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

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

� � $ � � ' � � # �� � ! % � � � � � � �� � # �� � � � ��  % �( � �  �  � � ) � � $

�� % � � �  � � )  �  % � � �  � � � �  #*

+-, ./ .0 .1 2 . 0 .3 45 1 6 / 7 0 89 5 :; . 2 8< 0 .= > 9 3 7 ?5 1 6A@ 5 3 1 4B . 8 .0

C 3 D3 1 +-E F F F GIH 7J ? < 83 85 7 1 3 ; 45K . 0 .1 2 . :L . 8M . .1 3 : DJ J . 80 5 23 ;

3 1 4 : DJ J . 80 5 23 ; 1 . 8M 7 0N :B < L ; 5 : 9 . 4 5 1 	 
 �� � �� O P � 
 Q � �R �� � �

� � 	 
 � � R � S T � � 
 
 � E U +-E GWV FYX Z Z [ E F F F\ ] ^ 3 5; 3 L ; . 3 8

_ ` ` acb d de e e f gch `ij k f lmn fh m f lo dqp r _ hs actu g dv ku hw t m i f _ `w n G



� � � ��  � �� � � �� � # # � � � � ) � �� �� � � �� � % � � $ ! � � � �� � #  �� ��  #�

�/ M . 5 6 1 7 0 . 7 : 25; ; 3 85 7 1 : [ 23 1 M . J 7 4 .; 2 7 0 85 23 ; 1 . 8M 7 0N :L D 3

:5 J ?; 5� . 4 ^ . 0 :5 7 1 = 4 .; . 8 . 89 . 5 1 8 .0 1 . < 0 7 1 : [ .3 2 9 ?0 5 1 25 ? 3 ;

1 . < 0 7 1 23 1 3 0 L 5 80 3 0 5; D .� 25 8 . 7 0 5 1 9 5L 5 8 3 1 7 89 . 0 1 . < 0 7 1 �

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

�	 
�� 
 	 
� � ��� 
 ��� + 	 � G � � 


� 
 � 2 7 1 1 . 2 85 7 1 : 80 .1 6 89 89 3 8 23 1 L . ? 7 :5 85 ^ . 7 0 1 . 6 3 85 ^ .\

� � 3 J ?; .= � 7 ?� .; 4 1 . 8M 7 0N [ M 9 .1 � 
 � � � � 
\ � 9 5 :N 5 1 4 7 /

: DJ J . 80 D J 3 D L . � < 5 8 . : < 5 83 L ; . / 7 0 ^5 : < 3 ; 2 7 0 85 23 ; 1 . 8M 7 0N :

M 9 . 0 . 89 .0 . 5 : 0 .� . 2 85 7 1 : DJ J . 80 D 5 1 2 7 1 1 . 2 85 7 1 :\



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

j0
j0

w0w0

x1 x2 x1 x2

w0
j0w0

j0

w

j

y1 y2

1 1

Asymmetric system: E-I Symmetric system :  S

y: Inhibitory

unit strength 
inhibitory
synapse

x: Excitatory j-w

   interneurons

    principal 
    cells

Focusing on symmetric J and W

�	 � 
 	 � � � + 	 G 
 � + 	 G � � �	 � 
 	 � + � 
 
 G� + 	 G � �

� � �	 � 
 	 � 
 � + 	 G


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


 �� �� �)� & * +� , �� � � � � � �- �. $ #/ 0. 1234


 5 � � 6  & � �) ) � -� 7� � � � 6� � � � � & � % % - &8 '  �� � � � �9 & -� ' 9 �) � �� � & -: �(



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

� � �
 � ��

� & � � ' � � - � � � 6 % � -9 & ) 7  � ' � � � � % -'  �- 6 �' � 7 �) 9 & -� �8 � ' � 9 & � � �' � �  � � 6 9 �) )�� 7 � � � � & �' � � - �� � & -' �� � �� ' & � � � % � � �' � ��� � ,��( � �9 � 9 �) ) � �� � � & %� '  �)& -' �� � �� ' & � � � � � � � & -' �� � �� ' & � � 7 �' � � �' �� � (

� -' �� � �� ' & � ' � % 7� �  � 6� � � &' � 6� & 7� % 7� 9 � � 9 ) � � � ' � 7 % � � % )' � 6' � � � ' � � �)�� � �' � � & -' � � � &' � ��(

−90 −45 0 45 90
0

5

10

15

20

angle

in
pu

t

−90 −45 0 45 90
0

5

10

angle

m
ea

n 
re

sp
on

se
/1

00
0

�� % 7�  � 7� % 7� ! �#" �

$ - �9 7 - - �� � � �� � & -: & �' � � � - �9 � ' � � & -' �� � �� ' & � � 7 � � � � � 7 - & � � �  � 6 � � 7� � �

� & �9 � ' �� �� � ' �( % & 7 ) � �'& � �� � & -: � & - : (



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

	 � � � � � 
 
 �� � � � � 
 �

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



� & � � � � � & -' �� � �� ' & � � � � � � )' �� 9 6 % - & � ) � � �� �� � � - �� �9 � ' & � � 6   �� - 6' �� � �� 6� � � ( � � & � � 7� �� � � '  % )' � � � �'& � 6� � � � &  & � �) � - �9 7 - - �� � � �� � & -: (�� ' � )' : � � � & % � �) � � �� �

�" �� � " �� � 	�
 � 	 ! � " 	 � �  �� �� � - � 
 � 	� 
 � 	� � � 	 � 
 � 	(

Output

Input

$ � & % � �) � � �� ' � � 79 � � � �� � � � � 6 � � ' 9 � �) � � 6� 9 & � � � - � �� & �8 � � %&' � � � ��� ' 9 � ' � � ) & 9 �)  ' �'  7  & � � � �� � - � 6 � 7 � 9 � ' & � �

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

�' � � & 7 � � � � � � � �) � � 6� � �9 - � �� �� �' � � � '  �' � � 6 � � ' 9 � ��" - & � �� � ' � �(



or energy
landscape 
under input
I ~ (1,1)

Motion flow

x2

x1

��� ���

��� ���

��� ����� % 7�  � ' �' � ' � ) ) & 9 �� ' & � �

� 7� % 7� � � � �) ) & 9 �� ' & � �

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

 � �� � � �� �
 � � 	

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



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

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

� & � � ' � � - " ��  � �& - � � & -' �� � �� ' & � � �� 
� � ��� ��� � � ��� � � �� & 	' � � �' # 0 23 
 ���

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


 � 	� � � ��� � � 9 & � �� � � � � � 	 � � � � � 	� ��  �� � � �9 & � �� � � �

� �" �� � � �9 & � �� � � � ! � �" � ��� � �9 & � �� � � � � 9 & � �� � � � � �

�' � �' � �� �

�� - & � � � % )' �9 �� ' & � � & � ' � � �)� � ) � � 6� � �� �� � �9 & � � �  7 �� 9 � & �� � ) ) 79 ' � �� ' � �

& -' �� � � �' � % 7� � �� �� 7 � � � - � &' � �' � % 7� � ! � � -  � �  � - �' � �) � � �� �� � 6

� �� & 	' � � �' # 0 2 3 
( " & �� &' � � �) ) 79 ' � �� ' & �  � � � � � - �) �� ' � � � �' � & � � � �9 � & -

& � ) 6 � & # � & ' � % 7� � ' � � �) � � �' � % 7� � &' � �(

� � �� & 	' � � �' �$ % � &' & ( ' %$ ) *+ ,- . , )/0 12 3 % � 4�5 6 67 8( "9 : , ' 3 ,; , ' / :0 < & </ ,0<=0 /0 > /0 ?/ 1 = &) @ , ' < :A( BC DEF F GHI JLK DM NOF P Q NH DI QRS E Q GF T U D M V E HF I EFWXY #Z[ [ \ # Z[ Z(



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

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

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

12 /� &43 �5

67  % / 3 7# &% ! /# / 3 8  7  9
Enhance
contour

 

when it’s
in texture

Don’t
enhance

(uniform
input)

 

Inputs  I Outputs g(x)

No
symmetry
breaking
(halluci-
 nation)

:; <>= ? ?@ AB CD = E CFG H F ?F D @ ?I F G D = E J < C EI = E ; FK G CL MN 9O " /% # � ! / 3 P /# Q " �3 / 2 / ! 7 �# 3 /R �3 7# $ ! � M- # 7 S% �  7#

M�� &% ! �" T7  7 �#



� H @ B C � ? J ?D C ; G FK K = D G F E E J =� D D H C ? CB CG D @ � C

F ; <B @� G F D @ = K = I = E@ CK D F D @ = K = E � F B @ CK G JG = ; <� D F D @ = K ��� � :

� J ?D C ; G FK 	 � H J�




� F ; C � � C� <D ? �� P

� :  8  ! �� �  8  ! ���) � �) � � '(*) + � 	 ���	 � � 	 � 
 '(*) +

�) � �) � ( � � 
 + '(*) + ��

� @� C E CK D � JK F ; @G ? 
 ?D F A @ B @D J F E=� K � � � C� <D ?

� :  8  ! �� �  8  ! ��

�) �	 � � � � �� �� � �


 � � � � �
)

	

�) � � � � � ( � � 
 +� ��)

� &; < : ' 19 / ; </0 > , ' / >/0 ,; <9 : @ , , ' �/0 & < : 1Y ��� �� � � % �� �� � � %

4��� � ! "$# % ! " �'& 4 �� ! 8 8



� JK F ; @G ? F E=� K � � � C� <D ?

� :  8  ! �� �  8  ! ��

�) �	 � � � � �� �� � �


 � � � � �
)

	

�) � � � � � ( � � 
 +� ��)

� 8# /� 7 M !" / � � M ! � " 8 5 ) ( � + � � � � �( � +�� � 	
 P

�N �� � /# Q 
 � � M�� � % ! � . 7 !- �7 $ �# T / 3% �  � 
 � /# Q � � � P

� :  8  ! �� �  8  ! ��

�� �� � � � � 5 �� 
 ��� ( 5[ ( � 
 � + � � � � � + 5 � � �� � � � � � � 
 � � � � �

��� �� �� ��� � 	



�D F A @ B @D J L � : @ ? B C ? ? ?D F AB C D H FK � / ! �2 � Q &� 7# !  9

� � �� � � � � 5 �� 
 �� ( 5[ ( � 
 � + � � � � � + 5 � � �� � � � � � � 
 � � � � �

� E= = I N � " 7 N � 
 � /# Q � � � / " � � �� �5

� 7 N �� � Q � 7  �� 	
 � � � � ��� � � � � � � � � � � 
 � � �  � 7  !- � 1 �

� � Q � �� �� � � 5

( � 
 � + � 
�� � � � � � ( � 
 � + � 
� � � 
 � � � � ( � 
 � 
�� � � + �

� 7 N !- � 1 �� � Q � 7  � 	� � � �� 
 � � � � � � � � ( � 
 � + � P !- �# � 7   ! /R 3 �

� T �# 7 N 1 �7  # �! 5

�� � � � � � � 
 � � � � � � � � � � 
 � � ( � 
 � + � 
� � � ( � � � 
 � 
�� + � � � �

:K � CK C EF B � ?@K �� B F E < C ED � E A F D @ = K FK F B J ?@ ? ? H= � ?D H F D

?� �G @ CK D B J B F E � C � � � @ B B � C ?D F A @ B @ ? C F ?D F AB C � 	



� � � � ��� � �	� � � L / ! � 8  8  ! ��

j0
j0

w0w0

x1 x2 x1 x2

w0
j0w0

j0

j-w

w

j

y1 y2

1 1

EI S


 � � � �� � � 
 � � � �� � �



� H C = E@ CK D F D @ = K = E ?F B @ CK G J < E= AB C ; ?@ ; <4B @� C� � ? CB CG D @ � CF ; <B @� G F D @ = K 5
Input  I Output X

Amplify

or

Suppress

No symmetry breaking

I
b

X
b

I
a X

a

& �" N � " � /# M � S% /# ! 7 � � QR 8  �3 � M ! 7 T7 ! 8 " / ! 7 � � ��� �)�� � 
� �� �)�	 � 
� � � $ / 7# �
$ / 7# 	



j0
j0

w0w0

x1 x2 x1 x2

w0
j0w0

j0

j-w

w

j

y1 y2

1 1

EI S
� �� � 8�� � �� � � 	 �
 �
� � �	 � � � � � � ��� � �� � � � � � �� � � � � � � �� � � � �

��� ��� �� �� � �

� � � � � � � � ��� � � � � � � � �

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

� % � � � � � � � �

&' (' )* + , +* - . / * + 0

1 � ��� �$ 2� ��

��� �� 2� ��
� 3 465 798 : 7 ; 4 5 8 : ;

3 465 798 : 7 ;

�

< => ��? � > ? @
A B> ? CD => ��? E A FA =D BGH B I B F B J G � � �



� �	� � �
or energy
landscape 
under input
I ~ (1,1)

Motion flow

x2

x1

��� ���

��� ���

��� ���

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


 � ! � � � � � 
 �� ! � 
 � �� � � � � �
 � �	 � # �	 � � 
 � �� �
 �
� � �	 # � 2 � 2 ���

� � � 
 � ! 
 � � � � � ! � � �� 
 
 �� � ! � � � 
 �
 � � � � � 
 � � � � � �� # � � �

� J =� J B � FH B C � � ? �> ? = C? E A FA =D BG H B I B F B J G � � � � � 
 !
 " � � 	 ! 
 
 " �

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



� C � C F? E � E J F B J G F> = �? � F J > � �? G ? > � � D = G � C � = � ? � �

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

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

�� 	
 �� � 	� � � # � 	� � � � � � 	� � � ��

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

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

� � � � � $ � % � &' ( � � � � � $ � %) &

' * ' *

' ( � � � � � $ � % � &' ( � � � � � $ � %) &' (
' * ' *

+ � !
 
 � � � � !
 �
 � � � �� � � 
 , � - 
 !� 	 � , � -

. 
 � �� � � � � 	 � / � 
 �
 �
� � 0 �� � � � � � � 
 � �� �
 �
� � � 2 � 2 �

� 
 
 �� � � � � � �� ! �
 � 1 �� �� � � � 2 # � � � 
 �� ! �
 �

3 � � "�� � �� � " �� � !4 �
 	 � "� � �� � " �� � ! 4 �
 	

+ � !
 
 !� � 
 �� 	 ! � � � 
 5 5 � � ! 
 �
 	 
 � � �



� C � C F? E � BG FA B F B J G� J > FH ? � � J BG F C � C F? E

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

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

�� 	
 �� � 	� � � # � 	� � � � � � 	� � � ��

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

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

� � � � � $ 2 % 2 &' ( � � � � � $ 2 %) &

' * ' *

' ( � � � � � $ 2 % 2 &' ( � � � � � $ 2 %) &' (
' * ' *

j0-w0 j0-w0 j0-w0j0-w0

j-w

j0-w0

j-w

=

(j+j0) 

-(w+w0)

=

j0-w0 j0-w0

x1 x1 x1x
1

x
2 x

1
x

2

x



� G �? F = BD � F J � > ? C? > � ? C � E E ? F> � �

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

−4 −2 0 2 4 6 8
−4

−2

0

2

4

6

8

� � � � � $ 2 % 2 &' (

' *

� � � � � $ 2 % ) &' (

' *

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

�� � # � � 2 % � , ��� , � � � - �� - � � � � �� # � � 2 % , � � - � � �

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

�� �  � � ! 	 ! �
 �� � � � 
 � ! 
 � � � � � "�� � �� � " � � � !4 �
 	 �

� F = I BD B F � BG =D D C B FA = F B J G CD ? = � C F J = D B E B F BG

� � �
 � � 	 ! � � � 
 � ! � � � 
� # ��� ��� 2 � � �

��� ��� 2 � � � #
2 % � , � � - � � % � , � - �

2 % � , � � - � �  "



� � � �� �
or energy
landscape 
under input
I ~ (1,1)

Motion flow

x2

x1

��� ���

��� 	�	


�
 ���

$ �� 	 � 
 �
 � 	� � �� 
 	 �� � � � &

� � 
 � � 	 � � 
 � � � 
 + � � � ! 4 � � "� � �� � " � � � � � � ! � � 0 �� �� � � �
 � � �

� � 2 � � � ��� � 2 � � � � � � � 2 � � � 2 � 2 � � 
 � � � �
 �
� � � # � 2 � 2 � �

� � �� 
 � + � " �� �� � � � ! 4 � � " � � � � � " 
 � � � �� �� ! �
 � � 2 � 2 � � �

�� ! � 
 � � � 2� # � � �� � � � !� � ! / � !
 
 0 �� � � � � � � � � �� �� ! � 
 � !� �

� � �� 
 
 ! � � � "� � � � � � � � � !  � � � � � " �! �#" � ! � � � � ! � � � 2� # � ��

� � �� 
 
 ! � � � � � � � !  � � � � � $ � 2&% � � ! � � �� � �� �� � � � � � � � 2(' � � ��� � � � � � � � � � 2 � 2 � � � � � � � � � � � ! 4 � � 	 � $ � � � � � $ �

� � �� 
 ! � 	 � �� ! �
 � � �
 � � � � / � ! � � 
 � � �! � � � � 
 � � �� � 
) *' +,

� �� ! � �
 � � � � � / �� 
 ! � 	 � � �



� J F B J G F> = �? � F J > � BG � � C � C F? E

����
���


	��

���

��	
�����

������
�����

����
���


	��

���

��	
� �!�

������
�#"$�

−20 0 20 40

0

20

40

60

x
1

y 1

0 10 20 30 40 50
−20

0

20

40

60

80

time

g(
x 1)+

/−
g(

x 2)

0 1000 2000 3000
0

1000

2000

3000

4000

x
1

y 1

0 100 200 300
0

1000

2000

3000

time

g
(x

1
)+

/−
g

(x
2
)

� 2 / � � % 2 & � � 2 � � & � � � � / � � � � � �

' ( ' * )+* ' ( ' ( )-,. /0 123 45 6

' ( ' * )7 ' ( ' ( ) 1. 8 8 6 12 3 4 5 6



� � � � � � � � � � � � �� � � 2 �. . , 6� � 	
 � �
 � � 
 � �� � �� 
 ��

� � ! � � ! $ � 
 � �
 
 � � � � % � 
 � � � � � 
 � � � � � � � � �� � ! � � � � � �� ! � � � � � � � �� ��� � � � � � � � � � �� � � � � � � ! � � � � � � 
 � 4 � � � ! � � 
� �� � � � � � ! � � � ! 
 �

−90 −45 0 45 90
0

5

10

15

20

angle

in
pu

t

−90 −45 0 45 90
0

5

10

angle

m
ea

n 
re

sp
on

se
/1

00
0

0 20 40 60 80 100
0

2

4

6

8

10

x 10
4

time

re
sp

on
se

�� � � � � . � � � � � & � � � & � � � / � � � � � � �

+ �
 � � � � / � ! � �
 � � �! � � � � � ! � � � � 2 � � � �



� �� � � � � � � � � 	 � � � �� / ! 
 �� � � � � � � � �� � � � � � � �� � ! � � � � ! � �

� � � � � � � � � � � � $ �� �� � �

� � � � � �! 
 � � � ! /� � � � � 
 � � � � � �� � �� �� � � �� � 
 � � � � � � � � � � � � �

� � � �
 � � � ! � � � � � � ! � � � � � �
 � / ! � � � � � � 1 � � � � � � ! � ! 
 $ �� � ! � � � � � � � �

� �� �' 
� �	� 
 �� 
 �� �� " ��� � � �� � � � 
 � �� ���� �

! � � ��� � � � � � � ! �

� ���� �' � ! ��� ) � �� �

� � �� ! � ! � � � �� � � ! � �
 $ � � �� / ! 
 �� � � � � � � � � � � � $ �� �� � � �

-� � - ' � 
 � � � , � � , ' � � � � �

-� � - ' � 
 ���� � , � � , ' � � ���� �

! 
 � � � � 	 � � � � ! � � 
 � � � ! � � � � 
! � � � � � � � � ! � � � � ! � � / �
 $ � �� � � �� �



� � � �� ��� � � � � � � � � �� � �

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

� � � � � � � 	 �� � � � 	 � � � � � � �
 # � � 
 � � � � 	
 
 � �� � � �� $� � � � � 	 � 	 � � 
 &� 	
 � � � 	
 � � � � � � � 
 �� � 	� � � # � 	� � � � ���

� � 
 �
 � 	� � � � �� �� �� � 	
 # � � 
 � � � 	
 � � � % � � �� � �� 	 � � � �� � � � ��� �� � � � � � �

� � � � � � � # � � 
 � � � � 	
 
 � � � � � � 	
 � � � 	 � 	 �� � �
 �

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


� � �� � � � � � � � � 	 � � ��� � �� � � 
 �
 � 	� �� � � � � � �� � � � � � � � � � � $ 2 %) &� � 	 �� � � � � � � � � � � � � � $ 2 % 2 &�

� � 	 	� � � � �� � ��� � $ 2 � � � &�� � 
 � � �
 	 � � 	 � � � � � � � # � � � � � 	
 � � � �� �� � 	 � � 	
 �� �

� � � �� � � �� � �� �� � � 	 �� �� � � �
 � � � �� � � � � �� 
 � � � � � �� 	
 � �� ���  !" # $  % &' �( �)  *) * � �' ! ( + , -. � �% . � /0 12 34 5 67 12 89: ; 6< = >4 � � �� ? = @ 9 4 AB � ;4 ; 6 / 3 2 >C 9 8 D = @ 9



��
� �
�� �
�� �
�
� 	

�

� 	
� ��

� 	

� �
 �
� �� ��� �

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



� �� �

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

	 � � �� � � � � � 
 � � 
 � 
�� � 
�

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

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

�� � � � 
 	 �

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


� � % 
� �� �# � � �� 
� �� � � � � � � 	 � 	�� 
 � � 	 � � � � �� �� � � 
 � �� � 
 �� � �

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

� &' ( )�* +, +-' . / 0 .' .21 3' . 4 5 . + -' . , 6 7 0 . , ( - 38 9

/ -' 6' : - 3 , 6 6 0 - . 8 ) -; 5 7<


