
HAL Id: inria-00074014
https://inria.hal.science/inria-00074014

Submitted on 24 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.

A New Methodology for Observer Design and
Implementation
Ramine Nikoukhah

To cite this version:
Ramine Nikoukhah. A New Methodology for Observer Design and Implementation. [Research Report]
RR-2677, INRIA. 1995. �inria-00074014�

https://inria.hal.science/inria-00074014
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A new methodology for observer design and
implementation

Ramine Nikoukhah

N 2677
October 1995

PROGRAMME 5





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

"'��(����)�*�)����&)�#"��+�

,�-/.1032�4657038:9<;�8>=�-/=

?�@BADC�@FEHG7G�I�J�KML�@FEHNPOBI�G�I�QROTSVU�WXNPCDQ<EHY[Z\E]UVOXA�G^E]OXNP_RUVI�I�Oa`/@XARSVUVb�OBNP_\U/I
?�@XAdceI�Oaf�I�OgEDh

iaE]`V`<AD@XOTSVI�@BI�bgjVI�@BbFj/IkQ�l\h�mDn�n)Kpo!b�OBADq<I�@%rdsDs�J)Kph�J�`<EHCDI$W

t+uwv$xzyH{}|Hx�~aoaq/WXI�@B�DI�@BW�EH@BI�UVWBU}EHYPYP�!�3AD@BG%UVY�EHOBI�S�E]W#I$�\`/Y�NPb�NPO�WX�RWXOBI�G�W�AH�}SVN��:I�@XI$Q\OBN�EHYVI�_RU}E]OXNPADQ/W#EHQ/S
NPG�`/Y�I$G�I�QROXI$S%UVWXNPQVC�WXOgEHQVS}E]@XS6o)�)��WXA�YP�DI�@BWd���[Q7OXjVNPW�`}E]`}I$@dZV�TIaWBjVAH��OXj}E]O�OBjVI�@XI�bdEHQ�q<I�E]SV�DEHQ��
OgEHCDI$WaNPQ7�3AD@BG%UVY�EHOXNPQVC�OXjVI�A�qVWXI$@X�DI$@�EHW)E%���)�����!N��:I�@BI�QROXN�EHY��[�aYPCDI�q/@FEHNPb���_RU}E]OXNPADQ}�$����bdEHQVA�QVNPbdEHY
�	����ADqVWBI�@X��I�@aNPWT`V@XA�`}A�WXI�S�EHQVS7N�OTNPW�WXjVAH��Q7OXj}E]O�NPO�bdE]Q�q}I)NPG�`VYPI�G7I�QROXI�S%U/WXNPQVC�WXOFE]QVS}E]@XS6���)�
WBADYP�DI�@BWd��L�jVIa�	����NPG�`/Y�I$G�I�QROFE]OXNPADQ!AH�>OBjVI�ADqVWBI�@X��I�@TbdEHQ%q<Iab�A�QVWXNPSVI$@XI�S7@XI�CREH@XS/Y�I$WXWTAH�:OXjVI!SVI�WXNPC�Q
`Vj/N�YPA�WXAD`/j\�7UVWXI$S���I��ROXI�QVS/I�S�YPN�Q/IdEH@BN��zEHOXNPA�Q>Z} ¡�\EH`/UVQVAH��q<EHWXI$S>Z: :NPI�EHYPC�I�qV@FE]NPbDZ����P�¢���T£�I�`/@XI�WBI�QRO�E
WBN�G7`VYPI�SVI�WBN�C�Q�WXOX@gEHOBI�CD�7�3A�@�OBjVNPW�bdEHQVA�QVNPbdEHY:���)��ADqVWBI�@X��I�@aq}E]WXI�S�A�Q�OXj/I�I��ROXI�Q/SVI�SR�[YPN�Q/IdEH@BN��zEHOXNPA�Q
G7I�OXjVARS>�

¤P¥%¦§[¨[©zª ¦§�«V¬P¨[­�®�¯

Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

Téléphone : (33 1) 39 63 55 11 – Télécopie : (33 1) 39 63 53 30



� �+���+���%���a�$��� � ���� 
���
�� 
^�����%�����a(7��"��%���	�

��B"z��(��	��)�������#&)��"��+� 
��X������������&)���
�%�

�
�� v������� ~���E]QVW�b�I�@gEH`V`<AD@BOdZ/ADQ�G�A�Q\OB@XI!_\U�� NPY:`<I�UVO��I�OX@BI�Ez�DEHQROFE]CDI�U/�%SVI)�3A�@XG%UVYPI�@TYPI�`/@XADq/Y��I$G�I
SVI7Y�� A�qVWXI$@X�DEHOBI�UV@�WXA�UVW�Y�E7��AD@XG7I�S�� U/Q�WX�RWXO��I�G�I7N�G7`VYPNPb�NPOXI�`}E]@XOBN�b$UVYPN�I$@�_RUVNT`}I$UVO��I$OX@XI�@��I�WXA�Y�U�`}EH@
YPI�W!WXADYP��I�UV@XW�I$�\NPWBOFEHQROBWd� �TI$OXOXI��3AD@BG%UVY�EHOXNPA�Q�NPG�`VYPNPb�NPOXI�`<I�UVO��I�OX@BI�b�ADQ/WXNPS!�I�@��I�I�NPQVS!�I�`<I�QVS<EHG�G7I�QRO�SVI
Y�E�OBI�bgjVQVNP_RUVI6SVI�b�A�QVb�I�`VOBNPADQ UVOBNPY�NPW��I�I ��YPNPQ!�IdE]@XNPWFE]OXNPADQ"�I�OBI�QVSVU/IDZa :�REH`VU/QVAH�:Z�QVADQVYPNPQ!�IdE]NP@XIDZP�P�P� �$��o!Q
`V@��I�WXI$Q\OBI�UVQVI)WBOX@FE]O��I�C�NPIaWXNPG7`VYPI�`}A�UV@�Y�E)b$ADQVWBOX@XU/b�OXNPADQ�S#� UVQ%A�qVWXI$@X�DEHOBI�UV@�NPG�`/Y�NPb�NPOBI�S}E]QVWTY$� A�`VOXNP_RUVI
SVI�Y E�YPNPQ%�IdEH@BNPWFEHOBNPADQ&�I�OBI�QVSVUVI��



���������	��

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

/ 0 ���>����
 ���T�#"��+�

£�I�b�A�QVWXNPSVI�@�OBjVI6`V@BADqVYPI�G AH��ADq/WXI�@B�DI�@7SVI�WXNPC�Q1�3AD@%G%U/Y�OBNP�DEH@XN�E]qVY�I%QVA�QVYPNPQVIdEH@%WB�RWXOXI$G�W%��NPOXj21
NPQV`VU/OXWaEHQ/S43�A�UVOX`/UVOXW�SVI$WXb�@BN�q<I�S�qR�

56 7 8 � 6:9�; � �Xr���rz�
< 7 = � 6 ��> �Xr�� h��

L�jVI WXOFE]OXI 6 NPW�EHWBWXUVG7I�S1OXA�q}I$Y�A�QVC�OXA E]Q1AD`<I�Q1WXI�O@?BADC EGF E]QVS1N�Q/`VUVO ; OXA E]Q�A�`}I$Q�WBI�O
HIAJC ELK%�6£�I�E]WXWXU/G�I%OXj<EHO 8 E]QVS = EH@BINMPO���I�b�OBAD@�Q}I�YPSVW�ADQRC ELF�EHQ/SRC ETS:Z�E]QVS�OXj}E]O�OBjVI	3
G7IdEHWBUV@XI�G7I�QROXW�NPQ �BrD�¢hD�TEH@BI�NPQVSVI�`<I�QVS/I�QROd�
L�j/I�`/@XADq/Y�I$GkAH��ADqVWBI�@X��I�@aSVI$WXNPCDQ7b�ADQVWBNPWXOXW!AH�:Q}QVSVNPQVC%E�WBbgjVI�G�I!�3A�@�@BI�b�A�QVWXOB@XUVb�OBNPQVC�OBjVI)WXOFE]OXI

6 q}EHWBI�S�A�Q�`}E]WXO�E]QVS%`V@XI$WXI�QRO��-URQVAH��Q�E]QVSWV]AD@�G7IdEHWBUV@XI�S<���DE]Y�U/I�W�AH�:OXj/IaNPQV`VUVO ; E]QVS%OXj/IaADU/OX`VUVO
< � L�jVNPW�`V@XA�qVYPI�G j}EHW%q<I�I�Q1I��ROBI�QVWXNP��I�YP��WXOXU/SVNPI�S1N�Q�OXjVI7`}EHWBOdZ q}A�OXj���AD@�Y�NPQVIzEH@%EHQVS�QVA�QVYPNPQVIdEH@
WB�\WBOXI�G7Wd� L�jVI�@XI�EH@BI�I�WBWXI�QROXN�E]Y�YP��O[��A�EH`V`V@BA\E]bFj/I�W�OBA6OXj/I�`V@BADqVYPI�G AH�aWBOFE]OXI�@BI�b�A�QVWXOB@XUVb�OBNPADQ��3AD@
QVA�QVYPNPQVIdEH@�WX�RWXOBI�G�Wz���[Q�OXjVIXQ}@BWXO%EH`V`/@XA\E]bgj>Z>��j/N�bgj�NPW�E�Q<EHOXU/@FEHY I��ROXI�QVWBNPADQ A]�aYPN�Q/IdEH@)ADq/WXI�@B�DI�@BW
E]QVS%NPW#��I�@X��b�A�G�G�A�QVYP�aEHSVA�`VOXI$S6�P�3A�@#I$��E]G�`VYPITWXI�I�OBjVIaOBI�bgjVQVNP_RUVI�W�`/@XI�WBI�QROXI�S�NPQ�OBjVI�b�A�G�`}E]@FEHOBNP�DI
WBOXUVSV�%A]�ZYPrdJ [3��Z�OXjVI!ADqDcgI$b�OXNP�DI!NPW�OBA�b�ADQ/WXOX@BUVb�OaE)��I�b�OBAD@TQ}I�YPSN\�WBUVbgj^OBj}EHO OXjVI!WXADYPUVOBNPADQ �6 ��]F��A]�>OXjVI
A�qVWXI�@B�DI�@

5�6^7 \:� �6:9�;:9_< � �Xr�� `��
b�A�QR�DI�@BCDI�W�OXA�OBjVI6OB@XUVI��DEHYPUVI�AH��OBjVI6WXOgEHOBI 6 ��NPQ1WXA�G�I�SVI�WBNPCDQ G7I�OXjVARSVWzZ�\ bzEHQ�E]Y�WBA�SVI�`<I�QVS
A�Q OXNPG7I E]QVSWVHA�@�OXj/I%SVI�@XNP�DE]OXNP�DI�W�AH� ; ���6L�j/I^EHS/�DEHQROFE]CDI�AH�aOXj/N�W�EH`V`V@BA\E]bFj�NPW�OXj}E]O��Xr��a`D�)NPW�E]Q
I��R`VYPNPb�NPO�WX�RWXOBI�GMEHQVS�bdEHQ1q<I�WXADYP��I�S UVWBNPQVC WBOFE]QVS}EH@BS o��)� �3o!@BSVNPQ}EH@B� �aN��:I�@XI$Q\OBN�EHYa��_RU}E]OXNPADQ}�
WBADYP�DI�@BWd�7L�jVI%ADOBjVI�@�E]`V`V@BA\EHbgj�OXA�ADq/WXI�@B�DI�@�SVI�WBN�C�Q�NPW�OBA6�TAD@bU SVNP@XI�b�OBYP�6��NPOXj�WX�RWBOXI�G I�_RU}E]OXNPADQVW
�BrD�Prd� �e�BrD�¢hD�$Z�I�NPOXjVI�@���AD@XG%U/Y E]OXNPQVC�OXj/I^I$WXOXNPG�EHOXNPA�Q�`V@XA�qVYPI�G EHW%E QVADQVYPNPQVIdE]@ E]YPCDI�qV@gEHNPb�WB�RWXOXI$G A]�
I�_RU}E]OXNPADQ/W���jVNPbgj�G%UVWBO�q<I�WBADYP�DI$S�`}I�@BNPA\S/N�bzEHYPYP�6UVWXNPQVC �3AD@�I$��E]G�`VYPIXcaI���OBADQ#� W�G7I�OXj/A\S ��WXI�I+�3AD@
I��VE]G�`VYPIdYPrdh [3��ZRA�@���AD@XG%U/Y E]OXNPQVC!N�O�EHW�EHQ�A�`VOXNPG�NP�dE]OXNPADQ�`V@XA�qVYPI�GkAH�DI$@�WBADG�I!WXYPNPSVNPQVC#Q}Q/N�OBIajVA�@XNP��A�Q
��jVNPbgj�NPW�EHCREHNPQ%WXA�Y���I�S�`<I�@BN�ARSVNPbdE]YPY��@YPrDr![ ��L�jVNPWTWXI�b�A�QVS6EH`V`/@XA\E]bgj�j}E]W�G�EHQR� E]SV�DEHQROgEHCDI$W�q}I$bdEHUVWBI
NPO>NPW�QVADO�b�ADQVWBOX@gEHNPQVI�S�qR��OBjVIXeFEH@BOXNfQ}b�N�E]Y
g�@BI�_RUVNP@XI�G7I�QRO>OBj}EHO�OXjVITWXA�Y�U/OXNPADQ)q<I�I��R`V@BI�WXWBI�S%NPQ�OXj/I��3A�@XG
�BrD�a`D� hROXjVI�S/@FEz��q}E]b�U%NPW�OBj}EHO�NPO�@XI$_\U/N�@BI�WaS/I��DI�YPA�`VG�I�QROTAH��WX`<I�b�NfQ}b�b�ARSVI��3AD@�NPOXWTNPG�`VYPI�G7I�QROFE]OXNPADQ>�
�[Q%OBjVNPW�@XI$`}A�@XOdZ/��I�`/@XI�WBI�QROaEHQ�EHYPOBI�@XQ}E]OXNP�DI�OBA�OXj/I�WXI)O[�TA�EH`V`/@XA\E]bgjVI�Wd���[Q%`<EH@XOBNPb�UVY�EH@zZD�TIaWBjVAH�

OBj}EHO�OBjVI�@XI�bdEHQ7q}I�EHS/�DEHQROFE]CDI�WTNPQ%�3A�@XG%UVY�EHOBNPQVCaOBjVI)ADqVWBI�@X��I�@�E]W E]Q�NPG�`VYPNPb�NPO���SVI$WXb�@BN�`/OXAD@g��WB�\WBOXI�G
��jVNPbgj�bdE]Q�OBjVI�Q�q<ITWXADYP��I�S�UVWBN�Q/C�Ea�	�������!N��:I�@BI�QROXN�EHY��[�aYPCDI�q/@FEHNPb���_RU}E]OXNPADQ}�¡WXA�Y���I�@d������I�Q�OXj/ADUVC�j
OBjVNPW�G7I�OXjVARS%NPW�b�YPA�WXI�@TNPQ%WX`VNP@XNPOTOXA�OBjVIaWBI�b�A�QVS6EH`V`V@BA\E]bFj%S/I�WXb�@BNPq}I�S�EHq<AH�DIDZ�q}I$bdEHUVWBI�������WBADYP�DI$@XW
b�A�G�`VU/OXI�OXj/IaWXA�YPUVOXNPADQ�AH�#E]YPCDI�qV@gEHNPbTI�_RU}EHOBN�A�QVWTq\�XcaI$��OXADQ%NPOBI�@FE]OXNPADQVWTEHO�I���I�@X�%OBNPG�ITWXOXI$`>ZRNPO�SVARI�W
QVA�O�@XI�_RUVNP@BI�EHQR�%b�UVWBOXA�G�b�ARSVI)SVI��DI$Y�A�`VG�I$Q\Oz�
�!YPY�AH��NPQVC�OBjVI�A�qVWXI�@B�DI�@7OXA�q}I�EHQ�N�G7`VYPNPb�NPOaWX�RWBOXI�G `V@XAH�RNPSVI�W%EHQ1EHSVS/N�OBNPADQ}E]Y�SVI�C�@XI�I6A]���3@XI$Ig�

SVA�G ��j/N�bgj�NPWaUVWBIg�3UVY�@XI�CREH@BSVYPI�WXW)AH��OXjVI�ADqVWBI�@X��I�@)SVI�WXNPC�Q6G�I�OBjVARS�UVWBI�S1��I��ROXI$QVSVI�S�YPN�Q/IdEH@BN��zEHOXNPA�Q>Z
 ¡�\EH`/UVQVAH��q}EHWBI�S>Z: :NPI��!YPCDI�qV@gEHNPbDZP�P�P� �$�T£�I�WXj}E]YPY:�3ARb�UVW)A�UV@�E]OXOXI$Q\OBNPADQ6A�Q6I��ROXI�Q/SVI�SR�[YPN�Q/IdEH@BN��zEHOXNPA�Q
G7I�OXjVARS%EHQVS%`/@XAD`<ADWBIaE!WXNPG�`VYPITWXOB@FEHOBI�CD���3A�@#OBjVI�SVI�WBNPCDQ�EHQ/S%N�G7`VYPI�G%I�QROFE]OXNPADQ)A]�¡E)���)��ADqVWBI�@X��I�@
q}E]WXI�S ADQ�OXjVNPW�G7I�OXjVARS>�
�[QRi�I�b�OXNPA�Q�hVZ��TI%`V@BAD`<ADWXI6E�bzEHQVA�QVNPbdEHY����)��ADqVWBI�@X��I�@�EHQVS�WBOXUVS/��WXADG7I%AH��NPOXW�`V@XA�`}I�@BOXNPI�Wz�

���ROBI�QVSVI�S�� YPNPQVIdE]@XNP�dEHOBNPADQ E]`V`V@XAREHbgj6NPWaU/WXI�S�NPQjiRI�b�OBNPADQj` �3AD@�SVI$�DI�YPAD`/N�Q/C^E�G�I$OXjVARS��3A�@�bgjVARADWXNPQVC

k:kmlon�p_q�r r



� ����� $����	�
����&��

OBjVI6`}E]@FEHG7I�OXI$@XW%AH�)OXjVNPW��	����ADqVWBI�@X��I�@�OBA G7I�I�O%QVI$I�SVI�S `<I�@ �3AD@BG^EHQ/b�I6EHQVS�WXOFE]qVNPYPN�O[��b$@XNPOXI�@BN�EV�
iRI$b�OXNPADQ���NPW�SVI���ADOBI�S6OXA�NPG�`VYPI�G7I�QROFE]OXNPADQ�NPWXWXU/I�Wd� �aQ�I��VEHG7`VYPI�N�W�`/@XI�WBI�QROXI�S�NPQ i�I�b�OXNPA�Q J/�

� 
 �!���T�w"$(������ �����T� ����&)�#"$�%� ������
�� �������������	�

iR�RWBOXI�G �BrD�Prd� �e�BrD�¢hD�¡NPW�E)������NPQ 6 � ; EHQVS < EH@BI�WXUV`V`<ADWBI�S�OBA�q<I�U\Q/AH��Q}����L�jVNPW�AH�DI$@[�[SVI�OXI$@XG�NPQVI$S
����U/Q�URQVAH��QVWdZ����X3�I$_\U<EHOXNPA�QVWF���	����SVI$WXb�@BN�q<I�WaE]Y�YROBjVIab�A�QVWXOB@FE]N�QROBW���N�Q��3AD@BG^EHOBNPADQ}�<OBj}EHO��TI�j}Ez��I
�3A�@�b�A�QVWXOB@XUVb�OBNPQVC �6 �7L#A�G�E�UDI�OXj/N�W�������NPQROXI$CD@FE]qVYPIDZ���I%bdE]Q�SVA6@BI�Y�EH�VEHOBN�A�Q qR��NPQ\OB@XARSVUVb$N�Q/C E
`R�[SVNPG�I$QVWXNPADQ<EHY<�DI�b�OBAD@�����]F�	N�QROBA�OBjVNPWa�����	�VoaQ/I�� Ez�%OBA%NPQ\OB@XARSVUVb$I�� N�WaE]WT�3ADYPYPAH��W��

5�6 7 8 � �6 9�; �����:���<� �3h/��rz�
� 7 <�� = � �6 ����� �3h/� h��

L�jVNPW����)��NPW���I�@X�%WB`}I$b�N�EHY:q<I�bdEHU/WXI)��I)bdE]Q�IdE]WXNPYP��WBADYP�DI	�3AD@���NPQ��3hV�¢h���EHQVS%WBUVqVWBOXNPOXUVOBI�OXj/Ia@XI$WXUVYPO
NPQ��3h/��rz��A�qVOFE]NPQVNPQVC E]Q6o��)��hROBjVI�@BI�WXUVYPO!N�WaE]Q�ADqVWBI�@X��I�@aA]�#OXj/I)�3AD@BG �Xr��a`D����L�j/N�W�b$ADQVWBOX@XU/b�OXNPADQ N�W
UVWBI�S ��I��DI�Q�OBjVADUVC�j�N�OTNPW�Q/ADO�`V@BI�WXI�QROBI�S6OXj/N�W���Ez�V��NPQ7G�ADWBO��3UVYPY��[AD@XS/I�@�A�qVWXI$@X�DI$@aSVI�WBNPCDQ�G�I�OBjVARSVWd�

i�A}ZV�TI)WXI�I�OXj<EHO�NPQROX@XARSVU/b�NPQVC � E]W�NPQ ��hV�Prd� �e��hV�¢hD� YPIdEHS/WaOXA%OBjVI�UVWBU}EHY�I��R`VYPNPb�NPOT�3AD@BG%UVY�EHOXNPA�Q�A]�
OBjVI�A�qVWXI�@B�DI�@z���[O�N�W)WBUV@X`V@BNPWXNPQVC6OBA6WXI�I7OXj}E]O)@XI�Y�EH�VE]OXNPADQ�NPW�NPQROX@BARSVUVb�I�S�NPQ��BrD�¢hD�$Z:WX`<I�b�N�EHYPYP�6N���OXjVI
G7IdEHWBUV@XI�G7I�QRO�Q/ADNPWXI�NPW�WBG^EHYPY[ZHWBN�Q/b�I�OXj/N�W�I$_\U<EHOXNPA�Q^C�NP�DI�WTSVNP@XI�b$OXYP��OXjVI��DE]YPUVIaA]�wE�`V@BAdcgI�b�OBNPADQ6A]� <
E]QVS6b�A�QVWXOB@XUVb�OBNPQVC EHQ �6 OXj}E]OaWgEHOXNPW Q}I�W�OBjVNPWaI�_RU}E]OXNPADQ6NPW!N�Q�C�I�QVI�@gEHY�QVA�Oa��I�@X��SVN"!�b�UVYPOz�GiRA�YPI�O!UVW
QVA�O�NPQ\OB@XARSVUVb$I#��NPQ �BrD�¢hD�TEHQVS�b�A�QVWXNPSVI$@aOXj/I��	����ADq/OFEHNPQVI$S���@XADG �3hV�Prz��E]QVS

� 7 <��R= � �6 � > �3h/� `��
�[OTOXUV@BQVW�ADU/O�OBjVNPW��3A�@XG%UVY�E]OXNPADQ)NPW�b$Y�A�WXI�YP�%@BI�Y�EHOXI$S�OXA�@XI$SVUVb�I�S�� A�@XSVI�@!ADqVWBI�@X��I�@XWz�TL�jVIaNPQVSVI$�%AH�>OXj/N�W
�	��� N�W)EHO!Y�IzEHWXO)h�EHQVS6bzEHQ6q<I E]@XqVNPOB@FEH@BNPY��7Y�EH@XC�I���NPQVS/I��6AH��E����)�1NPWaOBjVI�QRUVG%q<I�@!AH��OXNPG�I$Wa�TI
QVI$I�S6OXA�SVN��:I�@XI�QROBN E]OXI)OXj/I�E]YPCDI�qV@gEHNPbaI$_\U<EHOXNPA�QVW�OXA�ADqVOgEHNPQ^E]Q^o)�)��ZRWXI$INY¢J [��$�>L�j/N�W�bzEHQ�G�E�U�I�OXjVI
WBADYPUVOXNPA�Q��DI$@X��WBI�QVWBN�OBNP�DI)OXA�QVADNPWBI���WBI�I����VE]G�`VYPIahV�a`���h�OXjVNPWTAH�#b$ADUV@BWXI�NPW�E��TI�YPYPURQVAH��Q%`V@XA�qVYPI�GkA]�
@BI�SVUVb�I$SR� A�@XSVI$@aADq/WXI�@B�DI�@BW	Y¢m [X�>�[Q+� EHb�OzZDNPQ7CDI�QVI$@FEHY[Z�OXjVNPW����)��bdEHQVQ/ADOTq}I)WXA�YP�DI�S%qR�%I��RNPWXOBN�Q/C����)�
WBADYP�DI�@BWaq<I�bdE]UVWXIDZ¡I��DI�Q OXjVA�UVCDj6@BI�b�I�QROBY���`<AH��I$@[�3UVY����)�1WXA�Y���I�@XW!j}Ez�DI)q<I�I�Q�SVI���I�YPAD`<I�S��3A�@�N�Q/SVI��
h�E]QVS%NPQVSVI��X`)WX�RWXOBI�G�WzZDOBjVI�ADQ/Y���bdEHWBIa��jVI�@BI��	����WXA�YP�DI�@BW�SVA�QVA�O�@XI�_RUVNP@XI!OXj}E]O�OXj/I�WX�RWXOBI�Gkj}Ez��I
E]Q\��WB`}I�b$N E]Y�WXOX@BUVb�OBUV@XI�EHQVS6�TAD@ U6EHWa@BI�YPN�EHqVYP�^E]W�o)�)�1WXA�YP�DI�@BW�S/A}Z<NPWaOXj/I�NPQVSVI$� r)bzEHWXI��)�[Q�� EHb$OdZ
��j}E]O�@XIdE]YPY��%G�E�U�I�W�OXj/I��	��� �3hV�Prz�����3hV�¢h���OX@gEHb�OgEHqVYPI)NPW�OXj}E]O�NPOTj}EHW�NPQVSVI$�6r%$\SVN��:I�@XI�QROBN E]OXNPQVC��3h/� h��
A�QVb�I��RNPI�YPSVWaEHQ�o)����NPQ
�6 EHQVS&�'$^EHQVS�QVA�O�NPOXW�WB`}I$b�N�EHY:��AD@XG��

(*),+ -/.10%230�4,56.87:9�;=<>23?%@BADC�E*ADC
�[Q �3AD@BG%UVY�EHOBN�Q/C�OBjVI����)� A�qVWXI�@B�DI�@zZ>�TI�Y�N�U�I�OXA�NPQROX@XARSVU/b�I%OXjVI�@XI$Y E]�VEHOXNPA�Q6�DEH@BN E]qVYPI#��NPQ WBUVbgj E
��Ez��OBj}EHO OXjVI!N�Q/SVI���AH�>OXj/I�@XI�WBUVYPOXNPQVC%������S/A\I$W�QVA�O�I��Rb�I�I$S r	��N�OBjVADU/O#NPQROX@BARSVUVb�NPQVC#�7NPQROXA%�Xr��¢hD���
F � ����{HGJILKNM ���T�����-�����o$)���PO���Q ��& �d$-�����SRUT
V

5�6 7 8 � �6 9�; ��� =XW � �6 ��Y 5�P�=ZV� ; 9 �6P9 � 9 ]F� �3h/� �R�
� 7 <�� = � �6 � �3h/� J��

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� �
� ����� � 8 &���� = &�� � ����� ���_�^&�� $)���ST � T������ T �
	 ��� = W ��������
,� � 
����
� &��_����$-&�� �	&�
 � $�R����� W &���� Z $��G&����
� � ����
,$-��� � ��$����@�X&�� ��� * �����@��� ; � �6 � � &����N
,$-�X� �

c!ADOXI�OBj}EHO%EHYPYPAH��NPQVC Z�OBA SVI$`}I�Q/S�A�Q < SVARI�W%QVA�O�NPQVb�@BIdEHWBI�OXjVI�CDI$QVI�@FE]YPN�O[��AH�aOBjVI7�3AD@BG%UVY�EHOBN�A�Q
q<I�bdE]UVWXI <d7 = � �6 �$��)y�������~��T��SVN�� I$@XI�QROXN�E]OXNPQVC��3hV�¢J���ZR�TI�A�qVOFE]NPQ��

= W � �6 � 5�6^7 5< �3h/� m��

��jVNPbgj�b�ADG%q/N�Q/I�S���NPOXj��3h/��r �D� �RN�I$Y�S/W�OXjVI����)�� C �G= W � �6 � Y
= W � �6 � � � � 5�6 5� � 7

� 8 � �6 9_; ���=ZV� ; 9 �6:9 � 9 ]F�
5< � > �3h/� n��

�TUVO�OXj/N�Wa�	��� N�WTNPQ%� E]b�O�EHQ^o)�)��q}I$bdEHUVWBIDZ<OXj}E]Q�URW�OBA�OBjVI�EHWBWXUVG7`VOXNPADQ%OBj}EHO�OBjVI)G�IdE]WXUV@BI�G�I$Q\OBW
E]@XIaNPQVS/I�`}I$QVSVI�QROdZ = W � �6 �wj}EHW���UVYPYV@XAH��@FEHQ�U���jVNPbgj%NPG�`VYPNPI�W�OXj}E]O�OXjVI!G^E]OX@XNP�)ADQ�OXj/IaYPIg�3O�j<EHQVS%WBN�S/I
A]�	��hV�¢nD� NPW�NPQ\��I�@XOBNPqVYPID� �

�/AD@!�3hV� �R�����3hV�¢J��:OXA�q}I)E)`V@XA�`}I$@�@BI�Y�EH�VEHOBN�A�Q%AH���Xr���rz�����Xr�� h���ZHqR��WXI�OBOXNPQVC:� 7 ��N�Q6��hV� �\� �e��hV�¢JD�$ZH�TI
WBjVADUVYPS�CDI$O�OXjVI�I$_\U<EHOXNPA�QVW�NPQ �Xr��Prd�����Xr��¢hD����L�jVNPWTb�YPIdEH@BY��7NPG�`VYPNPI�W�OBj}EHOT�3A�@ � 7 �/ZR��I)G%UVWBO�j<Ez�DI

Z/� ;:9 �6:9 � 9 ]F� 7 ��> �3h/�  ��
�[Q�OXj/N�W�@BI�`<AD@XOzZ<��I)WXj<EHYPY:b�ADQ/WXNPSVI�@!OXjVI)bdE]WXI���jVI$@XI#Z�bdE]Q6q<I�I$�\`/@XI�WBWXI�S�EHW

ZV� ; 9 �6P9 � 9 ]F� 7"! � �6:9�; � �:> �3h/� s��

L�jVNPW)AH��b�A�UV@XWBI%NPWaQVA�OaOXj/I�G7ADWXO�C�I�QVI�@gEHY���AD@XG%U/Y E]OXNPAHQ>�T�[OaNPW!jVAH��I$�DI�@)I�QVA�UVCDj �3AD@!OXjVI%EH`V`/@XA\E]bgj
`V@BI�WXI$Q\OBI�S�N�Q�OBjVNPW�@XI�`<AD@BOd�Zi�A�jVI$@XI���I)WXj<EHYPY:b�ADQ/WXNPSVI�@!OXjVI)bdE]QVADQVNPbdE]Y>���)� A�qVWXI$@X�DI$@��

5�6 7 8 � �6:9�; �6� =XW � �6 � Y 5� � ! � �6:9�; � � ��hV�Pr����
� 7 <�� = � �6 ��> ��hV�PrDrz�

£�I�j<Ez�DI�WXj/AH��Q%OXj}E]Q6�3hV�Pr �D�����3h/�PrDrd�¡NPW�E)`V@BAD`<I�@�@XI�Y�E]��E]OXNPADQ%EHQ/S%j}EHW�NPQVS/I��6rD�#��U/O�OBjVNPW�NPW�QVADO
I�Q/ADUVC�j>Z>�TI%G%UVWBOaWXj/AH� OBj}EHOP��EHQVS 5� E]b�OXU}E]YPY���b�A�QR�DI�@BCDI�OBA���I�@XA�����jVNPbgj�UVQVSVI$@�ADqVWBI�@X�DE]qVNPYPN�O[�
E]WXWXU/G�`VOBN�A�Q%NPG�`VYPNPI�W�OXj}E]O��6 b�A�QR�DI�@BCDI�W�OBA�OBjVI)UVQ�URQVAH��Q�WBOFE]OXI 6 �#�3AD@T`V@XA�`}I$@�bFj/ADNPb�I)AH� ! �� :I�OTUVW
I��VE]G�NPQVIaOBjVI)b�ADQR��I�@XC�I�QVb�I�NPWXWXU/I�ADQ�EHQ�I��VEHG7`VYPID�

$&%:{��('*) � GJILK<~#�TADQVWBN�S/I�@�OXjVI!�3A�YPY�AH��NPQVC�WX�RWXOBI�G+ 56�, 7 WXNPQ>� 6 O �56 O 7 � 6 O � 6-,�; 9@< 7 6 O ��hV�Prdh��

k:kmlon�p_q�r r



m ����� $����	�
����&��

��jVI$@XI�NPQV`/UVO ; N�W)UVQ/N���AD@XG7YP��b�A�Q\OBNPQ\U/ADUVW�EHQ/S q<ADUVQ/SVI�S>�%L�j/I�A�qVWXI�@B�DI�@��3A�@�OBjVNPW)WX�RWXOBI�G Z>E]W��TI
j}Ez��I)`V@XA�`}A�WXI�S6NPQ��3hV�Pr �D�����3h/�PrDrd�$ZDNPWTOXjVI������ �

5�6 , 7 WBN�Q�� �6 O �6� ��, � ��hV�Pr�`��
5�6 O 7 � �6 O � �6�,�; � 5� � � O � ��hV�Pr �R�
� 7 <�� �6 O ��hV�PrdJ��

��jVI$@XI ��� SVI�Q/ADOXI$W�OXjVI��P�[OXj7I�QROX@X�%A]� ! ���[O�NPW�WBOX@gEHNPCDjRO[��AD@X��EH@BS%OXA��DI�@BN��3��OBj}EHO OXjVNPW�������j<EHWTN�Q/SVI��
r)EHQVS�OBj}EHOTNPO�bdE]Q�IdEHWBN�YP��q}I)NPQROXI�C�@FE]OXI�S�UVWBN�Q/C�WBOFEHQ/S}EH@BS �	��� WXADYP��I�@XWz�� :I$O�UVW�Q/AH� I��VEHG7N�Q/I�OXjVI
eBI�@X@BAD@aI$_\U<EHOXNPA�Q�g}�� :I�O

�6^7 �6 � 6 ��hV�Prdm��
L�jVI$Q��3@XA�G �3h/�PrdhD�TEHQ/S ��hV�Pr�`������3h/��rzJD�$ZHq}I$WXNPSVI�W��6 O 7 �VZR�TI)ADqVOgEHNPQ��

5�6 , 7 � , � ��hV�Prdn��
� 7 �6 , ; � 5�P� � O � ��hV�Pr  ��

��jVNPbgj�bdEHQ�q<I�I��R`V@BI�WXWBI�S E]W�OXjVI!�3A�YPY�AH��NPQVC�o��)���� 5�6 ,5� � 7
� � ��,
� ; ��� O � � �6-,

� � > ��hV�Prds��

iRA�OBjVI%I�@X@BAD@�I$_\U<EHOXNPA�Q6NPW�E7YPNPQVIdE]@aI�_RU}E]OXNPADQ�qVUVO)SVI�`<I�QVS/W�A�Q6OXjVI^URQVAH��Q1��G7IdEHWBUV@XI$S}�!N�Q/`VUVO ; �
�[Q�OXjVNPW�bdEHWBIDZT��I7bdEHQ Q}QVS ! qR� E6WBNPG�`VYPI% :�\E]`VUVQVAH��EH@BCDUVG7I�QROd� �[Q `}E]@XOXNPb�U/Y E]@dZ�b�A�QVWXNPSVI$@%OXjVI
 ¡�\EH`/UVQVAH���3UVQ/b�OXNPADQ

	 7 �6 O , ��
1� O 9 

� ��> ��hV�¢h ���
L�jVI$Q>Z

5	 7 h/� � , � 
 ; ���6 , � � h � O � O > ��hV�¢hVrz�
 ¡I�O

��,Z7 
 ;:9 � O � � 9 ��hV�¢hDh��
OBjVI�Q�	kNPW�S/I�b�@XIzEHWXNPQVC�EHQ/S ��b�A�Q\��I�@XC�I�W�OXA6��I$@XA ��L�jVI�AD@BI�G �<�  7A]� YPr�� [3�$��L�jVNPWzZ>UVWBNPQVC�OXjVI+� EHb�O
OBj}EHO 5�7NPW�UVQVN��3A�@XG�YP�)b�A�Q\OBNPQ\U/ADUVWzZRN�G7`VYPNPI�W�OXj<EHO 5��b�ADQR��I�@XC�I�W�OXA���I�@BA^EHWT�TI�YPY ��L�jRUVW���NPW�E�`V@BAD`<I�@
@BI�Y�EH�VEHOBN�A�Q>�

c!ADOBI�OBj}EHOVcgUVWBO�q<I�bdEHU/WXIaOBjVIT@XI�Y�EH�VE]OXNPADQ�NPW>`V@BAD`<I�@dZRNPO>S/A\I$W�QVADO�G7IdEHQ�OBj}EHO��6 , b�ADQR��I�@XC�I�W�OXA 6 , ��/AD@�I��VE]G�`VYPIDZ�N�� ; NPW�b�ADQVWBOFE]Q\O)EHQVS7I�_RU}EHY�OXA:�VZ 6 , NPW�b$ADG�`/Y�I$OXI�YP�%SVI�b$ADUV`VYPI�S �3@XA�G < EHQVS�b�YPIdE]@XYP�
bdE]QVQVA�O�q<I�I�WBOXNPG^E]OXI�S����[O�NPW�WBOX@FE]NPCDjRO[�3A�@X��EH@BS�OXA��DI�@BN���� OBj}EHO�NPQ�OBjVNPW�bdE]WXI7OXjVI7AD@XNPC�N�Q<EHY�WB�\WBOXI�G
NPW)QVADO!ADqVWBI�@X�DE]qVYPID��L�A%C�U}EH@gEHQROXI�I�ADq/WXI�@B�DEHqVNPYPNPO[�\Z/��I�QVI�I�S�OXA�G�E�UDI�E]SVSVNPOXNPADQ<EHY#E]WXWBUVG�`VOBNPADQVW�A�Q
; ���[Q6`}E]@XOBN�b$UVY�EH@dZ<N�� ; NPW^eB`}I�@BWXNPWXOBI�QROXYP�6I��Rb�NPOBN�Q/C�g}Z:E]W ��EHQVS 5� CDA%OBA���I$@XA}Z¡OXj}E]Q�URWaOXA��3h/��r  D�$Z��6 ,
WBjVADUVYPS�CDA�OXA%�$I�@XA�EHW��TI�YPY �

�[Q�OBjVNPW�I��VEHG�`/Y�I�ZDOBjVI)I�@X@BAD@aI$_\U<EHOXNPA�Q^��EHW�YPNPQVIdE]@���AD@�OXj/I�bzEHQVA�QVNPbdEHY>�	����ADqVWBI�@X��I�@�h<NPO��TADUVYPS
QVA�O)q}I�YPNPQVIdE]@��3A�@aWBOFEHQ/S}EH@BS o)�)�1ADq/WXI�@B�DI�@BWd��L�j/N�W!AH��b�A�UV@XWBI%N�W!QVADO)EHYP��Ez�\W�OBjVI�bdEHWBIDZ:jVAH�TI��DI$@dZ

[L\:k�[L]



���������	��

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

WBN�Q/b�I�N�Q�OBjVI^�	����EH`V`V@BA\E]bFj�Z���I7bdEHQ�WXUVqVWBOXNPOXU/OXI�OXjVI7G�IdE]WXUV@BI�S�WXOgEHOBI�W%qR��OXjVI7b�AD@B@XI�WB`}A�QVSVNPQVC
A�UVOX`VU/OXW���jVNPbgj6EH@XI)b�A�G�G7ADQ�OXA�q}A�OXj�OXjVI)A�@XNPCDNPQ}E]Y}WB�\WBOXI�G�EHQ/S�OXj/I�A�qVWXI$@X�DI$@dZ<��I)A]�3OXI�Q7ADqVOgEHNPQ^E
WBN�G7`VYPI�@dZTeBG�AD@BI�YPNPQVIdEH@ g�I�@X@BAD@�I�_RU}E]OXNPADQ�Z:b�ADG7`}EH@BI�S6OBA^OBjVI%AD@BNPCDNPQ}EHY�WX�RWXOBI�G AD@)��j}E]O��TI%�TADUVYPS
A�qVOFE]N�Q1UVWBNPQVC WBOFE]QVS}EH@BS ADq/WXI�@B�DI�@BWd��L�jVNPW%NPW�EHQ1NPG�`<AD@XOgEHQRO�E]SV�DEHQROFE]CDI7AH��OBjVI �	��� EH`V`/@XA\E]bgj
��jVNPbgj�NPW�b�YPIdEH@BY��7NPY�YPUVWBOX@gEHOXI$S�qR��OBjVI!�3ADYPYPAH��NPQVC�I��VEHG7`VYPID�

$&%:{��('*) � GJI G¡~#�TADQVWBN�S/I�@�OXjVI)WB�\WBOXI�G
56 7 �#6 ��� � 6 � ��hV�¢h�`��
< 7 �d6 ��hV�¢h
�R�

��jVI$@XI � E]QVS � EH@XI)b�A�QVWXOgEHQRO�G^E]OX@BN�b$I�WaEHQVS ��NPW�WBUVbgj^OBj}EHO�OBjVI�@BI�I��RNPWXOXWaE���UVQVb�OBN�A�Q���WgEHOBN�W �3�RNPQVC

� � 6 � 7 ��� �d6 � ��hV�¢hDJ��

�3A�@aEHYPY 6 �>L�jVI�bdEHQVA�QVNPbdEHY>�	����ADq/WXI�@B�DI�@!N�Q7OXjVNPW�bdE]WXI�NPW �
5�6 7 � �6 ��� � �6 �6� � Y 5� � ! � ��hV�¢hDm��
< 7 � �6 > ��hV�¢hDn��

�TUVOaOBj}EHQ�U\W�OBA6�3h/� h�JD�$Z
�:� �6 � 7 �:� 6 ��ZRWBA%OXjVI�I$@X@XA�@aI�_RU}E]OXNPADQ7q}I$b�ADG7I�W
5�6 7 � �6 � � Y 5�#� ! � ��hV�¢h� ��
< 7 � �6 ��hV�¢hDs��

��jVNPbgj6NPWaYPNPQVIdE]@d�TL�jVNPWaNPW!@XI�G7N�Q/N�WBb�I�QRO�AH��QVA�QVYPNPQVIdEH@!ADqVWBI�@X��I�@)SVI�WBN�C�Q EHQ/S^NPQ6`<EH@XOBNPb�UVY�EH@�OBjVI�b$ADQR�
WBOX@XU/b�OXNPADQ7AH�>OBjVI ����������"����G�������X&�������� � �:caA�OXIaj/AH��I���I�@�OBj}EHOTNPQ%OXjVI)������E]`V`V@BA\EHbgj>Z�OXj/IaADU/OX`VUVO
NPQdcgI$b�OXNPADQ7��jVNPbgj%Y�NPQVIzEH@XNP��I$W�OBjVI)I�@X@BAD@TSV�RQ}EHG7N�b$W�NPW�SVADQ/I�EHU/OXADG�EHOBN�bzEHYPYP��q<I�bdE]UVWXI)NPO�NPWTqVUVNPYPO�NPQ%OXjVI
�3A�@XG%UVY�E]OXNPADQ�AH��OXjVI�A�qVWXI$@X�DI$@d�

(*) ( ��� .8?%4 7,4��
	 ;=0�.17�	�@B4,@
�[Q�OXj/I�CDI�Q/I�@FE]Y>bdE]WXIDZ/��I)bdE]QVQVADO�I$�\`/@XI�WBW�OBjVI)I�WXOBNPG^EHOBNPADQ%I�@B@XAD@!NPQ�OXI$@XG�W�A]�wE�YPN�Q/IdEH@�WB�\WBOXI�G��oiRA}Z
�TIab�A�QVWXNPSVI$@�jVI�@BI�OBjVI�YPARbdEHYVq<I�j}Ez�RNPAD@ AH�:OXjVI!I�@X@BAD@�EH@XA�UVQVS%��I$@XA}��L�A)bdE]@X@X�%A�UVO�OXjVI!YPA\bzEHY}E]Q}EHYP�RWXNPWdZ
�TI)QVI�I�S6OBA%G^E UDI�WXA�G�I)EHWXWBUVG�`/OXNPADQVWz�

t7vdv����('#x
� ����vat ~:�[QVNPOXN�EHYVb$ADQVSVNPOBN�A�Q 6 ������EHQVS7NPQV`VUVO �3UVQVb$OXNPADQ ; � ]F��E]@XI)WXUVbgj�OXj<EHOTN��>�TI)YPI�O 6 ��]F�
SVI$QVADOBI�OXjVI�WXADYPUVOBNPADQ�A]� �BrD�Prd� �e�BrD�¢hD�$ZD�TI)j}Ez�DI)OXj/Ia��ADYPYPAH��N�Q/C�`/@XAD`<I�@BOXNPI�W��

� 8 Z:E]QVS6NPOXW Q}@XWBO�EHQ/S6WXI�b$ADQVS�AD@BSVI�@a`<EH@XOBN�EHY>S/I�@XNP�DEHOBNP�DI�W���NPOXj @XI�WB`}I�b$O�OXA 6 EH@BI�q}A�UVQVSVI$S6NPQ
E�QVI�NPCDjRq<AD@BjVARA\S7AH�a� 6 ��]F� 9�; ��]F�B��ZRUVQ/N���AD@XG7YP��NPQN]dZ

� = W EHQ/S�NPOXW�`}E]@XOBN E]Y}S/I�@XNP�DEHOBNP�DIa��NPOBj�@XI$WX`<I�b�OaOBA 6 E]@XI)q}A�UVQVSVI$S^NPQ�E�QVI$N�C�jRq}A�@XjVARARS�A]� 6 � ]F��Z
UVQVN��3A�@XG�YP��NPQ ]dZ

k:kmlon�p_q�r r



 ����� $����	�
����&��

��� =XW = Y W���� , EHQVS ! EH@XI)q<ADUVQ/SVI�S6NPQ^E�Q/I�NPCDjRq}A�@XjVARARS�AH��� 6 ��]F� 9_; ��]F�X�$ZRUVQVN��3A�@XG�YP��NPQ ]d�
F � ����{HGJI G�� �������G� �_� � � * 
,$-��� � � �o$ �#

���	� ��
 $-�X&�
,$-���'��� �b��� � �6^7 �6 � 6 �o&��_��� ��$-&�
,�_�N�o$)

�@
�����_&�������$ �_& �JO��%Q ��� ����� "���� � 	�� T	� ����� 	�� T T��($��L� ��
 ��$-����
-���X�!�X&��)� �o�o�G��&�"���V� C �G= W � �6 � Y

� � � � 5�6 5� � 7
� 8 W � �6:9�; � ! � �6:9�; �

= W � �6 � � � � �6
� � �
�%��� �6 � O � > ��hV�a` ���

�)y�������~��!WXNPQVC6�BrD�Prd� �e�BrD�¢hD��E]QVS��3h/��r �D� �e��hV�PrDrz��Z���I)ADq/OFEHNPQ
5�6 � 56 7 8 � �6 9_; � �R8 � 6 9_; �6� =XW � �6 ��Y 5�#� ! � �6 9_; �,� ��hV�a`Vrz�
� 7 = � �6 � �R= � 6 � 9 ��hV�a`Dh��

�3@BADG ��jVNPbgj>ZRUVWXNPQVC

= � �6 � �R= � 6 � 7 = W � �6 � �6 ���%��� �6 � O � ��hV�a`�`��
8 � �6 9�; � � 8 � 6:9_; � 7 8 W � �6:9_; ���6 ���%��� �6 � O � 9 ��hV�a`
�R�

�TI)CDI�O��3hV�a`	�D��� �
�[Q7CDI�Q/I�@FE]Y Z/YPA\bzEHY<q}I�j<Ez�\NPA�@aEHQVS7N�Q7`}EH@BOXNPb�UVY�E]@�Y�ARbdE]Y:WXOgEHqVNPYPNPO[��A]�#QVA�QVYPN�Q/IdEH@����)�!� W�bdE]QVQVA�O�q}I

WBOXUVSVNPI�S�qR�6OXj/I�NP@�YPNPQVIdE]@XNP�dE]OXNPADQVWz��L�jVI�@BI%I��RNPWXO)jVAH�TI��DI�@)WB`}I�b$N E]Y�bdEHWBI�W���jVI�@BI%YPA\bzEHY>WBOFE]qVNPY�NPO[��bdE]Q
SVI%S/I�SVUVb�I$S��3@BADG�WXOgEHqVNPYPNPO[��AH��OXjVI%YPNPQVIdE]@XNP�dEHOBNPADQ � �3AD@�EHQ I��VEHG�`/Y�I�WXI�I Y�rzm [3�����[O�OXUV@BQVW�ADU/O�OBj}EHO
��hV�a` ����b�A�@X@BI�WX`<ADQVS/W�OBA%WXUVbgj E�WX`<I�b�N�E]Y>bdE]WXI�E]QVS�OXj}E]O�OXjVI)YPNPQVIdEH@�OBNPG�Ig�[�DEH@B�\NPQVC��	���� C �G= W � �6 � Y

� � � 5� 7
� 8 W � �6:9�; � ! � �6 9_; �

= W � �6 � � � � ��hV�a`DJ��

bdE]Q q<I�UVWXI�S�OXA7I�WXOgEHqVYPNPWXj�YPARbdEHY�WXOFE]qVNPYPN�O[�7`V@XA�`}I$@XO[��AH��OXjVI�QVA�QVYPN�Q/IdEH@!I�@X@BAD@)I�_RU}EHOBNPADQ E]WXWXARb�N�E]OXI�S
��NPOXj�OBjVI)bdEHQVA�QVNPbdEHY����)��ADq/WXI�@B�DI�@z���� � �<y � �>GJILK�� ������� � �_� � � * 
,$-��� � � � $ �Z
���������$%��$-�^$-� � 	B� . � �d$�� �SR!* ��������
 $-& �-�
�L��
,&�� �
� � 

��������
,$
�
�X&�
,$-��� ��� �b��� �6^7 �63�^6 � &��_��� ��$-&�
 �_�d�o$)

�^
���� �_&�������$ �_&�� O���Q���� �!����"���� � ������"����,��� � �SR!* ��������
 $-& �-�
�

,�������b�#*P�b��"�$-���_� �6 ���D� � 6 ���D� �Z&���� �>���D� &��b��� ��
 ��$-����
)�
���!�X&��)� ��)y�������~ �TA�QVWXNPSVI$@aOXj/I�b$A\A�@XSVNPQ}E]OXI)OX@gEHQVW �3AD@BG^E]OXNPADQ��� ��]F� � � ,� O � 7

� 5�6 5� � ��hV�a`Dm��

��jVI$@XI� � , , ��]F� � , O ��]F�� O , ��]F� � O_O ��]F� � 7�� C � = W � �6 ��]F�B� Y � = W � �6 ��]F�B� =XW � �6 ��]F�B� Y ��� , =XW � �6 ��]F�B� =XW � �6 ��]F�X� Y
� � =XW � �6 ��]F�B� =XW � �6 � ]F�X� Y � � , =XW � �6 � ]F�X� C � >

��hV�a`Dn��

[L\:k�[L]



���������	��

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

�/AD@ �6 WXU�!�b$N�I$Q\OBYP��WXG�EHYPY[ZR�aWBWXUVG7`VOXNPADQ/W�� jVADYPS6EHYPWXA���AD@aOBjVI�OBN�G7IaOB@FE�cgI$b�OXA�@X� � �6 9_; � ]F�X�TNPQ���jVNPbgj
bdE]WXI!N�O N�W WXOX@gEHNPCDjRO �3AD@B� E]@XS%OXA�WXjVAH�1OXj<EHO � � ]F��NPW�q<ADUVQVS/I�S^E]QVS%j}EHWTE)q}A�UVQVSVI$S%N�QR��I�@XWBID�����R`V@XI$WXW[�
NPQVC6��hV�a` ���TN�Q�OBjVNPWaQVI�� b$A\A�@XSVNPQ}E]OXI�WB�RWXOXI$G ZV�TI�A�qVOFE]N�Q���SV@XA�`V`VNPQVC%OXj/I�I��R`VYPNPb�NPO�SVI�`<I�QVSVI�Q/b�I�NPQ ]
OBA%WXNPG�`VYPN��3��OBjVI�QVA�OFE]OXNPADQVWg��ZVE]WXWXU/G�NPQVC�OBj}EHO �6 E]QVS � EH@XI�WXU�!�b�NPI�QROBY��%WBG^E]Y�Y[Z

5� , 7 ��8 W � �6:9�; � � , , � ! � �6:9�; � � O ,D� 5� , , � = W � �6 ��Y 5� O ,�� � , �
��8 W � �6:9�; � � , O � ! � �6:9�; � � O�O � 5� , O � = W � �6 ��Y 5� O_O � � O ���%������ � ,� O ����

O
� ��hV�a`� ��

� 7 ��=XW � �6 � � , O � 5� O_O � � O ���%� ���� � ,� O ����
O
� > ��hV�a`Ds��

�TUVOdZ � , O 7 =XW � �6 � Y ��hV� �B���� O_O 7 C ��hV� �}rz�
5� O_O 7 � ��hV� �\h��

= W � �6 � Y 5� O , 7 5� , ,3� 5= W � �6 � Y � O , ��hV� � `��
��jVNPbgj�bdEHQ�q<I�UVWBI�S6OXA�WXNPG7`VYPN������3h/� `  D� �e��hV�a`Ds���EHWT�3A�YPY�AH��W �

5� , 7 � � ]F� � , ���%� ]F� � O �
�+������ � ,� O ����
O
� ��hV� � �R�

� 7 � = W � �6 � = W � �6 � Y � � O ���%������ � ,� O ����
O
� ��hV� �\J��

��jVI$@XI

� � ]F� 7 8 W � �6 9_; � � , , � ! � �6:9�; � � O , � 5=XW � �6 � Y � O , ��hV� �\m��
�%��]F� 7 8 W � �6 9_; � � , O � ! � �6:9�; � � O_O � 5= W � �6 � Y > ��hV� �\n��

iRNPQVb$I = W � �6 � = W � �6 � Y j}E]WaE�q}A�UVQVSVI$S6NPQ\��I�@XWBIDZR��@XADG �3hV� �RJD��Z��TI�b$ADQVb�YPUVS/I�OXj}E]O� O 7 �%��� � , � O ��> ��hV� �  ��
o!Q6OBjVI)ADOXj/I�@aj}E]QVS>Z 5=XW � �6 � Y N�WTq<ADUVQVS/I�S6WXNPQVb$I

5= W � �6 ��Y 7	� = W � 6 � 5�6� 6 






Y

W���
W ��hV� �\s��

E]QVS�UVWXNPQVC6��hV�¢nD�TEHQVS��BrD�¢hD�$ZD�TI)bdEHQ6WBjVAH� OBj}EHO

5�6^7 8 � �6 9_; �6���%������ �6� ����
� > ��hV�¢J ���

k:kmlon�p_q�r r



r � ����� $����	�
����&��

iRA � ��]F��E]QVS �%��]F�!EH@XI)q<ADUVQ/SVI�S>���%��]F�Tq<ADUVQ/SVI�S6NPG�`/Y�NPI�W OXj}E]O��3hV� �	�\�����3h/� �\JD�wN�WTI�_RUVNP�DEHYPI�QROTOXA
5� , 7 � ��]F� � , ���%��� � , � O � > ��hV�¢JVrz�

�!QVS � � ]F��q}A�UVQVSVI�S�N�G7`VYPNPI�W}OBj}EHOT�3h/� J/rd�<NPW:YPARbdEHYPYP�aI��R`<ADQVI$Q\OBN�EHYPYP�aWXOgEHqVYPI�N��VOXj/I�YPN�Q/IdEH@�OXNPG�Ig�[�DEH@B�RN�Q/C
WB�\WBOXI�G

5� , 7 � ��]F� � , ��hV�¢JDh��
NPW�I��R`<ADQVI$Q\OBN�EHYPYP�^WBOFE]qVYPI6��WXI$I%�3A�@�I$��E]G�`VYPINYPr � [ Z¡bFj����R��� ��U/O�I��R`}A�QVI�QROXN�E]Y�WXOgEHqVNPYPNPO[�6AH���3h/� J�hD�	N�W
I�_RUVNP�DE]Y�I$Q\O�OBA�OBj}EHO�A]�

5� , 7 � ��]F� � , � �%��]F� � O ��hV�¢J�`��
� 7 � =XW � �6 � =XW � �6 � Y � � O ��hV�¢J
�R�

��jVNPbgj�NPW�QVADOBjVNPQVC�q/UVO��3h/� `�JD� I��R`V@XI$WXWXI$S NPQ�b�ARAD@BSVNPQ}EHOBI�WB�RWXOXI$G� � ,� O � 7 � � ]F� � , � > ��hV�¢JDJ��

L�jVNPW�`V@BAH�DI�W!OXjVI)OBjVI�AD@BI�G � �
�
�}y�� ) )3{Vy�� GJILK�� � *�* � �!�d� �_� � � * 
,$-��� � � �������(&����N
����X��� $%��$)��� 7 � $)�

5� 7 �	�+� �6 ��]F� 9_; ��]F�X�6� ! � �6 � ]F� 9_; � ]F�X��
 � �6 ��]F�X�B� � ��hV�¢JDm��
$��d�SR_*���������
,$-& �-�
�X��
,&�� �
�X� �����b�


�� �6 � 7 � � = W � �6 � =XW � �6 ��Y�� � , =XW � �6 ��Y ��hV�¢JDn��

�%� �6P9_; � 7 8 W � �6:9_; � � C%� � = W � �6 � Y � � = W � 6 � 8 � �6:9_; �� 6 





Y
W���
W � 
�� �6 � � > ��hV�¢J� ��

M ����� �d
����@� �!
,$-�X&�
,$-��� ��� �b��� �6 �26 � &��_��� ��$-&�
 �_� �o$-
��R
������_&�������$ �_& � O��%QJ����������"���� �
�_����"����,��� �
�SR_*���������
,$-& �-�
� 
 � �����b�L*P�b��"�$-���_� �6 ���D� �R6 ����� &���� �����D� &�� �d� ��
 ��$-����
)�
�����	& �-� ��)y�������~}���a��hV�¢JDm���NPW�I��R`<ADQVI�QROBN E]YPY��%WBOFE]qVYPI�OBjVI�Q

5� , 7 �	�%� �6 ��]F� 9�; ��]F�B��� ! � �6 ��]F� 9�; ��]F�B��
�� �6 � ]F�X�X� � , ���%��� � , � O � ��hV�¢JDs��
NPW�YPARbdEHYPYP�%I��R`}A�QVI�QROXN�E]Y�YP�%WBOFEHq/Y�I��*��UVO�OBj}EHQ�U\W�OBA6�3h/� �RmD� �e��hV�¢J ����Z<�3hV�¢J�sD��NPW�I�_RUVNP�DEHYPI�QROTOXA6��hV�¢JVrz��� �
 ¡I�O:UVW�WXUV`V`<ADWBI��!WXWBUVG�`VOBNPADQVW<� jVA�YPSa��AD@>EHYPY#�6
� ? EHQVS ;�� H%�:L�j/I�ADqVWBI�@X��I�@�SVI�WBN�C�Q)`V@XA�qVYPI�G

@BI�SVUVb�I$W�OXA�OBj}EHO�A]�WQ<QVSVNPQVC�E ! OBj}EHO�WBOFE]qVNPY�NP��I$Wa�3h/� J�mD�$�:L�jVI�@BIaNPW�QVA)WX�RWBOXI�G�EHOXNPb�SVI$WXNPCDQ%`V@BARb�I�SVUV@BI
�3A�@�b�ADQVWBOX@BUVb�OXNPQVC�WXU/bFj�E ! �>�[Q%WBADG�I bdEHWBI�WdZVE!b�A�QVWXOgEHQRO ! G^Ez�)WXU'!�b�IDZREHQVS%OBjVI�`V@XA�qVYPI�G q<I�b�A�G�I�W
b�YPA�WXI�YP��@BI�Y�EHOBI�S6OXA%OBjVI)@XA�qVUVWXO!WXOgEHqVNPYPNPO[�%`V@XA�qVYPI�Gk��NPOXj�`}E]@FEHG7I�OX@BNPbaUVQVb$I�@XOgEHNPQRO[�%�3A�@���jVNPbFj�G�EHQR�
WBADYPUVOXNPA�QVW�j}Ez��I�q}I�I$Q�`V@BAD`<ADWXI$S%N�Q%OBjVI�
���b�ADQROB@XADY/Y�NPOBI�@FE]OXUV@BI���WBI�I���AD@�I��VE]G�`VYPIGY¢nRZ<r�` [3�����[Q%ADOBjVI�@
bdE]WXI�WzZ� :�\E]`VUVQVAH����UVQVb�OBN�A�QVW�G^Ez�6q<I�UVWXI�S��3A�@�b�A�QVWXOB@XUVb�OBNPQVC�G�A�@XI%CDI$QVI�@FE]Y ! � Wz���[Q iRI�b$OXNPADQ2`VZ
�TI���NPYPY�b�ADQ/WXNPSVI�@)WXI$Y�I$b�OXNPADQ�A]� ! OBA�WFEHOBNPW[�3��WXOgEHqVNPYPNPO[��b�@XNPOXI$@XN�E7@XI�Y�EHOBI�S�OXA�I��ROXI�Q/SVI�SR�[YPN�Q/IdEH@BN��zEHOXNPA�Q
b�A�QVWXNPSVI$@FEHOBNPADQVWz�k���DI�Q OXjVA�UVCDj OBjVNPW�G7I�OXjVARS S/A\I$W^Q/ADO�C�U}EH@gEHQROXI$I6WXOgEHqVNPYPNPO[� AH���3hV�¢J�mD��ZTUVQ/Y�I$WXW
E]SVSVNPOXNPADQ<EHY�E]WXWXU/G�`VOBN�A�QVW�E]@XI�G�EHSVI�Z>NPO�`V@XAH�RNPSVI�W%E�WX�RWBOXI�G�EHOXNPb%SVI$WXNPCDQ�`V@XARb�I�S/UV@XI E]QVS �RNPI�YPSVW�E
WgEHOXNPW � EHb�OBAD@B�^A�qVWXI$@X�DI$@aNPQ�G^EHQR��WXNPOXU<EHOXNPA�QVWdZRNPQ�`}EH@BOXNPb�UVY�E]@���jVI�Q6WB�\WBOXI�G�NPQV`/UVOXWaE]@XI)WXYPAH��YP�%OXNPG�Ie�
�DE]@X�RNPQVC}�

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� T T

(*)�� �=AD7 . � 4 230%@��%4���� 4��	� C A�

��56A�
�� 2 C	
�ADC 23?�@�A�C'E*A�C @
�[Q�OXjVNPW�WBI�b�OXNPA�Q>Z��TI%I��VEHG7N�Q/I�OBjVI�@BI�Y�EHOXNPA�QVWXjVNP`�q<I�O[�TI�I�Q1OXjVI����)��ADqVWBI�@X��I�@ E]QVS @BI�SVUVb$Ig� A�@XSVI$@
A�qVWXI�@B�DI�@BWd� �[Q ���VE]G�`VYPI�hV�PrDZz�TI�j}Ez�DI WXI�I�Q%OBj}EHO�OBjVI�`}EH@BO�AH�}OBjVI�WXOgEHOXI���j/N�bgj�NPW�SVNP@XI$b�OXYP��A�qVWXI�@B�DI�S�Z
NPQ6OBjVNPW�bdEHWBI 6 O ZVNPW eXI�WBOXNPG^E]OXI�S�NPG�G%I�S/N E]OXI�YP� g�cgUVWBO�EHW!NPQ^bzEHWXI�AH��@BI�SVUVb�I$SR� A�@XSVI$@�ADqVWBI�@X��I�@XWz��L�jVI
@BI�WXI�G%q/Y E]QVb�I!��N�OBj�@BI�SVUVb$I�SR�[AD@XS/I�@aA�qVWXI�@B�DI�@BW�jVAH�TI��DI�@ I�QVSVWTjVI�@BID���[Q%`}E]@XOBN�b$UVY�EH@dZ�ADq/WXI�@B�DI�@)�3h/��r �D� �
��hV�PrDrz��SVARI�W%Q/ADO%j}Ez��I�OXj/I^�TI�YPY�URQVAH��Q `/@XADq/Y�I$G A]��WXI$QVWXNPOXNP�RNPO[��OXA�jVNPCDj �3@XI�_RUVI$QVb��1QVADNPWBI^OBj}EHO
@BI�SVUVb�I$SR� A�@XSVI$@�ADqVWBI�@X��I�@XW!j}Ez�DI��� :I�O�UVW!NPY�YPUVWBOX@gEHOXI!OXjVNPW�`<ADNPQRO�qR��E�WXNPG�`VYPI�I��VE]G�`VYPID�

$&%:{��('*) � GJI��¡~ �[Q�`V@FE]b�OXNPb�IDZ/OXjVI$@XI�N�WTQVA%`<ADNPQROaEH`V`/Y��RNPQVC�OBjVI��	����A�qVWXI$@X�DI$@�OBA�YPNPQVIdE]@�WX�RWXOBI�G�W
q<I�bdE]UVWXIDZRNPQ�OXjVNPW�bdE]WXIDZROBjVI �	����WBADYP�DI�@���jVNPbgj�N�W�E!YPNPQVIdEH@�SVI$WXb�@BN�`/OXAD@ WX�RWXOBI�G ZHbzEHQ%q<I�OX@FE]QVW[��AD@XG7I�S
NPQROXA%EHQ7I��R`VYPN�b$N�O Y�NPQVIzEH@TWX�RWXOBI�G ���aAH�TI��DI$@dZVI$��E]G�NPQVNPQVC!OXjVI)@XI$WXUVYPO�ADQ�E)WXNPG7`VYPI�I��VEHG�`/Y�I�bzEHQ�WBjVI�S
WBADG�I)YPNPCDjROTADQ�OXjVI�`V@XA�`}I�@BOXNPI�W)AH��OBjVI�ADq/WXI�@B�DI�@)EHQVS6NPQ�`}E]@XOXNPb�U/Y E]@�NPOXW�@XI$Y E]OXNPADQ/WXjVNP`���NPOXj7�3UVYPY>EHQ/S
@BI�SVUVb�I$SR� A�@XSVI$@�ADqVWBI�@X��I�@XWz�ZiRA<ZVb�A�QVWXNPSVI$@�OXjVI�YPNPQVIdE]@�WB�RWXOXI$G+ 56-, 7 6 O56 O 7 � 9 <	726-, ��hV�¢m ���

L�jVI�WXOFE]QVS}E]@XS7�3UVYPY�� A�@XSVI$@�A�qVWXI�@B�DI�@	�3AD@�OBjVNPW�`V@XA�qVYPI�G ��I��R`V@BI�WXWBI�S NPQ� >EH`/Y E]b�I)SVADG�EHNPQ}��NPW �

�6^7
r

� O � ��,�� � � O � � , � � � O
� O � � < ��hV�¢mVrz�

��jVI$@XI ��, EHQVS � O bdEHQ�OgE�U�I E]Q\� `}A�WXNPOXNP�DI���OBA�CDU}E]@FEHQROBI�I%WXOgEHqVNPYPNPO[���	�DEHYPUVI�Wz�%L�jVI%@BI�SVUVb�I$SR� A�@XSVI$@A�qVWXI�@B�DI�@%��WXI�INY¢s [XZ�iRI�b$OXNPADQU�}�a`����3A�@�OXjVNPW�WB�\WBOXI�G NPW��

�6^7
� r

���
����� � < ��hV�¢mDh��

��jVI$@XI � NPW�E]Q\� `}A�WXNPOXNP�DI�WXbdE]Y E]@d��L#A7WXjVAH� ��jR�6OBjVNPW)@XI�SVU/b�I�SR�[AD@BSVI�@�ADqVWBI�@X��I�@�NPW)G�AD@BI)WXI�QVWBNPOXNP�DI
OBj}EHQ7OXjVI!�3UVYPY<AD@BSVI�@�ADq/WXI�@B�DI�@zZVYPI�OTUVW�WBUV`V`<ADWBI�OXj}E]O�OBjVIaG7IdEHWBUV@XI$G�I�QRO�Ez�DE]N�Y�E]qVYPI��3A�@�OBjVI)ADqVWBI�@X��I�@
NPWaQ/ADO�I��VEHb$OXYP� < ��]F�	qVUVO!@FEHOBjVI�@ < ��]F�1� � ��]F� ��jVI�@XI � ��]F�TNPWaE�WXG�EHYPY}q/UVOajVNPC�jR�3��@XI�_RUVI�Q/b���QVADNPWXI����[O
NPW�IdE]WX��OBA%WXI�I�OXj}E]O�N�Q�OBjVI)bdEHWBI�AH��@XI�SVU/b�I�SR�[AD@BSVI�@�A�qVWXI�@B�DI�@zZVOBjVI�I�WBOXNPG^E]OXNPADQ%I�@B@XA�@aNPW

�6^7
� r

���
����� � � ��hV�¢m�`��

iRA7OXjVI�I�@B@XAD@)NPQ�OXjVI�I�WBOXNPG^E]OXNPADQ�AH� 6 , NPWaWBG^EHYPY�� 7 � ��]F�X�	qVUVO!OXjVI�I�@X@BAD@!N�Q OXjVI�I�WXOBNPG^EHOBNPADQ�A]� 6 ObdE]Q�q}I���I�@X�7Y�EH@XC�I)WXNPQVb�I�EHO�j/N�C�j%�3@BI�_RUVI�QVb$N�I$WdZ

�6 O 7 ���
� � �

��� � � ��hV�¢m
�R�

E]QVS � G%UVWXO�q<IaY�E]@XCDI	�3AD@w� EHWBO�b�A�QR�DI�@BCDI�QVb$I�A]�>OXjVI!I�WXOBNPG^EHOBNPADQ�I�@X@BAD@d� L�jVIaI$WXOXNPG�EHOXNPA�Q�I�@B@XA�@�AH� 6 ONPQ%OXj/IT�3UVYPYRAD@XS/I�@�bzEHWXI�A�Q%OXjVI�A�OXjVI$@�j}EHQ/S%N�WTEaYPAH�T�[`}EHWBW:Q}YPOXI�@�E]`V`VYPNPI�S�OXA � E]QVS�NPO�NPW�YPI�WXW WXI�QVWBNPOXNP�DI
OBA%jVNPCDj%��@XI�_RUVI�Q/b���QVADNPWXI��

k:kmlon�p_q�r r



rzh ����� $����	�
����&��

 ¡I�OTUVW�QVAH� I��VE]G�NPQVI�OXj/I�A�qVWXI$@X�DI$@�ADqVOgEHNPQVI�S7q\�����)� EH`/`V@XAREHbgjVI�Wz� �>NP@BWXO�b�A�QVWXNPSVI�@�OBjVI����)�
��hV�Prd�$Z:�3hV�a`��������w�TI)YPI�O ! Y 7 Y � � [XZR@XI$C\EH@BSVYPI�WXW)A]�#OXj/I��DE]YPUVI)AH� � ZV�TI�A�qVOFE]NPQ�OXj/I�ADqVWBI�@X��I�@

�6^7
� r
� � <d7

� <
5< � ��hV�¢mDJ��

��jVNPbgj NPW�OBjVI�I$��E]b�O%WXA�YPUVOXNPADQ1��NPQ�OXjVI�EHqVWBI�QVb�I�AH�aQ/ADNPWXId��qVUVO�NPO�NPW�b�YPIdE]@XYP���DI�@B��QVADNPWBI%WXI�QVWBNPOXNP�DI
q<I�bdE]UVWXI%OBjVI�I$WXOXNPG�EHOXNPA�Q�I�@B@XAD@)A�Q 6 O I�_RU}EHYPW 5� �������TI�YPI�O ! Y 7 YPr � [XZ<��I�ADqVOgEHNPQ6OXj/I�@XI�S/UVb�I�SR�
A�@XSVI�@!ADqVWBI�@X��I�@���hV�¢mDh����
o!Q�OBjVI�A�OXjVI�@�j}EHQ/S>ZHOXj/I�bdEHQ/ADQVNPbdE]Y\���)��ADq/WXI�@B�DI�@��3h/�Pr��D� �e��hV�PrDrz�R�RNPI�YPSVW>OBjVI��3A�Y�YPAH��NPQVCTADqVWBI�@X��I�@

�6^7
� r

��� �
� � ������� ��� � � < ��hV�¢mDm��

��jVNPbgj1G�IdE]QVW%OXj<EHO%OXj/I^I$WXOXNPG�EHOXNPA�Q AH� 6 , � �6 , 7 < ��NPWacgU/WXO^E]W%NPQ OXj/I6bdEHWBI6AH��@BI�SVUVb�I$SR� A�@XSVI$@
A�qVWXI�@B�DI�@�qVUVO�OXjVI%I�WBOXNPG^E]OXNPADQ�A]� 6 O ����jVNPbgj�� E]W�Q/ADNPWXI%WBI�QVWXNPOBN���I%NPQ OBjVI%@XI�S/UVb�I�SR�[AD@BSVI�@%bdE]WXId��N�WcgU/WXOaEHW�NPQ�OXj/Ia��UVYPY:AD@XS/I�@aA�qVWXI�@B�DI�@!bdEHWBID�

� ��� ���)��
��a
	�V��"z�^�!&)��"�
�&)�#"z�+� �*��� 
+�7


c!ADQVYPNPQVIdE]@�ADqVWBI�@X��I�@XW���j/N�bgj�E]@XI�q}E]WXI�S7ADQ%YPNPQVIdEH@BNP��NPQVC)OXjVI!ADqVWBI�@X�DE]OXNPADQ%I�@B@XA�@�SV�RQ}E]G�NPb�W�qR��OB@FE]QVW[�
�3A�@XG7N�Q/C%OXjVI%WB�\WBOXI�G NPQROXA ��� �!����"����^�������X&��W� ����� I��RNPWXO�A�QVYP����AD@�E7@XI�WBOX@XNPb�OBI�S b$Y E]WXW�A]��WX�RWBOXI�G7Wd�
����I�Q�N��#WXU/bFj6E�OB@FEHQ/W[�3A�@XG^E]OXNPADQ�SVARI�W�I��RNPWXOT��AD@aE�WX�RWXOBI�G ZROBjVNPW�G7I�OXjVARS7��jVNPbFj7@XI�_RUVNP@BI�WaOBjVI)b�ADG+�
`VU/OFEHOBNPADQ�A]�>G%UVYPOXNP`VYPI� ¡N�I!SVI�@BN��DE]OXNP�DI$W�NPQR�DA�Y��RNPQVC 8 E]QVS = G�Ez��QVADO q}I�EH`/`V@XA�`V@XN�EHOBI�N�� 8 EHQVS = SVA
QVA�O�G7ARSVI�Y<OXjVI)`VY�EHQRO���I�@X��E]b�b�UV@gEHOBI�YP�\���[Q7WXADG7I�E]`V`VYPNPbdEHOBN�A�QVW�WBUVbgj^EHWTNPQ�@BADq<ADOXNPb�WT`V@BADqVYPI�G7WdZ�OXjVI
G7A\S/I�YRN�W�b�A�QVWXOB@XUVb$OXI�S+�3@XA�G EHQ<EHYP�ROXNPbdEHY�b�ADQ/WXNPSVI�@gEHOXNPA�QVWa��`/j\�RWBN�bzEHYRY�Ez��WF��WXA)I���I�Q%N��}OXjVI�`<EH@FE]G�I�OBI�@XW
A]��OXjVI�G�ARSVI�Y:SVA7QVADO�G�EHOBbFj�I��VE]b�OXYP��OXjVA�WXI�A]��OXjVI�@XIdE]Y>WB�\WBOXI�G�Z<OXjVI�S/I�@XNP�DEHOBNP�DI�W!AH� 8 E]QVS = E]@XI
WBOXNPYPY:G�IdE]QVNPQVCH�3U/Y �¡�[Q^A�OXjVI$@aEH`V`VYPNPbdE]OXNPADQVWzZDj/AH��I���I�@dZ/WXUVbgj E]W�OXjVA�WXI)I�QVb$ADUVQROXI$@XI�S�NPQ^bgjVI$G�NPbdEHY:EHQ/S
E]UVOXA�G�ADOBNP�DITN�Q/SVUVWXOB@X�RZ 8 EHQ/S = EH@BI�A]�3OXI$Q�NPSVI�QROXNfQ}I$S^EHQ/S^OBjVI�NP@TSVI�@XNP�DE]OXNP�DI�WTbdE]Q^q<Ia��I�@X�7SVN�� I$@XI�QRO
�3@BADG OXjVA�WXI�A]��OXjVI�@BIdEHY 8 E]QVS = ��N��#OXj/I���I��RN�WBO�E]OaEHYPY����oiROgEHQVS}E]@XS6YPNPQVIdE]@XNP�dE]OXNPADQ�EH@XA�UVQVS6E�WXNPQVC�YPI
I�_RUVNPYPNPqV@XNPUVG `<ADNPQROdZVNPQ�CDI$QVI�@FE]Y[Z}bzEHQVQVA�Oaq<I�WBUVb�b�I$WXW[��UVYPY���EH`V`VYPNPI�S�OXA7OXjVI$WXI�WX�RWXOBI�G�W!I�NPOXjVI�@z���w�DI�Q
OBjVADUVC�j�N�Q/`VUVOXW�A]�#WBUVbgj6WX�RWXOBI�G�WaE]@XI)AH��OXI�Q�@XIe�3I�@XI$QVb�I�WXNPCDQ}E]YPW���jVNPbgj��DEH@B�%WXYPAH��YP��A�@aEH@XI)b�A�QVWXOgEHQRO
AH��I�@�YPADQVC�`}I$@XNPARSVW�AH��OXNPG�IDZ�OXj/I�WXI�WB�RWXOXI$G�WTUVWXU}E]YPY��%j<Ez�DI)G%UVYPOXNP`VYPI�EHQVS7SVNPWXOFE]QRO �_*���� &�
,$-���L*���$-��
-� �
���ROBI�QVSVI�S�YPNPQVIdEH@BNP�dEHOBN�A�Q%NPW�ADQVI)��Ez�%OXA�EHS/SV@XI�WBWaOBjVI�WXI�`V@BADqVYPI�G7Wd�
�w�\OBI�QVSVI$S�YPNPQVIdE]@XNP�dEHOBNPADQ)NPW#E�C�I�QVI�@gEHYPNP�dEHOBNPADQ�A]��YPNPQVIdE]@XNP�dE]OXNPADQ�EH@BADUVQ/S�E�WBN�Q/CDYPI�AD`<I�@gEHOXNPQVC���I�_RUVN��

YPNPqVNPUVG^�w`}A�N�QROz� iRA%YPI�O�U/WTQ}@XWBOab�A�QVWXNPSVI�@!OXjVNPWTY�EHOXOBI�@abzEHWXI��

��),+ ��� .80

�.1C	
 7,4 0�AD.1C 4
�6. � 4 230
�TA�QVWXNPSVI�@)OBjVI�WBOFE]qVNPY�NPO[��AH�TOXjVI�I�_RUVNPYPN�q/@XNPUVG `}A�N�QRO�� ;'7 ;�� Z 6'7 �6'7 6�� Z6� 7 �����)�[Q�OXjVNPWabzEHWXI�Z
OBj}EHQ�URW!OXA�L�jVI�AD@BI�G hV�Pr�ZD�TI)QVI�I�S6OBA%WXOBUVSV��OBjVI�WBOFEHq/N�YPNPO[��AH�� C �G=XW � 6 � � Y

� � � 5� 7
� 8 W � 6 � 9_; � � !

=XW � 6 � � � � � � `/��rz�

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� T�.

��� � �<y � � �JILK�� � *�* � �!� =XW � 6 � � ��& �Z� ���-� � ��� �b&�� � � M ����� �Z
���� �o��$-
,�	��$%����� �b�	����� �	�b��

��� O��%Q� . � T � �_����� ���,*������ 
 � 

���N��$%������"�&�� � ���N� �N
����N�X&�
,��$�R � � ��� � � � �����b� � � 7J8 W � 6 � 9�; � � � � � 7
=XW � 6 � � �o&����

� 7 � � � � Y� � ! �$� � � � Y� � � , > � `/� h��

�)y�������~ ��NPQVNPOXI!I�NPCDI�Q�� G7A\S/I�W�AH��OXjVI��	��� �,`V�Prd� EH@XI)OBjVILQ}QVNPOXI!I�NPCDI�QR�[G�ARSVI$W�A]�#OXj/IaG^E]OX@BN���`<I�QVb�NPY+ � C � � Y�
� � � 9

� � � !
� � � � �

��jVNPbgj�E'�3OXI�@�E �3I���WBN�G7`VYPI>I�YPI�G7I�QROFE]@X�aA�`}I$@FEHOBNPADQVWT����jVNPbgj)b�YPIdEH@BY��)SVARI�W�QVADO�Ez�:I�b�O�OXjVI�I$N�C�I�QR�[G�ARSVI�W
A]�wOBjVI)`}I$QVb�NPY��Tq}I�b$ADG�I$W + � C �

� � � 9
� � � ��� � � � � � Y� � !

� � � � Y� � �
��jVI$@XI � N�W�C�NP�DI�Q7N�Q��,`V�¢hD�$� c!ADOXI)OBj}EHO � � � Y� N�W�NPQR�DI$@XOXNPqVYPI)WXA�OXj/I�`}I$QVb�NPY>j}E]W�NPQVSVI���r�EHQVS

SVI�O � � � C �
� �(� � � � � ��� � � � � � Y� � !

� � � � Y� � � 7 � � `/� `��

N��wE]QVS�ADQVYP�%N��
SVI�O6� � C � � � � ��� � � �B� 7 � 9 � `/� �R�

`V@BAH�RN�Q/C�OBjVI�OXj/I�AD@BI�G � �
�
�}y�� ) )3{Vy�� �JILK�� ��
 � � &���� � � �_�N& �4�����o����� $-� M �������b��� . � T &���� � ��*�* � ���N
���&�
 � � ��& �G� ���-�
� ��� �b&�� �N&���� � � � 9 � � � $��#��� �!����"�&�� �
� �:M �����'

��� � ��$-
,�	��$%����� �b�X����� � � � � . � T � �_&�� ���X&�� ��$-
,�b&���$����
& ����$%�����_�@���L*P�b�!* ���
������$ �_�X�b� ! ��)y�������~ iRNPQVb$I�� � ��9 � � ��NPW!ADqVWBI�@X�DE]qVYPI��TI�bdE]Q'Q}Q/S 
 WXU/bFj�OXj<EHOaOBjVI�I�NPCDI�QR�DEHYPUVI$WaAH� � ��� 
 � �
j}Ez��I)OXjVI�S/I�WXNP@XI$S6�DEHYPUVI�Wz� c!AH��YPI�O

!@7 � 
 � � � � � � � Y� > � `/� J��

L�A�WXjVAH� OBj}EHOTOXj/N�W�bgjVA�NPb�IaA]� ! SVARI�W�OXjVI�cgA�q>Z���I)UVWBI�OBjVI)@XI�WBUVYPO�AH�>L�jVI$AD@XI$G `/��r �3@XA�Gk��jVNPbgj��TI
C�I�OaOBj}EHO�OBjVILQ}QVNPOXI)I�NPCDI$QR� G7ARSVI�WTAH�a� `/��rz��I$_\U<EHY:OXj/I�I�NPCDI�QR�DE]Y�U/I�W�AH�

� � ��� � � 7 � � � � � � � Y� � ! �$� � � � Y� � � , � �
7 � � � 
 � � > � `/� m��

L�jVNPW�b�A�G�`VYPI�OBI�W�OXj/I�`/@XARAH��AH��OXjVI�b�AD@BADYPY�EH@X�R� �
i�A�NPQ�OXjVI)b�A�QROXI��ROaA]�#WBOFEHQ/S}EH@BS^YPNPQVIdE]@XNP�dE]OXNPADQ>Z ! bdE]Q^q<I�b�A�QVWXOB@XUVb$OXI�S�EHW�`V@BAD`<ADWBI�S6NPQ �,`V�¢JD�$�

k:kmlon�p_q�r r



r � ����� $����	�
����&��

��) ( <�� � A�0

�A�
N7 4,0�A�.1C 4 �6. �'4,230
L�jVI7NPSVIdE�A]�����ROXI�QVS/I�SR�[Y�NPQVIzEH@XNP�dE]OXNPADQ�NPQ�A�qVWXI�@B�DI�@�SVI�WBNPCDQ j<EHW�q<I�I�Q�N�QROB@XARSVUVb�I$S NPQ2Y¢hRZ ` [ �7L�jVI
G�EHNPQ�NPSVIdE+NPQ6OXjVNPW)EH`V`V@BA\E]bFj�Z}��j/N�bgj6NPW!b�YPADWXI$Y���@BI�Y�EHOXI$S OBA�OXj/I�CREHNPQ�WXbgjVI�SVU/Y�NPQVC7OXI�bgjVQ/N�_RUVI�Z:NPWaOXA
C�U}EH@gEHQROXI�I�YPARbdE]YDWXOgEHqVNPYPNPO[�)AH�}OBjVI�I$@X@XA�@�SV�RQ}E]G�NPb�W:AH�<OXjVI�A�qVWXI�@B�DI�@ QVADORcgUVWXO�E]@XADU/QVS E]Q�I�_RUVNPYPNPqV@XNPUVG
`<ADNPQRO�qVUVOT�3A�@ E��[EHG�NPYP��A]�#I�_RUVNPYPNPqV@XNPUVG `<ADNPQROXWd�

� ��� � ��x
��� � �JILK�� A H��	? $�� �_&��-���_�^&��N�	� � $��
$-����$L� � ����
 $ �L&��-� � ; � 9_6 � � � � ��&�
,$��-��� 8 � 6 � 9_; � � 7
�X���� � �<y � � �JI G � ��
 � �_�	&��'�	��� $���$-����$L� � ����
 � � ��� 

��&�
+�����#&��)� � ;���9_6�� � � � �o�o� ��&�"��
T � = W � 6�� � ��&��Z� ���)� �b��� � &�� ��
	B��� =XW � 6 � � 9_8 W � 6 � 9_; � �X� $�� ����������"�&������ �

M ����� 

����� �G�SR�$���
)� ! � �6P9_; � � � �_� 

��&�
 
����L��� �b���T������&��X$ ���G& �_�!� ��$-&�
,�_�d�o$-
��^��� ����� "���� � 	�� T	� � ��� 	�� T T��
$��T�
� �_&��-������
,&�� �
�G&��b�	� ���	��"������L��� � $��
$)����$ � � *���$)��
 $-� � * �b��"�$)���_� �6 ���D� 7 �6 ���D� �	6 ���D� $ �o� � 
 ��$-����
-���
���X&��-� �

�)y�������~  :I�O � � �6:9�; ��q<IaEHQ �
�G3�G�EHOB@XNP�)��N�OBj%I�QROX@BN�I$W���jVNPbgj�EH@BI��3U/QVb�OXNPA�QVW�AH� �6
� ?kE]QVS ; � H
WBUVbgj6OXj}E]O 8 W � �6 9_; � � � � �6:9�; � = W � �6 �TNPW �aUV@B��N�OB�!�3AD@aE]Y�Y�� ;:9 �6 � � � EHQVS7Y�I$O

! � �6 9_; � 7 � � � �6:9�; � =XW � �6 � � 8 W � �6P9_; �B� =XW � �6 ��Y�> � `/� n��

L�A WBjVAH��OXj<EHO�OBjVNPW ! WFEHOBNPW Q}I�W�OBjVI6b�A�QVSVNPOXNPADQ/W�AH��L�jVI�AD@BI�G `V�¢h/Z��TI Q}@XWBO�QVI�I$S�OBA WXj/AH��OXjVI
�3A�YPY�AH��NPQVC�UDI��7Y�I$G�G^E/�
F � ����{ �JILK�� ��
 � ; � 9�6 � � � � &���� �_��� ��$-�����L&��N�	� � $��
$-����$L� � * ��$-��
 6 7 6 � � �6^7 �6 � � &���� � 7 � �
����� �ST � T������ T �
	 �N&������ 	B� T	� ����� 	B� T T �@&��_��� ��$-&�
,�_�N�o$)

���_��� �!
,&���
Z$-� * � 
 ;�� �Z$ � � � �

� 7 8 � 6 � 9�; � � � `/�  ��
� 7 8 � �6 � 9�; � ��� ! � �6 � 9�; � � � � � `/� s��
< 7 = � 6 � � 7 = � �6 � � �,`V�Pr����

� ����� � ! $��#��� �o���_�N$-� � . � � � � M �����'

����� �d�SR�$���
)��� � � � � ��� 

��&�
o$ � � �6�� �j6�� ��� � � � . ��� ����� . � T � �
$-� *W���^

��&�
 �6 � 7�6 � &���� � � 7 � ��)y�������~ i�UV`V`<ADWXI7�3A�@�EHYPY���� � OXj/I�@XI6I$�\NPWBO �6�� Z 6�� E]QVS � � WFEHOBNPW[�3�RNPQVC1� `V�  ������ `V�Pr �D�)WBUVbgj�OBj}EHO� �6���� 6�� �����dZ�E]QVS �6��'7 �6����26�� EHQVSWV]AD@:� � N�W%Q/ADO���I�@XA<�"�/AD@���WBU�!�b�NPI�QROXYP� WBG^E]Y�Y[Z��3@BADG
�,`V�  D� �e�,`V�Pr�����Z���N�OBj �%���_O���E]b�b�UV@gEHb��RZV�TI)CDI�O� 8 W � 6 � 9�; � � ! � 6 � 9_; � �

= W � 6 � � � � � �6 �
� � � 7 ��> �,`V�PrDrz�

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� T��
iRA7OXA�`V@BAH�DI�OBjVI  ¡I�G�G�E��TI�G%UVWBOaWBjVAH� OXj}E]OaOBjVI�G�EHOB@XNP��NPQ �,`V�PrDrz��ZV��j/N�bgj6U/WXNPQVC �,`V�¢nD�	bdEHQ q}I
I��R`V@BI�WXWBI�S EHW � 8 W � 6 � 9�; � � � � � 6 � 9�; � =XW � 6 � � � 8 W � 6 � 9_; � �B� =XW � 6 � � Y

=XW � 6 � � � � 9
NPW%NPQR�DI�@BOXNPqVYPID�(�TUVO�NPO�NPW�IdE]WX��OXA�WXj/AH�kOXj}E]OdZ q\��I�YPI�G�I$Q\OgEH@B��AD`<I�@FE]OXNPADQVWzZ�OBjVNPW%G^EHOB@XNP�6bdE]Q1q}I
OB@FEHQ/W[�3A�@XG�I$S^NPQROXA � 8 W � 6 � 9�; � � ��� � 6 � 9_; � = W � 6 � � �

=XW � 6 � � =XW � 6 � � = W � 6 � � Y � 9

��jVNPbgj�NPW�NPQR�DI$@XOXNPqVYPITq}I$bdEHUVWBI%�Xr 9 rd� � q/Y�ARb_U�I�QROB@X�%NPW �aU/@X��NPOX�!q\��b�A�QVWXOB@XUVb�OBNPADQ^E]QVS%OXj/I��3h 9 h����[qVYPARb�U
I�QROB@X��NPW�N�QR��I�@XOBN�q/Y�I!q}I$bdEHUVWBI =XW � 6 � �Tj}EHWT�3U/Y�Y:@BAH� @FE]Q�U:��L�jVNPW�`V@XAH��I�W�OXj/I� :I�G7G^E/� �
L�j<EHQ�URW)OXA6 :I$G�G^E^`/�PrDZ<��I^URQVAH��OXj}E]O)OXjVI%I�_RUVNPYPNPqV@XNPUVG�`<ADNPQROXW�E]@XADU/QVS ��j/N�bgj���I%Q/I�I�S�OXA

YPNPQVIdE]@XNP��I��BrD�Prd� �e�BrD�¢hD��E]QVS �3h/�Pr��D� �e��hV�PrDrz��b$ADNPQVb�NPSVI�E]W�� E]@aEHW 6 NPWab$ADQVb�I$@XQVI�S E]QVS6OBjVI�I�_RUVNPYPNPqV@XNPUVG
`<ADNPQRO ��NPQ��3h/��r �D� �e��hV�PrDrz��bdE]QVQVA�O�q<I%EHQR�ROXjVNPQVC%I�YPWBI�qVU/O �V�#iRA7��I%EH@BI�NPQ6OXjVI�WFE]G�I)WXNPOBU}EHOBN�A�Q EHW
NPQ6OBjVI�WXOgEHQVS<EH@XS Y�NPQVIzEH@XNP�dE]OXNPADQ7bdEHWBI�S/N�WBb�UVWBWXI�S�IdEH@BYPN�I$@dZR��AD@aI$�DI�@B� � ;�� 9�6�� � � ��� ����b�A�QVWXOB@XUVb$OXNPADQ
8 W � 6���9_;�� � ��� � 6���9_; � = W � 6�� � NPW �aUV@B��N�OB�DZVWBA ! E]W�SVI_Q}Q/I�S6NPQ �,`V�¢nD� YPA\bzEHYPYP�%WXOFE]qVNPYPN��$I�W�OXjVI)WB�\WBOXI�G
E]@XADU/QVS6EHYPY:I�_RUVNPYPN�q/@XNPUVG `}A�NPQ\OBW���WBI�I�OXj/I�`V@XARA]�#AH��OXjVI�b�AD@BADYPY�EH@X�%A]�#L�jVI$AD@XI$GD`V�Prd�$� �
L�j/I�@XI)EH@XI��DE]@XNPADU/W#��Ez�RW�OXA�b�A�QVWXOB@XUVb$O�G^EHOB@XNP� � � �6P9_; �	�3EHQ/S�OBj\U/W ! � �6P9_; �B����L�jVNPW�G^E]OX@BN��)G%UVWBO

q<I�WXI$Y�I$b�OXI�S�WXU/bFj�OBj}EHO 8 W � �6:9_; � ��� � �6 9_; � =XW � �6 �TN�W �!UV@X��NPOB�a��AD@aEHYPY�� ;:9 �6 � � �����[Q�WXADG7IabdE]WXI�WzZ<N�O
NPW)WXOB@FEHNPC�j\O �3AD@B� E]@XS�OXA�SVA7OXj}E]O��3A�@�E]Y�YT� ;:9 �6 ���)�[Q6A�OXjVI�@)bdE]WXI�W�jVAH��I$�DI�@zZ}�TI�QVI�I�S�OXA7@XI�WBOX@XNPb�O�OXjVI
SVA�G^E]N�Q OXA � OXA6@BI�SVUVb$I^b$ADG�`/Y�I$�\NPO[��AD@%Ez�DA�NPS WBN�Q/CDUVY�EH@BNPOXNPI�Wd�� :I$O � � �6:9�; ��EHQ/S � � �6P9_; �)SVI�QVA�OXI
@BI�WX`<I�b�OBN���I�YP� 8 W � �6 9_; ��E]QVS = W � �6 �T@BI�WXOB@XNPb�OXI$S OBA �*�

� � �6:9�; � 7 8 W � �6 9_; � � ����� 
W��
	�� �,`V�Prdh��
� � �6:9�; � 7 = W � �6 � � ����� 
W��
	�� �,`V�Pr�`��

L�jVI$Q>Z � � �6:9�; ��G%U/WXO�q<I�WBI�YPI�b�OXI$S�N�Q WXUVbgj�E%��Ez��OXj<EHO � � �6 9_; � � � � �6 9_; � � � �6W9_; ��NPW �!UV@X��NPOX���)�[Q
�3A�YPY�AH��NPQVC�WXI�b�OBNPADQVWzZV�TI�C�NP�DI)O[��A�G�I$OXjVARSVW �3AD@�b$ADQVWBOX@XU/b�OXNPQVC � � �6 9_; ���

c!ADOBI�OXj}E]OdZzNPQ�CDI$QVI�@FE]Y[Z � � �6:9�; �:EHQ/S � � �6:9_; �:E]@XI�QVA�O>UVQ/N�_RUVITEHQVS�bzEHQ�q<I�I��R`V@BI�WXWBI�S%NPQ�SVN�� I$@XI�QRO
��Ez�RWd� ��U/OdZ:NPO)NPW�Q/ADO�EHYP��Ez�\W!`}A�WXWBN�q/Y�I�OXA�I��R`V@BI�WXW�OXj/I�G NPQVSVI$`}I�Q/SVI�QRO�AH���6 ����j/N�bgj�G�IdE]QVWaOBj}EHO
I�_RUVNPYPNPqV@XNPUVG `<ADNPQROXW�bdE]QVQVADO)EHYP��Ez�\W�q<I�`}E]@FE]G�I�OBI�@XNP��I�S q\��NPQV`VU/OXWF�$��L�A%NPY�YPUVWBOX@gEHOXI)OBjVNPWa`<ADNPQROdZVYPI�O
UVW!b�ADQ/WXNPSVI�@�OBjVI)�3A�Y�YPAH��NPQVC)WXNPG7`VYPIaI��VEHG7`VYPI���jVNPbgj^j<EHW�QVA%NPQV`VU/O ; �+ 56 , 7 6 O56 O 7 6 , 6 O 9D<X7 6 , �,`V�Pr �R�

�TYPIdE]@XYP��OBjVI)I�_RUVNPY�NPqV@BNPUVG `}A�N�QRO�b�A�@X@BI�WX`<ADQVS/W�OBA 6 O 7 �%EHQVS 6 , E]@XqVNPOB@FEH@B�%��jVNPbgj^NPG7`VYPN�I$W�OXj}E]O
� � �6 9_; � 7

� � r
� �6-, � > �,`V�PrdJ��

�[Q�OXj/N�W�bzEHWXI � � �6:9�; � 7 � r � � �
k:kmlon�p_q�r r



rzm ����� $����	�
����&��

��)�� <���.15 � A�4��*A�0 E3.17���A ��7 .156A��NA�0 �
��� 3 7 r%��WXNPQVC�Y�I!ADUVOB`VUVO�bdE]WXId�$Z<��I)bdE]Q^U/WXI��!b�U�I�@XG�EHQVQ�� W �3A�@XG%UVY�EXYPr [#OXA%b$ADQVWBOX@XU/b�O � � �6:9_; � WXUVbgj
OBj}EHO � � � �6 9_; � 7 I�NPCDI�QR�DE]Y�U/I�W�A]� Y � � �6 9_; � � � � �6:9�; � � � �6P9_; � [ �,`V�Prdm��
j}Ez��I�S/I�WXNP@XI$S�b�ADQVWBOFE]Q\O��DEHYPUVI�Wz�� :I$O��a� � �)q<I�OXjVI%`<ADYP�RQVADG7N�EHY<j}Ez�RN�Q/C � � � W!�3AD@!@XARADOBW)��jVI�@XI � � � W
E]@XI�OBjVI%��b�A�QVWXOgEHQROF�	SVI�WXNP@BI�S6I�NPCDI$Q\�DE]YPUVI�WdZROBjVI�Q

� � �6:9�; � 7 �a� � � �6:9_; �B��� � , 	

�
�
�
�
r

��


� �,`V�Prdn��

��jVI$@XI�� S/I�QVADOBI�W)OXjVI)A�qVWXI�@B�DEHqVNPYPNPO[�%G^E]OX@XNP�6�
� 7

	


�

� � �6 9_; �
� � �6P9_; � � � �6P9�; �

�
� � �6 9_; � � � �6P9_; � F � ,

� 


� > �,`V�Pr  ��

L�jVI!QVNPb�IaOBjVNPQVC�E]q}A�UVO�OXj/N�W �3A�@XG%UVY�ETNPW�OBj}EHO N�O CDNP�DI�WTEHQ%I��R`VYPNPb�NPO�I��R`V@BI�WXWBN�A�Q7�3AD@ � � �6 9_; �$�>L�j/I�@XI!N�W
QVA�I�_RUVNP�DEHYPI�QRO��3A�@XG%UVY�ET��AD@�OBjVIZ3 � r���G%UVYPOXN�� A�UVOX`/UVOF�¡bdEHWBIDZVWBN�Q/b�IaNPG�`<ADWBNPQVC�� SVARI�WTQVA�O�UVQVNP_RUVI�YP�
SVI$OXI�@BG�NPQVI � ���!AH��I���I�@dZ/N�� � � �6:9_; � NPW�b��Rb�YPNPb!�3AD@�EHYPY:EHSVG7NPWXWXNPqVYPITI�_RUVNPYPN�q/@XNPUVG `}A�NPQ\OBW���AH��N�QROBI�@XI�WBOF�$Z
�TI�bzEHQ@Q}Q/S E r��N36��I�b�OXA�@PZV� �6:9_; �	WXUVbgj�OXj}E]OaOXj/I�`}E]NP@���Z/� �6:9�; � � � �6P9_; � 9 � � �6P9_; �X��NPW!ADqVWBI�@X�DE]qVYPI
��N�Q+� EHb$OdeFE]Y�G7ADWBO#EHQR� g���I�b�OXA�@ Z�SVARI�WTOXjVI�cgADq�Z\E]QVS%NPQ%`}EH@BOXNPb�UVY�EH@T�TI�bdEHQ7OFE�U�I�Z�OBA�q<Iab$ADQVWBOFEHQROg���
L�jVI$Q6UVWXNPQVC��ab_U�I�@XG�EHQVQ#� WT�3A�@XG%UVY�E!ADQ7OXjVNPW�QVI$� `}EHNP@T��I)CDI$O��

� , � �6 9_; � 7 �a� � � �6:9�; �X��� � ,, 	


�
�
�
�
r

��


� �,`V�Prds��

��jVI$@XI�� , SVI�QVA�OXI�W!OXjVI�A�qVWXI$@X�DEHq/N�YPNPO[��G^EHOB@XNP�6�
� ,Z7

	


�

Z � � �6 9_; �
Z � � �6 9_; � � � �6 9_; �

�
Z � � �6 9_; � � � �6P9_; � F � ,

� 


� �,`V�¢h ���

E]QVS�OXjRUVW��TI�bdEHQ�YPI�O
� � �6 9_; � 7 � , � �6 9_; � Z �,`V�¢hVrz�

��� � � �6 9_; ��NPW�QVA�O�b��Rb�YPN�b�ZRN�O�NPW�`<ADWBWXNPqVYPI)OXA�Q}QVS6E�`V@XI$Y�NPG7N�Q<EH@X��ADU/OX`VUVO�NPQdceI�b�OXNPA�Q � S WBUVbgj6OXj<EHO
� S � �6:9�; � 7 � � �6:9�; � � � S � � �6P9_; � �,`V�¢hDh��

NPW�b��Rb�YPNPb)WXA%OXj<EHO�OXj/I�`V@XI$�\NPA�UVW�G�I�OBjVARS�bdE]Q�q}I�E]`V`VYPNPI�S^E]C\E]N�Q���WBI�INY¢s [XZ�iRI�b�OBN�A�Q6nV�PrD�¢hD�$�

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� T �

��)�� �=A �*4 230%.17#AD4 �*AD03E3.17��%A ��7,.856A��NA�0 �
o	�3OBI�Q>Z�OBjVI6I��VEHb$O�YPARbdEHOBN�A�QVW%AH�)OXjVI I�NPCDI�QR�DEHYPUVI$W%AH��OXjVI I�@X@BAD@�S/�\Q<EHG�NPb�WzZ � � � �6P9_; �$Z E]@XI6Q/ADO%WXA
NPG�`<AD@BOFE]Q\Oz�>�[Q�G�EHQR��bzEHWXI$WdZVNPO�NPW�I�QVA�UVCDj�OBA�@BI�_RUVNP@XI�OBj}EHO�OBjVI���q<I'eBWXU�!�b�NPI�QROBY��%WBOFE]qVYPI�g}Z/N � ID�PZ

� � �6 9_; � 9 i	ID� � � � �6P9_; �B� � � 
 �,`V�¢h�`��
�3A�@�WXA�G�Ia`<ADWBNPOXNP�DI)WXbzEHY�EH@�
T�
F � ����{ �JI G � ��
�� ����&���� * � �!$)
 $-"��X��� �o��$-
,�	�X&�
,��$�R &���� �
��


�%� �6 9�; � � � �,`V�¢h
�R�
�_�X

���#� ��$ � � �L* � ��$-
 $)"��X��� �o��$-
,���!� � � 
,$-���'� �d
���� � $ � �_&�
,$ �	��� &�
,$-���
h�
��%� �6+9_; �6� � � �6 9_; ���%� �6 9�; �6���%� �6P9_; � � � �6:9_; � Y � �%� �6P9�; � � � �6P9_; � Y � � � �6 9_; ���%� �6+9_; �6� C 7 ��>

�,`V�¢hDJ��
M �����(� . �
	 . �	��� �
���d$ �

� � �6:9�; � 7 rh �%� �6P9_; � � � �6P9�; � Y � > �,`V�¢hDm���)y�������~ �/@XA�G �,`V�¢hDJ���EHQ/S �,`V�¢hDm���ZR�TI)ADqVOgEHNPQ
h 
	�+� �6P9_; �6� � � � �6:9�; � ��� � �6:9_; � � � �6P9_; �X�
�+� �6P9_; �6���%� �6 9�; ��� � � �6:9_; � ��� � �6 9_; � � � �6P9�; �X� Y �RC 7
� 
 C�� � � �6:9_; � ��� � �6P9_; � � � �6P9�; �X���%� �6 9�; �6���%� �6P9_; �$� 
 C�� � � �6:9_; � ��� � �6 9_; � � � �6P9�; �X� Y �RC 7 �

� `/�¢hDnD�
qVU/O�OXjVNPW�NPW�QVADOBjVNPQVCaqVU/OwE) ¡�\EH`/UVQVAH�)I�_RU}EHOBNPADQ���jVNPbFj�NPG�`VYPNPI�W:OBj}EHO 
 C6� � � �6 9_; � � � � �6 9_; � � � �6 9�; �
NPW�WXOgEHqVYPI)��jVNPbgj�N�W�I$_\U/N��DE]YPI�QRO�OBA%b�ADQVS/N�OBNPADQ �,`V�¢h�`����
L�A�WXjVAH� OXj}E]O�� `V�¢h�JD��j}E]WaE�UVQVNP_RUVIa`<ADWBNPOXNP�DI)WXA�YPUVOXNPADQ�ZDWBN�G7`VYP��Q/ADOXI)OBj}EHOTNPO�bdEHQ7q}I�@BI���@XNPOBOXI�Q

E]W
� 
 C�� � � �6:9�; �X���%� �6+9_; �6���%� �6P9�; ��� 
 C�� � � �6 9_; �X��Y � �%� �6P9_; � � � �6P9_; ��Y � � � �6:9_; ���%� �6P9_; �6�RC 7 �

�,`V�¢h� ��
��jVNPbgj�NPWaE�WBOFEHQ/S}EH@BS i�NPb�bdE]OXN:I�_RU}E]OXNPADQ���jVNPbgj�j<EHWaE�UVQVNP_RUVI)`<ADWXNPOBN���IaWBADYPUVOXNPA�Q�`V@BAH�\NPSVI$S

� � � �6:9_; � 9 
 C�� � � �6:9�; �X� N�W�A�qVWXI$@X�DEHq/Y�I�Z �,`V�¢hDs��
� 
 C�� � � �6:9�; � 9 CD� N�W�b$ADQROX@BADYPY�EHqVYPID� �,`V�a` ���

L�jVI�Q}@BWXO�b�A�QVSVNPOXNPA�Q6jVADYPSVW!q}I$bdEHUVWBI6� � � �6 9_; � 9 � � �6 9�; �X�	N�W!ADqVWBI�@X�DE]qVYPI E]QVS6OBjVI%WXI�b$ADQVS�NPW�OB@XNP�RN�EHY[��
c!ADOBI6OXj}E]O�G^EHOB@XNP� � ����jVNPbFj G^Ez��E]YPWXA S/I�`}I$QVS�A�Q ; EHQVS �6 �7NPW^EHQ�EHSVSVNPOBN�A�Q}EHY�OBUVQVQVNPQVC

`}E]@FE]G�I�OBI�@���jVNPbgj^bzEHQ�q}I)UVWBI�S6OBA�EHSdcgU/WXO�OXj/I�q<I�j}Ez�RNPAD@�A]�#OBjVI�I�@B@XAD@�S/�\Q<EHG�NPb�Wz�
 ¡I�G�G�EG`/� h!`V@BAH�RN�S/I�W E�WXOX@gEHNPCDjRO �3AD@B� E]@XS%G�I$OXjVARS��3A�@�b�ADQ/WXOX@BUVb�OBN�Q/C � � �6 9_; ��EHQVS%OBjRUVW ! � �6:9�; ���

�!AH��I���I�@dZ]N�O�SVARI�W�QVADO�`V@XAH�RNPSVI�E]Q�I��R`VYPNPb�NPO>WBADYPUVOXNPA�Qa��AD@>NPOz�>L�A�b�A�QVWXOB@XUVb�O � � �6 9_; ��Z��TITQVI�I�S�OXA!WXADYP��I
OBjVI�i�NPb�bdE]OXN�I�_RU}E]OXNPADQ1� `/� h�JD�$�aL�jVNPW)G^Ez�7AD@)G^Ez�7QVADO)q<I���IdEHWBN�q/Y�I�NPQ6@XIzEHY�� OBNPG�ID�!�[Q G7ADWBOabdE]WXI�WzZ
�TI%QVI�I�S�OXA6`/@XI�b�A�G�`VU/OXI � �3AD@�E�@BIdEHWBADQ}E]qVYP�6SVI�QVWBI�WXI�O�A]� ; � W�EHQ/S �6 � W�EHQVS�U/WXIDZ�NPQ�@XIdE]Y��[OXNPG7IDZ
NPQROXI�@B`}A�Y�EHOXNPA�Q�AD@�WBNPG�NPY�EH@�G7I�OXjVARSVWTb�A�G�G�A�QVYP�)UVWXI�S N�Q�CREHNPQ�WBbFj/I�SVUVYPNPQVC}�

k:kmlon�p_q�r r



r  ����� $����	�
����&��

� 0 ��(����)�*�)����&)�#"��+� "$�#� ���a�

c!UVG�I�@BNPbdEHY)NPG�`VYPI�G%I$Q\OgEHOBN�A�Q�NPW E]Q NPWXWBUVI ��j/N�bgj NPW�@FE]@XI�YP�1b�A�QVWXNPSVI�@BI�S NPQ OXj/I A�qVWXI�@B�DI�@ SVI�WXNPC�Q
YPNPOXI�@gEHOBUV@XID� L�jVIa@BIdEHWBADQ+�3AD@�OBj}EHOTNPW�OXj<EHOdZ�NPQ�G7ADWXO�bdE]WXI�WzZVOBjVI�Q}Q<EHY<N�G7`VYPI�G�I$Q\OgEHOBN�AHQ�N�W SVADQVI!UVWXNPQVC
WBOFEHQ/S}EH@BS�b$A\S/I���AD@%o��)�!� W%��jVNPbgj�E]@XI@URQVAH��Q OBA q<I��DI�@B� @BI�YPN E]qVYPID��L�j}E]Q�URW�OBA�NPOXW�`}EH@BOXNPb�UVY�EH@
WBOX@XU/b�OXUV@BIDZ�OXjVI�bzEHQVA�QVNPbdEHY������ WXADYP��I�@abdE]Q6EHYPWXA%q<I�NPG7`VYPI�G�I�QROBI�S%UVWXNPQVC7I��RNPWXOXNPQVC%@BI�YPN�EHqVYPI)b�ARSVI�W�h
qVU/O�N�Q�OBjVNPW�bdEHWBIDZ}�	����WXA�Y���I�@XWz�
�[G7`VYPI�G�I$Q\OBNPQVC�ADqVWBI�@X��I�@)�3hV�Pr �D�����3h/�PrDrd�¡NPW�QVADO G%UVbgj�SVN��:I�@XI$Q\OT��@XADG�NPG�`VYPI�G7I�QROXNPQVCaE!WXOgEHQVS}E]@XS

o)�)��q}EHWBI�S6ADq/WXI�@B�DI�@�h}�TI)WXNPG�`/Y���j}Ez��IaOXA%U/WXI�E����)� WBADYP�DI$@�N�Q/WXOXIzEHS�AH��EHQ�o)����WBADYP�DI�@z�
f ADWXO������ WXA�YP�DI�@BW�EH@BI%q}EHWBI�S A�Q OBjVI ���
� � ��EHb_UR� E]@XS �!N�� I$@XI�QROXN�E]OXNPADQ(�VA�@XG%UVY�E���G�I$OXjVARS

NPQROX@BA\S/UVb�I�S6A�@XNPCDNPQ}E]YPY���NPQjY   [X� �TADQVWBNPSVI�@�OXj/I����)�
�%��] 9���9 5� � 7 ��> �L�<��rz�

L�jVI Q}@XWBO�AD@XS/I�@ ���
��G�I$OXjVARS�b$ADQVWBN�WBOXW!AH�#S/N�WBb�@XI$OXNP��NPQVC � �}�Prd�TEHWT��ADYPYPAH��W
�%� ]�� � ,�9�� � � ,�9 � � � , ��� �

] � � , � ] � ��> �L�<� h��

��O)IdE]bFj�OXNPG7I�WBOXI�`�Z � � � , N�W!b�ADG7`VUVOBI�S6NPQ6OXI$@XG�W!AH� � � qR�6WXA�YP�\NPQVC�E+WXI�O)A]��QVADQ/Y�NPQVIzEH@aEHYPC�I�qV@FE]NPbI�_RU}E]OXNPADQ/W���UVWBU}EHYPYP��qR�'caI���OBADQ#� W�f�I�OBjVARS}��� , L�jVNPW)WXNPQVC�YPI�WBOXI�`�G7I�OXjVARS6bzEHQ�q}I%C�I�QVI�@gEHYPNP��I�S�OXA
E�G%UVYPOBN�WBOXI�`�G�I�OBjVARS qR��I��R`V@BI�WXWBN�Q/C 5� E]Od] 7 ] � � , qR��OXjVI SVI�@XNP�DE]OXNP�DI7AH��E6`<ADYP�RQVA�G�N�EHY�OBj}EHONPQROXI�@B`}A�Y�EHOXI$WaOXj/I�b�ADG7`VUVOBI�S�WXADYPUVOBNPADQVW ��� Z � 7 \���r � � 9 >�>�> 9 \���rDZ/I��DEHYPU}E]OXI�S6EHOT] 7 ]�� � , ��L�jVIG%UVYPOBN��[WXOBI�` � �
��������WBADYP�DI$@�NPW�`}EH@BOXNPb�UVY�E]@XYP���TI�YPYVWXUVNPOBI�S%�3A�@�WXA�YP�\NPQVC � ��$ � ����� $-�����SR T `/@XADq/Y�I$G�Wd�
� ��� � ��x
��� �	�DILK�

��������� � |�I �JI G�� M ���^����� �
$-���_&�� O��%Q ��� � T �($��#��&�$)�(
,�@�_�:� ��$ ����� �J$-�����SR&TN$ �

����^$-�����SR@�b�X

���^�	&�
 ��$"R#*�������$���� �	9 ��� �Z�:�����b� � 7 ���� ��] 9���9 5� � &���� � 7 � � � ] 9���9 5� � � $ � �����������
& �-� � ] 9���9 5� � $-�'&N����$%�����_���b�������@� �d

���G���b&_*��'� �d

���d��� � � 
 $)���'� � ��� � T�� �T&���� $ �
T � 

���T*�&���
,$-&��P������$-"�&�
,$-"����#�b� � �o$-
�� �b� � *�� ��
 
 � ] � � �^5� �SR�$ �!
 &���� &��b�#�_� � �����_�($)�(&^����$%�����_��� �

�������@� � 
���������� � 
,$-��� �	B� 

���	� &�� � �b� � $��
����� ��
 &���
�$-�'& ����$%�����_���b�������N� �d

���d��� � � 
 $)��� �

���R`V@BI�WXWBNPQVC�OBjVI�bdE]QVADQVNPbdE]Y>���)� A�qVWXI$@X�DI$@��3h/�Pr��D� �e��hV�PrDrz��EHW�NPQ��L�}�Prz���RNPI�YPSVW��

�
� ] 9 � �6

� � 9
� 5�6 5� � � 7! 5�6 � 8 � �6:9_; � ]F�X� �R= W � �6 � Y 5� � ! � �6:9_; � ]F�X� �

< ��]F� �R= � �6 � " 7 ��> �L�<� `��

F � ����{	�DILK � �������G� �_� � � * 
,$-��� � �
������� �6 � ��
 ��$)����
)�
� � �
�����d
,� 6 � 
�����O���Q ����������"���� � 	B� T � ���� 	B� T T �@$�� � ��$ � ����� $-����� RUT �
L�jVI�`V@XARAH��NPW�WXOX@gEHNPCDjRO �3AD@B� E]@XS^E]QVS�NPW�ADG�NPOBOXI�S>�#%$�&('*)+'*)�' l-,�. l0/�132 ) /54 ' / & / &(6 ,72 )36 .�8:9<;�= ) .?>*@ 6 1 ) 4 &(6 1 6�6�ACB > ' , ' /5=5D(> 6 1�E '*) ,�1 6 / '*F 2?/ ' ._l�> 6 2?E ) /3.G2�l 6�ACB > ' , ' /67A0B 1 6�)�)3' . lH8I.?1�J�K�L #?M

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� T��

��� � �<y � � �DILK�

��������� � |�I �JI G�� � ��
 ��� � T�� �_� & � ��$ � ����� $)�����SR T&O��%Qm���2&�� $)��
 ����"�&�� C 7
Y ] � 9 ] � ���T[ � M �����R
����@� � �X����$���& �o����� � 
,$-���R�b����� � T��j���'
���� \ � ��
 � *��*O�� �o$-
�� ��R���� ��
,� *+��$ ��� �
����� \�� n �_����"���� �����X
 � �%� � � � $ ��

���^$-��$-
,$-&�� �_������$-
,$-��� $�� �������b� ��
Z
,� �+��� � � &�� ��� � &����N&����'$ �d
����
� ���o
,��� $-
 ���b&�
 $)���@��� �_&��_�@��
 � * $ �G������"��_�N
,� �+��� � � , � & � ��� �b& ��� �

��NPQVSVNPQVC�E)b$AD@X@BI�b�O!N�Q/N�OBN�EHYRb�ADQ/SVNPOXNPADQ��3A�@a�3h/�Pr��D� �e��hV�PrDrz�:NPWT@FEHOBjVI�@TIdEHWB�PhRN�Q%`<EH@XOBNPb�UVY�EH@zZ\E]Q\� �6 ���D�
WgEHOXNPW �3�RN�Q/C < ���D� 7 = � �6 ���D�B�)EHQVS E]QR� ����������NPQ6`}E]@XOXNPb�U/Y E]@P�>���D� 7 �D�	b�ADQVWBOXNPOXU/OXI%E�b$AD@X@BI�b�O�NPQVNPOBN E]Y
b�A�QVSVNPOXNPA�Q>���!Wa��AD@)OXjVI�bgjVADNPb�I%A]��WXOBI�`VWBN��$I ��E]QVS A�@XSVI$@ \ AH�TOXjVI%NPQROXI�C�@FE]OXAD@zZ:OXj/I��6SVI�`<I�QVS�A�Q E
QRUVG%q<I�@TAH�>�[EHb�OBAD@XW�@BI�Y�EHOBI�S�OXA%OXj/I�`<I�@ �3AD@BG^EHQ/b�IaA]�#OXj/I�G7IdEHWBUV@XNPQVC�SVI��RNPb�I%�P��AD@TG�IdE]WXUV@BN�Q/C ; EHQ/S
< ��E]QVS�OXjVI�b�ADG7`VUVOFE]OXNPADQ<EHY<`}AH�TI�@�Ez�DE]NPY E]qVYPID� �/AD@�I��VEHG7`VYPIDZRNPO�SVARI�WaQ/ADOaG�E�U�IaWXI$QVWXI�OXA%j}Ez��I � �
WBG^EHYPYPI�@TOXj}E]Q�OXjVI)G^E]CDQVNPOBUVSVI�AH��OBjVI)G�IdE]WXUV@BI�G�I�QROTQVADNPWBID�
�	��� WXADYP��I�@XW!UVWXU}E]YPY��%@BI�_RUVNP@XI)OXj<EHO��\E]b�ADq/N E]Q�G^EHOB@XNPb�I�W � � EHQ/S�� �� q<I�`V@XAH�RNPSVI�S�ZRN���QVADOzZROXjVI$�QVI$I�S�OXA7q}I�I$WXOXNPG�EHOXI$S6��jVNPbgj6bdEHQ WXYPAH� SVAH��Q6OBjVI�NPQROXI$CD@FE]OXNPADQ6E]QVS6NPQVb�@BIdEHWBI%OXjVI�@BNPWbU6A]�#�[EHNPYPUV@XID���EHWBI�S6ADQ�� �}�a`D�$ZROXjVI�WBI�G^E]OX@BN�b$I�W�bzEHQ�q}I�IdEHWBN�YP�%b�A�G�`VU/OXI�S��

� � �6
� � 7 � �G8 W � �6:9_; � ]F�X� � � � �
	 � 
W���� �
 ��� � 
W � ����� � � 
 �� 
W ! � �6P9�; ��]F�B�

� = W � �6 � � � �L�<� �R�

� � 5�6 5� � 7
� C �G= W � �6 � Y
� � � > �L�<� J��

� Q\U/G%q}I�@)A]�aG%UVYPOXN�� WBOXI�` ��� � b�ARSVI�W�E]@XI%QVAH�kEz�DE]N�Y�E]qVYPI�EHQVS���NPSVI$Y���SVNPWXOB@XNPqVUVOBI�S>Z�WBUVbgj�EHW
�	� i�iV  YPr ��[X� �/AD@�E)@XIdE]Y�� OBN�G7IaEH`V`/Y�NPbdE]OXNPADQ�Z\�	� i�iV  G^Ez��QVADOTq}I�E]`V`V@XA�`V@XN�E]OXIaWBNPQVb�I)NPO��DE]@XNPI�WTOXjVI
WBOXI�`�WXNP��I^E]QVS�NPQ E @XIdE]Y�EH`V`/Y�NPbdE]OXNPADQ�Z:UVWXU<EHYPYP�6OXjVI7G�IdE]WXUV@BI�G�I$Q\OBW)AH� ; EHQ/S < EH@BI�Ez�DEHNPY�EHqVYPI�qR�
Q}�RI�S�WBOXI�`6WgEHG7`VYPN�Q/C}�:f�AD@BI�AH�DI$@dZVNPOTSVARI�WaE�YPADO�A]�#I�@B@XA�@ab�A�Q\OB@XA�Y ZROBAjeB`V@XA�OXI�b$Obg%OXj/I�U/WXI�@zZ}��j/N�bgj7N�W
QVA�O�Q/I�b�I�WBWFEH@B���3A�@�@XIdE]Y>OBN�G7I�NPG7`VYPI�G�I�QROgEHOXNPA�Q>���VA�@�I��R`}I$@XNPG�I�QROgEHOXNPA�Q�jVAH�TI��DI$@dZV���#i�iV  `V@XAH�RNPSVI�W
E�QVNPb�I)`VY�E]O[�3A�@XG �¡L�jVI!�3ADYPYPAH��NPQVC�I��VEHG7`VYPI�j}EHW�q<I�I�Q N�G7`VYPI�G�I$Q\OBI�S%UVWBN�Q/C���� i�iV ��

� ��� &��*(����

�TA�QVWXNPSVI�@!OXjVI)G7A\S/I�Y:AH��E�OBjV@XI�Ie� `Vj<EHWXI�b�UV@B@XI�QRO)G�A�OXA�@�UVWXI$S6NPQjY ��[X�
	� 56�,

56 O56��

�� 7
	� 6 O� ,3� � ,!6 O � � O 6 � WBN�Q�� 6-, � � ,

O � O WBN�Q��3h 6-, �
; ��]F� ��� , 6�� � � O b�ADWz� 6 , �

�� 9 <d7
� 6-,

6 O � > �3J/��rz�

£�I�U/WXI�I��VEHb�O)`<ADYPI�`VY�EHb$I�G�I�QRO)EHWaS/N�WBb�UVWBWXI�S�NPQ6OBjVI�`V@BI��RN�A�UVW)WXI�b$OXNPADQ�OXA7`VY�EHb�I�OBjVI�`}A�Y�I$W�A]��OXjVI
I�@B@XA�@�SV�RQ}E]G�NPb�W�EHO!� � r�� 9 � r�� 9 � r �D���#�>NP@BWXO��TI�QVI�I�S7OXA�b$ADG�`/UVOXI � � �6:9�; ��EHQVS � � �6P9_; �$�>L�jVI$Q��TI
j}Ez��I�OXALQ}QVS � � �6 9_; �¡WXUVbgj7OXj}E]O#OBjVI�I�NPCDI$Q\�DE]YPUVI�W�A]� � � �6 9_; � � � � �6 9_; � � � �6P9_; �>EH@BIaEHYPYVI�_RU}E]YVOXA � r��
�3A�@�I�_RUVNPYPN�q/@XNPUVG `}A�NPQ\OBW�� ;:9 �6 �����[O�OXU/@XQVW!ADUVOTOXj}E]O���I)bdE]Q6`VY�EHb$I�OBjVI)I�NPCDI�QR�DE]Y�U/I�WT�3AD@�EHYPY�� ; 9 �6 �TWXA
�TIaSVA�Q#� O�QVI�I$S^OBA�I��R`VYPNPb�NPO[��b$ADG�`/UVOXI�OBjVIaWBI�O�A]�>I�_RUVNPYPN�q/@XNPUVG WBOFE]OXI�W��T� iRA�Y�I$O � � �6:9�; � 728 W � �6:9�; �

k:kmlon�p_q�r r



h	� ����� $����	�
����&��

E]QVS � � �6:9�; � 7 =XW � �6 � �

� � �6:9�; � 7
	� � r �
� � O �6 � b$ADWH� �6-, � � � O b�ADWH�3h��6�, � � � , � � O WXNPQ>� �6-, �

� � O WBN�Q�� �6-, � � � � ,
�� �3J/� h��

� � �6 9�; � 7
� r � �
� r � � > �3J/� `��

L�jVNPW�WX�RWXOBI�G j}EHW:G7AD@BI>OXj<EHQ�A�QVI�ADUVOB`VUVOdZzWBA���I�G%U/WXO�Q}QVS�E�Z�WBUVbgj�OXj}E]O>OBjVI�`}E]N�@���Z � � �6 9_; � 9 � � �6+9_; �B�
NPW�ADq/WXI�@B�DEHqVYPID��L�jVI�ADqR�RN�A�UVWTbFj/ADNPb�I)NPW�Z 7 � r � � �� :I�OBOXNPQVC�a� � � 7 � � � r���� � �3J/� �R�
�3@BADG � `/��rzsD��E]QVS�� `/� h	�D�$ZVEz�3OBI�@�WXA�G�IaWBOX@gEHNPCDjRO[��AD@X��EH@BS^E]Y�C�I�qV@gEVZR�TI�C�I�O

��, � �6 9_; � 7 	� `	� � � ,3� � ,
� � O �6 � b�A�W'� �6�, � � � O b�A�WH�3h��6-, �6� ` �	� � `	� � , � � O , � ` � � , � � , � , � � O,

� � O WBNPQ>� �6 , � � � � , � r���� � � � � O WXNPQ>� �6 , �B�
�� >

�3J/� J��
c!AH��UVWBNPQVC6� `/� h/rd�$ZD�TI)ADqVOgEHNPQ! � �6P9_; � 7 � � � �6:9_; � � � �6P9_; � � � � �6 9_; �X� � � �6P9_; � Y

7
	� `	� � � , � � , � r

` � � � ` � � , � � O , � ` � � , � � ,
� , � � O , � ,
� � � ,3� r��D� � � � � O WXNPQ:� �6-, �B� �

�� > �3J/� m��

iRA<ZV�TI)CDI�O�OBjVI)bdEHQVA�QVNPbdEHY����)��ADq/WXI�@B�DI�@ �
�������� �������

5�6 , 7 �6 O � 5� , � � `	� � � , � � , � � , � � O5�6 O 7 � , � � , �6 O � � O �6�� WXNPQ:� �6 , � � ,
O � O WBN�Q��3h��6 , �6� 5� O ��,` � � � ` � � , � � O , � ` � � , � � , � , � � O , �,� , � � , � O5�6 � 7 ; ��]F� ��� , �6 � � � O b�ADWz� �6-, � � � , � � ,*� r���� � � � � O WXNPQ>� �6�, �X�

< , � ]F� 7 �6-,
< O � ]F� 7 �6 O

�3J/� n��

iRNPG%UVY�E]OXNPADQ�@XI�WBUVYPOXW	�3AD@�OBjVI)WFEHG7Ia�DE]Y�U/I�W�UVWXI$S6NPQjY ��[XZRN � ID�PZ
� r 7 > `�hDh�h 9 � h 7 r�>¢s 9 � r 7 >¢h�n ��` 9 � h 7 rdh�> �/r 9 �%r 7 `Ds�>�rzs 9 ��h 7 � �  �> �
�

E]@XI�C�N���I�Q�NPQ ��NPCDUV@BI�W�raOBjV@XA�UVCDjU�<��L�jVI)N�Q/`VUVO�NPW ;^7 h/�Xr3� WXNPQ>�3h ]F�X�$�

� ���%����� ����"��+�

�[Q�OXj/N�W�@BI�`<AD@XOzZ<��I)j}Ez��I�WBjVAH��Q�OXj}E]O�OXjVI$@XI�E]@XI�E]SV�DEHQROFE]CDI�WTNPQ7�3AD@BG%UVY�EHOXNPQVC!ADqVWBI�@X��I�@XW�E]Wa����� � W
��jVNPbgj bdE]Q q<I6NPG�`VYPI�G7I�QROXI�S�UVWBNPQVC I��RNPWXOBNPQVC ���)� WXA�Y���I�@XWz��� SVI�WBNPCDQ G7I�OXjVARS1q}E]WXI�S A�Q1OXjVI
I��ROBI�QVSVI�S�� YPNPQVIdE]@XNP�dEHOBNPADQ6EH`V`/@XA\E]bgj^NPW�`V@BI�WXI$Q\OBI�S>�

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� 	 T

0 1 2

0.4

0.5

0.6

0.7

0.8

0.9

Simulation Result: x(1) and the estimate of x(1) 

time 
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Simulation Result: x(2) and the estimate of x(2) 
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Simulation Result: x(3) and the estimate of x(3) 

time 
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Simulation Result: relaxation variables 

time 

  

��NPCDU/@XI�����WBADYPNPS�YPNPQVI �3� , ZRS}E]WXjVI$S6YPN�Q/I �8� O

[L\:k�[L]



���������	��

������������������������� �!����"����#������$%���'&����($)��*+�
���	����
,&�
,$-��� 	 �
L�j/I�@XI�E]@XI�G�EHQR��`<ADWBWXNPqVYPI%I��ROXI$QVWXNPADQ/W�OBA6OXjVI%�TAD@ U6`V@BI�WXI�QROBI�S1jVI�@XI����aQ�N�G7G�I�S/N E]OXI)ADQ/I%N�W

OBA�EHYPYPAH� OXjVI�G�IdE]WXUV@BI�G�I�QROTI�_RU}EHOBNPADQ�SVI�`<I�QVS6A�Q�OXjVI�NPQV`/UVO ; ZRN[� ID�PZRj}Ez��I <X7 = � 6 9_; � NPQVWXOBIdEHS�A]�
�BrD�¢hD����OBjVNPW�WXNPOBU}EHOBN�A�Q6WXI$Y�S/ADG b$ADG�I$W�U/`�N�Q�@XIzEHY�E]`V`VYPNPbdEHOBN�A�QVWF�$���!Y�Y OXjVI%@BI�WXUVYPOBW�`V@XI$WXI�QROXI$S�j/I�@XI
bdE]Q�q<IaIdE]WXNPYP��I$�\OBI�QVSVI$S6OXA�OBjVNPW�bzEHWXI�����G7AD@XI�NPQROXI$@XI�WBOXNPQVC�I��ROXI�QVWBNPADQ�NPW�OBA�b$ADQVWBN�S/I�@�OBjVI)ADqVWBI�@X��I�@
`V@BADqVYPI�G ��N�OBj UVQ�U\Q/AH��Q NPQV`VUVOBWd� �aQ�U\Q/AH��Q NPQV`VUVOBW�NPQ1E6WBI�QVWXI�EH@XI7@XI�Y�E]��E]OXNPADQ��DE]@XN�EHq/Y�I$WdZ�EHQ/S
OBjVI�`/@XADq/Y�I$G A]�wI$WXOXNPG�EHOXNPA�Q^��NPOBj^U/Q�URQVAH��Q6NPQV`VUVOBW�� E]YPY�WTQVNPb�I�YP��NPQROXA%OXj/I����)���3@FE]G�I��TAD@ U:��L�jVI
SVN"!�b�U/Y�O[��NPQ��3AD@BG%UVY�EHOBN�Q/C%OXjVI�������A�qVWXI$@X�DI$@%N�Q�OBj}EHO�bdEHWBI�YPNPI�W�NPQ�`V@XA�`}I$@%b�ADG%qVNPQ}E]OXNPADQ AH��OXjVI
UVQ�U\Q/AH��Q�NPQV`/UVOXW�E]QVS OBjVI ��@BI�SVUVb$I�S}�%WBI�O�A]��@BI�Y�EH�VEHOBN�A�Q �DE]@XN�EHqVYPI�W������ WF��WBA�OXj}E]O�OBjVI6@XI$WXUVYPOXNPQVC
�	����j}E]W�OXjVI7@XI�_RUVNP@BI�S�`V@XA�`}I$@XOXNPI�Wz�6L�jVI%A�qVWXI$@X�DI$@���NPOXj�U/Q�URQVAH��Q NPQV`/UVOXW�j<EHW%EH`V`VYPNPbdE]OXNPADQVW!NPQ
@BI�WXNPSVU}E]Y�CDI$QVI�@FE]OXNPADQ���AD@��[EHNPYPUV@XI�S/I�OXI�b$OXNPADQ>�+�[Q6� E]b�OdZ¡OXjVI%@BI�Y�EH�VEHOBN�A�Q6�DEH@BN�EHqVYPI#��bdE]Q q<I%SVNP@XI$b�OXYP�
NPQROXI�@B`V@XI$OXI�S�EHW�E!@XI$WXNPSVU}E]Y Z]WXA�OBj}EHOzZHNPQ�OBjVNPW#bzEHWXI�ZROXjVI�bdE]QVADQ/N�bzEHYV���)�6A�qVWXI�@B�DI�@TbdE]Q%q}ITb�ADQ/WXNPSVI�@BI�S
E]WaE �b� �!$)� � &��W��������� &�
,��� �

���!�D�����������!�

Y�r![��ab_UDI�@BG^E]QVQ>Z
�}�PZ��aI$@���QRO[��UV@[��YPNPQVIdEH@BI�@^i	I�CDI$Y�U/QVCDWBWX�RWXOBI�G�I�NPQ��<UVWXOgEHQVSVWB@FE]UVG Z�� � ��� � � ��������
,� ������$��=� ���
� �b� ��� �_������&�
,����"����b&����_��$-
�� ��� ZR�DADY[�RnVZ�rdsDn�hV�

Y h [ � E]UVG^E]QVQ>ZH£ �RL��REHQ/S^i�U/CDj>Z�£ � �}�PZ �VI$I�SVq}E]b�U7b�ADQROB@XADY:A]�#QVA�QVYPNPQVIdEH@ WX�RWXOBI�G�WTqR�%I��ROXI�QVS/I�S
Y�NPQVIzEH@XNP�dE]OXNPADQ�Z�� Q3Q3Q M �b&�� � � ���@��� 
,���X&�
 ��� ����
,� ��ZR��ADY[� `VrDZRQ/A}�:rDZ�rds  DmV�

Y ` [ � E]UVG^E]QVQ>Z<£ �<L��PZ �/I�I�SVq<EHb_U b$ADQROX@BADY�A]��G%UVYPOXNPNPQV`VUVO�Q/ADQVYPNPQVIdE]@�WB�RWXOXI$G�W�qR�6I��ROBI�QVSVI�S�YPN�Q��
IdEH@BN��zEHOXNPA�Q>Z�� Q3Q Q M �b&�� � � ���(��� 
,���X&�
 �	� ����
,� ��ZR�DA�Y[� `�`VZRQVA<�VhVZ:rds  � /�

Y � [ ��NP@bU:Z �<�}EHQ/S
�<I�NPOX��Z}f��PZV���ROXI$QVSVI�S  ¡UVI�QRq<I�@XC�I�@)ADqVWBI�@X��I�@��3A�@�Q/ADQR�[YPN�Q/IdEH@TG%UVYPOXNP�DEH@BN�EHqVY�I�WB�\W �
OXI�G7WdZ�� ��
 � � ��� ����
 � ��ZD��ADY[���\n/ZRQVA}�Vm/Z:rds�  V�

Y J [ ��@BI�Q}EHQ�Z
� �R���PZ ��E]G�`Vq<I�YPY[Z i¡�\  ��Z�EHQVS�?�I�OB��ADYPS>ZV  �Di��PZ � � �X����$ �_&�� � ��� � 
 $-���@�b� � ��$-
,$-&�� ����&�� � �
� �b����������� $-� Od$ �����b����
,$-&�� � �L� �������b&�$ ��Q�� � &�
,$-��� � Z�caAD@BOXjR� �aA�YPY E]QVS>Z<rds  DsV�

Y m [��TADqVq>Z �}�>���PZ<� U/QVNfQ}I�S�OXjVI�A�@X��AH����UVYPY��[AD@BSVI�@�EHQ/S YPAH�T�[AD@XS/I�@aA�qVWXI�@B�DI�@BW�q<EHWXI$S�ADQ�WXNPQVCDU/Y E]@
WX�RWXOBI�G OBjVI�A�@X�RZ�� Q Q3Q M �b&�� � � ���(��� 
,���X&�
 ��� ����
,� ��ZR��ADY[� `�sVZRQVA<�:rdh/Z:rdsDs �}�

Y n [ �}E]Q>Z�f����%� ����Z L�NPOXWdZ ���T ��PZ�E]QVS��!AH�RYPIDZ �<� �)��ZTi�A�qVUVWXOBQVI�WBW�NPQ OBjVI�`V@XI�WBI�QVb�I�AH�)G�NP�RI�S
`}EH@gEHG�I$OX@XNPb�UVQVb�I$@XOFE]NPQ\O[� E]QVS U/QVG�ARSVI�YPI�S�SV�RQ}E]G�NPb�WdZ�� Q Q3Q M �b&�� � � ���j��� 
 ���	&�
 ��� ����
,� ��Z
�DADY[� `Dm/ZRQVA}�:r�Z:rdsDs/rD�

Y  [��)IdEH@zZ#�)�:£ �PZ:L�j/I%WXNPG%UVYPOFE]QVI�ADU/WaQRUVG�I$@XNPbdEHY�WBADYPUVOXNPA�Q A]� SVN��:I�@XI$Q\OBN�EHY�� E]YPCDI�qV@gEHNPb�I�_RU}E]OXNPADQ/WdZ
� Q3Q3Q M � &�� � � ��� � $-� � � $-
 M ���_����� ZR�DA�Y �:r  VZ<rds�nVrD�

Y s [���E]NPY E]OXj>Z�L��PZ � $-����&�� � ����
,����� ZV?�@XI�QROBN�b$Ig� �)EHYPY[Z>rzs� �/�
YPr�� [���j<EHYPNPY Z ���
�%�PZ � ��� �
$)���_&�� � ����
,����� Z}f6E]b�G�NPYPY�EHQ>ZRrzsDsDh/�

k:kmlon�p_q�r r



h�m ����� $����	�
����&��

YPrDr![�f�NPbFj<EHYPWbUDE/Z ���\E]QVS�f6Ez�RQVIDZ��������PZDf�AH�RNPQVC)jVAD@BN��$ADQ%ADq/WXI�@B�DI�@BW E]QVS%ADqVWBI�@X��I�@[�[q}E]WXI�S�b�A�Q\OB@XA�Y Z
� Q3Q3Q M � &�� � � ��� ��� 
,���X&�
 ��� ����
 � ��ZR�DA�Y �	�B�/ZRQVA}�Vm/Z:rds�sDJV�

YPrdh [�f�AD@gEDEHY[ZR?��}���VE]QVS �)@XNP���$Y�I�Z��}�/£ �PZ\o!qVWBI�@X��I�@)SVI�WBN�C�Q7�3AD@�QVA�QVYPNPQVIdEH@�WB�RWXOXI$G�W���NPOXj7SVNPWXb�@BI�OXIg�
OXNPG�I�G7IdEHWBUV@XI�G7I�QROXWzZ�� Q3Q3Q M � &�� � � ���@��� 
 ���	&�
 ��� ����
 � ��ZR�DA�Y �	�B�/ZRQVA}�+`VZ:rzsDsDJ/�

YPr�` [�?>I$OXI�@BWXI�Q>Z/���\i��\E]QVS�f�b �<EH@BY�EHQVIDZV��� �)�PZRo!`VOXNPG^E]YVCDU<EH@FE]QROXI�I�S7b�ADWBO�b$ADQROX@BADY:EHQVS Q}YPOXI�@BN�Q/C)�3AD@
UVQVb�I�@BOFE]N�Q�YPNPQVIdE]@�WX�RWXOBI�G�WzZ�� Q3Q3Q M �b&�� � � ���N��� 
 ���	&�
 � � ����
,� ��Z��DA�Y ��`�sVZRQVA<�VsVZ:rzsDs
�<�

YPr � [�?>I$OX��A�Y�S�Z   �}i���Z/� SVI$WXb�@BN�`/OXNPADQ�AH� �	� i�i/ 3�}E�S/N��:I�@BI�QROXN�EHY-VDE]YPCDI�qV@gEHNPb�WB�\WBOXI�G�WBADYP�DI$@dZ<NPQ � ��$
�
����
,$ � � � ��� * � 
,$-��� ZVI�S/Wd�}i���i:��iROBI�`VYPI�G^E]Q�I�O)EHY[�PZ�c!AD@BOXjR� �aA�Y�Y�E]QVS>Z<rds� �`V�

YPrdJ [�£ EHYPb�ADOBOdZ �)�}  ��Z �TAD@BY�I$WXWdZ<f����<�PZ}EHQ/S �:E�U:ZWi¡�	���PZ��TA�G�`}E]@FEHOBNP�DIaWBOXUVS/�^A]��QVADQR�[YPNPQVIdEH@TWXOgEHOBIg�
ADqVWBI�@X�DE]OXNPADQ7OXI�bgjVQVNP_RUVI�WzZ � ��
 � � ��� ����
,� ��ZR��ADY[� �RJVZRQVA<�VmVZ:rzs� Dn/�

YPrdm [�f�b �TY�EHG7@XARbgj>Z c������}E]QVS�£ EHQVC<ZV����Z��/I�I�S/q}EHb_U�WXOgEHqVNPYPNP�dEHOBN�A�Q^E]QVS�OX@FE]b_U\NPQVC%A]��b�ADQVWBOX@gEHNPQVI�S
@XADq<ADOBWdZ � Q3Q3Q M � &�� � � ��� ��� 
,���X&�
 ��� ����
 � ��ZR�DA�Y � `�`/ZRQVA}�VJ/Z:rds  � V�

[L\:k�[L]



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


