
� � �������
	 �

�������� ��� ��� � � 	��

��������� �!� �
"$#�� �%�&�$'��("$#)�*' �$+%��,-�$'��.+/�0,%'�"$� �212� 34"5+"$#)687%94�*3:6;�.<%3:��1."5+/� �2+/�
�!+%<&�=�>�!�*3:���*3:1.�$9?6@341.'�"A<-�B�>�C3:���ED��$6;3:+%�2<&34+F�*�%3:��1>�-�$,��*�.'2G H-"5'I�*�%�J�*�$K$�L"$#
12"5+%12'*�2�*�.+%�2�*�2MN� �%��687%9O� 3:6;�.<�3P��1."5+/�*�.+/�IQR�.3:+�SJ1."$+%�*34<%�.'��.<01."$+%�*34��� �T"$#U<%34S534� �$9
346V�!S5�.�2GXWY,R�.+Z3:�*��7%�.�[9P�!�*�.'[�$<%<%'��.���*�.<I34+T�*�%3:�\� �%�2�*34�]�$'��^�%34S5�%943:S5�/� �2<Z�!+%<_<%�.�$94�
` 3O� �a3:+a��"56@�Y<��2�>�!3:9bG

cedgf hjilk]mUnNo_p;m;qrn8sItju v$p@q w xIy2irz{w k]|Iz.n |_n^iln

} p;sju~q�z.m;tji�sIq�p?i�k } ilz.p;o

��+��.9:�212�*'*"5+%341@12"56;6@�2'*1.�;"$#�6N7%94�*3:6;�.<%3:�a12"5+/� �2+��*�.Mr6;�.'�1>�-�$+/� �8���.949�,�'*"�<%7%12�*�83:+
�29:�212� '�"5+%341T#�"5'�6V�!�.G����%�2�*�I1."$+��*�.+/� �a1.�$+CQ��Z1."5,%34�.<J�$�.'=���{�!�*3:9O�L�$+%< ` 34�*�%"57��
� 7-�!9:34���^9:"$�*�.G����%�.+U687�94� 346@�2<%3P�\1."$+��*�.+/� ���$'����*"$9:<8� "�,�"5���*34Q%94�^<%3:���%"5+%�2����Q%7A�5�.'��
�*�-�!�r6@�{�N12"5,/�U�$+%<?'��.<%34���*'*3:Q�7�� ���*�%�.6~M��$+?34+��*�.949:�.1E� 7-�!9A,%'�"5,R�.'����N'*34S5�/� �l,%'�"5Q%94�.6
�!'*3:���.� ` �%341>�~#�"5'�1.�2�X��7%1>�Z12"5+/� �2+��*�X�*"@QR�Y,%'�"$� �212� �2<�G

���>�R���R� �E�$�E�-���b�B� �*"5947�� 34"5+%���%�g�$��,%'*"g�$�.+U3:+%�E ¡�212�*34�5�!M5�*"Y"!� �%�2'l�*"5947�� 34"5+%�¢687%���
QR��<��.,%94"£�$�.<�G�¤¥#¦�$349:7%'����ED��$6;,%9:��"$#-"5+���"$#-��7%1>�?�����=� �.6;��1.�$+8QR��#�"57�+%<N34+e§©¨\ª]¨�«bG

¬



0®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

���>�R�~¸��E���>¹E�¦�b�B� 34��� ���?6@"5�=�Y,%'�"56@34�*34+%SV��"59:7��*3:"5+¡Gº�±�»34�]Q-�$���.<¼"5+¼�%34<%3:+%Sj�$+
3:6;,��2'*1.�2,�� 34Q%9:�e6@�$'�K�3:+L�*�%�~,%'*"�<%7%1E�jQR�2#�"5'��T���.9:943:+%S�34�.GC���%3:�;6@�$'*K ` 349:9�K$�2�.,
�.68QR�.<%<��.<�3:+¼�$949�1."$,%3:�2�»�$+%<I#�7�� 7�'*�?'*�21."g�5�2'��¼#�'*"$6½349:9:�2S/�$9�1."5,�3:�.� ` 349:9¢�$9:94" ` �*"
,%'*"g�5�;" ` +%�.'��*�%34,�"!#��*�%�@,�'*"�<%7%12�V¾À¿�Á �À�E�ÃÂ Á � ÄB�Å��ÆgÇ "5']�*' �$12�U�*�%�U<%3:���%"5+%�2���^7%�*�2'
` �%"��-�!�VQR�.S/�$+L'*�2<%3:�=� '*34Q%7��*3:"5+(¾ÉÈ ��Æ��E�±�R�Ã�Å�-���Å��ÆgÇ G���")3:6;,��2'*12�.,��*3:Q%9O�)�.6NQ��2<C�
6V�$'�KV34+T�?,%'�"A<�7%12�.M-1."5,/�e<%�E� �212� 34"5+a� �.1>��+%3 � 7%�2��7%���?Ê ���bÆ Á �¡�*Æ$� Á �-Ë�� §©ÌºÍ�Î5Î£«bG

Ï � �.S5�$+%"5S5'*�$,%�/�I34�]� �%�;�$'=�»"$#��%3:<%34+%Sa�e�*�21.'*�E�N6;�.��� �$S$� ` 3O� �%34+¼�e9P�$'�S5�.']"$+%�
3:+I�*7�1>��� ` �g�Z� �-�!�Y�*�%3:'�<I,-�$'=� 3:�2�Y1{�$+�+%"$�»<%34�*1.�2'*+I� ���;,�'*�.���.+%12�@"$']1."5+/�*�.+/� �º"$#
� �%�»�%34<%<%�.+a6;�.��� �$S5�!G

�����.'*�N�$'*�Y� ` "VK�3:+�<%�["!#l6@�$'*K��.MÐ<%�2,��2+%<%34+%S@"$+T� ���º34+�#�"5'�6V�!�*3:"5+j�*�%�2�a1.�$'*'=�RÑ
` �!�*�.'�6V�$'�K��[�!+%<~Ò%+%S5�.'�,%'*34+/� �.Ñ

Ó
Ô�ÕgÖ�×BØ�Ô%×£ÙlÑ����%�L6V�$'�KÚ1."5+/�>�!3:+%��3:+�#�"5'�6V�B� 3:"$+Ú�$Q�"$7����*�%�J" ` +%�2')"$#j�*�%�
1."5+/�*�.+/��34�r34�r�.68QR�.<%<��.<;3:+�M5��"N�!9:9�12"5,%34�.�r1{�!'*'��^� �%�\�*�$6@���268QR�.<%<%�2<@6@�$'�KRG
H-7�� 7%'��Y'*�E� '*34�2�!�$9�"!#¢�*�%3:�\6@�$'*KV�$9:94" ` ��" ` +��.'*���%3:,~� "UQR�º,�'*"g�5�2<�G

Û�Ü¦Ý�ÞÐÖ�×£ß¢×BÜ¦Ý�Õ/Ñ¼���%�_6@�$'*K¥1."$+�� �$3:+��V3:+A#�"5'*6@�!� 34"5+L�$Q�"$7��V�*�%�_Q%7��$�.' ` �%"��%�$�
Q�"$7%S5�/�L�F12�.'�� �$3:+à1."$,��á"!#Z� ���â,%'�"A<�7%12�(§ �)�$S5ã5äB«�G ��+à� �%34� ` �{�5MZ�$9:9
1."5,�3:�.�C��"59:<å�*"�<%34 ��.'��.+/�æQ%7��5�2'*�æ1{�$'�'��ç�á<�34 ��.'*�2+/�â�268QR�.<%<%�2<½6@�$'�KRG
èé�!� �2'8'*�21."g�5�2'���"$#\�*�%3:�86@�$'�K¼#�'�"56ê3:9:94�.S/�!9:94�Z'*�2<%3:�=� '*34Q%7��*�.<�1."$,%3:�2�U�$9:94" ` �
� �%�T<%3:���%"5+%�2���eQ�7��5�2' ` �%"�,��2'*6;34��� �.<L'*�2<%3:�=� '*34Q%7��*3:"5+L"$#»�%�.'V1."5,/�¥� ")QR�
3:<%�2+/� 34Ò%�.<�G

¤�12"5,/�?<%�2�*�.1E� 3:"$+@��1>�%�.6;�[12"5+%��3:���*��"$#�� ` "^�$9:S5"$'*34�*�%6;�.Ñ Â Á � Ä?�EÂ;ëE�*¸/¸$�Å��Æ �$+%<
Â Á �>Ä?�>�>¹>�B�$�E�Ã� G

¤¥S5�2+%�.'*�$9A6@�$'�KY�.68QR�.<%<�3:+%S[,%'*"�1.�2<%7%'*��3:��<%�.,�3:12�*�.<834+8H�34S57%'���ì�G4í5G��±�l12"5+%��3:���*�
"$#é�$+a�$94S5"5'�34� ��6&� �-�B���>�!K$�.���$��34+%,%7���� �%�]"$'*3:S$3:+-�$9-"$Q�î��.1E��ï�M�� �%�]6@�$'�KVð � "8QR�
�.68QR�.<%<��.<��$+�<)�T���.12'*�2�NK$�E�)ñ "$+%94�IK�+%" ` +)�*"~�*�%�V6;�.'�1>�-�$+/�{M��$+%<�S$�.+%�2' �!�*�.�
� �%�»6@�$'*K!�.<~"5Q�î��.1E�\ï_ò��$��"57��*,%7��{G



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷��

mark
embeddingmark 

M

object
X

key K

marked
object

X '

H�34S57%'*�ºì�G4í5Ñ��T�$'*Kj�268QR�.<%<%34+%SU,%'*"�1.�2<%7%'��$G

¤FS5�.+��.' �!9�6@�$'�Kj'*�21."g�5�2'��T,%'*"�1.�2<%7%'*�º3:�\<%�2,%3:1E� �2<Z3:+TH�34S57%'*�ºì�G ìAG��±�[� �$K$�2�]�$�
34+%,%7��8�)¾�,%'*"5Q%�$Q%94� Ç 6V�$'�K$�2<)"5Q�î��212���ï)M�� �%�@�*�21.'*�E�UK$�E�)ñ �$+�<),�"$�*�*34Q%94��"$�*�%�.'
34+�#�"5'�6V�!�*3:"5+I<��.,R�.+%<%34+%SZ"$+�� �%�;�*,R�.1234Ò-1V�$9:S$"5'*3O� �%6~G@�����j,%'*"�1.�2<%7%'��VS5�2+%�.'*�!� �2�
�!��"57��*,%7�������"�"59:�.�$+U�$�!9:7%�[3:+%<%341{�!�*3:+%S ` �%�E� �%�2'��^6@�$'�K?�-�$��QR�.�2+j#�"57%+%<V"5'�+�"$�{M
�!+%<T<��.,R�.+%<%34+%SU"5+a� �%�»�*1>���.6;�$M-� �%�»'��.1."g�$�.'*�2<_6@�$'*K �ð ¾ ` �%�.+~#�"57%+%< Ç G

mark
recovery

key Kmarked
object

other
information

^X
boolean/
mark M^

H�34S57%'*�YìAG ì�Ñ��Z�$'*KV'*�.12"g�5�.'=�~,%'*"�1.�2<%7%'*�!G

�
	��	�� � ������������������� �

��+_� ` �!� �2'*6@�$'*K�3:+�SV�*1>���.6;�$M��*�%�N�268QR�.<%<%�2<I6V�!'*Kj12"5+/�>�$34+%��34+�#�"5'*6@�!�*3:"5+a�$QR"57��
" ` +%�2'*���%3:,_"!#�� ���^12"5+/� �.+/��34�X3:�\�.6NQ��2<%<%�.<Z3:+�G Ï "%MR�$9:9 ` �!�*�.'�6V�$'�K$�2<_1."5,�3:�.�X"$#l�
,�'*"�<%7%12�[�$'��Y3:<%�2+/� 3:1.�$9bG



õ"!(®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

#^×%$ÐßrÖ�×£ÕgÜ¦Ö'&($�)\Ô+*NÔ�ÕgÖ�×BØ�Ô%×£Ù Ü¦Ý�Þ,&.-0/éÖ�Ø�Ö
1[�ED��.M ` �º,%'*�2�*�2+����?9:34���\"$#¢,%'*"$,��2'�� 34�.�\� ` �!� �2'*6@�$'*K�3:+�S;��1>�%�.6;�º687%���X6;�.�E�{Ñ

22Ø�ßrÖ�×0-5Ö�ßéÕ£Ü43�Ü65�ÜÅÕ87�9 �����Ú�$94�*�.' �B� 3:"$+%���$,�,%9:34�.<��*"�� �%��12"5+/� �2+��*�C#�"5'�6@�$'*K
�.68QR�.<�<%3:+%SV687%���]Q��8346@,R�.'�1.�2,�� 34Q%9:�!G]���%3:��6@�.�$+%�[�*�%� � 7-�$9434���~"$#�1."$+��*�.+/�
1{�$+�+%"$��Q��['*�.<�7%1.�2<a�!#Å� �2' ` �!� �2'*6@�$'*K�34+%S%Gl���%��6@"5�=���!,%,%'*"$,%3P�!�*�\6@�E� '*341X�*"
6@�.�$�*7�'*� � 7-�$9434���T"$# ` �B� �.'�6V�!'*K$�2<¼687%94�*3:6;�.<%3:�;12"5+/� �2+��*�»3:�]+%"!�]�5�E�»1.9:�.�$'.G
��+æ§ ÍR¤ :;:B«�� �%�aÍ��{�$K Ï 3:S5+%�$9=<b� "0<>1["534�*�@?[�B� 3:"�MrÍ Ï 1A?�B>Ml3:�8,�'*"5,R"5�*�2<¥�$�U�
� 7-�$9:3O���J6;�2�*'*341Z#�"5'e3:6@�$S5�T6V�!'*K�3:+%S��=����� �26@�2Gá�±�a3:�e��� �!� �2<æ�*�-�!�~Í Ï 1�?
Q��E� ` �2�.+��*�%�U"5'*34S53:+%�$9l�$+�<��*�%�U6V�$'�K$�2<�346V�$S$�?"57%S5�/�»� "aQR�;S$'*�{�B� �.'Y�*�-�$+
ä5ã?<���G

CD$�3FEF&2ÕgÝ�Ö'&.&"9¼���%34�U,%'*"5,R�.'=��� 6@�.�$�*7�'*�.�U�%" ` '��.��3:��� �$+/�U� �%�a6@�$'*K�3:�;�$S/�$34+%���
�!�*� �$1>K����$346@34+%S½�!�&'��.6;"g�A34+%S "$'&6@�$K�3:+%S�34�
7%+%'��.1."g�$�.' �!Q%9:�!G ��<%�{�!9
'*"5Q�7%���*+%�.���[34���*7%1>�~� �-�B�X�$94�*�.' �B� 3:"$+%��+%�21.�2�*� �!'��e� "U'��.6;"£�$�Y� �%� ` �!� �2'*6@�$'*K
` 34�*�%"57��éK�+%" ` 9:�2<%S5��"$#��*�%���*�.12'*�E��K!�2�^�$'*����"�9P�!'*S5�l�*�-�!�é� �%���$9O� �2'*�.<º1."$+��*�.+/�
9:"5���.��3O� ��1."$6@6;�.'�1.3P�!9��!�$9:7��$G
���%�.+^<%�{�!9:3:+�S ` 3O� �^687%94�*3:6;�.<%3:��1."$+��*�.+/� �2M$� �����$6;"57%+/��"$#-,R"5���*3:Q�9:���!�*� �$1>K��
3:�Y��"ZS5'��{�!�»� �%�!�º34�»3:�Y+�"$�º,�"5���*34Q%9:�?� "~7%���;#�"5'�6V�!9l6@"�<%�29:�Y"$#�'*"5Q�7%���*+%�.���.G
��+%���*�{�$<¡M?'*"5Q%7���� +��.�*��3:�I�E�!�$9:7-�B� �.<0�*�%'*"57�S5�ÚQ��2+%1>�%6@�$'*K�� ` �%3:1>�Ú�>�!K$�¥�
6V�!'*K$�2< "5Q�î��.1E���!+%<��$,%,%9O�ç<%3O ¡�2'*�.+/�â�$9O� �.'*�!� 34"5+%�J�*"á34�{G ��+ §©Ì»Í�:":B«�M
��Q��2+%1>�%6@�$'*K(3:�I,%'�"5,�"$�*�.<Ú� "C�E�!�$9:7-�B� ��'*"$Q%7%���*+%�.����"!#V346V�$S$��6@�$'*K�3:+�S
�������*�.6;�.G �±�*� 3:6;,%9:�26@�2+�� �!� 34"5+F1{�$+áQR��#�"57%+%<á3:+�§ Ï �*34«�G ���2+%1>�%6@�$'*K��
9:34K$�Ú§©Ì»Í�:":!«e�2�!�$947-�!�*��'*"5Q�7%���*+%�.���J�$S5�$3:+%�=����� �$+%<-�!'*<á�*34S5+-�$9@,%'*"�1.�2�*�*34+%S
�!�*� �$1>K��.MRQ%7���<%"V+%"!��<%�.�$9 ` 34� � � Á Â��-�E�8G:�R� �g�IHÃ�¡� Ê>ÊEM �6J¦�KJ ` 3O� �Z�!�*� �$1>K���� �-�B�
�EDA,%94"534��K�+�" ` 94�.<%S$�X"!#��*�%�\�$9:S$"5'*3O� �%6Ú3:+/�*�.'*+%�$9%"5,R�.'*�!� 34"5+�G��±# ` �!� �2'*6@�$'*K�34+%S

L>MON�PRQTSVUXW�Y[Z]\ L4^ _a`b`acd Lbeaf%gXh
ij[kKl dnm jpo mrqj g c%sut
v%wyxbw�z|{%}]~���zR�{ }]xbw��bv�w Z xa� \ �n~0} Y }8~0���bv%w��|}]xb��wy�

� ����w Y�� } Yn� wX� s
xbwX� � wy�I�b� � w Y[� s

}]~�� �����r�av%w�� Z �a} Y ~ � ��0wyx Z8� � �n�.w Y � Z]� �av%w��[�
} \ w��



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷ õ5õ

3:�?� "�1."5+�#�"$'*6 � "�ÌY�.'�1>K���"$ |� �e�$�*��7%6;,�� 34"5+L"!#Y�$94S5"5'*3O� �%6;�8QR�.34+%S�,�7%Q%9:341]<
<%"56@�$3:+�M��>�$6;,R�.'�<±,%'*"�"$#�+%�2�*��QR�.12"56@�2�X�U'��.94�2�!�$+/�X3:�*��7%�$G
¤&7%���2#�7%9�#��.�!� 7�'*�8'��.S/�$'�<%3:+�SV'*"$Q%7%���*+%�.���Y3:� Â���� �¦� ���:�?Â Á � ÄB�Å��Æ ��7%,%,R"5'��.G]��+
�*1>�%�26@�2�j,%'*�2�*�2+��*3:+%S�� �%34�@,�'*"5,R�.'=���5M�12"5+%�*�21.7��*34�$�_6V�!'*K�3:+%S$�;"$+L� ���T�*�$6@�
1."5+/� �2+/���!'*��,R"5�*��3:Q%94��3:+?��7%1>�V� ` �{�8� �%�!��<%34 ��.'��.+/��6@�$'*K��l<%"»+%"!��3:+/� �2'�#��.'��$G
��+¥�*�%3:� ` �{�5M�34+%<%3O�A34<%7-�$9�6V�!'*K��U1{�$+¥Q��e'��2�*'*3:�E�5�2<JQ/��'*7�+%+%3:+�S¼�*�%�a6V�!'*K
'*�.12"g�5�.'=�T�$9:S5"$'*34�*�%6 ` 34�*�a�*�%�»1."5'�'*�2�*,R"5+%<%34+%S@K!�2�$G
��+�� ` �!� �2'*6@�$'*K�34+%SZ��1>�%�.6;�$Mr"5+�94�)Ê �Å��Æ"�:�]G>� Ê �E� Á �¦� Á ¹>Ä Ê;¾�� ��"5�*�@,��2'�#�"5'�6@�2<
Q��e�U��3:+%S$9:�YQ%7��$�.' Ç 6@�$K$�Y���.+%���$G����%3:�\34��Q��21{�$7%���N�!9:9¡12"5,%34�.�X�$'*�Y34<%�.+/�*3:1{�!9bG
è��B� �.' ` � ` 349:9����.�»� �-�B�{M-7%��3:+%S?� ���º#¦�$1E�\� �-�!�X34+aÒ%+%S5�.'�,%'*34+/� 3:+�S;�E�5�2'��~1."5,/�
3:�r�*943:S5�/�*94�^<%34 ��.'��.+/��� "º"$� �%�2'*�2M�<�34 ��.'*�2+/��Q�7��5�2'*��1.�$+ ¹>���p���%¸�� Q/�?1."56;,-�$'�3:+%S
� �%�23:'�1."5,%34�.��� "âÒ%+%<�<%3O ¡�2'*�.+�1.�.�)�$+%<&7��*�J�*�%3:��3:+�#�"$'*6@�!� 34"5+�� "æ� '��Ú�*"
1."56;,�"$�*�»�U+%� ` 1."5,/� ` �%"5���^6@�$'�KV<%"��.�\+%"$�\34<%�.+/�*34#Å�e�!+��j"$#¢�*�%�.6~G

2.Ý�) $Ð×BØ�Ô�Õ£Ü4$RÝ¥×£Ô�ÕgÖ�9�����3:��,%'�"5,��2'����V6@�.�$�*7%'��.���%" ` 687%1>�a3:+A#�"5'*6@�!� 34"5+V1.�$+aQ��
'*"5Q%7���� 9O�~�.68QR�.<%<��.<I3:+_�V,%'*"�<%7%1E� ` 3O� �%"57A�]<%�2S5' �$<�3:+%S@34� � � 7-�$9:3O���5GX�±�Y1{�!+
Q��[�*�.�2+e�$��� �%�[Q%34�*9:�.+�S$� �;"$#��*�%��6@�$'*KÐGl��+I§ ÍR¤ :;:!«R3O��34���=�>�!�*�.<j�*�-�!��3:<%�.�$9:9O�
"5+%�»�*�%"$7%9:<aQR�^�!Q%9:�]�*";�268QR�.<T�!�\9:�.�$���X� ¬ Î�<±Q%34� ` �!�*�.'*6@�$'�KRG

¡ Ö'-5×£Ö/Õ�Ü¦Ý¢) $Ð×BØ�Ô�ÕgÜ6$RÝO9Z���%34�;34�?� �%�a6;3:+%34687%6 �$6@"$7%+/�U"$#�34+�#�"5'�6V�!�*3:"5+�� �-�!�
687%����QR�[K!�.,����*�.12'*�E��� "º�.+��*7%'��[� ���['�"5Q%7%�=� +%�2�*��"$#�� �%�X�*1>���.6;�$G�W]Q���34"57%�*9O�5M
� �%�]"$'*3:S$3:+-�$9-"$Q�î��.1E�\687%����Q��]�$9 ` �{�A��K$�.,A�\�*�.12'*�E��� "5S5�E� �%�2' ` 34�*�V� ���]�*�21.'*�E�
K$�2�$G

22Ø�ßrÖ�×�-5Ö�ß�Õ£Ü43¢Üb5¦Ü�Õ87�Ô-Ý¢£�×�$�3FEF&EÕ£Ý�Ö'&.&@Ü�ÝJÜ�Ø�Ô�ÞRÖ¤*8ÔAÕgÖ�×!Ø�Ô%×£Ù Ü�ÝéÞ
�����V3:6;,R�.'*12�.,��*3:Q%349:3O���Z,%'�"5,R�.'������=�>�!�*�.�^�*�-�!�8�$94�*�.' �B� 3:"$+%�»�$,%,%943:�2<��*"T� ���V<%34S534� �$9
"$Q�î��.1E�[<�7%'*34+%S?� �%�»6@�$'*K�3:+�S?,%'*"�1.�2<%7%'*�º687%�=�X+%"$�\<%�2S5' �$<��º3O� � � 7-�$9434���$G



õgóF®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

��+á� ���C1{�$���æ"!#Z<%34S534� �$9;3:6@�$S5�.�2MV� ���.�*�æ�$9O� �2' �!�*3:"5+%�)�$'*�C6;"A<�34Ò-1.�!� 34"5+%���*"
� �%�I12"59:"5'V9:�2�$�.9]"!#^�*�%�.34'j,%3ODA�29:�.G
¤ 6V�!'*K¥�.68QR�.<%<�3:+%S¥�$94S5"5'*3O� �%6 �*�-�!�a6@�$K$�2�
�*6@�$9:9��$94�*�.' �B� 3:"$+%� ` 349:9�,%'�"A<�7%1.�~�I6V�!'*K$�2< 3:6@�$S5� ` 3O� �¥�_�5�.'=� �%3:S$�¥<��.S5'��.�a"$#
3:6;,��2'*1.�2,�� 34Q%3:9434���\Q%7A� ` �%"5�*��6@�$'*K ` 3:949$QR���.�$�*3494�[<%3:��'*7%,A� �.<ºQ/�Y9:" ` 3:+/� �2+%�*3O���U¾¦�$+%<
�$9:��"e3:6;,��2'*1.�2,�� 34Q%9:� Ç �!���>�$1>K��2G8���?12"5+%1.947%<%�8�*�-�!�»6@�$'*KT�.68QR�.<%<�3:+%Sa�$94S5"5'�34� ��6@�
,%'*"�<%7%123:+%S]��6V�!9:9A�$94�*�.' �B� 3:"$+%�¢�*"Y,%3ODA�.94�l7%��7-�$9:9O�º,%'*"�<%7%12��3:6;,��2'*1.�2,�� 34Q%9:��Q%7�� ` �{�!K
6V�$'�K�� ` �%3:94�Z� ��"5�*�¼,%'�"A<%7�1.3:+�S�9P�$'�S5�_�$9O� �2' �!�*3:"5+%�@S5�.+��.' �B� �I'*"$Q%7%���~6@�$'*K��jQ�7��
�%3:S5���.' � 7-�$9434���~<%�2S5' �$<%�!� 34"5+�G»����7%�.M � ���.'*�?34��� '*�$<%�2"$ �QR�2� ` �.�.+�'*"$Q%7%���*+%�.���º�$+%<
3:6;,��2'*1.�2,�� 34Q%3:9434���@3:+%���.'*�2+/�[�*"@� ���^6@�$'*K�34+%S@,�'*"�1.�.���.G\��"j"5,��*3:6;3¦¥.�]�*�%3:�\� '*�$<%�2"$ �M
3:+�#�"5'�6V�B� 3:"$+~34��+%�2�.<%�2<��$Q�"$7����*�%�86@�BDA3:687%6å34+%1.'��.6;�.+/�8§B<%�.12'*�.6;�.+/�»�.�$1>�I,%3ODA�29
1{�$+æ�$121."56;"A<%�!� � ` 3O� �%"$7��eS5�2+%�.'*�!� 34+%S �)+%�.S5�!� 3O�5�_��3:��7-�$9]346@,-�!12�.¨[� �%�IS5"5�$9�34�
� "�<��2� �2'*6;3:+%�a� ���Z���*'*"5+�S5�.�=�j6@�$'*K)�*�-�!�j1.�$+JQR�Z�268QR�.<%<%�2< ` �%3:94�aK$�.�2,%3:+�S �$+
�$1.12�.,�� �$Q%9:�»346@,R�.'�1.�.,A� 3:Q�3:9:3O���5G

��+�§�©X�.' Î$Î!«bMY�*�%�«ª5ÍO¬� §�1AR:;®B«^94"5�*�=�æ1."56;,%'*�2�*��3:"5+(�$9:S5"$'*34�*�%6 34�T7��*�.<��*"
�.���*3:6@�!� �?�*�%�@6@�BDA3:6N7%66;"A<%3OÒ-1{�B� 3:"$+¼�$,%,%943:1{�!Q%9:�8�*"T�.�$1>�),%3ÉD��29bGj�����V"5'�3:S534+-�$9
3:6@�$S5�Iï 34�T12"56@,�'*�.���*�2<07%�*34+%SL�*�%�«ª5ÍO¬� �!9:S5"5'�34�*�%6 �!�_�LS53O�5�2+ � 7-�$9:3O���°¯AG
���%�.+�M��*�%�?3:6@�$S5�º3:��<%�.12"56@,�'*�.���*�2<��$+�<IS534�$�.�»�j�*943:S5�/�*94�a<%3O ¡�2'*�.+/�»346V�$S$�ºï_ò �$�
'*�.��7%94�.GN���%�U6@�BDA3:687�6½12"59:"5'�6@"�<%34Ò%1{�!�*3:"5+Z�a,�3ODA�.9�±�1.�$+��$1.12"56@"�<-�!�*�83:��S534�$�.+
Q��³²]´¶µ¸· ï¹´�º�ï ò´ · G

W��*�%�.'^,%'*"5,R"5�*�$9:�º�.68QR�.<�3:+�#�"$'*6@�!� 34"5+¼3:+)�a� '*�$+%��#�"$'*6;�.<�<�"56V�!3:+�Gj��+�� �%�2�*�
,%'*"5,R"5�*�$9:�2MV�$9O� �2' �!�*3:"5+Ú3:���$,%,%943:�2<
� "æ� �%�¥� '*�$+%��#�"$'*6;�.<�12"A�]»@123:�2+��*�.G ��+
� �%34�
1{�$���$M�3O�»3:�»+%�21.�.��� �$'=�¼� "~<%�2�*�.'*6;3:+�� ` �%341>��12"A�]»;1.3:�2+/� �N1.�$+�QR�2��� �2'^�!1.1."$6@"�<-�!�*�
3:+�#�"5'�6V�B� 3:"$+ ` 3O� �%"57A�Y<%�.S$' �$<%34+%SV�*�%�?3:6@�$S5�»� �-�B�Y3:�]'��.12"£�$�.'��.<�Q/�_�$,%,%9O�A34+%SV�*�%�
3:+/�5�2'*�*�»� '*�$+%�=#�"5'*6~G

¼ ��+e§½©A?XÍ�Í�¾¶:5ã!«�M$3:+A#�"5'*6@�!� 34"5+]34���268QR�.<%<%�2<83:+/�*"X�*�%��ä$Î�¿(6@34<%<%94�]<±#�'�� � 7%�2+%12�



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷ õ�À

¨ÂÁ��(1."���»;123:�.+/�*�.G

¼ ���%���*1>�%�26@��,�'*�.���.+/� �2<V34+a§nÁ�è¢�T�\Î$Î$«%"5,R�.'*�!� �2�r3:+N�*�%� ` �{�$�.9:�E�r� '*�$+%��#�"$6@�2<
<%"56@�$3:+@�$+%<j"$Q��>�$34+%���N6V�!�*K�3:+%Sº#�7%+%1E� 3:"$+@#�'*"$6à��7%Q�<±Q-�$+%<e<%�21."56;,R"5�*3O� 3:"$+�G
���%3:�æ6V�!�*K�3:+%Sá#�7%+%1E� 34"5+ �!1.1."$7%+/� �â#�"$'â947%6@34+-�$+%12�0�*�2+%�*3O� 34��3O���5M)��,-�!� 3:�$9
�$12�*34��34���j�$+%<~�*7%Q�<±Q-�$+%<~"5'�3:�.+/� �!� 34"5+�G

��+ Ï �212� 34"5+Iä�GOí5M �@+%� ` �$9:S$"5'*3O� �%6å34��,%'�"5,�"$�*�.< ` �%341>�I3:�]Q�7%3:9O��"g�5�2']� �%�N3:<%�.�
�*�-�!�I<%�$'*Kâ,%3ODA�.94�¼�$+%<��*�%"5�*��34+0+%"5+�<±�%"56;"5S5�2+%�."57��I'*�.S$3:"5+%�Z1{�$+F�$121."56;"A<%�!� �
�!94� �2' �!�*3:"5+�� ` 34�*�%"57��\S5�2+%�.'*�!� 34+%S;�?+%�.S/�B� 34�$�Y�A34�*7-�!9 3:6;,-�$12�.G

Ã 5�Ô�&.&{ÜpÄ�-5Ô�Õ£Ü4$�ÝÅ$�)Æ*NÔ�ÕgÖ�×BØ�Ô%×£Ù Ü¦Ý�ÞÇ&.-�/�Ö�Ø�Ö'&
��+�§½©[�2' Î5Î!«�M ` �!� �2'*6@�$'*K�34+%S8�*1>���.6;�.�X�$'*�Y129P�$���*3OÒ-�.<e<%�2,��2+%<%34+%SU"5+j� �%�»�!<%<%34�*3:"5+%�$9
34+�#�"5'�6V�!�*3:"5+@+%�.�2<%�.<ZQ��V� �%�»6@�$'*K@'*�.12"g�5�.'=�T�$9:S5"$'*34�*�%6½¾¦���.�^H�3:S57�'*�»ìAG ì Ç Ñ

#^×BÜpÈ%Ô�ÕgÖÉ*NÔ�ÕgÖ�×BØ�Ô%×£Ù Ü¦Ý�Þ�9;���%�j6@�$'*KI'��.12"£�$�.'=���$94S5"5'*3O� �%6½"$#��*�%�.���j�*1>�%�26@�2�
'*� � 7%34'*�2���*�%��#�"59:94" ` 34+%S�34+%,%7��*�.Ñ0� �%� ,%'�"5Q-�$Q�94�06@�$'*K!�.<F"5Q�î��212� �ï)M8� ���
"5'*34S53:+-�!9 "5Q�î��.1E�]ï�MR� �%�8���.12'*�2�»K!�2�_ñ��$+%<_� ���8�.68QR�.<�<%�.<I6@�$'*KTð
GY�����
"57�� ,�7��834�N�T��"A"$9:�{�!+ �¦�]�-�>Ê%H Á � Ê � �!�$947%�@34+%<%341{�!�*3:+%S ` �%�2�*�%�.'^� �%�@6V�$'�K�ð
�-�$��QR�.�2+N#�"57%+�<N3:+ �ïç"5'�+%"$�.G����%���*1>�%�26@�2�l,%'��.�*�2+/� �.<U34+e§�Á�Ìºè Ï : ¬ MBÌR©�: ¬ «
#¦�$9:9�3:+e� �%34��1{�!�*�.S5"$'��5G

¡ Ö�Ø)ÜÌË ßFE�3�5¦Üb-Í*8Ô�ÕgÖ�×BØ�Ô%×£Ù Ü¦ÝéÞ¢9 ��+ � ���.�*����1>�%�.6;�.�2M�9:�2�*��34+�#�"5'�6V�!�*3:"5+�3:�
'*� � 7%34'*�2<�G����%�.'��N�$'��]� ` "@,�"$�*�*34Q%3:9434�*3:�.�2Ñ

¼ ���%��,%'�"5Q-�$Q%9O�N6@�$'�K$�.<?"$Q�î��.1E�Î�ï)M5� �����*�21.'*�E��K$�E�Uñ �$+%<8� ����6V�!'*K^ð
�$'*�r+%�2�.<%�2<�G�������"$7�� ,%7A�é3:����"�"59:�.�$+»�$+%<»34+%<%3:1.�!� �2� ` �%�E� �%�2'��*�%�r6V�!'*K
ð �-�$�]QR�.�2+_#�"57%+%<I34+Ï�ï "5'[+%"$�{G?§�?\¤]Î5ÎAMrÁ�è¢�T�\Î5Î%M�è¢�ZÎ5Î�M¡è¢�ZÎ�í.«
�$'*�Y��"56@�»�ÃD%�!6@,%94�.�\"$#¢3:6@�$S5� ` �!�*�.'*6@�$'�K�34+%SU�*1>�%�26@�2�[#¦�$949:34+%SN34+a�*�%3:�
1{�!�*�.S5"5'=�5G



õ�Ð0®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

¼ ���%�[,%'*"5Q%�$Q%94�86V�$'�K$�2<V"5Q�î��212�Ñ�ï)M�� �%�X�*�21.'*�E��K!�2�@ñ�$+%<;� �%�X"5'�3:S534+-�$9
"5Q�î��212�?ï �!'*�j+%�2�.<%�2<�G¼�±#X�_6V�!'*K¼3:�º#�"57%+%<�Mr3O�N34�8S53O�5�.+)�$�8"57��*,%7��K¨
"$�*�%�.' ` 3:�*�!M~� �¡�(Â Á � Ä,H{�����R¸ 6@�2�*�*�$S5��3:��S53O�5�2+�G ���%���*1>���.6;�.�
,%'�"5,�"$�*�.<~3:+�§½?[ÍO:5ãAMÐè�Í�Òr:;:�M�©[�2' Î5Î!«¡#¦�$9:9�34+j� �%34�\1{�!�*�.S5"5'=�5G

#ÓE¢3F5�Ü6-D*8Ô�Õ{Ö�×BØ�Ô�×BÙ�Ü�ÝéÞ�9����%�.���^��1>�%�.6;�.�["5+%9O�j'*� � 7%3:'��»�*�%�»,%'*"$Q-�$Q%9O�j6@�$'*K!�.<
"5Q�î��212� �ï �!+%<N� �����*�21.'*�E��K$�E�?ñ)G��±#���6@�$'�Kº34�¢#�"57�+%<�M53O��34��S53O�5�.+U�!��"57��*,%7��K¨
"$� ���.' ` 34�*�!M5� �¡�]Â Á � Ä¢H{���A�R¸ 6@�2�*�*�$S5��3:��S534�$�.+�GF¬�D%�!6@,%94�.��"$#-��7%1>�8�*1>���.6;�.�
�$'*�;§½© Â:5ã�M-¤Ô�ZÎ5ÎAM�Á��%�{Î5ÎB«bG

Ï �.12�*3:"5+çä�G ìÚ,%'*�2�*�2+��*���
+%� ` �*�.6;3=<±,%7%Q%943:1C346V�$S$� ` �!�*�.'*6@�$'�K�34+%S&��1>�%�.6;�
"$ ¡�2'*34+%S?+%� ` ,%'*"5,R�.'=� 34�.�.G

������12"5+%12�.,��a"$# �$ëK� �Å�g�b��� Ê_¿�Á ���E�ÃÂ Á � ÄB�Å��Æ 34�e�$94�*"�#�"57�+%<�3:+�� ���I9:34�*�.'*�!� 7%'��$G
WYQ�9:34��34"57%� ` �!� �2'*6@�$'*K�34+%SÚ�*1>�%�26@�2���$'����*�%"5���æ34+ ` �%3:1>�à� �%��6@�$'*K
'*�.12"g�5�.'=�
�$9:S5"$'*34�*�%6 <%"��.�»+%"$�º'*� � 7%3:'��U�*�%�U"5'*34S53:+%�$9�7%+ ` �!� �2'*6@�$'*K!�.<�"5Q�î��.1E�{G;����7%�.M�#�'*"56
� �%���$QR"£�$��129P�$���*34Ò%1{�!�*3:"5+�M£"5Q�9:34��34"57%� ` �!� �2'*6@�$'*K�3:+�S[34+%1.947%<%�.�éQR"$� �^,%7%Q%943:1��*1>���.6;�.�
�$+%<T�*�%�N��7%Q%���2�Y"$#l�*�.6;3=<±,%7%Q%943:1Y"5+��.�[�*�-�!�['*� � 7�3:'*�^K�+%" ` 9:�.<�S5�N"$#�� �%�º�.68QR�.<�<%�.<
6V�$'�KVQ%7A�[+�"$�\"$#�� �%�»"5'�3:S534+-�$9R"5Q�î��.1E�{G

Õ 3�5¦ÜpÈéÜ6$�E¢&�*8Ô�Õ{Ö�×BØ�Ô�×BÙ�Ü�ÝéÞ
WYQ�9:34��34"57%� ` �!�*�.'*6@�$'�K�34+%S�"$ ��.'��é�\S$'*�{�B� �.'¡"5'*S/�!+%3¦¥.�!� 34"5+-�$9%Ö-�EDA34Q%3:9434���[�$+%<»3:�¡Q��E�*� �2'
�$<-�$,��*�.<&�*"(<%34���*'*3:Q�7�� �2<�1."5,/�
<%�2�*�.1E� 3:"$+&� �-�!+�+%"5+�<±"5Q%9434��3:"57�� ` �!�*�.'�6V�$'�K�3:+%S%G
HÐ"$'¥�ÃD��$6@,�9:�$MT34�¥�.+%�$Q%9:�2�L�*�%�(6;�.'�1>�-�$+/�J�*"&<%�29:�.S5�!� �æ1."5,/�à<%�E� �.1E� 34"5+�� "&�
�*�2�Z"$#U�$S$�.+/� �T<%3:�=� '*34Q%7��*�.<("g�$�.'Z�*�%����+/� �2'*+%�E�{M ` �%"J1.�$+�'��.1."g�$�.'_6@�$'*K��~#�'*"56
3:+/� �2'*1.�2,�� �2<�'*�.<�3:���*'*34Q%7�� �2<C1."5+/�*�.+/� ` 34�*�%"57��V�-�{�A34+%S�QR�.�.+��2+��*'*7%�=� �2< ` 3O� �J�*�%�
"5'*34S53:+-�!9�1."$+��*�.+/�{G Ï 7%1>�)�!+��$'�' �$+�S5�.6;�.+/�^6@34+%3:6;3¦¥2�.��<�3:�*129:"5��7%'*�U"$#�� �%�;"5'�3:S534+-�$9
7%+%,%'�"$� �212� �2<(12"5+/� �.+/��¾ ` �%341>�(��� �{�A�T"5+%9O�CK�+%" ` +â� " � ����6;�.'�1>�-�$+/� Ç �$+%<â�$9:��"



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷ õ0×

6;3:+�3:6;3¦¥.�2�@�=� "5'*�$S5�¼'*� � 7%3:'��.6;�.+/� ��¾��!S5�.+/� �e<�"L+%"!�a�-�{�5�I� " ���*"5'*�I�*�%�I"5'*34S53:+%�$9
�$�.'��*3:"$+T"$#��$949�<%3:S$34�>�!9�12"5+/� �.+/�X� �%�E�a1{�$+a12"56@�º�$12'*"5���\"$# Ç G

Á�"56;6;�.'*123P�$9^"5Q%9434��3:"57�� ` �!� �2'*6@�$'*K�3:+�SC�*1>�%�26@�2����7%'���34��34+%S��CQ%'*"/�!<F'*�$+%S5�
"!#V6@�$+%34,%7%9P�B� 3:"$+%��¾ �KJ Æ�J ¨]3:S$3:6@�$'*1�§ ¨]34SB« Ç � �.+�<F�*"âQR� Q-�$�*�2<&"5+Ú,%'�"5,%34�2�>�!'��
�!9:S5"5'�34�*�%6@��+%"$�X�{�!�$3:9:�$Q%94��3:+e�*�%�»9:34�*�.'*�!� 7%'��$G

���%�2'*�N�$'*�»� ` "@�*�%"$'�� 12"56;3:+%S5�\�B ¡�212� 34+%S;"5Q%9:3O��3:"57%� ` �!�*�.'*6@�$'�K�34+%S;�������*�.6;��3:+
�*�%�»9:3O� �.'*�!� 7�'*�$Ñ

¼ �Z�$+/��,%7%Q%943:���%�.<â"5Q%9:3O��3:"57%�V,%'*"5,R"5�*�$9:�a'*� � 7%3:'����*�%���268QR�.<%<%�2<(��� � 7%�.+�1.�
� "ZQR�;S534�$�.+��$�^�$+)34+%,%7��º� "~� �%�;6@�$'*KI'��.1."g�$�.'���,%'*"�1.�2<%7%'��I¾¦���.6;3=<±,%7%Q%943:1
�*1>�%�26@�2� Ç G

¼ �¢";"57%'\QR�.���[K�+%" ` 9:�2<%S5�$MÐ+%";"5Q%9434��3:"$7%��,%'�"5,�"$� �$9 34+~�*�%�»9:34�*�.'*�!� 7%'��Y�.68QR�.<��
6V�$'�K��~��"¥�*�-�!�e�*�%�2��1.�$+â��7%'���3O�5����1{�$943:+%S �!+%<�§!"5'aS5�2"56;�2� '�3:1_<�3:���*"5'��*3:"5+
�!�*� �$1>K��.G

1X�ED��{M ` �º�ÃDA,%9P�$34+e� �%�Y� ` "@���%"5'��*1."56;3:+�S5�\�$QR"£�$�^34+e6@"$'*�Y<%�E�>�$349bG
�Z�!+��Ú,�7%Q%9:34�*�%�2<
"$Q%9:3O�A34"57%�_��1>�%�.6;�.��'*� � 7�3:'*� ,%'��2��3:"$7%�¼K�+�" ` 94�.<%S$�L"$#;� ���

�268QR�.<%<%�2<á�*� � 7%�2+%1.��#�"5'�6V�$'�K
<��2� �212�*3:"5+�G ����3:�)'�� � 7%3:'��.6;�.+/� 6@�$K$�2�)6V�!'*K
'��.12"£�$�.'=��6;"5'*��'�"5Q%7%�=��Q%7��L9:�2�*�ØÖ-�EDA34Q%9:�â�$� � �%�æ6@�2'*1>�-�!+��J+%�.�2<%�L�*"&K�+%" `
QR�2#�"$'*�.�%�$+%< ` �%3:1>���*� � 7��.+%12�V�*���;34�Y9:"�"5K�3:+%S@#�"5'.G Ï 7%1>��K�+%" ` 9:�2<%S5�U3:�Y<��2Ò-+%3O� �294�
7�+%'*�.�$9:34��� 341e34# ` �B� �.'�6V�!'*K�3:+%S¼34�;7��*�.<¥#�"5'?Ò-+%S5�2'*,%'�3:+/� 34+%SL¾ ` �%�2'*�~� �%�a6;�.'*1>�%�$+/�
�268QR�.<%�X�U<%34 ��.'��.+/�\�*�2'*3P�!9 +�7�68Q��2'\"5'�Q%7��$�.'X�À¨F34+~�.�$1>�~1."5,/�aQR�.3:+�S;��"59:< Ç G
¬�D��$6;,%9:�2��"!#���1>�%�.6;�.��,%'*�2�*�2+��*3:+%SX� �%34� ,%'*"$Q%9:�260�$'*�X§½?\¤]Î5Î�M�Á�èF�~�\Î5Î%M£è¢�ZÎ5Î�M

è¢�ZÎAí.«bG^��+I� �%�2�*�U,%'*"$,�"5�*�$9:�2M¡� ��� ` �!�*�.'*6@�$'�K~� �$K$�2�»�*�%�?#�"5'*6�"$#��Ùº�!7%�*��3P�$+I"5'
Q�3:+-�$'=�C,%���.7%<%"L' �$+�<%"56 ��� � 7%�.+�1.�ØÚ ` ��3:1>�æ3:�a�.68QR�.<�<%�.<â3:+��*"56;�I� '*�$+%��#�"$'*6
<�"56V�!3:+�GTè �2�¹ÛÜµ�Ýe¾Åï Ç M ` �%�.'��¤Ý<%�.+%"!� �.�N�*"56;�V� '*�$+%�=#�"5'*6ê�$+%<ØÛ��$'��@� ���
�*' �$+���#�"5'�6�1."���»;1.34�.+/� ��"$#¡�*�%�["$'*3:S$3:+-�$9A7%+%6;"A<�34Ò-�2<@346V�$S$��ï�Gl¤æ�*7%Q%���2�
Þ\"!#ßÛ�3:�
6;"�<%34Ò-�2<@�*"8�.68QR�.<j�*�%� ` �!�*�.'*6@�$'�KRG�è �E�àÛÑµáÞßâ ÞBM ` �%�.'��ÔÞ�ã Þàµáä%Gl¨]�.+%"$�*3:+%S



õ"å(®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

Q��+ææ� �%� ` �!�*�.'*6@�$'�K��268Q��2<%<%34+%SZ#�7%+%1E� 34"5+�M��*�%�j"g�5�2' �$949��.6NQ��2<%<%3:+�S_"5,R�.' �B� 3:"$+
1{�$+~Q��Y�ÃDA,%'*�2�*�*�2<¼�$�

ÛçµáÝe¾�ï Ç Þ ò µ°æ�¾6Þ�è8Ú Ç Û ò µéÞ ò â Þ ï ò µáÝ@ê B ¾6Û ò Ç

èé�E�ë�ï µ�ï ò�ìéí QR�V� ���V3:6@�$S5�U34+ ` �%341>�)� �%�@,%'*�2�*�.+�1.�e"$#��*�%� ` �!� �2'*6@�$'*K¼34�
� �.�=� �2<�M ` ���.'*� í 3:�r��"56@��+�"53:���\�*�-�!��1.�$+V�!,%,��.�$'rQR�2� ` �.�.+V6V�$'�KN�268Q��2<%<%34+%Sº�$+%<
6V�$'�KV<%�E� �212� 34"5+�Gr���%�º<%�E� �.1E� 34"5+T"$,��2' �!�*3:"5+e1.�$+TQR�Y�EDA,%'��.���*�.<¼�!�

�ÛÑµáÝe¾�ï Ç �Ú µïîT¾ �Þ Ç Ú.ð|µ Ú�ñ �Ú
·"Ú¹·¦· �Ú¹·

` �%�.'��àî
3:�l�»<��2� �212�*"5'r#�7%+%12�*3:"5+U�!+%<�Ú�ð�3:�l�*�%��<%�E� �.1E� 34"5+@�=�>�!�*3:�=� 3:1Y¾�ººíRòÎÚ.ðAò0í Ç
` �%3:1>�
3:���â6;�{�$��7%'*�¥"$#j�*�%�J+%"$'*6@�$9:3ó¥.�.<Ú12"5'*'��.9P�B� 3:"$+F"!#j� �%�¥�.6NQ��2<%<%�.<��$+%<
<%�2�*�.12�*�.<��*� � 7��.+%12�.�.G?��+I�*�%�.���?�*1>�%�26@�2�.M¢�$+I3:6@�$S5�ô�ï 3:�]12"5+%�*34<%�.'��.<I� "e12"5+/�>�$34+
� �%� ` �!� �2'*6@�$'*K¹ÚX34#¶Ú.ð�3:��S5'��{�!�*�.'l�*�-�$+@�»Ò�DA�2<@� ��'*�.���%"594<�G�W�#¡12"57%'��*�$M�1."$6@,%7A� 3:+�S
Ú�ð['*� � 7�3:'*�2�\,%'*�E�A34"57%�\K�+%" ` 9:�2<%S5�º"$#�Ú5G

��"ê"57%'�QR�.���àK�+%" ` 9:�2<%S5�!MF'�"5Q%7%�=� +%�2�*� �$S/�$34+%���á��1{�$943:+%S �!+%< S$�."56;�2�*'*3:1
<%3:�=� "5'=� 3:"$+Z�!���>�$1>K��[3:�X+%"$�Y�!1>�%3:�E�5�.<ZQ��Z�$+/�~,%7%Q%943:���%�.<_"$Q%9:3O�A34"57%����1>�%�.6;�$G Ï "56;�
,%'*�E�A34"57%�j��1>�%�.6;�.�a�!�*�*7�6@�Z�*�-�!�V�*7%1>�æ�!���>�$1>K��e1{�!+�Q��Z7%+%<%"5+��I,%'*34"5';�*")6@�$'*K
'*�.12"g�5�.'=�â§�?\¤]Î$ÎAMrè¢�ZÎ5ÎB«bGÇõ[+%<�"53:+%S_�*�%�.6 '*� � 7%34'*�2�?K�+�" ` 94�.<%S$�~"!#X�*�%�e"5'�3:S534+-�$9
3:6@�$S5� ` �%341>�~�*7%'*+��\�*�%"5���º��1>�%�.6;�.�X3:+/�*";+�"5+�<�"$Q%9:3O�A34"57%��"$+%�.�2G

��+�§©¤ �ZÎ5Î!«��$+�34�*�.' �B� 34�$�U�*�{�!'*1>���*�.1>�%+%3 � 7%�V34�^7%���.<��*"T12"5,R� ` 3O� ��S$�."56;�2�*'*3:1
�!�*� �$1>K��.Gç���%���*�.�$'*1>�â� �.1>��+%3 � 7%���*�2�.K��Z� "¥�.6N7%9P�!�*�_� �%��3:+/�$�.'*����"5,R�.'*�!� 34"5+�"$#
� �%�U�!���>�$1>KÐG8�±�º12"5+%�*34���*�Y"$#�'�7%+%+%34+%Sj� ���;6@�$'�KT'��.1."g�$�.'����$94S5"5'�34� ��6 �!#Å� �2']� '���34+%S
�$�!'*3:"$7%�^34+/�5�.'��*�e"5,R�.'*�!� 34"5+%�^7%+/� 3:9�� ���jQ%34�N�.'�'*"5'^' �!�*�V"$#��*�%�j�%34<%<%�.+�Q�34� �^<%'*"$,%�
<%' �$6@�!�*3:1{�!9:94�j"5'»�j�%3:S$�I1."5'�'*�.9:�!� 34"5+ ` 3O� �I� �%�?"$'*3:S$3:+-�$9 ` �!� �2'*6@�$'*KT3:�]"5QA�>�$34+%�.<�G
����7��.MZ�E�5�2+�34#~� ��3:�������=� �.6 <%"��.� +%"!�LS$�.+%�2' �$9494��'�� � 7%34'*��K�+%" ` 9:�.<�S5�â"!#T�*�%�



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷ õ�ö

�268QR�.<%<%�2<@6@�$'�Kº#�"5'�'*�.12"g�5�.'=�5M�34�r<��2Ò-+%3O� �294�^'*� � 7%34'*�2����7%1>�;K�+�" ` 94�.<%S$��3:+?"5'�<%�.'l�*"
��7%'���3O�5�?S5�2"56@�E� '�3:18�B�*�>�!1>K��2GºHÐ7�'�� ���.'*6;"5'��$M��*�%�?�*�.�$'*1>�I�*�.1>�%+%3 � 7%�?7%�*�2<I� "e7%+%<�"
��7%1>�L�!�*� �$1>K��;34�N� "�"I�EDA,R�.+%��34�$�T�!+%< 1{�$+%+�"$�UQ��a�!,%,%9:34�.<��*"¼' �$+%<�"56 <�3:���*"5'��*3:"5+
�B�*�>�!1>K�� ` �%�2'*�Y� �%�»34+��$�.'��*�º"5,��2' �!�*3:"5+a34��7%+%K�+%" ` +�G

��+T"$� �%�2'["$Q%9:3O�A34"57%����1>�%�.6;�.�2M�S$�."56;�2�*'*3:1º�!���>�$1>K��[�$'*�»94�2#Å�\#�"5'�#�7��*7%'*�º'*�2�*�{�!'*1>�
§�Á�è¢�T�\Î5Î%MÐè¢�ZÎ�íE«é"5'\�$'��º+�"$�\�2�$�.+Z6;�.+/�*3:"5+%�2< §½© Â:5ãAM�Á��%�.Î5Î$«�G

Ï �212�*3:"5+ ä�G äê,%'��.���.+/� ��� +�� ` "5Q�9:34��34"57%��346V�$S$� ` �B� �.'�6V�!'*K�3:+%Sê�*1>���.6;�
"g�$�.'*12"56;3:+%SUQR"$� �a6;�.+/� 34"5+%�.<~<%'*� ` Q%�$1>K��.G

�
	��	 � ÷¤��� �����ø �����ù����� �

��+8�[Ò-+%S5�2'*,%'�3:+/� 34+%SX�*1>�%�26@�!M5� �%��6@�2'*1>�-�$+/���.68QR�.<%�l�[<%3O ¡�2'*�.+/��Q%7��5�2'�<±3:<%�2+��*34#Å��3:+�S
6@�$'�Kj3:+~�{�$1>�Z1."5,/�aQR�.3:+�S@��"59:<�§ ���$S/ã$ä!«bG�èé�!� �2'['��.1."g�$�.'��T"$#¢� �%34�X6@�$'�KV#�'*"56 �!+
349:94�.S/�$9494�V'*�.<�3:���*'*34Q%7�� �2<I1."5+/�*�.+/�^�$9:94" ` �[3:<%�2+/� 34Ò%1{�!�*3:"5+_"!#��*�%�?Q%7��$�.']�*�%�?"5'*34S53:+%�$9
12"5,/� ` �!�X��"59:<e�*"%G

#º×%$ÐßrÖ�×gÕ£Ü�Ö'&($�)[ÔúÄlÝéÞÐÖ�×Bß�×BÜ�ÝRÕ£Ü�ÝéÞÇ&.-0/éÖ�Ø�Ö
H¢3:+%S5�2'*,%'�3:+/� 34+%Se�*1>���.6;�.�8�!'*�UQ%7%3494�Y"g�5�2'N�a'*"$Q%7%��� ` �!� �2'*6@�$'*K�34+%ST�=����� �26TG@���%3:�
6;�{�!+%�J� �%�!���$949T,%'�"5,R�.'��*3:�2��9:34��� �2<ç3:+ Ï �.1E� 3:"$+�ìAG4í$G4íÚ�$'��0�$94�*"�+%�21.�2�*� �!'�� 3:+
Ò%+%S5�.'�,%'*34+/� 3:+�S%G Ï "56;�Y6@"$'*�Y,%'�"5,��2'��*3:�.��6N7%���XQR�º6;�2�.Ñ

¡ Ö'-�Eé×!ÜÅÕ87)Ô%ÞÐÔ-Ü¦Ý¢&2Õ¹-;$�5b56E¢&{Ü6$RÝO9����%��#¦�$1E��� �-�B���2�$�.'=�jQ%7��$�.'�'��.1.�234�$�.�\�$+j"$Q�î��.1E�
` 34� �^�[<�34 ��.'*�2+/��6@�$'*KY6@�$K!�.� ¹>���p��� Ê �b�B� Á �¦� Á ¹>Ä Êé,R"5���*3:Q�9:�$G���+N�*�%�.�����!���>�$1>K��.M
�_S5'*"57�,¥"!#[<�3:�*��"5+%�.�=�;Q%7��5�2'*�U1."$6@,-�!'*�j� ���.3:'N1."5,%34�.�8�*"_Ò-+%<¥<%34 ��.'��.+%12�.�.G
���%3:�r34+�#�"5'*6@�!�*3:"5+º3:���*�%�.+U7%���.<U� "]�*'��N�*"Y1."56;,R"5�*�\�]+%� ` 12"5,/�8#�'*"$6 ` �%341>�
+%"5+%�X"$#��*�%�.34'�6@�$'*K���1{�$+@Q��X'*�E� '�3:�2�$�.<�G�?\"5Q%7%�=� +%�2�*���$S/�$34+%����� ���.�*�]�!�*� �$1>K��
687%���XQR�Y,%'*"g��3:<��.<�G



õB0®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

��+�§½� Ï :�û£«bMÐ� �%� Â Á � ÄB�Å��Æ ÁBÊ>Ê �AÂ��R�¦�b�B� 34�[34+��*'*"�<%7%12�.< ` ��3:1>�_�=�>�!�*�.�[�*�-�!�.MR34+
�V1."$9:9:7��*3:"$+_�!���>�$1>KÐM "5+%9O� ¸��E���>¹E� Á ëK�:�[�-� Ê �Å�¦�b�B� ÊX"$#�� �%�N6V�$'�KZ�!'*�?�$9O� �2' �$Q%94�$G
¨]�2�*�.12� �$Q%94��,�"$�*34�*3:"5+����$'��&� �%"$�*��3:+ ` ��3:1>� � �%��12"59:947%<%�2'*�(Ò-+�<ê��"56;�
<%34 ��.'��.+%12� ` �%�.+~1."$6@,-�!'*3:+�S8� �%�23:'�12"5,%3:�2�.G����%�»7%+%<��.'*9O��3:+%S ` �!� �2'*6@�$'*K�34+%S
�*1>�%�26@�»34�[�!�*�*7�6@�2<~�*";QR�»3:<%�.�$9:9O�;'*"5Q%7����[�$S/�$34+%���\��3:+%S$9:�]<±7%�*�2'\�!�*� �$1>K��.G

¡ Ö�-�Eé×BÜ�Õ87ü)a$R×�Õ%/éÖé3�Eß7RÖ�×ý9�¤�+L�%"5+%�2���jQ�7��5�2'V�-�$�;� "�Q��~�*7�'*�Z���%� ` 349:9�+%"!�
Q����!1.7%���.<á#¦�$9:���.94�
Q/�á�0<%3:���%"5+%�2��� 6;�.'�1>�-�$+/�{G ��+�� ����Ò-+%S5�2'*,%'�3:+/� 34+%S
,-�$'*�$<%3:S$6â34+��*'*"�<%7%12�.<»3:+@§ �)�$S5ã5äB«�MB�*�%�r6@�$'*K[3:� �.6NQ��2<%<%�.<º3:+/�*"\�*�%�r1."$+��*�.+/�
Q/�J� ���I6@�2'*1>�-�$+/� ` �%" 9:�!� �2'V�*�29:94�V� �%�I6@�$'�K$�.<C12"5,/��� ")�*�%�IQ%7��$�.'2G&��+
� �%34� ` �{�5MXQ�"$�*��� �%�Z6@�2'*1>�-�$+/�a�!+%<�� �%�ZQ%7��5�2'eK�+%" ` �*�%�_6@�$'*K!�.<�1."5,/�$G
Ï 1>�%�26@�2�~"$,��2' �!�*3:+%S 3:+��*�%3:� ` �{�æ�$'*�¼129P�$���*34Ò%�.<æ�$�_Ê �!Â?ÂV�E�¦�Ã�b¹ Ê ¹>Ë-�EÂV� ÊEG
���%�V6@�$34+�,�'*"5Q%94�.6 "$#��*7%1>�)��1>�%�.6;�.�N3:�»� �-�!�N�T<�3:�*��"5+%�.�=�86;�.'�1>�-�$+/�N1.�$+
'*�2<%3:�=� '*34Q%7��*�X��3:6;�*�.9O# �º1."5,/�;'*�21.�.+/�*94�;�*"594<j�$+�<j�$121.7%���[� ����Q%7��$�.'�"!#�3:949:�2S/�$9
'*�2<%3:�=� '*34Q%7��*3:"5+�G^���%3:�º�$'�S57%6;�.+/�»1{�!+�QR�U7%�*�2<�Q/���e<%3:���%"5+%�2���ºQ%7��$�.' ` �%"
1{�$+a129P�$346�34� ` �$�\� ���º6;�.'�1>�-�$+/� ` �%";'*�.<�3:���*'*34Q%7�� �2<a�%�.'\1."$,��$G
�¢"U,%'��2�$�.+/�[�*�%3:����34�*7-�!� 34"5+�MA"5+%94�@� �%�»Q%7A�5�.'X687%�=�\K�+%" ` �%�.'\6@�$'*K!�.<~1."5,/�$G
Ï 1>�%�26@�2��"$ ��.'�3:+%SC�*�%3:�I,%'�"5,R�.'����F�!'*� 1{�$949:�2<àÁBÊ �!Â?ÂV�E�¦�Ã�b¹ Ê ¹>Ë-�EÂV� ÊEG���+
�$����6;6@�E� '�3:1_��1>�%�.6;�.�2M�� �%�¼6@�$'*K¥�.6NQ��2<%<%3:+�S¥,�'*"�1.�.<�7%'*�¼3:�V'*�.,�9P�$12�.<æQ��
�T,%'�"$� "�1."$9�34+ ` �%341>��Q�"!� ���*�%�V6;�.'�1>�-�$+/�U�$+�<�� �%�@Q%7��$�.'8,%9:�{���!+)�$1E� 34�$�
'*"594�$Ga¤��N�T'��.�*7�94�8"!#�� �%34�^,�'*"$�*"A12"59bM�� �%�@Q%7��5�2'8S5�E� �8�~6V�!'*K$�2<)"5Q�î��212�8�*"
` �%3:1>�~+%"U"5+%�»�29:�*�!M-3:+%129:7%<�3:+%S8�*�%�»6@�2'*1>�-�$+/�.M-�-�$�\�-�$<T�$1.12�.���.G
Ï �.127%'*3O���U#�"5'��*�%��Q�7��5�2'��$9:��"N<%�2,��2+%<%��"$+V�*�21.7%'�34���V�$S/�$34+%����1."$9:9:7��*3:"$+;34+@�*�%�
�*�2+%�*�]�*�-�!���^1."/�$9434�*3:"5+;"$#é<%34�*�%"5+��.����Q%7��5�2'*��687�����+%"!��QR�Y�$Q%94�[� "NS5�.+%�2' �!�*�
�?+%� ` 6V�$'�K$�2<T"5Q�î��.12� ` �%"5���»6V�$'�Kj�$121.7%���.���$+a�%"5+%�2���[Q%7��5�2'.G

þ Ý�$�Ý�7éØ)ÜÅÕ]7�9���+L�*1>�%�26@�2�j� �B� 3:�=#Å��3:+%S¼� �%34�@,�'*"5,R�.'=���5M��*�%�T34<%�.+/�*34��� "$#Y��"5+%�.�=�
Q%7��$�.'*�Y6N7%���YQR�NK!�.,��»���.12'*�2�»7�+%9:�2�*���*�%�2�_�$12��<%3:���%"5+%�2��� 9O�5GY���%34��6;�{�$+��Y�



ó�ôOõº®¡¯À²*ö�°!÷�³gö5·>°.ø¡µ$ù~´b³g·�úeû$ü±¯¦ý:úe².þ�ýP°?þA°A¯±°@ÿ.³EøAù�·*ýOö/µR¯éø¡·E³�¯�².ÿg¯�ý¦³g÷ õ0�

,-�$'��*3:127%9P�$'[Q%7��$�.'K� �^�$+%"5+/��6@3O��� ` 349:9�"$+%94�TQ��U94"5���Y3O#��a12"5,/�I,%7%'�1>�-�$���.<�Q/�
� �-�!�\Q�7��5�2'[34��#�"57%+%<a� "U�-�{�5�ºQR�.�.+~3:949:�2S/�$9:9O�U'*�2<%3:�=� '*34Q%7��*�.<�G

��+ § ¨Ô©�:5ãB«�M��$+��$+%"5+/��6;"57%�æ�$+%<��$�=�A6;6;�2� '�3:1(Ò%+%S5�.'�,%'*34+/� 3:+�S��*1>�%�26@�Ú3:�
,�'*�.���.+/� �2<�G

ÿ?Ü¦ÝéÔ%×�7 -;$�565bE¢&{Ü4$RÝßËu&.Ö'-�E�×£Ö¤ÄlÝéÞÐÖ�×Bß�×BÜ�ÝRÕ£Ü�ÝéÞÇ-;$ß£�Ö'&

��+�§½� Ï :�ûg«bM%�8S5�.+%�2' �$9¡1."5+%�=� '�7%12�*3:"5+e34��S534�$�.+j#�"5'�"5Q��>�!3:+%34+%SNQ%34+-�$'=�@Ò-+�S5�.'�,%'*34+��*3:+%S
12"A<��.�;�*�.127%'*�T�$S/�!3:+%�=�U1."5949:7%��3:"5+%�N"$#�7�,¥�*"ÇÞjQ�7��5�2'*�I¾6Þ G Ê �>¹]��� � 12"A<��.� Ç G¥HÐ"$' í
,R"5���*3:Q�9:�YQ%7��$�.'��]�$+%<~S53O�5�.+ ��� Î�M��Øµ�ì"Þ¡94"5SÐ¾�ì í�� � Ç �$+%<	��µ(ã"Þ�
Ð9:"$SÐ¾�ã;Þ�� � � Ç MÐ�
12"A<�� ` 3O� � í 1."�<%� ` "5'�<%�["!#�94�.+%S$�*�

� µ(ì���ýÞàµâä5ì"Þ��R94"5SÐ¾bì í�� � Ç 9:"$SÐ¾�ã;Þ�� � � Ç

34�J12"5+%���*'*7%1E� �2< ` �%341>���$9:94" ` �¥"5+%�0"!#I� �%��12"59:947%<%�2'*�J�*"�Q��(3:<%�2+��*34Ò-�2< ` 34�*�
,�'*"5Q-�!Q%3:9434����íÓº � G����%�_�!7�� �%"$'*�@�$9:��"����%" ` � �-�B�{M�#�"5'@Þ�� ì��$+�< í � ä�M�34�
34�^+�"$�8,R"5�*��3:Q%94�;�*"Z"5QA�>�$34+ÉÞu<��*�21.7%'��j1."�<%�2� ` �%�.'��j1."$9:9:7�<%�.'��N�$'��V34<%�.+/� 3OÒ-�.< ` 34�*�
,�'*"5Q-�!Q%3:9434���Tí5G

��+_§ ¨Ô©[Î5Î$QA«�M�34��3:�����%" ` +@� �%�!�{M/#�"5'�Þ|µ�ì�M�12"59:947%�*34"5+?�*�21.7%'�34���U1.�$+VQR�\"5Q��>�!3:+%�2<
7��*3:+�S~�*�%�V�2'*'*"$'�<�12"5'*'��.1E� 3:+�S~1.�$,-�$1234���¼"$#�<%7-�$9�Q%34+-�$'��V©��$6;6@34+%Se1."�<%�2�.Ge��+��*�%3:�
` �{�5M5ì%<����.1.7�'*��Q%3:+-�!'���Ò%+%S5�.'�,%'*34+/� 3:+�SX12"A<��.���$'*��"5QA�>�$34+%�.< ` �%341>�N�$'���687%1>�º�*�%"5'=� �2'
�*�-�$+a� �%"$�*�»"5Q�� �$3:+%�2<e�A3:�8� �%�»S5�2+%�.'*�$9 1."5+���� '�7%12�*3:"5+�§½� Ï :�ûg« #�"5'àÞàµ(ìAG

��+DÁ��-�$,��*�.'���MA�»+%� ` 1."5+%�=� '�7%12�*3:"5+U� "^"5Q��>�!3:+;ä�<����.127%'*�[Q%3:+-�!'��8Ò-+�S5�.'�,%'*34+��*3:+%S
12"A<��.�\3:��,%'��.���.+/� �2<�G



ó�!(®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

cadÃc hji�k]mUn8o_pUm;q�nNsItju v5p;q w xIy2irz.w kY|Iz.n |_n^i�n
nNxZirt_kYojirz } nºirz.p;o

���%�@12"56;6@"5+��.��� ` �{�I� "T�$7�� ���.+/� 341{�!�*�@<%34S534� �$9�12"5+/� �2+��*�N34�»�*�%'*"$7%S5��,�7%Q%9:341?K$�E�
1.'���,��*"5S5'*�$,%�/�5G[���%3:�[3:�\���A,�3:1{�!9:94�e�$1>�%3:�E�5�2<IQ��Z�!���>�$1>�%34+%Sj�@�-�$�*�Z"$#l� ���N1."$+��*�.+/�
¾ �6J¦�KJ �$+�3:6@�$S5� Ç �2+%1.'=��,�� �2<¥7�+%<%�.'8�*�%�V���.+%<��.' §!�$7�� ��"5'K� �U,%'*3O�$�B� �VK!�2�C§�? Ï ¤ ¬ ãB«�G
���%3:�Y�2+%1.'=�A,A� �.<�6@�2�*�*�$S5�U1."5'�'*�2�*,R"5+%<%�Y� "e�*�%�?<%3:S$34�>�!9¢��3:S5+-�B� 7%'��?"$#��*�%�?1."$+��*�.+/�
�$+%<a1{�$+~QR�^�!7�� �%�2+/� 3:1.�!� �2<TQ/�~�$+/�$"5+%�»K�+%" ` 3:+%SU� �%�»��3:S5+%�2'K� �\,%7%Q%943:1YK$�E�5G

�����Z<%'*� ` Q%�$1>KL"!#Y�-�{��3:+%S�� "�<%�{�$9 ` 34�*���$+J�!�*� �$1>�%�2<�6@�2�*�*�$S5�~3:�;"5Q/�A34"57%�2G
���%3:�º+%�.�2<)1{�!+)Q��@�{�5"534<%�.<�Q���7%��3:+%ST���*�.S/�$+�"5S5' �!,%�/�5Ga��+��*�%3:�º1{�$���$Ml34+%���*�{�$<�"$#
�$,%,R�.+%<%34+%ST�$+��!7�� �%�2+/� 3:1.�!� 34"5+�6@�2�*� �!S5�?� "a� �%�;1."5+/�*�.+/�{M��*�%�U�*�2+%<%�.'^�.68QR�.<��N34�
�$�?� ` �!� �2'*6@�$'*K�3:+)��7%1>�¥� ` �{��� �-�!�?�$+/���$9O� �.'*�!� 34"5+ ` 349:9�QR�e<%�2�*�.12�*�.< Q/���*�%�
'*�.12�.3O�5�.'2G

¤[7�� ���.+/� 341{�!�*3:"5+U"$#¡<%3:S53O�>�$9�1."$+��*�.+/� ��Q-�$���.<V"$+ ` �!� �2'*6@�$'*K�34+%S»3:�r+%"$��34+��*�.+%<��.<
� "¼'*�2,%9P�$12�e1.9:�$�*��3:1{�!9�1.'=��,�� "5S$' �$,%��3:1a�$7��*�%�.+/�*3:1{�B� 3:"$+¥,�'*"$�*"A12"59:�2G����!� �2'*6@�$'*K�3:+�S
1{�$+%+�"$��,%'�"g�A34<%�
�*�%�&�*�$6;�&�*�21.7%'�34���½,%'*"$,��2'�� 34�.�â�.+Bî�"g�5�2< ` �%�.+ �ÃDA1>�-�$+%S534+%S
<-�!�>�L7%�*34+%SC��,%7%Q�9:3:1�K$�E��3:+A#�' �$�=� '*7�12� 7�'*�$G �������$<��!�$+/�>�!S5�)"$# ` �!� �2'*6@�$'*K�34+%S
�$7�� ���.+/� 341{�!�*3:"5+e34��� �-�!�X3O��3:��346@,R�.'�1.�.,A� 3:Q�9:�U¾Å� ' �!+%�*,-�!'*�.+/� Ç G

���å#�"A127%�á"5+ � �*3:6;,%94�.'���1.�.+%�$'*34" ` �%�2'*��� '*�.12�.3O�5�.'á�-�!�á�*" '*�.12�.3O�5�
�$7�� ���.+/� 341{�!�*�.<�<%34S534� �$9�1."5+/� �2+/�?#�'*"56 �Z�*�2+%<%�2'U�*�%'*"$7%S5� �$+)"$,��2+�1>�-�$+%+%�29�� �-�B�
1{�$+8QR���!1.1.�2�*���.<;Q��^"$�*�%�.'�� �%34'*<�<±,-�$'����º�2+��*34�*3:�.�2G¢����'�� � 7%3:'���� ��3:'*<^,-�$'=� 3:�2�¢�*"]��� �g�
7%+-� ` �!'*�j"$#\,�'*"$�*�.12�*3:"5+¡M �6J¦�KJ ,%'*"$�*�.1E� 3:"$+�� "_QR�@�*' �$+��*,-�$'��.+/�{GI��+)�*�%3:�^�*12�.+-�$'�3:"%M
�*�.+�<%�.'[�$+%<a'*�21.�234�5�2'��!'*�»�*7%,�,�"5���.<~� "U�*�-�!'*�º�;���.12'*�2�XK!�2�5G

�|	 �|	�� ÷A�����ù�������,������������������� �������Î�������� ������� �¢�ù�����ß��������
���%�]7%���]"$#é�*�21.7%'�� HÃ� Á Æ$�p�:� ¿�Á ���E�EÂ Á � Ä Ê��%�$��QR�.�.+e,�'*"5,R"5�*�2<a�$���N6;�{�!+%���*"N�5�2'*34#Å�
3:6@�$S5�;3:+/� �2S5'*3O��� ` 3O� �%"$7��?7%��3:+%S_12'���,��*"5S5' �!,%�/�5G�HÐ'*�$S5349:� ` �B� �.'�6V�!'*K��U�$'*�@� �%"5���



ó�ô óU®¡¯À²*ö�°!÷�³{ö/·>°.ø�µ5ùa´b³£·�úeû$üb¯�ý:úe².þ/ýÅ°UþA°A¯±°U°�û%¯¦µ�²>÷R¯�ý�ÿE°�¯¦ý¦³£÷ ó�õ

` ��"5�*�;'*"5Q�7%���*+%�.���N3:�]�$�.'=��94" ` G?����7��.M¢�*�%� ` �!�*�.'�6V�$'�K_1{�!+�QR�U1."5'�'*7%,��*�.<�Q/���
�$�.'=�a�*6@�$9:9�<%3:�=� "5'=� 3:"$+e"$#¢�*�%� ` �B� �.'�6V�!'*K$�2<Z346V�$S$�$G

���%�VS5�.+%�2' �$9�,-�$'*�$<%34S56 �$�*��7%6;�.�N�*�-�!�º� �%�j346V�!S5�U1{�$+)QR�V<�34��3:<%�2<�34+��*"T� ` "
<�3:��î�"$3:+/�~�*�2�*�.Ñ����������2�Z�*�-�!�~<%�E� �.'�6@34+%�.�a� ���É�T�2�*�*�$S5��¤[7�� ���.+/� 341{�!�*3:"5+áÁ�"A<��
¾b�T¤ÆÁ Ç �$+%<T� �%�8���2�Y�*�-�!� ` 349:9é�%"594<Z� ���¹�T¤ÆÁ�G��±��3:��346@,R"5'=�>�$+/�X� �-�!�[� �%�2�*�8� ` "
<�3:��î�"$3:+/�»�*�E� �º<%"T+�"$�»3:+/� �2' �$1E�{Mé�*"a� �%�!���T¤ÆÁ
�.6NQ��2<%<%3:+�ST<%"��.�»+%"!�^1>�%�$+%S5�?� ���
�~¤ÆÁâ34�*�*�.9O#ÀG

¤[+)�ED��$6;,%9:�@"$#�#�'*�$S53:94� ` �!�*�.'�6V�$'�K��N1{�!+)Q��;#�"57%+%<�3:+C§ ��"5+�:5ã!«�G~¤��*1>���.6;�
34�U,%'*"5,R"5���.< ` �%�.'��T� ���Tè Ï ���_¾¦èé�.�$��� Ï 34S5+%34Ò%1{�$+/�@��3O� � Ç "!#�� ���T"5'�3:S534+-�$9�3:6@�$S5�
�!'*�~�.' �!�*�.<��$+%<J'��.,%9:�$1.�2< ` 3O� � � �%�! [WÔ? "!#]� �%�~�-�$���J"$#�� �%� ¬ � Ï ���I¾b�T"5�=�
Ï 3:S5+%3OÒ-1{�!+��Æ��34� � Ç �$+%<~�UQ%3:+-�!'��j94"5S5"%G

��+�§ H-'�3PÎ/ì{«bM%�U���.127%'*3O���a�$+-�$9O���*3:��"!#¢#�'*�$S53:94��346V�$S$�]�$7��*�%�.+/�*3:1{�B� 3:"$+ ` �!�*�.'�6V�$'�K��
�*�-�!�\1.�$+T94"A1.�!� �]� �$6;,��2'*�.<'< ` 34�*�a�$'*�.�$�\3:��,%'��.���.+/� �2<�G

���%�N<%' � ` Q-�$1>KT"$#��$7A� �%�2+��*3:1.�!� 34"5+ZQ-�!�*�.<I"$+T#�' �!S53:94� ` �!�*�.'*6@�$'�K��[3:�X� �-�!�X� ���
346V�!S5� ` 3:94983:+%�E��34�>�!Q%94�(Q�� <%34��� "$'�� �2<
Q/�0�*�%�L+�"53:���¥34+/� '*"�<%7%12�.<
<%7%'*34+%S�6V�!'*K
�268QR�.<%<%34+%S%GY���%�2+�,�'*"$�*�.12�*3:+%SV,%'*�21.3:��3:"5+'<�1.'�34�*3:1{�!9�346V�!S5�.�2M¡�*7�1>��<%34���*"5'��*3:"5+T6V�{�
QR�»7%+-�! �"5'�<-�$Q%94�$G

�
	 �|	 � "ý�$#�¢������%&��� �É���������¸�����Æ��� � ���� �y������
�����'� �¢�
���(�ß�����(�ù�

����3:9:�I6;"5�=� ` �!�*�.'�6V�$'�K�3:+%S���1>�%�.6;�.�T3:+/� '�"A<%7�1.�I�*"$6@�¼�*6@�$949]�$6;"57%+/�a"$#^+%"5+�<
34+/�5�.'=� 34Q%9:�[<%3:�=� "5'=� 3:"$+@� "8�*�%�]346V�$S$�$M �Å�-�$�E�E�¦�¦ëK�:� ¿�Á �À�E�ÃÂ Á � ÄB�Å��Æ 6@�E� �%"�<%���!'*����7%1>�
�*�-�!�.M�34#r�*�%� ` �!� �2'*6@�$'*K!�.<¼1."5+/�*�.+/� �º�$'��8<%�.�26@�2<��$7�� ���.+/� 341$M¡�*�%�?<%3:�=� "5'=� 34"5+Z<%7��
�*" ` �!� �2'*6@�$'*K�3:+�Sj1{�$+IQR�8'��.6;"£�$�.<I� "V"5Q��>�!3:+Z�*�%�8"5'�3:S534+-�$9 1."$+��*�.+/� �2G^¤[94�*�%"57%S5�



ó5óF®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

3:+/�5�2'�� 34Q%9:�\�!7�� �%�2+/� 3:1.�!� 34"5+;�$9:94" ` �l'*�21."g�5�2'��;"$#¡�*�%�\"5'*34S53:+%�$9A7�+%<%3:�=� "5'=� �2<@346V�$S$�$M/34�
1{�$+%+�"$�\Q��º�$,�,%9:34�.<e� "U�2�$�.'=�a3:6@�$S5�$M��$�\�*�%" ` +T3:+�§ H¢»¨YÎ�íg�g«bG

��+0�*�%3:�_,%�$' �$<�3:S56~Mº�*�%�Å�T¤ÆÁ 3:�_1.�$9:127%9P�!�*�.<�#�'�"56 �*�%� ` �%"594�)3:6@�$S5���$+%<
�.68QR�.<%<��.<~3:+~�$+~3:+/�5�2'�� 34Q%9:�Y6@�$+%+��.'�3:+e�*�%�»3:6@�$S5�$G

�����UÒ%'*���º<%"�1.7�6@�2+��º"5+¼34+��$�.'=� 3:Q�9:� ` �!� �2'*6@�$'*K�34+%Sa3:�Y1."$+Bî��.1E� 7%'��.<��*"aQ��8�*�%�
,-�!� �2+/�8§½© ª;? Ï :;:B«a¨%��" ` �2�$�.'2M�� ��3:��3:��+�";,�7%Q%9:341]<±<%"56@�$3:+jK�+%" ` <±�%" ` G

��+�§©H¢º¨YÎ�í.QA«�MA� ` ";34+/�5�.'=� 34Q%9:� ` �!�*�.'*6@�$'�K�34+%S?6;�2� ��"A<%��#�"5'��$7��*�%�.+/�*3:1{�B� 3:"$+j"$#
<%3:S53O�>�$9�3:6@�$S5�2��3:+a� �%�Óª5ÍO¬�
#�"5'*6@�!�X�$'��»,%'*�2�*�.+/�*�.<�G|��"$� �~6@�E� �%"�<%�\�.6NQ��2<~�*�%�
�T¤ÆÁæ34+a�*�%� � 7-�$+/� 3ó¥.�.<Z¨ÂÁ�� 
 12"A�]»;1.3:�2+/� �X"$#¢�*�%�»3:6@�$S5�!G

������Ò-'*�=��6;�2�*�%"A<V3:��Q-�$�*�2<e"5+j94"5�*��9:�.����12"56@,�'*�.���*34"5+�Gl�±��1."56;,%7��*�.���*�%�Ô�T¤ÆÁ
�$��� �%�Y�%�$�*�*)½"$#é� �%�Y�=� '*�.�$6ç"$#¢¨ÂÁ��æ1."���»;1.34�.+/� �,+.-$¾6±Xè0/ Ç è21�µ
í"è43535376�"$#é�*�%�
ª5Í�¬� 3:6@�$S5�$M ` �%�.'��!6 34�^�*�%�j� "$� �$9�+�7%6NQ��2'8"$#XQ%9:"�1>K��?3:+��*�%�e3:6@�$S5�!G_���%�2+�M
Q��_�*�.�2<%3:+�SZ�~ÍO?�1A98 ` 34�*���e���.1.'��2�^K$�E�5M¢�a'*�$+%<%"$6 ` �!9:K_34�]#�"59:94" ` �.<I�*�%'*"57�S5�
� �%�Y���2�,:�1."$+%�*34��� 34+%S?"$#é� ���Y6@34<%<%9:�X#�'*� � 7��.+%1E�a1."���»;1.34�.+/� ��"$#��$949�Q%94"A1>K��2G�����3:9:�
#�"59:94" ` 34+%SI� �%�T' �$+�<%"56 ` �!9:KÐM\��9:"$�*�*94�.���V1."$6@,%'��.���*3:"$+C�$9:S$"5'*3O� �%6ê#�"5'@�*�%�Z94�{�$�=�
�*3:S$+%34Ò-1.�$+/�ºQ%34�º"$#�� �%�;1."���»;1.34�.+/� �^3:�»'*7�+�Gj���%34�^'*�$+%<%"56 ` �$94KI��� "$,%� ` ���.+��*�%�
9:�.+�S$� ��<%34 ��.'��.+%12�VQR�2� ` �.�2+)� �%�;1."56;,%'��.�*���.<�Q%3O�º��� '��{�$6 Û �$+�<�� ���V+�7%68QR�.'º"$#
,%'*"�1.�2�*�*�2<j1."���»;123:�.+/�*��3:��9P�!'*S5���2+%"57%S5�;� "N�$1.12"56@"�<-�!�*��� �%�X�-�$���;)ç34+;�*�%���*�g�$�.<
�*,-�$12�$G�¨]�2+%"$� �X� �%�[�*�E��"$#���34�*34�*�.<@1."���»;1.34�.+/� ���$�$: B è2: B�< :@Gr¤���� �%34��6;"56;�.+/�{M
Û��$+%<	) �$'*�»1."$+%1{�!�*�.+-�B� �.<_�$+%<Z34+%�*�2'��*�.<Z34+/� "U� �%�º9:�.�$���[�*34S5+%34Ò%1{�$+/�XQ%34�*�\"$#��*�%�
1."���»;1.34�.+/� ��#�'*"$6=: B G

_�>@?BA S > ���a�IxawI�bw ? Z �6�[~%w A x }8~0� � Z xb�C�DFEHGJIOSKD �6w � � Z�LME }]~�� Z � G¢� ���"w�x I wy~%w�x } � Z x



ó�ô óU®¡¯À²*ö�°!÷�³{ö/·>°.ø�µ5ùa´b³£·�úeû$üb¯�ý:úe².þ/ýÅ°UþA°A¯±°U°�û%¯¦µ�²>÷R¯�ý�ÿE°�¯¦ý¦³£÷ óýÀ

¤[7�� �%�2+/� 3:1.�!� 34"5+ 3:�?,R�.'=#�"5'*6;�.< Q/�)#�"5949:" ` 3:+%ST� �%�a� �!6@�e'*�$+%<%"56 ` �!9:K ` �%349:�
'��.12"£�$�.'�3:+%S �) �$+�< <%�21."56;,%'��.�*��3:+%S ÛUG �����½Q%3O�y<±��� '��{�$6 '*�2�*7%9O� 3:+�S #�'�"56
<��.1."$6@,%'��.���*3:+�SÔÛC'*�.,�9P�$12�.�¢�*�%��94�{�$�=����3:S5+�34Ò-1.�$+/��Q%3O� ��"$#�: B G�H¢3:+-�$9494�$M ` ��12"56;,-�$'*�
�*�%�º'*�.12"g�5�.'��.<_�%�$�*�Ï�) �$+%<a� ���^�-�!�*�Z"!#�� ���º�=� '��{�$6å"$#l¨ÂÁ��(12"A�]»@123:�2+��*��"$#�� ���
'��.�=� "5'��.<Z346V�!S5�$G¢�±#�� ���2�a�$S$'*�.�!M%� �%�»346V�$S$�]3:��<%�2�.6;�.<T�$7��*�%�.+/� 341$G
1X"$� ���*�-�!�l�*�%��,%'��2��3:"$7%�r�*1>�%�26@��'�� � 7%34'*�.�l�*�%���2+��*'*"5,/�N"$#Ð� �%��94�{�$�=�l��3:S5+%3OÒ-1{�!+��

Q�34� � �=� '*�.�$6 �*"
QR��9:" ` �2+%"57%S5�á� "
�$949:" ` ��7%Q%�=�>�$+/� 3:�$9e1."$6@,%'��.���*3:"$+�G Ï 7%1>�
�2+/� '*"$,��U34�l9:" ` Q��21{�$7��*�\� �%��'*�$+%<%"56 ` �!9:K834�r�$,%,%943:�2<?"£�$�.' � 7-�$+/� 3ó¥.�.<;1."���»;123:�.+/�*�
¾ � 7-�$+/� 3ó¥{�!�*3:"5+ 1{�!+LQR�a�*�.�2+C�$�;�I,%'*�8<�,%'�"A12�.���*3:+�S�"$#X� �%�a"5'�3:S534+-�$9�3:6@�$S5� ` �%341>�
34+/� '*"�<%7%12�.�\�*"$6@�Y+%"$+�<�34+��$�.'=� 3:Q�9:�Y<%34��� "$'�� 34"5+ Ç G

���%�U���.1."$+%<�6;�2�*�%"�<�,�'*�.���.+/� �2<�34+¥§ H¢»¨YÎ�í{QA«l'*� � 7%34'*�2�Y7%�*34+%Sa+%"5+�<±���>�!+%<-�$'�<
� 7-�!+��*3¦¥.�!� 34"5+;� �$Q%94�.�r� �-�B��687�����Q��X3:+%129:7%<��.<;3:+U� �%�X�%�{�!<%�.'�"$#¡�*�%���!7�� �%�2+/� 3:1.�!� �2<
346V�!S5�$G��±�U3:�?Q-�$���.<¥"5+ 6@"�<%3O#Å�A34+%S � 7-�!+��*3¦¥.�!� 34"5+��>�$Q%94�.�?��"¼�*�-�!�;�$949 � 7-�$+/�*3¦¥.�2<
12"A�]»;1.3:�2+/� ���$'����E�5�.+¡G���+j�*�%3:� ` �g�$M-�$+/�V�$94�*�.' �B� 3:"$+U�*"N� ���]è Ï ��� ` 349:9ÐQR�[� '�34��3P�!9:94�
34+/�5�.'=� 34Q%9:�!G

¤[<%<%34�*34�$�$M�+%"5+�<��$<-�$,A�>�!�*34�5� ` �B� �.'�6V�!'*K�3:+%S½3:�F1.9:�$3:6;�.< � "QR��34+/�5�.'=� 34Q%9:�
34+@§ H¢»¨YÎ�íg�AM�»Hl¨YÎ�íÃ«�G���+»� �%��1.9:�$3:6~M{� �%���ÃD�34���*�.+%12��"$#%�$+ON=3:+/�5�2'*�*� ` �B� �.'�6V�!'*K�3:+%S
"$,��2' �!�*3:"5+'PU34�[,R"5���*7%9P�B� �.<a#�"5'X�@S$�.+%�2'*3:1^�$<%<�34� 3O�5�!MR+�"5+�<À�!<-�$,�� �!� 3O�5�»6@�E� �%"�<�MÐQ%7��
<��2�>�!3:9:���!'*�XS534�$�.+;"5+%94�8"5+V�%" ` �*"^<��.'*3O�5�X�*7%1>�V3:+/�5�2'*�*�["5,R�.' �B� 3:"$+U#�"$'��*�%�\�*,%'��{�$<'<
��,��212�*'*7%6~M%#�'*� � 7��.+%1E�ý<±Q-�$���.< ` �!� �2'*6@�$'*K�34+%S;�$9:S5"$'*34�*�%6½§�©�?[Í�ÍO¾ß:5ã!«�G

¤FS5�.+��.' �!9é�$9:S5"$'*34�*�%6á#�"5'\3:+/�5�2'�� 34Q%9:�º�$7A� �%�2+��*3:1.�!� 34"5+e#�"5'\3:6@�$S5�.��34�\,%'*�2�*�.+/�*�.<
34+�§ H¢»¨YÎ�íg�g«�¾ Ï �2�^H¢3:S57%'��ºìAG ä Ç Ñ

í5GXèé�E�8ï QR�V� ���j"5'*34S53:+%�$9r3:6@�$S5�U� "_QR�e�$7A� �%�2+��*3:1.�!� �2<�G+Á�"56;,%7�� �@34�*�N�-�$���
)�¾�ï Ç G

ìAG�Á��%"A"$�*�8�!+I�$<%<%3O� 3O�5�$MÐ+%"$+�<À�$<%�$,�� 3O�5�^'*"5Q%7���� ` �!�*�.'*6@�$'�K�34+%S@�*�.1>�%+�3 � 7%�?�$+�<



óýÐ0®¡¯±°�¯�²Y³£´�¯¦µ�²[¶�·.¯

S5�.+��.' �B� �¼� ` �!� �2'*6@�$'*K¥,-�!��� �.'�+RQ #�'�"56 �)���.12'*�2�~K!�2�Cñ)MX�*"��*�-�!�j�*�%�
,-�{��9:"/�$<a"$#SQ 34�$)�¾�ï Ç G

ä�GÆõ[�����º�*,R�.1.3:�$92N�3:+/�$�.'��*3:Q%94�\�$<%<%3O� 34"5+'PY� "^�$<%<;� �%� ` �!�*�.'�6V�$'�K8,-�!��� �2'*+!Q �*"
ï � "U1.'��{�!�*�»�*�%�º�$7��*�%�.+/� 341{�!�*�.<~3:6@�$S5��ïZòPG

embedding extraction

Key KKey K

X

H()

H(X)

X' X̂

H()

H(X)^Ĥ
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