
���������
	�	��
����������������� ����� �����
��� �������!�"���
�#�$������% �&������' �(�)'+*,����'����
-��
�.��'���	0/1�)���2	3� 	������4�5�)' % �)'����)'����6-�� ��7�����8
% �69#: ;<�>=@?BA�A

C DFEHG$IKJHL"MON�N�PRQ,SHT,EHUWVYXZX\[)]�^`_RaRPFbRc4d`SReHDFG$UfX�gHPh_jiRk`l
m�nYopDqX\rZVYG"VYs�r�e�UWt�spDFuvVYrxwyI�G"G
JHs4U{z|Dqr\UWIKsH}

~�zYIKuWV��xDqr\UWIKspDquWVxe�JHo4nYX\UWVYJHXZV�LHVY}�T,nYuWnYzYI�G"G
JHsHUWz|Dqr\UWIKs4}�L4Vx�yX\V�r�DFt�sHV
T�VYz�EHs4IKoH��ufV��yX\VY}Zr���XZIKUW}\VKS4�5���K�K�4S3���K���K�O�5��~@e�T1wyVYLHVY�RSp�������xw,~

�p�����p�K���y�\�q�3�p���H���K�v F¡p¢¤£��H�F¡H��¥��¦����§3�@¨.¡��R©F�K����ªy��«¬�H���H��­¦��®������H F¡R¢|£��H�K¡H��¥K�H�¯��§��@�

°
±H²�³�´�±�µ"¶y·�¸3¹4ºK»\¼�¹�½Z¾K¿�·Y¾�¹RÀKÁ�¾3¹RÂ�½�¿pÁ�»\¿ÄÃ{ÂZÅ{½�¸K¾�½R¾3·�¸3Æ¤½ZÅÇÅ{½�¹�¿Ä»�¸�Â�¿Ä¸K»\½RÃ{¿�¼Z»\Á¤¿ÄÃ{Æ|½¯ÀK½R»\¼�Â�½Zº3¿�½Z¸K»`È�¸KÅ{¿ÄÃÇÉÊ¸�¿ÄÃÇÅÇÃ{¹�ÁF¿�½Z¸K»\¹ËÃÇ¾K¿�Ì�ÍY»\Á�¾K¿vÅ{½�¿Ä»\ÁYÃ{¿�½�È�½Z¾K¿¹ÄÃ{È,¸�Å{¿�ÁY¾�¼�ÀF¸+Â�ÁY»\Á¤Â�¿�Ì\»\½�Á|¹�Î¤¾�Â�Ï�»\·Y¾�½�ÀK½�Å{Á�ÅÇÃ{Á�Ã{¹�·Y¾)Èx·�¾K¿�Á�¾K¿�½�ÀF¸+¹�ÎF¹�¿�Ì�Èx½�»\Á|ÀqÃ{·YÉÄÈx·�ÐKÃÇÅ{½.ÑyÒ
Ó�Ô¤ÉÖÕR×y×Ø½�¿yÀK½�ÅÊÙ ½�¹�¿ÄÃ{È�Á|¿ÄÃ{·�¾ Â�·Y¾¤ÚÛ·�ÃÇ¾K¿�½�ÀF¸Â�ÁY¾�ÁYÅ`À�½�Ü@Á�Î¤Å{½\Ã{Í�Ï�È�¸KÅ{¿ÄÃÇÉÖ¿Ä»\Á�ÚÛ½�¿�¹,Á�¸"È�·YÎ|½Z¾"À4Ù ¸K¾�½�Á�ºKº�»\·FÂ�Ï3½�À�½�¿ÄÎ¤º¦½�Ô�ÝÖÞàßÖÔ¤¸3Â�Â�½�¹�¹ÄÃ{Æ|½.ÝW¾K¿�½Z»�áÊ½Z»\½\¾�Â�½xÞ�Á�¾3Â�½ZÅÇÅ{Á|¿ÄÃ{·�¾¦âZãRäv½�¹@ºH½Z»�áÊ·Y»\È�Á�¾3Â�½�¹·�Ð3¿�½Z¾F¸3½�¹yº3Á�»,Å{½,»\¼�Â�½Zº3¿�½Z¸K»,º�»\·YºH·¤¹�¼�½\¾"¿�½Z»\È�½�À�½�ÓRÁ�¸3å.ÀHÙ æR»�»\½Z¸K»,çËÃÇ¾3Á�ÃÇ»\½�¹�·Y¾K¿¯ºK»\·FÂèÏ3½�¹,ÀK½�Â�½\ÅÇÅ{½�¹�ÀHÙ ¸�¾"¹�ÎF¹�¿�Ì�Èx½�áÊ·Y¾�Â�¿ÄÃ{·�¾K¾�ÁY¾K¿�ÁYÆ¤½�Â�¸K¾¹�½Z¸KÅv¸3¿ÄÃÇÅÇÃ{¹�Á¤¿�½Z¸K»YãRäp½�¹�»\¼�¹Ä¸�Å{¿�Á|¿�¹yÈ�·Y¾K¿Ä»\½Z¾K¿@½Z¾
º3Á�»\¿ÄÃ{ÂZ¸KÅÇÃ{½Z»�é¤¸3½�Â�½�¿�¿�½,¹�¿Ä»�¸�Â�¿Ä¸K»\½,½�¹�¿�»\·�ÐK¸3¹�¿�½�Æ¤Ã{¹ÄÉÖê�ÉÖÆ¤Ã{¹,ÀK½yÅÊÙ ½\»�»\½Z¸�»5À4Ù ½�¹�¿ÄÃ{È�Á|¿ÄÃ{·�¾"ÀF¸"Â�Á�¾3Á�ÅÊã
ë
ì@²�í|îFïvðFí�µñÝò¾ó¿ÄÏ�Ã{¹Ëº3Á�º¦½Z»@Á,¾�½�ô�È�¸KÅ{¿ÄÃÇÉÖ¹�¿�Á¤Í|½�Ô¬¸3Â�Â�½�¹�¹ÄÃ{Æ|½�Ýò¾K¿�½Z»�áò½Z»\½Z¾3Â�½,Þ�Á�¾3Â�½ZÅÇÅ{Á|¿ÄÃ{·�¾ ßÖÔKÝÄÞ@âR¹�¿Ä»�¸�Â�¿Ä¸K»\½yÁY¾�À�Á,¹�Â�Ï�½�È�½¯áÊ·Y»vÚÛ·�ÃÇ¾K¿ËÃ{È�ºK¸KÅ{¹�½»\½�¹ÄºH·Y¾�¹�½(½�¹�¿ÄÃ{È�Á|¿ÄÃ{·�¾�ÁY»\½�º�»\·YºH·¤¹�½�À áÊ·�»�¿ÄÏ3½O¸KºKÅÇÃÇ¾�õ�ÑyÒ
Ó�Ô¤ÉÖÕR×y×1È�·FÀK½¤ã"ÝW¾ Â�·�¾K¿Ä»\Á|¹�¿�¿�·
Á
Â�·Y¾KÆ¤½Z¾K¿ÄÃ{·Y¾�ÁYÅy¹�Â�Ï3½�È�½O¸3¿ÄÃÇÅÇÃ{öZÃÇ¾3Í ·�¾KÅ{Î$º�ÃÇÅ{·|¿Â�Ï�ÁY¾�¾3½ZÅ`áÊ·�»5ÂèÏ3Á�¾K¾�½\Å�½�¹�¿ÄÃ{ÈxÁ¤¿ÄÃ{·�¾p÷p¿ÄÏ�½,º�»\·YºH·¤¹�½�À+¹�ÂèÏ3½�È�½�½�å¤ºKÅ{·�Ã{¿�¹�ÂèÏ3Á�¾K¾3½ZÅËÃÇ¾KáÊ·Y»\È�Á¤¿ÄÃ{·Y¾+ÃÇ¾$Ð¦·¤¿ÄÏ"º�ÃÇÅ{·|¿,Á�¾3À$ÀKÁ¤¿�Á�¿Ä»\Á�øóÂ�Â�Ï�ÁY¾�¾3½ZÅ{¹�ã�Ó�Ï�Ã{¹¹�Â�Ï�½�Èx½�Ã{¹�¸3¹�½�À
ÃÇ¾ Á�¾ùÝò¾K¿�½\»�áÊ½Z»\½Z¾3Â�½�Þ�Á�¾3Â�½ZÅÇÅ{Á|¿ÄÃ{·�¾�ßÖÝÄÞ@â@¹�ÂèÏ3½�È�½�¿�·�º�»\·YÆ¤Ã{ÀK½�Á�Ú�·YÃÇ¾K¿,ÂèÏ3Á�¾K¾�½\Å�½�¹�¿ÄÃ{ÈxÁ¤¿ÄÃ{·�¾ áÊ·Y»,ÁYÅÇÅË¸3¹�½Z»\¹�Á�¾3À$¿�·�È�ÃÇ¾KÃ{È�Ã{¹�½Â�Ï�ÁY¾�¾3½ZÅ�½�¹�¿ÄÃ{È�Á¤¿�½�È�½�ÁY¾"¹�é¤¸�ÁY»\½�½\»�»\·�»Yã�Ó�Ï3½�ºK»\·�º¦·¤¹�½�À"¹�ÂèÏ3½�È�½�¹yÁ�»\½yáò·�¸K¾�À
¿�·�Ã{È�ºK»\·YÆ¤½�¹ÄÃ{Í�¾KÃÇú�Â�ÁY¾K¿ÄÅWÎ"Â�Ï�ÁY¾�¾3½ZÅ`½�¹�¿ÄÃ{È�Á|¿ÄÃ{·�¾ Á|Â�ÂZ¸K»\Á¤Â�Î(Á�¾3Àç�æ`ÜûºH½Z»�áò·�»\È�ÁY¾�Â�½�¿ÄÏK»\·�¸3Í�Ï"¹ÄÃ{È,¸�Å{Á|¿ÄÃ{·�¾3¹�ã

ü ýpþ.ÿ����������¯ÿ�	
��þ
m�DFsH}.uWV"}\[�}Zr��YG$V�
xCùT�e��è��m�m������\S`uWV"XZnYzYVYo4r\VYJHX+LHV+}Zr�D
�

r\UWI�s LHV��pDF}ZV�JHr\UWuWUW}\V�J4sHV(L4nYr\VYz�r\UWIKs)zYIKE4nYX\VYs�rZVKSRLHI�sHz(uWVY}�opD
�
X�DqG��YrZX\VY}+LHJ�z|DFspDqu�LHV z�EpD���JHV)JHrZUfuWUW}�Dqr\VYJ4X��Êt�DFUWsH}¤S@oHEpDq}\VY}¤S
X\V�r�DFXZLH}�� LHIKU ��VYs�r"!Yr\XZV VY}Zr\UWG"nY}
#��ËI�JHX(XZnYJH}Z}\UWX
zYVYrZr\V VY}Zr\UWG D$�
r\UWI�s LpDFs4}xJ4s zYIKs�rZVY��r\V
G
JHuWr\U%��JHr\UWuWU{}�DFrZVYJHX\},V�rxG
J4ufrZU%�Ûz|DqspDFJ4�hS
IKs+rZX�DFs4}\G"V�r,JHs+z|DFspDquRoHUWuWIKr\V�opI�JHX,z�EpD���JHVOJHr\UWuWUW}�DFrZVYJHX
#
m�DFsH}@z�VYr5DqX\rZUfz�ufV�SFsHIKJ4}@oHX\I�opI�}\I�sH}�J4s
sHIKJ&��V|DFJ
}Zz�EHnYG D�LHV

}\J4oHoHX\V�}\}\UWI�s�L(' UWs3rZVYX*)ÄnYX\VYs4zYVY}"V�r(L(' VY}Zr\UWG Dqr\UWIKs)zYI�s,+�IKUWs�r\V$LHVY}
z|DqspDFJH�-#.
�s4V�}\rZX\JHzYrZJHX\V
L4V�LHnYrZVYzYr\V�JHX�LHV�r�[�ovV(e��\w/�{�0��D nYr\n
X\V�r\VYs�JHV$LHJ�)ÛDqUfr�LHV.}�D1)ÛDFU �HuWV�zYI�G"oHuWVY��UWr\n�VYr�LHV
uÊD.}\I�JHoHuWVY}Z}\V
LHV�}\IKs$UWG"oHuWnYG$VYs�r�DFrZUWIKs�oHX�Dqr\U ��JHV2#43RVY},z�VYuWufJ4ufV�}�LHJ
L4nYr\VYz�r\VYJHXe��\w�I�s�r@nYr\n�DqLpDFoHrZnYVY}�D$5ps
LHV�opI�J&�KI�UWX@VY��oHuWIKUWr\V�X@uÊD�LHU �KVYXZ}\UWr\n
LHV+}\UWt�spDFJH�)oHXZIKopDqtKnY}.}\JHX
L4VY}
z|DFsvDFJH�76+rZX�D8+ VYr\}
G
JHuWrZUfo4ufV�},#3RVO}\z�EHnYG+D.oHX\I�opI�}\n�UWzYUËLHU%9:�YXZV�LHV�z�VYuWJHU�L(' JHs+LHnYr\V�zYr\VYJ4X(e��\w
zYuÊDF}Z}\U ��JHV,opDqX�uÊD�spDqr\JHXZV,LHVY}@zYV�ufuWJHuWVY}¯�\w;
<� ��s�r\VYX=)ÖnYX\V�sHzYV�w,DFs4�
zYVYuÊDqr\UWIKs�
�s4Ufr>�yG"UW}\V�}�VYs+I�VYJ&��XZV�� 5pt�JHX\V����?� �0�*�{�0��#3@' VY}Zr\UWG Dqr\UWIKsûLHVY}+z|DFsvDFJH�A6ûr\X�D8+�VYrZ} G
J4ufrZUWoHuWVY}(o4X\IKovIK}ZnYV
UWzYU�JHr\UWuWUW}\V�}ZUWG
JHuWr�DFs4VYG"VYs�ryuWVY}�z|DFspDqJH�+oHUWuWIKr\V�}�VYr�uWVY}�z|DFsvDFJH�
LHJ)r\X�D
5pz2#R�ËIKJ4XxG$UWsHUWG
Uf}ZVYXyuB' V>9RVYr�LHV.u*' ��s�rZVYX*)Ön�X\VYsHz�V(L(' �,zYz0�Y}
C+JHuWrZUfo4ufVC�Ê����CD�YS�I�s�X\n|DqufUW}ZV J4sHV"VY}Zr\UWG Dqr\UWIKs)zYI�s,+�IKUWs�r\V$LHVY}
opDqX�DFGE�Yr\XZVY}�LHV�}�z|DFsvDFJH� L4V
r\IKJ4}xuWVY}OJHr\UWuWUW}�DFrZVYJHXZ}|SRVYs�UWsHz�IKX*�
ovIKX�Dqs�r�u*' VY}Zr\UWG Dqr\VYJHXRz�IKs4�KVYs�rZUfI�sHsHVYu�S�LpDFsH}F�{�
�3V�rG�IH0�\S¤LpDFs4}`JHsHV
}\rZX\JHz�r\JHXZV(L('ÇDqsHs�JHuÊDFr\UWI�s
L(' Ufs�rZVYX*)Ön�X\VYsHz�V�LHV�r�[�opV�e��\w�VYr����\wJ#K LM����NPO
QR���TS�U�VRÿ�NPWXQ
m�DFsH}.uÊD uWUÊDFUW}\I�s�G"I�s3r�DFs�r\V
L4J�}\[�}Zr��YG$VY
�C+T�e��\��mxm.SËuÊD�KI�UWV[Z.LHV�rZX�D$5pz�VYr,uÊD"��IKUWV[\ LHV�oHUWufI�r\VY},L4JY]�^_=`a_�JHrZUfuWUW}�Dqr\VYJ4X

}\I�s�r�nYr�DFuWnYVY},XZVY}\ovVYzYrZU �KVYG$VYs�r,opDFX@L4VYJH�"z�I3L4VY}�L4V[b�DquW}\E�c�dIe(fg h�i j

k
lIm4no prqIs
tvurw
x k l y�ns tvurwk
lIm4no{z�q{s
tvurw

| lI}~ns tvuvw� s� o{z2qIs0� lI}~no{z2qIs
� o pBq{s � lI}~no pBq{s

� lI}~ns tvurw
�@lr�a���2�¤ÔFÂ�Ï�¼�ÈxÁyÀK½ËÈ�·FÀF¸KÅ{Á¤¿ÄÃ{·�¾ó½�¿v¼�¿�ÁYÅ{½�È�½Z¾K¿RÀF¸[�.��v��� ¸3¿ÄÃÇÅÇÃ{¹�Á¤¿�½\¸�»
À�½yÅ{Á�ÅÇÃ{ÁYÃ{¹�·�¾ Èx·�¾K¿�Á�¾K¿�½�ÀF¸
¹�ÎF¹�¿�Ì�È�½�ÑyÒ
Ó�Ô¤ÉÖÕR×y×�ã
V�rac dIe(fg �:i j L4UI9RVYXZVYs�r\},#&3jV�}\UWtKspDqupXZnY}\J4ufr�DFs�ryVY}\r,G
JHuWrZUfo4ufUWn@ovDFXyJHs
z�I3L4V"LHVE�HX\I�JHUWufuÊDqtKV�6��KDFuWVYJHXZ}(z�IKG"o4ufV��3V�}|SRsHI�r\n�c d���fj�� ��� S(��JHU
V�}\ryuòDO}\UWt�spDFrZJHX\V�DF}\}ZI�zYUWnYV"6�uÊD�]�^_r`P_,}Zr�Dqr\UWIKs$G"I2�4UfuWVJ�Ö�ËUWt�#.�,�0#
�ËVYsHLpDqs3r�uÊD
L4JHX\nYV
L4J��>^_*`P_�}Z[�G��pI�ufV�S �"��� ���.��� � ����� � �.�� ÛS�¡���ËVY}\rËuÊDyLHJHX\n�V@L(' JHs�}\[�G��vIKuWV,�YSZu*' JHr\UWuWUW}�DFrZVYJHX(] ��¢ �2�>£&�
¤ ¤��>¥C¦

rZX�DqsH}\G$VYr�uWV�}\UWt�spDFuR}ZJHU �KDFs�r[�§ ¨ g h�i~j&© dIª�fg h�i~j c dIe(fg h�i~j �«�@¬ �¡� � ¬�­ j ��¯® ¨ g �:i j&© dIª�fg �.i~j c dIe(fg �:i j �«��¬ �¡� � ¬°­ j ��± c d���fj � �@¬�­ j � � ���
�
I�² © dIª�fg h�i~j �³¢�¬ �2�
��¦+VYr © d%ª«fg �.iIjµ´ �+}\I�s�r
X\VY}ZopVYz�r\U �KVYG$VYs�r+ufV�}
}Z[�G��pI�ufV�}�L4VxL4IKsHsHn�VY},VYryLHV�oHUWuWIKrZVY}|S ¨ g h�i j VYr ¨ g �:i j }\I�s3ryX\V�}*�ovVYzYrZU �KVYG$VYs�r�uWVY}xDqG"oHuWUWr\J4LHVY},LHV.uÊD��KIKUWV�Z$VYrJ\0LHV.u*' J4r\UWuWUf}�D
�
rZVYJHXP]D� }\JHoHovIK}ZnYVY}�zYIKsH}Zr�Dqs3rZVY}xDqJ
zYIKJ4X\},LHV�r\X�DFsH}ZG"UW}\}ZUWIKs��ËVYr­ j �7�~¶ ����� � VY}\r�ufVOX\VYr�DFX\L&r\VYG$opI�X\VYuËLHJD]�^_*`P_�JHrZUfuWUW}�Dqr\VYJ4X,#�3jV
o4X\I�LHJHUWr|SË}\J4X
uB' UWs�r\VYX��KDFuWuWV(L4V rZVYG"o4} ���·� �¡����� � �&��� � �.�� \S`LHV
L4VYJH��}Zn8��JHVYsHz�VY}+L(' nYr�DqufV�G"VYs�r�LHV�b�Dquf}ZE�VYr
L4V uÊD&}\n8��JHV�sHzYV
L4V¸�HX\I�JHUWufuÊDqtKV LHI�sHsHV)LHVYJH�Ø}\n0�3J4VYsHzYVY}�z�IKG"o4ufV��3V�} o4}\VYJHL4I��



DFuWn|Dqr\I�UfXZVY}|SvsHI�r\nYV�}[c�dIª�fg h�i~j �«��� VYrJc�d%ª«fg �.i~j � ��� #:3ËD.}\UWtKsvDFr\J4X\V�t�ufI��pDFuWV6��KDFuWVYJ4X\},zYI�G"oHuWVY��VY},DF}Z}\I�zYUWnYV�6.uÊD¹�KIKUWVJZ
VY}Zr,LHIKsHzc dIª�fg h�i~j �«��� ´Aº�»>¼¾½¿ÀÂÁ-Ã c d%e(fg h�i j�Ä À c d���fj2Ä d ÀÂÅ ª º » f Æ � �@¬Ç�rÈ �µ�rÉJÊ � ��Ê � �Ë�Ö���
D
�KV�zÌc dIe(fg h�i~j2Ä À �µ¢$Í �
Î2Ï ÉJÊ
¦(V�}\r�uWV È ^_=`a_�z�EHUWo)LHV.uòD }\n8��JHV�sHzYV
LHVDÐ,DFuW}ZE`SGc d���fj2Ä À4Å ª º » ´ �vÍ � Í ® � Î Ï £)V�}\r+uWV �rÈ �Ñ�rÉ Ê � ^_r`a_
z�EHUWo+zYIKG$oHuWVY��V,LpDFsH},uÊD�}Zn8��JHVYsHz�V(LHVJ�HXZIKJHUWuWuÊDFt�VKS�� Ê uÊD�LHJHXZnYV
L(' JHs�z�EHUWo`S�É Ê ´ �.��Î�� Ê uWV�)ÛDFz�r\VYJHX.L(' nYr�DFuWVYG"V�s3r¤SRVYr Æ �«��� uÊD)ÖI�X\G"V�L(' IKsHL4V�LHJ+z�EHUWo(#p�ËIKJ4X,uòD���IKUWV"\ uòDO}\n0�3J4VYsHzYV
t�ufI��pDFuWV
L(' nYr�DFuWVYG"V�s3rPc dIª�fg �:i j VY}\r�LHn>5psHUWV�LHV�uÊD�GE!YG"V,G+DFsHU �YXZV2#Ò s(}ZJHoHovIK}\V;��JHVyufV¯z|DFspDqu�LHJÌ]�^_r`a_¯JHr\UWuWUW}�Dqr\VYJHXËopI�}\}��YLHV,JHsHV
X\n�opI�sH}\V.UWG"oHJHuW}ZUfI�sHsHVYuWuWVPÓ dIª�fj � ��� LHV�uÊDÔ)ÖIKXZG"V��Ó dIª�fjA� ��� ´ÖÕ¿ × Á ½ Ó dIª�fj�Ä × Ø � ��¬�­ dIª�fj�Ä × � � �Ö���
I2²AÙ VY}Zr"uWV+sHIKG��HXZV
LHV rZX�D8+�V�r\}"L4J z¤DFspDqu,VYr ­ dIª�fj�Ä ×DÚ � `PÛ>ÜVY}Zr uWV X\VYr�DFXZL XZVYuÊDFr\U%) DqJ�r\X�D8+�VYr�Ý�V�rY� `PÛ>Ü VY}\r+u*' nYr�DqufV�G"VYs�rr\V�G"ovIKX\V�u�G+DF��UWG D¤uRLHJ&z|DFspDqu*#:3ËD
}ZUfG
J4uòDqr\UWIKs$LHV.uòD X\nYovIKs4}\V
UWG"oHJ4uf}ZUWIKsHsHV�ufuWVyLHJ"z¤DFspDquRVY}\rP�pDq}\nYVO}\JHX,uWV�G$I�L&�YuWV,LHV�wyuÊDFX�Þ�V�~ß����3J4U`r\UWVYs�r,zYI�G"oHrZV�LHV�u*' n8�KDFsHI�JHUWuWVY}\}ZVYG"VYs�ryLHV(��D¤[3uWVYUWt�E"VYr
LHV�u*' nYr�DFuWVYG"V�s3rà)ÖX\n8��JHV�s3rZUWVYu`LHJ DqJùm�I�oHoHuWVYX,#3RV�}\UWt�spDFuvX\V8á�J opDFX,uÊD�}Zr�Dqr\UWIKs+LHVJ�pDq}\VKS�VYs+oHXZI��KVYsvDFsHzYVOLHJ]�^_=`a_ JHr\UWuWUW}�DFrZVYJHX¤S`VY}Zr(uWV$oHX\I�LHJHUWr.LHV"z�IKs4�KI�ufJ4r\UWIKs)LHJ�}ZUWtKspDqur\X�DFsH}ZG"UW}J���,�yovDFX,uÊD�XZnYovIKsH}ZV�UWG"oHJHuW}ZUfI�sHsHVYuWuWV,LHJ+z|DqspDFu@�Ä�2�8#�
lI}~ns tvuvw¾âäãå æ~ç:èêé � o pBq{s>� lI}~no pBq{s k lI}~no prqIs tvuìëîí«ïñðòëDu lI}~ns0ó æ wô x,� o~z�qIs8� l{}{no~z�q{s k lI}~no{z2qIs
tvuìëDí ï ð ëYu lI}{ns0ó æ w�õ |
l{}{ns8ó æ¡ö ß�÷Fâ
I2² � dIª�fj�Ä × ´ ­ j � ­ d%ª«fj�Ä × VY}Zr(uWV
XZVYr�DqX\L�r\I�r�Dqu�LHJ¸Ý>^_*`P_.r\X�D0+�VYr.LHJ]�^_=`a_�JHrZUfuWUW}�Dqr\VYJ4X,#3RV$}\UWtKspDqu�rZIKr�DFuyX\V8áYJ�opVYJ4r�!YrZX\V n�zYX\UWr.}\IKJ4}
uòDY)ÖIKXZG"V
}\J4UI��KDFs�rZVÌ� ø � ��� ´ º�ù�¼¾½¿ ª Á-Ãûú¿j Á ½

ø dIª�fj �«��� �Çü � ��� � �Ö���
I2²µü �«��� VY}\r
JHsý�HX\J4Ufr��HuÊDFs4z"t3DqJH}\}ZUWVYsÇ6þ�KDFuWVYJHXZ}(z�IKG"o4ufV��3V�}
LHV$G"IF[KV�sHsHV
s�JHuWuWV
VYr(L4V��KDFXZUÊDFsHzYV�ÿ��
VYr�ÉJ�
uWV"s4IKG��HXZV(LHV}\[�G��vIKuWVY}yr\X�DFsH}ZG"UW}�ovDFX,z�EpD���JHV�JHrZUWufUW}�DFr\V�JHX,#3`D+}Zr\XZJHzYr\J4X\V+tKuWI2�vDFuWV(L4V
}\JHoHo4X\VY}Z}\UWIKs�L(' UWs�r\VYX=)ÖnYX\V�sHzYV���JHV
sHI�JH}�z�IKsH}ZUfL4nYX\I�sH}�V�}\r)LHnYzYXZUfrZV�LpDFsH}°� �$�\S,oHJHUW}�DqLpDFoHrZnYV DqJ
zYI�s3rZVY��r\V�L4J }Z[�}\r\n�G"VJ
xC+T�e$LpDqsH}J�{�0�G#�3jVx}Zz�EHnYG DOoHXZIKovIK}\n
UWzYURLHU%9-�YX\V�L4Vxz�VYuWJHU`L(' JHs$LHnYrZVYzYr\V�JHX�e��\w�z�uòDq}\}ZU���JHV�opDqX�uÊDOspD
�
r\J4X\V
LHVY}�zYV�ufuWJHuWVY}��\w;
0G"UW}\VY},V�s�I�VYJ&��XZVD� 5pt�JHX\V
�2�0#pm�DFsH}�uÊD
zYVYuWuWJHuWV�L4Vxu*' JHrZUfuWUW}�Dqr\VYJ4XG]�6�u*' nYr�DFtKV�� S�I�s
VY��r\X�DqUWr,LHV�u*' VYX\XZVYJHX
X\n�}\UWLHJHVYuWuWV�� ` Ä j uÊD�zYI�s3rZX\U �HJHrZUWIKs
X\V�uòDqr\U �KV�DqJ�]�^_r`P_,JHrZUfuWUW}�Dqr\VYJ4X
ovIKJHX�uWV��HUWr�LHV
LHI�sHsHnYV$r\X�DFUWr\n"DqUfs4}\U���JHV
zYVYuWuWVY}.LHVY}"�HUWrZ}(DFL4�+YDqzYVYs�r\}
#R��I�r\IKs4}[��JHV.uÊD
}Zr\X\J4zYr\JHXZV"oHXZIKovIK}ZnYV
VY}\rOr\X���}�}\I�JHoHuWV
oHJHUW}��3J4V�uÊD,}ZJHoHoHXZVY}\}ZUWIKs
L(' UWs�r\VYX=)ÖnYX\V�sHzYVY}yX\VYuÊDqr\U �KVP6,JHs.JHrZUfuWUW}�D$�
r\V�JHX,LHIKs4sHn�VY}Zr,VYs�r\U �YXZVYG"VYs�r@uWI�z|DqufUW}ZnYV�LpDqsH}yuòDózYVYuWuWJHuWVP�3J4URufJ4U
zYI�X\X\V�}\ovIKsHL(#Ë��I�JH}xD
��IKsH}?�pDFo4r\UW}\n.zYVYrZr\V
}\rZX\JHz�r\JHXZV"LHV�L4nYr\VYz �
r\V�JHX"e��\w��K������~,SRz¤DFX.VYuWufV
UWsHz�IKX\ovIKXZV"JHsûLHnYrZVYzYr\V�JHX ������~
G"I�sHI���JHrZUfuWUW}�Dqr\VYJ4X@LpDFs4},z�EvD���JHV�zYVYuWuWJHuWV�LHJ+LHnYr\V�zYr\VYJ4Xóe¦�\wJ#
	 
AVRÿ�	,W���ÿ�	,�Oþ ��� �
��þ��"O
�ËIKJHX@DFG$nYuWUWIKX\V�XRufV�}�ovVYX=)ÖIKXZG DFs4zYVY}�LHVyuB' VY}Zr\UWG Dqr\UWIKs�zYI�s4�KVYs4�

r\UWI�sHsHVYuWuWV�LvDFsH};�{�0�pVYr;�IH0�\S|I�s(J4r\UWuWUf}ZV@JHsHV,V�}\r\UWG+DFr\UWI�sxz�IKs,+�I�UWs3rZV

Delay

Delay

Delay

Delay �

�������� ����������������� "!$#

% %

% &

���
')( *
+-,/. ( 0/.21  

3���� �
����� �&546  1 7

8  
� � �:9;�( <=.  !?>

4»  12@ � ��9-�( <=.  

3���� �

� �:�A� 

&546  12@ 4» # 12@
4» # 1 7

46  12@
46  1 7B)C 1 D %-E

<�,GF �:H5� IJ KLM N
B=C 1 D IJM N

� ��9-�( 0/.  4»  1 7
�=����9-�( <=.  ! >

�����:9-�( 0-.  ! >

�O����9-�( 0/.  ! >

���

')( *
+-,/. ( <=.21  

�@lr�a���&��Þ�½ZÅÇÅÇ¸KÅ{½,À�½�¹Ä¸�ºKº�»\½�¹�¹ÄÃ{·�¾"ÀHÙ ÃÇ¾K¿�½Z»�áò¼Z»\½Z¾3Â�½�ßÖÝÄÞ�Ñ,âvºH·Y¸�»�ÅÊÙ ¸3¿ÄÃÇÉ
ÅÇÃ{¹�Á¤¿�½Z¸K»P�(ê�ÅÊÙ ¼�¿�Á¤Í¤½QP ã
L4V r\I�JH}"uWVY}$z|DFspDqJH�-#@��IKJH}+DFG"n�ufUWI�X\IKs4}(UWzYU�zYVYr\rZVñDqoHoHXZI3z�EHV
t�XSRqzYV DFJH��rZVYz�EHsHU ��JHVY}"L4V }ZJHoHoHXZVY}\}ZUWIKs�L(' UWs�r\VYX=)ÖnYXZVYsHzYVY}
# Ò s
J4r\UWuWUf}ZVYX�DOJHs+nYr�DFtKV�G$VYr\r�DFs�r�V�sUT�J&��X\V�JHs4Vx}ZJHoHoHXZVY}\}ZUWIKs }ZJHz>�
z�VY}\}ZU���V�L¾' ����CR�Öe¦�\wP�R}\J4U���U�opDFX�JHs�I�J�oHuWJH}ZUfV�JHX\}ËnYr�DqtKVY}�LHVy}\J4�
o4X\VY}Z}\UWIKs
opDqX�Dqufu �YuWVyL(' ���xC �Ä���\w �K��DFX�DquWufV�uH��s�r\VYX=)ÖVYX\V�sHzYV�w,DFs4�
z�VYuWuòDqr\UWIKs.�8#,3ËD,}Zr\X\J4zYr\JHXZV,LHVY}@z�VYuWufJ4ufV�}�e��\w��Ê�\w;
[�ËVY}Zr�Ufs4LHU �3J4nYV
}ZJHX�uÊDP5vtKJHXZV5��VYr@z�IKG"ovIKXZr\VyLHVYJH�OnYr�DqopVY}
#Â3ËD�oHX\VYG$U �YX\VynYr�DqopVz�IKsH}ZUf}Zr\Vê6�VY}Zr\UWG"VYX�uWVY}@XZVYr�DqX\LH}¯r\VYG$opI�X\VYuW} ­ j�Ä × VYs
L4Uf}Zr\UWsHt�JpDFs�ruWVY};Ù)r\X�D0+�VYr\}yuWVY}yoHuWJH}@oHJHUW}Z}�DFs�rZ}�opDqX\G$Uf}Ër\I�JHr@uWVY}yr\X�D0+�VYr\}yovIK}*�
}ZU �HuWVY}�X\V�r�DFXZLHnY}
LHV ­ ´ ¶ +�JH}���J('~6 ­ ´ � `aÛ>Ü VYsû}\V��vDF}�Dqs�r
}ZVYJHuWVYG$VYs�rx}ZJHX�uWVY}�z|DqspDFJH�&LHVY}�oHUWuWIKrZVY},#¾3`D
L4VYJH��U �YG"V.nYr�DqopV
z�IKsH}ZUf}Zr\V�6.JHr\UWuWUW}\VYX�}\UWG
JHuWr�DqsHnYG$VYs�r@uWVY}�z|DqspDFJ4� o4UfuWI�r\VY}�VYr�LHV
rZX�D$5pz�ovIKJHX,VY}Zr\UWG"V�X,ufV�}�zYI�VWV"zYUWVYs�rZ}�zYI�G"oHuWVY��VY}êÓ d%ª«fj�Ä × LHV�u*' J4r\U%�uWUW}�Dqr\VYJ4XG]-#�m�V,z�VYr\rZVê)�D�áYI�s`SFIKs"DóX\n|DqufUW}Zn�JHsHV�VY}\rZUWG DFrZUWIKs�oHXZn>�

XXXY ç Z  [  o } q
\

] s

] s \ è ^S_a`�b ced�`Ab c�d�`�b fSgehji b g�`ak�l m�n�l2k�gpo=k

q/rs s0ó æ�t ãæ~ç.èuvwxyzwx{|}~�NM �

��������������� ���� ( 0/.
��� ( <=.
��� ( 0-.
��� ( <=.��  1 � o } q�  1 � o } q

Y ç Z  \�� H5���
XXX

� �  1 > H5��� ( � .
+  1 > H5��� ( � .

�����:�� 2¡

�¢���:�� 2¡

q£r¤ s0ó æat ãæ~ç.è

�@lr�a�Ë�&�ËÞ�½ZÅÇÅÇ¸KÅ{½
ÀHÙ ½�¹�¿ÄÃ{ÈxÁ¤¿ÄÃ{·�¾ñ½�¿�À�½�¹Ä¸Kº�ºK»\½�¹�¹ÄÃ{·�¾�ÀHÙ ÃÇ¾K¿�½Z»�áÊ¼Z»\½Z¾3Â�½
ßÖÝÄÞ�Ñ,âjº¦·�¸K»¯ÅÊÙ ¸3¿ÄÃÇÅÇÃ{¹�Á¤¿�½Z¸�»ê�Hã
uWUWG"UWspDqU{XZV�LHV�}aÓ d%ª«fj�Ä × S�I2²
uWVY}yz|DFsvDFJH�
LHV�},JHr\UWuWUW}�DFrZVYJHXZ}�rZX�DFUWrZnY}5DqJ
L4n8�HJHr�sHV.}\I�s3r�opDF}�zYI�X\XZVYzYr\V�G"VYs�r�VY}\rZUWG"nY}
#h�ËI�JHX�JHs JHrZUfuWUW}�D$�
rZVYJHXyLHIKs4sHnKS�IKs$opV�JHr5DqG"nYuWUWIKXZVYX�u*' V�}\r\UWG+DFr\UWI�s(VYs$JHr\UWuWUW}�Dqs3r¯ufV�}�KDquWVYJHX\}�VY}\rZUWG"nYVY}�LpDqsH}�uWV(e¦�\w1LpDqsH}�JHs4V(}Zr\X\J4zYr\JHXZV"LHV.}\I�JH}*�



r\X�DFzYrZUWIKs.opDFX�DFuWu �YuWV@L(' UWs3rZVYX*)ÄnYX\VYs4zYVY}ê�Ä���\wP�ËopDFX�}\J4oHoHX\V�}\}\UWI�s
LHJ
}\UWt�spDFu�X\V8áYJOufV�}`zYI�s3rZX\U �HJHrZUWIKsH}RVY}Zr\UWG"n�VY}`LHV¯r\IKJ4}RufV�}�DFJ4r\X\V�}`JHrZUI�
uWUW}�DFrZVYJHXZ}|SËufV
}ZUWtKspDqu@X\nY}ZJHuWr�Dqs3rO}\VYX�D+r\X�DFUWr\nKSËopDqX�uÊD"}ZJHUWr\VKSËopDqX
u*'ÇDFuWtKI�X\UWr\EHG$V�L(' VY}Zr\UWG Dqr\UWIKs(#RwyV$oHX\I�zYVY}Z}\JH}$opV�JHr�!�r\X\V+XZnYopn�r\n
oHuWJH}ZUfV�JHX\}�)ÄIKUW}`ovIKJHXËI2�HrZVYsHUWX�JHsHVy}\rZX\JHzYrZJHX\VJ6�oHuWJH}\UWVYJHXZ}�nYr�DqtKVY}
���\w �{�
��#&3@' VY}Zr\UWG Dqr\UWIKs.LHVY}�Ufs�rZVYX*)Ön�X\VYsHz�VY}�VY}Zr�DFG"n�ufUWI�X\nYV�L(' JHs
nYr�DFtKVC6 JHs�DqJHr\XZVKS@zYV���JHU�zYIKsHL4JHUWrÌ6)JHs4VùDqG"nYuWUWIKX�DFrZUfI�sñDqJ
sHU �KV¤DFJ+L(' VY}\rZUWG DFrZUWIKs.LHVY}�z¤DFspDqJH�-#
m�DFsH}
u*' �\w;
 L4J ]�^_*`P_+JHr\UWuWUW}�Dqr\VYJHXD�«5ptKJ4X\V �2��S@IKs�LHn 5psHUWr|S

ovIKJHX�r\I�JHr�uWVY}�X\VYr�DFX\L4}@opI�}\}ZU��4ufV�} ­��C¢$¶ �,����£ì�,¤
¤
¤*��� `aÛ Ü ¦3S¤u*' VYX*�
X\V�JHX�X\nY}ZUfL4JHVYuWuWV@X\VYr�DFXZLHnYVJ�?¥ j�Ä ¦ �~È   ´¨§ j �rÈ�¬[­ j ¬J­&� #
3RV�5puWrZX�DFt�V
DFLvDFoHrZn DqJH�"}ZUft�spDFrZJHX\V�}Ì� LHnY}ZnYr�DqufV�G"VYs�r���LHV.uÊD��KI�UfV�LHV.r\X�D
5pz
VYr�LHV�uòD¹�KI�UWVxL4Vxo4UfuWI�r\V�L4IKsHsHV��

© j2Ä ¦ � �   ´ º�» ¼(½¿À4Á-Ã ¥ j�Ä ¦ � �rÉJÊ�� È  �ªBc dIª�fg h�i~j � È  �«?¬�� �vH��
­ j2Ä ¦ � �   ´ º�»>¼(½¿ÀÂÁ-Ã ¥ j2Ä ¦ � �rÉ Ê � È   ª c dIª�fg �.i~j �~È   « ¬�� �)®��

I2² ¬ L4VY}\UWtKs4VxuÊD��KDqufV�JHX�z�IKG"o4ufV��3V�zYIKs
+�JHtKJ4nYV2#
¯�°�± ²�³/´¶µp·¹¸º´¶µp»½¼¿¾ÁÀÂ³ÄÃÅÀ�´¶¸ÆÃ¶¾�³ÈÇ/É$Ê ËÒ s ovVYJHr�nYzYXZUfXZVÌ­ j2Ä ¦ � �« `}\I�JH},uÊDJ)ÖI�X\G$V­ j�Ä ¦ � �«  ´ Ó dIª�fj2Ä ¦ ¨ g �:i j4© dIª�fg �:i j �7Z g �.i~j � �  �� �Ö���
I2² © dIª�fg �:i j�´ � VY}\r.uWV��>^_=`a_.}Z[3G��vIKuWV.LHV
oHUWuWIKrZV
VYrÌZ g �:i j � �« ,VY}\ru*' Ufs�rZVYX*)Ön�X\VYsHz�V
zYIKsH}ZUWLHnYX\n�V"zYI�G"G"V�JHsC�HX\JHUWr�zYI�G"oHuWVY��V"�HuÊDqsHz
t3DqJH}\}ZUWVYs L4V�G$IF[KVYsHs4V s�JHuWuWV2#,~�s�)ÛDFUW}�DFs�r
uWV�G$I3L4JHuWV L4V uÊD
G"IF[�VYsHsHV.LHVÍ­ j�Ä ¦ � �« �}ZJHX(uWVY}ÏÎ!}\[�G��vIKuWVY}�LHV
oHUWuWIKrZVY}�� I2²�uWV
z|DqspDFu�VY}Zr�}\JHo4opI�}\n
zYI�sH}\r�DFs�r���SpI�s�XZnYLHJHUWr�u*' V>9hV�r�LHV.u*' UWs�r\V�X*)Ön>�
X\V�sHzYV2#

­ j2Ä ¦ � �«  ´ �Î Ð Ñ ¼(½¿ ª Á-Ã ­ j�Ä ¦ � �   Ð ¤ �Ö���Ò s ovVYJHr�zYIKs4}\UWLHnYXZVYXJ�3J4V�uWVY}�XZVYr�DqX\LH} ­ LHVY}"Ù�oHXZVYG"U �YXZVY}ê�KD$�
uWVYJHXZ}�G Dq��UfG"DquWVY}�LHV ­ j2Ä ¦ � �« �zYI�X\XZVY}\ovIKsHL4VYs�r[�4UfV�sùDqJH�YÙûrZX�D
�+�VYrZ},V>9RVYzYr\U ��VYG"VYs�ryX\V8á�JH},#vwyVYr\rZVx}ZJHoHovIK}ZUfrZUWIKs"s¾' V�}\rP��X�DqUfVP��JHV
}\U,u*' UWs�r\VYX=)ÖnYX\V�sHzYV+VY}\r
}ZJ£V"}�DqG"VYs�r�G$IF[KVYs4sHnYVD�)Î ÒÖ�
�8# Ò ssHI�r\VÔÓ­ j�Ä × �¡Ý ´ �F¤,¤
¤*Ù@��uWVY}�Ù/�KDFuWVYJHXZ}�LHV ­ DFUWsH}ZU�}ZnYuWVYzYrZUfI�s4�
sHnYV�},#`m�DFs4}�r\I�JHr\V.uÊD.}\JHUWrZVKSvIKs sHI�r\VYX�D�© j�Ä × � �«  ´ © j�Ä ¦  1 Õ � �« �VYr­ j2Ä × � �«  ´ ­ j�Ä ¦  1 Õ � �« �#¯�°OÖ ²�³/´¶µp·¹¸º´¶µp»½¼¿¾ÁÀÂ³È×
¸Øµ�¼�³ÈÙ�»½·ÛÚ�ÜpÀeÝ�ÀÂ³UÞ/É$Ê ËÒ s JHr\UWuWUW}\V�UWzYU`}ZUWG
JHuWr�DFs4nYG
VYs�r@uÊD��KI�UfV�LHJ+rZX�D
5vz(VYr�uÊD"��IKUWV
LHV�oHUWuWIKrZVY}@LpDqsH}�J4sHV�DFoHoHXZI�z�E4VxXZnYzYJHXZ}\U �KV�}ZJHX�uWV?�HuWI3z�L(' UWs4)ÖIKX=�
G Dqr\UWIKsOLHV,r�DqUfuWuWV�Î I�²(uWV,z|DqspDFu4VY}\ry}\JHo4opI�}\n�z�IKsH}Zr�DFs�r
#3m�DFs4}
z�EpD���JHVyzYVYuWuWJHuWV@LHVyuÊD,}Zr\X\J4zYr\JHXZV�e��\w)IKs.DFoHoHuWU ��JHV@u*'ÇDFuWtKI�X\UWr\E4G
V
L(' VY}Zr\UWG Dqr\UWIKs
}ZJHU �KDFs�r[�
~�sØJHr\UWuWUW}�DFs�r$uB' n8��JpDqr\UWIKs/�Ö�2��SyIKsØopVYJ4r nYzYXZUfXZVA�vH��"V�r7�)®��

zYI�G"G"V,}ZJHUWr"� © j2Ä × � �«  ´ Ó dIª�fj�Ä × ¨ g h�i~jÂ© d%ª«fg h�i j �µZ g h�i j � �  �� ���?ß��
­ j�Ä × � �«  ´ Ó dIª�fj2Ä × ¨ g �.i~j © dIª�fg �:i j �7Z g �.i~j � �« �� ���2�
�

I2²AZ g h�i j � �« �VYrYZ g �.i~j � �« x}ZIKs�r
uWVY}
zYIKG$opI�}�Dqs3rZVY}
L(' UWs�r\VYX=)ÖnYX\V�sHzYV
oHuWJH}P�HXZJHUWr,#

�0uB'ÇDqUfL4V�LHVUà£© j�Ä × � �« ��S­ j�Ä × � �  Sá�SjIKs ovVYJHr�z�IKsH}Zr\X\J4UfXZV"uWV"��VYz>�
rZVYJHX,I��H}\VYX��KDFrZUfI�s¸�â j � �   ´ ã © j�Ä ½ � �  ä­ j2Ä ½ � �   © j�Ä � � �   ­ j�Ä � � �« ¤,¤
¤ © j�Ä Õ � �« å­ j2Ä Õ � �« �æ�çê¤ ���|���Ò s$}\JHoHovIK}ZV"��JHV[Z g h�i~j � �« `VYrPZ g �:i j � �« `}\IKs�ryLHVYJH�$}\n8��JHV�sHzYVY}�LHn>�z�IKX\XZVYuWnYVY}@V�r`t3DqJH}\}ZUWVYsHsHVY}P� zYVYr\rZV,}\JHo4opI�}\UWr\UWIKsOVY}\r��KDFuÊD��HuWV�ovIKJ4X¥Bt�X�DqsHL��8#���uWI�X\}|S�VYs$}\JHoHovIK}�DFs�r;�3J4V�uWV,z|DFsvDFuvX\VY}Zr\V�}\VYs4}\U �HuWV>�
G$VYs�rRzYIKs4}\r�Dqs�rG�vÓ dIª�fj2Ä × ´ Ó j2Ä × �RL4JHX�Dqs3rÆÎ }\[�G��vIKuWVY}|S�uÊDa)ÖIKsHz�r\UWIKs
L4V(LHV�sH}\UWr\n
L4V
oHX\I��pD��HUWuWUWr\n�z�IKsHLHUWrZUfI�sHsHVYuWuWV�LHVéè j � �  y}�DFz�EpDqs�r© dIª�fg h�i~j VYrJÓ j�Ä × VY}Zr,LHIKsHs4nYV�opDqX"�ê j�Ä × ª â j � �   Ð © dIª�fg h�i~j5ë Ó j�Ä × «ì §jí Æïî ¬ ½��ð-ñ< ª â j � �«  ¬óò j � �«  «jôÍª â j � �   ¬Èò j � �   «�õ ¤"���|���Ò sûsHIKrZV÷ö uWV"rZX�DFs4}\ovIK}\n+zYI�s,+�JHt�JHnKS�ÿ��h VY}\r.uÊD��KDFXZUòDqsHzYV
LHVZ g h�i~j � �  G� IKJDZ g �.i~j � �« v�YS�VYr�uWVJ�KV�zYr\VYJ4X ò j � �  `VY}Zr�LHn 5psHU`ovDFX"�

ò j � �   ´øã Ó j�Ä ½-ù ¨ g h�i j4© dIª�fg h�i~j ¨ g �:i j&© dIª�fg �.i~j-ú¤
¤,¤*Ó j�Ä Õ ù ¨ g h�i j © dIª�fg h�i~j ¨ g �.i~j © dIª�fg �:i j/ú æ ç ¤ ���8ß4�3ËDJ)ÄIKsHzYrZUWIKs
LHVJ��X�DqUf}ZVYG��HuÊDFs4zYV�uWIKt�DFXZUfrZEHG"U ��JHV�L4Vxu*' n8��JpDqr\UWIKs���|���@ovVYJHr?!Yr\XZV�nYzYXZUfrZV��û j2Ä × ª â j � �«  Ð © dIª�fg h�i~j ë Ó j2Ä × «´ ª â j � �«  ¬üò j � �«  « ô ª â j � �«  ¬ýò j � �«  « ¤ ���|���
��JHUW}���JHV�u*' I��H}\V�X��KDFrZUWIKséè j � �  `z�IKs�r\UWVYs�r,VY��oHuWUWzYUWr\VYG$VYs�r@LHVY}�UWs4�)ÄIKX\G+DFrZUfI�sH}�}\JHX
uWVY}
ovDFX�DqG��YrZX\VY}
L4J z¤DFspDquÛSËUWu,s(' VY}\r
ovDF}
sHn>�
z�VY}\}�DFUWX\V)L('ÇDFoHo4ufU ��JHVYX$LHVY}+G"n�r\EHI�LHVY}$L(' VY}\rZUWG DFrZUWIKs D
��VYJHt�ufV�S��JHU¯sHnYzYVY}Z}\UWr\V�s3r$JHsHV
t�X�DFs4LHV"zYI�G"oHuWVY��UWr\nOz|DFuWzYJHuÊDqr\IKUWXZVKS`ovIKJ4X
z�Vxt�VYsHXZVxL4V�oHXZI2�Hu �YG$V2#3~�s J4r\UWuWUf}�DFs�r@JHs4Vê)ÄIKX\G
J4uòDqr\UWIFs.X\nYzYJ4X*�
}ZU �KV�}\JHX�uWV�opD���JHV�r�LHV.LHIKs4sHnYVY}¤Spu*' VY}Zr\UWG Dqr\UWIKs
LHJ&z|DFspDqu`ovVYJHr!�r\X\VE)ÛDqUWr\V D
��VYz+JHsHV+zYI�G"oHuWVY��UWr\n
z|DquWzYJHuÊDFrZIKUWX\V$G"I�LHnYXZnYV2# Ò s
z�IKsH}ZUfLì�YX\V�uÊDÔ)ÖIKs4zYr\UWIKs$LHV�zYI-þ4r��

ÿ j2Ä × � �«  ´ ª¿À4Á-Ã�� À û j�Ä × ª â j � � ¬7È   Ð © dIª ¼ À fg h�i j ë Ó j�Ä × « � ���,H��
I�²

�
VY}Zr�J4s�)ÛDFzYrZVYJHXyL(' IKJ&�4ufU*#Ke¦UHuWV�z|DqspDFuHV�}\ryzYIKsH}Zr�Dqs3ryVYr

� ´��SvIKs)opVYJ4r"�KI�UfX�uÊD1)ÖIKs4zYr\UWIKs&zYI-þHrOzYIKG$G"V�uWV(uWIKt�DFXZUfrZEHG"V�LHVuÊD¹��X�DFUW}ZVYG��HuÊDFsHz�V,LHV�uB' I��H}\VYX��KDFrZUfI�s ¢ â j�Ä × �~È  *¦ ªÀ4Á-Ã }�DFz�EpDFs�r,uÊD}ZV8��JHVYsHz�V ¢ © d À fg h�i~j ¦ ªÀÂÁ-Ã V�ràÓ j2Ä × #F~�s.I2�H}ZVYX��KDqs3r�rZIKJHrZV,uòD�}\n8��JHV�sHzYV
L4V Î }\[�G��pI�uWVY}|SËIKsûopVYJ4r"r\XZIKJ&��VYX
JHsHV+VY}Zr\UWG Dqr\UWIKs ÓÓ j2Ä × LHVÓ j2Ä × � à��� j � ÓÓ j�Ä × á ´��

ø
�	��

����  Ä Ê  1 Õ�� ÿ j�� × � Î ¬ �>  ���?®��

I�² � j ´ ù © d Ã fg h�i~j © d ½ fg h�i~j ¤,¤
¤ © d Ñ ¼(½ fg h�i j ú VYr �� j VY}Zr,uòDO}\n0�3J4VYsHzYV.LHnYrZVYz>�
rZnYV2#���JHUW}���JHV © dIª�fg h�i~j ��¢�¬ �2�
��¦3S¤UWuHVY��UW}\rZV�}ZVYJHuWVYG"V�s3r¯LHVYJH�.nYr�Dqr\}
ovIK}Z}\U �HuWVY}�LHV © dIª�fg h�i~j SqIKs.opVYJ4r()�DFzYUWuWVYG"V�s3rËG"UWsHUWG
U{}ZVYXRuÊD¯)ÖIKsHz�r\UWIKs
z�I-þHr,}ZJHX � j VYs+JHrZUWufUW}�DFs�r�uÊDÔ)ÖIKXZG
JHuÊDFrZUfI�s(XZnYzYJHXZ}\U �KV1� ®$���ÿ j2Ä × � �   ´ �

ÿ j�Ä × � � ¬ �> Â� û j�Ä × ª â j � �   Ð © dIª�fg h�i~j ë ÓÓ j�Ä × � �   « ���|���
wyI�sHspDqUf}Z}�Dqs3rËuWV�}Z[3G��vIKuWV © dIª�fg h�i j S|uWVyopDFX�DFGE�Yr\XZV@LHJ.z|DFspDqu�VY}\rZUfG$n+ JH}���J('��OuB' UWr\n�X�DFrZUWIKs���VY}Zr�LHI�sHsHn�opDqX"�ÓÓ j�Ä × � �«  ´��

ø
����

�Ê  1 Õ ÿ j2Ä × � �«  ���|���



eHDqz�EvDFs�r���JHV$uÊD�)ÄIKsHzYrZUWIKs�zYI/þHr(LvDFsH}����j®2��VY}Zr���JpDqLHX�Dqr\U ��JHVKS
VYs J4r\UWuWUf}�DFs�rê���|�2�yV�r,L('ÇDFoHX��Y}"��®0�\S�IKs DE�

ÓÓ j�Ä × � �   ´ �
ÓÓ j�Ä × � � ¬ �> ñ� � � ¬ � � ü j2Ä × � �« ¨ �g h�i j ¨ �g �.i~j � �Ä�-ß��ü j2Ä × � �«  ´ ¨ g h�i~jÂ© d%ª«fg h�i j © j2Ä × � �  Â�°® ¨ g �.i~j&© dIª�fg �:i j ­ j2Ä × � �  �¤ �Ä�&�
�

�ËIKJHXOz�EvD���JHV.}\[�G��pI�uWV © dIª�fg h�i~j LpDFs4}�uÊD
}\n0�3J4VYsHzYV+LHV.r�DqUfuWuWVÌÎ0S
IKs�z¤DFuWzYJHuWV"L4VYJH�C�KDFuWVYJHXZ}(LHV�ü j�Ä × � �  \SRJHs4V
VY}\r
VYs4tKVYsHL4X\nYV+opDqX© dIª�fg h�i jA´ ¬ �+V�r u*'ÇDFJ4r\X\V+opDqX © dIª�fg h�i~j�´ ��S@zYVþ�3J4U�LHI�sHsHV LHV�JH��KDFuWVYJ4X\}�LHVýÓÓ j�Ä × � �« �#R~�s�J4r\UWuWUf}�DFs�r�u*' n8��JpDqr\UWIKs7���|���,VYr�uWVY}�LHV�JH��KDFuWVYJ4X\}�L4V ÓÓ j�Ä × � �« \SHIKs+ovVYJHr�z|Dqufz�JHuWVYX�LHV�JH���KDFuWVYJHXZ}�LHVéÿ j�Ä × � �« �#~�s45vs`S�IKs
JHrZUWufUW}ZV,uB' n8��JpDqr\UWIKs����¤�2�¯opI�JHX@rZX\IKJì�KVYXyuWV�zYI�VWV"zYUWVYs�r
zYI�G"oHuWVY��V�L4JYÝ>^_*`P_�rZX�D8+ VYr�LHJD]�^_=`a_�JHrZUWufUW}�DFr\V�JHX,#
� ���PV¾�YO�ÿØ�óÿ�VÑ��QPV³V(	
Wû��Oj��ÿ�	8�OþYV
m�DFsH}�uWVY}.}\UWG
JHuÊDqr\UWIKsH}¤SvIKs�D+zYI�sH}\UWLHn�X\n+JHsHV$ufUÊDqUf}ZIKs�G$IKs4�

r�Dqs�r\VD
�C+T�e��\��m�m D
��VYzD¥ ´ � ¶ JHrZUfuWUW}�Dqr\VYJ4X\}
VYr$JHs�t3DFUWsL(' nYr�DFuWVYG"V�s3r;É Ê ´�� £ì#23RV�},z|DFspDqJH�
}\UWG
JHuWnY}�}ZIKs�r�L4VY},z|DFsvDFJH�
LHV���D¤[�uWVYUWtKEµ6¸Ù ´�� rZX�D8+�V�r\}+LHV GE!YG"V$oHJHUW}\}�DFsHzYV&VYr+JHs
nYr�DFuWVYG"V�s3r�rZVYG"ovIKXZVYu�G DF��UWG"DFu-� `PÛ>Ü ´ � � � Ê #:3ËD1)ÖX\n8��JHV�sHzYV
m�IKoHo4ufV�X,G DF��UWG"DFu V�V�}\r�L4VÌ�jß-ß �"!KS�}ZIKUWr|S�ovIKJHX,J4sHV?)ÖX\n8��JHV�sHzYV
LHV
ovIKXZr\VYJH}ZV"LHV"�$#%�"!�SRJHsHV���UWr\VY}Z}\V$LHV
G"I��HUWufV�LHV"��ß2Þ�G÷�qE(#Ò s�}\JHoHovIK}ZV��3J4V uWVY}
ovDFX�DqG��YrZX\VY}.LHJûz|DFspDqu,sHV��KDFXZUfV�s3r.opDq}ovVYsHLpDqs3r�uÊD�LHJ4X\nYVÌÎ � � L4J"}\UWt�spDFuRoHUWuWIKrZV2#
m�DFsH}
uÊDî5ptKJHXZVDß��8�ÖD��YS�I�s G$IKs�r\XZV+uB' UWs'&pJ4VYsHzYV+LHJÔÎ }\JHX

u*' VY}\rZUfG+DFrZUfI�s(L4J"z|DqspDFu`DqUfs4}\U.�3J4VxuWV�sHIKG��HXZV�LHV�},nYr�DqtKVY},LHV�uÊD
}\rZX\JHz�r\JHXZV����\wJ#Ë��u5DqoHopDFX�D)(Wr"��J('ÇDFJ4zYJHsHV+DFG"n�ufUWI�X�DFrZUWIKs }ZUft�sHU%�5pz|Dqr\U �KV)LHV)u*' ~�X\X\V�JHX+*�JvDFLHX�DFr\U ��JHV�CùIF[KVYsHs4VÇ�Ä~,*�CD�$s(' VY}\r
zYI�sH}\r�DFr\n�V�DFJ�LHV�uòD>LHVóÎ ´ �.-�V�rY��JHV&LHVYJH��n�r�DFt�VY} ���\w
}\I�s�r(}ZJ£V"}�Dqs3rZ}
opI�JHX.uòDùzYIKs4�KV�X\tKV�sHzYV LHV$u*' ~/*xC°#@3`DE5pt�JHX\Vß��8���.��G$IKs�r\XZV(u*' UWs'&pJHV�sHzYV.LHJC)ÛDFz�r\VYJHXOL(' IKJ&�HuWU

�
}\J4X�u*' ~/*xC>S

IKs�zYI�sH}\r�DFrZVD��JHV+uòDþ�KDFuWVYJ4X(zYI�s4�KVYspD��HuWV+opI�JHXÍÎ ´ �.-&VY}\r
� ´ ¶ ¤�0�£&#�3F'Ç~,*�C VY}Zr�uòD G"IF[�VYsHsHV�}\J4XÌ� ¶2¶�¶ VY��nYzYJ4r\UWIKsH}�LHVu*'ÇDFuWtKI�X\UWr\EHG$V�L(' VY}Zr\UWG Dqr\UWIKs$LHV.uB'Ç~�XZX\VYJ4X1*�JpDqLHX�Dqr\U ��JHV.L(' VY}\rZUI�
G Dqr\UWIKsD�Ä~,*J�,LHn 5psHUWV�opDFX"�2"\ j ´�3

× Á Õ× Á ½ Ð ÓÓ j2Ä × ¬ Ó j2Ä × Ð ��#

5 10 15 20 25 30 35 40 45 50
0.01

0.1

0.5

M

E
Q

M

SIC Etage 1
PIC Etage 1
PIC Etage 2
PIC Etage 3

0.8 0.84 0.88 0.92 0.96 0.98
10

−2

10
−1

10
0

Lamda

E
Q

M

SIC Etage 1
PIC Etage 1
PIC Etage 2
PIC Etage 3

(a) (b)

4 ù 576 � ç
8:9:; 4 ù 576 � ç

8:9�;

�@lv�P��ß.�=<.>@?BAûæDCyÒ#½Z¾1áÊ·Y¾�Â�¿ÄÃ{·�¾ À�½FE ºH·�¸K»FG âIH$J K)L ÷<.>NM�AyæDCyÒ ½Z¾.áÊ·Y¾�Â�¿ÄÃ{·�¾"ÀK½"G ºH·Y¸�»OE âQPSR ã
e�JHX.uÊD�5vtKJHXZV �HSËIKs�n�r\JHLHUWV+u*' UfsT&pJHVYsHz�V
LHJ�sHI�G��HX\V.L(' UWr\n>�

X�Dqr\UWIKs4}�LpDFs4}�uÊD+}\rZX\JHzYrZJHX\V e��\w����,�Á�ó~ØDFUWsH}ZUG��JHV
u*' V>9RVYr�LHV
u*' VY}\rZUfG+DFrZUfI�s�L4J z¤DFspDqu�}ZJHX
uWV L4nYr\VYz�r\VYJHX+G
JHuWrZUI��JHrZUfu UW}�DFrZVYJHXZ},#

3F' JHr\UWuWUW}�DFrZUWIKs�L¾' J4s�X\nYz�VYoHr\V�JHX�e��\w����,����~ D
��VYzyzYIKsHsvDFUW}\}�DFsHzYV
ovDFX*)�DFUWr\V�L4J�z|DqspDFu�zYI�sHLHJHUWr"6$LHVY}�ovVYX*)ÖI�X\G+DFsHzYV�}xo4X\I�z�EHVY}�LHV
z�VYuWufV�}@I2�HrZVYs�JHVY}@ovIKJ4X@JHs.X\nYzYV�oHr\VYJ4X��,����~)VYs.oHXZnY}\VYs4zYV�L(' JHs
J4r\UWuWUf}�DFrZVYJHX�J4sHU �3J4VKSvUB# V2#v}�DFsH}����xC � 5vt�#R�
zYI�JHX��vVY}�' �@� '~��SpI�s
I��H}\V�X��KV.JHsHV
ovVYXZr\V
LHV.}\VYJ4ufV�G"VYs�r��2¤~£�U'V0uWUWnYV�6$u*' VY}\rZUWG DFrZUWIKs
L4J�z|DFspDqu�ovIKJ4X(JHsý�"2WV ´ £ì¤ � ¶ ¼ X SËzYV���JHUyVY}\r"DqzYzYVYo4r�D��4ufV
ovIKJ4X,JHsHV�LHnYrZVYzYr\UWI�s zYIKE4nYX\VYs�rZVY�«5pt�#H�.zYI�JHX��vVY}�' �8'~�8#

0 2 4 6 8 10

10
−3

10
−2

10
−1

single user Perfect
single user Estimation
Iteration 1 Perfect
Iteration 1 Estimation
Iteration 2 Perfect
Iteration 2 Estimation
Iteration 4 Perfect
Iteration 4 Estimation

2 � Î,É Ã

� ´ ¶ ¤�0�£Î ´ �Y-

Z[
\

�@lv�P�H�ì�^]R»\½ZáÊ·Y»\È�Á�¾3Â�½�¹�Àq¸ À�¼�¿�½�Â�¿�½Z¸K»�ÔKÝÄÞ,_�Ü,`ba,æ�ã

�c�bd��P��Q,þ��GQPV
e�fNg"h.ikjljnmpo)ibq�rpsut,qwv�iOfSq�oYx)y{z�|S})~��)��|S�)}^���Y})�)��|S�{~������
���k�,�Nqm'z:�N�)�)~���|S�)y{z�x��Sy@���Sh.ikjlj��.mpo��S�Yq �Yf�h,����q h)q �)�)f:�S�����7�)qe���g"�lq �bq,rp|S�@���)�@�@z:�'�wmkq ��q,�B~��%�u|S�)}+s,q �lq������)|S�)�{���'q�s���|S�@y{~����|S���Sz��)y{|�~���|Sx)x)y@�S|S�N� �{�+�@�)�:��z:�@�{~���z�~��Y�{z�y7¡
z:y@z:�)��z���|S�)�:z�����|S�{~����+~��¢ �k£%s,qw¤@¥w¥l¥n¦Y§{¨�©)ªN«­¬�©�®�¬�¯b¯b«°�.±�²)�{f��N³�f:±Y��´�fµ��fS�:��|S�Y�)|Sy@¶����S���)qe h�g"£·qBsu����|Sy���mkq ¢ �)���)|µ��z:�'|S�)}�o$q�oY|S�S�)})~
q,su�{¶Y�)�N�)y{���)�S�)�����)���@~ ��@�{|S��z­oY¸ ¢ })z:�@z:�:�@�Sy ¡¹�Sy'�,o�� ¢ �D£%s^�@¶.�@�@z:�������Sz�y'���)���@~�x)|S�@��¡¹|�})~��)��N�)|S�)�)z����:q�¸º��¦'»S¼�§{½�¤{¥l¥w¥ ¾.¿$ÀDÁW®Â�$mB|�~�Ãw|S�'�Y£%|Sy{�N�%���S�)f�qe ±�g"Äp~�x)~��WoY|S��~
qwoY~��b�)��|S�@~��S�b��¡wrp|�¶Y��z:~��S�b¡
|S})~��)� ¢ ��|Sy@ÅSz�Æ �����.})z��)�)�{~��)��@x�z:���{y@�)�n�{�)|Sx)~��)� q�m'z:�N�)�)~��:|��)y{z�x��Sy@�:�SvÇ~��)��|S�'�)f:�S��²)qe���gÈ�Yq ¢ �)��~
qp£%�)���{~�x)|S�@� ¢ �k£%sÉ�N�)|S�)�)z���z:�@�@~���|S�{~������Y¶bÊ{�S~��Y�{��¶b�)�@~���~ ��@~��)�,x)~����S�l|S�)}��{y@|�Ë��p�N�)|S�)�)z����:q$¸7�"¤{¥l¥�¿Ì§Í¬ÏÎ{Ð@Ð{½Ñ¼°©.Ò�ªÈ®�¬µ¯�¯b«°�)�S�S�
qf:±SÓ �.x)|S�Sz��wh fµ��´.h)f�²)�ÑÔu���{�S�$z:yuf:�S�S� qe Ó�g"Õ,qSru�S�'�:v qµÕu�S�)�S¶Y�'�:Õ,qSsu~�x)~��)�p|S�)}�iOqµvWz�~�Å�|S�)�)q.oY�@�)})¶p�S�b�N�)|S�Y��)z:�'z��{�@~���|S�@~��S��x)|Sy@|S��z:�@z:y@�w�Ñ¡­v ¢ �k£%s,q,¸7�Ö®�¬�¯�¯b«�¦)Ð@ÎN»S©B¬µ×Ø¬ºÒ�Ù¿Ì§Í¬NÎ@Ð{Ð@½�¼�©.Ò�ªN�'�S�S�
q�f��.x)|S�Sz��­Ú�����´�Ú�hY�Y�Ñ�Ñ�S�S�)qe�Ú�g"�bq j�q Û�z�y{�@�{z�Å�|S�:q�Ü/Ù�©�¨�¯�¼
ÎkÝ)§Í¬ºÒ�§{¨�¯b¯b¼°©.Ò�Þ,½SÐÏß7ÐN§N¯b¼°©)¼°ªNß
¼
ÎNª�¨�©�½�ªNß{¬�àÎ@¨�ªNß
¼¹Î/¯á¬Ï½SÐN× ªNq�jwy@z:�Y�{~���z�Õp|S���'¸7�)���)f:�S².Ú�qe ²�g"£·q)sp����|Sy��Smkq ¢ �)�S�)|��Sz��)|S�)}"o$q�oY|��S�)})~
q�£%�)���{~ �7�@�{|��SzpoY¸ ¢ �{�@y@�)�N��@�)y{zÂ¡¹�Sy'�)x)��~��)Å�âu£Èmpob�b�)���@~��)�{z�y)y{z��:z:~���z:y)���Sz:y'�b�)���{~�x)|��{��y@|�¶.��z�~��S��N�)|S�)�)z����:qY¸7�O¥l¥l¥äã)ÐÏ»S¼¹ÎÏå.×�¨�§"¦)Ð@ÎN»S©B¬�×°¬7ÒÑÙ�®�¬�©:æN«�ç,ã�¦w®kè é�ê�à7¾SÝ)§N¼�©.Ò��rp�)�Y})z:���.iky@z:z��:zS�S£%|�¶"���S� fSqe ��gÈibqSëu�)zS�S�YqSvWz:�)� � mkqµ�'zN�7tu�S�.��|��)}Oo$q�m'|S�)|Sy�q�s�})|�x)�{~��Szl�b�)���{~��@�{|��Szx)|Sy@|S����z:�)~��Y�@z:yº¡¹z:y@z:�)��z��:|S�)��z:����|S�@~��S�/¡¹�Sy ¢ �k£Ès/qD¤@¥w¥l¥nì�¬�å.§N©�¨Ñ×­¬�©¾�ÐN×�Ð@ÎNß7Ð{½�Àu§{Ð{¨Ñª�¼�©í®�¬�¯b¯�«��Bf�ÚY³.x)xîf:²)fµ���{�SÚ��ÑÔu�:�@�S�$z:yuf:�S�S�)q


