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

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

*,+ -/.103254768.:9<;>=5? @ =A?CBD=�E)F�0HGI.KJL.�0NMA=
OP97QR689S;>=T68+ UP9S;V680H9IQW;V6X@ 9<?CY7=8Z ;V6

[ 9<+\9<GI]^=T_`9S?S0HJaZV68b

cedgf5����hW�g 
�������'�ViW�
j5���
	

�k	���lg	��Lm��n���%��o��qp(rs	���������!t���#�:m u/�wv'��xt���y���zu/��mnj5�{ 
��!"���

����������������|C���^|~}/	��������

�D���L�



*,+ -/.103254768.:9<;>=5? @ =A?CBD=�E)F�0HGI.KJL.�0NMA=
OP97QR689S;>=T68+ UP9S;V680H9IQW;V6X@ 9<?CY7=8Z ;V6

[ 9<+\9<GI]^=T_`9S?S0HJaZV68b

cedgf5����hW�g 
�������'�ViW�
j5���
	

���������	��

���	���������������	��

�����
���

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

�&
�/���
���*��
���

01����23�������+���4�!�5�6�87!���:9;�4 6<��
�������

�3=!
��	���	�����6�?>3���� 
�!�

$&�'�( �	)� �:m u/��v'��xt���y��� u/�Lmnj��1 
��!t���A@

B �����C�6�$DE���6*F����
����4�	����GSu/��v'��x"��� ���zu/��mnj5�1 
��!t���
H �����	��

���6�3�FG �k	)�JI�Kk�\	LKk$&�g	�xt�'���#ce����l��
	

7!���:9;�� �<M��NO769ANJPE�������+<

Q�R4RTS



*,+ -/.103254768.:9<;>=5? @ =A?CBD=�E)F�0HGI.KJL.�0NMA=
OP9IQ 689<;>= 68+ UP9S;V680H9IQW;V6X@ 9<?CY7=8Z ;V6

[ 9<+\9<GI]^=T_`9S?S0HJaZV68b

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

��������(-/�(����0������12������(�����
����
354�687:9<;>=@?A=�BC=�D,E5FGDIHJE2DIK

�L��
@���A+*���'�!
M���N�!�����O(-����#*�QP�R���/.�*�������
S

T #��OUJ��R@����V'�*W���(-�X��� Y�Z�Z�[
S

\^]`_badc.c�ef]hgLikj�_baml�j5n5]`o`jqp

r s Kt9�u�v�wxKIvLyz=�K|{�D,E:9}3�7~B���D,Kb���q��(-���.�)�*�����)�f�f���>���d� T U

r s Kt9�u�=�vLwxKt=�v��0E24'�8�C72=�yz9�BM?AD,72Kt9 s D,7��&9'?A9��f�����J��� T U

r s Kt9�u�=�vLwxKt=�vLyz=�K|72=���='����Kt='��='�!�L9ME2H�D>;��CBCD,�q�f�������f��� T U



� ?���=���� 7:B8��?$9MB �����CK|{��87:E:E��	��9<��=�7~��

��
������������������ �!�#"$�&%('*)+�-,.�/�/�0�1�-23���*���1�*�4�
�-��%(' )5�0"��/�/�0�1�6��%7��8�9:�:; v
<>=�?A@B=DCFEHG�I�JAKMLON�PRQTS�UVU WYXZUVU [�\



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



� ���������
	���
 �
�������

����������� �"!$#&%&'(�*)$+-,.�/��!0#213�546+-�*)87:9;13#6)",.#&4<��13�>=*#6)",.#*?(1@7�AB����� �"!$#C�D#27�9-13#6)",D#&A.��!FE*�D7:,.�8?������
,.�HGH�@7:13�*��#B+;)846�.I;=�#29JE�� 7�K67L�"!$#NM�#2!8AOGH#213��)8AP,.� 7C)(731L+;)$Q87L=5+RG$7$SUTV'$�D+;E*7�G$�8?HW5#6)$Q8���XS

Y ��1Z7�[\7�13I-9;+;7]�"!$#L,.#2)$Q$�(?^)8����,D#61Z46��13�])8�:�]A.#6�_7:E*�D7*GH#246+;G$�8SLTV'$�D+;E*7�G$�`�87�+a?^13��#�?^MV+;��E��/#
bF7:� 4<�"A6Sdce+-� 7:)(GH�N,.�HGH�&#6)H[f� 7��"!$#X4<+;13#6)",.�C�"!$#V#2ADA.7_#<gH�$�D#2ADA.���_AP��[f�.#2!h?*�(7:+�#�1@�:#*?"=*�H4<i2AUA.���8?*)$�&A.#6)",.+RGH�
9-+-,.#2�D7�9a?"�*AU13#69;Q$���D#2Aj�87:+RAjG$�C1C!8)8GH�8SlkmM�+;��E*�_#VbF7��D46�*A2?�13#2A.13�&�"!$#V#6!n)8���C4 Q87�1L#V=��H4<iXAjGH#eop1@7�)$�*Apq
7��"!$+r?5,.s@�$� 7&=�#6�e,D�.iXAe+-�D1@�:�"At46��13�3)$u*A2Sev wpx

by+;)$Q87`)87:13�*�D7*G$7$?zby+R4 Q$#69;9-#*S&TV'$�D+-E"7�GH�n��#69R7/4<��13�87�)$Q$#2+-� 7@1@7:� 7{=5+-9;Q$�*AD7n�"!$#L=��H4<i&%&�8�D7�1L+;1]S
M��"A�GH�*+;AV7:)$�"AO�"!$#O|P}n#2AP,.��!y#21~WH�:�@��7:!89-�(?(#XAp,D��!yQ8}@1@7�+;AO,.#613����)87�13��� 7:)8GH�3=*�546iCGH���"!$#C�@,.#21L���
�"!$#B�(�"!$#6+^A.#61�=��H4<i*Slkm+RAP,.�3)8�:�@7:,.� 7�A.��!�#XAp,D#B,.� 7:'87�9-Q$�(Sev wpxeW5u@13�:,.+;=��*!hS

bF7��D46#69;�8?J13#6!����D+-#2)",D7�G$���XSLTV'$�D+-E"7�GH�n�����_A.#613�$�D#L1L#@G$7��N7>,.#2)8K6���8S Y ��1�#69R7/=5+-)$Q(7:1�[f�*�DK27n#
13�:,.+;=>7�K2�:���8�D7�[\7:�2#6��!$1�,D�D7�'87:9;Q$�`427�G$7`=�#2�&13#29-Q$�*�2S&k�1&!$+-,.�/��'$�D+-E"7�GH�`�(#29;7]GH#XGH+R467�K2�:�`#&+;)",.#6�D#2ADA.#�?
#61�1L+;1�#�)$#XA.A.#B,.� 7:'87�9-Q8�8Sl���(�*��+;ADAP�@�"!$#�!8A.�@73�$�.+;13#6+;�D7&��#2ADAP�"7&GH�@�89-!$� 7:9J#21�,.�HGH�3,D#<g5,.�(S�v wpx

c�#6)$Q$�N�"!$#O7�E�� 7�GH#X4<#6�l7V,.�HG$7*Al�(#XA.A.�*7*Ad�"!$#e13#��D#24<#2'(#2�D7�1�#t�8�6#2�D7�1�4<�*1��"!$#e#6!313#OAP#2)*,D+;ADA.#U#21
467*A.7C#61�WH���&��7�!$9-�(S�TV'8�.+;E*7*GH�&7C,.�HGH�"AU13#2!8Ae�87:+RAt7�GH��,.+;=��*AtG$7&+-E*�.#P|P7&7�9-#21@�$?5�(#29-�"Ae7:'$� 7�K6�*A2?"7�9-13�HK<�"A6?
#C�D��!$�(7�A�9R7{=>7�G$7*A6S�TV'$�D+-E"7�GH�n�nE*7:9;#6� 7@�"!$#_13#C�D#246#6'�#6!h?�13#_,D���D)$��!F7�1L+;E��@#&13#&4<�*)5="+RGH�*!/�8�.�"A�|p��E*�*A
GH#&[f!H,.#2'(�*9d)8�`AD}:'87*GH�8S_TV'$�D+-E"7�GH�n7��*AV1L#2!8A�4<�*9-#2E*7�APw�7:13+-E*�*AeG$7/�VW5�l?h�"!$#C,D7:1&'(%21�=5+-#2�D7�1�GH#L9;��)$E*#�?
#_+R7:1�|p!8)*,D�*AV7:9;1L�HK27:��)$�n'(7:)8GH#P|P�:�(SUk��*'$�.+;E*7*GH�@7L,.�HGH�n��#2ADA.�*7:9r?8�"!$#_#XAp, }@�"!87�A.#�,.�HGH�@9R}@)$�nA.!$9r?��"!$#
4<�*)*,D+-)5!$�*!/A.#6)(GH�31L#2!y7:13+-E*�&13#XAP13�3#2AP,D7�)8GH�39-�*)$E�#*S

=



��� 
 � ���e�

�����
	���
���������
 �
� S � TV'H|p#<,D+-=*� SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �
� S�� kjAP,.�D!H,.!$� 7�SNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �

���������! #"%$'&(
)��*+
�,-"% #�
	%�.	/ !0�1 2
�HS � T��j�.�*'$9-#21@7LG87&k ,.+R�*!8#<,D7�E�#21 SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3
�HS�� by%<,D�HGH�*A�#Nby�HGH#29-�"A/SBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4

2657���8��1�9:$;�
	/1�����
=<>$;?@�� #0�1 A
3$S � �O�HK�B5#XADCt}*AP+R467*A S�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS E
3$S�� Y 7�GH#2+;7*A�GH#_bF7��GF*�>=�SBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS H

IJ&(
���$;�!
K"L��$M&(1.�ON)
;PRQS0T�8�!	%
K" U
48S � k )846��)",.� 7:)8G$�37L� �D��'(7:'$+;9-+RG$7*GH#NGH#�!$1@7�TV'8AP#2�.=>7*K6�:��SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �%V

48S � S � W 9;E��*�.+-,.13�3� �D��E*�.#XA.A.+-=*��SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ���
48S � S�� W 9;E��*�.+-,.13�SX�#2E��D#2ADAP+;=�� SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ���

48S�� k )846��)",.� 7:)8G$�373by#29-Q8����W5#X�TY8i6)846+;73GH#NkjAP,D7*GH�*A SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � �
48S��HS � W 9;E��*�.+-,.13�@GH#[Z�+-,.#2�.'8+VS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � �

48S 3 kjAP,.+;137�)8GH�@�"Ae�l7��]\�13#<,.�D�*A�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � 3
AJ^_1��8$; #1�"`�8$M&a1.�ON)
;Pb�8$M<>1�9:1@�8c�
ed[1��O #��PK$;� ��A

EHS � X�#6�8�.#XAP#2)*, 7�K2�:�3GH�3kjAP�(7�K<�@GH#NkUAp, 7�GH�"A SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � H
EHS�� W 9;E��*�.+-,.13�@GH# Y ��)",D#<g5,.�FSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � H

f6gh	/ !ij��$k	%1���
@��$;"`&(
)�O*+
@,ml7 !�
	/�.	% #0�
K" �)n
H$S � by�HGH#69;�*Apo�)",D#6�D)$�*A�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � V

H$S � S � T k ,.+R�*!8#<,D7*GH���OG$#&TV�DGH#21�MV��+RArq!s�b0b0x@SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � V
H$S � S � S � X�#2�$�.#XAP#2)",D7�K2�:�3GH�*AekUAp, 7�GH�"A S�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � �
H$S � S � S�� c��D7:,D7:13#2)*,D�LG$#N�l7�9;7{=5� 7�AtM�#XA.46��)$Q8#24<+RG$7*A S�SNSBSNSNS�SNS�SNS�SNSNS�SNS ���

H$S � S�� T k ,.+R�*!8#<,D7*GH���OG$#_c�7�137�)$Q$�`Z 7:�D+R}{=�#69tquZwv^b Y x�S�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x3
H$S � S��HS � Z 7:9;���OG$# Y ���.,.#�G$7SyO�D=��*�.#BGH# Y ��)",.#6g5,.�]SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x3

H$S�� W � �"!$+ ,D#<,D!$�D7*A�GH�*Aek ,.+R�*!8#<,D7*GH���D#2A�S�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ��4
H$S��HS � W � �"!$+-,.#<,D!$� 7zCe}*AP+R467�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ��4
H$S��HS�� W � �"!$+-,.#<,D!$� 7LG$�`{ &a&|<>1�})}K$k� SNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �xH
H$S��HS 3 W � �"!$+-,.#<,D!$� 7LG$� d�~�&�^�<�1�}K}K$T� SBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �xH

H$S 36o�13�$9-#213#6)",D7*K6�:�@GH�"Aek�,.+R�"!$#<, 7�GH�*�.#XA�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �xH
H$S 3$S � Y 9R7�ADAP#[�k�.�.�O�
�T���x� SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �T�
H$S 3$S�� Y 9R7�ADAP#[�@���.�T�
�O�����k�j�~S�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x�
H$S 3$S 3 Y 9R7�ADAP#[�.�;�)�O�;�;���k� SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x�

=5+



H$S 3$S 4 Y 9R7�ADAP#[�@�����@���@�T�.� SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x�
H$S 3$S�E Y 9R7�ADAP#[�@���.�T�;���)�%�j�/�.� SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x�
H$S 3$S H Y 9R7�ADAP#��.���;���T�;�;�k���;� S�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3 V

� <�$;"%	%$;"`$
	�$;"/�8�!	%1���
)" 2
�
�5S � c^#XAp,D#2A
S�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3T�
�5S��6X�#2A.!$9-,D7*GH�*AtSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3�3

�5S��HS � � �D#246+;AD�:� S�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3�3
�5S��HS�� c�#613�(� SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3��
�5S��HS 3 TV!H,D�D7*AtbF#2GH+RG$7�AeSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4 �
�5S��HS 4 X�#XAP!$9-,D7*GH�*A��d+;)87:+RAe# Y ��13�87��D7*K�B5#2A_SBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4kE
�5S��HS�E TV!H,D�.�"AUk g5��#6�D+;1L#2)",.�*A SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4kE


 ^_
)��0��#�8"���$;" I �
	�$;*+$k���;��0� #1�" I
U
� Q l7 !"%	%$;9:1 �8$ � �8
)	%1��T��
:��
 ^_?@���t�8"`<���0/c�
��_��1�c�$ AK�
��	�$;0��8��"%
K"z�8
=g 	% #ij�8$k	%1@�8
)� d ~�&�^ <>1�}K})$k� A)f

=5+;+



� ��� ��� ��� � ��� �������

3$S � �O��,D7�K2�:�3!H,D+-9;+-�X7�G$7L�87��D7&#<,D+;�"!$#6,D7�E�#61�S�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS E
�5S � by%2G$+;7@GH#N7*4<#6�.,.�"At#_GH#2A.=5+-�3�87*GH�D���LG$�*At,.#XAp,D#2A�46��1�� d�~�&�^ <>1�}K})$k� S S�SNS�SNSNS�SNS 3TE
�5S�� by%2G$+;7@GH#N7*4<#6�.,.�"At#_GH#2A.=5+-�3�87*GH�D���LG$�*At,.#XAp,D#2A�46��1�� { &(&|<�1�}K}K$T� SJSNS�SNS�SNSNS�SNS 3k�
�5S 3 ��7:9R7{="� 7�AeGH#XA.46��)$Q8#24<+RG$7*AU)8�*At,.#XAp,D#2A�46��1�� d�~�&�^ <>1�}K})$k� SBSNSBSNSNS�SNS�SNS�SNSNS�SNS 3��
�5S 4 c�7:g$7LG$#_7�4<#2�P,D�*At#B,.#21L���nGH#N#6g5#X4<!8K2�:�3GH�*A�G$��+RAe#<,.+R�"!$#<, 7�GH�*�.#XA6S SNSNS�SNS�SNS�SNSNS�SNS 4kE
�5S�E � �D#24<+RAD�:�C#�,.#21L���*AeGH#B7:�$�D#6)(GH+-�X7�GH�C#V#6,.+R�*!8#<,D7�E�#21 GH�"Aj#6,.+R�"!$#<, 7�GH�*�.#XA�Zwv^b Y cd7:E*E�#6�U#

b����eT�WHc�ShSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4kE
W S � k�,.+R�"!$#<, 7�AOG$�n4<u��D�$!8Aec	�H4 Q$�zCt� 7:Q$#*S�S�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS E��
CBS � ��7:�-\:13#<,D�.�"AtG$� d�~�&�^�<�1�}K}K$T� S�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS Ex�

=5+-+;+



� ��� ��� ��� � �e� � � � �

3$S � �O1�13�5G$#69;�3G$#�b07:�]F��>=zS�S�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �
3$S�� �O1�13�5G$#69;�3G$#�b07:�]F��>=nGH#���� GH#21 �HSdS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �
EHS � M�#6�8)$+RK6���nGH#�!$1@7�� �OP)
)��$M�8$e^L
K�
	%$��j	/
 S SNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � �
EHS�� k�gH#613�$9;+ ��467�K2�:�@GH#N!$1@73}:�D=��*�.#BGH#_4<�*)",.#<g5,D�8S S�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS � �
H$S � by�HGH#69;�@+;)*,D#6�D)$�3GH�@#<,D+;�"!$#6,D7�G$���e'87�A.#27*GH�L#61 sVbFb S SNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ���
H$S�� W � �"!$+ ,D#<,D!$�D73GH� { &a&�<�1@})}K$k� S�S�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ��E
H$S 3 W � �"!$+ ,D#<,D!$�D73GH� d�~�&�^�<�1�}K}K$T� S�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS ��E
H$S 4 Y 9;7*A.A.#2Ae+;13�$9;#613#6)",D7*G$7�A�G$�`{ &a&|<>1�})}K$k� S�S�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �T�
H$S�E Y 9;7*A.A.#2Ae+;13�$9;#613#6)",D7*G$7�A�G$� d�~�&�^�<�1�}K}K$T� S_S�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS �x�
H$S H k�gH#613�$9;�nGH#N!$1@7`yO�D=��*�.#�GH# Y ��)",D#<g5,.�(S�SNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3 �
�5S � k��(46+-i2)84<+R7@GH�S{ &(&|<>1�}K})$k� #_GH� d ~�& ^ <�1@})}K$k� S S�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3x4
�5S�� M�+RAP,.�D+-'$!8+;K2�:�@G$7�At, 7>g$7�A�G$#�7*4<#2�P,D�3G$�*At,.#XAp,D#2A�46��1�� d�~�&�^ <>1�}K})$k� S SNS�SNS�SNSNS�SNS 3TE
�5S 3 M�+RAP,.�D+-'$!8+;K2�:�@G$7�At, 7>g$7�A�G$#�7*4<#2�P,D�3G$�*At,.#XAp,D#2A�46��1�� { &(&|<�1�}K}K$T� S�SNS�SNS�SNSNS�SNS 3�H
�5S 4 by%2G$+;7FG87�AB,D7:g$7�A_GH#n7*4<#2�P,D�]G$� d ~�&�^ <>1�}K})$k� �87:� 7/�87:9R7{=5�D7*AB46��)$Q8#24<+RG$7*A�#�GH#2AD4<��w

)$Q$#X4<+RG$7�A2S SNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3k�
�5S�E by%2G$+;7LG$7�Aj,D7:g$7�AjG$#B7*4<#6�.,.�&GH�_{ &(& <>1�}K})$k� �87��D7_�87:9R7{=5�D7*A 4<�*)$Q$#246+;G87�A #�GH#XA.46��)$Q$#6w

4<+RG$7�A2S S�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 3��
�5S H by%2G$+;7@GH�L,D#613�(�nG$#N#<gH#246!8K6���LGH�S{ &(& <�1@})}K$k� #NGH� d ~�&�^ <>1�}K})$k� S�S�SNSNS�SNS 3��
�5S � M�+RAP,.�D+-'$!8+;K2�:�@GH�*At,D#613���*AOGH#N#6gH#24<!(K6�:�3GH�"At,.#2AP,.#XA�4<�*1�� d ~�&�^ <>1�})}K$k� S S�SNSNS�SNS 4 V
�5S � M�+RAP,.�D+-'$!8+;K2�:�@GH�*At,D#613���*AOGH#N#6gH#24<!(K6�:�3GH�"At,.#2AP,.#XA�4<�*1��S{ &(&�<>1�}K})$k� ShSNS�SNSNS�SNS 4 �
�5S � M�+RAP,.�D+-'$!8+;K2�:�@GH�@)��$13#6�D�LG$#N#<,.+R�"!$#<, 7�Ae�D#246��)$Q$#X4<+RG$7�At��#69;� d ~�&�^ <�1@})}K$k� SBS�SNSNS�SNS 4k�
�5S �%V M�+RAP,.�D+-'$!8+;K2�:�@GH�@)��$13#6�D�LG$#N#2AP,D7�G$�*AeGH#_GH!87*Ae#<,D+;�"!$#6,D7�G$�*Ae��'$,.+RGH�*Ae��#69;�S{ &(&|<>1�}K})$k� SS4T3
�5S ��� Y �.#XA.46+-13#2)*,D�@GH�3)��81L#2�.�@GH#�E"7:9;Q$�*AeG$7@}��.=*���D#VGH#N4<�*)",.#<g5,D�3G$� d�~�&�^�<�1�}K}K$T� SmS�SNS 4T3
�5S � � Y �.#XA.46+-13#2)*,D�@GH�3)��81L#2�.�@GH#�)$u"A�G$7@}:�D=��*�.#BGH#N4<�*)*,D#<g5,.�@GH� d�~�&�^ <>1�}K})$k� SeSNSNS�SNS 4�4
�5S � 3 � �D������� K6�:�&GH#�E"7:9;Q$�*AUG$7C}��.=*���D#OGH#B46��)",.#6g5,.�CGH� d ~�&�^ <�1�}K}K$T� 46��1 ,D7�1@7:)$Q$�"AUG$+ [f#6w

�.#2)",.#2A2SnS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNS�SNSNSBSNS�SNS�SNSNS�SNS�SNSBSNSNS�SNS�SNS�SNSNS�SNS 4�4

+-g



�������xy��
	 (����������)�*"$#������ �>�������������
�k(�
�����(�� ���^�k����
�R@����"$#*�
�Q��( +�������(-�'��������� T #*�OU8��R��-�

*,+ - .�0N2A4768.:9<;>=5? @ =5?SB =�E�F50HGI.:J8.103MA=&OP9IQ 689<;>= 68+ UP9S;V680H9IQ
;V6X@ 9S?SY7=8Z ;V6 [ 9<+\9SG>] =T_`9<?S0 JaZ768b

��
��������������������! "�# �$� �%'&)(*%'+'&,%'�
- ���.%'$��# �/������102����354�67��4289 ���:�%'&"���;�.$�<�%=�
vh�H427:9J#_G$7:,D73G$73GH#<[f#XA.7=> WH�:�3��7:!$9;�8?$7�'$�D+-9hGH#L� V�V EHS

MB7�GH� !$1 ,.#<g5,D�8?��"!$#6�D#613�*A&7>,D�.+;'$!$+;�&7F427�G$7F�87:9R7{=5�D78?�GH#/7�4<�*�DG$�F4<��1 A.#6! 46��)",.#6g",D�8?l!$1@7F427>w
,.#2E����D+R7y13���.[f�:w�AP+;)",D}>,D+;427$S���7:� 7F+RAp,D�8?�+;1L�89-#21L#2)",D7:13�"ALG$��+RAC#6,.+R�*!8#<,D7*GH���D#2A&13���.[f�:w�AP+;)",D}:,.+R4<�*A_'87�A.#27*GH�*A
#61�427�GH#2+;7*AeGH#NbF7:�]F��>=zSd� �.+;13#6+;�.�(?5!H,.+;9-+;�27�)8GH�3!$1@737:'���� G$7:E*#61 '87*Ap, 7:)",.#N4<�*)$Q$#X4<+RG$7$?H4<�*)8AP,.�D!$I-13�"AU!81
#<,D+;�"!$#6,D7�G$���@�"!$#]!8A.7 427�GH#2+;7*A&GH#Fb07:�]F��>= GH#y��� GH#61 �8gH7�+;E�!87�9�7�G$��+RA6Smk )",D���8?j�8�.�*�(�*1L�"AC#]+;13�$9-#6w
13#6)",D7�1L�"A���!H,D�.�]#6,.+R�*!8#<,D7*GH���N!$,.+;9-+;�27�)8GH�y!$1@7y7:'���� G$7�E�#61��D#246#6)",.#*?^'87*AP#X7�G$7/#21Z467*GH#6+R7�ANG$#nbF7:�]F��>=
GH#n, 7:1@7:)8Q$�y=>7:�D+;}{=*#69rS]MV#6����+RALGH#n13�*AP,.� 7:�C7y,.#6�*�.+R7]#2AP,D7:,.IRAp,D+;427FGH�"ACGH�*+;AC1L�HGH#29-�"A_#n�"A_�$�D��'89-#2137*AN#
GH#2AD7>�(�*Al1@7:+RA 4<�*1C!$)(A 7NAP#2�.#21��D#2A.��9;="+RGH�"A6?>#6g5�89-+R467�1L�"A��B[f!$)846+-�*)87:13#6)",D�_GH�*A�#6,.+R�"!$#<, 7�GH�*�.#XAl#�#<gH�(�*13�*A
�*A��.#XAP!$9-,D7*GH�*AO��'H,D+;GH�"A6S Y �*1�#XAp,D#2AV�.#XAP!89 , 7�GH�"A6?$�*'H,.#213�*AO!8137�4<��13�87��D7*K6���L1@7�+;A��$�.#X4<+RA.7�G$7@#<��4<+;i6)846+;7
GH#2AP,.#XANGH��+RAB13�5G$#69;�*AN7:�89-+R467*GH�*AB�/#<,.+R�"!$#<, 7:E*#61�13���.[f�:w�AP+;)",D}:,.+R467$?J+RGH#2)*,D+ ��467:)(GH�`����)",D�*AV[f���.,.#XA�#&[f� 7�46�*A
GH#_467*G$7L!$1]S �l����!$1@7@46��1C'8+-)87*K6���LGH#�[\7:,.�*�.#XA6?$46��)8A.+;G$#6� 7:13�*AU�@#<,D+;�"!$#6,D7�G$���O4<�*1�467*GH#6+R7�A�G$#_bF7:�]F��>=
GH#V,D7:1@7�)$Q$�L={7��.+R}{=�#29813#69;Q$�*�eG$�L�"!$#B�LG$#V�*�DGH#21 �$g$7$?5#�7:9R467:)(K67:13�"Aj!$1�G$�*At13#69;Q$���D#2AU�.#XAP!89 , 7�GH�"Aj#21
#<,D+;�"!$#6,D7:E*#61
13���.[f�:w�AP+;)",D}:,.+R467nGH�`�(�*�P,D!$E�!8i2AB7>,.!(7:9;1L#2)",.##> �kEH?�E �@? GH#L�$�D#246+;AD�:�(?8��'$,.+RG$7n#21�!$1
,.#21L���
,.��,D7:9�GH#3#6g5#X4<!8K2�:�(?�+;)8469-!$+;)8GH�/�]7:�$�D#6)8G$+-�X7�GH�`#L#6,.+R�"!$#<, 7:E�#21~GH#L137�+;A�GH#3!$1 1L+;9;Q8�:�]GH#L�87:9R7{=5�D7*A6?zGH#
13#6)$�"A GH#�,D�.iXA�13+-)5!H,D�*A2S Y �*)",.�D+-'$!8I-13�*A2?�7*A.A.+-1]?"4<��1 #2AP,D7*GH�_G$7_7��P,D#OG$7N}:�D#278?:#�7:9;%61 GH+RAp,D�8?*[f���D)$#246#613�*A
�.#XAP!89 , 7�GH�"Aj�"!$#B)$�*AU�(#2�.13+-,.#21���'8A.#6�D=>7:� 9;+-13+-,D7*K�B5#2AU#V=>7�)*, 7:E*#6)8AUG$7C7��$9-+R467*K6���CGH#�13�HGH#29-�"Aj#XAp, 7>,.IRAP,.+R4<�*A2?
#61�E�#6� 7:9r?H7:�L�$�D��'$9;#61@7&[f�H467�G$�8?$�"!$#��(�HGH#21�7:|p!8G$7:��7@46��1C!8)$+;G87�GH#�7L+;GH#2)",.+-�(467����(�*)*,D�*A�46�.I-,.+R4<�"A�AP�*'$�.#
�*A��"!87�+;A�7*Ae�(#XA.�"!$+RA.7*At)$#2AP,D7@}��.#X7&GH#2=�#2�D���C�$�D�H4<!$� 7:��A.#�46��)846#6)",.� 7:�XS
A 1��#1�Pj��1�"�,]0Oc�1�PK$�B 7�)8}:9;+RAP#t13���.[f�:w�AP+;)",D}>,D+;427$?{�$�D�H4<#2ADAD7:13#6)",.�BGH#e9-+;)$E*!87:E*#61 )87>,D!$� 7:9r?:9-+;)$ETY$I;AP,.+R467B4<�*13�$!Hw
,D7*4<+;��)87�9a?{#<,D+;�"!$#6,D7*GH���d13���.[f�:w�AP+;)",D}>,D+;46��#2AP,D7:,.IRAp,D+;46�8?>467*GH#6+R7�AdGH#Ub07:�]F��>=z?X427�GH#2+;7*A�G$#UbF7��GF*�>=VGH#U,D7�137�)$Q$�
=>7:�D+;}{=*#69rS

g



��� ��� � � ���
	 (����������)�*"$#������ �>�������������
�k(�
�����(�� ���^�k����
�R@����"$#*�
�Q��( +�������(-�'��������� T #*�OU8��R��-�

*,+ - .�0N2A4768.:9<;>=5? @ =5?SB =�E�F50HGI.:J8.103MA=&OP9IQ 689<;>= 68+ UP9S;V680H9IQ
;V6X@ 9S?SY7=8Z ;V6 [ 9<+\9SG>] =T_`9<?S0 JaZ768b

��� U8�������d��1N� T 
������	��
8��/�/�����W'�������������f����(N��W@����
&���@/��������������A+>���'��(-���)�
��
��������������������! "�# �$� �%'&)(*%'+'&,%'�

- ���.%'$��# �/������102����354�67��4289 ���:�%'&"���;�.$�<�%=�
vh�H427:9J#_G$7:,D73G$73GH#<[f#XA.7=> WH�:�3��7:!$9;�8?$7�'$�D+-9hGH#L� V�V EHS

ceQ$#��$�D��'$9;#61���[���7:�.,Pw �:[ wpW5��#6#X4 Q qf�tT�W8xU,D7:E*E�+;)$E&46��)8A.+RAp, AU+;)]7�ADAP+;E�)$+;)$EC,.�L#27�4 Q��U�*�DG�+-)]4<�*)",.#<g5,
7_�tT�W@,D7�E8Slc^�LAP�*9-=*#O,.Q8+;AU�$�D��'$9;#61]?��U#V+-13�$9;#613#2)*,t,��t�C�tT�W"wr,D7�E�E*#6� A�'87�A.#2Gn��)�bF7��GF*�>=&4 Q87�+-)(A6S �d+-� AP,2?
!8A.+-)$E/7��t#69;9 w+F5)$�	��)F7:�8�$�.�"7�4 Qh?��U#&'$!$+;9;G 7@, 7:E�E*#6��,.Q87:,B!8A.#2A��$gH#2G0bF7:�]F��>=/4 Q87:+;)8AV�:[ ��� GH#2�w�HS�ceQ$#2)h?
�U#B�$�D�����*A.#V7�)8Gn+;13�$9-#213#6)",e7�)$�:,DQ$#6�t, 7:E�E*#6�U!8AP+;)$E37_13���D#B�.#X4<#6)",e7:�$�$�D�*7*4 Qh?"'87�A.#2G@�*)�=>7:�D+R7:'$9;#�9;#6)$E�,.Q
bF7:�]F��>=@4 Q87�+-)(A6S W [ ,.#6�VAPQ$�	��+;)$EL,.Q8#_Ap, 7>,.+RAP,.+R467:9z,DQ$#6�*� ���:[d,.Q$#�,��t�31L�HGH#29;A�7�)8G`,.Q$#_46��1313��)/�$�D��'$9;#61@A
7:)8G]4 Q87�9-9;#6)8E�#2At,D�@'(#&AP�*9-=*#2GJ?��t#_GH#XA.46�.+;'(#�,DQ$#N, 7:E�E*#6� A��"[f!$)(4 ,.+;��)(7:9;+ , �/7:)8GyA.Q$�	� ,DQ$#_�*'H,D7�+-)$#XG/�.#XAP!$9-,DA2S
��+ ,DQF,DQ$#2A.#_�D#2A.!$9 , A6?��t#_E�#6,B7@13���D#_�$�D#246+;A.#C46��13�87:�D+RAP�*)/��[l,.Q$#&#��n4<+;#6)84 �]�:[�,.Q8#2A.#_13�5G$#69RAV7��$�$9;+-#XG],.�
,.Q$#��tT�W5wa, 7:E�E*+-)8E8?"+;GH#2)",.+-[ �"+;)$E3Ap,D�.�*)$E&7�)8G��t#27�F3�(�*+-)",DAt��[�#27*4 Qn��)8#�S C �n7&46��1C'8+-)87:,.+;��)n��[h[\7�4<,.�*�DA2?��U#
4<�*)8AP+RGH#2��,.Q$#_,D7:E*E�#2��'87�A.#2G]�*)/=>7��.+R7:'$9;#N9;#6)$E�,.QFbF7��GF*�>=n4 Q87:+;)8AO'�#<,.,.#2�O,.Q(7:)],.Q8#_��)$# ��+-,.QF�$gH#2G]��� GH#2�2?
7:)8G!�t#U�D#27*4 QC��)8#t��[$,.Q8#�'(#XAp,��D#2A.!$9 , Ad+-)3�tT�W_,D7�E�E�+;)$EV�:[(�����.,.!8E�!$#XAP#t)$�	�e7�G$7 �HA >h7��$�D#246+;A.+;��)C��[K�kEHS�E � ? ?
��'H, 7:+;)$#2G0+-) 7`,.��,D7:9d,D+-13#@�:[U#<gH#246!H,.+;��)h?^+-)8469-!(GH+-)8E`,DQ$#39-#X7:�D)$+;)$E`7�)8GF, 7:E*E�+;)$E���[U13���D#C,DQ87:) 7`1L+;9;9-+;��)
�U�*�DG8A6?$��[ 9-#XA.A�,.Q87�)y,.Q$�D#6#C1L+;)5!H,.#XA6S���#&46��)",.�D+;'$!H,.#*?$,DQ"!(A6?���+ ,DQy,.Q8#CAp, 7>,D#<w �:[ wr,.Q$#C7��P,O��[�,.Q$#&7:�D#27$?�7:)8G
13���D#6�>=�#2�2?"�t#CA.Q$�	� �.#XAP!$9-,DAO,.Q87:,�E�+;=�#N!(A�,.Q8#C���*ADAP+;'$+;9-+-, �`��[ AP#2#6+;)$E@9-+;13+ , 7>,D+-�*)8AV7�)8Gy7�G$={7�)",D7:E*#2Ae��[d,DQ$#
7:�$�89-+R467:,.+;��)n��[�Ap, 7>,D+;AP,.+R467�9(13�HGH#69RAt+-)`E�#2)$#6� 7:9(,.�C,.Q$#B[f�H4<!8A.#2Gn�$�.�*'$9;#61]?���Q$+;4 Q/467�)nQ$#69;�`,.Q$#�4<�*1L1&!$)$+-, �
+-)]+RGH#6)",D+ [ �5+;)$En4<�D+ ,D+;4B����+;)",DAe�>=�#2�#��Q$+;4 Q/,DQ$#N�.#XAP#X7:� 4 Q$#2AU+;)�,DQ$+;A�7:�D#27LAPQ$�*!$9RG`'�#_4<�*)84<#2)",.� 7>,.#XGJS
$ $��&%L
@����"#B �87:�.,Pw �:[ w�A.�(#2#24 Q07�)87:9 �HAP+RA6?z)87:,.!$� 7:9l9R7:)$E*!87:E*#C�$�D�H4<#XA.A.+-)8E8?J4<�*1L�8!H,D7:,.+;��)87�9d9;+;)$E�!$+RAP,.+R46A2?hAp, 7>w
,.+RAp,D+;427:9h�(7:�.,Pw �:[ w�AP��#6#X4 Q@,D7�E�E�#2�2?HbF7��GF*�>=n4 Q87:+;)8A2?5={7��.+R7:'89-#6wr9;#6)$E�,.Q]bF7:�]F��>=@4 Q87�+-)(A6S

gH+



� �������	��

� �

� ������� � ����� �

W vh+;)$E�Y8I;AP,.+R467V�$�D�546!$� 7�467��D7*4 ,D#6�D+-�X7:�h#e#<gH�$9;+R467:�d�*A�[f#2)$s�13#6)8�*Ad9-+;)$ETY$I;AP,.+R4<�"A��"!$#e)$�"Al4<#6� 467�1]S^�O1@7
�87:�.,.#&GH#2AP,D73, 7:�D#<[\73#XAp, }@�.#29;7*4<+;��)87*G$7@7:�@9R7�G$��4<�*E�)$+-,.+;=��nGH#&4<��13�n�"AOQ5!$1@7:)8�*AO7*G$�"!$+-�D#61]?(�$�.�HGH!8�6#61�#
#6)",.#2)8GH#21�7L9-+;)$E�!(7:E�#21]vH��!H,D�D7&�87:�.,.#�#XAp, }C�D#69R7�46+-�*)87�G$7&7L#6)",.#2)8GH#6�O7L�D#69R7�K2�:�C#2)",.�D#B#6gH�$�.#XA.AGB5#2AU9-+;)$ETY$I;APw
,.+R467*AO#_�n1&!$)8GH�(v(#C!$1@73,.#2�D46#6+;�D73�87��P,D#_#2AP,D}n�.#29;7*4<+;��)87*G$737@#6)",.#2)8GH#2�V7�AO#2AP,.�D!H,.!$� 7�AO9-+;)$E�Y8I;AP,.+R467*AO��#69R7�A
�"!87:+RA�739-+;)$E*!87:E*#61��D#27�9-+;�273734<�*1C!$)$+R467*K6���8SUT ,D�D7:,D7�1L#2)",.�@GH#2AP,D7*AO�"!$#2AP,GB5#XA�7>,.� 7{=�%XAeGH�n4<�*1L�8!H,D7*GH���e%
4 Q87:1@7*GH�nGH#Lv^+-)$ETY$IRAp,D+;427 Y ��13�$!H, 7�4<+;��)(7:9r?$#_#2AP,D7*AO�"!$#2AP,GB5#XAO#2AP,D���@�.#29;7*4<+;��)87*G$7�Ae7��@� �.�H46#2ADA.7�1L#2)",.�@GH#
vh+;)$E�!(7:E�#21���7:,.!$� 7:9 q\��v^�Bx S

��7:� 7y�$�D�H4<!$� 7:�N�D#27�9-+;�27��_#2AP,D7 �89 ,D+-1@7], 7:�D#<[\7$?l�*! AP#P|P7$?l#6)",.#2)8GH#2�&7�AC#2AP,.�D!H,.!8�D7*AN9-+;)$ETY$I;AP,.+R467*AC�"!$#
7/9-+;)$E�!(7:E�#21~���*ADAP!$+r?^1&!$+-,.�*A��8�.�*�$!8A.#6� 7:1~4<�D+R7:��!$1Z46��)>|p!8)*,D�yGH#@�.#2E�� 7�AB�"!$#nGH#2AD4<�D#6=*#2ADAP#37/�.#29;7*K6����#
��A.+;E�)$+-�(467*GH�0G$7*AL�87:9R7{=5�D7*AN#61 !8137 9;+-)$E*!87:E*#61]S kjAP,D7�7:'���� G$7:E*#61Z,.#61 !$1 9-�*)$E�� Q$+RAp,Du��D+;46� �"!$#]AP#
#2AP,.#2)8GH#n7]��#69;�y1L#2)$�*A � V�VTV 7�)$�*AN7:,.� }�A2S@k )",.�D#<, 7:)",.�(?�7:+;)8G$7]�"!$#n7:,.!87�9-13#6)",D#nAP#P|P7]�(�"A.A.I-=*#69 7*G$�"!$+-�D+;�2?
7:�D1@7:�6#2)87:�l#O46��)8A.!$9-,D7:��!8137BE*�D7�)8GH#��"!87:)",.+RG$7*GH#OGH#OG$7*GH�*A2?�7�467��D7*4 ,.#2�.+;�27*K6����#<g$7:,D7B#O4<�*1L�89-#6,D7�GH#O!$1@7
9-+;)$E*!87:E*#61�)87:,.!$� 7:95,D#61 A.#e13�*AP,.� 7�GH�B+-13���*ADAPI;=�#29aS W Al��#2ADA.�*7�Ad#XAp, �:�NAP#213�$�.#�46�.+R7:)8G$�V#�7�G87:�H, 7:)8GH��#XA.AD7�A
�.#2E�� 7�AtGH#_7�46��� GH�34<��1�AP!87*Ae)$#246#2ADAP+RG$7*GH#2AeGH#_46��1C!8)$+;427�K2�:�8S

MV#2ADAP#_13�HGH�(?()$�"A.A.�L,.� 7:'87�9-Q8�@#<gH�$9;��� 73!$1@7n7:'���� G$7:E*#61��"!$#_,.� 7>,D7�G$7n�"!$#2AP,D���nGH#_�*!H,.� 7L[f���D1@7'>
'$!8AD467�)8GH�B�87�GH�]B5#2Al4<�*1C!$)(A��*!8#t�H46���D�.#21 )8�B!(AP�NG$7V9-+;)$E*!87:E*#61]S���7��D7�+;GH#2)",.+-�(467���#2AP,.#2Al�(7�GH�]B5#2Ad!8AD7:13�*A
7&,.#6�*�.+R7L�$�D��'87�'$+-9;IRAp,D+;427$?H�"!$#_7:�$9;+R467:13�"AtA.��'8�.#N4<�*)>|p!$)",.�"A�GH#B,.#6g",D�*A2?84 Q87�137*GH�*A!����� ��� ���{S�kUAp, 7@7:'���� G$7>w
E�#21�#213�$I-�D+R467n7��$9-+R467*G$7n7��n��v^� A.!$E�#2�.#C�"!$#&�(�HGH#213�*AB7:�$�D#6)8G$#6�V7`4<�*1L�89-+R467*G$7@#C#6g5,.#6)(AP+;=>7@#2AP,.�D!H,.!8�D7
G$7B9-+;)$E*!87:E*#61�#XAP��#246+ �(427:)8G$�B!81�13�HGH#69;�NE�#2�D7�957��$�D���$�D+;7*GH�8?{#�#2)*, �:�(?:+-)(GH!$�6+;)8GH�N�"Al=>7:9;���D#2AlGH�*Al�(7:�-\:13#<w
,.�D�*A�7��$9-+R467�)8GH�L13%<,.�HGH�"Ae#2AP,D7:,.IRAp,D+;46�*A2?5G$#N�.#X4<��)8Q$#246+-13#6)",D�LGH#��87*GH�]B"#XA6?H#NGH#_7��$�D#6)8GH+;�27*GH�&G$#N13}*�"!$+-)(7$?
7L!$1@73E�� 7:)8GH#��"!87:)",D+;G$7*GH#NGH#�!8A.�*A�G$7L9;+-)$E*!87:E*#61]S

�O�"A.A.�O,D�D7�'87:9;Q$��46��)846#6)",.� 7>w�A.# )87�, 7:�D#<[\7�+-)",.#2�.13#XGH+;}��.+R7OGH#e4<9R7�ADA.+ �(427:�d7�A��87:9R7{=5�D7*AhGH#t!$1 ,.#6g",D��#21
467:,.#6E*���D+;7*AJE�� 7:1@7:,.+R467:+RA^G$#6)",.�D��GH�"AdA.#6!(A�46��)",.#6g",D�*A2ShkjAP,D7�,D7��.#6[\7O%U4 Q(7:1@7�G$7VGH#�	 $�"�� � ��� � ��������� ����$�� "�� ����	:?
#&!8137`=�#2�&�"!$#L7n,D#6)$Q87�13�*AB4<!$13�$�D+;G$�8?z�(�"A.A.+;=�#69;13#6)",.#&�(�HGH#2�.#213�*AB7:9R7{={7�)8467����/GH#2A.#6)5=��*9-=5+;13#6)",.��G87�A
,D7��.#6[\7�AjG$�*A )8I-=*#6+RA 1@7:+RAU7�9 ,D�*AUGH#��$�D�H4<#XA.AD7:13#6)",D�_GH#�9;+-)8E�!87�E�#61]?"4<��13�C7*Aj7�)8}:9;+;A.#2AUAP+;)",D}:,.+R467$?"AP#21S\:)",.+R467
#N�$� 7:E�1@}:,.+R467$S

� K � � f! �t �� ���
�O�"A.A.�L��'H|p#6,.+;=��L%B46��13�87:� 7:�t9R7�GH�37L9;7*GH�L7&#<��4<+;i6)846+;73GH#�GH��+RAe13�HGH#69;�*At#2AP,D7:,.IRAp,D+;46�*Ae7:�89-+R467*GH�*At7:�

�$�D��'$9;#61@7nG$7�#<,D+;�"!$#6,D7:E*#61�13���.[f�:w�AP+;)",D}>,D+;427$SDo�13�$9;#613#6)", 7:)8GH�`�87:� 7:9;#69R7:13#2)*,D#N�*AVGH��+RAO13�HGH#69;�*A2?z�*!8#6�D#<w
13�*A��D#27�9;K27:��7@4<�*)*,D�.+;'$!$+RK6���LG873�87:�.,.#B,.#2u��D+;4273GH#C467*G$7L13�5G$#69;�@)87L#<�(46+-i2)84<+R7@G$7@A.��9;!8K6���3G$�L�8�.�*'$9-#21@7$S
"$#�%'& I�N)( C�N/EHI+*�? E ? @FE I-,/. & G10 % 0)*�I2*�?436587:9�;=< <>*�I:=?0YEHL % \5K/?A@ C10 N�*0I:E ? % I-,CB-D J LE0),/*�?F,6,60), & I-GO?$HFI ?F,/*�? E ? @FE I-,4EH? % I-,3J5-7:9=5-7 S-KMLN0 JO04,HI80 J % ?FGOG�I�J4N�IQPMI�J EHCSR�C�TF, K1B-0 % I-,!C0E LUGOLUV$0 J!I EH?AJ % IW3JX-7:9�;S<YP�0 J60Q@ C10)GU@ C�?AJ C % *�I-, & 0),HI-,ZK

�



� o�)*,D�.�HGH!(K6�:� �

Y ��1�#XAp, 7`46��13�87:� 7�K2�:�@1@7:+RAB�$�D#24<+RAD7$?�,D7�1C'�%61~#XAP��#6� 7:13�*AV#6)$g5#2�.E"7:�V9-+;13+ , 7�K�B5#XAV#L=>7:)",D7�E�#2)8AVG87`7��$9-+-w
467*K6�:�3GH#_�"!87�+;AD�"!$#6�e13�HGH#69;�*Ae#XAp, 7>,.IRAP,.+R4<�*Ae73#XAp,D#B�8�.�*'$9-#21@7$S

� K � � �( �	)�1 
�1	)�

kjAP,D7`GH+;ADA.#6�.,D7�K2�:�@#XAp, }@���DE*7�)$+-�X7�G$7@G87nAP#2E�!$+;)",.#&137�)$#6+;� 7'>t)$� Y 7��$I ,D!$9;� �@#6g5�89-+R467�1L�"AO���"!$#&%&7
7:)8}�9-+RA.#L13�*�P[f��w A.+-)", }>,.+R467/#@�y�$�D��'89-#2137yG87]#<,.+R�"!$#<, 7:E*#61]?^#n13�"Ap,D�D7�1L�"A��*!(7:+RA_A.���y7�AN�$�D+;)84<+;�87:+RA_7�'(�*�Pw
G$7:E*#6)8A3#6gH+;AP,.#2)*,D#2A@# �*!(7:+RA@GH#69R7�A@+;�D#613�*A@!$,.+;9-+;�27��n)$� )$�"A.A.��,.� 7:'87�9-Q$�(vO#61 [f!$)8K2�:� GH#XAp, 7 7:'���� G$7:E*#61
#2AD4<�*9-Q$+RG$78? )$� Y 7:�$I-,.!$9;� 3�G87:13�*AL7:9;E�!$1@7*A&)8�5K�B5#2AL'8}�A.+R467�ALG$70,.#2���D+;7 #613�$�D#6E"7�G$78?�#`13�*AP,.� 7:13�"AC#21
�"!87:+RAe13�5G$#69;�*Ae#2A.��#24<I-�(46�*A�+;�.#213�*At)$�*A�4<��)(4<#6)",D�D7��2Sl�O�"A Y 7:�$I-,.!89-�"Ap4@#LE&G$#<,D7�9-Q(7:13�*Ae�"A�7�A.�(#X4 ,.�"At,.#2u:w
�.+R4<�"A�GH�"AVG$��+RA�13�HGH#69;�*AV#61~�"!$#XAp, �:�(?(�/GH#L427�GH#2+;7*A�GH#3bF7��GF*�>=`GH#L��� GH#61��$g$78?()$� Y 7:�8I ,D!$9-� 48?z#C�/GH#
467*GH#6+R7�A�GH#_b07:�]F��>=nGH#�, 7:1@7:)$Q8�L=>7��.+R}{=�#29a?5)$��E$S M�#2�(�*+;A2?8)$� Y 7��$I ,D!$9;� H$?$#6g5�89-+R467�1L�"A�734<��)(Ap,D�.!8K2�:�3GH#
GH��+RAO#6,.+R�"!$#<, 7�GH�*�.#XAO'87*AP#X7�GH�"A�)$#2AP,.#XA�13�HGH#29-�"A6?�#C13�*AP,.� 7:13�"AOAP!(7�A�7��D�"!$+-,.#6,.!$� 7�AO#&GH#6,D7:9;Q$#XAVG$7*AO+;13�$9-#6w
13#6)",D7*K�B5#2A2v>#6)",D���8?>)$� Y 7:�8I ,D!$9-� �5?:7��$�D#2A.#6)",D7�1L�"Ah�"A^,D#2AP,.#XA^[f#2+ ,D�*Al4<�*1�#2AP,.#XA�#6,.+R�"!$#<, 7�GH�*�.#XAh#�GH+RA.46!H,.+;13�*A
�*Ae�D#2A.!$9-,D7�G$�*At��'H,D+;G$�*A2vH#�?5�8)87�9-13#2)*,D#�?846��9;�H467:13�"AU)8� Y 7��$I-,.!$9;�S�L7*A�4<�*)84<9;!8AGB"#XAt#N#<gH�(#2�.+;i6)(4<+R7�At��'H,D+;G87�A
4<�*1�#2AP,.#�,D�D7�'87:9;Q$�8S



� �������	��

� �

� � � ������� �����_���0����� � � ����	��

TBAN9;+-)8E�Y$+RAp, 7�A_7�E��D!$�87�1Z7�A_�87:9R7{=5�D7*ABG$#n!$1@7]9-+;)$E*!87:E*#61 #21 469;7*A.A.#2AC�*!8#@1L�"Ap,D�D7�1Z46��13�(�*�P, 7>w
13#6)",.�3AP+;)",D}:,.+R4<�3AP#21L#29-Q(7:)",.#*SdkUAp, 7�Ae4<9R7�ADAP#XAUG$#B�(7:9R7{="� 7�A ,D7�1C'�%61�AD�:�L4 Q87:1@7�G87�AtGH#N467>,D#6E*���D+;7*A 13���.[f�:w
AP+;)",D}:,.+R467�AV��!0E�� 7:1@7>,D+;427:+RA6S W 7:)(}:9;+;A.#C13���.[f�:w�A.+-)",D}:,.+R467@46��)8A.+;AP,.#&#61~469;7*A.A.+ ��467:�VE�� 7:1@7>,D+;427:9;13#6)",.#_427�G$7
�87:9R7{=5�D73GH#N!8137@[f�D7*AP#_GH#2)",.�D�nGH��A.#6!y4<�*)*,D#<g5,.�(S�opADA.�@% �H,.+;9��(7:� 7&�*!H,.�D�*AO#2AP,.!8GH�"AOG$7@9;+;)$E�Y$IRAP,.+R467$?(4<��13�
,.� 7�GH!(K6�:�37:!$,.��1@}:,.+R467L#�#<g5,.� 7�K2�:�3GH#�+-)H[f�*�.1@7*K�B5#2A�GH#B,D#<g5,.�"A�� � ���rS
� K � � �k	)�gf5���:m������ �  ��
	����t 
��l��:m

T��$�D��'$9;#61@7 70A.#6�L�.#XAP�*9-=5+RGH�F)8���F%�,D�.+;=5+;7�9a?�����+RA&1C!$+-,D7*A&�(7:9R7{="� 7�A_�(�"A.A.!$#61 =>}:�D+R7�AC427>,D#6E��*�.+R7�A
E�� 7:1@7>,D+;427:+RA6SB��7:� 7n#XAp, 7�AV�87:9R7{=5�D7*A6?�G$7�G$7*AO[f�*�D7`GH#34<��)",D#<g5,.�(?�#6gH+;AP,.# 	������ #�
 ���
	��
��#61��D#69R7�K2�:��7`4<��13�
#69R7�A�GH#2=�#61ZAP#2��469;7*A.A.+-�(467*G$7�A2S W ,D7��.#6[\7`G$#&,D+-� 7:�N7]7:1&'$+;E�Y$+RG$7�G$#&%@GH#6,.#6�D13+-)(7:�N�"!87:9l[f!$)(K6�:�]A.+-)",D}:,.+R467
GH#�!81370�87:9R7{=5�D7y7�1C'$I;E�!(7y%�+;)5=��H467*G$7]#61 !$1 !8A.�0�(7:�.,.+R4<!$9R7:�CG$#69R7$SeopAp,D�F%n[f#2+ ,D� �*9-Q87�)8GH��w A.#@�87:� 7y�
4<�*)*,D#<g5,.�@GH#XAp, 7L�87:9R7{=5�D78S

T��$�.�*'$9;#61@7@G$7@7:1&'$+;E�Y$+RG$7�G$#N%_GH#C4<9R7:� 7L+-13�����.,]\�)84<+R73#61�1C!$+-,D7*A�7:�89-+R467*K�B5#2A�GH#N��v^�_SJW5#21L�8�.#
�"!$#j7�A�7�K�B"#XAhGH# !81 A.+RAp,D#61@7OGH#2�(#2)8G$7:1�GH�VAP+;E�)$+-�(427�GH�OGH�O,.#<g5,D��AP#2)8GH���$�D�H4<#XA.AD7�GH�(?<,D+-� 7:�d7O7:1&'$+-ETY$+RG$7�GH#
%y)$#246#2ADA.}��.+;�8S ��1 �8�.�*E�� 7:1@70GH#F46��13�$!H, 7�GH�*�n�"!$#F�$�D�H4<!$� 70�D#2A.��9;=�#2�3#2AP,.#y�$�D��'$9;#61@7�%04 Q87�1@7�GH� GH#
#<,D+;�"!$#6,D7�G$���O13���.[f�:w�A.+-)",D}:,.+R4<�(SjW5#6!y�87��(#29^%_7*A.A.�H4<+R7:�O7@467*G$7L�87:9R7{=5�D73GH#N!81�,D#<g5,.�n!8137 �8)$+;427@#<,D+;�"!$#6,D7
�"!$#�#<gH�$�D#2ADAP#BAP!87L4<9R7�ADA.+ �(427�K2�:�_E*�D7�137:,.+R467�9()$�@46��)",.#6g",D�&G$7*Ae��!H,D�D7*Aj�(7:9R7{="� 7�A2S^�l�*�t#6gH#613�$9;�8?$4<�*)8A.+;GH#2�.#
73AP#2)*,D#6)8K27

��� �������;��� �@� �������.�k������S
W �87:9R7{=5�D7 ��	 $ � �F%]7:1&'$I-E*!87$?j�(�HGH#2)8GH� AP#2�&#6,.+R�*!8#<,D7*G$7�4<��13��AP!$'(Ap, 7:)",.+;=�� q\GH#�� � ��	�$�� � ��	 � ����	��ax<?
��! 46��13�F=�#2�.'�� qa4<��):|p!$E*7*K6�:�yGH# ��	�$ � 	��:x<SFk )",.�D#<, 7:)",.�(?d)(7FAP#2)",.#6)(K67F7*4<+;1378?l�04<�*)*,D#<g5,.�y��#6�D13+ ,D#�=*#<w
�.+-�(427:�D1L�"A��*!8#L%@�yA.#6E*!$)8GH�y467*AP�]�"!$#@GH#6=*#nAP#2�N7:�$9;+;427�GH�(S W ADAP+;1]?h,.#2�.IR7:13�"AB7yA.#6E*!$+;)*,D#@AP#X�TY8i6)846+;7/GH#
#<,D+;�"!$#6,D7�A >

��� ���! �"$#������;��������� �@���� �%'& �$�����.�T����()�*�+����?
��)8G$#, �"�#]�.#2�$�.#XAP#2)",D7]7y4<9R7�ADAP#@E*�D7�1@7>,.+R467�9 GH�*A_�$�.�*)$��13#XA6?8� � GH�*A_=�#6�D'��*A2?- �%.&0G$7*AN�$�D#6���*A.+;K�B"#XA_4<�*1
GH#<,D#6�D13+-)87�)",.#2A2?�(�GH�"Ae)$��13#XArq\A.!$'8AP,D7:)",D+-=*�*A x ?H#/�CGH�"A�API;1C'���9;�*A�GH#�����)",.!(7�K6���C�()87:9rS

k )",.�D#<, 7:)",.�(?(7*AO�"!$#2AP,GB5#2AO+-)$#2�.#2)",.#2A�73#2AP,D7L,D7��.#6[\7@A.���@4<��13�$9;#<g$7*A�#CGH#XA.7:�(7�GH�*�D7*A6?5)8���nAP#_46��)$Q8#<w
4<#2)8GH�C)8#6)$Q5!$1�13%<,D�HGH�&7�)87:9;I ,D+;46�C�87��D7_�.#XAP�*9-=*i<w 9;7NGH#V[f���D1@7N#<g$7:,D7$S W ADA.+-1]?5=>}:�D+;7*AU7�'(�*�DG$7�E�#2)8Al,.#2u��D+;427�A
#N�$� }>,.+R467*AU,.i61�AP+RGH�3��#2AD�*!8+;AD7�G$7*At�(#29;7@46��1C!8)$+;G87�GH#NGH#���v��_S

3



� W )8}�9-+RAP#Nby�*�P[f��w A.+;)*, }>,D+;427 4

� K � $��t 
� ����� �%$&� ���'�����

W 46��)8AP,.�D!8K2�:�nGH#&!$1
#<,.+R�"!$#<, 7�GH�*��#2)"=*��9;=�#N7n#XA.46��9;Q87@GH#&!$1
1L�HGH#29-�n,.#6u*�.+R4<�`GH#_#<,D+;�"!$#6,D7�E�#61�#
7L#2AD4<��9;Q873GH�313%<,D�5G$�L!(A.7*GH�3�(#29-�"A�7:9;E����D+-,.13�*At�87��D7L7:9;+-13#2)*, 7:�e�@13�HGH#69;�8S

� �D+-13#2+-�D�8?*�(�HGH#21L�"A 4<9R7�ADA.+ �(427:���"A 7:9;E��*�.+-,.13�*Al�"!87�)*,D�_7:��13%<,D�5G$�CGH#O7:�8�.#2)8GH+;�27�G$�B!(A.7*GH�=>dAP!$��#6�.w
=5+;A.+-�*)87�G$����!_)8���:w�AP!8�(#2�.=5+RAP+;��)87*GH�8SJ���V7:�8�.#2)8GH+;�27�G$�OAP!$��#6�D=5+;A.+;��)87*GH��AD7:'�#613�*A^�O#2AP,D7*GH��7>,D!87:9"�87��D7�427�G$7
G$7�G$�3A.��'8�.#B�L�"!87�9z,.�D#6+;)87:13�"AU)8�*ADAP�3AP+RAP,.#61@78S��"}L)$�@7:�$�D#6)(GH+-�X7�GH�&)8�:��w A.!$��#6�D=5+;A.+-�*)87�G$�_)8�:�@AD7:'�#613�*Ae7
4<9R7�ADAP+-�(427�K6���BG$�*A�G$7*GH�*Al)87N7�13�*AP,.� 7BG$#e,.�D#6+;)87:13#6)",D�8S W ADAP+;1]?��N7:�$�D#6)(GH+-�X7�GH��)8���:w�AP!8�(#2�.=5+RAP+;��)87*GH�����HGH#
E�#2�D7�9-13#6)",D#�A.#6��="+RAP,.�n4<�*13�@!$1@73,D7��.#6[\7@GH#_7:E*9-�*1L#2�D7*K6����qa7:E��D!$�87�13#6)",.�5x ?H#6)(�*!(7:)",.�@�nA.!$��#6�D="+RA.+-�*)87�GH�
�(�HGH#CE�#6� 7:9;13#6)",.#�A.#6�O=5+RAp,D�n4<��13�3!$1@7L,D7��.#6[\73GH#C4<9R7�ADA.+ �(427�K2�:�8S Ce7�A.#27*GH�*At)87*A�+;)H[f���D1@7�K�B5#XA�7:E��D!$�87*G$7�A
��!0469;7*A.A.+-�(467*G$7�A2?8���HGH#<w�AP#L467�9;46!$9;7���+;)H[f���D1@7�K�B"#XAO�$�D��'(7:'$+;9-IRAP,.+R467�A���!F#6g5,.� 7:+;��!$1~46��)>|p!$)",D�`GH#L�.#2E�� 7�A2?8�
�"!$#�+-� }3GH#6��#6)8G$#6��GH�313�HGH#69;�3!8AD7�GH�(S

W5#2E�!$)8G$�8?��"A�13�HGH#69;�*A�!(A.7*GH�*A�#21 #6,.+R�"!$#<, 7�GH�*�.#XAl�(�HGH#21 E*#6� 7:9;13#6)",.#�A.#6�j469;7*A.A.+ ��467�G$�*Al#61 �"!87>,D�.�
E��D!$���*A >

� ��#6!$� 7:+RA2v
� WH+-1&'(u*9-+R4<�"A6v
� kUAp, 7>,.IRAP,.+R4<�*A2v
� s�I-'8�.+RGH�*A2S

TBAe13�HGH#69;�*Ae)$#2!$� 7:+RAe!H,.+;9-+;�27�1 X�#XGH#2A���#6!$� 7:+RA���� � � ?8�"!$#��$�D�546!$� 7:1�+;13+ , 7:���@4<�*1L�����.,D7�13#6)",.�3GH#
!$1@7��D#2GH#jG$#j)$#2!$�.s*)$+;�*A2?2�*)8GH#�?{A.+-13�$9;+ ��467�G87:13#6)",.#*?>467�G87e)$#6!$�Ds�)8+-�O�D#27�9-+;�27e!81 �8�.�H4<#XA.AD7:13#2)*,D�e#2A.�(#X4<I-�(4<�
#_,D�D7�)8AP13+-,.#LAP#2!y�.#XAP!$9-,D7*GH��7*GH+;7�)",.#_�87��D7n��!H,D�.�"AO)$#2!$�.s*)$+;�*A2S�k )",.�D#<,D7�)",.�8?zGH#2�(#2)8GH#6)(GH�`GH�`�$�D��'$9;#61@7n7
AP#2���.#XAP�*9-=5+RGH�8?HAD�:�L9-#2)",D7�Ae#N#6gH+-E*#61�!$1@7LE�� 7:)(GH#B�"!87�)",.+RG$7�GH#NGH#_G87�GH�"A6S

TBAl13�HGH#69;�*A A.+;1C'�u�9;+;46�*Ad#6)$E*9-�*'87:1 7�Ad,.%X4<)$+R467*A �"!$#�!8AD7:1�9;u�E*+;427�A2?:}:�D=��*�.#XA�GH#OG$#24<+RAD�:��#��.#2E�� 7�AdGH#
,.� 7:)8AP[f���D1@7�K2�:�8SdWH�:�C4 Q(7:1@7�GH�"A GH#�A.+;1C'�u�9;+;46�*A �����tAP#�'87�A.#27��.#21�)87C137�)$+;�$!$9R7�K6���_GH#�#XAp,D�.!$,.!$� 7�A A.+;1C'�u:w
9-+R467*A�GH#_4<�*)84<#2+ ,D�*A2S��l����#2AP,D73� 7:�X�:�&,D7�1C'�%61�46�*AP,.!$1@7�1�AP#2��1@7:+RA�9-#2)",.�*A��"!$#N13�HGH#29-�"Ae)"!81L%2�.+R4<�"A6S�kj1
�87:�.,.+R4<!89;7��2?H�"A�'87�A.#27*GH�*Ae#21��D#6E*�D7*AeGH#�,.� 7:)8AP[f���D1@7�K2�:�37:)87�9-+RA.7�1��*AO#6�D�.�"A�GH#N#<,D+;�"!$#6,D7:E*#61�#_�$�D�546!$� 7:1
+-)(GH!$�6+;���D#6E�� 7�Ae�"!$#��*At,D�D7�)8AP[f���D1L#21�#61�7�4<#2�P,D�*A2SdMV#6)",D�.#�#2AP,.#XA6?H�31@7:+RA�4<�*)$Q$#X4<+RGH�@7>,.!(7:9;1L#2)",.#�%��L#6,.+-w
�"!$#<, 7�GH�*�tGH#rCt�D+-9;9 � H!�r?H�"!$#���'H,D%61�!$1@7L�$�D#246+;AD�:�&#61 ,.�*�.)8�LGH#[�TE$? 4 ? )$�34<u��D�$!8AU#61�+-)$E*9-iXA ��7�9-9hW",D�.#2#<,
���*!$�D)87:9 � � V � SC��7:� 7n�/�(�*�P,D!$E�!8i2A2? Y Q87�46!$��# �d+;)$E�#2� �������$�D���8!8AP#2�D7�1
#&+;13�$9-#213#6)",D7��D7�1�!$1@7`=>7��.+R7:)",.#
GH�L1L%6,.�HGH�@GH#rCt�.+;9;9a?5#���'H,D+-=*#6� 7:1 �D#2A.!$9 , 7�GH�"Aj� 7:�2�*}{=*#6+RA6S ��+;)$E*#6��� � E �hGH#6����+RAe!H,D+-9;+-�2��!]7:9;E�!$1@7*A ,D%24<)8+;427�A
GH#N�:,D+-13+;�27*K6�:�L#���'H,D#6=*#B�D#2A.!$9-,D7*GH�*At13#69;Q$���D#2A2?H#61�,.�*�.)$�3GH# �kEH? 4T3 ? �(7:� 7C�@4<u*�.�8!8A�c �H4 Q$�`Ct�D7�Q$# � � � �rS

TBA�13�HGH#69;�*A�#XAp, 7>,.IRAP,.+R4<�*A�'(7�A.#6+R7:1Lw A.#L#61 �D#2A.!$9-,D7*GH�*A�GH#@�$�D��'(7:'$+;9-+RG$7*GH#�?h#XAp, 7>,DI;AP,.+R467/#L,.#2���D+;7]G$7
+-)$[f���D137*K6���8?6'8!8A.427:)8G$�O+;G$#6)",.+-�(467��^�87*GH�]B"#XAh)$��!8AP�VG$7�9;+-)$E*!87:E*#61]S�MV#6)",D�.# #29-#XA6?>GH#XAp, 7�427:1Lw A.#��*A^13�5G$#69;�*A
'87�A.#27*GH�*AV#61 Y 7*GH#6+R7�A�GH#3bF7��GF*�>=FTB46!$9-,D7�Azq\46��)$Q8#24<+RGH�"AV)(7�9;+ ,D#6� 7>,D!$�D7��(�*�rs�bFbFA2?^GH�]+;)$E�9;i2A��!�����
��$
� 	��	����
�� � ���8� �{x ?��*A�'(7�A.#27�G$�*AB)$�y13%<,D�5G$�FG$7ybF}>gH+;1@7 Z�#2�.�"A.A.+;1L+;9;Q87:)8K27$?h#@�"A�'87�A.#27*GH�*A�)8�y1L%6,.�HGH�
G$7 bF}>gH+;1@7 kj)*,D�.�*�$+R7$S TBA@GH��+RA �$9-,.+;1L�"A@A.��� '(7�AP,D7:)",D#/�(7:�D#24<+RGH�"A6? #yAD�:� GH#XA.46�.+-,.�"A&#]!H,D+-9;+;�27�G$�*A3�����
W 9;=�#XA,� � 3 �e)87y#6,.+R�"!$#<, 7:E�#21 GH�F�����.,.!$E*!$i2A2S�TBAzs�bFbFALAD�:�0GH#XA.46�.+-,.�"A_)$�0�$�.u{gH+;13�0467��$I ,D!$9;�8SF��7:� 7F7
#<,D+;�"!$#6,D7:E*#61�G$�V+;)$E�9;i2A2?�XO7:,.)87��87:�]F5Q$+ � �x4 �$+;1L�89-#21L#2)",D7B!$1�#6,.+R�*!8#<,D7*GH���l'87*AP#X7�GH�B)87�bF}:g5+;1@7�kj)*,D�.�*�$+R7$?
#U�*'H,.%21 �$�.#X4<+RA.����GH#>��H$? H ? )$�B4<u*�.�$!(A � 7:9;95W5,.�D#6#<,
�*��!$�D)87:9rS��"}hCt� 7:)",DA � E �H+;13�$9-#213#6)",D7V!$1 #<,D+;�"!$#6,D7�G$���
'87�A.#27*GH��#21 s�bFb � A2?h#3��'H,D%61�!$1@7`�$�D#24<+RAD�:�`G$#`�TH$? � ? S X�#X4<#6)",D#613#6)",.#*?hc^�*!H,D7�)$�>=>7 � 3 V �j7��$�D#2A.#6)",.�*!
!$1�#6,.+R�"!$#<, 7�GH�*��'87�A.#27*GH�V#21�X�#XGH#2A�G$#OM�#2�(#2)8GHi6)(4<+R7 Y I;469-+R4678?��"!$#���'H,D%61a�;�5?���4 ? GH#��$�D#24<+RAD�:�8?>#O7:�8�D137
�"!$#C%L��#XAp, 7�GH��w G$7:w 7��P,D#N�87:� 7@�`+-)$E*9-iXA6SB��7:� 7n�`�(�*�P,D!$E�!$iXA6?z7:9;%61�GH�/#<,D+;�"!$#6,D7*GH���B4<+-,D7�G$��)$�`�87:� }:E*�D7:[f�
7:)",.#2�.+;���X? W +-�D#2A�� � �"7�G87:�H, 7�GH+-=*#6� AP�"Az#<,D+;�"!$#6,D7�G$���D#2AJGH�O+;)$E*9-iXAJ# 13�*AP,.� 7eAP#2!8Ah�D#2A.!$9-,D7�G$�*Az�87��D7e�������.,.!$E*!$i2A2S
T 13#69;Q$�*�eG$#69;#2Ae��'$,.%61 � V ?���E ? GH#��$�.#X4<+RA.���8?5#�%V�3�*'H,.+RGH�3�(#29;737*G$7:�H, 7�K2�:�&G$�&#6,.+R�*!8#<,D7*GH���e'87*AP#X7�GH�L)87
bF}>gH+;1@7&kj)*,D�.�*�$+R7LG$#[X�7>,.)(7:�87��GF5Q$++����4 � S

�l���3�81]?U�*A313�HGH#69;�*ALQ$I;'$�D+;GH�"A37:�$�D#2A.#6)",D7�1 !$1@7�1L+RAP,.!$� 7 G$�*AL13�5G$#69;�*A@7�46+-1@78? )$���D1@7:9;13#6)",.#
�87:� 7LAP!$�8�.+;�O7�A�GH#6�(4<+;i6)(4<+R7�A�GH#N!$1�4<��1�7�A��"!87�9-+RG$7�G$#2AeGH#N��!$,.�D�8S



� �������	��

� �

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

Y ��13�_GH+RADAP#21L�"A�)87N+;)",.�D�HGH!8K6���8?:=>7�1L�"A�!8AD7:� 13�HGH#29-�"A�#2AP,D7:,.IRAp,D+;46�*A GH#�#<,.+R�"!$#<, 7:E*#61)� �H? � ��� S�bF7:+RA
#2A.�(#X4<+-�(467�13#6)",.#*?��*Aj13�5G$#69;�*A�'87*AP#X7�GH�"Al#61 467*GH#6+R7�A G$#�bF7:�]F��>=zS W 9-%21�GH+;ADA.�8?�#XAp, 7:13�*A �87:�.,.+R4<!$9R7:�D13#6)",.#
+-)",D#6�D#2ADA.7*GH�*A�)$�y13%6,.�HGH�0GH#`7:�$�D#6)8G$+-�X7�GH�yA.!$�(#2�.=5+RAP+;��)(7�GH�(Sn�l���_#XAp, 7�AN� 7:�%B"#XA6?�#2AP,D7��.#21L�"A�!8AD7:)8GH�y!81
����� �C� �e�$�D%<w #<,D+;�"!$#6,D7�G$�B4 Q87�1@7�GH�����
��� �
	 ��	�� � � � � � ?:1@7:)",.+RGH�B�(#29-�[opbyk w �BW5�lS5T�46��)>|p!$)",D��G$#t#6,.+R�"!$#<, 7�A
!H,.+;9;+-�X7�G$7*Ae)$�@4<u��D�$!8A�c	�H4 Q$�`CU� 7:Q8#B#XAp, }L9-+RAp, 7�GH�3)$� W �(i2)8GH+R4<# W S

��7*A&A.#2K�B5#2ACA.#6E*!$+;)*,D#2A_G87:�D#613�*A&7:9;E�!$1@7�A_)$�HK�B5#2ALGH#�c�#6�*�.+R7FG$7y�j�.�*'87:'$+;9;+;G$7*GH#n#`#<gH�$9;+;427:�D#613�*A
7n,D#6�*�.+R7n'8}*AP+R467/G$7*AV427�GH#2+;7*ABG$#LbF7��GF*�>=zSB��7��D7�+;AP,.�(?^�"!87:)8G$���D#69;#6=>7:)",.#*?J!8AD7:�D#613�*A�!$1@7`)8�:,D7*K6����)$�*�Pw
1@7:9;1L#2)",.#_!H,D+-9;+;�27�G873#61�,.#<g5,D�*AOA.��'$�D#�#<,D+;�"!$#6,D7:E*#61�#2AP,D7>,DI;AP,.+R4678?813�*AP,.� 7�G87&)(7@c�7�'(#29;7S38S � SeT 4<�*)>|p!$)",.�

wi

7&�(7:9R7{="� 7_)(7&���*A.+RK6�:�
i
)8�346u��D�$!8Ae�*!`)873A.#6)",.#2)8K67

li
7&#6,.+R�"!$#<, 7LG$#

wi

wi,i+m

7LA.#2�kY$i2)84<+R7LGH#N�87:9R7{=5�D7*AUG$#
wi

7>,.%
wi+m

li,i+m

7�Ae#<,D+;�"!$#6,D7*A�GH#
wi,i+m

wk
7
k
wr%XAP+;1@7C�H4<�*�.�Di6)(4<+R7&GH#��87�9;7{=5� 7C)8�L9;%<gH+R4<�

lj
7
j
w %2A.+-1@7&#<,D+;�"!$#6,D73)$�@4<�*)>|p!$)",.�@GH#N#6,.+R�"!$#<, 7�A

n
,D7:1@7�)$Q$�3G$7@AP#2)",.#6)(K67

T
,D7:1@7�)$Q$�3G$7@AP#X�kY$i6)846+;7LGH#N#XAp, 7�GH�"A

L
467:� GH+;)87:9JGH�@46��)>|p!$)",D�nGH#�#<,.+R�"!$#<, 7�A

N
)��81L#2�.�3GH#N#XAp, 7�GH�"AU)8�@#2A.�87�K6�LGH#N#XAp, 7�GH�"A

��
�������
���������� ��!#"�$�%��'&�!)(+*+(+,-"/.�"10�"32#"145!)(768&�45!#":9/4�;
[f���D1@7�GH����#69R7�A��87�9;7{=5� 7�Apqf�*'H,.+RG$7*A GH� ����� ��� �Xxl#������jA.!87�Aj467>,D#6E*���D+;7*A�13�*�P[f��w A.+-)", }>,.+R467*Ad%O4 Q87:1@7�G$��G$# ��<8�
�������:S>=V!(7:)8GH�B)$�"A^�D#<[f#2�.+;�.13�"A�7eop�(7:9R7{="� 7�A^GH#e!$1�4<u*�.�8!8A�q ?{#2AP,D7��.#21L�"A^)8�*A��.#6[f#6�D+-)8G$�B7�,.�HGH�"A��"A�A.I;1C'���9;�*A
9-%6gH+;46�*A�GH#XAp,D#�46u��D�$!8A2?$4<�*1L�3�87�9;7{=5� 7�A2?*)��$13#2�.�"AU#_A.+;)87:+RAeGH#N�(�*)",.!87*K6�:�(?5�(�*��#<gH#613�$9;�8S

? K � hW� !A@ �'� }/d�����xt���

=V!87�)8GH�0�"!$#2�.#21L�"A_�$�D#6=*#6�_�*! 13#2GH+;�L7*AC4 Q87�)84<#XAC�"!$#/7:9;E��y���*ADAP!$+eGH#/7�4<�*)",.#246#6�X?�!$,.+;9-+;�27�1L�"AC7
����� � ��	���	CB ������	����:� ���
	��
�6S��l�5G$#613�*A2?87:9;%61�GH+RAp,D�8?846��)8GH+R4<+;��)(7:�e#2AP,D7*A�4 Q87:)846#2A�7@7�9-E*�3�"!$#e|P}@7*4<�*)*,D#246#6!�>
P (Y |X)

�.#2�$�.#XAP#2)",D7n7��$�.�*'87:'8+-9;+;G87�GH#CG$#
Y

�H46���D�.#2��G$7�G$�`�"!$#
X

�546���D�.#2!hSVMV#2AP,.#&13�5G$�8?z)$�`46��)",.#6g5,.�
G$7L#<,D+;�"!$#6,D7:E*#61]?

P (li|wi)
%_7L�$�D��'87�'$+-9;+RG$7�GH#�G$7L�87�9;7{=5� 7

wi

,.#2��7L#<,D+;�"!$#6,D7
li
?8�(�*��#<gH#613�$9;�8S

��7:� 7L!$1@7&+;)",.�D�HGH!8K6���LA.��'8�.#��$�D��'87�'$+;9-+RG$7�G$#V#N#XAp, 7>,.IRAP,.+R467&=�#p|P7 � 3T�5?K�T� � S

E



3 �$!$)8G87:13#6)",D7*K6���Lc�#6u*�.+R467 H

? K � u/�����'�w��� ���%$&��	����K�

Y 7�G$#6+R7�ABGH#Lb07:�]F��>= � 3k�5?��T�"?��xH ��[f��� 7:1
�$�D+-13#6+;� 7:13#6)",.#LGH#2A.#6)5=*��9;="+RG$7*AO����� W )8GH�D#6+ W ShbF7:�]F��>=
�87:� 7L13�5G$#69R7:�O7�A�A.#2�kY$i2)84<+R7�AeGH#N9;#<,D�D7*Ae#61�,.� 7:'87�9-Q$�"AeGH#N9-+-,.#2�D7:,.!$� 7`X�!8ADA.78?H#_GH#2ADGH#N#2)*, �:�@A.#�G$#2A.#6)5=��*9 w
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W5!$����)8Q87
X = (X1, . . . , XT )

!$1@7BA.#2�kY$i2)84<+R7BGH#e={7��.+R}{=�#2+;Ad7:9;#27:,.u*�.+R7�A�4<��1�={7�9-�*�.#XAd)"!81�4<�*)>|p!$)",.�
�8)$+-,.�

S = (s1, . . . , sN )
?8�@#2A.�87*K<�@GH#_#XAp, 7�GH�"A6S kj)*, �:�

X
%CGH+-,D7@A.#6��!$1@7n467*GH#6+R73GH#CbF7��GF*�>=nAP#�,D+-=*#6��7
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K�
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P (Xt+1 = sk|X1, . . . , Xt) = P (Xt+1 = sk|Xt)

�l�HGH#613�*A�GH#XA.46�.#2=�#2��!$1@7/467�G$#6+R7�GH#3bF7:�]F��>=/������!$1@7�1@7:,.�D+-�LGH#&�8�.�*'87:'$+;9;+;G$7*GH#2ABGH#&,.� 7:)8A.+RK6�:�
A
>

aij = P (Xt+1 = sj |Xt = si)W �"!$+a?
aij ≥ 0

?
∀i, j

# ∑N

j=1 aij = 1, ∀i
S

W 9;%61�GH+RA.A.�8?j,.#21L�"An�"!$#y#2A.��#24<+-�(427:�n7�A3�8�.�*'87:'$+;9;+;G$7*GH#2A3GH#FG$+ [f#2�.#2)*,D#2A@#XAp, 7�GH�"A3+-)8+;46+;7�+;A3�87��D7 7
467*GH#6+R73GH#NbF7:�]F��>=z?HG$7�G87�At)$�@=�#6,.�*�

Π
>

πi = P (X1 = si)

W �"!$+a? ∑N

i=1 πi = 1
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s0

?�#_#2)*, �:�@!8AD7:�D13�*Ae,D�D7�)8A.+;K�B"#XA�7@�87��P,D+-��G$#2AP,.#_#XAp, 7�GH�
4<�*)*,D+;G$�L)(7&1@7:,.�D+-�

A
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Π
S

MB7�G$7*A`7*A/G$#<�8)$+RK�B5#XA`7*4<+;1378?����HGH#613�*A/GH#XA.46�.#2=�#6�`!$1�13�HGH#69;�mG$#�bF7��GF*�>= 46��13� !$1@7 ,.�D+-�89;7
µ = (S,A,Π)

?d��)(GH#�?^46��13�]#6)5!$)846+;7*GH�8?
S

%3�]#2A.�87�K6�yGH#3#2AP,D7�G$�*A2?
A

?�7/1@7>,D�.+;�@GH#L,.� 7:)8A.+RK6�:�(?J#
Π

?��
=�#6,.����GH#N�8�.�*'87:'$+;9;+;G$7*GH#2At+;)$+R4<+R7:+RA6S

��7:� 7L�$g$7:�O7@+RGH%2+;78?84<�*)8AP+RGH#2�.#N!$1�13�HGH#69;�nGH#CbF7��GF*�>=nGH#L33#XAp, 7�GH�"AOGH�n4<9;+;1378S W A.A.!$13+;1L�"A��"!$#
!$1@7L=�#6��������G$+;7L�L,.#21L���n4<9;+;13}:,.+R4<�3%N��'(AP#2�.=>7�G$�&4<�*13�3A.#6)(GH�3!$1�GH#XA.A.#2A >

kjAP,D7�G$� � >$4 Q5!$=��"AP�
kjAP,D7�G$�S�'>H)5!$'$9R7�GH�
kjAP,D7�G$�`3=>H#6)8A.��9R7:� 7�G$�

�l�*AP,.!$9R7:13�*A&�"!$#��0469-+;1@7F)$� GH+;7
t
%`427:� 7�4 ,D#6�D+-�X7�GH�]�����&!$1 �$)$+R4<� G$�*AN,D�.iXAC#XAp, 7�GH�"A_7�46+-1@78?d#/�"!$#`7

1@7>,.�D+;�
A

G$#N�$�.�*'87:'8+-9;+;G87�GH#XAtG$#V,D�D7�)8A.+;K2�:�L%_G$7�G$7L�����

A = {aij} =





0, 4 0, 3 0, 3
0, 2 0, 6 0, 2
0, 1 0, 1 0, 8





MV7*GH� �*!8#`� ,.#21L����)$��G$+;7
1
q
t = 1

x_#XAp, }0#2)8A.��9R7:� 7�GH�:q\#2AP,D7�G$�e3"x ? ���HGH#613�*AL��#6�DE�!$)", 7:� > =V!87:9e%]7
�$�D��'87�'$+-9;+RG$7�GH# qaGH#V7*4<�*�DGH�_46��1 �_13�HGH#69;�"xjGH#V�"!$#O�_,.#613���C�87��D7_�*A��$�Du{gH+-13�"A

7
GH+R7�AtAP#P|P7�� #2)8A.��9R7:�D7*GH�:w

#6)8A.��9R7:� 7�G$�:w�4 Q"!8=��*A.�:w�4 Q5!$=��*AP�>w #6)(AP�:9R7:�D7�GH�:wr)5!$'$9R7�G$�>wr#2)8A.�:9;7��.7*GH�����LMV#<�8)8+-)8G$�&#XAp, 7CA.#2�kY$i6)(4<+R7CGH#B#2AP,D7*GH�*A
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O
?
O = {S3, S3, S3, S1, S1, S3, S2, S3}
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O
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�3#2AP,D7�G$�L+;)$+R4<+R7:9J%
S3

S�kjAP,D73�$�D��'87�'$+;9-+RG$7�G$#V���HGH#_AP#2��#<gH�$�D#2ADA.7&4<�*1L�
P (O|Modelo) = P [S3, S3, S3, S1, S1, S3, S2, S3|Modelo]

= P [S3] · P [S3|S3] · P [S3|S3] · P [S1|S3] · P [S1|S1] · P [S3|S1] · P [S2|S3] · P [S3|S2]

= 1 · a33 · a33 · a31 · a11 · a13 · a32 · a23

= 1 · (0, 8)(0, 8)(0, 1)(0, 4)(0, 3)(0, 1)(0, 2)

= 1, 535× 10−4

�l�HGH#613�*A2?(,D7:1&'(%21]?��D#6�8�.#XAP#2)*, 7:�O!8137`467*GH#6+R7nGH#LbF7:�]F��>=`�(�*��!$1~GH+R7:E*�D7�1@7@GH#C#XAp, 7�GH�"A6?�4<��13�
)87 �d+-E*!$�D7�3$S � S@TBAB#2AP,D7�G$�*A�A.���`13�"Ap,D�D7*GH�*AB4<�*1L�]4<I;� 4<!$9;�*A�7:�/�D#2GH�*��G$#3A.#6!�)$�*1L#*?h#3�`#XAp, 7�GH�]+;)$+R4<+R7:9
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S 2

S1
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0,1
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%`+;)8GH+R467*GH�0�����3!$1@7 AP#6,D7�GH#`#2)",.� 7�G$78S W AC,D�D7�)8A.+;K�B"#XAC���*ADA.I-=*#6+RACAD�:�013�"Ap,D�D7*G$7�AC�(�*�37��D46�*A&GH+-�D+;E�+RGH�*A
4<�*)$#24<,D7:)(GH��#XAp, 7�GH�"A6?z#L#2AP,.#2A�7��D46�*A�AD�:�`�.��,.!$9R7�G$�*AB4<��1�7`�$�D��'87�'$+-9;+RG$7�GH#LGH#2AP,D7�,.� 7:)(AP+RK6����AP#2��,D��1@7�G87$S
c^� 7:)(AP+RK�B5#2A&4<�*1Z�$�D��'(7:'$+;9-+RG$7*GH#n�6#2�.� A.���F��13+-,.+RG$7�A2S W AC�8�.�*'87:'$+;9;+;G$7*GH#2A&GH�*A&7:� 4<�"ACGH#/A.7�I;G$70GH#`427�G$7
#2AP,D7*GH�CA.��1@7:1 � S W �87��P,D+-�tGH#2AP,D7N�D#6�8�.#XAP#2)*, 7�K2�:�8?>���HGH#613�"A ��#6� 4<#6'�#6�t�"!$#�!$1 13�HGH#69;�CGH#BbF7:�]F��>=_���HGH#
AP#2�&=5+RAp,D��46��13�0!81 7:!H,Ds�1@7>,D� GH#]#2AP,D7*GH�*A_�8)$+-,.�"A&)(�:�:w�GH#6,.#6�D13+-)8I;AP,.+R4<��4<��1 �8�.�*'87:'$+;9;+;G$7*GH#2AC#61 427�G$7
7:� 4<�(S

��7 #<,D+;�"!$#6,D7�E�#61 46��1 13�HGH#69;�*ALGH#]bF7:�]F��>=z?d��9;Q87:13�*A&�87��D7F7�A.#2�kY$i6)(4<+R70GH#/#<,D+;�"!$#6,D7�A&#61 !81
,.#6g",D�04<�*13�F!$1@7F467*GH#6+R7yGH#�b07:�]F��>=zS`�l#29;7y�8�.�*�$�.+;#2G87�GH#nGH#`bF7:�]F��>=z?�7*A.A.!$13+;1L�"A_�"!$#�7y#6,.+R�"!$#<, 7FGH#
!$1@7��(7:9R7{="� 7�A.uBGH#2�(#2)8GH#eG$7O#6,.+R�"!$#<, 7V7�)*,D#6�D+-�*��q\Q$���D+-�2��)",.#U9-+;13+ , 7�GH�5x Sl��AD7:)8G$�V7O)8�:,D7*K6����G$7Bc�7�'(#29;7 3$S � ?
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P (li+1|l1,i) = P (li+1|li)
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46��13�`7*AV#6,.+R�"!$#<, 7�A2?J�`GH+R7:E*�D7�137�G$7 �d+;E�!$� 7�38S ���D#6�$�D#<w
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W 9;%61
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 � ���
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V,D

N,V

D,N N,P

P,N
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l1,n
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w1,n
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l1,n

� kj1
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w1,n
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��7:� 73�*!(7:9R�*!8#6��AP#X�kY$i6)846+;73GH#�#XAp, 7�GH�"A

X = (X1, . . . , XT+1)
?

P (O|X,µ) =

T
∏

t=1

P (ot|Xt, Xt+1, µ)

= bX1X2o1
bX2X3o2

· · · bXT XT+1oT#�?
P (X |µ) = πX1

aX1X2
aX2X3

· · · aXT XT+1
.W E*��� 7$?5�(#29;73�D#6E*�D7&GH# Ce7 ��#XA6?

P (O,X |µ) = P (O|X,µ)P (X |µ).W ADAP+;1]?
P (O|µ) =

∑

X

P (O|X,µ)P (X |µ)

=
∑

X1···XT+1

πX1

T
∏

t=1

aXtXt+1
bXtXt+1

ot
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� v��'v�� � E:��9�K|72?��}9 s Kt9���KtD
���$7���9
W5#P|P7

αi(t)
7L�$�D��'87�'$+-9;+RG$7�GH#B��'(AP#2�.=>7:�

w1,t−1
#_4 Q$#2E*7��t7��L#XAp, 7�GH�

li
)$�L,D#613�(�

t
S

αi(t) = P (w1,t−1, Xt = li|µ)

Y 7:9R4<!89;7�1L�"Ae7�Ae=>7:�D+;}{=*#6+RAt�$�.�*E��D#2ADAP+;=>7�Aj!8A.7�)8GH�3�@AP#2E�!$+;)",.#��$�D�H4<#2G$+-13#6)",D�=>
� S>o�)8+;46+;7�9-+;�27*K6�:�

αi(1) = πi, 1 ≤ i ≤ N

�$S>o�)(GH!8K6���
αj(t+ 1) =

N
∑

i=1

αi(t)aijbijot
, 1 ≤ t ≤ T, 1 ≤ j ≤ N

38Sec��:, 7:9
P (O|µ) =

N
∑

i=1

αi(T + 1)
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W5u �$�D#246+;AD7:13�"ALG$#2AP,.#F7:9;E��*�.+-,.13� �87��D7��D#2A.��9;=�#6�37 �"!$#2AP,D��� � S�bF7*A@�87��D7�7>|p!8G87:�n7 �D#2A.��9;=�#6�@7
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MV#<�8)873=>7��.+R}{=�#2+;AU�.#2E��D#2ADAP+;=>7�At4<�*1L�

βi(t) = P (wt · · ·wT |Xt = i, µ)

k )",D���L���HGH#613�"AO467�9;46!$9;7��e={7��.+R}{=�#2+;AU�D#6E��D#2ADA.+-=>7�AtG$73GH+;�.#2+ , 7L�87:� 737&#XA.�"!$#2�DG87&46��13�@AP#2E�!$# >
� S>o�)8+;46+;7�9-+;�27*K6�:�

βi(T + 1) = 1, 1 ≤ i ≤ N

�$S>o�)(GH!8K6���
βi(t) =

N
∑

j=1

aijbijot
βj(t+ 1), 1 ≤ t ≤ T, 1 ≤ i ≤ N

38Sec��:, 7:9
P (O|µ) =

N
∑

i=1

πiβi(1)
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G$73AP#X�kY$i6)846+;73GH#N�*'8A.#6�D={7*K�B5#2A2S

P (O|µ) =

N
∑

i=1

αi(t)βi(t), 1 ≤ t ≤ T + 1
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T 13%<,D�5G$�&)$�*�.1@7�9-13#6)",D#�!8AD7�GH�L%B�L7�9-E*���D+ ,D1L�&GH#[Z�+-,.#6�D'$+ � 3 � � ?$�"!$#B46��13�$!H, 7C#6�(4<+;#6)",D#613#6)",.#�7&1L#29-Q8���
AP#X�kY$i6)846+;73GH#�#XAp, 7�GH�"A6S
� v ��v�� � E:��9�K|72?��}9 �CD>�G72?ADIKt687
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arg max
X

P (X |O, µ)

Y ��13�
P (X |O, µ) =

P (X,O|µ)

P (O|µ)
,

#
O

%B�$gH�(?$%NAP!H��4<+;#6)",.#N1@7>gH+;13+-�X7:� >
arg max

X
P (X,O|µ)

MV#<�8)87=>
δj(t) = max

X1···Xt−1

P (X1 · · ·Xt−1, o1 · · · ot−1, Xt = j|µ)

TV!`A.#p|P78?
δj(t)
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µ
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o1 · · · ot

#
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j
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GH+;)@\:13+R467$?$427:9R4<!$9R7:13�"AU�@427:13+-)8Q$�3137�+;AO�$�.�>=>}{=*#69z4<��13�@A.#6E�!8##>
� S>o�)8+;46+;7�9-+;�27*K6�:�

δj(1) = πj , 1 ≤ j ≤ N

�$S>o�)(GH!8K6���
δj(t+ 1) = max

1≤i≤N
δi(t)aijbijwt

, 1 ≤ j ≤ N

� !(7:� G$7C� 7�AP,.�D�
ψj(t+ 1) = arg max

1≤i≤N
δi(t)aijbijwt

, 1 ≤ j ≤ N

38S �d+;)87:9;+;�27�K2�:�L#N�.#XAp, 7:!$� 7�K2�:�LGH�n467�1L+;)$Q$�(S W 13#69;Q$�*�OAP#X�TY8i6)846+;73GH#N#XAp, 7�GH�"Ae%N��'H,D+;G$7@G$#�,.� }�A��87��D7
7&[f�D#6)",.# >

X̂T+1 = arg max
1≤i≤N

δi(T + 1)

X̂t = ψ
X̂t+1

(t+ 1)

P (X̂) = max
1≤i≤N

δi(T + 1)

W 4<�*13�$9-#6gH+;G$7*GH#NGH#�,.#213�(�nGH�@7�9-E*���D+ ,D1L�3GH#[Z�+-,.#2�.'8+h%
O(TN2)

S
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� K ? � �( 
� m��������#��� � �g	��Lm��������
	

W �"!$#XAp, �:�FGH#@#XAp,D+-1@7:�C�*AN�87��]\�13#<,.�D�*A�GH#�!$1 sVbFb�,D7�1C'�%61Z%�4<�*)$Q$#246+;G87y4<��13�]�y�$�D��'$9;#61@7
GH�n,D�.#2+-)(7:13#6)",.�(?��"!$#&%&!81�1L%6,.�HGH�/GH#&7��$�.#2)8GH+;�27*GH��A.!$�(#2�.=5+RAP+;��)(7�GH�(S�MV7*G$7n!8137`4<#2�P, 7�A.#2�kY$i6)(4<+R7nGH#
��'8A.#6�D=>7�K�B"#XA

O
AP�*'$�.#3!$1 7:9-[\7:'�#<,D�

K
#@#2AP,D7*GH�*A

S
?d�"!$#2�.#21L�"A�#6)846��)",.� 7:�N�"A�=>7:9;���D#2A_GH�"AN�87��]\�1L#6,.�D�*A

GH� 13�5G$#69;�
µ = (A,B,Π)

�"!$#]13#69;Q$���@#6g5�89-+R467�1 � �*!8#/�*'8A.#6�D={7�13�*A2S:opAp,D� AP+;E�)$+-�(427��"!$#y�"!$#2�.#21L�"A
#6)846��)",.� 7:�e�"Ae={7�9-�*�.#XAe�*!8#B1@7:g5+;13+-�X7:1

P (O|µ)
>

argmax
µ

P (O|µ).

k )",.�D#<, 7:)",.�(?�)8���N#<gH+RAp,D#61 1L%6,.�HGH�"A 7:)87�9-I-,.+R4<�"A 4<�*)$Q$#X4<+RGH�*A��(7:� 7V�D#2A.��9;=�#2���N�$�D��'$9;#61@7NGH#O1@7�)$#6+;�D7
#<g$7>, 7$?{+RAp,D��%�?>#XA.46��9;Q$#6�

µ
�"!$#j1@7>gH+;13+-�X7

P (O|µ)
Sl�l���d+;AP,.�VE�#6� 7:9;13#6)",.#�!(A.7�1&w�A.#j13%<,D�5G$�*Ah+-,.#2�D7:,.+;=��"A6?>�"!$#

E*7��D7�)*,D#61�7��(#2)87�A�#6)846��)",.� 7:��1@}:g5+;13�*A�9;�H467�+;A2St��1�GH#2AP,.#XAO13%<,D�5G$�*A�1@7:+RA�46��)$Q8#24<+RGH�@%_� 	1� # ��� �:� � � ���
	 	�� � ��� �8� �5� � 3�����! 	1� # ��� �:� � � B � � #
� ������� 
��1��
 � # � ����� � 
��:?(�"!$#N%N!$1�467�A.�L#2A.�(#X4<+R7:9^GH�313%<,D�HGH�nGH#_bF7:g5+-w
13+-�X7�K6���BG$#tkUAP��#6� 7:)8K27`q\GH��+;)$E�9;i2A2?�� ������� � 	1� ����$ � 	 �
��������	1� ����$ � � � � ���$x S��O#XAp,D#O7:9;E��*�.+-,.13�8?>46��13#2K27:13�*A
4<�*1�!$1 1L�HGH#29-��+;)$+R4<+R7:97q\�$�.%6w A.#69;#246+-�*)87�G$�8?>��!L#2AD4<�*9-Q8+;GH�N7�9-#X7>,.�*�.+R7:13#2)*,D#Xx^#O467�9;46!$9;7�13�*Al7��$�D��'87�'$+-9;+RG$7�GH#
G$7]AP#X�kY$i6)846+;7`GH#3��'8A.#6�D=>7�K�B"#XA�!(A.7�)8GH�/#2AP,.#313�5G$#69;�8S3TV9;Q87�)8GH�/�87:� 7n#XAp,D#342}:9R4<!$9;�8?J���HGH#613�"AV=*#6�N�"!87:+RA
,.� 7:)8A.+RK�B5#2AlGH#e#2AP,D7*GH�V[f��� 7:1�1@7:+RAl!8AD7�G$7*A6?>#e#6)", �:��7:!$13#6)", 7:��7B�$�.�*'87:'8+-9;+;G87�GH#eGH#69R7�ADqa7:+;)8G$7V�.#XAP��#6+-,D7�)8GH�
7�At�D#2AP,.�D+;K�B"#XAj#XAp,D�H46}�AP,.+R467*ADx<S Y ��1�+RAp,D�8?H���5G$#613�*Ae#XA.46��9;Q$#6�t!$1�13�HGH#69;�3�.#2=5+;AD7�GH�L�"!$#B[f���D)$#246#V!$1@7L�$�D�:w
'87:'8+-9;+;G87�GH#&137�+;A�7�9 , 7n�87��D7n7`AP#X�kY$i6)846+;7`GH#L��'8A.#6�D=>7�K�B5#XA6S���#6��#<,D+-13�*AB#2)*, �:�n#XAp,D#&�8�.�H4<#XA.A.�8?�#2A.��#6� 7:)8GH�
4<�*)"=*#6�DE�+;�N#61 =>7:9;���D#2ANu�,.+;1L�"A_�87��D7]�"A_�87��]\�13#<,.�D�*ANG$�F13�5G$#69;�

µ
SFkjAP,.#`�$�.�H46#2ADAP�yGH#`137:gH+-13+;�27�K2�:�]%

E�#2�D7�9-13#6)",D#n4 Q87:1@7�G$�0GH# � � ����$�	 � ��$ � �yGH� 1L�HGH#29-�(?l#�%n[f#2+ ,D�0!8AD7:)(GH�:w�AP# ��	
����� ��� � ������$ 	�� ��$�� �:SF�l���
+;AP,.�(?z#C�87��D7`G$7:�V137�+;AV�D#6�$�D#2A.#6)",D7:,.+;=5+;G$7*GH#C7���7:�$�D#6)(GH+-�X7�GH�(?(%&+-13�����.,D7�)*,D#&7�#<gH+;AP,.i2)84<+R7�G$#&!$1�46u��D�$!8A
�$�D%<w #<,.+R�"!$#<, 7�GH�L#_GH#�, 7:1@7:)$Q8�&� 7:�2�*}{=�#29aS

W5#P|P7
pt(i, j), 1 ≤ t ≤ T, 1 ≤ i, j ≤ N

?$7&�$�D��'87�'$+-9;+RG$7�GH#BGH#�7>,.� 7{=�#XA.AD7:�j�L7��D46�&GH�L#2AP,D7*GH�
i
�87��D7

�
j

)$�L,.#213�(�
t
G$7�G87L73A.#2�kY$i2)84<+R7&G$#N��'8A.#6�D=>7�K�B5#XA

O
S

pt(i, j) = P (Xt = i,Xt+1 = j|O, µ)

=
P (Xt = i,Xt+1, O|µ)

P (O|µ)

=
αi(t)aijbijot

βj(t+ 1)
∑N

m=1 αm(t)βm(t)��AD7:13�*A�7*AeAP#2E�!$+;)",.#2At[fu*�.1&!$9R7�At�87:� 7L�.#6wr#XAp,D+-1@7��.13�*At7�Ae�8�.�*'87:'$+;9;+;G$7*GH#2AeGH�313�HGH#69;�=>
π̂i =

[f�D#2�kY$i6)(4<+R7&#XAP��#6� 7�G87C)$�3#XAp, 7�GH�
i
)$�L,.#213�(�

t = 1

=

N
∑

j=1

p1(i, j)

âij =

[f�D#2�kY$i6)(4<+R7LG$#V,D�D7�)8A.+;K�B"#XAeGH�@#2AP,D7*GH�
i
�87:� 7&�

j[f�.#X�TY8i6)846+;73GH#B,.� 7:)(AP+RK�B5#2A�AD7:+;)8GH�3GH�@#XAp, 7�GH�
i

=

∑T

t=1 pt(i, j)
∑T

t=1

∑N
j=1 pt(i, j)

b̂ijk =

[f�D#2�kY$i6)(4<+R7LG$#V,D�D7�)8A.+;K�B"#XAeGH#
i
�87��D7

j
46��1

k
��'8A.#6�D=>7�GH�

[f�D#2�kY$i2)84<+R73GH#B,.� 7:)8A.+RK�B5#2A�GH#
i
�87:� 7

j

=

∑

{t:ot=k,1≤t≤T} pt(i, j)
∑T

t=1 pt(i, j)

W ADA.+-1]?�GH#
µ = (A,B,Π)

?�GH#2�.+;=>7:13�*A
µ̂ = (Â, B̂, Π̂)

S k�4<��13� �$�D�>=>7�GH���(�*��Ce7:!$1]?U,.#21L�"A
P (O|µ̂) ≥ P (O|µ)

S��d�*�P, 7:)",.�(?U�D#6��#<,D+-)(GH� #2AP,D7 �D#<w #2AP,.+;1@7�K6����G$#F�87:�-\:13#6,.�D�*A2?j#2A.��#6� 7:13�*A313#69;Q$�*�D7��
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)$�*ADA.��13�HGH#29-�(?t7:,.%F�"!$#y)8��� ,.#6)8Q87:13�*A31@7�+;A@�D#2A.!$9-,D7*GH�*A@A.+-E*)$+-�(467:,.+;={7�13#6)",.#]13#69;Q$���D#2A2S k )",D�.#6,D7:)",D�8?
4<�*1L�VGH+;ADA.#613�*Ad7:)",.#XA6?{)8����,.#213�*A�E*7:� 7:)",D+;7�GH#t�"!$#j#2)84<�*)*,D�D7��.#213�*AJ�V1L#29-Q8���^13�HGH#29-�(?>�(�*�D�"!$# �V�$�D�546#2ADAP�
�(�HGH#O,.� 7{={7�� #61 !$1 1@}>gH+;1L�N9;�H467�9aS W +;)8G$7&7�ADAP+;1]?�E�#2�D7�9-13#2)*,D#��_7:9;E��*�.+-,.13�_GH#hCe7�!$1Lw ��#69R4 Q3%�#<��4<+;#6)",.#
�87:� 7zs�bFbFA2S
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� �����	�������

��� �"!$#&%('�)*#,+.-/%10/!$#32(%4'657)*#,8"!9-;:<-=)*#<>?-�)*#,@A-=%4BC'ED�:3%(#<5(:3#F#&G*+.'C�"#&�H:&>?-=IJ!$#<�C2(#,:3'C!K548H-
'=%1)*#&!ML�NO'=%M>P5Q2('HRS�"'T:3'C�C2(#3G 24'T)"-U#&24>PVC8H#32(-=W=#<!XRYW=#<%(-=IJ!$#<�C2(#Z5([/'\8H5(-=)H-=5X'=%1)*#&�.5]+^#<V68"#<�H-=5<L�NO'=%
#3G*#&!$+"I?'HR_-C54548"!$>?�H)*'FV68"#A#&G >P5`2(-/!�a=bCac#324>PV68"#321-=5])*>edf#<%4#<�624#<5<R	:3'C!g',�"'F:3hC%4+"8.5jilk*:1m"'Fno%1-/m"#CRp#3G*>?5`q
24#<!

3833 = 56.181.887
)">edf#<%4#<�C2(#<5o:3'C!sr">?�H-=t&u #<5o)*#v'C%()"#&!was)H-=5o#32(>?V68"#&2(-=5Sxy:3IP-/%('zV68"#Y�"#&!{2(' )H-=5o#&IP-=5

>J%1[/'|%(#<-=IJ!$#<�C2(#_'*:3'C%4%(#&%~}~L��v5454>?!XR6!$'*)*#&I?'C5�VC8H#�8*2(>JI?>J��-/!{:&-C)*#&>P-=5�)"#v@A-=%4BC'EDs)*#_'C%()*#<!�-=Ie21-�5([/'�)*>Jdf�?:&#&>P5
)*#Y#<5`24>?!$-=%<LO���62(%4#&2(-/�62('HR #3G*>P5Q2(#&!�+H-=I?-�D %1-=5lV68"#S)*#<+.#<�H)*#&!�)*#v8H!�:3'C�C2(#3G 24'z!9-/>?'=%o+H-/%1-s54#&%(#&!�#&24>PVC8H#3q
2(-C)"-=5S:3'C%4%(#321-/!$#&�62(#=L|���62([='MW='C5`2(-=%4�P-/!$'65�)*#$:3'C�H)*>P:3>?'=�H-=%v'X2(-=!9-/�"m"'M)*'M:3'C�C2(#3G 24'M-X5`#<%S-=�H-/I?>P54-C)*']�
+H-/IP-�D %(-z5`#<�H)*'9-/�.-/I?>?5(-=)"-HL

��>P)*�<>?-HR	#&�62([='HRp�A+^#&%(!g>J24>?%]V68"#�-�!$#&!$h=%(>?-�)H-F:&-C)*#&>P-�)*#�@A-=%4BC'EDF8*2(>JI?>J��-=)"-F�"'F!$'*)*#&I?',)*'
#32(>?V68"#&2(-=)"'=%�2(#&�"mH-�8"!�2(-/!9-=�"m"'|DE-/%(>?��DC#&I�R=)*#<+.#<�H)*#&�.)*'z)*'65�DE-/I?'=%(#<5�+.-=5(54-C)*'C5O'CrH5`#<%4DE-C)*'C5<L��Y-/�.'��"'=!$#
�o-=)*#<>?-C5�)"#o@A-=%4BC'EDY)"#oi�-/!9-/�Hm"'���-=%4>P��D=#<I^x�%4#&df#&%(#&�H:&>?-C)"-=5��H-�I?>J24#&%1-E2(8"%1-�:3'C!$'��v��@��vR��.�/ ~¡��=¢&£J¤�¥�¤3¦ §/¨f©
ª �E 4«C¬E­c®�©"�E¡¯¦H°~RO)"'7>J�"WCIJ±�5(}3L]²�#<5`24#]�o-/+H�e2(8"IJ'7>?%(#&!$'C5S#&G +HIJ>P:&-=%|'A:3'=�.:3#&>J24'7)*#9�Y��@��v³ 5�:&'=�H54>?)"#&%1-/�H)*'
',:3'C�624#3G 2('F)*'F+"%('=r"I?#&!9-�)"-F#324>PV68"#321-/WC#&!�!g'C%`df'=q´54>?�C21�E2(>?:<-"Lµ��5(5`>?!MR_-��"'/21-=t<[/'�8H5(-=)"-�54#&%1��-�!9-/>P5
5`#<!$#&I?mH-/�624#Y+^'C5(5`�?D=#<I¶�g�"'=2(-Ct&[/'gV68"#S8H54-=!$'C5��H-$5`#�t&[/'z%4#&df#&%(#&�624#S�=5	:<-=)*#<>?-C5�)"#S@�-/%(B='ED$'*:38"IJ2(-C5Yx�· #<t<[/'
¸ }3L�NO-=%(-z8"!9-9)*#�54:&%4>Pt&[='�df'=%(!9-/I¹#�:&'=!�-C5p+"%4'EDE-C5�!9-/24#&!9�/24>P:&-=5oDC#Qº`-X» bHR.¼=¼�½�L

N�-/%1-$:3'=!$#�t&-/%�R*:3'C�H5`>P)*#<%4#Y8"!9-$:&-=)"#&>P-g)"#�@A-/%(B='ED9)*#|'C%()*#<!�¾H�">J2(-
k
L��l�C21[/'HR

P (li|li−∞,i−1) = P (li|li−k,i−1), ∀li−∞,i.

�T>P)*�&>P-�)*#_8H!$-�!g#<!$h=%(>?-|)*#_2(-/!9-=�"m"'|DE-/%(>?��DC#&I*+^'*)*#v54#&%�D >P5Q21-|:3'C!g's8"!�:&'=%424#_)*#�#<5`2(-=)"'C5�>?%4%(#&I?#&DE-=�C2(#<5
)*',mH>?5`24hC%4>P:3'

li−k,i−1
L¿��!À'=8*2(%(-C5j+H-=I?-�D %1-=5<Ro',m">?5`24hC%4>P:3'Á)*#

li
+.'654548">Y-/+^#&�H-C5]-=IJWC8"�H5j#�5Q21-=)*'65ÂV68"#

+"%(#<:3>P5(-/!�54#&%	:3'C�H54>?)*#<%(-C)*'C5<LO�p'$:&'=�EºQ8H�C2('9)*#<5`24#�5	#<5`2(-C)*'C5p)"-=!g'65p'$�"'=!$#|)*#ÂÃ1¬E¦.¨´¤(ÄC¨´¬g)*#
li
L

Å 'C%4!9-=IJ>?�<-=�H)*'HRC5`#`º`-
X

8"!{+"%4'*:&#<5(5`'S#<5`2(-C:3>?'=�H�=%4>?'$x�-=5(54>J!{:3'C!g'�-C5l:<-=)*#<>?-C5�)*#�@A-=%4BC'EDs)*#_'C%()*#<!
¾"G"-"R^+H�/WC>J�.-9ÆC}_:&'=!�DE-/I?'=%(#<5

li ∈ L, |L| < ∞
R
L
'X:3'C�EºQ8"�624'Â)"#s#32(>?V68"#&2(-C5_+^'C5(5`�?D=#<>?5<L�· #Qº`-

c : L → L8"!9-zdf8"�Ht&[='jV68"#S!$-=+.#<>?-

c : li−∞,i−1 7→ li−h,i−1,
'=�.)*#

h
�|)*#3¾H�H>?)*'9+^'=%

h = h(li−∞,i−1) = min{k|P (li|li−∞,i−1) = P (li|li−k,i−1) ∀li ∈ L}'=�H)"#
h ≡ 0

:3'C%4%(#<54+.'C�H)*#Y�$>J�H)"#&+^#&�H)*±<�H:3>P-"L
���62([='HR

c(·)
��:1mH-=!9-=)"-g)*#|8"!9-gdf8"�Ht<[/'9:3'C�624#3G 2('g#|+.-/%1-gV68H-=I?V68"#<%

i < |L|
R
c(li−∞,i−1)

��:1mH-=!9-=)"-g)*#
df8"�Ht<[/'Â:&'=�624#&G62('9+H-/%1-9-9DE-/%(>P��D=#&I

li
Lv�Ç�"'=!$#]Ã1¬/¦H¨È¤4ÄC¨È¬95`#s%4#&df#&%(#s�9+^'=%1t&[/'j)"'j+H-=5(5(-=)*'9V68"#�>?�*ÉH8"#<�H:3>P-

-g+"%4h�G*>?!9-z5(-/�P)"-"L

Ê�Ë



Ë �o-=)*#<>?-C5	)*#|@A-/%(B='EDj)*#|i�-/!9-/�Hm"'$��-/%(>?��DC#&I Ê Æ

· #`º`-
0 ≤ k ≤ ∞

'$!$#&�"'C%	>J�624#<>J%('g2(-=I VC8H#

|c(li−∞,i−1)| = h(li−∞,i−1) ≤ k, ∀li−∞,i−1 ∈ L.
x Ë L Ê }

���62([='
c(·)

�g)*>J2(-j8H!$-jdf8"�Ht<[/'Â:&'=�624#&G62('Â)*#z'=%1)*#&!
k
R¶#z54#

k < ∞
R
X

�z)*>J2(-Â8"!9-Â:<-=)*#<>?-j)"#z@A-=%4BC'ED
)*#S2(-=!9-/�"m"'$DE-/%(>P��D=#&I¶)*#|'C%()*#<!

k
L

�Y#&%1-/I?!$#&�624#CRO'A#<54+H-=t&'A)"-Mdf8"�.t&[/'Z:3'C�C2(#3G 24'
c(·)

�H[/'��Â'A#�5`+H-Ct3'A:&'=!$+"I?#324'
Lk

L�²_#<5`24#X:&-C5`'A-
�v��@���)*#A'=%1)*#<!

k
�78"!9-F:&-C)*#&>P-�)*#A@A-=%4BC'ED,)*#7'C%()*#<!
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� 	��   �!#��SN (�"!O�������W�# (�
N�-/%1-s>?!$+"I?#&!$#&�62(-=%	#3¾.:&>J#<�624#&!$#<�C2(#|'C5o#32(>?V68"#&2(-C)*'=%(#<5<R 8*24>?IJ>?�<-=!$'C5	-/I?W=8H!$-C5�24�<:&�">P:&-=5o2(%(-C)*>P:3>?'=�H-=>?5

)"-A�=%4#�-�» Ê ¼E½�L7��5`>?!$+"IJ#�5�>?!$+"IJ#<!$#&�62(-Ct&[/'M2(%4>?D >?-=Il)"-C5�#<V68H-Ct3u #<5s)*#<5(:3%(>e21-=5�-=�624#&%(>?'=%(!g#<�624#$�H[/'7%(#<54'=I?D=#
-/I?W=8"�.5O+"%4'Cr"I?#&!9-=5�:&'=!$+"8*21-=:3>?'=�.-/>P5&L���5(5`>?!MR=+"%(#<:&>?5(-/!$'C5�d�-=�&#<%�-/I?W=8"�H5l-EºQ8H5`24#�5O#	24'C!$-=%�-/I?W=8"�.5�:38">P)"-=)"'C5
+H-/%1-X#&D >J2(-/%|#�5Q2(#<5|+H%4'Cr"IJ#<!9-=5<L$²v-=5�)"8H-=5�54#<t&u #<5|54#&W=8H>J�624#�5S!$'C5`24%1-/!$'C5Y#<5`24#�5�-EºQ8.5Q2(#<5<R +"%(>J!$#&>?%('X'65�)*'
#32(>?V68"#&2(-=)"'=%_)*#S'=%1)*#<!�)*'=>P5prH-C5`#�-=)*'g#&!#��@A@A5_#S)"#&+^'=>P5	'C5	)*'$rH-C5`#�-=)*'g#&!��v��@��o5&L
$&%(')%*' +-,/.10*243657.98):<;>=?:<5@+A=B:<5DC EF;G0(HJILKNMOMQP

�l5`24#z�"'C5(5`'Â#324>PV68"#321-=)*'C%_!$'=%4df'/qÈ5`>?�62(�/24>P:3'98H5(-9!$'*)*#&I?'C5v)*#z@A-=%4BC'EDÂ)*#g5`#<W=8"�H)H-$'=%1)*#&!MR^'=�H)*#s'C5
#<5`2(-C)*'C5z%4#<+"%(#<54#&�62(-=! -C5s#&24>PVC8H#32(-C5&Rl#X-C5s'CrH5`#<%4DE-Ct3u #<5|%(#&+H%4#�5`#<�C21-/! -=5z+H-=I?-�D %1-=5<L���5g+"%('=r.-/r">?IJ>P)"-C)*#<5
)*#j2(%(-=�H54>?t<[/'A)*#<+.#<�H)*#&! )"'C5�#�5Q21-=)*'65&RO�"#�5Q2(#]:<-=54'7+H-/%(#<5z)*#Â#&24>PVC8H#32(-C5&R�#X-=5s+"%4'CrH-/rH>JI?>?)H-=)*#�5�)*#]5(-/�P)"-
)*#&+^#&�.)*#&!�)*'9#<5`2(-C)*'g)"#<5`24>?�"'HL Å '=%(!$-=IJ!$#<�C2(#=R"V68"#<%4#<!g'65p:&-/IP:38HI?-=%

arg max
l1...lT

[

T
∏

i=1

P (li|li−1, li−2)P (wi|li)

] xyÆ"L Ê }
+H-/%1-|8"!9-g)"-=)H-s54#<VBD"±&�.:3>P-�)*#Y+H-/IP-�D %(-C5

w1 . . . wT

)*#v:&'=!$+"%(>J!$#&�62('
T
R6'=�H)"#

l1 . . . lT
54[='s#<IJ#<!g#<�624'C5o)*'

:3'C�EºQ8"�624'9)*#|#&24>PVC8H#32(-C5&R*#
l0

#
l−1

54[='z!9-/%1:&-C)*'=%(#<5o)*#|>?�"�P:3>?'$)"#�5`#<�C2(#&�Ht<-"L
��5�+"%('=r.-/r">?IJ>P)"-C)*#<5�)*#�24%1-/�H54>?t<[/'_#o54-=�?)H-�5([/'�#�5Q2(>J!9-C)"-=5�-_+H-=%`2(>J%O)*#o8"!Ç:&h=%(+"8H5 #&24>PV68"#321-=)*'.L � �">P:3>Jq

-/I?!$#&�624#CR�8.54-=!g'65�-C5 +"%('=rH-=r">?IJ>P)"-=)"#<5 )*#l!$�/G*>J!9-	DC#&%('C5(5`>?!$>JI?mH-/�.t&-
P̂
R/V68"#l5([/'�)*#<%4>?DE-=)"-C5 )"-C5¹df%(#<VBD"±&�.:3>P-=5

¼SR
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%4#<I?-/24>?DE-=5CJ
� �&G*>?:<- J

P̂ (w3|l3) = C(w3,l3)
C(l3)no>?W=%1-/!9- J

P̂ (l3|l2) = C(l2,l3)
C(l2)i�%(>?W=%1-/!9- J

P̂ (l3|l1, l2) = C(l1,l2,l3)
C(l1,l2)+H-/%1-S2(' )"'

l1, l2, l3
�"'s:&'=�EºQ8"�62('z)*#v#324>PV68"#321-=5l#

w3
�H'�IJ�&G*>?:&'HR6'=�H)*#

C(X)
�_'s� �"!$#&%('s)*#vD=#<�&#<5l#&!�V68"#

X
'*:3'C%4%(#|�"']:&h=%(+"8H5�#&!�V68"#<5`2([='HL��v#3¾.�">J!$'65v8H!$-Â+"%('=rH-=r">JI?>P)"-=)*#z)*#s!9�EG*>?!9-jD=#<%4'65454>?!g>?I?mH-/�Ht<-$:3'=!$'

�&#<%4'$5`#|'65p� 8"!$#&%1-=)*'C%4#�5l#�)*#<�"'=!$>?�H-=)"'=%(#<5p:3'C%4%(#<54+.'C�H)*#<�C2(#<5o54[='z�<#&%('HL
²�-z�lV68H-Ct&[/'$Æ"L Ê ¾^:&-/!$'65�#<!w)*�"D >P)"-z54#Y8H54��DE-=!g'65

P (wi|li)
'C8

P (li|wi)
L��v8"%1-/�624#S-=5o+"%(>J!$#<>J%1-=5

d�-=54#<59)"-Z>?!$+"IJ#<!$#&�62(-Ct&[/'�)*#�5Q2(#7#32(>?V68"#&2(-=)"'=%�Rl'=�.)*#M8H54��DE-=!g'65g8"!�:&h=%(+"8H59)*#M2(%4#<>J�H-=!$#&�624'c+^#<V68"#&�H'HR
'78H54'A)*#

P (li|wi)
)"-�DE-X!$#&I?m"'=%(#<5�%4#�5`8"IJ2(-C)*'C5<L��6�M�H-=5|d�-=54#<5S¾H�.-/>P5&ROV68H-/�H)"'7+H-=5(54-=!$'C5|-M8*2(>JI?>J��-/%�8H!

:3hC%4+"8.5o)"#S24%(#&>?�H-/!$#&�62('g!9-=>J'C%<R 'C5p%(#<548"IJ2(-C)*'C5o!$#&I?m"'=%(#<5�df'C%(-=!w'=r*2(>?)"'C5	:3'C!
P (wi|li)

Ll��>?�*ÉH8"±<�H:3>P-9)*'
2(-=!$-=�"m"'X)*'X:&h=%(+"8H5v�z#&G"-E2(-=!$#&�624#$-j#&G +HIJ>P:&-Ct&[/'X)"-=)H-j+^'=%s��mH-/%(�">P-/Bc» � ½�Ls��IJ#9)*>?�$VC8H#9��m 8"%1:1mF» Ê=Ê ½�#
��#@,	'C54#A» Ê ¸ ½o8H5(-/%1-/! :<-=)"-M8"! 8"! )*'65S24#<%4!$'C5s-=:3>?!9-"R�#j#&�621[/'Ano'=WCW=#<5(5S#32g-/I�LZ» ¸ ½�24#<5`2(-=%(-=! -=!sr^'C5
#$%4#<+.'C%`21-/%1-/! V68"#

P (li|wi)
#<%(-]!$#&I?m"'=%�Lz@�-=5|no'=WCW=#<5(5v#32�-/I�Lz8.54-=%(-=!�8H! :3hC%4+H8H5Y!s8">J24'X+.#�V68"#&�"'.R #

#&�62([='M��mH-=%4�H>?-=BX#&2S-=IyL9» Ê RE½�2(#<5`2(-=%(-=!�'65v)"'=>P5�2(#&%(!$'C5Y:3'=! 8H!�:3h=%(+"8H5vW=%1-/�.)*#=R¹)*#$-/+"%('�G*>J!9-C)"-/!$#&�62(#
8"!�!$>?IJm.[/'9)*#|+H-=I?-�D %1-=5<RC#S!$'C5`24%1-/%1-/!wV68"#

P (wi|li)
)"-�DE-g%4#�5`8HIe21-=)*'65o54>?W=�">J¾.:&-/24>?DE-/!$#&�624#S!$#&I?m"'C%4#�5&L

f MFO@MFO@MFO � 7���1H7 Z 7G=?> Y���� 5 8�5 Z g Z > Y 8�5 Z
NO'=%9:&-=8H5(-�)"-�#<54+H-/%154>?)"-C)*#])"'C5$)"-=)"'C5g)*#X24%(#&>?�H-/!$#&�62('HR��M+"%('ED���DC#&IoVC8H#]'*:3'C%4%(±&�.:3>P-=5�%1-/%1-=5z)*#

+H-/IP-�D %(-C5$#�)*#Z5`#�VBD"±&�H:&>?-C5j)*#�#324>PV68"#321-=5j24#&�HmH-/!À+"%('=rH-=r">?IJ>P)"-=)"#7�&#&%('F�"',!g'*)*#<IJ'F24%(#&>?�H-=)*'.L ��5(5`>?!MR
V68H-/�H)"'g'9!$'*)*#<IJ'$df'C%_8H5(-=)*'$+H-=%(-g#32(>?V68"#&2(-=%_8"!w2(#3G 24'9#<!�V68"#|8H!$-9)"#<5`2(-=5p+.-/IP-�D6%1-=5o'C8M54#<VBD"±<�H:3>P-$)*#
#32(>?V68"#&2(-=5�'*:3'C%4%(#&%�R<+^'=%O:&-=8H5(-_)"-=5�!s8HIe2(>J+"I?>P:&-=t&u #<5�)"-=5�+"%('=rH-=r">JI?>P)"-=)*#�5�-�+"%4'CrH-/rH>JI?>?)H-=)*#l)"#l2(' )H-�54#&�624#<�Ht&-
5`#<%(�j�&#&%('HR^']V68"#z�H[/']�s8"! #&df#&>J24'M)*#<54#Qº`-C)*'j+^'=%1V68"#�2('=%(�H-9>?!g+^'C5(54�JDC#&IO:3IP-=5(5`>J¾.:&-=%�)*>Jdf#&%(#&�624#�5v54#&�62(#&�Ht<-=5
V68"#j:3'C�C2(±&!�+H%4'CrH-/r">?I?>?)"-C)*#$�&#<%4'.LgN�-=%(-X#&D >J2(-=%�VC8H#9>?5`24'7-=:&'=�624#�t&-HR �H[/'Xd�-=�&#&!$'65S8H5`'7)"-M#�V68H-=t<[/'MÆ"L Ê L
�p'$>J� D=��5	)*>P5Q2('HR*8*2(>JI?>J��-/!$'C5	54#&!$+"%(#S'$!g�&24'*)*'j)*#S>?�624#&%(+^'=IP-=t&[='zI?>?�"#<-=%<R")*#&¾H�">P)*'9:3'C!g'6J

P (li|l1,i−1, wi) = λ1P1(wi|li) + λ2P2(li|li−1) + λ3P3(li|li−1, li−2)

�o24%(>JrH8"�J!$'65 DE-/I?'=%(#<5 -='C5
λ
³ 5�)*#�!9-/�"#<>J%1-	V68"#

λ1+λ2+λ3 = 1
RE-C5454>J!

P
)*#��"'EDC'	%4#<+"%(#<54#&�62(-	)*>P5`24%(>Jr"8H>?t&u6#�5

)*#|+"%('=rH-=r">?IJ>P)"-=)"#=L
� V68"#�5Q21[/'HRH#&�62([='HRH��:&'=!$'j)*#&¾H�">?%�#<5`24#�5	DE-/I?'=%(#<5<LlNO'*)*#&!$'65	d�-/�<#&%_>P5`24'9!9-/� 8H-=IJ!$#&�62(#=RH'C8X24#&�621-/%

#&�H:&'=�624%1-/%_-9:&'=!zr">J�.-=t&[='9)*#�+^#<54'C5�V68"#Sdf8H�H:3>?'=�H-j!g#<IJmH'=%�RH#<5`24>?!9-/�H)"'/q´'C5	-/8"24'=!9-/24>P:&-/!$#<�C2(#�-E2(%(-�DC�<5p)*#
24%(#&>?�H-/!$#<�C2('HR�:&'=�H54>?)"#&%1-/�H)*'�'=8,�.[/'�'Z:3'C�C2(#3G 24'.Lc��!�54#&8F#&24>PVC8H#32(-C)*'=%$i��HiSR�n�%1-/�6215Â» Ë ½	8H5(-�-�D�-=%4>Jq
-/�624#z>J�.)*#&+^#&�H)"#&�624#$)*#z:&'=�624#&G 24'Â)"-Â>J�62(#&%(+.'CI?-Ct&[/'ÂIJ>?�"#<-=%<R^#3G*+"I?>P:&-/�.)*'ÂV68"#$:3'=!�'65_DE-/I?'=%(#<5v)*'C5

λ
³ 5v�H[/'

)*#&+^#&�.)*#&�H)"'c)"#]8"! 24%(>JWC%(-=!$-A#&! +H-=%`2(>?:&8"I?-=%<Rl'C5z%4#�5`8"IJ2(-C)*'C5g5([/'�!$#<IJm"'C%4#�5z)"'ZV68"#M:3'C!
λ
³ 5$#<5`24>?!9-Eq

)*'C5z+H-=%(-�:&-=)H-724%(>?W=%1-/!9-7'=8ÁW=%(8"+^'�)*#]24%(>JWC%(-=!9-=5<LZ@A-=�"�">?�"W�#7·*:1mGD*2(�&#Z» Ê � ½pd�-/IP-/! V68"#M-�-/+HIJ>P:&-Ct&[/'
)*#98"! -/I?W='=%(>J24!$'X)"#j@A-EG*>?!g>?�<-Ct&[='X)*#9��5`+^#&%1-/�Ht<-�x��l@�R�)*'7>J�HW=I?±<5tl�Ä2dH¤(Ã&¨È�E¨�¡�¬E¦ ª �<Ä=¡
	g¡ e��E¨�¡�¬E¦¹}|+H-=%(-
'=r*2(#&%oDE-/I?'=%(#<5o)*'C5

λ
³ 5p-/8"24'=!9-/24>P:&-/!$#<�C2(#_df8"�.:3>?'=�H-zr.#<!ML����624%(#32(-=�624'HR -E2(�v'C�H)*#Y#<5`2(-=!g'65�:&>J#<�624#<5<R*-/>?�H)"-

�H[/'gdf'C%(-=!�+"8"rHIJ>P:&-C)*'C5p%(#<548"IJ2(-=)"'C5	:3'C!$+H-/%1-/�H)"'g-C5_)*>Jdf#&%(#&�Ht<-=5p#&�62(%4#SDE-/I?'=%(#<5	)*#&¾H�">P)*'C5_!$-=� 8H-/I?!$#&�624#S#
'=r*2(>?)"'C5	-/8"24'=!9-/24>P:&-/!$#<�C2(#=R":&'=!�:&'=�624#&G62('z'C8M�H[/'.L

��!��"'C5(54-z>?!g+HIJ#<!g#<�62(-=t<[/'.R68"24>?IJ>?�<-=!g'65p8"!9-g!g'*)*#<I?-=W=#<!w�H-gVC8.-/I :&-C)"-g#<5`2(-C)*'z+^'C5(548"> 5`#<8H5p+"%(h/q
+"%(>J'65

λ
³ 5<Lo�l!�'C8*24%1-=5	+.-/IP-�D6%1-=5<R*-=:&%4#�54:&#&�62(-=!g'65�24%(±<5_#�5Q21-=)*'65

λ
³ 5Y-9:&-=)H-$#<5`2(-=)"'9'=%(>JWC>J�H-=I�x�V68"#s:&'=�624�<!

8"!�+.-/%_)*#S#32(>?V68"#&2(-C5(}3L�NO-=%(-gD >P5`8H-=IJ>?�<-=%o:&'=!$'$�|#<5`2(-g!$'*)*#&IP-/WC#&!MR*D=#`º`-g- Å >?W=8"%1-zÆHL Ê L
�v#<5`2(-X!9-/�"#<>J%1-"R¹)*#�:3>P)*>J!$'65S%4#�-/I?>J��-/%v-]d�-C5`#$)*#g24%(#&>?�H-/!$#<�C2(']54'=r"%(#g'C5

λ
³ 5<R #z�.[/'X!$-=>?5|54'=rH%4#g-=5

+"%('=rH-=r">JI?>P)"-=)*#�5�'Cr*24>P)"-C5Y)"'X:&h=%(+"8H5<L���! 'C8*24%1-=5v+H-=I?-�D %1-=5<R^-]+"%('=rH-=r">JI?>P)"-=)*#$)*#g8"!9-X+H-/IP-�D %(-$2(#&%|8"!9-
#32(>?V68"#&2(-"RH'=87)*#|8"!9-$#32(>?V68"#&2(-$D >?%�)*#&+^'=>P5_)*#|'C8*24%1-=5	)"8H-=5<R*�H[/'9��-=Ie2(#&%1-=)"-HL��p'$>J� D=��5_)*>P5Q2('HR*2(%4#<>J�.-/!$'C5
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li, lj

lj, lk+r

lj, lk+1

lj, lk

λ
i,j
2

λ
i,j
3

λ
i,j
1

P (lk+1|lj)P (λi,j
2 )

P (wk|lk)

P (lk+r|li, lj)

P (λi,j
1 )

P (λi,j
3 )

	�
��4
@�2����������� '?(*��� ')"$ �� ���  *'c(*'0��� "��?+*����-S(h'����!-	� �&-J(*')�=,�
��
�:A

'j#32(>?V68"#&2(-C)*'=%�54'=rH%4#|'65	DE-/I?'=%(#<5_)*'65
λ
³ 5v)*#s:<-=)"-9#�5Q21-=)*'.R*24#<�62(-/�.)*'HR¶-=5(5`>?!MR"%(#<-/IPt&-=%�-=5	24%1-/�H54>?t&u #<5	!9-/>P5

%4#<IJ#<DE-/�624#�5�#<�624%(#S)"'=>P5	#<5`2(-C)*'C5o+H-=%`2(>?:&8"I?-=%4#�5&L
�Y5pDE-/I?'=%(#<5o>?�">?:&>?-=>?5p+.-/%1-z'65o24%(±<5pIP-/!zr^)"-C5	-=:&>J!9-sdf'=%1-/!�)*#&¾H�">P)*'C5p#<!$+">J%(>P:&-/!$#<�C2(#|:3'=!$'6J

λ1 = 0, 4

λ2 = 0, 3

λ3 = 0, 3

f MFO@MFO@M�j �)1 Y > Y I 7G=?>@5 8�7 X Y C Y 3+1 Y�Z�� 7 Z :<56=���7G:*G�8 Y�Z
�v8H-=�H)*'Y#324>PV68"#321-/!$'C5�8"! 24#3G 2('YV68"#p�H[='�#<5`2(�Y:3'C�624>P)*'v�H'Y:&h=%(+"8H5OV68"#�8.54-=!g'65�+H-/%1-	2(%4#<>J�H-=%O�"'C5(5`'

#32(>?V68"#&2(-=)"'=%�R*W=#&%1-/I?!$#&�624#v#&�H:&'=�624%1-/!$'65�+.-/IP-�D6%1-=5o)*#�54:&'=�"m"#�:3>P)"-=5p-='z�"'65454'g!g'*)*#<IJ'.L���5(5`>?!MR*+"%(#<:3>P5(-/!$'C5
)*#|8"!�!g�&24'*)*'9V68"#S24%1-E2(#S#<5`2(-=5o+H-=I?-�D %1-=5o#Y24#<�C2(#|#32(>?V68"#&2(�Eq´IP-=5p:3'C%4%(#321-/!$#&�624#CL

²_'�#324>PV68"#321-=)*'C% >?!g+HIJ#<!g#<�62(-=)"'HR�8*24>?I?>J��-/!$'C5 )"'=>P5¹!$�324'*)*'65�:&'=!$+"I?#&!$#&�62(-=%4#�5&LO��+"%(>?!g#<>J%('_:3'C�H54>?5`24#
#&!�%4#�5Q2(%4>?�"WC>J%Â-C59+^'C5(5`�?D=#<>?59#&24>PV68"#321-=5Â)"#A8"!9-F+H-=I?-�D %1-c)*#<5(:3'C�"m"#<:&>?)H-"Rp>?5`24'��CR_�H[='F:3'=�.5`>P)*#&%1-/!$'659-=5
#32(>?V68"#&2(-=5YV68"#$54[='jdf#<:1m.-=)"-C5&LYNO'=%Y#3G*#&!$+"I?'HR¶�H[='Â#&�.:3'=�62(%(-=%4#<!g'65	8"!9-]+H-/IP-�D %(-j)"#<5(:3'=�Hm"#<:&>?)"-ÂVC8H#g54#Qº`-
8"!�-=%`2(>JWC'z'C8]8"!9-$:3'C�EºQ8"�Ht<[/'.R -z�H[='$54#&%	V68"#S�"'65454'z#&24>PV68"#321-=)*'C%�2(#&�"m.-g54>P)*'s2(%4#<>J�.-=)*'$:3'C!w8"!�:&h=%(+"8H5
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5
b � R � b � ¸ R"R b � R ¸

10
� ¼"R RCb � � R"R Æ Ë R=Æ

15
� ¼"R bCa Ë b R"R a=aCa=a

20
� aHR aCa=b ¸ R"R Ë ¸ Ê a

25
� aHR Ë R ¸ ¼ R"R Ë a6¼ ¸

30
� ¸ R R6¼ Ê=Ê R"R ¼ � a=a

35
� ¸ R Ê � a � R"R a R ¸ �

40
� ¸ R Ë ¼SR=a R"R Ê��HÊ b

45
� ¸ R Æ �!� b R"R Ê Æ Ë*Ê

50
� ¸ R b6¼ � a R"R R ���/Ë

55
� ¸ R b Ë R ¸ R"R Ê�Ë � ¼

60
�CË R R R=Æ Ê R"R Ê RCÆ=b

65
� ¸ R � � ¸ Æ R"R Ê b R ¸

70
�CË R Ê R ¸=¸ R"R Ê ¸ b=Æ

75
�CË R ÊCÊ ¼/Æ R"R Ê ¸ aC¼

80
�CË R a R Ê a R"R Ê ¼ Ë Æ

85
�CË R a R=Æ Ë R"R Ê ¸ ¼/Æ

90
�CË R a � ¼=¼ R"R Ê R � a

95
�CË R ¸ Æ Ê a R"R RC¼ �/Ë
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05
b � R ¼=a ¸ ¼ R"R ¼ Ê R=a

10
� RHR � R � b R"R Ê ¼ Ë Æ

15
�"Ê R ¸ b=a=a R"R Ê=Ê ¸ Ë

20
�"Ê R � ¸ � a R"R R � �"Ê

25
� ¼"R ¼ Ê ¼ Ê R"R R ¸ R=b

30
� ¼"R ¸ a=a Ë R"R R Ë!� a

35
� ¼"R ÆCÆ Ê Æ R"R R Ë b=Æ

40
� ¼"R �=Ë*Ê ¸ R"R R=Æ6¼/a

45
� ¼"R bCÆ Ë a R"R R ¸ ¼=¼

50
� ¼"R ���h� Æ R"R R ¸ Ë Æ

55
� aHR R ¸=¸ R R"R R=a ¸ Ë

60
� aHR Ê ¼ � ¼ R"R RC¼=a=a

65
� aHR Ê Æ Ë a R"R R ¸ � a

70
� aHR ¼C¼/bC¼ R"R R ¸ Ê Æ

75
� aHR a Ê a=a R"R RC¼=Æ=Æ

80
� aHR aCa=bC¼ R"R RC¼ �"Ê

85
� aHR a � ¼ Ë R"R RC¼ R �

90
� aHR ¸ Ê a=Æ R"R RC¼=Æ �

95
� aHR ¸ Ë ¸ � R"R RC¼ Ê b
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5%
Ê ¸ R Ê�Ë�� a=Æ � b � R Æ Ê Æ=aHR ��� � ¼=a Ë a Ë R R � Ê aC¼ Ë ¸ R Ë a

10%
Ê R"R Ë ��� ¼ �=Ë a � R Ë!� Æ Ë R ¸ � � Ê b R=a R"R �"Ê �CË RCb"R Æ=Æ

15%
bHR � a � ¼=¼ � R ¸ R Ë R Æ=ÆHR ¸ R � Ê�Ë R � b"R R R � ÆC¼=Æ"R ¸ �

20%
� R Æ ¸ � Ê�� b �h� R b � Æ � R ¼ ��� Ê a=a �*� R ¼ Ë Æ Ë R R"R Æ ¸

25%
ÆHR bCa � Ê��*�h�/Ë R Æ R Æ � R � a � Ê ¼SR=a � R ¸ ¼ Ë*� aCÆ"R Ê��

30%
ÆHR ¼=b � Ê ÆCaC¼/bHR Ê R Æ=bHR R � � ÊCÊ=Ê=Ê�Ë R Ê ¼ Ë ¼ Ê ¼*R �!�

35%
Ë R b R � Ê�Ë"Ê R Ê R Æ R Æ=bHR ¼ R � Ê R=a R R"R Æ ¸ ¸ b R R"R �CË

40%
Ë R ¸ Ê � Ê ¸ R=bC¼"R R R Æ=bHR a ��� � Æ=a Ê R ¼ � ¸=¸ Ë R"R � R

45%
Ë R Ê R � Ê a6¼ �/Ë R ¸ � Æ=bHR � a � �HÊ ¼ Ë R Ê�� ¸ Ê�Ë R"R a Ê

50%
¸ R b Ê � Ê ¼ Ë*Ê ¸ R Ê � Æ=bHR � b � bCÆ=a6¼*R a=b a=b=b Ê R b Ê

55%
¸ R Ë!� � Ê=Ê b=b Ë R Ë � Æ=bHR b ¸ � b Ê b6¼*R Ë Æ a � RCa"R RC¼

60%
¸ R a Ë�� Ê=Ê aC¼/bHR ¼ � Æ � R Ê ��� � b=a � R R ¸ a ¸ b � R ¼ Ë

65%
¸ R ÊH� � Ê RCb=Æ=ÆHR � R Æ � R Ê b � �=Ë*Ê b"R a=a a=a ¸ b"R Ë Æ

70%
¸ R R R � Ê R ¸ Ê bHR ¼ � Æ � R ¸ ¼ � � ¼/aCa"R ¼ Ê a Ê b Ë R R=b

75%
aHR b Ë�� Ê R R=a Ë R Ê � Æ � R aCÆ � Æ � Æ Ê R a ¸ a R � a"R b Ë

80%
aHR �*Ê � � ÆCÆ � R Ê R Æ � R ¸ a � Æ � Ê a"R a � ¼ �CËCË R � ¼

85%
aHR Æ R � � aCÆ R"R R R Æ � R ¸ Æ � Æ Ë R Ê R �!� ¼/b Ë b"R RC¼

90%
aHR ¸ � � � R ¸=¸ R Ë R Æ � R Æ R � Æ6¼ �6Ë R a R ¼ � ¸ � R Ê��

95%
aHR a � � b �*� ¼*R a R Æ � R ÆCa � Æ Ê RCb"R Ê�� ¼/Æ=Æ ¸ R Ê R

100%
aHR ¼ � � b Ë*Ê b Æ � R Ë a � Ë � ¼/a ¼ Ë �CË
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