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

%'&�(*),+.-/)�0�)21435)7698:34;=< >?3A@9B71'35)�-7148:35<A&:1'8:CED!)F&G0�358:35<H0�35<AI�0!J=&:1EK:-/)�0F0FLNM:MPOQM'RTS.)/+U35)2VW(*)�-
X:Y:Y[Z L]\�&:CAC^&:1_K[&:1_KPLa`�b[0?35-/8:C^<A8

cUd:eadEfWgihGjUkml9nGj!d:o�p!o,qrkmstl9n_s!d:q,d:uwvGgmx�j=y2n
kzd_p�d:{mx|k=p!p!o�xw}tl~kis=l�cUd���d:�,�5�mo�x|�

��&:-F�w)/K:<A8:1�J=&:V�+.bE35<�1EK�Jt)21'35)�-
�T���z�,�T&P� X[X�� �!C�<A1'6[)2-F1rLw�9OQ�:� X�� �i0?C^&GL���&[-7�w8:�

y�� )/+r8:-735V�)�1'3=&�>���8[3A@_)2V�8:35<AI�0FL��a14<���)2-�0?<A35��&/>��i0�C^&
�T���z�,�T&P� X �_�G�GLi�!C^<�146:)2-F1rL��zO/�:� X:Z �i0�C^&GL���&:-F�w8:�

kms=l

�2  C >!`9¡2bE<�358[<�14)��i-/&26:bEI235<A&:1
`��2)�1'bE)�¢�8:-F-F<£(�8:b[L Z�� � X:¤ �i8:b~Jt)76:)��2L�;�-Q8[1'IF)

��¥�¦�§2¨�©'ªG§:«:¬=­P®/¯H°:±:®7­G²
³a­G®�´=µ5¶r·'¸r­G²W´�·E¹7­�ºE¯H·�¹*»r´!­G¼r¼Eº^¯¾½�­P¹/¯H°:·�°Pµ'®7­G·'¸E°:²À¿'´Fº�¸r³�Á
Â ¶r¹=¹�»r´�Ã�­G®*´iµ5®*´2Ä[¶r´�·_¹�ºÅÃ
¸[¯�Æ�½F¶EºÅ¹i¹*°�´2³/¹/¯H²�­G¹�´iµ£®�°:²Ç¸r­G¹F­rÈ:Éi»E¯�³|¯¾³|¼'­G®*¹/¯�½F¶Eº�­G®/¯^ºHÃ
¹*®*¶r´�Ê!»r´�·W¹*»r´�­:³*³/¶r²Ë¼r¹/¯H°:·W°Gµ4¯¾³�°:¹*®*°:¼EÃ�¯�³=¸E®*°:¼r¼4´2¸UÈEÌÍ·�³/¶'½*»
½�­:³/´2³�ÁGÊi´!¼r®*°[¼'°_³/´
¹*°9° Â ¹7­�¯H·�¹*»r´i´2³/¹/¯H²�­G¹*´t¶'³Î¯H·r±�Ïi­2Ã[´2³Î¯�­G·]³/¹F­G¹/¯�³/¹/¯�½�³�Á�Ê!»r´�®*´i¼r®/¯H°:®�Ð_·r°GÊiºH´2¸E±:´i²�­�Ã
Â ´�¶'³/´2¸
¯H·Ñ­W³/¹*®*¶'½F¹�¶r®*´2¸
Ê!­2Ã:È

ÌÍ·Ò¹*»E¯�³�­G®�¹/¯�½�ºÅ´:Ái³/´�Ó:´�®F­�º�­P¼r¼r®*°_­:½�»r´2³�­P®*´�¼r®*´2³�´�·_¹*´2¸�­G·'¸�¹*´2³/¹*´2¸Ô°:·Õ­�³Î¯H²W¼EºH´
²W°r¸E´FºÍÈwÖ~´�­�º�³/°~¸[¯¾³�½F¶'³*³W´F×r¹*´�·'³Î¯H°:·'³�¹*°�²W°[®*´�½F°[²W¼EºH´F×Ø²W°r¸E´Fº�³�Á=­:³�Êi´Fº^ºz­:³�­
½�­:³/´�³�¹*¶'¸EÃ:È



Ù Ú=Û É!É ÛtÜÞÝàß�á É�â�ã Û É�Èäâ�åwÈ

æ «ç��è'§2¨�é�êwë�ªG§2ì¾é�è

ÌÍ·í²W°_³/¹�­G¼r¼Eº^¯�½�­G¹/¯H°:·'³9°Gµw®7­G·'¸E°[²î¿'´Fº�¸r³9¹*»r´�®*´�¯�³z­Ë·r´�´2¸í¹*°W´2³/¹/¯H²�­P¹*´�¹*»r´�Óï­G®�¯Åð
°:±:®F­G²�Á�¯ÍÈñ´:ÈHÁ�¹*»r´�µ5¶r·'½F¹/¯H°:·�¹*»'­G¹�¸E´2³*½F®�¯ Â ´2³w¹*»r´=³�¼'­G¹/¯�­�ºN½F°GÓï­P®/¯�­G·'½F´ Â ´�¹QÊi´�´�·�¸[¯�ò�´�®*ð
´�·E¹�ºÅ°r½�­G¹/¯H°:·'³�È:ÖÒ»r´�·�µ5´�Êó° Â ³/´�®�Óï­G¹/¯H°:·'³w­P®*´z­�Óï­�¯^º�­ Â ºH´:Á_­[³�¯�³�µ5®*´2Ä[¶r´�·_¹/ºHÃ�¹*»r´!½�­:³/´
¯H·�¼'´�¹*®�°GºH´�¶r²ô­P¼r¼Eº�¯�½�­G¹�¯Å°[·'³�ÁrÓï­P®/¯H°:±:®7­G²�´2³/¹�¯Å²
­G¹/¯H°:· Â ´2½F°:²W´2³iÄ[¶E¯H¹*´�¸[¯^Æ�½F¶EºH¹2ÈrÌÍ·
¼r®7­:½F¹�¯¾½F´
°:·r´W²
­2Ãí»'­�Ó:´�¹*°�½F°:² Â ¯H·r´W¹*»r´Ë° Â ³/´�®*ÓG­G¹/¯H°:·'³�Êi¯H¹*»~¼r®/¯H°:®�Ð_·r°GÊiºH´2¸E±:´
¹*°�° Â ¹7­�¯H·�­G·W´2³�¹/¯H²�­G¹*´:ÈEÌÍ·�¹�»E¯¾³i­G®�¹/¯�½�ºÅ´:ÁEÊi´�¸[¯¾³�½F¶'³*³!³/´�Ó:´�®F­�º.Ê!­�ÃN³|¹*°�²�­GÐ:´9³/¶'½*»
­W½F°:² Â ¯H·'­G¹/¯H°:·õ¯H·�­�®/¯H±:°[®*°:¶'³t²�­G·r·r´�®9¶'³Î¯H·r±�­�Ïi­�Ã:´2³Î¯�­G·õµ£®7­P²W´�Êi°:®*ÐUÈ

ÌÍ¹
¯�³õ¼'­G®*¹/¯�½F¶Eº�­G®/¯^ºHÃö¸[¯^Æ�½F¶EºH¹Ñ¹*°÷´2³/¹/¯H²�­G¹�´�ÓG­G®/¯H°:±:®F­G²�³
Ê!»r´�·Þ¹�»r´ø­[³*³/¶r²W¼r¹/¯H°:·
°Gµi¯�³/°:¹*®�°:¼_Ãõ¯�³]¸E®�°:¼r¼'´2¸UÈwÉ,°�¯^º^ºÅ¶'³�¹*®7­G¹*´
»r°GÊ�°:¶r®�²Ë´�¹*»r°N¸r³�²�­�Ãí»r´FºÅ¼�»r´�®*´:Á�Êi´
Êi¯^º^ºWµ5°N½F¶'³í°:·�­Ò½�º¾­[³*³í°GµW¼'­G®7­G²W´�¹�®/¯�½~ÓG­G®/¯H°:±:®7­P²�³õ¯Å·'½F°[®*¼'°:®F­G¹/¯H·r±Ò±:´�°:²W´�¹*®�¯¾½
­G·E¯�³/°:¹�®*°:¼EÃ:Á�¯ÍÈñ´:ÈHÁ=­G·E¯�³/°[¹*®*°:¼EÃù®�´2³/¶EºH¹/¯H·r±�µ£®*°[²ú½F°:² Â ¯H·E¯Å·r±ó­P·÷¯�³/°:¹*®�°:¼E¯�½�½F°GÓï­G®�¯Åð
­G·'½F´�µ£¶r·'½F¹/¯H°:·íÊi¯H¹*»�­�º^¯H·r´2­G®9¹*®7­G·'³Îµ5°:®*²
­G¹/¯H°:·
°Gµû¹�»r´�¶r·'¸E´�®/ºHÃ:¯H·r±�³/¼'­:½F´:È

á ´2½F¹/¯H°:· Ù ¸[¯�³*½F¶'³*³/´2³Ë³/°:²W´
¹*®7­:¸[¯H¹/¯H°:·'­ïº�­P¼r¼r®*°_­:½�»r´2³�ÁU¯H·÷¼'­G®�¹/¯�½F¶Eº¾­P®2Á�²�­�×E¯Å²�¶r²
º^¯HÐ:´Fº^¯Å»r°E°r¸
´2³/¹/¯H²�­G¹/¯H°:·�È[âÕ³Î¯H²W¼EºH´�´F×'­G²W¼EºH´i¯�³w¼r®�´2³/´�·_¹�´2¸�¹*°9¯^º^ºÅ¶'³�¹*®7­G¹*´9¹*»r´i²W´�¹*»rð
°r¸r³�È á ´2½F¹/¯H°:·÷ü
´F×r¼Eº¾­ï¯Å·'³�¹*»r´�Ïi­�Ã:´2³Î¯�­G·ù­G¼r¼r®�°_­:½�»r´2³�­G·'¸~­P¼r¼Eº�¯H´2³�¹�»r´�²ý¹*°�¹*»r´
´F×'­G²W¼EºH´:È á ´2½F¹/¯H°:·àþ�¹*»r´�·~´F×r¹*´�·'¸r³�¹*»r´�¼r®*´�Ó:¯H°:¶'³�¯�¸E´2­:³�¹*°�²W°:®*´W½F°:²Ë¼EºÅ´F×ù­G·'¸
Ó:´�®7³�­G¹/¯^ºH´�²W°N¸E´Fº�³�Át­G·'¸÷½F°:·E¹7­�¯H·'³W­~¸[¯�³*½F¶'³*³Q¯Å°[·ó°Gµ�³�°:²W´�°Gµz¹�»r´�¼r®*° Â ºH´�²�³W­G·'¸
¼'°E³*³Î¯ Â ¯^º�¯H¹/¯H´2³�¯H·_Ó[°GºHÓ:´2¸UÈ'ÌÎ¹�­ïº¾³�°�¸[¯�³*½F¶'³*³/´2³�­G·�­P¼r¼Eº�¯�½�­G¹�¯Å°[·~¹*°W®*´2­ïº,¸r­P¹7­rÈ'ÿ,¯H·'­�º^ºHÃ:Á
á ´2½F¹/¯H°:·��W¸E®7­�Êz³i³/°:²W´�½F°[·'½�ºÅ¶'³Q¯Å°[·'³�­G·'¸�¼4°G¯H·_¹7³T¹*°�µ5¶r®*¹*»r´�®!Êi°:®*ÐUÈ
� «ç�i¨2©'ê�ì¾§2ìHé,è.©����N¦�§2ì���©r§	�N¦
Éi»r´�®*´T¯¾³i­�½�º¾­[³*³Î¯�½�­�º.·r°[·rð5¼'­G®7­G²W´�¹�®/¯�½!´2³/¹�¯Å²
­G¹*°:®�µ5°:®wÓï­P®/¯H°:±:®7­G²
³ Â ­:³/´2¸�°:·W²W´2­Gð
³/¶r®/¯H·r±~½F°GÓï­G®�¯¾­P·'½F´ Â ´�¹QÊi´�´�·�¼'­�¯H®7³�°Gµz° Â ³�´�®*Óï­G¹�¯Å°[·'³�È�ÌÎ¹]²
­2Ã Â ´�¹*¶r®�·r´2¸Ñ¯H·E¹*°~­
¼'­G®7­P²W´�¹*®/¯�½t´2³/¹/¯H²�­G¹�°:® Â Ã�¿'¹*¹�¯Å·r±�­�¼'­G®7­G²Ë´�¹*®/¯�½tÓï­G®/¯H°:±[®7­G²�¹*°�¹*»r´�·r°:·r¼'­G®7­G²Ë´�¹*ð
®/¯�½�´2³/¹�¯Å²
­G¹*´:È á ¶'½�»~´2³/¹/¯H²�­G¹�°:®7³9²�­�Ã�Ã[¯H´Fº�¸~±:°E°r¸~­G·'³/Êi´�®7³�¯H·~²�­P·_ÃÑ½�­:³/´2³�Á Â ¶r¹
²�­�Ã Â ´�³�¶'³/¼'´2½F¹�Ê!»r´�·~¹�»r´�®*´�¯�³�º�¯H¹*¹�ºÅ´�¸r­G¹7­äÁ�­G·'¸ÑÊ!»r´�·�°:·r´�¯�³�¹�®*Ã:¯H·r±í¹*°�´2³/¹�¯Åð
²�­G¹�´�­G·E¯�³/°[¹*®*°:¼EÃ:È�Ö~´�ÊT¯�º^ºz·r°[¹�½F°[·'³Î¯�¸E´�®�¹*»r´2³�´�²W´�¹�»r°N¸r³�»r´�®�´:Á Â ¶r¹�µ£°:®�²W°[®*´
¯H·Eµ£°[®*²�­G¹/¯H°:·�¹�»r´�®*´2­:¸E´�®T¯¾³T®*´Fµ£´�®�®*´2¸�¹*°�
=®�´2³*³Î¯H´
�����������7È
�:d���dWf�k��t�ÍfW}=f�qr�Í{io�qä�Íu=gigilÒo�hGjw�Íf�k�j=gix

âÕ³�¹7­G·'¸r­G®7¸Ë­G¼r¼r®*°_­:½�»�¹*°9´2³/¹/¯H²�­G¹/¯H°:·�¯¾³|¹*°�³/¼4´2½�¯�µ5Ã�­9¼'­G®F­G²W´�¹*®/¯�½t²W°r¸E´Fº.­G·'¸�´2³/ð
¹/¯H²�­G¹�´=¯H¹7³|¼'­G®7­G²Ë´�¹*´�®7³�¶'³Î¯H·r±�¹�»r´!²�­�×E¯H²]¶r² º^¯ÅÐ[´Fº�¯H»r°E°N¸
¼r®�¯Å·'½�¯H¼EºH´:È'ÿä°:®w¹*»r´!¼r¶r®*ð

�����! #"%$'&)(�*,+#��-/.	0213&4*2$5+#"6*718"���9�:���;�<=<'>?:#@4&4*2A	"��8*�9=��BDC=E�<�>GF�H3@)�	9	���'�! #(�I=9�J�"6@DK4L2MDN�>PO=Q�R=RTS�UVRWUXC=C



Ïi­�Ã:´2³Î¯�­G·í¬=­G®/¯H°:±:®F­G² Û ³/¹/¯H²�­P¹/¯H°:· ü

¼'°E³/´�°Gµ=­G·í´F×ä­G²Ë¼EºÅ´�¯H·�¹�»E¯¾³9­G®*¹�¯¾½�ºH´:Á4Êi´�¶'³/´�­�²W°r¸E´FºûÊi¯H¹*»Ñ­�¹/Êi°:ðÍ¸[¯H²W´�·'³Î¯H°:·'­�ºY ­P¶'³*³Î¯�­G·À¿'´Fº¾¸ÀÊi¯H¹*»ç´F×N¼4´2½F¹7­G¹/¯H°:·[Z�­G·'¸ÀÓï­G®/¯�­G·'½F´\�:È�Ì5µ^]/_\`a�cb�dPe2f2f�f=e�bhg#�
­G®*´�¹*»r´�ÓG­�ºH¶r´2³�­G¹9¼'°G¯H·E¹7³ji d e�f2f�f=e�i g Áä¹*»r´�Ã�µ5°Gº^ºH°ïÊ�­Ë²]¶EºH¹/¯H·r°:®�²�­�º=¸[¯¾³�¹*®/¯ Â ¶r¹/¯H°:·] _lknm ��Z�e�op�zÊT¯Å¹�»Õ½F°GÓï­G®�¯¾­P·'½F´�²�­G¹*®/¯^×qo ¸E´F¿'·r´2¸ Â Ãrots4u�`wv)x���i�sVy\i�u��%zÎÈ
É,°~¯H·'½F°:®*¼4°:®7­G¹�´�¹*»r´í¼'°_³*³Q¯ Â ¯^º^¯H¹/ÃÕ°Pµ�±:´�°[²W´�¹*®/¯�½�­P·E¯¾³�°:¹*®*°:¼EÃ:ÁwÊi´
¯H·_¹�®*°N¸E¶'½F´Ñ¹*»r´
µ5°Gº^ºÅ°GÊi¯H·r±�½F°GÓï­G®/¯�­G·'½F´�µ£¶r·'½F¹�¯Å°[·X{

x��ci|�/`�´F×N¼~}5y ü� dV�����
� �V�/��y ZZ � ��y��~� ½F°_³ � � ³Î¯H· � �y�³Î¯H· � � ½F°_³ � �
� i �����

� f �����
Éi»E¯�³|¯�³m­9Ê!­�Ã�¹*°�¼'­G®7­P²W´�¹*®/¯D��´!±:´�°[²W´�¹*®/¯�½9­G·E¯�³/°:¹*®*°[¼_Ã:ÈGâ9·_Ã�´F×r¼'°:·r´�·E¹/¯�­�ºa½F°GÓï­G®�¯Åð
­G·'½F´iµ5¶r·'½F¹/¯H°:·
Êi¯H¹*»W±:´�°[²W´�¹*®/¯�½!­G·E¯�³/°[¹*®*°:¼EÃ�²�­�Ã Â ´ Â ®*°:¶r±[»_¹w¹*°�¹�»r´!µ5°:®*²�­ Â °GÓ:´
Â ÃW¶'³Î¯H·r±�­�³Q¯Å·r±[¶Eº¾­P®!Óï­�ºH¶r´�¸E´2½F°:²Ë¼'°_³Î¯H¹/¯H°:·�°Pµa¹*»r´�º�¯H·r´2­G®�¹*®7­G·'³Îµ5°:®*²
­G¹/¯H°:·W°Gµ�¹*»r´
¶r·'¸E´�®/ºHÃ[¯Å·r±ó³�¼'­:½F´:È=â9·'­�ºH°:±:¶r´í¼'­G®7­G²Ë´�¹*®/¯D�2­G¹/¯H°:·'³�´F×E¯�³/¹Ë¯Å·�»E¯H±:»r´�®�¸[¯H²W´�·'³Q¯Å°[·'³�È
Éi»r´W­:¸EÓG­G·_¹F­G±:´�ÊT¯Å¹�»~¹*»r´�µ£°[®*² ­ Â °GÓ:´�¯�³�¹*»'­G¹9¹*»r´�¼'­G®7­G²W´�¹�´�®7³ � d Á � y ÁU­G·'¸ � �­G®*´i´2­:³�Ã�¹*°9¯H·_¹*´�®�¼r®*´�¹*´:È � da½F°:®*®*´2³/¼4°:·'¸r³�¹*°�¹*»r´i±:´�°[²W´�¹*®/¯�½i­�Ó:´�®7­G±:´w°Pµ.¹*»r´i®7­G·r±[´:Á� y ¹*°�¹*»r´W­G·E¯�³/°[¹*®*°:¼EÃ~¸E´�±:®*´�´:ÁG�Í¹*»r´�ºÅ´�·r±[¹*»~°Gµi¹*»r´W²�­��Q°:®�­�×E¯�³�¸[¯HÓ:¯�¸E´2¸ Â Ã�¹*»r´ºH´�·r±:¹*»í°Gµa¹*»r´�²�¯H·r°:®z­�×E¯�³P�7ÁrÊ!»E¯^ºH´ � � ½F°:®�®*´2³/¼'°[·'¸r³!¹*°�¹*»r´�¸[¯H®*´2½F¹�¯Å°[·�°Pµa¹*»r´�²
­Gð�/°:®�­ï×_¯�³�ÈUÖ~´�²�­�Ã
¯^º�ºH¶'³/¹�®7­G¹*´�­
¼'­P®*¹/¯�½F¶Eº�­G®�½*»r°P¯¾½F´Ë°Gµ � ³ Â Ãí¼EºH°:¹*¹/¯H·r±�­G·Ñ´Fº^º^¯Å¼'³�´
°:¶r¹/º^¯H·E¯H·r±�¹*»r´z³/´�¹w°GµU¼'°G¯H·E¹7³wÊ�»r°_³/´!½F°GÓï­G®/¯�­G·'½F´�Êi¯H¹*»W¹*»r´z½F´�·E¹*´�®�¯�³�� � ��� Z�f�Z��!°[®
²W°:®�´��Q³�´�´�ÿ,¯H±:¶r®*´
���7ÈEÌÍ·�¹*»r´9¼'­G®7­G²Ë´�¹*®/¯D�2­G¹/¯H°:·�­ Â °GÓ:´:ÁEÊi´�­:³*³/¶r²W´�¹�»'­G¹ � d,�qZäÁ� y�� �:Ár­G·'¸lZ�� � �j� �2��Z
�/¸E´�±:®*´�´2³P�7È
É,°�¿'·'¸�¹�»r´�²�­�×E¯Å²�¶r² º^¯HÐ:´Fº^¯Å»r°E°r¸�� Ý åG�z´2³�¹/¯H²�­G¹*´
µ5°:®�¹�»r´ � ³�¯H·ó°:¶r®W³Î¯H²W¼EºH´
´F×'­G²W¼EºH´:Á=Êi´�²�¶'³/¹�¸E´�¹�´�®*²�¯H·r´Ñ·_¶r²W´�®�¯¾½�­ïº�ºHÃ�¹*»r´ � ³�²�­�×E¯H²�¯D�F¯Å·r±�y�ºÅ°[±��4o���y] _ o � d ],�_ ÁrÊ!»r´�®*´�o#¯�³�¹*»r´9µ£¶r·'½F¹�¯Å°[·�°Gµw¹*»r´ � ³t¯H·'¸[¯�½�­G¹*´2¸Ñ­ Â °GÓ:´:È
�:d4�[dWhG�ÍfW}=qäk�j=o�l÷o|�tkmfWc,q'o
É,°�¯^º^ºH¶'³/¹*®7­P¹*´�¹*»r´9²W´�¹*»r°r¸r³m¸[¯�³*½F¶'³�³/´2¸
¯H·�¹*»E¯�³!­G®�¹/¯�½�ºÅ´:ÁEÊi´9»'­2Ó[´�³Î¯H²�¶Eº�­G¹*´2¸�³/°[²W´
¹*´2³/¹9¸r­G¹7­�­G¹!þ Z�¼4°G¯H·_¹7³TºH°N½�­P¹*´2¸l� Â Ã�³Î¯H²�¶Eº�­G¹/¯H·r±Ëµ£®*°[² ­�»r°:²W°[±:´�·r´�°:¶'³ Ú °G¯�³*³�°:·
¸[¯�³/¹*®/¯ Â ¶r¹/¯H°:·|�|¯Å·�­�¸[¯�³*½9°Pµ�®F­:¸[¯H¶'³ Ù ��Z�Z9²�ÈEÉi»r´�Ã�­G¼r¼4´2­G®!­:³w¼4°G¯H·_¹7³|¯H·�ÿ,¯Å±[¶r®*´¡�[Á
­G·'¸�²�­�Ã9®*´�¼r®*´2³/´�·E¹wÊi´Fº�º�³,¯H·W­G·�°P¯�ºr¿'´Fº�¸UÈ:ã�­G¹F­iÓï­�ºH¶r´2³|»'­2Ó[´ Â ´�´�·W³Î¯H²�¶Eº�­G¹*´2¸t�Í¶'³/ð
¯H·r± á ¼EºH¶'³P�=­G¹t´2­:½*»Ë¼'°G¯H·E¹=¶'³Î¯H·r±W­ Y ­G¶'³�³Î¯�­G·�¿'´Fº�¸WÊT¯Å¹�»�´F×r¼'´2½F¹7­P¹/¯H°:·¢ZrÁGÓG­G®/¯�­G·'½F´�:Ár­G·'¸�­G·�´F×r¼'°[·r´�·_¹/¯�­�ºwÓï­P®/¯H°:±:®7­G²�Êi¯H¹*»�­�Ó:´�®F­G±:´9®7­G·r±:´ � d `��2Z�Z�ZrÁr­G·E¯�³/°:¹*®*°[¼_Ã
¸E´�±:®*´�´ � y `�þ'Ár­G·'¸�­G·r±GºH´�°Pµû­G·E¯�³/°:¹*®�°:¼_Ã � � `¤£�ZW¸E´�±:®�´�´2³�ÈrÉi»'­G¹i¯�³�Ár¹�»r´�²�­��/°:®
­�×E¯�³w°Gµa­G·E¯�³/°:¹�®*°:¼EÃ�»'­:³t­G·�­G·r±GºH´!°Pµ,ü�Z�¸E´�±:®*´�´2³wÊT¯Å¹�»W¹*»r´!ÃEðÍ­�×E¯¾³i­G·'¸t£�Z�¸E´�±:®*´�´2³
Êi¯H¹*»
¹*»r´�×NðÍ­�×E¯�³�Ár­G·'¸Ë¹*»r´�½F°[®*®*´Fº�­G¹/¯H°:·�®7­P·r±:´i¯�³ Ù Z�Z�Z�­�ºH°:·r±�¹*»E¯�³i­�×E¯¾³�Á_Ê�»E¯�ºH´�¹*»r´
½F°:®*®�´Fº¾­P¹/¯H°:·
ºH´�·r±:¹*»�­�ºH°:·r±�¹*»r´9¼'´�®*¼4´�·'¸[¯�½F¶Eº£­G®�­�×_¯�³t¯�³���Z�Z��Qÿ,¯H±:¶r®�´¡���FÈ_Éi»r´�¸r­G¹F­
½F°:¶Eº�¸í®*´�¼r®*´2³/´�·E¹z­�Ó:´�®7­P±:´z¼4°:®*°_³Q¯Å¹�¯Å´2³�Á'°:®9­G·_Ã
°:¹*»r´�®9²W´2­:³�¶r®*´�²W´�·E¹i¯H·�¹*»r´�Êm´Fº^º�³�Á
³/¶E¯H¹7­ Â ºHÃ�¹*®F­G·'³Îµ5°:®*²W´2¸UÈ

�����! #"%$'&)(�*,+#��-/.	0213&4*2$5+#"6*718"���9�:���;�<=<'>?:#@4&4*2A	"��8*�9=��BDC=E�<�>GF�H3@)�	9	���'�! #(�I=9�J�"6@DK4L2MDN�>PO=Q�R=RTS�UVRWUXC=C



þ Ú=Û É!É ÛtÜÞÝàß�á É�â�ã Û É�Èäâ�åwÈ

•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

•
•

•

•

•

•

•
•

•

•
•

•
•

•

•

Data locations and covariance functions

m

m

-2000 -1000 0 1000 2000
¥-2

00
0

-1
00

0
0

10
00

Simulated

’ML’

Exp. posterior

¦�§4¨	©2ª8«�¬	­¯®X°�±/²´³Pµ2¶�±¸·�°�¹=ºX·/»�¼¸½�¹W¾)¿	À�·/·8¾)Á�µhÂÄÃ=À�±�Å�º|¾)À�°�Ã¸°�¹�Á¸¹P³�±�¿2±�¹Pµ2·¸Æ#¹=¾)·�·�¹P¿�Åh¾)·�À�¶8¾)Ç2µ	ÈÀ8¾)¹P¿jº|¾)À�°h¾)¿ÉÀ�°2±GÅ	¾)·�Ê/º|¾)À�°�¶%ÃWÅ	¾)µ2·/ËP»�¼P¼�ÃW¶�¹�µ�¿2ÅÉÀ�°�±V¹P¶8¾)³=¾)¿�Ì�®X°2±G±ÍÂ4Â4¾)½2·�±¸Á�Ã=¶�ÎP±�ÅÐÏÍÑP¾)ÁÒµ	ÂÄÃWÀ�±�Å2Ó¾4Â4Â)µ2·�À�¶%ÃWÀ�±�·¸À�°2±�Ê�¹=ÔPÃ=¶8¾ÄÃW¿2Ê�±ÒÕDµ2¿2Ê�À8¾)¹P¿�µ�·�±cÅÖÕD¹�¶G·8¾)Á�µhÂÄÃ=À8¾)¿�³�Ô�Ã'Â)µ2±�·�ÃWÀVÀ�°�±c·�±Ò½�¹=¾)¿	À�·�Ì#®X°2±Ò¹�À�°�±c¶±ÍÂ4Â4¾)½2·�±�·�¶�±�½�¶�±c·�±�¿	À/À�°�±�±�·�À8¾)Á�Ã=À�±�·/Å2±�¶8¾)ÔP±�Å�ÕD¶�¹PÁ�À�°2±¸×ÉØ�Á¸±cÀ�°�¹	Å�Ù ÃW¿2ÅÚÇ	ÛjÀ%ÃWÎP¾)¿2³ÉÀ�°�±�±�Ü	½�±cÊÍÈÀ%ÃWÀ8¾)¹�¿É¹WÕ�À�°2±/½�¹P·�À�±c¶8¾)¹P¶�Ù�µ2·8¾)¿�³j½�¶8¾)¹�¶G¿	µ2ÁÒÇ�±c¶GË	Ì
Ö~´Ñ­G¼r¼Eº^¯Å´2¸�¹*»r´ Ý åÒ²W´�¹*»r°r¸÷¹*°à¹*»r´2³/´�¸r­G¹7­äÁw¶'³Î¯H·r±ù¹�»r´rÝF²�³WÞ�°[¼r¹/¯H²�¯D�2­G¹/¯H°:·
²W´�¹*»r°r¸
°Gµ á ¼EºH¶'³É�Í¬w´�·'­ Â ºÅ´2³�ß Ü ¯Å¼EºH´�Ãà�2���Gþ��=­G·'¸
ÓG­G®*Ã[¯H·r±�¹*»r´�³�¹7­G®*¹/¯H·r±�¼'°P¯Å·E¹2È
Éi»E¯�³,·_¶r²W´�®�¯¾½�­ïºN°:¼r¹�¯Å²�¯á�2­P¹/¯H°:·�µ5°:¶r·'¸�­T²�­�×E¯Å²�¶r²ÞÊ�»r´�· � d�âäã Á � y âäã Á2­G·'¸� � `¤£��äÁ2Ê!»r´�®�´2­:³w­9²W°:®*´i³/´�·'³Î¯ Â ºH´9ºH°N½�­�º'²
­�×_¯H²�¶r²�Ê!­:³�µ£°:¶r·'¸Ë­G¹�� � d e � y e � � �/`�c£���Z�e�£�fáå´��e Ù ��f4�#�FÈ_Éi»r´2³/´�º�­:³/¹�·E¶r² Â ´�®7³�­P¼r¼'´2­G®9¯H·ùÉ�­ Â ºH´^�:ÁU­G·'¸Ñ­G®*´�¯H·'¸[¯�½�­G¹*´2¸
¯H·�ÿ,¯H±:¶r®*´
� Â Ã
¹*»r´¢æ Ý åçæ_´Fº^º^¯H¼'³/´:È
á ¶'½�» Â ´�»'­�Ó[¯H°:¶r®�³/´�´�²�³�¹�° Â ´õµ�­�¯H®/ºHÃ�¹QÃE¼E¯�½�­�º!¯H·ó¹�»r´�­ Â °ïÓ[´�²W°N¸E´FºÍÁi­�ºH¹*»r°:¶r±:»
°Gµ�½F°[¶r®7³/´�³/°:²Ë´�´F×'­G²W¼EºH´2³
³/´�´�² ¹*°ÑÃ:¯H´Fº�¸ó³/´�·'³Q¯ Â ºH´ Ý åÒ´2³/¹/¯H²�­P¹*´2³�Á�´2³/¼'´2½�¯�­�º^ºHÃ
Ê!»r´�·�­9ºH°:¹t°Gµa¸r­G¹7­�¼4°G¯H·_¹F³=­G®*´�¶'³/´2¸UÈrÉi»r´!¼r®*° Â ºH´�²�Êi¯H¹*»
²�¶EºÅ¹�¯Å²Ë°N¸r­�º^¯H¹/ÃW¯�³|Êm´Fº^º
ÐE·r°ïÊ�·?� Ý ­G®7¸[¯�­�ßÀÖù­G¹�Ð:¯H·'³��2�����è�7Á�¯H·�¼'­G®�¹/¯�½F¶Eº¾­P®mÊ�»r´�·�­�³/¼r»r´�®/¯�½�­�º�ÓG­G®/¯H°:±:®7­P²
¯�³�¶'³/´2¸ø¯H·'³/¹*´2­:¸ø°Gµ!¹*»r´W´F×r¼'°:·r´�·E¹/¯�­�ºmÓG­G®/¯H°:±:®F­G² ­ Â °GÓ:´:È�Éi»r´�­:¸r¸[¯H¹/¯H°:·'­ïºm¼r®*° Â ð
ºH´�²�³�°Gµ=¿'·'¸[¯H·r±~­�²
­�×_¯H²�¶r² ­P¹�­�º^º=¯H·'¸[¯�½�­G¹*´�¹*»'­G¹ Ý åÔ²W´�¹*»r°r¸r³�²�­�Ã�·r°[¹ Â ´
Ó:´�®*ÃíÊi´Fº�º!³/¶E¯H¹*´2¸íµ5°:®�¹*»E¯�³�²Ë°N¸E´FºÍÈ�ÌÎ·~µÍ­:½F¹2Á4¹*»r´W¹�»r´�°:®*Ã�¹�»'­G¹�³/¶r¼r¼'°[®*¹7³�¹�»r´ Ý å
²W´�¹*»r°r¸à¯H·ó²W°E³/¹�·r°:·rðÍ³/¼'­G¹/¯�­�º9²W°N¸E´Fº�³W¸E°E´2³Ë·r°:¹�±:°~¹*»r®*°[¶r±:»~µ5°:®�¹*»r´�¼r®*´2³�´�·_¹
¹/Ã_¼4´�°Gµ=³/¼'­G¹�¯¾­ïºû³/¹7­G¹�¯¾³�¹/¯�½�³!²W°r¸E´Fº�³�ÁU³/°�¹�»r´�®*´9¯�³9·r°�­W¼r®�¯Å°[®/¯a±:¶'­G®F­G·_¹�´�´�¹*»'­G¹!¹*»r´
Ý å~³/»r°:¶Eº�¸õ¼r®*°N¸E¶'½F´ Â ´�¹*¹�´�®!®*´2³/¶EºH¹7³i¹�»'­G·�½F°:²W¼4´�¹/¯H·r±�²W´�¹�»r°N¸r³�È4Éi»r´�¹*»r´�°:®*Ã
°Gµ
²�­�×E¯H²�¶r²ôÄ[¶'­:³Î¯HðAº^¯HÐ:´Fº^¯H»'°E°N¸p�céç�Q°[®*¹,ß ß ²W®�´¡�2���Gþ��a²
­2ÃË»'­2Ó[´ Â ´�¹*¹*´�®i¹*»r´�°:®*´�¹�¯Åð
½�­�º�¼r®*°:¼4´�®*¹/¯H´2³�È Ü ´2³/¶EºH¹7³T¯H·^ê9®7­G±:±[´�®*¶'¸?�P�2����£#�FÁ:­G·'¸ Ý °_³/¹7­:¸UÁ Û ±:´Fº�­G·'¸?ß�éç�Q°:®�¹
�����! #"%$'&)(�*,+#��-/.	0213&4*2$5+#"6*718"���9�:���;�<=<'>?:#@4&4*2A	"��8*�9=��BDC=E�<�>GF�H3@)�	9	���'�! #(�I=9�J�"6@DK4L2MDN�>PO=Q�R=RTS�UVRWUXC=C



Ïi­�Ã:´2³Î¯�­G·í¬=­G®/¯H°:±:®F­G² Û ³/¹/¯H²�­P¹/¯H°:· �ë	ì ëPí ëPî ×ÉÃWÜ�Ì�ÃWÜP¾)· ×�¾)¿�Ì Ã=ÜP¾)·®�¶�µ2±/Ô�Ã'Â)µ2±�· ï=¼�¼P¼ ð ñP¼ ËP¼�¼P¼ »P¼P¼×ÉÃ=ÜP¾)ÁÒµ2ÁòÂ4¾)ÎP±%Â4¾)°�¹	¹	Å óôñPõ�¼Pö óôñ	Ì4÷�»Pö óôËPø	Ì4ø�ö ó�ï=÷�ñPõPö óôËPñPË�ö×ÉÃ=Ü�Ì�½�¹�·�À�±�¶8¾)¹P¶¸óD½2¶8¾)¹P¶ùËPö ÷hï'ø ú	Ì4ø�ø úP¼	Ì4Ë ï�ð7úP» úPñP¼×ÉÃ=Ü�Ì�½�¹�·�À�±�¶8¾)¹P¶¸óD½2¶8¾)¹P¶ùúPö ñPË�÷ ú	Ì4ú�ú úP¼	Ì4õ ïPïcð	» úWð	úû�Ü	½�Ì´½�¹P·�À�±c¶8¾)¹P¶¸óD½2¶8¾)¹P¶Òï'ö ÷Põ�÷ ñ	Ì4ø�õ úP÷	Ì4ú ËP¼�÷Pø ËPøPõû�Ü	½�Ì´½�¹P·�À�±c¶8¾)¹P¶¸óD½2¶8¾)¹P¶/Ë�ö õPË�÷ ú	Ì4õ�÷ ð	¼	Ì4¼ ï=ñ�ËP÷ ð	ËP¼û�Ü	½�Ì´½�¹P·�À�±c¶8¾)¹P¶¸óD½2¶8¾)¹P¶/ú�ö ÷P÷�Ë ú	Ì4ø�¼ úPø	Ì4õ ï=»�ËP» úPøhï®�ü/ý|Ø ûþï�ÌÉ®X°�±/¶�±c·�µhÂ)À�·XÕD¹P¶XÀ�°2±/Åh¾4ÿ�±c¶�±�¿	ÀGÁ¸±cÀ�°�¹	Å2·�Ì�®X°�±/Àôº|¹¸¶8¾)³P°	À�Á,¹P·�ÀGÊc¹WÂ)µ2Á¸¿�··�°�¹=º�À�°2±GÁ ÃWÜP¾)Á�Ã�Â�Ã=¿�Å�ÁÒ¾)¿	¾)Á�Ã�Â�¶%ÃW¿2³P±c·�Ù�Êc¹PÁ¸½2µ�À�±cÅ Õá¶�¹PÁ ë ì Ã=¿�Å ë í ¾)¿�±=Ã=ÊÍ°,Ê=ÃW·�± �À�°�±�Û�Ê�¹�¶�¶�±�·�½�¹�¿�Å�À�¹¸À�°2±/Á�Ã��!¹P¶/Ã=¿�ÅjÁÒ¾)¿2¹P¶�ÃWÜ	±c·T¹=Õ�À�°�±/±%Â4Â4¾)½�·�±�·�À�°´ÃWÀXÅ�±c·�Ê�¶8¾)Ç�±¸À�°2±Ê�¹=ÔPÃ=¶8¾ÄÃW¿2Ê�±ÒÕDµ2¿2Ê�À8¾)¹P¿�Ì
���2���Gþ��4¯Å·'¸[¯�½�­G¹�´z¹*»'­P¹w¹*»r´!´2³/¹/¯H²�­P¹*´2³�° Â ¹7­�¯H·r´2¸�µ£®�°:²�¹*»E¯�³w²W´�¹�»r°N¸W­P®*´!³Î¯H²�¯^º¾­P®m¹�°
¹*»r°_³�´iµ£®�°:²�¹*»r´ Ý å�²W´�¹*»r°r¸UÁ:Ê�»E¯�ºH´9²�­�×E¯H²]¶r²�Ä:¶'­[³Î¯HðAº�¯HÐ:´Fº^¯H»r°E°N¸�¯¾³|²�¶'½*»�µÍ­:³/¹�´�®
¹*°�½F°[²W¼r¶r¹*´:È

� «ç��©��|�r¦2ì¾©Uèq� �E§��Ué�ê�¦
ÖÒ»r´�·�¹*»r´ Ý å~²W´�¹�»r°N¸�¸E°E´2³!·r°[¹z±G¯HÓ:´�®*´Fº^¯�­ Â ºH´�­P·'³/Êi´�®7³�ÁrÊi´�²�­�Ã
¹*®*Ã
¹*°�½F°:²Wð
Â ¯H·r´W¯H¹�Êi¯H¹*»à¼r®/¯H°:®9¯H·Eµ£°:®�²�­G¹/¯H°:·~¶'³Q¯Å·r±Ñ­�Ïi­2Ã[´2³Î¯�­G·íµ£®7­P²W´�Êi°:®*ÐUÈ'ÌÎ·~°:¶r®�³Î¯H²W¼EºH´
´F×'­G²W¼EºH´�­ Â °GÓ:´:Á�Êi´�½�­P·ù½*»r°E°_³/´�­�¼r®�¯Å°[®]¸[¯�³/¹*®/¯ Â ¶r¹/¯H°:·
	T� � d e � y e � � �7Á�­P·'¸~¹*»r´�·½F°:²W¼r¶r¹�´W¹*»r´W¼4°_³/¹*´�®/¯H°:®�¸[¯�³/¹*®/¯ Â ¶r¹/¯H°:·�¶'³Î¯H·r±�Ïi­�Ã:´2³�¹�»r´�°:®*´�²�ÈUÖ~´Ë»'­2Ó[´�½�»r°_³/´�·
¹*»r®*´�´�¸[¯^ò�´�®*´�·E¹W¼r®/¯H°:®7³�Áa¹�°�¯^º^ºH¶'³/¹*®7­P¹*´�»r°GÊ�¹*»r´�½�»r°G¯�½F´�°Gµ�¼r®�¯Å°[®�¯H·��'¶r´�·'½F´2³
¹*»r´
®*´2³/¶EºH¹7³�È_Éi»r´�¿'®7³/¹t¼r®/¯H°:®m½F°:·E¹7­�¯H·'³|°:·EºHÃW¹*»r´�¯Å·Eµ5°:®*²
­G¹/¯H°:·W¹*»'­P¹ � d ­G·'¸ � y ­G®*´!·r°[¹¹*°E°�´F×r¹*®*´�²Ë´�
r¯ÍÈñ´:ÈHÁUÊi´�­:³*³/¶r²W´�Êi´�ÐE·r°GÊö¹�»'­G¹¡��Z�Z?� � d � ��Z�Z�Z�­P·'¸ � y�� Ù ZäÈÉi»r´�³/´2½F°[·'¸÷¼r®/¯H°:®�­[³*³/¶r²W´2³�Êi´
»'­�Ó:´�Ä:¶E¯H¹*´í±:°E°N¸à¼r®/¯H°:®Ë¯Å·Eµ5°:®*²
­G¹/¯H°:·�Áw³/´�¹*¹/¯H·r±� d k m ���2Z�Z�Z�e���Z�Z#�'¹*®*¶r·'½�­P¹*´2¸W­G¹¸Z��5¯ÍÈñ´:ÈHÁ � dw»'­:³=­�¸[¯�³/¹*®/¯ Â ¶r¹/¯H°:·�¹*»'­P¹w¯�³w¼r®*°[¼'°:®*ð
¹/¯H°:·'­�ºU¹*°�¹*»r´!¼4°_³Î¯H¹/¯HÓ:´9¼'­G®*¹w°Gµ�¹*»r´�·r°:®*²�­�º.¸[¯�³/¹�®/¯ Â ¶r¹/¯H°:·�ÊT¯Å¹�»�´F×r¼'´2½F¹7­P¹/¯H°:·^�2Z�Z�Z
­G·'¸�³/¹7­P·'¸r­G®7¸�¸E´�Ó[¯�­G¹/¯H°:·¢��Z�Z#�7Á2­P·'¸]³�´�¹*¹/¯H·r± � y ¹�°!µ5°Gº^ºH°ïÊó­ Y ­P²W²�­9¸[¯¾³�¹*®/¯ Â ¶r¹/¯H°:·Êi¯H¹*»í´F×N¼4´2½F¹7­G¹/¯H°:·íþ�­G·'¸�³�¹7­G·'¸r­G®7¸�¸E´�Ó[¯�­G¹/¯H°:· Ù Ár¹*®*¶r·'½�­P¹*´2¸�­G¹��:È á ´�´]ÿ,¯H±:¶r®*´ Ù
µ5°:®W­G·~¯^º^ºH¶'³/¹*®7­P¹/¯H°:·ó°Gµ9¹*»r´�¼r®�¯Å°[®7³�ÈwÉi»r´�¹*»E¯H®7¸�¼r®/¯H°:®�¯�³ Â ­:³�´2¸�°:·ùÓG­G±:¶r´�®2Áw­G·'¸
³Îº^¯H±:»E¹/ºHÃùÊ!®�°:·r±�¯H·Eµ5°:®*²�­G¹�¯Å°[·X{�Ö~´�³/´�¹ � dÚk m ���2��Z�Z�e2����Z�Z#���Î¹*®*¶r·'½�­G¹*´2¸à­G¹¡Z#�FÁ
­G·'¸ËÊi´!ºH´�¹ � y »'­2Ó[´z­ Y ­G²W²
­�¸[¯�³/¹*®/¯ Â ¶r¹/¯H°:·íÊi¯H¹*»
´F×N¼4´2½F¹7­G¹/¯H°:·�ü�­G·'¸
³/¹7­G·'¸r­P®7¸¸E´�Ó[¯¾­P¹/¯H°:· £rÁ4¹*®*¶r·'½�­G¹�´2¸�­P¹¡�:È���°:¹*´�¹*»'­G¹9Êi´�»'­�Ó:´�·r°:¹�¯Å·'½�ºH¶'¸E´2¸÷­G·EÃ�¼r®/¯H°:®9¯H·rð
µ5°:®*²�­G¹�¯Å°[·�­ Â °:¶r¹!¹*»r´�¸[¯H®*´2½F¹/¯H°:·�°Pµ|­G·E¯�³/°[¹*®*°:¼EÃ � � Á'­G·'¸
¹*»'­P¹!Êi´�»'­2Ó[´�½�»r°_³/´�·Ñ­¼'­G®*¹�¯¾½F¶Eº�­G®9µ5°:®*² °Gµ=¹*»r´�¼r®/¯H°:®7³�Ê!»r´�®*´ � dT­G·'¸ � y ­P®*´�¯H·'¸E´�¼'´�·'¸E´�·E¹2È ß Â Ó[¯H°:¶'³ÎºHÃ:Á
�����! #"%$'&)(�*,+#��-/.	0213&4*2$5+#"6*718"���9�:���;�<=<'>?:#@4&4*2A	"��8*�9=��BDC=E�<�>GF�H3@)�	9	���'�! #(�I=9�J�"6@DK4L2MDN�>PO=Q�R=RTS�UVRWUXC=C



£ Ú=Û É!É ÛtÜÞÝàß�á É�â�ã Û É�Èäâ�åwÈ

°:·r´�²�­�Ã
¯H·'³/¹*´2­:¸à½*»r°E°_³/´�¹*°
»'­�Ó:´�¯Å·'¸E´�¼4´�·'¸E´�·_¹�¼r®/¯H°:®F³9°:·Ñ¹*»r´�²�­�×E¯Å²�¶r²ý­G·'¸
²�¯H·E¯H²�¶r²ý­�×N´2³�°Gµw¹*»r´]­P·E¯¾³�°:¹*®*°:¼EÃ:Ár°:®T¯Å·'¸E´�´2¸à½*»r°E°_³/´�­G·_Ã
°:¹*»r´�®�µ5°:®*²î°Gµw¼r®/¯H°:®
Â ´2³�¹!®*´��'´2½F¹/¯H·r±�­:½F¹*¶'­ïº�¼r®�¯Å°[®!Ð_·r°GÊiºH´2¸E±:´:È

Priors for average range

gamma 1�

pr
ob

. d
en

s.

0
�

1000 2000
�

3000
�

4000
�

5000
�

6000

0.
0

0.
00

04
0.

00
08

Posteriors for ave. range

gamma 1�

pr
ob

. d
en

s.

0
�

1000 2000
�

3000
�

4000
�

5000
�

6000

0.
0

0.
00

05
0.

00
15

Priors for anisotropy degree
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Posteriors for anisotropy direction
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