
Japan Advanced Institute of Science and Technology

JAIST Repository
https://dspace.jaist.ac.jp/

Title
複数音源中からの目的楽器音の選択的分離抽出に関す

る研究

Author(s) 窪, 正晃

Citation

Issue Date 2003-03

Type Thesis or Dissertation

Text version author

URL http://hdl.handle.net/10119/1676

Rights

Description Supervisor:赤木 正人, 情報科学研究科, 修士



� � � �

� � � � � 	 
 �
�  � � � � � �  � � � � � � � � � �

��� �"!$#&%('")�*+%$,(*+%
-+. #&%0/21(# -+.+3+4 %$576

8 9 :

;=<><>?A@B?DC



� � � �

� � � � � 	 
 �
�  � � � � � �  � � � � � � � � � �

E&F(G$H IKJ LNM OQP
R&S+T"U�VWS IKJ LNM OQP

R&S(T"U XZY []\ ^ OQP
R&S(T"U _Z` a ^ OQP

��� �"!$#&%('")�*+%$,(*+%
-+. #&%0/21(# -+.+3+4 %$576

bcbedcdgfhd 8 9 :

ikj @�CmlA;=<=<>?h@B;DC

nporqtstuwvyxrz|{~}�������r�h� s����r���r�r�tv>��� � o
;



� �
�"�+���$�7��� �m�����( ¢¡0£W¤¦¥�§7¨K©+ª~«�¬mZª®�°¯"±²�³� �m��´0µW¶$·¹¸°����º¼»
½$¾ ¡ �k¥°¿"À¢¡�ÁÃÂ"ÄWÅ j ·¦¸�ÆWÇWÈ¹¥ i(É ·¦¸ËÊÍÌ~Î2�7��Ï�´�Ð¦Ñ ÒWÓÔ�ÍÁQÕAÖ7×�¥
Ò"«�¸kØ~©�Ñ0�ËÙ&§�� ¾ ¡ � -". ¥~¬&Zª~«WÓ²¸�©ÚÓNÛÝÜ�Þ�Á�ß$à$Ó$Ò²á³�(�mâ&¸ËÊ i(É
·¦¸ãÆ(ÇWÈ2�7�ã�0�m���³�( ¢¡0£W¤¹¥ãä�åæª~ÒÔçÍè¼é¦ê®ëíìî¥~¬&Zª~« ¾ ¡0���³¿(À¹¥Ëï
Û2ìñðÚé$ò2óÔè 3(4 ©Ú� ¾ ¡ �ô©Úõ&��ö²���Ô÷k�³ø"ùW±"ú$ÂÍ¥�Â"Ä"·¦¸¼ûüìþý(ÿ2ðËé 3(4
¥���� ª~ÒÍá¼�"��â�¸°Ê
ÂWÄ$Æ(ÇWÈ¹¥����&·¦¸¼Ò	�"Á ��
��� ¾ ¡ �²Á��&�¢´������ñÎ¢Ò�������
������7� �&�¢´

µ��Nª~Ò�� ���!
#"$�&%�')(Í�Ô� ����´0µ��Nª°Ò*� ��» ½ �(õ7Î,+WÎ2� ¾ ¡Ô�¹¥ã¿$À�¡�Á
Â"ÄWÅ j ·¦¸�-/.�02ê®ë1-32ãèW¥°ï54 Ò¼ÊkÌ³��6�7¢� i(É ·¦¸�Æ(ÇWÈ�´0µ)�+�kº0» ½$¾ ¡
�¹¥�¿$ÀKª~�)8$Ó:9 ;2�0Â+Ä(Å j �¢Ñ&¸&Ì�©°´�<=�®Î�Ò0Ê



>

?A@CB D�E @
FHGIF �KJL�$Á MNMOMNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM F
FHGy; /�1 �RQ	S MNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ;

FHGy;TGUF V�W �¢¡¼Ð1X - S�Y Z²� /21 MPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ;
FHGy;TG ; ± 4\[ % ¡,]�^1_WÂ+Ä�� /21 MPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM `

FHG ? �+�+�²� ¾ ¡ MNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM `
FHG ` �+�+�²��a+ú MNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM b

?dcPB e,f1g�h i�j5k)l�mon:p	q r
;TGIF s�t u Þ MNMOMNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM v

;TGIFHGUF Ü¢Þ MNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM v
;TGy; ¿+À¢¡7Â+Ä(Å j Æ+ÇWÈ MNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM w
;TG ? Æ"ÇWÈ¦Á1x(¸ 3"4 ��y1z MOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM {

;TG ?�GUF §(¨ ¥~¬�Kª°Ò ì~ðãé$òÍóWè 3"4 MNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM {
;TG ?�G ; �7ù�|+Â+Ä&Æ+Ç(È¹Á1xW¸ û ì ý"ÿ¦ðãé 3(4 MNMNMOMNMPMOMNMOMNMNMOMNMOM FHF

?d}PB h i�j5k)~	��� n)�)� @��
?�GIF ø$ùW±mÂ)Z	� MNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM F v
?�Gy; ß"�"ø&ù(±��¢Þ�� MPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM F v
?�G ? £(¤o�$çkè0éæêÚë ì��7ú	� MNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM F��
?�G ` ¾ ¡ �+¿+À � MNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ;=?
?�G b ù�|+Â$Ä�� MNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ; b
?�G v ��Èmë!�7è)��� MOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ; v

?��OB h io~ ���,n���� c��
` GIF -3.�0¹ê®ë\-!2ÃèL��� MNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ; w

` GIFHGUF �)�o��; MOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ; w
` GIFHG ; �����)� MOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ;��

` Gy; �Ô�\�(�2�0Â+Ä MOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ;��
` Gy;TGUF �m�¦º � ¾ ¡7�+Â+Ä(Å j MNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ; {
` Gy;TG ; �W�Ô�mµ��$�2» ½ �0Â"Ä(Å j MPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ? ;

�



` Gy;TGy? ¯+±m� ��µ��&��» ½ �³¿+À2¡ÔÂ+Ä(Å j MNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM ? b
` G ? �Ô�,���$�2�0Â+Ä"Å j MNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM�` F

?d�PB  	E �¡�
b GIF ¢ ©�� MOMNMOMNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM�`H`
b Gy; £ ¤ ��¥	¦ MNMNMOMPMNMOMNMOMNMNMOMNMOMNMPMOMNMNMOMNMOMNMNMOMNMPMOMNMOMNMNMOMNMOM�`§b

�U�



¨ ©

ªH«Iª ¬®�¯�°�±/²�³o�´¶µ	· ¸�¹\ºR»�¼ ½	¾�»¶¿ÁÀ�Â ÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ ª
ÄT«Iª Å�Æ1Ç�´�È)É/ÊRË�Ì�¼&Í�Î�Ï ÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ Ð
ÄT«ÑÄ Ë�Ì�¼3Ò1Ó)·ÕÔ1Ö)×)Ø&ÍRÙ�Ú ÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃÛª�Ü
Ý�«Iª Ë�Ì�¼�Í�Î�Ï ÃNÃOÃPÃNÃOÃNÃOÃNÃNÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃÛªßÞ
Ý�«ÑÄ ´)à�á�Ïoâ1Í*ã)ä ÃPÃNÃOÃNÃOÃNÃNÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃÛªßå
Ý�«æÝ ç	èRé1ê�ëíìHîðïòñ$óoëíì�îðïòñôÍ®õ�öL÷¶ø�ø�ù ÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃÛª�ú
Ý�«üû ý1þ®ÿ Ú\¯ ������� ù���	 ÃNÃNÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ Ä�Ü
Ý�«ÑÞ 
Á¼,¾�������������������� �Á´)à�! ÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ ÄHÄ
Ý�«#" 
Á¼,¾�������������������� ��Í�$&%	Ç(':»)�+*-, ¾.�0/�1 ÃOÃNÃNÃOÃNÃOÃ Ä�Ý
Ý�«Ñå 2 Ç�±�Å�Æ�3�4 Í*ÔoÖ�×�Ø&ÍRÙ Ú ÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ Ä û
û#«Iª ´�È�! î5
Á¼,¾6�:î87 û ñ:9<;>=�?	±�ñÁÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�ÝHÜ
û#«ÑÄ ?,±A@CBED�ÍF2 Ç�±�´�È)É/Ê�G Â ÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�Ý�ª
û#«æÝ ´�È�! î5
Á¼,¾6�:î87 û ñ:9+���H���I� � îKJ Ý ñòñ ÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�ÝHÝ
û#«üû LNM<O&P�á ±�BEDÁÍE2 Ç:±5ÍR´ È)É¶Ê�G�Â ÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�Ý�û
û#«ÑÞ Q R�S¶Í<MCOo±�BFDÕÍF2 Ç:±�´ È�! îT
L¼�UV� ñ ÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�ÝW"
û#«#" Q R�S¶Í<MCO(P�á	±&BED�ÍR´�È�X�Y îT
L¼�UV� ñ ÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�Ý å
û#«Ñå Q R�S¶Í<MCO(P�á	±&BED�ÍR´�È�X�Y îZ�[���ÁñÁÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�ÝHÐ
û#«æÐ Q R�S¶Í<MCO(P�á	±&BED�ÍR´�È�X�Y î:\R¼-�ÁñÁÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�ÝHú
û#«æú Q R�S¶Í<MCO(P�á	±&BED�ÍR´�È�X�Y îZ�������I� �Lñ/ÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�û Ü
û#«Iª�Ü]MCO_^�` ±5ÍR´�È�É¶Ê�! ÃOÃNÃNÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�û Ý

abaca



©

ÄT«Iª QedoÍ[f�g	Ç<h�i ókj�l�m�n�Í	øHo ÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃÛªßÄ
Ý�«Iª j�l�m�n�óqp,Í�þ�rts ÃNÃOÃNÃNÃOÃNÃOÃNÃPÃOÃNÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ ÄHÞ
û#«Iª MCO_^�` ±5Í+P�á3Ò uo°	¯CMCO óqp	Íev�w ÃNÃOÃNÃOÃNÃNÃOÃNÃPÃOÃNÃOÃNÃNÃOÃNÃOÃ�û#ª

abx



y

z>{|z } ~�� �
�_��� HPN���3·��F�ÁÍ*±\Í(@[B-D$¬K�¯�°�±¶²ÁÅ�Æ���Õ¬KÁ´¶µ ·��oó���4o ·����
Íe��� � ¹1º�»:¼�½�¾�»5¿ À�Â óq����Ú(H�&��Í�¬_���t�:»(�N����d<� Ú1¯+���\Í<��d ó
���<�ID Ú���°�·��E�*ÍH �¡ � <PN?V�Õ¯)¹5º*»:¼ ½,¾�»&¿�¢�£/Ò+¤�°���C� � Í<¢�¥�
¦�§ ��Í�¨�Ú�á Û ±(�¢�£�Ò�Ù�Ú3·]©«ª¬N\ó °�®R¯�¯ � '*±(�+°&±�°�¯e1�²�Ò�¤�°��´³H
¥��P÷�µoÍ<¶,ÍC·5²Õ¬/�¸�¹º¢�¥���4, ·\ó ° Û �oó�Ò�»H¼��¶·���¯�½¾��_��Íe���5Í[¿
À � �&��Í*±�¶5ÒtÁ¾DÃÂ��¯ � '�±�Ò ¿I�q�Np	Í�À�Â/²�f�Ä��3·��C!�ÅC�t�� � �[Æ3�Ç
È ?�É5Í(@�Ò�ÊC®<�´³ÌË_Í(�<Î�Ï\Ò�Ð�Ñ<�3·1ó�)Ò �  �]Ò Í[Ó¾³��Np ÍeÔNÕ\Ç�'�±¶² ¬
�¸¶·�Ö(��4o++p	Í�×�Ø�ÒLéÙ¹ÛÚ3·\ó °�®:¯eÜNÝ´�CÞ<ß]4o ·���±�¯��M<O)�(� à��eá
¼�â��)¾�ã��ä� § ^�`]'Aå ±�M�²HMæ�èç�èoÒ � �°-�èd�³�Í*±\Íeé�'F¹Cáo°1²+ê�ë È �,ó
� ³Cì�í+î�½���C�&�Hà��eá*¼�@*Í�Ê	·�M<O�Í�ïtðÕ½	¾ñ��Ò[òI2N����¬K�¸�¹º+p	Í�v�w
Íeó��)ÿ*²<ê�ë È �\óC³ ±�MCô�õ\Í<é�ö�'eMI��·_4(Ê,·��

÷ ªH«IªWø ¬®�¯)°�±/²�³o�´¶µ,· ¸)¹\º*»�¼ ½	¾�»¶¿�À Â

ª



�*Í¶Ó È ÒNt�]� � ±_¶�â ±_M�ó�°&®�¯+ù(ú/Ò<ûIüR·�¯ � '�±&Í�@tBFD�¹5º:»�¼	½1¾
»5¿ À�Â]'Aå�ÍL¬(�N�N�¶ÒoÓ�¹ ¬K�¯�°:±¶²�Å�Æ�����¬K+[p:Ú�ý:Ú\ÍeÖ À ²�þNÿ �Ã���
�3·��oó���4o ·��<�&�N��¬(� � �&ÒoÓ�¹*õ�D Í �]Ò ²�¸�¹��æ�����3²qþ�ÿ��3·��N� � ¬
�1Í	��
��à î 7�� 7Ãø 7���� a�������� ����� ���Ã7!�#"�$ ��% a&% ñ�ó����*Ú(+© � � ')(*"�� Í,+�-/. ª�0íÒoÓ+®t�21
�è��DOÚ®·	Ó È Ò�'�®�¯+�E��Í� &¡ �43 �2576�Ò+¤5µ	·8�9
:�	à/Ò�» ¼��K·�³�Í�4(Ê	·��
;2< H�&��Í���d�¬_��9
2��à&Í��	Ú1¯ � �¶²>=�?�@oÇ���*�ðL¾9A�B-D��CB¾��>=�?�Ë

Ì�¼ ó��q�ED�FN�3·��oó�²�2 ÇoÒ�¯ � 'G576_�[Æ´ë�Ú&��°&·q��¹1º�»:¼�½	¾�»\¿ À�Â�Ò>H
I ÿ Ú/· ¬(�,Í �	Ú,¯,�KJ)×)Ø � �(��>=�? Ë�Ì�¼ ó��>�ED�F_4oLÚ��H¯ � '�´KLKM1ÍHÝ
u&�ON9P�4, ·��<!�Å<�t2Q:R	Ç�'HÝ�u=ó��q��&õwEð	SCT¾�CÍ:U!ó��q�<�&�3ó8VXW\Í�¬
� � �¶²4=? �ZY ÒODF��3·q£�á�â(q?	±5Ò8[�\�'�±�¶2]K^)�t�:»(�)Í�
�ðN���`_��bacM
Í Ý�u(�2d)Å]DOÚ3·���±)¯�Á±�M)±�e�ÔoÖ5²�¿ À ÒOf�·,Í+M<O ±¶²L´)È�É¶Ê��/·��oó��Eg
� óH'�Ú��NKõihjlk��N�)»(�eânm��_�,o*¾qpqr4o*¾ZsqT�º�'AåtM\Í Ý_u��ON�P´41 ·��
�>B-��>FN1&4 � ±2u��Ov)ù�wN�I�>p:ÚæDq�+P�á�� ¯[1�²&B¾D��2 Ç�±�²ÁÅ�ÆoÇoÒ�´)È

É/Ê[�3·&ó ° ÈixXy ²4z9{/ÒODKF��3·�Ò �E| ®N�)°('�°<�(poÍ x4yZ} ó���� � �~�����P
á�±)@�ÍXv)ù&Í*±,u � �9�(�*´�È�É¶Ê�Í[¿ À ó�'o·>gt�:�]�_Ê ·*¯��+�p:ÚæDÕÍ(@eB-D�2
Ç:±/²ÁÅ Æ����´�È)É¶Ê[�®·G�_ö(�(Ê	·��\óq�~#����2 Ç�±5Í�Ï ´�ó��&ÍR±:u/Í�Ï,´�� �
� ù����4+é:v��¶·�£)á&Hé:v ��� ù�Ï ´_B-D�2 Ç�±1Í ��� ù�Ï�´\ÍC·1²L´)È��3·*��ö��
Ê	·��oó�<�_Ê��ADOÚ3·q�)��Í5Ó È Ò<�v�ù&Í�±Eu�B-D�2 Ç�±¶²ÁÅ�Æ1Ç,Ò�´�È�É¶Ê��/·\ó
° È ±u,´�È xXy ²8����¯���Ò � Y:�C� LNd � xXy�� �l�������_ö(�(Ê����

� ���<��� �	���:�K��� � � �è£l� �9¡¾å �£¢ È � Y��q� x	yn� �C��¤9�£� �9¥§¦©¨
ª	«,¬7E® � � ¯°8± � � ��² ª�³ ���,��E�q�O´Eµ �¶�·8¸�¹7º ���©» ¨	¼¾½ �*¿KÀ �
ÁlÂ ½ ��Ã � ¼�Ä ¤ � ÅÇÆ:ÈC� �9¤Z�XÉ ¼ � ¨ËÊ�Ì ®�Í � «KÎ�Ï9Ð � ¡ � ¬§K® �n�E��
� � �Ñ¯ ¼ ���8¿ ¨ ÅÒÆ:ÈZ� �K¤Z�4É ¼ � ¨ ¿9À �ZÓ2ÔÑÕ � � » � Å�Æ:È É8Ö9× ½ �>ØKÙ
Úq�8Û�Ü ½ � « ÛÜlÚ � ¡ � ¬7® ���2��E�q� Å�Æ:ÈZ� �K¤Z�4É:Ý��¡�Þ º �q�ß ½ �
à ³áª �	â�ã �*ä�å Ä ¤�C� � � ¡KæE� ª ¼ � ¨�ç�è �>é�êC� � Þ º � � �ë º2ì:í �8î
ï ¼9Ä ¤ ä�å ½ � ¸K¹�º2ðKñòqó	ô�õ:öø÷8Û�Ü ½ � « »K» � ¡ ��ùKú§û �Eü ÷*ý7þ ��ëÿ
� ¼KÄ ¤,������ë:ÿ � ÷���� ¼9Ä �GùKúCû ���l� ®
	 � Ä �Oÿ � ² ª�³ Þ º9û ���l� ÷�¸
¹Zº � ðKñ�òøó ½ �>�:ü ð9ñlôKõKöCû���£÷���� � «

����� � � � � �
���! "�#� $&%('*),+.-0/(132&46587.9
:<; Ï º �>= â@?BADCFEHGJILKMIONPGJQSRUTWVWXZY[X]\^QS_`YbacIdV`e`\fXgQShjikKml � _ � Id_PYbafimn]\^ngoË¼qp ¨"r>s ð

tvu ¡ �<wyx�û{z =q��|~}y�����y� â�ã��@���>� u Í � z = â�?�A�C û �D� ÷ :@; ô�õ
ö ¼9Ä ¤B� Â ½ ��» ¼ ÷ Þ º ����¯ û r>s ® ¿�}{�7¤ p � « »�� ³ û r�s u ¡ �
�>���2ö
��� ������� ÷�� ü ð9ñv��� ¼�Ä ¤ :�;<�v� �
��� ½ � �>� ® ¿�}
�Z¤ p � «

Ä ª Ä ���<  u
¡�¢ � ¢ø¨ � ù�úD� ü ª�³ û Þ º��7ûO¸�¹7º2ð�ñòqó�÷ � Â ½ ����£��

¤



¡�¥�¦ û » ¼ ÷�§�¨ æ · �y©9æ ³ æ p «

ª¬«W ù�úqû
� ü ² ª�³ Þ ºB�£÷>¸�¹ Ä æ · ��©Kæ ³ æ p
ª#®¯ Þ ºB��°�ð ¼²± � ü °lð ¼ ûB³ù@°lðø÷XðKñ Ä æ · ��©9æ ³ æ p

» û ¢�¨ æ{´ �n÷>ý§þ¸l¹§ºð�ñ�ò�ó���� � � Ä ¤£»k�yµ u � Û�Ü °��C¤ p � � ü ð
ñlôKõö ¡ �<¶�· ¯ ðø·�¸ Id¹ º�º�»y¼ ��½v¾�¿ � Õ�Àk»�ÁyÂÔ ��� ¾ é�ê©¯Ã û ¼ � ÿ
� ��� ºDº�»y¼ �D½�¾>¿ ��Ã ÕdÄ@º~Àk» ��� ¾ élê©¯ ôKõö ® ÛKÜ °�� ¸ p � «

ÕOÀU»DÁvÂEÔ ��� ¾ é9ê�¯ ô�õö ¾�Å ��Æ � � ëDÇ º æDÈ ö �ÊÉ Ô ÈkË�ÌCæ�Í ÷*ä�å ½
� ôõöÏÎÑÐ[Ò[Ó���ÔEö ½<Õ@�>Ö�× ÔÑÕÙØ<Ú<��Äl÷�å p � ô�õö*ÎÜÛ[Ò æ�Í ®lÍ � «{Ý a^a^\Þn û2ôõ
ö uDÅ � Ø�ß û{�@à�� ¾ ß ½ ��á@â<ã �{ä�å7û<æ �èç ��é<êZ��ë�ì ã ¼qp ¨ é Î º æ�Ë�Ì
÷>å p ¸�� 	�í � ² ¾�î<ï ½ ��ðB��ñB� û��@à<� ¾�ò ½ �Uó@â ú�°�ð£÷ È ö �ÊÉ Ô È ½ �
» ¼ u � ü ð�ñ£÷ � Â Ä ¸ p � « µ�� � ²�ô ³ û2ô�õ:ö uDÅ 	<í � ² û ðB��ñ�� û{�@à<�
û é Î â °�ðø÷�õ�ö ½ � Ôö ½�ÕD�vÖ@× Ô Õ ÷>å p ¸{ë�ì§º æ � ë Ú Õ�÷ � Äl÷>òøó Ä �
ð û�ø�� ß�ù ¼ æ���ó�â ú�°9ð£÷Gò£ó ½ ��» ¼ ¾�¿ ç � ü ðKñq÷ � Â Ä ¸ p � « ¥ � û ¿
¨ æ ô�õö uDÅ ùúCû�� ü ª�³ ð���ñB� û{��à��ø÷Gò£ó ½ ��» ¼ ÷�ú � ¼�Ä ¸ p � « Ä ª
Ä ��� ë º æ ìí ¼9Ä ¸{û�ü ý Ã Ä ¯ Å��Êþk��ÿ Ú���� Õ ö§û��§÷*ä�å Ä ¸ p �{��£ � »
� ³ û,ô�õö uDÅ ��� ß û ÿ � °�ð ®�� Ø<ó@â ú���� ¾ Í �
	 í ���� ¾ ðKñ u ·�¸ p �
¼ Å Ê>p���p «
Ø�� � Ã ÕÙÄ�º�ÀU» ��� ¾ é�ê�¯ ôõö ¼9Ä ¸������ Ö º7Ô�� À�Õ þ�� �K÷>å p � ô�õ

öFÎ�� Ò Ó7��� â�� ð9ñlôKõ�ö Î��[Ò æ~Í ® ã�� ° � ¸ p � «
� t ³ û:ô�õKö u�Å ����� Ö ºCÔ �8À�Õ þ{� �l÷Xå p � ç"! �8À Õ þ�� � ¾y¿ �BÃ Õ

Ä�º�ÀU» ���b¼ Õ À�»DÁyÂEÔ ��� û âKã�# í ÷��>�@¸ p � « » û2ô�õö uDÅ µ�$ � Ã ÕÙÄ
º~Àk» �@� ¾v¿�% ¸'& ³ ����ó�â ú�°�ð ª�³ á�â�ã �@æ �(ç û ��( æ Í ÷8ä7å Ä 	@í �
² ¾ ý µ{��� ) � ç�! ÷�*B° ½ � « ° ³ ¾ � ��� �7û{��+�� ó�â ú�°�ðZû���° ¼qp % � î
ï�÷Xå p ¸ ç"! �8À�Õ þ�� � ¾-, p ¸<à�.�/�æ�0�¶ ¼ æ>� ç�! ÷ 1 èbÄ ��2 ¹43L¹¬E 2 V`n#\^l Y[a
¹!_`njXgh]VWR65 _ X73L\98S\ÞXgYba ¹!_ X:5 h<; Ybl=5 o õ �?> ¼lÄ ¸�@ � Á�Â ¾v¿ � ó � ÷ &�¸ p � « Ä ª Ä � »
û2ô�õ:ö ¾�, p ¸ Ã ³:ù ó�â ú�°�ð7û	ðKñ Å ¿y}�� ¸ , ³ $ � ç�! *B°@Ó�� ü � è<��� û
ã ��A�B û�CED ¼ æ % ¸ p � « µ�� �Oô�õö§û�ó �b¼9Ä ¸F2 ¹43L¹ õ �G>�¾�¿ � @ � Á�Â ¥
H ¾ �Gò£ó ° �>�{ó@â ú�°�ðq÷ I í ° Ä � ë�ÿ � ÷�& ��» ¼ Ã ú � u Í � ® � » û 	 í ¾
Ã ³ù ó@â ú@°lð§ûKJ ë ¾>¿ ç �� æ ð9ñ ® u ·B¸ p � ¼ Å Ê�p-��p «
ð
� ¾ � Ä ��� â�� ðKñ9ô�õö6ÎL�NMPONMRQ Ò u�Å ��ûDü E �Êþ�� o Ú�� � Õ ö ¾
S ¨
¸�T�U�Ú

��� Õ öø÷>å p �9» ¼ ¾�¿�% ¸���³:ù ó@â ú�°�ð�û	ðKñ£÷ � Â Ä ¸ p � « � â�� ðKñ9ô�õ
ö u@Å � Þ º{��°9ð ¼WV ��°�ð ®X�ZY ó@â ú���� ¾�î<ï ½ �
[�\ ÷Gý7þ�� ü ðKñv����÷K�
â�� ð�ñv��� ¼9Ä ¸ è�]^B Ä � ° ³ ¾`_ h:5a8SRUYb_ ® Ûcb Ä �Xd�ß û e�f�º Ë�Ì Î ¤ Ò ÷�g^h�i
j ¼�Ä ¸Oä�å ½ �l» ¼ u � Þ ºB� ¼WV �§û ó�â ú�°lð§û	ð9ñ ÷�ú � ¾ Ä ¸ p � « Ä ª Ä �
� ß û{� ü ® Í�k ³ u Ã ðKñ���� ¼ æ ç ¨ � ¿ ¨ æ ����l è u@Å æ p » ¼ ª�³ � � @§û��
� E<m o ¾�Å ��n Ä · � ¸ p æ p «

�



¥ � û ¿ ¨ ¾ ðB��ñB� û2ô:õö Å ��� ß û����§û ¨ k û p ê�� ª Ø'� ¾ �^n ½ � ûB� u
Í ç ��o�p£û�����÷ �^q ¾ A 1 u · � ôKõ�ö Å µ�rlæ p û ® Â [ u Í ��s

���! "�! tvuxwvy*){z}|�~x�������x�
� @G� ¿`�����c� ���c�K�"��� �E�"�Z��������� �c���' Z¡"¢ £c¤K¥-¦�§�¨�¥c©«ª�¬G�

®�¯��°�±"²�³G´ µ ��¶�·G��¸�¹�ºv�W�v»'¼½�K�`���}���
� �G�c¾K¶c¿F»7À?Á�ÂGÃ�ÄEÅ�Æ
Ç ��ÈÉ���
Ã��`¼�¼KÊ�Ë ÌGÍ'Î ²�²�ÏÑÐÓÒ<ÔÖÕ7×ØÒÚÙRÛNÜ=ÝÞÜ=ÙRÛRÜaÙàßWÔÖáãâ«ÝäáåÙRÜ=ÙàßæÕçÙéèëê9ìîí:ï9íñð �«Ä �

ò�ó ·�ô�¡Kõ"öcÄ"� °�±�²X³"÷�øúùüûþý ÿ � ������� Å�Æ ¼-� ÷�ø Ë	��
���`¡ �� Ã����
��Â½��Ä »�������ÌGÍ'Î ² �����¾ �«��Ê ��� �����½��¡�Ë��� X� ®� ¡�¸�¹�º!��Â�Å�Æ
"$#�¾&%('E¤ �*) ��+-,/.�¨G¡ 0� Ã	1}Å��2�(3�465 Ð87 ð:9 ù ;=<=Ð87 ð?>A@B@B@C>D;FE ÐG7 ð4ÿIH Ë� ÙKJ �
3L4 ±NM Ð87 ðO9ÉùQPR<aÐ87 ð?>A@B@B@S>TPAUNÐG7 ð4ÿIH �WV*� � Å���
YX	Z`©�[½�/\ � Ã�]^��
Ã$_'�Z¢��}�a`
ÅG�G��b�� ®��� ��
c2Z�¦

5 ÐG7 ðd9fehgàÐG7 ð 7:9�ûi>Tjk>A@B@B@ Ð4ûil9ûþð
Ê0m�ncÊL_XÅ�Æ ¼K��coZ�¦�º`¡0p�Ä"Ã��(��À�q e ��r�À�q®�hsc¸ �ut�v23�4 ; Ð87 ð ��Vxw
3y4 P Ð87 ð �2z_�{�`}¼��
¾?¼K� °'±c²�³ �6Ä � r ´Kµ ���É»}|2~EÊ � Å�Æ�¼K� ÷�ø ÊXË:�
Ç Â��Â½� °'± ¾ Ì½Í�Ê � Å�¼X�
¾0�����&�GÊ ��� �������tv(`®Å�+-,�.�¨"��¶?Ë�3�4
± ��¶ ���*����������Ë Ç Â  � ¿ » ��� Â$� � V � Ä �«Ä ��� Ä����½¾	���XÊ � Å
Æ��
� � ��c-�(�6¦G� °2� 3�4��YV
�&�&�c� °�± � ²�³ `®Å�¼"� ¡�Ë��&�EÊ_ � Ä ��Ä � ¼"�
Ê � Å�Æ
���9���Xô��?�F�x�`o���G� ²X³(� { ´Kµ �2�o�½� ´Kµ$� ¡	�2�Gö � �����}���Y�"Å

�G�?¼���| ø Ê�Ë �&  �	�(��������¡o¢o`}ÅX¼c��¾�Ê�_ Â£�� Ð¤jãð � ´ µ Ê � Å�¥2¦�§o¨
¶�Î ² � ²�³ ¾&©(n(`®Å�ª���«E¾ � Å�ÆÉ��� � � ¾¬Vá� Ð<û ð � ´ µ Ê � ÅZ��� ° �0�o� �
Ä �®�µ ¡/��Ä�Ã:�X¼K� ÷�ø Ê�Ë}�¯� ° ¾ ) � `�¯��°'± Ê � Å��c����¯É� � Ä�°y��'£,
± °'±X²�³ Ê � Å��²	�`��� ° �h�(�c�c¡ ²�³ `®Å½��Ä � ÷�ø Ê�Ë � Ä�³c¾�Á��½Å
Æ'� �
 � �
�´_��^Ä ° �
�É»��«Ä � Àoµ½��¶o·��`���o`2��ôo��� ���}��Ë� �Â®Å�¢K���:�0¸&¹
� � ���Z�/�*���0���`¡�Ë	º�»½¡�¼o�f½ ÷�ø Ê � ÅG�6Äf��Å�Æ

¾À¿TÁ Â Ã Ä Å ÆÈÇ
É�Ê ¡hËÉ�6� *Ì ¡2��¼6Ây��ÊX¡�Í2Î6��ÂcÃ�Ä½Å�c£�(�6¦ °2� 3�4½���&Ï ���6� °'±X²

³ c2Z^¦½Ê�ËE��¦�¶fÐ °'± ¾	�2�É�6��ÑoÒy��Vt�`��� ° Ð�ÓG�Ô�(���"¡ ²�³�� {/`®Å½��Ä
Ì¯´�µ ��Õ(Ö`¡	©(no`�Å^¡�Ë�× � Ã�Ä�½^Ä�Æ
��ô��EÊ"Ë������G� ²�³o� {"�0©on�`}Å��L²�¡����$½��(�LÐ ´Kµ ���Ø`}Å�| ø �"�

Ã��`��� ° Ð °2� ��Ù&Ú®��Û�(`®Å ÷�ø �hÍ2Î�`®Å
Æ0Í2Î ø Ê�Ë:�h"�#�¾��´_��^Ä ° �
�

Ü



»ÔÝ"¡�Ë}�¯� ° ¡�Þ/`®ÅÔßàV��(Ð ò�ó ��Û��(``Å�¼"�
Êoá�_ ²£� �6À � Ã�ÄEÅ	Ð�Ê�Ë(½�Ä
�}�a�Y�	� ²�³2� {(Ð ÷ ¾o� � �X�
Ã�Ä?Å
Æ
©oÝc¡hÍ2Î ø �/©�âÉ�u�(�"� ²�³�� {��/©�n2``Å�c&Z�¦����«Ã�� °'±Z� Ð0¥�¦o§(¨�¶�Î

² Ð ²�³ ¾�ª^�$½2ãåäçæ2[fè�é0ê�· ëì��¨2
 ²�³ c2Z�¦�í®�*�`����î�ï ° Ð�§´ð�¨&ñyò	ó
¤ôä ¦(
(Ñ$½ ) Ð °�� � ò�ó �hõ�ö ���6ÃhÛ��� � {���À Ì ä÷è�é�øfù0,�ê�·Z��ú��É�«�
°^±c²�³ c(Z�¦®��ÍoÎ�`®Å�Æ

¾À¿üû Â Ã Ä Å ý þ
��ôo�GË ýOÿ Ê���Î ��Â®Å
Æ�� ûdÿ Ê�Ë:����ôo��Ê�� Ì °'±c²�³½´ µ ¡��(`®Å�����Ð��

� � ´Kµy� �^��VÔ��¡`�á����ô��fÐ0Ù	� �X���G��Ë�`-Æ
� j ÿ Ê�Ë:��Í2Î�`®ÅÔ�(��� ²�³�� {	c2Z�¦Z¡���Ä�Ã�
	�`Å
Æ"ËY��²�¡2�h��ôo��Ê0�2Ï
� `®Å��(��� ²�³&� { ´ µ Ð ´�µ� ¸G��À Ì Æ Ç Ð��XÊ��
�´_-��Ä ° �
� »ÔÝ�Ð��	�"��³
©�´Vx1!V Â®Å��X¸ �á� Ç Ð��"¸G��Û� ���	�2��� ²�³�� {	c2Z^¦Z¡  Å ´�µ Ð � ø ��

�®Å�Æ
��� ÿ Ê�ËE��� j ÿ Ê/Í2ÎÉ�«�	�2�c� ²�³&� {	c�Z^¦?�/©�â �á� Ç Ð���Î`��Ëo`-Æ�����

c2Z�¦`����Î�`®ÅÔ§(¨�¶ ²�Ï�� ��õ2��§o¨�¶(sc¸ � ��Ù�Ú���¥£,	é���¨Nä! 'Î � �`��� °
�o� � ��¨(
 ²�³	� Ð#"	$Z¡	�XÄ"Ã%
��®Å
Æ
� Ü ÿ Ê�Ë:��©�âÉ�6�	�(��� ²�³�� {	c2Z�¦Z¡  Å ²�³'&)(�* ��¨ &,+ ,���ÀcÄ�c2Z�¦

Ð0¼�ªo«®�.-�/o`�Å�Æ
� ý®ÿ ÊXË����ô��GÊ01 V�Â½�#0�¬®�&���/²:�%1	2$Ð�354Z��
��`Å�Æ

ý



6 7

¼�Ð ÿ Ê�ËE����ôo��Ê�� Ì �(��� ²�³�� { ´ µ Ð ´ µ� ¸G��À Ì Æ Ç Ð��XÊ�� ´�µ �
�É»
�²�¡ *� ���c¸}� Ç Ð�õ2�c�98&,�+éåä �ÔËÉ�á���c¸G��Û� �«�	�(�"� ²�³�� {�c2Z^¦
¡	�XÄ"Ã�
��®Å�Æ

:h¿B¾ ; < = >
"##?A@�Ë.BL#2½ ° ¾�CEDGF Ì�H »oÐo½���Ê�-£�¤K¥'¦�§X¨�¥G©�ª�¬f½ ) Ð �c��Ð��"�

���"ÄGÅ�¼c�
Ê�I£½Z»"��� ° �h�(�É� �Y_ ²-� Ã�ÄGÅ
Æ-ÈY���:�h"#�¾)J�[y�½�LK�'	MON
,�¡  Å&[$,�.Y,�°'¦���á�Ä"�����®¡��ÙGPY½�QSR}��TY��½®» ÃZ¢�J�[$�?�UK�'EMVN�,
Ç Â��ÂLÐ ° ��W�XG¡�Y´_ ²-� Åh³"¾�Ê�_�Å
Æ�£�¤K¥'¦�§X¨�¥½©6ª�¬$Ð�X�£	Z\[oæ�Ë2��]
Õ2ÖZ¡��?�£��Â���Á � Ê�Ë(½�Ä�¾��.^�_&|9`�Ð�a�b9�.c�d-Ð9J2èfe�Ð�a�b9��c\�yÐ�a�bhg
bAi�j)k�g�l�Þ.mon�pGb'qrga�*�)sLtupGb'q�vxwzy|{~}
���o�LÐ��U��g���q��\�A���\���'�)g��E�5k�Ð������%�	�5���r�f���,���\�5�,q.�S�A�
�h� �S�G�5��q��� �¡�cr¡A¢�£hsE�¤��cr¡�cG¥	¦A§'���	����q�cSd��	�'¨�©9� � q�}
ª¬«® �)¯�°5±rj)²´³�µ�,k#¡9²h³¤¶����r�����	���\¨#©�µ	��·\¸r¡5¨#©r¹Al�º\���
q�}5�	¸»���:��j´ G¼.½5¡�cu¡A¢%£hs	¾�¡�c,��¿ � �#�u£��.�	����qug�bÀ³Á¨�©9� �h� �
k�tr��Â´Ã%jSb�c)��ÂO 	gfb»³ÅÄAÆ\¡�Ç�È)��É	ÊG��q�ËS©'� � q�}G·�¸O���:�.Ìu¶ �ÎÍ ³
cu¡E¢�£�s�¾�¡r²9³¤µ9n�pÏ�Á�%c9�.�\�S�)�.��q#£�gfbV³L¨�©r� � q�}rk�tOs�¡\¨.©´�.Ð
Ñ�ÒAÓ ��Ô�ÊG��q�Õ9�.Ö)×�j�Ø Í µ��:�fÙ\Ú�ºS����q�c�d'£�s��Á�%c)���\�\��q#j5ÛS¡�c
d´Ü%ÝSÞ	ßàgG�%� Í ¼¤tuj�¦u§9¢�£hs��¤��c)���	���,����q�c�dE�	�	ÞGßrl�áGâÀg.¶�q�}
n�£�nt�Ek�tuãG�	¡%ä�å�����æ�t�ç�tu¡#cAl�Ìu¶ �ÎÍ ³�k�g�µ�² � �GÜ#��è	é�Ú\ê��9��ë
¸�Ø Í µ���ìSí	î'¡%Þ\ßul5ï�ð9� � i�j�}
�\�:��ñAòSl�Â,Ã%j�ó�ô9��ÂV �Ø Í µ��)¾�¡r²,³L¶�õ�å9��öEó�p�órq�¡G÷Aø´³�£#}#ù\�

ú ���E��Â´Ã%j�ó�ô)��ÂV �û�¡�üGý��5¶#Õ	Ô5£�sÁþ5ÿ�¡u²,³Á¶���Ýu�����>�.�\���)�S¡%ä
l	£ � g	n�p���ö	��q.Õ g�n�j�}

�
	��	�� ���
ñEò����������u¡�¢��#� Í ôu¡�¢#£�s��L�%ô)���\����µ�Â��,³�����q���Ã,��æ�¡#ô)�5²
  �"!$#�ó&%�Ø Í(' �*)�+rµ��Sî-,Só(#�.	ó0/#Ø Í ��132���4(59µ7698%ô9��Â´Ã�¿:%(���

;



�	�AÃ0%<�=�>� � %@?Gù(A ú ����BC�#¡�ü�ý"8E¶#Õ�Ô�£EDFBHG Ä=�#Â�ÃI/GóSô)��ÂhÃ�¿:%
��Ã$B�698%ô9µ�J��7%>KLD�£\¡�ÕM+3NMO)�F�EöQPF#Só&%�¡G���\¶�ó�£�R>�ÁÖ)×�B�Â´ÃI/�ó
ô,��ÂÀ SGT,�UVRU��É5ÊG�W%$/�Û�µ*Xu¡'²,³U¶�·G¸A¡*�AÝr�ZY�!�/$?
«\[ � Í ô�¢�¡´¾]�#£�µ76^8�ô"�%á0_	ºG���W%�?
` [ 6a8%ôr¡�ô\¥"8�b3c����3de�fP>#�ë:!�#�ó:%@?
��¡S·�¸�¡���Ý���B:698%ô=��¾�¡r²,³L¶�ôA£5� � D�£Wg.Û��"!$#�ó-%�Ø Í µ$B.� Í ô)¢

¡S698%ô'µ hi,�U3j��I/M#M#�Â´Ã.�:�E²,³��L�7%>k(l9��É�ÊG�7%�¯�¡G� � %>?%ô(m9�I,, 
Ø Í µ�n9Ã�o,×(%"�^B=p�q�r"�fóV³smIt9¡#ô=��¾�¡r²,³�¶*b�c,��ë5¸SôA£��Z��!I#�ó&%�Ø
Í µ$B�p�q=r��vu(w0xzy�{�¡Mq�{�|&{�}#�3~3�,¢%¡CpZq=r#¡#ôu¡I�r��Â,Ã.�C�0%�²)³Á¶�k
l,���uÝ�P>#GóC%@?
�3d��<P@#3�,×f%�ô	¥-8�bMc����3B]�<m�tuô'¡I�=���I�´���!� ' �0�5é	êE�9¡I�	ùEé
µ��\�7%��W�.��1u¶,¾�� � %>?0/\÷EPaB���¡#ô�¥=8Ib�c9���0mItEôu¡%�]�"85¶*b�cr� � !
#3B.� Í ô)¢�µ@�9ã��7%&698]mItEôz���3�)µ��3�G��%�áf�A�\¶%óI?�ã3/3B��0mItEôu¡��]�
8�¶IbMch��öAó�%�ÕA�AÜ*��m�t�¡I�<�0� ' ôAì'µr²M%��ró'�]���0�S%&��óo³T 'ó�¯a��ã
�=#�ó-%>?$¡�¢5å��0£IB��0m$tEôu¡].3.,².æ�¡�b�c�¤u�F�EöQP^#�� Í ô,¢�µ@�'ã��7%�ù(¥
¡S698�ô)�@¦EÝ�P¨§�©M�7%*/EÛIB@ªLD¨��%@§M©Gô-£*��dz�(PF#�ë-!$#�ó-%@b�c�¤\æ5¡r¯�¡
�Z£	¶ED�¶Só]?
��de�0P>#��Aö(�7%@�fm]t�¡I«(�<8E¶�bMc=¤rµ#¸5ó0#<£S¬ [ ¬®'��°�±7%�?
�#¡��rÝ'µ*��¯)ÃE6a8Sô9¡%ô�¥-8]b(c����(d��<P@#*�uö0�S%�°0±&8�§(©(²7³]´(µM¶��

¡M¢f�E%>?

·�¸¹· º » ¼ ½ ¾ ¿ À Á Â Ã
+Ir��°\±�/'²)³¤µ$B�ñ�ò��$Ä�Å�ð'¶) ¤Ô�ÊzPF#Só&%>°3±=8$§M©�²&³���Ð Ñ�ÒAÓ ��Ô�Ê

�7%�Õ=£*Æ<��µ�ï.ð)¶S¨�©'� � %>?C��¡\¨�©�µZ�QPF#�ùMA ú �M£�B�6 8%ô9µ�J��7%@��d,�
ä��	£ � �0P>/$°(±-8]§M©3²�³$´(µ3¶,µA² � 6a8�ôr¡�°(±Q�9§(©r¡3Ç�Èh��Ô\ÊM�W%@?
Ô�ÉePF/$°M±=8]§M©3²:³�´(µ�¶r¡*Ê\êWË]Ì ` [ « µ�Í(�$?�¡M¢f�7%Z´Mµ�¶&£ ÎÐÏÒÑ%è0ÓGÚ

§�Ô(Õ ÖØ×ÚÙÜÛiÝßÞià
áãâåäÐB0ÎçæsÑ@��ù�èMÓSÚ�¦5Ý]Õ ÖÚ×ÚâéèãÛêÝìëîíïÛiÙñð>áòÛêÙóè\âôB0ÎçõTÑ@b�c<¤3ö&{�÷7ø9ù
�
��ê<Õ ÖìúûÝßðFüåýþáòÛêÝ¨ÿ áòâéÝ ÞêáòÛiè\Þ BSÎ � ÑL6a8�ôM°(±fÕ ÖTë��ãÝ â Û�� ÝßÛêÝ��ßÛêÙóè\âôBSÎ	��Ñ3Ó�
f§0©
Õ Ö� Ý ü áãÞêáòÛiÙñè\â��éýñè�� ä B�����Ñ���¶=ùSp�{���Õ Ö���Þ�è��éüéÙñâéÿ��éýñè�� äU¡���¸A¡%Þ	ß&}��! #"S�
Ê	êO¼^�7%>?(´Mµ3¶r¡%$'&&£�B�� Í ¦�§)(��+*-,s�<6a8]mIt�./�0�21 ð3� è\ý4,6587f%@?AãM/3B��AÝ
«�9 ` µA²�:�m�t�ô<;�ô\¥"8�b�cWË��3d>=��fP>#��9×$#�.?: B:�F��Ë76a8�ô9µ3J��W%ZNMOQ�
P>#��AöM�W%@?
�GÞGß"}<�' @"A;%Ô�Ér¶,¾�B�Cr¶�¹�£ ªED\ 5#°	±:%��3B@°3±=8I§�©�²:³*´3µ�¶)µ�²�%

F ã\£E¶�Þ\ß�;#G(�L�>B$��Þ\ß-}H�! �"�;JI'K:£%þEÿ';'²,³�µG¶=%@?
«\[ è(ÓSÚ0§�Ô0Õ � ×ÚÙÜÛiÝ Þêà
áãâéä�,MLONQP�¼9�=/�R Í ô<;�è(Ó�Ú(§�Ô ÎTS�U$�<�-ËVS�UJW�X�;

Y



Ì ` [ « Öî°M±"8]§(©M²�³$´Mµ�¶�;�Ê	ê

Z



²7³*Ñ:Ë�Y¬³ ?
` [ b�c�¤MöC{I÷Wø^ù �®��ê0Õ � ú Ý ðaüéýþá ÛiÝ ÿ áòâéÝ ÞêáòÛiè\Þ[,\L��21 ð3� è\ý]$E&,µ@^�ó]�Md_= ²H:36
8Sô9µ��_`�P>/3ö:{�÷Eøaù ��Ë*�Sêf�7%@?

¬ [ �	ù	è0ÓGÚf¦AÝ�Õ � ×ÚâåèãÛiÝ¨ë í�ÛiÙñð>á ÛiÙóèãâ	,LaR Í ôcbGµ��)ã$�W%�ô�=d;$��ù	è0ÓGÚSË�¦
Ý3�7%@?

e [ 6a8%ô3°(±(Õ � ë��\Ýßâ Û� Ý ÛiÝ�� ÛiÙñè\â	,fL@R Í ô<;#è(Ó�Ú	ê0§"B*�\ù\èfÓ�Ú-B*bMc�¤(öC{$÷
øFù ��Ë�ö�óz6a8�ô:ËZ°(±0�E%@?

g [ Ó>
(§3©MÕ �h�çÝßü áãÞiá ÛiÙóèãâi�éýóè2� ä�,jLkR Í>lQm ;Vn(Ó_o\ê0§!pED0698%ô<;rq%;7��s�;�ta=
;HqV;�Ë�§(©(�E%@?

; [ ��¶�ùEp�{>��Õ �0��Þ�è��éüéÙñâ�uk�éýóè2� ä�,�LI§(©)v^�"/�6^8atr;�nfÓEo�wf§7Ë�xW�%y]B�z��
D*ËJ{>|Ew�Pf6a8at<;#tE} l<m Ë3³%&(��~�?

x>�MB�´Mµ3¶c�!�_~ l!m_��� £MÌ ` [ ` �J�0���c�3��G(�<5$YH�#�c~i�

·�¸�� Á Â Ã � � ��� � � � �
����� ~@�>�_�r�>�8bA;@�� <¡�� � �d�k�#¢J£_|�tdbA¤¦¥¨§#t<¤@©8ª>«�¬�E® � ~°¯3±

²�³�´Aµ �>�·¶ ¢H¥¨§At ¶ z'¤%sr¤�ta¸H¤Vn�¹�oEw�º�¬iºE» � ~#¼½¯\¾>¿H± ² �_� ¬@À_|
Á ��q%¤>¡QÂ�~��E¼½¯f¾>¿�± ² �>�EÃ �_��¥¨§At ¶ z'¤%sr¤�ta¸rÄ�n�¹�o>Å�Æ<¡#Ç�È � ~
É |r¡�qiº�»<Ä�Ê_Ë��_Ìa¹EÍ�º�»��E�E�ÏÎÑÐÓÒÔ¬�Õ!Ö Á�×>Ø ~�� Á p Á ¢HÙ�¤a�>�>���%Ú�Û
¬�ÌA¹>Í��aÜaÝ Ák×_Ø ~��Qy#¢iÞEßEà!¡aáãâ\äå�æ�d�ç�JÈ>o�¤�tA¸Q¹>Í8Ä#£_| Á � l8m �
�aèaéEÕQÖ<¡!ê_� Ø �
z�Ù%¡ �>��� ~@�_�_�!¡��A¢AxVë_ì8Ý��Hâfí°îO�!�¦¥¨§#t<¤�t_}!§#ï_ð�¬ñÕ'Ö Áò× £_|

tdóA¤ô¥¨§At�¬Võ_ö�÷_ø � �HÙñ�H�Q�Hâ£>|�t!�%E®)v¨�8��¥¨§AtE¹>Í ¶ ¢�za��ù�ú ��û
× ¤#ta¸!¹EÍ�¤�Ì�¹EÍ ¶ñü � � Ù ¶ Ä�¡8êA¢>Ì�¹EÍ�º�»�ý%þ/Î ÿ Ò ¶ Áñ× ��� Ù ¶ Ä>Ê_Ë ¶
�!~i�
Ù_Ù%¡���¢ �>�E� ~@�>�_���8�_~iºE»���ø �>� ¤��	��¬?¯¨± ²�³�´aµ �>�ã¶ ¼½¯f¾_¿H±

² �E� ¤�z��	
����#ö Ø�×�� û ~æ�

�������� ��������� ��� �! #"%$'&)(+*-,
��.0/'�_¢)¥ò§�1�¤21�}�§�ï�ðô¬iÕ<Ö Á ¥ò§�1H¤#'®�¬43 �H¯ñ± ²Q³�´>µ ��� ¤�5'�

¬ � û76 �A£98:1dó<;ôîñ¤¦¥¨§�1!=�º<¤?>A@!��ùAB�¤+C7DFE<G2Hr¡?3<��� 6 �JI�ë>¢V�>�
�r¤LK�M_¸�N?OQP�îO�SRLT:U�V�N	C0W ×�X E 6 19Y8§Aï_ð	Z<¬ñÕQÖ Áñ× ¢�¥¨§ ¶ �[6 U<V
¤<\^][N4_`.aRaï�ðSZ^b µ#²dcae ¯O¬<f!= �d6 g ïEðhZ^b µA²dcie ¯�f!= Ã jlknmpoiqsrutwvxm
y m{zsmp|xtwv~}�|�� �!b µ�²�c�e ¯f��¢4U�VJ1<¤0�'ö��E¹!=�º<¤0�J�2�!�EÍ�� ¶ ¢�T��E¹!=�º<¤?�
��¹�N?� ��6���� e�� ¬��S� Á R:�A�L��¹!�S�^�:�Q¡�¤�Í���¡<�A����  ×_Ø 6¢¡
ÙJ¤2b µV²�c�e ¯ ¬ñÕ'Ö Á ¢æ£9891dó<;�î�¥¨§<1!=�ºH¬æE® �[6 Ù ¶E¶ E 6 g ¥¨§�1_

£



�¥¤§¦¨¤§©M�>�>�7NSC 6aªS«!¬9 ¤�5: 

®°¯



® Ã j²±´³�mpzµv·¶·m¸vxm{¹¸vxº»}�zl¼�¡ IAëE¢<��¹9�'º!½ Ã ¡�í î¾ SRA£�8:1�¤L��¹9��='º ¶ �:�:��¹
��¿QÝ Ã ¡Ví°îÀ  6 �!����¹���¤aÌ_ö8¤?Á�ÂJ;ôîò¢i£98:1�ó!N¢ÃQIL  6 1a¸:=�º�¬a��ø Á
¥¨§�1�Ä�Å ¶ �[6a¡<Æ NA¢QÙÇ ãîÈÄ�År¤8ó#¡?ÉdÊr¥¨§<1<¤2b µ%²�c�e ¯ ¶ÌËÎÍ Ä�Ï Ø Ê%¤
¬d¥¨§<1!=�º ¶ Áñ× _® �[6a¡ ÙV¤!��b µ�²�cÐe ¯f�a¢ �9Ñ ��Ò ¶ E 6 ¥¨§�1�Ä�Å�¤?�!Ó
�A�JN4_Ô. ×9Õ ¤�Í^�c¬�Ö!×#�ÐØ ×>Ø 6¢¡
ù9�!¤ ¬9 NSCLW ×�ÙÛÚ oFÜÝ}Þr Ú�Û�N	C?W ×Lß �Ð +R�¥¨§�1<Ä�E®à�� 8¢ Õ ¤¦¥¨§�19=�º

¤9�A�VÅ�Ær¡�¤J©!ª ¶ �9�:��¹9�HÄAïQÝQ¡8ê 6�¡
Á ; Á ¢'Ù>Ù?I>¡E¤½¯3± ²�³�´Aµ ¬� ¤ ü ¡�í°îÌ SR�¥3§�1�=�ºÎNa�0á^â8¤A�_�_�<¡Eý

þ ¶ E�W ×_Ø R?ã^1a¸�¤�Ç�È:��¹!�9=�º!Ä<ä!å Áñ×_Ø 6a¡ Õ Ù%¡>¢��'�>���<¡�� Æ ¤hC7D
EE¼å¯¾>¿c± ² ¬� NSCHâ Õ ¤#º�»d¬�3æD ¡

������ç è�éÔêìëÔíïî-ðàñóò'ôÔõ%ö �F÷ïø� ì"h*-,
ù9�Q¤½¯¨± ²E³�´aµ ¬9 N	C�â¢@£98�1dó<;�î�¥¨§�1!¤@©8ª ¶ Õ ¤L�!����¹��c¬æí 6 Ù

¶ ÄE¡8ê�R ¡ Ùi ÎN	CHâ�¢J£98:1r�%E®à�Ð 	R�¥¨§�1E¹>Í ¶ ¢ Õ  �ù�ú ��û × ¤?1a¸Q¹>Í
¤�ù ¶kü E � Ù ¶ Ä�¡<ê#¢HÙ�ÙV¡�ùABSN ß � Ì�¹EÍ�ºE»�ý%þ�¤aÝ9ú!× Î ÐÓÒÝN�áÎW × ��� Ù
¶ Ä�¡<ê 6¢¡
��.0/ANa¢)¥ò§�1�¤àûµü{ýÿþ ¼�¶ ¢ Õ  8ù_úH¤ ��û × ¤�1_¸c¤A£�8J1'û�� ý þ ¼ Ä����à�Ç r¢A£

8^1`û ýÿþ ¼�� ûµü{ýÿþ ¼	� û
� ýÿþ ¼ ¤ ü ¬��^1r¡!ê 6 Ê�¤ ¶k��6¢¡ Ùi �¬����¤#º�½����i������N
CHâ �E¹!��º � Á R ¶ ê#¢���� ¥ò¤�º�½����k���E¬��! Á R%ûµü¸ýÿþ ¼f¶ û�� ý þ ¼ ¤?��¹!��=�º�¬
Õ  	
! 

ûµü¸ýÿþ ¼ ©#"�ü%$ &�ý þ ¼'�)( &Þýÿþ ¼ m+*§q ý-,#./&�þ � ,10wü2&�ýÿþ ¼�¼ ý ¤§¦ ® ¼
û
� ýÿþ ¼ ©#"3�4$ &�ý þ ¼5�76 &Þýÿþ ¼ m+*§q ý-,#./&�þ � ,108�%&�ýÿþ ¼�¼ ý ¤§¦ ¤ ¼

¶ ì!Ý �  :9_¢2û´ýÿþ ¼ ¤;�� �='º<"3&µý þ ¼ �
"=&�ýÿþ ¼5� "�ü%$ &�ýÿþ ¼>� "3�4$ &Þýÿþ ¼ ý ¤§¦ Ð ¼�@? &µý þ ¼ m+*§q ý-,#./&¸þ � ,BAC&�ý þ ¼~¼ ý ¤§¦ED ¼

¶ ���¾  6i¡ RGF Á ¢IHJ&M�%º2½��G�k�7�A¤8ó�KML!��¹��!¢ ( &Þýÿþ ¼ONP6 &µý þ ¼+NO? &�ýÿþ ¼ �RQ^�L�A��¢AS&Þýÿþ ¼ �MQJ�Qø%Û_© Ë ¢T0wü2& ýÿþ ¼�¶ 08�%& ýÿþ ¼ �MQA�AÚ�Û_© Ë ¡QÂ 6�¡ Ù�Ù%¡GQA�<�	� ? &µý þ ¼¶ ø
Û_© Ë AC&�ý þ ¼ �_¢ Õ  J
! 

? &µýÿþ ¼5��U ( �& ýÿþ ¼>� ¤ ( &�ýÿþ ¼V6 &µýÿþ ¼ ¹p}#W 08&µý þ ¼>��6 �& ýÿþ ¼ ý ¤§¦ ÿ ¼AS&�ýÿþ ¼5�Qtw|~¹pvxtÞzYX ( &µý þ ¼ZW~º»z 0wü2&µýÿþ ¼	��6 &�ý þ ¼ZW~º»z 08�%&�ýÿþ ¼( &�ýÿþ ¼ ¹{}[W 0wü2&µýÿþ ¼	��6 &�ý þ ¼ ¹{}#W 08�%&µýÿþ ¼
\ ý ¤§¦^] ¼
®�®



� ¤§¦ ® ©`_�ö!¤�arõ'§;bdc ¶feGg�h�i ¤ Í�ja!õ'§;bkc ý2l |~mnm�oatwzpo ® £�£ Ð ¼ e�g�h�i ýrq z } � º tÞzts�u � t[m�ºro ® £�£�£ ¼
ý º ¼´ÍYv ¤^E Ø 1rÄ!wGx�NYy+IJW!R·â z�� â o z^Bãâ¨¤�{�|} W!R·â`~ 6 Ù ¶�� E Ø
ý º»º ¼ Ö�× ���k� N �T��� î4E!� �I����Ö!×
ý tµ¼ w�ö��<1)�T��� ��� W@���M��EA/��a;JN ���^úk�G� � E^/��a;[�
Ö9×�~ 63���!���J6

ý Ül¼ {�.¾1!��;��Ðf�� 6�� �Mw v �T��� � ���^úk�G� � E����a;[�� W@���M�4E����a;	N?Ö!×I~ 63��� N �	6
ý º»ºuº ¼t :�Y¡ �`¢<£À��¤k~�¥)��¦d§ �G¨ ©�ªQÍ�j« ���T¬kk® ª�¯ �° ¯d± � �d²d³�´�� a�µ�~�¥¶2·-¸Z¹ wkº�� ��²I»�¼ §Rµ½�T¥��¾���;¿GÀ �G¨ Á�Â!ÃkÄÆÅÈÇ ¶ÊÉV¹ÌË ��Í@ÎÏ � ��Ð�Ñk³�Ò ¥�Ó ³I´ §Ô �;Õ�ÖØ×�Ù ²�ÐRÚ@Û ¥

ÜMÝ ���ßÞ�¥Tà�� ¨dá�âTÁ�Â½ÅÈÇ ¶ÊÉV¹ �Iã Ç ¶ÊÉV¹åä ¨
ÅÈÇ ¶ÊÉV¹5æèç Ç ¶ÊÉV¹Zé4·ëê	¶rì8í Ç ¶ÊÉV¹ïî�ð Ç ¶ñÉV¹4¹éV·òê	¶2ì8í Ç ¶ñÉV¹óî�ìõô Ç ¶ÊÉV¹V¹ ¶röB÷ùø[¹
ã Ç ¶ÊÉV¹5æ ç Ç ¶ÊÉV¹Zé4·ëê	¶úð Ç ¶ñÉV¹ïîkìõô Ç ¶ñÉV¹4¹éV·òê	¶2ì8í Ç ¶ñÉV¹óî�ìõô Ç ¶ÊÉV¹V¹ ¶röB÷^û#¹��£�üTýþ� � � � Ü ¦�¥�ÿ)à�� £ ì Ç ¶ñÉV¹fæ ìõô Ç ¶ñÉV¹�î)ì8í Ç ¶ÊÉV¹ Ü � � ¨ ì Ç ¶ñÉV¹��æ����	�
���� �Ò ¥ ÿ�£���£ ¨���� ��� � À�§�����ü ¨������ Þ�à����! �"�� á�âTÁ�Â ç Ç ¶ÊÉV¹ � á�â$# Íð Ç ¶ÊÉV¹ ��� ¨!% º���&�'�(�)+* , Å Ç ¶ñÉV¹ ¨ ã Ç ¶ÊÉV¹ ¨ ìõô Ç ¶ÊÉV¹ ¨ ì8í Ç ¶ÊÉV¹.- Ð Ô â § ¨ �Mº!/107§ Ý ��¥� � ä Ü ¦!×!�Mÿ � Þ ä�2 ª43�´!5+6877�:9<;�= ��>�? 687 Ü � ¥A@���§CBED�£�ü�F:¥�ÿÏ @ Ü ¨ 2 ª�3�´!5HG!I1J Ü ä ¨�KML.NPORQTS ê §�ÕCU!ü�VEW � Þ�à % º<>8XEYHZ�[!\^] ö`_ Ðbac ÷ c §�d Ò Õ�Öf×�e�fAg1hji�£ ü�k�FIü1F7¥�ÿ£T��£ ¨ @ Þml ä ��nEZI×Eo�> Ü�p ¥;àI��q:rHe�fHg�hjik£ ü$s�k Ü ¦!×1F;ÿ Ï @ Ü ¨@ Þmlb>�e�fAg�h Ð�t�u >:Õ�Ö3§�� � ÀÆ£=ü$s<k<£ ü�F7¥ ÿ

v4w4x4y{z |~}4������}4�m�������A� ¬! ª!³�´ >:� ���åâ$��Ð���� ¨ � u��ßâ8��Ð���� iÒ ¥ ÿ�@$>�iY¦ ¨ Ô�������� µ � àC �" ³�´ Ü�p Þ+� ¨C�M©kªG³k´ >�� �m��� ÇP� ��� i� u���� Ç � �¢¡ ä ¬G ª >�� �m� i£� u�� §$/�¤�¥�×4¦�Þ+��×�l ×:FTÿ Ò ×�§�¨ ¨ Ï Þ© Þ+>�/!¤+>�ªH« ä
¬ �® î � ÇP� ��� ¬°¯²± �® ¶röB÷´³#¹

c ö



¬ ��µ î � ÇP� �¢¡ ¬·¶E± ��µ ¶úöB÷ c¹¸ ¹Ð»º à � ×�¦�Þ²�k×¼l�×1FMÿ
v4w4x4y�½ |�¾A¿�À!Á�ÂÄÃÆÅ�Ç�È�¿1ÉAÊ¹� p ¥�Ë Ë §���¦�¥ á�â�ÁdÂ@ÅÈÇ ¶ÊÉV¹ ¨ á�â»# Í ìõô Ç ¶ñÉV¹> Ï Þ © Þ²>�Ì)Î ¯²Í�¨

Î Å Ç ¶ÊÉV¹ÐÏ Î Éóæ²Ñ ÇP� Ò ¶ÊÉV¹ ¶úöB÷ cRc ¹
Î ìõô Ç ¶ñÉV¹.Ï Î ÉÌæ�Ó ÇP� Ò ¶ÊÉV¹ ¶úöB÷ c ö#¹

Ü aÔ� Þ�¥4o$>�i Ò ¥ ÿ�Õ�¥ ¨ Ñ ÇP� Ò ¶ÊÉV¹ ¨ Ó ÇP� Ò ¶ÊÉV¹ ä ¨ Ë ´ ZI§»Ö ´4×�Ø ×�Ù1Ú!Û�Ü �Ü�p�Ý ÿÞ@�>¼iCß ÅÈÇ ¶ÊÉV¹Pà;ìõô Ç ¶ÊÉV¹5ä�à Ï Þ © Þ à ÅÈÇ ¶ÊÉV¹5æ�áâÑ ÇP� Ò ¶ÊÉV¹ Î ÉäãAÑ ÇP� åPæ ìõô Ç ¶ÊÉV¹5æáâÓ ÇP� Ò ¶ñÉV¹ Î ÉäãAÓ ÇP� å i a�� Þ Ý ÿ
v4w4x4yèç |�¾A¿�À!Á�ÂÄÃPé!êìë£í�î�Ê¹��ï Ë Ë ] Éñðò�4Éñó¢_õô �+¦ Ý ÅÈÇ ¶ÊÉV¹ i ìõô Ç ¶ñÉV¹öô8÷ ¥ à �ø ´

ùõú æ�ûýüÿþü�� ] Å�� Ò�� ô��Ç ¶ñÉV¹ñ_ í Î É ¶úöB÷ c	� ¹
ù�
 æ�û üÿþü�� ] ì � Ò�� ô��Ç ¶ñÉV¹ñ_ í Î É ¶úöB÷ c� ¹

Í���� ô × Ý i8ß à ÅÈÇ ¶ñÉV¹ �@Õ�� ìõô Ç ¶ÊÉV¹ Ð�� o�×��+l£� ÜHp4Ý i Ò Ý ÿ»Õ�¥ à ÅÈÇ ¶ÊÉV¹ iìõô Ç ¶ÊÉV¹5ä1à Ï Þ © Þ à � ¶ � ÷^¹ > Ñ ÇP� Ò ¶ÊÉV¹ i � ¶ � ÷^¹ > Ó ÇP� Ò ¶ÊÉV¹ Ü�� � � Þ)à á�â;Á�Â iá�â8# Í ÜApAÝ ÿ���à à Å � Ò�� ô��Ç ¶ÊÉV¹ i ì � Ò�� ô��ô Ç ¶ÊÉV¹ ä Ï Þ © Þ à Å Ç ¶ÊÉV¹ i ìõô Ç ¶ñÉV¹ > ¶ Ù ã c ¹Ú4Ì)Î ¯ Ü<p�Ý ÿ
v4w4x4y�� |��! #"%$��!&(' ®�) ¯�Ð+* å ¶ÊÉV¹ à �%, )E>�Ú ¯�Ð+-/.õå i Ò Ý ÿ¼@C>¼i$ß à ,):Î10 ô p�Ý  <" ³�´ ä

�32 *�å ¶ÊÉV¹ �.��æ c �Oö �4	4	4 ¶úöB÷ c65 ¹
>�Î10 Ð»º à � ×�¦�Þ+��×¼l�×�FMÿ

v4w4x4y87 |:9!;�<!= Å Ç ¶ñÉV¹?> �%@A"�� ÁIÂMÃdÄèÅ Ç ¶ñÉV¹Ìä�B r Ò Ý ´�CED�FTJ * ô �²¦ ÝÁ�Â!ÃdÄÆÅHG ¶ÊÉV¹ ô3I F;Í@Î Í ×�¦�Þ²�k×¼l�×�F
ÅÈÇ ¶ÊÉV¹
J ÅÈÇ ¶ÊÉV¹6JLK ÅHG ¶ÊÉV¹

J ÅHG ¶ÊÉV¹	J � M��æON ¶úöB÷ c	P ¹
c	�



@=Þ ô Õ � à ´!5�Q � ¥=à:F� �" ÐSR�T�Ò Ý @�i Ü à ç Ç ¶ÊÉV¹ i ð Ç ¶ñÉV¹ �ìl % º�>�&�'�(�)E*Ð /10 ô Ý � Ý @�i ÐC×�Ø ô ¥=ü1F Ý ÿ ��U ô Ò�V ü!> ´�CWDXFýJ * ô ºHF�ü à á�âRÁIÂÅÈÇ ¶ÊÉV¹ i á�â�# Í ìõô Ç ¶ñÉV¹ Ð Ý � à � ¶röB÷ c ¹ ô Õ � ®!) ¯�³�´�Ð � ³�Ò Ý @Ei ÜZY Z �\[ ô ¶ñÉV¹Ð^] � ³�Ò Ý @<i Í Ü ß Ý ÿÔ@4@ Ü à ] � ³è� Þ�à Y Z � Ð _[ ô ¶ÊÉV¹ i Ò Ý ÿt�� à ' G�I1J >a`cbed!fhg%i à%j `lkXmOb�d�nXo ô ÕCUMü à Y Z � >�p�qèicr(s�t�)u ³�´�´!5 >Xvxw Í�y�z�Ò Ý ÿ

c�



{ | } ~

@C>%� Ü ä�à1�A2 � Ü VX�m¥=àxpXq<Z3� 5�Q � G�I1J >�Ó�nXo��A��b1��> y(� ×��/��� Ð� V Ý ÿ

� � ÷ c�� G!I�J > Ñ��

c65



�1�	� � � � � � �
t!) u � C��A�#�1���¡ �¢¤£%¥�¦�§¤¨ [ª©¬«®°¯�±�²(³µ´¡¶�±�²x·�¸º¹ Q � ¥ à t�) u �

C+Í�» § ¢ Ý�¼ '�½�¾ � ��¿ ¯ ÷XÀ ¶/Á ÝSÂ3Ã�Ä �(Å1Æ ¯�³�Ç�È�É�¯�Ê�ËµÌ �1ÍµÎOÏÑÐ#ÒÁÔÓ Ä �#Õ Ï Å1Ö�×�ØAÙ3Ú�Û Ì�Ü�Ý �#Õ Ó ¼XÞ�ß �XÅxà�á�â�×�ãXä!å ÍxæAç Ó Ö�×�è!é ¯ê�ë ¹1ìXí Íeî#ï ÁÔÓ £#ð Í Å1â�×�ã!é(ñ!� ¹�ò�ó å ´hô�õ÷ö+ø1ùÔú�ûh¶�ü £ ¼�ý £XÅ Â
Ã�Ä �Xþ Ì Ï à�á(â�×�ã!è#é ¹Sÿ�� £�ð(Å�� ú�����ú�� â#×Xã ¹
	����������� ¶�ü�� Å��#ñ
â!×Xã���� ¹�� �"!#�$�� �%�&� ¶�ü'� á Ó ¼ )( Í Å�*)+ ¯-,/. Í^æ á � ¥�¦X§µ¨�0�þ1( Þ ¢323¢ ¯ Â3Ã#Ä ¯ Ö�×�è�é Ì54�¯ ê�ë ¹
657 ü î#ï ÁÔÓ ß ¶^¹985: £�;�¦µÅ�<�Ö�×%è!é ¯ Ú>= ¹@?A:�Ó £�ð ÍCB�ÎOÏ�D á3â�×�ã ó
å ´ Í é�E¤�CF Ó>GIH ÙKJ ý ü á ¼!Þ�ß �XÅ Þ ¢32%¢ ¯µô�õeö�ø%¯%ó å ´A¹A	L�@M�%�&��NPO����
QSR9T�ö"U�¶ þ Ì ÏVD ó å ¶!ü'� â!×Xã�è!é ¯ Ú Ì Ï ¹9?�:K� á Ó ¼
WYX Z ! Í ô!õ�ö+ø ùEúXû(¯�[]\W¹$^!Á ¼

W_X`Z !^ô!õSöÔø ùWú�û(¯�a�b/[]\
ô!õ�öWø ã O��c�
�!ñ!â�×Xã)�S� � �"!#�c�c�c�d�%�
ó å ´ 	��e�%�
� ú���� ú/� â!×Xã 	��f���%�

ý £�Å ß ¯¤ô�õeöÔø^ùÔúXû�¹ îµï ü £ Â3ÃµÄ ¯ é�ñ ¶hg ¦Xè ¯�i>jÔ¹Kk X`Z 	 Í ^�Á ¼Klï ü £ Â3Ã�Änm ôeö�oqpÑ¯�r ÄCs Õ Ó ¼¤ß ¯ Â3Ã�Ä ¹ é�ñ ü £-t�u�Ù k X Z 	 ©wv  s Õ Ó ¼¤ß¯]k m é�ñ ÍµÎ-x �-y (/¢�£ ±!²�³#´{z}| ©¬«® ¹�²"~ â!×�ãC�]� s W ü £ B ¯ s Å Þ ¯�³#´¯�� F�� ¹]�S��o"�]�>o%ö s W"� üe� á Ó ¼K� Í Å1é�ñ ü £�§µ¨ ¹ é�ñ ô�õ÷ö+ø%¯��µ¯��
� ¹���H%� è ô�õ÷ö+ø ÍµÎOÏ g/� è üe����� Ù k X`Z 	������ s Õ Ó ¼hß�� g/� è �C� ¶����C�
��� ¹�� Ä ¶f�µÌxÁY�` �¡A¹$¢#òZü'�E¶ ß�£ Å 	�� Z O�¤h¥§¦ s Õ x � ¼Eß-�Aß ¶ Î+Ï Å�¨!é�ñ
� èn© � ,). sCm â!×�ã)�#ñ � � � ,". s Õ-ª¬« G]�®"¯ Í �"���5°9±C² s F Ó ßn³ Ù
´ þ Ó@µ

¶9·¹¸ º » ¼ ½ ¾ ¿ À Á
¨)Â�Ã s>Ä À ³ ÁWÓ Â%Ã�Å � Ä5m¬Æ"Ç Q�°ÉÈ3ÊXÁºÓ Î H Ì Â(ÃµÄ � â"Ë ���/� Ù�=!ã Å

Ì ÁÔÓe�C� s Õ Ó'µ>ÍÎ	ÐÏ s�Ñ]Ò � Î H Í Å ß�� Î HcÌ$�C� þÓ( ��Ô]Õ�Ö é]× 657 °$85:
� ; � ÅIØ Ö(ÄÎ³ ÌAÓÉÙ�Ú Ø ° B@Û Â%Ã�Ä � â)Ë ���>� Ù�=!ã�Ü Ì ÁºÓ�� ð(Å Þ ªÝ( � 0
þÞ( é"× Ä À ³ ÁWÓ Â%Ã#Ä ° Ô)Õ ÁWÓ�ß Û#ÙµÕ Ó�µ

Ø Ö3Ä���Ô]ÕCÖ é�× 6¬7 Á�Ó ß3³ °$8¬:�� ; � Å Å � Ä 0 Í ÿ ý ª Ó Þ ª32�ª ��ÄKà¬�
á ¨�â�×�ã °�yWÓ ßC³ Ù s F9ªn«�â3ã Í ìXíhÌ-ä Ù�þ Ï ³ ÌµÓfµ3Ü Í Å Å � Ä 0 � =�ã �
Ä/à Ù)å ~ Ö Í Ú Ì Ï °9æ Û �èç å�é Í Ë x � á Ó�� Î HLÌ�ê3ë þ
( � é)× °-8A:K� ; �
Í m á ¨�â�×(ã � Ú�Û�ØAÙ)ì$í s Õ Óeµ�ÌÉîhÌ (fï9ð à ç�ñ Ù>å ~ Ö Í Ú>= üf� á Ó ; �

!#ò



0 2000 4000 6000 8000 10000 12000
−4000

−2000

0

2000

4000

6000

Sample Number

A
m

pl
itu

de

(a) Original FluteA4

Sample Number

C
ha

nn
el

 N
um

be
r

(b) Amplitude spectra

2000 4000 6000 8000 10000 12000

100

200

300

400

500

0 2000 4000 6000 8000 10000 12000
−4000

−2000

0

2000

4000

6000

Sample Number

A
m

pl
itu

de

(c) Reconstructed FluteA4

k X`Z 	 ó éXñ � è�© ��ô�õ ö �ø÷ù�ú�"�C�"ûü�wvú�þý å�ÿ�� z}|ù��� �¹ûü����� g�� è �n�

!��



Í m ï�å ~ ä!å � ,�. � � s�Þ ª32>ª � ð à ° é)×�� Ó ßC³9m	� Ù/Ú s Õ Ó � Í Ä üe� ï
Þ ªn2/ª � ð à1� á ¨�â�×�ã °�
Aò s FÉª¬« �n� � Ö�×�Ø ÌÓ4-° î¤ï ü�� â�×�ã�ä#å s
� ,].1°��qH ß�³ Ù Ù/Ú ³ Ì�Ó þ
( s Õ Ó'µ
ü þ ü ïKð à é"× ,". � Ú�Û Ì ê!ë s Õ Ó á ¨�â�×�ã °�
¤ò � Ó�ä� ³ ü�� ß ª ý"sÍ���� �dª � á Ó á ¨�â�×�ã 
#ò�� s)m ï�� i ð ° Ä��{³ � Ó�ä�� Ù G ³�� 4 s Õ Ó'µ ý

� ï5Ø Ö ð Í � ðµÙ���� üe�-ê]ë þ1( � á ¨�â�×�ã 
#ò ÍÉÛ á � m ã���� � ��! Ù Ì �hª
� á Ó Ù�ï'ð à ÙÉ=�ã Å �8üe�É�C� þÓ( ð à5� ã ³÷Þ"� á ¨�â�×(ã °"
�ò � Ó$#�� m%Þ ª
GA4 �%� Ì á µ
ÞhßÉs ï ��� � Ó'&�(%ö � á ¨Xâ�×�ã 
µò*) s]m-�C� Î HcÌ+
#ò��S°',C� Í"-/. üe� ï

á Ó ßn³"³ ü'�Kµ�0�1 � á ¨�â!×�ã 6A7 j ³ ü�� ï32+4�5 �	6*7 ð ôSöCo p/�wr98 � ï Æ :
; �=< X � ï> öºú
�@? vú	c� ïBA�C'DFE �1úI�=G X � ��Å � ð�þÞ( Þ ªC2/ª � á ¨�â!×Xã °�
�ò �
Ó�j�°$^ � ³)³ B*H Þ3� ,]. �JI ª ° Ñ"Ò Ó�µ
mLK ð H ï k X`Z X �NM H H Å ���C� � <�å�é H�æAç/O ò!ó å ôXõeö+ø1ùÔú�û 7+P þÞ(�â

Q ã/R�SUT H Ä � OWV'X'YUZ�Z�[ °+\ ð O µ � H ï y ( ª � V'X'YUZ�Z+[ þÓ(^] � Æ o¤û
i_ � � s"m�` �hï'= [a ��Æ oAû�° � 7 ü á ¨�b Q [�c�d ° 6S7 � Oe ³'s å ~ Ö H+f
` x � ð à5� á ¨�b Q [ °"
µò � O/e ³ ° Øhg üe�-µ e ª H MUi ï�j O å�é H�kl � ] B
mon o �*p l �C� � á ¨�b Q [ � ��°"
�qsrut l ��v/w � S/x H Ä r ï�y�åÉé{z � �C� H
|U} ª O á ¨�b Q [�c�d °"~ [a��oO/e ³�� z�� O µ y�åÉé{z ��� ª � c�d ° å/� b Q [
��� H ¯NtJ���r"�U��� �/����� 8 z3j O µ
�WH ï ����� 8h� MB� H���� ª � á�� b Q [�c�d � b Q [ R H Ä � O��'���h�/�	� ° \{�

O µ e"�BH MBi ï Å  ðo¡ �J¢�£ H�¤ ��¥�t3¦J§ � O'¨F© ��ª l�cFd � �+�«�¬����� �
'®L¯L° r"t �±�²� ï�³ �W´�� � ð�µ �	¶ � b Q [ ° ` O'· �/¸�r ï e �*¹º z 
Wqs»
�oO ¶ � b Q [¼H�½�¾ µ �J¿�ÀWÁ �JÂ Á �*Ã�Ä `¼Å �JÆÇ ½ |L} � t l ` l�·oe �����*È
���ÊÉÌË z*Í�Î¼ÏBÐÒÑ ¾ÓFÔ/Õ z ½��±�²� ��¶ �/Ö�×�Ø °uÙ   ¾ � ÖF×�Ø/Ú�Û¼Ü�ÝWÞ r'tÈ
³ ��´�� � ¾ µ ��ß ��à Èßá à Á�â Ü'ã qsr�È	¿�ÀNÁ � Ü+ä � Ï ¹�º Ü'å ¥�t�æ Ï ·
} ��ÈFç���è x�z ½�é�ê � ë ×�ìLÜÒÝ�Þ rÒtJ¶ ��Ö×�Ø¼Ü"ã q�í Ï ���	È�î	ï ¾ ��Æ�Ç

Ü�ð�ñLòÒÝ�Þ z��/Ï °²óLô �õ� Ï · ��¸�r$È�ç � ò ½ È Ù   ¾ ¡ �Jî	ï ¾N½�öF÷ ��ø�ù x
ò�ú Ï ��� zFûFÏ ° rut�È+îJï ¾ ��¶ ��Ö×�Ø ½ ¿�À3Á ��¡�ü*ý	þ q zFûFÏ È ° æ �Ìÿ q
� |L} � t�æ Ï ·

����� � � � � � 	 
�� �� � �
������������� ® � � Ú Õ z ½ È Ð Ñ ¾ � Ó�Ô ° Ð²Ñ ¾ ×�! � Û#"UÜ"å �%$ ò�ÝFÞ í Ï

������� ® � °'&)( È Ð Ñ ¾ ��ë ×�ÚÛ �+*-,/.#0 !�1 ° È y ë ×�ÚÛ ��243 ®65 Ü87-9
& ��Á': Ö×�Ø�;#< � � !#1BÜ � Ú í Ï ·/�6�-�#���+�4� ® � � � ÚBò ½ È Ð²Ñ ¾6=#> �
¶ �ÖF×�Ø ° ¿�ÀNÁ-:�È¼»-? òA@#B µ °�&)( ¿B¥ ( æ ÏDC î�ïB� ��� Ü"Ý�Þ í Ï ·
ç�çAE�È @6B µ ò�F ô ? � ( æ ÏGC î	ïU� �6�-� ° ½ È ³ ��´*� �Jî	ï ¾ � Ö�×�Ø�ÚÛ

Ü+Û�H í Ï ç ° ò3ú ¥ (JI ? � �{���#E û�Ï · �����LK ò�M8N ® � È AOQP È�R�S8T�U�V �

WYX



1000 2000 3000 4
Z

000 5
[

000 6000 7000

100

200

3
\

00

400

0
]

100 2
^

00 3
\

00 4
Z

00 5
[

00 6
_

00 7
`

00 8
a

00 9
b

00 1000
0
]

0
]

.5

1

0
]

100 2
^

00 3
\

00 4
Z

00 5
[

00 6
_

00 7
`

00 8
a

00 9
b

00 1000
0
]

0
]

.5

1

0 100 200 300 400 500 600 700 800 900 1000
0
]

0
]

.5

1

(a)

(b)

C
h
a
n
n
e
l
 
N
u
m
b
e
r

Sample Number

A
u
t
o
 
C
o
r
r
e
l
a
t
i
o
n

F
c
requency

dfehgiehjlk Á/*�,nmporqtsvu ° mpowqtsvu òAx í Ï Ö/×�Øzy�{�|~}A�����'��Ø j q��ru k Á�*�,�mpo�q�svu È
q���u ûFÏ Á�â ò/��� Ï mporqtsvu |JÖ/×�Ø�yLò�x í Ï }A�8���'�+Ø È C Á�â�E I ?���� }A�8�
�'� Ø�� ? /�¯ Ü��Ø#��� & C /�¯ E |�ÖF×�ØoÜ ³ � ´ �¶#� Ö/×�Ø ='> ° í Ï

WY�



0
]

 1000 2000 3000 4000 5000 6
_

000 7000 8
a

000
100

200

300

400

500

600

700

800

900

1000

Sample

F
re

qu
en

cy
 [H

z]


dfehg É j ã�� »)�Q�/�'� Ö/×�Ø =�> j�C Á�â�E |�Ö/×�Ø è�� |4}������'��Ø�|�� �z  Ü K
='> ��� & ÈÁz: ÖF×�Ø�;'<'{NòA¡'¢ & � d

£w¤



ò�ú Ï�¥ ¾ Ü �z¦6§ N�|�M©¨)N�ª�« �   òFú à Ö×�Ø/Û6H & �+¬ Ü8¢ í�Uç |Nú�®°¯ Á�:
Ö×�Ø�;�< E |+!�1Q� ?²±/�z³�� | îJï ¾ Ü8´6µ í Ï ��¶ | �©��· &)(/¸ á |Nú�®°¯�¹+|
º I ?°� Ï �ç»��? | �6��¼ î*ï ¾ |z½/��¾#¿ÁÀ £w¤hÂ�£r£ÄÃ òQ¹ Ý�ÞÆÅ � ( æ Ï ¹�| E û�Ï 

Ç M8N�ÈÊÉË¯ Å |�ÌzÍ î	ï | ���
Î C ë ×�| *�,©.'0 |©� ÷�Õ Û º ;�Ï E û�Ï 
Î Ð ë ×�ÚFÛÑ|�Ø ºÆÒ�Ó ¸ á�E ûFÏ Ô Ö/×�Ø è��©E |+Õ'Ö º©×�Ø æ6Ùr

Ç � OQP ¯ Å |�Ú#Û î*ï | ���
Î C ë ×�| *�,©.'0 òJ� ÷�Õ Û º ¯�Ü Èß { àÞÝ íàß ò8Õ'Ö í Ï 
Î Ð ë ×�ÚFÛ º 5#á Ñ6â æ Ô WY¤ Ó6ãzä Ùw
Î C ë ×�ÚFÛÑ| ß�å { º à º+æ æ�

Ç R�S8T�UàV � ¯ Å |/Û î�ï | ���
Î C ë ×�| *�,©.'0 º�ç & Ü Ã#è í Ï 
Î Ð ë ×�ÚFÛÑ|�Ø º â æ Ô £é¤ Ó6ã�ä Ùw
Î Ð ë ×�ÚFÛ E ¼~êìë Ú/Û º6í ?�� Ï 

C î�ï | �����î� ÈfÉ ¼ È {6ï�| �'� Ü�¹ · ò#ð/ñ C ë ×�Ú�ÛÑ| *�,6.z0 !z1Ñ� ?²ò
Ú�Å � Ï �ç | · Ø È�*�,6.z0 ¼ Ð$Ñ©ó =�> |Jô'õ Á�: ò�öø÷ ( Ã�Ä ÅGù ( æ Ï �± |
Ý E�È»ú ò I ?û������� ×Q| *�,�.#0 Ü È+îJï ò�ú+ü (/ý ¯ Ï Ö×�Ø�yz{ E | 243 È 5 ò
þ ü (Jÿ��à& È C ë ×�Ú/ÛLò������ ç · E ���/�~� È É^Ü	��ÚàÅ ù
� 
ç�çAE ¼ � O�P | �Ñ���4� ÈÊÉ ò Ú ¬ Ü8¢ í� � O�P ó | *-,/.#0 ò6� í � �6�Ñ¼�� ò

¢ & � ú�®uò� C ë ×�Ú/ÛQ| *-,J.#0 º���ç ò ß { à  ± | Ý � ÷*Õ Ü8ô � ñUò í ß ò8Õ
Ö í � · æ ® �6� º û �  ð �  î	ï ó���� |�@ í � ? �� O�P ¯�� Ú6Û î	ï | *-,/.#0
ò/����� ß { à%Ý |JÕ�Ö ¼�� Ø���Ø�òWú/ü (�� Ü���� E Ø � ç · º @ ? � ( æ � �±oç
E �� O�P | C ë ×�ÚFÛQ| *�,©.�0 Ü Ó�� ò3ú�ü ( ��� í � ç ·'· & �/

�! #" o%$ &('*),+(-Yqtsvu/.10ls32547698;:=<?>	@BA ¤?CL¤r¤w¤hWD s5E F D . K ¤r¤ A�G
K ¤r¤ q ehg W u

ççAE  G ¼ �z¦�§ N�|�M#¨»N�ª�« �  �HJILK N�M ê ò�x6ö &)( � à  ±©�-³©� | G òAx
ö & �/*-,©.'0 º I ?�� �Fú�®$ò#¯�ü ( æ � 
{ � ò�úAü ( �Ñ���4� ÈÊÉ | *-,/.#0 |ON :�P ¯�QORTS8¡�U E Ø � º WV1X�YLZ�[�\�]

� | 243 È^Q^RTS»¡_U�`T�_a · S	bdc�� �e�f ó | C�g [^h_iQ|kj�l�ÈOm ¼ C e�f |�n�o
|�p�qdY	r�s�`T� · bdc ?%� � Ot�u YwvJx�¯ ó Ð |�� O�P ó Syi6H{z ��|�} ��~ g [^hi�|�Z�[�\TYAx�`��WQ�R ¼ Ó�� | � \���\��O���1� Ø �J

£ W



Sample Number

C
ha

nn
el

 N
um

be
r

(a) Flute Amplitude spectra
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(c) Violin Amplitude spectra
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(b) Piano Amplitude spectra
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