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attacks
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Computation and memory requirements
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Initialize weights: Wji = 1.0

Read Input vector: X = (X1, X2, …, Xn)

Calculate choice function Tj(X)

max(Tj)

Sj(X) >= 

Update weight Wj

Reset all
TJ

Reset Tj = 0

Create new pattern

Yes Yes

No

No

^~��� 1���� ��
EO 1�^ \ " � � ��$R'J�5�,��'J�,� � �!* � $ �,��" * " / � ��� ^ 1�2�2�3�47` P $.\ �." � �
� �GH 


� ������� � 	�� � �

�h^ 1J696 �I�0" *�� " / � ���f� �." \ ��� * �  " *G*��! �,��" * �I�#�i� 3 �#� �!H � &G� � �!\ " ':�!& <=3���$ � $R< "�� . �S� /
� �G$ ���I�  �$R'J$R<J\�� " / H " &��!\ � * � � �." \ ��� * � 'G� "  �� �,� � ��� ��� " 1 � � � *J ��,�!H��!* � $.\ - " *G\ � *G�7\��!$R�_* � * � 
~� � �G$ �
<:���!* � 1G � �� �,� / 1G\
\
3%$R'J'J\ � �!& �#" < ��" � � *�/ " ��H[$ �,�  � - � '����! _�@$.*G& � H[$ � �m�,�! ".� * ���,�
" * . ��� / 
 P ��� " � ���F� *G$.\
�h^ 1G696 �G$ � $f; � ����\
$�3.��� �#� ��1G � 1G�,� 
0+ ���,�@�w� " *G\
3�1 � � ���,� ;G� �#�%� �������@\I$!3.��� � / " ��1G* � 1G'���� �=�
� �!&
\��!$R��* � * � � ^~��� 1��,� ��

�F� < �#�_


P ���%/ 1�2�2�3 � *�'J1 � \
$!3.��� � ��$.* � /	��� ��� ��� " � ���F� *G$.\ � *�')1 �w� $.\
1�� ��� * �#" H��!H <:��� � � � 'f&�� � ����� �
� ��� ��$�H��!H <:��� � � � '5/ 1G*G �,�
" *�$ �#� $. ��G�!& �#"n� ���0/ 1�2�2�3 � *G'J1 � * " &�� � 
 P ���0H[�!H0<:��� � � � '5/	1J*G �,��" *
 �$.* <:� � � � $.* � 1J\
$R�!-	�%$.1 �,��� $.*]-�$.*G& �#" " * 
 P ����*S1JH0<:���n$.*J& � ��� � 3=':� " / � ����H��!H <���� � � � '
/ 1G*G �,��" *n �$.*n<:�7&�3=*J$.H �  �$.\
\�3@H " & � ;G�!&n&G1�� � * �a� ���7� �." \ �=� * � 'G� "  �� �,� 
 � * � � �
� �,� � �!$R�� _�n���%1 � �!&
� ��� � � � $.* � 1G\
$R��H��!H <:��� � � � 'f/ 1G*G �,�
" * 



 *J\ ��� � ^ 1�2�2�3�47` P - �w^ 1G676 � � " 1G' �%� *�'J1 ��� �! �#" � �a� * �#" ')$ �#� ����* � <J$ � �!& " * " *��@& �
� �
� $.*G ���H[�!$ � 1��,� " *G\
3.- � ���[\ "  �$.\ * " ��H[$.\ � 2��!&d/	1�2�2�3�& �
�#� $.*J ���<�� � �w���!* $(/	1�2�2�3 � *�')1 �9� �! �#" � &�

$.*G&�$[�w� ��� � ��� �! �#" � � � $ �,�,"  � $ � �!&�� ��� �('J$ �#� ���_* � -)��� �  _� �
� &���;J*��!&(<=3

*��'&�
 (_� � �WV � &�
�} � � �
� &�
 � � � � ( �	��
��F�

��������� ��� � &G�!* ".� � �m� ��� � $.H�� � �! �#" ��* " �_H &���;)*��!& � * ^ 1G2�2�3f47` P 
 P ���7\ "  �$.\:* " ��H�$.\ � 2��!&n/	1�2�2�3



� �

& �
�,� $.*G ��a<:� � �����!*�$.*S3 � � " /	1�2�2�35H��!H <:��� � � � ' � �! �#" � �9�
� � ��� � � * � ���a��$.* � � " /�� j (!��� 

P ���f�,� �#�@" / � ���5 �\
1 �#� ��� � * � $.\ �." � ��� �JH " / �h^ 1J696 �
�i� ���,3 �,� H � \
$R� �#"�� �J$ �i" / ^ 1�2�2�3

47` P 
�� ���!*($@*���� � *�')1 �W� �! �#" � & �
� 'J�,� � �!* � �!&]- �h^ 1G676  �$.\
 �1G\
$ � � ��� ���a " �,�,� � ' " *J& � * � /	1�2�2�3
� *�')1 �m� �! �#" � &�
 $.*G&5� � $.\
1G$ � � �9� ��� * " ��H[$.\ � 2��!&(/ 1�2�2�35& �
�,� $.*G ���<:� � �����!* &�
 $.*G& � �G����b �I�#�,� * �
'J$ �#� ����*��w� ��� � ��� �! �#" � � 
 P ���a$. �,��� $ �,��" * " / � ���a'J$ �#� ���_*�* " &��a\
$!3.����� �
�m� �G�!*� �$.\
 �1G\
$ � �!& 
 P ���
$. �,��� $ �,��" * " /~$ �,� * � \��%'J$ �#� ����*�* " &G� �n�
� &G��;J*��!&(<=3

� � � �WV � � *d�'&�
 (_� � �#�7( �	��
	�F�

��������� �  �$.*(<:�7$ �,� H['J\���\ � *��!$R�w/ 1G*G �,�
" *]-S/ " ����b�$.H�'J\��.-
� � � �hV �w})*d�'&�
 (_� � �_
 �h^ 1J696 ;J*G& �
� ���[ �\ "F� � �#� 'J$ �#� ����*U* " &�� �5�#"�� ���@/	1�2�2�3 � *�')1 ��� �! �#" � � �G$ � �G$ �%� ���[� ��� ��� �#� $. �,��� $ �,��" * � $.\
1��
� � � �_
f� /�� � � �ie g -B�9�����,� g �
�%� ��� � Q � Q � �
����� 'J$R��$.H[� � ��� � � ��� " � ���F� *G$.\ �w^ 1G676 ')$R'�����*J$.H��!&
��������� � Q	� Q ��Q ����� ����� � ��� ��� � �S���	� - � ����*���� � *�'J1 �%�I� $ �,�,��� *G�!& �#"�� �G� �.� � 'J$ �#� ����* $.*G& � ���[��� ��� � �
� �! �#" � � ���
� 1G':&J$ � �!&5$. � " ��& � * ���#"n� ���a/ " \
\ " � � * �@� �! �#" � " ':����$ �,�
" *��

� 0NpRr�s�6� VL� 0qy �N{ 6� � u��'&�
a} � 0qy �E{ 6� �7( �	��

� j �

��������� u �
�W� ��� �����
���GQ�� � ���.��� 
 � � �����,� �
� �.-S$i*���� 'J$ �#� ���_*n* " &�� �
�  ��,�!$ � �!& �#" $. � " H[H " &G$ � � � ���
 �1��,���!* ��� * �#� $.*G �� & 


P ���n'J$R��$.H�� � ��� � g $.*G& u  �$.* <:� �#� $ �,�  R- " � � �G��3  �$.* <�� � �!\�/���$.&"!,1 �#� $R<J\��n��� � \
� � ���
�#� ��1J � 1��,� " / �w^ 1G676 � �." \ � � � 
 P ����3@ �$.*[� " \
& � ��� � $.H�� � $.\I1�� � / " �W$.\I\ � ����'J$ �#� ����* � - " � � ����3@ �$.*
<:�@'J$ �#� ����*�� � ':�! � ;) �#"5� �G$ ��� ����')$ �#� ����* * " &�� � �G$ � �G$ � H " �,� � * �,� $.*G ��[H��!H <���� � � � \
\~ ��J$.* � �
\�� �,� �����!* �
� $. � " H[H " &G$ � � � $�*���� � * �#� $.*J �� 
n� * " 1�� �!$R��\�3 � H�')\��!H��!* � $ �,��" *]- $.\I\ � ����')$ �#� ����*
* " &�� ��� �J$R�,� � ��� � $.H�� �#� $ �,�  g $.*G& u � $.\
1�� � 


#%$�# � �'&)(+*-,/.0(214365

� * � � �
�a� �! �,��" * �w�n&�� �  �� � <:� �#" H[�[��b=':��� � H��!* �,� 
 P �����!H�')�G$ �,�
�%" / � ���[��b�':��� � H��!* �,�
�
�m" * � ����1J*G&���� �#� $.*J& � * �i" / � " � ^ 1�2�2�3547` P $.*G& �h^ 1G696 <J$ � �!&�$.&G$R' �,��� ��$.* " H�$.\�3n&�� � �! �,�
" *
� 3 �#� �!H � � " � ��� *d'G��$. �,�  �� 
7� *�� " <8!|�! �,��� � " / " 1��a��b�':��� � H��!* �,�a�
�7�#"�" < � ��� � � � ��� � *89J1G�!*G �� " /
� $R� � $R< � \ ��� 3 " / � ��� � 1J*G$R<J\���')$R��$.H�� � ��� �9" * � �G�0':���,/ " ��H[$.*G �� " /W$.*�$.* " H[$.\
3�&�� � �! �,��" * � 3 �#� �!H 

47* ".� ����� " <8!|�! �,��� � " / � �G����b=':��� � H��!* �,� �I� �#"  " H�'J$R���4:�;=<x<)$ � �!& �#� $ �,�  �\��!$R��* � * � $.*J&�� �." \ ��� * �
 " *G*��! �,�
" * �
�#��� 3 �#� �!Hx<J$ � �!&�$.&G$R' �,��� ��\��!$R��* � * � 




� �

��������� �	��
���
�������
�����
�������
�
�� �����! "��� � ���#�� "�%$&
'�)(*
�����+

P ����&�� � $ � \ �n" * � 1�'G' " � �n� �! �#" ��H[$. �� � *���<)$ � �!&v$.* " H[$.\�3 &G� � �! �,��" *v$R�,�d'G�,� � �!* � �!&
� *U49'G':�!*G& � b�4 
]� * " 1�����b�':��� � H��!* �,� -����[1 � �!& :�; < �#" &��!H " * �#� ��$ � � � �G�[�w�!$ � *�� �,�0" / �,� $ �,�  
\��!$R��* � * � $.*J& � ��� � H�' " � � $.*G �� " /)$.&G$R' �,��� ��\��!$R��* � * � 
 :�;=<>�m$ � �!H�'J\ " 3.�!& �#" \��!$R��*@$%H " &��!\ � � 
 � 
 -
� 1�'J' " � ��� �! �#" � � � � �G$ � ; �,�7� ��� � ��$ � * � * � &J$ � $ � � � 
 P ���iH " &��!\ �m$ �%� ���!* � � �#� �!& " * � �G� � � �,�,� * �
&G$ � $ � � � � ��� � " 1 � $.*S3 1G':&J$ � � � � �S1 ���
�[�
���#� $ �,�  5\��!$R�_* � * � �_
 :�;=< �
�@" ' �,� H[$.\m�����!* � �G��&G$ � $
$R�,� � *G&���':�!*G&G�!* � $.*G& � &��!* �,�  �$.\
\�3(& �
�,� � � <J1 � �!& � � 
 � 
 & 
N�_
�� / � �����,�i��$ �  " *G ���' � &�� � / � <:� � �����!* � ���
� ��$ � * � * � &G$ � $ � � � $.*G& � ��� � � �,�,� * � &J$ � $ � � � -�:�;=< � " 1G\I& � �!*�����$ � �� �\
$ �,��� ;J �$ �,��" *0���,� " � � 
 49&J$R' �,��� �
\��!$R��* � * �  �$.* $.&G$R' ���#"  " *G ���' �  ��G$.* � � �f� *G ��,�!H��!* � $.\
\�3 $.*G& \
�!$R��* *���� 'J$ �#� ����* � �����!* *����
� � �#�,� * �0� * �#� $.*J �� � $R�,��'J�,� � �!* � �!& �#"0� ���9\��!$R��* � * �%� 3 �#� �!H 
 P �����,��/ " �,� � ���� �\I$ �,�,� ;J �$ �,�
" *[$. � �1���$. �3
�
��� H['G� "�� �!& 


� * " 1����,� � �!$R�_ ��]-G���01 � �!&-, �/. :�; < � � ��� ����" * D=
EO.�F� � �!O"� -J$.* � * � � � ��$ � �!& �#"S" \B/ " � :�; <
 �\
$ �,��� ;J �$ �,��" *5$.*G&��,� � �,� �,�,�
" * 


�������10 23 4+5�%6��*���#��
7 4�

P " / $. � \ ��� $ � �i':���,/ " �_H[$.*G ��  " H['J$R� �
�#" *�$.H " * � & �98 ���,�!* � H[� � � " & � -)����1 � �!& � ���@ "F�#�
/ 1G*G �,��" *��

:<;>=@? V��|��} �BA ?�C�D�? � � �FEHG � D�IJ= ��K ;�= A ? A � � C�D�? � ( �	��

�.���

��������� � ����� ��� ��$ � � �
�@� �����_$ � � " /%&�� � �! � �!& � * � ��1 �,��" * � � $ �#� $. ���f" �nH[$ � oS1����_$.&�� � � - � ����/ $.\ � �
' "F�,���,��� �@��$ � � �
�%� ����'G� " <)$R< � \ ��� 3 � �G$ � $�* " ��H[$.\ � * �,� $.*G �� �
�  �\
$ �,��� ;G�!&d$ � �
��� ��� � � � � -~$.*J& � ���
'J$R��$.H[� � ��� E ����'G�,� � �!* �,��� ���9���!\
$ �,��� �% "F�#� & �L8 ���,�!*G ��7<�� � �w���!*($ /	$.\ � �7$.\I$R��H $.*J&f$iH �
��� 
 P �����,�
�
� * "�" < ����" 1 � ��$�3 �#" &�� � ����H � *�� � �G� � $.\
1�� " / E - �,� *G �� � ���5 "F�#�i" /�$�/ $.\ � �n$.\I$R��H $ � ���!\
\�$ �
� ���� "F�#�a" /�$fH �
�,� � � \
\ � $R��3�/	� " H " *��@�!* ��� � " *GH[�!* �%�#" $.* ".� ����� 
i+ �����i��� � � �a� ��� E � $.\
1�� �#"
� -J�9� �  �����$ � 1 � �!& � * � � j � -)��� � \
� ".� ����� � $.\
1�� � $R�,�  ���� � $ � *G\�35$R'G'J\ �  �$R<J\�� 
 ;W$R��3 � * �[� ��� � 1J*G$R<J\��
'J$R��$.H[� � ��� �NM�� $.\
1G� � �,� � 1J\ �,��� *�& �L8 ���,�!* � � ��� �_$ � � � $.*G&�/ $.\ � ��' "F�,���,�
� ����$ � � � -]$.*G&]- � 1�< � �!oS1��!* � \�3.-
& �L8 ���,�!* �  "F�#��� $.\I1�� � 
 P ���a\ " �w���9 "F�#� - � ���%<:� �#� ����':���,/ " ��H[$.*G ��%$.* � * � ��1 �,�
" *n&�� � �! �,�
" * � 3 �#� �!H
�G$ � 




�S�

��������� �F�B���  "�����5� ������+>
7 �
	 � �>���#��
� 4�

� �� " *G&G1G � �!&d$ � ��� � � �9" /W��b�'���� � H��!* �,��" *d$ � 1�< � � �7" / � ���@&G$ � $ � � � ��8%8��m1�' ��� � �
� D.D"� 'G�,��'J$R�,�!& / " �i*�� � � " � � � * � ��1 �,�
" *U&�� � �! �,��" * 
 <�$.* 3 H[� � � " & � �G$ � ��<:���!* � � �#� �!& � ��� � � � �
�
' " 'J1G\
$R�a&G$ � $ � � � / " � � 1�':��� �=�I� �!& � * � ��1 �,��" *d&�� � �! �,��" * 
 P ����&G$ � $5\
$R<:�!\ � �w������1 � 1G$.\I\�3�1 � �!&d/ " �
� ��$ � * � * ��� �G�(\
�!$R��* � * ��� 3 �#� �!H � 
 � 1G� � �." \ ��� * �  " *G*��! �,�
" * �
�#�@� 3 �#� �!H � -h� " ��� � ���!-�& " * ".� �,�!\
3
" * � �G��&G$ � $ \
$R<:�!\ � 
 P ����3 <J1 � \I& *G� � � " � �  " *G*��! �,�
" *�'J$ �#� ����* �n� *J ��,�!H��!* � $.\
\�3 � *�$.* " *G\ � *��
1G* � 1�':��� �=�I� �!&�\��!$R��* � * � H " &�� 
 P �����,��/ " �,� � ����3 $R���d* ".� & � �,�! � \�3  " H['J$R��$R<J\�� �#" 'G�,� ����" 1 � \�3
'G� " ' "F� �!& � 1�':��� �=�I� �!&(\��!$R��* � * � H[� � � " & � 


P ��� ��� � � ��8%8
�m1�'(*�� � � " � �f� ��$��� %&G$ � $@$R�,�� " *G*��! �,�
" *�� <J$ � �!& 
 � $. ��5&G$ � $@���! " ��&]-
&�� �  �� � <:�!&�<=3 � � 3�H0< " \ �  �$ �#� � � <)1 � � � $.*G& Oc�  " * �,� *=1 " 1 � $ �#� � � <J1 � � � -� " �,�,� � ' " *J& ���#" $ P ����� � �
 " *G*��! �,�
" *U<:� � �����!* � � " � �L$.&G&��,� ��� � � 
i� *U$.&G& ���,��" *]-]$5\
$R<:�!\ �
� 'G� " �=� &��!& � *G& �  �$ �,� * � �9��� � �����
� ���9�,�! " ��& �
� * " �_H[$.\ " � ��� <:�!\ " * �F�W" *�� " / � �G��/ " 1��w$ �#� $. ��� 3=':� � � � � � � �����'� ��� 	���� $.*G& ��� � �_

P ��� � 3=H < " \ �  5$ �#� � � <J1 � � �[� �J$ � �G$ � � � � " ' "F���,� <J\�� � $.\
1�� � � � 
 � 
 - � � � � ��� Q � � �����,������'G�,� � �!* � �!&
<=3�$5< � *G$R�,3��!* � �,3d� �
� � � ��� � $.\
1�� " /�j " � �R
 ^�" � � 3�H < " \ �  @$ �#� � � <J1 � � ��� �G$ � �G$ � ��H " �,� � �G$.*
� � " ' "F�,��� <J\��� �$ � � �." � �  �$.\ � $.\
1G� � -%�w� 1 � �!& H 1J\ �,� 'J\����!* � � � � �5�#" �!*J " &�� � ���!H � * � ��� � �! �#" �
�,��'G��� � �!* � $ �,�
" *]- " *�� �!* � �,3(/ " ���!$. ���' "F�,�,� <)\�� � $.\
1G� 
 P ���a�!* � �,35 " �,�,� � ' " *J& � * �@�#"�� �G�0 �$ � � �." �,3
� $.\
1��(�G$ � $ � $.\
1�� " / � ��� � \�� � ��� ".� �G�����!* � � � � � $R��� � � �@�#" j 
 P ���f$ �#� � � <J1 � � � � � � Q���� �G$ � �G�
� 3=':� � -]$.*G&��w�@/ 1�� � �����7 �\
$ �,�,� ;J�!& � ���!H � * �#"����S� �N��� � ���N�������N����� �N� �#�.� � ���.� �
� ���"![�#" �,�!&G1G �� � ���
� �! �#" �%& � H��!* ����" * � 
 P ���a�,� � 1G\ �,� * � /	�!$ � 1��,� � �! �#" � � �G$ � � $ �#".� $.\ " / �F� & � H��!* �,�
" * � 


: � *G ��[& �L8 �����!* �  " * �,� *=1 " 1 � $ �#� � � <J1 � � � �w������H��!$ � 1����!& " * � ����3 & �L8 ���,�!* � �  �$.\�� � - � ���
� 8 �! ��" / �#" H[�($ �#� � � <J1 � � � H ��� � � <:�f " H�')\�� � �!\�3 &G��$R�,/	�!& <S3 ".� ����� �@� �G$ � �J$ � ��\
$R� � ��� �  �$.\�� � 

P ��������/ " �,�a��� �  �$.\
�!& � ���0$ �#� � � <J1 � � ���#"[� �G�a��$.* � � " /�� j (!��� <=3( �$.\
 �1G\
$ �,� * � �

& � V � � }$# A � � � % �
# D 8 � � % � }$# A � � � % � ( �	��

�!DF�

��������� � %~�
��� �G��$. � 1G$.\ � $.\
1�� " / $ �#� � � <)1 � � A -G$.*G& � �G�0H[$cb � H 1JH>$.*G&�H � * � H 1JH $R�,� � $ � �!* " � ���
� ���9��� " \��7&G$ � $ � � � 
h+ " ��� � ���!-����7$R�,�7$!�m$R�,� � �G$ ��� � �
�h�  �$.\ � * � � �! ��G* � oS1��9� " 1J\
&�* ".� � " � ��� / � ���
H[$cb � Hi1GH>$.*G&�H � * � Hi1GH � $.\
1G� � $R�,�0* ".� � * " ��* ����� Q��
� Q 


� �9/ " ��H��!&f$ � 1�< � � �w" / � ��� " � ���F� *G$.\G&J$ � $ � � �  " * �,�
�#�,� * ��" / �F�RDF�.� * " ��H�$.\J " *G*��! �,�
" * �
$.*G& ����� � $ �#� $. ��� <=3 ��$.*J& " H[\�3 � $.H['J\ � * � 
 � � � ���!*  " *G&G1G � �!& � � " ��b�':��� � H��!* �,� � ��� � � � �
�
� 1�< � � � 
 P ����;J� �#� ��b�':��� � H��!* � �'&)( �+*-, � ��$ � &�� �,�
� *��!& �#" � � �#�(" 1��(� �." \ ��� * �  " *G*��! �,��" * �
�#�



���

P $R<J\�� ��

� ��691GH <:��� �m" /~* " ��H[$.\�$.*J&5$ �#� $. � ��b�$.H�'J\�� ��� * & ( �+* , $.*G& & ( ��*�� 

& ( ��* , & ( �+*��

* " �_H[$.\ $ �#� $. ��� � ��$ � * � * � * " ��H[$.\ � � �#�,� * � * " ��H[$.\ $ �#� $. �=�
�F�RDF�.� � � � O � ��� j � �.O.�F� � � j

� 3 �#� �!H � 
 � * � ���7&J$ � $ �#� ���!$.H " / & ( ��*�, - � �G�7$ �#� $. � ��b�$.H�'J\�� � ��$.*G& " H[\�3�&���$���*�/	� " H � ��� ����� �
$ �#� $. ��� �����,� � * � ��� � �!& � * �#"(� ��� �F�RDF�.� * " ��H[$.\ ��b�$.H['J\�� � � ��� �d$ ��� 'G� " <J$R< � \ ��� 3 
 ^ 1�2�2�3�47` P
$.*G& �h^ 1J696 �w���,�7�!H�'J\ " 3.�!& �#" H " &G�!\ � ���%*�� � � " � �  " *G*��! �,��" * �w" * � ���49G3[/	� " H $.*f�!H�' � 3 � � �
" /]* " ��H[$.\J'J$ �#� ����* � $.*G&�&G� � �! �h� ��� � * � �_1 �,��" * � � * � ����&G$ � $ �#� �,�!$.H 
 ^G" � � ��� � �! " *G&n��b=':��� � H[�!* �
�'& ( �+* � � - � ��� � �_$ � * � * � &J$ � $ � � � $.*J& � � �#�,� * � &G$ � $ � � � �����,�9/ " ��H��!& �#"  " H�')$R�,� � �G��':���,/ " ��H[$.*G ��
<:� � �����!* �#� $ �,�  7\��!$R��* � * � $.*G&f$.&G$R' �,��� �7\��!$R��* � * � 
 P ����;G� �,� � j � " / � ��� �F�RDF�.� * " ��H[$.\J��b�$.H�')\�� �
�����,��1 � �!&�/ " � � �_$ � * � * � -:$.*G& � ���@�,� �,� / " � � � �#�,� * � 
 P ��� � � �#�,� * � &G$ � $ � � � $.\ �#"5� *G �\I1G&��!&�$ �#� $. �=�
� * � ��� � ':��� � �!& � * �#"i� �G�7* " �_H[$.\J��b�$.H�'J\
� � � ��� � � �G�9'G� " <J$R< � \ �
� 3 " / ���f
 P �G�7H " &��!\�\��!$R��*��!&n/	� " H
� ��� � ��$ � * � * � ��b�$.H�')\�� � �m$ � $R'G'J\ � �!& �#"n� ��� � � �#�,� * � &G$ � $ � � � 
 P ��� H " &��!\B�,�!H[$ � *��!&�1G*G ��J$.* � �!&
&G1�� � * ��� ��� � � �#�,� * � 'G� "  �� �,� / " � �#� $ �,�  �\
�!$R��* � * � -c��� � \�� ��� �m$ � 1�']&G$ � �!&@ " * �,� *=1 " 1 � \�3a/ " �W$.&J$R' �,��� �
\��!$R��* � * � H�� � � " & � 
 P $R<J\�� ��

� \ �
�,�,�a� ����*=1GH <���� ��" /�* " ��H[$.\w$.*G& $ �#� $. � ��b�$.H�'J\�� � � * &)( �+* ,
$.*G& &)( �+*�� 


�����	��

���������	�������������
��� ��!"�#�$!�� %$�&���'�

P ��� ��Q � Q � �
� � � 'J$R��$.H[� � ��� g  " * � � " \ �m� �G�7&�� � ����� " / H �
� H[$ �  _��<:� � �w���!*5*���� � * �,� $.*G �� �
$.*G&U'J�,� �=�
" 1 � \�3�\
�!$R��*��!&U'J$ �#� ���_* � 
 P ��� � �,�!$ � ��� � ��� � $.\
1�� " / ��Q � Q � � ��� � - � ����H " �,� �,� H � \
$R� � ���
� * �,� $.*G �� ��" 1 � � �m�#" <:� � * " ��&G��� �#" <:�%$ �,�,��� *��!& �#" $ 'J$ �#� ����* 
 � � �#� 1J& � �!& � ���9� 8 �! ��" / � $R�,3 � * �
g ��� � \�� � ����' � * �(� ��� � $.\
1�� �7" / ".� �G���a'J$R��$.H�� � ��� � ;�b=�!& 
 P $R<)\�� ��
ED 'G�,� � �!* �,�a� ���@�,� � 1J\ �,� �����!*
g M �0� $.\I1��[�m$ �0� $R� � �!&U/	� " H j 
	� �#" j 
	� � � �
� � � ����&G$ � $ �#� �,�!$.H " / & ( ��* , 
 P ��� �����
� �JQ�� � � �.���
'J$R��$.H[� � ��� u ��$ �7� � ���#" j 

� -)( s+*-, �/. �m$ � � $.*G&10 A � � y32�p
, �m$ � ��
 P �G��/	$.\ � ��' "F�,���,��� �a�_$ � � �m$ �
 �$.\
 �1G\I$ � �!& $ � � ����':���� ��!* � $ � � " /�* " ��H[$.\ � * �#� $.*J �� �0� �G$ � �w�����f\
$R<:�!\��!&54 ���76 478 �79	:0" 1 �i" / � ���
�F�RDF�.� * " ��H�$.\)��b�$.H�'J\
� � 
 : � H � \I$R��\�3.- � ���%� ��� ��$ � �%��$ �m� �G�9':���� ��!* � $ � � " /B&�� � �! � �!&�$ �#� $. �=� � � 
 � 
 -
\
$R<:�!\��!&;4 � �76 478 ��9<: � " 1 ��" / � �G� � � � $ �#� $. ��� 


P ���i�,� � 1G\ �,�7� � " � � �G$ �a� ���@/ $.\ � �@' "F�,���,��� � ��$ � � � *G ����!$ � � � H " * ".�#" * �  �$.\
\�3�$ �%� ��� �����F� �
\
$.*G �� � �G�,� � � " \
& �I� ��$ �
� �!& 
 P � �
�~�
� &G1�� �#"0� ����/ $. �W� �G$ � H " ����* " ��H[$.\ � * �#� $.*G �� � $R���� �\
$ �,�,� ;G�!&�$ �



� �
P $R<J\�� ��
ED � P ����'�����/ " ��H�$.*G �� � /	$.\ � ��' "F�,�
�,��� ���_$ � �.-7� �
� ��$ � � $.*J&  "F�#� � " / ^ 1G2�2�3 47` P $.*G&
�h^ 1G696 � ��� � � ��� � b=' 
f� &G$ � $ �,� �,�!$.H 
 `�� � 1J\ �,�a� \
\
1 �#� ��$ � � � �G� � H�'J$. �%" / � $R�,3 � * � g " * � ��� � �
':���,/ " ��H[$.*G �� 


^ 1�2�2�3549` P �h^ 1J696g / $.\ � �a' "F�,�
�,��� �%��$ � � � ��� ��$ � �  "F�#� / $.\ � �a' "F�,�
�,��� �%��$ � � � ��� ��$ � �  "F�#�
j 
	� j �R
��.D � �
�=
�� � j 
EO��.� j 
ED.� � � O.O=
Z�<� j 
E� �.D
j 
	��� D=
 j ��� �RO=
E� � j 
EO � � j 
EOc� j � OF�S
ED � j 
E�c� �
j 
	�.D D=
 j � � �.�=
EO � j 
Z� � j j 
Z� D���� O �=
EO � j 
E�.O.D
j 
	�.O ��������� 	�
������ 
�������	 j 
E�F�RO � �.�=
Z�<� j 
EOF� j
j 
	�c� D=
EO���� �.�=
	� � j 
Z� � � j 
��.D.O � �F�S
Z�<� j 
Z�S�R�
j 
	�.� O=

�!O � �.�=
E� � j 
E�.D�� �R
ED � � � ��
	� � j 
EO.D �
j 
	�.� O=
EO.O � �c��
Z�<� j 
E�.�.� � ������� ��
���
�� 
���� � 	
j 
	�F� ��
Z� D � � �=
N��� j 
EO.� � O=
EO j � ���R
N��� j 
ED ���
j 
	� � �=
������ �.O=
ED � j 
Z�G��� �=
	� � � � �=
N��� j 
Z� O.O
j 
	� � �=
��c�<� � �=

��� j 
E�c� � � �=
EO � � �=
E� � �R

� j

9
��� � � � 4 Q�� $.*G& � �G�!* 4 ����6 4�8 �79	: �9���!* � ��� � $.\
1�� " / g � *J ��,�!$ � � � 
 <��!$.* ��� � \��.- ���w�
�h� * � ���,� �#�,� * �a�#"
* ".� � � �G$ � � �G�m� ��� �_$ � � "F�  � \
\
$ � � � $ � \ " ����� g � $.\
1�� � -F$.*G& � ���!*�$R'J'G� " $. ��G� � �#" � j.j � $ � g �I� �_$ �
� �!&
*��!$R�,��� �#" �R
 j 
 � &��!$.\
\�3.- � ����� ��� �_$ � � � � " 1J\
& � *G ��,�!$ � ��H " * ".�#" * �  �$.\
\�3@$ � ���!\
\ 
 � �,�h"F�  � \
\
$ �,�
" *�H[$!3
� 1 �.� � �,��� ����$R<J* " ��H[$.\ ��� 3 " / � ����&J$ � $ 
 P ���� "F�#� " / ^ 1�2�2�3U49` P �,�!$. ���� �0� ����\ " �w� �,��� $.\I1��[$ �
g�V j M �.O � �
� ��$[/ $.\ � ��' "F�,�
�,��� ����$ � � " / D=
EO.� � $.*J&�� ��� ��$ � � " / �.�=
EO �f
 ^�" � �w^ 1G6760- � ��� \ " ��� �#�
 "F�#���
�w" < � $ � *��!&f$ � g@V j M �.� �9� � \�� � �G�7� �
� ��$ � � �
� � j � $.*G& � ���9/ $.\ � �7' "F�,���,��� �9��$ � � �
� $ � \ " � $ �
�R
	�F���f


�����	��

���������	�������������
��� ��!�� �<���7� �$� !�� � 
��

P ��� 8 � 4 � �JQ���� � 4 ��� 'J$R��$.H�� � ��� u &�� � ����H � *�� � � " ��/	$ �,� � ��� � 3 �#� �!H � � " 1G\I& $.&G$R' �i�#"
*���� � * �,� $.*G �� �a� * " ��&���� �#" $. � " H[H " &G$ � � � �G�!H 
 4 � ��� ����� � $.\I1�� " / u 'J\
$. �� � H " �,�@�w� ��� � �%�#"
� ���[*���� � * �#� $.*G ����9���!* ���a�
� $ �,�,�
� *��!& �#" $('J$ �#� ���_* $.*G& \�� ��� �w� ��� � ���#" ��b �
�#�,� * � H[�!H0<:��� �a" /
� ���n'J$ �#� ����* 
 � �f� � $.\
1G$ � �!& � ���n':���,/ " ��H[$.*J �� " / ^ 1�2�2�3 47` P $.*J& �w^ 1G676�� ��� � � �G� & ( �+* ,
&G$ � $ �#� �,�!$.H <S3U� � &��!\�3 � $R��3 � * ��� ��� 8 � 4 � �JQ���� � 4 ��� 
 P �����,� � 1G\ �,� $R�,�(&�� �  �� � <:�!& � * P $R<J\�� ��
EO=

P ����� Q��FQ 8 4 ����� 'J$R��$.H[� � ������$ �0� � ���#" j 
	�.O / " � ^ 1�2�2�3U47` P $.*G&Uj 
	�.� / " � �h^ 1J696 �,� � ':�! �,��� �!\
3
�,� *J �� � ����3f'G� " �=� &��!& � �G�%\ " ��� �#�  "F�#� �����!* � ���%� 8 �! �,��� �!*�� �,��" / � $R�,3 � * �i�=���F� \
$.*G ��7��$ ���#� 1J& � �!& 

( s)* , �/. ��$ �9� � ���#" � $.*G&#0 A � � y 2!p
, �m$ � ��


� �i�
��� * � ���,� �#�,� * ���#" * ".� � � �G$ � / " � � ��� & ( ��* , &G$ � $ � � � - u V j M � $R'G':�!$R� ���#" <:� � ���



� j
P $R<J\�� ��
EO � P ����':���,/ " ��H[$.*G �� " / ^ 1�2�2�3 47` P $.*G& �h^ 1G696 � ��� � � ��� � b�' 
�� &G$ � $ �#� ���!$.H 

`�� � 1G\ �,��� \
\I1 �#� ��$ � � � ��� � H�'J$. ��" / � $R�,3 � * � u " * � ��� � ��':���,/ " ��H[$.*J �� 


^ 1�2�2�3�47` P �w^ 1G676u / $.\ � �a' "F�,���,��� �%��$ � � � ��� ��$ � �  "F�#� / $.\ � �a' "F�,���,��� �%��$ � � � ��� ��$ � �  "F�#�
j 
 j.j � j 
ED.�.� � Dc��
	� � j 
N�R�.� D=
EOc�<� �R�=
Z�<� j 
EOF�.�
j 
 j � j 
E�F�R� � �c��
N��� j 
Z� �.O D=
ED j � � �=
EO � j 
EDc� �
j 

� ��������� 	�
 ����� 
������ 	 � ������� ��
 ��
�� 
���� � 	
j 
EO O=

����� � �=
E� � j 
E� j � �R
E� � � �.�S
EO � j 
EO.D �
j 
E� O=
Z�.�<� �=�R
 j � j 
Z� �.� �R
E�c�<� �RD=
N��� j 
EOF�=�
j 
N� O=
E� � � � j 

��� j 
E���!O �R
E� j � �.�S
Z�<� j 
EO.D.D
j 
	� O=
E�.O � �
�=
 j � j 
EO.� � �R
Z�S��� �R�=

��� j 
EO.DF��R
 j O=
ED.O � �F�S
�� � j 
E���!� �R
E�.� � � ��
	� � j 
EOc� O

<:� �#�  �� "F�  ���/ " ��< ".� � ^ 1�2�2�3547` P $.*G& �w^ 1G676 � * � ����H ��" / � ���0 "F�#� 
�+ �
� ����� u � $.\
1�� � 'J� "���� &��
�,�!\
$ �,�
� �!\�3 �#� $R<J\��9/	$.\ � ��' "F�,���,��� ����$ � � � $.*G&n� ��� ��$ � � � 
 ^G" � ^ 1�2�2�3�47` P -S\ " �w��� u � $.\
1G� � �	u�V j M j �
" �(j 
 j.j ���  �$.1 � ��Hi1G �� \ " �w���f/	$.\ � ��' "F�,���,�
� ����$ � � � $ � ���!\
\�$ � \ " �w���(� ��� �_$ � � � 
 ^�" � �h^ 1J696 -
� " �w� � ���!- � ����/	$.\ � ��' "F�����,��� ����$ � � � � �,� � � �!*f� ��� �����w$ � \ " ����� u � $.\
1�� � ��� � \�� � ���9� ��� ��$ � ��&��! �\ � *�� �
� \ �
� � � \�3 


�����	��

���������	�������������
��� ��! ( s)* , �/. �&� � 0 A � � y 2!p ,

( s+*-, � . $.*J& 0 A � � y 2!p
, $R�,� � � " ".� ����� � H[' " � � $.* � 'J$R��$.H[� � ��� � / " �h$.*[$.&G$R' �,��� ��$.* " H[$.\�3
&�� � �! �,��" * � 3 �#� �!H 
 ( s)* , �/. �,��'G��� � �!* �,�h� ���9&G�!\
$!3 � ��� � 3 �#� �!H � � \I\S��b�':��� � �!*G ���<���/ " �,� �
� � � $.\
1J$ � � �
$ *G����\�3l ��,�!$ � �!& 9
��� � � � 4 Q � 'J$ �#� ����* 
 � / �����I�[�#"=" \ " * � - � �����,� �I� $ � �
� � � �G$ � $.* $.* " H[$.\ " 1 �
� * �,� $.*G ��[ �$.* * ".� <��[�J$.*G&G\��!& � *U$ �,� H��!\�3�H[$.*G*���� 
[� / �����
���#"S"�� � " � � -B\I$R� � ��$.H " 1G* ��" /m/ $.\ � �
$.\
$R��H � H�$!3[<:� � �!*�����$ � �!& 
 0 A � � y 2!p , �I�h� ���aH � * � Hi1GH�*=1GH0<:��� " / H��!H <:��� �w� �G$ � $.* 9
��������� 4 Q �
'J$ �#� ����* " 1 � � �@�#" �G$ � �(<:��/ " �,� ��� �
�  _�G$.* � �!& �#" ���
� 6 478 
 � �5�!H�' � � �  �$.\
\�3 �#� 1G& � �!& � ���f� 8 �! �
" / � $R�,3 � * � ( s+*-, �/. $.*G& 0 A � � y 2!p
, " * � ���i'�����/ " ��H�$.*G �� " / ^ 1�2�2�3d49` P $.*G& �h^ 1J696 
 8 �98 ���,�!* �
� $.\
1�� � " /&( s)* , �/. $.*G& 0 A � � y 2!p , $.*G& � �G�m " ���,� � ' " *G& � * � �,� � 1G\ �,� $R����&�� �  �� � <:�!& � * P $R<J\�� ��
Z��
 P ���
� Q �.Q 8 4 ��� � ')$R��$.H�� � ���%��$ �a� � �9�#" j 
	�.O / " � ^ 1G2�2�3�47` P $.*G&�j 
	�.� / " � �w^ 1G6760-]$.*G& � ��� 8 � 4 � �JQ����
� 4 ��� �m$ � j 

� / " ��< ".� � " / � ���!H 


P ���7�,� � 1G\ �,�w� � " � � �G$ � ( s)* , �/. V � $.*G& 0 A � � y 2!p
, V � �
� $i<:� �#� ���� �� "F�  �� � �G$.* ".� �G��� �
/ " � ^ 1�2�2�3�47` P $ �m��� 'G� "���� &�� �w� ���%\ " ��� �#�  "F�#� 
 : � H � \
$R�_\�3.- ( s+*-, � . V � $.*J& 0 A � � y 2!p , V D �F��� � �
� ����<:� �#� ':���,/ " ��H[$.*G ��@/ " � �h^ 1G676 
 P ����� ��� ��$ � � " / �h^ 1G696 �
� � �
� �����a$.*G&UH " �,� �#� $R<)\�� � �G$.*



���
P $R<J\�� ��
Z� � P ����':���,/ " ��H[$.*G �� " / ^ 1�2�2�3 47` P $.*G& �h^ 1G696 � ��� � � ��� � b�' 
�� &G$ � $ �#� ���!$.H 

`�� � 1G\ �,��� \
\I1 �#� ��$ � � � ��� � H�'J$. ��" / � $R�,3 � * � ( s+*-, �/. $.*G& 0 A � � y32�p
, " * � ��� � ��':���,/ " �_H[$.*G �� 


^ 1�2�2�3�49` P �w^ 1G676
/ $.\ � � / $.\ � �

( s)* , �/. 0 A � � y32�p
, ' "F�,���,�
� � � ���  "F�#� ' "F�,���,��� � � �
�  "F�#�
��$ � � ��$ � � ��$ � � ��$ � �� D �R
N�=��� � ��
ED � j 
EO.� j � ������� 	�	 ����� 
 ��� 
��

� � ��������� 	�
������ 
������ 	 �R
	�F��� � j 
 j � j 
ED�� ��!D � �R
N�.��� �.�S

��� j 
EO.O.� �R
E�.� � � �=
Z�<� j 
ED j ��!D � ��
 j O � � j 
 j � j 
E�c� D O=
E�.� � �.D=
	� � j 
ED ����!D � �=
 j �<� �.�=
Z�<� j 
Z� j � �=
 j �<� �.�=
N��� j 
EOc� ��!� � D=
	�F��� ���R

��� j 
E�.�F� D=
	�.� � �.D=
	� � j 
EDc����!� � ��
	�.� � �RD=
 j � j 
E�F�.� ��

��� � �c��
EO � j 
EO j ��!� � j �=
N�.��� �c��
ED � j 
E�.�c� �=
Z�G��� �.�=
EO � j 
Z� D.D

� �G$ ��" / ^ 1G2�2�3 49` P $ �0� ��� � $.\
1�� �a" / ( s)* , �/. $.*G& 0 A � � y 2!p ,  ��J$.* � � 
n� �0� *J& �  �$ � � �a� �G$ �0�F��� �!*
� ���f& �
�#� $.*G ��nH��!$ � 1��,� " / �h^ 1J696 - � ���f$ �#� $. ��� $R�,�nH " �,�n& �I�#�,� * � 1 �I� �G$R<J\��@$.H " * ��� ���n* " ��H[$.\
� * �,� $.*G �� � 


� 
�� 

�$� � �<�&� � � ��! � � ��� � ��� 

����� � �<���7� �$� !

� �  " H�'J$R�,�!& ^ 1�2�2�3v49` P $.*G& �w^ 1G676 � �
� � :
; < 1 �,� * � � ��� &)( �+* � &G$ � $ � � �,� 

8%1�� � * �5� ��� � ��$ � * � * � 'G� "  �� �,� - ^ 1G2�2�3 49` P $.*G& �w^ 1G676>$ �,� 1GH[�!& � � ���,3U'J$ �#� ���_* �m$ � * " ��H[$.\
$.*G&[* "0� * �#� $.*J �����$ � & �
�  �$R��&G�!& 
 8%1�� � * �%� ��� � � �#�,� * � 'G� "  �� �,� -=� " ��� � ���!- � ��� � $ � �@" / ^ 1�2�2�3[47` P
$.*G& �h^ 1G676 <:�! �$.H�� � � " / " \
&��i� �." \ ��� * ��� ��� � � �#� ��1G � 1G�,� �#" $. � " H�H " &J$ � �f*���� 'J$ �#� ����* � $.*G&
&�� � �! �,� * � $.* " H[$.\ " 1 �a� * �#� $.*G �� � 
 ^�" � ��� H�'J\ �  ��� 3.-��w� � � � ( s)* , �/. �#" � $.*J&;0 A � � y32�p
, �#" ��
 � �
� ���!* � $R� � �!& � ����� Q �.Q 8 4 ��� � 'J$R�_$.H�� � ��� M �%� $.\
1��i/�� " H j 
	� �#" j 
	� � -B$.*G& � ��� 8 � 4 ���GQ ��� � 4 ��� M �%� $.\
1��
/	� " H j 
 j � �#" j 
	�=
 P ���0'J$R�_$.H�� � ��� � � �#�,� * �F�7� �G$ � 'G� " �=� &G� � ���i\ " ��� �#�  "F�#� / " � ^ 1�2�2�3�49` P $.*G&
�h^ 1G696 $R�,� � � " �9* � * P $R<)\�� ��
E�=


P ��� :�; < H " &��!\w\��!$R��*��!& /	� " H � �G� " *����� �\
$ ��� � �_$ � * � * � &G$ � $ � � � ��$ � $R'G'J\ � �!& �#"�� ���
� � �#�,� * � &G$ � $ � � � 
 � " H[H " * � 3=':� ��" / � ����*��!\)/	1J*G �,��" * � 1 � �!& � *):�;=< � *J �\
1G&���\ � *��!$R�!- �_$.& � $.\G<)$ �,�
�
$.*G&�' " \
3=* " H � $.\:/	1J*G �,��" * � 
�� * " 1��9��b=':��� � H[�!* �,� -J�w� / " 1G*J& � ��� ��$.& � $.\]<)$ �,�
� � ����*G�!\�':���,/ " ��H��!&
<:� �#� ��� � �G$.* ".� ����� � ����*��!\7/ 1G*G �,��" * � / " � " *����� �\
$ �,� \��!$R�_* � * � 
 P ����'J$R��$.H[� � ����� � �.O
� -���� �  ��
 " * � � " \ ��� ���9*=1GH <:��� " / � 1G'G' " � �W� �! �#" � � $.*G&n���,� " � � -S�m$ � &�� � ����H � *G�!&[<=3� �� "F�,�w� $.\ � &G$ �,��" *�� ��� �
� ��� � �_$ � * � * � &G$ � $ � � �,� 




�.D

P $R<J\�� ��
E� � P �G�a'�����/ " ��H�$.*G �� " /2:�; < - ^ 1�2�2�3�47` P $.*G& �w^ 1G676 � * & ( �+*�� 

:�;=< ^ 1�2�2�3547` P �h^ 1J696g j 
	�.O j 
	�.�u j 
ED j 
 j �

/ $.\ � �a' "F�,���,��� �a�_$ � � �!D=
Z�<� D=
	� � � j 
�� �c�<�
� ��� �_$ � � � j 
N��� �c��
 j � �.�=
 j �
 "F�#� j 
��.O.� j 
ED.O � j 
ED j O

P $R<)\�� ��
E�  " H�')$R�,� ��� �G��':���,/ " �_H[$.*G �� " /2:�;=< - ^ 1�2�2�3549` P $.*G& �w^ 1G676 
 :�; < �m$ �
$R<J\�� �#" &G� � �! � � j � " / � ����$ �#� $. ����� * � ��� � � �#�,� * � &G$ � $ � � � 
W+ " ��� � ���!- � �G��/	$.\ � ��' "F�����,��� �m��$ � ���m$ �
$ � � ��� �[$ � �!D=
Z�<� -=�9� �  �� � *G& �  �$ � � � � �G��'G�,� � �!*G �� " /] " *G ���' � &�� � / � <�� � �w���!* � ��� � �_$ � * � * � &J$ � $ � � �
$.*G& � ��� � � �#�,� * � &J$ � $ � � � 
 � " H�'J$R�,�!& �#" :�;=< - ^ 1�2�2�3 47` P $.*G& �h^ 1G676 � �!*G����$ � �!& �,��� * � ;J �$.* � \�3
\�� �,� / $.\ � ��$.\
$R��H � 
 ^ 1�2�2�3d49` P �m$ �a� ���@<:� �#�%� * � ����H �%" /w� ��� �_$ � �.-��������,�!$ � �w^ 1G676 � $ � � � ���
\ " �w� �#�  "F�#� 


��������� $ 
 +�� ������
���� 	 � �>���#��
� 4��� 
J��(�� + � ���H�� ��
	�
���� 	 
���


� � 
��&���'
 � �	��� �7� ��
 ���)���

� � " < � $ � *��!&d$ � � �%" / � � *G& " � � 6 P 1 � ���%'G� " ;J\ � * � &G$ � $f/�� " H $.*U6=:�4 " �� ���� 
 P ���
&G$ � $ ��$ �  " \
\��! � �!&�/ " � D j 1 � ��� ��" * D�� & �98 ���,�!* � � "F�#�,�n� *l$U�,�!$.\�� � " ��\I& �."�� ����*JH��!* � $ � �!*G �3
�!* �=� � " *GH��!* � � $ �,� * � \��(1 � ���[H ��� � � �G$ � ��� " � � �!& " *lHi1G\ �,� 'J\
�f� "F�,�,� �_
 8%1�� � * �d� ���5��$��X&G$ � $
 " \
\��! �,�
" *]-h$ �#"=" \m��$ � &G� � �!\ " ':�!& �#" o=1����,3 � ��� � � *G& " � � 6 P 'G� "  �� �,�@� $R<)\��('���� ��" & �  �$.\
\�3 � D
�#" O �,� H�� � ':��� � �! " *G& � $.*G&d " \
\��! � $.\I\ � ���@'G� "  �� �,�a� *�/ " �_H[$ �,��" * " /h�!$. �� 1 � ��� M � \ ".�F� * � � ���,��" * 

�W� "  �� �,� � �5� �G$ � �����,� * ".� ���!\
$ � �!& �#" 1 � ��� � &��!* �,� ;J �$ �,��" * �����,� ;J\ � �����!& " 1 � &G1�� � * � � �G�U'G�,���
'G� "  �� �,�,� * � 
 P ���%'G� "  �� �,� � ��� �J$ �  " �,�,� � ' " *G& �#"[� ���%� � *G& " � �w� �G��1 � ����$. �,��� $ � �!&�$R�,� " / � ':�! � $.\
� * � ���,� �#���#" 1 � <��! �$.1 � � � �G��3[�,��'G�,� � �!* �m� ���7'G� ".� ��$.H �w� �G�71 � �����m$ � ��1G*J* � * � 
 P ���%$. � �1GH 1J\
$ � �!&
��� 
L�,� H��%�m$ �  �$.\
 �1G\I$ � �!&5/ " ���!$. _� " / � ��� � �a� � *G& " ����$ �,�#"  � $ � �!&('G� "  �� �,� � � /	� " H>$�1 � ��� M � \ ".�F� *
�#" \ ".�." 1 � -w��� �  _� ��� 9G�! �,��� ���(� " � � \ " $.& � ���51 � ���@':���,/ " �_H��!& &G1�� � * ��� � �
� \ ".�F� * � � ���,��" * 
 ^G" �
'G� "  �� �,� � �m� �J$ � �G$ � � � ��� � $.H��a'G� "  �� �,� *J$.H��.- � ��� � � ��� 
 �,� H[� � �w���,��$.&J&��!& �#".� � � ����� 
 P ���!*5$
��� 
L�,� H�� � �! �#" �7 �$.*5<:�%/ " ��H[�!&(/ " ���!$. _��\ ".�F� * � � �,�,��" *]-��9�����,� � ��� � $.\
1�� " / �!$. _���!* � �,3 �
�m� ���
':���� ��!* � $ � � " / ��� 
 �,� H��7 " * � 1GH��!&n<S3n$ 1G* � oS1G��'G� "  �� �,� &G1�� � * �a� � �
� \ ".�F� * � � �,�,�
" * 
 P �����,�%$R�,�
� j � 'G� "  �� �,� � �  " * � $ � *��!& � * � � �
� &G$ � $ � � � - / " � ��b�$.H�')\��.- �6���$:�� 4 �8� - � ( � 8 �
� ��� - �79�� 8 ���
� - 6 : ��� � �



�.O

$.*G& �,"�" *]-G��� � \��9�!$. _� � *G& ����� &G1G$.\)1 � �����G$ � � �
�m" �9�G��� " ��*�'G� "  �� �,���|�."  �$R<J1G\
$R�,3 
��
� *�$.&G& ���,��" * �#"�� ��� � � 
 � *�/ " ��H[$ �,��" *�-��w�0$.\ �#"n� *J �\
1G&��!& � ���i\ ".�F� * �,� H[� � * � ��� � *�'J1 �

� �! �#" � � 
 4 1 � ��� M � \ ".�F� * �,� H����m$ �  �$ � � �." � � 2��!&v$ � � 4 � 8 � 67�
���GQ�� � � <���/ " �,� � 4 < � - 67�
� �JQ����
� <:� � �����!* � 44< $.*G& �!D � < � -)4 � ��� � ��� �
� � <�� � �w���!* �!D � < $.*G& � � < � " � � � ���GQ ��� � \
$ � ��� � �J$.* �
� < �_
 : � *G �� � ���7\ ".�F� * �,� H����G$ � / " 1��h' "F�,�,� <J\�� � $.\I1�� � - ���%�G$ � �7/ " 1G�h�!* � � � � �h� * � ��� � *�'J1 �~� �! �#" � �
 " �,�,� � ' " *J& � * �f�#"�� ���[\ ".�F� * �,� H�� 
 P ��������/ " �,���!$. _� \ ".�F� * � � �,�,��" * �I� �!*G " &G�!& $ � $ � �! �#" � � �G$ �
 " * � $ � * � � � 
 �,� H���':���� ��!* � $ � � �  " * � 1GH��!&�<S3 � ���91 � ���h$ � �w�!\I\G$ � / " 1��h$.&G& ���,��" *G$.\��!* � � � � �h� �G$ �
�,��'G��� � �!* ��� �G�01 � ��� M � \ ".�F� * �,� H�� 


� � � �!\
�! � �!& � ��� � 1 � ��� �]� �J$ � �G$ � � � ���hH "F�,� \ ".�F� * � � �,�,��" * ���#"�� ��� � ��$ ��" 1��BH�$ � oS1G����$.&��
� $R� � � �,� 
 � � � ���!*(1 � �!& � ���%�,�!H[$ � * � * � �!O 1 � ��� � $ � H[$ � o=1�����$.&���� � $.*J& � * � ��� � �!& � ��� � ��&G$ � $ � * �#"
� ���@&G$ � $ " / � ��� � 1 � ��� � 
 P � " ��b�':��� � H��!* �,� �����,�@ " *G&G1G � �!&�� ��� � � ���i&G$ � $ � � � - �,� H � \
$R� �#"f� ���
" *�� � � ��� � � ��� ��8%8 �m1�' ��� � � &G$ � $ � � � 
 P �G��;G� �#� ��b�':��� � H��!* � �'&)( �+*�� � ��$ � &�� �,��� *G�!& �#"
� � �#�%" 1��%� �." \ ��� * �  " *G*��! �,��" * �
�#�a� 3 �#� �!H � 
 P �G�iH[$ � oS1����_$.&�� ��b�$.H�'J\
� � �_$.*G& " H[\�3�&G��$!��*�/	� " H
� ��� �!O 1 � ��� � �����,�@�!H0<:�!&G&G�!& � * �#"(� ��� � 1 � ��� � M \ ".�F� * � � ���,��" * � � ��� ��$ O � 'G� " <J$R< � \ ��� 3 
7� * � ���
� �! " *G&n��b�'���� � H��!* � �'& ( �+*�� � - � * " ��&���� �#"  " H['J$R�,� � �G��':���,/ " ��H[$.*G �� " / :
; < - ^ 1G2�2�3�49` P $.*G&
�h^ 1G696 - � ��� � * " ��H�$.\ 1 � ��� �NM \ ".�F� * � � �,�,��" * � �����,� � 'J\ ���9� * �#"5� � " 'J$R� �,� 
 P �G� ;G� �#� �G$.\�/ " / � ���
\ ".�F� * � � �,�,�
" * � �����,�n1 � �!& / " � � ��$ � * � * �5� ���f\��!$R��* � * ��� 3 �#� �!H � -~$.*G& � �G���,�!H[$ � * � * � / " � � � �,�,� * � 

P ���!* � ���@H[$ � o=1�����$.&�� ��b�$.H�')\�� � �����,� � * � ��� � �!& � * � ��� � � �#�,� * � &J$ � $ � � �,� � ��� ��$n'G� " <)$R< � \ ��� 3 " /
� �f
 P ��� � $.\
1�� �7" / � ���iH�$ � oS1G����$.&��@'G� " <J$R< � \ ��� 3f�����,�� �� "F� �!* �#"(� �G$ �a� �����,�i�m$ � $ � \��!$ �#�%" *��
H[$ � o=1�����$.&G� ��b�$.H�'J\�� � *��!$. ��U1 � ��� M �7� � �#�,� * � &G$ � $ � � � / " �%< ".� ����b�'���� � H��!* �,� 
 P $R<J\�� ��
E� � � " � �
� ���i*S1GH <:��� �m" / � ��� � 1 � ��� � M \ ".�F� * � � �,�,��" * � $.*G& � ���i " �,�,� � ' " *G& � * � H[$ � o=1�����$.&��0��b�$.H�')\�� � / " �
�!$. �����b�':��� � H��!* � 
 P ���i1 � ��� � 8 � $R�,� 1 � ��� � &��!* �,� ;J �$ �,��" *�*=1GH <:��� ��� *J����� ��� �!&5/	� " H � ��� " � ���F� *G$.\
&G$ � $ � � � 
 � �f<J1 � \ � \
�!$R��* � * � H " &G�!\ � / " � �!$. _� " / � ��� � � *G& ���=� &G1G$.\~1 � ��� �0�#"�� ��� � / � ����3  " 1G\
&
� &��!* �,� /	3 � ����H�$ � oS1G����$.&�����b�$.H�'J\�� � � � & � * � � * � ��� � � � � �#�,� * � &J$ � $ � � �,� 


� �<�	� %�
��

^�" � ^ 1�2�2�3�47` P $.*G& �h^ 1G676 -J�����!*�$ � � �#�,� * ��� * �,� $.*G �� �
� \
$R<:�!\��!& 4 ����6 4�8 �79	: $.*J&�$

 � � � 8 � 478 4 � 6 �I�m� �!*�����$ � �!&]- �����
� � ��� �G����$ � ��1���' "F�,�
�,��� � � � 
 � 
 -J$[� �
� � � / � ��� � * �#� $.*G ��a����'G�,� � �!* �,�
$�H[$ � o=1�����$.&��f��b�$.H['J\��.- " ��$�/ $.\ � �n' "F�,���,��� � � / � ��� � * �#� $.*G �� �
� � ���(1 � ��� M � " ��* \ ".�F� * � � ���,��" * 

� � � $R� � �!& � Q �.Q 8 4 ��� � g M �m� $.\
1��%/�� " H j 
�� � �#" j 
	� � $.*G&18 � 4 ���GQ�� �)� 4 ��� u M �m� $.\
1�� � /	� " H�j 

� �#" �R
 j�-



�c�

P $R<)\�� ��
E� �w671GH <���� " /~\ ".�F� * � � �,�,��" * � $.*G& � ����H[$ � oS1����_$.&��a��b�$.H['J\�� � 

& ( ��* � & ( ��* �


9� ��� � 8 � �!\�/ � � �,�,��" * � H�$ � oS1G����$.&�� � � �_$ � * � * � � � �#�,� * �[� �!\�/ � � �,�,��" * � H�$ � oS1G����$.&�� �� � �c� � �.D �.D �
D �c� � DF� DF� D
� � � D D.D D.O D
� �.� D DF� D � O
� � j D D.� D.� D
��� � � D D � D � O
��� �F� � � O �.� �

P ".� $.\ �.DF� D.D D.� � D.� � D.�

P $R<J\�� ��
N� � P ���%':���,/ " ��H[$.*G �� " / ^ 1G2�2�3n47` P $.*J& �h^ 1G676 � * &)( �+* � 
 ( s+*-, �/. V O -&0 A � � y 2!p , VD=

^ 1�2�2�3547` P �h^ 1G676


7� ��� � 8 g u /	$.\ � � � ���,� g u / $.\ � � � ���,�
' "F�,���,��� � � ' "F�,�
�,��� � �� j 
	�.� j 
Z� � O j 
	�c� j 
ED � �

D j 
	�.D j 
�� � � j 
	��� j 
�� � �
� j 
	� j j 
Z� � � j 
�� � j 
ED D D
� j 
	��� j 
Z� � D j 
	� j j 
Z� j D
� j 
	� j j 
E� � � j 
	� j j 
ED j �
��� j 
	�.O j 
�� � � j 
	� j j 
Z� D �
��� j 
	��� �R
 j j � j 
�� � �R
 j D �

P ".� $.\ Dc� �!� � � � �
/	$.\ � �a' "F�����,��� �a��$ � � VLDc���R�.DF� V � M �.� � / $.\ � �a' "F�,���,��� �a�_$ � � V � ���R�.DF�iV O M � D �

� � ����$.\
\ � �
� �_$ � � V �!���RD.D@V � � M D � � ��� ��$ � � V � ���RD.D V ��� M � �
� "F�,� V j 
E� ��� � "F�#� V j 
EO �F�

�,� � ':�! �,��� �!\
3 
 P ���[ _� "F�  �� " / ( s)* , �/. $.*G&"0 A � � y32�p
, &���':�!*G& �%" * � ���['G� " ;J\��!& � *G& ���=� &G1G$.\B1 � ��� 

^�" � �,� H['J\ �  ��� 3.-J��� � � � ( s)* , �/. �#" O $.*G& 0 A � � y32�p
, �#" D / " �a$.\
\ 1 � ��� � -)��� �  ����w����� / " 1G*G& �#" <:�
$.*�$. � ���' � $R<J\��9 " H['G� " H �
� � 
 ^G" �w�!$. _� " / � ��� � 1 � ��� � -F�����,��' " � �W� �G��'J$R��$.H�� � ��� � � �#�,� * �F� �	g $.*G&
u � � �J$ ���F��� � � ����\ " ��� �#�  "F�#�9� * P $R<)\�� ��
N� / " � & ( �+* � $.*G& P $R<J\
� ��
�� / " � & ( �+* � 


� * & ( ��* � -S< ".� � ^ 1�2�2�3[47` P $.*G& �w^ 1G676v�w���,�9$R<J\�� �#" H " &��!\G1 � ��� <:�!�G$ ����" � �#� $R� �,� * �
/	� " H $.*U�!H�' � 3 � � �a" /�* " ��H[$.\~'J$ �#� ����* � $.*G& �#�,� \I\ ���! ".� * � 2�� � ���[H�$�! " � �
� 3 " / � ���[H�$ � oS1G����$.&��
� * �,� $.*G �� � -W��� � \�� � ���(/ $.\ � �f' "F�,���,��� �f��$ � �5�m$ � 1G*G&���� � �f
 �w^ 1G676X':���,/ " ��H��!& � \ ��� � � \�3U<:� �#� ���
� �G$.* ^ 1�2�2�3f49` P <:�! �$.1 � � �h^ 1J696 'J� "���� &��!&f� ��� ������� ��� ��$ � �a$.*G&n\ " ������/ $.\ � �7' "F�,���,��� �9��$ � �a$.*G&
� �=1 � \ " �w��� "�� ����$.\
\B "F�#� 




�.�

��� ���� �	� 
�� � 
� �� � ��� � � � � �� � �� �� � ���� � � �� � � � � ��� ! !" � #�$% & ' �

� �� ���� � � �� �  ��� ! !

(*) � � +, �� � ) � 
"- ) . / �� � ) � 
" - ) . / �� � ) � 
"- )

� � ) "- " 0� ) � � ) "- " 0� ) � � ) "- " 0� )

1 1 1 2 3 � 45 1 � 3 2 6 3 � 4 2 3 � 1 5 2

5 6 1 3 � 4 1 1 � 3 3 1 3 � 4 3 1 � 3 3 1

� 7 5 3 � 4 1 3 � 2 3 5 3 � 4 1 3 � 
 3 1

2 7 5 3 � 
 4 3 � 
 1 5 3 � 4 � 3 � 2 1 7

6 
 5 3 � 
 4 3 � 2 1 1 3 � 4 3 3 � 2 1 1

1 � 2 1 3 � 4 1 1 � 3 5 1 3 � 4 1 3 � � 7 1

1 4 � 2 3 � 4 1 3 � � 3 2 3 � 45 3 � 5 3 2

� �- � � �5 5 3 1 3 5 3 6 1 4

�� � ) � � � ) "- " 0� � �- � 8 �5 9 5 2 
 8 1:<; 6 = �� � ) � � � ) " - " 0� � �- � 8 1 3 9 5 2 
 8 7; 6 7 = �� � ) � � � ) "- " 0� � �- � 8 6 9 5 2 
 8 5; 2 1 =

> 0� � � � � 
"- � �- � 8 5 3 9 5 : 8 
 3; 3 = 
"- � �- � 8 5 3 9 5 : 8 
 3; 3 = 
"- � �- � 8 1 4 9 5 : 8 6 2; 3 =

? � )- 8 1 � 1 � ? � )- 8 3 � �5 � ? � )- 8 3 � 7 4 6



�.�

P $R<)\�� ��
�� � � " � �n� ����':���,/ " ��H[$.*J ��� " H�'J$R� �
�#" * " / �#� $ �,�  d\��!$R��* � * � � ��� � :�;=< $.*G&
$.&G$R' �,�
� �@\
�!$R��* � * � � ��� � ^ 1�2�2�3d49` P $.*G& �w^ 1G676 � * & ( �+* � 
 P ���@'J$R�_$.H�� � ����� " /�:�;=< �m$ �
$ � $ � *d&�� � ����H � *��!&�<S3� �� "F�,�7� $.\ � &G$ �,��" *�� ��� � � �G� � �_$ � * � * � &G$ � $ � � �,� 
 :�;=< � �!*�����$ � �!& � D / $.\ � �
$.\
$R��H � �|�!�=
N��� /	$.\ � ��' "F�,���,��� ����$ � � � &G1G� �#"0� ���7 " *G ���' � &�� � / � <:� � �����!* � ��� � ��$ � * � * � &G$ � $ � � � $.*G&
� ��� � � �#�,� * � &G$ � $ � � � 
 P ���i/	$.\ � �@' "F�����,��� �@��$ � � �a" / ^ 1�2�2�3d49` P $.*G& �w^ 1G676 �����,� �,��� * � ;J �$.* � \�3
\�� �,� <:�! �$.1 � � � �G��35�w���,�i$R<J\�� �#" $.&G$R' �9�#" 1 � ����<:�!�G$ �=��" �7 ��G$.* � � �7� *G ��,�!H��!* � $.\
\�3.-G�9� � \�� � ���i� ���
��$ � � � �����,�� " H�'J$R�_$R<J\�� �#"a� �G$ �~" /6:�;=< 
 P �G���,��/ " ��� � ��� " � ����$.\
\� "F�#� " / ^ 1�2�2�3@49` P $.*G& �h^ 1J696
�m$ � \
$R� � �!\
3��,�!&G1J ��!& 


#%$�� � , 5���� 5�56,��41

� 1���$R'G'G� " $. ��l$ �,� 1JH�� �@� �G$ ��� ����*=1GH <���� " /%* " ��H[$.\ � * �#� $.*G �� �@� $ �#� \�3 " 1 � *S1GH <:��� �
� ���a*=1GH0<:��� " /B$.* " H[$.\ � � � -�$.*G& � ���%$.* " H[$.\ " 1 � $. �,�
�=���,� � � $R'G':�!$R��$ �m" 1 � \ � ��� �w� * � ���a&G$ � $ 
 P � �
�
$R'G'G� " $. ��v� " 1G\
& H �
�,�n� ���U$ �#� $. ����" �5H[$ � o=1�����$.&G� �5� / � ���U1G*G&����_\�3 � * � $ �,� 1GH[' �,��" * � & " * ".�
� " \
& 
 ^�" �n��b�$.H�')\��.- �#" H[��8 " :l$ �#� $. ��� � " 1G\
&l* ".� <:� � &��!* �,� ;G�!& <=3 " 1��[$.&G$R' �,��� ��$.* " H[$.\�3
&�� � �! �,��" * � 3 �#� �!H � 
 69� � ��� � ���!\
� �,� - " 1��7$.* " H[$.\�35&�� � �! �,��" *�/	��$.H���� " � �  �$.*�<:���!$ ��� \�3(��b � �!*J&��!&
�#"a� *G " �,' " ��$ � � �,��� *J$ � 1��,�m&�� � �! �,��" * 
 �W��� �=��" 1 � \�3�\��!$R��*G�!&0'J$ �#� ���_* �  �$.*@<:��\
$R<:�!\��!& � * � 1G _�i$7�m$!3
� �G$ �  ���� � $ � * 'J$ �#� ���_* � H[$�3 � �!*�����$ � �f$.* $.\���� � * " H[$ �#� ���@� " � /��,�!o=1��!* � \�3 � ����3U$R�,� " < � ��� � �!&]-
��� � \�� ".� �G����'J$ �#� ����* � & " * ".��� � ���.� ���9$.*�$.\I$R��H>� � �!* � / � ����35$R�,�a��$R���!\�3 � ���!* � � j O"� 


� �
� � " 1��0$.&G$R' �,��� �[$.* " H[$.\�3U&�� � �! �,�
" * /	��$.H���� " � � - �����
� ' "F�,�,� <J\�� � �G$ ��" *��� �$.* &����
\ � <:����$ � �!\
3� " � ���@� �
� H[$.\ �  ��" 1 � $. �,�
�=���,� � � <=3 � \ " �9\�3� _�G$.* �F� * � � �
� <��!�J$ ����" �0'J$ �#� ���_* � � ��� � " 1 �
� � ���.� ��� � * � $ 8 � � � 8 � 478 4 � 6 
h+ " ��� � ���!-�$ 8 � � � 8 , 478 4 � 6 �
�h�
�,� 1��!&@�9���!*�� � ���h$�*G��� 'J$ �#� ����* �
� <:� � * �
/ " ��H��!& 
 � ���
�m� ���!* � ��� � �! �1�� ��� 3($.*G$.\�3 �#�NM � ��� � ' " * �,� < � \ ��� 3 �#"�� &��!* �,� /�3 � ���01 � ��� M ��� * � �!* ��� * " �_&����
�#" & �
�#�,� * � 1 �
� �dH[$.\ �  �
" 1 � /�� " H * " *���H�$.\ �  ��" 1 � $.* " H[$.\ � � � - ��� �  �� �
� <���3 " *J& � ��� �  " '�� " / � � �
�
'J$R':��� 
 � �f$.\ �#" * ".� � � �G$ �0� *U �$ � �f$� " * �,� *S1 � * � $R<J* " �_H[$.\ $. �,������� 3 "  � �1�� � - \
$R� � ��$.H " 1J* ��" /
8 � � � 8 , 478 4 � 6 : H�$!3(<:�a��$ �
� �!&5$.*G& � ��� � �! �1�� ��� 3($.*G$.\�3 �#�  �$.* �,�,� \
\ � � ��"�� ���������!\
H��!& 




�F�
#%$�� � � . .�� *��

P � �
�  ��G$R' � �����G$ � 'G�,� � �!* � �!&($@*���� $.&G$R' �,��� �a$.* " H[$.\
3�&�� � �! �,��" *(/	��$.H���� " � ��� �G� " 1 � �
� ���(1 � � " /�� �." \ �=� * �  " *G*G�! �,��" * �
�#�i� 3 �#� �!H � 
 4 � 1�<
!#�! �NM � * " ��H[$.\h<��!�J$ ����" � �I� \��!$R��*G�!& � * � ���
" *G\ � *���1G* � 1�':��� ���
� �!&�H " &�� 
 P ����':���,/ " ��H[$.*J �� " / � � " $.&G$R' �,��� �[$.* " H[$.\�3U&�� � �! �,��" * � 3 �,� �!H � -
<J$ � �!& " * ^ 1�2�2�3f49` P $.*G& �h^ 1G676 -=�m$ � �!H�' � � �  �$.\
\�3 � � �#� �!&f� ��� � � ��� ��8%8 �m1�' ��� � � *�� � � " � �
&G$ � $f$.*G& � �G� 1 � ���9'G� " ;J\ � * � &G$ � $ 
 P �G����b=':��� � H��!* �,� �G$ � � � � " ��* � �J$ �9" 1��7$.&G$R' �,��� �i$.* " H[$.\�3
&�� � �! �,��" * � 3 �,� �!H � $R�,��$R<J\�� �#" $.&G$R' ���#" 1 � ��� " ��*�� � � " � � <:�!�G$ ����" �� ��J$.* � � � ��� � \�� �,�,� \
\w�,�! �
".� * � 2 � * � $.* " H[$.\ " 1 � $. �,���=�
�,� � � 
 � " H�'J$R�,�!& �#"�� ��� :�;=< <J$ � �!& �#� $ �,�  [\��!$R�_* � * � - � ���[$.&J$R' �,��� �
$.* " H[$.\
3f&�� � �! �,�
" *�H�� � � " & �  �$.* �,��� * � ;) �$.* � \�3n�,�!&G1G �� � �G��/	$.\ � ��$.\
$R��H � 


� * " ��&G��� �#" H[$ � ��$.*5$.&J$R' �,��� �a$.* " H[$.\�3n&�� � �! �,��" * � 3 �#� �!H �  �$.\I$R<J\��.- ��� H ��� � � <:�%*��! �
� �,� $R��3 �#" 'G��1J*�� " �W$ �.� ��� � $ � ��'J$ �#� ����*�* " &G� � $ �~� �G� � 3 �,� �!H � �." \ � � � - �9� �  �� �
� $ �,�
� * � ;J �$.* � �I�,� 1��
/ " �w/ 1 � 1��,��� " � � 
2� � ����� �
�,� 1G� �h� *G �\I1G&��m��b=')\ " � � * � $.1 �#" H[$ � �!&(&�� � ����H � *G$ �,��" * " / � ���7'J$R��$.H[� � ��� �
$.*G&f " H�'J$R� � * � H " �,�9� �." \ �=� * �  " *G*��! �,�
" * �
�#�m� 3 �#� �!H � - � 1G _�n$ � � �." \ �=� * � � �!\�/�� " � � $.* � 2 � * � H�$R' � 




� �

� �������	��
 �


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

% ����&'#(�)� ��� *+� �,� - . ���,��� ��� � /0�! 1�

2 ��354 �6�7��� ���$�7�

� $98 : 1436* �<; � � 36, ��1

�>=@?A=CBED	? \GFIHKJMLNJPOQLSR BE=UT LSVKJ'W B \I\ BYX R =KZ o\[KJP]SLSR BE= ] ?_^ J'W`[ = H ?AD J = L ? \ �
a ^ BA^	?bZ RGcAJ =d= [ Dfe J ^gB Wh] ?AD	i \GJP] T V BjX ]kR ZE= RGlmO ?A= L ?A= H ^ J!\nR ?_e \GJoRn]pLSVKJ i J ^ W BA^kD	?A= OQJrq`R =
LNJ ^9D ] B WsO�\ ? ]S]SRGltO ? LSR BE= J ^S^SBA^vu!B W ?A=w?A=KBEDo? \GFxHCJMLNJPOQL BA^vy��>=@B LSVCJ ^zX!BA^ HC] T L B{X V ? LzHCJ ZA^ JMJ
O ?A= LSVKJ =KBA^kD	? \ e JPV ? c|R BA^hD{B HKJ!\B\}J ?_^k= JPH@W ^SBED LSVKJ<l = R}LNJ<L ^k? R = R =KZ ]NJML e J ?_imi \}RGJPHIL B FAJML
[ = ]NJMJ = H ? L ?~y

ad� BYX�D [COkVoL ^k? R = R =KZ R}]�]k[��oOMRGJ = L�R ={BA^ HKJ ^ L B�? OkVCR}JMcAJ�OQJ ^ L ? R =�i J ^ W BA^kD	?A= OQJ y � BYX7X RI\
\|LSVKJ
? OMOM[ ^k? OQF B W�LSVCJ ?A=KBED	? \GFIHKJMLNJPOQL BA^ R D{iC^kB cAJ X VKJ = L ^9? R = JPH X R}LSV ? HCHCRGLSR BE=m? \�] ?AD{i \GJP] y

P VKJP]SJbL X6B o\[CJP]NLSR BE= ] ?_^ R}]NJ�R =�? \ D	B ]NLoJMcAJ ^ F D	? OkVCR = J�\GJ ?_^9= R =KZ L ? ] �t� �>=�D	? OkVCR = J�\GJ ?_^9= R =KZKT
LSVKJ iC^SBAe \}J D�B WzJP]SLSR D	? LSR =KZ V BjX1X J!\
\ ? \GJ ?_^k= R =CZbD JMLSV B HdO ?A=�Z J = J ^k? \}RG�MJ ?A= H iC^ JPHCRnOQLpW`[KLS[ ^ J
H ? L ?rem? ]SJPH BE= LSVKJ Z RGcAJ = L ^k? R = R =KZ J�b ?AD{i \}JP]gRn]gO ? \I\GJPH Z J = J ^k? \}R}� ? LSR BE=di J ^ W BA^9D	?A= OQJ ?A=C? \GF|]SR}] T
BA^ ]SL ? LSR}]NLSR}O ? \�]NL ?_e R
\nRGL�F ?A=C? \GF|]SR}] � :�L ? LSR}]NLSRnO ? \B\GJ ?_^k= R =KZ LSVKJ BA^ F@JP]NLSR D	? LNJP] Z J = J ^k? \}RG� ? LSR BE=be�B [ = HC]
LSV ^SB [ Z V�LSVCJ�[ = RGW BA^kD O BE= cAJ ^SZ J = OQJ ?A=m? \GF�]kR}] et? ]NJPH BE= LSVKJ�[m]NJ B W-; ��HCR D J = ]SR BE= ����j_� ��T|BA^zD{BA^ J



� �

^ JPOQJ = L��GF T���? HKJ D	? O9VKJ ^ � BED{i �GJ��KRGL�F � ���"� � �.�
� � � VCR��GJ LSVKJ�O BE= cAJ ^SZ J = OQJ�JP]NLSR D	? LSR BE={iC^kB c|R}HKJP] c ? �}[��
?_e �GJ�R = ]SR Z V\LS]�R =�D{B HKJ	�|]NJ	�GJPOQLSR BE={?A= H im?_^k?AD JMLNJ ^ LS[ = R =KZKT LSVKJ�LSVKJ BA^ JMLSR}O ? � Z J = J ^k? �}R}� ? LSR BE=�e�B [ = HC]
BA^ J ^k^SBA^ JP]NLSR D	? LNJP]<LNJ = H L Bbe J ^k? LSVKJ ^ � B�B ]NJ ?A= H LSVCJ ^ JMW BA^ J ?_^ J B W
�}R}LNL��GJ iC^k? OQLSR}O ? ��[C]NJ � � LSVKJ ^
J D{i R ^ R}O ? � D JMLSV B HC] T ]S[CO9V ? ]�O ^SB ]S]|��c ? �}R}H ? LSR BE=w?A= H e�B�B LS]NL ^k?_iCi R =KZKT [C]k[ ? ���GF Z RGcAJ ZAB�B HbJ ^S^SBA^ JP]|�
LSR D	? LNJP] TCe [KL ?_^ J<O BED	i [KL ? LSR BE=C? ���GF�J�� i J = ]SRGcAJ7� � �"� �

� VKJ�O
� B ]NJ	�GF ^ J	� ? LNJPH iC^kBAe �GJ D R}] V BYX LSVKJ�J ^S^kBA^�^k? LNJ D R Z V\L6HCJPO ^ J ? ]NJ ? ] D{BA^ J'L ^9? R = R =KZ
H ? L ?'e JPO BED JP] ? c ? R�� ?_e �GJ � � L ?AD{B [ = LS] L B HCJMcAJ	� BAi R =KZ'?<D	B HKJ	�|L B O BED{i [KLNJzV BjX W ? ]NL LSVKJ��}J ?_^k= R =KZ
D JMLSV B H � �}J ?_^k= ] � ? ] ? W [ = OQLSR BE= B W�L ^k? R = R =KZ H ? L ? ]SJMLg]SR}�MJ ��� =C? LS[ ^k? � ?_imiC^SBE? OkV R}]pL B e [mR��}H ?
8 � 4 ����� ��� ��9�� � � W BA^�? Z R}cAJ = �GJ ?_^9= R =KZbD JMLSV B H ?A= H H ? L ? ]NJML�L B lCLfLSVKJ�J D	i R ^ R}O ? ��J ^S^SBA^g^k? LNJ ? ]
? W`[ = OQLSR BE=�B W6L ^k? R = R =CZ ]SR}�MJ � � =rim?_^ LSR}OM[�� ?_^PT LSVKJ{R = cAJ ^ ]NJ�� i�BYX J ^ ��� ?YX �GJ ?_^k= R =KZ OM[ ^ cAJ T X VKJ ^ J�LSVKJ
J ^S^SBA^ ^k? LNJ'H ^kBAi ] ? OMO BA^ HCR =KZ L B{?A= R = cAJ ^ ]NJ i�BjX J ^ � ?YX<TK?_iCi J ?_^ ]!L Bge J�[ = RGcAJ ^ ] ? � ?A= H�R}] BAe ]SJ ^ cAJPH
W BA^�D	?A= FbO
� ? ]k]SRGlCJ ^ ] ?A= HbL F i JP] B W�H ? L ? ]NJMLS]7���Q� � � � =b? HCHCR}LSR BE= L B RGLS]�J D{i R ^ RnO ? � iC^ JMc ? �GJ = OQJ T LSVKJ
R = cAJ ^ ]NJ�� i�BYX J ^ ��� ?YX D{B HCJ	� T R = ] BED JxO ? ]SJP] T O ?A= e J ? �}] B HKJ ^ RGcAJPH X RGLSV ? ]NL ? LSR}]SLSR}O ? � D JPOkV ?A= R}OM]
?_iCiC^kBE? OkVwL B �GJ ?_^k= R =CZ q J � Z � T ���Rj � � � j � u �

� VCR}]hOkV ?_i LNJ ^�? HCH ^ JP]S]NJP]�LSVKJP]NJpL X!B R}]S]k[KJP] X R}LSV ?	it?_^ LSR}OM[�� ?_^ �GJ ?_^k= R =CZoD JMLSV B H5��:|[ i �
i�BA^ L ; JPOQL BA^ < ? O9VCR = JP]�q :�;=< u � � J�R = L ^SB HC[COQJ ?A= J �oOMR}J = L Z J = J ^k? �}R}� ? LSR BE=gi J ^ W BA^kDo?A= OQJ�JP]NLSR D	? LNJ
L ? R�� BA^ JPH	L B :
; <�� em? ]NJPH ?A=KBED	? �GF	HKJMLNJPOQLSR BE= � �>=o?A=KBED	? �GF	HKJMLNJPOQLSR BE=UT Hm[KJzL B LSVCJ�� ? O � B W ?A=CBED	? �
� B [C]6J�� ?AD{i �GJP] T R}L6R}] =KB L i�B ]S]SR e �GJzL B�iC^SB c�RnHKJ ?g^ J	�nR ?_e �GJ�JP]NLSR D	? LNJ B W LSVCJ�L ^ [KJ i�B ]kRGLSRGcAJ ^k? LNJ T R � J � T
iC^SBAet?_e R��}RGL F B WhW ? [��GL{HKJMLNJPOQLSR BE= q ? �n] B � =CBYXh=�? ]{VCR}L ^k? LNJ u � � BYX JMcAJ ^PT LSVKJ@W ? �n]NJ i�B ]kRGLSRGcAJ ^k? LNJ T
R � J � T\iC^SBAem?_e R��}RGL�F B W�W ? �}]SJ ? � ?_^kD ] T R}] e�B [ = HCJPHg[ = HKJ ^ OQJ ^ L ? R =o? ]S]S[ D{i LSR BE= ] ?A= H	O ?A=	e JzJP]NLSR D	? LNJPH
J �oOMRGJ = L��GF X RGLSV B [KL ^ J���] ?AD{i �}R =CZg?A= H ^ JML ^k? R = R =CZ � � JfHKJ D{BE= ]NL ^9? LNJ'LSV ? L X RGLSVI]S[mOkV@JP]NLSR D	? LNJ T RGL
R}]�LSVKJ =�i�B ]S]SR e �GJ�L B ]SJ	�GJPOQL HCR 8 J ^ J = L D	B HKJ	�n] ?A= H{HmR 8 J ^ J = L��GJ ?_^k= R =KZhit?_^k?AD JMLNJ ^ ] T\?A= H{R}HKJ = LSRGW F<LSVKJ
OkV ?A=KZ JP] B W =KBA^9D	? � e JPV ? c|R BA^<it? LNLNJ ^k= ] T R � J � T LSVCJ �/� ��� � ���a�
��� ��� iC^SBAe �}J D ��� [ ^ LSVKJ ^kD{BA^ J T�X J	lCL
R = cAJ ^ ]NJ i�BjX J ^ ��� ?PX D{B HKJ	�}]hL B O BE= ]NL ^ [COQL�J D{i R ^ R}O ? ���GJ ?_^k= R =KZ OM[ ^ cAJP]hW BA^'?A=KBED	? �GFwHKJMLNJPOQLSR BE= � � L
iC^SB c�RnHKJP]6LSVKJ em? ]SR}]6W BA^ JP]NLSR D	? LSR =KZ L ^k? R = R =CZ ]SRG�MJ ^ J!o�[CR ^ J D J = LS] ?A= HxHCJPOMR}HCR =KZgX VKJMLSVCJ ^ ? OQJ ^ L ? R =
D R = R D [ D�i J ^ W BA^kDo?A= OQJ	O ?A= e J ? O9VCRGJMcAJPH BA^f=KB L � � JxLNJP]NL B [ ^fD JMLSV B H B � BAZ F BE=�? c ?_^ RGJML�F B W
?_^ LSRGltOMR ? � ?A= H ^ J ? ��� X!BA^ �nH@H ? L ? ]NJMLS] �
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;�R ^ LS[ ? ���GF ? ��� D	? O9VCR = J �GJ ?_^k= R =KZ<^ JP]NJ ?_^ OkV ? ]S]S[ D JP]6LSV ? L LSVKJ�L ^9? R = R =KZ ] ?AD{i �}J�R}] H ^k?YXh=
W ^SBED�? ]NL ? LSR BE=C?_^ FbH ? L ? ] B [ ^ OQJ T LSV ? L�R}] T LSVKJ{HCR}]NL ^ R e [KLSR BE=IB W�H ? L ?�i�B R = LS] ?A= H�LSVKJ it? LNLNJ ^k= ]�L B
e J �}J ?_^k= JPH ?_^ J =KB L<O9V ?A=KZ R =KZIX R}LSVbLSR D J � :�;=< R}] =KB J��KOQJ i LSR BE= � ��RGcAJ = ? ]NJML B W!L ^k? R = R =KZ J��=�
?AD{i �}JP] Z J = J ^k? LNJPHwR = HKJ i J = HKJ = L��GF ?A= H@R}HKJ = LSR}O ? ���GF�HCR}]NL ^ R e [KLNJPH	W ^SBED ?A= [ = � =KBjXh= HCR}]NL ^ R e [KLSR BE= T
LSVKJ Z J = J ^9? �}RG� ? LSR BE= J ^k^SBA^<e�B [ = H�W BA^ :�;=<5� em? ]SJPH ?A=KBED	? �GFrHKJMLNJPOQLSR BE= O ?A= e J{HKJ ^ RGcAJPH LSV ^SB [ Z V
LSVKJ�[C]NJ B W6; ��HCR D J = ]kR BE= � ���"�tBA^ �h? HKJ Do? OkVKJ ^ � BED{i �}J��|RGL F � �.�"� � � �}LSV B [ Z V{LSVKJP]SJhJ ^S^SBA^!e�B [ = HC]
]NJML ? LSVKJ BA^ JMLSR}O ? ���nR D RGL BE= LSVKJ iC^kBAem?_e R��}R}L�FILSV ? L ?I= J X LNJP]NL BAe ! JPOQL<H ^k?PXh= W ^SBED LSVKJ{] ?AD J{[ = �
HKJ ^ �}F�R =CZ HCR}]NL ^ R e [KLSR BE= �nRGJP] B [CLS]SR}HKJ�LSVKJ BAi LSR D	? ��V~F i J ^ ] i VKJ ^ J T LSVKJMF ?_^ J�cAJ ^ F�� B�B ]NJ ?A= HoLSV�[C] =KB L
[C]NJMW`[���R =xiC^k? OQLSRnOQJ ��� BE? O9VCR D ] � � � ��im^SBAi�B ]NJPHILSVKJ<] B ��O ? ���}JPH�������JP]NLSR Do? L BA^ W BA^ LSVKJ Z J = J ^k? �}R}� ? LSR BE=
i J ^ W BA^kD	?A= OQJ B W ? ]NL ?A= H ?_^ H :�;=< O
� ? ]S]kRGlCJ ^ � � VmR}]<R}]f]NLSR���� ? � B�B ]NJoJP]SLSR D	? LNJ ?A= H =KB LgHCR ^ JPOQL��}F
?_iCi �nR}O ?_e �GJ�L B :�;=<�� et? ]NJPH ?A=KBEDo? �GFxHCJMLNJPOQLSR BE= �

� J ^ J X J�R = L ^SB HC[COQJ ? ]kR D{i �GJ ?A= HoJ 8 JPOQLSR}cAJ�J ^S^kBA^ JP]NLSR Do? LNJhL ? R�� BA^ JPH	L B LSVCJ :�;=<�� et? ]NJPH
?A=KBED	? �}F HKJMLNJPOQLSR BE=rim^SBAe �GJ D@T�X VmR}OkV X ? ]�l ^ ]NL eC^ RGJ 9mFwJ�� i � BA^ JPHrR = � � �"� � � VCJ�RnHKJ ? Rn] et? ]NJPH BE=
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�R}] ? W BA^kD	? � ^ J im^ JP]NJ = L ? LSR BE=IB W ? ]kRGLS[ ? LSR BE= R =IX VmR}OkV ?{= [ Dpe J ^ B WsR = HCRGc|R}HC[ ? �}]
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Player 1

Heads

Up
Tails

Up
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Up

Heads

Up
Tails

Up

Tails

Up

(-1, 1) (1, -1) (-1, 1) (1, -1)

(1’s payoff, 2’s payoff)

� R Z [ ^ J � � � 	 � �|LNJ = ]SR}cAJ'W BA^kD W BA^ � ? LSOkVmR =KZ � J =C= R}JP] �
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