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ÁD°�¼�ÁSÀ�Æ P�PfP¬P �bq
�=PÌ�b�76 ³�Ä3È=·9µ�Á3Í�´¡³�·�7�ÁD°¡ÁDÆ�ÁD± �[¼b²»·MÀ�³�·8Æ�Ê�Á»Ã�È�Éb´¨·¸¼^ÍFÁD°�·8Æ�¼bÈ�Á»± Æ"´¶µ P¬PfP�PfP¬PfPfP¬PfP�PfP¬P �bq
�=PÌ� � 7�ÁD°¡ÁDÆ�Á»±=·¸¼b²D·/ÍFÁ»°�Ê�Á»® ®¯± Æ�·9Ä3°�µ¨·8²»Ã-·9Æ"´¡µ-�.Ä -LÆ�Á¬ÀL·9± ²»³"´:Ç -�ÀL·9± ²»³»´ P¬PfP�PfP¬PfPfP¬PfP�PfP¬P rB�
�=PÌ� � ��ÄDµ¨· 4 ��À � C À�)/ÍFÁD°�ÁSºD·9°¨®¿Ä3È�È�± Æ�²4µ¨·8²DÃ�·9Æ»´¶µ PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P rko
�=PÌ� � �.Á»µ¡µ¹±¯Ç�®¯· 7�Á»°¨Á»Æ�ÁD±k·9¼�²D·9µ�ÍFÁ»°�ÁSºD·9°¨®¿Ä3È�È�± Æ�²�µ¨·8²DÃ�·9Æ»´¶µLÍFÁD°�Ê8Ä»µ¹·«Ê98«± Æ):�± ²»É�°¡·(!�½ ��$ PfP�PfP¬P rb�
�=PÌ�br �LÁDÃ�È�Éb´¡± Æ�²�7�Á»°¨Á»Æ�ÁD± �L¼b²D·/ÍFÁD°;:�±¯²DÉ�°¡·�!�½ � +�½ ¼ PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P rb�
�=PÌ��� �.Á»µ¡µ¹±¯Ç�®¯· 7�Á»°¨Á»Æ�ÁD±k·9¼�²D·«Ê8Ä»µ¹·¸µ�ÍFÁD°�Ê�Á»® ®¯±¯Æ�·9ÄD°�ÁSº»·8°¡®¯ÄDÈ�È�±¯Æ�²�µ¹·9²DÃ�·8Æ"´¡µ PfP�PfP¬PfPfP¬PfP�PfP¬P r �
�=PÌ��� �LÁDÃ�È�Éb´¡± Æ�²�´¡³�·�7�ÁD°¡ÁDÆ�ÁD±k·9¼b²»·/ÍFÁD°:´ À�Á�Ê8ÁD®¯® ±¯Æ�·¸Ä3°:ÁSºD·9°¨®¿Ä3È�È�± Æ�²�µ¨·8²DÃ�·9Æ»´¶µ P¬PfPfP¬PfP�PfP¬P r �
�=PÌ�bq 7�ÁD°¡ÁDÆ�Á»±=·¸¼b²D·/ÍFÁ»°�Ê�Á»® ®¯± Æ�·9Ä3°:ÁSº»·8°¡®¯ÄDÈ�È�±¯Æ�²4µ¨·8²»Ã-·9Æ"´¡µ:À�± ´¨³
·-�"É�ÄD®eÀL·9± ²»³»´ PfP¬PfPfP¬PfP�PfP¬P r �
�ePFo ��ÁDÇ=Á3´�Ã¬Ä3Æ�³�ÄS´¨´¡Ä3Æ
µ¨È�³�·8°¡·M± Æ�Ä����#·8ÆBºB± °¡ÁDÆ�Ã�·9Æ»´ PfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P r��
�ePÌ� 	ZÉ�Ä3®¯±Ì´¶ÄS´¡± º»· � ·8Ã�ÁD°¡Å�� ��É�Æ"´¡± Ã�·Z´¨°¶ÄD¼b·��zÁ��kµ�ÍFÁ»°�·8ÆBºk½ + P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P rbq
�eP � � ·8Ã�ÁD°¡Å�� ��É�Æ»´¡± Ã�·/´¨°¶ÄD¼�· � Á#�eµ[ÍFÁ»° ! ��·9ÆBº=½"+ PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P �=o
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�eP�� 	ZÉ�Ä3®¯±Ì´¶ÄS´¡± º»· � ·8Ã�ÁD°¡Å�� ��É�Æ"´¡± Ã�·Z´¨°¶ÄD¼b·��zÁ��kµ�ÍFÁ»° ! � ·8ÆBºk½�+ P¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P �=o
�eP�� ��ÁDÇ=Á3´�Ê8ÁSºD·8°¡·9¼fÇ"Å ) + , � � µ¨È�³�·9°¨·¸µ PfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P �B�
�ePÌr ­�Æ�ÁD´¨³�·9°�º"±¯·8À�Á3Í�´¨³�·«°¡ÁDÇ=Á3´ P¬PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P �B�
�eP � ��ÁDÇ=Á3´�ÄD°¨Ã ÍF°¡·8·MÁDÍ�Ê�Á»® ®¯±¿µ¹±¯ÁDÆ P¬PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P ���
�eP � ��ÁDÇ=Á3´�ÄD°¨Ã ±¯Æ
Ê�ÁD®¯®¯±¯µ¨± Á»Æ P�PfP¬PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P ���
�=PFo � ·8Ã�ÁD°¡Å ����É�Æ"´¨±¯Ã-·/´¡°¡Ä»¼b· � Á#�eµ PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P � �
�=PÌ� ��Æ�Æ�·¸Ê�·¸µ¨µ¡Ä3°¡Å¬À�³�± ´¨·�Ê�·9® ®¿µ P�PfP¬PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P � �
�=P � Ä�- 6 ´¨ÁD°¶Ä3²»·ZÁDÍ�°¡·9¼bÉ�Æ�¼�Ä3Æ"´�±¯ÆbÍFÁD°¡Ã¬ÄS´¡± Á»Æ^Ç�- 
 ±¯Æ�·�µ¨·8È�ÄD°¡Ä3´¨ÁD°¶µL°¨·9Ã-ÁSºSÄD® PfP�PfP¬PfPfP¬PfP�PfP¬P � �
K-PFo :�ÁD°¡Ã¬ÄS´�Á3Í�´¨³�·«± Æ�È�Éb´ ��®¯· PfP¬PfPfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P&�B�
K-PÌ� ����·9Æ"ºB±¯°¨Á»Æ�Ã�·8Æ"´�ÍF°¨Á»Ã ��®¯· � +��#� � +���½ ®¯±¯Æ P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P&�ko
K-P � ¾�·¸µ ´¡± Æ�²¬Ä � � °¨Á»Ç�ÁD´�ÍFÁ»°�Ê�Á»® ®¯±¯µ¨±¯ÁDÆ PfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P&�b�
K-P�� ¾�·¸µ ´¡± Æ�²¬Ä !�� °¨Á»Ç�ÁD´�ÍFÁ»°�Ê�Á»® ®¯±¯µ¨±¯ÁDÆ PfPfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P&� �
K-P�� ¾�·¸µ ´¡± Æ�²¬Ä�°¡ÁDÇ=Á3´�Ä3°¡Ã ÍFÁD°ZÊ�ÁD®¯®¯±¯µ¨± Á»Æ PfP¬P�PfP¬PfPfPfP¬P�PfP¬PfPfP¬PfP�PfP¬PfPfP¬PfP�PfP¬P&� �
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K/n�JFJFEFc8EWn�O�GeHSV\H3hmV�EWn�OdEic ; A�n�?bGIJ < H3NF��JWn < H3G EFO ?
O�UIN ; HSAZnb��GIEFc�hSE ��JFEFOeH3c3P[¥�n ; nbV�EFhScM?bOIG K/n�NF��UeV\HSA
D-A8?+���IEihSc«?BA�HfV 1/nYnb�:V��eH^N�?bEFO hSUeA8A�H3O�V4?BA�H3?bcSPZQ'hmn�JFJiEFc�EWn�O GeHSV\H3hmV\nbA¬hmn�OIc\V�EFV�UeV\H3cg? �bH < ; U�EFJFGIEFOI�
; JWnkh �@��nbA ��?BV��
��JF?bOIOIHSA8cSP�©��eHF�.HSA��znbA8N�?bOIhmH�?bO�GpH
��hSEWH3OIh < nb� ��?BV��
��Ji?bOIOeHSA8c�EFcfhmA9EWV�EFhS?bJFJ < GeH
�
��H3O�GeH3O�VMn�OdV��IH�O�U�N ; HSA�?bOIG c@��HSH3G nb��hmn�JFJiEFc�EWn�O V\H3c\V�cS_�V��eHSA�HS�znbA�H�EWV��I?bc ; H3hmn�N�H�?
�zU�OIGI?bN�H3O�V�?bJ
�IA�n ; JWH3N�EFOd¥gn ; nbV�EFhSc��¿o���� P

K/n�JFJFEic�EWn�O6GeHSV\H3hmV�EWn�O¦Eicdhmn�OIhmHSA8OeH3G 14EWV�� V��eH�H
��hSEFH3O�V ?bOIG �z?bc\V c�n�JFUeV�EWn�O nb�
V��eH��zn�JFJWn�1gEFOe�
�IA�n ; JWH3N /��¶��EFabH3O V 1/n�n ; �\H3hmV�cS_���� ?bOIG����M_�GIn�V��eH < EiO�V\HSA��zHSA�H������ �b��� P

K/n�JFJFEic�EWn�O ?3abn�EFG�?bOIhmH�?bJF�bnbA8EWV��IN�c4hS?bO ; H�hSJi?bc�c�E ��H3G�EFO�V\n , E".«hmn�O�V�EFO=Uen�UIc4N�nbV�EWn�O@hmn�JFJFEFc�EFn�OdGeH
�
V\H3hmV�EWn�O ?bOIG , EiE".
c\V�?BV�EFh@hmn�JFJFEic�EWn�O GIHSV\H3hmV�EWn�O �¿oS�!� P ©��IH�hmn�O�V�EFO�UIn�UIc���A�n ; JWH3N EFO�abn�JFabH3c N�nDakEFOe�
n ; �¶H3hmV�c3P/¤enbA-H3?bh8��n�OeH^nb��V��IH�N�nDakEFOe�Yn ; �¶H3hmV�c3_�EWV�cB��n�c8EWV�EWn�Od?bOIG abH3JWn=hSEFV < EFc �kOen 14O ; HS��nbA8H3�I?bOIG
?bOIGpV��eH�hmn�JFJFEFc8EWn�O�GIHSV\H3hmV�EWn�O �IA8n ; JWH3N EFc-V\n ��OIGpEW�ZV��eH < hmn�JiJFEFGeH
?BVf?bO < EFOIc�V�?bO�V¬GIUeA9EFOe��? ��EFabH3O
V�EFN�H
EFO�V\HSA8a"?bJ P^¢¬O V��eH
nbV��eHSAf��?bOIG�_�c\V�?BV�EFh
hmn�JFJFEic�EWn�O GIHSV\H3hmV�EWn�O"�¶�zA�HSHSRSH3c#� V��eH
n ; �\H3hmV�c¬?BVf?3��?BA �
V�EFhSUIJF?BA/V�EFN�H�?bOIG ?bO < hmn�O�V�?bhmV�nbA«n»abHSA8JF?+� ; HSV 1/HSH3O V��eH3N�EFc/GeHSV\H3hmV\H3G$�¿oS�!� PZKMn�O�V�EFO=Uen�UIcMhmn�JFJiEFc�EWn�O
GeHSV\H3hmV�EWn�O hS?bO ; H¬GIEFc�hmA8HSV�EWRSH3G ?BV�?�hmHSA�V�?bEFO V�EFN�H�A�H3c�n�JFUeV�EWn�O ?bOIG V\A�H3?BV\H3G ?bc�?�c\H3T=UeH3OIhmH�nb��c�V�?BV�EFh
hmn�JFJFEFc�EFn�O�GeHSV\H3hmV�EWn�O�cSP )-UIH/V\n�V��eH«hmn�NF��JWHmlkEFV < nb��A�H2�IA�H3c\H3O�V�EFOe�-V��eH«hmn�O ����UIA8?BV�EWn�O
c ��?bhmH , K �¹c ��?bhmH�.
nb�/?dA8n ; nbVS_ ��?BV��
��JF?bO�OIEFOe� UIc\H3cfEiOIc\V\H3?bG�? GIEic�hmA�HSV�EWRSH3GpA�H2��A�H3c\H3O�V�?BV�EWn�O�nb�MEWVSP�QMVfH3?bh9� GIEic�hmA�HSV\H
��n�EiO�VS_�n ; V�?bEFOeH3G ;=< c�?bNF��JiEFOe�f?bOIG�c�H3?BA8h8�IEiOe��V��eH4GIEFc�hmA�HSV�EFRSH3G K �¹c ��?bhmHb_=?fhmn�JiJFEFc�EWn�O�GIHSV\H3hmV�EWn�OYV\H3c�V
EFcMA�H3T=UIEWA�H3G%�¿o���� P

K/n�JFJFEic�EWn�O
GeHSV\H3hmV�EWn�O��.HSA���nbA9N�?bOIhmHgEFc�c\V\A�n�Oe��J < GeH2�.H3OIGIH3O�V�n�O�V��eH�A�H2��A�H3c\H3O�V�?BV�EWn�OYV���?BVZEFc�U�c\H3G
V\n�N�nkGeH3JkV��eH�H3O�a=EFA�n�OIN�H3O�VSP �6�eH3OYhmn�NF��JWHml��bHSn�N�HSV\A8Eih�N�nkGeH3JFc:�znbA�n ; c\V�?bhSJFH3c�?BA�HgU�c\H3G�_�hmn�JFJiEFc�EWn�O
GeHSV\H3hmV�EWn�O ; H3hmn�N�H3c¬? ; nbV\V�JWH3OIH3h ��EiO�c�EiNF��JWH ��?BV�� ��JF?bOIOIEFOI��?+����JFEFhS?BV�EFn�OIc4c8EFOIhmH�V��IH < hS?bOpEFO�abH3c\V
�en�UeA8cMV\A < EFOe�
V\n c\n�JWabHf?F�IA8n ; JWH3N GIUeH¬V\nYV��eH��\N�EFJiJFEWn�OIc#��nb��hmn�JFJFEFc�EFn�O�V\H3c�V�c , ?bcgGIH3N�n�OIc\V\A8?BV\H3G�EFO
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V��eH �k?bOIGIA�n�c¬c < c\V\H3N � �I_�� ��� _LV��eH�1ZnbA �pnb� Af?Da�A8?��kE�HSV�?bJ P � �����Z?bOIG�G�UIOe�$� � �!�9.9P ©��IHSA�HS��nbA8H�V��eH
c\H3?BA8h8���znbA/N�nbA8HgH
��hSEWH3O�VM?+���IA�n�?bh9�eH3c��znbAMhmn�JFJFEFc�EFn�O�GeHSV\H3hmV�EWn�O EFc�hmA9UIhSEF?bJ�EiO�nbA8GeHSAZV\n ��A�n=G�UIhmH�� ?bc\V
N�nbV�EWn�O ��JF?bOIOIEFOI��?+����JFEFhS?BV�EFn�OIc«�znbAgV��eH �¶A�H3?bJ 1ZnbA8JiG �kP«> n�c\V-nb��V��eH 1ZnbA �dn�O@hmn�JFJFEic�EWn�O GeHSV\H3hmV�EFn�O
�I?bc¬UIc\H3GpV 1Zn ; A�n�?bG�V < �.H3c¬nb�/A�H2�IA�H3c\H3O�V�?BV�EWn�O , E9.gN�nbA�H%�\? ; c\V\A8?bhmV#� �bHSn�N�HSV\A8EFhYN�n=GIH3JFcF, N�n�c\V�J <
��n�J < �eH3GIA8?bJ�EFO � � ) ?bO�G � � )�_ ; UeV ?bJFc\n EFOIhSJiUIGIEFOe��hSUIA�abH3G c�UeA�� ?bhmH3c .�� � � � _4?bOIG , EFE9. �¶A8? 1�� ,znbA
�IA8EFN�EFV�EWabH�.Zc ��?BV�EF?bJ�nkhShSUE��?bO�h < NY?+��cS_�1g��EFh8� ?BA8H�GIEFc�hmA8HSV�EWRSH3G ; EFO�?BA <�; EWV�N�?+��c ,zn ; c�V�?bhSJWH��»��A8HSH�.«nb�
V��eH 1ZnbA �kc ��?bhmH*, hSJWn�c\HSA�V\n01g��?BV�N�n�c\V�hmn�N�N�n�O�A8?bOe�bH�c\H3OIc�nbA8cS_�c�UIh9��?bc�c\V\HSA�HSn�� akEFc�EFn�O�_�JF?bc\HSA�A9?bOe�bH
��OIGeHSA8c3_w?bOIG�c\n�OI?BA9cS_[HSV�hBP GIEWA�H3hmV�J < �IA�n»a=EiGeH�.9P ¢�UeAfN�nbV�EWa"?BV�EFn�O��znbAfV��IEFc01/nbA �phmn�N�H3c �IA8EFN�?BA9EFJ <
��A�n�N,c�H3OIc\nbA � ; ?bc�H3G�N�nbV�EWn�OF��Ji?bOIOIEFOe�-EFO�A�n ; nbV�EFhScS_ 14�eHSA�H«EWV�EFc�OI?BV�UeA9?bJ _bH3?bc < ?bOIG�c\V\A8?bEF����V\�znbA@1M?BA8G
V\n�A�H2�IA�H3c�H3O�V«V��eH 1ZnbA �kc ��?bhmH^?bc�?�c ��?BV�Ei?bJ�n=hShSU���?bOIh < N�?+� � �Io � P

 ¨V�EFc ; H3hS?bUIc�H�c �.HSH3G EiO hmn�JFJFEic�EWn�O�GeHSV\H3hmV�EFn�O�Eic�? �bH < EFc�c�UeH�EFO�H
��hSEFH3O�V ��?BV�� ��JF?bOIOIEFOI�dV��I?BV
1ZH �I?3abH GeHSabH3JWn(�.H3G�n�UeA���lkV\H3OIGeH3G ¢�hmV\A�HSH )-Eic\V�?bOIhmH�>@?+� , �M¢-)�>�.9P:�/¢0)-> Eic�? OInDabH3J/hmn�JFJFE �
c�EWn�O�GeHSV\H3hmV�EFn�O N�nkGIUIJFH��znbA^c�V�?BV�EFh�H3O�a=EFA�n�OIN�H3O�V�c¬V��I?BV�hS?+�IV�UeA�H3c�V��eH�GIEic\V�?bOIhmH�V\n�V��eH�n ; c\V�?bhSJFH3c
�IEWHSA8?BA8h9�IEFhS?bJFJ < P�`-c�EFOI��?bOpnkhmV\A�HSH�?bc¬? ; ?bc\H
A�H2�IA�H3c�H3O�V�?BV�EWn�Ow_�V��eH�GIEFc\V�?bOIhmH
EFc�c\V\nbA�H3G�?BA8n�UIOIG�V��eH
; n�U�OIGI?BA8EWH3c/nb��H3?bh8� 1g�IEWV\H¬OenkGeHfEFO V��IH¬V\A�HSHbP

©��eH��zn�JFJWn�1gEFOe� c\H3hmV�EFn�O 1gEFJiJLA8HSa=EWH21 ��abHYN�nkGeH3JFc¬�znbA�n ; �¶H3hmVfA8H2�IA�H3c\H3O�V�?BV�EWn�O�V���?BV^�I?DabH ; HSH3O
UIc\H3G �znbA¬hmn�JFJFEFc8EWn�O GeHSV\H3hmV�EWn�OwP-Q,N�nbA8H�GeHSV�?bEiJWH3G�GIH3c�hmA8E �IV�EFn�Odnb��V��eH3c\H
?+���IA8n�?bh8�eH3c�hS?bO ; H��zn�UIOIG
EFO �¿o3�k_/o �=_��b��� P�©��eH3EWA�?bGIa"?bO�V�?B�bH3c�?bOIG GIA8?=1 ; ?bh �kc��znbA�hmn�JiJFEFc�EWn�O�GIHSV\H3hmV�EWn�O �IA�n ; JWH3NYcf?BA�H�?bJic\n
�IA�H3c\H3O�V\H3G�P� ¶Odc\H3hmV�EWn�O�oBPÌ��1/H�GIEic�hSUIc�c/V��eH¬A�H3c�H3?BA8h8��1/nbA � V��I?BVg�I?bc«EiO � UeH3OIhmH3G V��eHfGIHSabH3JWn(��N�H3O�V
nb�«n�UeA��M¢-)�> P�¤enbA
A�H3hmH3O�V�c�UIA�abH < c^n�O V��eH�c\V�?BV\H nb�«V��eH ?BA�V�nb� �+) hmn�JFJFEic�EWn�O�GeHSV\H3hmV�EFn�O���JWH3?bc\H
c\HSH � � �I_ �b��� P
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©��eH�N�?bEFO ?+���IA�n�?bh9�eH3cMV\n�A�H2�IA�H3c�H3O�V/n ; �\H3hmV�c�hmn�OIc�EFGIHSA�H3G�?BA8H(/�XZn�U�OIGI?BA < ¥gH2�IA�H3c\H3O�V�?BV�EWn�OIc3_�K/n�O �
c\V\A8UIhmV�EWabH �=n�JiEFG?D-HSn�N�HSV\A < _^��1/HSH2�¦¥gH2�IA�H3c\H3O�V�?BV�EWn�OIcS_�K/H3JiJ )-H3hmn�NF�.n�c�EFV�EWn�O�_�?bOIG >4EFHSA8?BA8h8��EFhS?bJ
¥�H2�IA�H3c�H3O�V�?BV�EWn�O�c ,9��?BA�V�EFhSU�JF?BA8J < ¢�hmV\A�HSH3c .9P�©g�eH3EWA�h8��?BA8?bhmV\HSA8EFc\V�EihScg?BA�H�GIH3c�hmA8E ; H3G OeHmlkVSP
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Q4O�n ; �\H3hmVMEic�A�H2��A�H3c\H3O�V\H3G ?bc«?�c\HSVMnb� ; n�UIOIG�EFOe�¬� ?bhmH3cS_Ihmn�NF�.n�c\H3G ;�< H3Ge�bH3c 1g�IEFh9��?BA�H¬GeH3JiEFN�EWV\H3G
;�< abHSA�V�EFhmH3cSP�©g�eHSA�HS�znbA�Hb_�V��IEic�N�HSV��enkGen�JWnb� < EFc�U�c\HS�zU�J 1g�eH3O�H3EWV��IHSA�n ; �\H3hmV�cZ?BA�HB��n�J < �eH3GIA8?-nbA�V��eH <
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hS?bO ; HM?+���IA�nDlkEiN�?BV\H3G ;�< ?-�bA�n�U���nb���.n�J < �IH3GeA8?kP�K/n�JiJFEFc�EWn�O�GeHSV\H3hmV�EWn�O�c�h9�eH3N�H3c:V\H3c\V�HSabHSA < ��H3?BV�UIA�H
,z�z?bhmH3cS_�H3Ge�bH3cS_�abHSA�V�EihmH3c .[��nbA�EFO�V\HSA8c\H3hmV�EFn�O�?bO�G 14EWV��^c�n�N�H«?bc�c�UINF��V�EWn�OIcLV��eHMV\H3c\V�hS?bO ; H �.HSA��znbA8N�H3G
EFO�hmn�O�c\V�?bO�VgV�EFN�H¬?bc«EFO V��eH-1ZH3JiJ �kOen�1gO  \K�¢ � �w  )��"���k_ �B�!� _I¥gQ-j�  ) � �ko �w?bOIG §4K�¢ � �w  )-� � �B�!�
hmn�JFJFEFc�EFn�O���?bh �B?B�bH3cSP

,.-/,.-�� � 134 @ B 9 2�� BED�� <�� 1
	 D/6�� < 1

 < B�9�;���� � ���

K���D�hmn�OIc\V\A8U�hmV�c^n ; �¶H3hmV�c
�zA�n�N c\n�N�H �IA8EiN�EWV�EWabH3c^JFE��bH ; JWnkh �kcS_ � < A8?bN�EiGIcS_�h < JiEFOIGeHSA8c3_:hmn�OIH3c�?bOIG
c ���eHSA�H3c3P�Q-O n ; �\H3hmV�EFcdhmn�O�c\V\A8UIhmV\H3G U�c�EFOe��c\HSVdn(�.HSA8?BV\nbA8c�c�UIh9� ?bc UIOIEFn�O�_4EFO�V\HSA8c\H3hmV�EFn�O�_¬?bOIG
GIE��.HSA�H3OIhmHbP:©��eH�n ; �\H3hmVMEFc�A�H2�IA8H3c\H3O�V\H3G�?bcZ?�V\A�HSHB14�eHSA�H�V��eHgn(��HSA9?BV\nbA8cZ?BA8Hgc\V\nbA�H3G ?BV�V��eH-EFO�V\HSA8OI?bJ
Oen=GIH3c�?bOIG V��IH �IA8EiN�EWV�EWabH3c«?BV4V��eH^JWH3?DabH3c �¿o ��� PM ¡O�hmn�O�V\A8?bc�V�1gEFV��dV��eH^X/n�UIO�GI?BA < ¥�H2�IA8H3c\H3O�V�?BV�EFn�O
��?BA8?bGIEW��N _LK���D Gen=H3cfOenbV¬A�H3T=UIEWA8H
?bO�Hml���JiEFhSEWV¬GeH ��OIEFV�EWn�O nb�/V��eH��zH3?BV�UeA�H3cfnb�ZV��eH�n ; �¶H3hmV�cSP�©��eH
�IA�n(�.HSA�V�EWH3c[nb�IV��eH/n ; �¶H3hmV:?BA�HMGeHSA8EWabH3G ; nbV\V\n�N��¹UE�
c\V�?BA�V�EFOI� ��A9c\V 1gEFV��fV��eH �IA�n(�.HSA�V�EWH3c[nb�IV��eHMJWH3?3abH3c3P
©��eH�NY?bEFO ?bGIa"?bO�V�?B�bH nb�-K���D�EFc�EWV�c�c�EFNF��JiEFhSEWV < V\npA�H2�IA�H3c�H3O�V�hSUeA�abH3G ?bOIG�N�nbA�H c\n(���IEFc�V�EFhS?BV\H3G
n ; �¶H3hmV�c-14EWV��@��H21/HSA0��?BA8?bN�HSV\HSA9cSP >4n 1/HSabHSA3_[H3?bh9��V�EFN�H
? ; ?bc�Eih�n(�.HSA8?BV�EWn�OpEFc-A�H3T=UIEWA8H3G�_.V��eH
V\A�HSH
N^UIc�V ; H HSa"?bJiUI?BV\H3G U�c�EFOe��? GeH2�IV�� � ��A9c\V�V\H3h8��OIEFT=UeHbP ¤enbA V��IEFc�A�H3?bc�n�O�_�EFO�V\HSA���HSA8H3OIhmH�GeHSV\H3hmV�EFn�O
N�EW����V�JWH3?bGdV\n�Hml �.H3OIc�EWabH¬?bOIGA�»nbA-hmn�NF��JWHmld?bJW�bnbA8EFV��IN�cSP

,.-/,.-�� ����<?<?> �=<?> 9 < @ < 4 B�7CB�D/134 @
©��eH¬A�H3c�U�JWV«nb�LV���EFc�?+���IA8n�?bh8� Eic�?�abn�JFUIN�Hf�bH3OeHSA8?BV\H3G�?B��V\HSA�N�nDakEFOe�
, c@1ZHSH2��EiOe��.M?bO n ; �¶H3hmVg?bJFn�Oe�
? V\A8? �¶H3hmV\nbA < EFO c ��?bhmHbP ©g�eHSA�H�?BA�H�V 1Zn �kEFOIG�c nb��c 1/HSH2��cS_�V\A8?bO�c�JF?BV�EWn�OI?bJ ,z�zn�JFJWn�1gEFOe��?#JiEFOeH3?BA
V\A8? �¶H3hmV\nbA < 14�IEFh8�pEFc¬?bJic\n��.HSA@�.H3OIGIEFhSUIJi?BAgV\ndV��eHY�+)�n ; �\H3hmV .�?bOIGpA8nbV�?BV�EWn�OI?bJB,91g�IHSA�H�V��eH
n ; �\H3hmV
EFc�A�nbV�?BV\H3Gp?BA�n�U�OIG ?bO@?BA ; EWV\A9?BA < ?"lkEFc .9PgQ'�bH3OeHSA8?bJ:c 1/HSH2�@Eic�V��eH�A�H3c�UIJFV�EFOe��abn�JFUIN�Hb_ ,91g��EFh8��N�? <
h8�I?bOe�bH�EFOdc�EWRSHb_�nbA8EWH3O�V�?BV�EWn�O nbA-c��I?+�.H�.9_�1g�IH3Od?bO ?BA ; EFV\A8?BA < hSUeA�abH3G V\A9? �¶H3hmV\nbA < Eic�UIc\H3GdV\n c 1/HSH2�
V��eHMn ; �¶H3hmVSP�©g�eH«?bGea"?bO�V�?B�bHgnb��V��IEFc�N�HSV��In=G�EFc:V���?BV�?�A�H2�IA�H3c\H3O�V�?BV�EWn�O�hS?bO ; HM�bH3OeHSA8?BV\H3GY��nbA�N�nbA�H
H3JF? ; nbA8?BV\Hgn ; �\H3hmV�cS_eGeH3c ��EWV\HgV��eH�hmn�NF��JFHmlkEWV < nb�wV��eH3EWA/UIOIGeHSA9J < EiOe�f?bOI?bJ < V�EFhS?bJI�bHSn�N�HSV\A < PMKM�IH3h �kEFOe�
��nbA�EFO�V\HSA��zHSA�H3OIhmH ; HSV 1/HSH3O ?��.n�EFO�VMA�n ; nbV«?bOIG ?bO n ; �\H3hmV�V\A8?bOIc8JF?BV\H3c«V\nYh9�eH3h �kEFOe��V��eHfEiOIhSJFUIc�EFn�OYnb�
V��eH0�.n�EFO�V�EiO V��eHfc 1/H2�IV�abn�JFUIN�HbP

,.-/,.-�� � < 	�	�� < � 1
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K/H3JFJ )-H3hmn�NF�.n�c�EWV�EWn�O ?+���IA�n�?bh9�eH3c�A8H2�IA�H3c\H3O�V�?bO�n ; �\H3hmV^?bc^? hmn�OIOeH3hmV\H3G�OeHSVfnb�«hmH3JFJicSP K/H3JFJic¬hS?bO
; HpEFGeH3O�V�EFhS?bJF, hmn�N�N�n�O�J < c�T=UI?BA�H3G6nbAdV\A8Ei?bOe��JWH3G�.�nbAdV��eH < hS?bO ��?3abH�GIE��.HSA�H3O�Vdc�EWRSH3cSP  ¶O�� � )�_
V\HSV\A8?b�eH3GeA8?^?BA�HgH3N ��JWn < H3GY��nbA/V��eH-GeH3hmn�NF�.n�c�EWV�EWn�OYEFO�c�UIh9�Y? 1/? < V��I?BVZ?bJiJenb��V��eH3N ?BA�H4hmn�OIOIH3hmV\H3G
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;�< ?¬� ?bhmHb_�H3GI�bHgnbAZ?�abHSA�V\Hml.P��6�eH3O�?¬�bA8EFG�nb�.hSU ; H3c , ?bJFc\n �kOen�1gOY?bc�abn3lkH3JFc�nbAZabn�JFUIN�HgH3JWH3N�H3O�V�c .
EFc4U�c\H3G�_.V��eH�?+���IA�n�?bh9��EFc�hS?bJFJWH3G�����?BV�Ei?bJ:¢�hShSU���?bOIh < �ZO�U�N�HSA8?BV�EWn�O�_ 1g��EFh8�@hS?bO ; H^A�H2��A�H3c\H3O�V\H3G
c\H3T�UIH3O�V�EF?bJiJ < nbA��IEFHSA8?BA8h8��EFhS?bJFJ < , GeH3c�hmA9E ; H3G�EFO V��eH OIHml=V�hS?BV\HS�bnbA < .9P KMH3JFJFc�?BA8H UIc�HS�zUIJ 1g�eH3O V��eH
OI?BV�UeA�H�nb��V��eHZ?+����JFEFhS?BV�EWn�O¬V�?��bH3c�?bGIa"?bO�V�?B�bHMnb�eV��eH�V\n(�.n�JWnb��EFhS?bJ��IA�n(�.HSA�V�EFH3cwnb�eV��eHZn ; �¶H3hmV�c3P�� ��?BV�EF?bJ
¢�hShSUE��?bOIh < ��O=UIN�HSA8?BV�EWn�O�EFc�A�H3JF?BV�EFabH3J < c�EFN ��JWH�V\n�?+����J <�; H3hS?bUIc\H H3?bh8�#hmH3JFJZV��I?BV�EFc�V\nbV�?bJFJ < nbA
��?BA�V�EF?bJFJ < nkhShSUE��EWH3G ;�< ?bO n ; �\H3hmVM�I?bc�aB?bJFUeH4nb��oB_knbV��eHSA@1gEFc�HgV��eH < �I?DabH¬?faB?bJFUeHgnb�[RSHSA�n � �b�!� PZK/H3JFJ
)4H3hmn�N ��n�c8EWV�EWn�O ��?bc �IA�n»abH3O V\n ; HY?bGeaB?bO�V�?B�bHSn�UIc
�znbA^hmn�JiJFEFc�EWn�O�GIHSV\H3hmV�EWn�O V\n=ne_:��nbA�Hmle?bNF��JWHb_:EFO
V��eH 1/nbA � nb�ZX/?BA8A8?bT�U�?bOIG@HSVSP�?bJ � ��� _�EW��?��.n�EFO�V4A�n ; nbV4�z?bJFJic4EFO@? hmH3JFJ�V��I?BV-��?bc-?3�.n�c�EWV�EFabH�aB?bJFUeHb_
?bO�n ; c\V�?bhSJFH4�I?bc ; HSH3O���n�U�OIGY?bOIG�?�c�EiNF��JWH«hmn�NF��?BA9EFc\n�O ; HSV 1ZH3O�V��eHgA9?bGIEFUIc:nb��V��eH4A�n ; nbV�?bOIGYV��eH
hmH3JFJka"?bJiUeH«GeHSV\HSA8N�EFOIH3c:V��eHghmn�JFJFEic�EWn�OA�»�zA�HSHMc\V�?BV�UIc�nb��V��eH�A�n ; nbVSP:��abH3OYV��en�Ue���YK/H3JFJE)-H3hmn�NF�.n�c�EFV�EWn�O
�IA�nDakEFGeH3c«?
� ?bc\V �.HSA��znbA8N�?bOIhmH¬GIUIA8EFOe�
hmn�JFJFEFc8EWn�O GeHSV\H3hmV�EWn�O�_IEWV�NY? < A�H3T�U�EWA�H¬?
abHSA < ��OeH�A�H3c\n�JiUeV�EWn�O
V\n�A�H2�IA�H3c�H3O�V�?bOdn ; �¶H3hmVS_�?bOIG �eH3OIhmHf��EW���dN�H3N�nbA < A�H3T=UIEWA8H3N�H3O�V�c3P
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©��eHgN�?bEiO��bn�?bJ�nb�w�IEWHSA8?BA9h8�IEFhS?bJ�A�H2�IA�H3c�H3O�V�?BV�EWn�O�cZEFc�V\n^A8H3GIUIhmH�V��eH�?bN�n�UIO�V�nb�Lc\V\nbA8?B�bH�?bOIGYA8H3GIUIO �
GI?bOIh < nb�wV��eH�K/H3JiJ�)-H3hmn�NF�.n�c�EWV�EWn�O ?+���IA8n�?bh8�eH3cSPZ©��eHSA�H-?BA�H¬c\HSabHSA8?bJ.�IEWHSA8?BA9h8�IEFhS?bJ�GI?BV�?
c\V\A8UIhmV�UIA�H3c
c�UIh8� ?bc � �¹G V\A�HSH3cS_�c@���eHSA�H-V\A�HSH3cS_E� < A9?bN�EFGIcS_ ; EFO�V\A�HSH3cS_ec\V\A9E �IV\A�HSH3cS_=HSV�hBPM�kn�N�H�nb�[V��eH¬N�n�c\V ��A8?bhmV�E �
hS?bJ�EFOdhmn�JFJFEFc8EWn�O�GIHSV\H3hmV�EWn�O ?BA�HfT=UI?bGeV\A�HSH3c3_en=hmV\A�HSH3c � ���k_ �bq�� _I?bOIGdc@���eHSA�H�V\A�HSH3c � �e_ �br�� P ��UI?bGIV\A�HSH3c
?BA�H ?@c �.H3hSEF?bJ/hS?bc\H nb��V��eH ����?BV�EF?bJM¢�hShSUE��?bO�h < A�H2�IA�H3c�H3O�V�?BV�EWn�OwP� ¶O �bH3OIHSA8?bJ _�H3?bh8��OIn=GeH EFO V��eH
�IEWHSA8?BA8h9� < Eic�JF? ; H3JWH3G�?bhShmnbA9GIEFOe��V\n^V��IHB�.nbA�V�EWn�OYnb�wV��eHgn ; �¶H3hmV/V��I?BVMEWV�A�H2��A�H3c\H3O�V�c2/�?^OenkGeH-EFc����
	��
�

������� EW�:EWVghmnDabHSA9c4?F�.nbA�V�EFn�OdV��I?BVgEFc�n�UeV�c�EFGeH¬nb�:V��eH�n ; �¶H3hmV �]c ; n�UIOIGI?BA < _k?YOen=GIH�EFc ��� 	�� ������� EW��EFV�EFc
hmn�NF��JWHSV\H3J < H3OIhSJWn�c�H3G ;�< V��eH�n ; �¶H3hmVSP� ¡��V��IH�c\V�?BV�UIc�nb�.V��eH�OIn=GeH�hS?bO�OenbV ; H�GeH3hSEFGeH3Gw_�,zHbP �eP�?fOenkGeH
nDabHSA8JF?+����EFOe��V��eH ; n�UIOIG�?BA < nb��V��eH�n ; �¶H3hmV .9_wEFV4EFc4A�H3hSUeA8c8EWabH3J < GeH3hmn�NF�.n�c\H3G@UIO�V�EFJwH3?bh9�pn�OeH^nb�ZEWV�c
h8�IEFJiGeA�H3O ��?bc-? JF? ; H3JL?bc�c�EW��OeH3G@nbA¬? hmHSA�V�?bEFOpGeH3hmn�NF�.n�c�EFV�EWn�O A8H3c\n�JFUeV�EWn�O@JWHSabH3J:EFc4A�H3?bh8�IH3G�P�Q-Oe�bH3J
GeH3Jej�n ; EFJkHSV�?bJ P � ���IH3N ��JWn < V 1/n^Ji? < HSA8c�nb��c ���eHSA�H3c:V\nf�bH3OeHSA9?BV\Hg?bO�EFO�V\HSA8OI?bJe?bOIGY?bO�Hml=V\HSA9OI?bJIhmnDabHSA
nb�LV��eH�n ; �¶H3hmVgV\n ; H¬A�H2�IA�H3c\H3O�V\H3G�P
>4EFHSA8?BA8h8��EFhS?bJZ¥gH2�IA�H3c\H3O�V�?BV�EWn�OIc�?BA8H A8H3c\n�JFUeV�EWn�O�hmn�NF��JFHSV\Hb_�V���U�cS_�? ; JWH V\npA�H2�IA�H3c\H3O�V�hmn�NF��JWHml

n ; �¶H3hmV�c 1gEWV�� ?bhShSUeA8?bh < ?bhShmnbA8G�EFOe� V\n�V��eH�c�V\nbA8?B�bH�V���?BV^EFc^?3aB?bEFJF? ; JWHbPd©��IH < ?bJic\n � ?bhSEFJFEWV�?BV\H�hmn�J �
JFEFc�EWn�O@GeHSV\H3hmV�EWn�O ; H3hS?bU�c\H
V��eH��IEWHSA8?BA9h8� < �IA�H3c�HSA�abH3c¬V��eH�hmH3JFJFc¬EiO�nbA9GeHSAfEFOpV\HSA8N�c�nb�/V��eH3EWA¬c ��?BV�EF?bJ
n=hShSUE��?bOIh < , h8��?BA8?bhmV\HSA8EWRSH3G ;=< V��eH ; A8?bO�h8�eH3c/EFO�V��eH4V\A8HSH�.�?bO�G�V��IH3EWA/c8EWRSH�, h9�I?BA8?bhmV\HSA8EFRSH3G ;�< V��IH3EWA
GeH2�IV�� EiO#V��eH�V\A�HSH�.9P¦>�nbA�HSnDabHSA3_-V��eH < �I?DabH ; H3hmn�N�HpEFNF�.nbA�V�?bO�VY?bOIG UIc\HS� UIJ«V\n=n�JFc ; H3hS?bU�c\H nb�
V��eH3EWA�H
� hSEWH3OIh < nb�«A�H2�IA8H3c\H3O�V�?BV�EFn�O ?bOIG V��eH3EWA�EFNF�IA8nDabH3G�HmlkH3hSUeV�EWn�O V�EFN�H3c ,zHbP �eP
14�eH3O ?@c\H3?BA8h9�
nb�:?�c ��?BV�EF?bJ �.n�EFO�V�Eic �.HSA��znbA8N�H3G�.9P��k?bN�HSV4H3NF���I?bc�EFRSH3c�V��I?BV4V��eH�c�?Da=EFOI��c4GIUIA8EFOe�
HmlkH3hSUeV�EWn�O�V�EFN�H
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?BA�Hd?�GIEWA�H3hmV�A�H3c�UIJFV^nb�-V��eHdGI?BV�?�?B�b�bA�HS��?BV�EWn�OwP;>4H ?bJFc\n�? �YA9N�c�V��I?BV��IEWHSA8?BA9h8�IEFhS?bJMGI?BV�?pc\V\A9UIh �
V�UeA�H3c*�IA�n»a=EFGIH�?pN�? �\nbA
?bGIa"?bO�V�?B�bH ; H3hS?bUIc\H V��eH < ?BA�H ; nbV���_�H3?bc < V\n�UIOIGeHSA8c�V�?bOIG ?bOIG�H3?bc < V\n
EFNF��JWH3N�H3O�V � ����� P

 ¡Odc�H3OIc\nbA � ; ?bc�H3G���JF?bOIO�EFOe��V��eH¬A�n ; nbV��I?bcgOIn���� ��������� �kOen�1gJWH3Ge�bH¬nb�:V��eH¬H3O�a=EFA�n�OIN�H3O�VSP�`-c\H
�
�zUIJ���JF?bO�OeHSA8c N^UIc�V�A�H3J < n�O c\H3OIc\nbA9c�V���?BV hS?+��V�UeA�H�1gEWV��6?bhShSUeA8?bh < V��eH�EFOe�znbA8N�?BV�EWn�O �zA�n�N V��eH
c�UeA�A�n�U�OIGIEFOe�¬H3O�akEWA�n�OIN�H3O�V«?bcMV��eH�A�n ; nbV«N�nDabH3cSP/© 1/n
GIH3hS?bGeH3c«?B�bn >4?bO�c«> nbA8?DabH3h�?bOIG Q-J ; HSA�V\n
��JW�zH3c�� � �e_.obo �<�IA8n(��n�c�H3GYV��eH¬hmA�H3?BV�EFn�O nb�[N�?+��c/V\n�?bc�c�EFc�V/N�n ; EFJWHgA8n ; nbV�c/V\n�OI?Da=EW��?BV\HfEiO�UIO �=Oen�1gO
H3O�akEWA�n�OIN�H3O�V�c 1g��EFJWHZ?Dabn�EFGIEFOI�¬n ; c\V�?bhSJWH3cSP�©��IHMN�HSV��en=GIn�JWnb� < 1M?bc�hS?bJFJFH3GY¢�hShSUE��?bOIh < D-A8EFGw_�?¬N�? �
V\A8E¿l�V��I?BV/A�H2�IA�H3c�H3O�V�c �+)�c ��?bhmHb_eEFO�1g�IEFh9��H3?bh8� H3JFH3N�H3O�V«�I?bc/?�a"?bJiUeHbP�Q �.n�c�EWV�EWabH4a"?bJFUIH4EFOIG�EFhS?BV\H3c
V��eHB�IA8H3c\H3OIhmHgnb�L?bOYn ; �\H3hmVS_e�^EiOIGIEFhS?BV\H3c�V��I?BVZV��IH4c ��?bhmH�EFc���A�HSHbPZ¢�V��eHSAZHmlkV\H3OIc�EFn�OIcZU�c\HgV��eH4a"?bJiUeH3c
EFOdV��eH
N�?BV\A8E¿ldV\n A�H2�IA�H3c�H3O�V4V��eH^JWHSabH3JLnb��hmn�O ��GIH3OIhmHb_8,9�IA8n ; ? ; EFJFEFV < _�hmHSA�V�?bEiO�V < .gV��I?BV�?bO n ; �\H3hmV�EFc
n=hShSUE� < EFOe�
V��I?BV �.nbA�V�EWn�O nb��c ��?bhmHbP

¤enbA�? A8n ; nbV EiN�N�HSA8c\H3G EiO ?�h8�I?bOe��EiOe�#H3O�a=EWA8n�OIN�H3O�V V��IHSA�H ?BA�H�N�H3N�nbA < _fhmn�NF��UeV�?BV�EFn�OI?bJ
hS?+��?bhSEWV < ?bOIG6V�EFN�H@A�H3c\V\A9EFhmV�EWn�OIc���nbA���JF?bOIOIEFOI� � �bq�� _-V��eHSA�HS�znbA�Hb_4EWV EFc hmA8UIhSEi?bJ4V\n�N�EiOIEFN�EWRSH V��eH
?bN�n�UIO�VYnb�¬GI?BV�? V��I?BV�EFcYc\H3OIc\H3G ?bOIG �IA8n=hmH3c�c�H3G 1g�IEiJWHdV��eH A8n ; nbV�EFcYEFO N�nbV�EWn�O�_«c\V\nbA8EiOe��n�OIJ <
�\c�?bJFEWH3O�V#�g�zH3?BV�UeA�H3c�nb��V��eHZH3O�akEWA�n�OIN�H3O�VSP� ¨V:EFc�GIUeH�V\n�V��eHMN�H3N�nbA < JFEFN�EFV�?BV�EWn�OIcwV���?BV�?bO�nkhShSUE��?bOIh <
�bA8EFG@EFc-Hml��.H3OIc�EFabH^V\n hmn�NF��UeV\HbP >-EWHSA8?BA8h9�IEFhS?bJ�A�H2�IA8H3c\H3O�V�?BV�EFn�OIc�nb��V��eH
H3O�a=EFA�n�OIN�H3O�V4A8H3T�UIEFA�H�JFH3c�c
N�H3N�nbA < ?bO�G�N�? < HSabH3O ; HdN�nbA8H H
� hSEWH3O�V�J < n ; V�?bEFOeH3G � �Io � P�X/H3hS?bUIc\Hdnb�gV��IH3c\H A�H3T�U�EWA�H3N�H3O�V�cS_
1ZH ; H3JFEWHSabH�V��I?BV«V��eH¬GI?BV�?�c�V\A8UIhmV�UeA�H�V��I?BV ; H3c\V«N�nkGeH3JFc/V��eH�H3O�a=EFA�n�OIN�H3O�VM��nbA«n�UeA ��UeA@�.n�c\H3c/EFcM?bO
n=hmV\A�HSHbPZQ ; A8EFHS�wGeH3c�hmA8E ��V�EWn�OYnb�Ln=hmV\A8HSH3c�?bOIG V��eH3EWAMH3OIhmnkGIEFOe��EFc �IA�n»a=EFGIH3G EiOYV��eH¬OeHmlkV«c�U ; c�H3hmV�EWn�O�P

Q4c 1/H�c8?bEFG ; HS�znbA�Hb_ ; H3hS?bU�c\H�hmn�JiJFEFc�EWn�O�GeHSV\H3hmV�EWn�OpEFc-? �bH < hmn�NF�.n�OeH3O�V4�znbA-��?BV���?bO�G@N�nbV�EWn�O
��JF?bOIOIEiOe�e_�UIOIGIHSAZUIOIhmHSA8V�?bEFOYH3O�akEWA�n�OIN�H3O�V�c/JFE��bH�EFO�� ���=_ �Io � _eEWVMEFc/hmA8UIhSEF?bJ�V\n�EiOIhmA�H3?bc\H-V��eH�c �.HSH3GYnb�
hmn�JFJFEFc�EFn�O
V\H3c\V�cSP�� EWV���V��eH3c�H4EFGeH3?bcZEFO�N�EiOIG�_�A�H3G�UIhSEFOe�fc\V\nbA9?B�bH-?bOIG�EFOIhmA�H3?bc8EFOe�fc �.HSH3G�_�1ZH��IA�n(�.n�c\H
n�UeA��/¢0)-> ?bc�?�OenDabH3J�?+���IA�n�?bh9���znbA�H
��hSEWH3O�V�hmn�JFJiEFc�EWn�O
GeHSV\H3hmV�EWn�OwP� ¡O
V��eHg�zUeV�UIA�Hb_ 1/H ��JF?bO
V\n�UIc\H
�/¢-)�> ?bcL��?BA�V�nb�w? �IA8?bhmV�EFhS?bJ���A9?bN�H21ZnbA ��V��I?BV/EiOIhmnbA@�.nbA8?BV\H3c�c�H3OIc�EFOe����nbAZ�bHSn�N�HSV\A8EFhS?bJ�A�H3?bc\n�O�EFOe�
1gEWV�� n�O JFEiOeH-��JF?bOIOeHSA9cZH
� hSEWH3O�V�J < P

,.-/,.-�� � 287.6	B�9 < < @ 7.456 � � B�9 < < @
��UI?bGeV\A�HSH3c�?bOIG ¢�hmV\A8HSH3c�?BA�H@�IEWHSA8?BA9h8�IEFhS?bJgGI?BV�? c\V\A9UIhmV�UeA�H3cYV��I?BV��I?DabH ; HSH3O 14EFGeH3J < H3NF��JWn < H3G
EFO�GIEWabHSA9c\H ��H3JFGIc�c�UIh8� ?bc^EiN�?B�bH��IA8n=hmH3c�c8EFOe�e_w�bHSnb�bA8?+���IEFhYEiOe��nbA9N�?BV�EWn�O�c < c\V\H3N�c3, D- ���.9_ ��?BV\V\HSA9O
A�H3hmnb��OIEWV�EWn�Ow_Ic\n�JFEFG N�nkGeH3JFEFOI�e_khmn�N ��UeV\HSA�akEFc�EWn�Od?bO�GdA�n ; nbV�EFhSc � ����� P

©��eHph8�I?BA9?bhmV\HSA8EFc\V�EFh���A�n(�.HSA�V�EWH3c nb�^T=UI?bGeV\A�HSH3cd?bO�G n=hmV\A�HSH3c GeH2�.H3OIG6n�O V��eA�HSHp�z?bhmV\nbA9c2/ V��eH
�=EFO�G#nb��GI?BV�?�V��I?BV V��eH < A�H2�IA�H3c\H3O�VS_gV��IH@hmA8EFV\HSA8EF? ;�< 14�IEFh8� V��eHpGeH3hmn�NF�.n�c�EWV�EFn�O EFc��.HSA��znbA8N�H3G



���������	��

��� ������
���������������� r

?bOIG�V��eH GeH3hmn�NF�.n�c�EWV�EFn�O A8H3c\n�JFUeV�EWn�O , O=UIN ; HSA
nb�4V�EFN�H3c
V��I?BV�V��eH GIH3hmn�NF�.n�c�EWV�EWn�O EFc*�.HSA��znbA8N�H3G
A�H3hSUeA8c�EFabH3J < . � ���!� P�©��eH�GeH3hmn�NF�.n�c�EFV�EWn�O�N�? <�; HgA�HS��UIJF?BA-, GIEWakEFGIEFOe��EFO�V\nfH3T=UI?bJ���?BA8V�c�n�O�H3?bh9� JWHSabH3J
?bOIG*�IA�nkGIUIhSEFOe�4A�HS��UIJF?BA �.n�J < �bn�OIc .9_BnbA�EFOE��UeVLGeH2�.H3OIGIH3O�VSP:©��eHMGeH3hmn�NF�.n�c�EWV�EFn�O^A8H3c\n�JFUeV�EWn�O�N�? <^; H
�Il=H3G ; HS��nbA�H3��?bOIGdnbA4GIHSV\HSA8N�EFOeH3G ;�< V��eH �IA�n(�.HSA�V�EWH3c�nb��V��eH^EFO���UeV«GI?BV�?kPgX/A8? ; H3hf?bOIGp�k?bN�HSV � ���
�IA�nDakEFGeH@?bO EFO�V\HSA�H3c\V�EFOe��c\HSV nb�*G�?3aB?�?+����JFEFhS?BV�EWn�O�cYnb�^V��eH@G�E���HSA8H3O�V T�U�?bGeV\A�HSH�GI?BV�? c\V\A8UIhmV�UIA�H3c
GeH3c�hmA8E ; H3G EFO%� ����� P

©��eH�N�n�c�Vwhmn�N�N�n�O�T=UI?bGeV\A8HSH�A�H2�IA�H3c\H3O�V�?BV�EWn�OfEic�V��eH � ��� ��������� ����	 � ���m_"V\A�H3?BV\H3G��eHSA�H�?bcwT=UI?bGeV\A8HSHbP
¢-A8EW��EFO�?bJFJ < _kV��eH < 1/HSA�H�H3NF��JWn < H3G�V\n�A8H2�IA�H3c\H3O�VgV 1Zn GIEFN�H3O�c�EWn�OI?bJ ; EiOI?BA < EFN�?B�bH3cSP�Q'T=UI?bGeV\A�HSH�EFc
A�H2�IA�H3c\H3O�V\H3G ?bc�? V\A8HSH�EFO 1g�IEFh9��H3?bh8� EFO�V\HSA8N�H3GIEi?BV\HYOenkGeHY�I?bc���n�UeA�h8�IEiJFGeA�H3O , ?�V\A�HSHYnb��GIHS�bA�HSH
��.9Pp©g�eH�A8n�nbV
OenkGeH�hmnbA�A8H3c �.n�OIGIc^V\n@V��IH�H3O�V�EWA�H ; EFOI?BA < ?BA8A8? < P� ¡�«V��eHdEFN�?B�bH Gen=H3c^OenbV�hmn�OIc8EFc\V
H3O�V�EWA8H3J < nb��o �]c�,znbA�� �]c .9_.EWV4Eicgc�U ; GIEFa=EFGIH3G EiO�V\n���n�UeA-T�U�?bGeA8?bO�V�cgnb��H3T=UI?bJ[c8EWRSHbPg��?bh9�pT�UI?bGIA8?bO�V4EFc
A�H3hSUeA8c�EFabH3J < V\H3c\V\H3G31gEWV���V��IHB�IA�HSakEWn�UIcZhmA8EWV\HSA8Ei?kP:�Z?bh8� OenkGeH4EiO�V��eH4V\A�HSH4A8H2�IA�H3c\H3O�V�cZ?�T=UI?bGeA8?bO�V�nb�
V��eHgEFN�?B�bH4V��I?BVZ��?bc ; HSH3O ��?BA8V�EWV�EWn�OeH3G�P:©��eH�JFH3?B�wOen=GIH3c�A�H2�IA�H3c�H3O�VZV��eH �.nbA�V�EWn�O�nb��V��IHgEFN�?B�bH4V��I?BV
Gen�H3c-OenbV4A�H3T�U�EWA�Hf� UeA�V��eHSA-c�U ; GIEWakEFc�EFn�O�,zHbP �dc�U ; T=UI?bGeA9?bO�V�c«V���?BV-hmn�O�V�?bEFO@n�OIJ < H3EWV��eHSA
o �]c-nbA-� �]c .9P
Q4JFJIV��eH-OIn=GeH3cZEFOY?�T=UI?bGeV\A�HSH-?BA�H-Ji? ; H3JFH3GF1gEWV���?��\hmn�JWnbA �kP�©��eHgJFH3?B�wOen=GIH3c�V��I?BV/A�H2�IA8H3c\H3O�V ; JWnkh �kc
hmn�NF�IA8EFc�H3GfV\nbV�?bJFJ < EFOIc�EFGIH�?gA8HS��EWn�O
EFO�V��IH/EFNY?B�bH-,zHbP �eP�hmn�NF�.n�c\H3G^HmlehSJFUIc�EWabH3J <¬;�< o �]c .[?BA8H � ; Ji?bh � �kP
©��en�c\H JWH3?3abH3c
V��I?BV�A�H2�IA8H3c\H3O�V ; JWnkh �kc�JWn=hS?BV\H3G hmn�NF��JWHSV\H3J < n�UeV�c�EiGeHYV��eH A�HS��EWn�O , hmn�NF�.n�c\H3G�n�OIJ <
;�< � �]c .g?BA�H
JF? ; H3JWH3G ?bc � 1g��EWV\H �kPgQ-JFJ[V��IH^EFO�V\HSA8N�H3GIEi?BV\H^OenkGeH3c�, ; JWnkh �kc4hmn�O�V�?bEFOIEFOI��? N�E¿lkV�UeA�Hfnb�
� �]c4?bOIG o �]c .g?BA�H��¶�bA8? < �kP-¤enbA¬?��	��
 �	� EFNY?B�bHb_�V��eH^A�n�nbV�OenkGeH�EFc4JWnkhS?BV\H3G�?BV�JWHSabH3J
��_�1g�IEFJFH¬V��eH
JWH3?3abH3c�?BA�H JWnkhS?BV\H3G ?BV�JWHSabH3J/RSHSA�nePpQ-O Hmle?bNF��JWH nb�g? ; EFOI?BA < EiN�?B�bH ?BA8A8? < nb�-����
���� ?bOIG�EWV�c
T�UI?bGIV\A�HSH�A�H2�IA�H3c\H3O�V�?BV�EWn�O Eic«c��en 14O EiOd¤�EF��UeA�H�oBPFoBP�©��eH�o �]c�hmnbA8A�H3c �.n�OIG V\n�H3JWH3N�H3O�V�c�EFO�hSJFUIGeH3G EFO
V��eH
A�HS��EWn�O�_.nbV��eHSA@14EFc\H
V��eH < Ji? < n�UIV�c�EFGeHbPf£4nbV\H�V��eH�?bGeaB?bO�V�?B�bH�nb�ZV��eH
A�HS��EWn�O�T=UI?bGeV\A�HSH�c\V\nbA9?B�bH
a�P]cSP�? ; EFOI?BA < ?BA�A8? < P

 0    0    1    1    0    0    0    0

 0    0    1    1    0    0    0    0

 0    0    1    1    0    0    0    0

 1    1    1    1    1    1    0    0

 1    1    1    1    1    1    1    0

 1    1    1    1    0    0    1    1

 1    1    1    1    0    0    1    1

 0    0    0    0    0    0    0    0

a) b) c) d)

¤:EW��UIA�H�oBPFo+/ � ±¯Æ�Ä3°¡Å�Ä3°¡°¶ÄmÅ-±¯Ã¬Ä3²»·MÄDÆ�¼^±Ì´¶µ��"É�ÄD¼B´¡°¨·9·���Ä�- °¨·9²D±¯ÁDÆ^Ç�- Ç�±¯Æ�ÄD°¨Å�ÄD°¨°¶ÄmÅfÊ�- �"É�ÄD¼B´¡°¨·9·«¼�- ´¡°¨·9·

©��eH¬V��eA8HSH�GIEFN�H3O�c�EWn�OI?bJ�abHSA8c�EFn�Odnb��?�T�U�?bGeV\A�HSHfEFc�hS?bJiJWH3G ?bO nkhmV\A�HSHbP D�EWabH3O ?�� � 
 � � 
 � �
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n ; �¶H3hmVS_«EWVF14EFJFJ ; HdA�H3hSUeA8c8EWabH3J < c8U ; GIEWakEFGeH3G�EFO�V\n�nkhmV�?bO�V�cSP ©��eH JWn�1ZH3c\V�A�H3c\n�JFUIV�EWn�O H3JWH3N�H3O�V�c�nb�
V��eH ��?BA8V�EWV�EWn�O ?BA8H�hSU ; H3c4hS?bJFJWH3G��������	� ��_<1g�IEFh9� hmn�OIc�Eic\VgH3O�V�EWA�H3J < nb��� �]cF, EFO�c�EFGeHfnb��V��IH^n ; �\H3hmV .�nbA
H3O�V�EWA8H3J < nb�:o �]cB,zn�UeV�c�EiGeH«nb��V��IH«n ; �¶H3hmV .9P�©g�eH«n=hmV\A8HSHgEFc:A�H2�IA8H3c\H3O�V\H3G ;�< ?�V\A�HSHgEFO*1g��EFh8�
H3?bh9�YOenkGeH
�I?bc �¬h9�IEFJFGIA�H3O , GeHS�bA�HSH � .9P�Q4cZEFO�?fT=UI?bGeV\A8HSHb_�V��eHgA�n�nbVZnb�.V��eHgOenkGeH�nb�.V��eH4n=hmV\A�HSH4A�H2�IA�H3c�H3O�V�c�V��eH
H3O�V�EWA8HZV��eA8HSHMG�EFN�H3OIc�EFn�OI?bJ�n ; �\H3hmVSP �wH3?B��OenkGeH3c�A�H2�IA�H3c\H3O�V�hSU ; H3c�V��I?BV�Gen¬OenbV:A�H3T�U�EWA�H�V\n ; H/�zUIA�V��eHSA
c�U ; GIEWakEFGeH3G�P�©��eHYOenkGeH3c^?BA�H ?bJic\n�hmn�JWnbA
JF? ; H3JWH3G
14EWV���V��eH c�?bN�H hmA8EWV\HSA8EF? ?bc�� 1g��EWV\H � �znbA^V��In�c\H
hSU ; H3cfn�UeV�c�EiGeHYV��eH n ; �\H3hmVS_ � ; JF?bh � ���znbA�V��In�c\H�n�OIH3c�EiOIc�EFGeH�V��IH�n ; �\H3hmVS_�?bOIG �¶�bA8? < �pnbV��eHSA@14EFc\HbP
¤�EF��UeA�H�oBPÌ�

b)

c)

a)

¤:EW��UIA�H�oBPÌ��/ ¾:³�°¡·8·«¼b±¯Ã�·8Æ�µ¨±¯ÁDÆ�ÄD®eÁDÇ�	 ·¸Ê\´�Ä3Æ�¼^´¡³�·«ÁbÊ\´¨°¡·8·M°¡·8È�°¡·9µ¨·8Æ"´¶ÄS´¨±¯ÁDÆ ��Ä -*! � � ÁDÇ
	 ·9Ê\´�Ê - �/Ê\´¡°¨·9·«¼�- ´¡°¨·9·

¤eA�n�N V��IEFcB�.n�EFO�V4?bOIG n�O�1M?BA8GIc�1ZH�UIc\H�V��IH^V\HSA8N�nkhmV\A�HSH^V\n A�HS�zHSA4V\n T=UI?bGeV\A�HSH3c�?bOIG n=hmV\A�HSH3c3P
¢�hmV\A�HSH3c«c�?DabH�c�V\nbA8?B�bHfc ��?bhmH ;=< GeH3hmn�NF�.n�c�EFOI�^?bO EFN�?B�bH��»n ; �\H3hmV�EFO�V\n��In�N�nb�bH3OeHSn�UIc«?bOIG GIEic �¶n�EiO�V
G �¹hSU ; H3cS_*,914�eHSA�H�G EFc V��eH�G�EFN�H3OIc�EFn�O�.9_4hmH3O�V\HSA�H3G¦?BV���A�H3GeHSV\HSA8N�EiOeH3G ��n�c8EWV�EWn�OIcSP ¢�hmV\A�HSH3c�?BA�H
H3NF��JWn < H3G��IA8EFNY?BA8EFJ <�; H3hS?bUIc\H¬V��IH�GeH3hmn�NF�.n�c�EWV�EFn�Od�I?bc«V��eHf�zn�JFJWn�1gEFOe���IA8n(��HSA8V�EWH3c2/


 V��eH0��?BA8V�EWV�EWn�O���?BV\V\HSA9O EFcMA�H2�.HSV�EWV�EWabHb_eV��=UIc«HmlkV\H3OIc�E ; JWH¬V\n�n ; �\H3hmV�c�nb��HSabHSA < c�EFRSH

 V��eH¬A�H3c�n�JFUeV�EWn�O nb�:V��eH ��?BA�V�EWV�EWn�OdhS?bO ; H¬A�H ��OeH3GdEFO nbA8GeHSAgV\n�n ; V�?bEFO ��OeHSA ��?BV\V\HSA8OIc


 V��eH4A�H3c�UIJWV�EiOe�fG �¹hSU ; H3c �.n�c�c�H3c�c�V��eH-c�?bN�H4nbA8EWH3O�V�?BV�EWn�O�?bO�GYhS?bO ; H4N�?+���.H3G�EFO�V\n�H3?bh9��nbV��IHSA
UIc�EiOe�
V\A8?bOIc�JF?BV�EFn�OIc

��UI?bGeV\A8HSH3c¬?bOIGpn=hmV\A8HSH3cfhS?bO ; H
A�H2�IA�H3c\H3O�V\H3G�?bcf? V\A�HSH�nbAf?bc�?dhmn=GeH�JiEFc\VSP�Q$V\A�HSH�A�H2�IA8H3c\H3O �
V�?BV�EWn�O �bH3OIHSA8?BV\H3c�nDabHSA8�eH3?bG ; H3hS?bUIc�HYV��eH��bA8? < OIn=GeH3c^?bOIG�? �.n�EFO�V\HSA�V\n@H3?bh8��nb�«V��eH3EWA
h8�IEiJFGeA�H3O
N^UIc�V ; H�c\V\nbA�H3G�PZ©[A�HSH�A�H2��A�H3c\H3O�V�?BV�EWn�OIc«?BV\V\H3NF�IVgV\n ; ?bJF?bOIhmH�V��eH¬hmn�NF��UIV�?BV�EWn�OI?bJ�hmn�c\V«nb��c\H3T�UIH3O �
V�EF?bJw?bOIGdA9?bOIGen�N�?bhShmH3c�c�1g�eH3O ?Yc\H3?BA8h9� EFc ��HSA8��nbA8N�H3G�P/�k?bN�HSV � ���!�LGeH3N�n�OIc\V\A8?BV\H3cgV��I?BVgV��eH�V\A�HSH
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A�H2�IA�H3c\H3O�V�?BV�EWn�Opnb�/?bOpn=hmV\A�HSHF14EWV���� ; JF?bh ��?bOIG�� 1g�IEWV\H ; JWnkh �kc�A�H3T=UIEWA�H3c ��,������ .	��� OenkGeH3c
?BV�N�n�c\VSP ©��eH ; n�U�OIG A�H2�IA�H3c�H3O�V�c�?�hmn�OIc�EFGIHSA8? ; JWH ?bGeaB?bO�V�?B�bH@hmn�NF��?BA�H3G#V\n V��eH ; EFO�?BA < ?BA8A8? <
A�H2�IA�H3c\H3O�V�?BV�EWn�O V��I?BV 14EFJFJ�EFOIhmA8H3?bc\HYV��eH c\V\nbA8?B�bH A�H3T=UIEWA�H3N�H3O�V�cfHml �.n�OeH3O�V�EF?bJFJ < ?bc�V��IH�GIEFN�H3OIc�EWn�O
nb�/V��IH�H3O�akEWA�n�O�N�H3O�V^EFOIhmA�H3?bc\H3c3P3>4n 1/HSabHSA3_�V��eH�1ZnbA8c�V�hS?bc\HY�znbA^?bO n=hmV\A8HSH�nkhShSUeA8c 1g�eH3O�V��eH�?B���
�bA�HS��?BV�EWn�O nb�gV��IH c@��?bhmHdV\n ; H A�H2�IA8H3c\H3O�V\H3G�Eic�NYEFOIEFN�?bJ _ ,zHbP �eP ?ph8�eH3c�c ; n�?BA9G���?BV\V\HSA8O�.9P ©g�eHSA�H
?BA�H�nbV��IHSA�GI?BV�?�c�V\A8UIhmV�UeA�H3c�V��I?BV
A�H3G�UIhmH�V��IH�n»abHSA8�eH3?bG�EFOI�IHSA�H3O�V^V\npn=hmV\A�HSH3c3_ZJFE��bH ; EFO�V\A�HSH3cS_�� �¹G
V\A�HSH3cS_[HSV�hBP�¤InbA^N�nbA�H�EiOe��nbA9N�?BV�EWn�Opn�O�V��eH3c�H�N�HSV��enkGen�JWnb��EWH3c¬A8HS��HSA¬V\n � ���k_ ����� P�©��eH�?bN�n�U�O�V¬nb�
?bO nkhmV\A�HSH^c\V\nbA9?B�bH^c ��?bhmH�GeH2�.H3OIGIcMn�O V��eHfA�H3c\n�JiUeV�EWn�O�_ ,zA�H � H3hmV\H3G�EFO V��IH^O=UIN ; HSA«nb��JWHSabH3JFcgnb�:V��eH
V\A�HSH�A�H2�IA�H3c�H3O�V�?BV�EWn�O<.9_L?bOIGpV��eHF�.HSA8EiN�HSV\HSA¬EFO��+)�nbA�c�UeA�� ?bhmH�EFO �+) nb�ZV��IH�n ; �¶H3hmV�V��I?BVfEFc ; H3EFOe�
A�H2�IA�H3c\H3O�V\H3G � �kob_k�b�e_ � �k_ ����� P�©��IHgHml ��HSA9EFN�H3O�V�?bJIA�H3c�U�JWV�c�nb��n�UIA/A8H3c\H3?BA8h8� EFO KM�I?+�IV\HSA �
�en�JFG�V���EFc
h8�I?BA8?bhmV\HSA9EFc\V�EFhBP

¢�OpV��eH�nbV��IHSA^�I?bOIGw_�n=hmV\A�HSH JFEFc\V�A�H2��A�H3c\H3O�V�?BV�EWn�OIcf?BA�H�OenbV�c\nd�bn=n=G 1g�eH3OpA8?bO�Gen�N ?bhShmH3c�c^EFc
OeH3hmH3c�c�?BA < EFO@nbA8GeHSA�V\n��.HSA��znbA8N ? c�H3?BA8h8��P*>gn�1ZHSabHSAD_[V��eH < ?BA�H�UIc\HS� UIJ ; H3hS?bU�c\H
V��eH < A�H3G�UIhmH
V��eH
nDabHSA8�eH3?bG nb�/c�V\nbA8EFOe� �.n�EFO�V\HSA8c ; HSV 1/HSH3O ��?BA�H3O�VfOenkGeH3c¬?bOIG�V��IH3EWAfh8�IEiJFGeA�H3O�P �6EFV��IEFOpV��IEFc��bA8n�UE�w_
c\n�N�H�?+���IA�n�?bh8�IH3c^hmn�OIc8EFGeHSAfV��eH�n=hmV\A8HSH�?bc�? JFEFc�V¬nb��JWH3?B�«Oen=GIH3c�,zHbP �eP�
 �
� ��	 ����� ����� � � ������
����=.9_
?bOIG nbV��eHSA8c4GeH3c�hmA8E ; H¬EWV�?bc�? �IA�HSnbA8GeHSA«V\A9?3abHSA8c�?bJLnb��V��eHfV\A�HSH�,zHbP �eP���� � � � � � ����� ����� � . � ���=_ �bq�� P

©��eH �[n=hS?BV�EFn�OI?bJ-K/nkGeH�, �:K .
EFc�c\H3T=UeH3OIhmH nb�¬GIEF��EWV�cS_ 1g�en�c\H�a"?bJFUIH3c�A�H2�IA�H3c�H3O�V ? ��?BV�� V��I?BV
?bJFJWn 14cgJWnkhS?BV�EFOe� ?�JWH3?B��OIn=GeH�c\V�?BA�V�EFOI�Y�zA�n�N V��IH^nkhmV\A�HSH �]c-A�n=nbVSP4��?bh9�pOen=GIH^EFc-JF? ; H3JWH3G ;=< ? ; ?bc\H
��O=UIN ; HSA-EFO V��eH�hS?bc\H�nb��T�UI?bGIV\A�HSH3cSP-K/nbA8A�H3c �.n�OIGIEFOI��J < _ ; ?bc\H ��EFc4UIc\H3G �znbA-n=hmV\A�HSH3c3P4��?bh9�pGIEW��EWV
nb�LV��eHfJiEFc\V«EFOIGIEihS?BV\H3cMV��eH ; A8?bOIh9�dnb��V��eH¬V\A�HSHfV\n�V\A9?3abHSA8c\HbP/¤:EW��UeA�H�oBP ��c8�en 1gcMV��IH�T�U�?bGeV\A�HSH ; JWnkh �
A�H2�IA�H3c\H3O�V�?BV�EWn�O�?bOIG�V��IH���?BV�� EFO�V��eH�V\A�HSHb_ , c��en�1gO EiO ; n�JFG�.9_[V���?BV�EFc^OeH3hmH3c�c�?BA < V\n V\A8?DabHSA8c\HdEFO
nbA8GeHSA/V\n ��O�G�OenkGeH�� 1gEFV�� �:K /=� �B�eo! �P�¤:EWA8c�VS_ ; A9?bOIh8� ��?BVMJWHSabH3J�n�OeH4Eic��zn�JFJWn�1ZH3G c\V�?BA�V�EFOI�^?BV/V��eH
A�n�nbV�nb��V��IH«V\A�HSH*, JWHSabH3J�RSHSA�n�.9P�©��eH3OYc�UIhShmH3c�c�EFabH3J <^; A8?bOIh8� �¬?BV�JWHSabH3J�V 1/ne_ ; A9?bOIh8����?BVZJWHSabH3JeV��IA�HSHb_
?bOIG ; A8?bO�h8�#o�?BV�JWHSabH3J��zn�UeA�?BA�H h8�en�c�H3O�P�Q�c�EFNYEFJF?BA-�IA�nkhmH3GIUeA�H�Eic0�.HSA���nbA9N�H3Gp��nbA^n=hmV�?bJZh8�I?bEiOIcSP
©[n��bHSH2� hmn�NF��?BV�E ; EFJFEFV < 1gEFV���V��IH 1/nbA � nb�8G�UIOe� � �br���n�UeA�EFNF��JWH3N�H3O�V�?BV�EWn�O c\V\nbA�H3c«V��eH �[n=hS?BV�EFn�OI?bJ
K/n=GIH�nb�M? Oen=GIHY?bJWn�Oe� 14EWV���EWV�c�JFHSabH3J�EFO�V��eHYV\A�HSHbP3>4n 1/HSabHSA3_�V��eH�JWHSabH3J�nb�«? OenkGeH�hS?bO ?bJFc\n ; H
GeHSA8EWabH3G �zA�n�N V��eH^O�UIN ; HSA«nb��G�EW��EWV�cMV��I?BVghmn�N ��n�c�H�EWV�c �:K-P
�wnkhS?BV�EWn�OI?bJkK/n=GIH3c[?bJFc\ngH3OIhmn=GIH�V��eH«KM?BA�V\H3c�EF?bO^hmn�nbA9GIEFOI?BV\H3c[nb�eH3?bh8��Oen=GIH�EFOf?bO^n=hmV\A8HSH�� �brk_��bq�� P

¤enbAgHmle?bNF��JWHb_�EFO ��K /�� �B�eo  nb��Oen=GIH"� _IV��IH�GIEW��EWV�c«EiOdV��eH�h9�I?bEFO�1gEiJFJ ; H¬Hmle?bN�EFOIH3Gd��A8n�N�JWHS�zV�V\n
A8EW����V�?bc4c��In 1gO�EFO ¤:EW��UeA�H�oBP��eP��Z?bh8�@GIEW��EWV�Eic«V\A8?bOIc\�znbA8N�H3G V\n�EWV�c ; EFOI?BA < H3T=UIEWaB?bJWH3O�VS_��IA�nkGIUIhSEFOe�
?�c�U ; h8�I?bEiO�P�©��eHfhmn�OIhS?BV\H3OI?BV�EFn�O nb�:c�U ; h8��?bEFOIc/nbA8EW��EFO�?BV\H3c«V��eHf�zn�JFJWn�1gEFOe��c\H3T=UeH3OIhmH(/

�eoS��#^�eobo$#f�b�b��#f�b�eo$#
 ¡O�nbA8GeHSA�V\n�n ; V�?bEFO V��eH�R
�¹hmn=nbA8GIEFOI?BV\H�nb��OenkGeH%� _�V��eH ��A8c\VfGIEF��EWV¬nb�«H3?bh8� ; EFOI?BA < c�U ; h9�I?bEFO
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¤:EW��UIA�H�oBP ��/ 
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EFc�h8�en�c\H3O�?bO�GpV��eH�OeH21,c�U ; h8�I?bEiO����
EFc-��nbA9N�H3G�1gEWV��@? a"?bJiUeH^nb�/�b�b�b�kP�����EFc-V��eH3OpV\A8?bO�c\��nbA9N�H3G
V\n�EWV�c�GIH3hSEFN�?bJwH3T=UIEWaB?bJWH3O�V«A�H3c�UIJFV�EFOe��EFO �b�b�b��#�� �	��
�_IV���U�cS_�V��eH�RSV���hmn=nbA8GIEFO�?BV\Hfnb� � EFc«RSHSA�ne_ , ?
T�UI?bGIV\A�HSH�.9P-©g�eH�c8U ; h8�I?bEFO ��nbA�V��eH < �¹hmn=nbA8GIEiOI?BV\Hb_���
�EFc4n ; V�?bEFOIH3G�EFO�? c�EFN�EFJi?BA��z?bc8�IEWn�O�_�oboS�b��#��
o3����
BP
Q-OIG ��OI?bJiJ < _�V��eH
l �¹hmn�nbA8G�EFOI?BV\H
��A8n�N c�U ; h8��?bEFO������ �eoS�eo$#�� ����
BP�©��IH
hmn�N ��JWHSV\H�c\HSV¬nb�
hmn�nbA8G�EFOI?BV\H3c , ; l�_ ;=< _ ; R�.4GeH ��OIH
?�� � � ��� ����� 	��znbA¬H3?bh8� Oen=GIH�EFOp?bOpnkhmV\A�HSHb_ 14�IEFh8�phmnbA�A8H3c �.n�OIGIc
V\n�V��eH�JWHS�zV�N�n�c\V�?bOIG ; nbV\V\n�N�N�n�c�V4abHSA�V\Hml.P�©��eH ; ?bc\H �.n�EFO�Vgnb� � EFc�,��=_�o3�=_�� .9P- ¶O nbA8GeHSA-V\n �bHSV
V��eH��:K nb�[?
Oen=GIH4c\V�?BA�V�EiOe�^�zA�n�N�EWV�cMhmn=nbA8GIEFOI?BV\H3c/V��eH�c�?bN�H-�IA8n=hmH3c�c/EFc �.HSA��znbA8N�H3G ; UeV/EiOYA�HSabHSA9c\H
nbA8GeHSA3P�£4nbV�EFhmH�?bJFc�nYEFOd¤:EW��UeA�H�oBP���V��I?BV�V��eHfc ��?bhmH�hmn�OIc�EFGIHSA�H3G EFc«Oen�O OeHS��?BV�EWabHbP
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 ÁbÊ8ÄS´¡± Á»Æ%�LÁb¼b·MÍFÁ»°�Ä4Æ�ÁB¼�· �

�wnkhS?BV�EWn�O�K/nkGeH3c�?BA8H¬H3NF��JWn < H3G EFO n�UeA 1/nbA � EFO nbA8GeHSA«V\n , E".ZA�HSV\A8EWHSabH�V��eHfhSJWn�c\H3c\V ; JF?bh � OenkGeH
,znbA/OenkGeH3c/EFO�V��IH-hS?bc\H-V��eH < ?bJiJ��.n�c�c\H3c�cZV��eH�c�?bN�H�GIEFc\V�?bO�hmH�.:V\n�V��eH-hmH3O�V\HSAMnb�wn�UeA/A�n ; nbVZ?B�zV\HSAMV��eH
hmn�JFJFEFc�EFn�O�GeHSV\H3hmV�EFn�OdV\H3c\V , EFE". �IA�H3c�HSA�abH¬V��eH¬?bG���?bhmH3OIh < ; HSV 1ZHSH3O V��eH-1g�IEWV\H¬OenkGeH3cM?bOIGd?�c\V\A8U�hmV�UeA�H
V��I?BV 1gEFJiJ ; HfEFO�V\A�nkGIUIhmH3GdEFO KM��?+�IV\HSA4�
hS?bJFJWH3G �\c\H2��?BA8?BV\nbA8c �kP
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 ¡O nbA8GeHSA V\n�c �.HSH3G �¹UE� hmn�JFJFEFc8EWn�O#GeHSV\H3hmV�EWn�O c�n�N�HpA�H3c\H3?BA8h9�eHSA8cd�I?DabHpU�c\H3G GIEFc�hmA�HSV�EFRSH3G GIEic\V�?bOIhmH
N�?+��cF,7)�>�. � �k_�o�� � PfQ )�> EFc-H3c�c\H3O�V�EF?bJFJ < ? c ��?BV�Ei?bJ[nkhShSUE��?bOIh < N�?+�w_��en�1ZHSabHSA3_[H3?bh8�p�zA�HSH�hmH3JFJ _
A8?BV��eHSA�V��I?bO c�V\nbA8EFOe� ; EFOI?BA < n ; c�V�?bhSJWH��»��A8HSH aB?bJFUeH3c3_:c�V\nbA�H3c�V��eH�GIEic\V�?bOIhmH V\n@EWV�c�hSJWn�c\H3c�V^n ; c�V�?bhSJWH
hmH3JFJ P K/H3JFJFc�V��I?BV nDabHSA8Ji?+� 1gEWV��6?bO n ; c\V�?bhSJWH��I?3abHpRSHSA�n�aB?bJFUeH@?bc�c\nkhSEF?BV\H3G 1gEWV�� V��eH3NdP ©g�eH3c\H
GIEFc\V�?bOIhmH3c:?BA�HMH3?bc�EiJ < hmn�NF��UeV\H3G*1gEWV��
? � 1/?DabHS��A�n�O�V#�fV���?BV�Hml���?bO�GIc�n�UeV 1M?BA8GIc:�zA�n�N'V��eHMn ; c\V�?bhSJFH3c �
; n�U�OIGI?BA8EWH3c � �!� P¦¤:EW��UeA�H oBP�� c��en�1gc�V��eH )�> hmnbA�A8H3c �.n�OIGIEFOe�pV\n ?bO H3O�akEWA�n�OIN�H3O�V�?bO�G#V��eH � �
GIEFc\V�?bOIhmH3cg?bc�c\nkhSEF?BV\H3G�1gEWV�� H3?bh9��hmH3JiJ P

b) Distance Map

3        2        1       0       0       1        1      2

3        2        1       0       0       1        2      3

3        2        1       0       0       1        2      3

2        1        1       1       1       0        0      1

0        0        0       0       0       1       1       2

0        0        0       0       1       0        0      1

1        0        0       1       1       0        0      1

1        1        1       0       0       1       1       1

a) Environment

¤:EW��UeA�H�oBP���/ ­�Æ�·8ÆBºB± °¡ÁDÆ�Ã-·9Æ"´:ÄDÆ�¼�±Ì´�� µ�Ä»µ¨µ¨ÁbÊ�±¿ÄS´¨·¸¼ ���Z¼b±¯µ¹´¡ÄDÆ�Ê�·MÃ¬Ä3È

XM?BA�A8?bT=UI?bOIG HSV�?bJ P�� ���wUIc\H3G V��eH )�> V\n�GeHSV\H3hmVghmn�JFJFEic�EWn�OIc 1gEWV�� ?
��EWabH3OdJFEFOIH4c\HS��N�H3O�V , ?
JFEFO �
nb��V��eH ��JF?bO�?BAgA�n ; nbV .Mnb��JFH3Oe�bV�� � ;=< h8�eH3h �=EiOe� EF�LV��eH�hmH3JFJ[hmnbA8A�H3c �.n�OIGIEFOI��V\n�?bO�H3OIGE�.n�EFO�V«nb��V��eH
JFEFOeH«c\HS��N�H3O�V��I?bcZ?fGIEFc�V�?bOIhmH«a"?bJiUeH�
 �¡P: ¨�.EWV�Gen=H3cS_�V��IH3O�V��eHSA�HgEic�Oenfhmn�JFJFEic�EWn�O��bnbV��eHSA 1gEFc\H«V��eH4JFEFOeH
c\HS��N�H3O�V/EFcZA�H3hSUeA9c�EWabH3J < c�U ; GIEFa=EFGIH3G�EFO�V\n^V 1/n��I?bJWabH3c/nb�wJWH3Oe�bV�� � �B�=_k?bO�GYV��eH �IA�nkhmH3c�c/EFcZA�H2�.H3?BV\H3G�P
D-A�HSH3OIc@��?bO�HSV�?bJ P �¿o�� �MUIc\H3G�?�c ���eHSA9EFhS?bJ:A�H2�IA�H3c�H3O�V�?BV�EWn�O V\n�hmn»abHSA^V��IHYA�n ; nbV�?bc 1ZH3JFJZ?bc�Q^P

GeH3J.jLn ; EFJ � ���[?bOIG ��UIEFOIJi?bO � �br�� _E14�eHSA�H-H3?bh8� c ���eHSA�H¬EFc/V\H3c\V\H3Gd�znbA�hmn�JFJFEFc8EWn�O�EiO�?�c < c\V\H3N�?BV�Eih-1/? < P
KM�eH3h �kEFOe��?pc ���IHSA�H ��nbA�hmn�JFJiEFc�EWn�O�EFc
?�hmn�OIc\V�?bO�V�V�EFN�H n(�.HSA8?BV�EWn�Ow_�?�c�EFNF��JWH�hmn�NF��?BA8EFc\n�O nb�4V��eH
A8?bGIEFUIc�nb�.V��eH�c ���eHSA�H 1gEWV��
V��IHgGIEFc\V�?bO�hmH«a"?bJFUIH�c\V\nbA�H3G�EFO
V��IHghmH3JFJeEFOF14�IEFh8�
V��IH�c ���eHSA�H�hmH3O�V\HSAZJiEWH3cSP
¤�EF��UeA�H oBPÌr c8�en 1gc^?��+) )�> nb��?bO�H3O�akEWA�n�OIN�H3O�VfEFO
14�IEFh8� ? GIEF?bN�n�O�G �¹c��I?+�.H3G�_L, >@?bOI�I?BV\V�?bO<.9_
A�n ; nbV�JFEWH3cSP/©��eHfhmH3JFJFcg�I?3abH ; HSH3O ��JFJWH3G 14EWV��d? 1M?3abHS�zA�n�O�V4Hml ��?bOIc�EFn�O V��I?BV4?bJFc�nYUIc\H3c4>�?bOI��?BV\V�?bO
GIEFc\V�?bOIhmHbP
Q-c�c�UIN�H
V��eH�A9?bGIEFUIc-nb�/n�UeA¬A�n ; nbVfEFc�nb� � UIOIEWV�cS_ 1g��EFh8��EFc��bA8H3?BV\HSA�V��I?bOpV��eH�aB?bJFUeH
nb�
V��eHfhmH3JFJwEFO 14�IEFh8� V��IH�hmH3O�V\HSA4nb�:V��eH¬A�n ; nbV«�z?bJiJFcS_kV��eHSA�HS�znbA�HfV��eH�A�n ; nbV�EFc«EFO hmn�JFJiEFc�EWn�O�P
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3        2        1       0       0       1       1       2

3        2        1       0       0       1       2       3

3        2        1       0       0       1       2       3

2        1        1       1       1       0       0       1

1        1        1       0       0       1       1       1

0        0        0       0       0       1       1       2

1        0        0       1      1        0       0       1

0        0        0       0       1       0       0       1

¤:EW��UeA�H�oBPÌr�/ �LÁD®¯® ±¿µ¨± Á»Æ�¼b·8´¨·¸Ê\´¨±¯ÁDÆ^ÍFÁD°�Ä � � ��¼�±¯µ¹´¡ÄDÆ�Ê�·MÃ¬Ä3È

)�>�cS_��en 1/HSabHSA3_��I?DabH�?dc�EW��O�E ��hS?bO�VfGIEFc�?bGeaB?bO�V�?B�bHbP�©��eH�N�H3N�nbA < A�H3T�U�EWA�H3N�H3O�V�cf?BA�H ��, ��� .9_
1g�eHSA�H�G�Eic�V��eH�GIEFN�H3OIc�EWn�O�nb�.V��eH 1/nbA �kc ��?bhmHg?bOIG � EFc:V��eHgO=UIN ; HSA�nb��hmH3JiJFc�?bJWn�Oe��n�OeHgGIEFN�H3OIc�EWn�O�P
 ¡O �+)�_w�znbA�EFOIc�V�?bOIhmHb_[? 1/nbA �=c@��?bhmH�nb�«�BNd_ 1gEFV��@? oSN�N A�H3c\n�JiUeV�EWn�O 1Zn�U�JFGpA�H3T=UIEWA�H � ��EW��? ;=< V\H3c
nb�LN�H3N�nbA < P �[?BA��bHSA 1/nbA �kc ��?bhmH3c�?bO�GA�»nbA ��OeHSAMA�H3c�n�JFUeV�EWn�O�_�1/n�UIJFG EFOIhmA�H3?bc�H¬V��eH¬N�H3N�nbA < A�H3T�U�EWA�H
�
N�H3O�V�c�c�EW��O�E ��hS?bO�V�J < P ¢�hmV\A�HSH3cS_�?bc�GIEFc�hSUIc8c\H3G ; HS��nbA8Hb_�?BA�H ? ; HSV\V\HSA
?bOIG N�nbA�H�N�H3N�nbA < H
��hSEWH3O�V
c ��?BV�EF?bJ«nkhShSUE��?bO�h < A�H2�IA�H3c\H3O�V�?BV�EWn�O � ����� P ©��eH N�H3N�nbA < A�H3T�U�EWA�H3N�H3O�V�c��znbA�?bO n=hmV\A�HSHp?BA�H �IA�n��
��nbA8V�EWn�OI?bJ/V\n�V��eH �\c�UeA8�z?bhmH ?BA�H3? ��A8?BV��eHSA�V��I?bO V��IH �¶abn�JFUIN�H �k_M�eH3OIhmH EWVF1/n�UIJFG�V�?��bH ��, � # .^V\n
A�H2�IA�H3c\H3O�V«? �+)�H3O�akEWA�n�O�N�H3O�VSP� ¡V�EFcS_I�In 1/HSabHSA3_�? � ; EFO�?BA < ��A�H2��A�H3c\H3O�V�?BV�EWn�O�_IE P HbPW_�?�OIn=GeH¬EFcMH3EFV��eHSA
��A�HSH¬nbAgA�H2�IA�H3c\H3O�V�cg?bO n ; c\V�?bhSJWHb_InbA-N�E¿lkH3GdEW�LOIH3EWV��eHSA3P

¥�H3JF?BV\H3G 1ZnbA � V��I?BV�H3N ��JWn < c«nkhmV\A�HSH3c��znbAghmn�JFJiEFc�EWn�O GeHSV\H3hmV�EWn�O�hS?bO ; H¬��n�U�OIG EFO%�¿ob_wo3r�� _�14�eHSA�H
V��eH4H3O�akEWA�n�OIN�H3O�V«EFc/N�n=GIH3JWH3G ?bc«?bO�nkhmV\A�HSHf?bOIG hmn�JFJiEFc�EWn�OYV\H3c\V�EFOe��hmn�OIc�Eic\V�cMEFO�h9�eH3h �kEFOe��EF�w? �.n�EFO�V
EFc¬hmn�O�V�?bEiOeH3G EFO�c�EFGeH
?bO�n ; c�V�?bhSJWHYOenkGeH�nb�MV��eH�nkhmV\A�HSHbP3>-? < 1M?BA8G �¿o3r��ZnbA8EW��EFOI?bJiJ < A�H2�IA8H3c\H3O�V�cfV��eH
JFEFO �kc�nb�-?�N�?bOIE ��UIJF?BV\nbA
?bc�?�c\HSV�nb�4�eH3NYEFc ���eHSA8H3c^?bOIG�h < JFEFO�GeHSA8cSP�©��IH3O�?bO nkhmV\A�HSH EFc
hmA�H3?BV\H3G
��nbA H3?bh8� JFEiO ��P ©g�eH n ; c�V�?bhSJWH3c nb�fV��eH@H3O�akEWA�n�OIN�H3O�V ?BA�H��bA8n 1gO6H3NF��JFn < EFOe��V��eH@A8?bGIEiE«nb�fH3?bh8�
A�n ; nbVfhmn�NF�.n�OeH3O�VS_:?bOIG�V��=UIcS_��¶A�H3GIUIhSEiOe� � V��eH�A�n ; nbVfV\n�JFEFOeH�c\HS��N�H3O�V�cSP K/n�JFJFEic�EWn�OpGeHSV\H3hmV�EWn�O EFc
? A�H3hSUeA9c�EWabH���A�n=hmH3c8c�V��I?BV*��?BA�V�EFV�EWn�OIcfH3?bh9��JFEFOeH�c�HS��N�H3O�V�EFO�V\n V 1Zn�?bOIG V\H3c\V�c�H3?bh8� c�U ; c\HS��N�H3O�V
��nbA«EFO�V\HSA��zHSA�H3OIhmH01gEWV���V��eHfhmnbA�A8H3c �.n�OIGIEFOe�^n=hmV\A8HSHbP�©��eH-�IA�nkhmH3c�cMEFcMN�H3N�nbA < EFO�V\H3OIc�EWabHbP�©g�eH-NY?bEFO
GIEFc�?bGeaB?bO�V�?B�bH3c�nb��V���EFc�?+����A�n�?bh8� ?BA�H V��I?BV
EWV^EFc�OeH3hmH3c�c8?BA < V\n�c\V\nbA�H ?bOIG �bHSH2� V\A8?bh ��nb�gc\HSabHSA9?bJ
n=hmV\A�HSH3cZ?BV�?¬V�EFN�H�?bOIG�V��I?BV�V��eHgn=hmV\A�HSH3cZN^U�c\V ; HMA�H3hmn�NF��UeV\H3G���nbAZH3?bh8�YOIH21 hmn�O ����UeA9?BV�EWn�O�nb��V��eH
A�n ; nbVSP�Q4GIG�EWV�EWn�OI?bJFJ < _�V��eH¬c\H3?BA8h9�d�znbA�hmn�JFJFEFc�EFn�OIc�EFcM?bOdEFO�V\H3OIc�EFabH ��A�n=hmH3c8cS_ec �.H3hSEF?bJFJ < EW� 1ZH¬hmn�OIc�EiGeHSA
?fGeH3OIc\H�GIn�N�?bEFO ; H3hS?bUIc\H�?BVZH3?bh8� hmn�O ����UeA9?BV�EWn�O�V��eH�?bJW�bnbA9EWV��IN,V\H3c\V�c/?bO�nkhmV\A�HSH4?B��?bEiOIc\V�?bOenbV��IHSA3P

Q4OInbV��eHSALN�HSV��In=Gen�JFnb� < ��A�n(�.n�c\H3G ;=< V��IH�c�?bN�H�A8H3c\H3?BA8h8�IHSA�UeV�EiJFEWRSH3c�?gc8EFOe��JWH:nkhmV\A�HSH/?bO�Gfhmn�O�V\A8n�J
��n�EiO�V�c^GIEFc\V\A8E ; UeV\H3GpnDabHSA
V��eH c�UeA�� ?bhmHYnb�«V��IHYA�n ; nbVSP �Z?bh8� hmn�O�V\A8n�J �.n�EFO�V�EFc�V\H3c\V\H3G ?B��?bEFOIc\V^V��eH
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n=hmV\A�HSH�A8H2�IA�H3c\H3O�V�?BV�EWn�O�P  ¨��?bO < hmn�O�V\A�n�J-�.n�EFO�VdJFEFH3c EiOIc�EFGeH@?bO n ; c\V�?bhSJWH�OIn=GeHb_�?�hmn�JFJFEic�EWn�O6�I?bc
; HSH3O#��n�UIO�G�P )-H3c ��EWV\H V��IH �\c�EFNF��JFEFhSEWV < �@nb��V��IEFc�?+����A�n�?bh8��_«EWV�Eic�EFNF�.nbA�V�?bO�V�V\n hmn�OIc�EiGeHSA ; nbV��
V��eH JFn=hS?BV�EWn�O ?bOIG�V��eHdO=UIN ; HSA�nb�4hmn�O�V\A�n�J �.n�EFO�V�c�V���?BV
��?3abHdV\n ; H���Ji?bhmH3G�EiO nbA8GIHSA�V\npH3OIc8UeA�H
?bO H
��hSEFH3O�V¬hmn�JFJFEic�EWn�O GeHSV\H3hmV�EFn�O@c8h8�eH3N�Hb_�� ?bhmV�c-V��I?BV¬hmn�NF�IA�n�NYEFc\H�V��IH^A�n ; UIc\V�OeH3c�cgnb��V��eH
N�nkGeH3J P
> nbA�HSn»abHSA3_ehmn�O�V�?bhmV«c�EFV�UI?BV�EWn�OIc ; HSV 1ZHSH3O�V��eH4A�n ; nbV�?bOIGY?bOYn ; �\H3hmV/N�? <�; HgGIE ��hSU�JWV:V\n�GeHSV\H3hmVS_k�znbA
Hmlk?bNF��JWH 1g�eH3O�V��eH�n ; �\H3hmVZEFcZhmn�NF��JWHSV\H3J < EiOIhSJFUIGeH3G
EFO�c�EFGeHMV��eH4A�n ; nbV �]c ; n�UIOIGI?BA < A�H2�IA8H3c\H3O�V�?BV�EFn�O�P

©��eH N�?bEFO ��A�n ; JWH3N 1gEWV���V��IH3c\HYnkhmV\A�HSHd?+���IA�n�?bh9�eH3c
EFcfV��IH3EWA^JF?bh ��nb�gGIEic\V�?bOIhmH�EiOe��nbA9N�?BV�EWn�O�_
�en 1 �¶� ?BA ��?BA�H�V��eH�n ; c\V�?bhSJWH�OIn=GeH3c 1gEWV��pA�H3c �.H3hmVfV\n V��eH��zA�HSHYOenkGeH3cSP ©[n A8H3N�H3G < V��IEFcf? ; c�H3OIhmH
nb���kOen�1gJWH3Ge�bHb_ >-EWHSA8?bh9�IEFhS?bJ )�EFc\V�?bO�hmH�©LA8?bOIc\�znbA8N�c��I?3abH ; HSH3O �IA�n(�.n�c\H3G � ���e_ ���!� P ©��eH < �I?DabH
; HSH3O�UIc\H3G�EFOYEFNY?B�bHB�IA�nkhmH3c�c�EiOe�fV\n ��A�nDakEFGeHg?�hmHSA�V�?bEFO c\H3OIc�Hgnb� �IA�nDlkEiN�EWV < V\n^n ; c\V�?bhSJWH3cS_e�en�1ZHSabHSAD_
V��eH�?bEiN Eic-?bh9�IEWHSakEFOe� H
��hSEWH3O�V¬EFN�?B�bH
A�H2�IA�H3c�H3O�V�?BV�EWn�OwPf©��eH � � �
	 � ��� � 	 � � � ��� ����� EFc4V��eH�c��enbA8V\H3c\V
GIEFc\V�?bOIhmH��zA�n�N¦V��eH�hmH3O�V\HSALnb�e?bOfn ; c\V�?bhSJWH�OenkGeH�V\n4V��eH ; n�UIOIGI?BA < nb�e?«�zA�HSH�OenkGeHbPL¤InbALH3?bh9��n ; c�V�?bhSJWH
Oen=GIH�EFO�? T=UI?bGeV\A8HSHb_�EWV�c�H3EW����V �¹OeH3EW��� ; nbA9c�?BA�H�V\H3c\V\H3G EiO�nbA8GeHSA^V\n�GeHSV\HSA8NYEFOeH�V��eH �����	�-GIEic\V�?bOIhmH
V\nYV��eH�hSJWn�c\H3c\V4��A�HSH ,91g�IEWV\H�. ��E¿lkH3J�V\nYV���?BVB��?BA�V�EihSUIJF?BA�n ; c�V�?bhSJWH�OIn=GeHbP«©���EFc�?+���IA8n�?bh8�@EFO�aB?BA8EF? ; J <
c\V\nbA�H3c«? ��
��
��� �fGIEic\V�?bOIhmH�a"?bJiUeH���nbA«V��eH�H3O�V�EWA�HfT=UI?bGeV\A�HSH¬OenkGeHb_ 1g�IEih8� �I?bc ; HSH3O �IA�n»abH3OdH ��H3hmV�EFabH
��nbA�EFN�?B�bH�A�H2��A�H3c\H3O�V�?BV�EWn�O ; UIV[EFOIc�U ��hSEWH3O�V��znbALhmn�JiJFEFc�EWn�O¬GIHSV\H3hmV�EWn�O � � �!� P�©��IH 1ZnbA �¬nb���kh9�IOeH3EWHSA � ���!�
�IA�n(�.n�c\H3c�?^N�?bOI�I?BV\V�?bO , � � .�G�EFc\V�?bOIhmH�V\A9?bOIc\�znbA8N,V��I?BV/c\V\nbA�H3cZV��eH4N�EiOIEFN�UIN'GIEFc\V�?bOIhmHgV\n�?014�IEWV\H
��E¿lkH3J�EiO H3?bh8��n�OeHfnb��V��eH�GIEWA8H3hmV�EWn�OIc , OenbA�V��w_eH3?bc\VS_�c\n�UIV���_E1ZH3c�V .M?BA�n�UIOIG V��eH¬n ; c\V�?bhSJWH^Oen=GIHbP
G�UIOI� � � ������A�n(�.n�c\H3c�?�OeH21 A8H2�IA�H3c\H3O�V�?BV�EWn�O�nb�wV��eHgH3O�akEWA�n�OIN�H3O�V�hS?bJFJFH3G ¢�hmV\A8HSH )�EFc\V�?bO�hmH4>@?+�

, ¢-)�>�.9P«©��eHpN�?bEFO6GIE��.HSA�H3OIhmH ; HSV 1/HSH3O V��eH 1/nbA �#nb�
�kh8�IOIH3EWHSA ?bO�G G�UIOe��EFcYV���?BV V��IH�¢-)�>
hmn�NF��UeV\H3cfG�EFc\V�?bOIhmH3c��znbA 1g�IEFV\H�,z�zA�HSH�.�OIn=GeH3c3_wOenbVfn ; c\V�?bhSJFH�Oen=GIH3cS_[?bOIGpV��I?BV^EWV¬hmn�OIc\V�EWV�UeV\H3cfV��eH
��A8c\V[c�V\H2��V\n�1/?BA9GIc:hS?+�IV�UeA8EFOI��V��IEFcLGIEFc\V�?bOIhmH/EFOe�znbA8N�?BV�EWn�O^EFO�?-�IEWHSA9?BA8h8�IEihS?bJ�N�?bOIOeHSADP�¢-)�> ?bGI?+��V�c
?bOIG ?bUe��N�H3O�V�cdV��eH�hmn�O�abH3O�V�EWn�OI?bJfn=hmV\A�HSH ;=< c\V\nbA9EFOe��? N�EFOIEFN�UIN ?bOIG ? N�?"lkEiN^UIN GIEic\V�?bOIhmH
a"?bJFUIH3cB, � ;=< V\H3c .:�znbA�H3?bh9��14�IEWV\HgOenkGeH�nb�.V��eH4n=hmV\A8HSHbP�©��eH3c\H4a"?bJFUIH3c�?BA�HghS?bJiJWH3GY£4n=G�?bJ��=H2��?BA9?BV�EWn�O
 ¡OIGIHml , £¬�= @.9P=©g�eH4N�EiOIEFN�UIN £¬�= �A�H2�IA�H3c�H3O�V�c/V��eH-N�EFOIEFN�UIN G�EFc\V�?bOIhmH ; HSV 1ZHSH3Od?bO < �.n�EFO�VZEFOYV��eH
1g�IEWV\H Oen=GIHYV\npV��eH n ; c\V�?bhSJWH3c3Pp©g�IEFc�EFNF��JFEFH3cS_[V��I?BV�?pc ���IHSA8EFhS?bJ�A8n ; nbV�nb��A8?bG�EFUIc�JWH3c�c^V��I?bO�V��eH
N�EFOIEFN�UIN £¬�= gEic4��U�?BA8?bO�V\HSH3GpV\n ; H
hmn�JFJFEFc8EWn�O �zA�HSH
EW��EWV�c�hmH3O�V\HSA�EFc�JWnkhS?BV\H3G�EFO@V��I?BV-1g�IEWV\H
OenkGeHbP
©��eH�N�?"leEFN�UIN £¬�= �A�H2�IA8H3c\H3O�V�c�V��eH�JFn 1/HSA ; n�UIOIG�nb�MV��eH�A�n ; nbV �]cfA8?bG�EFUIc¬c�UIh9��V��I?BV�Oen�NY?BV\V\HSA
1g�eHSA�H�V��IH�A�n ; nbVZEFc�JWn=hS?BV\H3G EFOYV��eH 1g�IEFV\HgOenkGeHb_�EWVZEFc�hmHSA�V�?bEiO�V\n ; HgEiOYhmn�JFJFEic�EWn�O�1gEWV��Y?bOYn ; c�V�?bhSJWHbP
©��eH4¢-)�> hmn�JFJFEFc8EWn�O
GeHSV\H3hmV�EWn�OY?bJF�bnbA8EWV��IN,UIc�H3c�V��eHgN�EiOIEFN�UIN'?bOIG�N�?"leEFN�UIN,£��k  �]c�nb�.V��eH 14�IEWV\H
Oen=GIH�V\n�JFEFNYEWV�V��eHYc\H3?BA8h9� , ?bc�hmn�NF��?BA�H3G V\n�?bO n=hmV\A�HSH�.¬��nbA^n ; c\V�?bhSJWH OenkGeH3c¬V��I?BV�hS?bO A�H3c�U�JWVfEFO
hmn�JFJFEFc�EFn�O�P:¢-)�> V��eHSA�HS�znbA�Hb_kV\A8?bGeH3cMN�H3N�nbA < ��nbAMc �.HSH3GYnb��hmn�JFJFEFc8EWn�O�GeHSV\H3hmV�EWn�O 14�eH3O�hmn�N ��?BA�H3G V\n
?bOdn=hmV\A8HSHbPZ>�nbA�HSnDabHSA3_�¢-)�> c\V\nbA�H3G NYEFOIEFN�?bJ�GIEFc�V�?bOIhmHfEFOe�znbA8N�?BV�EWn�Ow_ ��UIc\V«V 1Zn�a"?bJiUeH3cSP
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©��IEFc/V��eH3c�Eic«c\V�?BA�V\H3G 14EWV��d?�c�EFN ��JWH ; ?bc�EFh�T=UeH3c\V�EWn�O / � 14�I?BVgGIEFc�V�?bOIhmHfEFOe�znbA8N�?BV�EWn�O hS?bO ; H¬c\V\nbA8H3G
EFO ?bO nkhmV\A�HSH�V\n#� UeA�V��eHSA EiNF�IA�n»abH hmn�JFJFEFc8EWn�O GeHSV\H3hmV�EWn�O H
��hSEFH3OIh < 1gEWV��en�UeVdc\HSA9EWn�UIc�J < ?���H3hmV�EiOe�
c\V\nbA8?B�bH����kP/¢�UeAL1ZnbA ��c8�en 1gcZV��I?BV/V��eH4EiOe��nbA9N�?BV�EWn�O 1/H4OIHSH3G�EFcZ?^G�EFc\V�?bOIhmH�� UIOIhmV�EFn�OYGeH ��OIH3G�nDabHSA
V��eH ; n�UIOIGI?BA < nb�kV��eH 1g��EWV\H�OenkGeH3cwV��I?BV[A�H2�IA�H3c\H3O�V�cwV��IHZhSJWn�c\H3c�Vwn ; c\V�?bhSJWH/GIEFc\V�?bO�hmH�V\ngH3?bh8� �.n�EFO�V�n�O
V��eH ; n�UIOIGI?BA < PL¤enbA8NY?bJFJ < c �.H3?��=EiOe�e_�V��IEFc�GIEFc\V�?bOIhmH«� UIOIhmV�EFn�O�EFc�n ; V�?bEiOeH3G��zA�n�N,V��eH-EFO�V\HSA9c\H3hmV�EWn�O�nb�
V��eHM§�nbA�n�Oen�EIGIEi?B�bA8?bN'nb��V��IH«��A�HSH�c@��?bhmH 1gEWV���V��eH ; n�UIOIG�?BA8EWH3cLnb��V��eH 14�IEWV\HMOen=GIH3cSP ��H4c��en 1 V��I?BV
1gEWV��
V��IEFc�EiOe��nbA9N�?BV�EWn�O�_�hmn�JiJFEFc�EWn�O
GeHSV\H3hmV�EFn�O ,z�znbAZ?fc ���eHSA8EFhS?bJ=A�n ; nbV .:EFc�?fhmn�OIc\V�?bO�V�V�EFN�H«n(��HSA9?BV�EWn�O
��nbA � �ZN�HSV\A9EFhB_�H3c�c�H3O�V�EF?bJiJ < ?�JWn=n ��UE�YEFOYV��eHgc\V\nbA8H3G�GIEic\V�?bOIhmHbP � Q4c/?fA8H3c�UIJWVS_��M¢-)�> c�EW��OIE ��hS?bO�V�J <
GeH3hmA�H3?bc\H3c�V��eH�hmn�JiJFEFc�EWn�O�GIHSV\H3hmV�EWn�O V�EiN�H 1g�eH3O hmn�NF��?BA�H3G V\n nbV��IHSA�nkhmV\A�HSH ; ?bc\H3G ?+���IA�n�?bh8�IH3cS_
�en 1/HSabHSA3_�EWV4Eic4? ; EWV4N�nbA�H^N�H3N�nbA < EFO�V\H3OIc�EWabH^V��I?bO@?bO nkhmV\A�HSHb_ ; UeV-c\V�EFJFJwhmn�O�c�EFGeHSA8? ; J < JWH3c�c4V��I?bO
? ; EWV�NY?+� A�H2�IA8H3c\H3O�V�?BV�EFn�O�Pp¢�O ?3abHSA8?B�bHb_ZV��eH�c�V\nbA8?B�bHdGeH2�.H3OIGIc¬n�OIJ < n�O V��eH ?BA�H3?�nb��V��eH�14�IEWV\H
Oen=GIH3c«?bOIG OenbV«n�OdV��IH¬abn�JFUIN�Hb_�?bJFV��en�Ue��� V��eH 1/nbA8c\V�hS?bc�H�c�hmH3OI?BA8EFnF1gEFJFJ.c\V�EFJiJ ; H0�IA8n(��nbA8V�EWn�OI?bJ�V\n
V��eH¬abn�JFUIN�HbP

©��eH�NY?bEFO����IEiJWn�c\n(��� <Y; H3�IEFO�G�n�UIAgA�H3c\H3?BA9h8�@EFc«V\n ��OIGdEFO�V\HSA8N�H3GIEF?BV\H^?+���IA�n�?bh9�eH3c ; HSV 1ZHSH3O@?
)-Eic\V�?bOIhmH«>�?+�
,914EWV��
c�N�?bJFJ=A8UIO � V�EFN�H��znbA�hmn�JFJFEic�EWn�O�GeHSV\H3hmV�EWn�O ; UeV:�IEW����A�H3T=UIEWA8H3N�H3O�V�c�nb��N�H3N�nbA < .
?bOIG ?�hmn�O�abH3O�V�EWn�OI?bJgn=hmV\A�HSH ,914EWV�� A�H3JF?BV�EWabH3J < JWn�Oe�pA8UIO � V�EFN�H ; UeV�JWn 1�N�H3N�nbA < A�H3T�U�EWA�H3N�H3O�V�c .9P
©��IEFcfN�H3N�nbA < abHSA8c�U�c�hmn�JFJFEic�EWn�O�GeHSV\H3hmV�EFn�O V�EFN�HYV\A8?bGeH
� n � ��nbA*)-> _:�/¢-)�> _:¢-)�>2?bOIG n=hmV\A8HSHb_
EFc�T=UI?bJFEWV�?BV�EWabH3J < c��In 1gO EiO ¤:EW��UeA�HYoBP ��P«¤eA8n�N n�UeA��.n�EFO�V«nb�:akEWH21f_��M¢-)�> hmn�OIc\V�EWV�UeV\H3c-?bO n(��V�EWn�O
V��I?BV�n �.HSA8c�?F�IA8n�N�EFc�EFOI��N�H3N�nbA < � A9UIO�V�EiN�H¬hmn�NF�IA�n�N�Eic\HbP
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��HfN^U�c\V/hSEFV\Hf�eHSA�H-V��eH-1ZnbA ��nb� >4n �@HSV«?bJ P �¿o3q�� _IGIHSabH3JWn(�.H3G c8EFN^U�JWV�?bOeHSn�UIc�J < ?bcMn�UIA«A�H3c\H3?BA8h9�
�IA�nb�bA�H3c�c�H3G�P ©��eH < �IA�H3c�H3O�V\H3G ?��I?BA8GE1M?BA�H EFN ��JWH3N�H3O�V�?BV�EWn�O V\n hmn�NF��UeV\H GIEFc8hmA�HSV\H �bH3OeHSA8?bJiEWRSH3G
§�nbA�n�Oen�E�GIEF?B�bA9?bN�c�?bOIG�UIc\H3GpEWV¬c�UIhShmH3c8c\�zU�JFJ < �znbA¬�z?bc\V¬G < OI?bN�Eih ��?BV�����JF?bOIOIEFOI�eP�©g�eH < �bH3OeHSA9?BV\H
? hmn�?BA8c�H
��n�J < �bn�OI?bJ4N�H3c��6V��I?BVd?+���IA8n3leEFN�?BV\H3c V��eH@n ; c\V�?bhSJWH3cd?bcd?��IA�H2�IA8n=hmH3c�c8EFOe� c�V\H2�wP,©��eH
�+) §�nbA�n�Oen�E�GIEi?B�bA8?bN nb�-V��eHdn ; c\V�?bhSJWH3c�EFc�GIEFc8hmA�HSV�EWRSH3G�EFO�V\n�?�c\HSV�nb�-��JF?bO�?BA�§�nbA�n�Oen�E�GIEi?B�bA8?bN
hmn�NF��UeV�?BV�EWn�O�cSPL�Z?bh8�
GIEFc�hmA8HSV\H �\c�JFEFhmH �gnb�eV��eH�§�nbA8n�Oen�E�G�EF?B�bA8?bN�EFcw�bH3OeHSA9?BV\H3G��znbA�?4c\HSV�nb�I?BA ; EWV\A8?BA <
n ; c\V�?bhSJWH �.n�EFO�V�c , c�EWV\H3c .9P�©��eH�GIEFc\V�?bOIhmH�V\n V��eHYhSJWn�c\H3c�V�c�EWV\HYEicfc\V\nbA�H3G�EiO�? �I?BA8G�1/?BA�H�abHSA9c�EWn�O�nb�
? 	 � ; U ��HSA3P4©��eH �.HSA��znbA8N�?bO�hmH�nb��V��eH�c < c\V\H3N EFc ; n�UIOIGIH3G ;=< V��eH�c@��HSH3G
1gEWV�� 1g�IEFh9� V��eH ; U �.HSA
A8?bc\V\HSA8EWRSH3c�V��eH���E¿l=H3Jic�nb�«V��eHYc�hmH3OeHbP �¿o �!�Z©g�eH3EWA 1/nbA ��_�?bc 1ZH3JiJ�?bcfn�UeA9cS_LA8H3EFOe�znbA8hmH3cfc\V\A�n�OI��J < V��eH
?bGea"?bO�V�?B�bHZ?bO�G¬V��eH�OeHSH3G�nb�eN�n=GIH3JFEFOe�MH
��hSEWH3O�V�J < V��eH�OenbV�EFn�O¬nb�eGIEFc\V�?bOIhmHZUIc�EFOe�M§�nbA�n�OIn�E�GIEF?B�bA9?bN�cSP

©��eH4V��eH3c�EFc/EFcZnbA���?bOIEWRSH3G ?bc/��n�JiJWn 1gc3P�K«�I?+�IV\HSA/n�OeH���A�nDakEFGeH3c/? ; A8EWHS��EFO�V\A�n=G�UIhmV�EWn�O�V\n
n ; c�V�?bhSJWH
A�H2�IA�H3c\H3O�V�?BV�EWn�O ?bOIG�V��eH ; ?bh �=�bA�n�UIOIG�1ZnbA ��V��I?BV«c�UE���.nbA�V�c�n�UIAZA�H3c�H3?BA8h8��PZK«�I?+�IV\HSA/V 1/n
GIH3c�hmA8E ; H3c
n�UeA�hmn�JFJFEFc�EFn�O�GeHSV\H3hmV�EWn�O�?+���IA�n�?bh8�
�znbA�?¬�+) hS?bc\Hb_�N�H3?bO 14�IEFJWH«KM�I?+�IV\HSA ���IA�n»a=EFGIH3cL?�GeHSH2��GeH3c8hmA8E � �
V�EWn�O�nb�«V��eH�Hml=V\H3O�c�EWn�O V\n�V��eH �+) �IA8n ; JWH3NdP KM�I?+��V\HSA��zn�UeA ��A�nDakEFGeH3c�V��eHYHml �.HSA8EFN�H3O�V�?bJ�A�H3c8UIJWV�c
n ; V�?bEFOeH3G�_IEiOdV\HSA8N�cgnb�8�.HSA��znbA8N�?bO�hmH�?bOIG N�H3N�nbA < H3NF��JWn < H3G�PZ ¡Vg?bJFc�n�Hml���JWnbA�H3c�V��IHfA�H3JWHSaB?bOIhmHfnb�
n�UeA-?+���IA�n�?bh8�phmn�NF��?BA�H3G
14EWV�� nbV��IHSA-hSJF?bc8c�EFhS?bJLn�OeH3cS_�JFE��bH�?3)�EFc\V�?bOIhmH�>@?+�w_.?bOIG�?bO@nkhmV\A�HSHbP���H
hmn�OIhSJFUIGeH�EFO�KM��?+�IV\HSA ��abH31gEWV�� ?�GIEic�hSUIc�c�EFn�Opnb�«�zUeV�UIA�H �.n�c�c�E ; EFJFEWV�EWH3c-�znbA^n�UIA^?+���IA8n�?bh8��P@�kn�N�H
A�H3JWHSaB?bO�V¬?bJW�bnbA8EFV��IN�c-V��I?BV01/H��I?3abH�GeH3c8EW��OeH3G�?bOIGpEFNF��JWH3N�H3O�V\H3G@?bO�GpV��eH�UIc\HSA �]c¬N�?bO=UI?bJ�nb�/n�UeA
EFNF��JWH3N�H3O�V�?BV�EWn�OdhS?bO ; H¬�zn�UIOIGdEiO V��eH�Q����.H3OIGIEFhmH3cMc\H3hmV�EWn�O�cSP
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©��eHfhmn�O�V\A8E ; UeV�EFn�OIc/nb��n�UIA�A�H3c\H3?BA8h9� ?BA�H(/

 Q OeH21 nkhmV\A�HSH
� ; ?bc\H3G A�H2�IA�H3c\H3O�V�?BV�EWn�O �znbAMhmn�JiJFEFc�EWn�O�GeHSV\H3hmV�EWn�OdhS?bJFJFH3G ��l=V\H3O�GeH3G ¢¬hmV\A�HSH )�EFc �
V�?bOIhmHY>@?+� , �M¢-)�>�.¬V��I?BVfV\A8?bGIH3c¬n �#N�H3N�nbA < �znbAf�z?bc�V\HSA^hmn�JFJFEic�EWn�Op?3abn�EFG�?bOIhmHYV��I?bO�V��I?BV
1gEWV��d?bO n=hmV\A�HSHbP


 K/n�OIc�V�?bO�V�V�EiN�H hmn�JFJFEic�EWn�O�GeHSV\H3hmV�EWn�O EFc�?bhSUeA9?BV\H�UE�#V\n V��eH A�H3c�n�JFUeV�EWn�O nb��V��eH U�OIGeHSA8J < EFOe�
nkhmV\A�HSHbPY©��IEic-?bc8c�UIN�H3c¬V���?BVfV��eHF1g�IEFV\H
OIn=GeH�EFO�14�IEFh8�pV��IH�hmH3O�V\HSA�nb�ZV��IH�A�n ; nbV¬�z?bJFJic¬�I?bc
; HSH3O ?bJWA�H3?bG < �zn�UIOIG�P


 >@?BV��eH3N�?BV�EFhS?bJLN�n=GIH3JFc«?bOIG ?bJW�bnbA9EWV��IN�cM�znbAghmn�OIc\V\A9UIhmV�EFOe��?bO��/¢-)�> P

 >@?BV��eH3N�?BV�EFhS?bJ �IA�n=nb�zc�?bO�Gdhmn�JFJFEFc�EFn�O GIHSV\H3hmV�EWn�O ?bJW�bnbA9EWV��IN�c 14EWV��d�/¢-)�> P

 ��N ��EWA8EFhS?bJ�A�H3c�UIJWV�c�c��en�1gEFOe�4V��I?BV:�/¢-)�>�c �.HSH3GIc�UE�
hmn�JFJFEFc8EWn�OfGeHSV\H3hmV�EWn�O�GIA8?bN�?BV�EFhS?bJFJ < 14�eH3O
hmn�NF��?BA8H3GdV\n�nbV��eHSA4n=hmV\A�HSH
� ; ?bc\H3G�N�HSV��en=GIn�JWnb��EWH3cSP
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 ¡O V��IEFc K«�I?+�IV\HSA3_ 1/H
�IA�H3c�H3O�V�V��eH@� �¹GIEiN�H3OIc�EWn�O�?bJ«abHSA8c�EWn�O nb�¬n�UeA ��lkV\H3OIGeH3G6¢¬hmV\A�HSH )�EFc�V�?bOIhmH
>�?+� , �/¢-)�>
.9P�©��eH��bH3OIHSA8?bJFEWR3?BV�EWn�O@V\n V��eH �+) �IA�n ; JWH3N EFc4A�H3JF?BV�EFabH3J < c\V\A8?bEW����V\�znbA@1/?BA9G�_�V��In�Ue���
c\n�N�H21g�I?BV¬V\H3G�EWn�UIc¬EFOpGeHSV�?bEFJ , ?bc�GIEFc�hSUIc8c\H3G�Ji?BV\HSA�EFO�KM�I?+�IV\HSA � .9P�¤InbA ; A�HSakEWV < _ 1ZHF1gEiJFJLU�c\H
V��eH
V\HSA8N nkhmV\A�HSH3c�V\n�A8HS��HSA4V\n ; nbV��dT�UI?bGIV\A�HSH3cg?bOIG nkhmV\A�HSH3cSP

� !" ( ���C'��  ^�.�804�
�����
	 ) 0����/����04�

��H ?bc�c�UIN�Hd?pc\V�?BV�EFh �kOen�1gO�H3O�akEWA�n�OIN�H3O�V�?bOIG V��I?BV�?bO nkhmV\A�HSH N�nkGeH3J/nb�gV��eHdH3O�akEWA�n�OIN�H3O�V
EFc
��EWabH3O�P�Q 1g�IEWV\H¬OenkGeH�nb��?bO n=hmV\A�HSHb_�GeH3OenbV\H3c«V��I?BVgV��eH¬H3O�V�EFA�HfOenkGeH¬EFc«EFO ��A8HSHfc ��?bhmHb_�?bOIGd? ; JF?bh �
Oen=GIH GeH3OenbV\H3c�V��I?BVYV��IH H3O�V�EWA�H OenkGeH Eic ��?BA�V�nb�f?bO#n ; c�V�?bhSJWH , c .9_g?bOIG nb�fhmn�UeA8c\Hb_�? �bA�H < OenkGeH
GeH3OenbV\H3c�V���?BV���?BA�VYnb��EFVYEFc��zA�HSH ?bOIG ��?BA�VYJiEWH3c�EFO#?bO n ; c\V�?bhSJWHbP Q 1g�IEWV\H OIn=GeH nb�-V��IH n=hmV\A8HSH
EFc�GeH3OenbV\H3G ;=<�
 Pw©��eH�N�HSV\A8EFh
hmn�OIc8EFGeHSA�H3GpEFc � � , >@?bOI�I?BV\V�?bO N�HSV\A8EFh .4?bOIG�1/H�UIc\H ��,���� � .-V\n
GeH3OenbV\HfV��eH � �gGIEFc\V�?bO�hmH ; HSV 1ZHSH3O V 1/n��.n�EFO�V�c�� ?bO�G � P
�wHSV�� GeH3OInbV\H
? N�?bO��I?BV\V�?bO�c ���eHSA9EFhS?bJ[A8n ; nbV , GIEi?bN�n�OIG@c��I?+�.H�.B1gEWV���A8?bGIEFUIc��kPf©��eH
A�n ; nbV

EFc�JWnkhS?BV\H3G�?BV�?
��n�EiO�V��g_�EW�«EWV�c�hmH3O�V\HSA�EFc �.n�c�EFV�EWn�OeH3G�n�O ��P Q hmn�JFJiEFc�EWn�O�T=UeHSA < hmn�OIc8EFc\V�c^nb�«V��eH
��n�JFJFn 1gEFOI��T=UeH3c\V�EWn�OC/���EWabH3O ?�c ���eHSA8EFhS?bJ�A�n ; nbV�� 1gEWV�� A8?bGIEFU�c��=_I?bO�GdJWn=hS?BV�EFn�O ��_IGeHSV\HSA9N�EFOeHfEW��EWV
EFc�EFOphmn�JFJFEFc�EFn�O
1gEFV���V��IH�n ; c\V�?bhSJWH3cfEFO@V��eH
H3O�a=EFA�n�OIN�H3O�VSP^£4nbV\H�V��I?BV¬V��eH
A�n ; nbV¬JWnkhS?BV�EWn�O�?bc-1/H3JFJ
?bc«V��eHfA�n ; nbV �]c«A9?bGIEFUIc«N�? < a"?BA < �zA�n�N n�OeHfT=UeHSA < V\nY?bOenbV��eHSADP
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¤enbA^V��IH ��UeA@�.n�c\H3c�nb�«n�UIAfA�H3c\H3?BA8h9��_:V��eH �IA8H3c\H3O�V 1ZnbA ��hmn�O�c�EFGeHSA8c�>�?bOI��?BV\V�?bO GIEic\V�?bOIhmH , � � .¬V\n
N�H3?bc�UeA�H/V��eH �IA�nDlkEFNYEWV <¬; HSV 1/HSH3O
? 1g�IEWV\H/Oen=GIHZEFO^?bO^nkhmV\A�HSHMV\n¬EWV�c�hSJWn�c\H3c\V:n ; c\V�?bhSJFH3cSP�>�?bOI��?BV\V�?bO
GIEFc\V�?bOIhmHfEic«GeH ��OeH3Gd?bc2/

� � , ?k_ ; . ��� ���� ��� ,�� ��� � � . �
1g�eHSA�H ��EFc«V��eHfG�EFN�H3OIc�EFn�O�nb�:V��eHfc@��?bhmHbP

��-/,.-�� � 1.BED �C7CBEDF134
�kEFOIhmH¬V��eH�A�n ; nbV4JWnkhS?BV�EWn�O �6hS?bO aB?BA < 1gEFV��IEFO ? 1g��EWV\HfOenkGeHb_�T=UIEWV\H0�.n�c�c�E ; J < ?YA�H3?bc\n�OI? ; J < Ji?BA��bH
A�HS��EWn�O�_kV��eH�akEWV�?bJ<��UeA@�.n�c\H-nb�[n�UeAMA�H3c�H3?BA8h8� EicZV\n�GIHSV\HSA8N�EFOeH � 1g�I?BV�G�EFc\V�?bOIhmH�EFOe�znbA8N�?BV�EWn�O hS?bO ; H
c\V\nbA�H3G�V\n ?bEiG EFO@hmn�JFJFEFc8EWn�O GeHSV\H3hmV�EWn�O � �kP�©��eH �bH < EFGeH3? ; H3�IEFOIG �M¢-)�> EFcgV\n c�V\nbA�H^V��IH�GIEic\V�?bOIhmH
?BA�n�UIOIG�V��eH � ; n�UIOIGI?BA < �fnb��?*1g�IEWV\H-Oen=GIH 
 V\n
EFV�c/hSJFn�c\H3c\VMn ; c\V�?bhSJWH3c3P�Q¦c�h9�eH3N�?BV�EFh�EFcMc��en�1gO EFO
¤�EF��UeA�H��=PFoBP�©��eHfJFHS��Vgc8EFGeHfc��en�1gcg?�1g�IEWV\HfOIn=GeH^c�UeA�A�n�U�OIGeH3G ;�< n ; c\V�?bhSJWH3c , ; JF?bh �dA�HS��EFn�OIc .9PM©��eH
�enbA8EWRSn�O�V�?bJL?"leEFc�EFO�V��eH��bA8?+���@n�O V��IH�A9EW����V-EFc-V��eH
JWH3Oe�bV���V\A8?3abHSA8c�H3G , GeH3OenbV\H3G ;=< ��?BA8?bN�HSV\HSA �+.
?bJWn�Oe� V��eH ; n�UIOIGI?BA < nb�«V��eH 14�IEWV\HYhmH3JFJZc\V�?BA�V�EFOI� �zA�n�N abHSA�V\Hml �kP ©g�eHYabHSA�V�EihS?bJ�?"leEFcfA�H2��A�H3c\H3O�V�c
V��eH GIEFc\V�?bO�hmHdnb�4V��eH�hmnbA�A�H3c �.n�OIGIEiOe� ; n�UIO�GI?BA < �.n�EFO�V
V\n�V��eH hSJWn�c�H3c\V�n ; c\V�?bhSJWHbP ©��IEFc�GIEic\V�?bOIhmH
�zUIO�hmV�EWn�O�?bJWn�Oe��V��eH �\c�UeA�� ?bhmH �3,9�.HSA8EiN�HSV\HSAZEFO �+) . �
	�,�� .�H3OIhmnkGeH3cZ?bJiJ�1/H4OeHSH3G�V\n �kOen�16? ; n�UeVZV��eH
�IA�n3leEFN�EFV < nb��n ; c\V�?bhSJWH3c3P�©��IEFc 1gEiJFJ�A8H3T�UIEFA�H¬?bGIGIEWV�EWn�O�?bJ�c�V\nbA8?B�bHb_��en�1ZHSabHSA3_�EWV«EFc«c\V�EFJiJ���A�n(�.nbA�V�EWn�OI?bJ
V\n�V��eH �\c�UeA8�z?bhmH ��?bOIGdOenbV�V��eH �¶abn�JiUIN�H ��nb��V��eHf�zA�HSH¬A�HS��EFn�O�P
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��H¬c��en 1 ; H3JWn 16V��I?BVM�znbAZV��eH � �MN�HSV\A8EFhB_ � 	�,��+.�EFcZc8U ��hSEWH3O�V�V\n�hS?BA�A < n�UeVZV��IH-hmn�JFJiEFc�EWn�O�T=UeHSA <
EFO ����� ��	 � � 	�V�EFN�Hb_�n�OIhmH-V��eH 1g��EWV\HgOenkGeHgEFO 1g�IEFh9��V��eHgA8n ; nbVZhmH3O�V\HSA«JFEWH3c��I?bc ; HSH3O��zn�UIOIG ��EWV�V�?��bH3c
� , � � � ��.MV\nYJWnkhS?BV\HfV��eHfOenkGeH¬�znbAg?bO < �IEWHSA9?BA8h8�IEihS?bJ.A�H2�IA�H3c\H3O�V�?BV�EWn�O ; HfEWV�?�c8EFNF��JWH-nkhmV\A�HSHb_.¢-)�>
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K/n�OIc�EFGIHSA/¤:EW��UeA8H¬�=PÌ�=P]?kP �wHSV � ; H�V��eHfhmH3O�V\HSA�nb� � , GIEF?bN�n�O�G c8�I?+�.H�.�J < EFOI��EFO ?�1g��EWV\H-OIn=GeH 
 P
�wHSV � ; H
n�OeH
nb�ZV��eH ; n�U�OIGI?BA < H3Ge�bH3cfnb� 
 P �[HSV	� ; H^V��eH��IA8n��¶H3hmV�EWn�Opnb� � n�O�V\n � P �[HSV � ; H
?YhSJWn�c\H3c�V4n ; c�V�?bhSJWH �.n�EFO�V*, c8? < _��zA�n�N n ; c\V�?bhSJWH�
F.MV\n � n�O@V��eH�JWHS��V-c�EFGeH^nb� � P�©g�IEFcgEiNF��JFEWH3c�V��I?BV
Oen^nbV��IHSA�n ; c\V�?bhSJWH-�.n�EFO�VZHmleEFc\V�cMc\V\A9EFhmV�J < 1gEFV��IEFO�V��eH � �«c ���eHSA�HF, c\V\A8E ��H3G GIEF?bN�n�OIG�c8�I?+�.H3G�A8HS��EWn�O
c��en 14O EiO ¤:EW��UIA�H��=PÌ� ; .MhmH3O�V\HSA8H3G ?BV �#?bOIG A8?bGIEiUIc �<, � � �0. � � �
��� �¡_E1gEWV�� � ?bOIG�� ?bc«c��en�1gO
EFOd¤:EW��UeA�H��=PÌ�=P
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�wHSV�V��eHMGIEFc\V�?bOIhmH ; HSV 1/HSH3O��6?bO�G �g_ ��,���� � .9_ ; H �¡P�©g�eH/c8�enbA�V\H3c\V � � GIEFc\V�?bOIhmH ; HSV 1/HSH3O ��?bOIG
� EFc���EWabH3O ;=< V��IH�Hml���A�H3c�c�EWn�O � � ������P:£4nbV\H�V��I?BV�V��IHSA�HgN�? <�; H�N�?bO < GIE��.HSA�H3O�V ��?BV��Ic 1gEFV��
V��eH
c�?bN�H�c��InbA�V\H3c\VgGIEic\V�?bOIhmH ��EFO �z?bhmVS_�?bJFJwN�n�OenbV\n�O�EFh�, EFO ; nbV�� �InbA8EWRSn�O�V�?bJ[?bOIGdabHSA8V�EFhS?bJ[hmn=nbA8GIEFO�?BV\H3c .
��?BV��Ic4��A�n�N �,V\n � ?BA�H
c��enbA�V\H3c�V���?BV���c ;=< V��eH�abHSA < ��A�n(�.HSA�V < nb��� � N�HSV\A9EFhBP >4n 1/HSabHSA3_C1/H
?BA�H
OenbVZEFO�V\HSA�H3c\V\H3G EFO�?bJFJIV��IH��.n�c�c�E ; EFJFEWV�EFH3cS_»n�O�J < EFO�V��IHB��?BV�� ; HSV 1/HSH3O ��?bO�G � V��I?BV ��?bc�c�H3c�V��eA8n�Ue���
��n�EiO�V�� ?bc4GeH2��EFhmV\H3G EiOd¤�EF��UeA�Hf�=PÌ�=P]?kP

©��eHSnbA�H3N oB_ ; H3JWn�1f_��znbA8N�?bJiJ < c��en�1gc/V��I?BV�?
hSJWn�c\H3c\VMn ; c�V�?bhSJWH-��n�EiO�V0,zn�O V��eH¬JWHS�zV/c�EiGeH4nb� � .�V\n
V��eH
A�n ; nbV �]c¬JWn=hS?BV�EFn�O � EFc�?bJFc\nd? hSJWn�c\H3c\V¬n ; c\V�?bhSJWHF�.n�EFO�V4V\ndV��eH��IA8n��¶H3hmV�EWn�Opnb����n�O�V\n � P��eEFOIhmH
� ; H3JWn�Oe��c«V\n � _E1ZH�hS?bO H3?bc�EFJ < hmn�NF��UIV\HfV��eHfJWH3Oe�bV�� ��?BA8?bN�HSV\HSA-?bJWn�Oe��V��eH ��HSA9EFN�HSV\HSA«nb� � , c�? < _
EWVgEFc ��� .«?bOIG �bHSV4V��eH^hSJWn�c\H3c\V4n ; c\V�?bhSJWH�GIEFc\V�?bOIhmH�V\n�� c�EFNF��J <Y;=< HSaB?bJFUI?BV�EiOe� ,znbA�EFOIGeHmleEFOe��EFO�V\n�.
� 	�,��+.-?BV ��� � 	=P�©��eH�hSJWn�c�H3c\Vfn ; c\V�?bhSJFHYGIEFc\V�?bO�hmH�V\n ��_[GeH3OInbV\H3G ;�< ��� , � .�EFc�V��eH3O c�EFNF��J < V��eH
c�UIN,nb�.V��eH�V 1Zne_=V��eHgG�EFc\V�?bOIhmH��zA�n�N � V\n�V��IH �IA�n��\H3hmV�EWn�OF�.n�EFO�V��?��JiUIc:V��eHgGIEic\V�?bOIhmH�aB?bJFUeH�c\V\nbA8H3G
?BV���_IE P HbPW_

��� , � . � ��, � ���*. � �
	�,���� . , �=PFo .
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 ¨�LV��eH�A�n ; nbV �]cMA8?bGIEFU�c ��� ��� , � .9_eV��eH¬A�n ; nbV«EFcMEFO hmn�JFJFEFc8EWn�O�_�nbV��IHSA@1gEFc\H¬EWV«EFcMOenbVSPMKMJWH3?BA8J < V���EFc
c�EFNF��JFH4V\H3c\V4EFc �.HSA��znbA8N�H3GdEFOdhmn�OIc�V�?bO�V�V�EiN�HbP

� & ��$�� ����� �wHSV �.n�EFO�V � ; H�V��eH0��A�n��¶H3hmV�EFn�O nb� �.n�EFO�V ��n�O�V\n � Pe ¨� � Eic/?YhSJWn�c\H3c\V«n ; c�V�?bhSJWH
��n�EiO�VMV\n ��_�V��eH3O EWV�EFc«?bJic\n�?�hSJWn�c\H3c�V�n ; c\V�?bhSJWH ��n�EiO�VMV\n �gP

� � $ $�%
¢�UeA �IA�n=nb��EFc ;=< hmn�O�V\A8?bGIEFhmV�EWn�OwP��=HSH ¤:EW��UeA�H �=P ����nbA
?bO EFJFJFUIc�V\A8?BV�EWn�O�PdQ-c�c�UIN�H�V��I?BV
HmlkEic\V�c

?bOenbV��eHSA �.n�EFO�V���� ,z��A�n�N�V��IH-c�?bN�H-nbA�?bOInbV��eHSAMn ; c\V�?bhSJWH 
��9.Zc\V\A9EFhmV�J < hSJWn�c\HSA ,zV���?bO �0.�V\n ��_ec�UIh9�
V��I?BV ��, � � ��� . � �	� � �
� � � , ?�N�n�OInbV\n�OIEFh0��?BV��w_I�eH3OIhmHfV��eHfc8�enbA�V\H3c\V .9P/©��IEFcMN�H3?bOIc�V��I?BV2/

� � 
 �
�2,�� � � � .�� � 
 ��� ,���� � . � � � ��� �

XMUeVS_�1/H �=OIn 1 V��I?BV � 
 ��� ,������ � . � �	� � ��� � �

� � � � � � � ��� � � �"� �

� � � � � � � � � �
� � � EFc«hSJWn�c\HSAgV\n � V��I?bO � 1g��EFh8�dEFcg?�hmn�O�V\A9?bGIEFhmV�EWn�O�P��
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¤:EW��UIA�H��=P ��/ �[°¨ÁBÁ3Í�Á3Í�¾:³�·8Á»°¨·9Ã )
£gnbV\H V��I?BVS_��I?bG�1/H h9�en�c\H3O V\n 1/nbA � 1gEFV�� � #YGIEFc\V�?bOIhmHb_�©��IHSnbA�H3N o�1/n�UIJFG OInbV^�en�JFGwP��=HSH

��nbA¬Hmle?bNF��JWH�¤:EW��UeA8H��=P��eP�©��IH
c8�enbA�V\H3c\V � # ��?BV��Ic���A8n�N V��eH�n ; c\V�?bhSJWH3cfV\ndV��eH�A�n ; nbV¬?BA�H�c��en�1gO
EFO GI?bc��eH3GdJFEiOeH3cSP�©��eH¬c��enbA8V\H3c\V ��?BV�� ; HSV 1/HSH3O��.n�EFO�V � ?bOIG V��eHfhSJWn�c�H3c\V«n ; c\V�?bhSJWH0�.n�EFO�V«Gen=H3c«OenbV
OeH3hmH3c�c�?BA8EiJ < ��?bc�c4V��eA�n�Ue���@V��eH*�IA�n��\H3hmV�EWn�O � nb��� n�O�V\n � P� ¶O�V��IEFc-hS?bc\Hb_wEFO�nbA8GeHSA�V\n n ; V�?bEFO�V��eH
hSJWn�c\H3c\Vfn ; c\V�?bhSJWHYEWV01/n�UIJFG ; H�OIH3hmH3c�c�?BA < V\n hmn�NF��UeV\H�V��eHYG�EFc\V�?bOIhmH��zA�n�N �¦V\n � � �.V��eH�n ; c�V�?bhSJWH
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��n�EiO�V�c«V���?BV-?BA�H�hSJWn�c\H3c\V �.n�EFO�V�c�?bJWn�Oe��V��eH ; n�UIOIG�?BA < nb��V��IH^OenkGeHfV��I?BV�hmn�O�V�?bEFOIc4V��eH�A�n ; nbV�,9��? �
A8?bN�HSV\HSA8EWRSH3G ;=< �@.9_�?bOIG c\H3JWH3hmV«V��IH¬n�OeH01gEWV�� V��eH¬N�EFO�EFN^U�N aB?bJFUeHb_C, ?bc�c��In 1gOdEFO �ZT�UI?BV�EFn�O �=PÌ� .9P
©���U�cS_ehmn�JFJFEFc�EFn�O GIHSV\H3hmV�EWn�O 1/n�UIJFGdOenbV ; Hf?�hmn�O�c\V�?bO�V4V�EFN�H¬n(�.HSA8?BV�EWn�OwP

� � , � . � N�EiO
�
� �<, � � �+. � � 	 ,�� .�� , �=PÌ� .

LX

X

X

X

XP

A

L   shortest paths2

S

1

2

3s

s

s

¤:EW��UIA�Hf�=P��E/ �Z±¯µ¡ÄD¼bºSÄDÆ»´¶Ä3²»·9µ:Ä3È�È�® ÅB±¯Æ�²�� ) Ã�·�´¡°¨±¿Ê

� !�� � � 560-7878�8���804� �$�:�.�����.�804�

 ¡O V��IEic c\H3hmV�EWn�O 1/H �IA8H3c\H3O�V ?bO�G GeH3c�hmA8E ; Hpn�UeA�hmn�JFJFEFc�EFn�O6?bJF�bnbA8EWV��IN �znbA�?#�+) �M¢-)�> hS?bJiJWH3G

��� ���� 	�
 ��� ��������� ��� "%$ P
©��eHYhmnbA8A�H3c �.n�OIGIEFOI����c�H3UIGen��¹hmnkGeH�EFc0�IA8H3c\H3O�V\H3G ; H3JWn 1fP�©g�eHF�IA�nkhmH
�
GIUeA�H
?bhShmH2�IV�cf?bc¬EFO���UeV-V��eH��+) �M¢-)�> ?bOIGpV��IH�A8n ; nbV¬EFOI��nbA8NY?BV�EWn�O , hmH3O�V\HSA^?bO�G�A9?bGIEFUIc .9P^©��eH
A�H3c�UIJWV�Eic�V��eH�K�¢ � �w ��= \¢¬£ �"¤:¥g�Z���  �� ���� nb�¬V��eH�A�n ; nbVSP  ¡O6hS?bc\Hp? hmn�JFJFEic�EWn�O�EFcY��n�UIO�G�_MV��eH
� � � ���	�  ��
 �  �������� ?bOIGpEWV�c�N�?bO��I?BV\V�?bO�GIEFc�V�?bOIhmH , � � � � ���  .�V\ndV��eH
A�n ; nbV¬?BA�H�?bJFc\n A�HSV�UIA8OeH3G
?bc ��?BA�V«nb�:V��eHfn�UIV ��UeVSP � � � � ���  EFcgEFOIEWV�EF?bJiEWRSH3G�14EWV��d?bO ?BA ; EFV\A8?BA < Ji?BA��bHfaB?bJFUeHbP

XM?bc\H3G n�O�n�UeA��IA�HSakEWn�UIc�GIEic�hSUIc�c�EFn�O�_Ihmn�JFJFEFc8EWn�OdGeHSV\H3hmV�EWn�O 1gEWV���?bO �/¢0)-> Eicg?�A9?BV��eHSA4c�EiNF��JWH
�IA�nkhmH3c�cgn�O�hmH^V��eH
OenkGeH3, ; JF?bh � nbA 1g�IEFV\H�.9_�EFO
1g�IEFh9� V��IH�hmH3O�V\HSA�nb��V��eH�A�n ; nbVS_ �g_�EFc-JWnkhS?BV\H3Gp�I?bc
; HSH3O���n�U�OIG�P[©��IHZc\H3?BA8h9� ��A�n=hmH3c8cLEFc �.HSA���nbA9N�H3G ;=< �IA�nkhmH3GIUeA�H�
 � � � � � ��� " $ ?bOIG^V�?��bH3c � , � � � �
.9_
1g�eHSA�H � Eic
V��eH O�U�N ; HSA
nb�-JFH3?B�4OenkGeH3c�EFO�V��eHdnkhmV\A�HSHbP  ¨�4V��IEFc�OenkGeHdEFc ; JF?bh ��_/V��eHd?bJW�bnbA8EFV��IN
EFN�N�H3GIEi?BV\H3J < A�HSV�UIA8OIc�?@K�¢ � �[ \�k \¢�£ , JFEFOIH3c�� � ����c�H3UIGen��¹hmnkGeHb_�c8�en 1gO ; H3JWn 1 .9P ¢-V��IHSA@1gEFc\Hb_LJWHSV
V��eHfOenkGeH ; HfEFGeH3O�V�E ��H3G ?bc 
 _�c��en�1gOdEFO ¤:EW��UIA�Hf�=P��=P

¤enbA
H3?bh8� ; n�UIOIG�?BA < H3GI�bH�� � nb� 
 _ 1/H�n ; V�?bEFO V��IH��IA8n��¶H3hmV�EWn�O��.n�EFO�V ��nb� ��n�O�V\n�� � UIc �
EFOe�;�IA�nkhmH3GIUeA�H���� ��� ���� � ��
 �  #" $ ?bOIG V��IH3O�_-1ZH�V\H3c\V � ��nbA hmn�JiJFEFc�EWn�O UIc8EFOe��V��eH�c�U ; A8n�UeV�EFOeH

��� ���� ��� ��������� ��� � � ������� " $ _ , JFEFOeH3c�r � � .9P
 ¨�/? K�¢ � �[ \�k \¢�£,Eic4�zn�UIOIG 1g��EFJWH�V��IHF�IA�n��\H3hmV�EWn�O
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n�O�V\n�?*��?BA�V�EihSUIJF?BA/H3Ge�bH � � EFc ; H3EiOe�^Hmle?bN�EFOIH3G�_�V��IH �  ��� ���� nb��V��eH�n(�.HSA8?BV�EWn�O EFc/A�HSV�UeA8OIH3G�, JiEFOeH3c
q �8oS� .9PM¢-V��eHSA 1gEFc\Hb_eV��eH¬A8n ; nbV�Eic�¤:¥g��� nb��hmn�JFJFEFc�EFn�O�P
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 ¡O�nbA8GeHSAMV\n
GeH3c�hmA8E ; H-�en 1 ?�hmn�JFJFEFc8EWn�OYEFcZV\H3c\V\H3G �znbAZH3?bh9�dH3Ge�bH-nb�[?*1g�IEWV\H-OenkGeHb_=JFHSV ��� � � � � �
; H4V��eH¬GIEWA�H3hmV�EFn�O�EFO�1g�IEih8� ��EFcMhSUeA�A�H3O�V�J < �IA8n��¶H3hmV\H3G�_ , OInbA�V���_=H3?bc\VS_Ic\n�UeV���_ 1/H3c\V .9P� ¶O ¤�EF��UeA�H¬�=P��=_
1ZH c��en�1 �#acb �ed _ 1g�IEFh9� EFc^V��eH3�IA�n��\H3hmV�EWn�O nb� ��n�O�V\npV��eH>f � ���fH3Ge�bH nb��? 1g�IEWV\H OenkGeH 
 P �[HSV
��� , � b

�?g b � �ih .�A�H2�IA�H3c�H3O�V-V��eH
GIEFc\V�?bOIhmH ; HSV 1/HSH3OpV��eH^A8n ; nbV-?bOIG@V��eH
hSJWn�c\H3c\V-n ; c\V�?bhSJWH�V\nd?bO@H3Ge�bH
� � nb� 
 EFOdG�EWA�H3hmV�EWn�O ��� � � � � ��P ��� , � b

�
g b � �jh ./EFc«��EWabH3O ;=< , c\HSH^?bJFc�n���T=UI?BV�EWn�O �=PFo . /

��� , � b
�?g b � �ih . � �<, � ��� b

�
g b � �jh . � �
	�,����lknmpoqk m Rsr . , �=P � .
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©��eH3O�_�1ZH��I?DabH-V���?BVZV��eH�c��enbA8V\H3c\V/G�EFc\V�?bOIhmH ; HSV 1/HSH3O�V��IH4A�n ; nbV/hmH3O�V\HSA � ?bOIG V��eH-hSJWn�c\H3c\V��+)
n ; c\V�?bhSJWHb_ ��� , � .9_�Eic2/

��� , � . � N�EiOb
�
g b � �jh

� ��� , � b
�
g b � �jh .�� , �=P���.
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©��eHp?bJW�bnbA8EWV���N EFO6h8��?BA��bHpnb��V\H3c\V�EFOI��? hmn�JFJFEic�EWn�O��znbA ? ��?BA�V�EFhSUIJF?BA H3Ge�bHpnb��? 1g�IEFV\H�OenkGeH

EFc�hS?bJFJWH3G 
��� ����� ��� ��������� ��� � � ��� � � "%$ _.?bO�G�EWV�c0��c\H3U�Gen��¹hmn=GIH
Eic-�IA�H3c\H3O�V\H3G ; H3JWn 1�P�©��IH���A8c\V
V\HSA8N nb�I�ZT�UI?BV�EFn�O^�=P �4EFc�A�H2�IA8H3c\H3O�V\H3G ;=< � ���   � ������� _»V��IHZN�?bOI��?BV\V�?bO�GIEFc�V�?bOIhmH��zA�n�N V��IH�A�n ; nbV
hmH3O�V\HSA
V\n@V��eH���A�n��¶H3hmV�EFn�O � b

�?g b � �jh P@©��eH�c�H3hmn�OIG V\HSA9N EicfA�H2�IA8H3c\H3O�V\H3G ;=< �����   � � 
 �  , c�HSH
¤�EF��UeA�Hg�=P�� .9PZ¢�UeAZhSUeA�A�H3O�V�EFNF��JFH3N�H3O�V�?BV�EFn�O��I?bc�?fc�NY?bJFJka"?BA9EF?BV�EWn�O
, JFEiOeH3c�� � �0��c�H3UIGen��¹hmnkGeH�c��en�1gO
; H3JFn 1 .9P�¥4?BV��eHSA�V��I?bO�c\V\nbA8EFOI��?bhmV�UI?bJ[GIEic\V�?bOIhmH3c�?bJWn�OI��V��eHfH3Ge�bH3cgnb�:? 1g�IEWV\HfOenkGeHb_E1/H�c\V\nbA�H�V��eH
EFO�V\HSA8a"?bJ���nDabHSAL1g�IEFh9�^?bO
n ; c\V�?bhSJWH �.n�EFO�V�EFc�V��eH«hSJWn�c�H3c\V�V\n�V��eH«H3Ge�bH«?bOIG�? �.n�EFO�V\HSA:V\n¬V��I?BV�n ; c\V�? �
hSJWH �.n�EFO�VSP ��H�hS?bJFJeV���EFc�� UIOIhmV�EWn�O � 	 ,��+.9P�©��eH4?bhmV�UI?bJ�G�EFc\V�?bOIhmH�� UIOIhmV�EFn�O � 	 ,��+.�EFc�H3?bc�EFJ < hmn�NF��UeV\H3G
��A�n�N ��	�,��+.-?BVfhmn�JFJFEFc�EFn�O�GeHSV\H3hmV�EFn�O�V�EFN�H�UIc�EiOe���IA8n=hmH3GIUIA�H � �
	�� �  �� � ���  �� � ���  � ��
 �  �������� "%$ P
Q4GIG�EFOe� ; nbV��#aB?bJFUeH3cS_ � ���   � ��� � � ?bOIG � ���   � ��
 �  _L1/H n ; V�?bEiO ��� , � b

�
g b � �jh .9_ 14�IEFh8� EFc
A�H2�IA�H3c\H3O�V\H3G ;=< � ���   � �����  ��
 �  �������� EFO�JFEFOeH �dnb�/V��eHF��c\H3UIGIn��¹hmn=GeHbP �LEFOeH �3�.HSA���nbA9N�c-V��eH
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?bOIG ��� , � b
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©[n�A8H3hS?+��EWV�UIJF?BV\Hb_M�/¢0)-> c\V\nbA8H3c � 	�,��+.9_ 1g�IEFh9��EFc
V��eH��.HSA8EFN�HSV\HSA�� UIOIhmV�EFn�O�GeH ��OeH3G�?BA�n�U�OIG
V��eH ; n�UIO�GI?BA < H3Ge�bH3c�nb�/?�14�IEWV\H
Oen=GIHbP¬ ¨V�A�H2�IA8H3c\H3O�V�c-V��eH�GIEic\V�?bOIhmH�nb��H3?bh8� ; n�U�OIGI?BA < �.n�EFO�Vgnb�
V��eH 1g�IEFV\HYOenkGeH�V\n V��IHYn ; c\V�?bhSJFH�hSJWn�c\H3c�V�V\n@V��I?BV �.n�EFO�VSP ¤InbA^V��IEicfA�H3?bc\n�O n�UeA��/¢-)�> EFcfN�nbA�H
N�H3N�nbA < EFO�V\H3O�c�EWabH V��I?bO�?phmn�O�abH3O�V�EWn�OI?bJ«nkhmV\A�HSHb_/�en 1/HSabHSA3_MEWV�c�EW��OIE ��hS?bO�V�J < GIH3hmA�H3?bc\H3c�hmn�JFJiEFc�EWn�O
GeHSV\H3hmV�EWn�O�V�EFN�H���EFabH3O@EFV�cgc�EFN ��JFEFhSEWV < , ? c�EFN ��JWHfhmn�NF��?BA9EFc\n�O �.HSA��znbA8N�H3G<./��nbA-H3?bh8�phmn�JFJiEFc�EWn�OdV\H3c�VSP
�=n�� ?BA3_�1ZH¬�I?DabH�?bc8c�UIN�H3GYV��I?BVMV��eH �
	�,�� .�nb��H3?bh8� 14�IEWV\H4OIn=GeH-EFO�V��eHgnkhmV\A�HSH¬�I?bc ; HSH3O�hmn�NF��UeV\H3G
; HS�znbA�H3�I?bO�G�P�©��eH¬�zn�JFJWn 14EFOe��c\H3hmV�EWn�OIc �IA�H3c\H3O�V«V��eH�hmn�OIc�V\A8UIhmV�EWn�Odnb��?��+),�M¢-)�> EiOdGeHSV�?bEFJ P
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 ¡O V��IEFc�c�H3hmV�EWn�O�_ 1ZH Oen 1�GeH3c�hmA9E ; H��en 1 V��eH �/¢-)�> EFc^hmA�H3?BV\H3G���A�n�N ?bO nkhmV\A�HSHbP@��?bh8� V�EFN�H ?
�bA�H < Oen=GIH�EFcfc ��JiEWVS_C1/HYc\V\nbA�H�V��eHYGIEWakEFGIEiOe� JiEFOeH3c , hS?bJFJWH3G c\H2��?BA8?BV\nbA9cf�zA�n�N Oen�1 n�O�.9P ¤:EWA8c\VS_LV��eH
c\H2��?BA8?BV\nbA8c�?BA�H hmn�OIc\V\A8UIhmV\H3G�?bOIG c\V\nbA�H3G�EFO�? c�H2��?BA8?BV\H GI?BV�? c\V\A9UIhmV�UeA�Hb_ � � � � � �� � � �  � ��� P Q
c 1ZHSH2� �¹JFEFOeH/V < �.H�?bJW�bnbA8EWV��IN,EicLV��IH3O�?+����JFEWH3G�V\nfGIEFa=EFGIHZH3?bh9��c\H2��?BA8?BV\nbA/EFO�V\n�?¬c�HSV�nb��EFO�V\HSA�aB?bJFc�c�UIh9�
V��I?BVZ�znbAMH3?bh8�dEFO�V\HSA�aB?bJ _=V��eH¬hSJWn�c\H3c\V/n ; c\V�?bhSJWH-�.n�EFO�V�A�H3NY?bEFOIcZV��eH-c8?bN�HbP�©��IEFcL�IA�nkhmH3c�c/EFcZA�H2�.H3?BV\H3G
��nbA^HSabHSA < c\H2��?BA8?BV\nbA
EFO�V��IH�n=hmV\A8HSHbP ¤enbA^H3?bh9� 14�IEWV\HYOenkGeHb_ 1ZH GeHSV\HSA8N�EFOIH�V��eH��.nbA�V�EWn�O�c¬nb�MV��eH
��n�UeAMc\H2��?BA9?BV\nbA8cMV��I?BV/��nbA8N�EWV�c ; n�UIOIG�?BA < ?bOIG�JiEFO �
V��eH¬EFO�V\HSA�a"?bJic�V\n
V��eH 1g�IEWV\H-OenkGeH ; n�UIO�GI?BA8EWH3cSP
QMV�V��eHfH3OIG nb�:V��IEic«c\V\H2�w_IH3?bh9� 1g�IEFV\HfOen=GIH�EiO V��eHfnkhmV\A�HSH^�I?bcg?bO ��	�,�� ./?bc�c�n=hSEF?BV\H3G
1gEWV��dEWVSP
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� < D/4 B < 9 �:7 	 @ 7 	F1 4�� B�� < @ <?> 7:9E7CB 139 @
��H�EFJiJFUIc\V\A8?BV\H�V��eH�EiO�V\HSA�aB?bJFc-hmn�NF��UeV�?BV�EFn�O
1gEFV�� ?bO@Hmlk?bN ��JWHb_��bA8?+���IEFhS?bJiJ < c��en 14O�EFO�¤:EW��UeA�H
�=PÌr=P
 ¡O V��IEFc^hS?bc\Hb_�c\H2��?BA9?BV\nbA � n»abHSA8JF?+��c*1gEWV�� V��eH H3?bc\V
H3Ge�bH nb� 
 P:©��eH���A8HSH c ��?bhmH EFO�c�EFGeH 
 ?bOIG
V��eH�n ; c\V�?bhSJWH3c�?BA�HdJWnkhS?BV\H3G n�O�n(���.n�c�EWV\H c�EFGeH3c^nb� � P ��H ?BA�HdEFO�V\HSA�H3c\V\H3G EFO���?BA�V�EWV�EWn�O�EFOe� � EFO�V\n
EFO�V\HSA8a"?bJFc�c�UIh8��V��I?BVZV��eH4hSJWn�c�H3c\V�n ; c�V�?bhSJWHB�.n�EFO�V�A�H3N�?bEiOIc�V��eH-c�?bN�H4?bJFn�Oe��V��IEic�EFO�V\HSA�a"?bJ P:¤InbA8N�?bJFJ <
c �.H3?��=EFOI�e_�V��IEicZhmnbA�A8H3c �.n�OIGIcZV\n
hmn�N ��UeV�EFOe�^V��eH¬EFO�V\HSA8c\H3hmV�EWn�O nb�wV��eH�§�nbA�n�OIn�E�G�EF?B�bA8?bN nb�[V��eH-�zA�HSH
c ��?bhmH 14EWV��dV��eH�c�H2��?BA8?BV\nbA � P�KMJWH3?BA9J < V���EFc 1/n�UIJFG ; H�?�c\HSVgnb��EFO�V\HSA�aB?bJFcSP�¢�UeAg?+����A�n�?bh8�@GIEWA�H3hmV�J <
hmn�NF��UeV\H3c�V��IEFc�EFO�V\HSA8c\H3hmV�EFn�O 1gEWV��In�UeV��I?3akEFOe��V\n�Hml ��JFEFhSEWV�J < hmn�NF��UIV\H�V��eHg§�nbA8n�Oen�E�GIEi?B�bA8?bNd_�U�c�EFOe�
EFOIc\V\H3?bG ?
c 1ZHSH2� �¹JFEFOeH�?bJW�bnbA8EWV���NdP: ¡O nbA8GeHSAMV\n�hmn�NF��UIV\H-V��IH-GIEic\V�?bOIhmH�EFO�V\HSA8a"?bJFc 1/H¬hmn�OIc�EFGeHSA/n�OIJ <
V��en�c\H n ; c\V�?bhSJWH3c J < EiOe��EFO#V��IH n�UeV 1/?BA8G6OenbA8NY?bJgGIEWA8H3hmV�EWn�O#�zA�n�N V��IH ; n�UIOIGI?BA9EWH3c
nb�¬V��eH
14�IEWV\H
Oen=GIHbP�X/H3hS?bUIc\H nb�MV��eHYc�EFN ��JWH�c��I?+�.H�nb�MV��eH�n=hmV\A�HSH OenkGeH3c�, c�T=UI?BA�H3c 1gEWV���?"lkH3c ��?BA8?bJFJWH3J:V\n�V��eH
hmn�nbA8G�EFOI?BV\HM?"l=H3c .9_�V��eHSA�HM?BA�HM�bA�H3?BV�c�EFNF��JiE ��hS?BV�EWn�OIc � P: ¨V:c�U ��hmH3c�V\n¬hmn�OIc�EiGeHSALn�O�J < V��en�c\HMH3OIGE�.n�EFO�V�c
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©��eH¬n ; c�V�?bhSJWH3c �IH3OIG���n�EiO�V�c«?BA�H^c\nbA�V\H3G ;=< V��eH3EWA � �gG�EFc\V�?bOIhmH¬V\n�V��IHfnbA8EW��EFO nb�:V��eH^hmn�nbA8G�EFOI?BV\H
��A8?bN�H�?bc�c\nkhSEF?BV\H3G 14EWV��dV��eH�c�H2��?BA8?BV\nbA3P �wHSV ������� � � � � � � � �  � ; H¬V��eH�c\nbA�V\H3G�JFEFc\V«nb�:H3OIGE�.n�EFO�V�cSP
¤�EF��UeA�H«�=P ��P]?fc��en�1gc:V��eH ������� � � � � � � � �  � hmnbA�A8H3c �.n�OIGIEFOe�4V\n�V��eH«n ; c\V�?bhSJWH3c�EiO�¤:EW��UIA�H��=PÌr=P:£4HmlkVS_
1ZH@UIc\H ? c 1ZHSH2� �¹JFEFOeH 14EWV�� o � ���dnbA9EWH3O�V�?BV�EFn�O �BP ��?bh8�6V�EFN�H V��eH�c@1ZHSH2� �¹JiEFOeH �IEWV�c�?�abHSA�V\Hml._ 1/H
hmn�NF��UeV\HpV��eH�EFO�V\HSA8c\H3hmV�EFn�O nb��V��eH�c 1/HSH2� �¹JFEiOeH 14EWV��6V��eH�c\H2��?BA8?BV\nbA � P ��H��bHSH2� V\A8?bh � nb�^V 1/n
hmn�OIc\H3hSUeV�EWabH
�IEWV�c4?bOIG V��IH^hmnbA�A�H3c@��n�O�GIEFOe��EFO�V\HSA8c\H3hmV�EFn�O
�.n�EFO�V�cSP �wHSV �%� ��� � �  ��� � �  GeH3OenbV\H^V��eH
V\n(� H3JWH3N�H3O�VgEFO ������� � � � � � � � �  � P� ¡O n�UeA�Hmle?bNF��JWH�EFVgEFc ��#"_ ; H3JWn�Oe��EFOI��V\nYn ; c\V�?bhSJFH 
 �MPM�eEFOIhmH
V��IEFc
EFc
V��eH ��A9c\V���n�EiO�VS_�?bO�EiO�V\HSA�aB?bJ«EFc
n(�.H3OeH3G�_Zc\V�?BA�V�EFOe��?BV�V��IHdnbA8EW��EFO�nb�-V��eHdc\H2��?BA8?BV\nbA�1gEWV��
? �.n�EFO�V\HSAYV\n � # P �wHSV � ���� � � � �  ; H�V��eH�OeHmlkV H3JWH3N�H3O�V EFO V��eHpJFEFc\VSP  ¶O n�UeA�Hmle?bNF��JFH�EWV EFc
� #"_ ; H3JWn�Oe��EFOe��V\n#n ; c�V�?bhSJWH 
 ��P �[HSV V��eH�EFO�V\HSA8c\H3hmV�EWn�O?��n�EiO�V A�H3JF?BV\H3G V\n �%� ��� � �  � � � �  ; H
�%� � � � �  � �._I?bO�GdV��I?BVghmnbA�A8H3c �.n�OIGIEFOe��V\n � ���� � � � �  ; H � ���� � �.P

�=n�N�H21g�IHSA�H ; HSV 1/HSH3O � � � � � �  � � ?bO�G � ���� � ��_�?bJFn�Oe��V��eH�c�H2��?BA8?BV\nbA3_�V��eH�hSJWn�c�H3c\Vgn ; c�V�?bhSJWH
V\n � N�? < ,znbA�N�? < OenbV .�c 1gEWV�h9� �zA�n�N 
 � V\n 
 ��P@©��eHYHmle?bhmV��.n�EFO�V�n�O V��eH c\H2��?BA9?BV\nbA*14�eHSA�H
V��eHYc 1gEFV�h8��nkhShSUeA8cS_�EW�MEWV¬n=hShSUIA8cS_LhS?bO ; H�H3?bc�EFJ < GeHSV\HSA8N�EiOeH3G ;�< hmn�NF��UeV�EFOe�dV��eH�EFO�V\HSA9c\H3hmV�EWn�O�nb�
� 1gEWV�� V��eH � ��§�nbA�n�Oen�E[H3Ge�bH ; HSV 1/HSH3O � � ��� � �  � � � �  ?bOIG � ���� � � � �  P�©��eH¬§�nbA8n�Oen�EwH3Ge�bH^EFc
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n ; V�?bEFOeH3G ;=< hmn�NF��?BA8EFOI��V��eH�hmn=nbA8GIEFOI?BV\H3c ; HSV 1ZHSH3O V��eH � � ��� � �  ��� � �  ?bOIG � ���� � � � �  P�© 1/n
hS?bc\H3c«hS?bOd?BA8EFc\HbP� ¡�wV��eH¬GIE ��HSA�H3O�hmH4nb�LV��eH�H3OIGE�.n�EFO�V�c�hmn=nbA8GIEFOI?BV\H3c«EiO�l
, Gkl�.�EFc/�bA�H3?BV\HSA�V���?bO�V��IH3EWA
GIE��.HSA�H3OIhmH�EFO < , G < .9_[V��eHYc��I?+�.H
nb�/V��eH�§�nbA�n�Oen�E�H3Ge�bH�EFc�V��I?BVfnb�M¤:EW��UeA�HY�=P ��P ; P�¢-V��eHSA@1gEic\H
V��eH
c��I?+�.H
nb�ZV��eH�H3GI�bHYEFc¬c��en�1gO�EFOp¤:EW��UeA�HY�=P ��P]hBP �6�eH3O Gkl ��G < 1/H�UIc\H ;=< GeHS� ?bUIJWV�V��eH�H3GI�bHYEFO
¤�EF��UeA�H¬�=P ��P ; ��nbA�?
abHSA8V�EFhS?bJ�c 1/HSH2��, � EFc/abHSA�V�EFhS?bJ"./?bO�G�V��IH¬H3Ge�bHfEFO ¤�EF��UeA�Hf�=P ��P]h¬�znbA�?��enbA8EWRSn�O�V�?bJ
c 1ZHSH2� , � EFc��enbA9EWRSn�O�V�?bJ9.9_I?bJWV��en�Ue��� ; nbV�� hS?bc�H3cghS?bO ; Hf?+����JFEWH3G�P
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¤�EF��UeA�H��=P ��/ �LÁ»Ã�È�Éb´¨±¯Æ�²�´¡³�·«± Æ"´¡·8°¡ºmÄD®¯µ
 ¨�:V��eH�§�nbA�n�Oen�ELH3Ge�bH^EFO�V\HSA8c\H3hmV�c-?�abHSA8V�EFhS?bJ[c\H2��?BA8?BV\nbA � , ?bc4EiO ¤:EW��UeA�H^�=P ��P]h .9_�EWV4EFNF��JFEFH3cMV��I?BV

?BV�V��eH�EFO�V\HSA8c\H3hmV�EFn�O��.n�EFO�VS_eV��IH�hSJWn�c\H3c\Vgn ; c\V�?bhSJWH �.n�EFO�V�c 1gEFV�h8�eH3c«�zA�n�N ��#�V\n � #"P� ¶O V��IEFcghS?bc\Hb_�1/H
hSJWn�c\H�V��eH�EFO�V\HSA8a"?bJ , ?BV�V��eHYEiO�V\HSA8c�H3hmV�EWn�O �.n�EFO�V .-�znbA�n ; c\V�?bhSJFH�
 � ?bOIG n(�.H3O�? OeH21 n�OeH , ?BV^V��eH
c�?bN�HB�.n�EFO�V .�V��I?BVMEFcZ?bc�c\nkhSEF?BV\H3G�14EWV�� � # ,zn ; c�V�?bhSJWH 
 � .9P� ¨��V��eH4§�nbA�n�Oen�E�H3Ge�bH�Gen�H3c/OenbV/EFO�V\HSA9c\H3hmV
V��eH4c\H2��?BA8?BV\nbA � _�EWVZEFNF��JFEFH3c�V��I?BV � #gEFc�hSJWn�c�HSAZV��I?bO � #�V\n
?bJFJ��.n�EFO�V�c�EFO � _��IH3OIhmHB1/H-G�EFc�hS?BA8GF�.n�EFO�V
� #"_ �bHSH2��V��IH�EFO�V\HSA8a"?bJk�znbA ��#-, 
 �L.Ln(��H3Ow_ �bHSH2� ��#/?bc�V��eH �%� � � � �  � � � �  _b?bOIG
�bHSV�V��eH�OeHmlkV8�.n�EFO�V
��A�n�N V��eH�JFEic\V�?bcgV��IH � ���� � � � �  P/ ¡OdV���EFc�Hmle?bNF��JWHb_�V��eH�§�nbA�n�OIn�E[H3Ge�bH�EFc�V���?BVgnb��¤:EW��UeA�H^�=P ��P ; _
�eH3OIhmH
� #4EFcZG�EFc�hS?BA8GeH3G�?bOIG V��eH�hSUeA�A�H3O�VZV\n(� �.n�EFO�V��zA�n�N$V��eH¬JFEFc\VS_ � �S_ ; H3hmn�N�H3c�� ���� ��� � �  P�©��eH
�IA�nkhmH3c�c�hmn�O�V�EiO�UeH3c�UIO�V�EiJ=?bJiJkV��eH �.n�EFO�V�c���?3abH ; HSH3O�akEFc�EWV\H3GwP ��HghS?bJFJkV���EFc:�zU�OIhmV�EWn�O ������� � � � � � "%$ P

Q4JF�bnbA8EWV��IN ������� � ��� � � " $ EicLc��In 1gO
OeHmlkVSP �LEFOeH3c��4?bOIG �4EiOIEWV�EF?bJFEFRSH�V��eHMc\V�?BV\H«nb� � ;=< n(�.H3OIEFOe�
V��eH ��A9c\V�EFO�V\HSA�a"?bJ P ������� � � � ��EFOIG�EFhS?BV\H3c�V��eH4GIEWA�H3hmV�EWn�O�EFOF1g��EFh8�YV��eH4c 1/HSH2��Eic �.HSA��znbA8N�H3G
, OenbA8V���_
c\n�UeV���_/H3?bc\VS_ 1/H3c\V .�?bO�G#EFc�UIc�H3G#V\n ��O�G�V��eH � � ��� � � �.n�EFO�V�nb� � PZ©��eHdA�H3c\V�nb��V��eH ?bJW�bnbA8EFV��IN
��HSA8��nbA8NYc�V��IH c 1/HSH2� �¹JFEFOeH�hmn�NF�.HSV�EWV�EFn�O ;�< hmn�NF��?BA9EFOe��V��eH � � ��� � �  � � � �  ?bOIG � ���� � � � �  
UIO�V�EiJ:V��eHYJFEFc�V-nb� ������� � � � � ��� � �  � EFc¬H3N �IV < P ©��eH�§�nbA�n�OIn�E�H3Ge�bH ; HSV 1ZHSH3O V��IEFc�V 1Zn �.n�EFO�V�c¬EFc
hmn�NF��UeV\H3G ;=< �IA�nkhmH3GIUeA�H � ��	�� �  �� � ������� 
 � �  �� � � � � �  � "%$ _C, JFEFOIH¬r .9_�1g�IEFh9�dEFc�GeH3c8hmA8E ; H3GdEFO
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N�nbA�H GeHSV�?bEFJMEFO�c�H3hmV�EWn�O �=P �=PÌ�=P j�n�EFO�V ��� A�H2�IA�H3c�H3O�V�c
V��eH EiO�V\HSA8c�H3hmV�EWn�O �.n�EFO�V ; HSV 1ZHSH3O�V��IH JFEFOeH
c\H2��?BA8?BV\nbA � ?bOIG�V��eHd§�nbA�n�OIn�E�H3Ge�bH nb� � � ��� � �  ��� � �  ?bOIG � ���� � � � �  P  ¨�4§-j$HmleEFc\V�cS_ZV��eH
EFO�V\HSA8a"?bJFcMnb� � ?BA�H^N�n=G�E ��H3G ?bhShmnbA8GIEFOI��J <�;=< �IA�nkhmH3GIUeA�H � � � �� �� � �  �� ��� ��� "%$ P
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 > 2	BED/4�� B
� < � 1%9 134813D���6�� <���< B ��<?< 4)B � 1 < 4�6 > 13D/4 B @
)4HSV\HSA9N�EFOIEFOI� 1g�eH3O V\n n(�.H3O nbA hSJFn�c\H@? OeH21 EFO�V\HSA�aB?bJ-��nbAd? JFEFOeH�c\H2��?BA8?BV\nbA EFc ?bO EFNF�.nbA�V�?bO�V
?bc �.H3hmVgnb��n�UeA ������� � ��� � � " $ ?bJW�bnbA8EFV��INdP«©��eH^Hmlk?bhmV �.n�EFO�V4EFO 1g��EFh8� ? OeH21�EFO�V\HSA8a"?bJLEFcghmA�H3?BV\H3G
EFc�GeHSV\HSA8N�EFOIH3G ;=< V��IH�EFO�V\HSA9c\H3hmV�EWn�Opnb�/V��eH
§�nbA�n�Oen�E�H3Ge�bH ; HSV 1ZHSH3O�V 1Zn H3OIGE�.n�EFO�V�c-?bO�G�V��IH�JFEFOeH
c\H2��?BA8?BV\nbA � P ��H�N�H3O�V�EFn�OeH3G ; HS�znbA�H@V��I?BV 1ZHpGen OenbV hmn�N ��UeV\H@V��eH�§�nbA8n�Oen�E�H3Ge�bH@Hml���JiEFhSEWV�J < _
�en 1/HSabHSA3_�V��IHSA�Hf?BA�H�c\n�N�Hf�z?bhmV\nbA9c�V��I?BV 1/HfV�?��bH�EFO�V\n�?bhShmn�U�O�VSP/Q4c�c8UIN�H¬V��I?BV�V��IH¬V 1/nYH3OIGE�.n�EFO�V�c
hSUeA�A�H3O�V�J < Hmle?bN�EFOIH3G ;�< V��eH c 1/HSH2� �¹JFEiOeHd?BA�H � ?bOIG 
.P#©g�eH��.n�EFO�V�c�NY? < ; H3JWn�Oe��V\n�V��eH c8?bN�H
n ; c\V�?bhSJWHbP�©��IHF��n�c8c�E ; JWH
hmn�O ����UIA8?BV�EWn�OIc�nb�/V��eH�H3OIG���n�EiO�V�c 1g�IEiJWH^V��IHYJFEFOeH
c 1/HSH2��c�?BA8H�c��en 14O�EFO
¤�EF��UeA�H �=P �=P�©��IH�GI?bc��IH3G JFEiOeH3c�?BA�H UIc\H3G n�OIJ < V\npc��en�1�V��eH�A8H3JF?BV�EWn�OIc���E � ; HSV 1/HSH3O Gkl ?bOIG�G < P
©��eH �IA�nkhmH3GIUeA�H-V��I?BV«hSJF?bc�c�E ��H3c/H3?bh8� �kEFOIG�nb�LhS?bc\Hf?bhShmnbA9GIEFOe�
V\n
V��eH�H3OIGE�.n�EFO�V�c �.n�c�EFV�EWn�O�Eic/hS?bJiJWH3G
���� � � 	 � � � � � � �  � �  �� � ���  � ��� " $ P

©��eH«c�U ; A�n�UeV�EFOeHZV��I?BV�hmn�NF��UeV\H3c�V��eH«EFO�V\HSA8c\H3hmV�EWn�O ��n�EiO�V , � � �  . ; HSV 1/HSH3O�V��eH«§�nbA8n�Oen�EeH3Ge�bH«nb�
V 1/n4H3OIG���n�EiO�V�cw?bO�G � EFcLhS?bJiJWH3G � ��	�� �  �� � ��� � � 
 � �  � � � � � �  � "%$ Pw ¡VLEic[EFO�abn �bH3G^EiO�V\HSA8O�?bJFJ <-;�<
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V��eH ������� � ��� � � " $ PL©g�eH ��c\H3UIGIn��¹hmn=GeH�Eic �IA�H3c\H3O�V\H3G ; H3JWn 1�P�©��IH�EFOE��UeV:hmn�OIc�Eic\V�c�nb��V��eHgc\H2��?BA9?BV\nbA
JFEFOeHb_kV��eH¬V 1Zn�H3OIGE�.n�EFO�V�c«?bOIG V��eH�GIEFA�H3hmV�EWn�O nb��V��eH�c 1/HSH2� , ������� � ��� ��.9P
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j�A�nkhmH3GIUeA8H � �
	�� �� � � �  �� � ������ � ��� "%$ hmn�NF��UIV\H3c � � �  P� ¡VgGIEic\V�EFOe��UIEic��eH3cZ��n�UeA4hS?bc\H3cS_�H3EFV��eHSA
Gkl�nbA�G < EFcfH3T�UI?bJ:V\n��k_LGkl �gG < ?bOIG�Gkl 
gG < P�©��I?BV^c\n�JWH�A�H3JF?BV�EFn�OIc��IE �pEFc¬H3OIn�Ue����V\n GeH ��OeH
V��eH
c��I?+�.H�nb��V��IH¬§�nbA�n�Oen�EwH3GI�bHbP ��H�Hmle?bN�EFOeH¬H3?bh9��hS?bc�H�OeHmlkV2/


  ¡� � � � �k_=V��eH4§�nbA�n�Oen�E�H3Ge�bHg�znbAZhS?bc\H3c/EFO�¤:EW��UIA�H4�=P �=P �
?bOIGY¤:EW��UeA8H4�=P �=P]��Eic��enbA8EFRSn�O�V�?bJ�?bOIG
��?bc�c�H3c[Hmle?bhmV�J < V��eA8n�Ue����V��IH/N�EiGIGIJWH �.n�EFO�V[nb�eV��eHMGI?bc��eH3G^JFEFOeH�V��I?BV �\n�EFOIc[V��eH/H3OIGE�.n�EFO�V�cS_ , c\HSH
¤:EW��UeA�Hg�=PÌq .9P �6�eH3O�V��eHgc 1/HSH2��EFc ��HSA8��nbA8N�H3G
��nbA�?^c\H2��?BA8?BV\nbA � EFO
V��eH4�enbA8EWRSn�O�V�?bJ�GIEFA�H3hmV�EWn�O
V��eHSA�H�EFcZOen�EiO�V\HSA8c�H3hmV�EWn�O ; HSV 1ZHSH3O V��eH-§�nbA�n�Oen�E�H3Ge�bH�?bOIG � P=©g�eHSA�HS�znbA�Hb_ � � �  EFOYV��eH-? ; n»abH
��c\H3U�Gen��¹hmn=GIH EFc
£-` � ��P:¤enbA�V��eHdhS?bc\HdEFO ¤:EW��UeA�H �=P �=P �e_L�.n�EFO�V � EFc�V��eH hSJFn�c\H3c\V
V\n � , c�HSH
¤:EW��UeA�H��=PÌq=P]? .9P
 ¶O�¤�EF��UeA�H��=P �=P]��_ �.n�EFO�V 
�EFc-V��eH�hSJWn�c\H3c�V-V\ndV��IH��enbA8EWRSn�O�V�?bJ�c\H2��?BA8?BV\nbA�, c�HSH
¤:EW��UeA�H��=PÌq=P ; .9P
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� �eH3O�V��eHdc 1ZHSH2�#Eic�abHSA�V�EihS?bJ _ � � �  HmlkEic\V�c
?bOIG�V��eHdEFO�V\HSA8a"?bJFc�?BA�HdN�nkGIE ��H3G ?bhShmnbA8GIEFOI��J < P
¤enbA�¤:EW��UeA�H^�=P �=P �31/H�hSJWn�c\H^V��eH�hSUeA�A8H3O�VgEiO�V\HSA�aB?bJ[?bO�G ?bc�c\nkhSEF?BV\H^EFV 1gEWV��dH3O�GE�.n�EFO�V � ?bcgV��eH
hSJWn�c\H3c�V-n�OIHb_.?bO�G�n(�.H3Op? OeH21,EFO�V\HSA8a"?bJ�?bc�c\nkhSEF?BV\H3G�1gEWV�� �.n�EFO�V 
;, c\HSH�¤:EW��UIA�H��=PÌq=P]? .9P�©��eH
n(���.n�c�EWV\Hf��?+���.H3OIc/��nbAg¤:EW��UIA�H��=P �=P]��P
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a b
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X
pint pint
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¤:EW��UeA�H��=PÌq�/ 7�ÁD°¡ÁDÆ�Á»±k·9¼b²»·/À�³�·8Æ8 �9B: 3


 � �eH3O ����� �k_ , ¤�EF��UeA�H3c��=P �=P]h4?bOIGY�=P �=P]G�.9_=V��eH«§�nbA�n�Oen�E�H3Ge�bHb_�EiJFJFUIc\V\A9?BV\H3G�EiO�¤�EF��UeA�Hg�=PFoS�k_kEFc
?�abHSA8V�EFhS?bJ�JiEFOeH�V��I?BV�hSUeV�cLV��eA�n�Ue���^V��eHZNYEFGE�.n�EFO�V�nb�eV��IH/GI?bc8�eH3G�JFEiOeH ; HSV 1/HSH3O^V��IH�H3OIGE�.n�EFO�V�cSP
 ¡�4V��eH c@1ZHSH2� Eic���HSA8��nbA8N�H3G�EFO V��eHdabHSA�V�EFhS?bJgGIEWA�H3hmV�EWn�Ow_�V��eHSA�H Eic�Oen�EFO�V\HSA8c\H3hmV�EWn�O 14EWV�� � _
, � � �  Eic�£4`�� � .9P >gn�1ZHSabHSAD_ ��n�EiO�V � EFO�¤:EW��UeA�H �=P �=P]h�EFc �bH2�IV�?bc�V��eH hSJWn�c�H3c\V�V\n � _B, c�HSH
¤:EW��UeA�Hf�=PFoS�kP]? .9P/jLn�EiO�V 
dEFO�¤:EW��UIA�Hf�=P �=P]G EFc �bH2�IV�?bcMV��eHfhSJWn�c�H3c\VMn�OeHfEFO ¤�EF��UeA�Hf�=PFoS�kP ; PZ¤InbA
?��enbA8EWRSn�O�V�?bJ�c@1ZHSH2�w_ � � �  EFc/hmn�NF��UeV\H3G ?bOIG�V��eH-EiO�V\HSA�aB?bJFcZ?BA�H-N�n=GIE ��H3G�_�HbP �eP 1/H�hSJWn�c\H-V��eH
hSUeA�A8H3O�V-EFO�V\HSA8a"?bJ 1g�IEFh9� EFcg?bc8c\n=hSEi?BV\H3G
1gEFV�� �.n�EFO�V 
 EFO ¤:EW��UeA8H^�=P �=P]Gp?bOIG n(�.H3O ? OeH21 n�OeH
�znbA�H3OIGE�.n�EFO�V � , c\HSH^¤�EF��UeA�H��=PFoS�kP ; .9P
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 ¡��?#�InbA8EWRSn�O�V�?bJfc 1/HSH2�¦EFc��.HSA��znbA8N�H3G �znbA ¤:EW��UeA�H �=P �=P]E _01ZH ��A�n=hmHSH3G¦?bc 1g�eH3O � � � �k_
nbV��eHSA@14EFc\Hb_E1/H ��OIG V��eHfEiO�V\HSA8c�H3hmV�EWn�O ?bc 14�eH3O�� � � �kP


 ¤enbA � � � ����_kHmlk?bN ��JWH3c�?BA8H-c��In 1gO�EFOY¤:EW��UeA8H-�=P �=P]?
?bOIG ¤�EF��UeA�H4�=P �=P ; PZ©��eH3EWA�§�nbA8n�Oen�E.GIEF? �
�bA8?bN�cZ?BA�Hgc��In 1gO�EFO�¤:EW��UeA�H4�=PFoboBP]?�?bOIG�¤:EW��UIA�H4�=PFoboBP ; A�H3c �.H3hmV�EWabH3J < P ��H4U�c\Hg¤:EW��UeA�Hg�=PFoboBP]?
V\n�GeH3c�hmA8E ; HgV��eH-hmn�N ��UeV�?BV�EWn�O nb�wV��eH-§�nbA�n�Oen�E�H3Ge�bHbP ��H�?+����J < ? �\c�T�U�?BA8EFOe� � �IA�nkhmH3c�c/V��I?BV
HSabH3OIc«V��IHfGIE��.HSA�H3OIhmH�nb�LJWH3OI�bV�� ; HSV 1ZHSH3O�Gkl ?bO�GdG < , c\HSHfG�?bc��eH3Gdc�T=UI?BA�H3c«EFO ¤:EW��UeA8H¬�=PFobo .9P

Voronoi edgeVoronoi edge
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¤:EW��UeA�Hf�=PFobo+/ 7�ÁD°¡ÁDÆ�Á»±k·9¼b²»·ZÍFÁ»°� �9 @( �=

�wHSV � � ; H ?
�.n�EFO�Vf�zA�n�N V��eH�§�nbA8n�Oen�E/H3Ge�bH ; HSV 1ZHSH3O �.n�EFO�V�c � ?bOIG 
�P ��� Eic^JWnkhS?BV\H3G ?BV
V��eH�UE���.HSAgJWHS�zVghmnbA8OeHSA-nb��V��eH�GI?bc��eH3G�c�T�U�?BA�H�EFO�¤�EF��UeA�H^�=PFo3�=P]?kP��wHSV-V��eH�abHSA�V�EihS?bJLGIEic\V�?bOIhmH
; HSV 1/HSH3O � ?bOIG ��� ; H ��P ��H �kOen 1 V��I?BV V��eH�N�?bOI�I?BV\V�?bO¦GIEFc\V�?bOIhmHp�zA�n�N 
 V\n ��� EFc
� � � , � � � ��.9P� ¡� � � EiOIGeHSH3G ; H3JWn�Oe��c¬V\n V��eH�§�nbA�n�Oen�E�H3Ge�bHb_:EWV�cfN�?bOI��?BV\V�?bO�GIEFc\V�?bO�hmH�V\n
; nbV�� hmn�NF�.HSV�EFOe�
H3OIG���n�EiO�V�c � ?bOIG 
 EFcMV��eH�c8?bN�Hb_IV��eHSA�HS�znbA�H

� � � � � , � � � �E.
� � � � � � � �

��� , � � � ����.
� , �=P�� .

��T=UI?BV�EWn�O �=P�� �IA�n»a=EFGIH3c�V��eH Hmle?bhmV < �¹hmn=nbA8GIEFO�?BV\H nb� ��� 1g�IH3O ?bGIGIH3G V\n@V��I?BV
nb� �.n�EFO�V � P
£4nbV�EFhmH�?bJFc\ngV��I?BVS_"?bc 1ZH�N�H3O�V�EWn�OIH3G ; HS��nbA�Hb_"V��eH �.n�c�EWV�EFn�O�nb��V��eH�abnbA�n�Oen�E(�.n�EFO�V�n�OIJ < GeH2�.H3OIGIc
n�OdV��eH�A�H3JF?BV�EWn�OIc8�IE � ; HSV 1ZHSH3O�Gkld?bOIG G < P
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��H h8�en=n�c\H Oen 1 V��eH�JFn 1/HSA^A8EF����V�hmnbA8OeHSA�nb�«V��eH�c�T=UI?BA�H ?bc � � , ¤:EW��UeA�H �=PFo3�=P ; .9P�©��IH �+)
N�?bOI��?BV\V�?bO GIEFc�V�?bOIhmH���A8n�N �.n�EFO�V � V\n�EWVfEic � � � ��_ 1g�IEiJWH^V��IHYGIEFc\V�?bO�hmH���A�n�N 
pV\n � � EFc
��� � ��PdQ4��?bEFO�_81ZH�H3T�U�?bJ ; nbV���GIEFc�V�?bOIhmH3c�?bOIG n ; V�?bEFO ?bc^?dA8H3c�UIJWV��ZT�U�?BV�EWn�O �=PÌr=_ 1g�IEih8�
�IA�n»a=EiGeH3cMV��eH < �¹hmn�nbA9GIEFOI?BV\H¬nb� � � n�OIhmH^?bGIGeH3G V\n�V��eH < �¹hmn=nbA8GIEFO�?BV\Hfnb� �.n�EFO�V � P

� �%� � � � � � �
� � � � � � � �
��� , ��� � � � .

� , �=PÌr .
©��eH�hmn�NF��JWHSV\H�§�nbA�n�Oen�E�H3Ge�bH�EFc4c��en�1gOpEFO ¤:EW��UeA8H��=PFo3�=P]hBPf©��eH �.nbA�V�EWn�OIc4nb��V��eH�H3Ge�bH
V��I?BV
HmlkV\H3OIGY�zA�n�N V��eH4hmnbA8OIHSA8c�nb��V��eH-c�T=UI?BA�Hb_<,914�eHSA�H�V��eH ��� 1M?bcZhmn�N ��UeV\H3G�.�?BA�HgV��eH4n�OeH3cZV��I?BV
N�? < ,znbA�OenbV .�EiO�V\HSA8c�H3hmV�?@c�H2��?BA8?BV\nbA � P�¤enbA�?�abHSA8V�EFhS?bJ�c\H2��?BA9?BV\nbA3_ � � �  EFc�n ; V�?bEiOeH3G ;�<
�IA�n��\H3hmV�EFOe� ��� n�O�V\n � ?bcZEFO�¤:EW��UeA�H-�=PFo3�=P]hBP�¤enbAM?f�enbA8EWRSn�O�V�?bJ�c�H2��?BA8?BV\nbA�� � �  EFc�£-`�� �@?bOIG
�.n�EFO�V � EFc �bH2��Vg?bc«V��eH�hSJFn�c\H3c\V �.n�EFO�VMV\n � P
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  ¡� � � 
 � ��_w¤:EW��UeA8H3c��=P �=P H�?bOIGp¤�EF��UeA�H3c¬�=P �=P � ; H3JWn�OI��V\n V��IEFc�hS?BV\HS�bnbA < P
©��eH < �I?3abH�V\n ; H
c�U ; N�EWV\V\H3GdV\n ?Yc�T=UI?BA8EFOI�*��A�n=hmH3c8cS_�c�EiN�EFJF?BA«V\n�V��eHfn�OeH�GeH3c�hmA8E ; H3G �znbAgV��eH �IA�HSakEWn�UIc«�bA8n�UE�wP
©��eH §�nbA�n�Oen�E4H3Ge�bH3cY�znbA V��IEFcYc8U ; hS?bc\H3cY?BA�H@c��en�1gO EFO ¤�EF��UeA�H@�=PFo �=P]? ?bOIG ¤:EW��UeA�H��=PFo �=P ;
A�H3c �.H3hmV�EWabH3J < P
 ¶O nbA8GIHSA�V\n@Hml ��JF?bEFO V��eH §�nbA�n�Oen�E/H3Ge�bHdhmn�NF��UeV�?BV�EFn�O�_ 1ZH UIc\H V��eH hS?bc\HdEFO�¤�EF��UeA�H �=P �=P HbP
�wHSV�V��eH�UE����HSA-A8EW����V�hmnbA8OeHSA¬nb��V��eH�GI?bc8�eH3Gpc�T�U�?BA�H�EFO�¤:EW��UIA�H
�=PFo��eP]? ; H � � �wHSV � ; H�V��eH
�enbA8EFRSn�O�V�?bJwG�EFc\V�?bOIhmH ; HSV 1/HSH3O �.n�EFO�V 
d?bO�G ��� P
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 ¡� � � EFc ��?BA�V¬nb�/V��eH�§�nbA�n�Oen�E�H3Ge�bHb_�EFV�c¬N�?bOI�I?BV\V�?bO GIEFc\V�?bOIhmH�V\n H3?bh8��H3O�GE�.n�EFO�VS_ � ?bOIG 

N�UIc\V ; H�V��IH
c8?bN�HbP��ZT�U�?BV�EWn�O��=P �3�IA�n»a=EiGeH3c-V��eH�l �¹hmn=nbA8GIEFO�?BV\H�nb� � � 1g�eH3Op?bGIGIH3GpV\ndV��eH
l �¹hmn�nbA8G�EFOI?BV\H¬nb� 
.P

��, � � ��� . � �<, 
 � � � .
, � � � � . � ��� � �

� � � ��� � ���

� �
, � � � � �E.

� , �=P �(.
£4n 1f_�JWHSV4V��eH�JFn 1/HSA�JFHS��V-hmnbA8OeHSA-nb��V��eH^c8T�UI?BA8H , ¤:EW��UeA8H��=PFo��eP ; . ; H � � P���T=UI?bJFEFOI�YEWV�cgNY?bO �
�I?BV\V�?bOdGIEic\V�?bOIhmH-V\n�V��IH-H3O�GE�.n�EFO�V�c 1ZH�n ; V�?bEiO �ZT�U�?BV�EWn�Od�=P �=_Ic��en 14O ; H3JWn�1fP�©��eH-H3T�U�?BV�EWn�O
�IA�n»a=EiGeH3cMV��eH¬l �¹hmn�nbA9GIEFOI?BV\H¬nb� � � 1g�IH3Od?bGIGeH3GdV\n�V���?BV�nb� 
�P

�<, � � � � . � �<, 
 � � � .
, � � � � . � � ��� �

� � � ��� � ���

� �
, � � � � �E.

� , �=P � .

©��eH�hmn�N ��JWHSV\H�§�nbA�n�OIn�E�H3Ge�bHYEicfc��en�1gO�EFO�¤:EW��UeA8HY�=PFo��eP]hBP ¤InbA^?dabHSA�V�EihS?bJ�c 1/HSH2�w_ � � �  EFc
£-` � ��_w�en�1ZHSabHSA3_�EWV¬EFc�OenbV¬V��eH�hS?bc\H��znbAf?d�enbA8EFRSn�O�V�?bJ�c 1/HSH2�wP
©��eH
nbV��eHSA�hS?bc�H3c¬�z?bJiJFEFOe� EFO
V��IEFc«hS?BV\HS�bnbA < ?BA�Hfc\n�JWabH3G�JFE��bH21gEic\Hb_kHml���JFn�EWV�EFOe��V��eH3EWA��bHSn�N�HSV\A8EFhS?bJ[c8EFN�EFJF?BA9EWV�EWH3cSP
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