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jlknmpoEqsrutMvwt?xzy^{�|}x3q~k	��x^r�mpq���vXm5x;oE�X|�q~kTmp��k�vwm5q~��knqsr}��r5x]��mp�
� �Tk���yp��vL|}��y��;q�k���kE���~qsr6oG���:oEq~r�q�k�mp��k�vwm5q~��k�m��	tMx�qsr � oMvw���
�~xzkE�Tq�kE�
m5�
������xz�V{Xv�r�qcm���q���x]r�k�vwypy5�X|���� � ��r�vwk����T��x]r6m5q~��k
|Lq�m5o �Xvwypq~vwm5q~��k�r�¡�v�r5x]���Tknv �z� xzk�m��~� � vXmpq��TkG{�t�oEypvTr6q~kE��v�k��
r5tMx^vw¢	q�k��£y�vXmpx��
¤1xu¡E��q��s�£v;������xz��m5oMvXmAtEy5x^��q � mpr�mpoEx:q�k�m5�Tk�vXmpq��Tk+��yp����m5o�x
m5xz�	m]{��Mr6q~kE�ivwk�xz�	m5ypxz��xz�~�¥r6q~��tE��xZq~k�m5��kMvXm5q~��kMvw�}tEoE��k������
���T���;¦;kEx � vwk*q�k�m5x]y5t�y5xzm;r6�T��x)�w�OmpoEx�t�v�ypv���x§m5x]ypr
�w�Om5o�x
������xz��v�r���xzmpvwq~�~x]���Ex]r � ypq�t�mpq��Tk����Mv �]� xzk�mAr6o�v�tMx^rAvwk����wm5oE�
xzy�rGvTr¨tEyp�Tr5�	�Eq � r6m5ypxzkE��m5o�r�|LoEq � o � vwypyp�
tEoEy�v�r5q�k��Lq�k����Ty5� vw�
m5q~��k��}�:oEx£©
ª*«Z��x]��qsvXmpq��TkZq~r�¬�­+®
¯)�Ty)­��±°�r5xz��qcmp��kEx^rz{?v
ypx]r5�E�cm � �T��t�vwy�vw¡E�~x²m5�i� v � oEq~kEx³��x^vwypkEq�k�����x§mpoE���Er]{u¡E�Em
|Lq�m5o³�´vwy:��x]|ux]yLt�vwy�vw��x§mpxzy�rum5o�vwm
kExzx^�nmp� ¡Mx+�~x]v�y5kEx^�¨�
µE��y6mpoExzyp����ypx�{:m5o�x�������xz��o�v�k����~x]r²¡M��m5oJ�´v�r6mZv�k���r5���X|
r5tMx]x � o |Lq�m5onmpoEx;rpvw��x�r6xzmu�w�GtMvwy�vw��x§mpxzy�rOq�k³v+tEypq�k � q~tE��x^�
|:v¶���·�:oEx�������x]�;q~k � ��yptM�Typvwm5x]r¸r6�T��x1v�r5tMx � m�rn�w�)�£��r6�
� �~x����	k�v���q � rz{�vwk��¹qcm�r;v�¡Eq��~q�m��¸mp�¸tEypx]��q � m+º¶»£vwm;��q�¼?x]y5x]k�m
r5tMx^vw¢	q�k��)ypvwm5x^r�qsr � ��k���yp� vXmpq��Tk�m5o�vwm}vwk²vwy5m5q � �E�svXmp��yp�£vwtE�
tEyp�Tv � onm5�nº » ������x]��q~kE��q~r3vwtEtEyp��t�y5qsvXmpx��
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¤�oMvXm
qsrL���T�Ey:tEoE��k�x�k	�E�£¡Mx]y�Ã
ÄTÅ ­z�VÆ�Ç Ä ��­^¬E­^¬E�
j:vw��r6�Ty5yp����j�rLq�m Ä�Å ­z�VÆ�È Ä ��­^¬E­^¬TÃ

¦3�Ém5x]kG{�q~k�v1�Eq~v����T��{�vir5tMx^vw¢�x]y£qsr � �Tk��M��x]k�m����;���Tr6m��w�
m5o�x)q�kE����yp��vwm5q~��kZq~kZvn���TkE����qsr�m;x§� � x]t�m
����y3��kEx)��q~��q�m3q~k¹v
m5x]��x]tEoE�TkEx
k	�E��¡?xzy^{��TkEx
�~x§m5m5xzyuq�knm5oEx � ��k��My5� vXmpq��Tk � ����x�{
��y���kEx�mp��tEtEq~kE�¹�Tk1m5oExnt�q�¯]¯]vE�ZÊ3r5q~kE�¹q~kTmp��k�vwm5q~��kiqsr+m5o�x
���Tr6mOk�vXmp�Eypv���vwk���x§¼�x � m5q~��x:|:v¶��m5��xz�~q � qcm � ��k��My5� vXmpq��Tk�q~k
m5o�q~r
r5q�m5��vwm5q~��kG�
�:oEx}r6t?x]v�¢�xzy���ypv¶|
r�vXm5m5xzk�mpq��Tk+m5�3m5oExu|u�Typ��q~k����Ex]r6m5q~��k�¡��
tE��m5m5q~kE� v�k�vwypy5�X|���� � ��rL��k²qcm^���:oEx�ypx]r6m:����mpoEx�q�k����Ty5� vw�
m5q~��k ¡?x � ����x]ruv+¡�v � ¢��Ty5�T�Ek��¨{����Eqs��q~kE��m5oEx;��qsr6m5xzk�xzy�mp�+m5o�x
tEyp��¡E�~xz� vwm5q � vwypx]v��)Ë�yp��t?xzy����	�Exz�~q�kE�³�w��m5oEqsr�q�k�mp��k�vwm5q~��k
qsr:t�vwy5m5q � �E�svwyp�~� ��r6xz���E�Gq~kZo�����v�k��Ì��v � oEq~kEx�q�k�m5x]ypv � mpq��TkG�
jlkÍm5oEqsr t�v�tMx]y]{}|}x�q�k	��x^r�mpq���vXmpx³o��X|Îq~kTmp��k�vwm5q~��kÍq~rn��r6x^�
m5� � ��kE��y5�Ïv�|}��y���q~kÐ��k����~q~r5oG�*¦;�Ey)tEypq~��v�y5�1�EvXm�v�vwypx
��q~��q�mur6m5ypq�kE��rz{�v�ruvw¡?�X��x�{T|LoExzypxLmpoEx;r5�E¡�Ñ�x � m�qsrOmp���s��m5��vTr6¢
����y � ��k���yp� vXmpq��Tk*�w�}v³�Eq��TqcmnÒ´v�¡M�X�Tx�Ó3m5oEx��E�Émpoi�Eq��Tqcm^{�ÈOÔÕ�
�:oEqsr3q~k�m5�Tk�vXmpq��Tk�m��	tMx�q~r�v � oMvw�~��x]kE��x�m5�¸������x]�a{¨¡?x � vw��r5x

m5oEx)��� � ��rLq~k�m5xzy�v � mprL|Lq�m5oZtEo�ypvTr6q~kE��{Em5oEx+�X�Txzy�vw�~�����Ex^r�mpq��Tk
q�k�mp��k�vwm5q~��kG{Ev�k��Zr6t?x]v�¢�q~kE��ypvwm5xT�
¦;�EyO�EvXm�v3y�vwqsr5x]r���v�k	�)�T��x]r6m5q~��k�r]Ó�®
�X|Ðm5��������x]�Ev �]� xzk�m�r
m5o�vwm�ypqs��x£�Tk�v¸oEq��To*tEq�m � o�tE�svXm5x^vw�MÃ�®3�X|Öm5�³������xz��m5o�x
q�k�mpxzy�v � mpq��Tkn�w��m�|u�£y5qsr6q~kE�£��x]r6m5��y5x^ruvwm:��q�¼�xzypxzk�m}��qsr6mpvwk � x]r
vwt�v�y6mÕÃ&j�r+q�m�vwtEtEyp��t�y5qsvXmpx)m5���Mr6x ��q�¼?x]y5x]k�m)tEoE��k����~����q � v��
y5x]tEypx]r5xzk�mpvwm5q~��k�ru����y:�´vTr�m3v�k��³r6�~�X|�r5tMx^vw¢	q~kE�£y�vXmpx]r�Ã
¤�x�r5���~��x]�¹��v�k	���w�Om5o�x�t�y5�T¡E��x]� r3¡	�Z¡E�Eq~�~�Eq�kE�ZvZ«�m5x]�£�
ª¹×Íq�k�mp��k�vwm5q~��k*������x]�
Øc­ÕÙÌ��¦;��y�������x]�OtEy5x^��q � mpr;mpoEx�q�k��
m5�Tk�vXmpq��TkZ��y5�T�ÎmpoEx+m5xz�	m;|Lq�m5o¹�Txzyp�n��xz|�t�v�ypv���x§m5x]yprLm5o�vwm
kExzx^�²m5��¡Mx��~x]v�y5kEx^�¨��¦;kEx � v�k²q~k�m5xzyptEypx§m
r5����x��w��mpoEx+t�vw�
ypv���x§m5x]ypr��w��m5oEx3������x]�MvTr���x§m�vwq~��x^� ��x]r � ypq~t�m5q~��k ���¨v �z� xzk�m
r6oMvwt?x]rnv�k��$r5����x���m5oEx]ypr vTr�tEy5��r6����q � r�mpy5x]kE�wmpo�r�|LoEq � o
� v�y5yp� tEoEy�v�r5q�k���q~k����Ty5� vXmpq��TkG�
�:oEx:���	�Exz�Eo�v�k����~x]r��´v�r6m�vwk���r5���X|�r5t?xzx � o�q~k�v�tEypq�k � q~tE��x^�
|}v¶� |Lq�m5o³mpoEx+r5v���x+r5x§mL�w��t�vwy�vw��xzm5xzy�r]��¤1x+¡Mx]��q~xz�Tx�m5o�vwm
m5oExLr5tMx]x � o��Ìy�vXm5x}��xzt?xzkM��xzk�m�º » tMvXm6mpxzypk�r�q~rAv � �Tk�r6x^���Exzk � x
�w������r � �~x¹���	k�v���q � r]{Lvwk��$mpo�vXm ����mp�Eypx¹���	�Exz�~q�kE�¥���+ºX»
r6o����E�s�³q�k � ��yptM�Typvwm5x;m5oEqsrLv�r5t?x � m^�

Ú Á�N�Û�N

jlk��Typ�Exzy�m5�²m5x^r�m+������xz�sr��w��mpoEqsr�m��	tMx��w�}q�k�m5�Tk�vXmpq��TkG{¨|}x
� �T���~x � m5x]��v � ��yptE��r�����r5tMx]x � o&��yp���ÜvÍ��x]� vw�~x�{)k�vwm5q~��xz�
¡M�Ty5k�{�tEyp�w��x]rpr5q��Tk�vw�:r6t?x]v�¢�x]y]�¥�:oExZ�EvXm�vw¡�vTr6x � �Tk�r6qsr6mpr£�w�
¬ ÅTÅ �Eq��Tqcm3r5x]���Ex]k � x^rz{E�Ty5��vwkEq~¯zx^�¸q~ki­]Ý�¡E�~� � ¢	r]{E|Lq�m5o��Xvwypq��
vXmpq��Tk�r)q~kÐtEoEy�v�r5q~kE��{Or5tMx^vw¢	q�k��¹ypvwm5xT{Av�k��i|LoEq � o���q~��q�m£q~k
m5oEx£r6x]kTmpxzk � x+|}vTr}m5� ¡?x � �Tk���yp��x^�¨�u«	x]k�m5xzk � x+��y���x]yL|}vTr
ypv�k����T��q~¯zx^�¥q~k�r6qs��x²x]v � o�¡E��� � ¢��iÞ
q~kEx¸���
m5oExZr5xzk�m5x]k � x^r
|ux]y5x ��yp��t�tMx^�*q~k1m5oEqsr�q�k�qcmpq~v���r�mp������Ó�m5o�y5x]x£���Ty�ß6�To�à*á]âzã
ß6¯]xzyp�TàE{�v�k��Zr6q��¸¡?x � v���r5x+t�vw��r5x]r:|}xzypx�q�kMr6x]y6mpx]�³vX�Ém5x]yLm5o�x
��� � ��r]�
ä+å�æXçEè^é´ê�ë�ì)�:oExzypx£v�y5x�m�|u�¸m���t?x]r�����tEoEy�v�r5q�k���Ó+­^¬¸��q~��q�m
r6x^���Exzk � x]r;r6q~���E�svXmpq�k��*Ò´r5oE��y5m5x]kEx]�MÔ � ypx]��q�m � vwy��²k	�E�£¡Mx]ypr
Ò5í^ãïîTã�Ç�Æ	°Xðw�p­¶ñ Å ÇX�6° Å Ç�­^ÔOv�k��i­ Å �Eq��Tqcm�r6x^�T��xzk � x]r3r5q~���E�svXm5�
q�k���m5xz�~xzt�oE��kEx�k	�E�£¡Mx]ypr+Òpí]ãïî�ã Ä�Å ­z�p­¶¬ Ä �lñ Å Æ�ñTÔÕ�
ò¨óuô�ô	õ ìÍ�:o�x � ypx]�Eqcm � vwy���k	�E�£¡Mx]ypr¸|ux]y5x�y5x^v���r5���X|L�~��ö
��kEx�r5x§m �w�3m5xz�~xzt�oE��kEx�r5x]���Ex]k � x^r£|}xzypx³y5x^v���r5�~�X|L���Ðv�k��
m5oEx+��m5oEx]y
r6xzmpr:�´vTr�m^�
÷ ô ç õ é´ê�ëÖé´ê�èzø]æXù�ú�ø]é´û?ê�è�ì1�:oEx¹r6t?x]v�¢�x]y£|:v�r�tEypx]r5xzk�mpx]�
|Lqcmpo��Ev�r5o��lr6x]t�vwy�vXmpx]�Ð�Eq��Tqcm¸r6m5ypq�k��Tr]�J«	oEx�|:v�r�v�r5¢�x^�Ðmp�
��yp���Et�m5oEx
�Eq��Tqcm�rAq�k�m5� � y5x^��qcm � vwy��£r6m��	��x:��yAtEo���kEx:k	�E��¡?xzy
r�m��	�~x�{�¡E��m)kE��m+m5�Zt�vw�Mr6xnvwm�mpoExn�EvTr6oG�n�uv � o�¡E��� � ¢ � ��kE�
r6qsr6m5x]�����?�TkEx
r�mpy5q~kE��ypx]v���v�r���x � �~v�ypvwm5q~��x:r6x]kTmpxzk � x�{T��kEx
vTr



�Lé´ë?ù�æ ô�� ì������
	���
�����
�����	������
������
�� 
�!"
#	�$%��
&�'��()
�!+*,�-
��.!�� �
( ����/ 0213*�4��5���#��
#1��61708	�*�1��29:�,�;	�!"
"1��=<�4 �>��!"
#1��%?

v£��x]r3@¶k������Ex^r�mpq��TkG{Evwk���­ Å Ò��Ty+­^¬TÔ�vTr6¢	q~kE�����Ty � �Tk���yp��vw�
m5q~��k���k1��qc¼�xzypxzk�m)��q~��q�mpr]ÓBADC�E=F�GDC�HJIKC�E�L áXí£î C�M8N-C¶â3MOC,P
M#QEí�GRE%N-S�í'T�â�SUE%M5V�T5íWGDC�M}â2E%Tpí�VXS�C�E%M�M"Q�í-C�G?í�HYT3Z"M[MÌíUG\Z"G
T5í2]-^
S2C�_`],P'VKa�ícb§ãdAeC�EfV�TpígMcT3I�Z"G	î=M
Cha�C�G�ijT3NkH�QEíUM"Q�í'TgM#Q)Zsâ
]�ZcîKZ"MlZsâ�a�C�T3T5í2a'Mlã�Ç Å ­z�p­�mOÇX�lÇ Å ÇE­^Ã
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�:oEx³q�k�mp��k�vwm5q~��k�tMvXm6mpxzypk����;v � ��k��My5� vXmpq��Tk����Ex]r6m5q~��k$q~r
ypx]vw�~q~¯zx]� � �Tk�r6qsr6m5xzk�mp���¥q~k����Ey �EvwmpvE��µ�q��T�Eypx1­Zqsr v�m���tE�
q � vw�:xz��v���tE��xT�Ð�:oEx�r6t?x]v�¢�x]y£tE�Em�kMvwypy5�X| ��� � ��rZÒar�mpy5�TkE�
xz��tEoMv�r5q~r�Ô:��k¹m5oEx���q��Tqcm�r6o�x)m5ypq~x]�Zmp� � �Tk���yp�Z�3�:oEx�kMvwy5�
yp�X|���� � ��r}q~r}��r5x]�²q~knm5o�x � ��k�m5xz�	m}����v£���Ex^r�mpq��TkG{EvwkM� m5o�x
��¡Mr6x]y5�Tx]�³q�k�mp��k�vwm5q~��k¹t�vwm6mpxzypk¹q~r�v � ���£¡Eq�kMvXm5q~��k*�w�Om5o�x]r5x
m�|}�²����k � mpq��Tk�rz�³�:oExzypx qsr)v²��k�vw��y5qsr6xnvwm+m5oEx x]k��i�w�}m5o�x
r5xzk�m5x]k � xT{�vTr+q�kÐv³m��	tEq � v��u��kE���~q~r5oi��x^r2@XkE���T��x]r6m5q~��kG�³jlk
v�����qcmpq��TkG{O�:oEx²r5t?x]vw¢Txzy)�Mr6x^�¥v*r6m5yp��kE��ypq~r5q~kE�*v �]� x]kTm£��k
m5o�xL��� � vw�?��q~��q�m]�O�:oEx
tEq�m � o¸y5x]��v�q�kMrOoEq~��onvX�Émpxzy�m5oExL��� � ��rz�
¤�oEx]kim5oEx ��� � ��r)qsr � �~�Tr5x�m5�¹m5oExnx]k��¨{�m5oEx � ��kE��y5� vwm5q~��k
ypq~r5x+vwk��¸m5oEx��Mk�vw�¨ypq~r5x�����r5x�m5���Tx§mpoExzy^�
q �~�L���T�Eypx]r�q~k�m5oEqsrnr5x � mpq��Tk���q~r5tE�sv¶�$º¶»Zmpypv � ¢	r�q~k�®
x]y6mp¯
v�r�v¸���Ek � mpq��Tk*����m5q~��xZÒar6x � �Tk��Er�ÔÕ�;rOxzy5m5q � v��O�Ev�r5oEx]�¹��q~kEx]r
� vwyp¢i|u�Typ�¥¡?����k��Evwypq~x]r]�ts�v�r5o'ß6�Ìà*� vwyp¢	r£tEoEy�v�r5q~kE��vTr
q~k���q � vXmpx]��q�k$m5oEx²m5xz�	m]���:oExZq~k�m5xzkM��x]��tEoEy�v�r5q�kE��q~r�v��~r5�
� vwyp¢�x^� q�k²m5o�x;�M���Eypx]r}|Lq�m5oZv)mpoEq � ¢¹Ò´��y:ypx]�²q�k � ���~��yL��qsr6�
tE�sv¶�EÔ�r5���~q~����q~kExT�A�:o�xzypxu� v¶�+��yA� v¶�+kE��mA¡?xLv � ����r6m5q �u� ��y5�
ypxz�svXm5x^r�vwm�m5o�x�q~k���q � vXmpx]�+t�oEypvTr6q~kE�
¡?����k��Evwypq~x]r]� q �~x]vT��q~kE�
tE�~��r²ß2u�ànr5q��Tk¹� vwyp¢�rLm5o�x£��q~��q�m3mp�¸¡?x � ��k���yp��x]�¨{?|LoEq � o
qsrLvw�sr6� r5o�v���x^��Ò´q�kZ�Txz�~���X|3Ô§�

v:w � ä+å�æXçEè^é´ê�ë
Ë�o�ypvTr6q~kE�¥v�r¸q�k��Eq � vXm5x^��¡	��mpoEx���v�r5o�q�k�mpx§�	m²qsr � �~x]vwyp�~�
� vwyp¢�x^��q�k�m5oExutEy5��r6������ÓGË�qcm � o)y5qsr5x]r���k+mpoExut�oEypvTr6x�q�kEq�m5qsvw�
��q~��q�m�v�k����´v����sr;m5�X|:vwy��Er3m5oEx�xzk����w��m5oEx�tEoEy�v�r5x��)�:oEqsr�q~r
������k���q�k�v�������x � �~v�ypvwm5q~��x�r5xzk�m5x]k � x^rz{Lr5� � o�v�rnµ�q~���Eypx�¬E�
�:oExutEy5xz�a��� � ��rGtEq�m � o � ��k�mp���Ey�v�k��+tEo�ypvTr6q~kE�3v�y5x�r5q���q~�~v�yGmp�
m5oMvXm�q~k+mpoEx � ����t�v�ypv�¡E��xOypxz�Tq��Tk+�w��v
�Ex � �svwy�vXmpq��Tx�r5xzk�m5x]k � xT{
v�r � vwk³¡Mx)r5xzx]k²q~k³m5oEx��Mypr6m:m�|u��tEoEy�v�r5x]r}���Aµ�q~���Eypx�­��
µE��y6mpoExzy�x§�Evw��q~k�vXmpq��Tk¹r6o��X|
rLm5oMvXm;t�oEypvTr6q~kE�nxz¼?x � m�q�k�mpxzy5�
v � mprL|Lq�m5oZ��� � ��rz�}jlk¹r5o�vwypt � ��k�m5y�v�r6mLm5�nµ�q~���Eypx]r;¬�vwk��i­T{
m5o�x£tEo�ypvTr6x�q�k�qcmpq~v�����q��Tqcm.C�G�í�q�kiµ�q��T�Eypx Ä q~r�kE��m+��v�y5¢Tx]�
|Lq�m5o�oEq~��o�tEqcm � oG�A�:oEx
r6t?x]v�¢�x]yAr5xzx]� r�m5��xz��tE�~�X��v�y5o	��m5oE�
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��q ��� �Tk�r5q~��x]ypvwm5q~��k²oExzypx�{���xz�Ìv �z� x]k�m5q~kE��mpoEx�tEoEy�v�r5x§�Ìq�k�qcmpq~v��
��q~��q�m
m5�nv¶�T��qs�ntE��m5m5q~kE� m�|}�nr�mpy5�TkE� v �]� xzk�m�r}m5�	� � �~�Tr5x�m5�w�
��xzm5oEx]y]�
�:oEqsr
q~k�m5x]ypv � m5q~��k����A��� � ��r�vwk��ZtEo�ypvTr6q~kE� � v�kEkE��m
¡MxL������x]��x^����r5q~kE�+v3�~q�k�x]vwyOvT�E��q�m5q~��x:���	�Exz�	����yOt�qcm � oG{w¡E��m
���Ey+������x]� � v�k1xz��tE�~v�q�k1q�m�v�r)v � �Tk�r5q~r6m5x]kTm+ypx]��� � m5q~��kiq~k
r�mpy5x]kE�wmpo²¡?x§���Ty5x�mpoEx���� � v��G��q��Tqcm^�

v�w x=ò¨óuô ç��Gé´ê�ë1÷²ç�ø ô
®3v¶�	q~kE�¹t�v�ypv����~xz����vXmpv�vwm)m�|}�*r6t?xzx � o¥ypvwm5x^r+ypv�q~r5x]r��T��x]r6�
m5q~��k�r�v�¡M�T��m;mpoEx�tEyp��t?xzy�tEoE��k����~����q � v���ypxzt�y5x^r6x]kTm�vXmpq��Tk��w�
m5oEx^r6x � ��k�m5�T�Eypr]� �:oEx�r6�Ey5�´v � x � ��k�m5�T�Ey�r1v�y5x���q�¼?x]y5x]k�m
xzkE�T�E��o³mp�nr6�E�T��x^r�m
��q�¼?x]y5x]k�m
y5x]tEy5x^r6x]k�mpvXmpq��Tk�r]{�¡E��m
qsrLm5o�x
tEoE�TkE���~���T�³ypx]v����~�¹��q�¼?x]y5x]k�m�Ã q ypx�tMx]��tE�~x�v � mp��vw�~����r6oEq��Ém6�
q�k�� ��y�vw��� vwy�ruvTr}m5oEx]� � o�v�kE��x�r6t?x]v�¢	q�kE��y�vXmpx^Ã
¤�x�|Lq��~�¨��y�r�m
x]�Xvw�~��vXmpx+|LoEx§mpoExzy3v�����|u�Typ�ErLvw�Ém5x]y:m5oEx)kMvwy5�
y5�X| ��� � ��rnv�y5xZ��x§�lv �]� x]kTmpx]�&Ø ¬¶ÙV�J¦;�Ey��´vTr�mnr5tMx]x � o��EvXm�v
q�k$µ�q~����y5xnÆ*��vwm � oEx^r�m5o�q~r���x]r � ypq~t�m5q~��k¥ypx]vTr6�Tk�vw¡E�~�¹|}xz�~�aÓ
�wmpoExzy¸m5o�v�k�m5oEx*��k�vw�;y5qsr5x�{:tEq�m � o����X��x]��xzk�mprnvw�Ém5x]ynm5o�x
k�vwypyp�X|Ð��� � ��r�vwypx
r6�Et�tEy5x^r5r5x]�G��µE�T���~�X|Lq~kE��m5oEx;��� �uj�m5y�vwkE�
r � y5q~t�mpq��Tk�r5��r�mpxz�#Ø Ä {�ÆXÙV{}mpoExZ��� � ��rnv�k��$m5oEx�t?�Tr6m6�V��� � ��r
vwypx]v$q�k�µ�q��T�Eypx�ÆÍ� v¶��¡MxiypxztEypx]r5xzk�m5x^��tEo���kE�T���T��q � vw�~�~�
v�r����U�j�������-�3{
viypqsr6q~kE�Ðv �]� x]kTm*Òa×��Xu�®;Ô���kÍmpoEx����w�
� v��}��q~��q�m]{�v*oEq~��oÐtEo�ypvTr6x¸m5��k�x�Ò´®
�lÔ£v �]� �T�Ek�m5q~kE������y£m5o�x
oEq~��o�tE�svXm5x^vw� vX�ÉmpxzyOmpoEx:��� � ��r]{Tv�k���v�oEq~��o�¡M�T�Ek��Ev�y5�)m5��k�x
Ò´®��£Ô
v �z� ���Ek�mpq�kE�£����y:mpoEx���k�v��Gypq~r5x��
jlk � ��k�mpypvTr�m^{�mpoEx¹r6�~�X|�r5t?xzx � o��Evwmpv1q~k�µ�q~���Eypx*ñ1r6o��X|
r
m5o�vwm;v �]� x]kTm�r
vwypx+tEypx]r5xzk�m
��kZx^v � oZ|u�Typ�³vX�Émpxzy3m5oEx+��� � ��rz�
Ë�oE�TkE���~���Tq � vw�~���T{Xm5o�q~r}ypx]���Eq~y5x^r�vwk¸v �z� xzk�m���k¸xz��x]y5����q~��q�m]�
�}�¥q�k � ��yptM�Typvwm5q~kE�*v*����r � �~x³�E��kMvw��q � ������xz�:q~kTmp��q~k�m5���



1

+

f 0 (
H

z)

0 2 3 5 6

100

0 2 5 6Time (s)

300

200

1

9− 9 99 0 1− 1 0 0 1?

�Lé´ë?ù�æ ô�� ì��D	U�,!e�#(X�,�
*,�����j*�*,�>� ! ��1����>���>�X!"��	��
�j$~�>����1����3
#1U4K�
	[0>!c�>��!�� ���%	U�>�71��B0213*�4��2?��	�.���
	���4����>���>�X!"��	����
!��X�.�|	����h*�
��7*2$~�>��
O�;13����$ ( ���
��
#*�!"
#1U� �-	U���W�7�X1����
	U��!�� �8�>1|$ 
"��1��7	������
�����7	����;$ 
����>��?

100

300

200

4 5 60 1 2

9 1 1− 9 1 0− 0 9 9 1?

Time (s)

f 0 (
H

z)

+

�Lé´ë?ù�æ ô�� ì�� $&1��f�#(X����*,���8�j*�*,�>� !"��	����}()�
�>���>� !l	70>!c�>���%	��,�
1��
0�13*�4K��?�� �
	��������������>����*�4K�,���}
�� !��X�j�;13����$U()���
��
"*2/
!"
"1��O0>�
1�� !��X��!"�
	�
�� 
��������>!Y1��X!+1�!�� �5!c�>��! ���>!c?

k�vwm5q~��ki���	�Exz�~q�kE�M{A|ux¸r5oE�X| m5o�vwm�mpoEx¸r5�Ey6�´v � xn��q�¼�xzypxzk � x
q~kZ�´v�r6m�vwkM��r6�~�X|Ör6t?xzx � o�q~r
m5oEx£k�vXmp�Eypv���ypx]r5�E��m3�w�Am5q~��q�k��
�Xvwypq~vwm5q~��kG�A�:oEx]y5x
qsrukE��kEx]x]��mp�£vTr5r5�E��x;��q�¼�xzypxzk�mutEo���kE���
�~����q � v���y5x]tEy5x^r6x]k�mpvXmpq��Tk�r]�

��� I��3D�4

�:oEx:¡?x]r6mA|:v¶��m5��x]r6mpv�¡E�~q~r5o£t�y5�TtMx]y6mpq�x^r����?v��~v�kE���Mvw��xuq~r�mp�
� v�t�m5��y5x3m5oE��r6x�tEyp��t?xzy5m5q~x]ruq�k³v£����v�kTmpqcm�vXmpq��Tx3������xz�V{	m5oEx]k
m5�:mpx]r6mGm5o�x����	�Exz�V���u��kMr6x^�T��xzk�m5�~��{]|uxO¡E��q���m�v:������xz�T�w�	q�k��
m5�Tk�vXmpq��Tk+m5oMvXmO��r5x]rO«�m5x]���Ìª¹×1Ø�­§ÙlØ ñXÙV�A«�m5x]�£�lª¹×Zr5q��£�E�~vwm5x^r
m5o�xn���	k�vw��q � r+���umpoExnypxz�~xz�Xvwk�m�vwy5m5q � ���~vwm5��y�r�ÒÉ���Ty)q�k�mp��k�vw�
m5q~��k�{Om5oEx^r6xZvwypxnmpoEx³��� � v���qsr�v�k�� � y5� � ��m5o	�	y5�Tq~�i�£��r � �~x]r]{
tEypq�� v�y5q~���EÔ;¡	�*v�rpr5�E��q�kE�³mpo�vXm+mpoExnr6t?x]v�¢�x]y�qsr)r6m5ypq�¢	q~kE��v
¡�v��~v�k � x�¡?x§m�|}xzx]k�m5oEx}x§¼���y5m���r5x]�)q�k�r5t?xzx � o£vwk���mpoEx�tEyp��¡E�
vw¡�q��~qcm���mpo�vXmAoEqsr2@XoExzyAr6t?xzx � o)|Lq~���	¡?xu��qsr6q~k�m5xzyptEypx§mpx]�¨���:oEq~r
¡�v��~v�k � x
qsr}xz�£¡M����q~x]�¸q�k mpoEx+«�m5x]�£�lª¹×�â3McT5íUG�îKM#Q�t�v�ypv���xz�
m5x]ypr]{^|LoEq � o�{]���Ty�v:�Tq��Txzk+|}��y��¨{z��x]vTr6��y5x�o��X|�q~��tM�Ty6m�vwk�m�q�m
qsr�mpo�vXm}m5oEx�vwy5m5q � ���~vwm5��y�����m5q~��k�ru¡?x;xz�	x � ��mpx]�²v �z� �Ey�vXm5x]���T�
jlkÐkE�Ty5� v��u��k����~q~r5oim5xz��m^{O��kEx¸��q~��o�m�kExzx^�im5�1vw�~���X| m5o�x
r6m5ypxzkE��m5o¹���ux]v � o¹|}��y��Zm5�³�Xvwyp��q�k��Exzt?xzk���x]k�m5�~��{G¡?x � vw��r5x
m5o�x£q~��tM�Ty6m�vwk � x��w�}vn|}��y���� v¶�³|}xz�~��¡Mx vX¼�x � m5x^��¡	�¹r6xz�
� vwk�m5q � r+v�k��1r6�	k�mpvw����®
�X|}xz�Txzy^{Gvw�~����q~��q�mpr+o�v¶�Tx£x^���Eq��Xvw�
�~xzk�m�r5xz� v�kTmpq � vwk��$r6�	k�mpv � mpq � ��x]vXmp�Eypx]r]{�r6��m5oExZr6m5ypxzkE��m5o
�w�Av£�Eq��Tqcm
r5oE���E�s�²¡Mx)��xzm5x]y5��q~kEx]�²��kE�~� ¡	�nq�mpr:t?�Tr5qcmpq��Tk²q~k
m5o�x+tEoEy�v�r5x�v�k��³qcm�r:tM��r6q�m5q~��kZq~k²mpoEx+��m5m5xzy�vwk � x��
�:oEqsr�x^���Eq��Xv���x]k � x:vw�~���X|}x]���Mr�mp�3��r5xum5oEx:r6q~��tE�~xu������xz�����Ty
m5o�x�|u�Typ�$r�mpy5x]kE�wmpoG{}r5oE�X|Lk�r � o�xz� vXmpq � vw�~���Ðq~k�µ�q��T�Ey5x�Ý��
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�:oEx*�~���$�w�+mpoEx1r6m5ypxzk��wm5o�qsr²��q~��xzkJ¡���v¥�~q~kEx]v�y³��x � �~q�k�x
m5oEyp������oÍx]v � o Ä �)�Ty Æw�l��q~��q�m�t�oEypvTr6xT{uvT�E��x]�$mp�ivi�~q~kEx]v�y
��x � ��q~kEx�m5oEyp���E�ToE���Em�m5o�x���m5m5xzy�vwk � x����}�wm5o�ypvwm5x]r��w����x � �~q�k�x
vwypxnv��¶Ñ��Mr�m�vw¡E�~xnt�v�ypv���xzm5x]ypr�q~k¥m5o�xn���	�Exz��|Lo�q � oÐv�y5x��Em
m5��m5oEx��EvXm�vE�O�:oExzk�{TmpoEx;r6m5ypxzk��wm5oMr��w�¨mpoEx;��� � vw�M|u�Typ� v�k��
qcm�r�q�����x]��qsvXmpx²k�xzq~��o	¡M�Typr£vwypx � o�v�kE��x^��ÒÉmpoEx²� v���kEq�m5���Ex
�w�}x]v � o��w�um5oEx�mpoEy5x]x � o�vwkE�Tx]r;q~r��~q~¢�xz|Lqsr5x�v³t�v�ypv���xzm5x]y�Ô§�
µ�q�k�v����~��{}mpoEx*r6m5ypxzkE��m5o�rnvw�Ém5x]y m5oEx¹��� � ��rnv�y5x�r � vw�~x]��v�k��
r6o�qc�Émpx]�¥ÒÉm�|}������ypx�vT�¶Ñ���r6mpvw¡���x+t�v�ypv���x§m5x]ypr�ÔÕ�
«�m5x]���Ìª¹×�vw�sr6��o�vTr:m5x]��t��~vwm5x]r]{�|Lo�q � oZ|}x)v�rpr6� � qsvXmpx�|Lqcmpo
|u�Typ��rz{	vwk��¸|LoEq � o¸q~k'U��Ex]k � x;m5oEx+r5o�vwt?x3����º¶»�ázâzãOm5q~��x�q~k
m5oExL�	q � q~kEq�m����w�?m5o�xL|u�Typ�¨��jÌ�Gv;|}��y��£o�v�rOv�ypxz�svXmpq��Txz�~�+oEq��To
r�mpy5x]kE�wmpoG{�º¶»�|Lq~���¨�~� � vw�~�~� ��vwm � o²m5oEx�|}��y��NV r�mpxz��tE�svXmpx��OjÌ�
m5oExZ|}��y��¥o�vTr�v��~�X|Îr�mpy5x]kE�wmpoG{OmpoEx³m5��k�xZr5o�v�tMx³|Lq��~�L¡?x
� �TkTmpy5�T���~x]�²¡	� m5o�x)r6�Eypyp���Ek��Eq�kE��rz�
¤�x)vTr5r5�E��x�m5o�vwm3vw�~��m5oEx+|}��y��Er:�T��mpr5q~�Ex;mpoEx)r5xzk�m5x]k � x����w�
� ��r�r5o�vwypx+mpoEx r5v���x�m5x]��t��~vwm5x��+�:oEx]kG{¨|}x£v����*v¸r5t?x � qsvw�
m5x]��t��~vwm5x ���Ty)m5o�x ��� � vw��|u�Typ�¨{���k�x�m5xz��tE�svXmpx ����y£vwk¥q~kEqc�
m5qsvw��¡?���Ek���vwyp�£mp��kExT{�vwk��¸��kEx3����y:v+��k�v���¡M�T�Ek��Ev�y5��m5�TkEx��
�:oEx*¡?����k��Evwyp�Ðmp��kEx¹m5xz��tE�svXmpx]r²�X��x]y5�svwt$m5oEx*m5x]��t��~vwm5x]r
����y}m5o�x�q~kEq�m5qsvw�Gv�k�� ��kMvw��|u�Typ��rz��¦;�Ey:���	�Exz�G���	x]r}kE��m]{�q~k
vwk	�n|:v¶��{�r5tMx � q����nm5o�x)r6o�v�tMx^r:�w��m5oEx�mpxz��tE�svXm5x^rzö	mpoExz�³vwypx
��xzypq~��x]�Z¡	�³� vXm � o�q�kE�nm5oEx)������x]��mp� m5oEx � �Ty5tE�MrL�w���EvwmpvE�
�:oExnr5o�vwypq�k��³���umpxz��tE�svXmpx]r)r5tMx � q���x]r)|LoEq � oit�v�y6m�r+�w�}m5o�x
��m6mpxzy�vwk � xuv�y5x��~q~kE���Eqsr6m5q � vw�~�~��x^���Eq��Xv���x]kTm^��jÌ��mpoExz��mpy5�E�~�-V�T5í
x]���Eq~�Xvw�~xzk�m]{¨mpoExzk1mpoEx�������x]�O� v¶�¹¡Mx v�¡E��x�mp�³ypxzt�y5����� � x
m5oEx���¡Mr6x]y5�Tx]�Zq~kTmp��k�vwm5q~��kG��jÌ��mpoExz�{V�T5í'G L M�x]���Eq~�Xvw�~xzk�m]{?����y
q�kMr�m�vwk � x�qc�)r5����xZ¡M�T�Ek��Ev�y5��m5��k�x]r |}xzypx���qc¼�xzypxzk�m ��yp���
�wmpoExzy�rz{	mpoExzk³mpoEx+���	�Exz�G|Lq~���¨k��wm
¡?x)vw¡E�~x�m5� � v�t�m5��y5x�m5o�x
��q�¼?x]y5x]k � xT�
�:oEx³������x]�uoMv�r£ÆTð¹vT�¶Ñ���r6mpvw¡���x²t�vwy�vw��x§mpxzy�rz� q �~�u���
m5o�x
t�vwy�vw��xzm5xzy�r*v�y5x����~��¡�v���t�v�ypv���xzm5x]ypr*|LoEq � o vwypx�r6oMvwypx]�
vw����k��1v����Lr5xzk�m5x]k � x^rzöum5o�vwm q~r]{�|}x²�~x§�Ém kE�1yp���T� q�k$m5o�x
���	�Exz�E���Ty�r5xzk�m5x]k � xz�Ìr5tMx � q�� � �XvwypqsvXm5q~��k���¤1xL�Em�mpoEx
������xz�
m5�impoExZÆ Ä r6x]k�m5xzk � x]r�mpo�vXm¸v�y5xiÒ´v�Ô � �T��t?�Tr5x]���w�����Tq � x]�
��q~��q�mpr;��kExT{MkEq~kEx�vwk���¯]xzyp��{�Ò�¡MÔ3o�v¶��x+k��¸t�v���r6x^rz{�vwkM�¥Ò � Ô
|ux]y5x�kE��m���x � �~v�ypvwm5q~��xT���:oEx�������xz�DV r+t�vwy�vw��xzm5xzy+��x]k�r5qcm��
q~r;­��~­
t�v�ypv���x§m5x]ypr�tMx]yur5xzk�m5x]k � xTöTq�m}qsr����Ty5x � ����t�v � muv�k��
� vw¢�x^rnr6m5yp��kE�Txzy�tEypx]��q � mpq��Tk�r�m5oMvwk�����y x]vwyp�~q�x]y |u�Ty5¢Ð�Tk



ª¹v�k��Evwypq~k�ypx]vT�1r5t?xzx � o�Ø ñ¶ÙÌ{�¡?x � vw��r5x�m5o�x¸r6t?xzx � oiq�kimpoEq~r
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