
�����������
	���
���� ����������	���������� �����������! 

"�#%$'&)(+*-,/.�01,�23,�&546(8739-:�$�(8&5,�#!;=<>,�?@?A(8&5B>C�,�<

D <FEG$'HJI>.LK�M�N�O�P8#Q$6ER, D 4TST<UN3B><F$�2V&)(W?YX-Z�[�\T]6]'^19�;=$'<>&Q?�98_8<F$�(WER,

`ba'c�dfehg�iGjkc�g>lVmUnpoqa3r
s8t3t3u

vpwyx@zF{R|-}�z

~=�3���!�-�A�R�Q���-���F�A�F�T�A�=���A�����-���-�-���6�F�F�A�Y���3���3�F�����T�A�-�R�-���A�F�p�������3�A���y���3�U�����'�A�A�F�6�A���F���G�
�Y���'�W�3�A�-���=���L���T�A�F�3�3�F���Y���Y���������������-���Y�����Q�6�=���6�3�F������� ���3�3���A�T��¡U�-���T�F�F�A�A���3�U�����3���A�@�W�
�Y�����-���¢���3���3���-���-�A�����3���A�-�������A���F��£�~¤�3�¥���T�3�F�!�U�R¡������A���Y�������U�����/�A�����-�����-���6�F�F�Y�A���3�
�¦�6�3�F�����+���A�������§�������T���8�Q�6�����F�A�3�T�3������¨�©¢�F�A�A�b�U���A�����W�ª�A�-�F�F�@�A�����F�A�A�b�U���A�����W���A���-���F�
�Y�F�-���A���A�����W�h�F�A��£b£«~¤�3�����T�3�F�6�F�T���-�����A�F���A�-���F���¦�6�3�3���F��£�~=�3��¬1���A�W���!���3�F�­�=�6�Y�=�A�-���������®�
�F�3�b���Y�F�����A�A�R¡T�L�������3�3�3���3�����3�A�T�F�6�A���F�b���Y���'�¯���3�����3�3�3���3���������A�A�F�6�Y���F�b���A�������F�T�@°��F���F�T�A��£
~¤�3�F�A�¥�'�A�A�R¡6���'�������=�
�3�b���F�3�A�����-���Q�����3�3�F±6�F�²���²�A�b���
�������A�-���F�§���F�b���A�����¢�A���J�A�����3���3�
�Y���¦���T���������´³%�A�3�
µF�-���F�A�F�T��µ�¶����3�¯�b���J�������3�A�����6�������'�A�A�F�6�A���F�����A�����¢�%�3�3�F�Y���'�3��£�~ª�����V���
�Y���«�@���6�'�A�3���3�������A�·�¢�A�����3���3�J�����3�3���¸�����������F�=¬-�3���A�b�����A�>���3�F�A�-�����3�A�
�Y�3�����3�A�3�3�����
�Y�3���¢���6�3�3���
�F���3�Y���Y�A�����f���q���Y�A�R¡¯���L�A��������¡��G����¡6���3���������3�F��£²~=�3�
�A�F�F���3�²���T�3�3���
���

O



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× Ø

�/�����3���'���=�F�����6�Y���3�
�3�F���=�6�A�¢�Y�-�����������F�3�b���A�F���¢�=�F�����T�A�F���A�-�Ù�����G�����3�F���������F�3�b���A�F�Ú�6¡
�Y�3��¬1���A�����6�3�3����£�~=�3���A�3�b���¯���T�3�3�����F���T�>���'�����A�3���=�F�����T�A�����!�A�3���A�F�F���3�·���6�3�3�������3�
���T�A�����-���F�Y�����-���A�F�������A�3�����������Y�U���6�A�����-���F��£!Û=���A�F�¢�3�-�'���A�3�����3�F���=�6�A�V�6�������3���A���3�������
�¦�6�3�F�������!�3���A�@�W�-�Y�����-�������3���3���-���-�Y���«�-���6�F�F�A�Y���3�¢�����·�-���b���3�������F�T�A�F�W�V���Ú�-�����A���F�3�b���
�����3�F�F���b���Y���'�§���T�3�F���R£�Ü����3�F�F���b���A�����+���6�3�F�����3�6�A�U������¡¯���FÝ6�3�b�����Þ���A�����3�3���3���Y�6��¡·���6�A���Y���@�
�Y���'�
���
�Y�3���A�b�����3�6�U�����W�T�3�3�=�A�3���-���F�A�F�T���ß�Y�����F�=�6�A�������������=�����A���V�����F�3�b���F�F���T¡��Þ���A�
�F±T�F���>���A�T��¡
���6�A���Y���F�A�����W£�àT�-���A�3���A���6�����W���6�3�F�����A�-�����3�6�A�p������¡����FÝT�3�b���������A�����3�F�Ú�A�b���@�
�3�T�U�������-���T�F�F�A�A���3�
�������V���b���3�������F�T�A�F�§�����
�A���3�����¢�A�>������£Uáâ�����U���A�3�����A�b���@�Þ�3�T�U�����
���3�3���Y�6��¡¯�¦�6�3�F�������A�3���U���T�3�F�����A�Y�-���F���A�3�U�F±T���A�A�F�3�F�¢�����3�F���R¡·�����3�F��£¯ãß�������A�·���FÝT�3�����F�
���F�F�-�A���A�F��¡��-���b���3�F�F�¢�3�F�-�A���8�-���T�F�F�A�A���3�������F±6�F���>���Y�6��¡����3�����3�3���3���A�6��¡¢�A�����-������£�ä��G�=�F�����
�Y�3�����-���b���3�F�F�
�-���T�F�F�A�A���3�U�T�F�F�-�������
�A�����å�A�����-�����L�A���A�3�����A�-���p�ß���Y��£



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× æ

ç èWé/ê!ë!ì·í·î�ï�ê!ð�ì¢é

ñ 01,�$�(W$'B>STH�Z
S'ò�B>08,�$'óW*V&)B@S6<@Z�?YZ1?YB>,�HôERS6H·P8<@&%?Y,�?!B@08,�ERS-EF08#5,�$-9TB@0â$'B�?AP8#5&)BF?=B@01,�$6ERSTóW?AB@&%E�?A&54T(â$'#

&)(VB>SåEF0W$�(8(8,�#%?/B>0W$'B�<@,�?APWST(W*öõW,�?AB·B@Sq(W$'<><@S�÷�õW$'(â*8?JS'òUòÞ<>,�øùó1,�(WER&),�?R9L$'(W*ú?Y,�23,G<F$'#�?ABF$�4T,�?·S'ò

(1,�ó8<F$�#�P8<>S-ER,�?>?Y&5(14+÷�&5B>08&5(qB@01,�$'óW*-&5B@S6<@Zq(8,�<>23STóW?U?YZ1?YB>,�H²û�ü+óWEF0qS'ò�B@01&Q?p(1,�ó8<F$�#LER&5<ÈERó8&5B><@Z§&Q?

?Aó8&5B>,�*ÓòÞS6<�B>08,¢B><F$�(W?YPWST<>B�$'(W*�P8<@S-ER,�?@?Y&)(84·S�ò�$6E�ERó8<È$'B>,¢B@&)H·,RI�*VSTHÓ$'&5(¯?Y&)4T(W$�#Q?�9�?Aó84T46,�?YB>&5(84·B>0W$'B

$�(W$'#)Z8?A&Q?�S'ò�B>08,UB@,�H¯PªS6<F$�#�?YB><@óWE�B@ó8<>,¢S'ò�B@01,
$TE�STóW?AB@&QEU?A&54T(â$'#!&Q?�PW,�<YòÞS6<@H·,�*/òÞST<�PW$'<>B�÷�&)B@08&)(�B@08,

(1,�<@23S6óW?�?AZ8?AB@,�Hýû�þÿ08,�<>,�$T?�ER#%$T?@?A&QE�H·S-*V,G#Q?�S'ò¤08,�$'<>&5(84¯$T?>?Yó8H¯,�*·B@0W$�B�B>08,�ERS-Eh01#5,�$¢B><F$'(â?�òÞST<>H�?

B>08,��W(1,�B>,�H·PWST<È$'#«?YB><@óWERB>ó8<@,�S'ò�?ASTó8(â*Ó&)(VB>S�?Y#5S�÷�#)ZùI­26$'<@Z-&5(14
?YPW,�E�B@<F$�#WPW$'B>B@,�<>(W?R9-B@08,�<>,�0â$T?�õW,�,�(
$·<>,�ER,�(-BU*V,�23,G#5STP1H·,�(3B�S'òfB@&)H·,RI�*VSTH�$�&5(�(8,�ó1<F$'#�P8<>S-ER,�?>?Y&5(14ÚH¯S-*V,�#Q?�B@S�,��-P8#Q$�&5(+P1&5BFEF0�9�B>&5H�õ8<@,
$�(W*+?ASTó8(â*+?Y,G4T<@,G43$'B>&5S6(�û

ñ 08, õ8&5(W$�ó8<F$�#�ER<@S ?@?@E�ST<@<>,�#Q$�B@&)ST(¸H·S-*V,�#�S�ò��T,��«<@,�?>?	�@O�
�^���
�&Q?·ST(8, S'ò
B>08,q,�$'<>#5&5,�?YB�B@&)H·,RI
*-STH�$�&5(qH·S-*V,�#%?Rû D BUPªS ?YB>ó8#Q$�B@,�?
$�(8,�BA÷�S6<@X²S'ò�*-,�#Q$�Z²#5&)(8,�?�$�(W*å(8,�ó8<È$'#LERS6&5(WER&%*V,�(WE�,�ERSTó8(-B@,G<F?

òÞ,�* õ-ZqõªS6B@0ú,�$'<È?Rû D (å<@,�?YPWST(W?A,+B>Sq$ ?ASTó8<ÈER,§?Y&5B>óW$'B>,�* B>S B>08,�?Y&%*V,�S'ò�B@08,�H·&%*V#5&)(8,
P8#%$'(8,39�$

HÓ$��-&5H�ó8H�S'ò�$6ERB@&)2V&)BAZ+S-E�ERó1<F?¢$�B
$�PªS ?Y&)B@&5S6(åòÞST<¢÷�01&QEF0 &)(VB>,�<@(W$�#�*V,�#%$�Z8?UERS6H·PW,�(W?@$�B@,
òÞST<�B@08,

,��VB>,�<@(W$�#8P8<>STPW$�43$'B>&5S6(�*V,�#%$�Z1?�B>Sp,�$TEF0
,�$'<Gû ñ 08,�H·ST(â$'ó8<È$'#W$�ó8B@S-ERS6<@<>,�#Q$�B@&5S6(JH¯S-*V,�#-S'ò��W&%EhX-#5&%*V,�<
�>O�
6\VO�
/$'#Q?AS PWS ?YB@ó1#Q$'B>,�?·*V,G#Q$�Zå#5&)(8,�?�$'(W*ÿERS6&5(WE�&Q*V,�(âER,·E�STó8(-B@,�<È?Rû D (ö<@,�?YPWST(W?A,+B>Så$²PW,�<@&)S-*V&QE

?ASTó8(â*�9�$´H�$��V&)HJó1H S'ò¥$6ERB@&)2V&)BYZqS-E�ERó1<F?¢òÞST<¯$'(ö&)(VB>,�<@(â$'#�*V,�#%$�Zå,�ø3óW$'#�B@SqB@08,§PW,�<@&)S-* S'ò¦B@08,

?ASTó8(â*�9!$'(W*²B@08,
PWS ?Y&5B>&5S6( S�ò�B@01&Q?�H�$��V&)H
ó8Hô&Q?�óW?A,�*q$T?U$·ERó8,
B>S�&5(W*V&%E�$'B>,¢&)BF?�P8&)BFEF0�û�ü+,�*8*V&%?

$�(W*���,�÷�&5B>B��@O�
�
 Ø 

0W$�23,§?Yó14T4T,�?YB@,�* B@0â$'B¯$'ó8B>S-ERST<><@,�#%$'B@&)ST(úPW$'B>B@,�<>(W?JE�STó8#%* $�#Q?AS õW,+óâ?Y,�*åB@S

&%*V,�(-B@&bòÞZp23S�÷L,�#VB>&5H�õ8<@,�&)(·$�PW$�B@B@,G<@(VI­H�$'BÈEh01&5(84�H·S-*V,�#­û ñ 08,�?Y,�H·S-*V,G#Q?!$'<@,�$'#)#8õW$6?Y,�*
ST(�26$'<@&)STóW?

òÞS6<@H�?�S�òLERS6<@<@,G#Q$'B>&5S6(+$�(W$'#)Z8?A&Q?�9ª&)H·P8#5,GHJ,�(VB>,�*
õVZ�*-,�#Q$�Z·#)&5(8,�?L$'(W*+,��8ER&)BF$�B@ST<>ZùI­,��1ER&5BÈ$'B>ST<@Z�������




¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× ^

&)(VB>,�<F$6ERB@&)ST(�û

��B@01,�<²H·S-*V,�#%?+&5(-23ST#)23, &)(808&5õ1&5B@&)ST(�û D ( B@08, ,�ø3óW$'#)&5C�$�B@&)ST(VI�E�$'(âER,�#5#%$'B>&5ST(�����.�
+H¯S-*V,�#
S'ò
:�ó8<@#%$TEF0��@O�
� æ 
F9U?A&546(W$'#%?/òÞ<@S6H õWSTB>0ÿ,�$'<È?·$'<>,q?Yó8õ8B><F$6ERB@,�*ÿ$�òÞB@,�<Ó$å*V,�#%$�Z!�­$'(W*ÿ$�(ÿ,�23,�(-B@óW$�#

$�H·P8#)&5B@óâ*V,
ERS6H·PW,�(W?>$'B@&)ST("
�<È$'B@01,�<¢B>0W$'(åH�ó8#)B@&5P1#5&b,�*�$T?U&5(#�T,��«<@,�?>?�$�?UH·S-*V,�#­û·N3ó8õ8B><F$TE�B@&5S6( $'#bI

#)S�÷�?¢&5(-B@,�<AòÞ,�<@,�(âER,
B@S²õW,�E�$�(WER,�#),�*�9�?YSqB@0W$�B
$+÷�,�$'XåBÈ$'<@46,�B�E�$�(åH·ST<>,J,�$T?Y&)#5ZqõW,+*-,�B@,�E�B@,�*²&5(

E�,�<@BÈ$'&5(úõ8&5(â$'ó8<È$'#UERS6(%�W46ó8<F$�B@&5S6(W?Rû ü+ST<@,²<>,�ER,�(-B@#)Z39�B@08,ý?@$'H¯,+&Q*-,�$ ÷�$6?·$'P1P8#5&),�*öB@SåH¯ST(W$�óVI

<È$'#=P1<@S-ER,�?>?Y&)(84�S'ò�H¯&&�-B@ó8<>,�? S�òf?YSTó1(W*8?R9�?YóWEF0q$T?U?A&5H�ó8#5BÈ$'(8,�S6óW?�23ST&QE�,�?�ST<�HJóW?A&QE�$�#=?ASTó8(â*8?'��*V,
.�01,�23,�&546(8739WO�
(
 æ 9=O�
(
ù[�
Èû�K�,�ó8<F$�#!?Y&)4T(W$�#Q?�$'<>,�*V,�#Q$�Z3,�*¯$'(W*·P8<>S-ER,�?@?A,�*Úõ-Z¯$/(8,Gó8<@S6(Ú÷�&)B@0�õWSTB>0
,��8ER&)BF$�B@ST<>Zq$'(W*q&5(808&)õ8&5B>ST<>Zq?YZ-(W$'PW?A,�?R9=B>0W$'B¥E�$'#%ERó8#%$'B@,�B@01,J(8,Gó8<F$�#�,�ø3ó8&526$�#5,�(-B�S'ò�$§*V&)�«,�<>,�(WER, û
;!,�<@&)S-*V&QEU&5(-B@,�<AòÞ,�<@,�(âER,�&Q?�B@0-óW?�?Yó8P1P8<@,�?>?Y,�*«9�?YS·B>0W$'B¦$J÷�,�$�X3,�<�BF$�<@46,�BUE�$�(+õW,
PW,�<FER,G&523,�*�û�.L$'(VI

E�,�#5#%$'B@&)ST(�E�$�(�$'#%?YS�õª,�óW?Y,�*�B@S¢,��VP8#%$'&)(
P8&5BÈEh0�PW,�<FER,GP8B@&)ST(���*V,U.�08,�23,�&)4T(87 9ªO�
�
(�*
F91$'(W*�E�$6?@E�$6*V,�*
?ABF$�4T,�?¢S�ò�E�$'(WE�,�#5#%$'B@&)ST( E�$'( $TE�ERS6ó8(-B¦òÞS6<¢B>08,·PW,�<FE�,�P8B@&)ST(qS'ò�H�ó8#5B>&5P8#),¢P8&)BFEF08,�?'��*-,Ú.�08,G23,�&546(87
$�(W*,+U$�÷�$�0W$'<È$V9!O�
(
�
*
Èû

ñ 08,²P1<@,�?A,�(VB�PW$�Pª,G<+$�B@B>,�H·P8BÈ?¢B@Såó8(1&kòÞZöB>08,�?A,+H·S-*V,G#Q?
õVZúE�$6?YB@&)(84åB>08,�H $�#5#�÷�&5B>08&5(úB@08,

?>$'H·,¢òÞ<È$'H·,G÷�ST<>X�õW$T?A,�*´S6(å$�ó8B@S�IU$�(W*åER<>S3?>?@ERS6<@<@,G#Q$'B>&5S6(�ûJ.�,�<>BF$'&)( <>,�ø3ó8&5<>,�H·,�(-BF?�S�ò�E�$�(WER,�#)#Q$�I

B>&5S6(+H·S-*V,G#Q?R9W?AóWEF0²$T?�ò­$T?YB�&5(108&5õ8&)B@S6<@Z�&5(-B@,�<È$TERB>&5S6(�9VS6<UE�$T?>E�$T*-,�*+?ABF$'46,�?�S�ò�P1<@S-ER,�?>?Y&)(8489«E�$'(²õW,

<>,�#Q$��V,�*�9=$6?¢,��8$6ERB@#)Z²B@08,Ó?@$'H¯,/òÞó8(âERB@&)ST(W$�#5&5BAZ²&%?pSTõ1BF$'&)(8,�* ÷�&)B@0 $²?A&5(846#5,¯?YBÈ$'4T,�B>0W$'B
&)(V23S6#523,�?

S6(8#5Z�ò­$T?YB�,��8ER&)BF$�B@ST<>ZJ&)(VB>,�<F$6ERB@&)ST(�û.-�,�?Y&%*V,�?�ó8(8&kòÞZ-&5(14¢P8<>,�2V&)STóW?�H·S-*V,�#%?R9-B@08&%?�òÞ<F$'H¯,�÷�S6<@X�$'#)#5S�÷�?
(1,�÷ H¯S-*V,�#Q?�B@S�õW,¢*-,�<@&)23,�*�û



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× \

/ 0 132'4�ð�ï ð�é35¢ë76�í¯ð�6�é/ê�8¸ïLì¢ë!ë96�:�2pê!ð�ì�é

ñ 01,¢õW$6?Y&QE¢&)(84T<>,�*V&),�(VB�&%?�?A,�B�S�òL$'<><F$�Z8?�S'òf$'ó8B>S-ERST<><@,�#%$'B>&5ST(q$�(W*²ER<>S3?@?�IAE�ST<@<>,�#Q$�B@&)ST(qERS3,�;ÓER&),�(VBÈ?Rû
< ?Y&5(14
$
?@$�H·P8#),�*ùI�?Y&546(W$'#W(8S6BF$�B@&5S6(�98B@01,U$'ó8B>S-ERST<><@,�#%$'B>&5ST(·òÞó8(âERB@&)ST(·S�ò=B>08,U?Y&)4T(W$�#!$'BLB@08,�#),RòÞB�,�$'<
&%?�E�$'#%ERó8#%$'B@,�*·$T?>=

?A@BDC�EGFIH
BKJMLN
OQP BKJSR*T @O T @O JVU

�>O�


÷�01,�<@,
TMW

&Q?JB>08,q?Y&)4T(W$�#U$'B·B>08,²#5,�òÞBJ,�$�<�9 E B@01,²#Q$'4 PW$'<È$'H·,�B>,�<¯$'(W*YX &Q?JB>08,q?Y&)C�,+S�ò�B@08,

&)(VB>,�4T<È$'B>&5ST(�÷�&)(W*VS�÷Uû�" ?Y&5H¯&5#Q$�<=òÞó8(WERB>&5ST(�&%?�E�$'#%ERó8#Q$�B@,�*JòÞS6<�B@08,U<@&)4T0-B�,�$'<�=

? WB C�ESFZH
BKJMLN
O[P BKJSR T WO T WO JVU

� Ø 


÷�01,�<@,
TMW

&Q?pB>08,§?Y&)4T(W$�#�$'B
B>08,·<>&54T0-B¢,�$'<�û D ò�B@01,·PW$'<>B@&%ERó8#Q$�<¢,�$�<
&Q?U(8STB
S�ò�&5H·PWST<>BF$�(WER,	�QòÞST<
H¯S-*V,�#Q?�S�ò=,>��,�ERBF?�÷�&5B>0ÚH¯ST(W$�ó8<F$�#�ST<�*V&5S6B@&QE�P8<>,�?Y,G(VBÈ$'B@&)ST("
�B>08,�?Yó8PW,�<È?@ER<>&5P8BÈ?�EG$'(+õW,¥*V<@S6P8PW,�*�û
ñ 01,¢E�<@S3?>?@ERS6<@<>,�#Q$�B@&5S6(ÚòÞó8(âERB@&)ST(�&Q?�E�$�#QERó1#Q$'B>,�*·$6?�=

\ B C^]*F�H
B&J_LN
O[P BKJSR T @O T WO JM`

� æ 


÷�01,�<@, ] &Q?�B@08,�ER<>S3?>?�I�ERST<><@,�#%$'B@&)ST(q#Q$�4ÚPâ$'<F$�H·,�B>,�<�û ñ 08,�?A,¢òÞó8(WERB>&5ST(â?p$�<@,�E�$�#QERó1#Q$'B>,�*ÚòÞST<�,�23,�<@Z
B>&5H·,L&5(W?ABF$�(VB�a�û.-�,�E�$'óâ?Y,�S'òyB@08,�B>,�H·PWST<È$'#W?AH·S3STB>08&5(14pP1<@S-*VóWE�,�*/õ-Z¢&)(VB>,�4T<È$'B>&5ST(y9TB@08,�òÞó8(WE�B@&5S6(W?
$�<@,�(8S6B=,��-PW,�ERB@,�*pB@ScbWóWERB>óW$'B>,�H�óWEh0y9�õ8ó8B�òÞS6<�$TE�E�ó8<F$6ERZUB@08,�H·S-*-,�#3(8,�23,�<>B@08,G#5,�?>?�<@,�ø3ó8&5<>,�?�B@01,�H
B>S�õª,¯E�$�#QERó8#%$'B>,�*²$'B�,�$TEF0²&5(W?ABF$�(VBGû ñ S+X3,G,�P²B@08&)(843?U?A&5H·P8#),39WPª,G<@&5P108,�<F$�#9�W#)B@,�<>&5(84·÷�&)#5#=(1STB¢õW,
H¯,�(VB>&5S6(8,�*²,��VP1#5&QE�&5B@#)Z²&5( B@01,ÚòÞST#)#5S�÷�&5(148ûú:�,�PW,�(W*V&)(84²ST(ÿB>08,�#5,�23,G#�S�ò�$'õâ?YB@<È$TERB>&5S6(ÿ<@,�ø3ó8&5<>,�*�9

P1<@S-ER,�?>?Y&)(84�E�$�(²õª,¥$T?>?Yó8H·,�*ÚB@SÓ$A�«,�ERB�B>08,¢<È$�÷Ù$6ERSTóâ?YB@&%Ep÷f$�23,�òÞST<@HÓ?�� &)(q$'(ý$'õW?AB@<F$6ERBUH·S-*V,�#d
F9
S6<�,�$TEF0·&5(W*-&52-&Q*VóW$�#S�W#)B@,�<�EF0W$�(8(8,�#.� &5(§$
H·ST<>,U*V,�BÈ$'&)#5,�*JH¯S-*V,�#e
Èû



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6×  
f g
ê!ë�î�ï�ê!îÚë76

ñ 01,+H·S-*V,G#�&5(-23ST#523,�?¦B>08<@,G,+H·S-*Vó1#5,�?UB@0W$�B�$'<>,²ERS6(WER,�P8B>óW$'#)#5Z *V&Q?AB@&)(WERB�û ñ 08,h�W<È?YB¯E�$'#%ERó8#%$'B@,�?
B>08,�$'<><F$�Z8?�S'ò�$'ó8B>S-ERST<><@,�#%$'B@&)ST(ý$'(W*§ER<@S ?@?@E�ST<@<>,�#Q$�B@&)ST(²E�S3,�;�E�&5,�(-BF?�û ñ 08,�?Y,�ERS6(W*ÓòÞS6<@H�?�$
#5&)(8,�$�<
E�STH�õ8&5(W$�B@&)ST(åS�ò�?Y,�#),�ERB>,�* ERS3,�;ÓER&5,�(-BF?�û ñ 08,+B>08&5<È*åH·S-*Vó8#),+E�ST(-B@<@S6#Q?
B@08,�PW$�<F$�H·,�B@,G<F?¢S'ò¦B@08,

?A,�ERS6(W*´H¯S-*Vó8#5,�÷�08&5#),
H·ST(1&5B@S6<@&)(84J&)BF?�S6ó8B@P1ó8B�9!$'(â* P8<@S-*-óWER,�?�B@01,
P8<@,�*-&QERB>&5ST(â?�S'òLB@01,JH·S-*-,�#�=
P1&5BFEF0�9-B@&5H�õ8<>,39T,�BÈETû5û

auto- and 
crosscori relation

network

linear
combination

control
anj d 

interpretation

sound
or 
filtered
sound

pitch,
etc..

Lk
Rl

m�npo7q�rYs d�e>t%u�d�t-ehg�vxw�dpyWg�z{tV|M|8jp|�}!~�v3eReFgF`baTd­jpv�|��¢gFd^��v3e����'v�lVgF`K���!jp�Jg��Al�v��
a3jp|��«e�v�uRg>cFcGjp|�}
jkc¥`bjp�
j5dAg>l+d�v�d�yWg���eÈc�d{�'v�l�tù`5g3�Þ`5g&w�d�vxw
dpyWg�l�vTd dAg>lÚ`�jp|ªge�V� s tV�hc�g���t8g>|Vd��«e�v�uRg@cFcGjp|�}�v��ªghe@aTdAg@c�v�|
c�`�v���`br��Ai�a3e�rTjp|�}���t-a�|Vd�j5d­j g@c��

ñ 08,��W<F?AB¢H·S-*Vó1#5,�Pª,G<YòÞST<>H�?U$ÚH�$6?@?A&523,�#)ZÚPâ$'<F$�#5#),�#LERSTH·P1ó8BF$�B@&5S6( S�ò�B>08,¯ERST<><@,�#%$'B@&)ST( E�S3,RòQI

�ªER&5,�(-BF?�*V,��W(8,�*´&)( N3,�ERB�û Ø û�"�#)#�ERS3,�;ÓER&5,G(VBÈ?�� ÷�&)B@08&)(å$§ER,�<@BÈ$'&)( <È$'(846,JS�ò�B@&5H¯,
$'(â* #Q$�4%
U$�<@,
$�26$'&)#Q$�õ8#5,�?A&5H�ó8#5BÈ$'(8,�S6óW?Y#)Z3û ñ 08,�ERS3,�;ÓER&5,G(VBÈ?�$'<>,JB>,�H·PWST<È$'#5#)Z§?YH·S3S6B@08,�*²?AS²?Aó8õW?Y,�øùó8,G(VB�H¯S-*ùI
ó1#5,�?�P8<@S-ER,�?@?�?Y#)S�÷�#5Z3I�26$'<>ZV&)(84
ø3óW$�(VB>&5B@&),�?Rû�_W$T?YBLB@&)H·,RI�*VSTH�$�&5(
P8<>S-ER,�?>?Y&5(14
&Q?�#)&5H·&)B@,�*UB@S
B>08,��W<È?YB
H¯S-*Vó8#5, û



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× [

ñ 08,¦?Y,�ERS6(W*
H·S-*Vó8#),�E�$'#%ERó8#Q$�B@,�?�$�#5&)(8,�$�<�E�STH�õ8&5(W$�B@&)ST(
S'òy&5BÈ?�&5(1P8ó8BF?�93÷�&5B@0
ò­$TE�B@ST<È?�B>0W$'BfE�$'(

õW,UPWS3?A&5B@&)23,UST<�(8,�4 $'B>&523,39-&5(-B@,�46,�<�ST<�òÞ<È$TERB>&5ST(1(W$'<>Z3û

ñ 08,qB@01&5<F*ÿH·S-*Vó1#5,²?A,�<@23,�?JB@SúERS6(VB><@ST#UB>08,²PW$'<È$'H·,GB@,�<È?JS'ò¥B@08, ?Y,�E�ST(W*ÿH·S-*Vó8#),39�$'(W*ÿB@S

$�(W$'#)ZVCG,
&5BF?�STó8B>P8ó8BUB@S�P8<>S-*VóWER,
÷�0W$�B@,�23,G<�<@,�?Aó8#5B�� P8&)BFEF0�9ª,GBFETû�
+&%?�,��-Pª,�ERB@,�*·òÞ<@S6H B@08,
H·S-*-,�#�û

ñ 01,�?A,�ERST(â*·$'(W*�B@08&)<F*
H·S-*Vó8#),�?=$'<>,U?Y,GPW$'<È$'B@,�*¥òÞS6<�ERS6(WER,�P8B>óW$'#W<>,�$T?AST(W?�9Võ8ó8BLST(8,�E�$�(�ERST(âER,�&523,

S�ò!$�(·&5H·P1#5,�H�,�(3BF$�B@&)ST(¢&)(
÷�08&QEF0
B@01,�Z�$'<>,�H·,G<@4T,�*�9�òÞS6<�,��8$�H·P8#),�$T?L$�(8,�ó8<È$'#W(8,�BA÷�S6<@X�&5(�÷�08&QEF0
Pâ$'<F$�H·,�B>,�<F?L$'<@,¥*V,�B>,�<@H·&)(8,�*¢#)S-E�$'#)#5Z393òÞST<�,��8$�H·P8#),�õ-Z���,�õ8õ8&%$'(�#5,�$�<@(8&)(848û

ñ 08&%?pP8<>S-ER,�?>?Y&5(14²E�$�(åõW,·?A,�,�( $T?pS-EGERó8<@&)(84+&)( Pâ$'<F$�#5#),�#�÷�&5B@01&5( $'#5#LEF0W$'(1(8,�#Q?�P8<@S-*VóâER,�* õ-Z

PW,�<>&5P801,�<F$�#"�W#5B>,�<@&)(84891$'(W*�&5(�õWSTB@0§,�$'<È?Rû D B�&Q?�$'#%?YS�PWS3?@?A&5õ8#),¢B>S�$T?@?Aó8H·,39W$6?�$�(§$'P8P8<>S��V&)H�$'B>&5ST(y9
B>0W$'B�B@08,�$6ERSTóW?AB@&%E�?Y&546(W$'#%?=$'<>,�P8<@S-E�,�?@?A,�*
*V&5<>,�ERB>#5Z3û ñ 01,�òÞST#5#)S�÷�&5(84U$6?@?Aó8H·,�?�B@08&%?=$'P1P8<@S��-&5H�$�B@&5S6(
,��8ER,GP8B�÷�08,G<@,U(8STB>,�*�û���PW,�<F$�B@&)ST(W?�$'<>,¢,��-P8<@,�?@?Y,�*JóW?Y&)(84¯$
*V&546&5BF$�#!?@$�H·P8#5,�*J(8STBÈ$'B>&5ST(yû

� ��2¢ë�ê!ð�ï�î3:�2�ë�ð���2pê!ð�ì�é,4 ì��ÿê7 36Z¡ ìÓí�6�:

¢ ¢¤£c¥M¦�§¨¦ª©_©M«D¬�­�¥_®x¦�¯�°�¦�±²«D¬³¦�´3µ²®x¥_§M¶¸·�¹�®�§_º�¬�®�±{«D©D»²¼9½�¾�¼�¿

"�(+$�ó8B@S-E�ST<@<>,�#Q$�B@&)ST(·òÞó8(WERB>&5S6(Ú&%?�E�$�#QERó1#Q$'B>,�*/òÞ<>STH�B>08,U$TE�STóW?AB@&QEU?A&54T(â$'#�9W?>$'H·P1#5,�*�$'B�,�&5B>08,�<�,�$�<�9

$�(W* B>08,JPWS ?Y&5B>&5S6(åS'òf&5BF?�H�$��V&)HJó1H�&Q?�óW?A,�*´B>S+&)(W*V&QEG$'B@,
B>08,�Pª,G<@&5S-*���$�(W* B>0VóW?�B>08,JP1&5BFEF0"
�S'ò
B>08,�?YS6ó8<FER, û

? B C�ESFZH
BKJMLN
OQP B&JGR T O T O J%U

�Þ^%


N &54T(â$'#�?>$'H·P8#),�?�?Y,�PW$�<F$�B@,�*²õVZý$·Pª,G<@&5S-*²$�<@,¯?Y&)H·&5#%$'<�$'(â*´B>0VóW?�B@,�(W*+B>S�P8<@S-*VóâER,
#Q$�<@4T,G<pP1<@S-*ùI

óâERBF?
B@0W$�(ÿ?>$'H·P8#),�?¢?A,�PW$�<F$'B>,�* õ-ZåS6B@08,�<
&)(VB>,�<@26$�#Q?Rû ñ 01,+&5(-B@,G4T<F$�B@&)ST(ú?YH·S3S6B@0W?
B@01,�?Y,�26$'#)ó8,�?



¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× �
B>,�H·PWST<È$'#)#5Z�B@S·P1<@S-*VóWE�,·$�?YBÈ$'õ8#),
,�?YB>&5H�$�B@,3û D (²B>,�<@H�?�S'òLB>08,
P8<@,�?Y,�(-B�òÞST<>H�$'#)&5C�$�B@&)ST(�9WH·S-*Vó8#),

Ø ?Y,G#5,�ERBÈ?�$
B@,�<>H S�ò�B@01,¢$�ó8B@S-E�ST<@<>,�#Q$�B@&)ST(²$�<@<È$�ZÀ� #5,�òÞB�ST<�<@&)4T0-B�ST<�?Yó8H S'ò�õªS6B@0"
 $T?�*V,�B>,�<@H¯&5(8,�*
õ-Z·B>08,U#Q$'4�PW$�<F$'H¯,�B@,�< E ûLü+S-*Vó8#5, æ 26$'<@&),�?�B@08&%?�PW$'<È$'H·,�B>,�<�÷�01&5#5,UH·S6(8&5B>ST<>&5(84�B@08,USTó1B@P8ó8B�òÞST<
$
H�$��V&)H
ó8H+û

Á ¢¤£�¥_¦�§"¦�©M©_«D¬�­9¥_®Q¦ª¯¤°�¦�±{«D¬�¦�´²Â�¦ÄÃÅ«D¬�®�±²«D¯�¥_®xÆÇ§¨­È¥_®Q¦�¯É·�ÊË«D±{±²®�Ì�­�¯²±ÎÍY«"Ï
Ã�®Q¥%¥Ð»�¼9½�½�Ñ�¿

D (�B@08,�ERS6(WERó8<><@,�(-B!23S'÷L,�#-?Y,G4T<@,G43$'B>&5S6(
H·S-*V,�#3S�ò�ü+,�*8*V&Q?!$'(â*'��,�÷�&5B>B��>O�
(
 Ø 
È9-$�23S�÷�,�#^$�?�&Q*-,�(VB>&5BAZ
÷f$T?�*V,�B@,G<@H·&)(8,�*·õVZ²B>,�H·P8#%$'B>,¢H�$�BFEF08&5(84¯S'ò�$�?Yó8H¯H�$'<>ZÚPâ$'B@B>,�<@( STõ8BÈ$'&5(1,�*´õ-Zq$T*1*V&5(84ý$'ó8B>S'I

E�ST<@<>,�#Q$�B@&)ST(åòÞó8(WERB>&5S6(W?JEG$'#QE�ó8#Q$�B@,�* ÷�&)B@08&)( Pª,G<@&5P108,�<F$�#�Eh0â$'(8(8,G#Q?���?A,�,§$'#%?YS *V,².�08,G23,�&546(87�$'(â*

+U$�÷�$�0W$'<È$V9�O�
�
(
*
Fû ñ 01&Q?
?Yó1H·H�$'<>Z²PW$'B>B@,�<>(úE�$'( õW,§$'P8P8<>S��V&)H�$'B>,�*´õ-ZqB@08,§$'ó1B@S-ERS6<@<@,G#Q$'B>&5S6(
òÞó1(WERB@&)ST(�S'òyB@08,�÷�$�23,RòÞS6<@H²û D (�B@08,�P8<>,�?Y,�(-B�òÞS6<@H�$�#5&5C�$'B@&)ST(�9�H·S-*Vó1#5, Ø ?Y,�#),�ERBÈ?=$pB>,�<@H S'ò�B>08,�$'óVI

B>S-ERST<><@,�#%$'B>&5ST(¯$'<><F$�Z�$T?�*V,GB@,�<>H·&5(8,�*¦õ-Z¢B>08,�#Q$'4UPW$�<F$�H·,�B@,G< E û�ü+S-*Vó8#), æ 26$'<>&5,�?=B@01&Q?�PW$�<F$�H·,�B@,G<
$�(W*ÚHÓ$'BFEF08,�?=B>08,UPW$'B>B@,�<>(+S'ò�26$'<>&Q$'B>&5S6(+S'ò�B@01,pS6ó8B@P1ó8B�S�ò�H·S-*Vó1#5, Ø B>S·$
B@,�H¯P8#Q$�B@,3û

Ò Ò	­�¯²§¨«D¬�¬�­È¥_®�¦�¯Ó°�¦�±²«D¬�¦�´3µ{®x¥_§M¶I·�±²«ÔÒÀ¶²«"Â�«D®�Õ�¯²Ö�»Ç¼9½ª½�×�¿

ñ 01&Q?�&%?�$p<@,�òÞST<@H�ó8#%$'B@&)ST(
S�ò��W&QEFXV#)&Q*V,�<�$�?�H·S-*V,�#W&)(JB>,�<@H�?!S'ò�E�$�(WER,�#)#Q$'B>&5S6(�û="¸?@ø3óW$'<>,�*·*V&��«,�<@,�(âER,
òÞó1(WERB@&)ST(²&%?�E�$'#%ERó8#%$'B@,�*ÚòÞ<@STH B@08,�$6ERSTóâ?YB@&%EJ?A&546(W$'#­9�$'(W*²B@01,
PªS ?Y&)B@&5S6( S�ò�&)BF?�H·&)(8&5H
ó1H�&Q?�óâ?Y,�*

B>SJ&)(W*V&%E�$'B>,�B@08,UPW,�<>&5S-*�û ñ 08,�òÞó8(WERB>&5S6(Ú&%?�*V,��W(1,�*�$T?�=

Ø B C�ESFZH
BKJMLN
O[P BKJSR C T O�Ù T O J%U F[Ú

�­\*




¹�º8»3¼�½ ¾8¼�¿�¼AÀ®Á6Â8Ã
ÄAÅFÆGÇAÇÈ¼AÉ)ÊTËQÀ5Æ�ÂUÂ8¼�Ë�Ì�ÆGÇAÍ ÄAÎ6É5Ê�Ï�Ë�Ç@¼�¿RÀ�ÏF¼F»-Ð�ÑLÒÓÊ@Ô¥Õ3Ö�Ö6× 

ñ 01,¢?>øùóâ$'<@,�*+*V&���,G<@,�(WE�,UE�$'(�õW,¢,��VPW$�(W*V,�*¨=

Ø B ESFZH
BKJMLN
OQP B&JGR T ÚO�Û

BKJMLN
O[P BKJSR T ÚO JVU Ù�Ü

BKJMLN
OQP BKJSR T O T O J%U

H ? B C�Ý�F Û ? BKJ%U C�Ý*F Ù�Ü ? B C�EGF �^ *


ñ 01,�*V&��«,�<@,�(âER,�òÞó8(âERB@&)ST(�Ø B C�ESF <>,�ø3ó8&5<>,�*põ-Z¢B>08,�EG$'(WER,G#5#Q$�B@&)ST(¢H¯S-*V,�#1E�$'(�B@0-óW?=õW,�&)H·P8#5,GHJ,�(VB>,�*
$6E�ERó8<È$'B>,�#5Z�&5(�B@,G<@H�?=S'ò�$'ó8B>S-ERST<><@,�#%$'B@&)ST(�û D (·B@01,pP1<@,�?A,�(VB�òÞS6<@H�$�#5&)C�$'B>&5ST(y9ùH¯S-*Vó8#5, Ø òÞST<@HÓ?�B@01&Q?

#)&5(8,�$'<�ERSTH�õ8&)(W$'B>&5ST(ý$T?�*V,�B@,G<@H·&)(8,�*Úõ-Z²PW$�<F$'H¯,�B@,�< E û·ü+S-*Vó1#5, æ 26$�<@&5,�? E ÷�08&)#5,�H·ST(8&)B@S6<@&5(14
B>08,USTó8B>P8ó8B�òÞST<�$
H·&5(1&5H
ó8H§û

Þ Ò	©M¦�ÌVÌ*ÏA§"¦�©M©M«D¬�­È¥_®�¦�¯Ó°�¦�±²«D¬�¦�´�¬�¦�§¨­ª¬�®�ß¨­È¥_®�¦�¯à·�á�«"â³©M«DÌVÌ"»'¼9½.ã�×�¿

ñ 01,
ER<>S3?@?>ERST<><@,�#%$'B>&5ST(�òÞó8(WERB>&5S6(Ú&%?�EG$'#QE�ó8#Q$�B@,�*JòÞ<@S6H�?Y&)4T(W$�#Q?�òÞ<@S6H õWS6B@0²,�$�<F?R9W$�(W*+B@01,pPWS ?Y&5B>&5S6(
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