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ABSTRACT?A@CBED�FHGJI�K�L1M#@ONQP�R1SUT�VXWXYXZ�[2\#[ S]VXR1^`_Ja`bcR1Sedf[Eg�hjilknm1I�oH@qpsrut)M,N�D
v @cGJ@,N�K�BewyxzM#I�D�{%|�L'GJ@,K v x8FJm1@}L'oH@�G~FJI�BED��
I���@�N�D�x�D�L1� v @�GqI �
N �1�'weBEM,N	FJBEI�D1o#�7M#I�D1M#L�GHGJ@#D�FJwEx�I�G~oH@#��L'@#D�FJBeN�wEwyx���N�D�x�knm1@�GJ@�I�D8FJm'@
D'@�F�kfI�GJ�2�l�`m'@sK�@#oHBE|�D;N�D1KQFJm1@CBE���1wE@#��@�D�F�N	FJBEI�D}I �2FJm1@nM#wEBE@#D�FfBEo
v N�oH@,K+I�D�FJm1@;�'GJBED1M�Be�'wE@#oQI �uF�N oH���1I,kC��I GJBE@#D�FJ@,K��'GJI�|�G�N�����BED'|'�
knm'@�GJ@ v x�kf@Q��@�GJ|�@�M�I�D1M�@#�'FJos��GJI���o�FHGJL1M�FJL�GJ@,K��'GJI�|�G�N�����BED'|'�
m1N G�K�kCN GJ@;K�@#oHM�GJBE�'FJBEI�D7�9N D%K��;N GJ����L1��weN�D1|�L%N |�@#o#�����;N GJ����L1�
weN D1|�L1N�|�@�oHL'MXm�N�on�~����oHL1�'�2I�GHFJonN�kf@#wEwy��K�@�{%D'@,K4oHM�m1@��;N�FJm%N	F
M#N��'FJL�GJ@#o�FJm'@OK'@#M#I����2I�oHByFJBEI�D;I��7N~�'GJI�|�G�N � BED�FJI¡N~m1BE@�G�N GJM�m�x}I �
F�N oH��o#��@#N�M�m¡GJ@��'GJ@#oH@#D�FJBED1|ON D�BED'o�F�N�D1M�@�I �%N v weN MX� v I,¢qI GlN`knm1ByFJ@��
v I,¢8oHI �UF�kCN GJ@QM#I����2I�D1@#D�F,�s�`m1@Q£u¤~�j��wEBE�
@¡BED1�1L�FX¥ I�L'FJ�1L�Fs�2I GHF
K�@�{%D'ByFJBeI�D1o�M,N���FJL'GJ@�K1N	F�N �]F�N�oH����K1N	F�N8K'@#�2@�D%K'@�D1M#BE@#o#���¦m'Be|�m1wyx
BED�FJ@�G�N M�FJBE�
@qm1BE@�G�N	GJMXm'BEM,N�w§psrst���GJ@�D%K'@XGJ@,K;��GJI��¨FJm'@sm'Be@XG�N GJM�m1BEM,N�w
F�N oH���%I,k�K'@#oHM�GJBE��FJBeI�D1o©BEDQ@�¢�FJ@#D1K'@,K��~���©��oHL1�'�2I�GHFJo9o�FHGJL'M�FJL'GJ@,K
��GJI�| G�N�����BED1|+weN�D'|�L1N�|�@�M#I�D1o�FHGJL1MXFJo�FJI+M#I�D�FHGJI�wqoH@,��L'@#D1M#@�o4I �
F�N oH�4o�x�D'MXm�GJI�D1BEª,N	FJBEI�D7�'@�¢�@#M#L�FJBEI�D7��GJ@#�2@�FJByFJBEI�Dj�2N D%K�N v I�GHF,�

«9¢��2@�GJBE��@#D�F�N�wu@#��N wEL%N FJBEI�D1o�I �cFJm'@z��GJI�FJI�F�x��2@��sL'��FJI­¬�®	¯ °
F�N oH��ocN D%KzFJm'@}wEI�D'|�@#o�Fc�%N	FJmAI��s®,±�°�°�F�N�oH��o#�lK�@#��I�D'o�FHG�N FJ@QFJm'@
oHM#N�weN v BewEByF�xcI���FJm1@©@#D���ByGJI�D1��@�D�F§N�D1K¡FJm'@�I	�
@XG�N�wEw�@�²�@#M�FJBE�
@#D'@#oHo)I �
FJm'@u��GJI��2I�oH@,K4N	GJMXm'ByFJ@#M�FJL'GJ@O�³I GON¡D�L'� v @�G�I��7D1@�F�k`I GJ�
@,K;K'@#oHBE|�D
N D%K�M�I����1L�FJBED1|��'GJI	´�@#M�FJo#�

1. INTRODUCTION�`m'@�t�D�FJ@�GJD1@XF4BEo�D1I F4I�D1wyx�M�m%N D1|�BeD'|�kCN#x�o4I �¡m1I,kµK'@#oHBE|�D'@�GJo
N M#M#@#oHoOFJI�I�wEoqN D%K8K'N F�N v L�FuN�wEoHI;m1I,k¶K�@#oHBE|�D'@�GJosI GJ|
N�D'BEª#@�FJm'@#ByG
��GJI ´�@#M�FJo#��|�BE�
@#DqFJm'@9@#D���BEGJI�D1��@#D�FJo�BEDqknm1BEM�mqFJm1@�xs@�¢�@#M#L'FJ@)FJm'@#���
�¸·2g,g�[�¹�S³WJVQM�weBE@#D�F�ºy®�»]�n@�¢�@#M#L�F�N v we@�BeD�N�kf@ v � v GJI,knoH@�G,�nBEo�N�D
@X¢1N ���1wE@�I �~N�M#I�����@�GJM�B�N wCoH@�GJ��BEM#@��C�1N�M#BED1|�FJm1@4L1oH@�G�FJIzM#wEBeM��
FJm�GJI�L'|�m­N8oH@,��L1@#D'M#@4I �uF�N oH��o#��L'oHBED1|�BeM�I�D1oQoHL1M�m6N�o�P	¼2[Eg,Z
½AZ
¾2¿OÀuÁcÂ©[eVX�'Z�R2Z�[ Ã#Ä	V%Â�[eVX��YJÃ�R'^UÅ1VXYJSeÄ	VOZ R¡d9ÆqÇ�ÈÉ½
VXT,S]\�VX�
Ê�VXR2VXWHZ�^�V
Z}WHV�¼�g�WX^Ë�`�`m1@qL'oH@�Gnm%N oCD1IcI��1�2I GHFJL1D'BEF�x�FJIQ@�¢��1N�D%K�FJm1@uGJ@#�2@�GH�
= �`m1BEo©kfI�GJ�cm%N�o©BED}�%N	GHF v @�@#D}oHL1�'�2I�GHFJ@,K v x�FJm1@CM�I�D�FHG�N�M�F©�UGJI��¤u�uÌuÍ��q¥ �uÌOÎ�ÏË¤u�s�Op~¯�¯	��¬
Ð,��®X��°�Ñ�Ò
¯�ÓX�> £s@#�;N D1|��§N,��N�D%N;�2@�GH�UI�GJ��@,K�FJm1BEoskfI�GJ��knm'BewE@�N	Ô�wEBeN FJ@,K�knBEFJmÕqÖÉ×�F�N FJ@~ruD1BE�
@�GJoHByF�x��
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FJI�ByGJ@�I��'N,��N BeweN v wE@�FJI�I�weo9I G§FJInM�m%N�D'|�@lFJm1@©oH@,��L1@#D'M#@lI���F�N�oH��o§�2@XGH�
�³I GJ��@,K v xcFJm'@OFJI�I�weo#�©ruD1BE�
@�GJoHByF�x�� v N oH@,KQ@#D���ByGJI�D'��@#D�FJo�oHL'MXm;N o
ÙnVXP1Ú�VXR�º Û,»]�7Ü�Z T Z'Ý§ÈuÀuÀÞº Ñ	»��n¹}ß�Á§ÀÞº Ò »��lÝ©g�[U[EZ
Ú
·2gX¼4º ¯	»]��a§¼'VXR%à
ÀcVXYJSeÊ�RQº ± »]��N GJ@f��I�GJ@`K�BE�
@�GJoHBy{%@,K��)?�ByFJm¡FJm1@qÜ�Z�T Z�Ý§ÈuÀuÀ6M#wEBE@#D�F,�
L1oH@XGcM#N�D+N M#M#@#oHoQN�D�L1� v @XG~I��CFJI�I�weo�BEDAFJm1@�oH@#��L'@#D1M�@�I��CFJm1@�BEG
M�m1I�BEM#@��sm'I	kf@#�
@�G4D1I+oH@#��L'@#D1M�@�BEo4@#D'�UI�GJM#@,K�@�¢��'weBEM#ByFJwyx v x­FJm1@
BED�FJ@�GH�ËN M#@��á�`m1@�Ý©g�[³[EZ
Ú
·2g�¼+M#wEBE@#D�F�N wEweI,kno;F�kfIAI�G���I GJ@�L1oH@XGJo
FJI�@,K�ByF�NzoHMXm'@#�;N FJBEM�N�D1K�BED��
I��
@�NAoHBE�QL1weN	FJI�G,���`m1@zÙnVXP'ÚXVXR
M#wEBE@#D�FQGJ@#��GJ@#oH@#D�FJo¡FJm1@�{1GJo�FQ|�@#D'@�G�N FJBEI�D6I �sN�P�Y�VXW�à�\Jg�R,Â§Ê�P�WHZ
Ú#[eV
psrst2@�D���ByGJI�D'��@#D�F2FJICM�GJ@,N	FJ@�@�¢�@#M�L'F�N v wE@lkfI�GJ���%I,kno7I���FJI�I�wEo9N D%K
K1N	F�NcI�D4FJm1@sD1@�F�k`I�GJ�2�'N�D�N��1��GJI
N MXm�FJm%N Fnm1N�o v @#@�D4�³I GJ�;N�wEBEª#@,K
N�D1KA@�¢�FJ@#D1K'@,K�FJI8N�o�x�D1M�m'GJI�D1I�L1o�N�D1Kzo�x�D1M�m'GJI�D1I�L'o¡M#I�wEweN v I G�N �
FJBE�
@cÎs��D1Beâ)wEI,ku¥�Îs��D1BE¤q@�oH�4@#D���ByGJI�D'��@#D�FJoOBED+º Ð	»]�s�`m1@QÎs�2@#D'�
¤q@#oHBE|�DáBEo8N+��GJI�FJI�F�x��2@�@�D���ByGJI�D'��@#D�F�M�GJ@,N FJ@#K�knByFJm�FJm1@�{1GJo�F
|�@�D1@�G�N	FJBeI�D6I��CFJm1@�Îs��D'Beâ)weI,k�º ± »]� v GJBED1|�BED1|�FJI�|�@�FJm1@XGQ�1N GHFJBEM#By�
�%N D�FJo���GJI��ã��t��s�l�8×�rc�)N�D%K�ÕqÖC×�r��7FJI8��GJI�FJI�F�x��2@4N8K�@#oHBE|�D
�%I,käK�@#��I8I��sK'BEo�FHGJB v L�FJ@,K�FJI�I�wEoQGJ@#oHBeK�BeD'|zI�D6oH@�GJ�
@�GJo�N	F;��t��
Ï�ÖfI�wEweN v �§I��%ÓX���8×�r¦Ï]å
N,��N�Ö`�u¤q¤~ÓX�1N D%K�Õ~ÖC×�r ÏË�qN M�FXÓqº æ	»]�
�`m1@~M�L'GHGJ@#D�FCk`I GJ���%I,k�FJ@�MXm'D1I�wEI�|�BE@#oqN�K1K�GJ@#oHoCFJm1@~M#I�D'{%|�L'G�N	�

FJBEI�D6�'GJI v wE@#�ç��I�o�FJwyxz�UGJI��çFJm1@;�2@�GJoH�2@�M�FJBE�
@4I �nFJm1@�k`I GJ���1I,k
K'@�oHBe|�D1@�G�G�N FJm'@�G¡FJm%N DAFJm1@}kfI�GJ���%I,k�L1oH@�G,��ÎsD1M�@;N�M#M#@�oHoH@,K v x
FJm1@�L1oH@XG,�jFJm'@QK�I��;N BeD���oH�2@#M#By{%M�k`I�GJ���1I	k¶oHL1�1�2I GHFJos@�¢�@#M�L'FJBEI�D'o
I��uoH@,��L1@�D1M#@#o�I��u�'GJ@#K'@�{1D1@,KAF�N oH��o#�©@�� |���º ¬��O®,°	»]�+�`m1@�L1D1K'@�GH�
wyx�BeD'|�oHM�m1@#�;N o�I �¡oHL1M�m�k`I GJ���%I,kno�N	GJ@�FJI�I+M#I����'wE@�¢6FJI�oHL1���
�2I�GHFOGJ@���M#I�D'{%|�L'G�N v BEwEBEF�x v x�FJm1@�N,�
@�G�N�|�@cL'oH@�GcºE®�®��9®,Û	»]�sÎsD�FJm1@
I�FJm'@�G~m1N�D%K���FJm1@;P�R'S³T�VXW�Y�Z�[f\#[ S�VXR'^~_Ja`bQR'Sedf[Eg�hji~BED�FHGJI�K�L1M#@#K�BED
FJm1BEo`�1N��2@�G,��oHL'�1�2I GHFJo`K'BEo�FHGJB v L�FJ@,K�D1@�F�k`I GJ�
@,K;K'@#oHBE|�D4N D%K;M#I��}�
�1L�FJBED1|�Z�R2½�BEo�N wEoHI�WJVHZ
½�S³[ ÃAWJVH\Jg�R#Â)Ê�P�WHZ
Ú#[eV�Ú�ÃA^UÅ1V�P�Y�VXWX���`m1@
@,N oH@�I �)GJ@#M#I�D'{1|�L'G�N v BEwEByF�x4BeouN�M�m1BE@#��@,K v x;FJm1@qoHBE���'weBEM#ByF�x4I �9FJm1@
L1D1K'@�GJwyx�BED1|�^�Z�Y�è�éCg�hÉY�\�Å'VXb�Z v N oH@,K�I�Dz^�Z�Y�è�éCg�h©à�g�W�S�VXR'^�VJ½Q¼1WHg�à
Ê�WHZ bQbQSUR�Ê�ê�k`@#wEwy��K'@�{1D1@,K�@�D1M,N �1oHL1weN	FJBeI�DÉN�D1K�M#I����2I�oHByFJBeI�D�I��
I�D'wyx�F�kfI�F�x'�2@�ocI �soHI �UF�k`N GJ@�M�I����2I�D'@#D�FJo#�©N v weN�M�� v I,¢�N�D%K6N
knm1ByFJ@ v I,¢��

�`m1@f�%N��2@XGlBeolI GJ|
N�D'BEª#@,KQBED�FJIsoH@#��@�G�N�w�oH@#M�FJBEI�D'o©N�o)�³I�wEweI,kno#êOÏ�Û�Ó
ë`N MX��|�GJI�L1D1K�N�D1K���I FJBe��N FJBEI�D7ì)Ï]Ñ�Ó`�)N�oH���1I	k��nGJMXm'BEFJ@�M�FJL'GJ@�ì7ÏËÒ�Ó
�)N oH���1I,kíÍ9GJI�| G�N�����BED1|�ì§Ï�¯�ÓnÖfI�D1M�weL'oHBEI�D1o#�

2. BACKGROUND AND MOTIVATION?�@OL1oH@uN~oHBE���1wE@u@X¢1N ���1wE@CFJIcBEwEwEL1o�FHG�N	FJ@qNqF�x��1BEM,N wjpsrst9M�GJ@#N FJ@,K
v x6FJm1@�Îs��D1Beâ)wEI,kîM#wEBe@�D�F,�í�`m1@8@X¢1N ���1wE@8BED�FHGJI�K'L1M�@#o�NAoHBE�}�
�1wEBy{%@#K�VHïX¼'VXWXS³b�VXR1^�Z�[j½�VXYJSeÊ�R8VXR1T,S³W�g�R1b�VXR1^'knm1I�oH@u�1L�GJ�2I�oH@nBEo©FJI
@#��N�wEL%N	FJ@`FJm1@`�2@XGH�³I�GJ�;N D1M#@CI ��K'BEo�FHGJB v L�FJ@,KQN wE|�I�GJByFJm'��olknByFJm�K�BEo��
FHGJB v L�FJ@,K��%N	GHFJBeM�Be�1N�D�FJo#�O�¶M#I����'GJ@#m'@#D1oHBE�
@¡K�@#oHM�GJBE�'FJBEI�D�I �`Îs�}�
D1Beâ)wEI,k+�'GJI	´�@�M�FlK�GJBE�
@XGJo#��BED'M#wEL%K'BED'|OFJm'@©I�D1@�BeD�â)BE|�L�GJ@u®���BEo)|�BE�
@#D
BED�º Ð	»]ì
GJ@#weN	FJ@,KQ@�¢��2@�GJBE��@#D�FJo)knByFJm}N D}@,N GJwEBE@�G`Îs��D1Beâ)wEI,k6�
@�GJoHBEI�D
N GJ@¡N wEoHI;K'@#oHM�GJB v @,K4BeDAº ±	»]�



ðòñ�óËô,óËõuö#÷`øQùËú�û
üyý�ø#þ�ÿ����ný�����ø�ù��
	��	ú
ù�
��������
ü���þyö��6ýJþyü����	ù�����

üyþ��C÷���ø�ù��������
ö#÷Où�
�� ����þ��JýHù�ö!��û�ø"���Jþsø�ùcù�
#�4ù�ö,û$	�ö
��ö#ù}ý%
�ø"�#&!�('fù�
���ù������*)�ü��+� û
ø"���JþOö!�
ù�
���þ��H÷eù�'uø"��	­ù�
#��&!��ø#û�
,)�ü��+� û
ø"���Jþ
ö!�zù�
��*��ü�&!
	ùQø"���*&!�
�#�
��ø�ù���	,	�ú-��ø"�~ü .
ý�ø#þyþ ú('�ü��/������û�ö!�����Cù�ö���������ü�� ù�����ø#ýHù�üyö!�0�
ð��1	�����ý
��ü��2�
	¡ü��qù�
��fû
ø#û3���
'#�������)ü�� ù�����.
ø#ýHù����©ü ù�
�ö!�#45�JýJù��sü�� �Xø#ý�
�û�ø"���Jþ6'7�(� &��
�#��ù�ù�ö!���~ù�ö�ü��()	ö!8!�:9#ø"��ö!��ù�ø;ù�ø"��82'lýJü���.
ýJþ����%ù�ö�)�ü��+��9:��	
ü ù;	�ø�ù�ø`ø"����ö�ýJüEø�ù���	��©ü ù�

��ø#ý%
zù�ø"��83'`ø"��	<	
ü�����ýHù���	<��	�&!��� =�ù�
�ø�ù
ýJþyö!���:9�ö,û2���2>§ù�ösýJö!� ù���ö,þ�ù�ø"��8��+?#�Jý���ù�üyö!�
����@-�����
ý��!'qü���ý�þ��#	
ü���&�ü ù�����ø�ù�üyö!�A'qö!��ù�ö
ü��#	��
ý��qù�ø"��8�ø"��ö!��ù��
�CB ú-�
ý%
#��ö!�
ü�D�ø�ù�üyö!�
ö#÷§ù�ø"��8-�Cù�
�ø�ùE��?-�Jý���ù��~ýJö!�
ý����������	ù�þ ú�ü��
ü��~û�þyüyý�ü ùsü��zù�
��GF�H/IA.6��ø"����	�ù�ø"��8����#.
ý�ø#û����
þEø�ù�üyö!�A�

J 
��K

ü�����ø"��ý%

üyý�ø#þ'ù�ø"��8(L�ö
�6ü���ù�

ü��M�+?
ø"�~û
þ����~ö-	
ü N��
�)ù�
��K	
ü���ù���ü�����ù���	/HGB#�M.PO�QMB#�<�+?�û3����ü����
�	ùlü��
ü ù�üEø�ù���	cü��SR T:U1ø"��	V	#�
��ý���ü��2��	Qü��GR W�UX�
Y ø�ù�
����jù�
�ø"�sü��Z)	ö!8 ü���&`ù�
��lû
þEø#ý��
�����	ù7ù�ö ö,þ��¡ø"�-�
ø#þyþ úCù�
���ö!��&!
¡ø������#.6����ö
�������j÷�ö!�;�Xø#ý�
qö#÷�ù�
��9ù�
������lû
þEø#ý�������� ù7ø#þ�&,ö!��ü ù�
����jø"��	[�#�Jù�þyü���ù
ü�����ù�ø"�
ý�����'�ø�\sõ�]�óX^!_a`M^!b�c	õ�ñ+d�_+e f�ó6e�^!]geh]Gi�\�]je�k1l ^!bm������	������jù�
������lü�����ù�ø"�
ý����§ö#÷;\sõ�]�óX^!_a`M^!bn'(�Xø#ý�
[��ý%
#�
	#�
þ���	sù�öK���Jû3��ø�ù7ýJö!�
ý��������
�	ù�þ ú
o .Uù�ü������9÷Uö!�M	
ü p3�������	ùq���Hù�þyü���ù�ü��#��ù�ø"�
ý��
�©÷���ö!�r�Xø#ý�
}ö#÷2ù�
#�tsu���Hù�þyü���ùq�
@Z�
ü )#ø#þ��
��ý
�OýJþEø"�����
�
�
vxw�y{z1|(}�~a���*���C���1w6vx���0��|Z}3���7}3|Zw6�7y��a�x�<��w�}2|(�A|Z�Z��w6�#�A������w6�"�"|Zw���z1�"}3���"�a�!�{���3� ��}2�7}3��z7�!w6�1y��-�{����z1|(|(}3�n�C�:�a�!�n�#�

Îs��D'Beâ)weI,k M�GJ@,N	FJ@#o�FJm1@6psrut v xáGJ@�D%K'@XGJBeD'|�N�Dí�~���¨K�@��
oHMXGJBe��FJBEI�D�I �)FJm1@OF�N�oH���%I,k~��knBEFJm4@,N�M�m4F�N oH��GJ@#�'GJ@#oH@�D�FJBED'|}N�D4BED'�
o�F�N D1M#@OI��7N D�@�D1M,N �1oHL1weN	FJ@,K v weN�M�� v I,¢}M#I����2I�D1@�D�F©I GCN�D�@�D1M,N �'�
oHL'weN FJ@,K�knm1ByFJ@ v I,¢�M#I����2I�D'@#D�F,�l�`m1@ v weN�M�� v I,¢�M#I����2I�D1@#D�F�M,N�D
v @;N D�x�ÏËwE@#|�N�M�x1Óq�'GJI�|�G�N � I�DzFJm'@�t�D�FJ@�GJD1@XFqFJm%N	FcBEo�N�M�M#@#oHoHB v wE@
��BeN�FJm1@;�nÖ`ÍÞ�'GJI FJI�M#I�wfL1oHBED1|�FJ@#wED'@�FH�J�loHoHm'�J�lm�FHFJ�'�J�9I�GcoHI�M��
@�FH�
v N�oH@,K�M�weBE@#D�FJo#�O�`m'@¡knm'ByFJ@ v I,¢�M#I����2I�D1@�D�FOBEonGJ@#�'GJ@#oH@�D�FJ@#K8N�ouN
K�ByGJ@#M�FJ@,K�| G�N��1m�I�� v weN MX� v I,¢�N D%K4knm'ByFJ@ v I,¢�M#I����2I�D'@#D�FJo#�`�`m'@
Îs��D'Beâ)weI,kçM#wEBE@#D�F�FJm�L1o���GJI ��BeK'@�o�N�¼%WHgJÊ�W�Z�bQb}Z
Ú#[eV�F�N�oH���%I,kC�
I GJBE@#D�FJ@,K��'GJI�|�G�N�����BED'|+Z�R2½�M#I����1L�FJBeD'|�@#D���ByGJI�D'��@#D�F~FJm%N F�BEo
m'BE|�m1wyx4BED�FJ@XG�N�M�FJBE�
@��1N�oCkf@qknBewEw7oHm1I,kíoHm'I�GHFJwyx��

�áoHBED1|�wE@~��BE@�káI��lN�F�N�oH���%I,k�knByFJm��;N�D�x;M#I����2I�D'@#D�FJo`BEouK�By�U�
{1M#L1wyF¡FJI4GJ@��'GJ@#oH@#D�F�M#wE@,N	GJwEx��4�`m'@;psrstqBED�Îs��D1Beâ)wEI	k�M#I�D1oHBEo�FJo
I �fFJm�GJ@#@Q�;N BeD��%N D1@#wEo#�7oHm1I,knD�BeDAâ)BE|�L'GJ@4®�êQY�V�[eVH\�^�g�W�Yu�UI�G¡��GJI��
| G�N��Þ@�¢�@#M�L'FJBEI�DQN�D%K�K1N	F�Nu��BE@�knBED1|
¥ @,K�BEFJBED'|¡N�o)FJm1@f�%N�D'@#w�N F9FJm'@
FJI��7ì�K�x'D1N���BEM,N wewyxc@�¢��%N D%K1N v wE@~^ËWJVJVsT,S�VXh�I ��FJm1@C@#D�FJByGJ@CF�N�oH���%I,k
m'BE@�G�N GJM�m�x;N�ofFJm'@u�1N�D'@#w2I�D�FJm1@OwE@��UF,ì'N D%K}FJm1@uK�x�D%N ��BEM,N�wEwyx�|�@�D'�
@XG�N FJ@,K�Ê�W�ZX¼'Å}T,S�VXh�I��%FJm'@fF�N�oH���%I,k�N F©N D�xcwE@#��@#w'I �2m1BE@�G�N	GJMXm�x�I�D
FJm'@sGJBE|�m�F,����wEI�|���@�oHoJN�|�@~�1N�D'@#wjN FnFJm1@ v I FHFJI�� BEonD1I FnoHm1I,knD7�
� }0�h}0�-�"�a|����a�7}0�5�4ruoHBED1|4FJm'@}M#I�D�FHGJI�wEo�BED�FJm1@QoH@�we@�M�FJI�G��%N D1@#wË�
L'oH@�G)M#N�D¡@�¢�@#M#L�FJ@©FJm'@©F�N oH���1I,k�BED�N�D�xqI �'FJm'@©FJm�GJ@#@���I�K�@#o#êlYJS³b}à

P�[EZ�^ËS]g�R0�nVHï�VH\�P�^ËS]g�Rzh©SU^UÅ�[Eg,\JZ�[)½�Z�^�Z-�OVHï�VH\�P�^ËS]g�Rzh©SU^UÅ¡éCg�há½�Z�^�Z��
�`m1@QoHBe�cL1weN FJBEI�DA��I�K'@}N�wEwEI	kno¡FJm1@cL1oH@�G~FJI4@�¢�@#M#L�FJ@QFJm1@}@�D�FJByGJ@
F�N�oH���1I	k6o�FHGJL'M�FJL'GJ@©knByFJm1I�L�FloH�2@#M#By�Ux�BED1|qN�D�x�K1N	F�NsK'@��2@#D%K�@#D1M#BE@#o
v @�F�k`@#@#DcF�N�oH��o#�
knByFJm�@,N�M�mQF�N oH�QN oHoHBe|�D1@,K;NuG�N D%K�I��ò��N	GJBeN v wE@`FJI
� oHwE@#@#�7���³I GuNc�³@�káoH@#M�I�D%K�o#���uwyFJ@�GJD%N	FJBE�
@#wyx���L1oH@�GOM,N D�@#D�FJ@�GC{'¢�@,K
FJBE��@qFJI � oHwe@�@#�7�1BeD�FJm'@~oH@#wE@#M�FJI Gs�1N�D1@�w]�`�`m1BEos��I�K�@qBEouL'oH@��³L'w7FJI
oH@�FH��L1�;N D%K}FJ@#o�F�FJm1@CF�N�oH���%I,k�M�I�D�FHGJI�w%o�FHGJL'M�FJL'GJ@uN�ofoH�2@#M#By{%@,K�BED
L1oH@XGH��K�@�{%D'@,Kí·2Z YHè�ÇfWHZX¼'Å�K'@#oHM�GJBE��FJBeI�D7�lBED1M�weL1K'BED1|8FJm'@���@�GJBy{%M,N	�
FJBEI�D��³I�GlM�I�D1M�L'GHGJ@#D�F9@�¢�@#M�L'FJBEI�Dj�9�`m1@f@�¢�@#M#L'FJBEI�D�knByFJmQwEI�M,N w1K'N F�N
BEoCL1oH@��UL1w2knm1@�D4�
@XGJBE��x�BeD'|�FJm'@s�2@�GH�UI�GJ�;N D1M#@uI��)@#N�M�m4F�N�oH��BED;FJm1@
F�N�oH���1I	k BED+N�o�F�N�D1K���N�wEI�D1@;M#I�D�FJ@�¢�F,�7knBEFJm+I GJBE|�BED%N wewyx6N	GJMXm'BE�
@,K
FJ@#o�FlK'N F�NC�³I Gl@,N�M�m�F�N oH�2�9�`m1@�@�¢�@#M#L�FJBeI�D�knByFJm¡�%I,k6K'N F�NuBE���'weBE@#o
FJm%N	Ff@#N�M�m;F�N oH�QGJ@#wEBE@#ofI�D�K1N F�NqFJm1N F��;N,x v @O|�@#D'@�G�N FJ@,K;K�x'D1N��}�
BEM,N�wEwyx v x}I FJm1@�G�F�N�oH��o#��N�o�oH�2@#M#By{%@,K�BED;L1oH@�GH��K�@�{%D'@,K;À�Z ^�Z'Ç`WHZ�¼'Å
K'@�oHM�GJBE�'FJBEI�Dj�4ÖfweBEM���BeD'|�I�D�FJm1@}oH@�we@�M�FJI�G��³I GQK'N F�N�@,K'ByFJBED1|��)L1oH@XG
M,N D���Be@XkíN D%K�@,K'ByFuN}K1N	F�Nc{%wE@¡N oHoHI�M#BeN FJ@,K�knByFJm8NQ|�BE�
@#D�F�N oH���
� |(}2}�  w�}2� �`rs�2I�D�BeD��
I�M#N FJBEI�Dj�%I�D'wyx4FJm'@~�;N�BED4F�N oH�4BED1o�F�N D1M#@
BEo`K�BeoH�'weN,x
@,K�N�o©FJm1@nGJI�I�F`I ��FJm1@CFHGJ@#@O��BE@�k~�©�`m'@nMXm'BeweK�GJ@#D;I���FJm1@
�;N�BED�F�N�oH��BED'o�F�N�D1M�@sM,N D v @uI��2@#D'@,K�I�GnM#wEI�oH@#K v x�M#wEBEM���BED'|cI�D�N
��¡ �1I GuN � �
��o�x�� v I�w�weI�M#N FJ@,K�D'@,N GCFJm'@sF�N�oH��BED1o�F�N�D'M#@~D1I�K�@���ÎsD
I��2@�D1BED1|QFJm'@~�;N�BED4F�N oH�4BED'o�F�N�D1M�@��%ByFuK'BEoH�1weN#x�oCFJm1@¡K1N	F�NQtH¥�Îc�1By�



N D�x��%I��lFJm'@��;N BED�F�N�oH�2�2oHL'MXm8N o�¢�R�¼%P�^�ÁlS³YJ^Ë�1¢�R§afP�^�Á9S³YJ^Ë�`a`P�^�¢�R%à
Á9S³YJ^nN�D1K¶a`P�^y¼%P�^�ÁlS³YJ^ON�D1K6N�wEoHIzByFJo�·%Z�Y�è#ÁlS³YJ^Ë�­«©N�M�m��§N�oH���7BEo�F
M#N�D v @�@�¢��%N D%K'@#K�oHBE��BEw�N	GJwyx�L1D�FJBEwnk`@8GJ@,N�M�m�FJm1@8F�N oH�­GJ@#��GJ@��
oH@�D�FJ@#K v x8FJm1@ v weN�M�� v I,¢�M#I����2I�D1@�D�F,�}�`m1@}D1N���@}I �`FJm1@cF�N�oH�
BED'o�F�N�D1M�@���K�BeoH�'weN,x
@,K�BED¡FJm1@©FHGJ@#@`��BE@�k~��BEo9ByFJoH@#wy��N v L'FHFJI�D�knBeK�|�@�F,�
ruoH@�GJo~M,N DzM#wEBEM��8I�D�FJm1@¡F�N�oH� v L�FHFJI�D8FJI�BeD��
I��
@¡FJm1@Q@X¢'@�M#L'FJBEI�D
I �`FJm1@cM#I�GHGJ@�oH�2I�D%K�BED1|4F�N oH�2��ÎsD'M#@cFJm'@cF�N�oH��BEo~@�¢�@#M#L�FJBED1|'��FJm'@
!-£����

 v L�FHFJI�D�M�I�GHGJ@#oH�2I�D%K'BED'|}FJIQFJm%N	FOF�N oH� v @#M�I���@#oON�MXFJBe��@~oHI
FJm1N F~L'oH@�GJoq�;N#x�M�weBEM��8I�D�ByF~By��FJm'@�x�K'@�M#BeK'@cFJI4N v I GHFqFJm1@¡F�N�oH�2�
ÎsD4FJm1@~I�FJm'@�Gum%N�D1Kj�1N�D�N�K1K'ByFJBEI�D1N�w v L'FHFJI�D &j¤��
$ � Beou�'GJI	��BeK'@,K
FJI¡BED1ByFJBeN�wEBEª#@uI�GCK�@#wE@�FJ@nFJm1@nI�L�FJ�1L'Fl{1we@�o v @��UI�GJ@nF�N�oH�}BED��
I�M,N	FJBeI�D7�
t�DA|�@#D1@�G�N wË�9FJm1@QFHGJ@#@���BE@�k �'GJI	��BeK'@#o¡N�oHBE���1wE@��§M#I����1N�M�F¡L'oH@�GH�
BED�FJ@�GH�³N�M#@��³I G v GJI	knoHBED'|�FJm1@8m1BE@�G�N	GJMXm�x�I��~FJm'@�F�N�oH�­BeD'o�F�N�D'M#@#o
N oCk`@#wEwjN�oC�³I GnByFJoOBED�FJ@�G�N M�FJBE�
@s@�¢�@#M�L'FJBEI�Dj�l£sI,k`@#��@�G,�1BED;FJm1@sFHGJ@�@
��BE@�k~�	k`@fK'ICD'I�F)oH@�@©FJm'@O^�Z�Y�è�à]^�g�à]^�Z�Y�è �j½
Z�^�Z�à]^�g�à]^�Z�Y�èCN D%K}^�Z�Y�è�à]^�g�à
½�Z�^�ZcK�@#�2@#D1K'@#D'M#BE@#on@�¢��1wEBEM#ByFJwEx*¥�m1@#D'M#@qFJm1@~D'@#@,K4�UI�GOFJm1@cÊ�WHZ�¼'Å
T,S]VXh©�
¦ |Z�0§��¨ Sw�}2� ���uo}oHm'I	knD�BED�â)BE|�L�GJ@A®��C@#N�M�m�@#D'M,N��'oHL1weN FJ@#K
F�N oH�~BED1o�F�N�D'M#@fBEo§GJ@��'GJ@#oH@#D�FJ@,K¡N o9N v L'FHFJI�D¡knBeK�|�@�FCÏ]NnoHBED1|�we@fM#wEBeM��
knBEwEwCBED��
I��
@�FJm'@4BED1o�F�N D1M#@,ÓX��oHL�GHGJI�L'D%K'@#K v x�Ï]N
Ó~L1oH@�GH��M#wEBEM���N v wE@
M�I�D�FHGJI�wj{%@#weK'onBED1M�weL1K'BED1|;N D�ÏËI���FJBEI�D%N w�Ó~WHV�¼'VJZ ^�¢�R1T g,\JZ�^ËS]g�R4@,K�|�@��
Ï v Ó�M#ByGJM#wE@#onN D%K;K'ByGJ@#M�FJ@#Kz½
Z ^�Z�à�VH½,Ê�VXYJ�2M�I�D1D'@#M�FJBED1|�tH¥�Îá{%wE@#o`N�D%K
��N GJBeN v wE@#oCknByFJm�N�oHoHI�M�B�N	FJ@,K�F�N�oH��t�¥�Îí�2I GHFJo#�7ÏËM,Ó�F�N�oH� v I�L'D%K1N	GHx
knm'BEMXmcBeo v I�w�K�By�%FJm1@©F�N�oH�¡@#D1M#N��1oHL'weN FJ@#o©Nuknm'BEFJ@ v I	¢���N�D1K�FJm1BED�By�
FJm'@fF�N�oH��@#D'M,N��'oHL1weN FJ@#o©N v weN�M�� v I,¢��9�`m'@CM#I�D�FHGJI�w�{1@#weK'olBED1M#wEL%K�@�ê
N �!©1�,� M�m1@#M�� v I,¢sFJm%N	F)M,N D v @�oH@#wE@#MXFJ@,K~BE��FJm1@©L1oH@XG§kCN D�FJo7FJInoH��Be�
FJm'@�@�¢�@#M#L�FJBeI�D�I��CFJm'@}F�N�oH�zBeD'o�F�N�D'M#@�ì©N�D �-ª���� MXm'@#M�� v I,¢�FJm%N	F
M#N�D v @�oH@#wE@#M�FJ@#KABy�CFJm1@�L1oH@XG�k`N�D�FJo¡FJI��³I GJM#@�FJm1@�@�¢�@#M#L�FJBEI�D�I �
FJm'@fF�N�oH�~BED'o�F�N�D1M�@`knBEFJm'I�L�FlMXm'@#MX��BED1|n�³I GlFJm1@�FJBE��@#o�F�N ���1o)I �1FJm'@
BED'�1L'FX¥	I�L�FJ�1L'F�K'N F�N8K�@#�2@#D%K�@#D1M�Be@�o#ìfN 3j«�5 v L'FHFJI�Dz�UI�G}wEI�N�K'BED'|
FJm'@u| G�N��'m4��BE@�k�By�jFJm1@nF�N�oH�}BED'o�F�N�D1M�@sM#I GHGJ@#oH�2I�D1K'ofFJI¡knm1ByFJ@ v I,¢
M�I����2I�D'@#D�F,ì~N D !#£����

 v L�FHFJI�Dj�Cknm1BEMXm v @�M#I���@#o4N�MXFJBe��@�I�D1wyx
knm'@#D�FJm'@qM#I�GHGJ@�oH�2I�D%K�BED1|}F�N�oH�;BED1o�F�N D1M#@¡BEon@�¢�@#M#L�FJBeD'|'ì1N &j¤��
$ �
v L'FHFJI�D7�jFJm%N F�M,N D v @�L'oH@,K�FJI8K�@#wE@�FJ@QFJm'@}I�L�FJ�1L'F~{1wE@#o~�³I�G¡FJm'@
F�N oH�ABED1o�F�N D1M#@ v @��UI�GJ@�BED���I�M,N FJBEI�Djì�N ��������$ 
3¬	�j­��
��$�
����	� @,K'|�@
knm'BEMXm�BEo�GJ@#D1K'@�GJ@,K�BED�FJm1@ � M#I�D'D1@#M�FJ@#Kn��o�F�N	FJ@sBy�)N D%K�I�D'wyx�By�§L'oH@�G
oH�2@�M#By{%@,K�FJm1@cGJ@��2@,N F~F�N oH�8M#I�D1K'ByFJBEI�DABED�FJm1@�F�N�oH���%I,k�K'@�oHM�GJBE�'�
FJBEI�D7�C£uI	kf@#�
@�G,�'L1oH@XGs�;N#x�oHL v oH@,��L1@#D�FJwyx4K'@#M#BeK�@¡FJI � I��2@#D7�'FJm1BEo
@#K'|�@ v x�M#wEBEMX��BED1|}I�D�ByF,�2N D%K4M�weI�oH@cByFuN�|�N�BED8weN FJ@�GnknByFJm�N�D'I�FJm'@�G
M�weBEM��2�

�`F;N D�x�wE@#��@#wuI �qF�N�oH���1I	käm'BE@�G�N GJM�m�x��fk`@8M#N��'FJL�GJ@�FJm1@4F�N�oH�
BED'o�F�N�D1M�@�K'@��2@#D%K�@#D1M#BE@#oQBeD+F�k`IzK'ByGJ@#M�FJ@,K6|�G�N �1m'o#ê�À¡Z�^�Z'Ç`W�ZX¼'Å
N D%K­·2Z�Y�è�Ç`WHZ�¼'Å��C�`m'@;½
Z�^�Z�à�VH½,Ê�VXYCBED�¤~N	F�N
puG�N �1m�M#I�D1D'@#M�FntH¥�Î
{1wE@#o©N�D%K���N	GJBeN v wE@#o9GJ@#��GJ@#oH@#D�FJ@,KcN�olM#ByGJM#wE@#olknBEFJmQN�oHoHI�M#BeN	FJ@,K}F�N�oH�
t�¥�Î �2I GHFJo#�}ë©x�M#wEBeM���BED1|�I�DzFJm'@QM#ByGJM#wE@��7@,N�M�mz{1wE@}N�D1K���N GJBeN v wE@
M#N�D v @sN�M#M�@#oHoH@,K��UI�GO��BE@�knBED1|QI GC@,K�BEFJBED'|'�l?�@uM,N�D�M#I�D'oHBeK'@�GCFJm'@
��BE@�kîK�@#�1BEM�FJ@,K6BED�â)BE|�L'GJ@z®�N�o;N D�@�¢��'weBEM#ByF}GJ@��'GJ@#oH@#D�F�N	FJBeI�D�I �
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