
HAL Id: inria-00071757
https://inria.hal.science/inria-00071757

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Factorization of Unfoldings for Distributed Tile Systems
Part 1 : Reduced Interaction Case

Eric Fabre

To cite this version:
Eric Fabre. Factorization of Unfoldings for Distributed Tile Systems Part 1 : Reduced Interaction
Case. [Research Report] RR-4829, INRIA. 2003. �inria-00071757�

https://inria.hal.science/inria-00071757
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
48

29
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Factorization of Unfoldings
for Distributed Tile Systems

Part 1 : Reduced Interaction Case

Eric Fabre

N˚4829

Mai 2003

THÈME 4





���������
	�������������������������������������
���
	������ ��	!�#"%$���&'�)(*����&,+.-.�/��&102�

34�
	��6587:9;&'��$<��&'�>=?�@��&A	����B�!�����DCE���F&

G�HJILKNMBOQP�HJR

S�T/UWVNXZY�[ \^]_V�` acbed#]gfihjXWd@fik d#]_Vl]gmnbed#]gfih
o X�m#pQm�d�UWVNX�m�q�fiVlk agXsr?X�m

t1u�fevwXWdx\^]_yzV{b{|

}xbek k!fiu#d o XZu�X�q�T/XWu�q�T/X6h<~�Y��z|z��[���be]�|z�z�z�<[��z��kFbey�X�m

����������� ���z� � XNq�fih/m#] o XWu�k u�f o `/qWd�m�fe�
d#unbeh/m#]_d#]gfih8m#p?m#d�XWVNm���d#TFbed<��Xlu�XWk u�X�m�XWh^d%bimZd#]_agX
m�pQm#d�XWVNm��{S�]_agXNm#p?m#d�XWVNmZq�beh��!XN ^]gXW�¡X o bimZt�XWd#u#]�h/XWd�m�¢Zk acbiq�X�m<beu�X{u�XWk acbiq�X o �^p¤£¥m�dnbed�X�¦
 zbeu#]cbe� agX�m���beh o d#unbeh/m�]_d#]gfih/mxqnTFbeh y�X�d#T/X< zbea_`/X�fe�1kFbeu#d.fe�1d#T/X�m�XZ zbeu#]cbe� agX�m���§�d#]_agX<m#p?m#d�XWV
]gm�mnbe] o d�f��!X o ]gm�d#u#]_� ` d�X o �
T/XWh�]_d1]gm'�¨fiu#VNX o fe�Bm�XW �XWunbea!q�fiVlk!fih/XWh^d�m�]_h^d�XWunbiqWd#]_h y%d#T u�fi` yzT
m�TFbeu�X o  ibeu#]cbe� agX�m�� � X
k u�f� Q] o X�u#` h/m�fe��d#T/X�mnX�m#p?m#d�XWVNm'�
]_d#T{d#u#`/X�q�fih/qW` u#u�XWh/qWp{m�XWV{beh�d#]gq�m��
S�T/X�` h?�¥fia o ]_h y<d�X�q�T h ]g©^`/Xz� bªq�fih� �XWh ]gXWh^d
d�f^fia/d�f�u�XWk u�X�m�XWh�d�u#` h/m«�
]_d#T¬q�fih/qW` u#u�XWh�d
XW �XWh�d�m��
TFbim«�!X�XWh¬m#T/f��
h�d�f�bek k a_pld�fZm#`/qnT{VNf o XWagm«�^pl1m#kFbeu#®�b�beh o }�¯iVNXWu�]_h±° Yz²³�A´³h{d#T ]gm1kFbek�XWu��
�¡X1k u�fik�fzm�X«beh�XW �XWh�VNfiu�X«q�fiVlkFbiqWd�u�XWk u�X�m�XWh^dnbed#]gfih�fe� d#T/X«m�pQm#d�XWVµ�!XWTFb� ^]gfiu��'\^k!X�qW]·¶Fq�bea_a_p��
�¡XNm#T/f��¸d#TFbedZd#T/Xl` h?�¨fia o ]_h yjfe�
d#T/Xlyzagfi�Fbea�m#pQm�d�XWV¹q�beh4��XlXsrQk u�X�m�mnX o bim<bºk u�f o `/qWd�fe�
agfQq�beaQ� unbeh/q�T ]_h yªk u�fQq�X�m�m�X�m��ifih/X¡k!XWuAq�fiVlk�fih/XWh�d�� � X�beagm�f o X�mnqWu#]_�!X
b�VNf o ` acbeuAk u�fQq�X o ` u�X
d�f<� ` ]_a o d#T/X�m�X@agf^q�bea!� unbeh/q�T ]_h ylk u�fQq�X�m�m�X�m��^�Fbim�X o fih¬Xsr q�TFbeh y�X�m
fe�»]_h?�¥fiu#V{bed#]gfihº��XWd³��X�XWh
]_h^d�XWunbiqWd#]_h yªq�fiVlk!fih/XWh^d�m��z�
T ]gq�Tlb� �fi] o m'beh^pZ`/m�X«fe�/yzagfi�FbeaQ]_h?�¨fiu#V{bed#]gfih�m#`/qnT%bim»d#T/X�yzagfi�Fbea
` h?�¨fia o ]_h y/� � XZ��XWa_]gXW �Xªd#T ]gm@u�X�m#` a_d�q�fi` a o fik�XWh�blh/XW�µ�¡b�p�d�flVNf o ` acbeu�VNf o XWa»q�T/X�qn¼^]_h y
d�X�qnT h ]g©�`/X�m��']_h:d#T/X�m#k ]_u#]_dlfe��k u�XW Q]gfi`/m���fiu#¼8fe��d#T/X�be` d#T/fiu�mNbe�!fi` d�VNf o ` acbeu o ]cbeyzh/fzm#]gm
bea_y�fiu#]_d#T VNm��
½¿¾�À�Á�Â<Ã ��Ä��z��o ]gm�qWu�XWd�X%XW �XWh�dZm#p?m#d�XWV¿�!VNf o ` acbeu.m�pQm#d�XWV¿��q�fih/qW` u#u�XWh/qWp���` h?�¨fia o ]_h y/���ÅbiqsÆ
d�fiu#]_®�bed#]gfihB�Fd#` u#�!fNbea_y�fiu#]_d#T V¿�Fyzunbek T ]gq�bea�VNf o XWa�fe�A]_h�d�XWunbiqWd#]gfih/m
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�
	 ���� 	 ��� h�q�fih/m#] o UWu�X o X�m�k u�f o ` ]_d�m o X�m�pQm#d�UWVNX�m o XZd#unbeh/m#]_d#]gfih/m��/u�XWk u���m�XWh^d���mxmnfi`/m
�¨fiu#VNX o X%m#p?m#d�UWVNX�m o X%k ]gU�q�X�m����¡X�mZm#p?m#d�UWVNX�m o X%k ]gU�q�X�mªm�fih�dªd#u�U�mZk u�f^qnT/X�m o X�mªu���m�X�be`?r
o X�t�XWd#u#]<¢¿agX�mlk acbiq�X�m{m�fih^dNu�XWVlk acbiq���X�m�kFbeu o X�ml zbeu#]cbe� agX�mj£ o�� �WdnbedJ¦s��XWdNagX�mld#unbeh/m#]_d#]gfih/m
£LagX�m@k ]gU�q�X�mJ¦�VNf o ]·¶FXWh^d.acbN zbeagXW` u o�� ` h�m�fi`/mwÆ³XWh/mnXWV�� agX o X�q�X�mx zbeu#]cbe� agX�m����@hjm#p?m#d�UWVNX o X
k ]gU�q�X�m%X�m#d o ]_d o ]gm#d#u#]_� `��¬agfiu�m�©^` � ]_a�X�m�d��¨fiu#V�� o X¬k a_`/m#]gXW` u�m%q�fiVlk�fzmnbeh�d�m%]_h^d�XWunbeyz]gm�mnbeh^d��
d#unb� �XWu�m�agXW` u�m
 zbeu#]cbe� agX�m�kFbeu#dnbey���X�m�� � h�V�` h ]»agX�m
d#unb�v#X�qWd�fi]_u�X�m o Xªq�X�m�m#p?m#d�UWVNX�m o X.k ]gU�q�X�m
o�� ` h/X�m��WV{beh^d#]g©�`/X o X�q�fih/qW` u#u�XWh/q�X< Qunbe]gXz����bNd�X�qnT h ]g©�`/X o X o �Wk a_]cbey�X%X�m#dxbeagfiu�mx` h�fi` d#]_a
q�fiVlVNf o XNXWd�q�fiVlkFbiqWd<k!fi` uªu�XWk u���mnXWh�d�XWu�a � XWh/mnXWV�� agX o X�mªd#unb�vwX�qWd�fi]_u�X�m��{tAbeuZunbek k!fiu#d�be`
yzunbek T/X o X@V{beu�©�`Fbey�Xz�?agX o �Wk a_]cbey�X@k�XWu#VNXWd o X�m � b� �unbeh/q�T ]_u
XWh¬kFbeu#d#]gX o X�a � Xsr?k agfzm#]gfihºq�fiV%Æ
� ]_hFbed�fi]_u�X o `±h/fiV<� u�X o XZd#unb�v#X�qWd�fi]_u�X�m�� o `/X!�lacb{q�fih/qW` u#u�XWh/q�X o X�m"�W ��Wh/XWVNXWh^d�m��"#ªbeh/mxq�X
unbek k�fiu#d��/fih�k u�fik�fzm�Xª` h/Xªu�XWk u���mnXWh�dnbed#]gfihjXWh/q�fiu�XZk a_`/m�q�fiVlkFbiqWd�X o X.a � XWh/mnXWV�� agX o X�m�d#unb�Æ
v#X�qWd�fi]_u�X�m��ªt'a_`/m.k u���qW]gm��WVNXWh�d���fih�VNfih�d#u�X{©�`/X<agX o �Wk a_]cbey�X o�� ` h�m�pQm#d�UWVNX o ]gm#d#u#]_� `��%k�XW` d
m � XsrQk u#]_VNXWuZq�fiVlVNX%agX�k u�f o ` ]_d o X�m o �Wk a_]cbey�X�m o Xlm�X�m.q�fiVlk!fzmJbeh�d�m�� � h k u�fik!fzmnX�XWh/m�` ]_d�X
` h�bea_y�fiu#]_d#T VNXxk!XWu#VNXWd#dnbeh^d o X@q�beagqW` agXWu�agX�m«�¨biqWd�XW` u�m¡Vl]_h ]_V{be`?r o beh/m¡` h/X@d�XWa_agX�u�XWk u���mnXWh?Æ
dnbed#]gfih:XWh k u�f o ` ]_d o ` o �Wk a_]cbey�X�yzagfi�FbeaÅ�$�¡XWd�bea_y�fiu#]_d#T VNXºq�beagqW` agX�agX�mZ�ÅbiqWd�XW` u�m o Xl�Åb&%�fih
VNf o ` acbe]_u�Xz��kFbeu'��qnTFbeh y�X�m o�� ]_h?�¨fiu#V{bed#]gfih/m«XWh^d#u�X�q�fiVlk�fzmnbeh�d�m"(�XWhNkFbeu#d#]gqW` a_]gXWu���agX o �Wk a_]cbey�X
yzagfi�FbeaAh � X�m#d¡v�beV{be]gmªq�beagqW` a)�z�*# � be` d#u�X�m.d#unb� zbe`?r�fih^d.VNfih�d#u��l©^`/X o X�mZbea_y�fiu#]_d#T VNX�m�m#]_Vl]·Æ
acbe]_u�X�m�k�XWu#VNXWd#dnbe]gXWh�d�be`/mnm#] o Xxu���m�fi` o u�X o X�m¡k u�fi� agUWVNX�m o X o ]cbeyzh/fzm#d#]gq o ]gm#d#u#]_� `��N£ o `ºdËp^k�X
k u�fiyzunbeVlV{bed#]gfih o pQhFbeVl]g©�`/X�¦s��k!fi` u¬` h m#p?m#d�UWVNX o p^hFbeVl]g©^`/X±VNf o ` acbe]_u�Xz��mnbeh/m�v�beV{be]gm
V{beh ]_k ` agXWu<a � �Wdnbed�yzagfi�Fbea o ` m#p?m#d�UWVNXz���»bºu�XWk u���m�XWh�dnbed#]gfih��ÅbiqWd�fiu#]gm���X o Xla � XWh/mnXWV�� agX o X�m
d#unb�v#X�qWd�fi]_u�X�m���bim�mnf^qW])��X+��q�X�m'bea_y�fiu#]_d#T VNX�mAVNf o ` acbe]_u�X�m��zm�XWV�� agX¡k u�fiVNXWd#d�XW`/m�X¡k�fi` u o�� be` d#u�X�m
k u�fi� agUWVNX�m�� kFbeu�Xsr XWVlk agXªacb� ��Wu#]·¶Fq�bed#]gfih o X.VNf o UWagX�m��
, Ã ��� Á �.- 	 � m#p?m#d�UWVNX/�0�W ��Wh/XWVNXWh^d�m o ]gmnqWu�XWd�m���m#pQm�d�UWVNX o ]gm#d#u#]_� `��z��q�fih/qW` u#u�XWh/q�Xz� o �sÆ
k a_]cbey�Xz� �¨biqWd�fiu#]gmnbed#]gfihB�!bea_y�fiu#]_d#T VNXZd#` u#��f �?VNf o UWagXZyzunbek T ]g©�`/X o�� ]_h^d�XWunbiqWd#]gfih
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|?� | � q�qW` u�XWh/q�XZh/XWd�mxbeh o ` h?�¥fia o ]_h y�m@fe��d#]_agX�m#pQm�d�XWVNm ���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� Q

R STI/U Ã -LÄ%J I/VWU � �z� Ã �"J�X��?��J Ã I G3G
�?��O Ar?d�XWh o X o q�fiVlk�fih/XWh�d�m �ª�Z�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� O�O
�?� | t'u�f o `/qWd@fe�A� unbeh/q�T ]_h y�k u�f^q�X�m�mnX�m �ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� O�O
�?� � �@h?�¥fia o ]_h yl�ÅbiqWd�fiu#]_®�bed#]gfih �ª�Z�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� O��

K , J I J  ��- U � �z� Ã �e� GZY
Y/��O ��fih/fid�fih ]gqW]_d³p¿fe�\[%] �ª�Z�ª�Z�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� O��
Y/� | �j]_h ]_V{bea��¨biqWd�fiu�m@fe�'b�k u�f o `/qWd ���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� O��
Y/� � �j]_h ]_V{beaBk u�f o `/qWd@q�f� �XWu#]_h yD�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� |z�
Y/� Y #.X�q�fiVlk!fzm�]_d#]gfihjfe�1b5[\^ �ª�Z�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� |z|
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�?��O t'u�fev#X�qWd#]gfihjfe�1b�� unbeh/q�T ]_h y¬k u�f^q�X�mnm¤�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� |eY
�?� | t'u�fev#X�qWd#]gfihjfe�1b�k u�f o `/qWd �Z�Z�ª���ª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� |�Q
�?� � ��f o ` acbeu�q�fiVlk ` dnbed#]gfih�fe��Vl]_h ]_V{bea��¨biqWd�fiu�m��ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� |z�
�?� Y §@k k u�f�r?]_V{bed#]gfihjfe�AVl]_h ]_V{beaB�ÅbiqWd�fiu�mª�Z�ª�Z�Z�ª�Z�ª���Z�ª�Z�ª�Z�ª�Z���ª�Z�ª� �z�
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#x]gm�qWu�XWd�X�XW �XWh�d o p^hFbeVl]gq�m�pQm#d�XWVNm«�
]_d#T�bim#pQh/q�T u�fih/fi`/m¡]_h�d�XWunbiqWd#]gfih/m¡TFb� �X�agfih yZ��X�XWh�qnTFbea·Æ
agXWh yz]_h y�d�f�m�dnbeh o beu o VNf o XWa'q�T/X�qn¼^]_h y±d�X�q�T h ]g©^`/X�m��%S�T/X o ]��{qW` a_dËp q�fiVNX�m.�Lu�fiV2d#T/X��ÅbiqWd
d#TFbedªm�XW �XWunbea�£¥q�fih/qW` u#u�XWh^dJ¦@d#unbeh/m#]_d#]gfih/mªV{b�p±�!X<]_h o XWk!XWh o XWh^d#a_p XWhFbe� agX o beh o ¶/u�X�]_h beh�p
fiu o XWu��A�
T ]gqnT�y�XWh/XWunbed�X�mNbeh8XsrQk agfzm�]gfih8fe��d#T/X�h�` V<�!XWulfe��k�fzm�m#]_� agXNd#unb�v#X�qWd�fiu#]gX�m�� o `/X�d�f
]_h^d�XWu#agX�b� Q]_h y�m��¡S�T ]gm o unb��
�Fbiqn¼��¡bimxb o o u�X�m�m�X o �^pºmnXW �XWunbea»be` d#T/fiu�m�°�O��/|i²³�?�
T/flk u�fik!fzmnX o
d#T/X�h/fid#]gfih�fe�%) �����
� ���'� ��bim1bxVNfiu�X�bek k u�fik u#]cbed�X�u�XWk u�X�m�XWh^dnbed#]gfihN�¨fiu'u#` h/m1fe��m#pQm�d�XWVNmA�
]_d#T
b@T ]_yzT%agXW �XWa fe�!q�fih/qW` u#u�XWh/qWp��'´Ëh%d#T/X�m�X��³d#u#`/X¡q�fih/qW` u#u�XWh/qWp%m�XWV{beh^d#]gq�m�� ��b�u#` hNbek k�X�beu�m1bim1b
q�be`/mJbea_]_d³p%yzunbek Tj£L]Å� Xz�1bxkFbeu#d#]cbea�fiu o XWuJ¦'fe��XW �XWh^d�m���]_h/m�d�X�b o fe��b.mnX�©�`/XWh/q�Xz�A´Ëh{fid#T/XWu1��fiu o m��
blu#` h±��X�q�fiVNX�m@blqWacbim�m@fe�1m�X�©�`/XWh/q�X�m@fe�1XW �XWh�d�m���VNf o ` agfNd#T/XZ]_h�d�XWu#agX�b� ^]_h y�fe�1q�fih/qW` u#u�XWh�d
XW �XWh^d�m��'S�T ]gm�h/fid#]gfih{TFbim�k u�f� �X o d�f�m#]_yzh ]·¶Fq�beh^d#a_pNu�X o `/q�X�d#T/X@q�fiV�� ]_hFbed�fiu#]cbea�Xsr?k agfzm#]gfih�fe�
u#` h/m�° ��²³�Fbeh o d�f%��XZbeVNXWhFbe� agXZd�flm#dnbeh o beu o VNf o XWaBqnT/X�q�¼Q]_h y{VNXWd#T/f o m�° QQ�F�?�/��²³�

´³h:d#T ]gm%kFbek�XWu��1��Xºk u�fik�fzm�Xºd�fj�¥` u#d#T/XWu��Ëq�fiVlk u�X�m�m��ºd#T/X�u�XWk u�X�mnXWh�dnbed#]gfih fe�xk!fzmnm#]_� agX
u#` h/mxfe�«bNm#p?m#d�XWV¿�/m�d#]_a_a�]_h±d#u#`/X<q�fih/qW` u#u�XWh/qWp±m�XWV{beh^d#]gq�m��F�
T/XWh�d#T ]gm�m�pQm#d�XWV o X�q�fiVlk!fzm�X�m
bim¡bZk u�f o `/qWd�fe��m�V{bea_agXWu�XWagXWVNXWh�d�m��1´³h¬m#]_Vlk agX�d�XWu#VNm���d#T/X@] o X�bª]gm�d#T/X
�¨fia_agf��
]_h y�¢«bZu#` h�fe�
d#T/Xxyzagfi�Fbea�m�pQm#d�XWV o X�q�fiVlk�fzm�X�m�bim�b<k u�f o `/qWd�fe��agf^q�bea�u#` h/m�� fih/X@]_h¿X�biqnT¿q�fiVlk!fih/XWh^d��«´Ëd
]gm1 �XWu#p<a_]_¼�XWa_p%d#TFbed«b.yz]_ �XWhNagfQq�bea u#` hN]_hNm�fiVNX�q�fiVlk!fih/XWh^d«kFbeu#d#]gqW]_kFbed�X�m1d�f�m�XW �XWunbea/u#` h/m1fe�
d#T/X.yzagfi�FbeaBm�pQm#d�XWV¿�AS�T/XWu�Xs�¨fiu�Xz� d#T/XWu�X.V{b�p¬��X��¨XW� agf^q�bea�u#` h/m�]_h¿X�biqnT¿q�fiVlk!fih/XWh^d��
T ]gq�T
y�XWh/XWunbed�X�V{beh^p�yzagfi�Fbea?u#` h/m��i�
T ]gqnTNm#` yzy�X�m#d�m'b
�ÅbiqWd�fiu#]_®�bed#]gfihlk T/XWh/fiVNXWh/fihB�1S�T/X¡k ` u#k�fzm�X
fe�1d#T ]gm@kFbek�XWu�]gm@k u�X�qW]gm�XWa_p�d�f�XW Q] o XWh/q�X<d#T ]gm�k u�fik�XWu#d³p±fihjd#T/X�` h?�¨fia o ]_h yºfe�1b�q�fiVlk�fi` h o
m�pQm#d�XWV ¢<d#T ]gmZ` h?�¨fia o ]_h y o X�q�fiVlk!fzm�X�m%bim<b¿k u�f o `/qWd�fe��agf^q�bea�� unbeh/q�T ]_h y�k u�f^q�X�mnm�X�m���fih/X
k�XWuZq�fiVlk�fih/XWh�d��»beh o d#T/Xlq�fia_agX�qWd#]gfih fe�¡d#T/X�mnX%agf^q�bea'� unbeh/qnT ]_h y±k u�fQq�X�m�m�X�m.V{b�p���X%VNfiu�X
q�fiVlkFbiqWdld#TFbeh¤d#T/Xº` h?�¨fia o ]_h y fe�xd#T/X�yzagfi�Fbea@m#pQm�d�XWV ]_d�mnXWa·�w��§ ¶/u�m#dNbek k u�f�biq�T	��]_h¤d#T ]gm
o ]_u�X�qWd#]gfih:��bim%k u�fik!fzm�X o ��p �¡fi`  ^u�XW` uF+��&���«°�O���²ª£¥mnX�qWd#]gfih8Y^¦!¢�S�T/XWp m#T/f���X o d#TFbed�d#T/X
` h?�¨fia o ]_h y�fe��b q�fiVlk�fi` h o m�pQm#d�XWV u�XWacbed�X�m{d�f ` h?�¨fia o ]_h y�m¬fe�.]_d�m�q�fiVlk!fih/XWh^d�m¬d#T u�fi` yzT
kFbeu#d#]cbea�T/fiVNfiVNfiu#k T ]gm#VNm��«bea_d#T/fi` yzT:h/fjX  �X�qWd#]_ �X¬k u�f o `/qWdlfe��� unbeh/q�T ]_h y k u�fQq�X�m�m�X�m<�¡bim
o XWu#]_ �X o �

S�T ]gm
u�X�m#` a_d
]_VlVNX o ]cbed�XWa_pºunbe]gm�X�m�d³�¡fN©^`/X�m#d#]gfih/m��'S�T/Xx¶/u�m#d�fih/Xªq�fih/q�XWu#h/m�d#T/Xªq�fiVlk `?Æ
dnbed#]gfih¬fe�Bd#T/X
�ÅbiqWd�fiu#]_®�X o u�XWk u�X�mnXWh�dnbed#]gfih�fe��beh{` h?�¨fia o ]_h y/�^�
T ]gqnT¬m�T/fi` a o ��X�m#]_Vlk agXWu�d#TFbeh
d#T/X�q�fiVlk ` dnbed#]gfihNfe�Fd#T/X¡` h?�¨fia o ]_h yª]_d�m�XWa·�#� � X¡k u�f� Q] o X
b@VNf o ` acbeu1bea_y�fiu#]_d#T V d�f o f.m�f �e]_h?Æ
m�k ]_u�X o �¥u�fiV k u�XW ^]gfi`/mA�¡fiu#¼�°�O�| � OWYF� O��e²³�»S�T ]gm1bea_y�fiu#]_d#T V ]gm��Fbim�X o fih�agf^q�bea q�fiVlk ` dnbed#]gfih/m
k�XWuw�¨fiu#VNX o ��p�X�biqnT±q�fiVlk�fih/XWh�d��Fbeh o fihºVNX�m�mnbey�X�m
Xsr q�TFbeh y�X o �!XWdË��X�XWh±q�fiVlk�fih/XWh�d�m (F]_d
fih a_p%TFbeh o agX�m�agf^q�bea�� unbeh/q�T ]_h y�k u�f^q�X�mnm�X�m��AS�T/X�m�X�q�fih o ©�`/X�m#d#]gfih¬q�fih/q�XWu#h/m«d#T/X�k!fzmnm#]_� ]_a_]_d³p
d�f�`/m�Xxd#T/X@�ÅbiqWd�fiu#]_®�X o u�XWk u�X�m�XWh�dnbed#]gfih�fe��behº` h?�¥fia o ]_h y{bim�d#T/X.m#` k k�fiu#d�fe�»X
�{qW]gXWh�d�VNXWd#T?Æ
f o mxd�f o X�bea��
]_d#T4q�fiVlk�fi` h o m#p?m#d�XWVNm�� � ` uªXsr?k!XWu#]gXWh/q�X%]gmxa_]_Vl]_d�X o d�f¬`/m#]_h yº` h?�¥fia o ]_h y�m

��	����� e���������� ��� �
��� ���� ! !" e�#%$��'&�( ����"*) ��( "+� e,� ��� � �-� ( "*�� .� $�/"e0$ � �*� " e�#  �1 ( � ( ����2 e �43 � � ��# �5� $0( ��� �'/0( ���'�46
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�¨fiu'�Åbe]_a_` u�X o ]cbeyzh/fzm#]gm«]_h o ]gm#d#u#]_� ` d�X o bim#p^h/qnT u�fih/fi`/m�m�pQm#d�XWVNm�°�O��e²³�z� ` d¡bey�be]_h�d#T/X
VNf o ` acbeu
bim�p^h/qnT u�fih/fi`/m.bea_y�fiu#]_d#T VNmxVNXWh^d#]gfih/X o be��f� �X�k u�f� Q] o X<X
�{qW]gXWh^dªm�fia_` d#]gfih/m<°�O��i²³�
S�T/XZk�fzmwÆ
m�]_� ]_a_]_d³p±d�fºXsr?d�XWh o d#T/XWV d�f�VNf o XWa'q�T/X�qn¼^]_h y¿k u�fi� agXWVNmZu�XWV{be]_h/mZbeh�fik�XWh ©�`/X�m�d#]gfihB��� ` d
d#T/XWu�XZ]gm
y�f^f o T/fik�X.d#TFbed�d#T/X�beh/m#�¡XWu�]gm
k�fzm#]_d#]_ �Xz�

#xXW �XWagfik�XWVNXWh�d�m¬fe�.d#T ]gmlkFbek!XWu�q�fih/m#] o XWuNVNf o ` acbeu{m#p?m#d�XWVNml` h o XWuNd#T/Xº�¨fiu#V>fe�.d#]_agX
m�pQm#d�XWVNm��NS�]_agXNm#p?m#d�XWVNm�beu�XNqWagfzmnXWa_p�u�XWacbed�X o d�f¿mnb��¨Xlt»XWd#u#]¡h/XWd�m���bimZ��X{XW ^] o XWh/q�X{�!XWagf��Z�
beh o d#T/XNu�X�m#` a_d�m���XNk u�X�mnXWh�d<q�fi` a o �!XlXsr?k u�X�m�m�X o o ]_u�X�qWd#a_p4fih d#T/Xlacbed#d�XWu����xf���XW �XWu����¡X
k u�Xs�¨XWu¡d�f<XWVlk TFbim#]_®�Xxd#T/X@h/fid#]gfih�fe�B ibeu#]cbe� agX%£L]_h/m#d�X�b o fe�Bk acbiq�X�¦!¢'��XWp�fih o m�fiVNX@d�X�q�T h ]gq�bea
m�]_Vlk a_]·¶Fq�bed#]gfih/m��Fd#T ]gm.bea_agf���m.blVNfiu�X o ]_u�X�qWd@a_]_h ¼��
]_d#Tjk u�XW ^]gfi`/m@��fiu#¼4°�O�|i²³��beh o k u�XWkFbeu�X�m
d#T/XZ�¡b�p±d�fNm#pQV���fia_]gqZ` h?�¨fia o ]_h y�m��/�
T/XWu�X�d#]_agX�m�dnbe¼�Xªd#T/XZ�¥fiu#V,fe�»�¥` h/qWd#]gfih/mxfik!XWunbed#]_h y¬fih
 zbeu#]cbe� agX�m��

S�T/XZkFbek�XWu�]gm�fiu#y�beh ]_®�X o bim
�¨fia_agf���m���\QX�qWd#]gfih�| o Xs¶/h/X�m@d#]_agXZm#p?m#d�XWVNm�� d#T/XW]_uxq�fiVlk!fzm�]·Æ
d#]gfihB� beh o u�X�q�bea_agm�m#dnbeh o beu oºo Xs¶/h ]_d#]gfih/m�beh o u�X�m#` a_d�m�be�!fi` d¡` h?�¨fia o ]_h y�m���\QX�qWd#]gfih¿� o Xs¶/h/X�m
d#T/X.k u�f o `/qWd�fe�A� unbeh/q�T ]_h yNk u�fQq�X�m�m�X�m�beh o m#dnbed�X�m�d#T/Xx�¨biqWd�fiu#]_®�bed#]gfih¿k u�fik�XWu#d³p¬�¨fiu�d#T/X.` h?Æ
�¨fia o ]_h y�fe�@b±q�fiVlk�fi` h o m#pQm�d�XWV¿��\QX�qWd#]gfih8Y�m#d#` o ]gX�m�]_h o XWdnbe]_a¡k u�fik�XWu#d#]gX�m%fe�
�¨biqWd�fiu�m%fe�
b±� unbeh/q�T ]_h y k u�fQq�X�m�m��A�
]_d#T*beh:XWVlk TFbim#]gmlfih8d#T/X�h/fid#]gfih¤fe��Vl]_h ]_V{bea��ÅbiqWd�fiu�m�����]_hFbea_a_p��
mnX�qWd#]gfih �¬]gm o XW �fid�X o d�f¬VNf o ` acbeu�bea_y�fiu#]_d#T VNm.�¨fiuxd#T/X%q�fiVlk ` dnbed#]gfih8fe�«Vl]_h ]_V{bea'�ÅbiqWd�fiu�m
fe��beh ` h?�¥fia o ]_h y/�<S�T ]gm.u�X�©�` ]_u�X�m.d�f o Xs¶/h/X%d#T/X�k u�fevwX�qWd#]gfih4fe�
b�� unbeh/q�T ]_h y¿k u�fQq�X�m�m.fih b
q�fiVlk�fih/XWh�d���beh o d�f%qnT/X�q�¼¬d#TFbed
k u�fevwX�qWd#]gfih±beh o k u�f o `/qWd�fe��� unbeh/q�T ]_h yNk u�fQq�X�m�m�X�m
mJbed#]gmw�Lp
beh b�rQ]gfiV{bed#]gqº�¥unbeVNXW��fiu#¼¤k u�XW Q]gfi`/m#a_p o XW �XWagfik!X o ]_h °�O�|e²³�«�Lu�fiV>�
T ]gqnT bea_y�fiu#]_d#T VNm¬beh o
q�fih^ �XWu#y�XWh/q�X�u�X�m�` a_d�m o XWu#]_ �X�hFbed#` unbea_a_p��'t'u�fev#X�qWd#]gfih/m�beu�X�X�bim#p�d�f o Xs¶/h/X��¨fiu«b.a_]_Vl]_d�X o dËp^k�X
fe�»]_h�d�XWunbiqWd#]gfih/m���XWd³�¡X�XWh¿q�fiVlk!fih/XWh^d�m ( d#T/Xxd�X�q�T h ]gq�bea»XsrQd�XWh/m#]gfihºd�f�d#T/Xxy�XWh/XWunbea�q�bim�Xx�
]_a_a
��XZb o o u�X�m�m�X o ]_h±b<�¥fiu#d#T/q�fiVl]_h y�kFbek!XWu��

� � ���F��� �<�
���������

S�T ]gm'mnX�qWd#]gfih o Xs¶/h/X�m'd#]_agX�m#pQm�d�XWVNm���beh o u�XWacbed�X�mAd#T/XWV d�fªt»XWd#u#] h/XWd�m���S�T/XW]_u'V{b�v#fiu']_h�d�XWu�X�m�d
]gm{d�f XWVlk TFbim#]_®�Xjd#T/X¿h/fid#]gfih fe�ªagf^q�beaxm#dnbed�X¿ zbeu#]cbe� agX�£Lk acb�p^]_h y8d#T/XjkFbeu#d�fe��b k acbiq�Xj]_h
t�XWd#u#]�h/XWd�ms¦s� � Xª�
]_a_a�u�XWa_pºfih±d#T/X�m�Xª zbeu#]cbe� agX�m�d�f o Xs¶/h/X�d#T/Xªh/fid#]gfihjfe�AagfQq�beaB]_h�d�XWunbiqWd#]gfihB�
S�]_agXªm�pQm#d�XWVNm�beu�XªqWagfzmnXWa_p�u�XWacbed�X o d�f%d#T/Xªm�p^h/qnT u�fih/fi`/m�k u�f o `/qWd�fe�»d#unbeh/m#]_d#]gfihjm#pQm�d�XWVNm�bim
o Xs¶/h/X o ��pl§@u#h/fia o ]_hj°�O�Os²!beh o u�XW ^]gm#]_d�X o ��pl1m#kFbeu#®�bZ]_h±° Yi²³�AS�T/X
�¨fiu#VNXWu«q�beh�biqWd#`Fbea_a_pl��X
 Q]gXW��X o bim¡b �Ëq�fiVlk ]_agX o  �XWu�m#]gfih.��fe�Bd#T/X�acbed#d�XWu�� � X�d#T/XWhºb o bek d«d#T/X�h/fid#]gfih/m¡fe��fQq�qW` u�XWh/q�X
h/XWd�beh o ` h?�¥fia o ]_h y�d�f%d#]_agXZm#p?m#d�XWVNm��^�¥fia_agf��
]_h yj° Yi²³�

d/dfehg�i�j�kAl
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� À ��� ¾ 4��� § ������+ !D2"!��,+�4�� ]gm'b@d#` k agX������ ���"!$#%� &'�"(��*),+A�
T/XWu�X'�:beh o �µbeu�X�¶/h ]_d�X¡mnXWd�m
fe�B zbeu#]cbe� agX�m
beh o d#]_agX�m¡u�X�m#k�X�qWd#]_ �XWa_p�� beh o !$#�]gm�d#T/X�]_h ]_d#]cbea�m#dnbed�X@fe��d#T/Xxm#pQm�d�XWV¿�$-«beu#]cbe� agX�m
beu�X o XWh/fid�X o �^p¿q�bek ]_dnbea�agXWd#d�XWu�m/.0� 1��32,45�3276��989898e�Fbeh o dnbe¼�X� ibea_`/X�m/:;�=<�">?45�">�6��989898@]_h±d#T/X
¶/h ]_d�X o fiV{be]_hA@º�'§ !������,+¡fe�$�¤]gm
b��L` h/qWd#]gfihA!�B��DCE@¬�AS�]_agX�m�beu�Xxy�XWh/XWu#]gq�bea_a_p o XWh/fid�X o
�^pGFH�"F5I��"F�45�"FJ6%��XWd�qz� � ` h/qWd#]gfihK)LBM�NC O%Pµbim�mnf^qW]cbed�X�m{d�f4X�biq�T d#]_agX¿d#T/X± ibeu#]cbe� agXjm�XWd
fih �
T ]gqnT ]_d�fik�XWunbed�X�mB¢ª zbeu#]cbe� agX�m�)���F%+@]_VlkFbiqWd�X o �^p�d#]_agXQF�beu�XNbeagm�f o XWh/fid�X o ��pR�,SZ�¨fiu
m�T/fiu#d��«´Ëh¿d#T/XZmnbeVNXª��b�p��Fd#T/XWu�X�Xsr?]gm#d�m
kFbeu#d#]cbeaB�¥` h/qWd#]gfih/mT&'�"(UBV�XWA�YCZ@ o Xs¶/h ]_h yN�¨fiu
X�biqnT d#]_agX[Flbeh o X�biqnT  ibeu#]cbe� agX\2^]_�`S.d#T/X� zbea_`/X%fe�a2 u�X�m#k�X�qWd#]_ �XWa_p±��Xs�¨fiu�X%beh o b��¥d�XWubF
¶/u�X�m��cFl]gmªXWhFbe� agX o ��p�m#dnbed�X[!«� o XWh/fid�X o ��pd!fe F%gs��]  ih`2�]�� S �"!f�j2Q+TkL&f��FH�32l+s�0FNq�beh
d#T^`/mZ¶/u�Xz�»�
T ]gq�T8pQ]gXWa o mZd#T/XNh/XW� m#dnbed�XQ!`I o Xs¶/h/X o ��pmh`2n]D�`S5�"!`I��j2o+0kX('��FH�32l+s�Abeh o
h`2p]q�irf�,S5�"! I �j2l+�ks!'�j2l+s� � XZb o fik d�d#T/XZm#dnbeh o beu o h/fidnbed#]gfihd!'e F%gt! I �

S�]_agX¿m#p?m#d�XWVNmNbeu�Xº �XWu#p¤m#]_Vl]_acbeul]_h*hFbed#` u�X�d�f t�XWd#u#]�h/XWd�m����
]_d#T¤k acbiq�X�mNu�XWk acbiq�X o ��p
 zbeu#]cbe� agX�m���beh o d#unbeh/m#]_d#]gfih/mA�^p�d#]_agX�m���§�kFbeu#d��¥u�fiV�d#T/X1�ÅbiqWdAd#TFbed�d#T/XWp o fih � d'TFbeh o agX�d�fi¼�XWh/m��
d#T/X�V{b�vwfiuxm#d#u#`/qWd#` unbea o ]  �XWu�XWh/q�X<]gm�d#TFbedxd#T/X�mnbeVNX� ibeu#]cbe� agX�m.bek k�X�beu@]_hjd#T/XZk u�XsÆ³m�XWd.beh o
]_h�d#T/XZk!fzm#dwÆ³mnXWd�fe�'b�d#]_agXz�

c Ã  _ Ã ��J ��J Ã I � � Xjyz]_ �X�d³��f o Xs¶/h ]_d#]gfih/m¬�¨fiu�d#T/X�q�fiVlk�fzm#]_d#]gfih fe��d#]_agXjm�pQm#d�XWVNm��;´Ëh
d#T/XZ¶/u�m#d@fih/Xz�!q�fiVlk�fih/XWh�d�m.]_h�d�XWunbiqWd.fih a_p���pjm#TFbeu#]_h y{ zbeu#]cbe� agX�m���S�T ]gm o Xs¶/h ]_d#]gfih�]gm� �XWu#p
q�fih^ �XWh ]gXWh�d�d�f:¼�X�XWk d#T/X�]_h�d�XWunbiqWd#]gfih�m#kFbeh ` h o XWu±q�fih^d#u�fiaÅ��beh o �
]_a_aZ��X�`/m�X o �¨fiu�d#T/X
m�dnbeh o beu o4o Xs¶/h ]_d#]gfih8fe�
q�fiVlk�fi` h o m#p?m#d�XWVNmª]_h mnX�qWd#]gfih8�?�{´Ëh d#T/XNy�XWh/XWunbea o Xs¶/h ]_d#]gfih�fe�
q�fiVlk�fzm#]_d#]gfihB�
m#p?m#d�XWVNm{beu�Xjbea_agf���X o d�f4]_h^d�XWunbiqWdºbeagmnf ��p¤m#TFbeu�X o d#]_agX�m��«�
T ]gqnT q�bek d#` u�X�m
�¨X�bed#` u�X�m�fe�1b%`/m#`FbeaBm#pQh/q�T u�fih/fi`/m�k u�f o `/qWd��

�BXWd0�u4[kn����4v� �w45�"!$#4 � &�45�"(,45�*)�4x+Zbeh o �`6\ky���z6�� �{6%�"!z#6 � &|6��"(;6��*)?6J+x��XldË��fjd#]_agX{m#p?mwÆ
d�XWVNm��?�
]_d#T �
�'!������ ����d#]_agXZm�XWd�m��?��X o Xs¶/h/Xªd#T/Xªq�fiVlk�fzm#]_d#]gfih�fe�|� 4 beh o � 6 �^p

�u4�} �`6�~ ����4|���z6%� �w4|���{6%�"! # 4�� ! #6 � &��"(��*),+ £�O�¦
T/XWh/q�Xºd#T/XºdË��f4q�fiVlk�fih/XWh�d�mN]_h�d�XWunbiqWd{d#T u�fi` yzT*m�TFbeu�X o  ibeu#]cbe� agX�mQ� 4f� � 6 �8S�T/Xº]_h ]_d#]cbea
m�dnbed�X�!z#�k�!z#4 � !z#6 ]gm�yz]_ �XWh±�^pA!z#H�j2l+�k�!z#] �j2l+�]·�'2�]���] �;��kL���=O?�!beh o d#T�`/m@u�X�©�` ]_u�X�m
d#TFbed�!$#4 beh o !z#6 q�fi]_h/qW] o X{fih�� 4�� � 6 ���
T ]gqnT ��X o Xs¶/h/X¬bim.d#T/XF� �%�@+�	-+�� �A+ �"!D!D) 4�� �������F�
)���F%+@]gm o Xs¶/h/X o �^pdF�]U�*]�� )u��F�+�kp) ]"��F%+s���
T ]gqnT4]gmª` hFbeV�� ]_yz`/fi`/m�bim.�Åbeuªbim.d#]_agXlmnXWd�m
beu�X o ]gm¥v#fi]_h�d���t�beu#d#]cbea'�¥` h/qWd#]gfih/m�& beh o (Ebeu�X o Xs¶/h/X o ]_h�d#T/X%mnbeVNX��¡b�p��!#.Xs¶/h ]_d#]gfihE£�O�¦
Xsr?d�XWh o m
d�f����KO%q�fiVlk�fih/XWh�d�m@]_hjb%m#d#unbe]_yzT^dw�¥fiu#��beu o V{beh h/XWu��

� Xlh/f��¸q�fih/m�] o XWuZd#]_agXNm#p?m#d�XWVNm�� ]Mk���� ]t� �*]��"!z#] � &/]��"(Z]*�*) ]�+s�����p�����8���
T ]gq�T8q�beh
��fid#T m#TFbeu�X% zbeu#]cbe� agX�m�beh o ���'��+D!W� �¡fiVlk�fzm#]_d#]gfih q�beh ��X%XsrQd�XWh o X o d�fºd#T ]gmZq�bimnX<k u�f� ^] o X o
mnfiVNX¡Xsr?d#unb � �%�@+�	-+�� �A+1k u�fik!XWu#d#]gX�m«beu�X�mnbed#]gm#¶FX o ¢B�¨fiu'XW �XWu#p<kFbe]_u'fe��d#]_agX
m�pQm#d�XWVNm|� ]��"�;���"���k
� � ��XZu�X�©�` ]_u�X
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Oz�fh�F�]d� ]7� � � ��) ] ��F�+ � � � k�) � ��F%+ � � ]

|?�fh�Fq]��*] � �H����h,2 ]Y� ] � �����[&�]"��FH�32l+ck & � ��F �32[+�beh o (Z] ��FH�32[+0k (V� ��F �32o+Zfih
kFbe]_u�mo��FH�32[+¡�
T/XWu�Xªd#T/X�mnXx�L` h/qWd#]gfih/mxbeu�X o Xs¶/h/X o �

t�fi]_h�d OlXsrQk u�X�m�mnX�m.d#TFbedZd³�¡f¿q�fiVlk!fih/XWh^d�mZV<`/m#d o X�qWacbeu�Xld#T/XlmnbeVNXlm#TFbeu�X o  zbeu#]cbe� agX�m.�¨fiu
b%q�fiVlVNfihjd#]_agXz�/beh o k�fi]_h�d@|%d#TFbed�fih±d#T/X�m�XZm#TFbeu�X o  zbeu#]cbe� agX�m�� k u�XsÆ¡beh o k!fzm#dwÆ³q�fih o ]_d#]gfih/m
V<`/m#d«beagm�fx��X�d#T/X�mnbeVNXz�A´Ëhlfid#T/XWu'��fiu o m���q�fiVlVNfih{d#]_agX�m'fih a_p o ]  �XWu'��p�d#T/X� zbeu#]cbe� agX�m'd#T/XWp
]_VlkFbiqWd<]_h4d#T/XNq�fiVlk�fih/XWh�d�m<�
T/XWu�XNd#T/XWp bek k!X�beu���\Qf�d#T/XWu�X�XsrQ]gm#d�m<b �³yzagfi�Fbea��l) k �%] ) ]
m�`/q�T*d#TFbedlhu�_� � �����?h�FU] � ] �{) ] ��F%+�kn)u��F%+ � � ] � \^]_Vl]_acbeu#a_p���d#T/XWu�X±XsrQ]gm#d{kFbeu#d#]cbea
�¥` h/qWd#]gfih/m &¤beh o ( fih_�j�%] � ] +fW_�j�%] �*] +s�?d#T/X.u�X�m�d#u#]gqWd#]gfih/m�fe�A�
T ]gq�T o Xs¶/h/Xªd#T/X�&/]1beh o (Z]#�

� ]_d#T�d#T ]gmªq�fiT/XWu�XWh/q�X%k u�fik�XWu#d³p��»beh o d#T/Xlbim�m�fQqW]cbed�X o�o Xs¶/h ]_d#]gfih fe�'&'�"(��*)���d#T/X%q�fiV%Æ
k�fzm#]_d#]gfih¿fe�u�u45�"�`6��989898`�"� � ]gm�m#]_Vlk a_p o Xs¶/h/X o bim
]_h £�O�¦

�u4�} �`6?}`89898H} � � ~ �j�%]�� ]��w�%] �*]�� � ] ! #] �7&'�7(��w�\] ) ] + £¨|�¦

S�T/X%V{b�v#fiu o ]  �XWu�XWh/q�Xl�
]_d#T4d#T/X%k u�XW Q]gfi`/mZq�bim�XNbek k�X�beu�mª]_h d#T/Xlacbim#dªd�XWu#V�)Uk �%] ) ]?¢.]_d
m�d#u�X�m�m�X�m%d#T/Xº�ÅbiqWdNd#TFbedN]·�Zb�yz]_ �XWh*d#]_agX �³hFbeVNX
�±bek k�X�beu�mN]_h* zbeu#]gfi`/mld#]_agX¿mnXWd�m��«d#T/XWhEd#T/X
q�fiu#u�X�m�k!fih o ]_h yjagf^q�bea o Xs¶/h ]_d#]gfih/m<fe�
d#T ]gmZd#]_agXlV<`/m#dZ��X%yza_`/X o d�fº�¨fiu#V b¬� ]_yzy�XWu�d#]_agXj£L]Å� Xz�
]_h^ �fia_ ^]_h y�VNfiu�X� zbeu#]cbe� agX�mJ¦s��bim.]_h�b�m#dnbeh o beu o m#pQh/q�T u�fih/fi`/m.k u�f o `/qWd��ª´Ëh�d#T/X�m�X�©^`/XWaÅ�!��p
be� `/mnX�fe�Bh/fidnbed#]gfih/m��^��X@V{b�p o u�fik¬d#T/X�]_h o Xsr\��]_h &/]��"(Z]»beh o ) ]��
T/XWh o Xs¶/h ]_h ylbeh o `/m�]_h y
q�fiT/XWu�XWh^d1q�fiVlk!fih/XWh^d�m��'´Ëd»�
]_a_a?��X�fih a_p<V{be]_h�dnbe]_h/X o ]_ho) ]�]_h%q�bimnX�m»�
T/XWu�X�q�fih?�¥`/m#]gfih/mAV�`/m�d
��XZb� �fi] o X o �F]Å� Xz�'�
T/XWh±q�fiVlk�fih/XWh�d�m@m#TFbeu�Xªd#]_agX�m��

�¡fiT/XWu�XWh/q�Xlfe�¡q�fiVlk�fih/XWh�d�mZq�beh ��X%q�T/X�q�¼�X o u�X�qW` u�m#]_ �XWa_p���]_h4beh4bim�m�fQqW]cbed#]_ �X<V{beh h/XWu��
´Ëh�d#T/XªmnbeVNXª��b�p���q�fiVlk!fzm#]_d#]gfihD}@fe�Aq�fiT/XWu�XWh^d�d#]_agXªm#p?m#d�XWVNm
]gm@bim�m�fQqW]cbed#]_ �Xz�

}�XWV{beu#¼.¢�S�T/X.m�X�q�fih o¬o Xs¶/h ]_d#]gfih�fe�»q�fiVlk�fzm#]_d#]gfihºV{be¼�X�m0}
m#]_Vl]_acbeu�d�f%b�m#pQh/q�T u�fih/fi`/m
k u�f o `/qWdB¢�]_d �³yza_`/X�m4�Zd#unbeh/m#]_d#]gfih/mxd�fiy�XWd#T/XWu���S�T/XWu�XZ]gm.blV{b�v#fiu o ]  �XWu�XWh/q�Xz��T/f��¡XW �XWu����
]_d#T
b<m#dnbeh o beu o m#pQh/q�T u�fih/fi`/m�k u�f o `/qWd�� �xm#`Fbea_a_p�� o ]gm#d#]_h/qWd
agfQq�bea�d#unbeh/m#]_d#]gfih¿mnXWd�m�beu�Xªbim�m�` VNX o �
fih/XZk!XWu�q�fiVlk�fih/XWh�d��!beh o beh±Xsr?d#unb�acbe�!XWa_]_h yl�¥` h/qWd#]gfih¿]_h o ]gq�bed�X�m@�
T ]gq�T¿agfQq�beaBd#unbeh/m#]_d#]gfih/m
V<`/m#d
��X@yza_`/X o (/d#T/XWh±b�hFbeVNX.]gm
qnT/fzm�XWhº�¨fiu¡d#T/Xªq�fiVlk�fi` h o yzagfi�Fbea�d#unbeh/m#]_d#]gfihB� �@XWu�Xz�?�¡X
o ]_u�X�qWd#a_pºyz]_ �Xªyzagfi�Fbea»hFbeVNX�m�d�flagfQq�beaBd#unbeh/m#]_d#]gfih/m�]_h±X�biq�T�q�fiVlk!fih/XWh^d��!bed�d#T/XZXsrQk�XWh/m�Xªfe�
acbeu#y�XWu�agf^q�beaBm#p?m#d�XWVNm�� � XZ�
]_a_aBq�fiVNXª�Fbiq�¼ºd�fld#T ]gm�bim�k!X�qWd�bed�d#T/X�XWh o fe�Am�X�qWd#]gfih��?�

��� � ���������H	
	�� 	�	�	7��
��	�����	����z���'��	��$
����c�H�t�j	_
��
��	���

� X�� u#]gX��/pju�X�q�bea_a� �fQq�be� ` acbeu#p beh o m�dnbed�X<h/fidnbed#]gfih/mªfe�¡d#T ]gmxkFbek!XWux�¨fiu.m�dnbeh o beu o h/fid#]gfih/m
a_]_¼�XZh/XWd�m��?T/fiVNfiVNfiu#k T ]gm#VNm���XWd�qz�

d/dfehg�i�j�kAl
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�¿¾ ����� � X o Xs¶/h/Xªb��:+��!bim
b<d#u#]_k agX�� k����M���T�3CD+s�?�
T/XWu�X�� beh o � beu�X o ]gm#d#]_h/qWd'� �����A+
beh o ��	-�
�@!��������
�lm�XWd�m��?beh o C	� ��� W
�b+��d��� W��b+«]gm�d#T/X�8��� 	 +������������F�'§ ��� ( +�����+ � �:+��!]gm
bªh/XWd¡be` yzVNXWh�d�X o �
]_d#T¬bªacbe�!XWa_]_h y<V{bek��qB��R���sC��x���
T/XWu�X��8]gm�b.¶/h ]_d�X@m�XWd«fe��acbe��XWagm��
1agXWVNXWh�d�m.fe������� beu�X�beagm�f{q�bea_agX o � ��� +�!s��S�T/X�d#unbeh/m#]_d#]_ �X�beh o u�X��FXsrQ]_ �X�qWagfzm#` u�X�fe�'d#T/X
�Ff���u�XWacbed#]gfihGC fih4h/f o X�mZ]gm o XWh/fid�X o ��p�� £����¥fiuªd#T/Xl]_u#u�X��FXsr?]_ �XNkFbeu#dJ¦s� �/fiu<bºh/f o X
� � ]_d�ma� 	-+D!�+��»beh o �*�"!���!�+���]_h¿d#T/Xªh/XWdxbeu�XZu�X�m#k!X�qWd#]_ �XWa_p o Xs¶/h/X o bim�� � k��! AB" �C �$# beh o
� � k%�! B � C& # �A§ h/XWdT�*�
4��
4��
	j��� � !�4 �¥u�fiV%� d�f'�YI ]gm�bªV{bek)(mB*���+��C���I5�+�TI
m�`/q�T¿d#TFbed O-,.(|���[+�/� I �0(u�1�b+�2� I ��beh o |*,<�¨fiu�XW �XWu#p¬d#unbeh/m�]_d#]gfihqF�fe�$�;�3(�u�X�m�d#u#]gqWd�X o
d�f � F o Xs¶/h/X�m<b¬� ] v#X�qWd#]gfih �
]_d#T � (u��F%+W��beh o (8u�X�m#d#u#]gqWd�X o d�fAF � o Xs¶/h/X�m�bº� ] vwX�qWd#]gfih �
]_d#T
(u��F%+��i�'´³�4� beh o � I beu�X.acbe�!XWagX o h/XWd�m��0(j]gm�beagm�f%u�X�©^` ]_u�X o d�flk u�X�m�XWu# �Xªd#T/XZacbe�!XWa_]_h y/�

´³h:b�h/XWd��Ad³�¡f�h/f o X�m � � � I�beu�X�mJbe] o d�f¿��X �'� � �
�-�h�����¨� o XWh/fid�X o ��p �657� I¥��]  *d#T/XWu�X
Xsr?]gm#d�m�dË��fNd#unbeh/m�]_d#]gfih/m FH�"F I ])�;m�`/q�T¿d#TFbed F+� � � F I � � I beh o �xF � �xF I �k98?�

:@fid#]gq�Xld#TFbed%bºd#]_agXNm#p?m#d�XWVn�pk������ ���"!z#�� &'�"(��*),+�q�beh ��XlX�bim#]_a_p�d#unbeh/mw�¨fiu#VNX o ]_h^d�f
beh X�©^` ]_ ibeagXWh^d¿h/XWdº��p dnbe¼^]_h y;� k � WG@¬�<� k �¬�@beh o o Xs¶/h ]_h ysC ��p hwF�] � �
�3Fok=�V�j2�� &f��F �32�+"+3�32^]��,S # beh o F>��k=�V�j2��"('��FH�32Q+"+3�32^]��,S # �.S�T ]gmªbea_agf���mxd#T/X�`/mnX<fe�
h/fidnbed#]gfih/m � Fªbeh o F � �¥fiu¡d#]_agX�m��'1©^` ]_ zbeagXWh/q�X�d#u#]_ Q]cbea_a_p{Xsr?d�XWh o m�d�f<u#` h/m¡fe��d#T/X�dË��f�VNf o XWagm
]·�Ak acbiq�X�ml�j2��"!z#H�j2l+"+�fe�'d#T/Xªh/XWd.beu�Xª]_h ]_d#]cbea_a_p�V{beu#¼�X o � � �/m�XWu# �XZd#TFbed�d#T/X�X�©�` ]_ zbeagXWh�d@h/XWd
fe� � ]gm�mnb��¨X{�^p q�fih/m#d#u#`/qWd#]gfihB� �¡fih� �XWu�mnXWa_p��«fih/X¬X�bim#]_a_p q�T/X�qn¼Qm%d#TFbedlbjmnb��¥X{h/XWdlq�beh���X
d#` u#h/X o ]_h^d�f¿beh�X�©^` ]_ ibeagXWh^dªd#]_agX%m#pQm�d�XWV¿�F�¨fiu.Xsr beVlk agX���p�q�fiVlk agXWVNXWh�d#]_h y±fe��k acbiq�X�mZbeh o
V{be¼Q]_h yjbº� ]_hFbeu#p� zbeu#]cbe� agXNfe�
X�biq�T kFbe]_u¬£Lk acbiq�Xz� q�fiVlk agXWVNXWh�d%k acbiq�X�¦s�»mnfºd#T/Xld³�¡f¿VNf o XWa
�ÅbeVl]_a_]gX�m
TFb� �XZd#T/XªmnbeVNXZXsr?k u�X�m�m#]gfih�k�f��¡XWu��

?l���.�»� ¾ I � ¾ I ¾ ����� §*h/XWdA@Lk �CB/�ED��3CD+']gm'mnbe] o d�f.��X�behF��� ��) 	-+�� �A+��:+���]  �]_d1mnbed#]gm#¶FX�m
d#T/Xx�¨fia_agf��
]_h y�k u�fik!XWu#d#]gX�m

Oz�fh � ]FB��)D��HG � � � � +�BI�µ]gm.b{kFbeu#d#]cbea�fiu o XWul£¥fiu�C o Xs¶/h/X�mªb o ]_u�X�qWd�X o biqWp?qWa_]gq
yzunbek T�£ #�§<JZ¦
fih¿h/f o X�ms¦s�

|?�fh � ]KBD��D���LM�! �BN O� �P# LRQ	S BlkFbeu#d#]cbea�fiu o XWuT� ]gm
�¡XWa_a��¨fi` h o X o �
�?�fh4U/]VB/�'L �WU*L?� ��BNX�biq�Tjk acbiq�XªTFbim�bed
VNfzm#d�fih/XZ]_h k ` d�d#unbeh/m#]_d#]gfihB�
Y/�fhYX�]ZD��'L �[XRL?����B{X�biqnT¿d#unbeh/m#]_d#]gfih±TFbim@bed�agX�bim#d�fih/Xª]_h k ` d�k acbiq�Xz�
�?�fh � ]KBD��D��HG � �Y57� +UBNh/flh/f o X.]gm
]_h¿m�XWa·�LÆ³q�fih �/]gqWd
´³h*beh*fQq�qW` u�XWh/q�X�h/XWd��1k acbiq�X�m±£CB<¦�beu�X�q�bea_agX o � �
� �
�������
�@!s�¡beh o d#unbeh/m#]_d#]gfih/m±£�D%¦%beu�X

q�bea_agX o +]\"+��3��!s� � �/m�XWu# �X<d#TFbed@Vl]_h ]_V{beaAh/f o X�mxfe�@ beu�X<q�fih o ]_d#]gfih/m�¢_^.`ba`�C@Q+<�%Bl��S�T/X
kFbeu#d#]cbea�fiu o XWuT� o Xs¶/h/X�m�d#T/X � ��) !��
� ����2 	 +����������
�F�:@f o X�m � � � I�beu�XZmnbe] o d�fN�!X �A�
� ��) 	D	 +��3�¨�
o XWh/fid�X o �^p �6c c'� I �Q]  jh/XW]_d#T/XWu �657� I h/fiu � � � I h/fiu � I � � T/fia o m��1§ �A��d�!�+��Yef�gB ]gm�b
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mnXWd@fe�'kFbe]_u#�
]gm�X�q�fih/qW` u#u�XWh�dªq�fih o ]_d#]gfih/m�����b�r?]_V{bea»q�feÆ³m�XWd�m%£ �¥fiuxm�XWd�]_h/qWa_`/m�]gfih�¦�beu�X<q�bea_agX o
��) ��!W�8§ � �
���%�
) 	-�������
���*]gmNb�m#` �?ÆÅh/XWd���fe��@ £¥fiulVNfiu�Xºy�XWh/XWunbea_a_p*b�m#` �/mnXWd%fe�.h/f o X�mJ¦
�
T ]gqnTj]gm@��fid#Tjq�fih �/]gqWdwÆ¨�¥u�X�Xz��q�be`/mnbea_a_p�Æ³qWagfzmnX o £¥fihjd#T/X�agXs�¥d��F]Å� Xz��fihjd#T/X �³kFbim#d���m#] o X�¦s��beh o
mJbed#]gmw�LpQ]_h y[hYXc]�� � D\� X � ���B�

M �e� I �
a%J I/V _»� Ã � ¾ ��� ¾ ��� I Ä � I�U Ã -LÄ%J I/V ��� � q�qW` u�XWh/q�X¬h/XWd�m%beu�X�`/m�Xs�¥` a«d�fju�XWk u�X�m�XWh�d
u#` h/m�fe��b¤d#]_agX8m#p?m#d�XWV ]_h d#T/X m�feÆ³q�bea_agX o ��	�)@+ � ��� ��) 	D	 +�� ��2 !�+�4��
�3������!s� S�T/X�acbe��XWagX o
fQq�qW` u�XWh/q�X8h/XWd @ k �CB/�ED��3C��H�w+j]gm b (�	��
� �x� ��� ��� 	-���A+D!D!�fe�{d#T/X�d#]_agX:m#p?m#d�XWV � k
���/� � �"! # � &'�"(��*),+
]  
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Oz��XW �XWh�d�mxbeu�Xªacbe�!XWagX o ��p¬d#]_agX�m�fe���%]�� �] �/beh o q�fih o ]_d#]gfih/m���pºkFbe]_u�m�fe� �j�%]�� ]j+fWA@¬�
|?�fh��a]I� ���989898|� � # �Fd#T/XWu�X�XsrQ]gm�d�m@blkFbeu#d#]cbea�T/fiVNfiVNfiu#k T ]gm#V [\]1�!XWdË��X�XWh @ beh o @ ] ¢

[\][B���� 4 ��� ]uWA@�+,� ��� 4 � � �] +�C Bh]7�OD ]
�?��X�biq�T¿u�X�m�d#u#]gqWd#]gfih � [\][BA^.`ba,�C@Q+�C�^.` a`�C@ ]�+�]gm
� ] v#X�qWd#]_ �Xz�
Y/�fh e q�feÆ³mnXWd�fe� BN�Vh�F�]��j�%] ���] +
beh o�� k%�5��BT�b�Y���Y���"Fc]d���] # �

]·�zhw��] � � 	 X�]|] D?]Am#`/qnT¿d#TFbed'�Z]*� X�]j+�k�F�beh o [\] � eR+�k ��� ] �
d#T/XWh 	 �MXc] DLB � X/k	ed�Y�z� X%+�k�F��/beh o d#T ]gm@XW �XWh�d�X<mnbed#]gmw¶FX�m
h���] � �1[\]*� X%+�k X�]'beh o u�X�m#d#u#]gqWd#]gfihT[\]lBAX-� C X>�] ]gm
� ] v#X�qWd#]_ �X

§ qWu#`/qW]cbea!k!fi]_h^d«]_h�d#T ]gm o Xs¶/h ]_d#]gfih¬]gm1d#TFbed�bZm#]_h yzagX�h/f o X@fe�P@�V{b�pN��X
acbe��XWagX o ��pNmnXW �XWunbea
[\]w�Bbeh o d#T�`/m.u�XWacbed�X o d�fºm�XW �XWunbea'h/f o X�m@]_h�d#T/X.@ ]#�ZS�T ]gm.]gmxT/f�� agf^q�bea'XW �XWh�d�m�fe�«d#T/X.@ ]
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d�f+@�k u�X�m�XWu# ^]_h y�d#T/X [1ÆÅacbe��XWagm��'´³d']gm«fi� dnbe]_h/X o u�X�qW` u�m#]_ �XWa_p��^�
]_d#TNk u�f^q�X o ` u�Xx|x� ` ]_a o ]_h y @oI
�¥u�fiV @[45�H@c6��H@
�lbeh o o u#]_ ^]_h yºd#T/Xlm#]_V<` a_dnbeh/X�fi`/mZq�fih/m#d#u#`/qWd#]gfih fe��kFbeu#dZfe� @[4 � @�6%beh o
fe�AkFbeu#d�fe��@¬�

� XZTFb� �X<k u�f� �X o d#T/X�Xsr?]gm#d�XWh/q�X<fe�1]_hivwX�qWd#]_ �X�T/fiVNfiVNfiu#k T ]gm#VNmT(��¥u�fiV @ d�f�@ I �!beh o
( I �Lu�fiV=@ I d�f+@¬�A\^]_h/q�X�d#T/XWplbeu�X���fid#T5[«ÆÅk u�X�m�XWu# Q]_h y/��d#T/XWplbeu�X
X�bim#]_a_p<m�X�XWhld�f.��X¡]_h� �XWu�m�X�m
fih/X%fe�¡d#T/X�fid#T/XWu���S�T ]gm.]gm.VNfiu�X<d#TFbeh4XWh/fi` yzT d�fºm�X�X<d#TFbed+( ]gm.biqWd#`Fbea_a_p�� ] v#X�qWd#]_ �Xz�Bbeh o
d#T^`/m�]gm�beh�]gmnfiVNfiu#k T ]gm#V¿� �

§@m�b�m�` � k u�f o `/qWd
fe��d#T ]gm¡k u�fQfe�w�^��XxTFb� �Xxd#TFbed�d#T/XxkFbeu#d#]cbea�T/fiVNfiVNfiu#k T ]gm#V [f4�6��¥u�fiV
@�d�f
@[4 � @c6�q�behº��X�u�XWy�beu o X o bim¡d#T/X�kFbe]_uc��[f45�-[�6J+'u�XWacbed#]_h ylXWagXWVNXWh^d�m�fe� @ I d�f.@[4
beh o
@c6.u�X�m#k�X�qWd#]_ �XWa_p��1S�T ]gm
k u�fik�XWu#d³p�]gm o XWdnbe]_agX o ]_hjm�X�qWd#]gfih�Y/�
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� � Ã�Ã U � ´³d¡]gm�XWh/fi` yzT�d�f<k u�f� �Xxd#T/X@u�X�m�` a_d��¨fiua�nk�O (^]_d
Xsr?d�XWh o m�d�fo���KO<��pºbim�m�fQqW]cb�Æ
d#]_ Q]_d³pºfe�/}xbeh o � �

��pªagXWVlV{b.�?� �� �
�
�  � �� ]gm�b�� unbeh/q�T ]_h yªk u�fQq�X�m�mAfe�7� �4 } � �6 �emnf�d#T/XWu�X�Xsr?]gm#d�m�beh�]_hiv#X�qWd#]_ �XT/fiVNfiVNfiu#k T ]gm�V (�B  � �

�
�  � �� C  � �

� �
� �
�
� � XZfih a_p¬TFb� �X�d�flm#T/f�� d#TFbed'(�]gm
m#` u¥vwX�qWd#]_ �Xz�

§@m�m�` VNX_({]gm1h/fid«m#` u¥v#X�qWd#]_ �Xz� ��XWd � I ��X�bx¶/h ]_d�X�q�fih?¶/yz` unbed#]gfih�fe�  � �
���
� �
�
q�fih�dnbe]_h ]_h ylb

h/f o X
�
]_d#T/fi` d�]_h� �XWu�m�X�]_V{bey�X
��p�(����BXWd � k ( � 4 � � I +s��d#T/XWh �N]gm«bZq�fih?¶/yz` unbed#]gfih¬fe�  � �
�
�

�� �
�
beh o (u� ��+�]gmªblk u�Xs¶ rjfe� �7IL��`/m#]_h y¬d#T/XZ�ÅbiqWdxd#TFbed�(4]gmxbeh�]_hivwX�qWd#]_ �X�T/fiVNfiVNfiu#k T ]gm#V¿�

��XWd�� k ^����,� �w+¬beh o � I k ^����,� (u� ��+"+mk (|�	�Q+j£Lu�X�q�bea_axd#TFbed
� beh o � I beu�X�qW` d�m��
]Å� Xz�:V{b�r?]_V{bea�q�feÆ³m�XWd�m{fe�.q�fih o ]_d#]gfih/mJ¦s�E´Å���0I�k ^����`� �{I +s�«d#T/XWh	(|� �w+ k �{I¨�1�
T/XWh/q�X�b
q�fih^d#unb o ]gqWd#]gfihB� \Qf d#T/XWu�X¿Xsr?]gm#d�m{behEXW �XWh^dOX I ] � I r+(u� �w+%m#`/q�T d#TFbed �WX I k e I ��� I �
��XWdQFmk �$� X I +s�¡beh o e k ( � 4 � e I +s� e ]gmNb�q�feÆ³m�XWdNfe�.q�fih o ]_d#]gfih/ml]_h  � �

�
�  � �

�
��beh o

�$� eR+'k%�$� edI +s� �/fiuT��kp���=O?�F]·�uFo]����] � d#T/XWhK�z��[\] � eR+"+fk � ��F%+�]_hq���] �/m�f � �^p o Xs¶/h ]_d#]gfih
fe� ` h?�¨fia o ]_h y�m��id#T/XWu�X«Xsr?]gm#d�mAbeh<XW �XWh^d X�]/]_h �� �� m#`/qnT�d#TFbed �@]"� X�]�+�k�F
beh o �[X�],k [\] � eR+s��§xm
b<q�fih/m�X�©^`/XWh/q�Xz�Q��p o Xs¶/h ]_d#]gfih�fe� � �?beh o �
TFbed�XW �XWu¡d#T/X.m#TFbek�X�fe�$F���d#T/XWu�XxXsr?]gm#d�m¡behºXW �XWh�d
X<]_h��� �

�
� �� �� �
]_d#TK�]Xck9e>beh o �$� X+fk�F^�¡´Ëd�]gmxX�bim#]_a_p�m�X�XWh±d#TFbed@d#T/XZT/fiVNfiVNfiu#k T ]gm#V

(�V<`/m#d@mJbed#]gmw�Lp)(u� X+fk9X I �/�
T ]gq�T�q�fih�d#unb o ]gqWd�mxd#T/X.�ÅbiqWd�d#TFbed'X I TFbim�h/fl]_h^ �XWu�m�XZ]_V{bey�X���p
(�� �
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S�T/XN` h?�¨fia o ]_h yjfe�
fi` u�u#` h h ]_h yjXsr/beVlk agX��pk�� 4 } � 6 ]gm o XWk ]gqWd�X o fih ¶/y/�»�?�¬´ËdZq�beh
��X%q�T/X�qn¼�X o d#TFbed ��4]gmªfi� dnbe]_h/X o bim �� �

�
�  � �

�
� � �/m�XWu# �X%d#TFbed<m�fiVNX%q�fih?¶/yz` unbed#]gfih/m<fe�

�� �
�
beu�X�m#T/fiu#d�XWh/X o d�fZb.k u�Xs¶ r±£L]_hNkFbeu#d#]gqW` acbeu���d#T/X�]_h?¶/h ]_d�X�m�X�©^`/XWh/q�X�m1q�TFbeh yz]_h y�d#T/X� zbea_`/X

fe�. zbeu#]cbe� agXZB�¦s�¤S�T/X�]_h^d�XWu�X�m#d�fe�.d#T/Xº�ÅbiqWd�fiu#]_®�X o u�XWk u�X�m�XWh^dnbed#]gfih ]gm{bea_u�X�b o p¤m#` yzy�X�m�d�X o
�^pEd#T ]gm�Xsr/beVlk agX'¢8d#T/XWu�X4beu�X�� kNO��¡b�pQm�d�f8k u�f o `/q�X q�fih o ]_d#]gfih��CB/�5�J+¬]_hs�u4��xbeh o
� k � ��b�p?mZd�f¬`/m�X%]_dª]_h�� 6 ��S�T ]gmZq�fiu#u�X�m#k�fih o mªd�f��*beh o � V{b�r?]_V{bea«q�fih?¶/yz` unbed#]gfih/m
]_h  � �

�
beh o  � �

�
u�X�m#k!X�qWd#]_ �XWa_pE£L�¡X{k ` d%bekFbeu#d�d#T/X{agf^q�bea�V{b�rQ]_V{bea�q�fih?¶/yz` unbed#]gfih8fe���� �

�q�fih^dnbe]_h ]_h y8fih a_p:q�TFbeh y�X�m¬fih*d#T/X� zbea_`/X¿fe�+B2�^pUF��ºbeh o F���¦s� �@f���XW �XWu���]_h �����d#T/XW]_u
q�fiV<� ]_hFbed#]gfih/m�y�XWh/XWunbed�X	�iW � V{b�rQ]_V{bea�q�fih?¶/yz` unbed#]gfih/m��/�
T/XWh/q�X�b�yzu�X�bed�XWu�q�fiVlk agXsr?]_d³p��
� h/X�q�fi` a o hFbed#` unbea_a_pNfi�?v#X�qWd«d#TFbed1d#T/X o ]  �XWu�XWh/q�X�]_h{q�fiVlk agXsrQ]_dËplV{b�plh/fid1��X��Åb� �fiunbe� agX@d�f
d#T/X��ÅbiqWd�fiu#]_®�X o u�XWk u�X�m�XWh^dnbed#]gfihB�»m#]_h/q�X�d#T/X ����� XsrQT ]_� ]_dª��XWTFb� Q]gfiu�m.d#TFbed�beu�X%h/fidªk!fzmnm#]_� agX
]_h �@�'}@X o `/qW]_h y<agfQq�beaF�ÅbiqWd�fiu�m�d�f���XWTFb� Q]gfiu�m
bek k!X�beu#]_h y%]_h\�¤]gm�k u�X�qW]gm�XWa_pNd#T/Xxfi�?v#X�qWd#]_ �X@fe�
d#T/X.h/Xsr?d�m�X�qWd#]gfihB�

�¡Xs�¨fiu�Xz��]_d�]gm@��fiu#d#T�u�XWacbed#]_h y�u�X�m#` a_d�mxfe�1d#T ]gmxm�X�qWd#]gfihjd�f{k u�XW ^]gfi`/m@��fiu#¼jfih±d#T/X<d�fik ]gqz�
S�T/X¬] o X�b�fe��kFbeu#d#]cbea�T/fiVNfiVNfiu#k T ]gm#VNmlu�XWacbed#]_h y�d#T/X¬` h?�¨fia o ]_h y�fe�.bjq�fiVlk�fi` h o m#p?m#d�XWV
d�f{` h?�¥fia o ]_h y�m.fe�1]_d�mxq�fiVlk!fih/XWh^d�m.�¡bimªbea_u�X�b o p¿k u�X�m�XWh^d�X o ]_h�°�O��e²³��bea_d#T/fi` yzTjh/f�k u�f o `/qWd
fe�
� unbeh/qnT ]_h y�k u�fQq�X�m�m�X�m<�¡bim o Xs¶/h/X o d#T/XWu�Xz� �xf���XW �XWu��1b±qWu#`/qW]cbea o ]  �XWu�XWh/q�X�a_]gX�m�]_h�d#T/X
o Xs¶/h ]_d#]gfihjfe��d#T/Xªq�fiVlk�fi` h o m#p?m#d�XWV ]_d�m�XWa·� ¢u�E]gm�qnT/fzm�XWh¿d�f%��XZb%m#dnbeh o beu o m#pQh/q�T u�fih/fi`/m
k u�f o `/qWd.fe�A]_d�mxq�fiVlk�fih/XWh�d�mN£ o u#]_ �XWh���p�d#unbeh/m#]_d#]gfih�acbe��XWagmJ¦s�/�^p±q�fih�d#unbim#dx�
]_d#T¤£�O�¦��
T ]gq�T
]gm
b<m#]_Vlk agXx` h ]gfihB�1´Ëh¬fid#T/XWu���fiu o m�� q�fiVlk!fih/XWh^d�m�TFbeh o agX.agf^q�bea!d#unbeh/m#]_d#]gfih�hFbeVNX�m�]_h�°�O��e²³�
beh o yzagfi�FbeaAhFbeVNX�m.]_h�d#T/X<k u�X�mnXWh�d.kFbek!XWu��ª§xmªbea_u�X�b o p±VNXWh^d#]gfih/X o £¥XWh o fe�¡m�X�qWd#]gfih4|?��O�¦s�
fi` u¡bek k u�f�biq�Tºq�fiu#u�X�m#k!fih o m�d�f�b �Ëq�fiVlk ]_agX o  �XWu�m#]gfih.��fe��d#T/X�m#pQh/q�T u�fih/fi`/m�k u�f o `/qWd����
T ]gq�T
pQ]gXWa o m¡acbeu#y�XWu�q�fiVlk!fih/XWh^d�m��/beh o d#T�`/m�acbeu#y�XWu
agfQq�bea�` h?�¥fia o ]_h y�m��'§@h�d#]gqW]_kFbed#]_h y�fih¬d#T/Xxh/Xsr?d
mnX�qWd#]gfihB��q�fih/m#] o XWu±b8q�fih?¶/yz` unbed#]gfih � fe�  � (ª]_d�m¬]_V{bey�X�mº�^pEkFbeu#d#]cbeaªT/fiVNfiVNfiu#k T ]gm#VNm
[ ] p^]gXWa o q�fih?¶/yz` unbed#]gfih/m � ] fe�ªq�fiVlk�fih/XWh�d�m�� ] ]_h¤��fid#TEq�bim�X�m��¤´Ëh¤d#T/X�k u�X�m�XWh^dNkFbek�XWu��
� ]��Z]¡pQ]gXWa o m � �
]_d#T/fi` d%beV�� ]_yz` ]_dËp��'�
T/XWu�X�bim�]_h °�O���²³��agf^q�bea«q�fih?¶/yz` unbed#]gfih/m �Z]
V{b�p  �XWu#p
�¡XWa_a1k u�f o `/q�X{m�XW �XWunbea«fid#T/XWu<q�fih?¶/yz` unbed#]gfih/m<�^p m#p^h/qnT u�fih/fi`/mZk u�f o `/qWd�� � u��»]_h�b¬��XWd#d�XWu
�¨fiu#V�` acbed#]gfihB��d#T/XWu�X<V{b�p���XZm�XW �XWunbea»q�fih?¶/yz` unbed#]gfih/m �`� �{I ��XWd�qz�¡]_h ��±�
]_d#Tjd#T/X�mnbeVNX<m�XWd
fe�A]_V{bey�X�m
d#T u�fi` yzTjd#T/X [%]#�'´Ëd
]gm�k u�X�qW]gm�XWa_pºd�fNb� �fi] o d#T ]gm
k T/XWh/fiVNXWh/fih±d#TFbed�d#T/XZbe` d#T/fiu�m
]_h^d#u�f o `/q�X�d#T/X �³h/fih?ÆÅu�X�XWh�d#unbeh/q�X
��bimnm#` Vlk d#]gfih±fihq�x�
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´Ëh�d#T ]gm�m�X�qWd#]gfihB�/�
]_d#T/fi` d�agfzm�m�fe�Ay�XWh/XWunbea_]_d³p��F��X�bim�m�` VNXb���4 }`89898 } ���� pQ]gXWa o mM�@� fiu@X�©�` ]_ ^Æ
beagXWh^d#a_pjd#TFbedo�\] � ]'kp�$( @�] o XWh/fid�X�mZb¬y�XWh/XWu#]gq%� unbeh/qnT ]_h y¿k u�fQq�X�m�m.fe�'� �] � � X%Xsr/beVl]_h/X
k u�fik�XWu#d#]gX�mxu�XWacbed�X o d�f{d#T/X o Xs¶/h ]_d#]gfih4fe� � ��beh o ]_h�kFbeu#d#]gqW` acbeu.d�f¬d#T/X<kFbeu#d#]cbea�T/fiVNfiVNfiuwÆ
k T ]gm�VNm1[\] � � X@m#T/f�� d#TFbed1d#T/XWpNm�XWagX�qWd1]_h{X�biqnT)@�]�d#T/X�Vl]_h ]_V{beaFkFbeu#d�bea_agf��
]_h y�d�fªu�X�q�f� �XWu
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d#T/XlmJbeVNXlk u�f o `/qWd @¬�l´Ëh d�XWu#VNmZfe��` h?�¥fia o ]_h y�m��Bd#T ]gm o Xs¶/h/X�mªd#T/XNVl]_h ]_V{bea1kFbeu#d�m�fe�¡d#T/X
�� �� h/X�q�X�m�mnbeu#pld�f�y�XWd ��»��fiu��^]_h�fid#T/XWu���fiu o m��QagfQq�bea/u#` h/m¡fe�`���] d#TFbed«d#u#` a_plkFbeu#d#]gqW]_kFbed�Xxd�f
b�u#` h�fe��d#T/X@yzagfi�Fbea�m�pQm#d�XWVX�@�«\QX�qWd#]gfih¿���
]_a_aBb o o u�X�m�m�d#T/X�k u�fi� agXWV fe��q�fiVlk ` d#]_h y�d#T/X�mnX
Vl]_h ]_V{beaB�¨biqWd�fiu�m��
]_d#T/fi` d�q�fiVlk ` d#]_h y ��±]_d�m�XWa·�#�
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S�T/Xxk u�fQfe��]gm�m#d#unbe]_yzT�dw�¨fiu#�¡beu o �F��pNu�X�qW` u�m�]gfih�]_h�k u�fQq�X o ` u�XZ|Z� ` ]_a o ]_h yNm�]_V�` a_dnbeh/X�fi`/m#a_p @
beh o �@¬��S�T ]gm�u�X�m#` a_d%bea_agf���mNb±q�fih/m�]gm#dnbeh�dl`/m�X¬fe��h/fidnbed#]gfih [\]�fih¤beh�p�@¬�1b±� unbeh/q�T ]_h y
k u�fQq�X�m�m�fe�u�@�? Q]gXW��X o bim�b�k u�Xs¶ r¿fe���� k � ]  � �� �'S�T/XZu�XW �XWu�m�Xªk u�fik�XWu#d³pºT/fia o m�beagm�f
¢

�«¾  4� Y � +��'@Nk&@[4 � 89898 � @ � � ��� ���@ ( + � � 	-+ � � �-�.@ � .z�*+��	�@ ]Qk [\]"�
�@�+
�'!T�A� 	-+ � � �-� @ ] � B'� �@ 	-+ �
)*�D+D! ��� �W!��'� �
��+ � �����/�
) 	��������
� � � ���*+�� �Z]lk [\]*� �w+ �'!F�
�A�
���/�
) 	-���������W�-��@ ] �

� � Ã�Ã U � ��p o Xs¶/h ]_d#]gfih¬fe�Bbªk u�Xs¶ r�� �@�q�fih�dnbe]_h/m�^.`ba,�C@Q+s�Qm�f.��plk�fi]_h�d¡�.]_h{d#T/X o Xs¶/h ]_d#]gfih
fe� � ���@�]»q�fih^dnbe]_h/m ^.`ba`�C@ ]�+s� � X@TFb� �X.d�f�m#T/f�� d#TFbed��@ ]�]gm¡q�be`/mJbea_a_p�Æ³qWagfzm�X o �¨fiuTC ]B]_h @ ]#�
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k u�Xs¶ r¿bim�m#` Vlk d#]gfih�¦s�

�¡fih/m#] o XWu�¶/u�m�d@XW �XWh�dxh/f o X�mB¢ � k�X[] D{� � ]�k [\] � X+ak%X�]�]KD?]«beh o k ]gq�¼¿q�fih o ]_d#]gfih
� I] k U ] ]K�[X ] � ��XWd�e�k��WX<]_hK@ (���p�k�fi]_h�dxY{]_h±d#T/X o Xs¶/h ]_d#]gfih�fe� � �/d#T/XZu�X�m�d#u#]gqWd#]gfih�fe�
[\]|B*eyC � X�]A]gm
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T/XWu�X �@ �¡bim@a_]_Vl]_d�X o d�f
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