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O�P,QSR�T,UWVYX[Z/\]U_^`Qba,XcRedfT�X�g`VY\hXMiNXMjSk�l,\]QSXcmndWT,aGT,XcoMXcR]RYdf\]Qbjpk�QbT/oMUqiNZ,jbX�VYXeQbTrVY\hU5a,s/ocVYQSUqTtVYUuRhZ(XcXMovP
Z,\hU5ocXMR]RhQbT,wxlrkyi�dWovP/QbT,XcR�mzUq\�V]P,UqRhXIs,T/m{dWiNQbjSQ|dW\�}KQpVYPyV]P,XIl~dWRhQboMR�UWm[VYP,X#�~XMjSa
����V�QbR�oMjbXMdW\��
jSk�l�XckWUqT,a�V]P,X�RhoMUqZ�X�UfmuR]s,ovP�d�VYs5VYUq\hQ|dWj�V]UywqQp^qX�d�oMUWi�Z,\hXMP,XcT,R]Qp^qX�Rhs,\h^WXck�UWmuocUqi�Z/s/VYXc\
R]Z�XMXcovP�Z,\hU5ocXMR]RhQbT,w�i�X�VYP,U`a,Rc����XcjbU_}���Z,\]U_^`Qba/X�dx^qXc\hk�wqXcT,XM\]dWj�U�^WXM\�^5QSXc}�Ufm�VYP/X�ocs,\]\hXMTrV
Z~dW\]dWa,QSwqi�R�s,R]Xca�QbT�RhZ(XcXMovP�Z/\]U`oMXMRhR]QST,w,� �ea/U#T,UfV��AP,U_}�X�^qXc\M�&Z/\]U_^`Qba,X a,X�VvdWQSjbR�UWm�QbiNZ,jSXMiNXMTrVh�
QbT/wGdG\hXMocUqwqT,QpVYQbUWT:Rhk`RhV]XMi��&dfjSVYP/Uqs,wqPIs,T5mzUq\hV]s,T~dfV]XMjSk!i�UWRhV[UWm�VYP/X�}�Uq\h�:QbTIwWXcV]V]QbT,wGd�R�k5R�VYXci
VYU!dWocV]s~dWjSjSk:mzs,T/ocVYQSUqT�Z/\]UqZ�XM\hjSk�QbR�QbT�VYP/X�a,X�VvdWQSjbRM����dWjbRhU!wqQp^qXNX�g/dWiNZ,jbXcR UWm�RhVvd¡VYX�Ufm�VYP,X�dW\�V
Z�XM\hmzUW\]i�dWT,oMX�mzUW\�\]XcoMUqwqT/QSVYQSUqT
�
R�k`T¢V]P,XMRhQbRc�nRhZ(XMdW�WXc\ QSa,XMTrVYQp�~o�d¡VYQbUWTIdWT,a�oMUWi�Z,\hXMRhR]QbUWT�R�k`RhVYXci�Rc�
O�P,\hXMXGRhVYdWT,a~dW\ha�V]X�g`VYl�U`Uq�¢RM��UqT,XGUqjbaxl/s/V oMjbdWR]RhQbo�£{lrk7¤¥dWl,QST,XM\�dWT,a�¦5ovP~dfmzXc\#§©¨¢ª�«­¬�dWT/a7V®}�U
T,X�}�Xc\t£zl¢kI¤edWl/QbT,Xc\[dWT,a�¯Ws~dWT/w�§°¨,±c«�dWT,a�²�XMjbjSXM\ �A³´\hUrdW�¢QbR�dfT,a�µedWT,RhXMTy§¶±�¨f«­¬·�4Z,\]U_^`Qba,X�^WXM\�k
oMUWi�Z,\hXMP,XcT,R]Qp^qX�QSTrVY\]U`a,s,o�VYQSUqT,R�VYUNVYP,QSRei�dfVYXc\]QbdWj¸��O�P,X�ocUqjbjSXMocV]QbUqTGXca,QSV]XMa:lrkG¹�dfQbl�XMj�§©¨qº¡«nZ,\]Uf�
^`Qba,XcR�dfT#X·g/ocXMjSjbXMTrVeR]Uqs/\]oMX UWmDQSi�Z�Uq\�VvdWTrVKX�df\]jSktZ~dWZ�XM\]Rc��¦5X�^qXc\YdWjA^qXc\hk�wqU`U5a�l(U`Uq�¢RKP~d�^qX l(XcXMT
}K\]QpV]V]XMT�UqT�RhZ(XcXMovPxRhoMQbXcT,oMXNQbT�wqXcT,XM\]dWjD}KQSV]P�jSXMR]R�UWm�dWT�XcT,wqQST,XMXc\]QbT/w�mzU`oMs,R�£zR]XMXNmzUq\[X�g/dWiNZ,jSX
§»ªf¨,�¼ª5±W�¼ªqª5��ªW½`��ªq¾`��ªf¿5�~¨rÀ/�,ÁrÂ5�
±_º¡«­¬·�
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O�P,X�P/QbRhV]Uq\hk�UWmDi�U`a,XM\hT:R]Z�XMXcovP�Z,\]U`oMXcR]R]QST,wtwqXcT¢s,QbT,XcjSk�l�XMwqQST,R�dfm­V]XM\KVYP,X�R]XMocUqT,a:¹�Uq\]jSa#¹�dW\M�
¦`k`RhV]XMiNR�\]XcoMUqwqT/QbÏ�dfl,jbX�dWR�VYP/X�a,Qb\hXMo�V�Z,\]Xca,XMocXMRhR]Uq\hR¥Ufmnocs,\]\hXMTrVKRhk`R�VYXMiNRKdWZ,Z�X�df\]XMa�QST�VYP/X�X�dW\hjSk
±_½rÂfÀ/ÐÑRc��Ò�l,\]QSXcmnP,QbR�VYUq\hQbo�dfj<\]X�^`QbXc}�Ó�mzUq\�oMs/jSVYs/\YdWj4dfR�i�s,ovP:dfRKdWo�dWa/XMiNQbo[l�XMT,X��,VemzUWjbjbU_}KRcÔ

Õ�Ö`×(Ø,Ù!Ú a,QbRhUqTGQbTr^qXcT¢V]R¥V]P,X�Û&ÜAÝ�Þ�Ý¼ß¼à�á,ÛnÜ��

Õ�Ö`×(Ø,â ��Xcjbj1ÐÑR�ã1Þ(ä�å`Þ(æ�ãzÝ�ÞçÝ¼èuæ�ÜAå�æ_å`ézå`ÛnÜAÝ(ÞAåy§ÑÂ5�&ºf«�QST,R]Z/Qb\]Xca�lrk�V]P,X�dfVhVYXMiNZ/V]R�UWm�¦5Qb\
ê P~df\]jbXcR�¹�P/X�dfV]RhVYUWT,X¥V]U�\hXMZ,\hU5a,s/oMXKVYP,X¥R]Z�X�dW�¢QST,w�i�dWovP,QST,XKUWm<¹�QSjbP,Xcjbiçë´UWTtì[XMiNZ(XcjbXcT
§»ªWÀf«1�
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Õ�Ö0/4Ö0132 dW\h�WU_^�iNU5a,XcjbR�§©Ár¾¡«1�
Õ�Ö0/4Ö`Ù O�P,X��,\]RhV54qÝ�6�Ûnézå¢æ�å5é87 á:94æ_Ý�6�á/æ�å�;�æ_à�á~Þ=<�4qÝ�Þ(æ�ã{Þ�å`Þ(æ_á,é¥æ_å`ézå`ÛnÜAÝ(ÞAå>4qá~é1é�}�dWR
i�dWa,X�mz\]UWi@?eX�}BA�Uq\]��V]U�¦5dWTDC~\YdfT,oMQSR]oMU�s,RhP,XM\hQbT,w QbTuVYP,XedWwqX¥UWm�9nÞ�ãzä�å¢à�<Má~éE<cå`à_äAã�4qå�QST
}KP,QSovPtdWTrk VYXcjbXcZ,P,UqT,Xes,R]Xc\�ocUqs,jbaNoMUWT,T,XMo�V�VYP/XMiNR]XMjp^qXcR�QbT/RhVvdfT¢V]jSk�V]U�dWTrkNUWV]P,XM\�s,R]Xc\M�´��k
V]P,X[l(XcwqQbT/T,QbT,w�UWmAVYP,X��~\hRhV�¹�Uq\]jSat¹�df\�QSV�P,dWa�l(XcoMUqiNX[oMjSX�dW\�VYP~dfV�VYXMjSXMocUqi�i�s,T,QboMdfVYQSUqT,R
}�Uqs,jSa�P,d_^WX�dfT#XcT,Uq\]iNUqs,R�QSi�Z,dWocV�UWT#RhU5ocQbXcV®kW�

Õ�Ö0/GFGFIH á:;nãzÝ H å.J�VYU_k�a,Uqw/�&O�P,X��~\hRhV�a/Xc^`QbocX���dWi�d_}�dW\hX�UWm~VYU[s/R]X�RhZ(XcXMovP \]XcoMUqwqT/QSVYQSUqT
�
Ò�a,XMRhoM\]QSZ/VYQSUqT�mz\hUqi ²[d�^`Qba�dfT,a7¦5XcjSmz\]QSa,wqXfÔLKh��V oMUqT,RhQbR�VYXMaxUfmKd#ocXMjbjSs,jbUWQba�a,Uqw!}KQpVYP�dWT
QS\]UqT:l,dWR]X�P/XMjba:}KQpVYP,QST:QSV]R�P,UWs,R]Xulrk!dWTIXMjSXMocV]\]Uqi�dWwqT/XcV[dfwrdWQbT/RhV�V]P,X�mzUq\hoMX�Ufm�d�R]Z,\hQbT,w,�
ê s,\h\]XcT¢V�XMT,Xc\]wqQSÏMQST,wuVYP,X i�dWwWT,XcV�M~U_}�XMa:V]P,\]Uqs/wqP!dNi�X�VvdWj4l,dW\�}KP,QbovP�}�dWR�dW\]\]dWT,wqXca�V]U
mzUq\hi�d�l/\]Qba/wqX�}KQSV]PtV®}�U Rhs,Z,Z�Uq\hV]QbT,w�iNXMi�l(Xc\]RM��O�P/QbR�l,\hQba,wqXe}�dWR�RhXMT,RhQSV]QS^qX�V]UN¾WÀqÀqµ¥Ï�d¡�
ocUqs,RhV]Qbo�XMT/XM\]wfkq�¼QbTrVYXc\]\hs,Z/VYQST,wuVYP,X�oMs/\]\]XcTrV�dWT/a#\hXMjbXMdWR]QST,w VYP,X�a,Uqw/��O�P,X�XMT/XM\]wfk�dW\]Uqs/T,a
¾WÀWÀqµeÏcoMUqTrVvdfQbT,Xca�QbT�VYP/X�^qU_}�XMj�UWm�V]P,X�}�Uq\]aON"P�Q�}�dfR�R]s�R�ocQbXcT¢V VYU�VY\]QSwqwqXc\�V]P,XNa,Xc^`QbocX
}KP,XcT#V]P,X�a,Uqw,Ð»R�T~dWiNX[}�dWRKoMdWjbjSXMa
�TS�§¶±�ª�«¸�

Õ�Ö0/G1�U O�P,Xx¦5P,XM\hi�dfT Ò�TrVYQpVY\]s/RhV:ÒeocV�dfT,a j|dfV]XM\�VYP,XWV Ý�6X6L9�Þnã�4qá/æ�ãzÝ�Þ*<ZY[4Wæ�}�XM\hX
Z~dfR]R]XcaIQbT:\hXMRhZ(UqT/R]X�V]U�VYP,X�Z,\]Xca~dfVYUW\hk�wq\]U_}�V]PIUWm�iNUqT,UqZ�UqjbQSXMRKR]s/ovP�dfRe¹�XMRhV]XM\hT>\¥T,QbUWT
dWT/atj|dfV]XM\�Ò�O"]�O[�5O�P,X ê UqiNi�s,T/Qbo�d¡VYQbUWT,R�ÒeocV�Ufm´±_½qÁW¨ oM\]XMdfVYXcatVYP,X^C¼Xca,XM\]dWj ê UWi�i�s/T,Qp�
oMdfVYQSUqT,R ê Uqi�iNQbRhR]QSUqT�£�C ê�ê ¬�}KP/UqR]X�i�dWT,a,dfVYX[}�dWR[Kh\hXMwqs/j|dfV]QbT,w QbTrV]XM\]R�VvdfV]X�dWT/a#mzUq\hXMQbwWT
ocUqi�iNXM\hoMXuQST�ocUqiNi�s,T,QSo�dfV]QbUqTIlrk:}KQS\]XNdWT,a�\YdWa/QbU�R]U#dWR[VYUGi�dW�WXNd�^fdWQbjbdWl,jSXW�
RhU�m{dW\�dfR
Z�UqR]RhQbl,jSXW�~VYU�dWjbj
V]P,X�Z�XMUWZ,jbX�UWm&V]P,X_\��ÿ¦��<dN\YdWZ,QSa
�¼X�RNoMQSXMTrV���T~dfV]QbUqTr}KQSa,X�dfT,a#}�Uq\]jSa/}KQba/X
}KQS\]X�dWT,a�\]dWa,QbU�oMUWi�i�s/T,QboMdfVYQSUqT�RhXM\�^5QSoMXf�S�p��S�§¶±q±c«¸�nQbT�UfVYP,Xc\ }�Uq\]a,R�QSV�i�dfa,X�V]XMjbXcZ,P,UqT/X
RhXM\h^`QSoMX#da`�bdc�e0f{��O�P,QSR�l/\]Uqs,wWP¢V V]XMjbXcoMUqiNi�s,T/Qbo�d¡VYQbUWT,R�VYXcovP,T,UqjSUqwWk7QST¢V]UIVYP,X�Ò�iNXM\hQbo�dfT
P,UWi�X�mzUq\�wWU5U`a
�

Õ�Ö0/G1¼× O�P,X ^qU`a,XM\�dWT,a�^qU`oMU`a,Xc\�}�XM\hX�QST¢^WXMTrVYXca�lrk�²�s,a,jSXck7§»ªWÀf«�dfT,a�mzUWs,T,a�QbiNZ(Uq\�VvdWTrV
s,RhX�Z,\]U_^`Qba/QbT,weR]XMocs,\]X�^WUqQbocX�oMUqiNi�s,T/Qbo�d¡VYQbUWT,Rnl�XcV®}�XMXcT�¤KU`UqR]X�^qXMjpV´dWT,a ê P¢s,\hovP,QbjSj/a,s/\]QbT/w
¹�Uq\]jSat¹�df\¥�h�v�

Õ�Ö0/�U(â!Ú ?e�®Ò ê ��dWTGX�dW\hjSk�a,QbwqQpVvdWj(oMUqiNZ,s/V]XM\c�
Õ�Ö0/�U(â �®Tr^qXMTrV]QbUqT�UWm�VYP,X5<MÝ�9�Þ*;g<MÛ�å04Wæ_à�Ý¼ß¼à¡á/Û&Ü�§©Árª¡«1�

Õ�Ö0/¼Ù4Ö Ò R]QSi�Z,jSX�ÛnÜ�Ý�ÞAå�6�åh;�åræ_å04Wæ_Ý¼àt§©¨q¨f«¸�
Õ�Ö0/¼ÙGF O�P,X5Y[9*;Aài7�RhZ(UW�WXMT#a,QbwWQSV�\hXMocUqwqT,QSÏMXM\ § ±_Áf«4s/R]QbT/w mzUW\]i�dWTrVYRM�'j
Õ�Ö0/¼Ù�U ��dWs,i�dWT,T�}�Uq\]a�\]XcoMUqwWT,QbÏcXM\�§©¿f«¸�

Õ�Ö0/¼Ù¼â3k jbR]UWTGdWT,a#��XMjbdW\�£1¤ ê Ò�¬�R]Z�Uq�WXcT!a,QSwqQSV�\hXMocUqwqT,QSÏMXM\�§©Áq¿f«1�
Õ�Ö0/¼Ù(Ø ��XMjSjbi�dWT
Ð»R�l�U5Uq��UqTl;�74Þ�á:6�ã�4GÛnà�Ý¼ß¼à�á:6X6�ã{Þ�ß�§©½f«¸�
m�n­ó$���	�=�hñ��¸ðo�"p�qsr�t�õ ö�u�%i�1þov#�hó�÷s�w���hð���x	��ø�ó���
ïø#�$x¡ñ�ó���þòó��)���)�hö��¸ö�uy�������)�,z{�����Aö���v�����ñ·ð����]ö��]ñ���
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Õ�Ö0/¼Ù¼× ¹�Qb\hXMT5�ï¦`VY\hs,l,RndfV]V]XMiNZ/VAVYU¥s,R]X�é1ã{ÞAß{9�ã�<cæ�ã�4�è�å¢á/æ	9Aà�å�<�R]s,ovP�dWR�^WUqQbocQbT,w/��V]s,\]l/s,jbXcT,oMXf�
dWT/a#UqT/R]XcVKV]QbiNXMRM�

Õ�Ö0/¼Ù¼× ²�s,a,jbX�k�s,RhXMR�d oMUWT¢V]QbT¢s,Uqs/ReRhZ(XcocVY\hs,i Xc^fdWjSs~dfVYQSUqTG\YdfV]P,XM\KVYP,dWT�mzUW\]i�dWTrVeUW\¥UfVYP,Xc\
mzXMdfVYs,\hX[VY\Ydfov�`QST,w#§¶±�½f«¸�

Õ�Ö0/¼ÙG/ ²�XcT,XMRc� 2 d¡VYP,X�}KR�dWT,a[C~\�k Z,P,UqT,Xci�Xe\]XcoMUqwqT/QbÏMXc\�}KP,QSovPts,RhXMa�a,Xc\]QS^fdfV]QS^WXMR�UWm4R]Z�XMo·�
V]\YdWj¥XMT,Xc\]wqQSXMR�dWR�}�XMjbj1��²�XcT,XMRtdWjbRhU�QbTrV]\]U`a,s,oMXcR�d�RhQbiNZ,jbXGl,QSwq\YdWi ézá~ÞAß�9�á,ß¼å�6�Ý,;�å`é
mzUq\�Z,P,UqT,Xci�XcR�}KP,QbovPGQSR�VYP,X��~\hRhVKX·g,dfi�Z,jSX�UWm�T,UqT`�ïdWocUqs,RhV]Qbo�QST/mzUq\hi�dfV]QbUqT�QbT�\hXMoMUWwqT,QSV]QbUqT
§»ªWº/�
±�¿/�
±�Â¡«1�

Õ�Ö0/¼âGF ¤¥X�^`QbXc}�Z~dWZ�XM\�QST��ï¤ Ú lrkG²[d�^`Qba�dWT,a!¦5XcjSmz\]QSa,wqX § ±�ª¡«1�
Õ�Ö0/¼â¼×�� 7AÞ�á�6�ã�4�æ�ã�6�å���á,à�Û��~\hRhV�dWZ,Z,jSQbXMatV]U�RhZ(XcXMovP:lrk�¤Ks,R]RhQ|dWT�XMT/wqQbT,XcXM\�ë�QSTrVYRhk`s,�
§°¨r¿/�,¨rÂ¡«¸��ÒejbRhUNjbdfVYXc\�lrk���VvdW�¢s,\]d�dfT,a:¦5dW�WU`X5] ê P,QSl~d!§°¨rÁ�«¸�

Õ�Ö0/¼âG/[� ãzå`à�4qåG�d<�4qá:9=<cæ�ã�4tézåræ�æ_å¢à�oM\hQSV]QboMQSR]QST,w RhZ(XcXMovPGZ,\hU5ocXMR]RhQbT,wuXcT,wqQST,XMXc\]R�mzUq\�s,T,Z/\]QbT/oMQp�
Z,jSXMaGP~dWov�fXM\�k�§©Áq½f«1�

Õ�Ö0/¼â¼â|��Ø�F�2 dWTrk�QSi�Z�Uq\hVYdWTrVAVYP,XcUq\]X�VYQboMdWj`dWa/^fdWT,ocXMR�QST VYP/X�RhV]s,a/k�UWm~Û�à¡ÝG��á��nã1é{ã�<�æ�ã�4[è�9�Þ=4 �
æ�ãzÝ�Þ*<uÝ¼è���á/à� ¼Ý`äB4¡Ü�á,ã1Þ=<�£­}KP,QbovP�j|d¡VYXM\�oMdWiNX�VYUNl(X�o�dfjbjbXca�Ünã�;*;Aå`ÞB� á,à	 ¼Ý5äZ6�Ý,; �
å`é�<_¬�lrk���dWs,i�dWT,a�oMUqjSjbX�dfwqs,XMR�d¡V��ï²¥Ò §°¨,�AÁ/�A¾`��ª¡«¸��¡AdW\hwqXMjpk:s,T/�`T/U�}KT�QbTIVYP/XNRhZ(XcXMovP
ocUqi�i�s,T,QSV®kW�

Õ�Ö0/¼â¼×�¢ ã{ÞAå`á/à�Ûnà�å0;nã�4Wæ�ã­ä�å�4qÝ,;�ã{Þ�ß7£�¡A³ ê ¬�iNXcVYP/U5a,R��~\hRhV�dWZ,Z,jSQbXcaGV]U�RhZ(XcXMovP:Z,dW\YdWiNX��
V]XM\]QSÏ�dfV]QbUqT�lrk���VYdW�¢s,\Yd5�~Ò�VvdWj�] ¦5P,\]U`XMa/XM\M� 2 df\]�WXcjAdWT,a�UWVYP/XM\]R § ±q�¼ÁW¨5�¼ÁqÁf«1�

Õ�Ö0/(Ø<Ö£��Ø,â CnQb\]R�V_Y H¤� Y Z/\]U�¥hXcocV�mzUq\�\�¦�¦`±�¾ 2 QST¢^WUqjS^`QST,w ê 2 \��D����? ��¦5² ê �~¡4QbT/oMUqjST
¡AdWl,Rc�,¦5¤¥�´dWT/at��Xc\]�WXcjbX�kq��¤¥XcR]s,jpVYXcatQbT VYP,X�§#á,à�Û�7:dWT,a � à�á,ß¼Ý�Þ�\hXMocUqwqT,QpVYQbUWTNR�k`RhVYXci�Rc�

Õ�Ö0/(Ø,Ù ¯WUqP,T¨C~XM\hwqs,RhUqTNdfV��ï²KÒ��¢¯WQSi dWT/a�¯qdfT,XcV���df�WXM\�dfV ê 2 \�£{T,U_}y²�\YdWwqUWT¼¬&dWT,a¨C~\]Xca
¯WXcjbQbT/XM�¼ÐÑR�wq\]UWs,ZÌdfV��ï� 2 £zT,U_} µeUqZ/�`QST,Rv¬NdWjbj�l�XMwWQbTyá/ÛnÛné�74ã1ÞAß©§ª�«�¬<�æ�Ý©<MÛ�å¢å04¡Ü
à�å04qÝ¼ß(Þ�ã­æ�ã{Ý�Þ´�

Õ�Ö0/(Ø¼Ø ²�XMiNZ,R�VYXM\c�=¡�dfQb\]a�dfT,a�¤Ks,l,QST�\]XMocUqwqT,QSÏMX�V]P,X wqXMT,Xc\YdWjDmzUW\]i Ufm�V]P,XN��dWs,iu��¹�XMjSovP
s,Z�a~dfV]XMR¥dWT,a�T~dWiNX[QSV�V]P,X®­!� á,é{ß¼Ý¼à¡ãzæ�Ü=6 § ±�¾¡«1�

Õ�Ö0/¼×:¯ Òçj|dWT,a/i�dW\h�GRhk`i�Z�UqRhQbs,i QbT:³´\hQbT,ocXcV]UqTIP,UqR�VYXMa�lrk#�ï²¥Ò \hXc^`QbX�}�Xca�oMs,\h\]XMTrV[}�Uq\]�
s,ZGVYQSjbj�VYP~dfVKZ�UqQST¢V §»ªWÁ�«¸�

Õ�Ö0/¼×¼Ù|�v×¼×¨° æ�á~Þ*;Aá,à�;L4qÝ¼à¡Û�Ý¼à�á�l�XMwWQbT�VYU¥l(X�s,R]XcaudWoc\]UqRhRn\hXMR]XMdW\]ovPuwW\]Uqs,Z/RM�&O�P/X�±5²s��²�±
a~d¡VvdWl~dfR]X�QbR�ocUqjbjSXMocV]XMaGlrk�O�X�g/dWR¥�®T,RhV]\]s,iNXMTrVYRedWT,aª?e��¦`O[�

Õ�Ö0/¼×¼â|��Ø O�P,X�RhXMoMUWT,a!Ò�¤e³�Ò�Z/\]U�¥hXcocV¥QbTr^qUWjS^`QbT,wuV]P,X H å0<MÝ�9�à�4qå3� á~ÞAá,ß¼å06�å`Þ(æ
£{¤ 2 ¬·�T³çá~é{é ° æ_à�å¢å¢æ�´(Ý�9�à¡ÞAá~éK£z¹�¦,¯r¬�dWT/a�á,ã{àNæ_à�á¢ä�å`é�£zÒ�O���¦,¬�a~dfVvdfl~dWR]XcRM�

Õ�Ö0/¼×¼×|�y/:¯ ?¥Xc}�mzXMdfVYs/\]XMR4Rhs,ovP dWR4i�Xcjp��oMXMZ/RhVY\]d�£1��\hQba,jSX_¬·��³w¡A³�£1µeXc\]i�dWT,Rh�¢k/¬·�WdWT/a�a/XMjSVYd.µfa,XcjSVYd¡�
a,XcjSVYd�oMU`X�RNoMQSXMTrVYR�£�C~s,\]s,Q|¬�QSi�Z,\hU_^qX�V]P,X�Z�XM\hmzUW\]i�dWT,oMX�UWmARhk`RhV]XMiNR�UqT�j|df\]wqXc\�dWT,a�T/UqQbRhQbXM\
VYdWR]�¢RM�

Á



Õ�Ö0/G/:¯ <®?¥XMs,\]dWj
T,X�VYRKR]s,ocoMXcR]Rhmzs/jbjSkts,R]Xca!dWR�UWs/VYZ,s5VeiNU`a,XMjSR�QbT�jbdW\]wWX[µ 232 Rhk`R�VYXMiNR §¶±�Àf«¸�
Õ�Ö0/G/:¯ <�O�P,X Z(UqZ/s,j|dW\ ê dfi�l,\]QSa,wqX®§#ã�;=;�å`ÞZ� á,à	 ¼Ý5äB��Ý�;�å`é�±�Ý
Ý�é� 4ã­æ�£1µeOKì�¬�P,XMjSZ(Xca
V]UNR�VvdWT/a~dW\]a/QbÏMX�\hXMR]XMdW\]ovP#oMU`a,X�dWT,a�QbT,oc\]XMdWR]X�dWocoMXMRhR¥V]U T,Xc} Z/j|d�kqXc\]RKQbT�VYP/X��,XMjba<�

Õ�Ö0/G/:¯ <�²�QbRhoM\hQbiNQbT~dfV]QS^WX¥V]\YdWQST,QbT,w/�5^qU`o�dfj
VY\YdfocVKT,Uq\hi�dfjbQbÏMdfVYQSUqT
�¢R]Z�X�df�WXM\edWa~dfZ/VvdfV]QbUqT<�

¶ ·�Ê�ÉDL�J¥É

¸�¹�º » ¼^½~¾g¿�ÀÁÀ|Â�Ã�Ã�Ä{¼ÆÅ

Ç£È PyPyÉye�QbR�V]P,X wqXMT,Xc\]QSouT~dWiNXuwqQS^WXMTIVYUGR]UWs,T,a,R�}KP,QbovP�o�df\]\hk:j|dWT,wWs~dWwqX�ocUqTrVYXcT¢VM� ��V�UWm­VYXcT�P~dfR
d�Z,Prk`R]QSo�dWj[i�dWT,QpmzXMRhVYdfVYQSUqTÌdfRGd�jbUqT,wWQSVYs/a,QbT~dfj¥ocUqiNZ,\]XcR]R]QSUqT }�d�^WXW��l,s5V�mzUq\tUqs,\�Z,s,\]Z�UqRhXMR�d
R]Z�XMXcovPIR]QSwqT~dWj4}KQbjSj4l(X d�UWT,X���a,QbiNXMT,RhQbUqT,dWj<VYQSi�X[^fdW\�k5QST,w�RhQbwqT,dWj¸��C~s,\�VYP,Xc\]iNUq\]Xf�~}�X�}KQbjbj4i�dW�fX
VYP/X�dWRhR]s,iNZ/V]QbUqT,RKVYP,dfVKVYP,X�R]QSwqT~dWj4QSR¥l,dWT,a5��jbQbiNQSV]XMa
�5Q¸�»XW�~dfjbj4UWmnVYP,X�s,R]X�mzs,j�QbT/mzUq\hi�d¡VYQbUWTtP~dWR¥QSV]R
Z�U�}�XM\�QbT�d �,T,QSV]Xemz\]X�Ê¢s,XMT,o�kt\]dWT,wqXf�,dWT,a�VYP~dfV�Uqs,\�\]XMocXMQp^qXM\hR�£{XMdW\]R�UW\�Rhk`TrVYP/XcVYQSo�iNQboM\hUqZ,P,UWT,XMRY¬
P~d�^qX�d��~T/QSVYX¥dWocs,QSV®kW�DO�P,QSR�iNX�dWT/R�V]P~dfV�}�X¥o�dWT�ËsÌ�Í È�Î PDV]P,XeUW\]QbwWQbT~dWj5VYQbiNX�R]QSwqT~dWj,}KP/QbovPtQSR�\hX�dWj
dWT,auocUqTrVYQST`s/Uqs,R´dWT,aus/R]X�QbT/RhVYXMdWa de^WXMocV]Uq\�UWm¼^fdWjbs/XMRDa,QSR]oc\]XcV]QbÏcXMaul�UWVYPuQST�VYQSi�X�dWT,a dWiNZ,jbQpVYs,a/XW�
O�P,QSR�a/Xc�~T,QpVYQSUqT UWm
RhZ(XcXMovP�mz\hXMXMjpk dWa,iNQSV]RDVYP~d¡V�}�X�dW\]XKQbwWT,Uq\]QST,w[i�dWTrkuX�Ï(XMo�VYR�R]s,ovP�dWR�l/QbT~dWs/\YdWj
P,XMdW\]QST,w�dWT/a�UWVYP,Xc\�iNU5a,dWjbQpVYQbXcRM�WmzUW\�X�g/dWiNZ,jSX�jbQSZ�\hX�dWa/QbT,w�V]P~dfV�dW\]Xe�`T/U�}KTtV]U�l�X�QbiNZ�Uq\hVYdWTrV�QST
P¢s,i�dWTuZ(Xc\]ocXMZ/V]QbUqT
�¢UqT�V]P,X�UWV]P,XM\DP,dWT,a P¢s,i�dfT,R�o�dWTuRhZ(XMdW��dfT,a s,T,a,Xc\]RhVYdWT,aNR]Z�XMXcovP�Z�XM\�mzXMocV]jSk
}�XMjbj¼U_^qXc\�V]P,XeV]XMjbXcZ,P,UqT/XejSQbT,XcR�Ð d[RhQSVYs,dfVYQSUqT�QSTN}KP/QbovP�dWjSj/VYP/XMR]X�dWR]Rhs,i�Z5VYQbUWT,R�dW\]X¥a,Qb\hXMo�VYjSkNdfT,a
jbQpVYXc\YdWjSjSk XMT5mzUq\]ocXMa
�
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Ò�l�U_^qX�\hXcmzXc\]XMT/oMX�}�dWRDi�dWa,X�V]U[K�V]P,X�RhZ(XcXMovP R]QSwqT~dWj�S,��l,s/V�QpVn}�dWRDT,UfVDR]Z�XMocQS�~Xca�}KP,QbovPuocUqi�l,QST~d¡�
VYQSUqTtUWmnZ,Prk`R]QSo�dWj<^fdW\hQ|dWl/jbXMR�dW\]X[iNX�dfR]s,\hXMa�VYUuwqX�V�VYP~d¡V�R]QSwqT~dWj1�&O�P,X�iNUqRhV�a/Qb\]XcocV�Z,dW\YdWiNXcV]XM\�V]U
iNX�dWRhs,\]X[QSR�VYP,X�dWQS\�Z,\hXMRhR]s,\hX UWmAV]P,X�jbUqT,wWQSVYs/a,QbT~dfj¼}�d�^qX�oM\hX�dfV]XMa�}KP,XMT#duZ(Xc\]RhUqTGR]Z�X�dW�¢RM��O�P,QSR
QbR[QST/mzUq\hi�dWjSjSk��¢T,U_}KT�dWR�VYP,X QST¢V]XMT,RhQSV®k#}�d�^qX�mzUq\]i dfT,a�dfjbj&iNQboc\]UqZ/P,UqT,XcR�i�XMdWR]s/\]X R]UqiNXcV]P,QbT/w
\]UWs,wqP,jpk Z,\]UqZ�Uq\�VYQbUWT~dWj/V]U VYP/QbR�Uq\�V]U�QpVYR´�~\]R�V�a,Xc\]QS^fdfV]QS^WXelrk VY\]dWT,R]a/s,oMQST,w V]P,X�iNU_^qXMiNXMTrV�UWm
VYP/X
dWQS\ QST¢V]U:dWTxXcjbXcocVY\hQboMdWj�^qUqjpVvdWwqX�s,R]QST,w!V]P,XMQS\�a,QbdWZ,P,\]dWwqiNRM�#µeU_}�X�^qXc\M�´X�dWovPxQST,a,Qp^5QSa,s~dWj´iNQboc\]Uf�
Z,P,UWT,X X·g5P,Qbl,QpVYR¥duR]jSQbwqPrVYjpkta,QdÏ<Xc\]XcT¢VedWT/a#s,Rhs~dWjSjSk�iNQbjSa,jSkNT,UqT/jbQbT/X�dW\�V]\YdWT,R�mzUq\]i�dfV]QbUqTtmz\hUqi�VYP/X
VY\hs,X�Z,\hXMR]Rhs,\]X¥R]QSwqT~dWj5VYU[QSV]R�Uqs/V]Z,s/V�^qUWjSVvdfwqXW�~C¼s/\hVYP/XM\]iNUq\hXW�rdWi�l,QbXcT¢V´T/UqQbRhX�mz\]Uqi�UWVYP/XM\�R]UWs,\]ocXMR
dWT,a!X�Ï(XMocV]R[UWm�VYP/X�iNXMa,QSs,i QbT!}KP,QSovP!VYP/X�R]Uqs/T,aIQbR¥VY\Yd�^WXMjbQST,w�iNX�dfT!VYP~d¡V�VYP/X�Z,\]XcR]Rhs,\]X�}�d�^qX
dfV VYP,XtiNQboc\]UqZ/P,UqT,X�QbR�T/Xc^qXc\uVYP,XtR]dWiNXtdWR�V]P~dfV }KP,QbovP7jbX�m­V V]P,X�R]Z�X�df�WXM\cÐÑRuiNUqs/V]P
�:Òejbj´VYP,QSR
iNX�dWT,R�V]P~dfV�mz\]Uqi V]P,X¥Uqs/VYRhXcV�}�X¥o�dfT�T,X�^qXM\�P,UqZ�X¥V]U P,d_^WX�dWocoMXcR]R�V]U�V]P,X¥X�g/dWocV�Z,\hXMR]Rhs,\]Xe}�d�^qX·�
mzUq\hi Z,\]U`a,s,ocXMaIlrk#dNVvdfjb�WXc\M��?eUqT/XcVYP/XMjbXcR]Rc�<iNQboM\hUqZ,P,UWT,X QSTrVYXMT/R]QSV®k�RhQbwqT~dfjbRKa,Xc�,T,QSV]XMjSkGocUqTrVvdWQST
dWT7XMT/Uq\]iNUqs,R dWiNUqs,TrVuUfm�R�VY\]s/ocVYs/\]X�Ð�dfm­VYXc\ dWjbj�}�XGoMdWT�\hXMocUq\]a�dWT,a7Z,jbd�k�l~dWov��R]Z�XMXMovP�VYP~d¡V
R]UWs,T,a,R'¥hs,RhVe�~T,XW�Kµ¥U_}�X�^qXM\c�<VYP/QbR¥RhVY\hs,ocV]s,\]X QbR¥X�g`VY\hXMiNXMjpkGa,Q�RNoMs/jSVKVYU�X�g`VY\]dWocVemz\]Uqi�V]P,X�i�dWRhR
UWm´QST/mzUq\]i�dfV]QbUqT�QbT!V]P,XuQbTrV]XMT,RhQSV®k�}�d�^qX�mzUq\]i�� ê UqT/R]Qba/XM\�V]P,X�}�d�^WXcmzUq\hi�R[QST!�~wqs,\hXt±q�
l�UWV]P:UWm
}KP,QSovP�df\]X�i�k`RhXMjSm�R]d_k`QST,w�i�k:T,dWi�X�dWT,a:}KP,QSovP�}�XM\hXu\]XcoMUq\ha,XMa�UqTIa,QdÏ<Xc\]XMTrV[a,d_k`R�l,s/V�s,R]QST,w
VYP/XNR]dWiNXNiNQboc\]UqZ/P,UqT,XuQST�V]P,XNRYdWiNXu\]U`Uqi��uO�P,XMRhX�R]QSi�Z/jbX��~wWs,\]XcR RhP,U_} VYP~d¡V�V]P,XM\hX�QSR!Ê¢s,QSV]X
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C&QSwqs,\]XG±qÔuO�P/XtdWs/V]P,Uq\�RYd�k`QbT,w!P,QbR�T~dWiNXNV®}KQSoMXf��?¥UWVYQSoMX VYP~dfV�VYP/X�VYQSi�X a,UWi�dWQST�}�d�^qX�mzUq\]iNR
dWZ,Z�X�df\_Ê¢s,QSV]X�a,QdÏ<Xc\]XMTrVuX�^qXcT�V]P,Uqs,wqP�VYP,X�R]dWi�X�Z,s/VYdfVYQp^qXtRhUqs,T,a,R df\]Xtl�XMQST,w:R]Z�Uq�fXMT7lrk�VYP/X
RYdfi�X[RhZ(XMdW�WXc\�s,RhQbT,wuVYP/X�R]dWiNX[i�QSoM\]UWZ,P,UqT,X[QST�VYP,X�RYdfi�X�dWocUqs,R�VYQboMdWj
XcT¢^`QS\]UqT,iNXMTrVM�

d jbUWV�Ufm$ß�Ì�`�b�Ì.àsb Î b8f�á�QbT�VYP,X�\Yd�}�R]Z�XMXMovP#}�d�^qX�mzUq\]i X�^qXMT!dWoM\hUqR]RKVYP/X�R]dWiNX�Z�XM\hR]UqT#RYd�k`QbT,wuV]P,XMQS\
T~dWiNX�£{R]UWi�X�VYP,QST,w V]P,XckNRYd�kâÊ¢s,QSV]X�d jSUWV·¬DV®}KQbocX�s,RhQbT,w�VYP,XeRYdWiNX�iNQboc\]UqZ/P,UqT,X¥dWT,a�QbT�V]P,X�R]dWiNX
dWocUqs,RhV]QboMdWj
XMTr^`Qb\hUqT,iNXMTrV��
O�P,QbRua/Q�RNoMs,jpV®k�i�UWV]QS^fdfV]XMR�s/R�VYUIR]XMdW\]ovPxmzUq\ R]UqiNX�V]\YdWT,R�mzUq\]i�dfV]QbUqT�UWmKVYP,Xt\]d�}�QST¢V]XMT,RhQSV®k

}�d_^WXcmzUq\hi QbTrVYUKd�a,QdÏ<Xc\]XcT¢VA\hXMZ,\hXMRhXMTrVvdfV]QbUqT�}KP,Xc\]X�VYP,X�QSi�Z�Uq\�VvdWTrV
R�VY\hs,ocV]s,\]X´QbR4XMdWR]QSXM\
V]U¥QSa,XMTrV]QSm­k
dWT,a VYP,X�XMT,UW\]iNUqs,RDdfi�Uqs/T¢VnUWm,^fdW\hQ|dWl/QbjbQpV®k�QSRn\hXMa,s/oMXMa<�DO�P,X�P,UWZ(X�QbRAVYP~d¡V�deT/Xc}7\]XcZ,\]XcR]XcT¢VYdfVYQSUqT
}KQbjSj´i�dW�fX�QpV�X�dfR]QbXc\ V]U:a,U!}KP~d¡VYXc^WXM\�VYdWR]�¢R�}�X�dW\]X�QbTrVYXc\]XcRhVYXca7QbT�l�XtQpV�RhZ(XcXMovP7\]XcoMUqwqT/QSVYQSUqT
�
R]Z�X�df�WXM\¥\]XcoMUqwWT,QSV]QbUqT�Uq\�X�^qXcT:Rhk`TrVYP,XcR]QSR�dWT/a#ocUqi�Z/\]XMRhR]QSUqT
�
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k s,\[P,UqZ�X QbR�V]U�X·g`VY\YdfocV�mzX�dfV]s,\]XcR�UWm�V]P,XuR]Z�XMXcovP�RhQbwqT~dfj&VYP~d¡V�i�dW�fX Uqs,\�VvdfR]�¢R�X�dWRhQbXM\c�uÒ mzXc}
R]QSi�Z/jbX[Uql,RhXM\�^Wd¡VYQbUWT,R�dfl(Uqs5V�P,U_}�RhZ(XcXMovP:QSReZ,\hU5a/s,oMXca!}KQbjSj
i�UfVYQS^fdfV]X[VYP,X�mzX�dfV]s,\]XcR�ocUqi�iNUqT,jpk
s,RhXMayQST7R]Z�XMXMovPyZ,\]U`oMXcR]R]QST,w,�7O�P,XG�~\]R�V�QSR�VYP,XG\hXMj|d¡VYQS^WXMjpk�l~dWRhQboGUql,RhXM\�^Wd¡VYQbUWT7V]P~dfVNR]Z�XMXcovPyQSR
R]UWi�X�VYQbiNXMR P~dW\hi�UqT/QbotUq\hKhR]UqT/wf�®jSQb�WX�SIdWT,axRhUqiNXcVYQSi�XcR�T,UqQSR]X·�®jbQS�WX�Uq\LKhl,\hX�dfV]Prkq�TS�O�P,XMRhXGV®}�U
iNU5a,XcR[\]Xcj|dfV]X�VYU�}KP,XcV]P,XM\�Uq\[T,UfV�dfT�UWR]oMQSjbjbdfVYQSUqT�î�UWm�VYP/X ^WU5oMdWj�oMUW\]a,R�QbR[iNU`a,s,j|d¡VYQbT/wtdWQS\�M~U_}
mz\]UWi V]P,XtjSs,T,wqR�dWT,a�}KP,X�VYP,Xc\uUq\�T,UfV�R]i�dWjSj�ocUqT,R�VY\]QSocV]QbUqT,R QbT�V]P,X�dWQS\�M~U_} Z~d¡VYP7dW\hX�o�dfs,R]QST,w
VYs/\]l,s,jSXMTrVNT,UqQSR]X�R]UWs,\]ocXMRM��O�P,X�k�dW\]X�oMdWjbjSXMa�VYP/Xïß�ð�b)ÉyP�ñGdWT,agò0ó:ß�ð�b)ÉyP�ñGX·g5oMQSVYdfVYQSUqTxiNU5a,XcRuUWm
R]Z�XMXcovP
�wC~s,\hV]P,XM\hi�Uq\hXW�`QbTNVYP,X¥^qUqQSoMXMa�i�U`a,XMj~V]P,XM\hX�QbR´VYP/X�R]QSi�Z,jSXKQba,XMd�VYP,dfV�RhUqiNXeZ�XMUqZ/jbX�P,d_^WX
jbU_}�Z,QSV]ovP,XMa ^qUWQboMXcR�dWT,aNUWVYP,Xc\]R´P~d�^qX¥P,QSwqP Z,QSV]ovP,XMa ^qUqQSoMXcRM�'¡4U`UqR]XcjSk�RhZ(XMdW�¢QbT,w/�`Z/QSVYovP QSR�\]XMjbdfVYXca
VYU�V]P,Xumz\]XsÊ¢s,XcT,ock�UWm�VYP/XNUWR]oMQSjbjbdfVYQSUqT,Re}KP/QbovP�a,\]Qp^qXuVYP,X \hXMRhV�UWm�VYP/X ^WU5oMdWj�Rhk`R�VYXMi��N�®TÁÌ�f�ð�ó�Ì Î
j|dfT,wqs~dWwWXMR�jbQb�fX Ú T,wWjbQbRhP Z/QSVYovP�a,U5XcR&T,UfV&oMdW\]\�k QST/mzUq\hi�dfV]QbUqT�dfl(Uqs5V&Z,P/UqT,XMiNX�QSa,XMTrV]QSV®kq�WdWjSV]P,Uqs,wWP
QSVta,U5XcR�o�dW\h\hk Z/\]UqRhU5a,QSo:QbT5mzUq\]i�dfVYQSUqTÌdfl(Uqs5V[Ê¢s,XMR�VYQbUWT,RGUq\�XMiNZ,P~dWRhQbRc� Ò�T/UWVYP,Xc\GQbiNZ(Uq\�VvdWTrV
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Uql,RhXM\�^Wd¡VYQbUWT!QbRKVYP,dfVe}KP/XMT�d�Z�XM\hR]UqT!R]Z�X�dW�¢RM��VYP,XcQb\K^qU`o�dWjAVY\]dWocV�dWT,a:dW\hV]QboMs/j|dfV]Uq\]R�mzUq\hi QbTrVYU�d
Z~dW\�VYQSoMs,jbdW\4R]X�Ê`s/XMT,ocX�UWm~ocUqT/�~wqs/\YdfV]QbUqT,R4V]P~dfVnwqQS^WX´V]P,X�R]Uqs,T/a,R&UWm,a,Q�Ï(XM\hXMTrVn}�Uq\ha,RnV]P,XMQS\�a/Q�Ï(XM\]XcTrV
R]Z�XMo�VY\]dWjAovP~dW\YdfocVYXc\M��Ò�wrdfQbT�jbU`UqRhXMjSkW�/VYP/QbR�o�dfT#l�X[VYP,Uqs/wqPrVeUfmDdWRK\hXMj|d¡VYXMaGVYUuV]P,XªKhi�U`a,s,jbdfVYQSUqT�S
Uq\LK�R]P~dWZ/QbT,w£S!UWm�VYP,X�X·g5oMQSVYdfVYQSUqT
�IÒ��,T~dWj�UWl,R]Xc\h^fdfVYQSUqTxQbR�VYP~d¡V�VYP,X�R]QbwWT~dWj�Z�U_}�Xc\uQbT�RhZ(XcXMovP
^fdW\]QSXMR¥R]QSwqT,QS�,o�dWTrVYjpk�U_^qXc\eVYQSi�X�dWT/a#VYP,dfVeV]P,X V]QbiNQbT,w UWmnVYP,XcR]X�^fdW\hQbUqs/R¥iNU`a,s,j|d¡VYQbUWT,R�UWm�Z,QpVYovP
�
XMT/XM\]wfk�dfT,a�R]Z�XMo�VY\]dWj�RhP~dWZ�X�QSR a/Q�Ï(XM\]XcTrV�mz\]UWi }�UW\]a�V]U#}�Uq\]a�UW\ R�k5jSj|dWl/jbXuVYU�Rhk`jbjbdWl,jSX�dfT,a�QSR
Z�XM\]ocXMZ/V]s~dWjSjSk�^WXM\�kGQbiNZ(Uq\�VvdWTrVM�
O�P,XMRhXtUql,RhXM\�^Wd¡VYQbUWT,R�jbX�dfa�s,R�VYU#d#l~df\]X���l(UWT,XMR�i�U`a,Xcj�QbT�}KP,QbovP�}�XNVY\]XMdfV�R]Z�XMXcovPxR]Uqs,T/a,R

dWRtV]P,Uqs,wqP V]P,XckÌ}�XM\hX�Z,\]U`a,s,ocXMa l¢kÌXMQSV]P,XM\Gd�Z�XM\hQbU`a,Qbo!Z,s,jbRhXIwqXMT/XM\Yd¡VYUq\�Uq\tdx}KP/QSVYXIT/UqQbRhX
R]UWs,\]ocXÌ£­VYP,X:^`Qbl/\YdfV]QbUqT,R�Ufm V]P,XI^qU`o�dWj[ocUq\]a,R�mzUq\t^WUqQbocXMa R]Z�XMXcovP�Uq\tV]P,XIVYs,\hl,s,jbXcTrV!dfQb\¤M~U_}
mzUq\�s/T¢^WUqQbocXMa�R]Z�XMXcovP¼¬[V]P~dfV[}�dWR[�~jSV]XM\hXMa�lrk�dtR]QSi�Z,jSX�jbQST,X�df\e�~jpVYXM\u£zVYP/X V]s,l�XuR]P~dWZ�XMa�lrk:VYP/X
dW\�VYQbocs,j|d¡VYUq\hRv¬��n¦5QST,oMX�VYP,X�R]Z�XMo�VY\]s/i UWm,V]P,X�RhUqs,\hoMXMR´df\]X�iNUq\hX�Uq\�jbXcR]RDl/\]UrdWa/l~dWT,a
�¡VYP,X�R]Z�XMocV]\]s,i
UWm�V]P,XNZ,\]U`a,s,ocXMa�RhZ(XcXMovPxR]P/Uqs,jba�l(XNVYP,X VY\]dWT,R�mzXM\ mzs/T,ocV]QbUqT�UWm�V]P,XN�,jSVYXc\M��¦5QST,oMX VYP/X��~jpVYXM\�QSR
a,X�VYXM\hi�QST,XMa�l¢kNVYP/X�i�UWs/VYP�dfT,a�dW\�VYQbocs,j|d¡VYUq\hRM�¢QSm
}�X[o�dfTto�dWZ5VYs,\hX�VYP,XeVY\YdfT,RhmzXc\�mzs,T,o�VYQbUWTtUWm4VYP/X
�~jpVYXM\�QST�VYP,QSR�i�U`a,XMj1�5V]P,XMTG}�X�}KQbjSj<P~d�^WX oMdWZ/VYs/\]XMa�VYP,X�R�VvdfV]X�UfmnV]P,X�dW\hV]QboMs/j|dfV]Uq\]Rc�

¸�¹�� � À�Ã=è#é!ä¨è#Ã�½~¾�é^Ú:Ã�ÀBè�Ö×ÚZÀ|Â�Ã�Ã=Ä�¼IêLÀ�Â�Ã�Ä�¾|Ú:Ö×íwÚ:½ØÓçÀ

O�P,X�R]QSi�Z,jSQS�~Xca�i�U`a,XcjAdWl(U_^WX�Rhs,wqwqXcRhV]ReVYP,dfV¥QSm�}�X�oMUqs/jbaG�~T,a#d }�d�k�VYUNXMRhV]Qbi�dfVYX�V]P,X�^qUqQSoMQbT/w
£{RhUqs,\hoMXNovP~dW\YdfocVYXc\]QSRhVYQSoMRY¬��AVYP,X R]P,dWZ(XNUWm�VYP,Xu^qU`o�dfj´V]\YdWo�V dWT,a�dW\hV]QboMs/j|dfV]Uq\]R £zi�U`a,s,jbdfVYUW\�ovP~dW\ï�
dWo�VYXM\hQbR�VYQbocRv¬�dWT/a#RhQbwqT~dfj
XMT,Xc\]wWkGa/s,\]QST,w R]Z�XMXMovP<��V]P,XMTG}�X�}�Uqs,jba�l�X�QSTG\]XMjbdfVYQp^qXcjSktwWU5U`a�R]P~dfZ(Xf�
k T,XNi�Uq\hXu�WX�k�Z�UqQST¢V[V]U#i�dW�fX�P,Xc\]XNQbR�V]P~dfV�R]QST,oMX VYP,X ^qU`o�dfjDVY\YdfocV dWT,a�^qUqQSoMQbT/w�Z,dW\YdWiNXcV]XM\hR
dW\hX�ovP~dfT,wqQbT/w�Ê¢s,Qbov�¢jpk�U�^WXM\�V]QbiNX dWR V]P,XNZ(Xc\]R]UWT�R]Z�X�dW�¢Rc�&}KP~dfV�QbR�T,XMXca,XMaxQSR�dïf�b8Í¤P
	�ß�Ì�`�á�b8ó0c
Z~dW\]dWiNXcVY\hQbo�a,XMRhoM\hQbZ/V]QbUqT UWm~VYP,XcR]X�Z,\hUqZ�XM\hV]QbXcRDdWT,a�T,UWV�deR]QbT/wqjbX�R]X�V�UWm~Z~df\YdWiNXcV]XM\]RnmzUq\�V]P,X�XcT¢V]Qb\hX
R]QSwqT~dWj1�D¦`s,ovPtd�VYQSi�X�^Wdf\hk`QbT,w[\hXMZ,\hXMRhXMTrVvdfV]QbUqTNQbRDV®k`Z,QSo�dWjSjSk�dWovP,QSXc^qXca�lrkul,\hX�dW�¢QST,w�s,ZNV]P,XKR]QSwqT~dWj
QbTrV]U�RhXMwqiNXMTrV]RM�&oMdWjbjSXMaWÌ�ó�Ì Î áiË#b Ë��'b8ó�ñ0ð
�~Ë�UW\¨Ì�ó�Ì Î á	Ë#b Ë���`�Ì�Í¤PyË�}KP,QbovP�dW\]X RhP,Uq\hV XMT/Uqs,wqP�VYP~d¡V
VYP/X�Z,dW\YdWiNXcV]XM\hRuUWm�QSTrVYXM\hXMR�V�oMdWT7l(X�dWRhR]s,iNXMa�oMUWT,RhVYdWTrVN}KQpVYP,QSTxX�dWovP�UqT,Xf�7³&dW\]dWiNXcVYXc\]RNdW\hX
VYP/XMT:XcRhVYQSi�d¡VYXMa#}KQSVYP/QbT#d�}KQbT,a/U�} }KP/QbovP:RhjbQba/XMR�dfoM\]UWR]ReV]P,X�RhQbwqT~dfjAV]U�Uql5VvdWQST:dNV]QbiNX��¸^Wdf\hk`QbT,w
R]X�Ê¢s,XMT,ocX�UWmnZ~dW\]dWiNXcVYXc\]Rc�
O�P,XM\hX�df\]X[i�dWTrktZ�UqR]RhQbl,jSX�R]QSwqT~dWj<mzXMdfVYs/\]XMR�V]U oMUqT,RhQba,Xc\���P,U_}�R]P/Uqs,jba�}�X�ovP,U5UWR]X�l(X�V®}�XcXMT

VYP/XMi��#�®a,X�dfjbjSkW�5}�X�}�UWs,jba�jSQb�WXeVYUuR]XcjbXcocVKl~dWRhXMaGUqTt}KP,QSovP�mzX�dfV]s,\]XcR�i�UqR�V�\]XcjbQbdWl,jSk oMdWZ/V]s,\]X[VYP/X
dW\�VYQbocs,j|d¡VYUq\[dfT,a�^WUqQbocQbT,w�Z~dW\]dWiNXcVYXc\]R�UWm�VYP,XNR]QSwqT~dWjDU_^WXM\ V]QbiNXW�NµeU_}�Xc^WXM\M�&R]QbT/oMX�dWjbj&}�X�P,d_^WX
QbR�V]P,X�dWocUqs,RhV]QboMdWj
R]QSwqT~dWj1�5}�X�a,U T,UWVK�¢T,U_}�}KP~d¡V¥V]P,UqRhX�Z,dW\YdWiNXcV]XM\hR�\]X�dfjbjSk�dW\hXW�~dWT/aGV]P¢s,RKQSV�QSR
a,QdR�ocs,jSV¥VYU®¥hs,a,wqX P,U_}�}�XMjSj&d�wqQS^WXMT!V]\YdWT,R�mzUq\]i QSR�Z,\hXMR]Xc\h^`QbT/wtVYP,Xci#�¥�®T,RhV]X�dWa<�<}�X�o�dWTIR�VYs,a/k
oMXc\hVYdWQbTui�dfVYP/XMi�dfVYQSo�dWj¢Z,\hUqZ(Xc\hV]QbXMR&UWm¼VYP,X�dfoMUqs,R�VYQSo�dWj5R]QbwWT~dWj5}KP/QbovP�}�X¥l�XMjSQS^WX�o�dfZ/VYs,\hX�QbT de^WXM\�k
oM\hs,a,X�}�d�ktRhUqi�XeQbT/mzUW\]i�dfVYQSUqTNdWl(UWs/V�V]P,X�R]P,dWZ(X�UWm4VYP,X¥^qU`o�dWj�VY\]dWocV�dWT,atVYP/X�l�XMP~d�^`QbUqs/\�UWm4VYP/X
R]UWs,\]ocX�U_^WXM\�VYQSi�Xf��O�P,XMT7}�X�oMdWT7oMUqiNZ~dW\hX�mzX�d¡VYs,\hXMRuVYUIRhXMXGP,U_}�}�XMjSj�VYP/Xck�XcRhV]Qbi�dfVYX�V]P,XMRhX
i�dfVYP,Xci�d¡VYQboMdWj�Z,\]UqZ�XM\�VYQSXMRM�

k T,X[Uqlr^`QbUqs,R�R]XcV�UWmAmzX�dfV]s,\]XcR�VYUuocUqT,R]QSa,XM\�wqQS^WXMTtVYP/X�dWl(U_^WX[dW\]XeVYP,X�Ëye:ð�`�f�	�f�b8Í¤P^Í¨Ìic�ó:b8f�ò|ñ0P
Ë È PyÉ#f�`�Ì�Ufm4VYP,X�RhQbwqT,dWj¸�nO�P,X[i�dfwqT,QSV]s,a,X¥R]Z�XMo�VY\]s/i�VYXcjbjSR�s,R�}KP/QbovPtmz\]X�Ê¢s,XMT,ocQbXcR�oMUqTrVvdfQbT�V]P,X�XMT`�
XM\hwWk�QbT Uqs,\�R]QbwWT~dWj¸�AO�P,X�R]P~dfZ(X�UWm,VYP/X�R]Z�XMo�VY\hs,içUfm¼deRhP,Uq\hVn}KQbT,a/U�}�UWm~R]Z�XMXcovP QbRA\]Xcj|dfV]XMa V]U�VYP/X
dW\�VYQbocs,j|d¡VYUq\´Z~dW\]dWiNXcVYXc\]R�VYP,\hUqs,wqP�V]P,X�RhQbiNZ,jbXKiNU5a,XcjbR�UWmAR]Z�XMXcovPGZ,\]U`a,s,o�VYQbUWT�a,XcR]oM\hQbl�XMaGdWl�U_^qXf�
Ò�i�QSi�dfwqXuUWm�Rhs,ovPxd#RhXsÊ¢s,XcT,oMXtUfm�R]P,UW\hVh�¸VYQSi�XuRhZ(XcocVY\]dWj´mzX�dfV]s,\]XcR QSR wqXcT,XM\hQboMdWjbjpk:�¢T,U_}KTxdWR d
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Spectrogram of sentence "Don’t do Charlie’s..."
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C&QSwqs,\]X ª5Ô�ÒçRhZ(XcocV]\]Uqwq\]dWi R]P/U�}KQST,w�RhQbwqT,dWj4QbT/mzUW\]i�dfVYQSUqT�QbTGVYP,X�VYQSi�X·��mz\]X�Ê¢s,XMT,o�kGZ,j|dfT,XW��O�QSi�X
\]s/T,R¥dWoM\hUqR]R�VYP/X[P,Uq\]QSÏMUqTrVYdWj4d¡g5QbRc�/mz\]X�Ê¢s,XMT,o�kGs,ZGVYP,X�^WXM\hV]QboMdWjAd¡g5QbRc��O�P,X�dWi�UWs,TrV�UWmnXMT,Xc\]wWkGd¡V
dWTrk�Z�UqQbTrV�QbT�VYP/X V]QbiNX��¸mz\]XsÊ¢s,XcT,ock�Z/j|dWT,XuQSR�QbT,a,QSo�dfV]XMa�lrk�VYP,X a~dW\h�¢T,XMRhR�UWm�R]P~dWa/QbT,w,��¦5s,ovP�d
a,QSR]Z,jbd_k:QbR�oMUqT,R�VY\hs,ocV]XMa�lrk�VvdW�¢QST,w#RhP,Uq\�V }KQST,a,U_}KR Ufm�VYP,XNUq\hQbwqQST~dWjnV]QbiNX a,Uqi�dWQbT�R]QSwqT~dWj´dfT,a
Z�XM\hmzUW\]iNQbT,w�£­}KQbT,a,U_}�XMa¼¬�R]Z�XMo�VY\Ydfj�dfT~dWjSk`RhQbR[UqT�X�dWovP�UqT,Xf�&VYP,X \hXMR]s/jSVYQST,wG^qXMo�VYUq\hR�df\]X�dWjbQSwqT,XMa
^qXc\hV]Qbo�dfjbjSkNdfT,a�RhVYdWov�WXca�UWT,X�VYU�VYP,X�\]QbwWP¢V�UWm
V]P,X�Z,\hXc^`QbUqs/RM���®TtVYP/QbR�X·g/dWi�Z/jbXW�¢VYP/X�^qXc\hVYQSo�dWj(l~dW\hR
R]P/U�} V]P,X�\hUqs,wqP�R]XMwWi�XcT¢VYdfVYQSUqT�QSTrVYU!Z/P,UqT,X�VYQboNs,T,QpVYR dWR�a/XcVYXc\]iNQbT,Xca�lrk�d�mzUq\hoMXMa`�ïdWjSQbwqT,iNXMTrV
Z,\hU5ocXMa,s,\hXW�

Ë È PyÉ#f�`yð�c�`�Ì�Íu��O�P,X�T~dWiNX�oMUqiNXMR�mz\hUqi duVY\]dWa,QSV]QbUqT,dWj(iNXcV]P,U`a#UWmna,QSR]Z,jbd_k`QST,wuVYP,QSR�QbT/mzUq\hi�d¡VYQbUWT
�
QbjSjbs,R�VY\]dfVYXca�QbT��~wWs,\]X�ª5��Ò R]Z�XMo�VY\hUqwq\Ydfi R]P,U_}KR R]QSwqT~dWj�QbT/mzUW\]i�dfVYQSUqT�QST�VYP,X�V]QbiNX���mz\hXsÊ¢s,XcT,ock
Z,jbdWT,XW��O�QSi�Xe\]s,T/RKdWoM\hUqR]R�V]P,X�P,Uq\hQbÏcUqTrVvdWj<d¡g5QbRM�`mz\]X�Ê`s/XMT,o�k�s,Z�VYP,Xe^qXM\�VYQSo�dWj4d�g/QSRM�DO�P/X dfi�Uqs/T¢V
UWmAXcT,XM\hwWk�QST�dWTrk�\]XMwWQbUqTtQST�V]P,X�VYQSi�X·��mz\hXsÊ¢s,XMT/ock�Z,j|dWT/X�QbR�QbT,a/Qbo�d¡VYXMa�lrk�VYP/X�a~dW\h�`T/XMR]R�UfmAR]P~dWa`�
QbT/w,�¥¦5s,ovP�dNa,QbRhZ,j|d�kGQbR¥oMUWT,RhV]\]s,o�VYXMaIlrkGVvdf�`QST,w�RhP,Uq\�Ve}KQST,a,U_}KR�UWmDV]P,X�UW\]QbwWQbT~dWj(VYQbiNX�a,Uqi�dWQbT
R]QSwqT~dWj/dWT,a Z�XM\hmzUW\]iNQbT,w £­}KQbT,a/U�}�XMa~¬�RhZ(XcocV]\YdWj¼dWT,dWjSk`R]QSRDUqT X�dfovP�UqT/XW�rVYP,XK\hXMR]s/jSVYQST,w�^WXMocV]Uq\]R�dW\hX
dWjSQbwqT,Xca�^qXM\�VYQSo�dWjSjSkGdWT/a!RhVYdWov�WXcaIUqT,X�VYUNVYP,X�\]QSwqPrV�UWmnVYP,X�Z,\hXc^`QbUqs/RM�KO�P,QbR¥QbTr^WUqjS^WXMRKVvdW�¢QbT/w�VYP/X
a,QSR]oM\hXcV]X���V]QbiNX�C~Uqs/\]QbXc\nV]\YdWT,R�mzUq\]i�UWm�XMdWovP dWT~dWjpk`R]QbR�}KQbT,a/U�}��&��VDQbRns,R]s,dWj/VYU�dWZ,Z,jpk�d¥}KQbT,a,U_}KQST,w
£{Rhs,ovPGdWR�d�µ�dfi�iNQbT,w[}KQST,a,U_}e¬´V]U�\]Xca,s,ocX�XMa,wWX�X�Ï(XMo�VYR�dfT,atdWjSR]U�VYU�\hXMR�VY\]QSocV�VYP,X¥jbXcT,wWVYP�UWm4VYP/X
mz\Ydfi�XcR¥RhUNV]P~dfVKVYP/X T¢s,i�l�XM\¥UWmnRYdWiNZ,jSXMRKQbR¥d Z(U_}�XM\¥UWm&V®}�U,��O�P/XMR]X \]X�VY\]QSocV]QbUqT,RKiNX�dWT�}�X�oMdWT
s,RhX�V]P,X[m{dWRhV&C~Uqs,\hQbXc\�VY\]dWT,RhmzUW\]i £�CEC&O¥¬�\Yd¡VYP,Xc\KV]P~dWT�d R]jbU_}�XM\KwqXcT,XM\hQbo�²!C&O�dWjbwqUW\]QSV]P,i��
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\eT5mzUq\hV]s,T~dfV]XMjSk�QSV&QbR�UWm­V]XMT T,UWV�XcT,Uqs,wWPNV]U×¥hs,RhV�VYdW�WX¥d[R]Z�XMXcovP�RhQbwqT~dfj¸�ql,\hX�dW� QSV�s/Z�QST¢V]U�dWT~dWjpk`R]QbR
}KQbT/a,U_}KRM��dWT,a:VYdW�WXuVYP/Xua,QbRhoM\]X�VYX·��VYQSi�X�C~Uqs,\]QSXM\¥VY\YdfT,RhmzUq\hi UWm�XMdWovP�UqT,XW� k T,Xu\]XMdWR]UqT�QSR�VYP~d¡V

Â



VYP/X�R]P/Uq\hV���VYQSi�X&C~Uqs,\hQbXc\´V]\YdWT/RhmzUq\hi UfmAd Rhi�dWjSj~R]Z�XMXcovPt}KQbT,a,U_}�wqQp^qXcR�d�^WXM\�k�T,UWQbRhkNXcRhVYQSi�d¡VYXKUWm
VYP/X�Z(U_}�XM\�d¡V�dWTrk mz\]X�Ê`s/XMT,o�kq�´¹�X�T/XMXMatV]U��~T,atd�\]XcZ,\]XcR]XMTrVYdfVYQSUqTtVYP~d¡V�o�dfZ/VYs,\hXMR�V]P,X�XcR]R]XcTrVYQ|dfj
R]P,dWZ(X¥UWm(VYP,XeR]Z�XMocV]\]s,i dWT/a�\hX�¥hXMo�VYR�VYP,X¥T,UqQSR]X¥R]U V]P~dfV´}�X�o�dfT�oMUWi�Z~df\]X�V®}�U R]Z�XMo�VY\Yd R]XMT/R]Qbl/jSkq�
O�P,X#UWVYP,Xc\�\hX�dWRhUqTyQSRNV]P~dfVNVYP,X�mzs,jbj�RhP,Uq\hV���V]QbiNX�RhZ(XcocV]\]s,i���Xc^WXMT Qpm�QSVN}�XM\]X#T,UWV�T,UqQSRhkq��RhVYQSjbj
oMUWT¢VYdWQbT/R'¥hs,R�V[dWRei�s,ovP:QST/mzUq\hi�dfV]QbUqTGdfR¥V]P,X�Uq\hQbwqQST~dWj
QSTrVYXMT/R]QSV®k�RhQbwqT~dfj¸�¼dWT,a#VYP~dfVeQbRKVYU`UNi�s,ovP
QbT5mzUq\]i�dfVYQSUqT�mzUq\�s,R�V]UIZ,\]U`oMXcR]RM��¹�X�T/XMXMa7VYU:�,T,a�d:i�Uq\hX�ocUqi�Z,dWocVu\hXMZ,\hXMRhXMTrVvdfV]QbUqT�UWmKVYP/X
R]Z�XMo�VY\hs,i#��O�P/XMR]XeV®}�U�QSa,X�dfR�dW\hXe\hX�dWjSjSkuUqT/X�dWT,a�VYP,XeRYdWiNXWÔ&V]P,X�RhZ(XcocV]\Yd�dW\hX¥V®k`Z,QSo�dWjSjSkDË#Í¤ðið�f8e
dWT,a�R]U�}�X�}�dWTrV�V]U��,jSVYXc\�UWs,\�T/UqQbR�k XMRhV]Qbi�dfVYXcR�dfT,a�\hXMZ,\hXMR]XcTrV�VYP,Xci s,R]QST,w�mzX�}�Xc\�oMU`X�RNocQbXMTrV]RM�
µeU_} oMdWT�}�X!wqU�dWl�Uqs/VN\]Xca,s,ocQbT,w�VYP,X#dWiNUqs,TrVNUWm�QST/mzUq\hi�dfV]QbUqTxs/R]XMa�VYU�\]XMZ/\]XMRhXMTrVtXMdWovP

R]Z�XMXcovPxmz\YdWiNX�}KP,QSjbX�dfV�V]P,XtR]dWi�XNVYQSi�XNZ,\]XcR]Xc\h^`QbT,w:V]P,X�l,dWR]QSotR]Z�XMo�VY\Ydfj�R]P,dWZ(X�� ¹�Xt\]X�Ê¢s,Qb\hX
dGa,Xc�~T/QSVYQSUqT�UWm�RhZ(XcocV]\YdWj�a,QbR�VvdWT/oMXuVYU�oMUqiNZ~dW\hXuVYP,XNUq\]QSwqQbT,dWj&RhZ(XcocVY\]dWj´R]P~dfZ(X }KQSV]P�V]P,X�RhP~dWZ�X
QbiNZ,jSQbXMa!l¢kIV]P,XN\]XMa/s,oMXca�\]XcZ,\]XcR]XcT¢VYdfVYQSUqT
��O�P,QbR�o�dfT�l�X�Ê`s,dWTrVYQS�,XMa�QST�R]Xc^WXM\]dWj�}�d�k`RM� k T,X QSR
VYU�oMUWT,R]QSa,XM\[VYP/Xª`�PyË#b�ñ�ò|Ì Î P#ó�P#`�c�ául(X�V®}�XcXMT�V]P,XNV®}�U!RhZ(XcocV]\Yd/�NO�P,QbR�QbR�V]P,XNQbTrVYXcwq\YdfV]XMa�R�Ê¢s~dW\hX
a,QdÏ<Xc\]XMT/oMX:l�XcV®}�XMXcT V]P,X Î b8ó�P�Ì�`uR]Z�XMo�VY\]d/����XMoMdWs,RhXIUWm�³&dW\hR]Xc\h^fdWj¸Ð»Rt\hXMj|d¡VYQbUWT�VYP/QbR�\hXMRhQba,s~dfjeQSR
Z,\hUqZ(UW\hVYQSUqT~dWj(VYU VYP,X�XMT,Xc\]wWkGa/Q�Ï(XM\]XcT,oMX�l�XcV®}�XMXMT:V]P,X�Uq\]QSwqQbT~dfj<R]QSwqT~dWjAdfT,a#UWs,\K\]XMocUqT,R�VY\]s/ocVYQSUqT
UWm�VYP,X!£zV]QbiNXNa/Uqi�dfQbT¼¬�RhQbwqT~dfj�l~dWR]Xca�UqT�}KP~dfV]Xc^qXc\�\]Xca,s,ocXMa�\hXMZ,\hXMR]XcTrVvdfV]QbUqT�}�X�R]XMjSXMo�V���O�P,QSR
a,QdÏ<Xc\]XMT/oMXNi�XMdWR]s,\hX l(X�V®}�XcXMT�RhZ(XcocVY\]d#jSX�dWa,R�s,R�VYU#dGR]XcV�UWm�oMU`X�RNoMQSXMTrVYR�VYP,dfV dW\]X UqZ/V]Qbi�dWjDQST
VYP/XIR]XMT/R]XIVYP~d¡V�VYP,X�kÌiNQbT,QSi�QSÏMXGVYP,XIR�Ê`s,dW\]Xca�a,QdÏ<Xc\]XcT,oMXIs,T/a,XM\�ocXM\hVYdWQbT jSQbT,XMdW\�ocUqT,R�VY\YdfQbTrVYRc�
C~Uq\tiNQbT,QSi�QSÏMQST,w�R�Ê¢s~dW\hXMa XM\]\hUq\tUqT V]P,XIjbQST,X�dW\�R]Z�XMo�VY\]s/i Uq\tQSTÌVYP,X:V]QbiNX:a,Uqi�dWQbT<��}�X�dW\hX
jbXca V]U�V]P,X Î b8ó�P�Ì�` È `�P�ñ�b)É#f�b8ß�P>Éyðsñ�b8ó0c�£�¡�³ ê ¬�oMU`X�RNoMQSXMTrVYR#dWT,a oMjSUqR]XcjSkÌV]P,X�\]XMjbdfVYXca ÉyP È Ë#f�`�Ì Î
ÉyðiP��ZÉ#b)P#ó:f�Ë��E?eUWV]X�V]P~dfVKQST,P,XM\hXMTrV¥QbTGUqs,\�a/QbRhVYdWT,ocX�iNX�dfR]s,\hX�QSR�VYP,X�dWRhR]s,iNZ/V]QbUqTtV]P~dfV¥UqT,jpk�VYP/X
Í¨Ìic�ó:b8f�ò�ñ0P UWm¥VYP,X�RhZ(XcocV]\]s,i QSRuQbiNZ(Uq\�VvdWTrVM��dWT,a7T,UWVuV]P,X È e|Ì�ËiP��XC~Uq\�RhP,Uq\�VuVYQbiNX�}KQST,a,U_}KR
£{jSXMRhR�V]P~dWT�dfl(Uqs5V ¨qÀWi�RY¬�VYP,QSR�QSR ocXM\�VvdWQST,jSk#VY\]s/X�Z�XM\]ocXMZ/V]s~dWjSjSk�Ô�dGR]QSwqT~dWj´\hXMoMUWT,RhV]\]s,o�VYXMa�mz\]Uqi
UqT,jpk!RhP,Uq\�V[VYQbiNX�i�dWwqT/QSVYs/a,X�R]Z�XMo�VY\]dGRhUqs,T,a/R�i�s,ovP�jbQb�fX�QSV]R�Uq\hQbwqQST~dWj�£{QSV�QbR[QST¢V]XMjSjbQbwWQbl,jSX_¬�VYP,dWT
UqT,X \hXMoMUWT,RhV]\]s,o�VYXMa�mz\]Uqi UqT,jpk:Z,P~dfR]X R]Z�XMo�VY\Yd�£z}KP,QSovP¤¥hs,RhV�R]UWs,T,a,R�jbQS�WX�T,UWQbR]X�¬��Amzs,\hV]P,XM\hi�UW\]XW�
P¢s,i�dWT,R¥dW\]X�QST,R]XcT,R]QpVYQS^WX�VYU i�dWTrk�i�dfT,QbZ,s/j|dfV]QbUqT,R�Uq\K\YdfT,a,UqiNQbÏMdfVYQSUqT,R�Ufm&RhP,Uq\hVKV]QbiNX�Z,P~dWRhXW�
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��X�mzUq\]X�}�X�X�g/dWiNQbT/X�VYP/X�V®}�UIQSi�Z�Uq\�VvdWTrV�VY\YdfT,RhmzUq\hi�R�i�XcT¢V]QbUqT/XMaxdWl�U_^qXf��QpV�QSR�QSi�Z�Uq\hVYdWTrV V]U
i�dW�WXNdGl,\]QSXcm�Z�UqQST¢V�dfl(Uqs5V�V]P,X Qba,XMd�Ufm$#=Q�P�ñ�^qXM\hR]s,R�Ë#bdc�ó�Ì Î ñ0P È P#ó�ñ0P#ó:f&VY\]dWT,R�mzUq\]iNRM�NÒ �/g5XMa
VY\]dWT,R�mzUq\]içQbR�UqT,X�QST�}KP,QbovP VYP/X�l~dWR]QSRD^qXcocVYUW\]R�UWm(V]P,X�T,X�}�£zV]\YdWT/RhmzUq\hi�Xca¼¬&R]Z~dfoMXKa,U�T,UWV´a,XcZ(XcT,a
UqTNVYP,XeUq\]QSwqQbT~dfj,R]QSwqT~dWj1�&�®T��/g5Xca�VY\]dWT,RhmzUW\]iNRM�`QSm4d�R]XcT,a,XM\�dWT,a�d�\]XMocXMQp^qXM\�dWwq\hXMX�UWT�VYP/XeV®k`Z(XeUWm
VY\]dWT,R�mzUq\]i�l�XcmzUq\hXMP~dWT/a
�qVYP,XcT�VYP,X�R]XcT,a,XM\�oMdWT�Vvdf�WX�V]P,X�Uq\hQbwqQST~dWjrR]QSwqT~dWj1�¡V]\YdWT/RhmzUq\hi�QpV��WdWT,auR]XcT,a
R]UWi�X�UW\´dWjbj`UWm¼VYP,X�ocU5X#RNoMQbXcTrVYR�VYU�V]P,X�\]XcoMXMQp^qXc\M��O�P,X�\hXMoMXcQS^WXM\´o�dWTuV]P,XMT \]XcoMUqT/RhVY\hs,ocV´V]P,X�R]QSwqT~dWj
l~dWRhXMa�R]UqjSXMjSk�UqT VYP,XK^fdWjbs,XcR´UWm(V]P,X¥oMU`X�RNoMQSXMTrVYRc�´µeU_}�X�^qXc\M�5}KQpVYP[Ë#bdc�ó�Ì Î ñ0P È P#ó�ñ0P#ó:f/V]\YdWT,R�mzUq\]iNRM�
VYP/X!R]XcT,a,Xc\ti�s,R�V��~\hRhVtocUqiNi�s,T,QSo�dfV]X�V]P,X!l~dfR]QbRN^qXcocVYUW\]R�V]U�l(X�s,RhXMaÌmzUq\�\]XMocUqT,R�VY\]s/ocVYQSUqTÌQST
dWa,a/QSVYQSUqTIVYUGVYP,XNoMU`X�RNocQbXMTrV]RM�GµeXc\]XN}�X�dW\]X oMUWT,R]QSa,XM\hQbT,wG�/g5XMa�V]\YdWT/RhmzUq\hi�Rc����s/V QSV�QSR�}�Uq\�VYP
\]Xci�df\]�¢QbT,w:V]P~dfVNQSmK}�X�}�XM\hX�VYU�Z(Xc\]iNQSV�V]P,X�VY\YdfT,RhmzUq\hi�R�V]U�l(X�RhQbwqT~dfj�a,XMZ�XMT/a,XMTrV���VYP,XcT�VYP/X%�Ì�`�e0ò�ó�P#ó&	('�ðiP#ß�P*)�`�Ì�ó|Ë���ð�`�Í £1dWjSR]U��¢T,U_}KT�dWRG³�\]QST,oMQSZ~dWj ê UWi�Z�UqT,XcT¢VGÒeT~dWjpk5RhQbRY¬N}�UWs,jba�l�X
UqZ/V]Qbi�dWjKQbT�VYXM\hi�R�UWm�\]XcR]Qba/s~dWj¥XMT,Xc\]wWkW� O�P,QbRtiNX�dfT,R�V]P~dfVtV]P,X:l�XMRhV�}�X:ocUqs,jSaÌXc^WXM\�a,U�mzUW\
iNQbT,QSi�s,i�R�Ê`s,dW\]Xcax\]XMocUqT,R�VY\]s/ocVYQSUqTxXM\h\]Uq\�}�UWs,jba�l�X�V]U:Z,\hU�¥hXMo�V�Uqs,\ R]Z�XMXcovP�RhQbwqT,dWj�UWT¢V]U!VYP/X
�~\hRhVumzXc}�Z,\]QST,oMQSZ~dWj�oMUqiNZ�UqT,XMTrV]RNUfm¥V]P,X�a,QSRhVY\hQbl,s5VYQbUWT�mz\]Uqi }KP,QbovPxV]P,X�R]QSwqT~dWjSR�}�Xc\]XGa,\]d_}KT<�
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All Poles Filter

Gain

Source Signal

C&QSwqs,\]XeÁ/Ô'¡4QST,X�dW\�Z,\hXMa,QSocVYQp^qXeoMU`a,QbT,w�iNU5a,Xcj¸� Ú dfovP�RYdWiNZ,jbX¥UWmAdfTtQbT,ocUqiNQbT,w�R]QSwqT~dWj¼QbR�iNU5a,XcjbXca
dWR d:jSQbT,XMdW\�ocUqi�l,QST~dfVYQSUqT�UWm¥RhUqi�Xt�5g/Xca�T¢s,i�l(Xc\uUWm¥Z~dWRhV R]dWiNZ,jbXcR�Z,jbs/R d:a,\]Qp^5QST,wIT,UqQSR]XtUW\
KhQST,T,U_^fdfVYQSUqT�S�V]XM\]i��

µeU_}�Xc^WXM\M�5}�X[df\]X¥QbTr^qXcRhVYQSwrdfV]QbT,w P,XM\hX�UqT,jpku�/g5XMa�V]\YdWT/RhmzUq\hi�dfZ,Z,\]UqdWovP,XMRc�e£{Ò�jpVYP,UWs,wqPNQSV�QbR´VY\]s/X
VYP,dfV¥d �5g/Xca!³ ê Ò�l~dWRhQbR�oMUWs,jba�l(X[ovP/UqR]XcT!lrkGZ,\]QSUq\�V]\YdWQST,QbT,wuUWT#d j|df\]wqX�a,dfVvdWl/R]XW�ò¬

¸�¹�+ ,¨¿�Ù^Ã�½'Ú Â^Ú:Ã�Õ®¿�Ä�¾�¿-!×Ã¬Ä,Ö&Õ®¿�Ù^í/.0,�132*4
'*b8ó�P�Ì�` È `�P�ñ�b)É#f�b8ß�PâÉyðsñ�b8ó0c�£�¡A³ ê ¬ §©ÁW¨,�4ÁWÁf«�QbR�d�iNU5a/XMjDUWm�d�a,QSR]oM\hXcV]X���V]QbiNX�R]QSwqT~dWj65�7�QbT:}KP/QbovP
}�X�V]\hk�V]U�dfZ,Z,\]U�g5Qbi�dfV]X�X�dWovP#RYdWiNZ,jSX[l¢k�d jSQbT,XMdW\�ocUqi�l,QST~dfVYQSUqT�UWmnR]UqiNX[Z,\hXc^`QbUqs/R¥R]dWiNZ,jbXcRMÔ50798;: Ó 507=< Ó�> : j 507=< j?> : î 507=< î@>BA0A�A £�±_¬
O�P,X�dWl(U_^WX�dWZ,Z/\]U�g5Qbi�dfVYQSUqT QbR��`T/U�}KTtdWR�dWT3Ì�ò�f�ð�`�P)c�`�PyËyË#b8ß�P¥£{Ò�¤�¬�R]QSwqT~dWj¼iNU5a/XMj¸��O�P,X�T¢s,i�l(Xc\
UWmnZ,\]X�^`QbUqs,RKR]dWi�Z/jbXMR�UWT�}KP,QSovP�V]P,X�oMs,\h\]XcT¢VeRYdfi�Z,jSX�a,XcZ(XcT,a,R¥QbR�VYP/X[ð�`�ñ0P#`�UfmnV]P,X�i�U`a,XMj1�&¹�X
i�dW�WXus,Z�VYP/Xua,Q�Ï(XM\hXMT,ocXNl�XcV®}�XMXcT�V]P,QbR[dfZ,Z,\]U�g5Qbi�dfV]QbUqTIdfT,aIVYP,XNdWo�VYs~dWj&R]QbwWT~dWj&lrk�d�Rho�dWjbdWl,jbX
oMUW\]\]XcocV]QbUqT�mzs,T,o�VYQSUqTDC�7no�dfjbjbXcatVYP,X_Ëið�ò0`�ÉyP�Uq\!b8ó:ó�ð�ß�Ì�f�b)ð�óumzs,T,ocV]QbUqT<Ô507FEG: Ó 5�7=< Ó�> : j 507=< j$>BA�A0AH> :JIK507=<LI >NMGO C&7 £¸ªW¬
��m
V]P,X�RhUqs,\]ocX�mzs,T,o�VYQSUqT�ocUqs,jba�i�dfwqQboMdWjbjpk VYdW�WXeUqT�V]P,X�T,XcwrdfV]QS^qXeUWm4Uqs/\�Z,\hXMa,QSocV]QbUqT�XM\]\hUq\�dfV�dfT¢k
VYQSi�Xf�fV]P,XMTuVYP/X�XsÊ¢s~dWjSQSV®k dWl�U�^WX�}�UWs,jba QbT/a,XMXcaul(X�X·g,dfocV��n¹�X�oMdWTuVYP,QST,��UWm¼VYP,X�RhUqs,\hoMX�mzs,T,o�VYQSUqT
dWR¥VYP,X QbT,Z,s5VeV]U�d�R�k5R�VYXci�dWT,a#VYP,X�dWocV]s~dWj�R]QbwWT~dWj�dWReV]P,X�UWs/VYZ,s5V��K¹�P~dfV��¢QST,a:UWm�R�k`RhVYXci jSQbXMR
QbTGl�XcV®}�XMXcT��h¡AX�V¥s,R�VvdW�fX�V]P,XQP0	�f�`�Ì�ó|Ë���ð�`�ÍuÔ

R £�Sr¬TEG: Ó R £�Sq¬S > : j R £�Sr¬S j >BA0A�AK> :JI R £�Sr¬S I >*MUOWV £�Sr¬ £1Áq¬
O�P¢s,R�V]P,X�VY\]dWT,RhmzXc\Nmzs/T,ocV]QbUqT7mz\]Uqi R]Uqs,\hoMXXC&7�VYU�Uqs5VYZ,s/VY507�QSRu�`T/U�}KTÌdWRNdWT�Ì Î8Î 	 È ð Î PyËZ# Î f�P#`
}KP,UqRhX�QbiNZ,s,jSR]XK\]XcR]Z�UqT,RhX�dW\]XKVYP,XeoMU`X�RNoMQSXMTrVYR[:\I�dWT,a�}KP/UqR]X�mz\hXsÊ¢s,XcT,ock�\]XMRhZ(UWT,R]X�QSR�wWQS^qXcTtlrk�Ô

]x£�Sq¬^E R £�Sr¬MGOWV £�Sr¬ E ±
±`_a: Ó S < Ó _3: j S < j _ A�A�A _3:JI0S <LI E ±b £�Sr¬ £{¨r¬

C&QSwqs,\]X�ÁuRhP,U_}KR�dul,jSU5ov�ta/Q|dWwq\]dWi UWmnV]P,QbR�iNU`a,XMj1�
C~Uq\´R]Z�XMXMovP�RhQbwqT,dWjbRc�qVYP,X�dWR]Rhs,i�Z5VYQbUWT�UWm
dWTtdfjbjp��Z(UWjbX��,jSVYXc\�QSR´T,UWV�d�l~dfa�UqT,X¥l�XMo�dfs,R]XeUWm
VYP/X

T~dfV]s,\]X�UWm�VYP,X�Z,\]U`oMXcR]R�VYP,dfV�wqXcT,XM\]dfVYXcR[R]Z�XMXcovP
�dc�O�P`s/RM�
VYP/X�R]Uqs/\]oMX�mzs/T,ocV]QbUqT:T/XMXMaIUWT,jSk�l�Xudegf ���¸þ}
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C&QSwqs,\]X ¨,ÔKÒ R]P/Uq\hV�}KQST,a,U_}�UWm´R]Z�XMXcovPÌ£zjbX�m­V·¬KdWT,aIQSV]R�ocUq\]\hXMR]Z�UqT,a/QbT,w�RhZ(XcocVY\hs,i £z\]QSwqPrV·¬���O�P,X
R]Z�XMXcovP�P~dfR�l(XcXMTu}KQbT,a/U�}�XMa }KQSV]PNd[µ�dWiNi�QST,w�}KQST,a,U_}�V]U[\]Xca,s,oMXKXca,wqXKX�Ï(XMo�VYR´QbT�V]P,X�R]Z�XMo�VY\Ydfj
dWT~dfjSk`R]QSRM�

\]Xcj|dfV]QS^WXMjSk�R]i�dWjSj<dWiNZ,jSQSVYs/a,X[KhT/UqQbRhXsSuR]UWs,\]ocXW�~\]XcZ,\]XcR]XcT¢V]QbT,w VYP/X[R]i�dWjbj(dWT,aG\YdfT,a,Uqi�Z,\]Xca,Qbo�VYQbUWT
XM\h\]Uq\hRM�~C¼UWjbjbU_}KQST,wKUqs,\�R]QbiNZ,jSX�iNU`a,XMj¢UWm¼RhZ(XcXMovPuZ,\hU5a,s/ocVYQSUqT
�¡}�X�a,Xc�~T/X�VYP,X�R]Uqs/\]oMX�dWR&XcQSVYP/XM\ndWT
QbiNZ,s,jSR]X�VY\YdfQbT!mzUq\e^qUqQSoMXMa�RhZ(XcXMovP�R]XMwWi�XcT¢V]R�Uq\�}KP,QpVYX�T,UWQbR]X mzUq\�s,Tr^qUWQboMXca�RhZ(XcXMovP
��O�k`Z,QSo�dWjSjSk
UqT,jpk7dImzXc} Z�UqjbXcRNdW\]XG\]X�Ê¢s,Qb\hXMayQST�V]P,XG�~jSV]XM\ R]QST,oMX�VYP/X#s,RhXcmzs,jST,XMRhR�UWmem{dW\Nd�}�d�k�£{jSUqT,w�dWwqU¢¬
RYdfi�Z,jSXMR�mzUq\�Z,\hXMa,QSocV]QbT,w�VYP,Xtocs,\]\hXMTrVuR]dWi�Z/jbX�Z�UqQST¢V QbRÆÊ¢s,QSV]XtR]i�dWjbj1�GÒ wqU`U5a�\]s,jSX�UWm�V]P`s/i�l
QbR�V]P~dfV�R]dWi�Z/jbXMR[s/Z�V]U�±q�ò¾fiNR�QbTIV]P,X Z~dWRhV�P,XcjbZ�QbT�Z,\hXMa,QSocV]QbT,w�VYP/XNocs,\]\hXMTrV�RYdWiNZ,jSXW�4l,s/V�T,UfV
X�df\]jbQSXM\c�
OnUxRhXMXIP,U_} VYP,QSR�}�Uq\]�¢RM��dfVtjSX�dWR�VtVYU�R]UqiNX:a,Xcwq\]XcXW��ocUqT,RhQba,Xc\�d�oMUqT/oM\]X�VYXIX·g,dfi�Z,jSXWÔ��®T

�~wqs/\]X¥¨,�¢�DP~d�^qXeR]P,U_}KT�d�}KQbT,a,U_} Ufm4d RhZ(XcXMovPtRhQbwqT,dWj,VYP~d¡V�QSR�¾`±�ª�R]dWiNZ,jbXcR�jSUqT,w�£z}KP,QSovPtdfV�VYP/X
RYdfi�Z,jSQbT,wN\Yd¡VYX�Ufm�ªqªf�`µeÏ�QbRedWl(UWs/V�ªq¾¡i�RY¬��¥��V�P~dWRel(XcXMTIi�s/jSVYQSZ,jbQSXMa�lrk!dtµ�dWiNiNQbT,wu}KQbT/a,U_}��
��VYRKRhZ(XcocVY\hs,i QbRKdfjbR]U RhP,U_}KT
�

C&QbwWs,\]X�¾�RhP,U_}KR¥V]P,X�RYdWiNX[R]Z�XMXcovP!RYdfi�Z,jSX�}KQSV]P�VYP,X[RhZ(XcocVY\hs,i \]XcoMUqT/RhVY\hs,ocV]XMa#l¢k�dWTl¡�³ ê
iNU5a,Xcj4UWmDUW\]a,Xc\ ±�ª`��O�U�a,UNVYP,QSRM�~��P,d_^WX�XcRhVYQSi�d¡VYXMaGVYP/X l�XMR�V�±�ªuZ�UqjbX��~jpVYXc\M�¼�WXcZ/V�UWT,jSktV]P,XN±�ª
oMU`X�RNocQbXMTrV]RZ: ÓlA�A�A : Ó�j �¼dfT,aG\]XMocUqT,R�VY\]s/ocVYXca!VYP/X�RhZ(XcocV]\]s,i l~dfR]XMa�UqTGVYP,XcR]XN±�ª�T¢s,i�l�XM\]Rc�

¡4QbT,XMdW\ Z/\]XMa/QbocV]QS^WX�ocU5a,QST,w�oMU`X�RNoMQSXMTrVYR�dW\]XNs,R]Xca�X�g`V]XMT,RhQS^qXcjSk�QbT�dWo�dfa,XMiNQboNdWT,a�oMUqiNiNXM\��
oMQbdWj�R]Z�XMXMovP�Rhk`R�VYXMiNRM��O�P,XuUWV]P,XM\[X·g`VY\]Xci�XcjSk#oMUqiNiNUqT#mzXMdfVYs,\hXMR�dW\hX�VYP/XuoMXMZ/RhVY\]dWjDocU5X#R�ocQbXcT¢V]R
£{QSTrVY\]U`a,s,ocXMa�QbT�VYP/X T,X·g`V�RhXMocV]QbUqT~¬�}KP/QbovP�QbTGR]UqiNX�o�dWRhXMR¥wqQS^WX�R]s,Z�XM\hQbUq\KZ�XM\hmzUW\]i�dWT,oMX�dWT/a#oMdWT
l�X�i�dfV]P,XMi�dfVYQSo�dWjSjSk XMdWR]QSXM\�VYUu}�Uq\]�t}KQpVYP
�

¸�¹�m 2XÃ=Â^ÀÞ¾�Ú:½Øä¨Ä,Ö&Ã�� Ä�¿�Ã=Ù�¾|À

O�P,X�ocXMZ,R�VY\hs,ion�V]\YdWT/RhmzUq\hi £zR]XcX�mzUq\�X·g/dWi�Z/jbX�§»ÁqÀ¡«­¬·�(}KP,QSjbX�P~d�^5QST,wtRhUqi�X�oMUWi�Z,jSQboMdfVYXca:dWRhR]U`oMQp�
dfV]XMa�i�dfV]P,XMi�dfVYQSoMR[QSR \hX�dWjSjSk:l,dWR]Xca�UqT�dG^qXc\hk�R]QSi�Z,jSXuQba,XMd/Ô V]P,XNR]P,Uq\�V V]QbiNX jbUqwGi�dWwqT,QpVYs,a,X
R]Z�XMo�VY\]dNVYP,dfVK}�X�dW\]X[VY\�k`QbT,w VYUNo�dWZ5VYs,\hX�dW\hX®Ê`s/QSVYX�T,UWQbRhk�dfT,a�}�X�UqT,jSk�}�dWTrV¥VYUNo�dWZ5VYs,\hX�V]P,XMQS\p����	�´ó¡ñ#�$��þ�ö=q�ý�� ���Kr�ñcö,z{�hðÑð/ñ�ö4ø#���	���,��������ö�
(�¸ø#�W�����´ðÑþ������¸ñ����	�)�´ö���
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Original spectrum and

12th order LPC model

C&QSwqs,\]X�¾5Ô�O�P,XGR]Xcwqi�XcTrV�Ufm�RhZ(XcXMovPymz\hUqi �~wWs,\]X�¨,�xO�P/X�\hQbwqPrV Z~dfT,XMj�RhP,U_}KRNV]P,XGR]Z�XMocV]\]s,i
Uql/VYdWQbT/XMa�l¢kGjSQbT,XMdW\�Z,\hXMa,QSocV]QS^qX�ocU5a,QST,wNdfm­VYXc\K\]XcVYdWQbT/QbT,w UqT,jpk�dumzXc} ocU5X#RNoMQbXcTrVYRM��Ò ±�ª 7|{ UW\]a,Xc\
¡A³ ê iNU5a/XMj/}�dWR�s,RhXMa
��O�P,XKRhZ(XcocVY\]dWj/�,V´QSREÊ¢s,QSV]X�wqU`U5auQST�VYXM\hi�R�Ufm(\hXMRhQba,s~dfj,XMT,Xc\]wWkW� ê UqiNZ~dW\hX
}KQSV]P��~wqs,\hX ¿5�

XMRhR]XcT¢V]Q|dWj/R]P~dWZ�XW��¦5U[jbX�V�s,RDwqX�V�\]QSauUWm~VYP/X�T,UqQbRhX�lrkLKhjSU_}��®Z~dWRhR�S��~jpVYXc\]QbT/weVYP,dfV�R]P,dWZ(Xf�'¡4U_}��®Z~dWRhR
QbT�}KP/QbovPNR]XMT/R]XK�!�®TuV]P,XKR]XMT/R]XKVYP~dfV�}�XKUqT,jpk�}�dWTrV�V]U�jbXcV�V]P,XKjbUqw�i�dWwWT,QSV]s,a,X�RhZ(XcocVY\hs,i ovP~dWT/wqX
R]jSU_}KjSk�dWoc\]UqRhR[mz\]XsÊ¢s,XcT,ockW�tO�P~dfV QbRc�4}�X }�dfT¢V�VYU�XMjSQbiNQbT~d¡VYX�jbdW\]wWXuovP~dWT,wqXcR QST�jSUqw�i�dWwqT,QpVYs,a,X
U_^qXc\�R]i�dWjbjDmz\hXsÊ¢s,XcT,ock�QbTrVYXc\h^fdWjbRc��¹�P,dfV�}�X�}�dWTrV�VYU!a,U:QbR�KhRhi�U`UWVYP�Uqs/V�S#VYP/X�R]Z�XMo�VY\hs,i QST
X�g/dWo�VYjpktVYP,X�a,UWi�dWQSTGdWRKUqT,X[RhXMXMReQSV�QST�dWjbj�VYP,X[�~wqs/\]XMRedWl�U_^qXW�~T,dWi�XcjSk�jbUqwui�dWwqT,QpVYs,a/XW�
�®TGUq\]a,Xc\�VYUNdWovP,QSXc^WX�V]P,QbRc�5}�X�a,Uu}KP~dfV¥dfV��,\]RhV¥dfZ,Z(XMdW\]R�V]Uul(X�d�oc\YdWÏ�ktVYP,QST,w,Ô[��P!f�Ì
}.P®f8e:P

Ë È PyÉ#f�`#ò0Í ð-�ÆÌ¨Ë È PyÉ#f�`#ò0Íu��O�P~dfVeQbRc�/}�X�VYdW�WX�Uqs,\KUq\hQbwqQST~dWj�R]QSwqT~dWj1�,oMUqiNZ,s/V]X�QSVYR�jSUqwui�dWwqT,QpVYs,a,X
R]Z�XMo�VY\hs,i dWT,ayV]P,XMT�VvdW�fX#VYP/X!R]Z�XMo�VY\hs,i UWmIf8e|Ì�f1��ovP/UqZÌU�Ï�dWjSj�VYP,X#s,Z,Z�XM\NoMU`X�RNoMQSXMTrVYR:£{Q¸�»XW�
KhjSU�}���Z~dWRhR�S��~jSV]XM\Y¬�dWT,aIVYP/XMT�QbTr^qXc\]R]XuV]\YdWT,R�mzUq\]i VYUG\]XcoMUqT/RhVY\hs,ocV�Uqs/\[Uq\]QSwqQbT~dfjnjSUqwti�dWwqT,QpVYs,a,X
R]Z�XMo�VY\hs,i#��O�P/X�a,Uqi�dWQbT�QbTN}KP,QbovPt}�X[dW\hXe}KP,XcTt}�X[ovP,UWZ�oMU`X�RNoMQSXMTrVYR�QSR�oMdWjbjSXMa VYP,XâÉyP È Ë#f�`�ò�Íu�
2 Uq\hX[mzUq\]i�dWjbjpkq�¢VYP,X�ocXMZ,R�VY\]s/i UWmDdu\hX�dWj4RhQbwqT~dfj95¢£�~h¬�QbR�a,X��~T,Xca:dWRcÔ� £��q¬TEB� < Ó £����K�9����£(5¢£�~h¬h¬@�©¬ £¸¾W¬
}KP,Xc\]XY��£ O ¬�a,XMT,UfVYXMR�VYP/X�a,QSR]oc\]XcV]X��¸VYQbiNX¨C~Uqs,\]QSXM\�V]\YdWT,R�mzUq\]i dfT,a�� < ÓM£ O ¬�a,XMT,UfVYXMR�QSV]R�QbTr^qXc\]R]Xf�O�P,X�^fdW\]QbdWl,jbX��ua/XMT,UWV]XMRKVYP,X d¡g5QbRKUWmnVYP,X�oMXcZ,RhV]\YdWjAa,UWi�dWQST
�,oMdWjbjSXMa��sòGP���`�P#ó�É#á¡�~}KP,QbovP#QbRKR]UqiNX��
VYP/QbT,w�jbQb�fX[VYP,X \YdfV]X�UWm�ovP,dWT,wqX U�^WXM\�mz\hXsÊ¢s,XcT,ock!dWT~dWjSUqwqUqs/R¥V]U�\]Xcwqs,jbdW\�mz\]XsÊ¢s,XcT,ockX��l�XMQbT/w�VYP/X
\Yd¡VYX�Ufm�ovP~dWT,wWX�U_^qXc\�VYQSi�Xf��?eUWV]QboMX VYP,dfV�V]P,X�ocXMZ,R�VY\]s/i QSR \hX�dWj�dWT,a�dWjbRhU!Rhk`iNi�X�VY\hQboNQbT��GRï�
QbT/oMXuVYP,X jSUqwGUWm�V]P,XNi�dWwWT,QSV]s,a,X�RhZ(XcocVY\hs,i�QbR�\hX�dWj1�âCnQbT~dWjSjSkW�<T,UWV]QbocX V]P~dfV[}�X�P,d_^WX�VYdW�WXcT�VYP/X
QbTr^WXM\]RhX�V]\YdWT/RhmzUq\hi�� < Ó dfm­V]XM\�V]P,X�jbUqw,�/dWT,aGT,UWVKV]P,X�mzUq\h}�dW\ha�V]\YdWT,R�mzUq\]i��,l,s5V�VYP,X�kGa,Q�Ï(XM\�UWT,jSk
lrk�d R]oMdWjbQST,w�m{dWocV]Uq\M�DO�P/X�oMXcZ,RhV]\]s,i QbR�XMRhR]XcT¢V]Q|dWjSjSkuV]\hk`QbT,w�VYU�dWZ,Z,\hU�g/QSi�d¡VYXKVYP,X¥jbUqw�i�dWwqT,QpVYs,a,X
R]Z�XMo�VY\hs,i s,R]QST,wNd V]\]s,T/o�dfV]XMaªC¼UWs,\]QSXM\�RhXM\]QSXMRcÔ

���K�9����£���¬H�K8 ��I��l< �
� I�� <���I�� EG���K�9�����­£=��¬H�

}KP,Xc\]X � I�E � <LI�dW\hX�VYP/X�\hX�dWj<oMXMZ/RhVY\]dWj4oMU`X�RNocQbXMTrV]RedfT,aX� � £���¬�QSR�VYP,X[ocXMZ,R�VY\YdfjAdWZ,Z,\hU_g5QSi�dfV]QbUqT
VYUuV]P,X�R]Z�XMocV]\]s,i��´O�P¢s,R¥}�X dW\]X[Rhi�U`UWVYP/QbT,w�V]P,X�jbUqwui�dWwqT,QpVYs,a/X[R]Z�XMocV]\]s,i��

±q±
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Original spectrum and

12th cepstral model

C&QSwqs,\]Xe¿/ÔDO�P/X�oMU`X�RNoMQSXMTrVYR�\]XMRhs,jSV]QbT,w�mz\]Uqi ocXMZ,R�VY\Ydfj
dWT~dfjSk`R]QSR�UqT�VYP,XeR]XMwWi�XcT¢V�UWm4R]Z�XMXcovP�mz\]Uqi
�~wqs/\]X�¨/�3?eUfVYQbocXNV]P,X�Rhi�dfjbjbXc\�R]XMocUqT,a7R]Z/Qb�WX�dfV�P/QbwqP,Xc\ ocU5X#RNoMQbXcTrV�^fdWjbs,XcRM��O�P,Xt\hQbwqPrV Z~dWT,Xcj
R]P/U�}KRKVYP/X�RhZ(XcocV]\]s,i Uql5VvdWQST,XMaGlrkG�WXcXMZ,QST,w#±_ªuocXMZ,R�VY\]dWjAoMU`X�RNoMQSXMTrVYR¥dWT,a�\]XcoMUqT/RhVY\hs,ocV]QbT,w/�

O�P,X�P/UqZ(XKUWm(VYP,X¥oMXcZ,RhV]\]s,i V]\YdWT,R�mzUq\]i QSRDVYP~d¡V�QST V]P,X¥oMXMZ/RhVY\]dWj�a,Uqi�dWQbT�V]P,XM\hX¥}KQSjbj,l�XeRhUqiNX
Z�U�}�XM\�dfV´jSU�}�oMU`X�RNocQbXMTrV]R�\hXMZ,\hXMR]XcTrVYQbT/w VYP/X¥RhjbU_}KjSk ^fdW\hk`QbT/w�£zQbTumz\]X�Ê¢s,XMT,o�k/¬�oMUWi�Z�UqT,XcT¢V´Ufm<VYP/X
R]Z�XMo�VY\hs,i dWT,a�R]UqiNX Z(U_}�XM\ dfV�P,QbwqP�ocU5X#R�ocQbXcT¢V]R \hXMZ,\hXMRhXMTrVYQST,w:R]Z�XMo�VY\]dWj�T,UqQSR]X#£1dWT/a�VYP/X �,T,X
R]Z�XMo�VY\]dWj´RhVY\hs,ocV]s,\]X�a,s,X VYUG^qUqQSoMQST,w¢¬�����m�}�X�UWT,jSkI�fXMXcZ�VYP,XNjbU_}�XMRhV�mzXc} oMUqiNZ(UWT,XMTrVYR dWT,a�R]X�V
dWjSjAV]P,X�\hXMR�V�VYU�ÏMXM\hU,�¼VYP,XcT:}KP,XMT!}�X�\hXMoMUWT,RhV]\]s,o�V�VYP,X�jbUqwNi�dfwqT,QSV]s,a,X�R]Z�XMo�VY\hs,i QpV�RhP,Uqs,jSa:l�X
KhRhi�U`UWVYP/XM\M�TS�O�P,QbR[VY\hs,T,oMdfVYQSUqT�Z,\]U`oMXcR]R�£{Uq\[iNUq\]XuwWXMT,Xc\YdWjSjSkIdt}KQST,a,U_}KQbT,w�Z,\hU5ocXMR]R�QST�}KP/QbovP
P,QSwqP,XM\�oMXMZ/RhVY\]dWj�oMU`X�RNocQbXMTrV]R df\]Xua,X·�®XMiNZ,P~dfR]QbÏcXMa¼¬�QSR�o�dfjbjbXca Î b ��f�P#`#b8ó0cW��¦5P,U_}KT�QbT:�~wWs,\]XN¿�dW\hX
VYP/X�oMXcZ,RhV]\YdWj5oMU`X�RNoMQSXMTrVYRnmzUq\�V]P,X�RhZ(XcXMovPuR]XcwqiNXMTrV�UWm,�,wqs,\]X�¨[dWT,a VYP,X�\]XMocUqT,R�VY\]s/ocVYXca R]Z�XMocV]\]s,i
Uql/VYdWQbT/XMaGlrkG�WXMXcZ,QbT/w�UqT/jSk�V]P,X[�~\]R�V�±�ª�oMXMZ/RhVY\]dWjAoMU`X�RNoMQSXMTrVYR¥dWT/a#RhXcV]V]QbT,wuV]P,X�\]XMR�VeV]U ÏMXM\hU,�

k T,X�o�dWTGR]XcX[VYP~dfV�VYP,X�oMXcZ,RhV]\YdWj4ocU5X#RNoMQbXcTrVYRKP~d�^qX�d�l,s,iNZ�dfV�jSU�} Ê¢s,Xcmz\hXMT,o�k�dWT,a�dWT,UfVYP,Xc\
l,s,iNZ:d¡VeP/QbwqPlÊ¢s,Xcmz\hXMT,o�kq�¥O�P,X�P,QSwqPlÊ`s/Xcmz\]XcT,ock#l,s,iNZ�QbRKVYP,X�Z,QSV]ovP!X·g/ocQSVYdfVYQSUqT#Ufm&VYP/X�^WUqQbocXMa
R]Z�XMXcovP
� k T,XIo�dfT�dfjbR]UxRhXMXIVYP,dfVtVYP/X�\hXMocUqT,RhV]\]s,o�VYXca�RhZ(XcocVY\hs,i R]dfVYQSRh�~XcRGV]P,XIUq\hQbwqQST~dWj¥wqUrdWj
UWmKl�XMQST,w KhR]iNU`UWVYP,Xca�S:QST�VYP,X�jbUqw:i�dWwqT/QSVYs/a,X�a/Uqi�dfQbT
�h?¥UWVYQSoMX�V]P~dfV VYP,QSR�\]XcoMUqT,R�VY\hs,ocV]QbUqTxQSR
VYXcovP,T,QSo�dWjSjSk�K�}�Uq\]RhXsS[VYP~dfT�VYP,X�¡A³ ê \]XMocUqT,R�VY\]s/ocVYQSUqT QbT�V]XM\hi�RDUfm¼\]XMRhQba,s,dWj/XcT,XM\hwWk�l,s5V´o�dWZ/V]s,\]XcR
VYP/XeXcR]R]XcTrVYQ|dfj�ovP,dW\YdWo�VYXc\�UWm(VYP,XKRhZ(XcocVY\hs,i ¥hs,RhV�dWR�}�XMjbjn£zoMUqiNZ~dW\hX�}KQSVYP �~wqs/\]X�¾q¬��DO�P/XeocXMZ,R�VY\Ydfj
oMU`X�RNocQbXMTrV]R�dW\hX�dWjbRhU X�dWRhQbXM\KdfT,a�m{dfRhVYXc\�VYU oMUqiNZ,s/V]X�QbTGR]UqiNX[o�dfR]XMRc�

¸�¹�� ��Â�Ã�Ä�¾�ÚGé!Ó���À|Ä,½Øä�Ã¬Â�Ã�Ú:Ä,Ã=Â�¾:é^½Øä¨Ã9��Ã�Ä�¾�À�ê ÓçÃ*ä¨½ØÙ^Õ"�O½'Ú&� À|Ä,½Øä�Ã=À

¹�Prk!a/Qba#}�X�s/R]XudNjbUqwrdf\]QSV]P,iNQbo�Rho�dWjSX mzUq\Kmz\]X�Ê`s/XMT,o�k!QST#}�Uq\]�¢QbT/w�}KQSV]P#VYP/X�oMXcZ,RhV]\]s,i dWl�U_^qXK�
O�P,Xu\hX�dWRhUqT�QbR�Z,dW\hV]jSk#UqT,X�UWm�XcT,wqQbT/XMXM\hQbT,w�P,QbR�VYUq\�k!l,s5V�dWjbRhU�Z~dW\�VYjSkGV]P~dfV�V]P,QbR�Rho�dWjSX�P~dWR�l(XcXMT
mzUqs,T/a!VYU�l(X�Z(Xc\]ocXMZ/V]s~dWjbjpkGi�UW\]X�\]XMjSXc^fdWTrV�V]P~dWT�VYP,X jbQbT/X�dW\�mz\]X�Ê¢s,XMT,o�k!Rho�dWjSXW�KO�}�U�QbiNZ(Uq\�VvdWTrV
X�Ï(XMo�VYRKmz\]Uqi�P`s/i�dWT�Z�XM\]ocXMZ/V]s~dWjARhV]s,a,QSXMR¥i�UWV]QS^fdfV]X�VYP,QSRKoMj|dfQbi��DO�P,X��~\]R�V�Uql/R]XM\�^fdfVYQSUqT#QSR�VYP~d¡V
P¢s,i�dWT,R�df\]XNT,UWV R]XMT/R]QSV]QS^WX�VYU�mz\]X�Ê`s/XMT,o�k�QST/mzUq\]i�dfV]QbUqTIl�XMjSU�} dWl(UWs/VuªfÀqÀqµeÏNUq\�dWl�U_^qXtdfl(Uqs5V
±_¿W�`µ¥Ï�mzUq\Ki�dWTrkGR]Z�XMXcovPIZ,\]U`oMXcR]R]QST,w�VYdWR]�¢ReQbT,ocjbs,a,QST,w R]Z�X�dW�fXM\e\]XMocUqwqT,QpVYQSUqT
��O�P,X�s,Z/Z(Xc\ejSQbiNQSV
a,U`XMR�T,UfV�V®k5Z/Qbo�dfjbjSk�P,XcjbZGs,R�R]QST,oMX�Uqs/\�?¥k0Ê¢s,QbR�V¥\YdfV]X[QbR�T,UW\]i�dWjbjpkNm{df\�l(XcjbU_}�QSV��D��s/V�VYP/X�jSU_}�Xc\
jbQSi�QpV<Rhs,wqwqXcRhV]RnVYP,dfV4}�X�iNQbwqPrV4l�X�dWl,jbX�V]U¥P/QbwqP5��Z~dWRhRndfjbjWUfm,Uqs,\4RhP,Uq\�VnV]QbiNXDR]Z�XMo�VY\YdedWl�U�^WX�ªWÀqÀqµ¥Ï
l�XcmzUq\hX�oMUWi�Z,s5VYQbT/w!Uqs,\ oMXcZ,RhV]\YdWj�oMU`X�RNoMQSXMTrVYRc�!O�P,QSR�}�UWs,jba�RYd�^qX�ocUqi�Z/s/VvdfV]QbUqT�dWT,a�Z(UqRhR]QSl,jSk
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C&QSwqs,\]XuÂ5Ô�O�P,X�Í¤P Î dWT,a¡ �Ì�`g} Z�XM\]ocXMZ/V]s~dWj&mz\hXsÊ¢s,XcT,ock�Rho�dWjSXMRM��O�P,XuR]UqjSQba:jSQbT,X�R]P,U_}KR[VYP,XuiNXMj
R]oMdWjbXf�¥V]P,X:a~dfR]P,Xca�jSQbT,X#R]P,U_}KR�VYP,X:��dW\]��R]oMdWjbXIdfT,a VYP,X:a/UWV]V]XMa�jbQST,X!RhP,U_}KR#d�jSUqwrdW\hQSV]P,i�QSo
R]P,dWZ(XKmzUq\´oMUWi�Z~df\]QbRhUqT
�nO�P,XMRhX�R]oMdWjbXcR�df\]X¥dWjbj,�/VYR´VYU�Z,Rhk`ovP,UqZ/P¢k`RhQbo�dfj<oMs/\h^qXcR�Uql5VvdWQST,XMaNQbTNZ,QSV]ovP
i�dfVYovP,QST,wuX�g5Z�XM\hQbiNXMTrVYRc�

dWa,a�R]UqiNX�\]UWl,s,RhV]T,XMRhR´dWwrdWQST,RhVnX�g`V]XM\]T,dWj/T,UWQbR]X�R]Uqs,\hoMXcRK£zm{dWT/RM�r¿qÀeock`oMjSX�P¢s,i#�WXcVYof�ÿ¬·�&O�P,X�RhXMocUqT,a
Uql,RhXM\�^Wd¡VYQbUWT QSRAV]P~dfVnP¢s,i�dfT,RnZ,d_k�\hXMjbdfVYQp^qXMjpk[iNUq\]X´dfVhVYXcT¢V]QbUqT�VYUKVYP,X�jbU_}�XM\Amz\]X�Ê`s/XMT,ocQbXMR�VYP~dfT VYP/X
P,QSwqP,XM\nUqT,XcRM�D¤KUqs,wWP,jSkW�fmz\]X�Ê¢s,XMT,ocQbXcR�s,Z�VYU�±��`µeÏ�df\]XIKï}�XcQbwqPrVYXca�S[QbT QbiNZ(UW\hVvdfT,oMX�jbQST,X�dW\hjSk�}KP/QbjbX
dWl�U_^qXudWl�Uqs/V ±��`µeÏ�VYP,X�Z(Xc\]oMXcZ/VYs,dWjnQSi�Z�Uq\�VvdWT,ocX�m{dfjbjbRKU�Ï�jSUqwrdW\hQSVYP/i�QSo�dWjSjSk mzUq\edN}KQba/X ^fdW\]QSXcV®k
UWm�Z,Rhk`ovP,UWZ,Prk5RhQboMdWj�VYdWR]�¢R dWT,a�iNX�dWRhs,\]Xci�XcT¢V]RM�NO�P,QbR[Rhs,wqwqXcRhV]R�V]P~dfV�}�X RhP,Uqs,jSa Kh\hXMi�dWZ�S�Uqs/\
R]Z�XMo�VY\]dGV]U#d�iNUq\]XuZ�XM\hoMXcZ/VYs~dfjDmz\]XsÊ¢s,XcT,ock�Rho�dWjSXul(X�mzUq\]X X�g`V]\YdWo�VYQbT/w�ocU5X#RNoMQbXcTrVYRM� 2 dfT¢k:R]s,ovP
Z�XM\]ocXMZ/V]s~dWj`R]oMdWjbXcR&P~d�^qX�l(XcXMT�Z/\]UqZ�UqR]Xca
�WV]P,X�V®}�U�iNUqRhVnoMUWi�iNUqT�UWm,}KP,QSovPudW\hX�V]P,X�Í¤P Î §©¨¢¾�«/dfT,a �Ì�`g}�£{T~dWiNXMa�d¡m­VYXM\�V]P,Xo¢�Xc\]i�dWT�dWocUqs,RhV]QbocQ|dWT���dW\h�¢P~dWs,RhXMT¼¬�R]oMdWjbXcR[}KP,QbovP�dW\]Xul,dWR]Xca�UqT�VYP/X
\]XcR]s,jpVYR�UWm~Z,R�k`ovP,UqZ,Prk`R]QSo�dWj5Z,QSV]ovP�i�dfVYovP,QST,wedWT,a�oc\]QpVYQboMdWjql~dfT,a�X·g/Z�XM\hQbiNXMTrVYRc�&O�P,X�R]oMdWjbXcR&o�dfT�l�X
a,X��~T,XMa#lrk�R]QSi�Z,jSX�i�dfVYP/XMi�dfVYQSo�dWj(dWZ,Z,\hU�g/QSi�d¡VYQbUWT,R�VYUuV]P,X[i�XMdWR]s/\]XMa�Z,R�k5ovP/UqZ,Prk`R]QboMdWj�oMs,\�^qXMRc�
C~Uq\�X�g/dWiNZ,jSXW�/V]P,X[mzUqjbjSU�}KQST,w�V]\YdWT,R�mzUq\]i�dfV]QbUqT,R[£1dWjSj(mz\]X�Ê¢s,XMT,ocQbXcR�dW\hX�QbT�µeÏ�¬Kdf\]X[oMUWi�iNUqT
Ô

£K¤$¥�¦ E�ªW¾W½r¾DjbUqw Ó�§ £�± > £©¨ ÂWÀqÀr¬ £1¿q¬£
ª�«-¬ I�E�±�Á�df\]ocVYdWT4£{À A ÂW¿ £F¨ ±�ÀqÀqÀr¬ > Á A ¾�dW\]o�VvdWTA£h£ £F¨ Âq¾WÀqÀr¬ j ¬ £¸ÂW¬
O�P,XcR]X¥\]XMjbdfVYQSUqT,R&dW\]X~¥hs,R�V��,VYR�VYU[P¢s,i�dWT Z,R�k5ovP/UqZ,Prk`R]QboMdWj�oMs,\�^qXMRc�/P,U_}�Xc^WXM\M�5\]XcR]X�df\]ovP,Xc\]R�oMUqT,RhQbRï�
VYXcTrVYjSkG\hXMZ�Uq\hVeR]QSwqT,Qp�~o�dWTrV¥QbiNZ,\hU�^WXMiNXMTrVYRes,R]QST,w VYP,X���dW\]�GdfT,a!iNXMjAR]oMdWjbXcRe\]dfVYP/XM\KVYP~dWT!jbQbT/X�dW\
R]oMdWjbXcRM�¥¹�P,XMT:V]P,X�iNXMjAR]oMdWjbX�}�dW\hZ,QbT/wtQbRes,R]XcaIZ,\]QSUq\¥V]U�X·g5V]\YdWo�VYQST,w�VYP/X�oMXcZ,RhV]\YdWjnoMU`X�RNoMQSXMTrVYRc�
VYP/X�\]XcR]s,jpVYQbT/w�mzX�dfV]s,\]XcR[dW\hX��¢T,U_}KT�dfR�Í¤P Î ÉyP È Ë#f�`�ÌW�!C&QSwqs,\]X�Â�R]P/U�}KR�V]P,X�RhP~dWZ�X�UWm�VYP/XMR]X�V®}�U
Z�XM\]ocXMZ/V]s~dWjAR]oMdWjbXcRKoMUqiNZ~dW\hXMa�}KQSV]P�jSUqwrdW\hQSV]P,i�QSo�dfT,a#jSQbT,XMdW\�RhP~dWZ�XMRM�
Ò�T,UfVYP,Xc\´^WXM\�kuoMUqiNiNUqTuR]QSwqT~dWj5Z,\]U`oMXcR]R]QST,w�RhV]XMZNQbTuR]Z�XMXcovPtdWT,dWjSk`R]QSRDQbRnVYU[�~\]R�V´Z~dWRhR´V]P,XK\Yd�}

RYdfi�Z,jSXMa:RhZ(XcXMovP�R]QSwqT~dWjSR¥V]P,\]UWs,wqPId È `�P
	�P#Í È e|Ì�Ë#b Ë��,jSVYXc\M�eO�P,QbR�QSR�d�P,QbwqP!Z~dWR]R�Rhk`RhV]XMi }KP/QbovP
M¼dfVhVYXcT,R�VYP/XtR]Z�XMo�VY\]s/i#�#O�P,Xti�dWQbT�i�UWV]QS^fdfV]QbUqTImzUq\�QSV QbR�VYP~dfV�R]Z�XMXcovP7V®k`Z,QSo�dWjSjSk�P~dfR�d�± ¨W£ j
dWiNZ,jbQpVYs,a/X�R]Z�XMo�VY\hs,i�}KP,QSovP�QSTrVY\]U`a,s,ocXMR�RhUqi�X�Ë È PyÉ#f�`�Ì Î f�b Î f4dWT,a�}�X�}�dWTrVKVYU_M~dfV]V]XMT�VYP~d¡VKUqs/V��
��VKP~dWR�l�XMXcT�mzUWs,T,a�VYU QbiNZ,\hU�^WX�VYP/X�\hUql,s,R�VYT,XcR]R¥UWm�\]XcoMUqwqT/QSVYQSUqT�VYdWR]�¢R¥dWT,a�a,U`XMR�T,UWV�VYdW�WX�^WXM\�k

±_Á



i�s,ovPGVYQSi�Xf�DO´k5Z/Qbo�dfjbjSktd�VYQbiNX[a,Uqi�dWQSTtR]iNU5UfVYP,QST,wu\]s,jSX
5¢£�­
¬^® 5¢£�­
¬$_a¯?5¢£�­°_Ì±_¬ £1ºq¬

QbR�s/R]XMa<��ocUq\]\hXMRhZ(UqT/a,QbT,wuV]U�dua,QSR]oM\hXcV]X���V]QbiNX�VY\]dWT,R�mzXM\�mzs,T,o�VYQbUWT�Ufm
]x£�Sq¬^E�±±_¡¯ ¨ S £1½q¬

}KP,QSovP:QbRed�RhQbT,wqjSX�Z(UqjSX�P,QbwqP�Z~dWRhR��~jpVYXM\c��Òçs/R]s~dWjA^fdWjbs/X�mzUq\±¯7QbReÀ/�Ñ½r¾ }KP,QSovP!l�U5UfVYR¥Z(U_}�XM\�d¡V
VYP/XÆ?Kk0Ê`s/QbRhVKmz\hXsÊ¢s,XMT/ock�lrkGÁrªfa~��U_^qXc\e² ê Z(U_}�XM\�ÐgÊ¢s,QSV]X�d RhQbwqT/QS�~oMdWTrVKX�Ï(XMocVM�

¸�¹�º³² ´ ¿�ÀÞ¾�½ØÙ^Ä,Ã¬ÓçÃ=½'À|é^Ú:Ã�ÀZÜ�Ã�¾¶µ Ã=Ã=ÙÛÀ�ÂÆÃ=Ä�¾|Ú:½Øäâè�Ã�½~¾�é^Ú:Ã=À

ê XMTrV]\YdWj
V]U dWTrk�Z~dfVhVYXM\hTG\]XMocUqwqT,QpVYQSUqTGdWZ,Z,jSQboMdfVYQSUqT�QSR�VYP,X�T,UfVYQbUWTtUWm�VYP,X¨ñ�b Ë#f)Ì�ó�ÉyP�l(X�V®}�XcXMT#V®}�U
mzX�d¡VYs,\hX¥^WXMocV]Uq\]Rc�´Ò�ocUqi�iNUqT ovP,UqQSoMX¥QbR´VYP,X�·'j�T,UW\]i Uq\ Ú s,oMjSQba,XMdWT�a/QbRhVYdWT,ocXW�`T~dWiNXMjSk�VYP,X¥R]s,i
UWm�R�Ê¢s~df\]XMa�a,QdÏ<Xc\]XcT,oMXcR�l�XcV®}�XMXcT�ocUq\]\hXMRhZ(UqT/a,QbT,w�ocUqiNZ(UqT/XMTrVYR[UWm�V]P,X�V®}�UG^WXMo�VYUq\hRM��µ¥U_}�X�^qXM\c�
VYP/QbR�QbR�R]UqiNXcV]QbiNXMR�T,UWV�d#^qXc\hk�i�XMdWT,QbT/wWmzs,j�a,QSRhVvdfT,oMX�i�XMdWR]s,\hXW���®T�VYP/X�Z,\hXMR]XcTrVuo�dWRhX�}�X�dW\hX
QbTrV]XM\]XcRhV]XMa!RhZ(XcoMQp�~o�dWjSjSk�QbTGV®}�UN�¢QbT,a,R¥UWm�^qXcocVYUW\]RMÔ�^qXcocVYUW\]R�Ufm'¡A³ ê oMU`X�RNocQbXMTrV]R�dWT,aG^qXcocV]Uq\]R¥UWm
oMXcZ,RhV]\YdWj�oMU`X�RNoMQSXMTrVYRc�#¹�P~d¡V�QbR�dWT�dfZ,Z,\]UWZ,\]QbdfVYXNi�XMdWR]s/\]XtUWm�Kha,QbR�VvdWT/oMXsS!l(X�V®}�XcXMTxV®}�U3¡�³ ê
^qXcocV]Uq\]R¥Uq\�V®}�U�oMXcZ,RhV]\YdWj
^WXMo�VYUq\hR��
O�P,Xâ¡�³ ê ocU5X#RNoMQbXcTrVYR�}�Xc\]X�dfV]V]XMiNZ/VYQST,wtVYU�i�QST,QbiNQbÏcX�V]P,XN\]XMRhQba,s,dWj�XMT,Xc\]wWk�l�XcV®}�XMXcT�VYP/X

VY\hs,XN£{jSQbT,XMdW\v¬´i�dfwqT,QSV]s,a,X�RhZ(XcocV]\]s,i Ufm�V]P,X[R]Z�XMXcovP#mz\]dWi�X�dWT,a�VYP,X®¡A³ ê R]Z�XMocV]\YdWjAdfZ,Z,\]U�g5Qbi�d¡�
VYQSUqT
��O�P¢s,R[QpV�RhXMXci�R[\hX�dWRhUqT~dWl,jSX V]UtoMUqiNZ~dW\hX�V®}�U�¡�³ ê ^qXcocV]Uq\]R[lrk:ocUqiNZ~dW\]QST,w�V]P,X�\hXMR]QSa,s~dWj
XMT/XM\]wWQbXMRKl�XcV®}�XMXcTIX�dWovP�UWm&V]P,XMQS\�\]XcoMUqT,R�VY\hs,ocV]XMa:RhZ(XcocVY\]d�dWT/a#RhUqi�XªK�V]\]s,X�S�RhZ(XcocV]\]s,i���¦`Z(XcoMQSm|�
QboMdWjbjpkq�,QpV¥o�dWT#l(X�R]P,U_}KT7£zR]XcX mzUq\KX�g/dWiNZ,jSX Z~dfwqX ±q±_º/� Ú g5XM\]ocQbRhX�Á/�Ñ¿�QST�§°¨,±c«|¬�VYP~dfV¥VYP/X \hXMR]QSa,s~dWj
XMT/XM\]wfk:l�XcV®}�XMXMT�VYP/Xu\]XMocUqT,R�VY\]s/ocVYXca�RhZ(XcocV]\]s,i�Ufm�dWTL¡A³ ê ^qXcocV]Uq\�á�dWT,a:VYP/X�VY\]s/XuR]Z�XMocV]\]s,i
QbR�wWQS^qXcT#lrk�Ô

¸¹E�á»º Ho¼ á £�±_Àr¬
}KP,Xc\]X H�¼ QbR&deO�UqZ(XcjbQpVYÏ�i�dfV]\]Q¶g[mzUq\]iNXMa mz\]Uqi�V]P,X�dWs/V]U5ocUq\]\hXMjbdfVYQSUqT�R]XsÊ¢s,XcT,oMXKUWm/VYP,X�VY\]s/X�R]QSwqT~dWj½ �´O�P¢s,RM�~VYP/X�K�a,QbR�VvdWT,ocXsSNl(X�V®}�XcXMT�V®}�Uâ¡A³ ê ^qXMo�VYUq\hReQSR�VYP,X�\]dfVYQSUuUWmnV]P,XMQS\�\]XcR]Qba/s~dWj4XMT/XM\]wWQbXMRcÔ

¾I£{áF¿��D¬TE ¸t£{á~¬¸�£��&¬ E � º Ho¼ �
á º Ho¼ á £�±q±�¬

��mD}�X�ovP,U`UqR]X á!VYU�l(X�VYP,X�¡A³ ê ^WXMo�VYUq\�ocUqiNZ,s/VYXca!UqT#VYP,X�VY\]s/X�R]QSwqT~dWj ½ ��VYP,XcTÀ¸t£zá¼¬¥QSReiNQbT/Qp�
iNQbÏMXca
�~dWT/a#P,XcT,oMX�VYP/X�a/QbRhVYdWT,ocX dfl(U_^qX�}KQbjSj
dWjp}�d�k`R¥l(X�wq\hX�dfV]XM\�VYP~dfT�s/T,QSV®kW��O�P/QbRKi�X�VY\hQbo�}�dWR
Uq\hQbwqQST~dWjbjpkGZ,\]UWZ(UqRhXMa�lrk���VvdW�¢s,\]d#dWT/a�¦/dfQSVYUGdfT,a�QSR[R]UqiNXcV]QbiNXMR[�¢T,U_}KT�dfR�V]P,X ��VvdW�¢s,\]d¡��¦5dWQSV]U
a,QSRhVYUW\hVYQSUqT!l�XcV®}�XMXcT�V®}�U�¡A³ ê ^WXMo�VYUq\hRM����V[QbRei�d¡VYP,Xci�dfV]QboMdWjbjpktoMUWi�Z,jSX�g!dWT,a!o�dWTIl�X�a,QdR�ocs,jSV
VYU s,T/a,XM\hRhVvdfT,a#V]P,\]Uqs/wqP,jSkW�,l,s/V¥��P~d�^qX�Z,\]XcR]XMTrV]XMa:P,Xc\]X[VYP/X�QSTrVYs,QpVYQS^WX�Qba/X�dul(XcP,QbT/a#QpV��

C~UqjbjSU�}KQST,wNUqs,\�a,QSRhVYdWT,oMXuiNX�dfR]s,\hX�l(X�V®}�XcXMT>¡A³ ê ^qXcocV]Uq\]Rc�A}�Xuo�dfTIoMUqiNZ~dW\hX�V®}�UGocXMZ,R�VY\Ydfj
^qXcocV]Uq\]R�lrk�ocUqiNZ~dW\]QST,weV]P,X�\]XcR]QSa,s~dWj`XMT,Xc\]wWk�l(X�V®}�XcXMTNX�dWovP UWm~V]P,XMQS\D\]XcoMUqT/RhVY\hs,ocV]XMa R]Z�XMo�VY\]d�dfT,a

±�¨



R]UWi�X_K�VY\hs,XsS[RhZ(XcocVY\hs,i��DÒ�RDT/UWVYXca dWl(U_^WXW�qVYP/X�oMXcZ,RhV]\]s,içQbR&XcR]RhXMTrVYQbdWjbjpk V]\hk`QbT,weVYU[dWZ/Z,\]U�g5Qbi�dfVYX
VYP/X�jSUqwui�dWwqT,QpVYs,a,X�R]Z�XMocV]\]s,i s/R]QbT/w�d�VY\hs,T,oMdfVYXca�C~Uqs,\hQbXc\�R]XM\hQbXcRMÔ

���K�9����£���¬H�K8 ��I��l< �
� I�� <���I�� EG���K�9�����­£=��¬H� £�±�ªq¬

}KP,Xc\]X � I�E � <LI�dW\hX�VYP/X�\hX�dWj<oMXMZ/RhVY\]dWj4oMU`X�RNocQbXMTrV]RedfT,aX� � £���¬�QSR�VYP,X[ocXMZ,R�VY\YdfjAdWZ,Z,\hU_g5QSi�dfV]QbUqT
VYUKVYP/X�R]Z�XMo�VY\hs,i#���®i�dWwqQbT/X´V]P~dfVA}�X�X�g5Z,\hXMRhR]XMauV]P,X�V]\]s,X�R]Z�XMo�VY\hs,i�l¢k�QpVYR4mzs,jbj�£zQbT/�,T,QSV]X_¬�C~Uqs,\hQbXM\
R]Xc\]QSXMR�}KQpVYP�oMU`X�RNocQbXMTrV]R�:JIW��O�P,XcT�lrkt³&dW\hR]Xc^fdWj1ÐÑR�VYP,XcUq\]Xci#�`}�X[oMdWTt}K\]QpVYXeV]P,X�\hXMR]QSa,s~dWj(XMT,Xc\]wWk
dWRcÔ

¸ÁE ±
ª
ÂÄÃ� �����H�»��£���¬9_a���K�»� � £���¬K��ÅW� £�±_Ár¬

E Æ�I��l< Æ
£ � I�_a:JI�¬ j £�±�¨¢¬

}KP,Xc\]X � I�dW\]X�a,X��~T,XMa#VYU�l�X�ÏMXM\hU�Uqs5VYR]QSa,X�_ZÇ A�A�A Ç��K¦5QbiNQbjbdW\]jpkq�¢mzUq\¥dWT,UWV]P,XM\¥oMXcZ,RhV]\YdWjA^qXcocV]Uq\È IW�rVYP/Xe\hXMR]QSa,s~dWj~XcT,XM\hwWkNl(X�V®}�XcXMTtQpVYR´\]XcoMUqT/RhVY\hs,ocV]XMatjSUqw�R]Z�XMo�VY\]s/i�dfT,aNV]P,XKVY\]s/XejSUqw�R]Z�XMocV]\]s,i
}�Uqs,jba�l�XWÔ

¸ÉE Æ�Ig�l< Æ
£ È I�_3:JI_¬ j £�±�¾q¬

O�P¢s,RKVYP,X�a,QdÏ<Xc\]XMT/oMX�l(X�V®}�XcXMT!V]P,X�\]XcR]Qba/s~dWjbR�Ufm È I�dWT,a � I[QSR�wqQS^WXMT�lrk(Ô
¾I£ È ¿ � ¬6E Æ�I��l< Æ

£ È I`_ � I_¬ j £�±_¿r¬

}KP,QSovPyQbR�¥hs,R�V VYP,X�T,Uq\hi�dWj Ú s/oMjbQSa,X�dfT�a,QSRhVYdWT,oMXGVYP,dfV }�X#dW\]XGs,RhXMayV]U,����V�QSRuQbTrVYXc\]XMR�VYQST,w�V]U
T,UWV]X�VYP~dfV V]P,X#a/QbRhVYdWT,ocX�l�XcV®}�XMXcT È I!dfT,a � I�a,U`XMRNT,UWVNa,XcZ(XcT,aÌdfV�dWjSj�UqT7}KP~dfV VYP/XBK�V]\]s,X�S
R]Z�XMo�VY\hs,i�:JIe}�dWRc��O�P/XMR]X�V®}�U�m{dWo�VYR�oMdWT�i�df�WXeV]P,X�ocXMZ,R�VY\Ydfj<^qXcocVYUW\]R�X�dfR]QbXc\�V]U�}�UW\]��}KQpVYP�dfT,a
VYUu^`QbRhs~dWjSQbÏMX�V]P~dWTGVYP,X5¡A³ ê ^WXMocV]Uq\]ReQbT�}KP,QSovP#Uqs/\�QbTrVYs,QpVYQp^qX[R]XcT,R]X�UWm&R�Ê¢s~dW\hXMa!T/Uq\]i a/QbRhVYdWT,ocX
a,U`XMRKT,UWVKZ/\]UqZ�XM\hjSkGdWZ/Z,jSkW�

Ê ËDÌ�Æ[J�B�C�Ê�Ë*Ì:Ê B&B&Æ[C´@ Í Ê�B�J�ÈILM@ÏÎ
��¹�º 1�½~¾0¾�Ã�ÚGÙ Óç½~¾|Ä{¼!¿�Ù^í�è�Ö×ÚïÀ0¾|½~¾�¿�ÄBÀ�Ö�é!Ù^Õ!À�êªÀ|Â�Ã�Ä�¾�Ú:½Øä^ÂÆÃ=½6� ä�Ö"Ä,½~¾�¿�Ö×Ù^À

Ò�T�QbT|M~s/XMTrVYQbdWj¼RhVYs/a/k�QST�VYP/X�X�df\]jSk P/QbRhV]Uq\hkNUWm
R]Z�XMXMovPGZ,\hU5ocXMRhR]QbT/w�}�dfR�oMUqT/a,s,ocV]XMaGlrk�³nXcV]XM\hR]UqT
dWT,aN��df\]T,X�kG§©Áqº¡«,}KP/U�ocUqjbjSXMo�VYXMa�RhVvd¡VYQbR�VYQSoMRDUqT�ÂW¿�RhZ(XMdW�WXc\]R´RYd�k`QbT/w�^Wdf\]QbUWs,RDRhV]X�dWa5kuRhVYdfVYX�^WU_}�XcjbR
dfV¥VYP,X�±_½qÁq½ ¹�Uq\hjba
Ð»R�C�dfQb\KQbT�?eXc}�A�Uq\h�¼��O�P,X�k!T,UfVYXMa#VYP,X�mz\]XsÊ¢s,XcT,ock:dWT,aIdfi�Z,jSQSV]s,a,X�UWm�VYP/X
�~\hRhV�VYP,\hXMXKmzUq\]i�dWTrVYRc�n¹�P,XcT�Z,jSUWV]V]XMaNQbTu^fdW\]QSUqs,R�}�d�k`R[£­mzUq\�X�g/dWiNZ,jSX�CDª[^`RM�ØC&Ár¬��qV]P,Xea/Q�Ï(XM\]XcTrV
^qU_}�XMjSRnm{dWjSjqQbTrVYUKa,QSRhV]QbT,o�Vn\hXMwqQSUqT,RAUWm5VYP,X�mzUq\hi�dWTrV�R]Z,dWoMXf�&O�P,QSRnXcT,oMUqs/\YdWwqXca�\hXMR]XMdW\]ovP/XM\]R&l(Xco�dWs,RhX

±�¾



QSVAQSi�Z/jbQbXca�VYP~d¡V&UqT/X�UWT,jSk[P,dWa V]U�dWocoMs,\]dfVYXcjSk�XcRhVYQSi�d¡VYXDmzUq\hi�dWTrVAmz\]X�Ê¢s,XMT,ocQbXcR&QbT�Uq\ha,XM\4VYU¥oMjbdWR]RhQSm­k
^qU_}�XMjSRM��¹�P,QSjbX�V]P,QbR�QSR�VY\hs,X�mzUq\�R�VYX�dfa/kIRhVYdfVYX RhUqs,T,a,Rc�AQSV�}�dWR�R]U`UqT�a,QbRhoMU_^qXc\]XcaÌ£­mzUq\�X�g/dWiNZ,jSX
R]XcX�§»Á/±c«­¬�V]P~dfVKa,s,\hQbT,wuV]P,X[Z,\]U`a,s,o�VYQSUqTGUWm�oMUqTrVYQST¢s,Uqs,RKR]Z�XMXcovP#V]P,X[mzUq\]i�dWTrV�mz\]X�Ê¢s,XMT,ocQbXcReUWm�VYP/X
^fdW\]QSUqs,R�^WU_}�XcjbR�i�U_^qX ocUqT,R]QSa,XM\]dWl,jpkIdWT,a�a,XcZ(XcT,a�UqT�oMUqTrVYX·g`V�� O�P,XMRhXLÉyð
	�Ì�`�f�b)É#ò Î Ì�f�b)ð�ó�X�Ï(XMocV]R
jbXca�\hXMRhX�dW\hovP,XM\hR�VYU�QbTr^qXcRhV]QbwrdfV]XGa/k`T~dWiNQboGZ~dfVhVYXM\hTyi�dfVYovP/QbT,wIVYXcovP,T,Q�Ê`s/XMR�}KP,QSovPyd¡V]VYXci�Z5VNV]U
Z�XM\hmzUW\]i Z~dfVhVYXc\]T�\hXMocUqwqT,QpVYQbUWTNUWTNV]P,X¥V]QbiNXKXc^qUWjbs/V]QbUqT UWm4RhZ(XcocV]\YdWj¼QbT5mzUq\]i�dfVYQSUqTu\Yd¡VYP,Xc\´V]P~dWT�UqT
d�mz\YdWiNX[lrktmz\Ydfi�X[l~dfR]QbRc�

��¹�Ñ 1�½~¾0¾�Ã�ÚGÙæÓç½~¾�Ä�¼!¿�Ù^í è�Ö×ÚZÀ�Ã9Ð�é^Ã=Ù^Ä,Ã�ÀÁÖwèlè#Ã�½~¾�é^Ú:Ã�À�ê
ÕÒÑ�Ù^½ØÓ ¿�Ä ¾:¿�ÓçÃÉµ ½'ÚGÂ!¿�Ù^íÓ.0´GÔ>» 4ÖÕ
¼!¿�Õ!Õ!Ã=Ù"× ½'Ú&�×Ö³! ÓçÖ"Õ!Ã=ä�À�.�ØÙ× × ÀÚ4>½ØÙ^ÕÛÖ'¾:¼^Ã�Ú:À

2 UWV]QS^fdfV]XMaxlrk�V]P,X�\]XMdWjbQSÏ�dfV]QbUqT�VYP~dfV�RhVYXMdWa/kxR�VvdfV]XtmzUq\]i�dWTrV�iNX�dfR]s,\hXMiNXMTrVYRu}�XM\]X�T/UWV \]XcZ,\]X·�
R]XcTrVvdfV]QS^qXNUWm�oMUqTrV]QbT¢s,Uqs,R�R]Z�XMXcovP
�&\hXMRhX�dW\hovP,XM\hR�l�XMwrdWT�jSU5Uq�¢QST,wGdfV[VYP/XNRhZ(XcocV]\]Uqwq\]dWi�\]XcZ,\]XcR]XcT5�
Vvd¡VYQbUWT,R�UWm4}�Uq\ha,RM�´Ò�i�dWÏcQbT,wqjpkq�¢QSV�}�dfR�mzUqs,T,atV]P~dfV�dfm­VYXc\�oMUqT/a,R]QSa,XM\]dWl,jbXeZ,\YdfocVYQSoMX�Z�XMUWZ,jbXeoMUqs,jSa
l�X�V]\YdWQST,XMa�VYU Kh\hX�dWa�S�R]Z�XMo�VY\]UWwq\YdWiNRM��£¸¦`XMX mzUW\�X�g/dWiNZ,jbX[VYP/X l�U5UW��§©¨qÀf«¸�¼dfR¥}�XMjSjndfRKV]P,X�i�dWTrk
oMjbdWR]RhXMR´UqTuVYP/X¥Rhs,l0¥hXcocV�VvdWs,wWP¢V´lrk�ë�Qbo�VYUq\TÛ<s/Xed¡V 2 �®OyQST�VYP,X�±_½qºWÀ/ÐÑR´dfT,aG±_½q½qÀ/Ð»RM�ò¬ O�P,QSR´jbXMa�V]U
d R]XcVeUWmnZ~dfVhVYXM\hT!ocj|dWRhR]QS�,o�dfV]QbUqTGdWjSwqUq\hQSVYP/i�R�}KP/QbovP!XcR]RhXMTrVYQbdWjbjpk�VY\hQbXca�V]U�i�dfVYovP#duR]Z�XMo�VY\]UWwq\YdWi
VYXci�Z/j|dfV]X�VYU VYP,X�QST,oMUqiNQbT/w�R]Z�XMo�VY\]UWwq\YdWi��
O�}�U�mzs,T,a~dfi�XcT¢VYdWj�a,QdR�ocs,jSV]QbXcR[P~d�^qX VYUGl(XNU_^qXc\]oMUWi�XumzUq\[VYP/QbR[R]QSi�Z/jbXudWZ/Z,\]UrdfovP�VYU�}�Uq\]�

dfV dWjSj¸� O�P,X��,\]RhV QbR[V]P,X�Z/\]Uql,jSXMi�Ufm^f�b8Í¤P
	��wÌ�` È ��Ò�jpVYP,Uqs/wqPIVYP,XNR]Z�XMo�VY\Ydfj�Z~d¡V]VYXc\]T,R�UWm�i�dWTrk
QbT/RhVvdfT,oMXcR[UWm´VYP,X�R]dWiNX�}�UW\]a�UWm­VYXcTIjbU`Uq�GR]QSi�QSj|dW\c�¼V]P,Xck!a,U�T,UWV[dW\]\hQS^qX�dfV�VYP/XuRYdWiNX�\Yd¡VYXÜ�#QST
R]UWi�X o�dfR]XMR Z(XcUqZ,jSX�}KQbjbj&RYd�k�dG}�Uq\ha�m{dWR�VYXM\�Uq\�RhjbU_}�Xc\�V]P~dWT�QbT�UWVYP/XM\]Rc�¤?¥Uq\�QbR[VYP/X�RhZ(XcXMa,QST,w
s,Z�Uq\ R]jbU_}KQST,w�a,U_}KT dWjS}�d�k`R�s,T/QSmzUq\hi dWoc\]UqRhRNV]P,X�}�Uq\ha
� ê XM\�VvdWQST�Z,dW\hV]RNUfm�VYP/X�}�Uq\]a�i�d�k
l�XNRhXMjSXMocV]QS^WXMjSk:R]Z�XMa�s/Z�Uq\[RhjbU_}�XMa�a/U�}KT<��ÒeT�XcjbXMwqdWTrV�R]UqjSs/VYQSUqTIVYU�VYP,QSR�Z,\]Uql/jbXMi }�dfR�mzUqs/T,a
QbT7VYP/XGmzUW\]i UWmeVYP,X ñ�á�ó�Ì�ÍIb)É�f�b8Í¤PX�wÌ�` È b8ó0c�£1²�O�¹�¬udWjSwqUq\]QpVYP,i��7²�O�¹ QSRNdWTÌdWZ/Z,jbQSo�dfV]QbUqT
UWm´��XMjbjSi�dfT
ÐÑRKa/k`T~dfi�QSo Z,\hUqwq\]dWi�iNQbT/w!§©½f«AVYU�R]Z�XMocV]\]UqwW\YdWi i�dfVYovP,QST,w,����V�Z,\]U_^`Qba,XcR�d�iNXcV]P,U`a
lrkI}KP,QbovP�dWT�QbT,ocUqiNQbT,w�RhZ(XcocVY\hUqwq\]dWi�i�d�k!l(XNjbU`o�dWjSjSk�RhV]\]X�VYovP,XcaxdWT,a�R�Ê¢s,QSR]P,Xca�£{QST�V]QbiNX_¬¥V]U
UqZ/V]Qbi�dWjbjpk i�d¡VYovP#duV]XMiNZ,j|d¡VYX�RhZ(XcocVY\hUqwq\]dWi £{RhXMX�§©¨q¿/�,¨¢Â5�/¨rÁf«|¬��
O�P,X:RhXMoMUWT,a a,Q�RNocs,jSV®k�QbRNVYP~d¡V�V]P,X:R]Z�XMo�VY\]dWjeXcT,XM\hwWk�Z~dfV]V]XM\hT,RtQbT�i�s,jpVYQbZ/jbXGQbT,R�VvdWT/oMXMR�UWm

VYP/X�RYdfi�XN}�Uq\haxX�g5P,QSl,QSV R]UqiNX�^fdW\hQ|dWl/QbjbQpV®kIdWoc\]UqRhR mz\hXsÊ¢s,XMT/ockq� k oco�dWRhQbUqT~dfjbjSk:R]Z�XMocV]\YdWj�XMT,Xc\]wWk
dWZ,Z�X�df\]R¥QbT�oMXM\�VvdWQST�mz\hXsÊ¢s,XcT,ock#l~dWT,a/ReQST�}KP,QSovP!Z�U_}�Xc\eQSR¥T/Uq\]i�dWjbjpk�dWl/R]XMTrV¥mzUq\¥d�wqQp^qXcT�}�Uq\]a<�
ê UqTr^qXc\]RhXMjSkW�
R]Z�XMo�VY\]dWjnXcT,XM\hwWk#QbR¥R]UqiNXcV]QbiNXMRKj|dWov�¢QST,w�QST�mz\hXsÊ¢s,XMT/ock:l,dWT,a,R¥VYP~dfVeT,Uq\hi�dfjbjSk�oMUqT`�
VvdfQbTGZ(U_}�XM\c��¤KXMR]XMdW\]ovP/XM\]R¥VY\hQbXMaGVYU iNU5a/XMj
VYP/QbR�^fdW\]QbdWl,QSjbQSV®kNs,RhQbT,w�d È `yð�àyÌ.àsb Î b Ë#f�b)É�R]Z�XMo�VY\]UWwq\YdWi
VYXci�Z/j|dfV]XW��Ò�wrdWQST
�DdfTxXMjbXcwrdWTrV R]UqjSs/VYQSUqT�ocUqi�l,QST,QbT,w�VYP,X�Z,\]UWl~dWl,QSjbQbR�VYQSo V]XMiNZ,j|d¡VYXNQbT�mz\hXsÊ¢s,XcT5�
ock�}KQSV]P�a/k`T~dWiNQboNVYQbiNX�}�dW\hZ,QbT,w#}�dWR�mzUWs,T,axQbT�VYP,X�dfZ,Z,jbQSo�dfV]QbUqT�UWm^e0b�ñ.ñ0P#ó3ÝLÌ�`g}.ð�ßlÍ¤ðsñ0P Î Ë
§°¨,�~Á/��¾5�~ª5�~¨,±W�4±M¨f«4VYU RhZ(XcXMovPIdWT,dWjSk`R]QSRM�

��¹�¸ ÞO¾:¼^Ã�Úg½'Ä,Ö�é^ÀÞ¾:¿�Ä�Ä�é^Ã�À�êïÂ!¿�¾|Ä�¼vÕß!×Ö×¿�Ä�¿�Ù^í
¦5P,UW\hVh�¸VYQSi�XNR]Z�XMo�VY\Ydfj�R]P,dWZ(XGdfT,a�R]QSwqT~dWj�XMT/XM\]wfkxdW\hX�VYP,X�mzX�dfV]s,\]XcR�o�dWZ5VYs,\hXMa7lrk�VYP/XtR]Z�XMo�VY\]U¡�
wq\]dWi dWT,aÌRhi�U`UWVYP/XMa5��R]Z�XMocV]\]UqwW\YdWi \]XcZ,\]XcR]XcT¢VYdfVYQSUqT,RtUfm�R]Z�XMXMovP�Rhs,ovP�dWR[¡A³ ê dWT,aÌocXMZ,R�VY\Ydfj

±_¿



oMU`X�RNocQbXMTrV]RM��µ¥U�}�Xc^WXM\c�(VYP/XM\]X dW\hX RhXc^qXc\YdWj�UWV]P,XM\KQbiNZ�Uq\hVYdWTrV�mzX�dfV]s,\]XcReUWmnVYP,X�Uq\hQbwqQST~dWj
dfoMUqs,R�VYQSo
}�d_^WXcmzUq\hi V]P~dfVtdW\]X#Z(Xc\]oMXcZ/VYs,dWjbjpkx^qXM\�kÌQSi�Z�Uq\hVYdWTrV�� O�}�U�UWm[V]P,XMRhXIdW\]X>ß�ð�b)É#b8ó0c#dWT/a È b8f�Éye`�
a,QSR]oMs/R]R]Xca!XMdW\]jSQbXM\c�
O�P,XG^qUqQSoMQbT/w�RhQbwqT,dWj¸�´iNXMTrVYQSUqT,XMa7QST�RhXMo�VYQbUWTyÁ/�»¨�dWl�U�^WXW��\hXMZ,\hXMRhXMTrVYRNVYP,XGRhVYdfVYXGUWmeVYP,X�^`Qp�

l,\]dfVYQSUqTIUWm�VYP,Xu^qU`o�dfj�ovP,Uq\]a/RM�o¢�XcT,XM\]dWjbjpk#V]P,Xu^qUqQSoMQST,wGR]QbwWT~dWj&QST,a,QSo�dfV]XMR[UqT,X UWm�VYP/\]XMX iNU5a/XMRM�
²�s,\hQbT,wuRhQbjbXcT,oMXcR�VYP,X�^WU5oMdWj4ovP,Uq\ha,R�df\]X[T,UWV�^`QSl,\YdfV]QbT,w dfT,a�VYP,Xc\]X�QbR�V]U5UujSQSV]V]jbX�dWQb\�M~U_}�V]P,\]Uqs/wqP
VYP/XeiNUqs/V]PNV]U�oM\hX�dfV]X�dfT¢k V]s,\]l,s/jbXMTrV�R]Uqs/\]oMXcR�dfV�oMUWT,RhV]\]Qbo�VYQSUqT�Z�UqQST¢V]RM�DO�P/X�\]XcR]s,jpV�QbR´VYP~dfV�jSQSV]V]jbX
Uq\KT,U R]UWs,T,a!QSRKZ,\]U`a,s,ocXMa
��²�s,\]QST,w�ò�ó:ß�ð�b)ÉyP�ñIË È PyPyÉye�V]P,X[^qU`o�dWjAovP,Uq\ha,RedW\]X�T,UWV�^`QSl,\YdfV]QbT,w l,s5V
dWQS\�M~U_} VYP/\]Uqs,wWPtoMUqT/RhVY\hQbo�VYQbUWT,R�dfV�VYP/X�VYUqT/wqs,XW�5jbQSZ,R�UW\�VYXcXcV]P�oM\]XMdfVYXcR�VYs/\]l,s,jSXMTrV�RhUqs,\]ocXMR�}KP/QbovP
X�g5ocQSVYXeVYP,X�\hXMi�dWQbT/a,XM\�UWm4VYP/X�^qU`o�dWj�VY\]dWocVM�DO�P,X[\]XcR]s,jpV�QSR�l,\hX�dfV]P¢k�Uq\�mz\hQboMdfVYQp^qX¥R]Uqs,T/a
�wC&QbT~dfjbjSkW�
QbTLß�ð�b)ÉyP�ñ�Ë È PyPyÉye�V]P,X�ovP,Uq\]a/R�dW\hX�UqR]ocQbjbjbdfVYQST,w�Z/\]U`a,s,oMQST,wNd dWZ,Z,\hU_g5QSi�dfV]XMjpk�Z�XM\hQbU`a,Qbo�QSi�Z/s,jbRhQS^qX
X�g5ocQSVvd¡VYQbUWTGV]P~dfVKQSR�R]s,l,RhXsÊ¢s,XcT¢V]jSkBKhoMUWjbUqs,\hXMa�S Uq\�RhP~dWZ�XMa#QbT�mz\]X�Ê`s/XMT,o�k#\hXMRhZ(UqT/R]X�l¢k�VYP,X�^qU`o�dWj
VY\]dWocVM�#ë´UqQSoMQST,w#oMdWT�Z,\hU_^5QSa,XtQSi�Z�Uq\YdfT¢V�Z�XM\hoMXMZ5VYs~dWj�oMjSs,XMR�dWl(UWs/V�V]P,X�QSa,XMTrVYQpV®k�UWm�}�UW\]a,RudfT,a
R]UWs,T,a,Rc�`mzUq\´X·g,dfi�Z,jSXKi�dWTrkuocUqT,RhUqT~dWTrVYR�dW\hX¥a/QbRhV]QbT,wWs,QbRhP,XMaNi�dfQbT,jpk�lrkuVYP/XMQb\"ß�ð�b)ÉyP!ð�ó|ËiP#f=f�b8Í¤P��
Ò�T,UfVYP,Xc\�dWocUqs,R�VYQbo[mzXMdfVYs,\hX UfmDQbTrV]XM\]XcRhV¥QbR È b8f�Éye`��³�QpVYovP!QSR�VYP,X[VYXc\]i mzUq\�V]P,X�\YdfV]X UWmnX�g5ocQSVvd��

VYQSUqTGUWm�VYP,X[^qU`o�dfj�ocUq\]a/RM�´^qUqQSoMXMa�R]Z�XMXcovP
����V¥QSRKV]P,X[mzs,T,a~dfi�XcT¢VYdWj
mz\]X�Ê¢s,XMT,o�k�UWmn^WUqQbocXMa#R]Uqs,T/a,R
dWT,a QSR&VYP¢s,R´R]UWi�X�VYQbiNXMR&�`T/U�}KT�dWRØCDÀ5�nO�\YdWov�¢QST,w�Z,QSV]ovPNoMdWT l(X�QSi�Z�Uq\�VvdWTrV&mzUW\DQbiNZ,\]U_^WXMa R]QSwqT~dWj
dWT~dfjSk`R]QSRM�&mzUq\�X�g/dWiNZ,jSX�QpV QSR XMdWRhk�V]U!oMUWT/mzs,R]X�Z(XMdW�¢R�a,s,XNVYU#\]XMRhUqjS^WXMaxZ,QpVYovP�P~dW\]iNUqT,QSoMR[}KQSV]P
mzUq\hi�dWTrV�Z(XMdW�¢R[XMR]Z�XMocQ|dWjSjSk�mzUq\emzXMi�dWjbX�R]Z�X�dW�fXM\hRM���®T Ú T,wWjbQbRhP
�<Z/QSVYovP:dWjbRhUto�dW\h\]QSXMR�QST/mzUq\]i�dfV]QbUqT
dWl�Uqs/V[Xci�Z/P~dWR]QSRM�,Ê¢s,XcRhVYQSUqT,R�dWT/a�Z,dW\]XcT¢V]P,XcV]QboMdWjDRhVYdfVYXci�XcTrVYRM���®T�V]UqT~dWjnj|dWT/wqs~dWwqXcR�Z,QpVYovP�oMUqT`�
VYUWs,\]R�dWocV]s~dWjSjSkuoMdW\]\�k�QST/mzUq\hi�dfV]QbUqT dfl(Uqs5V�V]P,XeQSa,XMTrV]QSV®k UWm
}�Uq\ha,R�dWT,aNVYP¢s,R�Z,QSV]ovP�XMR�VYQSi�dfV]QbUqT QSR
Xc^WXMTtiNUq\hX¥a/XMR]QS\YdWl/jbXW�&On\]dWa,QSV]QbUqT,dWj/RhP,Uq\hV���V]QbiNX¥RhZ(XcocV]\YdWj~mzX�d¡VYs,\hXMR�R]s,ovP�dfR�ocXMZ,R�VY\Ydfj(ocU5X#R�ocQbXcT¢V]R
a,U T,UWV¥oMdWZ/VYs/\]X[VYP,QSRM�
Ò�s/V]Uqi�dfVYQSoudWjbwWUq\]QpVYP,iNRemzUq\�XcRhVYQSi�d¡VYQbT/wtZ,QSV]ovP�dfT,a�^WUqQbocQbT,w�X·g5QbRhVM�nl/s/V�VYP,X�k�dW\]XuV®k`Z,QSo�dWjSjSk

P,Xcs,\]QSRhVYQSo�dWT,a�P~d�^qX!Z�XM\�mzUq\]i�dWT,ocX�}KP,QbovP�^Wdf\]QbXcR oMUqT,RhQba,Xc\YdWl/jSk�mz\hUqi a~dfVYdWl~dWRhXGV]U�a,dfVvdWl,dWR]Xf�
ê s,\h\]XMTrV]jSkq�fi�UWRhVnRhk`RhV]XMiNRDdW\hX�s/T~dWl,jSX�V]Uei�dW�WX�s,RhX�UWm/R]s,ovPuocs,XW�n�®i�Z,\hU_^qXMa�XMRhV]Qbi�dfVYQSUqT[UWm,V]P,XMRhX
dWT,a�UWVYP,Xc\�dWocUqs,R�VYQboeoMs,XcR�dWT,a�X�Ï(XMocV]QS^WX�QbTrVYXcwq\Yd¡VYQbUWT�UWm
V]P,QbR�QbT/mzUW\]i�dfVYQSUqTuQbTrVYU \]XcoMUqwqT/QSVYQSUqTtdfT,a
oMUWi�Z,\hXMRhR]QbUWT�dWjSwqUq\hQSVYP/i�R�QSR UWT,X oMjbXMdW\�a,Qb\hXMo�VYQbUWT�UWm�\]XcR]X�df\]ovP�mzUq\�QSi�Z,\hU_^5QST,wGX�g5QbR�VYQST,w#RhZ(XcXMovP
Z,\hU5ocXMR]RhQbT,w VYXcovP,T,Q�Ê`s/XMRM�

��¹�� àlë"¾|Ú:½@��½'Ä,Ö�é^ÀÞ¾:¿�Ä Ä�é^Ã�À�ê>ä�½ØÙ^í�é^½'íwÃ ÓÔÖ"Õ!Ã=ä�À©Õ�ä�¿�Â^Ú:Ã�½'Õ®¿�Ù^í
¦5Z�XMXcovPIZ,\]U`oMXcR]R]QST,wti�d�k!dfjbR]U�l(XcT,Xc�/V�mz\]UWi QST/mzUq\hi�dfV]QbUqTGT,UfV�Z,\hXMRhXMTrV�QbT�VYP,X�dWoMUqs/RhVYQSo RhQbwqT,dWj¸�
k T,XGR]s,ovP�Z,QbXcoMX�UWmeQbT5mzUq\]i�dfVYQSUqT�ocUqi�XcR�mz\]Uqi Î Ì�ó0c�ò�Ìic0PDÍ¤ðsñ0P Î Ë�}KP/QbovP�dfV]V]XMiNZ/VuVYU�P~dW\hT,XMRhR
VYP/X�RhV]\]UqT/w�RhVYdfVYQSRhV]Qbo�dfj�Z,dfV]V]XM\]T/R�QbT�}�UW\]a:ocUf�®U`oMocs,\]\hXMT,ocXMRM�eO�P,X�iNUqR�V�l~dfR]Qbo j|dWT/wqs~dWwqX�iNU5a/XMjbR
iNX�dWRhs,\]X!V]P,XIs,T,QSwq\Ydfi#��l,QSwq\Ydfi UW\�VY\hQbwq\]dWi mz\]X�Ê`s/XMT,o�k UWm�}�UW\]a,Rc�e}�Uq\]a a,UWs,l,jbX�VYR�Uq\N}�UW\]a
VY\hQbZ,jSXcV]R�mz\]Uqi XMT,Uq\hi�UWs,RuR]Z�Uq�WXcT�V]X�g`VNoMUq\hZ(Uq\]d�dWT,a7s,R]XGVYP/XMR]X�mz\hXsÊ¢s,XMT/oMQbXcRNV]U�X�^fdWjbs~d¡VYXtVYP/X
jbQS�WXcjbQbP/U5U`axUWm�s/Z(ocUqi�QST,wI}�UW\]a,R�QbT�d�\]XcoMUqwWT,QSV]QbUqTxVvdfR]�¼��£{O�P,QSR�QSR wqXMT,Xc\YdWjSjSkxa/Q�RNoMs,jpV VYU�a,U
l�XMo�dfs,R]X�UWm�V]P,X�RhUf�®oMdWjbjSXMaÙá�b È �?â ËÄ'�ÌW�çZ,\]UqZ�XM\�V®k UWm Ú T,wqjSQbRhP�}KP/QbovP�iNX�dfT,R�VYP~dfV�VYP/X�iNUqRhV
oMUWi�iNUqTÌ}�Uq\]a,R�U`oMoMs/\�i�s,ovP�iNUq\]X:mz\hXsÊ¢s,XcT¢V]jSk V]P~dWT VYP,X�jbXcR]RGoMUWi�iNUqTÌ}�Uq\]a,Rc� CnQbwqs,\hX�º
R]P/U�}KRuV]P,Xtmz\]X�Ê`s/XMT,o�k7\YdWT,�¢QST,w�dWT,a7oMs/i�s,j|d¡VYQS^WX�mz\]X�Ê¢s,XMT,o�kxUWm¥VYP,X�iNUqR�VuoMUqiNiNUqT�}�Uq\]a,R QST
oMUWT¢^WXM\hRYdfV]QbUqT~dfj4R]Z�XMXMovP:dWRKi�XMdWR]s,\hXMa�UqT�VYP,X ¦`}KQpVYovP¢l�UrdW\]a�a~dfVYdWl~dWRhXW�dã�¬ä����¡ñ·ó¡ù�ö��¸ø f ����v#�Tå~�)����ó�÷����¸ô�
¶ø#�������hö��*�fô#�	�)�hö��
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C&QSwqs,\]X�º/Ô�O�P/Xtmz\]XsÊ¢s,XcT,ock7UfmeocUqiNi�UqT�}�UW\]a,R QbT�R]Z�Uq�WXcT�jbdWT,wqs~dfwqXW��O�P,X�jSXcm­V�Z,dWT,XMj�R]P,U_}KR
VYP/Xemz\]X�Ê¢s,XMT,o�ktUWm<}�Uq\ha�U5ocoMs,\h\]XcT,oMX�ocUqiNZ~dW\]Xca�}KQpVYP�}�Uq\]a�\YdWT,� QST,a,QboMdfVYQST,w�VYP~dfV�jbXcR]R�oMUqiNi�UWT
}�Uq\]a,R�dW\]X�jbUqwrdf\]QSV]P,iNQbo�dfjbjSk�jSXMR]R jbQS�WXMjpkIVYP~dfT�VYP,X�i�Uq\hX�ocUqiNi�UqT�}�UW\]a,R�QST�dWocoMUq\ha~dWT,ocX�}KQSV]Pá�b È �?â ËÜ',ÌW����O�P,Xu\]QSwqPrV�Z~dWT/XMj&RhP,U_}KR�VYP,X�oMs,i�s/j|dfV]QS^qX�mz\]X�Ê`s/XMT,o�kIoMUqiNZ~dW\hXMa!}KQpVYP!}�Uq\ha�\]dWT,�
QbT/a,QboMdfVYQST,w[VYP~dfV�X�^qXMT�QST�ocUqTr^qXc\]RYd¡VYQbUWT~dWj Ú T/wqjbQSR]PN\]Uqs,wWP,jSk�±�ÀqÀqÀ[}�Uq\ha,R�ocU_^qXM\�QbTNX�g5oMXcR]R�UWm
½qÀJì
UWm�VYP,X[V]Uq�WXcT,RM�

Ò�T,UfVYP,Xc\ T,UWT5�ïdWocUqs,R�VYQbo RhUqs,\]ocX�Ufm�QbT5mzUq\]i�dfVYQSUqT!mz\hUqi }KP,QSovP�RhZ(XcXMovP�Z,\hU5ocXMRhR]QbT/w!i�d_kIdWjbRhU
l�XMT,X��,V!QSRt^`QbR]s,dWj�QbT/Z,s/V�� µ¥s,i�dfT jSQbZ,\hX�dWa/XM\]R�P,d_^WX�V]P,X�dWl,QSjbQSV®k�VYU7QST/mzXM\�i�s/ovP�UWm�}KP~dfV�QSR
l�XMQbT/w�R]dWQbaÌmz\hUqi jSQbZ iNU_^qXMiNXMTrV]R#dfjbUqT,Xf� ��s/V�X�^qXMT�T,Uq\hi�dWjejbQSRhVYXcT,XM\hR�\]XcjSkÌP/X�d�^`QbjSkyUqT jbQbZ
QbT5mzUq\]i�dfVYQSUqTNQbTtT,UWQbRhk�XMTr^`Qb\hUqT,iNXMTrVYRc��Ò�R�^`Qba,XcUuo�dWiNXM\]dWR�UqTt}�Uq\h�`R�VvdfV]QbUqT/R�l(XcoMUqiNX�iNUq\]X[dfT,a
iNUq\]X[ocUqi�iNUqT
�/R]Z�XMXMovP#XMT,wWQbT,XcXM\]RedW\hX�jSU5UW�`QST,w�mzUq\�}�d�k`ReVYU X·g/Z/jbUqQpV�VYP,QSR�T,Xc} iNU`a~dWjbQpV®k�V]U a,U
dWs,a/QbUf�¸^5QSR]s~dfj<\]XcoMUqwWT,QSV]QbUqT
�

í ËtBDÊ B&Æ E Ç B�È:Æ Ê�CDB�îðï E�Î Î�Æ[Ë�ËyÊ�C�Æ Î�Æ F:ENL�@ÏÎDñ
¦`VYdfVYX UWmDVYP/X�dW\�V�Z�XM\hmzUW\]i�dWT,oMX�mzUq\¥R]Z�XMXcovP�\hXMocUqwqT,QpVYQbUWT#R�VYQbjSj4j|dWwWR¥m{dW\¥l�XMP,QST,a!VYP,dfV�Ufm´P`s/i�dWT/R
mzUq\�dWjbj4VvdfR]�¢R�mz\]Uqi ocUqTr^qXM\hRYdfV]QbUqT,dWj&RhZ(XcXMovPIVY\]dWT,R]oc\]QSZ/VYQSUqT#V]UtT,UqT,RhXMT,RhX Rhk`jbjbdWl,jbX�Qba/XMTrVYQp�~o�dfV]QbUqT
VvdfR]�¢RM� O�P,X�Rhk`R�VYXMiNR:df\]X�dWjbRhU�X·g`VY\]Xci�XcjSk�l,\hQSVhVYjbXò� dWTrk�R]i�dWjSj[a,Xc^`Q|d¡VYQbUWT�mz\hUqi KhT/Uq\]i�dWj S
oMUWT,a,QSV]QbUqT/R�oMdWs,RhXMR�R�k5R�VYXci Z�XM\�mzUq\]i�dWT,ocXNV]U!a,Xcwq\Ydfa,X�a/\YdWi�dfVYQSo�dWjSjSkW� Ú ^WXMTxovP~dWT/wqXMR�VYP~dfV�dW\hX
^`Qb\�VYs~dWjSjSkNs,T,a/XcVYXcocVYdWl,jbX�VYUuP¢s,i�dWT�jbQSRhVYXcT,XM\hR�R]s,ovP!dWR�Rh}KQpVYovP,QST,wuVYP,X�iNQboc\]UqZ,P/UqT,X�Uq\�ovP,dWT,wqQST,w
VYP/XuRYdWiNZ,jbQST,w�\]dfVYXuUfm�V]P,X dWs,a/QbUtRhQbwqT~dfjn}KQbjSj&oMdWs,R]XuRhXc^WXM\Ydfjp��mzUWjbaIQbT/oM\]XMdWR]XcR[QbT:V]P,XuXM\h\]Uq\[\]dfVYXcR
UWmni�UWRhVKRhk`R�VYXMiNRM�×C~s,\hV]P,XM\hi�UW\]XW�/P`s/i�dWT/R¥i�dWQST¢VYdWQbT�P/QbwqP�Z�XM\�mzUq\]i�dWT,ocX�X�^qXcT!QbT�V]P,X�Z,\]XcR]XMT/oMX
UWmnoMUqT/R]Qba/XM\Ydfl,jbX[T,UWQbR]X[}KP,QSjbX[\hXMoMUWwqT,QSV]QbUqT�R�k`RhVYXci�RedWwrdfQbT�R]s�Ï<Xc\¥ocUqT,RhQba,Xc\YdWl,jpkq�
OnUIÊ¢s~dfT¢V]QSm­k�Rhk`RhV]XMi�Z(Xc\hmzUq\hi�dWT/oMX�QpV�QSR�oMUWi�iNUqT�V]UIÊ¢s,UWVYX�d�RhVYdfVYQSRhVYQSo��¢T,U_}KT�dWR�V]P,Xi��ð�`�ñ

P#`�`�ð�`¤`�Ì�f�P�}KP,QSovPxQbR�VYP,X�Z�XM\hoMXMTrVYdWwqXtUWmK}�Uq\]a/R�QbT�V]P,Xt\hXcmzXM\hXMT,ocX�£zVY\hs,X_¬�VY\YdfT,R]oc\]QbZ5V�VYP,dfV�VYP/X
dW\�VYQS�,oMQ|dfj�Rhk`R�VYXMi QST,oMUq\h\]XcocVYjpk�\hXMZ�Uq\hV]XMa
�7�®T,RhXM\hV]QbUqT/RM��Rhs,l,R�VYQSV]s/VYQSUqT,RNdWT,a7a,XcjbX�VYQbUWT,R UWme}�Uq\ha,R
dW\hX dWjbjnoMUqs,TrV]XMa�dWR[XM\h\]Uq\hRN£zVYP/Uqs,wqP�s,Rhs~dWjbjpk#VYdWl,s,jbdfVYXcaIR]XcZ~dW\Yd¡VYXMjpk/¬�� ê UqiNZ�XcVYQpVYQSUqT,R�UWT�R�VvdWT`�
a~dW\haGa~dfVvdfl~dWR]XcR¥dW\]X[dfa,i�QST,QbR�VYXc\]XMa�lrktV]P,X®?�d¡VYQbUWT~dWj<�®T/RhVYQpVYs/V]X[UWm&¦`VvdfT,a~dW\ha,RKdWT,aGO�XMovP,T,UWjbUqwWk
£�?¥��¦5O¥¬uUqTÌd�\]Uqs/wqP,jSk�l,Q|dWT/T`s,dWj�l~dWRhQbRM��O�P,X�oMs,\h\]XMTrV�Xc^fdWjbs,dfVYQSUqT
�´o�dWjSjbXcayµ¥s,l,¨qXf��s,RhXMR�V®}�U

±_º



a~dfVYdWl~dWRhXMR�}KP,QSovPxoMUqTrVYdWQbT�ocUqTr^qXc\]RYd¡VYQbUWT,Rul(X�V®}�XcXMT7V®}�UIZ,dW\hV]QbXMR U_^qXM\�V]P,X�V]XMjbXcZ,P,UqT/XW�IO�P,XcR]X
dW\hXeovP~dfjbjbXcT,wqQST,w�VYdWR]�¢R�l(Xco�dWs,RhX�VYP/XckNQbT,ocjbs,a/X�dWjSj~UWm
V]P,X�a,QSR�M~s/XMT,ocQbXMR�£{Rhs,ovPGdWR´�~jbjSXM\�}�UW\]a,R�dfT,a
\]XcRhVYdW\hV]Rv¬�VYP~dfVNU`oMocs,\ QbT7R]Z�UqTrVvdWT/XMUqs,R�R]Z�XMXcovP
�yO�P,X�k�dWjbRhU�QSTr^qUqjp^qX�V®}�U�s,T,�¢T,U_}KTÌRhZ(XMdW�WXc\]R
dWT,a�dWT�s,T,�¢T,U_}KT�VYXcjbXcZ,P,UqT,XKovP~dfT,T,XMj�a,QSRhVYUW\hVYQSUqT
��O�P,X�\hXMRhs,jSV]R�df\]XKwqXMT/XM\YdfjbjSk_Ê`s/QSVYXKZ�U5UW\M�q}KQSV]P
iNUqRhVeRhk`RhV]XMiNR�wqX�V]VYQST,w�l�XcV®}�XMXcT�¨¢¾¶ì dWT,a�¾fÀJì�UWm�VYP/X }�Uq\]a,Re}K\]UqT,w/�eO�P,X�Rhk`RhV]XMiNR[dWjbRhU�\hs,T
R]X�^qXc\YdWjDP¢s,T/a,\]Xca�V]QbiNXMR¥R]jSU�}�XM\eVYP~dWTI\hX�dWj¶��V]QbiNX[UqT:X�g`V]\]XMiNXMjpk!Z�U_}�Xc\hmzs,jnoMUqiNZ,s/V]XM\hRM���®TIocUqi �
Z~dW\hQbRhUqT
��P`s/i�dWT/R�}KP,U#jbQSRhVYXcT�V]U#V]P,X�ocUqTr^qXc\]RYd¡VYQbUWT,R�UqT/jSk�dGmzXc} V]QbiNXMR�£{i�dW�¢QbT,w�V]P,XMQS\ RhZ(XcXMa
d�mzXc} V]QbiNXMR[\]XMdWjp�¸VYQSi�X�¬¥Uql/VYdWQbT�Xc\]\]UW\�\]dfVYXcR Ufm�UqT,jpkId�mzXc} Z�XM\hoMXcT¢V UqT�VYP,XNRYdfi�X a~dfVYdWl~dWRhXMRc�
OndWl,jbX�¾�ocUqTrVvdWQST,R�VYP/X�T¢s,iNXM\hQboMdWj<\hXMR]s/jSVYR�UfmnV]P,QbR�X�^fdWjbs~d¡VYQbUWT�UqTtVYP,X[V®}�U oMUqTr^qXc\]R]dfVYQSUqT~dWj4jbdW\]wqX
^qU`o�dfl,s,j|df\hk�a~d¡VvdWl~dfR]XMRKoMdWjbjSXMa�¦`}KQpVYovP¢l(UqdW\]a�£¸¦/��¬KdfT,a ê dfjbj4µ¥Uqi�XN£ ê µ�¬·�

¦`k`RhV]XMi ?�dfi�X ¹�Uq\ha Ú \h\]Uq\¥¤¥dfVYXcR £(ì ¬
¦`}KQpVYovP¢l(UqdW\]a ê dfjbj4µ¥Uqi�X Òe^WXM\]dWwqX

���$? Ár¾5�ò¾ ¾WÁ/�òÂ ¨q¨,�Ñ½
��UqR�VYUqTª\eT,Qp^qXc\]R]QpV®k ¨,±q�ò¾ ¾Wº/�òª ¾WÀ/�p±
ê dW\]T/XMwqQSX 2 XMjSjbUqTl\eT/QS^qXc\]RhQSV®k�£z��¦|¡�¬ Ár¾5�p± ¾f¨,�»¨ ¨¢¾5�p±
ê dWi�l,\hQba,wWX®\eT,Qp^qXM\hR]QpV®ko�tµeOKì Áq½/�òª ¾qÂ5�Ñ¿ ¨rº/�òÂ
²�\YdWwWUqT�¦`k`RhV]XMiNR Áq½/�Ñ½ ¾qÂ5�»¨ ¨rº/�Ñ½
¦/¤K� ¨¢ª5�ò¾ ¾qÂ5�ò¾ ¾WÀ/�òª

OndWl,jbX�±qÔD¹�UW\]aGXM\h\]Uq\�\]dfVYXcR�mzUq\�R�VvdfV]X�Ufm�V]P,X�dW\�V�Rhk`RhV]XMiNRKQbTtVYP/X[i�UqR�V�\]XcoMXcT¢V�?¥��¦5O�ocUqi�Z�XcV]Qp�
VYQSUqTtmzUq\�jbdW\]wqXe^qU`o�dWl,s/j|dW\�k�oMUqTrV]QbT¢s,Uqs,RKRhZ(XcXMovP!\hXMocUqwqT,QpVYQbUWT�UqT�V®}�UNoMUqTr^WXM\]R]dfVYQSUqT~dWj4V]XMjbXcZ,P,UqT/X
R]Z�XMXcovP!a~d¡VvdWl~dfR]XMRc��¤KXMRhs,jSV]R¥dW\]X�mz\hUqi�VYP/XÆ?¥��¦5O�}�XMl#R]QpVYXN§»ªqÂ¡«1�

C~Uq\�RhZ(XcXMovP7Rhk`TrVYP,XcR]QSRNQpV�QSR�a,QdRNoMs,jpV�VYU�Ê`s,dWTrVYQSm­k�Z�XM\hmzUW\]i�dWT,oMX�UWm¥d!R�k5R�VYXci QbTxdfT¢k�}�d_k
UWV]P,XM\�VYP,dWT�P~d�^5QST,w�d�jbdW\]wWX:wq\]UWs,Z�UWm�jSQbR�VYXMT/XM\]RGRhoMUq\hX�wWXMT,Xc\YdfV]XMa s/V]V]XM\YdfT,oMXcR!dWocoMUq\ha,QbT/w7V]U
VYP/XMQb\ KhT~dfV]s,\YdWjST,XMRhRM�TSJó O�P`s/RM��lrkÌ}�d�k UWm X�g/dWiNZ,jbX:Ufm�R�VvdfV]XIUWm V]P,X�dW\�VGRhk`TrVYP,XcR]QbRc����P,d_^WX
oMUWjbjbXcocV]XMa7wqXMT/XM\Yd¡VYXMa7�~jSXMR�mz\]UWi R]X�^qXc\YdWjKi�d	¥hUq\�R�k5TrV]P,XMRhQbÏMXc\]R�dWjbj�RYd�k`QbT,w�VYP,X�R]dWiNX�R]XMTrV]XMT,ocXW�
O�P,XKR]XcTrVYXMT/oMXe}�dWR´ovP,UqRhXMTNVYU�l(X�UWT,X�}KP,QbovP oMUWs,jba T,UWV´ocUqTrVvdWQST Z,\]X·�®iNXMiNUq\]QSÏMXMauZ/P,\YdWRhXMRc�5RhQbT,ocX
i�dWTrk�R�k`T¢V]P,XMRhQbR Rhk`R�VYXMiNRuP~d�^qXtd:jbQbl/\YdW\�kIUWmKZ,\hX��®R�k`T¢V]P,XMRhQbÏcXMa�oMUqiNi�UWT�Z,P,\]dWR]XcR�}KP,QbovP�V]P,Xck
QbT/R]XM\�V¥QbTrVYUNjbUqT/wqXM\KRhk`TrVYP/XMR]QSÏMXcaIR]XMTrV]XMT,ocXMRM�KO�P,X�R]XcTrVYXMT/oMX�\hX�dWa,RcÔiô$óõ)�e0ò0`yËsñ.Ì�áiËZö È ð Î b ËyelÍIá
ßiò Î É�Ì�ó:bwP�P�ñâò�ó�É Î P0÷
¦5s,ovP7X�g/dWiNZ,jSX�\hXMR]s/jSVYR�dW\]X�QbT,a,QSo�dfV]QS^WX�UWm¥d#wqXMT,Xc\YdWj�VY\hXMT,a�QST�R]Z�XMXcovP7Rhk`TrVYP,XcR]QbÏcXM\hR V]U:l�X

QbTrV]XMjbjSQbwqQSl,jbX�l,s/VuT,UfVudfV�dWjbj´T~dfV]s,\Ydfj�R]UWs,T,a,QST,w,�:�®T�wWXMT,Xc\YdWj1�DR]Z�XMXcovP�\hXMoMUWwqT,QSV]QbUqT�dWT,a�RhZ(XcXMovP
Rhk`TrVYP/XMR]QSRNdW\]X�R�VYQbjSj�m{df\�l�XMP,QST,a7P`s/i�dWTxZ�XM\�mzUq\]i�dWT,ocXW��¦5QST,oMXt}�X�s,R]XtV]P,XMRhXGR]�¢QbjSjbR�a,dWQbjpkq�DUqs/\
X�g5Z�XMo�VvdfV]QbUqT,R�mzUq\Kdf\hVYQp�~oMQbdWj<R�k`RhVYXci�RedW\hX5Ê¢s,QpVYX[P,QSwqP
�
¦5Z�X�dW�fXM\�Qba/XMTrVYQp�~o�dfV]QbUqT�dWT,a�R]Z�XMXMovPGocUqi�Z/\]XMRhR]QSUqTtUqTNVYP,X�UfVYP,Xc\�P~dWT/a�dW\]X�Ê¢s,QSV]X�dWa/^fdWT/oMXMa<�

¦`VYdfVYX·�®UWm|�¸VYP,X·�ïdW\�V4R]Z�X�dW�fXM\AQba/XMTrVYQp�~o�dfV]QbUqT[R�k`RhVYXci�R�oMUWi�Z~df\]X&}�XMjSjqVYUKP¢s,i�dfT�Z�XM\�mzUq\]i�dWT,ocXW�A¹�QSV]P
P¢s,T,a,\hXMa,R�VYU�VYP/Uqs,RYdfT,a,R�UWm�s,RhXM\hRM�AVYP,X�k�o�dWT�UqZ�XM\Yd¡VYXNdfV dtm{dWjbRhXN\hX�¥hXcocVYQSUqT�\YdfV]X UWm�±Kì dWT,a�d
m{dWjSR]X�dWoMocXMZ/VYdWT,ocX�\YdfV]X Ufm�À/�p±Hìt��O�P,X�k#}�Uq\]�tmzUW\el�UWVYP�i�dWjbXcRedfT,a#mzXci�dWjSXMRKQbTGVYP/X Z,\hXMRhXMT,ocX�UWm
jbQSi�QpVYXca�T/UqQbRhX�dWT,a�a,U�T,UWV&\]X�Ê`s/Qb\]X�d�R]Z�XMocQS�~o�Z,P,\YdfR]X�V]U�l(X�\]XcZ(XMdfVYXca�mzUq\&QSa,XMTrVYQp�~o�d¡VYQbUWT
�n¦5Z(XcXMovPø �Að�����ø���ô#�^�)�	���)��þÿö,�w��
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oMUWi�Z,\hXMRhR]QbUWT�Rhk`R�VYXMiNR�P,d_^WX�dWa5^WdfT,oMXca�VYU�VYP,X¥Z�UqQbTrV�}KP,Xc\]X�f�`�Ì�ó|Ë È Ì�`�P#ó:fwÉyðsñ�b8ó0c¥QSR�VYP,X¥a,X��¸m{dWocV]U
RhVYdWT,a~df\]a
�#O�P,QbR i�XMdWT,R V]P~dfV�UqT�d�^qXc\YdWwWXtjbQSRhVYXcT,XM\hR�oMdWT,T,UWV VYXcjbj´VYP,X�a,Q�Ï(XM\hXMT,ocXtl(X�V®}�XcXMTxVYP/X
oMU`a,Xca#^qXc\]RhQbUqT#dWT,a�VYP,X�Uq\hQbwqQST~dWj(^WXM\hR]QbUWT!UWmDdWT#s5V]VYXc\YdWT/oMXW��C~Uq\KR]Z�XMXMovP`�®UqT,jpkGoMUqiNZ,\hXMR]RhQbUqT�£1dfR
UqZ,Z�UqRhXMa�V]U�wqXcT,XM\]dWj<dfs,a,QbU QbT,ocjbs,a/QbT,w�i�s,RhQbof�5X�VYoW�ò¬�VY\]dWT,R]Z,dW\]XcT¢V�oMU`a,QbT,w�o�dfTtl(XedWovP,QSXc^WXMat}KQSV]P
d�\]dfVYX[dfR�jbU_} dWR�ª �¢QbjbUWl,QSV]R�Z�XM\�R]XMocUqT,a
�¼Áqª�VYQSi�XcR�iNUq\]XeoMUqiNZ~dWo�V�V]P~dWT�d�R�VvdWT,a,dW\]atV]XMjbXcZ,P,UqT/X
ovP~dWT/T,XMj1�

�$¹�º ÞN!�Ã�ÚÖ!�¿�Ã�µ Öwè¤Ä�é^Ú:Ú:Ã=Ù�¾OÀ0¾|½~¾�Ã�Öwè¨¾�¼^Ã ½'Ú|¾aÚ:Ã�Ä,Öwí�Ù!¿�¾:¿�Ö×Ù À»Ñ&ÀÞ¾�Ã=Ó ½'Ú»�
Ä�¼!¿�¾|Ã�Ä�¾:é^Ú:Ã

Ò�jSj(iNU`a,XM\hT�R]Z�XMXMovP�\]XcoMUqwWT,QSV]QbUqTtR�k`RhVYXci�R¥dW\hX�l~dWRhXMaGUqT�R�VvdfV]QbRhV]QboMdWj(Z,dfV]V]XM\]TG\hXMoMUWwqT,QSV]QbUqTNVYXcovP5�
T,Q�Ê`s/XMRM��O�P/X�Rhk`R�VYXMiNR�dW\hX¥V]\YdWQST,XMa�UqTtd�j|dW\hwqX¥T`s/i�l(Xc\�Ufm4X�g/dWiNZ,jbXcR�Ufm4R]Z�XMXcovPtVYP~dfV�P~d�^qXel(XcXMT
oMUW\]\]XcocV]jSk�j|dWl�XMjSjbXMaNlrk�P¢s,i�dWTtV]\YdWT,RhoM\hQbZ/V]QbUqT
�&²�s,\]QST,w�V]\YdWQST,QbT,w/�`QSTrVYXM\hT~dWj�Z~dW\]dWi�X�VYXc\]R�UfmAZ,\]Uql`�
dWl,QSjbQSRhVYQSoeiNU`a,XMjSR�dW\]X�V]s,T,Xca#lrk�dWjSwqUq\]QpVYP,iNR´VYP~dfV¥d¡V]VYXci�Z5V�VYUui�d¡g5QbiNQbÏMXeP,U_}�}�XMjSj<VYP,X�iNU5a/XMjbR
�,V�VYP/XNV]\YdWQST,QbT,w�a,dfVvd/��¦`k`RhV]XMiNR oMdWT�V]P,XMT�l(X X�^Wdfjbs~dfV]XMa�lrk�R]P,U_}KQbT/w�V]P,XMi�T,X�} s/VhVYXM\]dWT,ocXMR
T,UWVeZ~dW\�V�UfmDVYP,X oMUq\hZ,s,Res,R]Xca!VYUN�,V�Z,dW\YdWiNXcV]XM\hR�dWT,a#i�XMdWR]s/\]QbT/wNV]P,XMQS\e\hXMoMUWwqT,QSV]QbUqT#dWocoMs,\]dWockW�
k m­VYXcTuZ~dW\hVDUWm¼VYP,X�V]\YdWQST,QbT,wea~dfVYd�QbR&\hXMRhXM\h^WXMaNmzUq\DZ,\hX���V]XMR�VYQbT/w[a,Q|dWwWT,UqR]QSR&UWm~V]P,X�Rhk`R�VYXMi_Ð��¢T,U_}KT
dWR"ß�Ì Î b�ñ.Ì�f�b)ð�ó~�&O�P,QSR�P,XcjbZ,R�V]U�d�^qUWQba�dWTLð�ß�P#`�	ü#Øf�f�b8ó0c�X�Ï(XMo�V�QSTN}KP/QbovP VYP,X¥i�U`a,XcjbR�iNXMiNUq\]QSÏMX�VYP/X
Z~dfVhVYXc\]T,RKUWm�VY\]dWQbT,QST,wua~dfVYdul,s/V¥a,U T,UWV¥wqXcT,XM\]dWjbQSÏMX�}�XMjbj
V]U T,Xc}�o�dWRhXMRM�

2 U`a,XM\hT:Rhk`RhV]XMi dW\]ovP,QpVYXcocVYs/\]XMR�dW\]X5Ê¢s,QSV]X�ocUqi�Z/jbX�g#dfT,a!QpVeQSReocXM\�VvdWQST,jSkGl�XckWUqT,a!V]P,X�RhoMUqZ�X
UWmDV]P,QbR¥QbTrV]\]U`a,s,ocV]QbUqTGVYU�a,XMRhoM\]QSl(X�VYP,Xci QbT!a/XcVvdfQbj¸�$C&Qbwqs/\]X ½�R]P/U�}KR�d�R]ovP,Xci�d¡VYQbo�UWmDV]P,X�l,dWR]QSo
RhV]\]s,o�VYs,\hX�R]P,dW\]Xca�lrk iNUqR�V&iNU5a/XM\]T�R]Z�XMXcovPu\]XcoMUqwqT/QSVYQSUqT�Rhk`RhV]XMiNRM�DÒeT�X�g`VY\hXMiNXMjpk�l,\]QSXcm~a,XcR]oc\]QbZ`�
VYQSUqT�QSR�QST,oMjSs,a,XMa<�Dl,s/V�V]P,Xt\hX�dWa,Xc\�QbR \]X�mzXM\]Xca�VYU!V]P,X�V]X�g`VYR�§°¨,±q��±�¨W«�mzUq\�X·g`VY\]Xci�XcjSk�oMUqiNZ,jSXcVYX
\]X�^`QbXc}KRc�eÒ�j|dfT,wqs~dWwWX�iNU`a,XMjAX�g/dWiNQbT/XMRKVYP,X oMs,\h\]XMTrV�oMUqTrVYX·g`V[UWm&}�Uq\ha,R[dWT,a#Z,\]UWZ(UqRhXMReR]Xc^WXM\]dWj
ovP,UqQSoMXcR�mzUq\�V]P,X�T,X·g5V�}�Uq\haIl~dWRhXMa�UqT:ocUf�®U`oMocs,\]\hXMT,ocXuRhVvd¡VYQbR�VYQSoMRM�eë�dW\]QSUqs,R�Z/\]UqT,UWs,T,oMQbdfVYQSUqT,R¥UWm
VYP/XMR]X�}�Uq\]a/R�df\]X�jbU`Uq�fXMa s,Z QbT d[Z,P,UWT,XcV]Qbo�a,QSocVYQSUqT~dW\�k�Z/\]U`a,s,oMQST,w[o�dfT,a,Qba,dfVYX�Z,P/UqT,XMiNX�RhV]\]QST,wqRM�
Ú dWovPuZ,P,UWT,XMiNX�RhV]\]QST,w�wqXcT,XM\]dfVYXcR´d�P,Qba/a,XMT 2 df\]�WU_^�i�U`a,XMj`oMUWi�Z�UqR]Xca�UWm~V]P,X�oMUWT,o�dfV]XMT~d¡VYQbUWT�UWm
VYP/X[dWZ,Z,\hUqZ,\hQ|dfV]X�l~dWRhQboei�U`a,XMjSR�£zXW�»w,�~Z,P,UWT,XMR�Uq\�VY\hQbZ,P,UWT,XMRY¬�� Ú dWovP�UWm4V]P,XMRhX[wqXMT,Xc\YdfV]XMa�µ 2�2 R
wqQp^qXMR�d Z,\hUql~dWl/QbjbQpV®k�RhoMUq\hX�VYU�VYP,X¥Uql,RhXM\h^WXMaGR]X�Ê¢s,XMT,ocX[UWmAdWocUqs,R�VYQboKmzX�d¡VYs,\hXMR�mz\hUqi VYP/X�QbT/oMUqiNQbT,w
R]Z�XMXcovP
��O�P,QbRNR]ocUq\]X�QbRNoMUWi�l,QbT/XMa7}KQSVYPyd�RhoMUq\hX#mz\hUqi VYP/X#jbdWT,wqs~dfwqXGi�U`a,XMj�QST,a,QSo�dfV]QbT,wIVYP/X
Z,\hUql~dWl,QSjbQpV®kGUWm�VYP,X�oMUq\h\]XMRhZ(UWT,a,QbT/wt}�Uq\haIR]X�Ê`s/XMT,ocXW��O�P/XuovP,UqQbocX�}KQSV]P!VYP/XuP,QbwqP/XMRhV�oMUqi�l,QbT,Xca
dWocUqs,RhV]Qbo�dWT/a#jbdWT,wqs~dfwqX[i�U`a,Xcj
R]ocUq\]X�QbR�RhXMjSXMocV]XMa!dWR�VYP,X�\hXMR]s/jSV¥UWm�VYP,X�\]XcoMUqwWT,QSV]QbUqT�Z,\hU5ocXMRhRM�
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“ science is funscience is fun ”

s-ay-ax-n-s ih-zs f-ax-n

feature
sequencesý p( features | message ) * p( message )

waveformþ
language model

proposedÿ
message�

phonemeÿ
sequenceý

dictionary
�preprocessorÿ

acoustic models

max
messages

search�

C&QSwqs,\]X�½5Ô�Ò�R]ovP/XMi�dfVYQSo�Ufm&VYP/X l~dfR]Qbo�R�VY\]s/ocVYs/\]X�R]P~dW\hXMa#l¢kGiNUqR�VeiNU`a,XM\hT�RhZ(XcXMovPI\hXMoMUWwqT,QSV]QbUqT
Rhk`R�VYXMiNRM��Ò�j|dWT,wWs~dWwqX[iNU5a/XMj4X�g/dWiNQbT/XMR�VYP,X�ocs,\]\hXMTrV�ocUqTrVYX·g5V�UWm�}�Uq\ha,RedWT,a�Z,\]UqZ�UqRhXMR¥R]Xc^WXM\]dWj
ovP,UqQSoMXcR�mzUq\�V]P,X�T,X·g5V�}�Uq\haIl~dWRhXMa�UqT:ocUf�®U`oMocs,\]\hXMT,ocXuRhVvd¡VYQbR�VYQSoMRM�eë�dW\]QSUqs,R�Z/\]UqT,UWs,T,oMQbdfVYQSUqT,R¥UWm
VYP/XMR]X�}�Uq\]a/R�df\]X�jbU`Uq�fXMa s,Z QbT d[Z,P,UWT,XcV]Qbo�a,QSocVYQSUqT~dW\�k�Z/\]U`a,s,oMQST,w[o�dfT,a,Qba,dfVYX�Z,P/UqT,XMiNX�RhV]\]QST,wqRM�
Ú dWovPuZ,P,UWT,XMiNX�RhV]\]QST,w�wqXcT,XM\]dfVYXcR´d�P,Qba/a,XMT 2 df\]�WU_^�i�U`a,XMj`oMUWi�Z�UqR]Xca�UWm~V]P,X�oMUWT,o�dfV]XMT~d¡VYQbUWT�UWm
VYP/X[dWZ,Z,\hUqZ,\hQ|dfV]X�l~dWRhQboei�U`a,XMjSR�£zXW�»w,�~Z,P,UWT,XMR�Uq\�VY\hQbZ,P,UWT,XMRY¬�� Ú dWovP�UWm4V]P,XMRhX[wqXMT,Xc\YdfV]XMa�µ 2�2 R
wqQp^qXMR�d Z,\hUql~dWl/QbjbQpV®k�RhoMUq\hX�VYU�VYP,X¥Uql,RhXM\h^WXMaGR]X�Ê¢s,XMT,ocX[UWmAdWocUqs,R�VYQboKmzX�d¡VYs,\hXMR�mz\hUqi VYP/X�QbT/oMUqiNQbT,w
R]Z�XMXcovP
��O�P,QbRNR]ocUq\]X�QbRNoMUWi�l,QbT/XMa7}KQSVYPyd�RhoMUq\hX#mz\hUqi VYP/X#jbdWT,wqs~dfwqXGi�U`a,XMj�QST,a,QSo�dfV]QbT,wIVYP/X
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