +]¢��87�9;:�,A36?qr=1.1 �.1�OQ+H3�/ K /2+8;`Vl�]1�,<F71
,<n� 218i�9=+<u¯1.pq1.F4i K +A309=+<u�9=+<u�,yo�+8F7S�,! x/h36, K /2+8;�3�/TS�/' h,<F K + K 9:, K r:3014I�nDE]¬ EDGH, K 15sN+8r� hI�n:1
r:3014I K +�O� -,�;�30r:s79AO� h,�EP3~,<r K +8S�, K /hs.,! b TE8V
@¤;=<?> V�@vu¯1LID1436sNF0/2nQ1 K 9=1Ln:,83�/-s.3�+<oª36?qr=1.1 �.1�O� h,�E8V)<?>=V µ K 9=1.;AID1437sNF0/2n:143v,<;5/2S5O� 21.S51.; K 14Il1NM=z
,<S5O� 21L+<o ��� 	���  ��30r:s.sN14373�o�r� b 2E	/2;:sN+8F6OQ+8FJ, K /2;=G5,�30O:14s7/xw[s¨/T;:3 K ,<; K /h, K /2+8;	+<oª,�37?8r=1.1 �.1 K ,qs K /hs
/2; K +�,|G� 2+8n:,! CO� -,�;`V]¦C9D/h3k3�14s K /2+8;«,Z -3�+�Iq/h36sNr:3730143530+8S�15O:+H373�/2nD/' x/ K /2143.iC;=+ K E81 K /2S5O� 21.S51.;=z
K 14IWiDod+8F 1NM K 1.;:Iq/2;=G K 9D/h3~S514s69:,�;D/-3�S ,<;:I|S�,<Uq/2;=G5/ K S5+8F61LG81.;=1.FN,! ¤i[,<;:I>3�r=G8G8143 K 3 K 9:, K +8r=F
,<FJs79D/ K 14s K r=F61%/h3�uC1� b Tz¤3�rD/ K 14I K +L30r=O=O:+8F K /2;=G�30r:s69�F614,q30+8;D/2;=G:V�A©/2;:,! b TE8iB<?>=V ¶ 1NM ,�S�/2;=143 K 9=1%O:1.F6z
od+8F6S�,<;:sN1%+<o:+ K 9=1.F�sN+8S5O=r K 1.Fªg%F0/hIDG81.zdO� h,�E8/2;=G�30+<o K u ,<F71�+8;k30r:s79�O=F6+8n� 21.S�3.i8,�;:Ik3�r=S5S�,<F0/h30143
K 9=1�,8IDp<,<; K ,<G8143C+�oª+8r=Fv,<O=O=F6+H,8s79`V

C&D?E FHG�! � � � #%	�! ��I ��!$!�J !

m s.sN+8FJIq/2;=G K +�KML�1.14301&N�g /2FJIPO ¶ i�Q�,�G81R@SO�TVU�i�W OQ1.F69:,<O:3X>�Y�OQ1.FysN1.; K +�o�,! b �36?qr=1.14Z.143�,<F71
p},�F0/h,<; K 3�+<o K 9=1t30+8z¤s.,Z ' 214I	3�/2S5O� 21�36?qr=1.14Z.1 R V�¦C9D/h3�/h3%,LO� h,�Eku~9D/-s79	+Ps.sNr=FJ3 u 9=1.;�ID14s1 h,<F61.FC9:,83
K 9=1�s79:,<;:sN1 K +BS�,<U81L,<;>1NM K FJ, K F0/hs7U�/2;>+8;=1L+<o K uC+k30rD/ K 3�V�@do�+8;=1LID1No�1.;:ID1.FvO=F6+ K 14s K 3�nQ+ K 9	+<o
K 9=14301L30rD/ K 3.iq/ K S	,4E�nQ1tOQ+H363�/2n� 21 K +�o�+qFJsN1 9D/2S K +kIq/h36s.,<FNI�,�sNF6r:s7/h,! `s.,<FJI|³J�\[-�/[-i=�.�4�D�N�.�.�t9D/2S 1
nDEAs.,8309D/2;=Gy,�uC/2;=;=1.Fv/2;�, K 9D/2FJI�30rD/ K VC@do K 9D/-3vs.,<;ln:15,8s79D/T1.pq14IWi`ID14s1 -,�F61.F¨s.,�; K 9=1.;luC/2;�,�;
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F614,8s79=14I	nHE K 9=1�30+� 2r K /2+8;AsN+8;:3 K F6r:s K +8F%odr=;:s K /2+8;`i K 9=1L;=1NM K K ,8s K /-sv301� 214s K 14I|uC/b ' �n:1 K 9=1
/T;D/ K /h,! K ,8s K /-sv+�o K 9=1�37?8r=1.14Z.1BO� -,�E8V

����� 	)� 	�(�$%*%��� 	+� 	�,'*%��� 	-
 	-���8V ¦C9=1�36?qr=1.14Z.1]O� h,�E¥S�r:3 K n:1�/2;D/ K /h, K 14I o�F7+8S K 9=1
� +8r K 9¥9:,�;:IWV g%E�/2S5O:+H3�/T;=G K 9=1�F71430+8r=FJsN1lF614?8rD/2F61.S�1.; K +<ok,  T14,qIb/2; K + K 9=1 � +8r K 9
9:,<;:IWi K 9=1ksN+8;:3 K FJ,�/2; K O:+D3 K /2;=G�S�14s69:,<;D/h30S +�o K 9=1L/2; K 1.F� 214,�p81.Ftu�/' b ¯,8373�/2G8;�,	30r=O=O� x/21.F
K + K 9=1�36?qr=1.14Z.1 K ,8s K /hsvu 9D/hs69] 214,4pq143 K 9=1@ 214,8I�/2; K 9=1ksN+8F7F614s K O� h,8sN18V

����� 	�.'���	�%� � 	�(�" 	�� 	/�0��� 	�&�V @¤;�,�36?qr=1.14Z.1k3�/ K r:, K /2+8;`i K 9=1v/2S5O:+8F K ,<; K s.,�FJI=3 K +�sN+q;=z
3�/hID1.Ft,<F61 K 9=1�ID1Nod1.;:ID1.FJ3 R G8r:,�FJI=3.V�@do�1N/ K 9=1.FtID1Nod1.;:ID1.F G8r:,<FJI=3%nQ+ K 9 K 9=1�36?qr=1.14Z.1�30rD/ K 3.i
K 9=1y37?8r=1.14Z.1>uC/b b t30r:s.sN1.14IWV]¦C9=1 K ,qs K /hs K 9=1.F71No�+8F71�s.,<r:30143�,<;�1NM K FJ,Ajl@�¬ n=FJ,<;:s79 K +
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A©/2G8r=F61&>=V T=� � / K r:, K /2+8;Au~9=1.;AO:+D3�/ K /2+8;:,! ª36?qr=1.14Z.1B/h3 ,8s K r:,! b 2EA,<O=O� x/214I

n:1],8I=ID14I K + K 9=1�3�+� 2r K /2+8; sN+8;:3 K F6r:s K +8F	o�r=;:s K /T+q; R 3>3014,<FJs79 30O:,8sN1�u 9D/hs79 1NMPO� x/hs7/ K  2E
s., K 1.FJ3 od+8F K 9D/h3 OQ+H363�/2nD/b x/ K E8VC@�; K 9=1vo�+) ' 2+<uC/2;=G>3014s K /2+8;>uC1LuC/b b 309=+<u�9=+<u K 9=1�30+� 2r K /2+8;
sN+8;:3 K F6r:s K +8F%o�r=;:s K /2+8;|/2; K 1.F7O=F61 K 3 K 9D/h3~n=FJ,<;:s79`V

����� 	 ���� 	/��� 	 �� !�� " ��$ ��( �����������(qVª¦�9=14301¯,<F71 K 9=1¯sN+8;:3 K FJ,�/2; K 3Wu 9D/hs79kS�r:3 K n:1�+qn:1.E814I
nHE K 9=1 30+� 2r K /2+8;�sN+8;:3 K F6r:s K +8F�odr=;:s K /2+8;�/xo K 9=1 36?qr=1.14Z.1 K ,8s K /-s¯/-3 K +L30r:s.sN1.14IWV ��,qs69 K /TS�1
, K ,8s K /-s�/h35301� 214s K 14Ib, K ,Aj m�� ;=+PID18i K 9=14301>sN+8;:3 K FJ,}/T; K 3BuC/b b  n:1As79=14s6U814IWVl@¤; K 9D/-3
s.,83018i K 9=1ksN+q;:3 K FJ,�/2; K 3C,<F61 K 9:, K K 9=1 m�d ,<;:I K 9=1 mg` S�r:3 K ;=+ K n:1ks.,q309=14IWV

¬~+ K /hsN1 K 9:, KvK 9=1.F61B/h3v;=+�1.; K F6E	od+8F K 9=1�O:+H3 K sN+8;:Iq/ K /2+8;:3L+<o K 9=1 K ,8s K /-s<VB¦C9D/h3~/-3vnQ14s.,<r:3018i`,83
uC/ K 9>3�/2;=G� 21.z¤30rD/ KtK ,8s K /hs.3.i K 9=1vO:+H363�/Tn� 21�jA@0¬�F61430OQ+8;:30143 K +5, K ,8s K /hsL³0,<;:I59=1.;:sN1 K 9=1tOQ+H363�/2n� 21
O:+D3 K sN+8;:Iq/ K /2+8;:3v+<o¯, K ,8s K /hs 1 ID1.O:1.;:I�+8; K 9=1k,qs K r:,! ª3 K , K 1L+<o K 9=1BuC+8F� hI>u 9=1.; K 9=1 K ,8s K /hsv/h3
,<O=O� x/214IWVv�]1 K 9=1.F71No�+8F71ks.,! hsNr� h, K 1 K 9=1BO:+H3 K sN+8;:Iq/ K /2+8;:3v+<o¯,	36?8r=1.14Z.1 K ,qs K /hsLuC/ K 9 K 9=1�r:301B+<o
ID+8S�,}/T;lF6r� 2143� x/2U81 K 9=+H301Lr:3014I K +5ID1 K 1.F6S�/2;=1 K 9=1�1 �`14s K 3C+�oª3�/2;=G� 21.z¤30rD/ K�K ,qs K /hs.3.V
¬~+ K /hsN1¨,Z -3�+ K 9:, K%K 9=1L,8s K r:,! [s.,<FNIDzdO� -,�E=3 K 9:, K j m�� u¯+qr� -I�9:,�p81 K +BS�,<U81�/T;	+8FJID1.F K +�s.,�F6F6E
+8r K�K 9=1A36?qr=1.14Z.1AO� h,�Eb,<F61	;=+ K 30OQ14s7/ w:14IWV�¦C9D/h3�S�,�E�301.1.S$3 K FJ,<;=G818i n=r K F614s.,! b K 9:, KkK 9=1
K ,83�U>+<o K 9=1k3�+� 2r K /2+8;]sN+8;:3 K F6r:s K +8F odr=;:s K /2+8;l/h3v+8;� 2E K +	O=F6+=IDr:sN15,5O=F6+�w( T1�+<o¯,�G</2p81.;]301 K +<o
 x/2;=143L+<o�O� h,�E8iW/2; K 1.F6z¤30rD/ KLK ,8s K /-s.3L,�;:I�sN+q;:3 K FJ,�/2; K 3.V m 3� 2+8;=GA,83 K 9=1�O:+D3 K sN+8;:Iq/ K /2+8;:3�+<o�14,8s79
K ,8s K /-s�s.,<;�nQ1�s.,! hsNr� h, K 14IWi K 9D/-3vO=F7+PsN14363BID+H143v;=+ K F614?qrD/2F61�,	UD;=+<u� 214IDG81�+<o K 9=1 K ,8s K /hs.3 R /2;=z
K 1.F6;:,Z [sN+8S5O:+D3�/ K /2+8;:3.V���9=1.F61t3�r:s695UD;=+<u� 214IDG81��-� ;=1.14ID14I�/h3�/2; K 9=1 O� h,<;51NM=14sNr K /2+8;�S�+PIDr� 218V
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A©/2G8r=F61f>=V c � m 36?qr=1.14Z.1 K ,8s K /-s

�~+}uC1.p81.F�i.od+8F�,t36?qr=1.14Z.1 O� h,�E8i K 9D/h3�1NMP14sNr K /T+q;�s.,�;knQ1 s.,<F6F0/214IB+8r K 1.; K /2F61� 2EkID1 K 1.F6S�/T;D/h3 K /-s.,Z ' 2E8i
n:,83�/2;=G�14,8s79ys79=+</hsN1L+<o�O� h,�E5O=r=F61� 2E	+8; K 9=1¨s.,�FJI=3%O� -,�E814I�nDE K 9=1LID1No�1.;:ID1.FJ3�+8; K 9=1tO=F61.pq/2+8r:3
K F0/hs7U[VgK ¬~EHGH, K 1 O ��U`9:,83~u F0/ K6K 1.;�+8; K 9D/h3t3�r=n a�14s K i[,<;:I�ID1.S5+q;:3 K FJ, K 14I K 9:, K ,�3�/2S5O� 215301 K +<o
F6r� 2143�/-3~30r*Lys7/21.; K~K +5G8rD/hID1 K 9=1L1NM=14sNr K /2+8;A+�o ,�36?qr=1.14Z.1�O� h,�E8i=G</2p81.; K 9=1LO:,�F K /hsNr� h,<F K EHOQ1L+<o
36?qr=1.14Z.1Ln:1N/2;=G�, K7K 1.S5O K 14I	,<;:I	,k3�O:14s7/xw[s., K /2+8;l+<o K 9=1 K 9=F614, K s.,<FJI=3.V��]1L301.1v;=+ K 9=1.+8F61 K /hs.,! 
Iq/MLysNr� K /2143vuC/ K 9 K 9=1L1.p81.; K r:,! `/2;:sN+8F6OQ+8FJ, K /2+8;>+�o 30r:s79AF7r� T143�/2; K +�,�O� h,<;A1NM=14sNr K /2+8;lS5+PIDr� 21
od+8FON,PEQ�R�SDS�R:V

��� ���UT V ���!��W
 YX,Z\[ ���^]��
	`_�X��!	�!"�	�*a
 YX,Z

@¤;�+8r=Ft1NM:,<S5O� 218i�,>30r:s.sN14363�odr� b TEl/2; K 1.F� 214,�p814I]3�/2S5O� 21�36?qr=1.14Z.1 K ,qs K /hsks.,�;�nQ15F61.GH,�FJID14I�,83t,
3�/2;=G� 215sN+8S5OQ+8r=;:Il1.; K / K EAsN+<p81.F0/2;=G K 9=F61.1�F6+8r=;:I=3~+<o�O� -,�E�,<;:I>GH,}/T;D/2;=G K 9=F71.1 K F0/hs7UP3�od+8F K 9=1
ID14s1 h,<F61.F4V��~+}uC1.p81.F�i`u 9=1.;b, K6K 1.S�O K /2;=G K +lO=F6+PIDr:sN1A,�;�/2; K 1.F� T14,�pq/2;=G�/ K /h3�,! h30+|/TS�O:+8F K ,<; K
K +]sN+8;:3�/hID1.F K 9=1AOQ+H363�/2nD/b x/ K E K 9:, K�K 9=1A, K7K 1.S5O K 14Ib36?qr=1.14Z.1AS	,4E�of,�/b ¤V�A©/2G8r=F61=>=V ^AID1.OD/hs K 3
N,PEQ�R�SDS�R R 3 30+� 2r K /2+8; K + K 9D/h3CO=F6+qn� T1.SlV
��9=1.; K 9=1530+� 2r K /2+8;]sN+8;:3 K F7r:s K +8F~o�r=;:s K /2+8;�F614,qs69=143L,	3 K , K 1L/2;�u 9D/hs69 K 9=1�O=F614sN+8;:Iq/ K /2+8;:3�+<o
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Node at which preconditions
of squeeze tactic hold

Subtree generated by regular interleaving  of cash tacic

adding squeeze tactic
Extra branch generated by 

Leaf node

    squeeze(simple. automatic, s, h)

A©/2G8r=F61&>=V ^D�ª¦�9=1L/2; K 1.F� 214,4pq/2;=G�+�o ,537?8r=1.14Z.1BO� -,�E

K 9=1536?qr=1.14Z.1 K ,8s K /hs�30r:s.sN1.14IWiW/ K w:FN3 K 3014,<FJs79=143 K 9=1530O:,8sN1 K 9:, K u¯+qr� -I�F61430r� K /xo K 9=15O� h,4El+<o
K 9=1�/2;D/ K /h,! t36?qr=1.14Z.1 K ,8s K /-sy³d/2;]+8r=F�1NM:,<S5O� 218i K 9=1�s.,q309D/2;=GA+<o K 9=1 m�d 1 uC1.F61B/2;:sN+8F6O:+qFJ, K 14I
,83>,�;=+8F7S�,! K ,8s K /hs<V m 3	uC1�9:,�p81],! 2F614,8IDE�O:+</2; K 14I�+8r K i K 9D/h3>O=F7+PsN14363|uC/b b �� � ¡	F614,! x/h301
K 9:, K 1NM K FJ, K F0/hs6U=3L,<F61�,�p<,�/b -,�n� T18i�,83~/ K O:,4E=3v;=+�, K6K 1.; K /2+8; K + K 9=15O:,<F K /hsNr� -,�Fks.,<FJI=3vO� h,�E814I
nDE K 9=1�ID1No�1.;:ID1.FN3Lu 9=1.; K 9=1.E],<F615Iq/h36s.,<FJIq/2;=G:V>¬~1.p81.F K 9=1� 214363�i K 9D/-3B30r=n K F61.1�/-3�,<;:,Z TE=3014Il/2;
K 9=15;=+qF6S�,! �u ,4E8i`,�;:I]30+8S51�O=F6+�w( T1���i`O=F7+PIDr:sN14IWV�� ;:sN1 K 9=1�,<;:,Z TE=3�/h3L+�o K 9D/h3�3�r=n=z K F61.1�/h3
sN+8S5O� 21 K 18iQ,<;�1NM K FJ,�n=FJ,<;:s79�F71.O=F614301.; K /2;=G K 9=1 K 9=F61.1vF6+8r=;:I=3%+<oªID1Nod1.;:ID1.FJ3 R O� h,�EP3%u 9D/hs79����ik k
 214,8I K +�,�;>1NM K FN, K F0/hs6U�/h3 ,8I=ID14I K + K 9=1v/T;D/ K /h,! �jl@�¬�;=+=ID18VC¦C9D/h3Cn=FJ,<;:s79	/h3 K 9=1.;>1NM:,<S�/2;=14I
K +LID1 K 1.F6S�/2;=1 K 9=1�uC+8F� hI=3.i���i<r=;:ID1.F�u 9D/hs69B/ K uC+8r� hIk3�r:s.sN1.14I	³¤u 9D/hs79�,�F61�1NM:,8s K  2E K 9=1¯uC+8F� -I=3
/2;]u 9D/hs79 K 9=1�G8r:,�FJI=3L,<F6159=1� hI�nDE],>3�/2;=G� 21yID1Nod1.;:ID1.F 1 ,<;:I K 9=1�;Dr=SknQ1.F�+<o K F0/hs7UP3.i	��i K 9D/-3
uC+8r� hI>O=F6+=IDr:sN18V
¦C9=1>u ,�E K +�pq/T1.u K 9=14301>n=FN,<;:s69=143k/-3 K 9:, K�K 9=1A36?qr=1.14Z.1An=FJ,�;:s69buC/b b Ln:1	od+� b T+<uC14I�/2;¥,<;DE
uC+8F� hI|/2;�u~9D/-s79 K 9=1�36?qr=1.14Z.1�30r:s.sN1.14I=3.i�,<;:I K 9=1�F61.S	,�/2;D/T;=Gln=FJ,<;:s79=143~o�+) ' 2+<uC14Il+ K 9=1.F6uC/h3018V
¦C9=1 uC+8F� -I=3©/2;5u~9D/-s79 K 9=1 36?qr=1.14Z.1 n=FJ,�;:s69�s.,�;knQ1Cod+� b T+<uC14I K 9=1.F71No�+8F71�3�r=n:30r=S51 K 9=1COQ+H363�/2n� 21
uC+8F� hI=3vr=;:ID1.FLu 9D/hs79 K 9=1�F61.S�,�/2;D/2;=GAn=FN,<;:s69=143Ls.,�;�nQ1�od+� b T+<uC14IWV�¦C9Dr:3.i K 9=1�O:,�/2F
���� /h3
,8I=ID14I K + K 9=1�+8F�/TG�/T;:,Z �O=F6+<w( 218i���i:,�o K 1.F s.,<F6F6Eq/2;=G�+8r K 30r=n:3�r=S5O K /2+8;`V
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m  K 9=+8r=G89�+8r=F K ,8s K /hs%+<olA©/2G8r=F61�>=V c /-3 K ,�/b T+qF614I K +¨3�rD/ K�K 9=1�O:,<F K /-sNr� h,<F%GH,<S51�uC1 ,<F61CsN+8;:3�/hID1.F6z
/2;=G:i</ K 301.F6pq143 K 9=1 O=r=F6OQ+H301 +<o�ID1.S5+q;:3 K FJ, K /T;=G K 9:, K 36?qr=1.14Z.1tO� h,�EP3%s.,<;5nQ1 /2;:sN+8F6OQ+8FJ, K 14IB/2; K +
N,PEQ�R�SDS�R R 3v/2; K 1.F� 214,4pq/2;=G�,<FJs79D/ K 14s K r=F61>,<;:I�ID1.S5+8;:3 K FJ, K 143 K 9=15G81.;=1.FJ,Z ¯od14,83�/2nD/b x/ K E�+<o r:3�/2;=G
/2; K 1.F6z¤30rD/ KLK ,8s K /hs.3.VC¦C9=1 K ,830U	+<o�ID1 K 1.F6S�/2;D/2;=G>u 9D/hs69�O:,<F K /hsNr� -,�F /2;:3 K ,�; K /h, K /T+q;A+<o¯,537?8r=1.14Z.1
K ,8s K /-sL3�9=+8r� hI>n:1�,<O=O� x/214I	/2;�,<;DE	G</2p81.;A3�/ K r:, K /2+8;>uC+8r� hI|O=F6+8O:1.F� TE>nQ1 K 9=1)a0+8n>+<oª,537?8r=1.14Z.1
S51 K 9=+=IWiD+8F�S�1 K 9=+PI=3�V,N,P Q�R�SDS�R�sNr=F7F61.; K  TE�9:,83�;=+530r:s795S51 K 9=+=I=3.iDu 9D/hs79�uC+8r� hI�;=1.14I K +Bn:1
,<n� 21 K +51NM ,�S�/2;=1�,�ID14,! ª,<;:Il30r=G8G8143 K u 9:, K K EDO:1�+�o 36?qr=1.14Z.1�O� h,�E�³d/xo¯,<;DE 1 S�,�E�nQ1k,<O=O� x/hsNz
,<n� 218VC� +<uC1.p81.F4iqu¯1�3�r=G8G8143 KCK 9:, K od+8F K 9=1LO:,<F K /-sNr� h,<F~O=F6+8n� 21.S&+�oª36?qr=1.14Z.1�O� h,�EP3.i K 9=1tS	,Va0+8F
+8n:3 K ,8s1 21 K + K 9=1N/2FB/T;:sN+qF6O:+8FN, K /2+8;�/2;«,�;«,<r K +8S�, K 14I�g�F�/-IDGq1y30E=3 K 1.S  x/2143�;=+ K /T; K 9D/-3�,<F714,=i
n=r K /2; K 9=1 K ,830Ul+<o�,qs K r:,! b 2E�O=F7+�a014s K /2;=G K 9=15O� h,�Elo�+qF6u ,<FJI	o¤,<FL1.;=+8r=Gq9 K +>n:1	,<n� 21 K + K 143 K
30r:s79]9DEHOQ+ K 9=1430143¨/T;�F614,83�+8;:,<n� 21 K /2S518V��]159:,�p815309=+<u ;],<n:+<p81 K 9:, K , K  214,83 K /2;]O=F0/2;:s7/2O� T1
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F614301.; K , K /T+q;�r:3014I	nDE K 9=1L30E=3 K 1.S�sN+8r� hI>nQ1tr K /' x/h3014I K +�G81.;=1.FJ, K 1t9D/2G89=z  21.p81� �1NMPO� h,<;:, K /T+q;:3C+<o
/ K 3 ,8s K /T+q;:3C/2;�3�r:s69A3�/ K r:, K /2+8;:3.V
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� 1Cn:14s.,�S51 ,4u ,<F718i4p81.F7Ek3E 2+<u� 2E8i8p81.F7E�G8FJ,qIDr:,! b TE8i K 9:, K 9=1C9=1� -I	30+8S�1�/2S5O:+D363�/2n� 2EsN+8S5O� 21NMkS5+=ID1� :+<o K 9=1 sN+8; K 143 K /2;59D/h3 9=14,8IWi8r=;=UD;=+<u�,�n� TE�ID1.;:3018i8S�r� K /xo¤,<F0/2+8r:3E 2EO� -,�;=14IWV
��� ^%PEQ�� e ^@Q���S¦C9=1&Q� -,�E81.F~+<o � ,<S5143

��+8r R F61L,<n:+qr K¯K +�G81 K u 9:, K E8+qr R p81t,! 2u ,�EP3%u ,<; K 14I � n=r K /h3 / K ,83%G8+D+PI	,83%E8+8r+8F0/2G</2;:,! b 2E K 9=+8r=Gq9 K�� @ K4R 3C;=1.pq1.F K +D+7 h, K 1Lod+8F ,5s79:,<;=G81L+<o�O� h,<;`V
� m r K 9=+8F R 3%9=+8F6+H36sN+qO:1¦�� � rD/hs7U>S�,<GH,VZN/2;=18iWj�,4E @ c @S>�> µ

@¤; K 9=1CO=F61.pq/2+8r:3�s79:,<O K 1.FJ3©uC1�9:,�p81¯Iq/h36sNr:373014I K 9=1CO=F6+8n� 21.S�3©/2;Dp8+� 2p814I�/2;�O=F6+PIDr:s7/2;=G�,tg%F0/hIDG81
O� h,<;=;D/2;=GA30E=3 K 1.SAi=3 K r:IDEq/2;=Gy3�1.O:,<FJ, K 1� 2E K 9=1L/h363�r=143 +<o6�

� G81.;=1.FJ, K /2;=G K 9=1u T1.GD,! HO� h,�E�3014?8r=1.;:sN143�od+8F`3�/2;=G� 21.z¤30rD/ K g�F�/-IDGq1�O� h,�ELO=F6+8n� 21.S�3 ³ 0 9:,<O K 1.F%T 1 i
� 301� 214s K /2;=G K 9=1�S�+H3 K O=F6+qS�/h3�/2;=G6 x/2;=143`+�oPO� h,�Evo�F7+8S ,<S5+8;=GH3 K[K 9=14301�3014?qr=1.;:sN143%³ 0 9:,<O K 1.F c
N 0 9:,<O K 1.F�^ 1 i

� /-ID1.; K /xodE8/2;=G K 9=1>sN+8;:3 K FJ,�/2; K 3Lu 9D/hs79«,<F715;=14sN143636,<F7E�/2;�+8FNID1.F K +�sN+8S�nD/2;=1�S�+8F61 K 9:,�;
+8;=1�30r:s79< /2;=1�+<o�O� h,4E	/2; K +�,�G) T+qn:,! `O� -,�;�³ 0 9:,<O K 1.F�O 1 i=,<;:I

� F61.z /2; K F7+PIDr:s7/2;=G	;=1.G� 214s K 14I�,8s K /2+8;:3CuC/ K 9|/2; K 1.F7z¤30rD/ KtK ,qs K /hs.3v³ 0 9:,<O K 1.F�> 1 V

@¤; K 9D/h3�s79:,<O K 1.F4iqu¯1 IDFJ,�u K +qG81 K 9=1.F K 9=14301 ID1.p81� 2+8O=S�1.; K 3 /2; K +�,L3�/2;=G� 21¨,�FJs69D/ K 14s K r=F61ts.,<O:,<n� 21
+<o�O=F7+PIDr:s7/2;=G>O� h,<;:3%od+8F K 9=1LGD,<S51v+<o g%F0/hIDG818V%¦C9D/h3t,<FNs69D/ K 14s K r=F71�,8I=IDF6143630143 K 9=1vw:;:,! �O=F6+qn=z
 21.S{uC1�/hID1.; K /xw:14Ib, KLK 9=15nQ1.G</2;=;D/T;=G�+<o 0 9:,�O K 1.F&O=� K 9:, K u 9=1.;�30+� 2pq/2;=G�,	G�/Tpq1.;]O=F6+8n� 21.S

µ � c
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nDEy30O� x/ K6K /2;=G	/ K /2; K +�30r=n=G8+D,! h3.i K 9=1Bn:143 K 3�+� 2r K /2+8;AS�,�E	;=+ K 3�/2S5O� 2EAnQ1ksN+8S5OQ+H3014I	+<o�,5sN+8S�z
nD/2;:, K /2+8;l+<o K 9=1vn:143 K 30+� 2r K /2+8;:3 K + K 9=143�1¨30r=n=Gq+H,! h3.i=n=r K sN+8r� hI	/2;:3 K 14,8I�/2;Hp8+) Tpq1�30r=n=zd+8O K /2S�,! 
30+� 2r K /2+8;:3 K +>30+8S51L+qFt,! b ª+�o K 9=1.SlV m  K 9=+8r=G89`N,PEQ�R�SDS�R>sNr=F6F61.; K  2E>+8;� 2E>r:30143 K 9D/h3t,<FNs69D/ K 14sNz
K r=F61 K +	O=F6+=IDr:sN15O� h,<;:3vod+8FL¬ +A¦©F6r=S5O:3LsN+q; K FN,8s K 3.i K 9=1�O:+ K 1.; K /h,! K +yID14,! �u�/ K 9�3�/ K r:, K /2+8;:3
/2;Hpq+� 2p8/2;=G>, K F6r=S5OA3�rD/ K /h3 F71 K ,�/2;=14I>nDE K 9=1�,<nD/b / K E K +�/2;:sN+8F7O:+8FJ, K 1v/2; K 1.F7z¤30rD/ KtK ,qs K /hs.3.V
�]1Bn:1.G</2;�/2;_</@SY V�@LnDE>+8r K  x/2;D/T;=G�,�3�/TS�O� T1�O� -,�;=;D/T;=G|o�FN,<S51.uC+8F6UWVC�]1 K 9=1.;�3�9=+}u 9=+<u K 9=1
O� h,<;=j[¢ ��� kx�.�kID1436sNF�/TnQ14I�/2;�O=F61.pq/2+8r:3�s79:,<O K 1.FJ3vs.,<;�n:1�r K /b x/h3014I�uC/ K 9D/2; K 9D/h3~o�FN,<S51.uC+8F6U��=/2;
<S@SY=V µ i8uC1LID1Nw:;=1k,BO:,<F K /h,! `+8FNID1.F0/2;=G5+8;	O=F6+8n:,<nD/b x/ K E>O=F7+<w( 2143.i:,<;:I�/2;=<S@SY=V ¶ uC1� 2+H+8U>, K 9=+}u
O=F6+<w( 2143 s.,�;>n:1Lr:3014I K +�S�,�U81t1HL>s7/T1.;:sNE	/2S5O=F7+}pq1.S51.; K 3.V </@SY=V � K 9=1.;AID1436sNF�/TnQ143 K 9=1¨30E=3 K 1.S
,<FJs79D/ K 14s K r=F61�/2;:sN+8F6O:+qFJ, K /2;=G K 9=143�1�1.;=9:,<;:sN1.S51.; K 3.iQ,<;:I=<S@SY VMTBG</2p8143 ,530r=S�S�,<F6E8V
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�]1vn:1.G</2;lnHE5G�/Tpq/2;=G�,�3�/2S5O� 21�O� h,<;=;D/2;=Gd 2+D+8O>u 9D/hs69AIDFN,4uv3 K +8G81 K 9=1.F K 9=1¨ID1.pq1� T+qO=S51.; K 3CuC1
9:,�p815ID1436sNF0/2n:14I�/2; K 9=1�O=F61.pq/2+8r:3�s79:,<O K 1.FJ3B³0301.1 A©/2G8r=F61�@SY=V]@ 1 V�¦C9D/h3� 2+D+8O]F61 K r=F7;:3L,>301 K +<o
jlk 78� ����� �894¡ �.iDu 9D/hs69|o�+8Fv,<;HE�G� 2+8n:,! �O� h,<;lu¯1�ID1Nw:;=1�,83CnQ1N/T;=GQ�

@qV K 9=1� x/T;=143v+�o�O� h,4E K +5n:1v/2; K 1.F� 214,�p814IWi
µ V K 9=1v/2; K 1.F7z¤30rD/ KtK ,qs K /hs.3%/2; K F7+PIDr:sN14IlnDE K 9=1v/2; K 1.F6z¤30rD/ K S51 K 9=+=I=3.i
¶ V K 9=1L+8FJID1.F0/2;=G�sN+q;:3 K FJ,�/2; K 3%/2; K F6+=IDr:sN14IAnDE K 9=1v/2; K 1.F� T14,�p81.F�i:,<;:I
� V , G� 2+8n:,Z PO=F6+�w( T1~+<o K 9=1%/2; K 1.F� T14,�pq/2;=G:i8O=F6+=IDr:sN14I�nDE K 9=1 30+) Tr K /T+q;�sN+8;:3 K F7r:s K +8FWodr=;:s K /2+8;`V

m ;�/TS�O:+8F K ,<; K o�14, K r=F61�+�o K 9D/h3�O� h,<;=;D/2;=Gq 2+D+8O�/h3 K 9=1A3 K 1.O�u~9D/-s79 Wx301� 214s K 37 x/2;=143	+<otO� h,�E R V
0 r=F6F71.; K  2E8i�N,PEQ�R�SDS�R K ,8s7U� T143 K 9D/h3%O=F6+8n� 21.S�nDE�/2;D/ K /h,! b 2EAsN+8r=; K /T;=G K 9=1�¡ � j]¡d¢J� 9�����V�¦C9=143�1¨,<F71
K 9=1 K F0/hs7UP3~u 9D/hs79�s.,<;�n:1�uC+8;AnDE�3�/TS�O� TE]s.,83�9D/T;=G>u�/T;=;=1.FN3 � 30+8S51 K 9D/T;=G>u~9D/-s799N,P Q�R�SDS�R
S5+=ID1� h3�nDE],<;:,! 2E=3�/2;=G K 9=15S�/T;D/2S�,}M K F61.143¨o�+8FL14,qs69�3�rD/ K uC/ K 9b,	F6143 K F0/hs K 14I�p81.FJ3�/2+8;]+�o K 9=1
/2; K 1.F6O=F61 K 1.F5,! 2G8+8F�/ K 9=S K 9:, K +8;� 2E�sN+q;:3�/hID1.FJ35s.,8309 K ,8s K /-s.3�V>@¤; K 1.F� 214,�p8/2;=G K 9=14 x/2;=143�+<otO� h,�E
O=F6+=IDr:sN14I5nDE K 9D/h3 F6143 K F0/hs K 14I�/2; K 1.F6O=F61 K 1.FC,! 2G8+8F0/ K 9=S�F61430r� K 3ª/2; K 9=1gW uC+8FJ3 K nQ143 K4R G) T+qn:,! [O� h,<;
+<o¨s.,q309D/2;=G«,! b K 9=1>S�,q3 K 1.FJ3.V]¦�9D/-3�O� -,�;�s.,<; K 9=1.;bnQ1	/2S5O=F6+<p814I�r=O:+q;b1N/ K 9=1.F�nDE�,8I=Iq/2;=G
/2; K 1.F6z¤30rD/ K�K ,8s K /hs.3.i�+8F�nHE�/2S5O=F7+}pq/2;=G K 9=1< /2;=1l+<o¨O� h,�E�/T;b+q;=1>+8F5S5+8F71y30rD/ K 3�V«¬~+ K 1 K 9:, K
K 9=1BO=FJ,8s K /hsN1�+�oªnQ1.G</2;=;D/T;=GlnHEAsN+qr=; K /2;=G K 9=1 K +8O K F0/hs7UP3�/h3tsN+8S�S5+8;A,<S5+q;=G59Hr=S	,<;�g%F0/hIDG81
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Intersuit methods
add new tactics

Start with empty solution

set  of plan objects, P

Time for
another

iteration?

Form tree of legal play 

sequences in each suit

(Add constraints and 
use sol to find profile.)

Select lines of play

Interleave lines of play

Add plan object to P

Y

N

Return set of plan objects

A©/TGqr=F61 @SY=V�@q� � /2S5O� 21�O� h,<;=;D/2;=G< 2+H+8O|o�+qF�,�;A,<;HE K /2S51�,<FJs79D/ K 14s K r=F61

O� h,�E81.FJ3.i`, K  214,83 K u 9=1.;�O� h,�E8/2;=G|/T;]¬~+A¦`F7r=S5O:3.iW,<;:I|/-3�+<o K 1.;A1NM=O� x/-s7/ K  2E�F614sN+8S5S�1.;:ID14I>/2;
g%F0/hIDG81�nQ+H+qUP3.i©�/[ 56[-ilK LC1.14301!N #v+8F6S51.F�> @<i Q�,�G81 µ >VU¤V
¦C9=1�sNr=F7F61.; K pq1.FJ3�/2+8;]+<o N,PEQ�R�S)S�R>r:30143 K 9=15p81.F6E�3�/2S5O� 21ysN+q; K F7+� 3 K F6r:s K r=F61�+<o K F6Eq/2;=G>+8;� 2E
K 9=1fW nQ143 K4R  x/2;=1�+<o�O� h,4El³�,83 /hID1.; K /xw:14IAnDE K 9=1v/2; K 1.F6O=F61 K 1.Ft,! 2G8+8F0/ K 9=S 1 +qF K 9=1 K +8O K F0/hs7UP3� x/2;=1
+<oCO� -,�E|/T;�14,8s69]30rD/ K V � /TS�O� T1	n:,8s7U K FJ,8s7U8/2;=G�/-3�r:3014I K + K F6EA,Z ' ¯3�/ M K 1.1.;]OQ+H363�/2n� 21�sN+8S�nD/2;:,<z
K /2+8;:3v+<o K 9=143017 x/2;=143�+�o�O� -,�E�³¤O� 2r:3v/2; K 1.F6z¤30rD/ K�K ,qs K /hs.3 1 iQ/xo¯O� h,<;=;D/2;=G K /2S51�O:1.F6S�/ K 3.V�@0ID14,! b 2E8i
/2;Do�+qF6S�, K /2+8;|o�F7+8S K 9=1�o¤,�/b 2r=F61�+<o K 9=1�/T; K 1.F� 214,�pq/T;=G�3 K 1.O`iQ+8F~o�F6+qS K 9=1BF61430r� K +<o�/2; K 1.F6O=F61 K 1.F
3 K 1.O	uC+8r� hI>,! h30+5nQ1Lr K /b /h3014Iy/2; K 9=1LsN+8; K F6+� & T+D+8O`V�¦�9D/-3�u¯+qr� -I>,Z ' 2+<uW x/2;=143 +�o�O� h,4E>Iq/ �`1.F61.; K
odF6+8S K 9=1fW nQ143 K4R /2;A14,8s79A30rD/ K K +�n:1�/hID1.; K /xw:14I|nHE>,! K 1.F0/2;=G K 9=1�ID1Nw:;D/ K /2+8;�+<o K 9=1LO:,<F K /h,! `+8F7z
ID1.F0/2;=G	+8;>O:,�E8+ ��O=F7+<w( 2143~/T; K F6+=IDr:sN14I	/2; <(O=V µ V µ V � r:s79�,�S5+PIq/xw[s., K /T+q;�uC+8r� hI|1.;:,<n� 21�G8+H,Z -3
30r:s79],83�WxID1.p81� 2+8OD/2;=GA1.; K F0/2143~/2;�,�3�rD/ K�R +8FfW U81.1.OD/2;=G>+8;=15ID1Nod1.;:ID1.F�,4u ,�E	odF6+8S K 9=1@ 214,8I R©K +
n:1BO=r=FJ30r=14IWVv� +<uC1.p81.F4iD1.p81.;luC/ K 9=+8r K 30r:s69�,5sN+8; K F6+� �3 K F6r:s K r=F718i	N,PEQ�R�S)S�R�/-3v,<n� 21 K +�30+) Tpq1
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Iq/MLysNr� K O=F6+8n� 21.S�3.iQ,83CuC1�309:,! b ª301.1�/2; 0 9:,<O K 1.F&@�@8V
¦C9=1>F614,q30+8;�o�+8F K 9=1As79=14s6U]+q;bO� -,�;=;D/T;=G K /2S51�/h3 K 9:, K ,<;DE�g%F0/hIDG81>O=F6+8GqFJ,<S s.,Z ' 214I r=O:+8;
K +�,qs K r:,! b 2E¥sN+8S5O:1 K 1	/T; 30+qS51>U8/2;:I +<o K +8r=F6;:,<S51.; K uC+8r� hIbO=F61430r=S	,<n� 2Ebn:1Ar=;:ID1.F>30+8S�1
Uq/T;:I|+<o�sN+8;:3 K FJ,}/T; K +8;=W K 9D/2;=U8/2;=G K /2S51 R uC/ K 9D/2;Au~9D/-s79 K +5S�,<U81~/ K 3~S5+<p8143.V�¦C9D/h3 sN+8;:3 K FJ,�/2; K
s.,! b h3�o�+qF�,<;¥,! 2G8+8F�/ K 9=S K 9:, K s.,<;¥nQ1>/2; K 1.F6F6r=O K 14I�, K ,<;DE�O:+</2; K IDr=F0/2;=G«sN+8S�O=r K , K /2+8; K +
F61 K r=F7;�,�F6143�r� K iC/2; ,�S�,<;=;=1.F>3�/2S�/b h,<F K + K 9=1 78� �<¡d�ih��],! 2G8+8F�/ K 9=S�3�od+8F K /TS�1.z¤ID1.O:1.;:ID1.; K
O� h,<;=;D/2;=G�ID1.p81� 2+8OQ14I�nHE K #v14,<;PN'g%+=I=IDEPO�ODi�g%+=I=IDEPN #v14,<; O�> U¤V	g%E�3 K ,<F K /2;=G>uC/ K 9 K 9=1
K +8O K F0/hs6U=3� x/2;=143�+<oCO� h,4E�/T;�14,8s79�30rD/ K ,<;:I�G8FN,8IDr:,! b 2E]r=O=G8FJ,8Iq/2;=G K 9=1.SAiGN,PEQ�R�S)S�Rl/h3LS5+8F71
 x/2U81� 2E K +t, K  214,83 K O=F6+=IDr:sN1 � � h��CF61430r� K ,�o K 1.F�, 30S	,! b P,<S5+8r=; K +<o=O� -,�;=;D/T;=G K /TS�18i<u 9=1.F614,83 K 9=1
,! K 1.F6;:, K /2p81 +<o�3 K ,�F K /2;=GLuC/ K 9 W n:143 K�R  /2;=143C+�o[O� h,�E�o�+qF�14,8s69	30rD/ K ,�;:I K 9=1.;5n:,8s7U K FJ,8s7U8/2;=G:iD36,�E8i
S�,�E�r:301L,� 2+ K +�o�O� h,<;=;D/2;=G K /TS�1tnQ1No�+8F71 w:;:Iq/2;=GP78� �k3�r:s.sN14363�odr� [/2; K 1.F� 214,�p8/2;=GH3�V�A=+8F K r=;:, K 1� 2E
od+8F,N,P Q�R�SDS�R:i K 9=1CU81.E K +L30r:s.sN14363©/2;�S�,<;DEkg%F0/hIDG81 3�/ K r:, K /T+q;:3 K EDOD/hs.,! b 2EJ x/2143�/2;5sN+8;:sN1.; K FJ, K /T;=G
+8;=a0r:3 K +8;=1l+8F K uC+]30rD/ K 35u~9D/' h3 K r:3�/2;=G K 9=1A+ K 9=1.FJ3�o�+8F	sN+8S5S�r=;D/hs., K /2+8;`iC+8F K +�3 K +8O K 9=1
ID1Nod1.;:ID1.FJ3�o�F6+qS K ,<Uq/2;=G K F�/-s7U=3v/2; K 9=1N/2F7 T+q;=G�30rD/ K 3.Vl¦C9Hr:3�i K 9=15n:143 K +<p81.FJ,Z ' �O� h,<;�/h3B+<o K 1.;
,>sN+8S�nD/2;:, K /2+8;]+�o¯+8;=15+qF K uC+=W n:143 K4R  x/2;=143B+<o¯O� h,�E�uC/ K 9 K 9=15s.,83�9D/T;=Gl+<o K +8O K F0/hs6U=3v/2; K 9=1
+ K 9=1.Fv30rD/ K 3.i=u 9D/hs79�s.,<;A?qrD/hs6U� 2EAnQ1Lod+8r=;:I	nHE N,PEQ�R�SDS�R R 3 O� h,<;=;D/2;=Gj T+D+8O`V
¦C9=1�+<p81.FJ,! b �F71430r� K +<o K 9D/h3vO� h,<;=;D/2;=GI 2+H+qOA/h3vG81.;=1.FN,! b TE],|����¡C+<o�O� h,<;]+8n a�14s K 3�Vtg%1No�+qF61k,<;DE
,8s K /2+8;:3%s.,<;5nQ1ts.,<F6F0/214I�+8r K i K 9=1.;`i�/ K /h3%;=14sN143636,<F6E K +�3�1� T14s K ,�3�/2;=G� 21vS51.S�n:1.F%+<o K 9D/h3%301 K V�@¤;
K 9=1%od+� b T+<uC/2;=G�3014s K /2+8;`i8uC1C1NM:,<S�/2;=1t9=+<u K 9=1 O=F6+qn:,<nD/b / K E�O=F6+<w( 2143�O=F7+PIDr:sN14I�nHE K 9=1 30+� 2r K /2+8;
sN+8;:3 K F6r:s K +8F%odr=;:s K /2+8;�s.,<;ln:1Br:3014I K +�,8s79D/21.p81 K 9D/-3�V

E���D � � ����� � � � 
��	��� �!� � �  � � � �	��� 
 � �

@ K /h3 +<o K 1.;�Iq/MLysNr� KCK +LS�,�U81¯,<;	,<n:30+� 2r K 1�a0r:IDG81.S51.; K ,<nQ+8r K u 9=1 K 9=1.F�+8;=1~O=F6+<w( 21 F61.O=F6143�1.; K 3
, W S5+8F61BO=F6+8S�/h3�/2;=GlO� -,�; RWK 9:,<;],<;=+ K 9=1.F�V A +8F~/T;:3 K ,<;:sN18i�sN+q;:3�/hID1.F K 9=1�O=F6+<w( 2143�ID1.OD/hs K 14Il/2;
A©/2G8r=F61�@SY=V µ ³�F614s.,! b K 9:, K ,�;HEvO=F6+<w( 21 sN+8; K ,�/2;:3�,v301 K +<o:;=+8;=z Z.1.F6+vO=F6+8n:,�nD/' x/ K /2143.i��
	0i4+�o:S�,<Uq/T;=G
�43V7�94¡ k � ��	 K F0/hs7UP3�V 1
� ; K 9=1�n:,83�/h3>+<o�,<;�1NM=O:14s K 14I p},Z Tr=1bsN+8S5O=r K , K /2+8;`iLuC1�uC+8r� hI�O=F61Nod1.F K 9=1�w:FN3 K O=F6+�w( T18V
�~+}uC1.p81.F�i K 9D/h3�/h3�nHEb;=+�S514,<;:3 K 9=1�+8;� 2E¥sNF0/ K 1.F0/2+8;�uC1AS�,�Ebs69=+D+H3018V"A=+8F�1NM ,<S�O� T18i~uC1
S�,�E]nQ1	/T; K 1.F6143 K 14I�/2;bF6143 K F0/hs K /2;=G]+qr=FJ 2+H3730143 K +],lS�/2;D/2Skr=Sli�/2;bu 9D/hs79¥s.,8301 K 9=1>3014sN+8;:I
O=F6+<w( 21>uC+8r� hI�n:1 K 9=1�S�+H3 K O=F7+8S�/h3�/2;=G:V � K 9=1.F�O:+H363�/Tn� 21�sNF0/ K 1.F0/h,lS�/2G89 K nQ1 K +lO=F61Nod1.F K 9=1



���������
	�� �
� � � � 	 ����#%# �������$�S�
	���� � ��	 + ���

7 8 9 10 11
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0.6 0.4
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Tricks

Probability

Tricks

Probability

Tricks

Probability

Tricks

Probability

1.0

Expected Values

8.6

9.3

9.0

9.4

A©/2G8r=F61 @ Y=V µ � � s69=1.S�, K /hsLF61.O=F6143�1.; K , K /2+8;>+<o�o�+8r=F~O� -,�;AO=F6+<w( 2143

O=F6+<w( 21	uC/ K 9 K 9=1�9D/TGq9=143 K s69:,<;:sN1�+<o S�,<Uq/T;=G K 9=1d h,<F6Gq143 K ;Dr=S�n:1.F�+�o K F0/hs6U=3B³ K 9=1 K 9D/TFNIWi`/2;
A©/2G8r=F61&@ Y=V µ21 i<+qF K 9=1 O=F7+<w( 21tuC/ K 9 K 9=1� h,<F7G8143 K s79:,<;:sN1v+<o`S�,<Uq/2;=Gk, K  T14,q3 K ,BsN1.F K ,�/2;	;Hr=S�n:1.F
+<o K F0/hs7UP3v³ K 9=1� h,83 K iD/xo�uC1� T+D+8U	od+8F�@SY K F�/-s7U=3 1 V
��,qs69>+<o K 9=14301ksNF0/ K 1.F�/-,�od+8F6S�3 ,ko�14,83�/Tn� 21�n:,83�/h3�o�+qFtsN+8S5O:,<F�/T;=G	O=F6+<w( 2143.iW,<;:I|E81 K 3�/2;:sN1�14,8s79
uC+8r� hIF 214,8I K +�,AIq/ �`1.F61.; K O=F6+�w( T1	n:1N/2;=G]O=F71No�1.F6F714I�odF6+8S K 9=1�301 K /2; A©/2G8r=F71 @SY V µ i`uC1�s.,�;
301.1 K 9:, K%K 9=1.E5,<F61vSkr K r:,! b TE�/T;:sN+qS5O:, K /2n� 218V�@�; N,PEQ�R�S)S�R:iDuC1 u ,<; K 14I K +B9:,4pq1 K 9=1L,<nD/b / K E K +
s79:,<;=G81 K 9=1¨3�1� T14s K /T+q;�sNF0/ K 1.F0/2+8;>r:3�14I	nHE K 9=1¨30E=3 K 1.SlVª�~+<uC1.p81.F4i8uC1L,! h30+�u ,<; K 14I K +Bn:1�,<n� 21
K +�/hID1.; K /xodEAO=F6+�w( T143 K 9:, K uC1.F61�s1 214,<F� 2El/T;Dod1.F0/2+8FLr=;:ID1.F 78� � W F614,830+q;:,<n� 21 R sNF0/ K 1.F0/2+8;`V�L , K 9=1.F
K 9:,<; K 9=1�¡ � ¡ 7�k`+8FNID1.F0/2;=GH3 /TS�O:+H3014I	nDE K 9=1vsNF0/ K 1.F0/h,5Iq/h36sNr:363014I>,�n:+<p818i K 9=1.;`i�N,P Q�R�SDS�Rkr:3�143¯,
j-7q¢J¡d� 7�k`+qFJID1.F4i K +�1.;:,<n� 21�,�����¡�+<oª30+) Tr K /T+q;:3 K +�n:1LF61 K ,�/2;=14I>,83$W n:143 K�R s.,<;:Iq/hI=, K 143�V¯¦C9=1~w:FJ3 K
3 K 1.O	/2;�ID1Nw:;D/T;=G K 9D/-3~O:,<F K /-,Z �+qFJID1.FC/h3 K 9=1v/T; K F6+=IDr:s K /2+8;l+<o K 9=1vo�+� b 2+<uC/2;=GA�8:H� � ¡W+qO:1.FJ, K /T+q;`�

����� �%������$%���	��
����� � ��� ��� #�����������$%� $%��� �0$�� ���/(���� ���! #"%$!& 7�5q�('��4�)jW¢ � � kx�)K ��) � �*) � ��+ �
�,+ �.-/-.- � ��0 � �,0 U21�¡ � ¡ :H��¢J� 5V:H¡4365 � � ¢�� � h��f@87:9;7=<�7>' 7�kx�H��Y@?:AB7��
	 �-�L��� kx�?9�¡d� � 7q� �>¡ :H�
j[¢ ��� k �B¢0� ��¢N�h¡d¡d��� 7��&K ��) � �*) �/-/-.- � � 	��~³ �
	,CDA 1 � ��	�E#) � ³ �
	�E#)�FGA 1 �/-/-�- � ��0 � �,0 UC� � � 	�E#)¨�-� � �:�
58¢0�878¡d�4¢L¡ :278� ��	H5 � ¢gK ��) � �*) �.-/-.- � � 	��v³ �
	*CDA 1 �.³ � 	IF�@ 1 �JA �/-.-/- � �K0 � �,0 U � ¡ :H��¢ ���-�.�/[

� �`14s K /2p81� 2E8iQS5+=Iq/ odEq/T;=GA,�O=F6+<w( 21L/2; K 9D/-3~u ,�E�/2;:sNF614,830143~nHE>+q;=1 K F0/hs6U>+qr=Ft,<; K /hs7/TO:, K 14I>O:,�EDz
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+ ��o�+qFk30+8S�15+<o K 9=1ysN+8;:Iq/ K /2+8;:3Br=;:ID1.F�u 9D/hs79 � 	 K F0/hs6U=3LuC1.F615O=F71.p8/2+8r:3E 2E�n:1N/2;=G�1NMPOQ14s K 14IWV
0  214,<F� 2E8iv,<;HE W F614,q30+8;:,<n� 21 R 301� 214s K /2+8; sNF0/ K 1.F0/2+8;�3�9=+8r� hI¥F71.GH,<FJIb,�O=F7+<w( 21�S�+PIq/xw:14I /2; K 9D/-3
u ,�EA,83vn:1 K6K 1.F K 9:,<; K 9=1�+8F0/2G</2;:,! ¤V5gC,83014I�+8; K 9D/h3v+8O:1.FJ, K /2+8;`i K 9=1.;`i©uC1�s.,�;�ID1Nw:;=1y,	nD/2;=z
,<F6EbF71� -, K /2+8; � +8;�O=F6+<w( 2143.it3�/TS�/' h,<F K + K 9=1 ���?7 � � � h�� � 78�B9J��+<oks1 h,8373�/hs.,! �GH,<S51 K 9=1.+8F6E
KMA r:ID1.;HnQ1.F6G N'¦¯/TF7+� 21!>�TVU�iP,q3%o�+) ' 2+<ut3.�

����� �%������$%���	��
���� � ¢ 78� ��¡ � � j[¢ ��� kx����� ) 78� ��� + 5�� ) � � + � � 78� � � � k ��� � � �l����¢ � � ¢
h � ¢0�f78j�jlkx� 9?78¡d� � � � � � ¡ :H�B�8:H� � ¡ � jP��¢�7q¡d� � � 5	�*+f9?78� � �fh!7 �8��� �8���:¡d� 9?7 k`¡ � � )S[

@ K /h3�,v3�/2S5O� 21CS�, K6K 1.F K +Ls69=14s7U K 9:, K`K 9D/-3©F61� h, K /2+8;5ID1Nw:;=143�,CO:,�F K /h,! =+8FJID1.F0/2;=Gv+8; K 9=1C301 K +<o ,Z ' 
O:+D363�/2n� 21LO=F6+<w( 2143v³J� [2��i K 9:, K / K 36, K /h3�w:143 K 9=1vF61�
:1NMD/Tpq18iP,�; K /h30EDS5S51 K F0/hs<iP,�;:I K FN,<;:3�/ K /2p81� -,�ut3 1 V
¦C9D/h3%O:,<F K /h,! `+8FNID1.F0/2;=G�,Z ' 2+<ut3%r:3 K +kF71 K ,�/2;y,B301 K +<o`O:+ K 1.; K /h,! `30+� 2r K /2+8;:3.iQIq/ �`1.F61.; K S51.S�n:1.FJ3
+<o`u 9D/hs79>S�,�EknQ1tF71.GH,<FJID14I	,83 K 9=1�W nQ143 K4R nDE�sNF�/ K 1.F0/h, K 9:, K /TS�O:+H301L, K + K ,Z :+8FJID1.F0/2;=G:V 	�1 K r:3
ID1Nw:;=1k3�r:s69�,5301 K ,83 od+� b 2+}uv3.�

����� �%������$%���	��
� ���� �.��& *'�%&%�	�%��� �����.�4¡ � � jW¢ � � kx�.� 5�� 5 �2�v/2F6F614IDr=;:I=,<; K � � � ¡�9 � �:¡ 78� �=�
� � ¡ � � �Skx� hk���:¡ ��� )&78� ���*+B���294:>¡ :678¡�� ) � �*+S[

LC1 K r=F7;D/T;=G K + K 9=1�O=F7+<w( 2143�+<o A©/2G8r=F61R@ Y=V µ / K /h35,�3�/2S5O� 21AS�, K6K 1.F K +�s79=14s7U K 9:, K ;=+8;=1	+<o
K 9=14301LO=F7+<w( 2143ts.,<;>nQ1 K FN,<;:3�od+8F6S514I�/2; K +	,<;HE	+<o K 9=1L+ K 9=1.FN3.i=,<;:I K 9:, K¯K 9=1�301 K +<o�O=F6+<w( 2143%/h3
K 9=1.F61Nod+8F61v/2F6F714IDr=;:I=,<; K V m I=Iq/2;=G K 9=1vodr=F K 9=1.F~O=F6+<w( 21

K ^ �$Y�� c �8> ��Y�� � U

K + K 9=1 301 K i<9=+<uC1.p81.F4i<uC+8r� hIBF61430r� K /2;�/ K  2+H3�/2;=G K 9=1CO=F6+qO:1.F K EL+<oQ/TF7F614IDr=;:I=,<;:sNE5,83 K 9D/h3�O=F6+<w( 21
s.,<;ln:1 K FJ,<;:3�o�+8F7S514I�/2; K +=78� �5+<o K 9=1BO=F6+<w( 2143~+<o A©/2G8r=F61 @ Y=V µ nDEA,<O=O� x/hs., K /2+8;:3v+<o K 9=1�309D/xo K
+8OQ1.FJ, K +8F�Vª¦�9=1LO=F6+<w( 21

KMO ��Y���@ �8> ��Y���@ �S@ Y ��Y��MOVU �

+8; K 9=1 + K 9=1.F�9:,<;:IWiHs.,�;=;=+ K nQ1 K FJ,<;:3�o�+8F7S514Iv/2; K +k,<;DE�+�o K 9=1 O=F7+<w( 2143�/2; K 9=1Cw:Gqr=F618V�L , K 9=1.F4i
K 9=1�w:FN3 K ,<;:I\ -,q3 K O=F6+�w( T143�s.,<;�n:1 K FJ,<;:3�od+8F6S�14I>/2; K + K 9D/-3�+8;=18V>¦C9=1.F61Nod+8F618i�/ o K 9D/h3LO=F6+<w( 21
/h3�,8I=ID14I K + K 9=15301 K i K 9=1Bw:FJ3 K ,�;:II h,83 K O=F6+<w( 2143�u¯+qr� -I�9:,4pq1 K +>n:15F61.S�+}pq14I K +�S�,}/T; K ,�/2;
/2F6F614IDr=;:I=,<;:sNE8V
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�]1�s.,<;AS�,�U81�r:301B+<o K 9=1�;=+ K /T+q;�+�o�/2F6F614IDr=;:I=,�; K O=F6+�w( T15301 K 3 K +�ID14s7/hID15u 9D/hs79]301 K +�oªO� h,<;
+8n a014s K 3 K +vF61 K r=F7;�,q3�O:+H363�/Tn� 21L30+� 2r K /2+8;:3 K +¨,vG�/Tpq1.;5O=F6+8n� 21.SAV � /2p81.;	,vO� -,�;=;D/T;=Gh 2+H+8O�u 9D/hs69
9:,83�,! 2F614,qIDE�G81.;=1.FJ, K 14I�,t301.F�/T143�+�o[O� h,<;�+8n a014s K 3.i K 9=1CO=F6+�w( T143�+�o[u 9D/hs79�od+8F6S',<;B/2F6F614IDr=;:I=,<; K
301 K �ti�,�o�r=F K 9=1.Fks.,<;:Iq/hI=, K 15O� h,<;�+qn a�14s K u�/ K 9]O=F6+<w( 21���)~/h3LF61 K ,}/T;=14I�,83�,	OQ+H363�/2n� 21PW n:143 K4R
30+� 2r K /2+8;l/xo K 9=1.F61L/h3v;=+>1� 21.S51.; K � +v+�o�� 30r:s79 K 9:, K �*+ � � ).V @fo K 9D/h3~/h3 K 9=1ks.,q3018i K 9=1k;=1.u
O� h,<;b+8n a014s K /h35,qI=ID14I K + K 9=1	+8F0/2G</2;:,! L301 K i�,<;:I K 9=1�;=1.u 301 K +<o O=F6+<w( 2143 ��� ��)v/h3�S�,qID1
/2F6F614IDr=;:I=,<; K nDE�F61.S�+}pq/2;=Gy,�;HE>O� h,<;l+8n a014s K 3 u~9D/-s79A9:,�p81BO=F6+<w( 2143.i �*+4iDod+8Fvu 9D/hs69 � ) � �*+.V
m O� -,�;=;D/T;=G< 2+D+8OAn:,q3014I	+8; K 9D/-3�O=F0/2;:s7/TO� 21�/h3v309=+<u ;	/2; A©/2G8r=F61 @ Y=V ¶ V

Intersuit methods
add new tactics

Start with empty solution

set  of plan objects, P

Time for
another

iteration?

Form tree of legal play 

sequences in each suit

Select lines of play

Y

N

Return set of plan objects

Add plan object to P.
Delete the plan objects
from P whose profiles
violate irredundancy.

Interleave lines of play.

A©/2G8r=F71 @SY=V ¶ � � /TS�O� T1BO� h,<;=;D/2;=G< T+D+8O|o�+8Fv,<;A,<;DEHz K /2S51�,�FJs69D/ K 14s K r=F61

¦C9D/h3©/h3�s1 214,<F� TE�, r:3�1No�r� =u ,4E K +tID1Nw:;=1 K 9=1$W 30+� 2r K /2+8; R�K +L, g%F0/hIDG81CO=F6+8n� 21.SAi83�/2;:sN1 K 9=1 K EDO:1%+<o
n:1.9:,�pq/2+8r=FªID1.S�+8;:3 K FJ, K 14IvnHE K 9=1�30EP3 K 1.S s.,�;Ln:1�S�+PIq/xw:14IBnHE�s79:,<;=G</2;=G K 9=1C³ K + K ,! 8+8FJID1.F0/2;=G 1
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sNF0/ K 1.F0/2+8;	nDEku~9D/-s79 K 9=1&W n:143 K4R O=F7+<w( 21 /h3C301� 214s K 14I�odF6+8S�,<S5+q;=GH3 K�K 9=1Cw:;:,Z fiP/TF7F614IDr=;:I=,<; K 3�1 K V
A=+qFL1NM ,<S�O� T18i�,<;],<G8G8F714363�/2p815,<O=O=F6+H,qs69�+<o ,! 2u�,�E=3L, K6K 1.S�O K /2;=G K +>S�,�MD/2S�/h3015+<p81.F K F�/-s7U=3 +8F
,5s.,<r K /T+qr:3t,<O=O=F7+H,8s79�+<o�,! 2u ,�EP3C+qO K /2S�/h3�/2;=G K 9=1�s69:,�;:sN1�+<o�S	,<U8/2;=G K 9=1�sN+8; K FJ,8s K s.,<;ln:+ K 9
F61430r� K o�F7+8S K 9=1�36,<S51LO� h,<;=;D/2;=GA30E=3 K 1.SAVC¦C9=1�,8s K r:,! ªs79=+</hsN1�+�o sNF0/ K 1.F�/T+q;Aod+8Ft3�1� T14s K /T;=G K 9=1
O� h,<;:3vuC/b b �O=F6+8n:,<n� 2E�ID1.O:1.;:I�+8; K 9=1 K EHOQ1�+<o�GH,�S51�nQ1N/T;=G>O� h,�E814IWV�A=+qFt1NM:,<S5O� 21B/2;«¢N� � � �4¢
g%F0/hIDG818i K 9=1LS5+H3 K /2S5OQ+8F K ,<; K G8+D,! W/-3 K +�S�,<Uq1�,530O:14s7/xw:14I�sN+8; K FJ,8s K V�@�; �8�;jlkx� 9?78¡d�5sN+q; K 143 K 3
³¤u 9=1.F71tS�,�;HE K 14,<S�3�+�o K u¯+LO� h,�E81.FJ3%O� h,�E K 9=1��47�h���s.,<FJI=3 1 iq/ K /h3 K EHOD/hs.,! b 2E>S5+8F61~O=F6+<w K ,<n� 21
K +5, K6K 1.S5O KCK +�S�,<U81v+<p81.F K F0/hs7UP3 u 9=1.F61LOQ+H363�/2n� 218VC@ K /h3C1.p81.;>OQ+H363�/2n� 21 K +�1.;Hpq/h36,<G81�,B9D/2G89=1.F6z
 21.p81� �F6+8r K /2;=1�u 9D/hs69�30uC/ K s79=143vn:1 K uC1.1.;�,�p<,<F0/21 K E>+<o K + K ,! `+8FJID1.F0/2;=G>sNF0/ K 1.F0/h,>ID1.O:1.;:Iq/2;=GA+q;
K 9=1LsNr=F6F61.; K 3 K , K 1 +<o K 9=1vO� h,�E>³J�/[ 56[-i K 9=1tsNr=F6F61.; K 36sN+8F6143.iq+8F K 9=1 '��6kx�:��¢�7 � � kx�h¡ �B+<o`14,8s79y3�/hID1 1 V
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Intersuit methods
add new tactics

Start with empty solution

set  of plan objects, P

Form tree of legal play 

sequences in each suit

Select lines of play

Return set of plan objects

Add plan object to P.
Delete the plan objects
from P whose profiles

Interleave lines of play.

violate irredundancy.

Time for
another

iteration?

Y

N

Y

N

profile?
is >= best case

profile in P
Some
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Check that best case profile

than any of those done already.

of this interleaving not worse

find all possible

Backtrack to 

interleavings of one

plan objects

set of lines of play

Different styles of play (e.g., rubber,
duplicate) modelled by switching

between different selection criteria

5

Analyse how many tricks can be
won under each possible world state

Play

Select one plan object and execute.

combinations of

lines of play

Plan objects consist of :

- The constraints on tactic ordering, 

- A profile of the interleaving.

- The lines of play interleaved,

Backtrack to 

interleave different

- The inter-suit tactics,

Add inter-suit tactics

2

3

1 1

2

3

2

1 1

2

3

Interleaver

Pre-planner Pre-planner Pre-planner

Interpreter

Planner Planner

Interpreter Interpreter

Planner

Pre-planner

Planner

Interpreter

spades hearts diamonds clubs

3

4

critical cards

line of play

critical cards

line of play

critical cards

line of play

critical cards

line of play

0

Interface

Add resource-based constraints

Convert this result into a probability

from the bidding) could be used here.
profile. Extra information (e.g., derived

minimax tree minimax tree minimax tree minimax tree

A4�TGqr�>�� @SY V c ��¦ � �F���xM>S 	 IDr  ��� 	 o K�� � N,P Q�R�SDS�R@��?G� K �.S
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