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�fm�~��Ob�e\il���sm � b�ehg�df`�r do`��oeO�fb"ih£ kOd k�m�b�� r dob ��df�akOd���}��C� � b ��}O`�i « t��£ t�_ �Om���m���`�is~�i�`cdf�c}O�{gjilehgcd
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3 � 6 + ¬:8 t

_a��k�m�b���kOb�r df`cdfeTgcdo��g�b�� m���kOd��Om���m���`�is~�il�K} g�b���b �oilkOm��KeOdf��gcd�g�`cil�\il� �Om r m�`�is~Edo�c�fm��7��b�kOm��
�Um�`'gcdo`�do~ il�7��ml`cb�gc~�ml�¤k�d�r l�ob��
b�~|�O��df~�dfeTg�il���sm �oml~��O} gjil�fb�m�e\is� �hdo~ do��� df�ob�il� � m �Om���m���`�is~�i
kOd p � �
��%?��� �Um�`wgcdo`Ki��O`cm���`cb�dfk\ilkOd kOd r m���il��b ��is`§�Um�ehg�ml�ado~H}O~H���"ileOm��om�~|mC��d�r m��c��d�}O~�i
��doehg�dstqv�da~�ileOdfb�`�i���df`�il�0� df��g�df� �Um�ehg�m���r m���is��b �oilkOm����Um k�do~ do��gjil`'do~ kOb�r df`cdoehgcdo�����"ileOml� ��m�}
��d �ci��\}O~�i�`cdf�om�e���g�`�}O���sm�g�`�b�kOb�~�dfeO�cb�m�e\il�UkOmYm�����d g�m|� m�kOdf`cb"i���do` r dob{gji�t



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

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

©q��g�i��cdf���lm����\il�cdoilk\i|eOm�~��fgcm k�m|k�do�c�f`cb{g�m|� m�`§¨�il}�gcdo`�� m�`�e �� ��� S 3 ¨�$76 �  8 �
d�� m����c}Ob
il� ��}O~�il�a~|m k�b �\�oil� ��do�7�T}Od�5�b��cil~ r^il�fb���b{gjil`§d|ilkOd ��}Oil`�m2�Oml��m���`cil~�iCilm¦d � �Udo`cb�~�dfehg�m �T}Od
��do`  `cdoil��b���ilk�m d2i }O~ ��mlr�g��il`cd �T}OdFr^i:�2i `cdf�om�e���g�`�}O���sm�eT}O~��o`�b���i kOdf��g�d �Om���m���`cil~�i��qm
�T}\il� ��r m�`�~�ilk�m �oml~ m�ml����dfgcm��O`"0�� b�~|m�ilm ~�dfb�m k�da`cd ��b���g�`cm�� m�} ��d �ci�� m�`cd ��b���g�`�m ��r dob{g�m�e\i
`�d���b��lm�kOd�kOb�r `cil���sm�kOd p � �
��%?��� kOmYm�����d g�mOt

  ~ do�2��}�do~�i|��b�~|�O��df� �\il`ci�b���}���g�`cil` il� 5sil`�b *5�dfb�� `�do��d 5silehg�df�§eOiY��b�~�}��"il�o�lm�kOm��O`�m �fdo���cm
kOd�`�d���b���g�`�m�kOd�}O~ �Oml��m���`cil~�i � m�kOd��cdf`15 b���gcm|eOi � b ��}O`ci « t « t

P

(x   ,y  )
m

onda de referencia R

objeto

r
lmn

x

y

z

n

    digital
holograma

l  l l
(x  ,y  ,z  )

l

n

^

m

(x   ,y  )
M N

� b ��}O`ci « t « n�©��2�T}Odo~�i|�Oil`�i�b���}O��gc`�il` il�15lis`cb *5ldob�� eOiY��b�~�}��"il�o�lm�kOd�}O~ �Oml��m���`cil~�i�t

  ~ r dfb{� d�k�d'��}��'�fm df`cdfeTgcd�d'~�m�e�m �f`cm�~ sg�b���i b�eO�ob�kOd�do~ }O~ m�����d g�mwd �¤do�c�Oil�7�\iskOm��Um�`�do��d
� � b7��}�`�i « t « £�t 
 �fm�e � ��}�`�il�o�lm¦do�c�Oil�ob�il��kOm¦m�����dfg�m ��`�do�O`�do�cdfehgjilk\i¦�Um�`a�c}Oil���om�m�`ckOdfe\ilk\is�
#.%�� '�)��.'�����+ ��m�e�kOd ��ilkOi � m�ehgcm �\il�c�ci i �cdo`�`�do�O`�do��doehgjilk�m��Um�`�}O~�i7r m�ehg�d��O}Oehg�}\is� ��dC��isk\i
r m�ehgcd�do~|b�gcd�}O~�i2mleOk\i do��r �o`�b���i ��}�d il�Um�ehgji7�\is`�i7m ���"ileOm7kOm �Om���m���`cil~�i t2©q����i m�eOk\i2�
k\isk\i�� df�"i�`cdf�"il�o�lm

� ����� 
��������! �##"�$�� + ���! #%"�&('��)�*� +
'������ ' � « t �£

m�e�kOd+&2��mCe �O~|do`cm�kOd m�e�k\i�k\ilk�mC� ml`-,/.10 / � / ��m��fm�~���`cb�~|doehgcm�kOd�m�eOk\ih£��2�3��d4$5���c�lm
��}\il� il~|�O��b�g�}�kOd dwr^il��d ��`�do��� df�fg�b�5sil~�dfehg�d � d-'������ �ai�kOb���g !leO�fb"i�kOda}O~ �Um�ehg�m�kOm m�����dfgcm�isg"�



� ��� ��� ����	��
	������� 	��� ����� � 	�� ��	��������  ��	 3

mY�O��ileOm���#&% � '*)/��' ��
 � +�� � 
 � '������ '������ 
 � '�� ��� '��
	 k�m��Oml��m���`cil~�i
'��)�*� 
�� #.%��� % � +����#&)��� ) � +���� ����� � � « t « £

� m�b
b7�leOm�`�iskOm m�r^isgcm�`¤kOd�r^il��dakOdo�Udoe�kOdoehg�d�kOm�g�do~|�Um�� %�� #� " , 12+ �Om ��}�dae\�lm�is��g�df`�i m `cdo��}O� 9
g�ilkOm �\e\il� t


 il~|�O��b�g�}�kOdqg�mlg�il� k�mar dob{� d ml����dfgcmado~.}O~.�Um�ehg�m-#&% � '*) � +�� kOilk\i��Udo��i��cm�~�i�k\is�¡m�eOk\is�
df��r �o`�b��oil� ��do`cilk\il� �Um�` ��ilkOiY�Um�ehg�mYkOm|m�����d g�m

��� ��� 
 ��
��� +

� ������� � « t �h£


 il~�����b�gc}OkOdYd�r^is�cd|kOm7r dob � d�kOd���}��|do���\il� �\ilk\iF���lm2`cd��lb���gc`�ilk�m�� iskOb��fb�m�e\iseOkOm:9 �cdY}O~�i
m�e�k\i7�O��ile\i2k�dC`cd r do`c�feO�ob�i�� �T}Od�g�il~�� �o~ �C}O~=r dob ��d�kOdC��}����fm df`cdoehgcd d�~|m�eOm��o`cml~ sgcb��oi�t
©q�c�ci|mleOk\i��Kk\ilk\iY� df�"i�`�do�"is���lm

�� ��� 
 �� � �! "! "�&$#�% ��%'&)( #+* +,� �.-0/1% #2* +4365�' � « t��T£

m�e�kOd7* ��m�!le ��}O��mYdfeTgc`cd�iYeOm�`c~�il� kOmY�O�"ile�m|k�m���m���m��l`�il~�i d�m�r dob{� d�kOd�`cd r do`��oeO�fb"i�t
_#r dob{� d df�c�\is�7�\ilk�mad m�r dob � d kOd `cd r do`��oeO�fb"ia�cd�b�ehg�df`�r do`�do~.d ���lmK`�d���b���gc`�ilkOml�¡do~ }O~ �\��~|d �

�T}Od���m��Om���m���`�il~�i�t 
 b�ehg�doe��cb�kOilkOd98 �*�Y`cd ��b���g�`cilk\i�eOm �\��~|d ��k\ilk\i��Um�`on
8 �*� 
 8 #&% � '*) � + � « t  £
8 �*� 
 : �;� ���;� �� ���6: � � « t �h£
8 �*� 
 # �;� ���;� �� ����+ # �;� ���;� �� ����+4< � « t 3 £
8 �*� 
 : � �*�6: � � « t +h£


 © �T}\il�o�lm � « t +�£�e\�sm7�Um kOd|�cdf`��Udo~=`cdf�O`cdf�cdoehg�ilk\i �oml~�mF}O~�iFr }OeO�o�lm �Ob�e l`�b"i � ¬ m�}
�£��\� df`c~|b�gcb�eOkOm ��}�d m��Om���m���`�is~�i���d �ci�r m�`c~�ilkOm|il�Udoe\is�§�Um�` �Um�ehg�m��§�O`�iseO�om�����g�`�iseO�c�\is`cdoe�9
gcdo�j£�d �O`cd g�m��¦� m��\il�fm��j£�t 
 r m�`c~�i7~�ilb����cb�~�����do��kOd �cd�r^i �odf`�b��c��m � }�gcb���b���il`�il� �cd��l}Ob�ehg�df�
��b�~|�O��b��\��il� � df�on



� ��� ��� ����	��
	������� 	��� ����� � 	�� ��	��������  ��	 +

� � isk\i�� m�ehgcm�kOmYm�����dfg�m|do~|b�gcda}O~�i�m�eOk\i�kOd���}��KkOd�~�df�c~�i|is~��O��b�gc}OkOd-�3�^n

�3� 
��fm�eO��g�ilehg�d:� �\is`�i�g�m�kOm���t � « t �h£

� � isk\i�m�eOk\iYkOmYm�����d g�m���df~�b{g�b�k\i �oml~ i�~�df�c~�i�r^is�cd�$5�&�\b�eOb��fb"il��b ��isk\i%�q�fm�~|m-�odo`�mOn

$5� 
 ��' �\il`ci�g�m�kOm��ut � « t�� ¬ £

� _#m�����dfg�mKk�d 5�d df��gjis`¡~�}Ob{g�m�k�b���g�ilehg�d k�m �Om���m���`�il~�i d �cdf}Yg�il~�ile#�OmwkOd 5ld§��do`¡�Ud �T}OdfeOm
�fm�~|�\il`�iskOm§iw�c}Oi�kOb���g !le��ob"i ilm �Om���m���`�is~�i�t�����g�mw�cb7�leOb �\�oi �T}Od�i�il~|�O��b�g�}�kOdqk\il��m�eOk\is�
ml`cb7�lb�e\ilkOil� df~ #&%��&'*) � ' ��� + �Um�kOdq�cdf`��fm�eO��b�kOdf`�ilk\i kOd�~|do�c~�i ~�i���eOb{g�}OkOd�do~ �oilk\i � m�ehgcm
#.% � '*) � + t�©qehgj�lm��

�3� � �! �##"�$5��+
'��)�*� 
 ���

' �)�*� 
��fm�eO��g�ilehg�d:� �\is`�i�g�m�kOm�� '*� ' ��t � « t����£

¢ df~ eOdoe ��}�~�iY`cdf��g�`�b��o�lm|ilkOb��fb�m�eOil� � i��cd��l}Ob�ehg�d�do���om�� �\i �Kr dob�g�i

�������! #%" $5��+
'����*� 
 � ' �Oil`�i�g�m�kOm�� '*� ' ��t � « t�� « £

����gcm���d 5siYi�d � �O`cdf�c�c�lm

� �)�*� 
 � �  ##"�&!'����*��+ � � « t�� �h£

� ��mleO�cb�kOdo`ci 9���d��T}Od�i§m�e�k\iwkOd¤`cd r do`��oeO�fb"i �; �*�wb�eO�fb�kOd�eOm�`�~�is��~|doehg�d #+* 
 ��� +�ilm§�O�"ile�m
k�m���m���m��l`�il~�i # � 
��+�t 
 � �o~ k�b��c��m��\�\il`ci��cd�d 5�b�g�il` }O~ r^iPg�m�` kOdKr^il��d �\�fm�eO�cb�kOdo`ci 9���dln

�; �*��
 �� 
 �om�eO��gjilehgcd � �\il`�i�gcm kOm � ' � 	 �� `�d�il� t � « t��*�T£

� il���o}O��ilk\il��il��b�ehg�dfeO�cb�k\ilkOdf� ��r^i:� 9���dCiF�om�e 5�df`c�c�lm kOm���5sil��m�`�do���\il`ci2m,��m���m��l`�il~�iC`cdoil� t
4§}O~�i���b�~�}O��il���sm�d ��isgjiYkOd�}O~ ��`cm��odo���cm�ile l��m���m�kOd(��`�i*5sil�o�lm��\iYkOb���g�`�b��O}Ob����lm�kOiYb�ehg�doe��cb 9

�����
	�����������
	���������������� �!�"!�#�%$��'&(���)	��+*,���"� �-��.(�/�0�/���1�2	(�3��*,���!�/4,*��5�7698:$:��<;=���?>%	(�@	��+*,���"� �
>%	����/>%	(���A�(>%	(�B�5$C����!�/�D.��#�#���#E����/�3&F�G�0� �D;�	F�� &F���A��$!���H$!����.(�"IJ��� &F�#KML/$C�/�0�J�(;J�F&F�5�!�/�3$!������!���"N(	�L�&F�G�#�A$:?�
*O������4,* ���P6



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

k\iskOd �Um k�d���do`wgc`�ile���r do`�b�k\i|�\il`ci�}O~��\ilk�`��lm�kOd �fb�e��oi�kOd il�om�`�kOm��fm�~?i��oil`�il� g�df` � ��g�b���iYkOm
�\��~�d�r mlg�m���` ��O�omOt���~|�O`cb�~�b�`§gcm�eO�akOd��fb�e��oi do~9is��gji�`cdo��m���}����lm ��kOb{r � �fb�� �
�Um�`"�f~ � b�~|�O`cb�~�b�`
df~ �O`cd g�mYd��O`�iseO�om����cb�~|�O��do� df~ }O~�iYb�~���`cdo���cm�`ci��"il��do`ot

� 
 � 0l��i do���om�� �\i�kOd �T}Od i�il~|�O��b{g�}OkOd�`cd�is� �; �2��`cileOkOdF�oml~��\is`�ilk\i i il~�����b�gc}OkOd
k�m|r dfb{� d�m�����dfgcm � �� �� �;� ����£ �\d��om�e��cb�k�do`�iseOkOm�il�w�oil`�is�fg�df` � ��g�b���il� k�d�}O~�i�do~�}������sm
r msg�m���`���\�oi���m7� s���o}���mFk\il� b�ehg�doe��cb�kOilkOdo��e\�lm2��~�ilb��Ke�do�odf�c��l`cb�m �\il`ci2m7`�d���b���gc`cmFkOm
��m���m��l`�il~�i��T�\il��gji ��}�d il� ��d���}�b�ehg�df�w�fm�eOkOb�� ��do� �cd �cil~ m��UdokOdf�ob�k\il�on

������ # �;� �*� +	� � " b�~|�O`cb�~�b�`�� m�ehgcm|��`cdfgcm��
�oil�cm|�om�ehgc` l`�b�m " kOdob ��il` do~ ��`�ileO�fmOt � « t��  £

v�df��gji�r m�`�~�i��Oil� dfe\il�§i��\il`�g�dK`cdoil��kOd �;� �*����eOdo�fdo�c��l`cb�i�n

� # �;� ����+ 
 ��
��� +

- /1% # &!'�������+ � � « t�� �h£

*�do`c~|b�eOil~9i �T}Ob¡il���cb�~|�O��b �\�oil� ��do�ak�do�c�f`cb{gjil���Um�`�¨�il}�g�df`c�Um�`ce �� ��� S 3 ¨ $76 �  8 t|_ �O`"0:9
� b�~|m|�\il�c��m � �f`cb�il`w}�~His�7��m�`�b�gc~�m��Oil`�i�m�`cd ��b���g�`cm�kOm���m���m��l`�il~�i��\m �T}\is�����cb�~|�O��do� kOd���d
b�~��O��do~|doehgjis`��oml~��O} gjil�fb�m�e\is��~|doehg�d�iPg�`�i*5��o��k\il���om�e�kOb�� � df� « t �  dYk\i d �T}\is���lm « t �*��t   ~
~��fgcm kOm ��do~|do� �\ilehg�dY�O`�m�� ml��g�m¦�Um�` ¢ gcdob�e ��E��� S 3 ¢ 6 � ¢ ¨ � « 8 ��m�eOk�d|m¦� l���f}O��m k\is��b�ehg�doe��cb 9
k\iskOdo� �Ke�do�odf�c��l`cb�m��O`cdf�c}O�{gji df~ }O~ �Om���m���`cil~�i�do~ g�m�e�� kOda�fb�e��oi 	Om��T}Odar m�b d 5�b�g�ilkOm�e�do��gcd
gc`�il�\is�7�OmOtw_a}�gc`cmC~��fgcm kOm��cdf~�df�7�\ilehgcd � k�do�c�f`cb{g�mC�Um�`av�t 4wil�c�cil`�3�4�il��� ¬ 8 � �\is�cd�iskOm e\i���b�~|b 9
��il`cb�k\ilkOd�dfeTgc`cdC}�~�i �om�eOi7kOd p � �
��%?��� d�m7�\iskO`��lm2kOd�b�ehg�do`�r do`��oeO�fb"i2k�d�}O~ �Oml��m���`cil~�i¦k�d
}O~ �Oe�b��om � m�ehgcm���g�il~�� �o~ `cdf�c}O�{gji�do~ }O~ �Om���m���`�il~�iK�Ob�e l`cb�mC� �om�~ �Um�ehg�m���gc`�ile��c�\il`�doehg�df�
dYm��\is�om���£ ���Um�` �o~ ��mF~��fg�m�kOm¦kOdf�c�o`�b�gcm7�Um�`�¨�is}�g�df`c�Um�`ce �� ��� S 3 ¨�$76 �  8 �|~�ilb��K�om�~|�O��dfg�m
� �cb�~|�O��b �\�oil� ��do�'� m�kOdo~ �cdo` d 5 b{gjilkOil�j£�t

_ ��0�kOb7��m 9 r m�ehg�d �^eOi���b�e ��}\i���df~ kOdK�O`cm���`�il~�il�o�lm�� £'�Oil`c�fb"il� kOm�`cd ��b���g�`cm kOm �Om���m���`�is~�i
kOd p?� �
��%?��� ��}�gcb���b���ile�kOm�`�mlg�b�e\il�qkOd il��m �oil���smakOd ~�df~�0l`cb"i§kOm . *C�����L��������
M�
����,��
� 3 p � * 	 ��� 8 �
df��g�YkOdf�c�o`�b�gcm|e�m�il�U�oe�kOb��fd 
 t���t



� ��� ��� ����	��
	������� 	��� ����� � 	�� ��	��������  ��	 � ¬

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


 `cdf�om�e���g�`�}O���sm�eT}O~��o`�b���i�kOm��Oml��m���`cil~�i kOd p?�
�
��%?��� �ar dfb�gji��fm�eO��b�kOdf`�ileOk�m:9���d�i��O`�m��\i 9
�his���lmYk\i���}��K�om�~|mY}O~�i �\�{g�`ci���do~ ��b�eOd�is` do���\il�ob�il� 3 5�m�m ��� 8 t

�� ���� �� �� ������� !"#$%& '( )* +,
-./01212121212121212121121212121212121212112121212121212121211212121212121212121121212121212121212112121212121212121211212121212121212121121212121212121212112121212121212121211212121212121212121121212121212121212112121212121212121211212121212121212121121212121212121212112121212121212121211212121212121212121121212121212121212112121212121212121211212121212121212121

3232323232323232323323232323232323232332323232323232323233232323232323232323323232323232323232332323232323232323233232323232323232323323232323232323232332323232323232323233232323232323232323323232323232323232332323232323232323233232323232323232323323232323232323232332323232323232323233232323232323232323323232323232323232332323232323232323233232323232323232323

4242424242424242424424242424242424242442424242424242424244242424242424242424424242424242424242442424242424242424244242424242424242424424242424242424242442424242424242424244242424242424242424424242424242424242442424242424242424244242424242424242424424242424242424242442424242424242424244242424242424242424424242424242424242442424242424242424244242424242424242424

5252525252525252525525252525252525252552525252525252525255252525252525252525525252525252525252552525252525252525255252525252525252525525252525252525252552525252525252525255252525252525252525525252525252525252552525252525252525255252525252525252525525252525252525252552525252525252525255252525252525252525525252525252525252552525252525252525255252525252525252525

62626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626626262626262626262662626262626262626266262626262626262626

72727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727727272727272727272772727272727272727277272727272727272727

88888888
88888888
88888888
8888

99999999
99999999
99999999
9999:2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2::2:2:2:2:2:2:2:2:2:

;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;;2;2;2;2;2;2;2;2;2;

<<<<====

plano de reconstrucao, ~

onda plana d

plano do holograma

� b7��}O`ci « t���n�pq`cm��\i��hil���sm|kOi|��}���isg�`ci*5��o� k\i �\�{g�`�i���do~ ��b�e�d�il` df�c�\is�ob"is� t

  ~�i m�eOk\i �O��ile\i��!~|m�eOm��o`�m�~ sg�b���i�d��om�do`�doehg�d�b�eO�ob�kOdqeOm �O�"iseOm kOm �Om���m���`�il~�i�kOd p?� �
��%?���
d��c}\i `�do�omleO��gc`c}O�o�lm 0���gcb���i ��m����cdo` 5silk\i do~ }O~=�O��ileOm7�Oil`�il��do��m i2}�~�i7k�b���g !leO�fb"i � 
?>
� � b7��}�`�i « t��h£ t 
 kOb���g�`�b��O}�b����sm�`cdo��}O��g�ilehg�d�k\iY�O`cml�\i��hil�o�lmYb�e 5�df`c�ci�k\iY��}��:�\iYdo��g�i|k�b���g !leO�fb"i��
��k\ilkOi|i���d���}Ob�` 3�4§dfg ¬h« 8 3 � il` ¬ � 8 n

!$#.%('*) ' ��+$
 ( �,+
�@@� @@� ( �:!$#.%('*) 'A>�+�	
� �  CBED , ./ > � �  # /GF +��  # /GH +���I

JK@@L@@M � « t�� 3 £

m�e�kOd / ��ma�om�~|�O`�b�~|doehg�mak�d m�eOk\i�� F d H �c�lm�il��r `�d � �O�feO�ob�il�qdo���\il�ob�ilb�� � ( `cdo��`cdo��doehgjiKmKm��Ud 9
`cilkOm�`¤k\i�gc`�ileO��r m�`c~�ilk\i�kOb�`cdfg�i�kOd p 	!*C�L����� d ( �,+ `cdf�O`cdf�cdfeTg�i�m�m��Udo`cilkOm�`¤k\i�gc`�ileO��r m�`c~�ilk\i
b�e 5ldo`���iYkOd p 	!*C�L����� t

p�ml`�gjiseTgcm��Uisg�`ci*5��o�wkOm|�O`cm��odf�c�cm�kOd��\��gc`�i���df~ do���\il�fb"il����b�eOdoil`1���Um���� � 5ldo���cd�m���gcdo`wi|k�b�� 9
gc`cb���}Ob��o�lm��om�~|�O��d���i�!$#.%('*) '*��+ �^�O��ileOm�kOd�`�do�omleO��gc`c}O�o�lmT£�i��\il`�gcb�`�k\i k�b���gc`cb��O}Ob��o�lm !$#&%('�) 'A>�+
� �O�"ile�m�kOm���m���m��l`�il~�ih£ t



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

_9��0�kOb7�lm:9 r m�ehgcd%� e\i���b�e#�l}\i���df~ kOd �O`�m���`cil~�is���lm%�����E�Oil`�i m%�cb���gcdo~�i�m��Udo`cil�ob�m�e\il�
l �&%�*vk £ �T}OdFr^i �7i `cdf�om�eO��g�`�}O���lm%kOm	�Oml��m���`cil~�i k�d p?� �
��%?��� ��d �T}OdFr m�b kOdo��doe 5�ml� 5�b�kOm%� m�`
x7iPgcg ��b"il� $§m dfeOb7��� � m�kOd��cdf` doeO�fm�ehg�`�iskOm�iPg�}\il��~�dfehg�dKe\i �&%������%?�� 3 $wm�d ¬ � 8 t


 �\il`�g�b�`�kOm275�� � � b7�l}O`�i « t����
£akOd , � � � , � � ,6� k ����� ��r m�bq�Um��c� � 5�df��`cdo�fm�eO��g�`c} � 9���m¦e�}�9
~|do`�b���is~�dfeTgcdC� � b7�l}O`�i « t��l�!£ t 4wmlg�i 9���d eOdf��gjiC`�do�fm�eO��gc`c}O�o�lm���ml}�g�`cil�am�`�kOdoeO��kOd�kOb{r `�il�o�lmOt 

b�~�i��ldo~,}�gcb���b ��isk\i�� � b7�l}O`�i « t��hih£ ��il�Udoe\il��}O~�i�`cdf�O`cdf�cdoehg�il���lmYkOm m�����dfgcm��Um�b��¤��ilkOi�� m�ehgcm
k\i�b�~�i��ldo~ ��`�do�O`�do��doehgjilk�m��Um�` �T}\isg�`�m ,6� k ����� �\is`�i�r^il�ob���b�g�il`¤�c}\i 5�b��c}Oil��b���il�o�lmOt

3 � ; 6 N��:�0�� 3 N ;�� ���������?���3�D&F��� �� 0(0*� 
	 3 � ;�� �5����.�$C!��	�����
. 	(���5�!�/���

� b ��}O`�i « t��Onq��~�i���df~ }�gcb���b ��isk\i����cdo}2`cdf�c�Udo�fgcb 5lm��Oml��m���`cil~�i d�`cdo�fm�eO��g�`c}����lmOt

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

¢ d ��}OeOkOm *Kt�5�t 6%il��ysdo` 3 6%il� ��� 8 � }�~ �Om���m���`�il~�iKkOd p 	!*C�L����� ��iKg�`cileO��r m�`c~�ilk\i�kOd p 	!*CD
�L����� �^�fm�~.b�e�r m�`�~�il� � df����m��O`�d iail~|�O��b{g�}OkOd¤d�r^il��d!£�k�mKm�����dfgcm�i��cdf`q`cdf�om�eO��g�`�} � kOm�t �a}\ileOk�mKm
�Oml��m���`cil~�i��w�om���m �oilkOm�do~ r `cdfeTgcdKi�}�~�i���doehgcd�dab���}O~|b�e\iskOmK� ml`�}O~�i�m�e�k\i�kOd���}��§�O�"ise\i���m
�\iskO`��lm�kOdwkOb�r `cil���lm�kOd p ����*C%'��	 8 ��� �T}Od�il�\il`�do�odweOm ���"ileOm�r m���il�\k\i���dfeTgcd'�wi�gc`�ileO��r m�`c~�ilk\i
kOd p 	!* �L����� k\i�r }OeO���sm|k�d�gc`�ile��c~|b��c�c�lmYkOm��Om���m���`�is~�i���d�� ml`�gjiseTgcmY`cdo�fm�eO��g�`"0lb�m�m�����dfg�m�t

p�is`�iYm|� l���f}O��m�k�m��Oml��m���`cil~�i�kOd p 	!*C�L����� ��}�gcb���b���i 9 �cdKi��\is`�g�d�`�d�il��kOiYr }Oe����lm|kOdKg�`cileO� 9



� ��� ��� ����	��
	������� 	��� ����� � 	�� ��	��������  ��	 � «

~|b������lm��fm�~�����d ��i�kOm��Om���m���`cil~�i n

��#���� + 
 �
�

� #�� � +�� ���
	�� 0� ��������� � 	���� � « t�� +h£

m�e�kOd�� � � i �Um��cb����lm eOm ��m���m��l`�il~�i���� � ���lm il� �om�m�`ckOdfe\ilk\is��kOm����Um�ehg�m���k�m ml����dfgcm �om�~
il~|�O��b�g�}�kOdo� `�d�ilb�� � #�� � + dKr^il��do�3$ � t

©q��g�i�d �T}\is���lm�e\�lm�� m�kOd �cdf`'�Udo~ `�do�O`�do�cdfehgjilk\i��om�~|m�}�~�iar }OeO�o�lm��Ob�e s`cb"i��h� df`c~|b�g�b�eOkOm
�T}Od�m��Oml��m���`cil~�i��cd �ci|r m�`c~�ilkOm|il�Udoe\is�w�Um�`§� m�ehgcm��w��`�ileO�fm�� � g�`cileO���\il`cdfehg�do��£wd��O`cd g�m��ft 

r m�`�~�i�~�ilb�����b�~|�O��df�akOd��cd�r^i �fdo`Kb��c�cm ��} g�b���b �oil`aiC�\is`�g�d�`�d�il��k\i © �Ut¤� « t�� +h£wd���m�~�is`a}O~�i
�fm�eO��g�ilehg�dst   ~�i 5ld � �T}Od�iKg�`cileO��r m�`c~�ilk\iKkOd p 	!* �L����� k�dw}O~�iar }OeO�o�lm�`�d�il�\�Oil`%�§��b�~��fgc`cb��oi��
b���g�m ��d ��}�b 5sil��dfehg�d�i��cb�~�d g�`cb���il`'mYm�����dfgcmOt ¢ m�~�il` }O~�i��omleO��g�ilehg�d ��gc`�ile���r m�`�~�ilkOi�b�~|�O��b���i
df~0ilk�b��ob�m�e\il`�}O~ �Um�ehg�ma�fdoehg�`cil��b�eTgcdoeO��mKe\i�`�do�omleO��gc`c}O�o�lmOtqv�df�c�ci�~�ileOdfb�`ci��sdf��gcd �Om���m���`�is~�i
�Um k�d `cdo�fm�eO��g�`c}�b�`�m��OilkO`��sm�k�d§b�ehg�doe��cb�kOilkOd kOd }O~,m�����dfg�m�il`��Ob�gc` l`�b�mKilm��O`�do�om�kOd§ilkOb��ob�m�e\il`
}O~ �cd��l}OeOkOm|�\ilkO`c�lmY�cb�~�� g�`cb��om�d�}O~ �Um�ehg�mY�fdoehg�`cil��~�}Ob{g�m�b�ehgcdoeO��mOt


 d �T}\il�o�lm|~�m�kOb �O��ilk\i �K~|m���g�`�isk\iYiY��d���}�b�`on

��#���� + 
 �
�

� � ��� /�# ,/.������ � � 0 ! / �
$ � + � « t�� �h£

m�e�kOd!� � �Fi �Um���b����sm k�m D 9 �o�cb�~�m ,6� k ��� eOm m�����d g�m��"� � �¦i �Um��cb����lm e�m ��m���m��l`�il~�i�� ! �Fi
kOb���g !leO�ob�i�r m �oil��kOi���doehg�d�� �om�~|� ml��gji�£�iK�cdo`q}���ilk\i��\il`ci�ia`cdo�fm�eO��g�`c}����lm�� / � m��oml~��O`�b�~|doehg�m
kOd m�eOk\iCkOm � �!�-��� � d4$ � ��}O~�i�r^il�cd�il��doisg 0�`�b"i�t 
 ��r^il��do��$ � �c�lm¦il`c��b�g�`�l`cb�il� �U}O~�i�5�d �-�T}Od
��m�~�dfehg�d�i�b�ehg�dfeO�cb�k\ilkOd�dKe\�lm�i�r^il�cd�k\i�`�do�omleO��gc`c}O�o�lm���m��O��do` 5lisk\i�t

_ � 0 kOb ��m:9 r m�ehg�d��\il`ci ��do`cil`��Om���m���`�il~�il�ak�d p 	!* �L����� � m�kOdY�cdf`�dfeO�om�ehgc`�ilkOmFeOm2�O`"0���`cb�m
il`�g�b ��m�kOd *Kt 5�t�6�il��yldf` 3 6%il� ��� 8 �O� ml`"�o~ �Odf��g�Y��b���g�ilkOm�b�ehgcd���`cil��~|doehg�d�eOm�is� �feOkOb��fd � t

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


 �\is`�g�b�`akOm ;5&% � � b7�Ot « t  �
£§kOd(' � ���)' � � ,6� k ����� � r mlb��Um��c� � 5�df�¡`cdf�om�e���g�`�} � 9 ��mCeT}O~|d 9
`�b���is~�dfeTgcd � il�O��b���iseOkOm�i�g�`cileO��r ml`c~�ilk\i�k�d p 	!*C�L����� eOdo��g�d ��m���m��l`�il~�i�t 4wmlgcd �T}Od�m 75*% �



� ��� ��� ����	��
	������� 	��� ����� � 	�� ��	��������  ��	 �*�

�fm�~��Um���g�m�kOd�}O~ �\ilkO`c�lm ��}�d(��`�do�Udfg�b�kOm �T}\isg�`�m 5�d �fdo�ft 
 g�`cileO��r m�`c~�ilk\i�kOd p 	!*C������� il�O��b 9
�oilk\iaeOdf��g�d �OilkO`��sm���`cdf�om�e���g�` 0�bOeT}O~|do`�b���is~�dfeTgcd mKm�����d g�m|� � b7�Ot « t  �!£�t 
 b�~�i���do~ }�gcb���b���ilkOi��
`�do�O`�do�cdfehgjilk\i|� df�"i � b ��}O`ci « t  i��O�omleTg"�o~�� ����� � ,6� k ����� t

3 � ; 6 N��:�0�� 3 N ; � ���������?���3� &F��� .�� �0�' )� 3 � ;�� �5����.�$C!��	�����
. 	(���5�!�/���

� b ��}O`�i « t  nq��~�i���df~ }�gcb���b ��isk\i����cdo}2`cdf�c�Udo�fgcb 5lm��Oml��m���`cil~�i d�`cdo�fm�eO��g�`c}����lmOt

4wmsgji 9 �cd �Pe\i `cdf�om�eO��g�`�}O���lmweT}O~��f`cb���i kOm �Om���m���`�il~�i�� � b7�Ot « t  �!£��mw�Um�ehg�m§�odfeTgc`�il�Tb�eTgcdoeO��m
� m�`ckOdf~Hk�d�kOb�r `cil���sm �odf`cmT£wd�il�am�}�gc`�il��kO}\il�aml`ckOdfeO�KkOd�kOb{r `�il�o�lm �2�-� d� �!£
	 �T}Od ���df`�il~
df�c�Udo`�iskOm��ot

%�m�~|m b���}O��g�`�is���lm��Tis�7��}O~�il��`cdf�om�e���g�`�}O� ��do�10l��g�b���il�¤kOd ;5&%��a�^kOd p � �
��%?��� d�kOd p 	!*C�L����� £
�Um k�do~ ��do` 5�b���g�il� eOm�il�U�oeOkOb��od*%�t



� 1.:��U>F<E+�� �

����� �
	����������� 	������������

���! "�$#&%' (#)%+*),.-0/"#21'34,.-6587'9:�; <7=5>�?,.7=%@3A (BDC6EA-6345F3A/HG!96-6EI�J .7'K;#),"�=L�BD#)-M�;,(,.7'5F-61'#$NO7'3��
,(7'%@3A (BDCPEI-63Q1'3AR;3S#)T@3A1'3IEA3I M�U3A,(/H�V/"C6,W/"-PEX�UKY�;7=,.,.-6�;Z[�=\�]^Z=BD3I9P-6_I5F3IZY/.3;L=587'-P/.#),`5F#a1=3I96#;,b/"3A*) .-PEI#),
�;,(,.7'5F3I5c3I,W/H�d3A,(/H�V/"C6,W/"-PEX�?eD%' .#fR!�XR)3I9P5g3AZY/"3U,(3IK)7'-PZ'1'#�hb3IEHiO5>�!Z'Z$3kja%'-P_I_I-PEHl'-6Z=#Jmnhoj=p)q!r:stL��
NO7[�;9u%+#a1'3vZ[w;#g3I,W/H�; QEI#) ( .3A/"�=\xja7'%+3I (BDCPEI-P3I,y .3X�!-6,yNz7=3U1'3AR;3I5{/"3A x,.-P1'#>,(7V|(3I-0/H�;,Q�g1=-PBD3I (3IZY/"3A,
%' (#aEA3I,(,.#),g1'3~}[Z'�;96-P_X�;�Iw;#$%@#z1'3I5�/.3I F1'-6,W/" .-PT'7'-P�Xw;#$KY�;7=,.,.-6�;Z[�21'3��!9P/"7= "�;,F5>�!,FEA#)5F%'963t/H�V�
5F3IZY/"3QZ[w;#!��KY�;7',(,.-6�;Z[�81'3x-6Z'EA96-6Z'�;�I�z3I,ML=EA#)5F#U1'3IEA9:�; .�;1'#U%+#) `��\a��\a���!Z'Z'3I �mn���;Z��;�Vr�3A5�,(3I7
3A,(/"7=1'#g1=3F�X�Y�;�=\

��5UT+#) "�>7=5� (7'K)#),(C65F3A/" (#d�J�0�V�f�t�vm��; I\��Y�Vru/"3IZ=l[��,.-61=#d1'3I,(3IZYR)#;9PRz-61'#=L�Z[w;#dBD#)-u,.3AZ',.C0R)3A9�#
,(7=}[EI-P3IZY/"3!L@1=3ARz-61'#>�k/.�IEAZ'-6EI�g3I5F%' (3IKY�;1'��eDEI#) ( .3I96�;�Xw!#g�!Z'K)7'96�; o1'3F�^�[�
�H V�6�y¡ys¢L�%[�; "�k3ABD3t/"7[�! 
5F3I1'-P1[�;,£1'3F .7=K)#),.-P1[�;1'3~e¥¤x¦As£NO7'3g3I,W/"3k/" "�!T[�;96l=#�%= .#)%+�a3!\d§¨Z'#fR)#�5g�t/"#z1'#~1=3g�!%'96-PEX�;�Iw;#'L
NO7'3k,.3A "G4�;NO7'-�1'3A,.3AZOR;#)9PRz-P1'#'L©1'#4 .3AEI#)Z'l=3IEI-P5g3AZY/"#41'3<%[�;1= .�z3I,S%[�; .�d3I,(/.-65g�; £�� .7=K)#),.-P1[�;1'3
1'3S5F3A/"�;-6,ª%+#z1'3I .Gk,(3I M7'5g�<3t«z/"3AZ',"w;#g1'3I,W/"3v .7'K;#),.CP5g3t/" .#k���0�V�f�t�¢\

¬ NO7'-£,.3A "w;#�1'3t}[Z'-P1'#),4�;%+3IZ[�!,~�!96K)7'Z=,d%[�; .;5g3t/" (#),d .3A963tR;�!ZO/.3I,4Z[�®,.-P5U7'96�;�Xw;#¯1'3?7'5g�
,(7'%@3A (BDCPEI-63�5F3A/"G;96-PEX�ª (7'K)#),.�M3�7'5°5F�A/.#a1=#'L±1'3I,(3IZYR)#)90Rz-61'#Q%@#) ©²v\±���!/.-6 Im����!/¢�;³Vr´LV,.3A "GM1'3I,(EI .-0/"#'\

µ(¶¸·6¹±º�»�¼H½�ºW¾�¿´ÀtÁ�Â;ÃWÁÅÄ�ÆVÀtÁoÀtÇfÈ8ÇfÉMÊDËAÌ´ÀtÍIÎVÏÐÀAÇfÈSÑtÒ±¿ÔÓÕÄÖÈH×^¾�Ã�Î±ÁØÒ!ÀtÇfÌ�Ù¢È8À¢Ï�¿ÔÉWÌ´ÍVÀAÇfÈ�ÇfÉ�Ò;ÈtÍI¿ÔÈIÚªÄÖÏÕÀ¢Ì´ÈAÚ`ÉÉ(Ú´ÄÖÎ±Ì´ÈAÚ�ÛÜ¿ÔÈAÍVÚ�ÝHÀ¢Ì´ÓÐÀAÇfÈAÚ�Þ^¾±Ä(À¢ÎVÚ´ÀtÇ±ÈAÚ�Ò;ÉWÏÕÀªÓ�ÍI¿ÔÉ(Ì¥ßÜÉ(ÌÔà(ÍVÄÖÓÕÀªÇfÉ�Î±ÁáßÜÉWÓ�âfÉ�ÇfÉ�ÏÐÎ±ã�ÄÖÈXÉ(ÌÔÉ(ÍA¿´É�ÄÖÈtÍ!Ú¥ÓÐËtÈªÁªÉ(ÚÔÁªÈV¾VÀtÒ!ÑIÚÚ¥É(Ì�ÇfÓnßÜÎVÍVÇfÓÕÇfÈMÒ;ÈtÌ�Î±ÁoÀªÚ¥ÎVÒ!É(Ì¥ßÜäÕÄÖÓÐÉ�ÌÔÎVËtÈAÚ´À±å



���������
	����������	��������
�
����� ���
 "!$# %'&)(+*�,.-0/ 1324,.56&8791:,.;9<656&4=$7>*0791@?BADCE1FAHG

¬ -PZ'1�I',W/" (-:�g%+#z1'3�587'-P/"�;,yR;3I_A3I,£ .3ANO7'3I (3I £NO7'3U,(7'%@3A (BDCPEI-63A,Q,(3Ö|.�;5c,.7a}[EI-P3IZY/"3A5g3AZO/.3<96-P,"�;,
%[�! "�=L %+#) �3t«a3I5F%'96#=L 3ARz-P/"�; 8#$�V/" .-0/"#~3IZY/" (3d#),UEA#)5g%+#)Z'3AZY/"3I,85g3t/HG;9P-6EI#;,�1'3>7'5 5F#;/.#) IL�#)7
3tRa-0/H�; x3I5��!96K)7'5{3¢«=%+3I (-65F3IZY/"#4#�3A,.%[�;9Pl[�;5F3IZY/"#�1'�d967'_U-PZ'EI-P1'3IZY/.3<%@#) x-6 . (3IK)7=9:�; (-61[�;1=3I,yZ[�
,(7'%@3A (BDCPEI-63!\8���; "��-P,.,.#=L�%' .3AEI-6,.�V�^,(3<EI#)Z=l'3IEA3I S%[�; .;5g3t/" (#),�1'3< (7'K)#),(-61[�;1=3<1[�d,.7'%+3I WBDC6EA-63;\U§�,
%[�! ";5F3A/. .#),d5g�;-P,>7=/.-696-P_X�;1=#),>,.w;#á¤x¦�e¥ (7'K)#),(-61[�!1'3J,.7=%@3A (}[EA-:�;9�5F�I1=-:�Ysk3&¤KJ2e¥ .7=K)#),.-P1[�;1'3
NO7[�;1= "G!/.-6EX�<5F�I1'-6�Yst\

¬  .7=K)#),.-P1[�;1'3£,(7'%+3I (}'EI-:�!9�5g�A1'-:�U�S#k1'3I,WRz-6#k5g�A1'-6#<1=#F%+3I W}[9�3I5  .3I96�;�Xw!#k�k (3A/"�F5F�I1'-6��L
¤x¦NMFOP QSRT UWVYX�Z�[\U�]
Z_^ eÔqa\P�±s

#)Z=1'39PØ�d#JEI#;5g%' (-65F3IZY/"#~5g3A1'-61=#J1[�J�;5F#),W/" "�~3 VYX�Z�[ ���J#) .1=3IZ[�;1'��1'#J/" .�;�I#�1'#?%@3A (}[9EA#) . (3I,.%+#)Z'1=3IZY/"3Q�£7'5>�£�!T@EA-6,.,.� Z LY#;7g,(3Ö|.�=Lz�S�;9P/.7' "��1=3o7'5�%+#)ZY/"#S1[�S,.7'%+3I WBDC6EI-P3ª3I5� .3I96�;�Xw!#
�F .3A/"�g5F�I1'-6�=\ ¬  .3A/"�>5F�I1'-6�F�8�g .3t/H�F1'385FC6Z'-P5g#;,oNz7'�;1' "�!1'#),x1=#>%+3I (}'9´L�%@#; .�I5�L+EI#)5F#>�!,
,(7'%@3A (BDCPEI-63A,o,.3A "w;#F,.-P5U7'9:�!1[�;,ILa3I,W/H�k .3A/"�F5F�I1=-:�U,.3A "GF�<%' .*)%= .-:�<�!T@EA-6,.,.� Z \

²x�UBD#) (5>�U1=-6,.EA .3t/H��L
¤x¦`M Oa bc

	ed�f UWV 	 U�^ eÔqa\Õ�)s

#)Z=1'30a �S#kZgI'5F3I .#k1'3S%+#)ZY/"#),M1'#F%+3I (}'9�3 V 	 �S#<R!�;96#; o1'3 VYX�Z�[ Z'#ih¥���I,.-P5g#<%+#)ZY/"#=\
¬  .7'K;#),.-P1[�;1'3SNO7[�;1' .G!/"-PEX�<5F�I1'-6�k�S#F1'3I,WRz-6#FNz7'�;1' "GV/"-6EA#k5g�A1'-6#k1'#F%@3A (}[9�3A5� .3A9:�;�Iw;#F�

 (3A/H�<5F�I1'-6��L
¤KJjM OP QSRT U�Vlk�XmZ�[nUl]
Z_o eÔqa\ÐqYs

²x�UBD#) (5>�U1=-6,.EA .3t/H��L
¤nJpM qrrs Oa bc

	ed�f V k	 o eÔqa\utOs
¤nJbEI#),W/"7'5g��,(3I `-PK)7[�;9P5g3AZY/"3M1'3I,(-6K)Z'�;1'#U%+3I96�v9P3A/" .�6v \ ¬Dw -PK)7' "�vq=\0�x-P967',W/" "�v�;,�R;�! .-:GXR;3I-6,

3AZOR;#)9PRz-P1[�;,MZ'#k,.3A7�EXG!96EI7=96#'\



���������
	����������	��������
�
����� �Xp

w -PK)7' "�<qa\P�
L����! .-:GXR;3I-6,o3AZYR)#)90Ra-P1[�;,oZ'#FEXG!96EI7=96#<1'3v¤nJA\
��5Ø,.7'%+3I WBDC6EI-P3I,u5g3t/HG;9P-6EI�;,©EI#)5 3A,(/H�V/"C6,W/"-PEX�QK)�;7',.,(-:�;Z'�=L!%+#z1'3t��,.3`7a/"-69P-6_I�; ��x (3I9:�!�Xw;#[m�j=�;96�Y�Ir L

¤nJpM O o ��� ¤x¦ o eÔqa\��)s

��,(/"�~ .3A9:�;�Iw;#��gT+3I5 #)T=,.3I WR!�;1[�~3A5  .7'K;#),.-P1[�;1'3A,v3A963tR;�!1[�;,gmÐ�; A\Ð�Y�±r´Lu3I5UT+#) .��%+#),.,.�~Z[w!#
,(3I ª7'5g�� (3I96�;�Xw;#85U7'-P/.#8EA#)Z=}�GXR)3A9�e¥-P,(/.#8,.3A "GU1'-P,.EA7=/"-P1'#U%+#),(/.3I .-P#) .5F3IZY/.3fst\ ���; .�8 .7'K;#),.-P1[�;1'3A,
e¥¤x¦Aso5F3IZ=#) .3A,yNO7'3�� ^ O��
	 L'Z'3A,(/.3v/. "�;T[�!96l'#'La3I,W/H�k .3I96�;�Xw!#FZ'w;#k%��z1'3£,.3A oR)3I (-P}[EI�;1[�=\

 "!� � ;������05 791:*0;92_5��j5�, ,.1���*����05
ja3AK)7'Z'1'#Q²�\±���!/"-P �m����!/¢�;³±r´LV%+#a1'3¢�^,(3�EA#)Z',(-61'3A "�; ©NO7'3b�;,u�;9P/.7' "�;, V�X�Z_^���[ 1'3�7'5>�o,(7'%@3A (BDCPEI-63KY�!7',.,(-:�;Z[�S,"w!#vR!�; (-:GXR)3A-6,��;963I�!/"*; .-:�!,IL)5F3I1'-P1[�;,��S%[�; (/.-6 �1'#�%'9:�!Z'#S5g�A1'-6#S1[�S,.7'%+3I WBDC6EA-63��z3MNO7'3

�>,(7'%+3I (BDCPEI-P38�Ul'#;5g#)K��IZ'3I�=L�#)7�,.3Ö|.�aL�,.7[�!,�%' .#;%' .-P3I1[�;1=3I,�3A,(/H�V/"C6,W/"-PEX�;,QZ[w;#>R!�; (-:�;5c�;#d9P#)Z'K)#
1[�U,(7'%+3I (BDCPEI-P3£�;%+*),o7'5g�8/" "�!Z',.96�;�Xw;#=\ ¬ ,(,.-65�L=1=3A}[Z'3¢�^,(38�8BD7'Z=�Xw;#k1'3S�;7a/"#zEI#) ( .3I96�;�Xw!#4e wz¬ � s



���������
	����������	��������
�
����� �f�

EA#)5g#<,(3IZ'1=#Jmn���!/H�;³!r�L
¤ X����
^����$[ M��	� VYXmZ_^���[�VYXmZ�
����
^��
�����[��3^ eÔqa\ÐpYs

#)Z=1'3>#~#)%@3A "�;1=#) ��{EX�;9PEI7'96����5g�A1'-:�=Lu3 ��� 3 ��� ,"w!#��z�t�0�����6��������� �ge¥#;7
�0���J�6���������D�tL�NO7'3
,.w;#<ZgI'5g3A .#),oEA#) . (3I,(%@#)Z=1'3IZY/"3A,x�U1=-6,(/";Z'EA-:�83AZO/. .3S%[�; (3I,o1'3£%+#)ZY/"#;,oEI7V|(#),oEA#)5F%' .-P5g3AZO/.#),`1=3
EA#) . (3I9:�!�Xw;#<3A,(/Hw!#F,(3IZ'1=#>EX�!96EI7=9:�;1'#;,Hst\�§£,oEA#)5F%' .-P5g3AZO/.#),ª1'3SEA#) . (3I9:�!�Xw;#'La .3A%' .3A,.3IZY/"�;1'#),Q%@#) 

���� 3 ���� L',.w;#<1'3A}'Z'-61'#;,M�;NO7'-�EI#)5F#<#),ªR!�;9P#) .3A,ª1'#),��z�t�0���k�6��������� �`Z=#),oNO7[�;-6,M� wz¬ � /.#) .Z[�±�^,.3_A3I .#=\

��,.EA#)96l'3AZ'1'#!��,.3 ��� M ��� M �aLO/.3I5<�^,(3QNO7'3x¤ X � ^ � [ M v k LO#)Z'1=3Kv e¥#)7g¤nJ¢s �Q�� .7=K)#),.-P1[�;1'3NO7[�;1= "G!/.-6EX�g5g�A1'-:�=\! y3A9:�;EA-6#)Z'�V�^,(38� wz¬ � 1'3U7'5g�>,.7=%@3A (BDC6EA-63�EI#)5�� wa¬ � 1'387'5�%+3I W}[9 �!#
9P#)Z'K)#<1'3S7'5g�U1'-P .3I�Iw;#�"<%@#) 

¤ X#���
^����$[ M¸¤%$ X�� $ [ ^ eÔqa\Õ�)s

#)Z=1'3

��� M � $'&)(+*'" ^ eÔqa\Ð³Ys

��� M � $'*-,/.0" o eÔqa\Ð�Ys

� #)Z',(3IN21'3AZO/.3I5F3IZY/"3!L��;, wz¬ � ,y1=#),M%@3A (}[, Z 3 � ,.w;#�L
¤ � X#����[ M ¤ X�����^ � [ ^ eÔq=\0�f�Ys
¤ �lX�����[ M¸¤ X � ^����$[ o eÔq=\0�)�±s

���; (-:GXR)3A-6,�e¥¤nJIL�%+#) �3t«a3I5F%'96#YsvNO7'3�,.#;5g3AZO/.3d1'3A,.EI (3AR;3I5�%' (#)%' .-P3I1[�!1'3I,U3A,(/"�!/"CP,(/"-PEX�;,�3I5
%+#),.-P�I�z3I,�-PZ'1'-0Ra-P1'7[�;-P,IL@Z[w;#�%+#a1'3A5  (343[3t/"-6 ��4EA#)Z'3¢«'w!#�3AZY/" .3<3A,(/"�;,£R;�! .-:GXR;3I-6,x3I5 1=-PBD3I (3IZY/"3A,
%+#),.-P�I�z3I,A\ ¬Bwa¬ �  (3I%' (3I,.3AZY/H��3I,W/H�dEI#;Z'3t«=w;#'L�EI�; "�!EA/"3A .-P_X�;Z'1=#d1'3U5g�;Z'3A-6 "�F5>�!-6,y3A}[EA-63IZY/.3k�
,(7'%@3A (BDCPEI-63!\

¬ /"�4�!K)#) "�J,(*JBD#) "�!5 1'-P,.EA7=/"-P1[�;,<%' (#)%' .-P3I1[�!1'3I,<3A,(/H�V/"C6,W/"-PEX�;,UZ=#?1'#)5FC6Z'-P#�3I,(%[�;EA-:�;9Ô\¯²y#
1'#;5gCPZ'-6#k1[�gBD (3IN21 �AZ'EI-6�=L�B¥�;_A3IZ'1'#V�^,.3U�g/" .�;Z',(BD#; .5g�;1[�k1'36587�9a��:´�t�o1[� wz¬ � L@/"3A5k��,.3�%@#) y1'3¢�
}[Z=-6�Xw!#<�8BD7'Z'�Iw;#<1'3IZ=,.-61'�;1'3�3A,.%+3IEA/. "�;9�e ��7�;`�t�Q�^�[�=<��¥�(�;�>�z���=��:?�@�Xs¢L=NO7'3£��5U7=-P/"#�7=/"-P96-P_X�;1[�v3I5



���������
	����������	��������
�
����� �X³

3A,(/"7=1'#),ª1'3x3I,.%'�;96l[�!5g3AZO/.#U1[�89P7'_x%+#) b,.7'%+3I WBDC6EI-P3I,ª (7'K)#),.�;,ILa%@#; .�I5�LzZ'3I,W/"3�/" .�;T[�;9Pl'#'Lz�;%+3IZ[�!,
� wa¬ � BD#)-�7=/.-69P-6_X�!1[�=\

 "!� �i=$/ ; �$*�����5
�Q5�5F�A/.#a1=#&ZO7'5F�I (-6EI#&%[�; .�2K)3A "�; F,.7=%@3A (BDC6EA-63A,g (7'K)#),.�;,F/. .-P1'-65F3IZ',(-6#)Z'�;-6,8BD#;-Q�!%' .3A,.3IZz�

/"�;1'#4%@#; S²�\©���V/"-6 Im����!/¢�!³!r´\ � #)5��;,S%' .#)%= .-63A1[�;1'3A,S3I,(/"�!/"CP,(/.-6EX�!,v1=3A}[Z'-P1[�;,S3kEI#)5 #~7',(#~1=3
/. "�;Z',WBD#) .5g�;�A�a3A,b9P-6Z'3I�; .3A,b3A5�5g�!/" (-6_A3I,b�;963I�!/"*) (-:�;,ALO3I,(/.3�%' (#aEA3I1'-P5g3AZO/.#8��EI�;%[�;_Q1'3xK;3I "�! `,.7z�
%+3I WBDC6EI-P3I,£ (7'K)#),.�;,�K)�;7',.,(-:�;Z'�;,�3kZ[w!#!�^KY�!7',.,(-:�;Z[�!,vEA#)5 NO7[�;9PNz7=3I SBD7'Z'�Xw!#~1'3g�;7=/.#aEA#) . (3I96�;�Xw;#
EA#)Z',.-P1'3I .�;1[�=\

�x3tRa-P1'#��F,.7[�>,(-65F%'96-PEI-P1[�;1'3£3vB¥�;EI-P96-61'�;1'3£1'3�,.3UEA .-:�! y7=5��!96K)#) (-P/.5g#'LaBD#)-u�;1'#;/"�;1'#>Z=3I,(/.3
/. "�;T[�!96l'#�#�5g�t/"#z1'#4,.-P5g%'9P-P}[EI�;1'#d%'�; "�4�4,.-6587'9:�;�Iw;#�1'3k,.7=%@3A (BDC6EA-63A,v (7'K)#),.�;,ILu1[�;1=#~%+#) S²�\
���!/"-P Xmn���!/H�;³VrÔ\���,(/"3v5F�A/"#z1'#kZ[w;#kZ'3AEI3A,.,.-0/H�k1[�k .3I,(#)967=�Xw;#k1'3S3INO7[�!�I�z3I,yZ[w;#!��96-6Z=3X�; (3I,I\

j=�;T+3t��,.3bNz7=3;L)K)3A "�;9P5g3AZY/"3�3I5Ø3IZ'K;3IZ'l[�! .-:�aL)�x3A,(/H�V/"C6,W/"-PEX�M1'3ª,.7=%@3A (BDC6EA-63A,�5F3A/"G;96-PEX�;,©�`K)�;7',W�
,(-:�;Z[�a\g�QG�3¢«aEI3I�A�a3A,�e¥h`3IEHiO5g�;Z'Z¯3>ja%'-P_I_A-6EHl'-PZ'#[mnhoj=p)q±r s�NO7'3FZ[w;#�,.3I .w;#4/" "�V/H�;1[�!,I\g��#) v,.3A 
7'5g�U%' (-65F3I-6 .��/"3AZY/H�!/.-PR!�=L'3A,.%+3I "�±�^,.3vNO7'3S3I,W/H�F�;%' .#X«a-65g�;�Iw;#<,.3^|.�F .�;_I#YGXR;3I9´\

��«a-6,(/.3I5 #)7=/. .#),�5g�t/"#z1'#),v%[�; "�~K)3I .�; �,(7'%+3I (BDCPEI-P3I,8 (7'K)#),.�;,Xm��&7[�)�!r´m��y�M�Y�!rb3>NO7'3>B¥�;_A3I5
7',(#�1'38/. "�;Z',WBD#) .5g�;1[�!,� "G;%=-61[�;,Q1'36587�9a��:´�t�¢L�%+#) (�I5�L��;,�,(7'%+3I (BDCPEI-P3I,�,(-65U7'96�;1[�;,Q%@#z1'3A5�Z[w!#
 (3I%' (3I,.3AZY/H�; bT@3A5 � wz¬ � 3I,(EI#)9Pl'-61[�SZ[�v,.-6587'9:�;�Iw;#'\�²xw;#vl[�XR)3A .-6��%' (#)T'963A5>�S�;NO7'-�3A5 7=/"-P96-6_I�; 
3A,(/"3A,k5g�t/"#z1'#),Q|.G?NO7'34#2-PZY/"3IZY/.#2�4#?1'343¢«=%=96#) .�; k�?%@#),(,.-PT'-69P-61[�;1=3>1'#$7',(#21=3I,.,.�;,F,.7'%+3I Ö�
BDCPEI-63A,S3I5  .3AEI#)Z=l'3IEA-65F3IZY/"#~1'3g%'�;1' .�z3I,AL�3FZ[w;#~l[G~��%' .3A#aEA7'%[�;�Iw;#�1=3g,(3>#)T=/.3I S,.7=%@3A (BDC6EA-63A,
 (7'K)#),.�;,�%+3I WBD3I-0/H�;5F3IZY/"3k (3I%' (3I,.3AZY/H�;1[�!,I\~��,W/"3A,U5g�t/"#z1'#),SZ[w;#�BD#) "�!5�3I,(EI#)9Pl'-61'#;,�%+#) S/"3I (3I5
-P5g%'9P3I5F3IZY/H�!�I�z3I,ªEA#)5g%=7=/H�;EA-6#)Z'�;-6,b5>�;-P,ªEI#;5g%'9P-6EI�;1[�;,ªNO7'3v#k5g�t/"#z1'#<1'3v²�\����!/"-P Xmn���!/H�;³VrÔ\

�����	��
 �� ������������������� �!�

¬ /"�v�;NO7'-ÔL[Z[�;1[�UBD#)-�3A,(/"�;T@3A963AEI-61=#FNO7[�!ZO/.#d�;#</.-6%+#<1'3vBD7=Z'�Xw;#k1'3��;7=/.#aEA#) . (3I96�;�Xw;#=\ � #)5F#
7'5g�<BD7'Z'�Xw!#>1'38�;7=/"#zEI#; . .3A9:�;�Iw;#F�8Z'3AEI3I,(,"G; (-:�>Z'�g3I96�;T+#) "�;�Iw;#F1'3�7=5c5F�A/.#a1=#g%[�! "�g,(-65U7=9:�; 
7'5g�¯,(7'%@3A (BDCPEI-63� .7'K)#;,"�=LM�J%' (3ABD3A .CPR;3I9£� 3A,.EA#)96l[� 1=3?7'5>�2BD7'Z'�Xw!#®T@3A5 ,.-P5g%=963I,g1'3?5F#a1'#



���������
	����������	��������
�
����� �X�

��,(-65F%'96-0}[EX�! v#�%' .#zEI3A1'-65F3IZY/"#=L��;,.,(-65�L Z[w;#�,.3I .w;#?Z'3AEI3I,(,"G; (-:�;,k�!,U .3A,.#)9P7'�I�z3I,U1=3d3INO7[�;�A�a3A,
Z[w!#!�^9P-6Z'3I�; .3A,I\

�Q5g�UBD#) .5g�U,.-P5g%=96-P}'EX�;1[��1'3£BD7'Z'�Xw!#F1=3��!7=/"#zEI#) ( .3A9:�;�Iw;#<�S1[�;1[�k�k,.3IK;7'-6 �L

¤ X����
^����$[ M
��� �� v k�� O�� U ���"U� ��	� � O
� U+��� U� ���� ,.3 U ���iU� � �� 3 U ��� U�� � �� L
� EX�!,.#FEI#)ZY/" .G; .-P#'L

eÔq=\0�±�)s

#)Z=1'3 ���� 3 ���� ,"w;#�1'3A}'Z'-61'#;,vEA#)5F#�EI#)5F%' .-P5g3AZY/"#),£1'3kEA#) . (3I9:�!�Xw;#41'#4%+3I (}', Z 3 � L© .3A,.%+3IE¢�/.-PR!�;5F3IZY/"3!Lo3 v �J�& .7'K)#;,.-61'�;1'3�NO7[�!1' "G!/.-6EI�¯5g�A1'-:�a\ §�EI#)5F%' (-65F3IZY/"#&1'3�EA#) . (3I9:�!�Xw;# 1=3
7'5 %@3A (}[9�%+#a1'3<,(3I v1'3A}'Z'-61'#�EI#;5g#4#�EI#)5F%' .-P5g3AZY/"#�Z'#�NO7[�;9��dBD7'Z'�Xw!#~1'3g�;7=/.#aEA#) . (3I96�;�Xw;#
/.#) .Z[�±�^,.3£_A3I (#'\

¬ wa¬ � 1'3I,(,"�k,.7'%+3I WBDC6EI-P3£ .3A,.7'90/H�k3I5 wz¬ � ,yEA#)5 %+3I W}[,Q9P-6Z'3I�; .3A,ªZ[�;,M1'-P .3A�I�z3I, Z 3 � L
¤ � X�����[ M v k � O�� U ����U� �� � U ����U�� ���� L eÔq=\0�fqYs

¤ ��X#���$[ M v k � O�� U ���gU� ���� U ��� U�� ���� \ eÔq=\0� tOs
��5 #)7a/" "�!,o1'-6 (3I�I�z3I,AL'#),o%+3I W}[,ª/"3A5 7'5g� wa¬ � %[�; "�!T@*)9P-6EI�=Lz�kNO7[�!9��;,.,(3I5F3I9Pl[�V�^,(3S�U7'5g�

BD7'Z=�Xw;#kEI#;5 1'3IEI�;-65F3IZY/.#F3¢«a%@#)Z=3IZ'EA-:�;9Ô\

¬ BD#) .5g�U1'-P,.EI (3A/"�k1'�kBD7'Z=�Xw;#k1'3v�;7=/.#aEA#) . (3I96�;�Xw;#<�S1[�!1[�<%@#) �L
¤�� JpM v k � O
���� � � O
� G

	 � ,.3 � � � 3 G � 	 L eÔq=\0���)s
#)Z=1'3

¤�� J M � ,.3 ��� � #)7 G � 	 L eÔq=\0�fpYs

� �� M ��� Z_^ eÔq=\0�±�)s

� �� M 	 � ��o eÔq=\0�f³Ys

� 7[�;ZY/"#k5g�;-6#; .3I,�BD#) .3A5 � 3 	 5g�;-6,o�U3A,(/. .7=/.7' "�U}[Z[�<1[�< (7'K)#),(-61[�;1=3��£ .3tR)3I96�;1[�=L=1'3I,(1'3
NO7'3<-P,(/"#�,(-6K)Z=-P}[NO7'3<NO7'3 � Z 3 � � ,(3Ö|.�;5�3I,(EI#)9Pl'-61'#;,£EI#)5F#�7'5g�d%@3ANz7=3IZ[��BD "�;�Iw;#�1'#4EI#;5k�



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

%' (-65F3IZY/"#<1=3vEA#) . (3I96�;�Xw;#=\

¬ 9P�I5Å1'3I,(,"�£,.7=%@3A (BDC6EA-63b,.3I B¥�!EI-69P5g3AZY/"3�K)3I .�;1[�=L)#;7=/" .�xR;�!ZO/"�;K)3A5�1'3A,.,(3M/.-6%+#x1'3ªBD7=Z'�Xw;#£1=3
�;7a/"#zEI#) ( .3I96�;�Xw!#g�UNO7'3U�>,.7'%+3I WBDC6EA-63v�UEX�; .�;EA/.3I (-6_X�!1[�g%+#) ��!%@3AZ[�;,x/. �I,Q%[�; .;5g3t/" (#),$L v L ���� 3� �� \���,(/"3A,o%[�; .;5g3t/" (#),�,"w;#UEA#)5U7'5F3IZY/.3x7=/.-696-P_X�;1=#),�Z'#U3A,(/"7=1'#U1[�83A,(/"�!/"CP,(/"-PEX�S1'3x,(7'%+3I (BDCPEI-P3I,I\

¬  "�;_Iw;#��J3AZO/. .3v#),oEI#;5g%' (-65F3IZY/"#;,o1'3SEI#) ( .3I96�;�Xw!#

�>M � ��� �� eÔq=\0�f�Ys

-PZ'1'-6EI�U#kK) "�;741'3S-P,.#;/. .#)%'-6�U1[�<,.7'%+3I WBDC6EA-63;L=#)Z'1'3��+M O -PZ'1'-6EI�U7'5g�k,(7'%+3I (BDCPEI-P3£-6,.#!/" .*;%'-6EI�=\
���! "�M,.-6587'9:�; @7'5g�M,(7'%+3I (BDCPEI-P3�KY�;7',(,.-:�!Z[�ª/"3IZ=1'#M7'5>�ªBD7'Z=�Xw;#y1'3��;7=/.#aEA#) . (3I9:�!�Xw;#ª1'�MBD#) (5>�

1'-P,.EA .3A/"��eÔq=\0���)s¢L'EX�;9PEI7'96�V�^,(3�%+#) o/" "�!Z',(BD#) (5>�!�Xw;#<9P-6Z'3I�; $L

V 	�� M
v
� � 	 �c

� d�f
�c
	 d�f�
 	� ��� ��� 	 EA#)5 h M O ^ � ^ o o$o�^ a 3 � M O ^ � ^$o o o ^�� ^ eÔq=\Ð�;�Ys

#)Z=1'3x�v5>�V/" .-P_

 	� ��� ��� 	

Lz1'3x1'-P5g3AZ',"w!# X a 
 � [ « X�� 
 	 [ La�yBD#) .5g�;1[�£%+#) b7=5>�S1'-6,W/" (-6T'7'-P�Xw;#KY�!7',.,(-:�;Z[�ª1=3�Z I=5g3A .#),©�;9P3X�!/.*) .-P#),�587=/"7[�!5g3AZO/.3�3�-61'3AZY/"-6EI�;5F3IZY/"3 -PZ'1'3A%@3AZ'1'3IZY/.3I,uEI#)5¸1'3I,WRa-P#
_A3I .#F3�R!�; .-6;Z'EA-:�U7'Z'-0/HG; (-:�=\

²x�k,.-P5U7'96�;�Xw;#k1'3v7'5g�<,.7'%+3I WBDC6EI-P3;L�7=/.-696-P_X�V��,.3�#FEI*z1'-PK)#!��BD#;ZO/.3£%[�; (EI-:�!9�e¥Z[�k96-PZ'K)7[�;K;3I5 1=3
%' (#)K) .�;5>�!�Xw;# � so1'3I,(EI (-P/"#gZ'#d�!%��AZ'1'-6EA3 ¬ \Ð�aL�EI#)5{�;,MBD7'Z'�A�a3A,�Y�V�)�z���fL��(�����S3� (#;/"-PZ[�;,M%[�; .�
�;9P#aEI�;�Xw!#U1'3v5g3A5g*) (-:�v .3A/.-6 .�;1[�;,o1'#��!9��>�t��:�<.�;���M�=<�:Ð�[�H�Amn� w ���£�)q!rÔ\

¬ ,(7'%@3A (BDCPEI-63x5g#),W/" .�;1[�8Z[� w -6K)7= "�Uq=\Ð�vBD#)-@,.-P5U7'9:�!1[��EA#)5�#;,o%[�; "!5g3t/" .#;,3a M
�
M � �=L� M"!zL 	 M �k3v¤nJpM � o � � � 	 \



���������
	����������	��������
�
����� �z�

w -6K;7' "�Uqa\Õ� Lbja-P5U7'96�;�Xw;#81'3S7'5>�<,(7'%@3A (BDCPEI-63£5F3A/"G;96-PEX�8EA#)5�¤nJ M � o � ��� O ������� 	 \



� ��� �������� �

� �
������	�������
 ����4� ��� � ����	�� �
�

w #)-;,(7'K)3A .-61=#y%+#) > S\±ja-P9PR;3IZ'Z'#;-6Z'3AZv3t/u�;9´\�m  xj=j=�����VrY#o7',(#Q1=3� .3IEA#)Z'l'3AEI-P5g3AZO/.#Q1=3�%[�;1' (�a3A,
%[�! "���x3A,(/.-65g�!/"-0R;�o1[�� (7'K)#),(-61[�!1'3`1'3b7'5g�x,.7'%+3I WBDC6EA-63`5F3A/"G;96-PEX�=\ ¬ 1'-P}'EI7'9P1[�;1'3b1'3`R)3A .-0}[EX�; �
R!�;9P-61[�;1=3ª1'#S5g�t/"#z1'#�BD#)-[��B¥�;90/H��1'3M,(7'%@3A (BDCPEI-63A,�%[�;1' .w;#S�v,(3I (3I5�7=/.-69P-6_X�!1[�;, 3A5�EI#)5F%[�; .�;�I�z3I,
EA#)5 �;,�,.7'%+3I WBDC6EI-P3I,�5g3A1'-61'�;,I\����; .��EI#;ZO/.#) .Z'�; b3A,(/.3x%' (#)T'963A5>�aLO�;,`,(7'%@3A (BDCPEI-63A,�%[�;1' .w;#�BD#) .�;5
,(-65U7'96�;1[�;,AL)7=/.-696-P_X�;Z=1'#�7'5�5F�A/.#a1=#£1'3I,(3IZYR)#)90Rz-61'#�%@#) �²v\Y���V/"-6 Im����!/¢�!³!r[1'3A,.EI (-P/.#�Z'#SEI�;%'CP/.7'96#
q=\ ¬ ,M,.7'%+3I WBDC6EI-P3I,o,(-65U7'96�;1[�;,b/"3I5 R!�;9P#) .3A,ª1'3�¤x¦�1'3t}[Z'-P1'#),M3IZY/" (3��F3 � ^ O��
	 \

�9!$# � *0&_*6/ 1 � 2_5 ( 5�, �j5�, , 1��$*�����5
�Q5 5g�t/"#z1'#?NO7'34%@#z1'3d,(3I k7=/.-696-P_X�;1=#�Z'#$ .3AEI#)Z=l'3IEA-65F3IZY/"#$1'3�%[�!1' .�z3I,<�4EHl[�;5g�;1'#?1=3

EI�;,"�;5F3IZY/.#F%+#) oEA#) . (3I9:�!�Xw;# �=1'3I,(EI .-0/"#F%@#; 0 v\��£#)Z'_I�;963A,o3� v\ �&#z#a1',Sm���� �)�!rÔ\

²Q3A,(/.3<5g�t/"#z1'#'L��dEA#) . (3I96�;�Xw;#>1'3U-65g�;K)3AZ',x�<EA#)Z',(-61'3A "�;1[�dEA#)5F#��>T[�;,(3<%[�; .�d3IZ'EA#)ZY/" "�! 
EI�;,"�;5F3IZY/.#),g1=3~7'5g�$,.7'T'-P5>�!K)3I5�� X�Z_^ ��[ e¥#; .-6K;3I5 3A5�,.3A7�EI3AZO/. .#Os<1'34/H�;5g�;Z'l=#�� «��
1'3AZY/" .#k1'3£7=5>�U-P5>�;K;3I5�� X�Z_^ ��[ e¥#) (-6K)3A5�Z'#U/.#)%+#k�k3A,.NO7'3A .1[�Ysª1'3�/"�;5g�;Z'l'#

�
«>a2L'#)Z'1=3

�v�;,(,.7'5F-61'#<NO7'3�� � � 3�� � a e R)3^|.�g� w -PK)7' "� t=\P�±s¢\
��,(/.3>EX�!,"�;5F3IZY/"#~%@#; vEA#) . (3I96�;�Xw;#4�F .3I�;96-P_X�;1'#��!/. "�XR)�A,81'#~EI#z3A}[EA-63AZO/.3g1=3>EI#; . .3A9:�;�Iw;#� FL



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �!q

(s,t)

Origem

f(x,y)

w(x−s,y−t)

t

s

M

N

J

K

x

y

w -PK)7' .�@t'\0�
L ¬  ( "�;ZV|(#<%'�; "�<�<#)T=/.3IZ'�Iw;#k1[�<EI#) ( .3A9:�;�Iw;#<1'3�� XmZ_^���[ 3 � X�Z_^ ��[ Z'#k%@#)ZY/.# X��
^ � [ \e }[K)7' .�k3¢«z/" "�!C61[�<1'3Fm�� � �)�±r s

1'3t}[Z'-P1'#kEI#)5F#[m�� � �)�±r L

 X��
^ � [ M
c
�
c
� � � X�Z_^���[ � � X�Z_^���[�� � � X�Z � �
^�� � � [ � � �� c

�
c
� � � X�Z_^���[ � � X�Z_^���[�� k c � c

� � � X�Z � �
^�� � � [ � � � k�� f�� k e t=\P�±s

3A5 NO7'3 � M � ^ O ^ � ^ o o o ^�� �EO 3 � M � ^ O ^ � ^ o o o ^ a � O L � �d#JR!�;9P#) 85F�I1=-6#J1'#;,�� :��a�t�Ð�
3A5 � X�Z_^ ��[ e¥EA#)5F%'7=/H�!1'#d�;%+3IZ'�;,Q7=5>�kR)3I_XstL � X�Z_^ ��[ ��#FR!�;96#) M5F�I1'-P#g1=3 � XmZ_^���[ Z[�F .3AK)-:w;#EA#)-6Z'EA-61'3AZY/"3�EI#)5Å�Q%+#),(-6�Xw!#xEI#; . .3AZY/"3`1=3 �8L!3ª�;,u,.#;5>�;,�,"w;#Q .3I�;96-P_X�;1[�!,u,(#)T' (3ª�;,�EI#z#) .1'3AZ[�;1[�!,
EA#)5U7'Z',AL'/H�;ZY/.#g� �?EI#)5F#k���8\

§ EI#z3A}[EA-63IZY/.3U1'3<EI#; . .3A9:�;�Iw;#  X��
^ � [ /"3I5�,.7[�d3A,.EI�;9:�>Z=#�-6ZY/"3A (R!�;96# �6O � O L�3U,.3A7?R;�!96#) 
5gGV«a-65F#U-6Z=1'-6EI�<�k%+#),(-6EXw!# X��
^ � [ 3I5 NO7'3�� XmZ_^���[ 5g3A96l'#; ª,.3SEX�!,"�kEI#)5 � X�Z_^���[ \

� #)5F#v�;,�-65g�;K)3IZ=,�Nz7=3Q,(3I "w!#�7=/.-69P-6_X�!1[�;, Z'3A,(/.3y/. "�;T[�!96l'#SZ'#S .3AEI#)Z=l'3IEA-65F3IZY/"#�1'3M%[�;1' (�a3A,
/.3I5 7=5°K) "�!Z'1'3�ZgI'5g3A .#M1'3�� :��a�t�Ð��e � � ���b« � � ���YstLf��5g�;-6,�3t}[EI-P3IZY/"3��o7=/.-696-P_X�;�Iw;#`1=#QEA#) . (3I9:�V/"#) 
*)%a/"-6EA# eD,.7[�¯,(-65U7=9:�;�Iw;#OstL�|.G&NO7'3JZ=# 1'#)5FC6Z'-P#$1[�&BD .3AN21 �IZ'EA-:�=Lo/. "�;Z',WBD#) .5g�;1[�!,g .G;%'-61'�;,g1=3587�9a��:´�t�g%@#z1'3I5 ,(3I ~7=/"-P96-6_I�;1[�;,A\ §�7=/. .#�B¥�!/"#; �NO7'32Rz-:�;T'-P96-P_X� �á7=/"-P96-6_I�;�Xw!#®1'#
EA#) . (3I9:�V/"#) 
*)%a/"-6EA#'L=�v�<%+#),.,(-6T'-P96-61'�;1'3�1'3S-P5g%'9P3I5F3IZY/H�!�Xw;#U1=3v1=-PBD3I (3IZY/"3A,o/"-6%+#),o1'3£}[90/" (#),I\



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� ��t
�9!� � 5�, ,.1���*�2_5�,��0(92_= �p5

��5 �f�)p)qaL ¬ \ ���!Z'1'3I .��7'K;/`m ���;Z'plt!rz%' (#)%��;,�3�1'3I5F#)Z',W/" (#)787'5g�ª/"�AEIZ'-PEX�Q-PZY/"3I WBD3I (#)5g�t/" (-6EX�
1'3k,(C6ZY/"3A,.3k1'3<}[9P/. .#),£%'�; "��#�%'9:�;Z=#�1'3<BD .3IN21 �AZ'EI-6�;,I\F��,(/.3I,S}[9P/. .#),£EA#)ZY/" (#)9:�;5 �4�;5g%=96-P/.7'1'3
3g��B¥�;,(3g1=3g7'5g��BD7=Z'�Xw;#�1'3F/" "�!Z',(BD3A �IZ=EI-:�aL�#)Z'1=3gEI�;1[�~7=5~Lu�gEA#)Z',W/"-P/.7'C61=#~1'3g%[�;1' (�a3A,�1=3
�;T=,.#) (�Xw;#'\ ¬ ZY/"3A .-P#) .5F3IZY/"3!Lu�d .3X�!96-6_I�;�Xw!#�1'3U}[9P/. .#),x3I "�dBD3A-P/H���V/" "�XR;�I,v1[�d-6Z',(3I (�Xw;#41'3k1'7[�!,
5gG;,.EI�; "�!,ILz7'5>�v%[�; .��EI#;ZO/. .#)96�; b�U�;5F%'96-0/"7'1'3veD%@3A96CPEI7'96�SBD#;/.#)K) .G!}[EX�)s�3Q#)7=/" .��%[�! "��EA#)ZY/" (#)9:�; 
�UB¥�;,(3>eD%@3A96CPEI7'96�81'3S3I,(%@3A,.,.7= "�FR!�; (-:GXR)3A9 s¢\

ja-P,(/"3A5>�!,y*;%=/"-PEI#),y1'#g/.-6%+# t!��Boe w -PK)7' "� t'\Ð�)so,"w;#F5U7'-0/"#FEI#)587'Z',y3I5{ .3AEI#)Z'l=3IEI-P5g3AZY/"#>1=3
%[�!1' .�z3I,A\

P P P P P
0 1 2 3 4

f f
f f

feixe

colimado

f (x,y)

Entrada Filtro Saida

g(x,y)

w -6K)7= "�@t'\Ð� Lbja-P,(/"3A5>�U*;%=/"-PEI#k1'#</"-P%@# t!�´BÖ\

¬ #)%+3I .�;�Xw;#S1[�£5g�;-6#; .-:�M1'#),�EA#) . (3I9:�V/"#) (3I, *)%a/"-6EA#),��oT[�;,(3X�;1'�vZ'#£/.3I#) (3I5g��1[�£EI#)ZYR)#;967'�Iw;#
eD#¯%' (#a1'7a/"#¯1=3J1'7[�;,FBD7'Z'�A�a3A,ILM#)7
-P5>�!K)3IZ',ALªZ'# 1=#)5gCPZ'-6#$1[�2BD .3IN21 �AZ'EI-6�¯��3ANO7'-PR!�;9P3IZY/"3��
EA#)ZYR)#)9P7'�Xw;#MZ'#y1'#)5FC6Z=-6#ª3A,.%[�;EA-:�;9:st\�§�/.3I#) (3I5g�o%@#z1'3 B¥�;EA-6965F3IZY/.3 ,.3A � (3ABD#) (5U7'9:�!1'#o3I5 /.3I (5g#),
1'3<7=5>�>EA#) . (3I96�;�Xw;#�EA .7'_I�;1[�2e¥#�%= .#z1'7=/"#=L�Z'#�1'#)5FC6Z'-P#>1[�>BD (3IN21 �AZ'EI-6�=L�1'3<7'5g�>BD7'Z'�Iw;#43<#
EA#)5g%=963t«a#$EI#;ZV|(7'KY�;1=#&1'3�7'5g�2,(3IK)7=Z'1[�2BD7=Z'�Xw;#=Lª�43INO7'-PR!�;9P3IZY/"3~�$EI#) ( .3I96�;�Xw!#&EA .7'_I�;1[�$Z'#
1'#;5gCPZ'-6#U3A,.%[�!EI-:�!9 sAm��£#a#Y�;pfrÔ\

� #)Z',(-61'3A .3�7'5>�F-65g�;K)3A5�B(e «@L��=syEI#;5g#g7'5>�F-65g�;K)3A5 1'3� .3ABD3A �AZ'EI-6�=\Qja7[�g/. "�;Z',WBD#) .5g�;1[�



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �l�
1'3�587�9a��:´�t��T'-61=-65F3IZ',(-6#)Z[�!9��£1'3A,.EI (-P/"�g�<,.3AK)7'-P $L

��� � XmZ_^���[�� M�� X��_^
	 [ M
���Q
� �
���Q
� �

� XmZ_^���[� �
� k ����� � ��� ��� ]
Zn] � e t=\Õ�)s

#)Z=1'3 � 3 	 ,.w;#F�;,oBD .3IN21 �AZ'EI-6�;,M3I,(%[�;EI-6�;-6,A\
�Q5g�<%' .#;%' .-P3I1[�;1=3v587'-P/.# I=/"-P9�1'3S7'5g�k9P3IZY/"3SEA#)ZYR)3I (K)3IZY/.3U�S,.7[�kEX�;%'�;EI-P1[�;1'3S1'3S3ABD3t/"7[�! 

/. "�;Z',WBD#) .5g�;1[�!,ªT'-61=-65F3IZ',(-6#)Z[�!-6,`1=3 587�9z��:´�t�xm�hb3A/H�)�Vr´\
�x3k�;EA#) .1=#�EA#)5��d-P967',W/" .�;�Xw;#>1'#�EI#) ( .3A9:�!/.#) x*)%a/"-6EA#2e w -PK)7' .� t'\Ð�)stL�1=7[�;,�/" .�;Z',WBD#) .5g�;1[�;,

T'-P1'-65F3IZ=,.-6#;Z[�;-6,�1'3 587�9a��:´�t��#aEA#) . (3I5 �U%[�; (/.-6 ª1'�U-65g�;K)3I5 � XmZ_^���[ \�§°}[9P/. .#<3t«a3A .EI3v#<%[�;%+3I9
1'3�7'5g�>T[�; ( .3I-P "�=L�T'9P#aNO7'3I�;Z'1'#d�;96K)7=5>�;,oBD (3IN21 �IZ=EI-:�!,IL�1'3A%@3AZ'1'3AZ'1'#41'38EA#)5F#d3I,W/"38}[90/" (#gBD#)-
%' (#V|(3A/"�;1'#'\

ja3UZ=#d%'9:�!Z'#>1'#g}[9P/. .#$e��
k
sMZ[�;1[�gBD#; xEI#;96#zEX�;1'#=L��>,.�;C61'�g�U1[�!1[�>%+3I9:�kBD7'Z'�Iw;#�� X�Z_^���[ M� X � Z_^ � ��[ |.G�NO7'3������ � XmZ_^���[�� M � X � Z_^ � ��[ \ ¬ -6ZY/"3AZ',.-P1[�;1'3o5F3I1=-61[�xZ=#£%'9:�;Z=#��

�
�o1[�;1'�

%+#) U � XmZ_^���[�U k L[#)74,.3^|.�=L U � X � Z_^ � ��[�U k \
ja3�Z=#U%'9:�!Z'#��

k
7=5¨}[90/" (#�� X � ^�	�[ NO7[�;9PNz7=3I `BD#) bEI#)9P#aEI�;1'#'La�81'-P,(/. .-6T=7'-6�Iw;#��x5g#z1'-P}'EX�;1[�1'3�� X��_^
	 [ %[�; .��� X��_^
	 [ � X��_^
	 [ L@3F��,.�;C61[�4�k1[�;1[�4%+3I9:��EA#)ZYR)#)9P7'�Xw;#!� X�Z_^���[ M�� X�Z_^���[#"$ X�Z_^ ��[ #;Z'1'3 $ XmZ_^���[ M

���Q
� �
���Q
� �

� X��_^
	 [� �
� k �%�&� � ��� ��� ]'�\]'	 o

²y#;/"3�NO7'3`587'1[�;Z'1=#(� X �_^
	 [ %@#z1'3I5F#),u�;%'9P-6EI�; �1'-PBD3A .3AZO/.3I,©/"-P%@#),©1'3�}[90/" .#;,ILV#),�NO7[�!-6,© .3A,.7'90/H�;53A5 EI#)ZYR;#)967'�Iw;#�e¥,.CP5UT+#)96# " sªEI#)5 � X�Z_^ ��[ \
ja3yZ'#8%=9:�;Z'#v1'#v}[9P/. .#ge)�

k
s�7=5>�£BD7'Z'�Iw;#8EA#)5g%=963t«=�*�,+ X � ^�	�[ �yEI#)9P#aEI�;1[�=Lz�S,"�;CP1[�S�x1[�;1'�%+3I96�UEI#) ( .3I96�;�Xw!#FEA .7'_I�;1[� � X.-4�
^�-4�$[ L��k,(3IK)7=-6 vm�/£7'5g�Y�Xr L

� X -���^�-���[ M10'02� X � ^�	�[ � + X��_^
	 [� � k �����43�5����63)7 � ]'�\]'	M 0'08$ + X�Z_^���[ � XmZ�
9-4�g^ � 
:-��$[�]
Z\] �M $ XmZ_^���[<; � XmZ_^���[
e t=\ÐqYs

#)Z=1'3S#F,(C65UT+#)9P# ; 1=3IZ'#;/"�F7=5>�<EI#; . .3A9:�;�Iw;#<EI (7'_X�!1[�FT=-61'-P5g3AZ',.-P#)Z[�;9Ô\



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �!p

²Q#!/"3<NO7'3 � X��_^
	 [ M U � X �_^
	 [�U  	 � ��� � � � \Uja3 � X��_^
	 [ M U � X��_^
	 [�U  � 	 � �&� � � � e }[9P/. .#dEI�;,"�!1'#OstL
3AZO/"w;# � X��_^
	 [ � X �_^
	 [ M U � X��_^
	 [�U k e¥-PZY/"3IZ=,.-61'�;1'3fs¢\U§�,£%'-PEI#),x1'3<-6ZY/"3AZ',.-P1[�;1'38 .3I%= .3I,(3IZY/H�!5#),o%+#)ZY/"#;,y#;Z'1'3Sl[Gk .3IEA#)Z'l'3AEI-P5g3AZO/.#k1'3S%[�;1' .w;#'\

§ÅEA#) . (3I96�!/"#) o*;%=/"-PEI#<1'3��[��� �z�t��� 9+����3A,(/HGk3I,(NO7'3I5g�!/"-P_X�;1=#FZ'� w -6K)7' .� t'\�q=\

P P P
0 1 2

feixe

colimado

f (x,y)

ff

P3 P4
f f

1

2

3

F(u,v) FG

FG*

Termo central

Fourier
de

holograma

f  *  g

f θ g

w -PK)7' "�6t'\Ðq L � #; . .3A9:�!/.#) ª*)%a/"-6EA#k1'3��[��� �z�t��� 9����Ô\
��,(/.3xEI#; . .3A9:�!/.#) �7=/"-P96-6_I��EI#)5F#�}'9P/" (#�7=5¨l=#)96#)K; "�;5g�£1'3�587�9a��:´�t�¢\�§�7=/. .#),�/"-P%@#),�1'3y}[9P/. .#),

NO7'3v963tR;�!5 �;#F5g3A,.5F#<}[5 /H�;58T@�A5 ,"w!#g7=/.-69P-6_X�!1'#),IL=EI#)5F#k#),M%' .#z1'7'_A-61'#),M%+#) M-6ZY/"3A (BD3A �)5F3t�
/. .#),U5F#z1'-P}[EI�;1'#),v1'3��?��<=�
	�� �=��� �z�t�Fe¥,(7[�J7=/"-P96-P_X�;�Iw;#~BD#)-�#) (-6K)-PZ[�;965F3IZY/.3F%= .#)%+#),(/"�J%@#; ¬ \
���;Z=1'3I (967'K)lY/Xm ���;Z'plt!r:sy3 �o���V�6��: ���z\ ���>5F3I,.5g�FBD#; .5g�FNO7'3UZ=#d,.-P,(/"3A5>�it!��BÖL@�;ZY/"3A,�1'#g%'9:�;Z=#
�
k
/"3A5g#;, � X��_^
	 [ \ªja3vZ'3A,(/"3�%'9:�!Z'#k7'5�l'#)9P#)K) "�!5>�U1'3 587�9a��:´�t�`BD#) MEA#)96#zEX�;1=#'L[�;%+*), �

k
/. �A,

/.3I .5F#),o,(7' .K)-P "w;#'m �£#a#)�)pXr L
�;\y�u3I (5g#kEA3IZY/" .�;9�e¥Z[w!#F�S7=/.-69P-6_X�!1'#OstL

�z\ � X��_^
	 [  X � ^�	�[ L
qa\ � X��_^
	 [  + X��_^
	 [ \

²y#x%'96�;Z'# �
�
LY�;%+*),��Q/" .�;Z',WBD#) .5g�;1[�M*)%=/.-6EX�y1'3 587�9z��:´�t�¢L;�Q,"�!C61[�y�`EI#;5g%+#),(/"�Q1'#;,�/" �I,�/.3I (5g#),

,(3IK)7'-PZY/"3I,�L
�;\y�u3I (5g#kEA3IZY/" .�;9�e¥Z[w!#F�S7=/.-69P-6_X�!1'#OstL



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �;�

�z\ � X�Z_^���[ " � X�Z_^ ��[ eD%@#z1'3£,(3I NI=/"-P9�5g�;,M�;NO7'-©Z[w;#k�S7=/"-P96-P_X�;1'#YstL
qa\ � X�Z_^���[ ; � X�Z_^���[ e Ia/"-69�Z'#g (3IEA#)Z'l'3AEI-65F3IZY/.#F1=3v%'�;1' .�z3I,"st\

ja3~# l'#)9P#)K) .�;5>�$1'3 587�9z��:´�t�UBD#; >%' (#V|(3A/"�;1'# 1'3~/H�;9MBD#) .5g�$Nz7=3?Z[�¯,"�!C61[�2#),>/" �I,>/.3I (5g#),
3A,(/"3^|.�;5  "�;_A#Y�XR)3A965F3IZY/"3g,.3I%'�; "�;1=#),IL�3AZO/"w;#'L��!,8-6ZY/.3IZ',(-61[�;1=3I,8%+#z1'3I .w;#�,(3I U1'3t/"3AEA/H�!1[�;,I\J§�,
%'-PEI#),�1'3Q-6ZY/"3AZ',.-P1[�;1'38eDBD7'Z=�I�z3I,`1=3I9P/"�Ys�1[��EA#) . (3I9:�!�Xw;#�EI .7=_X�;1[��1'3A/.3IEA/"�;1[� U � X�Z_^ ��[ ; � X�Z_^ ��[�U k (3I%' (3I,.3AZY/H�;5{�;,M%+#),.-P�I�z3I,o#)Z=1'3S#aEA#) . (3v (3IEA#)Z'l'3AEI-65F3IZY/.#F1=3v%'�;1' "w!#'\

§ EI*z1'-6K;#!��BD#)ZY/.3�eD3I5 �$���¥�0� � svNO7'3gB¥�;_>#~ .3IEA#)Z'l'3AEI-P5g3AZO/.#?1'3>%'�;1' .�z3I,83I,(/"G�96-P,(/"�;1'#�Z'#
�;% �IZ=1'-6EA3 ¬ \�q=\&��,W/"34%' (#)K) "�!5>��%+3I (5g-0/"3gNz7=3�#)7=/" (#),U}[90/" .#;,8,.3^|.�;5��;%=96-6EI�;1'#),�1'3�5F#a1'#J�
#)Ta/"3I o5g�;-P#) ª,.3AZ',.-PT'-69P-61[�!1'3�Z'#k .3AEI#)Z=l'3IEA-65F3IZY/"#'\

§ EI#; . .3A9:�!/.#) k*)%=/.-6EI#&1'3 �[��� �z�t��� 9����y%+#z1'3~,(3I >�;%'96-PEX�;1=#'L`%+#) F3t«a3I5F%'96#=L`Z'#  (3IEA#)Z'l'3¢�
EA-65F3IZY/"#41'3k-65F%' (3I,.,(�a3A,S1'-6K)-0/H�;-P,<mnh`3A/"�Y�VrÔLu3A5UT+#) "�41'-P}'EI7'9P1[�;1'3A,v%= "G!/.-6EX�!,Fe¥K) .�;Z'1'3kEI#;5g%' (-0�
5F3IZY/"#k1'#kEA#) . (3I9:�V/"#) "sb/"3IZ=l[�;5 9P-65F-P/H�!1'#�,(7[�k-65F%'963A5g3AZO/"�;�Xw!#<Z'3I,W/H�F�;%'96-PEX�;�Iw;#'\

�9!� � �32_5i795 791:, 1 �j5����>1 �p=$/ 1 � 2_5
²Q#�EX�;,(#U1'#� .3IEA#)Z'l'3AEI-P5g3AZO/.#U1'3QEX�; .�;EA/.3I .3A,ILa7=/"-P96-6_I�V�^,(3o#U%' (#)K) "�!5>�=LY3A5 �$���¥�0� � La9P-6,W/H�;1'#

Z'#F�;% �IZ=1'-6EA3 ¬ \Ðqa\ ¬ ,M-65g�;K)3AZ',o1[� w -6K;7' "� t'\ tk,"w;#F#),o1[�!1'#),M1'3S3IZY/" .�;1[�kZ'3I,W/"3v%' .#;K) "�;5g�=\

Û0ÀAÞ��zÓÐÚ¥¿´ÀªÇfÉ�Ä(À¢Ì�ÀtÄ^¿´ÉWÌ´É(Ú ÛÜÂ!Þ�ÄWÀtÌ´ÀAÄ^¿´ÉWÌuÀQÚ¥É(ÌuÌ´É(ÄÖÈAÍ±Æ±É	�ÄÖÓÕÇfÈ

w -PK)7' "� t=\ut�L�]^5g�;K)3AZ',o1'3S3IZY/. "�;1[�kZ'#F%' .#;K) "�;5g�=\



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �!³

��#; (/H�!ZO/.#'L£1'7[�!,~-P5>�;K;3IZ',4,"w!#
Z'3AEI3I,(,"G; (-:�;,�L ��96-6,W/H�®1'3&EX�; .�;EA/.3I .3A,®e w -6K'\'t'\ tY�Ys¢L�NO7'3
EA#) . (3I,.%+#)Z'1=38� � X�Z_^ ��[ Z'#F%'96�;Z'#�� T e w -PK'\ t'\Ð�)s �[#FEX�; .�;EA/.3I Q�<,.3I y .3AEI#)Z=l'3IEA-61'#Je w -PK'\ t'\ut;T�stL
NO7'3k�<7=/.-696-P_X�;1=#dZ[��EI (-:�;�Iw;#�1'3k7'5�}'9P/" (#�Z'#4%'9:�!Z'# �

k
e w -PK'\@t=\Õ�)s¢\ ¬ ,"�!C61[�d1'#4%' (#)K) .�;5>�

e w -6K)7= "� t'\ �)sg-PZ'1'-PEX� #® .3AEI#)Z=l'3IEA-65F3IZY/"#�1'#�EX�! "�;Et/"3I �Z=#á9P#aEI�;9y#)Z'1'3$#®%'-PEI#®�?5g�;-6,��!9P/"#
eDEI#z#) .1'3AZ[�;1[�!, Z M����<3 � M����Yst\

w -PK)7' .� t'\�� L  y3AEI#)Z'l=3IEI-P5g3AZY/"#F1[�<963A/. "� ¬ \
§Å5F3I,(5g#k%' (#aEA3I1'-P5g3AZY/"#k%@#z1'3£,(3I M7=/"-P96-P_X�;1'#8Z'#g (3IEA#)Z'l'3AEI-65F3IZY/.#g1'3S#)7a/" "�!,o-65g�;K)3IZ=,I\

�9! � � 5�� 5 / �32_5"795 791:*�( � = �3*����05
¬ -P1'�I-6�v�Q,.-P5g%'9P3I,�3QB¥G!EI-69�1'3Q,.3�3AZY/"3IZ=1'3I ª,(3xEA#)Z',.-P1'3I .�; .5F#),`��,.7=%@3A (BDC6EA-63y5g3t/HG;9P-6EI�SEA#)5F#

,(3IZ'1'#�7=5�3A,.%+3I96l=#d%@3A (BD3A-P/"#=\Sja3U7'5�BD3A-0«a3U1'3d�0�V�f�t�M3¢«=%'�;Z'1'-P1'#d3UEA#)96-P5>�;1=#g-PZ'EI-P1'-6 M3I5c7'5
l'#;96#)K) .�;5g�d1'3	5��H�H�����t� eÔ� � � 1=#JEX�;%=CP/"7=96#~�)stL�|.G~,.3g,"�;T+3>NO7'3>-6 "G�BD#zEX�;9P-6_X�! S�~7'5g�~EA3I (/"�
1'-P,(/";Z'EI-6� V 	 M ] e w -PK)7' "�k�z\ÐqYs¢\

ja3M7'5 3A,.%+3I96l=#SBD#; �EA#)96#zEX�!1'#£%[�; .�;963A9:�;5F3IZY/"3ª�;#�%=9:�;Z'#£1=#�l'#;96#)K) .�;5g�x3I5 7'5g�£1'-6,W/H;Z=EI-:�



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� �!�

5F3IZ'#; �Nz7=3 ] L�3AZO/"w;#á#�BD3A-0«a3$,.3A "G  (343[3t/"-P1'# 3?BD#zEX�;9P-6_I�;1'# NO7[�;Z=1'#��;9PEX�;Z=�X�; 4��1'-6,W/H;Z=EI-:�BD#zEX�;9o1=#¯l'#)9P#)K) .�;5>�a\
�u#) .�A5~Lª,(3~7=5>�2,.7'%+3I WBDC6EI-P345g3t/HG;9P-6EX�J (7'K)#),.�&,(7'T',(/.-P/.7'-6 F#&3A,.%+3I9Pl'#
e w -6K)7= "� t'\�pYstL��41'-6,W/H;Z'EA-:� V 	 1'3F7'5 %+#)ZY/"#�1'#�l'#;96#)K) .�;5g���!/"�F�;#�%'9:�!Z'#41'3g (3IEA#)Z',(/. .7'�Iw;#
,(3I "GF�;EA .3I,(EI-P1[�<1'3 � V 	�� e¥-P1[�U3£R)#)90/H�Ys`#;Z'1'3 V 	�� �v�k�;9P/.7' "�U1=3v7=5 %@#;ZO/.#g1=3I,.,.�F,(7'%+3I (BDCPEI-P3;\

����
�����	 
� � ����
����

���� ��
���� !

"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"

$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$

%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%%#%#%#%#%#%#%#%#%#%

&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&&#&#&#&#&#&#&#&#&#&

'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('
'('('('('('('('('('('('('('('('('('('('

)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()
)()()()()()()()()()()()()()()()()()()()

*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*#*+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+#+

amostra

d+2Z
ij

,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,,#,#,#,#,#,#,#,#,#,

-#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#--#-#-#-#-#-#-#-#-#-

.#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#..#.#.#.#.#.#.#.#.#.

/#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#//#/#/#/#/#/#/#/#/#/

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
1

plano de reconstrucao, ~

onda plana

plano do hologramaw -PK)7' .�"t'\�p�L��Q-6,(/";Z'EA-:�d%+3I .EA#) . (-61[�gEI#)Z',(-61'3A "�;Z=1'#��d,.7'%+3I WBDC6EI-P3U .7=K)#),"�dZ=#�967'KY�! x1'3<7'5�3I,Ö�
%+3I9Pl'#<%@3A (BD3A-P/"#=\

���! "�>NO7'3�7'5>�FEX;5F3I .�g%+#),.,.�g,(3I �EA#)96#zEX�;1'�F%[�! "�g (3IK)-P,(/. "�; M#),Q%@#)ZY/.#),QBD#zEX�;9P-6_I�;1'#),o%+3I9P#
l'#;96#)K) .�;5g�=L',.3A5�T=96#zNz7=3X�; y#dEX�!5g-PZ'l'#F1'#>BD3I-Ü«a381'3g�0�V�f�t�tL+�8%= .3IEA-6,(#d1'3I,WRz-:�; Q#>EX�!5g-PZ'l'#F1[�
9P7'_QEA#)5¨7'5 1'-PRz-6,(#) �1'3QBD3A-0«a3<e w -6K)7= "�6t=\Õ�)s¢\���,(/.3�1'-PRz-P,.#) b�;%+3IZ[�;,bEX�;7=,"�<��%+3I (1[�81'3x3IZ'3A .K)-6�
1'#�BD3I-0«a3!La#UNO7'3��;EX�; ( .3t/H��7=5>�8-P5>�!K)3I5� (3IEA#)Z',(/. .7'CP1[�85F3IZ'#;,`Z'C0/"-61'�=\ ����5g3A,.5g�vBD#) (5>�SNO7'3
Z[� w -PK)7' .�k�a\ÐqaL[�<1'-6,W/H;Z'EA-:�UBD#zEX�;9�EA#)ZY/"-PZz7'�; "G<,.3AZ'1'#g�F5F3I,(5>�a\

��#; (/H�!ZO/.#'L�EA#)Z',(-61'3A "�; ���,(7'%+3I (BDCPEI-P3g (7'K)#),.�~Z'#�967'K)�; S1'3g7=5 3A,.%+3I9Pl'#�%+3I WBD3I-P/.#'Lu-65F%'96-PEX�
3A5 �;1'-PEI-6#;Z[�; £7'5g��EI3I W/H�41'-6,W/H;Z=EI-:�4� V 	 Z[�4,.-6587'9:�;�Iw;#�1'#�l'#)9P#)K) "�!5>�>1=3 5��"�H�����t� L©��NO7[�;9%+#a1=3£,.3I MEA#)Z',.-P1'3I .�;1[�kEI#)5F# � V 	�� eD-61[�U3£R;#)9P/"�Yst\

� #)5 -6,(,.#'Ld%'�; "�°,(3�K)3I .�; 7'5 l'#)9P#)K) .�;5>� 1'-6,W/"#) (EI-P1'# %+#) 7'5g� ,(7'%@3A (BDCPEI-63  .7'K;#),"�=L
5F#a1=-P}[EI�V�^,(3�#�EI*z1'-6K;#!��BD#)ZY/.3®eÔ�!%��AZ'1'-6EA3 ¬ \0�±s>7=/.-696-P_X�;1=#¯1'#�EX�!%'CP/.7'96#��z\�hª�;,W/H���;1'-PEI-P#)Z[�; 
� V 	 � Z[�UR!�; .-6GfR;3I9 ] h � � C � � h C \���,(/.3�EA*a1'-PK)#<5F#a1'-0}[EX�!1'#<3I,W/HGk1'3I,(EI .-0/"#kZ'#g�;% �IZ'1'-PEI3 ¬ \ t'\



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� q;�

���� �� �� �	
����
���� ��������

�� ��

 !

"#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#""#"#"#"#"#"#"#"#"#"#"#"#"#"#"

$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$$#$#$#$#$#$#$#$#$#$#$#$#$#$#$

%&%&%&%&%&%&%&%&%&%&%&%&%&%&%&%&%&%'&'&'&'&'&'&'&'&'&'&'&'&'&'&'&'&'&'(&(&(&(&(&()&)&)&)&)&)

~

divisor de feixe 
d + 2Zij

amostra

plano do holograma

onda plana

plano de reconstrucao,

w -PK)7' .� t'\Õ� L �x-6,W/H;Z'EA-:�U%+3I (EI#) ( .-61'�kEA#)Z',(-61'3A "�;Z'1=#g#k1'-0Ra-P,.#) o1=3SBD3A-0«a3£3v�<,.7'%+3I WBDC6EI-P3£ .7'K;#),"�=\

¬ ZY/.3I,x1'�F,(-65U7'96�;�Xw!#<1'#>� � � 1'3 5��"�H�����t�z1'-6,W/"#) (EI-61=#F%+#) M7'5g�<,.7'%+3I WBDC6EI-P3S5g3t/HG;9P-6EX�aLaBD#)-
Z'3AEI3A,.,"G! .-:�£�Q,.-6587'9:�;�Iw;#y1'3ª7'5g�x,.7=%@3A (BDC6EA-63b5g3t/HG;9P-6EX�MEI#;5�#�%= .#)K) .�;5g�y1'3A,.EA .-P/.#£Z'#£�;% �IZ=1'-6EA3
¬ \Õ�UEI#;5 #),M,.3AK)7'-6ZY/.3I,M1[�;1'#;,y1=3v3AZY/" "�!1[��L

* ¤KJjM � ^ � � �
	 eD .7'K;#),.-P1[�;1'3£NO7[�;1= "G!/.-6EX�<5F�I1'-6�YstL

* a M � O � e�a�«�a �S#kZ I=5g3A .#F1'3�� :��a�t�Ð�`1'�F,(7'%@3A (BDCPEI-63XstL
* � M 	 M � �a\

� #)5 �k,(7'%+3I (BDCPEI-P3£,.-6587'9:�;1'�=L V 	�� BD#)-�EX�!96EI7=9:�;1'#=\
� #)5c-6,(,.#'L@7'5�l=#)96#)K; "�;5g�F1=365��"�H�����t�'1=-6,(/.#) .EA-61'#g%@#; x7'5g�>,.7=%@3A (BDC6EA-63�5g3t/HG;9P-6EX�<BD#)-uK)3t�

 .�;1'#�%+#) �EI#)5F%'7=/"�;1'#) AL�7=/.-696-P_X�;Z=1'#4Z'#J%' (#)K) "�!5>�41'3I,(EI (-P/"#�Z'#?�;% �IZ'1=-6EI3 ¬ \ t?�;,�,.3IK;7'-6ZY/"3A,
R!�; (-:GXR)3A-6,$L

* V 	 � EX�;9PEI7'96�;1'#k�;ZY/.3I .-P#) .5F3IZY/.3;L
* a M � O � e�a�«�a �S#kZ I=5g3A .#F1'3�� :��a�t�Ð�`1=#gl'#;96#)K) .�;5g�YstL
* P C 	,+ ]

C M � ^ � � � � O ���.- � 	 e¥EI#;5g%' (-65F3IZY/"#<1=3v#;Z'1[�k1'#4�0�V�f�t�.s¢L

* ] h � � C � � h C M O
O ^ ! � � � 	 e¥1'-P,(/H!Z'EI-6�8BD#aEI�;9�1'#Fl'#)9P#)K) "�!5>�Ys¢L



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� qa�

* ��� M � ^ ��� � � O ����� � 	 e /H�;5g�;Z'l=#F1=#<� :��a�t�ns¢\
¬ %[�; W/"-6 �1=#Ql'#;96#)K) .�;5g�`1'3 5��"�H�����t�¢K)3I .�;1'#y%@#; uEA#)5F%'7=/H�!1'#) �e w -6K)7' .�3t'\�³)�YstLV1'3 � O � « � O �

� :��a�t�Ð�tL±1'-P,(/"#; .EI-P1'#o%+#) ©7'5>�o,(7'%@3A (BDCPEI-63�5F3A/"G;96-PEX�ªEA#)5 ¤nJpM � ^ � � �
	 LfBD#)-Y%+#),(,.CPR;3I9O .3AEI#)Z=,(/" (7'C0�9P#UZO7'5g3A .-PEX�;5F3IZY/"3<e w -PK)7' "�6t'\Ð³!T�st\�²y#;/H�±�^,.3£Z=3I,(/"�< .3IEA#)Z',W/" .7=�Xw;#'L'�U1'3IK) .�;1[�;�Iw;#<1'#),o%+#)ZY/"#;,
BD#zEX�;9P-6_I�;1'#),A\ � 7[�!ZO/.#x5g�;-6#; ©�Q .7=K)#),.-P1[�;1'3!L;5g�;-6#; ��y1'3IK; "�;1[�!�Xw;#Q1[�Q (3IEI#;Z',(/. .7'�Iw;#£ZO7'5g�A .-PEX�=L
�!/.�<NO7'3g#;,v%+#)ZY/"#;,SBD#zEX�!96-6_I�;1'#),xZ[w;#�3t«a-6,W/H�;5�5g�;-P,I\U]^,W/"#J�!EI#)ZY/"3AEI3FEI#)5  .7'K)#;,.-61'�;1'3I,ge¥¤x¦As
5g�;-6#; .3I,`Nz7=3�� ^ O��
	 L'3SEA#)5 -6,(,.#'L=#g (3IEI#;Z'l'3IEA-65F3IZY/"#k1'3S%[�!1' .�z3I,MZ[w;#F,.3A "Gk5>�!-6,ª%+#),.,(CPR;3I9´\

Û0ÀIÞ��©ÈAÏ�ÈAËtÌ�À¢ÁoÀgÇ±É����ÔºÖ·	�;ºW½ÇfÓÕÚD¿´ÈtÌ�ÄÖÓÕÇfÈ ÛÜÂ!Þ�
�É.ÄÖÈAÍVÚD¿´ÌÔÎ�WÙ¢È�ÍXÎ±ÁªÃWÌ´ÓÐÄ(À

w -PK)7' .��t=\Ð³�L � � � 1'3 5��"�H�����t�;1=-6,(/.#) .EA-61'#v%+#) b7=5>�S,.7'%+3I WBDC6EA-63y5g3t/HG;9P-6EX��3Q,.7[�v .3AEI#)Z',W/" (7'�Xw;#=\
ja3!L)3t«a%+3I .-P5g3AZY/H�;9P5g3AZO/.3;L!7'5>�Q�;5F#),(/. "�Q5F3A/"G;96-PEX�oEI#;5� (7'K)#),(-61[�;1=3b1'3A,.EA#)Z'l'3AEI-61'�xBD#) �7=/.-0�

9P-6_X�!1[�U3I5�7'5 �; . .�;ZV|(#k3t«a%+3I .-P5g3AZY/H�;9�-PK)7[�;9��!#g1[� w -PK)7' "� t=\Õ�aL[%+#z1'3I5F#),o7=/.-696-P_X�; `7'5�� � �
1'3�5��"�H�����t�[,.3A5 1'-P,(/.#) .�Iw;#d%[�; .�d .3AK)-6,W/" "�! x#),£%+#)ZY/"#),QBD#aEI�;96-P_X�;1'#;,Q#)%a/"-6EI�;5F3IZY/"3!\���,W/H��-65g�V�
K)3A5  .3AK)-6,W/" .�;1[�<%@#z1'3S,.3A MEI#)5F%[�; .�;1[�<EI#)5� (3IEA#)Z',(/. .7'�A�a3A,Q,(-65U7=9:�;1[�!,o1'3v� � � ,Q1'3�5��"�H�����t�
1'-P,(/.#) .EA-61'#),v%+#) 8,(7'%@3A (BDCPEI-63A,U5F3A/HG!96-6EI�;,geD/"�;5UT+�I5 ,.-P5U7'9:�!1[�;,Hs¢L #)7 ,(3Ö|.�=L�#� .3IEA#)Z'l'3AEI-P5g3AZO/.#
1'3S%[�!1' .�z3I,M%+#a1'3£,(3I M7=/.-696-P_X�;1=#'\

��#; (/H�!ZO/.#'L+,.3v7'5>�k .3AEI#)Z=,(/" (7'�Xw!#d*)%=/.-6EX�k1'3�7'5�l'#)9P#)K) "�!5>�U1'3 5��"�H�����t�OBD#) ��Ö-P1 �IZY/"-PEX���S�
�;9PK)7'5g�F (3IEA#)Z',(/. .7'�Iw;#4ZO7'5g�A .-PEX�=L@%@#z1'3I5F#),�1=-6_I3A xNO7'3k�d (7'K)#),(-61[�;1=381[���;5F#),W/" "�g7=/"-P96-6_I�;1[�
3¢«=%+3I (-65F3IZY/H�!965F3IZY/"3��v�k5g3A,.5g�U1[�F�;5g#;,(/" .�U,.-P5U7'9:�!1[�UZ'#kEI#)5F%'7=/"�;1'#) A\



� ����	 � ������	 �����K		��
 ��
	 ��������� 	$� q)�

���! "��#43t«a%@3A .-P5g3AZO/.#4Nz7=3F,(3I .G4 (3X�;9P-6_I�;1'#dZ'#4EI�;%'CP/.7'96#+�zL�7'5 T[�!Z'EI#41'3k1[�;1=#),£EI#)5  .3t�
EA#)Z',(/. .7'�A�a3A,kZz7=5g�A .-6EI�;,U1'3tR)3A "G$,.3I <EA .-6�;1'#'\ � #)5F#?3t«a3I5F%'9P#'L�%@#z1'3¢�^,.3�5F#)ZY/H�! 87'5g�J7'5g�
-P5>�;K;3I5 1=3 � � ���?« � � ���J� :��a�t�Ð�UEA#)5 #)-P/.#2,(7'T'-P5>�;K;3IZ',k1'3 � O � « � O � � :��a�t�Ð�t\ � �;1'�&,.7z�
T'-P5>�!K)3I5{EI#;ZO/.�I5 �d (3IEA#)Z',(/. .7'�Iw;#�Zz7=5g�A .-6EI�d1'3<7'5 � � � 1'-P,(/.#) .EA-61'#d%+#) �7=5>�d,(7'%@3A (BDCPEI-63
5F3A/"G;96-PEX�x (7'K)#),.�=LOEI#)5� (7'K)#),(-61[�!1'3I,QeÔ¤KJ¢s�NO7'3yR!�; (-:�;5�1'3 � ^ � O�� 	 � � ^ � � �
	 \ w �;_¢�^,(3y3AZY/Hw;#'L#U (3IEA#)Z'l'3AEI-65F3IZY/.#<1[�U,.7'T=-65g�;K)3I5¨NO7'3�EA#)ZY/"�I5 �U .3AEI#)Z',W/" (7'�Xw;#k*)%a/"-6EI�=Lz#)T=/"-P1[�83¢«=%+3I (-65F3IZa�
/"�;965F3IZY/"3!L�BD .3IZY/.3~�?-P5>�;K;3I5 Nz7=3�EA#)ZY/"�A5��;,k .3AEI#)Z',W/" (7'�I�z3I,FZO7'5g�A .-PEX�;,AL�EA#)5 /.�IEIZ=-6EX�!,F1=3
 (3IEI#;Z'l'3IEA-65F3IZY/"#k1'3v%[�;1= .�z3I,I\



� ��� �������� �

� ���
	~������� � 
 � ��� �����

�Q5 5g�t/"#z1'# Z'#fR;#á%'�; "�®�®3I,W/"-P5>�!/.-PR!�&1'�  .7'K)#;,.-61'�;1'3J1'3?5F3A/"�;-6,gBD#)-x1'3A,.3AZOR;#)9PRz-P1'#�3
T[�!,.3I-6�V�^,(3gZ=#� .3AEI#)Z=l'3IEA-65F3IZY/"#J1=3>%[�;1= .�z3I,IL�#)7¯,(3Ö|.�=L�B¥�;_t��,.3>#~ .3AEI#)Z'l=3IEI-P5g3AZY/"#�1=3>7'5 %[�V�
1' .w;#�e¥EI�;%'C0/"7'9P# tOs`#)T=/.-61'#83t«a%@3A .-P5g3AZO/"�;965F3IZY/.3�EI#)5 #)7=/" (#<#)T=/.-61'#U/.3I#) (-6EX�!5g3AZO/.3£�!/. "�XR)�A,y1=3
,(-65U7'96�;�I�z3I,geDEX�;%'C0/"7'9P#�qYst\�§ %[�!1' "w;# e¥-P5>�;K;3I5�EI�;%=/"7= "�;1[��%@#; �7'5g�4EX;5F3I .� ��� �£sS�>#)Ta�
/.-61'#8�!/" .�fR;�I,o1[�U (3IEA#)Z',(/. .7'�Iw;#<*)%=/.-6EI�81'3�7'5¨l'#)9P#)K) .�;5>�S1'3 O �8%@#;ZO/.#),ª1'-P,(/.#) .EA-61'#�%@#) b7'5g�
,(7'%@3A (BDCPEI-63x%@#)7=EI#< .7=K)#),"�a\�§Å5F�A/"#z1'#U3A,(/.-65g�V�^,(3xR!G;96-P1'#U%[�; .�U .7'K;#),.-P1[�;1'3A,veÔ¤x¦As`NO7'3£R!�; .-6�;5
1'3��k� � ^ O�� 	 \

§ %' (#aEA3I1'-P5g3AZO/.#�3¢«a%@3A .-65F3IZY/"�;9�3I,(/"G�1'-0Rz-61'-P1'#S3I5 1'7[�;,�%[�; W/"3A,I\�²x�v%' .-P5g3A-6 .�=L;R)3A .-0}[EI#)7z�
,(3�NO7[�;9yl'#)9P#)K) "�!5>�áe 5��"�H�����t��#)7 5 7�9z��:´�t�.s<,.3A "G¯7a/"-69P-6_I�;1'#$Z'3I,W/"3�/. "�;T'�;96l'#23~BD#;-MBD3A-P/.#¯7'5
3A,(/"7=1'#&1'�;,g,(7[�;,F .3AEI#)Z',W/" (7'�I�z3I,F*)%=/.-6EX�!,I\á²x�$,.3AK)7'Z'1[�2%[�; W/"3;L�BD#)-`BD3A-P/"#$7'5�3¢«a%@3A .-65F3IZY/.#
%[�! "�<3I,W/"-65g�; o�< (7'K)#),(-61[�;1=3v1=3v7=5>�U,(7'%@3A (BDCPEI-63£5F3A/"G;96-PEX�=\

� !$# �D,.5��j1`79=�/ 1 � 2_5 1�� ( 13,.=�/ 1 � 2 * �+( * ,.*:* 1`& �j5�� �+* 795 �95	�
��50<�, *0/ *

¬ 3A,.EA#)96l[�g1'#dl'#)9P#)K) .�;5>�</"3A5{EI#)5F#>T[�!,.3<�>NO7[�!96-61'�;1'3v1[�;,� (3IEI#;Z',(/. .7'�A�a3A,�*)%=/.-6EX�!,x#)Ta�
/.-61[�;,o3£#F5F�A/"#z1'#k�<,.3A Q3A5g%= .3IK)�;1'#kZ'#k .3AEI#)Z'l=3IEI-P5g3AZY/"#F1'3S%[�;1' (�a3A,I\



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� qWt
� ��
 ��
 � ��� �
	�� �������� ��� �	� ����� � ����� � �
����� ����������� "!$#% �&

�x#)-P,�l=#)96#)K; "�;5g�;,�BD#) .�;5 K)3I .�;1'#),>e w -6K)7' .� �z\P�±s�EA#)5  .3I,(#)967=�Xw;# O � � �!« O � � �4� :��a�t�Ð�tLu-65<�
%' (3I,(,.#),�ZO7'5g�g-P5g%= .3I,(,.#) .���0�V�f�t�o1=3 �����F1'%'-`e¥#zEI7'%'�;Z'1'#gNz7'�;,.3UNO7'3v/"#;/"�;965F3IZY/.3v7=5>�kBD#)96l[�
1'38%[�;%+3I9 ¬ tOsQ3< .3A1'7'_A-61'#),x#)%=/"-PEX�;5F3IZY/.3U%@#; �7'5g�gBD#;/"#zEI#;%'-:�;1=#) "�F3I5 7=5>�g/. "�;Z=,.%[�; �IZ'EA-:�=L
#zEI7'%'�;Z'1'#�7'5g�dG; (3X�d1'3 O ^ � � 	 « O ^ � � 	 \ ¬ -65F%' .3A,.,"w!#d1'3<7'5c1'3I9P3I,ke w -6K;7' "�9�z\P�f�)sM/H�!5k�
T+�I5 BD#)-�BD#;/.#)K) "�VB¥�;1[���~7'5g��1=-6,(/";Z'EA-:�~%+3INO7'3AZ[��1'3g5g#z1'#��~#)T=/.3I �7'5>�4 .3A1'7'�Iw;#JEI#;5 �!,
5F3I,(5>�;,v%' (#)%@#; .�I�z3I,v1'3>G; .3I�~Z'#~Z'3IKY�V/"-PR;#� (3AR)3A9:�;1=#'\ �Q5 l'#)9P#)K) .�;5>�2e w -6K)7= "�+�a\0�f�Ys�/"3AR;3
EA#)5g#F#)Tz|(3t/"#d7=5>�F,.�I (-63�1'38%+#)ZY/"#),Q3INO7'-P1'-6,W/H�;ZY/"3A,�3I5�BD#) (5>�k1'3�5>�!/. .-P_v3�#d#)7=/. .#Je w -PK)7' "�
�a\0�XT�s`3A5 BD#) (5>�U1'3S7'5g�<963t/" "�UK; .3IK)�~e('os¢\

ÛPÀAÞ Û0Â!Þ

w -6K;7' "� �a\0�
L��y#)96#)K; "�;5g�;,ª1'3�5��"�H�����t�YK)3I .�;1'#),M%+#) oEI#)5F%'7=/"�;1'#) A\
¬ EX;5F3I .� ��� �8Lz7=/.-696-P_X�;1'��3I5 /"#z1'#),�#),�%' .#zEI3A1'-65F3IZY/.#),b3¢«a%@3A .-65F3IZY/"�;-6,�1'3A,(/"3y/" .�;T[�;9Pl'#'L

BD#) (Z'3IEA3Q-P5>�!K)3IZ',�1=3 �ST'-P/.,�3I5�/"#;Z',b1=3QEA-6Z'_I�v3MEX�!1[�S� :��a�t�±BD#) .Z=3IEI3y-6ZY/.3IZ',(-61[�;1=3yR!�; (-:�;Z'1=#v1=3
�g� ����� \ �Q5g�>�!Z[G;96-P,.3S1'3A,(/H�dEI;5F3I "�kBD3I-0/H�g%+#) /<\�h`96�;Z'3�3A/£�!9´\Pm�h*)�1�j=�)³±r�EA#)Z',(/"�!/"#;7J7'5g�
*;/.-65g�<96-6Z=3X�; (-61[�;1=3;L'NO7'38�g1'-P,(/H!Z'EI-6�F3AZO/. .3�#),M� :��a�t�Ð�oZ[�g1'-P .3A�Xw;# Z ��1=3 O � ^ ��� X O � [ �
	 3vZ[�
1'-P .3A�Xw;#

�
�S1'3 O � ^ ��� X O � [ � 	 L=3SNO7'3v�F,(7[�F (3I,(#)967'�Iw;#k3I,(%[�;EI-6�;9��S1'3 !�� � 	 \

²x�F .3AEI#)Z',W/" (7'�Xw;#>*)%=/"-PEX�F1'#>l'#;96#)K) .�;5g�k1=3�5��H�H�����t� L[7a/"-69P-6_I�V�^,(3£#d�; ( "�;ZV|(#F3t«a%+3I (-65F3IZY/H�;9
1[� w -PK)7' .� �a\Õ�z\



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� q
�

w -PK)7' .� �a\Ð� L ¬  ( "�;ZV|(#�3¢«a%@3A .-65F3IZY/"�;9�%[�! "�d�d (3IEI#;Z',(/. .7'�Iw;#�1'#�#)Tz|(3t/"#�EA#)5�#�l=#)96#)K; "�;5g�F1=35��"�H�����t� \
²Q3A,(/.3~�! . "�!ZV|(#'L 7'5 BD3I-Ü«=3>1'3?�0�V�f�t��1=34�Q3t�^²Q32e ��� � ^ � � 	 1'3�EA#)5g%= .-65F3IZY/.#J1'3�#)Z'1'�J3

O � 	�� 1'3?%+#;/ �IZ'EA-:�Ysk�?3t«a%[�;Z'1=-61'#�3?EI#;96-65g�;1'#&%@#; d7'5 ,(-6,W/"3I5g� 1'3?9P3IZY/"3A,�3?-6Z'EA-61'3~Z'#
l'#;96#)K) .�;5g�=\ �y5>��EX;5F3I .� ��� �ÅEI�;%=/"7= "�<�U-65g�;K)3A5 #)T=/"-P1[�83£7'5�EI#)5F%'7=/"�;1'#) `�;EI#;%'9:�;1=#k�
3A,.,"�kEX!5g3A "�UB¥�;_S#k%' .#zEI3A,.,"�!5g3AZO/.#g1=3I,.,.�g-P5>�;K;3I5�\

�u �I,£-P5>�!K)3IZ',yBD#) "�!5c#;T=/"-P1[�;,I\v²Q�d%' .-P5g3A-6 "�k38/.3I .EA3I-P "�d-65g�;K)3AZ',<e w -6K;7' "�;,\�a\�q)�>3i�a\�q;Efs
7=/.-69P-6_I#;7a�^,(3k��/" .�;Z',(%[�; �AZ'EI-6�~-P5g%' (3I,(,"�~EA#)5 #�l'#;96#)K) .�;5g�=L©3gZ[�~,.3IK;7'Z'1[�®e w -6K;7' "� �a\�q;T�s£#
}[9P5g3QBD#;/"#)K; "G!}[EA#'\

ÛPÀAÞ ÛÜÂ!Þ ÛPÄ(Þ

w -6K;7' "� �a\�q�L  M3IEA#)Z',(/. .7'�A�a3A,Q*;%=/"-PEX�;,o1'#;,yl=#)96#)K; "�;5g�;,`1=3 5��"�H�����t�O1[� w -6K'\ �z\P�)\



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� q;p

��«a-6,(/.3SK) "�;Z=1'3£1'-PBD3A .3AZ'�X�<1'3S1'3t}[Z'-6�Iw;#k1[�< .3AEI#)Z',W/" (7'�Xw;#F1[�U/" .�;Z',(%[�; �AZ'EI-6�<%[�; "�<#<}[9P5g3
BD#;/.#)K) .G!}[EI#=\�]^,(/"#F%+#) .NO7'3��k/. "�;Z=,.%[�; �IZ'EA-:�<%+#),.,(7'-©5>�;-P#) ª3A,.%+3I,.,(7' "�g3v5g�;-P,ª-6 ( .3IK;7'9:�; (-61[�!1'3I,
Z[�S,.7=%@3A (BDC6EA-63M1'#�Nz7=3x#S}[965F3oBD#;/"#)K; "G!}[EA#'\ ¬ 96�A5�1'-6,(,.#'La�S .3I,(#)967=�Xw;#v1[��-P5g%= .3I,(,.#) .�v�y5F3IZ'#) 
NO7'3k�d (3I,.#;967'�Iw;#�1'#�}[965F3;\v�u#) (/"�;ZY/"#'L��U5F3I9Pl'#) x�47a/"-69P-6_I�;�Xw;#F1'#4Z'3AKY�!/"-0R)#�%[�! "�d#� .3AK)-6,W/" (#
1'#kl'#;96#)K) .�;5g�=\

� ��
 ��� � ��� �
	�� �������� ��� �	� ����� � ��� � � �
����� ������������*�	�  "�

�Q5cl'#)9P#)K) .�;5>�k1'36587�9z��:´�t��e w -6K'\��a\ �!T�sMBD#;-�K)3A "�;1=#$e¥ (3I,.#;967'�Iw;#�1'3 �����F« �����k� :��a�t�Ð�.sM3
/.3AR)3kEA#)5g#4#)TO|(3A/"#¯e w -6K'\U�a\��!�Ysx#4,.#)T' (3IZ'#;5g3�
 �=� � :6�Q3I5�7=5 �; .NO7'-0R)#41'3 ! � « ! � � :��a�t�Ð�t\
²y3I,(/.3bEI�;,.#=L;#xZgI'5F3I (#Q1=3b%+#)ZY/"#),u7=/.-696-P_X�;1=#ªBD#)-OK) "�;Z=1'3�EI#)5F%[�; .�;1'#yEI#)5 #yZgI'5g3A .#Q1'3b%+#)ZY/"#;,
7=/.-69P-6_X�!1'#),�Z'#),ªl=#)96#)K; "�;5g�;,�1'3 5��"�H�����t� \�)~3A,.5F#k�;,.,(-65�La#<%' (#aEA3I,(,"�;5F3IZY/"#<1=3I,.,(3£l'#)9P#)K) "�!5>�
BD#)-M5U7=-P/"#&5>�!-6,F "G;%'-P1'# eDEI3A .EX� 1=3 ���&,(3IK)7=Z'1'#),�3A5 7'5 EA#)5g%=7=/H�;1=#) >1'3 � ��� �

� V st\ ¬
-P5g%' (3I,(,"w;#JZ'��/" "�!Z',.%[�! �IZ=EI-:��/H�;5UT+�I5 BD#)-� "G;%=-61[�=L�|.GJNz7=3�#Jl'#)9P#)K) "�!5>�4K)3I .�;1'#?% �a1=3d,.3A 
 (3I1'7'_A-61'#$1'-P .3t/H�;5F3IZY/"3�Z'�2-P5g%' (3I,(,.#) .���0�V�f�t��1'3 �����?1'%'-o,(3I5 %+3I (1'3I F .3A,.#)9P7'�Xw!#'L�#)7 ,(3Ö|.�=L
Z'3AZ'lO7'5 %@#)ZY/.# ,.-P5U7'9:�!1'#¯1'3A-0«a#)7�1=3J,.3A d-65F%' .3A,.,(#'\°��963�BD#)-M .3A1'7'_I-P1'#®3I5 7'5g� G; (3X�¯1=3
O ^ � � 	 « O ^ � � 	 \

²x�d (3IEA#)Z',(/. .7'�Iw;#�*)%=/.-6EI�>1'#�l'#)9P#)K) .�;5>�k1'36587�9z��:´�t�M7=/.-69P-6_X�±�^,.3S#4�; ( "�;Z±|(#>3t«a%+3I (-65F3IZY/H�;9
1[� w -PK)7' .� �a\ut=\

w -PK)7' .� �a\ t�L ¬  ( "�;ZV|(#�3¢«a%@3A .-65F3IZY/"�;9�%[�! "�d�d (3IEI#;Z',(/. .7'�Iw;#�1'#�#)Tz|(3t/"#�EA#)5�#�l=#)96#)K; "�;5g�F1=3587�9a��:´�t�¢\



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� q)�

²Q3A,(/.3~�! . "�!ZV|(#'L 7'5 BD3I-Ü«=3>1'3?�0�V�f�t��1=34�Q3t�^²Q32e ��� � ^ � � 	 1'3�EA#)5g%= .-65F3IZY/.#J1'3�#)Z'1'�J3
O � 	�� 1'3g%+#;/ �IZ'EA-:�Ys£�>3¢«=%'�;Z'1'-P1'#�%+#) v7'5>��#)Tz|(3t/"-PR!��1'3g5F-6EA .#),(EI*)%=-6#¯e � ���$stLu-6Z'EA-61'3F3I5
7'5g�£963AZO/.3M1'3Q1=-6,(/";Z'EA-:��BD#aEI�;9 O � ^ � � 	 LY-PZ'EI-P1'3MZ'#vl'#)96#;K) "�;5g�x3y .3�3[3A/.3Q3A5 7'5�3I,(%@3A96l'#�%[�; .�
B¥�;EA-69P-P/H�! ª�FRz-P,.7[�;9P-6_I�;�Xw;#<1'�g-65g�;K)3A5 %+#)-6,M3A,(/H�F,.3vBD#) .5g�k�FEA3I .EI�g1'3 �g5F3A/. .#),M1'3�1'-6,W/H;Z=EI-:�
1[�4963AZY/"3;\ �Q5g��EI;5g3A "� ��� � EX�!%=/"7' .���4-65g�;K)3A5 #)T=/.-61[�43F7'5 EI#)5F%'7=/"�;1'#) v�;EA#)%'96�;1'#~�
3A,.,"�kEX!5g3A "�UB¥�;_S#k%' .#zEI3A,.,"�!5g3AZO/.#g1=3I,.,.�g-P5>�;K;3I5�\

¬ %[�; W/"-P �1'#£l'#;96#)K) .�;5g�QK)3A "�;1'#£%+#) EA#)5F%'7=/H�!1'#) Me w -6K'\.�a\ �!T�s¢L;BD#)-'%+#),.,(CPR;3I9' (3IEI#;Z',(/. .7'CÜ�^96#
#)%a/"-6EI�;5F3IZY/"3Fe w -6K'\ �a\ �!Efs¢L[7=/"-P96-6_I�;Z'1'#8#g�! . "�!ZV|(#k3t«a%@3A .-P5g3AZO/"�;9�1[� w -PK)7' "� �z\ut'\

Û0ÀIÞ©¶�Â��DÉÖ¿´È Û0Â!Þ �uÈtÏÐÈtËtÌ�À¢ÁoÀbÇfÉ ����� �	�0º � Û0Ä.Þ 
�É(ÄWÈtÍVÚ¥¿ÔÌ´Î��WÙtÈbÑAÒf¿ÔÓÕÄWÀ

w -PK)7' "� �z\�� L�]^5g�;K)3A5 7=/.-69P-6_X�!1[�=Lz,.3I7~ .3A,.%+3IEA/.-PR;#gl'#;96#)K) .�;5g�83S .3IEA#)Z',W/" .7=�Xw;#'\

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

]^Z'-PEI-:�!965F3IZY/"3~#®%' .#)T=963I5g�¯3A "�®#®1'3?3ARz-0/H�; �� %+3I (1[�®1[�  .3A,.#)9P7'�Xw!#á1=#®l'#)96#;K) "�;5g�&1=35��"�H�����t�=1'3tRa-P1'#��;,Q96-P5g-0/H�;�A�a3A,o1[�>-65F%' (3I,.,(#) "�F7=/"-P96-P_X�;1[�a\ � #;5c#>l'#)96#;K) "�;5g�<1'36587�9a��:´�t�¢L@�
 (3I,.#;967'�Iw;#Q1'�Q-65F%' (3I,.,(#) "�M1'3A-0«a#)781=3`,.3A �%' (#)T'9P3I5g�=\ ¬ 96�A5°1'-P,.,.#=L;#Q/.3I5F%@#y1'3b%' .#zEI3A,.,"�!5g3AZO/.#
%[�! "�MK)3I .�; �#yl'#)9P#)K) .�;5>�o1'3 587�9a��:´�t��BD#)-O5U7=-P/"#M5F3IZ'#; uNO7'3b#x1'3 5��H�H�����t� \u�u#) .�A5~LVBD#)-O%@#),(,.C0R)3I9
 (3I1'7'_A-6 S#�l'#)96#;K) "�;5g�d1'3 5��"�H�����t�+Z[��G; .3I�~1'3A,.3Ö|.�!1[�=Lu,.3I5 %+3I (1[�~1'3F .3A,.#)9P7'�Xw!#'L�/"-6 .�;Z'1'#V�^,.3
7'5g�FBD#!/"#)K) .�!}��>1=#dl'#)9P#)K) "�!5>�k-65F%' .3A,.,(#d3I5c%[�;%+3I9 ¬ t'L@963AR!�;Z=1'#!�^,(3U3I5cEI#;ZO/"�dNO7'3U#d}[9P5g3
BD#;/.#)K) .G!}[EI#<3A "�k%' .3t/"#k3ST' "�!Z'EI#F3£/"-6Z=l[�U7'5g�kT+#Y�< .3A,.#)9P7'�Xw!#[m w )��)³VrÔ\

��5UT+#) "�8l=#)96#)K; "�;5g�;,�1'3 587�9a��:´�t��,.3^|.�;5�EA#)5U7'5F3IZY/.3�7=/"-P96-P_X�;1'#;,�3A5  (3IEI#;Z'l'3IEA-65F3IZY/"#<1=3



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� q;³

%[�!1' .�z3I,xm ¬ ]Ö³Y�VrÔL=Z'3A,(/"3Q/" "�!T[�;96l=#'Lz�87=/"-P96-P_X�;�Iw;#�1=#Ul'#)9P#)K) "�!5>�£1'3 5��"�H�����t�[eD,.7[�8 (3IEA#)Z',(/. .7'�Iw;#
ZO7'5F�I (-6EX�)sb/"#) (Z'#)7a��,.3S5>�!-6,ªR!�;ZY/H�±|(#;,"�=\�]^,(/.#>%+#) .NO7'3S#g�;96K)#; .-P/.5g#8%[�; "�<K)3A "GV��96#<%+#) MEI#)5F%'7a�
/"�;1'#) �% �z1'3<,.3A v5F#z1'-P}[EI�;1'#d1=3<5g#z1'#4��963tR;�! W�^,(3U3I5 EI#)Z',(-61'3A "�;�Iw;#��d .3�3[3t«=w;#�1'#�BD3I-Ü«=3<1=3
�0�V�f�t�x�;%@*;,�,(7[�~-PZ'EI-P1 �IZ'EA-:��3I5 7=5>��,.7=%@3A (BDC6EA3g5F3A/"G;96-PEX�=\F��,(/"�~5F#a1=-P}[EI�;�Xw;#dBD#;-�3t«a%'96-PEX�;1'�
Z'#FEX�!%'CP/.7'96# t'\`��#) M3A,(/H�!,Q .�;_I�z3I,AL+#Fl'#)9P#)K) .�;5>�U1=3 5��"�H�����t�a,(3I .Gg7=/.-696-P_X�;1=#UZ'#>3¢«a%@3A .-65F3IZY/.#
%[�! "�<3I,W/"-65g�; o�< (7'K)#),(-61[�;1=3v1=3v,(7'%+3I (BDCPEI-P3I,o5F3A/HG!96-6EI�;,I\

� !� �D,.5��j1`79=�/ 1 � 2_5 1�� ( 13,.=�/ 1 � 2 * � (+*�,.* * 1`& 2_=$/ * 2_= �\* 7+*
, ;9<05@&4=�7>*6791

§Å5g�!/.3I .-6�;9�7a/"-69P-6_I�;1'#UZ'#k3¢«=%+3I (-65F3IZY/"#F�S1[�;1'#F�<,.3AK)7'-P $L
* ���V�f�t�b1'3v�Q3t�^²Q3ge � M ��� � ^ � � 	 L O � 	�� 1'3S%+#;/��AZ'EI-6�Ys �

* ��3AZO/.3I,y%[�; .�k3¢«a%[�;Z'1'-P o3SEI#)9P-65g�; `#<BD3I-Ü«a3v1=3F�0�V�f�t� �

* �u#)9:�! .-6_I�;1'#) �

* �y#)96#;K) "�;5g��K;3I "�!1'#g%+#) oEA#)5g%=7=/H�;1=#) �

* �Q-PRz-6,(#) ª1'3£BD3I-Ü«a3vE�I'T'-PEI# �
* ¬ 5g#;,(/" .�U5g3t/HG;9P-6EI�8EI#)5  .7'K)#;,.-61'�;1'3FeÔ¤Q¦Xsª3IZY/.3��k3 � ^ O �
	 �
* � !5g3A "� ��� � �

* jz#;B /��ª�! .3S1'3v�;NO7'-6,(-6�Iw;#<1'3S-65g�;K)3AZ',$L��ª� 7 � �;� ��� ��� �F���z� �
* jz#;B /��ª�! .3S%[�; .�k3tBD3A/.7[�; M#k .3IEA#)Z'l'3AEI-P5g3AZO/.#g1=3v%'�;1' .�z3I,�L �$���¥�0� � \
�Q5�BD3I-0«a3k1'34�0�V�f�t��1'3F�y3t�Ö²y3~e w -PK)7' "�+�a\�pYs¢L�EI#)5 O � 	�� 1'3k%+#;/��AZ'EI-6�=L©�F3¢«a%[�;Z'1'-P1'#�3

EA#)96-P5>�;1=#y%+#) �7'5Ø,.-6,W/"3A5>�x1=3`963AZY/"3I,ALY�!/.3IZO7[�;1'#£%+#) �7'5Ø%@#)96�; .-P_X�;1=#) IL±3ª-PZ'EI-P1'3b3A5�7=5�� � � \
��5 ,(3IK)7=-61[�o%[�;,(,"�o%+#) �1'-PRz-P,.#) �1=3 BD3I-0«a3�E�I'T'-6EA#M#)Z'1'3�7'5g�ª%[�; W/"3�1'#oBD3A-0«a3���%@3A .1'-P1[�ve¥5F3A/"�;1'3fs
38�g#)7=/. "�F�8 .3�3[3A/.-61[�F%@#; x7'5g�F,(7'%+3I (BDCPEI-P3�5F3A/"G;96-PEX�=\y§�BD3A-0«a38 (343[3t/"-61=#gR)#;9P/H�g�;#>1=-PRz-6,(#) Q1=3
BD3A-0«a3�#)Z'1=3�Z'#fR!�;5g3AZY/"3�7'5g�8%[�! (/"3x��%@3A .1'-P1[�83!L=}[Z[�;9P5g3AZY/"3;L=�8#)7=/. "�U��EI�;%=/.7' "�;1'�U%@#) b7'5g�
EI;5g3A "� ��� �8L�%@#;,.-6EA-6#)Z'�;1[�JZ[�21'-6,W/H;Z'EA-:�JBD#zEX�;9ª1=#¯� � � \b§�%+#)9:�! .-6_I�;1'#) vBD#)-M�;1'-PEI-P#)Z[�;1'#



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� q;�

�45g#;ZO/"�;K)3A5�%@#; .NO7'3g�~EX!5g3A "� ��� � 7=/"-P96-P_X�;1[�dZ'w;#~,(7'%+#) (/"��9P7'_g587'-P/.#�-PZY/"3IZ=,"�=\ � #;5 #
�;7z«=CP96-P#d1'#�,.#;B /��`�; .3F1'3F�;NO7'-P,.-6�Iw;#41'3k-65g�;K)3AZ', �ª� 7 � �;� ��� � � �F���z�tL©�4 .3AEI#)Z',W/" (7'�Xw;#�*)%=/.-6EI�
1'#®l=#)96#)K; "�;5g�=Lª1'-P,(/.#) .EA-61[�2%@3A9:� ,.7=%@3A (BDC6EA-63~5g3t/HG;9P-6EX�aLª�?%' .#zEI3A,.,.�;1[�®3?�; (5>�;_A3IZ[�!1[� %[�; .�
%+#),(/.3I (-6#) o7=/.-69P-6_X�!�Xw;#UZ=#F (3IEA#)Z'l'3AEI-65F3IZY/.#>1'3S%[�;1= .�z3I,I\b��,(/.3v (3IEA#)Z'l'3AEI-65F3IZY/.#>�£BD3I-0/"#<EI#;5�#
�;7z«=CP96-P#U1'#k,.#;B /��`�; (3 �?���Ô�0� � \

Laser de He−Ne

Camera CCD

Computador

processamento
          de
      imagens

"frame−grabber"

divisor de feixe

superficie
 metalica

polarizador

expansor e colimador

HGC

w -6K;7' "� �a\�p�L ¬  . "�!ZV|(#k3t«a%@3A .-P5g3AZO/"�;9�%[�! "�k#F3A,(/.7'1'#F1'3S,.7'%+3I WBDC6EI-P3I,M5F3A/HG!96-6EI�;,I\

§ l'#)9P#)K) .�;5>�?7=/.-69P-6_X�!1'#$Z'3I,W/H�¯5F#)ZY/H�;K;3I5 BD#)-MK)3A "�;1'#&%@#; gEA#)5g%=7=/H�;1=#) g34/"3tR)3JEA#)5F#
#)TO|(3A/"#k7'5g�<5>�V/" .-P_�1'3 O �<%+#)ZY/"#),�e¥,(7[�;,MEI#z#) (1'3IZ[�!1[�;,M3I,W/Hw;#FZ[� w -6K;7' "� �a\Ð�)s¢\

¬ 9P�I5 1'�;,QEA#a#; .1'3AZ[�;1[�;,y1'#), O �k%@#;ZO/.#),y1'#g#;Tz|(3A/.#'L@ (3I%' (3I,(3IZY/H�;1'�;,x%+#) � Z 3 � �
Z'#F%' .#!�

K) .�;5g�~%[�; .�JK)3I .�; U#?l'#;96#)K) .�;5g� eÔ�!%��AZ'1'-6EA3 ¬ \0�±s¢L�BD#; "�;5 7=/.-696-P_X�;1=#),IL Z=3I,(/.3�%' .#;K) "�;5g�=L #;,
,(3IK)7'-PZY/"3I,oR!�;9P#) .3A,o1'3£R;�! .-:GXR;3I-6,�L

* P C 	,+ ]
C M � ^ � � � � O ���.- � 	 e¥EI#;5g%' (-65F3IZY/"#<1=3v#;Z'1[�k1'#4�0�V�f�t�.s¢L

* ] h � � C � � h C M O
O ^ ! � � ��� � 	 e¥1=-6,(/";Z'EA-:�8BD#zEX�;9�1=#Fl=#)96#)K; "�;5g�YstL



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� t)�

* � � �
� � � � M O ��eDZ I=5g3A .#F1'3S%@#)ZY/.#),o1'#F#)Tz|(3A/.#OstL

* a M � ������e¥ZgI'5F3I (#k1'3�� :��a�t�Ð�ªZ[�!,y1=-6 .3A�I�z3I, Z 3 � stL
* ��� M O ^ � O � � O � ��� eD/"�;5>�!Z'l'#<1'#<� :��a�t�nst\

w -6K)7' .� �a\Ð� L � #z#) .1'3AZ[�;1[�!,y1=#), O �<%@#)ZY/.#),M1[�F5g�!/. .-6_x7=/"-P96-6_I�;1[�v%[�; "�kK)3A "�; o#kl'#)9P#)K) .�;5>�a\
��,(/.3�� � � e w -6K)7' .� �a\�³YstLa1'3 � �����S« � ������� :��a�t�Ð�tLzBD#)-�-P5g%= .3I,(,.#<3A5 %[�;%+3I9 ¬ t<#aEA7'%[�;Z=1'#

#<5g�;-6#; `3I,(%[�;�A#g%+#),.,(CPR;3I9´L=3SBD#!/"#)K) .�!B¥�;1'#8EI#)5 }'965F3x%' (3A/"#F3£T' .�;Z'EI#F�<7'5g�U1'-6,W/H;Z=EI-:�<�!%' .#!�
«a-65g�;1[�k1'3 O ^ � 	 L+-6967=5g-PZ[�;1'#F�;%+3IZ[�!,x%+3I9:�g967'_v,.#)96�; I\x§�l'#)9P#)K) "�!5>�k#aEA7'%+#)7J7'5g�>G; (3X�>1=3
�;%= .#X«a-65g�;1[�;5F3IZY/"3 O ^ � � 	 « O ^ � � 	 Z=#F}[9P5g3QBD#;/"#)K; "G!}[EA#< .3tR)3I96�;1'#'\



� ��� � 
 	���� �
���j	 ��� 
 � �
�
� t=�

w -6K)7= "� �a\�³�L�� � � 7=/"-P96-6_I�;1'#UZ=#g%' (#aEA3I1'-P5g3AZY/"#<3t«a%+3I (-65F3IZY/H�;9Ô\



� ��� �������� �

� �
� �����~�������

�"!$# � 1`79=�7>*6& �p5@/ ;>/ ( 13,�� ���@/ 1324, 5 / 1 �3-��9= �j5
)~3A1'-61[�!,QBD3I-0/H�;,QEI#)5{7'5{%+3I W}[9 �)5F3A/. .#g5g3AEX;Z'-PEI#g,.3I WR)3A5 1'3�T[�;,.38%[�; "�FNO7'3U7'5g�>EI#;5k�

%[�! "�;�Iw;#$%@#),(,"�2,.3I kBD3I-0/H�?EI#;5��23A,(/.-65g�!/"-0R;�J1=3~ (7'K)#),(-61[�;1=3I,ILb#)T=/.-61[�;,<%+3I9P#&Z=#±R;#&5F�A/.#a1=#
1'3A,.3AZOR;#)9PRz-P1'#'\g²Q#;/.3FNO7'3kEA#)5g%'�; "�; £7=5�5g�t/"#z1'#4*)%=/.-6EI#4EA#)5�#)7=/. .#45F3IEX!Z'-6EA#�587'-P/"�;,�R)3¢�
_A3I,M%@#z1'3£Z[w!#F,(3I ªR!G;9P-61'#'Lz%' (-6Z'EA-6%[�;9P5g3AZY/"3�NO7[�;Z=1'#k3IZYR)#)90R)3A5 BD3IZ �)5F3IZ=#),ªBDC6,(-6EI#;,ª1'-PBD3A .3AZO/.3I,A\
²y3I,(/.3�EI�;,.#'Lo�~,.7=}'EI-63AZY/"3J%[�! "�&1=3I,.EI�; (/"�; d�!5g#),W/" .�;,gEA#)5  .7'K;#),.-P1[�;1'3A,?eÔ¤Q¦Xs<5>�!-6#) (3I,kNO7'3
� ^ O��
	 \

¬ ,x���;T+3I96�;,�pa\P�U3Up=\Õ�F5g#),W/" .�;5c�;,�5F�I1'-6�;,Q1'�;,�5F3I1'-P1[�;,x1=3U .7'K;#),.-P1[�;1'3deÔ¤x¦�3U¤nJ� (3I,Ö�
%+3IEt/"-PR!�;5F3IZY/.3fstLb7=/"-P96-P_X�;Z'1=#27=5�%@3A (}[9 �)5g3t/" (#&5F3IEI;Z'-6EA#&1'� � :?�#9�� 7�� 7VLo1'34/" �I,d�!5g#),W/" .�;,$L
EA#)T' .3�%@#)9P-61'#=Lo9:�!/"w;#¯%+#)96-P1'#¯3�1'-6,(EI#® .CPK)-61=#¯1'3JEA#)5F%'7=/H�!1'#) $e¥���£s¢\ª���! "� EX�!1[�®�;5F#),(/. "�=L
EA-6Z'EA#g5F3I1'-P1[�;,¢¡o1'3�¤x¦S38¤KJyBD#) (5>�UBD3A-P/H�!,IL�7'5g�FZ'#gEI3AZO/. .#g1[�>�;5F#),W/" "�k3v5>�;-P,oNO7[�!/" (#>Z[�!,
T+#) .1'�;,I\

��#z1'3¢�^,.3�Z'#;/"�; M#gEI�; "G!/.3I M3I,W/H�!/.C6,W/"-6EA#g1'�g .7=K)#),.-P1[�;1'3S1'3v,.7=%@3A (BDC6EA-63A,y5F3A/"G;96-PEX�;,A\ª§�,y,.3A7',
R!�;9P#) .3A,IL[�;,oR;3I_I3A,IL+,"w;#<BD#) W/"3A5g3AZO/.3S1'3I%+3IZ'1=3IZY/"3A,x1'#F%' .#zEI3A,.,(#g1'3S%' (3I%[�! "�;�Iw;#g1=3I,.,.�;,y,.7'%+3I Ö�
BDCPEI-63A,I\¯��#) k3t«a3A5g%'9P#'L�#),<1[�;1=#),k1'#$EI#)T' (34%@#)9P-61'#=L 1[�?���!T@3A9:�?p=\0�43~pa\Õ�aL�5F#),(/. "�;5 NO7'3~�
T+#) .1'� �k�;%= .3I,(3IZY/H�F�;9PK)7'5g�<�;Z'#)5g�;96-6�=LO .3A,.7'90/H�;Z'1=#F3A5 R!�;96#; .3I,o1=-6,.EA .3A%[�;ZY/"3A,I\b��,(,"�F�;Z'#)5g�V�
9P-:�<%@#z1'3�,.3I QEX�;7=,"�;1[�g%@#) Q7'5g�g5g�;-6#) oEA#) . (#),"w!#d96#zEX�;9�#;7J5g3A,.5F#>,(7V|(3I-P "�g#;7�%[�; W/"CPEI7'96�;,Q1=3
µ�� ÀAÇfÈAÚ�ÄWÉ(ÇfÓÕÇfÈAÚ�Ò;ÈtÌ 
uÀ¢Î±Ï � ÓÐÀAÚ	�[À¢ÓÐÝHÀ�
AÌ.å



������	$� ��� 
 ���
�
� t)q
%+*F�;K) .3AKY�;1[�!,M�k,(7'%+3I (BDCPEI-P3;\

)~3A1'-61[�!,y1=3�¤Q¦
¤x¦ke �
	 s¬ 5F#),(/. "� EI3AZO/. .# T+#) .1[��� T+#) .1'�g� T@#) (1[�kq T@#; .1[� t )��I1'-6�;,�e �
	 sEI#)T' (3S%@#)9P-61'# �=\���� �=\Ð�;³ �=\��)� �=\0� t �a\Ð��� �=\��)³����=\��lt

96�!/Hw!#<%@#)9P-61'# �=\��Y� �=\Ð�
� �=\���� �=\���� �a\Ð��� �=\��������=\��=�
��� �=\����

���;T@3A9:�<p=\0�
L )~�A1'-:�<1[�!,y5F3I1=-61[�;,o1=3�¤Q¦£#)T=/"-P1[�;,oEA#)5 7'5 %@3A (}[9 �)5g3t/" (#<5g3AEX;Z'-PEI#'\

)~3I1'-P1[�;,M1'3v¤nJ
¤KJve �
	 s¬ 5F#),(/. "� EI3AZO/. .# T+#) .1[��� T+#) .1'�g� T@#) (1[�kq T@#; .1[� t )��I1'-6�;,�e �
	 sEI#)T' (3S%@#)9P-61'# �=\���� �=\Ð�
� �=\���� �=\Ð�)� �a\Ð��� �=\��)³����=\��)³

96�!/Hw!#<%@#)9P-61'# �=\��)p �=\Ð�
� �=\���� �=\���� �a\Ð��� �=\��������=\��)�
��� �=\����

���!T@3A9:�kp=\Ð� L )~�I1=-:�<1[�;,M5F3I1'-P1[�;,o1'3v¤nJM#)T=/.-61[�!,oEI#)5 7=5 %@3A (}[9 �)5F3A/" (#<5g3AEX;Z=-6EI#=\

�"!� � *07>56&)1�� ( 13, =$/ 1 � 2 *0=�&
§�,M1[�;1'#),M�!Nz7=-©�;%' .3A,.3AZO/"�;1'#),AL�,"w;#F7'5g�UEI#)9P3A/H!Z'3X�<1'3S,.-P5U7'96�;�I�z3I,ª1=3�� � � ,M1'3�5��"�H�����t�

1'-P,(/.#) .EA-61'#),M%+#) M,.7'%+3I WBDC6EA-63I,M5F3A/"G;96-PEX�;,AL[,.7[�;,y .3AEI#)Z=,(/" (7'�I�z3I,xZz7=5g�A .-6EI�;,IL[3v-65g�;K)3AZ',M#)T=/.-61[�;,
1'#k�! . "�!ZV|(#U3t«a%+3I (-65F3IZY/H�;9@1[� w -PK)7' "� �a\Ðpde¥ .3AEI#)Z=,(/" (7'�I�z3I,M*)%a/"-6EI�;,ª1'3£7=5 � � � 1'3 5��"�H�����t�nst\
ja3A "G<7=/.-696-P_X�;1=#U#g (3IEA#)Z'l'3AEI-65F3IZY/.#F1=3v%'�;1' .�z3I,M%[�! "�k�g�!Z[G;96-P,.3�1=3I,(/.3�1'�;1'#),A\

¬ w -6K)7' .�$p=\P��EI#)ZY/"�A5 #)-P/.#&l'#;96#)K) .�;5g�;,k1'3 5��"�H�����t��1'-P,(/"#; .EI-P1'#),k%+#) g#;-P/"#2,.7=%@3A (BDC6EA-63A,
 (7'K)#),.�;,IL[EA#)5  (7'K)#),(-61[�;1=3I,MNO7[�;1' .G!/"-PEX�;,M5F�I1'-6�;,ª3IZY/. .3�� o � O 3 � o ��� �
	 \

¬:w -6K;7' "�®p=\Ð� EI#)ZY/.�I5 �;,4 .3AEI#)Z=,(/" (7'�I�z3I,�ZO7'5F�I .-PEX�;,41'#;,�l=#)96#)K; "�;5g�;,>1=3 5��"�H�����t��1[�
w -PK)7' .�Fpa\P�)\y²y#;/H�V��,.3vZ'3I,W/H�g}'K)7' "�g�g1'3AK) "�!1[�;�Xw!#>%' (#)K) .3A,.,(-PR!�g1'#;,x%+#)ZY/"#),yBD#aEI�;96-P_X�;1'#;,oEI#)5
#F�;7'5F3IZY/.#F1'�F (7'K)#),(-61[�;1=3;\



������	$� ��� 
 ���
�
� tlt

w -6K;7' "�<p=\0�
L�]^5g�;K)3A5 EI#;ZO/.3IZ'1=#g#)-0/"#<l'#;96#)K) .�;5g�;,ª1'3�5��H�H�����t� \
�u �I,k�!5g#),W/" .�;,4e¥EA#)T' (3;L�9:�!/"w;#�34� �£s�BD#) "�!5 7=/.-69P-6_X�!1[�;,vZ'#2�; . .�;ZV|(#J1[� w -PK)7' .� �a\�pJ .3t�

,(7'9P/"�;Z'1'#d3A5�/. �I,x-65g�;K)3IZ=,��; (5>�;_A3IZ[�!1[�;,ke w -6K)7= "�>pa\ÐqYs¢\ � #)5 EI�;1[�d7'5g�>1'3A,.,.�;,£-65g�;K)3AZ',IL
3A,(/"-P5>�±�^,.38�d .7'K;#),.-P1[�;1'3<�V/" "�XR;�I,£1'#� (3IEI#;Z'l'3IEA-65F3IZY/"#41'38%[�;1' (�a3A,�BD .3IZY/.3k�>-65g�;K)3A5c1'� w -0�
K)7= "��p=\Ð�a\8]^,W/"#��UBD3I-0/"#�EI#;5 #4%' .#;K) "�;5g�=L@3I5 �?���Ô�0� � L�1=3I,.EA .-0/"#4Z'#4�;% �IZ'1=-6EI3 ¬ \Ðq=\ �x3ARz-P1'#
�;#�/H�;5g�;Z'l'#81'#),M�; (Nz7=-PR)#;,ve � � ���v« � � ���v� :��a�t�Ð�.stLa3I,W/"3£%' (#aEA3I1'-P5g3AZO/.#U,.*<BD#)-@%@#;,.,.C0R)3A9� .3AEI3IZz�
/.3I5F3IZY/"3QEI#)5¨�87=/.-69P-6_X�!�Xw;#S1'3QEI#)5F%'7=/"�;1'#) (3I,`EA#)5¨%' .#zEI3A,.,"�!1'#) .3A,ª5g�;-6,�R)3A96#)_A3I,ª3xEI#)5 5g�;-6,
5F3I5F*) .-6�=\

§�,�%'-6EA#),d1'3?-PZY/"3IZ=,.-61'�;1'3J1[�!,4�;5g#;,(/" .�;,ILMEA#)5 %[�!1' .�z3I,v|.G  (3IEA#)Z'l'3AEI-61=#),ILQ%@#z1'3I5 ,.3A 
Rz-6,(7[�;9P-6_X�!1'#),ªZ[�!, w -6K)7' .�;,op=\ t'L[pa\��U3vp=\�p=\



������	$� ��� 
 ���
�
� t��

w -PK)7' .�<p=\Õ� L�]^5>�;K;3I5 EA#)ZY/"3AZ'1'#> (3IEA#)Z',(/. .7'�A�a3A,QZO7'5F�I (-6EI�;,o1'3S#)-P/.#<l'#)9P#)K) "�!5>�;,`1'3�5��"�H�����t� \
§¨5g�;-P#) x%'-PEI#�1'3k-PZO/.3IZ',(-61[�!1'3�e � ^ ��� � � � O � f�� stL�%[�; .��#�EA#)T' (3<%@#)9P-61'#?e w -PK'\Up=\ tOs¢L�3I,(/"G

Z[�!,yEA#a#; .1'3AZ[�;1[�;, Z M ��� �k3 � M �����=L'#kNO7'3v,.7'K;3I .3v¤nJpM � ^ ��� �
	 \
§°5>�!-6#) �%'-PEI#U1'3x-6ZY/"3AZ',.-P1[�;1'3Ue � ^ ! ��� � O � f�� s¢L=%[�! "�8#U96�!/Hw!#8%+#)96-P1'#de w -6K=\ p=\ �)stLz3I,W/HGUZ[�!,EA#a#) (1'3IZ'�;1[�;, Z M � ���<3 � M O ! � �'L'#kNO7'3v,.7'K;3I .3v¤nJpM � ^ � ! �
	 \
§�5g�;-6#) o%=-6EI#F1'3�-6ZY/"3AZ',.-P1[�;1'3>e O ^ � � � � � O � f�� s¢L@%'�; "�F#>� ��e w -PK'\op=\�pYs¢L+3A,(/"G>Z[�;,yEI#z#) W�

1'3AZ[�;1[�!, Z M O � O �U3 � M O � ! �aL=#FNz7=3v,(7'K)3A .3�¤nJpM � ^ � O��
	 \
¬ ,.3AK)7'-PZO/.3</H�;T+3I96�?e¥���;T+3I9:��pa\ÐqYsx3¢«a-6T+3<#),�R!�;96#) (3I,�1=3F (7'K)#),(-61[�!1'34eÔ¤KJ¢sxNO7'3UBD#) "�!5 #)Ta�

/.-61'#),>3t«a%@3A .-P5g3AZO/"�;965F3IZY/.3$�!/" .�fR;�I,41'#�Z'#fR)#á5F�A/"#z1'#®1'32�;%=96-6EI�;�Xw!# 1'#�EI#) ( .3A9:�!/.#) d*)%=/.-6EA#



������	$� ��� 
 ���
�
� t)p

ÛPÀAÞ��@ÈAÂ±ÌÔÉ�Ò;ÈtÏÐÓÐÇfÈ ÛÜÂ!Þ��aÀH¿´ÙtÈªÒ!ÈAÏ�ÓÕÇfÈ Û0Ä.Þ � �

w -6K)7' .�<p=\�q�L�]^5>�!K)3IZ',M#)Ta/"-61'�;,oEI#)5 �;,M�;5F#),(/. "�;,o5F3A/"G;96-PEX�;,A\

¬ 5F#),W/" "� ¤nJ�e �
	 s� #)T' (3S%@#)9P-61'# �=\��)³
�©�!/Hw!#F%+#)9P-61'# �=\��Y�
��� �=\��=�

���;T@3A9:�kp=\�q�L )~3A1'-61[�!,y1=3�¤KJy#;T=/"-P1[�;,o3t«a%+3I (-65F3IZY/H�;9P5g3AZY/"3;\
eD,.-6587'9:�;1=#Ost\

� -6ZY/.3I .3A,.,.�;ZY/"3xZ=#;/H�; �NO7'3Q#),�%'-6EA#),b1=3Q-PZO/.3IZ',(-61[�!1'3oR;w!#U�;7'5F3IZY/"�;Z'1'#v1'3MR;�!96#) ��v5g3A1'-61[�
3A5�Nz7=3�,(3U�;%' (#X«=-P5>�!5 1'#g%'-6EA#g5g�;-6,M�!9P/"#=L'3�1=3IEI (3I,(EI3I5�1'3SR;�!96#) M�;%+*),M%[�;,(,"�; (3I5{%+#) M3I,(/.3
%'-PEI#'\



������	$� ��� 
 ���
�
� tY�

w -6K)7= "�<p=\ t�L  M3IEI#;Z'l'3IEA-65F3IZY/"#F1'3S%[�;1= .�z3I,o%[�; .�F#kEA#)T' .3S%+#)96-P1'#'\

w -PK)7' "�<pa\�� L  M3IEA#)Z'l'3AEI-P5g3AZO/.#g1=3v%'�;1' .�z3I,M%[�! "�<#k9:�!/"w;#<%@#;96-61=#'\



������	$� ��� 
 ���
�
� t)³

w -PK)7' "�<pa\Ðp�L  M3IEA#)Z'l'3AEI-P5g3AZO/.#g1=3v%'�;1' .�z3I,o%'�; "�k#F���8\



� ��� �������� �

� ����� � ������� � � � � � � � �����

� !$# � =�& �j;+&_& ��5
� 1=-PBDC6EA-69zEI#)5F%[�; .�; �7=5�5g�t/"#z1'#�*)%a/"-6EA#£EI#)5�7'5�5F�A/.#a1=#£5g3AEX;Z'-PEI#'\�²Q#£5F�A/.#a1'#£*;%=/"-PEI#'L

�o967=_��� (343[3t/"-P1[�y%+3I96�ª,.7'%+3I WBDC6EA-63�3�BD#) .Z'3AEI3�-6ZaBD#) .5g�;�I�z3I,�1[�;,�/" �I,©1'-65F3IZ=,.�z3I,©1'3I,(,"�y,.7'%+3I WBDC6EI-P3;L
3AZ'NO7[�;ZY/"#�NO7'3�Z'#Q5g�t/"#z1'#Q5F3IEI;Z'-PEI#'LV�;%+3IZ[�!,�7'5 %+3I W}[9O1[�Q,(7'%@3A (BDCPEI-63���5g3A1'-61=#'L!#yNO7'3b/.#) .Z'�
Z'3AEI3A,.,"G! .-6#45F3I1'-P1[�;,�1=3UR;G! .-6#;,x%+3I (}',£%[�; "��NO7'3<7'5g�d5F�I1'-6�>%@#;,.,"��,(3I £#)T=/.-61[�aL�1'3<5F#a1=#4�
/.3I o7'5g�<5g3A1'-61[�U5g�;-P,oEI#)Z=}[GfR;3I9Ô\

��5UT+#) "�<�;,o5F3I1=-6�I�z3I,`1'3S¤nJª/"3AZ'l[�;5¨BD#) .Z=3IEI-P1'#UR!�;96#; .3I,`%[�; .3AEI-P1'#),o%[�; .�U#kEI#)T' (3£3£%[�; .�
#�9:�!/"w;#'L�#4R!�;96#) £%'�; "�4#�� �¨BD#)-�1=-6,.EA .3A%[�;ZY/"3!\ �Q5g��%@#),(,.C0R)3I9�EX�!7',"�4�>��B¥�;9Pl[��1'#~5F�A/.#a1=#
5F3IEI;Z'-6EA#�1=3ARz-61'#8�v%= .3IEA-6,.w;#81'#�%@3A (}[9 �)5F3A/" (#�5F3IEI;Z'-PEI#v7=/"-P96-6_I�;1'#'L;#8NO7[�;9�Z[w;#vBD#)-[EX�!%[�;_x1=3
#)Ta/"3I o5F3I1=-61[�;,o1=3�¤Q¦£3S¤nJM1'-PBD3A .3IZY/.3I,Q�;#k96#)Z'K;#<1[�<,.7'%+3I WBDC6EI-P3;\

w 3IZ �;5g3AZ'#),UBDC6,(-6EA#),<1'-PBD3A .3AZO/.3I,k3I,W/Hw;#$3AZOR;#)9PRz-P1'#),kZ'#),k%' (#aEA3I,.,(#),F1'3�5g3A1'-61'�=\ � 5U7=-P/"#
5g�;-6,�EI#)ZYR;3IZ'-P3IZY/"343�EI#;Z=}�GXR)3A9oEI#)5F%[�; .�; U5F3I1'-P1[�;,UNO7'3�3AZOR;#)9PR!�;5 #),<5F3I,.5F#),8BD3AZ �)5F3IZ'#;,
BDCP,.-6EA#),I\

§�,M%' .-PZ'EI-P%[�;-6,bB¥�!/"#) (3I,o1'3S3A . .#kBD#) .�;5 L
* �u3I W}[9 �)5F3A/. .#<5F3IEI;Z'-6EA#k96-65F-P/"�;1'#�3I5 5F3I1'-P1[�;,ª1=38¤x¦x5g3AZ'#) .3A,MNz7=3�� o � � �
	 \
* �Q-PBD3I (3IZ'�I��1'3xNz7'�;96-P1[�;1'3M3IZY/. .3�#),bl'#)9P#)K) "�!5>�;,�,(-65U7=9:�;1'#;,�3Q#8l'#;96#)K) .�;5g�£BD#!/"#)K) .�!B¥�;1'#
eD#kZ I=5g3A .#k1'3�� :��a�t�Ð�ª1=#kBD#!/"#)K) .�!B¥�;1'#UBD#;-�5U7'-0/"#<5g�;-6#) "st\



� ���p��������� ����� 	�� ����� �u������� �!�

* ���;ZY/"#;,£�;,£�;%= .#X«a-65g�;�I�z3I,yZ[�d,.-P5U7'96�;�Xw;#F1'#�l'#;96#)K) .�;5g�FNO7[�;ZY/.#4�;,£�;%' (#X«=-P5>�!�I�z3I,yZ[�
,(-65U7=9:�;�Iw;#x1[�£,(7'%@3A (BDCPEI-63`K)3I .�;5�3A . .#;,ILO%@#; .�I5�LY�� (3I,.#;967'�Iw;#S1[�£-65g�;K)3I5Ø,(-65U7'96�;1[�x�o1=3
BD7=Z'1[�;5F3IZY/H�!9@-P5g%+#) (/";Z'EA-:�£Z'#U (3IEI#;Z'l'3IEA-65F3IZY/"#<1=3�%[�;1' (�a3A,I\ �y5>�v-65g�;K)3I5 ,(-65U7=9:�;1[�
EA#)5�T[�;-Ü«=�k (3I,(#)967'�Iw;#>-P5g%=96-6EI�83I5{7'5� (3IEA#)Z'l'3AEI-65F3IZY/.#>1'3v%[�;1' (�a3A,QNO7'3vZ[w;#g��-P1'3X�!9´\
�y5 %[�!1' "w;#F-61=3X�;9@,.3I (-:�k3t«=�!/"�;5g3AZY/"3S-6K)7'�;9��;#k1'3S7'5g�<-65g�;K)3A5 �<,.3A M .3IEA#)Z'l'3AEI-P1[�=\

* B¥�!9P/H�£1'3yT[�;Z=EI#U1'3y1[�;1=#),b1=3ARz-61'#U�v1'3A5g#; "��1=#),bEIG;96EA7'96#;,I\ �Q3I%+3IZ'1'3AZ'1'#<1'#;,`1[�;1=#),b1=3
3AZY/" "�!1[�=L��<,.-P5U7'9:�!�Xw;#U%+#z1'3£/"#) (Z[�; W��,.3£-P5g%' .�!/"-PEXGXR)3A9´\

* 3A . (#),MZ'#F�;96-PZ'l[�;5F3IZY/"#<1=#g�! . "�!ZV|(#k3t«a%@3A .-P5g3AZO/"�;9�EI#;,(/"7=5>�;5 #aEA#) . (3I o3SEI#)5 -6,.,(#k%' .3¢�
|(7=1'-6EI�;5���EA#)5F%[�; "�!�Xw;#£1[�!,�-65g�;K)3IZ=,�#)T=/.-61[�!, 3t«a%+3I .-P5g3AZY/H�;9P5g3AZO/.3ªEI#;5�,.-P5U7'96�;1[�;,�Z'#
EA#)5F%'7=/H�!1'#) �

* ¬ %' .#X«a-65g�;�A�a3A,`Z[�8,(-65U7=9:�;�Iw;#81[�U,(7'%+3I (BDCPEI-P3lL #),`l'#)96#;K) "�;5g�;,�1'-P,(/"#; .EI-P1'#),b5g#),W/" .�; "�;5<�
,(3d�;90/H�;5F3IZY/.3g,(3IZ',(CPR)3A-6,<��5U7'1[�!Z'�X�;,8Z[�~,(7'%@3A (BDCPEI-63g,.-P5U7'9:�!1[�=\�§ 5g�t/"#z1'#�1'3d,.-P5U7a�
96�;�I�z3I,£1=3F,(7'%+3I (BDCPEI-P3I,S1'3AR;3>,(3I v .3ARz-P,(/"#�3F�;%' (-65F#) "�;1=#d1'3F5g#z1'#��� .3I%= .3I,(3IZY/H�! 85g�;-6,
}'3I965F3IZY/.3£,.7'%+3I WBDC6EI-P3I,o (3X�;-P,I\

¬  (7'K)#),(-61[�!1'3xNO7[�;1= "G!/.-6EX�v5g�A1'-:�SBD#)-�1'3A/.3I (5g-PZ[�;1[�v3x3I,W/HGU1'3x�;EI#; .1'#<�!,`5F3I1'-P1[�;,�1'3�7'5
%+3I W}[9 �)5F3A/. .#£5F3IEI;Z'-6EA#S,.3M963tR;�! .5F#),�3I5�EA#)Z',(-61'3A "�;�Iw;#S#),�1'3I,WRa-P#),�1[�;,�5g3A1'-61'�;,�3y�v%' (3IEA-6,"w!#
1'#k%+3I W}[9 �)5F3A/. .#'\

²xw!#�BD#)-�%@#),(,.C0R)3I9�3A,(/H�!T@3A963IEA3I ��4R!�;9P-61[�!1'3<1[����NO7[�!�Xw;#~q=\ �4%+#)-6,£Z'�;,�%= .*)%' (-:�;,£5F3I1=-61[�;,
EA#)5 #?%+3I W}[9 �)5F3A/. .#J5F3IEI;Z'-PEI#?3I,W/H�? .3A9:�;�Iw;#JZ[w!#$BD#;-bR!�;96-P1[�;1[�a\$²x�?,.-P5U7'9:�!�Xw;#J1'�J,.7'%+3I Ö�
BDCPEI-63<5F3A/"G;96-PEX�4�;%+3IZ[�!,8#~¤nJ�BD#)-� (3INO7'3A .-61=#J3I5�/.3I .5F#),v1'3> (7'K)#),(-61[�!1'3;\ )�3I,.5F#JEA#)5 7'5g�
EA#)5g%'�; "�;�Iw;#v3IZY/" (3�#),bR!�;9P#) .3A,b1=3�¤nJb5g3A1'-61'#;,b#)%a/"-6EI�;5F3IZY/"3yEI#)5 #),�R!�;96#; .3I,�1'3£¤Q¦y5F3I1=-61'#),
5F3IEI�;Z'-6EI�;5F3IZY/"3!L�Z[w;#�,(3U%+#a1'3�R;�!96-61'�; x�d (3I96�;�Xw;#=LO|.G>NO7'3k�;%+3IZ'�;,�#�9:�V/Hw;#g%[�; .3AEI3<#)T+3I1=3IEI3A 
3A,(/H�g .3I96�;�Xw!#'\x���;5UT+�I5{3t«a-P,(/"3U�>%@#;,.,.-PT'-69P-61[�!1'3£1[�;,£�!5g#),W/" .�;,xZ[w!#>#)T+3I1'3AEI3A .3I5�3I,W/H�!/.C6,(/.-6EI�
KY�!7',.,(-:�;Z[�aL'#kNz7'�;9��S7'5 EI (-P/.�I .-P#<1'3£R!�;96-P1[�;1'3�1'�k (3I96�;�Xw;#=\

§¨5F�A/.#a1=#d/"#) (Z[�V�^,(3 I=/"-P9 %[�; .�d7'5g�45F3I1=-61[�dNO7[�;9P-P/"�!/"-0R;�F1[��,.7'%+3I WBDC6EA-63<3;L©%[�! "�dR!�;96-P1[�; 
5F�A/.#a1'#=L�,.w;#�Z'3AEI3A,.,"G! .-6#;,8#)7=/. .#),v3IZ=,"�;-P#),I\ � #)5F#~%= .-65F3I-P "�d/"3AZY/H�!/.-PR!�=Lu#�Z'#fR)#�5g�t/"#z1'#~1=3
�;%=96-6EI�;�Xw!#d1'3F� � � ,S3I5� (3IEI#;Z'l'3IEA-65F3IZY/"#41'3k%[�!1' .�z3I,£,(3g5F#),(/. .#)7?EA#)Z=}�GXR;3I9�3k1'3k%@#),(,.C0R)3I9
 (3I%+3A/"-0/"-0Ra-P1[�;1'3!\



� ���p��������� ����� 	�� ����� �u������� �z�
¬ 7=/.-69P-6_X�!�Xw;#y1'3o#)7=/. .#),�}[9P/. .#),�Z'#£EI#) ( .3A9:�!/.#) �*;%=/"-PEI#�%+#a1=3I5Å5g3A96l'#) .�; u#£ .3IEA#)Z'l'3AEI-P5g3AZO/.#

1'3S%[�!1' .�z3I,M3£EI#;5 -6,(,.#g�;7'5F3IZY/H�; M�<%' (3IEA-6,"w!#F1=#g,(3IZ',(#) I\

� !� � 5�������;+& ��5
§�5g�t/"#z1'#F1'3I,(3IZYR)#)90Rz-61'#�5F#),(/. .#)7z�^,.30I=/.-69©Z[�>3A,(/"-P5>�V/"-PR!�<1[�> (7'K)#),(-61[�!1'3�1=38,.7=%@3A (BDC6EA-63A,

5F3A/"G;96-PEX�;,�EI#)5�T[�;-Ü«'�� .7'K)#;,.-61'�;1'3;L=#)7�,.3^|.�=L'EI#;5 ¤x¦Q5g3AZ'#) .3A,oNO7'3 � ^ O�� 	 \
)~#),W/" .#;7a�^,(3£%@#!�1'3A .#),(#�Z[�x-PZ',.%+3I�Iw;#QRz-P,.7[�;9z1'3A,.,"�!, ,.7'%+3I WBDC6EA-63I,�%@#z1'3AZ'1'#� (3AR)3A9:�; � "�;%=-61[�;5F3IZY/.3b,(3ª�x,(7'%@3A (BDCPEI-63
/.3I5 #)74Z[w!#FT'�;-0«=�< .7'K;#),.-P1[�;1'3!\

���;9P#) .3A,�1'3ª (7'K)#),(-61[�!1'3ª1'3`/. �A,��;5F#),(/. "�;,uBD#) "�;5ÅNO7[�;ZY/"-0}[EX�!1'#), 3ª (3AR;3I9:�! "�;5<�^,(3`%' (*f«a-P5g#),
�;#;,8R!�;96#) (3I,U5F3I1=-61'#),8%@#) 87'5 %+3I W}[9 �)5F3A/. .#J5F3IEI;Z'-PEI#'\ �x-PR;3I (,.#),<B¥�!/.#) .3A,<1'3�3I ( .#),UBD#) .�;5
�;%+#)ZY/H�!1'#),IL=%@#) (�I5�L=BD#) .�;5 �;%'�; .3AZO/.3I5F3IZY/"3v,.7=%@3A "�;1'#;,y3A5 Rz-6,W/H�k1'#),o .3A,.7'90/H�;1=#),M#)T=/"-P1'#),A\

§ EI#) ( .3A9:�!/.#) 8*)%a/"-6EA#�1'3 �[��� �z�t��� 9����bEA#),(/.7'5>�~7=/"-P96-6_I�; Sl'#)9P#)K) "�!5>�;,S1'3 587�9z��:´�t�£EA#)5F#
}[90/" (#),I\���,(/"3bEI#) ( .3A9:�!/.#) �BD#)-O,.-P5U7'9:�!1'#MZ'#xEA#)5g%=7=/H�;1=#) ©%[�; "�M,.3A �;%=96-6EI�;1'#MZ'#Q .3IEA#)Z'l'3AEI-P5g3AZO/.#
1'3~%[�;1' (�a3A,I\ ¬  (3IEA#)Z',(/. .7'�Iw;#®ZO7'5F�I .-PEX�21'3�1'-0R)3A .,.#;,d� � � ,>1=3 5��H�H�����t��1'-6,W/"#) (EI-P1'#),F%@#) 
,(7'%@3A (BDCPEI-63A,�5F3A/"G;96-PEX�;,AL!,(-65U7=9:�;1[�!,�EA#)5Ø .7'K)#;,.-61'�;1'3I,ªeÔ¤nJ"su3AZO/. .3��y3�� ^ � � �
	 LV,.3I WRz-6 "�!5ÅEA#)5F#
-P5>�;K;3IZ',��S,(3I (3I5�EA#) . (3I9:�!EI-6#;Z[�;1[�;,�EI#)5� .3IEA#)Z',W/" .7=�I�z3I,�*)%=/.-6EX�!, 1'3M7'5�� � � 1'3!5��"�H�����t�f,.3I5
1'-P,(/.#) .�Iw;#'L=%+#) (�I5�L'EI#)5 7'5>�< (3IEI#;Z',(/. .7'�Iw;# �^%@3A (/.7' .T[�!1[���£%+#) o7'5g�k�;5F#),(/. "�U5F3A/HG!96-6EI�=\

¬ 7a/"-69P-6_I�;�Xw;#k1'3�#)7=/. .#),y}[9P/. .#),y%@#z1'3A5c5F3I9Pl'#) .�; M#d .3AEI#)Z'l=3IEI-P5g3AZY/"#d1'3�%[�;1' (�a3A,x3�EI#)5
-P,.,.#J�;7'5F3IZY/H�; ���%' (3IEA-6,"w!#J1'#J,(3IZ',(#) I\2ja-P5U7'96�;�I�z3I,S1'3�� � � ,�1'3	5��"�H�����t��1'-6,W/"#) (EI-P1'#),v%@#) 
,(7'%@3A (BDCPEI-63A,£5g3t/HG;9P-6EI�;,�EI#;5�7'5�ZgI'5F3I (#~5g�;-6#; x1'3kR!�;96#) (3I,£1'3k (7'K)#),(-61[�;1=3I,S-6ZY/"3A .5F3I1'-6G; .-6�;,
eDZ'3I,W/"3Q/. "�;T'�;96l'#=LOR!�; (-:�; .�;5�1=3 � o � O ��� ^ ��� �
	 3A5¨-PZY/"3I WR!�;96#),�1'3 � ^ � O��
	 s�/H�;58T@�A5 %' .#)5F3t�
/.3I5��;7=5g3AZO/"�; M�<%' .3AEI-P,"w;#F1'#k,.3AZ',.#) A\

§�%' .-PZ'EI-P%[�;9�#)Tz|(3t/"-PR;#?1'#J/" .�;T[�;9Pl'#'L NO7'3�3A "��#?1=3d,"�;T+3I <,(3d#?l'#)9P#)K) .�;5>�4%+#a1'3A .-6��,.3A 
7=/.-69P-6_X�!1'#&EA#)5F#®7'5 ,(3IZ',(#) �*)%=/.-6EI#=Ly1=3?5g#z1'#®�¯BD#) (Z'3IEA3I �-PZ=BD#) .5g�;�A�a3A, I=/.3I-6,>,.#)T' (3?7'5g�
,(7'%@3A (BDCPEI-63£3A,(/.7'1[�;1[�aL'BD#)-��;9PEX�;Z'�I�;1'#'\



� ���p��������� ����� 	�� ����� �u������� �;�
� !� � 13,.&4( 1 �p2_= � *0&81 (���*��956&��l; 2 ; , 5@&

¬ ,M%+3I (,.%+3IEA/.-PR!�;,M1'3A,(/"3S/" .�;T[�;9Pl'#<,"w!#F (3I96�;EI-P#)Z[�;1[�!,M�k,(3IK)7=-6 $L
* EA#)5F%[�; "�!�Xw;#<1'#;,y (3I,(7'9P/"�;1'#),oEA#)5 #)7=/. .#),M5F�A/.#a1'#;, �

* 7a/"-69P-6_I�;�Xw;#�1'3S5g�t/"#z1'#),o5g�;-6,` .3X�!96-6,W/H�;,oZ'�k,(-65U7=9:�;�Iw;#<1[�;,M,.7=%@3A (BDC6EA-63A,o5g3t/HG;9P-6EX�!, �

* #;T=/"3AZ'�Xw;#g1'3v7'5{5>�;-P#) oZgI'5F3I .#g1'3��;5g#;,(/" .�;,M%[�; .�FR)3A .-0}[EX�; y .3A%@3t/"-0/"-PRz-P1[�;1'3S3vEI#)Z=}a�
�!T'-69P-61[�;1=3��

* -P5g%=963I5F3IZY/"�;�Xw;#�1=3gZ'#fR;#),�}[90/" (#),SZ'#�EA#) . (3I9:�V/"#) S*)%=/.-6EA#�%'�; "��5g3A96l'#) .�; £#� .3IEA#)Z'l'3AEI-Ü�
5F3IZY/.#F1=3v%'�;1' .�z3I, �

* -P5g%=963I5F3IZY/"�;�Xw;#£1=#�Z'#fR;#U5g�t/"#z1'#SZ'#8 (7'K)#),(C65F3A/. .#v�F�0�V�f�t��1'3I,(3IZYR)#)90Rz-61'#U%+#)  y�;7'9+�; I\
m��; I\��Y�fr´\

¬ 9PK)7'Z',o%=9:�;Z'#;,ªBD7=/"7' (#),M%[�; .�k#k7',(#g1=3�� � � ,M,.w;#g (3I96�;EI-P#)Z[�;1'#;,o�<,.3IK;7'-6 �L
* /.3I,W/"3S1'3S963AZO/.3I, �

* 3A,(/.7'1'#v1'3Q#;7=/" (#),�/"-6%+#),�1'3Q� � � ,xe¥l'#)9P#)K) .�;5>�!,�-65F%' (3I,.,(#),�3I5 EI�; (/"w;#�1=3yEA .�A1'-P/.#'LO%@#) 
3¢«a3I5F%'96#Os �

* 7a/"-69P-6_I�;�Xw;#�1'3S7'5�� � � 1'3�5 7�9z��:´�t�`3I5 7'5 EI#; . .3A9:�!/.#) ª*)%a/"-6EA#k1'3��[��� �z�t��� 9���� �
* #;,o%@#)ZY/.#),oBD#aEI�;96-P_X�;1'#;,ª1'3S7'5 � � � 1'3�5��"�H�����t�O%+#a1'3A .-6�;5�,(3I M,.-P5U7'96�;1'#),ª1=3v5F#z1'#F�
BD#zEX�!96-6_I�; .3A5�,(#)T' (3g7'5g�4,.7'%+3I WBDC6EI-P3<EI7' WR!�=\d�u#) �3¢«a3I5F%'96#'L©,(#)T' .3F7'5g��3A,(BD3A "�=\ �x3I,W/H�
BD#; .5g�=L'�< .7=K)#),.-P1[�;1'3£1=3v,(7'%+3I (BDCPEI-P3I,MEI7' WR!�;,o/H�;5UT+�I5�%@#z1'3A "G<,.3A y3A,(/.-65g�;1[�=\



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

m ¬ ]Ö³Y�±r ja-P9PR;3I .-P#k��\ ¬ 965F3I-P1[�<�;Z'1 �S7 �d]^Z'1'3AT@3t/"#)7 �S\
	ª�Y�+� :�<.���@:�7��=��7����� �@:�<.�;� 587�9a��:´�t�
�=�.���=��� 7V���8�tL EHl'�;%=/"3A F���!/(/"3I (Z  y3AEI#)K)Z=-P/"-P#)Z¯Rz-:� � #;5g%'9P3t«®ja%[�!/.-:�;9 w -690/"3A .-6Z=K'L
%[�!K)3I,`t'���z³Y�a\ ¬ EI�;1'3I5F-6ES�� (3I,.,AL�]^Z'E;\0L©�f�)³Y�a\

mnh`3I .�)³!r ��96#;-6,"�<hb3I (/.-6Z'-Ô\ �Q5 ,(-6,W/"3I5g�<%[�; .�<Rz-P,.7[�;9P-6_I�;�Xw;#<l=#)96#)K; "G!}[EI�=\ )��;,W/"3A ��n,y/.l'3I,(-6,IL
]^Z',W/"-0/"7=/.#£1'3 � #)5F%'7=/"�;�Xw;#x� �QZ'-0R)3I (,.-P1[�;1'3M��,(/"�;1'7[�!9'1'3 � �;5F%'-PZ[�;,IL � �;5g%=-6Z[�;,
�`j=�uL")��; (�I#4�f�)�)³a\

mnh`3A/"�Y�Vr ¬ Z'1'3I (,.#)Z �x7[�; W/"3Uhb3A/"-P#)9´\ ��3I .-0}[EX�!�Xw;#g1[�d�;7=/.3IZY/"-PEI-P1[�;1'3S1'3�-65F%' .3A,.,.�z3I,Q1'-6K;-0�
/"�;-6,£3A5�/"3I5F%+#� (3X�;9�7a/"-69P-6_I�;Z'1'#!��,.3<#4EI#; . .3A9:�!/.#) ���%=/"-PEI#�EI#)5F%[�;Et/"#'\ )��!,(/"3A ��n,
/.l'3I,(-6,IL©��,(EI#)96�d1'3F��Z=K)3IZ'l'�; .-6�d1'3Fj=w;# � �; (96#),y�	�QZ'-0R)3A .,.-P1[�;1'3<1=3>jaw;#4���;7=96#'L
j=w!# � �! .96#;,`�bh` "�;,(-69ÔL[�;�)�)�a\

mnh*)~1�ja�)³!r /<\�h`96�;Z'3!L )&\ )~7' .�;5g�!/",(7�Lu�;Z'1 w \ � \�1[��ja-P9PR!�=\���3I .-0}[EX�!�Xw;#�1[��9P-6Z'3I�; .-P1[�;1'3
1'3> .3I,(%@#;,(/H�~1[�JEX;5F3I .�~EAEI1�\?]^Z�	!�+��:6� �z����� �#:�<.� ��7���� ��� �%5 � � L�%[�;K)3A,
q��;�!�aq��;paL � �V«=�;5UT=7a� ) �<L[h` .�;,.-P9´L'�;7'Z'l'#��f�)�)³a\

mnhoj=p)qVr �u\=h`3AEHiO5>�;Z=Z4�;Z'1 ¬ \'jz%'-6_A_I-6EHl=-6Z'#'\"� �[��# <.���@�Ö�t��:?��� 7�� � �6���¥�=7 �F���������@:�<�$<� �;�H�
�¢� 7 � �07�9����%#'9a�&�A��<H�H�t\��u3I .K)�;5g#;Z��� .3A,.,AL�§Q«zBD#) (1�L��f�)p;q=\

mnh � ³)�!r )��±«®h`#; .Z��;Z'1���5F-69 �&#)9PBÖ\('b��:?� <�:Ð�+�6�H� 7����� �@:�<H�*),+.-0/ � ��:?�#:�7��[\$�u3I .K)�;5g#;Z
�� .3A,.,AL@²y3 �21�#) .i�L��f�)³;�=\

mnh � �)�!r §U\fh` �zZ'K)1[�;l=9Y�;Z'1 w \ � �z .# �M,.iO-´\3'`� 7-�;�"�H�H� :?�4�� �@:�<H�5��� � � � � LXEHl[�;%a/"3I �x-PK)-P/"�;9
�y#)96#)K; "�;%'l �y� � #)5g%=7=/"3A W� �£3IZ=3I "�V/"3I1��Q#;96#)K) .�;5F,ILf%[�;K;3I,����a³)pa\Y²Q#) W/"la�^�Q#)9P9:�;Z=1�L
�f�;�)�=\

m � �; "�;q!r �u\�j+\@�u\ � �; .1'#;Z[�=\ � �6���>����� 7f�6��� �@:�<=7f�87S��: �¢�(���#: ��7f�6��[�t�(��� ��7���� �M����: �>� �z�
� 7)��9a�0�:9<;�7�� 7 �x�+�6� �O��� 7 �x�+�6���´�;\ª��l �Å/"l'3A,.-6,AL@]^Z=,(/"-0/"7=/.#g1=3 w CP,.-6EI�8� �yZ'-PR;3I Ö�
,(-61[�;1=3£1'3�j=w;#g���;7'9P#'L�j=w!#g���;7'9P#<�bhb "�;,(-69´L'�;�)�)qa\

m ���;96³)�!r � -P9696-6�;5Å�=\ ���;9P9:�;,A\=� �[�>� 7 �x� 9��^�t� :?�?�� �@:�<.�;� �M�H�f�.�;� <=�zL)R)#)9P7'5g3 t=�Q#;B@#)�+��:?� 	�z�t��#��t��:´�H�A� 7H� :�<H� :?��	`�Y�+� :´�-��' ���f��:�<H�tL@EHl'�;%=/"3A � #)5F%'7=/.3I W� �S3AZ'3I .�!/"3A1?�Q#;96#!�
K) .�;5F,IL'%[�!K)3I,Q�;�=�.�aq)p)p=\ ja%' (-6Z'K)3A ���3I (9:�;K'L'h`3I (96-6Z�L��f�)³;�=\

m ���;96�lt;r � -P9696-6�;5{�=\����;9696�;,I\�§�%=/.-:pY�)�z\��¯#) (961 � -P1'3 �&3IT�LCB3DEDGFIHKJEJMLEL3LONQPSR:TVU:WEXEWZY3[\N
R:P]U<^_W<`aRbN�cGT:d]JZTSReXEX:RefGJ:gEh:iONjBSD:k�L��;�)�lt=\

m w )��)³Vr ��1'7[�! .1'# w 3I ( "�; .�£�;Z'1 )~-Piz- �Y��)�7' "�;5g�!/.,.7�\ � 7' WR;��EI�; "�!EA/"3A .CP,(/"-PEX��1'3o7=5�}[9P5g3
BD#;/.#)K) .G!}[EI#=\"�y����:6���´�mlM�(�V��: �6��: �(� �z� � �=��:?� 7 �z� 5bn6��:�<.�;LM�;�[eÖ�±s LÐ�WtM�a�;p=L )��; .�A#
�f�;�)³=\



� 	��	W���	����� ����� �����u� �
�����	���$��� ��t
m w j�
 � �Y�Vr ¬ \ ¬ \ w -6 (,.#fR+L ¬ \ ¬ \)jzRz-6ZY/",(#fR@Laj@\!]H\�
��;-0/",(3AR+L ¬ \)�� .i!#'LO�;Z'1 �8\ �U\ ¬  (-6,(/.#fR@\=�ol'3

}[ (,(/�, �zZY/"l'3t/"-PE�«O�^ .� �Sl=#)96#)K; "�;5+L� .3A,.7'90/",A\5�� �@:�<H�� 7 ��� 9 ��:�<.���@:�7��=�tL!�;�Y� L �
�!� �;�=Lw 3IT= .7[�; ���;�)�)�a\
m��v�!T�tY³!r �8\��S�;T+#) I\ ¬ Z=3 �°5F-6EA .#),(EI#)%=-6E�%' (-6Z'EA-6%'9P3;\ �£���@9a�"�tL��fp=�lLÕ�)�;�aL��f�lt)³=\
m��S#z#Y�)pVr �=\ �Ø\ �S#z#z1'5>�!Z�\ � ���Ô� 7)��9�<��#:�7�� � 7 587�9a��:´�t�>�� �#:�<H�t\�)~E �£ "� �ª�Ö�y-69P9´LY²y3 � 1�#) (i+L

�f�;�)p=\
m��S (7[�=�Ir )��V/./"l=-:�;, �£ .7'T+3I A\��x-��@ "�;Et/"-0R)3S#)%=/.-6EX�!9�3I963A5g3AZY/",��!,Q .�;,(/.3I W��-65g�;K)3£K)3AZ'3I .�!/"#; .,I\

	`�Y�+� :´�-���� �@:�<H�tL�tY�[e¥qY�)s L �;³)q;�<���;³)q;�=L=²y#fR)3I58T@3A x�!�)�=�)\
m�� � �;�!r  y�!B¥�;3A9 � \ �£#)Z'_X�!963I,g�;Z'1  y-PEHl[�; .1
�o\ �&#a#z1',A\�'b� 7�<H�H�H�I� �>����� 7 �z�	: �F���z���=���: ��:?�´��:6�t\���1'-P/.#) "�k��1'KY�! .1~h`9 1'EHl=3I M��/"1[�a\PL+j=w!#g���;7'9P#'L��;�)�;�=\
mn�Q�M�Y�±r 1U\	
�\f�Q7��;Z'1 /<\X�u#)Z'1'3A I\Oja-P5U7'96�!/"-P#)Zx#;B=qV��1v .�;Z'1'#;5° .#)7=K)lS,.7' WB¥�;EI3A,uT ���±��1S1'-0�

K)-0/H�;9O}[90/"3I ��!Z'1<BD#)7' .-P3I ��!Z[�;9 �z,(-6,I\ � ��������� �?��<=���\� 7�7V�Ð� �$����9.�A��<����6LOqY�'eW���)�)s L�³)q<�
�)�aL��f�)�Y�z\

m��; I\��Y�Vr  y�;7'9 �x-6�;,ª���;-PR!�U�; A\ �x3I,(3IZYR)#;9PRz-65F3IZY/"#<1=3x7'5  .7=K)#),.CP5g3t/" (#8�>�0�V�f�t�¢\ )��!,(/"3A ��n,
/.l'3I,(-6,ILa]^Z',(/.-P/.7=/"#�1'3 w CP,.-PEX�S� �QZ=-PR)3A .,(-61[�;1=3x1'3�j=w;#<���;7'96#=L'j=w!#U���!7'96#�� h` .�;,.-P9´L
�;�;�Y�a\

m /Q#z3X�lt!r )��V/./"l=-:�;, /Q#z3IZ'-PK'\Qj �zZY/"l'3t/"-6E8l'#)96#;K) "�;%=l ��/.#a#;96iO-P/o�`,.l'#;/I\ �&#) .9P1 � -P1'3 �&3IT�L
B3DEDGFIHKJEJMLEL3LON k_R D3DGB UZRef����_W:cZ` UMY\N `ac:D]J�� i]W��+Lu�;�)�lt=\

m /£7'5>�)�Vr hx\��8\ /<\���- |.� �)� /£7'5g�; I\®�u7=/.#) .-6�;9ª,.7= (R)3 �á#;B�EA#)5g%+#),(-P/"3d}'9P/"3A <1'3I,(-6K)Z=,FBD#) 
#)%a/"-6EI�;9�EA#) . (3I96�!/"#) (,I\ 	`�Y�+� :´�-���� �@:�<H�tL[q=�OeÔ�;qYs L tO�)�!q<� tY³)�a�)L ¬ 7'K)7',W/v�f�)�Y�a\

mn��3I3f�!³!r �¯�;-0�^�Q#)ZU�©3A3;\ 'b�=7-�;�"�H�H�0:?���� �#:�<H� � � � L)EHl[�!%=/"3A � #;5g%'7a/"3I Ö� �£3IZ'3A "�!/.3I1F�Q#;96#!�
K) .�;5F,$L©��3AEHl'Z'-PNz7=3I,b�;Z'1 ¬ %=%'96-PEX�!/.-6#)Z',AL;%[�!K)3I,o�±�z���=�;qY�z\[²Q#) W/"la�^�Q#)9P9:�;Z=1�La�X�Y�;³=\

mn� / � �
�Vr �Ø\u�©�;7=/.3I .T+#) (Z�L��£\ /£7' (_;L �!Z'1 )&\!� -P3I,.3AZ=BD3I9P1=/X\  7��[�t�H�����>�� �@:�<H�"! 5 9�� �Y� 	
�>�����´�;�Ð����� �,	`�Y�+� :�<.���#:�7��=�t\�ja%' .-PZ'K)3A IL��f�)�
�a\

mn��7'EX�lt!r )&\M��7'EA3IZY/"3!\ 7 : #M�(��<��#:�7�� #)�[�=<�: $ <	5���:?���z�% 7 �x� 9��´���#:�7��m� 7V� � �6�=<��Ô� 7 &�7V� 7 	�;�(�t�����V\®��l �c/.l'3I,(-6,IL �x3A%=/X\�#;Bx��963IEt/" (-6EX�!9o��Z'K)-6Z=3I3I (-6Z'K$�!Z'1 � #;5g%'7a/"3I FjzEI-0�
3AZ'EI3�� )~�;,.,.�;EHlO7',.3t/./",�]^Z',W/"-P/.7=/"3?#!BS��3AEHl'Z'#)9P#)K �)L	�¯#; .961 � -61'3 �&3IT�L B3DEDGFIH
JEJMLEL3LONKX<d(':cZ`3DecbN�) U<^aJ<F3d*)VfGJ,+EB.-EDEB_cef3UEfEJ.'GWM`SDecZ`SDVf NjBSDGk�L�ja3A%=/"3A5UT@3A S�f�)�lt'\

mn²x�;,.�)�!r ���!963�²Q�;,.,.�; I\ � #)5g%=7=/"3A W�^K;3IZ'3A "�!/.3I1�l'#)9P#)K) .�;%'l'-PEQ-P5>�;K;3I,I\/ : � <�9�:?�0b�t� �0�;� � �= VL
� t�LÕ�)� �aqY�aL ¬ %' (-690��)�� ���X�)�)�=\

mn² ��� � �)qVr ��\ �<\g²Q3A/.#'L$��\dj@\d�u\ � �; (1'#)Z[�=L �<\ ¬ \ � -P .-PZ'#'L  S\ ��\ )��;Z',.�;Z'#'L$�!Z'1
�u\ ��3I (1'#)Z'EHi�\ �x3I,(-6K)Z�L�B¥�;T' .-PEX�!/.-6#)Z�L��;Z'12EHl[�; .�;EA/.3I (-6_X�V/"-6#;Z?#;Bb��BD7=969�EA#)5F%'963¢«z�
�;5F%'9P-P/"7=1'3ª5F#a1'7=9:�!/.-6#)Z�1'-��@ "�;Et/"-0R)3o#)%=/.-6EI�;9'3I9P3I5F3IZY/X\1��� � :�<t� 7V� :?�?��� ) � :�<t� 7��A� � � )
� :�<t� 7f���±�����6L+�'e´�;s L��)p<�+�f�Wt'L ¬ %' .-P9©�;�)�;q=\



� 	��	W���	����� ����� �����u� �
�����	���$��� �l�
mn²Q3t/H�Y�Vr ��\ �k\a²Q3t/"#'\8�@�H�f� �z� � : �f�"�=7�7�<���� <�:¥��! � �x�+�6���>�����´�:9<;�7 �z�/&�7V� 7-�;�.� �F�V� �Q�t�(� 	��7f����7V�  7 �x� 9��´� ��7V� & n � ��:@��7f���S��� �y����: �>��z� � 7)��9z�0�:9<;�7  7 �x�+�6� �O�  7 � 	

�+�6���´�;\x��l ��/.l'3I,(-6,AL���,.EA#)9:�>1=3<��Z'K)3IZ=l[�; .-6�g1'3<j=w;# � �! .96#;,y� �QZ'-0R)3I (,.-P1[�;1'3U1=3
j=w!#g���;7'9P#'L�j=w;# � �; (96#),`�bhb "�;,(-69´L'�;�)�Y�z\

mn���!/H�;³!r ²Q�;1'-6 x���!/.-6 A\ ¬ ZO7'5F3I (-6EX�!9�%' (#aEA3I1'7' (3UBD#) � .�;Z'1'#)5�K)3IZ=3I "�V/"-6#;Z?#;B� .#)7'K;l?,.7' Ö�
B¥�;EA3I,A\ $F�.�;�¢L�tY� LÕ�!p)q<�=�)�;�aL��f�)�;³=\

mn� w ���£�)qVr �Ø\���\��� (3I,.,AL�hQ\©��\ w 96�;Z'Z'3A �;Luj@\ ¬ \��u3I7=i;#)9P,.i �)L��;Z'1 �Ø\��£\
��3t/./"3A .9P-6Z'K'\ �9
	
�>�t��:�<.�;���M�=<�:Ð�[�H� :?�% \ � �!5UT' .-P1'K)3 �yZ'-PR;3I .,(-P/ �4�� (3I,.,AL+²Q3 � 1�#) .i�L��f�;�)q=\

m  xj=j=�����Vr �)�; (-~�£\  ��!,��;Z'3AZ�L )��; (iOiz7cja�fR;#)9:�!-6Z'3AZ�L  y�;-65F#�jz-69PR;3IZ'Z=#)-6Z'3AZ�L?�;Z=1 /S�;-0�
�� .-Pi �u3I-6%+#)Z'3AZ�\
§£%a/"-6EI�;9ª,(3IZ',(-6Z'K2#;BQ,.7' WB¥�;EI3� .#)7=K)l'Z'3A,.,g�;Z'1 �ª�XRz-6Z=3I,.,gT �á�
EA#)5g%=7=/"3A W�^K;3IZ'3A "�!/.3I1kl'#)9P#)K) "�!5~\ �� �#:�<.�;� � ����:?���H�t��:?���;L)qWt�eÔ�Ys LÕ�l�)�WtM�=�l�;³)�=L;ja3I%z�
/.3I5UT+3I £�f�;���a\

m�j=�;96�Y�Vr ¬ 1' (-:�;Z'�>j=�!961[�;Z=l[�=\  y7'K;#),.-P1[�;1'3WL`EI#;Z'EI3A-P/"7'�;�Xw;#F3v5g3A1'-6�Iw;#'\`ja3I5F-6Z[G! .-6#F�;%= .3t�
,(3IZY/H�;1=#J����,(EI#)96����#;96-P/.�IEAZ'-6EI�41'� �QZ=-PR)3A .,(-61[�;1=3g1'3>j=w;#����;7=96#�Z[�~1'-P,.EA-6%'9P-6Z[�
� ) � �^³Y�;q<]^ZY/" .#z1'7'�Iw;#F,.# �x3I,(KY�;,(/.3;L©�f�)�)�a\

m�j'�)�Y�Vr �y9PB�jaEHl'Z'�; .,��;Z'1 �&3I (Z'3I 4�u\M§U\o��1'%=/.Z'3I A\��x-PK)-P/"�;9y .3IEA#) .1=-6Z'K��;Z=1 ZO7'5F3I (-0�
EI�;9x (3IEI#;Z',(/. .7'Et/"-6#;Z #;BSl'#)9P#)K) "�!5g,A\ �2�.�V��9a�"���>����� # <�:´��� <H�J��� � �@�=<=��� 7V� 7-���VL
�fq L  y³��!�  S�f�=�;L'�;�;�Y�a\

m�j  Q�)�Y�Vr  S\©ja-P9PR)3AZ'Z'#)-PZ'3IZ�Lu�=\> ��!,��;Z'3AZ�L��;Z'1$�£\u�����;,(i;3I9��;-6Z=3IZ�\ ¬ Z'#fR;3I9�#)%=/.-6EX�!9�-6ZY/.3I W�
EA#)Z'Z'3AEA/"-P#)Z45g3t/"l'#z1�\ �� �@:�<H�  7 ��� 9���:�<.���#:�7��[L=�)q�LÐ�;³)�<�=�!�)q=L��X�)�Y�a\

m�j �¸�Yj=�©�Y�Vr ¬ 9:�;Z �8\@jz/.3I-6Z�L(
�l'- �z7'3 �¯�;Z'K'L��;Z=1J�; A\+�;#)l'Z�j@\+�©3A-6K)l�\ � #;5g%'7a/"3I Ö�^K)3AZ'3I .�!/"3A1
l'#;96#)K) .�;5F,$L ¬ ,.-P5g%=96-P}'3I1  .� �O�´/" .�;EI-PZ'K �;%'%= .#Y�;EHl�\  7 �x� 9��^�t�H� :?��' ���±��:�<H�tL
p[e�tOs L �
�!� �;�=L[�;7=9 � ¬ 7'K��f�)�Y�z\

m ���!Z��;�!r ��\!��\;���;Z'Z=3I I\ ¬ EI#)5F%[�; (-6,.#;ZUT@3t/��`3A3IZ</H�!9 �z,.7' WBu�f���;Z'1<#;%=/"-PEX�;9z5g3I�;,.7= .3I5F3IZY/.,
#;B� .#;7'K)l'Z'3A,.,Q�;Z'14,.7= (B¥�;EA3�,(96#)%+3;\�$F�.�;�¢L �)� LÐ³=�.�a�=�)L@�f�Y�;�=\

m ���;Z[plt!r ¬ \����;Z'1'3A "��7'K;/I\�jz-6K)Z[�!9'1'3A/.3IEt/"-6#;ZFT �<EA#)5F%'963¢«<,.%'�!/"-6�;9=}[90/"3I (-6Z'K=\ �*�b�b� �=�(���=�"�
� � � �=� �[�=7V� �6L��f��L0�fq)�!�+� tg�aL@�f�)plt=\

m�� �!9:�)�!r �ol[�!1��<\ �¯�;9Pi;3I A\ �Q#)9P#)K) "�!%'l � �M-0/"l'#)7a/?%'l'#;/.#)K) .�;%'l �)\ 	 � � ���,' ���±��:�<H�tL
pY�=eÔ�Ys LÕ�;³;q<�=�;³��zL'ja3A%=/"3A5UT+3I S�f�)�)�a\

m��¯7'�)�!r �;-P7'Z'Za�Ö�;#)Z'K �¯7�\Qja-P5U7'96�!/"-P#)Z�#;B� (#)7'K)l~,.7' WB¥�;EI3A, �M-P/.l �+/X\��=��: � 7V� 7-��� � ���^�t���+� 	�@:�7��+�;� L[q)q�L tO�!� �;³=L[�!�)�)�=\



� � ����������� �

	 ��
��������� ��� ������������ �


�����  "!$#&%('*)�+-, ./, 0�,21(,2#2+-324 3 ./!657+8!9';:<!$1

=?>A@CBEDF>HGI>KJHLAMONFM-PRQ
S

f�TVUXWYU[Z
\A] T \_^E] Z
` T ]VacbedgfihE^Kj MKNIkABAM Z
lAm ] T BF@ fCn MKoipA@KM a BF@ fCn MKoipA@KM Z
q >KLrP(@ TVU[Z @ts \ Z @OuIu?Q
S

@ ] T PR@wv \A] Q a�fyx Z
q >KLrP{z TVU[Z zws \ Z z|uIu?Q
S

z ] T P}z�v \A] Q a�fyx Z
q >KLrP l TVU[Z l sto l >Co n > f~Z l uHu?Q
S

lA� T > ����lA� vE@ ] Z
lA� T > ����lA� v�z ] Z
q M fg��T `�a fK� L n P lA� a lA� u lA� a ly� u lAm ] Q Z
f u T p|> f P q M fg� Q Z



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

�

@ q P f��wUXWYU Q
l @ ��� @ ��� z � TVU[Z

� G fg�
l @ ��� @ ��� z � T ]���� Z

f�TVUXWYU[Z
�

�
�

���! "�%�4 #/1�3%$'& , ./!(#<4 3 ')#+* ! +-,�.0/ %R! +1#/#2, ';3

=?>A@CB f!d l � L q @|pA@ � PRQ
S
@ o n \ T�2AU43 o T6573 N T�283 @ 3 z 3:9;3 G Z
GH>OoAJ�@OB d N T v=< ]�> 5rZ
q GI> M n f @CJgNFM T73 aHa � n M 3 aHa m 3 M d � Z

�gn M T N?M n Li@ � P U13 \ u o v?< 3 U13 \ utN v@< Q Z
m T N?M n LF@ � P U13 \ v@< 3�UA3 \ v?< Q Z

M d � T f @CJgNFM ^ fK� L n P o a N Q Z

q >gL PR@ T�UrZ @ts"P \ u o Q Z @OuHu?Q
q >KL P}z TVU[Z zEs P \ utN Q Z z|uHuFQ
�gn M � @ ��� z � T JAM f B � =XPCBF@CB d N*Q Z

q >gL PR@ T�UrZ @ts \ Z @OuHuFQ
q >KL P}z TVU[Z zEs \ Z zHuHu?Q
m�� @ ��� z � TVUXWYU[Z



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

q >gL PR@ T�UrZ @ts \ Z @OuHuFQ
S
q >KL P}z TVU[Z zEs \ Z zHuHu?Q
S
q >gL P 9_T�UrZ 9 s�o Z:9 uHuFQ
q >KL P G TVU[Z Gts N Z GguHu?Q
m�� @ ��� z � T m�� @ � � z � u �gn M � @Ou 9 ��� z|uyG � Z

m�� @ ��� z � T M d � a m�� @ ��� z � Z
�

�
�

�����  "! / ,&:	�/! / %(4 !9: );, ./! *�32. +�
 !9'

\ T ]��� Z�� M|L � d @ =F> \ � \ l @ � � G f

MKkipOB T @ NyL � M BXP�� MKkipKB W k|N l � Q Z�� M L �:d @ =?> k|N l�� k @ n vCJHLAM � f pgMAG �
qHq n MgkipOB T qHq n]f D @ q n P qHq n ] P qHq nVf D @ q n P}MKk pKBFQHQIQ Z
MKkipOB T � � Z

M T @�NyL � M BrP�� M W k|N l �RQ Z � pgM LAMyp ny� L M fg� L�L � p|>CoHD � pI@CBe>
qHq n M T qIq n]f D @ q n P qHq n ] P qHq n]f D @ q n P}M?QIQHQ Z
M T � � Z

q @ G n Le> T qHq n MKkipOB W a p|>Coez[P qHq n M?Q Z�� q @|G n Le>_pgM f M Be>
� q @ G n Le> T qHq n MKkipOB W ^ qHq n M Z�� q @ G n Le> @ oI= � L f >
� q @ G n Le> T q @|G n Le> W ^ MKk f P qHq n MeQ Z

qHq n MgkipOB T � � Z qHq n M T � � Z

f Me@CByM T qHq n]f D @ q n P qHq n ] P qHq n]f D @ q n P q @ G n L?>AQHQIQ Z



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

q @ G n Le> T � � Z

@ o ny� o f @CBAM|B �VT�f M?@CBAM W a pH>Coez-P f Me@CBAMeQ Z
f Me@CByM T � � Z

q @CJ d L � P < Q Z N �ef D P � <�� \ � 3 � <�� \ � 3 @ o ny� o f @OByM B � Q Z
M � @ f @Kz Z(fg�gn P J?pgM 3 �����i@CL � 3 �YL � = � L fg� � 3 ���	�i@CL � 3 � oi>gLgN?MyG�� Q Z

l @|p|> T�UrZ
p|>H>KLIB
� TVU[Z
p|>H>KLIB�� TVU[Z
q >KL h T <�� \ 3

q >KL�� T <� \ 3
@ q P @ o ny� o f @CBAM B � P h 3 �IQ � l @Hp|> Q
l @|pH> T @ o ny� o f @CBAM|B � P h 3 �IQ Z
p|>H>gLHB
� T h Z
p|>H>gLHB�� T � Z

� oyB
� oAB

� oAB

p|>H>KLIB
�
p|>H>KLIB��
l @|p|>

p|>H>KLIB
� T � � Z p|>H>gLHB�� T � � Z l @Hp|> T � � Z @ o ne� o f @CByM B �VT � � Z

p|G � M|L



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

����� 0�,&1R,&# +-3&4 3 ./%�'*);, +1/ %(./, * , + #�4 3 ' #+* ! +-,�.0/ %R! 4 ! )����
1(%0/ 3

=?>A@CBEDF>HGI> f!d L q PRQ
S

f�TVUXWYU[Z
\A] T \_^E] Z
` T ]VacbedgfihE^Kj MKNIkABAM Z
q >KLrP(@ TVU[Z @ts \ Z @OuIu?Q
S

@ ] T PR@wv \A] Q a�fyx Z
q >KLrP{z TVU[Z zws \ Z z|uIu?Q
S

z ] T P}z�v \A] Q a�fyx Z
lAm T BF@ fOn MKoipI@gMVu ] a m�� @ ��� z � Z
q >KLrP l TVU[Z l sto l >Co n > f~Z l uHu?Q
S

lA� T > ����lA� vE@ ] Z
lA� T > ����lA� v�z ] Z
q M fg��T `�a fK� L n P lA� a lA� u lA� a ly� u lAm a lym Q Z
f u T p|> f P q M fg� Q Z

�

@ q P f��wUXWYU Q
l @ ��� @ ��� z � TVU[Z

� G fg�
l @ ��� @ ��� z � T ]���� Z

f�TVUXWYU[Z
�

�
�



� � ����������� �

� �c� ��
������ ��� � ���*��������  ��� � 	�
�������

������������� �������� "!�#���$%#�&'�)(�&'*�!,+'�)&-�.�)!�#�/�0'$.&���('$�12$)&'*)0'$.34�������)(�&'*)#���5���)6.�2*)3,78�:9�*��);�$)&%<�12 �=�$)&��� �0�5-�)+%92 ����.��12�� "12�">�*.3� ��.��1?  "12����/�3'$4@���0�3� .��� �2A?  "12����/�3'$4@�!�*.0.�B� ��A?  "12����/�3'$4@���0�3'�� "CB� ��A?  "12����/�3'$EDF1�&�/�0� .��� �GDH���)I�/�!�$)&� ��.*��%J�$��� "#�$'�K&'�)/�0� "1�$'�K+��)&%!�$�!��.&�5,*��������.*.0� .��1? 3'$)+2 "1�$%0�L'��#M %N�� O.P�Q2R"P'S.Q�T.U? 3'$)+2 "1�$%J4U�S ���)J�$��.���)=2 "1�(V#2�)L'$)&-�)+H�2�����)(�&�*�!? 3'$)+2 "1�$%I4Q�T�T �����2�����)(�&�*�!,L� )3�0.�E "1V#2 )W'$����? 3'$)+2 "1�$%0.��&'$'�%T�� NX���)0���&'$��"�2���)34+��)&%C2 "1�*.&�5,*)#�#�&'�)W2 "!�*)02 .��1
='�� )3%!2*� "18YFZ�[����*)&%#2 �W�$��]\ ��C2^]_ �1�0V`8\ a8\ &'�)L8\b�����]\ ^�/�1�;8_+�����*)0-c�c�#2 �W8\ ;�3�+�d.0�L���#2 .��O8� T]\ &�*�1�#��2 ]\ !2*)W'd�T�� T�\ !2 �1'd'T�� T�\ &'$��.d�J8_e2f�g�h c.��/'08\bc� "1B_�)/�0�d.+'�)#�$�18Y"Di��������� #�(.!GDM\"DiLMD)Zj_k���V��/�0.#�/�0V+2 .��$]\lIV`VI-�� �m'$H(�&'*�#��2 ����K+2 .��$ �1'd.+'��#2$�18Y"DF/'L.#���5��� ����]� #'(.!GDM\iD"&MD.Zj_n���� �1�#�/�04+� .��$�\lJV`VJ,�� )m'$H(�&'*�#��2 ����K+2 .��$+�#�&� "1�0�+�Yb��/�0o\iDip'SVq�3Vq�3,O�S�S�r�1GDM\ Io\ I�Zj_ ������$�*)3�$)&+2���.*�1�+8YF "1o\iD"qMR)�HqMR.�Kq�3Vq�3Vq�3GDM\ s'^�/�1�;8\ s'^)/�1�;8\ s�^�/�1�;8\ s'^�/�1�;o\ s'^�/�1�;�Zj_b���)��$�*)3'$.&�)&'*�1�3�Y�R"U'Zj_t�����.$�$)3V&�*�1�3'�)!V1�/�!�C�$)&4('$�1�$.&'*)0'�)&#M �W�d)!�*.0�&� �W�YFT]\ I��'RG\ T]\ I���R)Zj_n����*���������*)0'$H!�$)!��)&�5V+��)&V(�&'*�#��2 ��.*��,��/�0.#�/'0+��)&�Y `�d'T]_ `'@)Io_ `�u�u'Z�[)+'�)&�Y a�d�T]_ a�@)Io_ a�u�u�Z.[)#2 )Wov `�wBv a�w'd�T8� T]_bx�x-���' "12 �0� �*��� �m'*.0� .��1�����.��12�)0�&./2��0,&'$�*��K�������)(�&�*�!4+�&'��!E "1�#�/�0- �!�*)('$+��)&�Y &'�.L�d�T]_ &��)L'@)J8_ &'�)L�u�u�Z.[)+'�)&8YF�����.d�T�_b������@)J8_b�����.u�u'Z�[+����.*)1�+�YF "1B\iDiqMR)��DM\ s'��C2^�Zj_n���)&'$�*.3yRzC�5�0'$V*)0,*H0� "!�$ �+�Yb�)C�^�{ d�T'Z.[ ����*����H1���1M��m'$)&'�HC�5�0'$��H(� �='$�1E��*�!�$4 "1�0�$�12�� �0�5&'*)1�#��2 )d�Y�Y +'����*)0�Z%&'*�1'3�YFZ�Z.�]Y�Y +'����*)0�Z%J�|�I�}'~�>�|�`2Z�c�0�L'�)#2 j_z�����.$���$���0,&'*�1�3'�)!V#���*��.$+'�.&�Y `�d�T�_ `'@)I8_ `�u�u'Z.[.+'�)&�Y a�d�T]_ a�@)Io_ a�u�u�Z.[#2 �Wov `�wov a�w�u�d'�.���jY ;�3�+�cjY `�cGY"Rj� ��&'�.L'�)&�$���Z)u.a2c��.�����.&'$���Z)u.&'*)1�#��2 �Zj_ ����*)3�3E0'�K�2�����)(�&�*�!x�xxx�x���)+� "1�3%!2*)W%!2 "1+��)&�Y `�d'T]_ `'@)Io_ `�u�u'Z�[)+'�)&�Y a�d�T]_ a�@)Io_ a�u�u�Z.[ �+�Y #M �Wov `�wBv a�w'A�!2*)W�Z"!�*.W�d)#2 )Wov `�wov a�wo_ �+�Y #M �Wov `�wBv a�w'@�!M "12Z"!2 �1'd)#2 )Wov `�wov a�wo_x�x����#�&� "1'0,��/'0.#�/�0V+� ���$+��)&�Y `�d'T]_ `'@)Io_ `�u�u'Z�[)+'�)&�Y a�d�T]_ a�@)Io_ a�u�u�Z.[ �+�Y�Y #2 �Wov `�wov a�w���!2 "12Z.�]Y !�*)W2�"!2 "12Z�A)0���&�$���Z.[)#2 �W�$���d�O�S�S]_x�$�����$�[�#2 �W�$��.d�T]_bx+.#�&� �1�0�+�Yb�)/�08\iDiq2�'DM\ #2 )W'$���Z]_x�xx



� � ����������� �

� � � � ��*��
 ��� ��� ������
����������"��
 	�� ����� �



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

')(+*-,/.103254�687:9<;&=&>-?/@BA�.�,/C�D�;�@FE/;HG/>-I+>8*8.�0-JK0-@%E/;ML�NPOPQSR�OSTU4



� ������� � ��� � � � � � ��� �	� �
	 ��
��� �0��� � 	!��� ��� ���

')(+*8, .103254���7 9 ;�=&>8?/@ A1.B,/C��-> E/;H,/J G >8I+>8*-.10-JK0 E/;ML����N���OSN 4


