
�� �� �� �� � �	 � 
 � � �� �

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

��� ��  !  " #$% & &' ! ()  *+ � ,
-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L M



�� ��� � �

� �	 
� 
 ��� �� � 


� �	� 	� 	 �� �  � 	 � 
� �

� ��� � �� �� 	 � � � � 
� �� �� � �

� �	 
� 	 � 
 � ! � � � 	 � 	 �� 	 � 	 �� �� �  �

� �	 
� 	 � ! 	 � � 
� � �" 	 
 �  � �� " 	 �� 

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L#



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

�� � � � �� 	 
�� 	� ��  �  !	 �	 � �� � � � � 
 � �" 	 
 � ��  �� � �� � ��  �	 �

�  � �� � 	� � � �� �� 
 � � � ��� 
 � � 	 � 
 � �	 �	 �  � 	 � � 
 �� � !  � ��� �� � � � �� 	 


�	� 	� 	 !	 �  � � 
 � � 
� 
 �� 
 � � �	 �  	 � � � � �	 �� �	�  � � 
 !  � � 
 �� � �  �  � �	� � � !	

� � �� 
 � �	� �� 

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L�



� � �� �� � � �� ��

deterministico nondeterministico

informazione completa

informazione parziale

scacchi, dama,
go, othello

backgammon
monopoli

bridge, poker, scrabble
guerra nucleare

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L �



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

XX
XX

X
X

X

XX

X X
O

OX O

O

X OX O

X

. . . . . . . . . . . .

. . .

. . .

. . .

XX

�–1  0 +1

XX
X XO

X XOX XO
O
O

X
X XO

OO
O O X X

MAX (X)

MIN (O)

MAX (X)

MIN (O)

TERMINAL

Utility

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L �



� � �� � �

�	 
� 
 ��� �� � 
 ��� �	 
� 	 ! � � � 	 � 	 �� 	 � 	  � ! 	 � � 
� � �" 	 
 �  ��� �� � �

� !  �� ��  � � 	 �  � �� 
 � � � �  � 
 � ! ��  �� � � � 
 �	 " 	 
 �  � 
 � � �� �� 	
� �� 
 �

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

�	 
� � 	 � � 
 ! 
 
� � 	� 


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

MAX A

B C D

3 12 8 2 4 6 14 5 2

3 2 2

3

a1
a2

a3

b1
b2

b3


c1
c2

c3 d1
d2

d3

MIN

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L�



� � � �� � �� � � � �� � �

� �� ��� �� 	 
� 
�� � �� � 
 � 
 � � ���� �� �� � � �� � ��� �� � ! �� � " � � �# ��� �� $%&' ' () *+ *, * (- ) . ,/ (

0 1	 � � 23 4� �+ *, * ( �� � � �� � *5 (�� � ! � - ) 6 4 � �� � � �7 � � ��� �� �98 - *5: ,; & ( 0

� �� ��� �� 	 � � 23 4� ���� �� �� � � �� � �� <� =  � > 0� = <�� �? � 7 � 
�3 �? � �@ � ��� �� � �A �� � � � �� � B @ 
3 
@C � ��� �� �0 1ED F� �� � G � - ) 6 4 � �� � � �7 � � ��� �� �H �0 1	 � �: $	 
� � 23 4� �� � �� � � �� � 0

� �� ��� �� 	 
� � 23 4� ���� �� � � � � �� � �� <� =  � > 0� = <�� �? � 7 � 
�3 �? � �@ � ��� �� � �A �� � � � �� � B @ 
3 
@C � ��� �� �0 1 F� �� � G � - ) 6 4 � �� � � �7 � � ��� �� �H �0 1	 
� �: $	 � � 23 4� �� � �� � � �� � 0

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> LI



� � � �	� � � ���  �� � � �� � �

� 
� �� �  " " �� �

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L �



� � � �	� � � ���  �� � � �� � �

� 
� �� �  " " �� � � 
 � 
 � ��� �� �� 
�  � � 	� 
 �	 � �	 
� 
 !  � � 	 �� �� � 	  � �  � 
 � 

� �� � 	� �  ��� � �� �� � 	�  	 � � � � 	 �  !  � �	 
� 
 ��

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

�� � 	� �� 	� � � � �

-./ 0.12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B CDEF F GA HI @J K> L �



� � � � �� ���  �� � � �� � �

� 
� �� �  " " �� � �	 � � 
 � 
 � ��� �� �� 
�  � � 	� 
 �	 � �	 
� 
 !  � � 	 �� �� � 	  ��  � 
 � 

� �� � 	� �  ��� � �� �� � 	�  	 � � � � 	 �  !  � �	 
� 
 ��

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

� 
� ��  � �	� � � 	 � �  � � 
 � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M �



� � � �	� � � ���  �� � � �� � �

� 
� �� �  " " �� � �	 � � 
 � 
 � ��� �� �� 
�  � � 	� 
 �	 � �	 
� 
 !  � � 	 �� �� � 	  ��  � 
 � 

� �� � 	� �  ��� � �� �� � 	�  	 � � � � 	 �  !  � �	 
� 
 ��

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

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

� 
� ��  � �	� � � 	 � � � �" 	 
 � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M M



� � � �	� � � ���  �� � � �� � �

� 
� �� �  " " �� � �	 � � 
 � 
 � ��� �� �� 
�  � � 	� 
 �	 � �	 
� 
 !  � � 	 �� �� � 	  ��  � 
 � 

� �� � 	� �  ��� � �� �� � 	�  	 � � � � 	 �  !  � �	 
� 
 ��

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

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

� 
� ��  � �	� � � 	 � � � �" 	 
 � � � ���� � � � �� 
� �" 	 
 �  !  ��  � � � �� �

� � 	 � �	 
� 
 !  � � 	 �� �� � 	 � � � �� �� � � � � ��� �	 
� 	 � � � �	 
 �  � 
 � 	�

� �� � � 
 � �" 	 
 �   � �� � ��  �	 � �� ��  � �  � 
 � � �� � 	 �	 � 

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M#



�� � � ��  � � � � � � �� � �

� � � � 
 � 	 �� 
 !	 �� �  � !	 � � 
 �	 " 	 
 �  � � � � � 
 � !	 ��� � 
 � � � �  !	 � 
� �  � �� 
�

� ��  � ��� � 
 !	 �� � � 
 � ! 


� �	 � 	  �� 
 � 
 � !  � �� 
� ��  � ��� � 
 !	 ��� � 
 � � �

� � �� 
� � 	 
 �� �� ! �� ! �

� � 		 �
� � � � �� � ��� � �� � � �� � � 	� 	�  �� � � �� 
 � 
 � !	� � � � �  � � � ���  � �  � � �	 �� �  � ! 
 ��  	�  � 
�

��� 		  	 �� � �

� �� ��� � � 	 
� � ��� � ��� � � 	� �� 	� � !  � � � !  �	 ! � � �	 � 	� � � !  � � � � 
 �	 " 	 
 � 

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M�



�� �� � � �� �� �  �� � � � � � �

Mossa al Nero

Bianco in leggero vantaggio

Mossa al Bianco

Vince il Nero

� � 	 � �	 
� 
 !  � � 	 �� �� � 	 �� 	 �	 � ��  � �  �� � � 
� � � �� � �� � �� � 	 �� 	 !	 � �� ��  �

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

 � �� � 
 �� � � 
 �

� � ��� �� �� �� � 
 !	 �  �	 �  �	 �� �  � � �� �� � 
 !	 �  �	 �  � �  � � � � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M �



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

MIN

MAX

21

1

42

2

20

1

1 40020

20

�� � 
� � 
� � ��  � � 
 � 
� � � � 
�  ��  �� � �� 
 ��� 
 � � 	 � � � � � 
� � �" 	 
 �  
 � � � � � � �

!	� �� �
� � � � 
 �  � 
 � � ��  � 
 � 
 ��� 
� !	 �  �

	 � � � � ! � � � 
 	 � �	 
� 	 ! � � � 	 � 	 �� 	 � 	 � �	 ��  � 
�  �� � � �� " 	 
 �  !	 � �� �� ��� ��� 
� � �� 	

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M �



� � � �� �  � � � �  � �� �

� � � � � �� � � � � ��  	 !  � � 	 � � � � � � � � �� � � � � �  � � � � 
 � 

��� � � � � � � �� �  � 	� �	 �" " �� � ! � � � � � ��� � �� � � �� 	�  � 	� �	 �" " �� � ! �� �� �


 �� " 	 
 � � 	 � �� �� 	 � ��

�� � � �� � � � �� � � � �

� �� � � 
 
� �  � ! � 
� � 	 � � 
 � !  � ! �� �	 
� �� 
�  !	 �� �� � 	 �� � �	� 
�

� �� � � �� �� 
 � � 	 �  � � 
 !	 � 
� 	 " 	 


�� �� � � ��  �� �" 	 
 �  !	 �� � � � �� �� 
 � � 	 �  � � 
 !	 � � �� � 


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

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M�



��� � �	� � �� � � � �� �� �� �

MAX

3 12 8

MIN 3

3

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L MI



��� � �	� � �� � � � �� �� �� �

MAX

3 12 8

MIN 3

2

2

X X

3

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M �



��� � �	� � �� � � � �� �� �� �

MAX

3 12 8

MIN 3

2

2

X X
14

14

3

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L M �



��� � �	� � �� � � � �� �� �� �

MAX

3 12 8

MIN 3

2

2

X X
14

14

5

5

3

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



��� � �	� � �� � � � �� �� �� �

MAX

3 12 8

MIN

3

3

2

2

X X
14

14

5

5

2

2

3

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# M



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

�� �� �� 	 � � � � �� 
 !	� � � 	 � � 	 � ��� �� 
� � �� 

� � � � 
 � 
� !	 � ��  � � 
 !  � �  � 
 � � � 	 � � 	 
� � ���  � � �� 	 � !  � �� �� 	 � �

� 
 � � 
� !	 �  ��� �� � 
� � � 
� ��  � �	� � � 	 � �  � � 
� � ����� � � �� � �
 
 � � �� � � � �� 
 � 
 � !	� � � !	 � 	 � � � �

� � �� 
 � �� 	 ��  � �  � � � �	 �� � �  �� 
 � 
 � !	� � � �  �	 
� ��  � �  � �� �� � 	

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# #



� �� � � �� � � � ��  �  ��� � �

Player

Opponent

Player

Opponent

m

n

…
…
…

��  	 � � 	 � � 	 
� � �� 
�  � ��� � �� �� � 
� �� 
� � 
 � � � � � 
�  � � 
 �� !	 � � 
� 	 !  �

� �� � 	 � 
 � 
� �  � � 

�  �
�  �� � �	 
�  !	 � �� �� � 
  � 	� � � � � � 
� � 	 � � �� 
 � 
� � 	 � � 
 � !  � � 

�	� 	 ��  � �  �	 � �� 
 !  � � 	�  � ��� � � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



� � � ��� �  � � �� � � � �

� �� �� � �� � !� �� 	 
 ' � � 	 � ' � * � � �� �� � �� � � �� � �� � � ��� � �

�� � � � �� �� �� � � ��   ! � � "� � � !� � #� $ !

%& ' � ( 	 )� !% ' �� �� � �+* , �- , �� � � �� � �. ! �/ �0 12 � � �% � � ' & &  * & �� �� � �43 � �. 5� 6� ! %

� �� �� � �� ' � ( 	 )� !% ' �� �� � �7 � 8 �� � � �� � � �9 �0 :0 � ; % � :9 �

�� � � � �� �� �� � � ��   ! � � "� � � !� � #� $ !

7 � �. ! 5� 6� ! �< �. != ! "� � 6� !  �� �� 5 ! < �  > � ( � 6 � � # �. ! ?� �. � � �� �� �

8 � �. ! 5� 6� ! �< �. != ! "� � 6� !  �� �� 5 ! < �  > �@ � 6 � � # �. ! ?� �. � � �� �� �

� � A ' * > �@ � ! 	A ' & � �� �� � � �B �� � � � �� � C � �! ��D �� �� � �%& * ,

� �� � E � � � �% � � ' & &  * & �� �� � �F �

%& ' � (  5 � ' �@ 	 )� !% ' � �7 � 8 � �� � G H 8 �B �� � � � �� � %

7 & ' � ( 7 � 5 �� � � �� � %

� �� �� � �� ' �@ 	 )� !% ' �� �� � �7 � 8 �� � � �� � � �9 �0 :0 � ; % � :9 �

�� � � � �� �� �� � � ��   ! � � "� � � !� � #� $ !

7 � �. ! 5� 6� ! �< �. != ! "� � 6� !  �� �� 5 ! < �  > � ( � 6 � � # �. ! ?� �. � � �� �� �

8 � �. ! 5� 6� ! �< �. != ! "� � 6� !  �� �� 5 ! < �  > �@ � 6 � � # �. ! ?� �. � � �� �� �

� � A ' * > �@ � ! 	A ' & � �� �� � � �B �� � � � �� � C � �! ��D �� �� � �%& - ,

� �� � E � � � �% � � ' & &  * & �� �� � �F �

%& ' �@  5 � ' � ( 	 )� !% ' � �7 � 8 � �� � G I 7 �B �� � � � �� � %

8 & ' �@  8 � 5 �� � � �� � %

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



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

� !  � !	 � � � �	� �

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

�  � �� 
� � � 
 � 
 �� � � � 	 
 �	 � �� 	� 
 � ��� 
 � � 	 � 
 ! 
 � ��

�  � �� 
� �� �� � 	 	 � � � 	 ��� 
 � � 	 � 
 ! 
 � 	 �

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

�  � �� 
� � � 
 � 
 �� � � � 	 
 �	 � �� 	� 
 � ��� 
 � � 	 � 
 ! 
 � 	 �

�  � �� 
� �� �� � 	 	 � � � 	 ��� 
 � � 	 � 
 ! 
 � ��
-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



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

    min
strategia
   mista

strategia strategia strategia
    max     max

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



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

� � �� �  	 � � �� 
�   � �� � 
 !	 �� 
 �� �� 
 
� � 
� � 

� � 
 � 
 �� �  	 � � �� 
�   � �� � 
 !	 �� 	 � 	� � � ��� �� 
 �� �� 
� � � 	 
 � � � 
 � 
 �� �  �� � 
 �� ! � �� � � �� 	 � 	� � � !	 � �� � 	 � � 	 �� �� 	 � � � 	 � 	� ��  � � 	

� � ! � 	 � ��  �� � 
 �� ! � �� � � �� 	 � 	� � � !	 �� 
 �� �� 
 
� � 
� � 

� � 
 � 
 �� �  	 � � �� 
�   � �� � 
 !	 �� 	� � 	� � � ��� �� 
 �� �� 
� � � 	 


-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# I



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

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

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

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

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

� � �� �� �

� 	�
 � � � � � 	�
 � � 	�! " � � � 	�
 �

� 	�
 � � � � � 	�
 �

 � � � � � � � � � � � 	�
 � # � � � �� �� � $

� 	�
 � # � � � 	�
 � � � � 	�! " � � � 	�
 � � �

� 	 � 	�
 � � 	�! " � � � 	�
 � � � 	�! " � � � 	�
 �

� ! � 	�
 � � 	�! " � � � 	�
 �

� ! � 	�
 � � 	�! " � � � 	�
 " � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



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

� � �� � ! 
 � 

� � � �� � � � �� �

� ��� � � ��� � ��� �

� � �	 �� 

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

� � � � � � � � ��� �

� � � � ��� �

� �	 � !	
� �� �� �	� � � �� � �
� � �� �� � �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L# �



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

� �� �� � 	 � 
 
�  �� � � 	 � �� 
 	 � ! 
� 	 � 	 
 ! �� �� 
  � �� � 	 !  � � �� �	 
 �  � 
 � !	�

��  � �� �� 
 � � �� 	 
 � � 	 � ��  � �  � � � � � � � �� 	 � 	 " " �� 
 �� ! �� � � � � �  !  � � 	 � �

� �� �  �  � 
 � � 
� � 	�  � � �� � 	�  ! �� �� �  �  � 
 �	 " 	 
 � 	 !  � � � �� �� � 	 � � � 
 � � 


�  � 
 �� " " 	 � �� � 
� ��  !	   �� �  ��  � �� �  � � 
 �	 " 	 
 � 	 �

� � �� � 	 � �   � � � �  � � �� � �� 
 	 � � �� �	 
 �  � 
 � !	 ��  � �� � � � � � �� 
� �  � � � � �

	 � �� 	 � � 
 � � � 
 � � 	 � �� � 	�  � �   � � � � �  	 � �� � ! 
 !	  � �� 
� ��  � � � � 	 � 	 
 � 	

!	 � 
 �	 " 	 
 � 	 �� � � 
 � ! 
 � � � � �� � � �� " 	 
 �  !	 � �� �� �" 	 
 �  � 
 �� 
 � 
� �� 	 � �� � � 

��� � 	 � � 
 !	 � �� � 	 ���  ��  � ! �  � �� 	 � � � �� � 
 �  � �� ��

��   � � 
 � � �� �	 
 � 	 �� �� 	 �	 � 	� �� �� 
 !	 �	 
� ��  � 
 � � � 
 � 
� � �� � � ��� � �

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

� 
 � � �� �	 
 � 	 �� �� 	 �	 � 	� �� �� 
 !	 �	 
� ��  � 
 � � � 
 � 
� � �� � � ��� � � � � �� 	

��� 	� 	 � 
 � 
 !  	 � � 	 � 
� 	 " 	 � �� � 
 � � � � � � �  � �	 � !	 � � � � � �	 
� � �� �  !  	

�� 
 �� �� � 	 � � � � � �	 !	 � 
 � 
 ��  � " � � � � 
 � �	 �	 � 	 �	� � �" 	 
 � 	 ��� !  � 	 ! �  �  � 
 � �

! � � ��  �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

1 2 3 4 5 6 7 8 9 10 11 12

24 23 22 21 20 19 18 17 16 15 14 13

0

25

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� M



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

�� �	 
� 	 � 
 � ! � � � 	 � 	 �� 	 � 	 �  �  � � 	 � � � � �� 	 � 
 � 
 	 � � � 
 ! 
� � 	 ! � ! � !	 � 
�  �� 
 � �� " �

!	 � �� �  � � � � 


� � � �	 
 � � �� 	� � �� 
 � 
 � � �� � 	 
 !	 � 
 � � ��
MIN

MAX

2

CHANCE

4 7 4 6 0 5 −2

2 4 0 −2

0.5 0.5 0.5 0.5

3 −1

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� #



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

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

� 
�  � � � � � �� � � 
 � ���  � �  " 	 
 �  �  �	 !  � 
 � 
 � � �� � ��  �� �  � � 	  �  � � 	

� � � � �� 	
� � �

�� �� � � � 	 � � � �� � 
 !  �	 
�

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

�� �� � � � 	 � � � � � � 
 !  �	 
�

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

�� �� � � � 	 � � � �� �  � 
 !  �	 
�

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

� � �
�	� � ��  � 	 � ��  � �  � ��� � 
 !	 � �� �  �

� � �� � � 	 � 	 � 	� ��� � �� � ���� � � � � � � � �� �� �� � ��� � � ��� �� �! ��� � � � �� � � 	 � 	 � 	� ��� � �� � ��� �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �
2

[ −     ,  2     ]

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

0.5 0.5

[ −     , +      ]

[ −     , +      ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

0.5 0.5

[ −     , +      ]

[ −     , +      ]

2 2

[  2    ,  2     ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �

[ −     ,   2    ]

2

[ −     ,   2    ]

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

0.5 0.5

2 2

[  2    ,  2     ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� I



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �
2

0.5 0.5

[ −     , +      ]

[ −     , +      ]

[ −     , +      ]

0.5 0.5

2 2

[  2    ,  2     ]

1

[   1   ,   1    ]

[  1.5   ,  1.5    ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �

[ −     ,   0    ]

2

0.5 0.5

[ −     , +      ]

[ −     , +      ]

0.5 0.5

2 2

[  2    ,  2     ]

1

[   1   ,   1    ]

[  1.5   ,  1.5    ]

0

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L� �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �
2

0.5 0.5

[ −     , +      ]

[ −     , +      ]

0.5 0.5

2 2

[  2    ,  2     ]

1

[   1   ,   1    ]

[  1.5   ,  1.5    ]

0 1

[  0    ,   0    ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



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

� � � � � �	 
 �  !	 � 
� �� �� � 	 � �� 	 �  �� ��  � 
 � �	 ��  �

[ −     ,   0.5   ]

[ −     ,   1    ]

2

0.5 0.50.5 0.5

2 2

[  2    ,  2     ]

1

[   1   ,   1    ]

[  1.5   ,  1.5    ]

0 1

[  0    ,   0    ]

1

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � M



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ] [ −2 , 2 ]

[ −2 , 2 ][ −2 , 2 ][ −2 , 2 ][ −2 , 2 ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L �#



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ] [ −2 , 2 ]

[ −2 , 2 ][ −2 , 2 ][ −2 , 2 ][ −2 , 2 ]

2
-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L ��



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ]

[ −2 , 2 ][ −2 , 2 ][ −2 , 2 ]

2 2

[ 2 , 2 ]

[ 0 , 2 ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ]

[ −2 , 2 ][ −2 , 2 ][ −2 , 2 ]

2 2

[ 2 , 2 ]

[ 0 , 2 ]

2
-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ]

[ −2 , 2 ][ −2 , 2 ]

2 2

[ 2 , 2 ]

2 1

[ 1 , 1 ]

[ 1.5 , 1.5 ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L ��



� � �  �� �  � � � � �

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

!  � �  � 
 � � 	 

0.5 0.50.5 0.5

[ −2 , 2 ]

2 2

[ 2 , 2 ]

2 1

[ 1 , 1 ]

[ 1.5 , 1.5 ]

0

[ −2 , 0 ]

[ −2 , 1 ]

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L �I



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

�� � � 
 !  	 ! � !	 � ��  � � � 	 � � �� 
�  !	 � � � � � 
 � �	 �	 � 	 � 	 � ��� �� 	 � 
 � � ! � !	

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

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

� 
 � ��� � ��  � � ��  !  � � � �� 
 � 
 � !	� � � � � � �� 
 � � �	 � 	� � � !	 � � � �	 �� � �  �� ! �� 
 � 
 ! 


�	 � 	 ! �� 
� 	 � � �� 
�  !	 � 
 
� �  � ! �	 � 	 ! �� 

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

� � � � � � � � � � � �� �� 	 � � � � !	 �� 
 � 
 � !	� � �� � �� � � �� " 	 
 �  � �� � � 
 �� 


� � 
 � �
� � 	 �  � � 
 !	 � �� �	 
 �  � 
 � !	 �� 

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



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

CHANCE

MIN

MAX

2 2 3 3 1 1 4 4

2 3 1 4

.9 .1 .9 .1

2.1 1.3

20 20 30 30 1 1 400 400

20 30 1 400

.9 .1 .9 .1

21 40.9

a1 a2 a1 a2

�� � 
� � 
� � ��  � � 
�  ��  �� � �� 
 � 
 � 
 ! �� � � � � 
� � �" 	 
 � 	 �� � 	 ��� 	 � � 	� �� � 	 !	

� �� �
� �	 � !	� �� � ! 
� �  � �  � ��  �� 
 � 
� " 	 
 � ��  �� � �� 
�  � � ��� � �� 
 !	 � � � ! � � � 


-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



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

�� �� � �	 
� 	 !	 � �� �  � ! 
�  �  � �� �  	 � 	 " 	 �� 	 !  � ��� �� � � � �� 	 
 � 
 � 
 �� 
 � 
 �� 	 �� 

� 	 �	 � ��  � �  �	 � �� 
 � �� � 
 � ��  �� � �� 
 � � �	 � 	� � � ��� 
 � � 	 � 
 � �	 �	 �  � �� �" " �� ��

�  � �� �  � � �� 
 �� 	 
 � 
�  � �	 ��  � � �� ! � ! 
 � 
 � � �� � 	 � �	�  � �� �  �� ��� 	 � 	 " 	 


!  � �	 
� 
��

� !  �� � �� � 
 � ��  	 � � �� 
�  � 	 � 	� �� !	 
 � � 	 �" 	 
 �  	 � 
 � � 	 �� �" " �� � �

� �	 � !	 ��  � � 	 �  ��� �" 	 
 �  � 
 � 	 � � �� 
�  � � ��� � �� 
 �	� � ��� 
 � �� �� �  � 

�� �" " ��  �

� � � 
 � �� � 	 ��  � � �� � �" 	 
 � �  
� � 	� � ��� 
 � � 	 � �� � 	� � �  � � ��  
� � 	� ��

� � � �	 � � 	 � � 	 
� �� 
 �� �� � � �  �	 
� � � �� 	 ! �  � � � �� 
 � �	� � � � �� � 	 !  � �  �

� � � � �  � 
 ! 
 �

� � �  � � � � � � � �� � 	�  � 
 � �	 ��  � � 	 � 
 � 	 � � 
� � �" 	 
 �  � �� �  !	 � 	 �� �" 	 
 � 	 !	

��  � �� � ��  � � 	  ��� �" 	 
 �  �  � 	 � �  �	� �� �� 	 	 � �  !	 �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



� � �� �� �

�� 	 ! �  �  � �� �  � � �� �	 
� � ��� �� 	� 


8

9 2

66 6 8 7 6 6 7 6 6 7 6 6 7 6 7

4 2 9 3 4 2 9 3 4 2 3 4 3 4 3
0

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � M



� � �� �� �

�� 	 ! �  �  � �� �  � � �� �	 
� � ��� �� 	� 


6

4

8

9 2

66 6 8 7 6 6 7 6 6 7 6 6 7 6 7

4 2 9 3 4 2 9 3 4 2 3 4 3 4 3
0

8

9 2

6 6 8 7 6 6 7 6 6 7 6 6 7 7

2 9 3 2 9 3 2 3 3 3
0

4444

6MAX

MIN

MAX

MIN

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L �#



� � �� �� �

�� 	 ! �  �  � �� �  � � �� �	 
� � ��� �� 	� 


8

9 2

66 6 8 7 6 6 7 6 6 7 6 6 7 6 7

4 2 9 3 4 2 9 3 4 2 3 4 3 4 3
0

6

4

8

9 2

6 6 8 7 6 6 7 6 6 7 6 6 7 7

2 9 3 2 9 3 2 3 3 3
0

4444

6

6

4

8

9 2

6 6 8 7 6 6 7 6 6 7

2 9 3 2 9 3 2 3

7

3

6

4
6 6 7

3444
6

6

7

34

−0.5

−0.5

MAX

MIN

MAX

MIN

MAX

MIN

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L ��



� � �� �� � �� � � � � � � � � � � �

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 ��  � !  � � �	 � 	 �� � � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	
�

� �	 ��  � !  � � !  �� � � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � ��

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



� � �� �� � �� � � � � � � � � � � �

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 ��  � !  � � �	 � 	 �� � � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	
�

� �	 ��  � !  � � !  �� � � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � ��

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 ��  � !  � � �	 � 	 �� � � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � �
�

� �	 ��  � !  � � !  �� � � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	 �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �



� � �� �� � �� � � � � � � � � � � �

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 ��  � !  � � �	 � 	 �� � � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	
�

� �	 ��  � !  � � !  �� � � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � ��

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 ��  � !  � � �	 � 	 �� � � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � �
�

� �	 ��  � !  � � !  �� � � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	 �

� � �� � � ! � � � 
 � ! ��  � ! �� �	 � � 
 � 
� �� � 	 
 !	 �� " " 	 !� 
� 


� � �� � � ! � � � 
 � ! ��  � ! �� 	 � � � 
� 	 
 �

� �	 	 � ! 
� 	 � � � � �� � � ! � �	 � �� � �	 � � 
� � �� �� 
 � � � � � 
 � � !	 �	 
	  � � 	
�

� � 
 � �	 	 � ! 
� 	 � � � � �� � � ! � �	 � �� � �	 � 	  �  	 � �  �� 	� 	 ! � �� � �� 
 � � ��

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L ��



� �  �� � � � �� � � � � 

� �� 	 � � �	 " 	 
 �  �  	 � � �� 
�  !	 
 � � 	 �" 	 
 � �  � ��  !	 � !  	 � � 
	 � �� 
� 	

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

�  � � � � 
 !	 	 � � 
� � �" 	 
 �  � 
 � � 
� �� � � �	 � � �� 
�  !	 �� � �" 	 
 �  !	 �� � !  ! �� � 


�� �� 
 !	 	 � � 
� � �" 	 
 �  
 �� �� 
 !	 � �  !  � " � � � � 	  � �� ��  �	 � � �	 �	 � � 
� � ��� � �  � � 

� � � 
 � �	 �	 �  �  � � ��   � 	 � � � ��  �� ��� 	 � � � � 
 !	 �� �� �� 
 !	 �� �� 	 !	 � �  !  � " �

� 
 � ! ��  � � 
� � 
� � ��  � � 	 � �" 	 
 � �� 	 � � �� 	

� � �	�  � 
 � � 
 �� 
 � 
 !	 
� �  � �  	 � � 
� � �" 	 
 � 

� � � � �� � � �  	 � � 
� � �" 	 
 �  �� �� 
 �� 	 
 � 
� � � � � 
 !	 �	 
� 


� � �	�  	 � � 
 ! 
 � � � � ��  ��� � 	 � 	� 	 " " ��  � � ��� !	� � !	 	 � � 
� � �" 	 
 � 

�� 	 �  � ��  	 � � 
� � �" 	 
 �  � � � 	 �� � � � �� 	 �

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L �I



� � � � � � � �

� �	 
� 	 	 � � � �� � �� 
� 
 �� 	 � � ��� � 	 	� � 
� � �� � 	 !  � ��� �� �  � � 	 �  � " � �� � 	� � 	 �� 

� � 
 � �	 � �� 
 
� �  � �  � � ��� � " 	 
 �  � �	 !  �  � � �� 
 � �	� �� 

� ��� 	 � � � �  " " � � 	 � � 
 � � ��� � � � � � ��  � � 
 !	 � �� 
� 	 � �� �� 	

-./ 0. 12 32 04562 78 459 92 :5 8 42 ;< => ?@A @ B C DEF F GA HI @J K> L � �


