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# ��� ��� � j n j Iy| � v�x�qyE�kmIJnGl�q�v¥Iyv�K¥nGr�F $
% $=FLIJEGFL�pn $wFLl���r;M�q j EZnpFL~�r�v.lo� j F � � � � � � #¢¶
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� � # � $wqynpF�q�v¥nGr�F � IJnG|oIJM	¾\q¢K�F � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¶'&�#



��lol ���������	����


� ¯1�;��� ��� �(�ª�;�Â� ���Â�
	 ��� �ª�¢�y�����:� "�� � � � �����

° � ����������¦L�1�½�:� ���������h�9�ª�����¢�y�����:���:� � �1� ¦ m¤ �¥����� �����



�  	 � ��� � ���� � ��	

¶ �o¶ À�r�Ft�GnGIJ�yFL�wqyxaI�~H|oIy�G��l��:~HIJnGl�q�v%�GN¢�pnpFLk � � � � � � � � � � � � � � � � � � � � � � � �

� �o¶ � |o| j �pnpE IJnGl�q�v*�Gr�qÂÁ=lov��m�GlokmD�|�F $
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� ��� À�r�Ft��lov���|�F+% D�q�lov;nZ~�EGq��G� % q�¼yFHE=D.E�q¢~�FL�G� j �pFLK¥lov¥�pnGIyv�K.IJE�K¥�yFLv�FHnGl�~tIy|��yqyE�l�nGr�km� � � � � ��¶

� �o¶ �uv�F���Iyk�D�|oF lo|�| j �pnpE�IJnGl�v��	nGr�F j �pFBqyx�D.E�lov.~HloD�Iy|�~�q�k�D�q�v�FLv;n�Iyv�Iy|�N¢��lo�Iyv.K9|ol�v�FLIJE
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lov��*nGr�FHqyE�FHnGlo~HIy|aqyE�l���l�v.����Iyv.K$r.Iy�©M�FHFLv j �GFLK$D.EGFH¼�l�q j �G|oN¥q�v$x FLIJn j EGFm�pFL|�FL~�nGl�q�v"lov qynGr�FHE��G~�FLv.IJE l�q��
qyxwv�F j E�Iy|}v�FHnRÁ�qyE �"IJD.D�|ol�~HIJnGl�q�v.� �%À�r.F&k�FHnGr�q�K"l���K.l��G~ j �G�pFLK"Iyv.K�IJD�D�|ol�FLK$npq	�pq�k�F�F���D�|oIyv.IJnpqyEGN
F���Iyk�D�|�FL���.Iy|�|�qÂÁwl�v���ImK�FHFHD�FHE j v.K.FHE��pnGIyv.K.l�v���qyx{nGr�Ft~�q�v.~�FHD�nG�=lov;¼yq�|�¼yFLK��
À�r�F©|oIy�pnZk�FHnGr.q¢K�npqAM�F=FH¼JIy| j IJnpFLK¥lo�\Iy|o�Gq�nGr�F©q�v.|oNmÁ�E�IJD.D�FHE��wnpFL~�r.v.l�� j F IJD.D:|ol�FLKmnpqAnGr�F©D.E�qyM�|�FLk �
À�r�F "wIyv.K.q�k �=EGnGl��:~Hl�Iy| $=F j E�Iy| $wFHnRÁ�qyE��Alo�1lov]npE�q¢K j ~�FLK�lov�	 0>��(O���7	�� Iy�cI©v�F j E�Iy|]v�FHnRÁ�qyE ��k�FHnGr�q�K
nGr.IJn�lo�¿x�Iy�pn}FLv.q j ��rmnpq@r.Iyv.K.|�F�kIyv]N�FH¼JIy| j IJnGl�q�v��¿qyxªnGr�F=x FLIJn j E�F=�pFL|�FL~�nGloq�v~�E�l�npFHE l�q�v�x j v.~�nGl�q�v��¢Iyv.K
lo�\nGr j �ZÁ�FL|o|�� j l�npFLK*npqIyK.K�E�FL�G�ZnGr�Ftv�FHFLK���loK�FLv;nGl���FLK¥lovB¾Zr.IJD.npFHE � �
	 0>��(}���
	�� K.lo��~ j �G�pFL� nGr.F&F���D�FHE�lok�FLv;nG��Iyv.K�~�q�k�D�IJE�IJnGlo¼yF�npFL�GnG��nGr�IJn�Á�FHEGFD�FHEGx�qyE�k�FLK j �Glov.�%nGr�F
nGr�EGFHF©K.l ��FHEGFLv;n�kmFHnGr�q¢K�� �az}Iy~�r�F���D�FHE�lok�FLv;n�l��}F���D�|oIylov.FLKIyv.K�IAK.lo�G~ j ���Gl�q�v�x�q�|o|�q�Áw�}nGr.F=nGIJM j |oIJnpFLK
EGFL� j |�nG�\qyx{FH¼yFHEGN*F��¢D�FHE�lokmFLv]n �
� v.�pnpFLIyK$qyx\��l�¼�lov��%I%~�q�K�F|�lo�pnGlov��*Iy��IJD�DhFLv�K.l �Bnpq nGr�FmnGr�FL�Gl�����l�n Á\Iy��K�FL~Hl�K�FLK$npqBkmI �yF&nGr�F~�q�K�F
nGr.IJnZÁ\Iy� j �pFLK*IÂ¼ Iylo|�IJM�|�F©q�v¥I¾\s " µ � �.Àwr�FHEGFHx�qyEGF�� b (�(D�
�*4��`| b K.FHnGIylo|o��nGr�FtK.l�E�FL~�npqyEGN�pnpE j ~�n j EGF
qyx�nGr�F©¾Zs " µ � �;Iyv�Kmr.l���r.|�l���r]nG�a�Gq�k�Fwqyx�nGr�Fuk�qyEGFwlokmDhqyE�nGIyv]na�h|�FL� �{À�r�Fu¾\s " µ � Iy|o�pq�~�q�v]nGIylov����
lov �cq��pn i ~�E l�D.nZx�qyE�kmIJn���kmIyv;N�qyxcnGr.FtD�IJD�FHE��\EGFHx�FHEGFLv.~�FLK%l�v*nGr�FtnGr�FL�Gl�� �
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À�r.l���~ r.IJD.npFHEur.l���r.|olo��r]nG���pq�k�FtqyxcnGr�F M�Iy~ �;�yE�q j v.K*nGr�FHqyEGN*Iyv.K%l�K�FLIy�\EGFL� j l�EGFLK�x�qyE j v.K�FHE �pnGIyv.K.lov.�
nGr�F¥~�q�v.~�FHD.nG� j �pFLK lov |oIJnpFHEm~ r.IJD.npFHE�� � �uv qÂ¼yFHEG¼�l�FHÁ,qyx©�pq�k�F¥~H|oIy�G��l��:~HIJnGl�q�v nGr�FHqyE�N�lo�@��l�¼yFLv � v
i FL~�nGl�q�v � �o¶ � ��x�FHÁ�K.l ��FHEGFLv;nZn½N¢D�FL�\qyxc~H|oIy���Gl���FHE��\IJEGFtIy|��pqmK�FL�G~�E�loMhFLK��{Àwr�F v�F��¢n��GFL~�nGl�q�v¥K.lo�G~ j �G�pFL�
nGr�FtD�EGqyM�|�FLk qyxcnGr�F�~ j E �pF qyxaK.lok�FLv.��l�q�v.Iy|ol�nRNmlov%k�qyE�FtK�FHnGIylo| �¿À�r.Ft�pFL~�nGl�q�vB~�q�v��GloK�FHE��Z�Gq�k�Ftqyx{nGr�F
Á\ILN���lov(Áwr�lo~�r"nGr.lo��D.EGqyM�|�FLk kmIyv.l�x�FL�pnG�@l�nG�pFL|�xZlovXK.l ��FHEGFLv;n�~H|oIy���Gl���FHE���Iyv.KXIy|o�pq EGFHx FHE�FLv.~�FL�A�pq�k�F
|ol�npFHE IJn j EGF ~�q�v.~�FHE�v�FLKBÁwl�nGr*nGr.l��Z� j M �pFL~�n �
À�r�F�|oIy�pnc�pFL~�nGl�q�v@qyx�nGr�F\~�r.IJD.npFHE{EGFH¼�l�FHÁw�1�pq�k�F\�pnGIyv.K.IJE K��pFLIJE�~ rAIy|��yqyE�l�nGr.k� �1À�r.FL�pF�Iy|��yqyE l�nGr.km�cIJEGF
j �pFLK	lov	kmIyv;NBx�FLIJn j EGF��pFL|oFL~�nGl�q�v	npFL~�r.v�lo� j FL�©Áwr�FLv nGr�F�v j k�M�FHE©qyx}x�FLIJn j EGFL�©M�FL~�q�k�FAF���~�FHFLK.lov���|�N
r.l���r��BÀ�r�F��pFLIJE�~�rXnpFL~ r.v.lo� j FL��FLk�D�|�q�NyFLKXl�v"�pq�k�F�qyxZnGr�F�F��¢D�FHE�l�k�FLv]nGIy|}Á�qyE �(qyxu¾\r.IJD�npFHE #BIJEGF
D�q�lov;npFLK*q j n �
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i lov�~�F nGr�FtFLIJE�|�N*M�FH��lov.v�lov�����qyx{nGr�F ��FL|oK��\qyxaD�IJnpnpFHE�v%E�FL~�qy��v.l�nGl�q�v%Iyv�KBK�FL~Hlo��l�q�v*nGr�FHqyEGN��hkmIyv]N¥K.lox %
x�FHEGFLv]n�npFL~�r.v�lo� j FL�¿r.IL¼yFuM�FHFLvmK�FH¼yFL|�qyD�FLKnpq�I j npq�kmIJnpFunGr�FwD�EGq¢~�FL���aqyx�~H|oIy�G�Gl��:~HIJnGl�q�v��{À�r�F�K.l �hFHEGFLv;n
k�FHnGr�q�K.�=Iy|o|�r.IÂ¼yF�nGr�FLl�EwqÂÁwv Iyv���|�FtqyxaIJnpnGIy~ �BnpqnGr.FtD.EGqyM�|oFLk ��M j nwr�IL¼yF�nGr.F��GIyk�F��yq�Iy|1lovBkmlov.K��
npq(~H|oIy�G��l�x N �O�
: F���Iyk�D�|�FL�Av�qyn�NyFHnm�pFHFLv M¢N"nGr.F*~H|�Iy�G�Gl���FHEAÁwlonGr�nGr.F*r�l���r�FL�pn@D�q��G�Gl�M�|oF&K�FH�yEGFHF¥qyx
Iy~H~ j E�Iy~�N�� º v�x qyE�n j v.IJnpFL|�N���nGr�FHEGF�K�q¢FL� v�qyn©F���lo�pn©I&D�FHEGx�FL~�n k�FLIy� j E�F@x�qyE©nGr�F�Iy~H~ j E�Iy~�N qyx�~H|oIy���Gl�� %
~HIJnGl�q�v¥�pN��pnpFLkm���;FL�pD�FL~HloIy|�|�Nm�Glov.~�F=nGr�F K�FH�yEGFHF©qyx�Iy~H~ j E Iy~�N&lo��� j D.D�q��pFLK&npqAM�F=k�FLIy� j EGFLK�q�v j v.�pFHFLv
F���Iyk�D�|�FL� � �wq�Á�FH¼yFHE��Zl�nAlo�@ÁwloK.FL|�N(Iy~H~�FHD.npFLK�nGr.IJn�nGr.FHEGF¥K�q;FL�AF���lo�pn�I	k�FHnGr�q�KXÁwr.lo~ r��}l�x=lok�D�|�F+%
k�FLv;nGIJM�|�F���~HIyv%M j lo|oK�nGr�F qyD�nGlokmIy|ª~H|oIy�G��l���FHEZx�qyEwIyv]N*D.E�qyM�|�FLk �aÀ�r.l��\npFL~�r.v.l�� j F���Á=r.lo~�r¥Iy|��pqmx�qyE�km�
I �pq�|ol�KAM�Iy�Glo�{x�qyE j v.K.FHE��pnGIyv.K.l�v��wnGr�F �yFHN�~�q�v.~�FHD�nG�}lov�~H|oIy���Gl��:~HIJnGl�q�vAnGr.FHqyEGN��;lo�aK�lo�G~ j �G�GFLK��:E��pn �{À�r�F
K�E�IÂÁ�M�Iy~ �¥qyxcnGr.F�k�FHnGr�q�KBr.qÂÁ�FH¼yFHE��hl���nGr.IJnul�nwlo��Iy|�k�q��pn=l�k�D�q��G�Gl�M�|oF=npq�lok�D�|�FLkmFLv]nZD�FHEGx�FL~�nG|�N¥Iyv.K
nGr�FHEGFHx�qyEGFt~HIyv%�GFHEG¼yF q�v.|�N�Iy��IA� j loK�FL|�lov�Fwx�qyEZnGr�F qyM.nGIyl�v.IJM�|�F Iy~H~ j E�Iy~HloFL�Zqyxc~H|�Iy�G�Gl��:~HIJnGloq�v¥�pN¢�GnpFLkm� �
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À�r�F��FL|oK"qyx�D.EGqyM�IJM:lo|ol�nRN nGr�FHqyE�N(M.EGq j ��r;n@npq nGr�F�D.EGqyM:|�FLk qyxw~H|�Iy�G�Gl��:~HIJnGloq�v"Iyv IJD.D.EGq�Iy~ r ~HIy|o|�FLK
�\ILNyFL�Gl�Iyv lov�x�FHEGFLv.~Hlov.� � À�r�lo��IJD�D.EGq�Iy~�r lo�@M�Iy�GFLK�q�vXnGr�F¥Iy�G� j k�D.nGl�q�v�nGr.IJnAnGr�F*D.EGqyM:|�FLk ~HIyv M�F
D�q��pFLK	lov D j EGFL|�N*D.E�qyM�IJM�lo|ol��pnGlo~©npFHE�km��� ���*4 nGr.IJn©nGr�FAD.EGqyM�IJM:lo|ol�nGl�FL��qyx}Iy|o|cnGr�FAK.l ��FHEGFLv]nuFH¼yFLv;nG�tIJEGF
��v�qÂÁwv��
À�r�F �\ILNyFL��loIyvBIJD.D�EGq�Iy~�r¥Á=lo|o|:MhF K�FLkmq�v.�pnpE�IJnpFLK¥M¢N&Iyv%F���Iyk�D:|�F©Áwl�nGr*v�qynGIJnGl�q�v%��lokmlo|oIJE�npqmnGr.IJnZqyx
s j K.I�Iyv.K �uIJEGn ��¶L¸�� � i�j D.D�q��pF=Á�FtÁ\Iyv;nZnpq�D.EGFLK.lo~�n\Áwr.FHnGr�FHEZnpq�k�qyEGEGq�Á�Áwl�|o|�M�F I�� j v�v]NmqyEwE�Iylov;N
K.IÂN�����FL~HI j �pF�qyx�nGr�F�E�Iyv.K�q�k v.IJn j EGF�qyx�nGr.lo�uD.EGFLK�lo~�nGl�q�v���Á�FA|oFHnunGr.F@E Iyv.K�q�k´¼ IJE loIJM�|�F#"9K.FLv�qynpF
nGr.lo���pnGIJnpF©qyx�v.IJn j E�F�� $=F���n���K.F��:v�F$" � npqAEGFHD.EGFL�GFLv]n�nGr�Fu~H|�Iy�G�}qyx ��"F�D�D� K.IÂN¢�\Iyv.K%" � nGr�IJn�qyx 	+�����D�K.IÂN¢� �
� v¥nGr�F �\ILNyFL��loIyv IJD�D.EGq�Iy~�rBÁ�F�Iy�G� j k�F nGr�IJn�Á�F�r.IL¼yF@�pq�k�F �^(*	�����	�� ��v�qÂÁ=|�FLK��yFtIJM�q j n�nGr�F�D.EGqyM %
IJM�lo|�l�n½N*qyxaq�~H~ j EGEGFLv.~�F�qyxanGr�FL�pF@n½Á�q�~H|�Iy�G�pFL� �(��FHnwnGr�F �^(*	�����	�� D�EGqyM�IJM�lo|�l�n½N&qyx}~H|oIy�G�$" � M�F#&(')" �+* �Iyv.K�nGr�IJnaqyx�~H|�Iy�G��" � �,&(')" � * �aÀ�r�F �_(*	�����	�� D.EGqyM�IJM:lo|ol�nGl�FL�c~�q j |oK�r�IL¼yFwM�FHFLvA��IJnGr�FHE�FLKmM¢N�EGFL~�qyE K.lov��
nGr�Ftq�~H~ j EGE�FLv.~�FL�Zqyx{� j v.v;N�Iyv�K*E�Iylov;N�K.IÂN¢�=K j E�l�v���nGr.Ft|oIy�pnZNyFLIJE �
i�j D�Dhq��GF�v�qÂÁ nGr.IJn}Á�FwÁ\Iyv;n}npqAkmI �yF=I�D.EGFLK.lo~�nGloq�vmIJM�q j n}npq�k�qyE�EGqÂÁ.- ��Á�FLIJnGr�FHE �¿À�r�F=k�q��pn�|oqy��lo~HIy|
K�FL~Hlo��l�q�v E j |oF/' �¢v�q�Áwlov��=v�qynGr.lov��wM j nªnGr�F �a(*	�����	�� D.EGqyM:IJM�lo|ol�nGloFL�:Á�F�~�q�|�|�FL~�npFLK * Á�q j |oKtMhF}npq=�GIÂN nGr.IJnnpq�k�qyEGE�qÂÁ Á�q j |oK%M�F@� j v.v;N%l�x�&0')" � *21 &('3" � * Iyv.KBnGr�IJnul�nuÁ�q j |oK%M�F@E�Iylov;N%l�x�&0')" � *21 &(')" � * ��\n nGr.lo�©D�q�lov;n���Á�F�Á�q j |oK	v�q�Á M�FA~ r�q¢q��Glov��*nGr�Fm~H|oIy���©qyx�r.l���r.FL�pn©D.EGqyM�IJM�l�|ol�n½N¥x�qyE ��.�.{� ���D�7���N"8���5Y��
4������ ��FH¼yFLv%nGr.q j ��r¥Á�F �¢v.qÂÁ�nGr.IJnwMhqynGrB� j v.v;N&Iyv.K%E�Iylov;N&K.IÂN¢�wq¢~H~ j E �
À1qmlok�D.EGq�¼yF j D�q�v�nGr.lo�\�Gl�n j IJnGloq�v���Á�Ft~�q j |�K*npEGNnpqkI �yFt�pq�k�Ftk�FLIy� j EGFLk�FLv;nG��IJM�q j n\nGr�Ft~ j EGEGFLv;n
~H|olokIJnpF&~�q�v.K.lonGl�q�v.�@lov(qyE�K.FHE�npq	kmI �yF*q j E@x qyEGFL~HIy�Gn � i�j D.D�q��pFmÁ�F&��IJnGr.FHEAK�Iylo|�N	nGr�F�nGr�EGFHF*k�FLI %
� j E�FLk�FLv]nG�}qyx�r.l���r�FL�GnanpFLk�D�FHE�IJn j EGF���IL¼yFHE�IJ�yF r j kmloK�l�n½N@Iyv.KIÂ¼yFHE�IJ�yF©Áwlov.K�K.loEGFL~�nGl�q�v��}¾�q�v.��loK�FHE�lov.�
nGr.lo��k�FLIy� j E�FLk�FLv]n@¼yFL~�npqyE4'�x�FLIJn j EGF*¼yFL~�npqyE * npq npq	M�FI E�Iyv.K�q�k ¼yFL~�npqyE � Á�F*~HIyv�v.qÂÁ j �pF&nGr.lo�lov�x�qyE�kmIJnGloq�vAnpqt�:v.K657' �98 "�: * :<; �>= � x qyE}MhqynGr&~H|oIy�G�pFL� �{Àwr.lo�alo� ��v�q�ÁwvIy�}nGr�F �����*4����������*��. D.EGqyM:IJM�lo|ol�nRN
K�FLv.��l�n½N x j v.~�nGl�q�v.�©qyx�nGr�F~H|oIy���Gl���FHE � � v$nGr�F�F���Iyk�D�|�F��1nGr�FL�pFK.FLv.�Gl�nGl�FL�uEGFHD�EGFL�pFLv;ntnGr�F�D.EGqyM:IJM�lo|ol�nRN
nGr.IJnwI~�FHEGnGIylov%k�FLIy� j EGFLk�FLv;n�¼yFL~�npqyEuq¢~H~ j E ������l�¼yFLv¥nGr�F�K.ILN¥lo�Z� j v.v]N&qyEwE�Iyl�v]N��
�tv�q�Áwlov��AnGr.l���lov�x�qyE�kmIJnGl�q�v*Iy|o|oqÂÁw� j �Znpq j �pF#? ���-�
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~�r.q;q��Gl�v��E" � Áwr.FLv &0')" � 8 � * 1 & ')" � 8 � * Iyv.K%¼¢lo~�F ¼yFHE �GI �
À�r.l���F���D�|oIyl�v.�AnGr�F¥M�Iy�Gl�~*D.E�lov.~HloD�Iy|o�tqyx �\ILNyFL��loIyv lov.x FHEGFLv�~Hlov�� � � nmlo�m�yFLv�FHE�Iy|o|�NXIJ�yEGFHFLK nGr�IJnmnGr�F
�\ILNyFL�Gl�Iyv~H|oIy�G��l���FHEalo�cnGr�FZqyD.nGlokIy|¢~H|�Iy�G�Gl���FHEanGr�IJn¿~HIyvAMhF\M j lo|�ncx qyE¿Iyv;N���lo¼yFLvAD.EGqyM�|�FLkCÁwlonGr ��v�q�Áwv
D.E�loqyE��¿Iyv.K&~�q�v.K.l�nGl�q�v�Iy|.K�FLv.�GlonGl�FL� � � x�qynGr�FHE�E�lo� �Ax�Iy~�npqyE���r.IL¼yFunpq�M�F�M j lo|�nalov;npq�nGr�Fu~H|oIy�G�Gl���FHE��]l�n�~HIyv
M�FuK.q�v�F=M¢N�G~HIy|�lov���nGr.F �$(*	�����	�� D�EGqyM�IJM�lo|�l�nGl�FL�¿lov&nGr�F©~�qyEGEGFL~�n�kmIyv�v�FHE �aÀ�r�FuEGFL� j |onGlov���~H|oIy���Gl���FHE\lo�
nGr�FLv%~HIy|�|�FLK¥nGr�Ftkml�v.lok j k/E�lo� ��~H|oIy�G�Gl��:FHE �
À�r�FuD.E�Iy~�nGl�~HIy|ol�n½N&qyx�nGr�F �\ILNyFL�Gl�Iyv%IJD.D.EGq�Iy~ r¥lo�\r�qÂÁ�FH¼yFHE�¼yFHEGN�K.lo�pD j nGIJM�|�F��{À�r.lo��K.lo�GD j npF=l���~HI j �pFLK
M¢N�nGr�F x�Iy~�n�nGr.IJn � |ok�q��Gn&v�q�EGFLIy| %½|ol�x�F%D.E�qyM�|�FLkm�mr�IL¼yF	Á�FL|�| %½K�F��:v�FLK qyE�Á�FL|o| % ��v�q�Áwv ~�q�v.K�l�nGl�q�v.Iy|
K�FLv.��l�nGl�FL�@Iyv.K�I D.E�l�qyE�l}D.EGqyM�IJM:lo|ol�nGl�FL� � � v k�q��pnm~HIy�pFL��l�n�lo�@¼yFHEGNXK.l � ~ j |�n��al�xwv�qyn�lok�D�q��G��l�M�|�F��cnpq
qyM.nGIylov%nGr.lo�Zlov�x�qyE�kmIJnGloq�v*DhFHE�x FL~�nG|�N&x E�q�k�nGr�F�K.IJnGIm��IJnGr�FHEGFLK%x�qyE�nGr�F�D.EGqyM�|�FLk �
� v Iyv IJnpnpFLk�D�nnpq"q�¼yFHE�~�q�k�F nGr.lo��D�EGqyM�|�FLk �\kmIyv;N�K.l ��FHEGFLv]n�npFL~ r.v.lo� j FL�&r.IL¼yF MhFHFLv K�FH¼yFL|�qyD�FLK��
À�r�FL�GFmnpFL~�r.v�lo� j FL��FLl�nGr.FHE�M�Iy�pF&nGr�FLl�E@K�FL~Hlo�Gl�q�v�� q�v(FL�pnGl�kmIJnpFL�@qyxZnGr�F �����*4����������*��. qyE �6(F���
���
	�����	��
K�FLv.��l�n½N%x j v.~�nGloq�v.���hqyEunpE�NBnpq¥IL¼yq�loK$kI �¢lov.�&nGr�FL�GF�FL�pnGl�kmIJnpFL�tIJn Iy|o| � À�r�FAk�FHnGr�q�K.�uK�FH¼yFL|�qyD�FLK npq
qÂ¼yFHE ~�q�k�F¥nGr�F j v ��v�qÂÁ=v"K�FLv.��l�n½N(D�EGqyM�|�FLkm��r.IL¼yF���lov(nGr.F*|�l�npFHE�IJn j EGF��{M�FHFLvX~HIJnpFH�yqyE�lo�pFLK l�v]npq n½Á�q
kmIylov$~HIJnpFH�yqyE l�FL���{v.Iyk�FL|�N D�IJE�Iyk�FHnpE�l�~�Iyv.K(v�q�v�% D:IJE�Iyk�FHnpE�lo~@npFL~ r.v.lo� j FL� �mÀ�r.F@x�q�|o|�q�Áwlov��¥�pFL~�nGloq�v.�
Áwlo|�|hK�lo�G~ j �G�\�pq�kmFtqyx{nGr�FL�pFtK.l ��FHEGFLv;nZnpFL~�r.v�lo� j FL� �
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 �2�� , �9��
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À�r�F&x�Iy~�n@nGr.IJn�nGr�F&qyD�nGlokmIy|}~H|�Iy�G�Gl���FHE�~HIyv.v�qyn@MhF&M j lo|on©l�v"k�q��pnA~HIy�pFL�Ar.Iy��nGr�F&l�k�D�|olo~HIJnGloq�v	nGr.IJn
nGr�F¥K�FL�Glo��v�FHEAqyx=I$~H|oIy�G��l��:~HIJnGl�q�vX�pN��pnpFLk r.Iy�@npq$FL�pnGlokIJnpF���lov �pq�k�F*Á\ILN���nGr�F j v ��v�qÂÁ=vXK.FLv.�Gl�nRN
x j v.~�nGl�q�v.� � � v	D�IJE�Iyk�FHnpE�l�~�~H|oIy�G�Gl��h~HIJnGl�q�v npFL~�r.v.l�� j FL����nGr.lo�©lo� K�q�v.F�M;NB��E��pn ~�r.q;q��Gl�v��%Iyv$Iyv.Iy|�N¢nGlo~
x�qyE�k x qyEZnGr.F©K�lo�pnpE�l�M j nGl�q�v.���;Iyv.K*nGr�FLv�FL�pnGlokmIJnGl�v��AnGr�F D�IJE�Iyk�FHnpFHE �ZK�FL�G~�E�l�M:lov���nGr.FL�pFtK.lo�pnpE l�M j nGl�q�v��
x�EGq�k nGr�F¥K.IJnGI$M�FLlov�� j �pFLK��"À�r�F¥~�r.q�lo~�F%qyxwÁ=r.lo~�rXF���Iy~�nmx�qyE�k qyxuK�lo�pnpE�l�M j nGl�q�v$npq j �GF*l���kmIyK�F
M�Iy�pFLK q�v �GIykmD�|�FL�*K�E�IÂÁwv x�EGq�k nGr�F$K.lo�GnpE�l�M j nGloq�v.�mIyv.K q�v9nGr�F	F���DhFHE l�FLv.~�F qyx�K�FL�Gl���v.FHE�qyx�nGr�F
�pN��pnpFLk � �uv�qynGr�FHEZ~�r.q�lo~�F©nGr.IJnZr.Iy��npq@M�F©kmIyK�FuM;NnGr�FuK.FL�Gl���v�FHE\lo��Áwr�FHnGr�FHE�npqAnpEGNIyv.K*k�q�K�FL|:nGr�F
�y(F�������
	�����	�� K�FLv.�Gl�nRN¥x j v.~�nGl�q�v.�wqyE=nGr�F � ���O4����������*��. K�FLv.��l�n½N¥x j v.~�nGl�q�v�� � � K.lo�G~ j �G�Gl�q�v*q�v nGr.lo�=~HIyv
M�F x q j v.K¥lov � ( �� �
� v�kmq��pnZ~HIy�pFL�ZnGr�F ~�r.q�lo~�FL�Zqyx�nGr.Fux�qyE�km��qyx1nGr�F K�FLv.�Gl�nRNmx j v.~�nGl�q�v.��IJEGF �yFHD.nZIy�Z�Gl�k�D�|�FuIy�\Dhq����Gl�M�|�F��
Iyv.K¥�pnGIyv�K.IJE�K%K.l��pnpE�l�M j nGl�q�v.�}|�l �yF©nGr�F�k j |�nGl�¼JIJE�loIJnpF v�qyE�kIy|ªK.lo�pnpE�loM j nGl�q�v&IJEGF�Iy�G� j k�FLK�� "�FHn j E v.lov��
npqnGr.FtD.EGFH¼�l�q j �\F���Iyk�D�|�F���nGr�F�~�q�v.K�l�nGl�q�v.Iy|�D.E�qyM�IJM�lo|olonGl�FL��x qyE�nGr.F�k�FLIy� j EGFLk�FLv;nG��qyxaIL¼yFHE�IJ�yF�K.Iyl�|�N
r j kmloK.lon½N��¿kmI ��lok j k K.Iylo|�N(npFLkmDhFHE IJn j EGF*Iyv.K�IL¼yFHE�IJ�yF Áwlov.K %½K.l�EGFL~�nGl�q�v�kml���r;nAMhF*~�q�v.�Gl�K�FHEGFLKXnpq
M�FBv�qyE�kIy|o|�N�K�lo�pnpE�l�M j npFLK��¿FLIy~ r�r.IÂ¼¢l�v��"�pq�k�F k�FLIyv ¼JIy| j F��ZIyv.K �pq�k�FB¼JIJE�loIyv�~�F�� � x©Á�FBK.FLv�qynpF
nGr�F�k�FLIyv"¼JIy| j FL��Iy��������� :���� ����� ��� Iyv�K�� �>: � �cIyv�K(nGr�F&¼ IJE�l�Iyv.~�FL��Iy�"!������� :�� � !����� ��� Iyv.K#!���>: � �1Á�F
Á�q j |oK ��v�qÂÁ r�IL¼yF�nRÁ�FL|�¼yFwD�IJE�Iyk�FHnpFHE��}K�FL�G~�E�l�M:lov��unGr�F�~�q�v.K.l�nGloq�v.Iy|�K�FLv.�Gl�nGloFL� '���l ��D�FHE¿~H|oIy�G� * �{Àwr�FL�pFD�IJE�IykmFHnpFHE��wÁ�q j |oKBnGr�FLv%M�FtFL�GnGlokmIJnpFLK j �Glov��npFL~�r.v.l�� j FL�=|ol �yFtnGr.F�kmI ��lok j k+|ol �yFL|olor�q¢q¢K�FL�pnGl�kmIJnpF
� (  ��� � � �
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�=x npFHE�nGr�F���IJnGr�FHE�FLK&K.IJnGI�lo� j �GFLK�x qyE�FL�pnGlokmIJnGl�v��tnGr�FL�pF=¼ Iy| j FL���]Á�F�Á�q j |oK�nGr.FLvmD�| j � nGr�FwFL�pnGl�kmIJnpFLK
� ���*4����������O��. K.lo�pnpE�loM j nGl�q�v�lov]npq	FL� j IJnGl�q�v.� � �o¶¥Iyv�K � ��� ��Iyv.K�IJ��Iyl�v j �pF*nGr�F%K�FL~Hlo��l�q�v"M�q j v�K.IJE�l�FL�
x�EGq�k�nGr.IJn�D�EGq¢~�FLK j EGF©npqK�q�nGr�F�~H|oIy�G�Gl��h~HIJnGl�q�v��
��N q�v.|�N"FL�GnGlokmIJnGlov��$nGr.F%¼ IJE loIyv.~�FL��qyx©FLIy~�r�x�FLIJn j EGF%Iyv.K v.qyn��:v.K.l�v�� ~�q�¼ IJE loIyv.~�FL�&MhFHnRÁ�FHFLv nGr�F
K.l ��FHEGFLv;n\x FLIJn j E�FL�wl�nZr.Iy��l�v*nGr.lo��F���IykmD�|�Ftlok�D:|olo~Hl�nG|�NAM�FHFLv¥Iy�G� j k�FLK¥nGr.IJnZnGr�F x�FLIJn j EGFL�wÁ�FHE�Ftlov.K�F+%
D�FLv.K�FLv;n �=À�r.FL�pF@~�qyE�EGFL|oIJnGl�q�v.�ukml���r;n©IyK�¼yFHE��pFL|�N%I ��FL~�n nGr�FAIy~H~ j E�Iy~�N qyx¿q j E©k�q¢K.FL|o���:Iyv�K ~�qyE�E j D.n
q j E��hv.Iy|�K�FL~Hlo��l�q�v.� � Àwr�FHEGFB~�q j |�K�x qyEF���Iyk�D:|�F%M�F%I"r.lo��r�K�FH�yEGFHFBqyx ~�qyEGE�FL|oIJnGl�q�v M�FHnRÁ�FHFLv q j E
k�FLIy� j EGFLk�FLv;nG��qyx{npFLk�D�FHE�IJn j EGF�Iyv.K%r j kmloK.lon½N��.Iyv.KBnGr.lo�\Á�q j |oK%v�qynwMhF�EGF���FL~�npFLKBl�v¥nGr�F�k�q�K�FL|ªqyx
nGr�F��GN¢�pnpFLk �
� q¢K�FL|Z~�q�kmD�|�F���l�n½N lo�Aq�v�F¥qyxunGr�F¥M�l��(l��G� j FL�Alov nGr�F%K.FL�Gl���v qyx©Iy|o|Z~H|oIy�G�Gl���FHE��pN¢�GnpFLkm� � � v�kmIyv]N
EGFLIy|�~HIy�pFL�Ak�q¢K.FL|o�tIJEGF �yFHD.n�¼yFHEGN(��lok�D�|�F���FH¼yFLv"nGr�q j ��r(nGr�F�K�FL�Gl���v�FHE�qyx\nGr�F&�pN��pnpFLk �¢v.qÂÁw��nGr.lo�
Iy�G� j k�D.nGl�q�v	npq MhFx�IJEtx�EGq�k nGr�FmnpE j nGr��&À�r�F�E IJnGl�q�v.Iy|�FmM�FLr.l�v.K nGr.lo�tIJD.D:IJEGFLv]n�K.lo�pEGFH��IJE K$x qyE�nGr�F
~�q�k�D�|oF���l�nRN qyx@nGr�F	D.EGqyM�|oFLk ~�q�kmFL�%x�EGq�k IXnpE�IyK�F+% q � lov FL�pnGlokmIJnGloq�v9npFL~�r.v.l�� j FL� �/À�r�lo�npE IyK�F+%
q � lov;¼yq�|�¼yFL��nGr�Fv j k�M�FHE�qyx�FL�GnGlokmIJnpFLK�D�IJE�Iyk�FHnpFHE��@Iyv.K"nGr�F&Iy~H~ j E Iy~�N$Áwl�nGr(Á=r.lo~�r(nGr�FHN(~HIyv"M�F
FL�pnGlokIJnpFLK��]Iyv.KAlo� ��v�qÂÁwvAlov@nGr�F\D�IJE Iyk�FHnpE�lo~�FL�pnGlokIJnGl�q�vA|ol�npFHE�IJn j E�F�Iy�{nGr�F\M�l�Iy� ��¼ IJE loIyv.~�F\npE�IyK�F+% q � �
� nZÁwlo|o|hM�FtK.lo�G~ j �G�pFLK*lov¥I�M�lon�k�qyEGFtK�FHnGIylo|�Iy�ZD�IJEGn�qyx i FL~�nGl�q�v � ��� �
��EGq�k´nGr�FAIJM�qÂ¼yF�K.lo��~ j �G�Gl�q�vBl�n=~HIyv M�F��pFHFLv nGr.IJn©~H|oIy�G��l��:~HIJnGl�q�v k�FHnGr�q�K.� j �Glov��D�IJE�Iyk�FHnpE�l�~�npFL~ r�%
v.lo� j FL��IJE�F@lov kmIyv;N%~HIy�pFL�u¼yFHEGN%K�FHD�FLv.K�FLv;n�q�v nGr�F�nRN;D�F�qyx�K.IJnGImM�FLlov��&|�q;q��yFLK IJn���Iyv.KBE�FL� j loEGF�I
|�qyn qyx�F��¢D�FHEGn ��v�qÂÁ=|�FLK��yFmIyv.K$lov;npFHE�Iy~�nGl�q�v$l�v$K�FL�Gl���v.l�v���Iyv�K$�pFHnpnGlov�� j D	nGr�FL�GFm~H|oIy�G�Gl��:FHE�� � µ nGr�FHE
qyM �pFL~�nGl�q�v.�=nGr.IJn©r.IL¼yF@M�FHFLv |�q�K��yFLK IJ��Iylov.�pnunGr�FL�pF@k�FHnGr�q�K.�=IJE�F�nGr.IJn=nGr�FA�Glok�D�|�lo�pnGlo~©k�q�K�FL|o� j �pFLK
lov�nGr�FL�pF	k�FHnGr�q�K.���pq�k�FHnGlok�FL��q�¼yFHE��Glok�D:|ol�x�NXnGr.F D.E�qyM�|�FLk �\��l�¼�lov���M�IyK E�FL� j |�nG��lov E�FLIy|uIJD�D�|olo~HI %
nGl�q�v.� � � j EGnGr�FHEZK.l � ~ j |�nGl�FL�¿IJE lo�pFwÁ=r�FLvnGr.F=npFL~ r.v.lo� j FL��K.lo�G~ j ���pFLKr�FHE�F=r.IÂ¼yFunpqAM�F=IJD�D�|ol�FLK�npqA¼yFHEGN
r.l���r %½K.lok�FLv.��l�q�v.Iy|:D.EGqyM�|�FLk����MhFL~HI j �pFtr j kmIyv.��IJEGF�v�qyn�¼yFHEGN�Á�FL|�|�IyK.IJD.npFLKBnpqm¼¢l�� j Iy|olo��lov���K�IJnGImlov
� j ~ r*r.l���r�%½K.l�k�FLv.�Gl�q�v�Iy|.�pD�Iy~�FL� ��À�r.lo��M.E�lov.����IJM�q j n\D.EGqyM:|�FLkm��lov&K.FL~HloK.lov���nGr�F©F���Iy~�nwx qyE�k��qyx1nGr�F
K.l ��FHEGFLv;n�K.lo�pnpE l�M j nGl�q�v�� �
À�r�F�x�Iy~�npqyE��ak�FLv;nGl�q�v�FLKAIJM�qÂ¼yFZK�q©v�qynalok�D�|�N©nGr.IJn{nGr�FHE�F�IJEGFZv�qynaI=¼ Iy�Gn{~�q�kk j v�l�n½Ntqyxh�pnGIJnGlo�pnGl�~HloIyv.�
nGr.IJn j �GF�nGr�FLk K�Iylo|�N¥npq%K�FL�Glo��v ~H|�Iy�G�Gl��:~HIJnGloq�v �GN¢�pnpFLk� � �=qÂÁ�FH¼yFHE���nGr�FL�GF@x�Iy~�npqyE��tr�IL¼yFm~�q�k�Fmlov;npq
~�q�v.�Gl�K�FHE�IJnGl�q�v lov K�FL~HloK.lov.�Áwr.IJnun½N¢D�F�qyx�~H|oIy�G�Gl���FHE���npq j �GF@lov nGr�FAÁ�qyE��%D.EGFL�GFLv]npFLK	r�FHEGF�� �u�©Áwlo|o|
M�F��pFHFLv x�EGq�k,nGr�FA|ol�npFHE IJn j EGFtEGFH¼�l�FHÁ'�hk�q��pnux FLIJn j EGF��pFL|oFL~�nGl�q�vBnpFL~ r.v.lo� j FL�=EGFL� j l�EGFtnGr�IJnu~�q�k�D j npFHE %
r j kmIyv%lov;npFHE�Iy~�nGl�q�vBM�F �yFHD.n=Iy�=|�qÂÁCIy��D�q��G�Gl�M:|�F K j E�lov.�@nGr.F��pFLIJE�~ r%x�qyEwx�FLIJn j EGF�� j M��pFHnG� ��À�r�F x�Iy~�n
nGr.IJn*�pq�k�F qyxtnGr�FBqynGr.FHE&npFL~ r.v.lo� j FL����|ol �yF v�F j E Iy|wv�FHnRÁ�qyE������wIy|�|�qÂÁ´k j ~ r FLIy�Gl�FHE*IyK.IJD.nGIJnGl�q�v�npq
D.EGqyM:|�FLk��Gl�n j IJnGloq�v.����kmI �yF�nGr.FLk,k�qyEGFt� j l�nGIJM�|�F©x�qyE j �pF�l�v*x FLIJn j E�Ft�pFL|�FL~�nGl�q�v �pN¢�GnpFLkm� �
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� vv�q�v�% D:IJE�Iyk�FHnpE�lo~�npFL~�r.v.l�� j FL���]nGr�Fu~H|oIy�G�Gl��:FHE}K�q¢FL�}v�qyn�F��¢D�|�lo~Hl�nG|�N@kmI �yF=Iyv�IJnpnpFLk�D.n�npq�K�FHnpFHE kmlov�F
nGr�F j v ��v�qÂÁwvBD.EGqyM�IJM:lo|ol�nRN�K�FLv��Gl�n½N*x j v.~�nGl�q�v����.M j n=E�IJnGr�FHEunpq&FL�GnGlokmIJnpF@�yq;q�K K.FL~Hlo�Gl�q�v¥M�q j v�K.IJE�l�FL�
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K.l�E�FL~�nG|�Nx�EGq�k�nGr�F�K.IJnGI ��À�r�lo�Zlo��K�q�v.F M;N j �Gl�v��AnGr�F�~�q�|o|�FL~�npFLKB�GIyk�D�|�FL�wlov¥�pq�k�F�kIyv.v�FHEwlov*qyE K�FHE
npqK�FL~Hl�K�F Áwr�FHEGF nGr.FtK�FL~Hlo�Gl�q�v*M�q j v�K.IJE�l�FL�\�Gr�q j |oK*M�FuD:|oIy~�FLK��

Class 1
Class 2
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Feature 1

Previously labelled points

1st nearest neighbour

2nd nearest neighbour

New Point
Fe

at
ur

e 
2

3rd nearest neighbour

�{l�� j EGF � �o¶ � � |o| j �GnpE�IJnGl�q�v��Gr�qÂÁ=lov��m�GlokmD�|�F $
%½v�FLIJEGFL�pnuv�FLl���r;Mhq j E\~H|�Iy�G�Gl��:~HIJnGloq�v

µ v�F	� j ~ r nRN;D�F	qyx�~H|oIy���Gl���FHE���l�|o| j �pnpE IJnpFLK lov �clo� j EGF � �o¶ � j �pFL��q�v.|oN�nGr�F v.FLIJEGFL�pn¥v�FLl���r;M�q j E��mqyx
nGr�F�v�FHÁ�k�FLIy� j EGFLk�FLv;n�npq K.FL~HloK�Fmnpq Áwr.lo~ r(~H|oIy�G��nGr.lo�tk�FLIy� j EGFLk�FLv;n��Gr.q j |oK	M�FIy�G�Glo��v�FLK��*À�r.lo�
npFL~�r�v.lo� j Ftlo� ��v�qÂÁ=v%Iy� $
% $=FLIJEGFL�pn $wFLlo��r]M�q j E�~H|oIy���Gl��:~HIJnGl�q�v�� � v%nGr.lo�\npFL~�r�v.lo� j FtnGr�F�~H|�Iy�G��|oIJM�FL|H"
Iy�G�Glo��v�FLK%npq*Ix�FLIJn j EGF�¼yFL~�npqyEtlo��M:Iy�pFLKBq�v nGr�F@~H|oIy�G�=q¢~H~ j E�E�lov��kmq��pn=x�EGFL� j FLv;nG|�N¥lov%nGr�F $%v�FLIJE�FL�pn
v�FLl���r;M�q j E��uqyx�nGr.lo� ¼yFL~�npqyE �&À�r�Fmv�FLIJEGFL�Gn�v�FLl���r;M�q j E��©IJEGF�x�q j v.K	x�EGq�k D�q�lov;nG�©nGr.IJntÁ�FHEGFmIy|�EGFLIyK�N
|oIJM�FL|o|�FLK M¢N�nGr�F	K�FL�Gl���v.FHEmqyxtnGr�F �pN¢�GnpFLk � � v nGr�FB��� j EGFBlon&lo�&�pFHFLv nGr�IJn��wl�x j �Glov.�(I ��%½v�FLIJE�FL�pn
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qyxa�pFLIJE�~ rBIy|��yqyE�lonGr.km�\x�qyE�qyD.nGlokml��GIJnGl�q�v��

����� �
	 � � � ��� �	��� ���, ,�
 ���  ��� �

� Iyv]N � �yEGFHFLK�N ���GFLIJE�~�r$k�FHnGr.q¢K.�©r.IÂ¼yFAMhFHFLv	K�FH¼yFL|oqyDhFLK	lovBnGr�F@��FL|oK qyx¿x�FLIJn j EGF��pFL|�FL~�nGl�q�v��©Àwr�FL�pF
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Á�FL|o| �mÀ�r�FAM�Iy��lo~�loK�FLI*nGr�FLv"lo�©npqBE�Iyv�K�q�km|�NB�GD�Iyv$nGr�Fm�pFLIJE ~�r"�GD�Iy~�FmÁwl�nGr	FH¼JIy| j IJnGloq�v.���1Iyv�K	nGr�FLv
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�=��Iylov��]Á�FuEGFHD.EGFL�pFLv;n}I�npE�loIy|��Gq�| j nGl�q�v�npq�nGr�FwD�EGqyM�|�FLk Iy��ItM:lov.IJEGNAv j k�M�FHE���Á=l�nGrI � E�FHD.EGFL�pFLv;nGlov��
Im�pFL|oFL~�npFLK%x�FLIJn j EGFtIyv.K%I � EGFHD�EGFL�pFLv;nGlov���ImK.lo��~HIJE�K�FLK*x�FLIJn j EGF��
À�r�FtIy|o�yqyE�l�nGr.k,�GnGIJEGnG��M¢N&E Iyv.K�q�km|�N��pFL|�FL~�nGlov.�I�D�qyD j |oIJnGloq�v&qyxa� j ~�r¥M�l�v.IJEGN&v j k�M�FHE��\qyxa|�FLv��ynGr��
� �wz�Iy~�r k�FLk�MhFHEuqyxanGr�F�DhqyD j |oIJnGl�q�v%l���nGr�FLv FH¼ Iy| j IJnpFLK j �Glov��mnGr.F�~�E�l�npFHE l�q�v%x j v.~�nGl�q�v��\Àwr�F�v�F���n
�pnpFHD lo��npq��pFL|�FL~�nwx�EGq�k+nGr�FL�pF��pq�| j nGl�q�v.��I&v j k�M�FHE�qyx � D�IJEGFLv;nG���&nGr.IJnwÁ=lo|o|hM�F j �pFLK%l�v*�:v.K.l�v���v�FHÁ
npE�loIy|��pq�| j nGloq�v.� �%À�r�FL�GF � D�IJEGFLv;nG��� IJEGF*�pFL|�FL~�npFLK �pq Iy�@npq EGFHD.EGFL�GFLv]n�nGr�F � M�FL�pn�� �pq�| j nGloq�v.�tnpq nGr�F
D.EGqyM:|�FLk x q j v.K¥lov*nGr�Ft~ j E�EGFLv]nwDhqyD j |oIJnGl�q�v��
$=F��¢n��ZnGr�F � D�IJEGFLv;nG���"IJEGF j �pFLK lov I$EGFL~�q�k�M�lov.IJnGl�q�v D.EGq�~�FL�G�mnpq�EGFHM j lo|�K"nGr�F D�qyD j |oIJnGl�q�v�� À�r.lo�
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�{l�� j E�F � ��� ��À�r�Ft��lov���|�F+% D�q�lov;n�~�E�q��G� % qÂ¼yFHE©D.E�q¢~�FL�G� j �pFLK%lov¥�pnGIyv�K.IJE�K¥�yFLv�FHnGl�~tIy|��yqyE�l�nGr�km�

lo�tK.q�v�FmM¢N j �Glov��¥nGr�F � D�IJEGFLv;nG���Blov(D�Iyl�E����1Iyv.K(M j lo|oK.lov.�&v�FHÁ��Gq�| j nGl�q�v.��Iy��~�q�k�M�lov.IJnGl�q�v�� qyxZnGr�F
� D�IJEGFLv;nG��� � �uvmF���Iyk�D�|�Fwqyx�� j ~�r&I EGFL~�q�k�M�lov.IJnGl�q�v&�Gr�q�Áwvmlov �{l�� j EGF � ���t�GFHEG¼yFL��Iy��I�K�FL��~�E�l�D.nGl�q�vAqyx
nGr.lo�=D.EGq�~�FL�G� � À�r.F�~�EGq��G� % qÂ¼yFHEtD�q�lov;n=lo�uv�qyE�kIy|o|�N%�pFL|�FL~�npFLK	IJn©E�Iyv.K.q�k4K j E�lov��mnGr.F@E�FL~�q�k�M�l�v.IJnGl�q�v
D.EGq�~�FL�G� �
�=x npFHE©EGFL~�q�k�M�lov.IJnGloq�v��ªID.E�q¢~�FL�G�©~HIy|o|oFLK k j nGIJnGl�q�v	lo�u�pq�k�FHnGlokmFL�©DhFHE�x qyE�kmFLK��=À�r�lo�wr.Iy�unGr�F@F ��FL~�n
qyxaIy|�npFHE�lov.�!�¢Á=l�nGr¥Im~�FHEGnGIylov%D.EGqyM�IJM�l�|ol�n½N����pq�kmFtqyx1nGr.FtM�l�nG�Zlov*nGr.FtFLv.~�q�K.lov���� �
À�r�F�v�FHÁw|�N ~�EGFLIJnpFLK@D�qyD j |�IJnGl�q�vtlo��nGr�FLv�FH¼JIy| j IJnpFLK@q�v�nGr�F�~�E l�npFHE�l�q�v�x j v�~�nGl�q�v�IJ��Iylov)�JIyv�K�nGr�F � M�FL�pn��
k�FLk�M�FHE��}qyx1nGr�FuÁwr�q�|�F=D.EGq�~�FL�G��x qyE�k��nGr.Fuv�FHÁ9D�qyD j |�IJnGl�q�v�� �.EGq�k�r�FHEGFunGr�FuD.EGq�~�FL�G�\�pnGIJEGnG�\IJx E�FL�Gr
Iyv.K%l��Zv�qyE�kmIy|o|oNmD�FHEGx qyE k�FLK j v;nGlo|hnGr�FtD�qyD j |oIJnGloq�v&r.Iy�w~�q�v]¼yFHEG�yFLK npq�pq�kmF�lov.K.lo¼¢loK j Iy|.~�q�v.�Gl�K�FHEGFLK
npqmM�FtnGr�F�qyD.nGlokmIy|ª�pq�| j nGl�q�v¥x�qyE�nGr.IJn=E j v��¿À�r�lo�Z�pq�| j nGloq�v¥lo��v�qynwv.FL~�FL�G�GIJE�lo|oN&nGr�F�qyD.nGlokmIy|ª�pq�| j nGl�q�v
x�qyE�nGr�FtnpFL�pnwx j v�~�nGl�q�v���M j nZx�qyE�km��I � �yq¢q�K ��pq�| j nGl�q�v*npqmnGr�F D�EGqyM�|�FLk�� �
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� v EGFL~�FLv;n*NyFLIJE��*I�|oqyn&qyx�~�E l�nGlo~Hlo�Gk®r.Iy�&MhFHFLv |�q�K��yFLK IJ��Iylov.�pn �uFLv�FHnGlo~ �u|��yqyE�l�nGr.k����Iyv.K�qynGr�FHE
Iy|��yqyE�lonGr.km��Áwr.lo~ r&�GnGIyv.K*lovqyD�Dhq���l�nGl�q�v&npq�nGr�F � ��r.IÂ¼yF MhFHFLv*K�FH¼yFL|oqyDhFLK�� � j ~ r*qyx�nGr.lo�\~�E�lonGlo~Hlo�Gk
~�q�k�Ftx�EGq�k nGr�F x�Iy~�n�nGr.IJnZnGr.F EGFL~�q�k�M:lov.IJnGl�q�v*qyD�FHE�IJnpqyE�� j �pFLK¥lov � �#- �wr.IÂ¼yF�~�FHEGnGIylov*M:loIy�pFL�\Áwr.l�~�r
~HI j �pF�nGr�Ft�pFLIJE�~ rBnpqmM�F©M�loIy�GFLK¥npqÂÁ\IJE�K.�wD�IJEGnGlo~ j |�IJE\IJE�FLIy�wqyxcnGr�F��pFLIJE ~�rB�GD�Iy~�F��
z ��qyEGnG�©r.IÂ¼yF�nGr�FHE�FHx qyEGF@M�FHFLv kIyK�F�npq*EGFLk�q�¼yFAnGr�F��yFLv�FHnGl�~H�=x�EGq�k4�yFLv�FHnGlo~@Iy|��yqyE�l�nGr�km� � µ v.F�� j ~ r
Iy|��yqyE�lonGr.k lo� �cqyD j |oIJnGl�q�v �\Iy�pFLK � v�~�EGFLk�FLv;nGIy| ��FLIJE v.lov��%' ��� � � * � ( � �aÀ�r.lo�aIy|o�yqyE�l�nGr.k�nGI �yFL��I�k�qyEGFD.EGqyM:IJM�lo|olo�GnGlo~wIJD.D�EGq�Iy~�rBnpqmnGr�F D.EGqyM:|�FLk �
À�r�FtIy|o�yqyE�l�nGr.k�Iy�=K�FL�G~�E�l�M�FLK*lov �)����l����
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¶ � � v.l�nGl�Iy|olo�pFunGr�FtD.E�qyM�IJM�lo|olon½N�¼yFL~�npqyEunpq&l�nG�\FL� j Iy|��pnGIJnpF��
Àwr�FAD.EGqyM�IJM�l�|ol�n½N*¼yFL~�npqyE@lo�©I*¼yFL~�npqyEtnGr.IJnt~�q�v;nGIylov.���ªx�qyE FH¼yFHEGN x FLIJn j E�F���I�¼ Iy| j FA�GnGIJnGlov��*nGr�F
D�EGqyM�IJM�lo|�l�n½N%nGr�IJntnGr�F�x�FLIJn j EGF�Gr.q j |oK M�FAl�v.~H| j K�FLK�� ��qyE�F���IykmD�|�F���l�x�Á�F&r.IL¼yFmnpFLv"x FLIJn j EGFL�
nGr.FLv¥nGr�F�lov�l�nGloIy|hD.EGqyM�IJM:lo|ol�nRN�¼yFL~�npqyE=Áwl�|o|hMhF��
& � D�� & G � � & G � � & G � � & G � � & G � � & G � � & G � � & G � � & G � � & G ���

� � �©FLv�FHE�IJnpF=ItDhqyD j |oIJnGl�q�v j ��lov��©nGr�FZD.EGqyM:IJM�lo|ol�nRNt¼yFL~�npqyEZIyv.K�FH¼JIy| j IJnpF�FLIy~ r&kmFLk�M�FHE j ��lov��©nGr�F
~�E l�npFHE�l�q�v*x j v.~�nGl�q�v

� �(�{lov�K*nGr�FtM�FL�pn��pq�| j nGl�q�v ��� � � � lov*nGr.FtD�qyD j |oIJnGl�q�v
( � � qÂ¼yF"nGr�F D�EGqyM�IJM�lo|�l�n½N ¼yFL~�npqyE¥npqÂÁ\IJE�K.�*nGr�lo��MhFL�Gn&�pq�| j nGl�q�v M¢N IyK�� j �pnGl�v��"nGr�F D.EGqyM:IJM�lo|ol�nRN
¼yFL~�npqyE©Iy��x�q�|o|�q�Áw���
& � '�� * D & � '�� * � ' ¶ G & � � * � ��� � � �	� �
�.qyE&F���Iyk�D�|�F��Zl�xunGr�F MhFL�Gnmx FLIJn j EGFB�pFHn&x q j v�K lov�nGr�FB��E��pn�D�qyD j |oIJnGl�q�v qyx nGr�F%npFLv x FLIJn j EGF
F���Iyk�D�|oF@Á\Iy��¶y¶'&�¶'&�¶'&�¶y¶'& �aIyv.K nGr�F�|�FLIJE�v.l�v��E�IJnpFAÁ\Iy� � D & G ¶AnGr�FLv nGr�F�v�FHÁ�D.EGqyM:IJM�lo|ol�nRN¼yFL~�npqyE©IJx�npFHEwnGr�F �:E��pn\F��¢FL~ j nGl�q�v%Á�q j |oK*M�F
& � D�� & G � � � & G � � � & G (�� � & G � � � & G (
� � & G ��� � & G (�� � & G � � � & G � � � & G (��
�

� ��E�FHn j E�v¥npq�GnpFHD �

À�r�F@Iy|��yqyE�l�nGr�k,Á�qyE��¢�uM¢N%�pFLIJE�~ r.lov��&Áwl�nGrBI�r.l���r.FHE=Iyv.K r.l���r�FHE=D.EGqyM�IJM:lo|ol�nRN&lov nGr�F��GD�Iy~�F@IJE�q j v.K
�pq�k�F\�yq¢q¢K��Gq�| j nGl�q�v��yIyv.KAlov�nGr�F\FLv.K�~�q�v;¼yFHEG�yFL�aÁwr.FLv�nGr.F�D�EGqyM�IJM�lo|�l�n½N©¼yFL~�npqyE�~�q�v;nGIylov.�{q�v�|�Nt¼JIy| j FL�
¼yFHEGN¥~H|�q��pF npq ¶ Iyv.K & �
À�r.l��cIy|o�yqyE�l�nGr.k�r.Iy�aM�FHFLvA�Gr�q�ÁwvAnpqtD�FHEGx�qyE�kC¼yFHEGN@Á�FL|o|¢q�vAD.E�qyM�|�FLkm�cx�qyE¿Áwr.lo~ r@�yFLv�FHnGlo~ZIy|��yqyE�lonGr.km�
�Gr�q j |oKmr.IÂ¼yFuM�FHFLv�k�qyEGFu� j l�npFLK �)��� � ��qyE\nGr.lo�}EGFLIy�pq�v*Iyv&l�k�D�|�FLk�FLv;nGIJnGl�q�vqyx)� � � �$l�� j �pFLK&lov��pq�k�F
qyx nGr�F x FLIJn j E�F �pFHn*�pFLIJE�~ r�FL�&~�q�v�K j ~�npFLK�q�v nGr�F ~�E�l�npFHE�loq�v�x j v.~�nGl�q�v.�&lov�nGr.lo�&�pn j K�N�� � �wq�Á�FH¼yFHE �
l�nk j �pn&M�F%�pnGIJnpFLK nGr.IJnnGr�F kmIylov ~�q�v;npFLv;n�qyx©nGr�F Á�qyE ��D.EGFL�pFLv;npFLK r�FHE�FBÁ\Iy�v�qyn&x q�~ j �G�pFLK q�v
�:v.K�lov�� qyD.nGlokIy|:�pFLIJE ~�r*Iy|��yqyE�l�nGr�km���]M j n}E�IJnGr.FHE�q�v&�:v.K�lov��tIJD.D�|�lo~HIJM�|�Fw~�E l�npFHE�l�q�vx j v�~�nGl�q�v.�¿x�qyE j �pF
lovXx�FLIJn j EGF¥�pFHnAFH¼ Iy| j IJnGl�q�v�� �.qyEmnGr.lo�@EGFLIy�pq�v)�}kmIyv;N"qyxwnGr.F�D�EGqyM�|�FLkm�@Á�FHEGF¥~�r�q��GFLv npq(r.IL¼yF¥x�FHÁ
FLv�q j ��r%x FLIJn j E�FL��npqmM�FtIJM�|�F npq&K�q�F���r�I j �pnGl�¼yFt�pFLIJE ~�r�FL�=q�v¥nGr�F�� j M��pFHnG� �
À�r�F(v.F��¢n%~ r.IJD.npFHEBE�FH¼¢l�FHÁ=�¥�pq�k�F(qyx@nGr�F$D.EGFH¼�l�q j �*Á�qyE��9K�q�v�F(lov9nGr.F$��FL|oK qyx�K.lok�FLv��Gl�q�v.Iy|olon½N
EGFLK j ~�nGl�q�v¥Iyv.K%lov;npEGq�K j ~�FL�\nGr�F��pnGIyv.K.IJE�K¥l�K�FLIy� j �pFLK%Áwr�FLv*D�FHEGx�qyE�kmlov��@x�FLIJn j EGF�� j M��pFHn��pFL|�FL~�nGloq�v��
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À�r�F©lov;npEGq�K j ~�nGl�q�v&Iyv.K�M�Iy~��¢�yEGq j v.K*r.IÂ¼yF �Gr�qÂÁ=v&nGr�IJn�nGr.Fuv�FHFLK�F���lo�pnG��x�qyE��hv.K.lov���I@|oqÂÁ�FHE\K�lok�FLv�%
�Gl�q�v�Iy|aEGFHD.EGFL�GFLv]nGIJnGl�q�v�x�EGq�k I �pFHn�qyx�lov.D j n©x FLIJn j EGFL� �%À�r.l�� EGFHD.EGFL�GFLv]nGIJnGl�q�v��Gr�q j |�K(~�q�v]nGIyl�v"q�v.|oN
nGr�Ftk�q��Gn�EGFL|�FH¼JIyv]n=lov�x�qyE�kmIJnGl�q�v*v�FHFLK�FLK%x qyEw~H|�Iy�G�Gl��:~HIJnGloq�v*D j EGD�q��pFL� � � v¥nGr.lo�Z~ r.IJD.npFHEu�pq�k�F qyx{nGr�F
D.EGFH¼�l�q j �\Á�qyE���x E�q�k�nGr�F�|olonpFHE�IJn j EGF©q�vB|oqÂÁ�FHE�lov���lov�D j nZK.lok�FLv.��l�q�v.Iy|ol�nRNmlo��lov;¼yFL�pnGl���IJnpFLK��
i FL~�nGl�q�v � �o¶©��l�¼yFL�ZI@M.E l�FHx�lov;npEGq¢K j ~�nGl�q�vmnpqAnGr�Fu��FL|�Kqyx %7� ����"F	+�1��|-��	'�-�N������� � i nGIyv�K.IJE�K*k�FHnGr�q�K.�\IJEGF
K.lo��~ j �G�pFLK*Iyv.K¥nGr.FLl�EwIyK�¼JIyv]nGIJ�yFL�uIyv.K%K.E�ILÁ�M:Iy~�����IJEGF��Gr.qÂÁwv��
µ Áwl�v��%D�IJEGnG|oN npq$�pq�kmFqyx�nGr�F*K.lo��IyK�¼ Iyv;nGIJ�yFL��qyx�x FLIJn j EGF&F���npE�Iy~�nGl�q�v Iyv.K�D�IJEGnG|oN npq FLv���lov.FHFHE�lov��
~�q�v.�pnpE Iylov]nG���hnGr.F@v�F���n �pFL~�nGl�q�v	K.lo��~ j �G�pFL�=nGr�FAv�FHFLK x qyE©x�FLIJn j EGFA�pFL|�FL~�nGl�q�v npFL~�r�v.lo� j FL� � � n©lo�©�Gr�q�Áwv
nGr.IJn@lov(�pq�k�F�~HIy�pFL��x FLIJn j E�FmF��¢npE Iy~�nGl�q�v�l���v�qyn�Iyv�loK�FLIy|��pq�| j nGl�q�v�� ��FLIJn j E�F&�pFL|�FL~�nGloq�v(npFL~�r�v.lo� j FL�
~HIyv%nGr.FLv¥M�F j �pFLK¥npqmM j lo|oK�k�qyEGFtEGqyM j �pn�~H|oIy�G��l��:~HIJnGl�q�v¥�pN��pnpFLkm� �
i FL~�nGl�q�v � �����E��pn=D.EGFL�pFLv;nG�uI&�pN��pnpFLk K.loIJ�yE Iyk+qyxanGr�FA�pnGIyv.K�IJE�K %N������">	����N�
./���=������� npFL~�r.v.l�� j FL���:x�q�| %
|�q�Á�FLK M¢N�I�� j EG¼yFHN qyx�D.E�FH¼¢l�q j �&Á�qyE��9lov nGr�F(IJEGFLI qyx@x FLIJn j EGF(�pFL|�FL~�nGl�q�v�� � v.�pnpFLIyK9qyx@M�FLlov���I
x j |o|�N*~�r�E�q�v�q�|�qy��lo~HIy|cK.lo�G~ j �G�Gl�q�v*qyxanGr�FAK.l ��FHEGFLv;nwk�FHnGr�q�K.���:nGr�F��GFL~�nGl�q�v%�:E��pnw��lo¼yFL�=�pq�kmF@r.l��pnpqyE�lo~HIy|
K�FHnGIylo|��=Iyv.K nGr�FLv	K.lo¼¢loK.FL��nGr�F�k�FHnGr�q�K.�©lov;npq��GFH¼yFHE�Iy|aK.l ��FHEGFLv;nu~HIJnpFH�yqyE�loFL����K�FHD�FLv.K.l�v��mq�v nGr�F�IJD %
D.EGq�Iy~ r¥FLk�D�|oqÂNyFLK¥lov�FLIy~�rBk�FHnGr�q�K��¿À�r�Fu��E��Gn�M.E�q�IyK¥~HIJnpFH�yqyE�lo�GIJnGl�q�vBlo�\nGr.IJn\qyx :l	+��(�(D�
	 Iyv.K AC.2���
	
IJD.D.E�q�Iy~�r�FL� '�Iy��D�EGqyD�q��pFLKXM;N �)�,& � * ��� 	+��(�(8�7	 IJD.D.EGq�Iy~ r�FL�mIJEGF*nGr�q��pF¥IJD.D�EGq�Iy~�r�FL�mnGr.IJn j �pF*nGr�F
IJD.D�IJE�FLv]n FHEGE�qyE % E�IJnpF�qyx}nGr.Fm~H|oIy�G�Gl��:FHEux�qyEtK�FHnpFHE�klov.lov���nGr�FAM�FL�pn � j M��GFHnG� ��� ��.9���7	 IJD.D�EGq�Iy~�r�FL� j �pF
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~HIJnGl�q�v.� � � v*k�q��Gn�qynGr.FHEwIJD.D�|ol�~HIJnGl�q�v.���¢nGr�F Iylok�lo��npqA�:v.K&nGr�q��pF ¼JIy| j FL��� D�IJE�Iyk�FHnpFHE��\qyEZD�EGq�� FL~�nGloq�v.�
nGr.IJn©r.IL¼yFAlov.r.FHEGFLv]n=IJM�lo|ol�nRN*npq�K�FL��~�E�l�M�FtnGr�F@K.IJnGI ��Áwl�nGrBIy�=x�FHÁCv j k�MhFHE �wIy�=Dhq����Gl�M�|�F�� � vBD:IJnpnpFHE�v
EGFL~�qy��v.lonGl�q�v���nGr�FBIylok®lo�Anpq(�:v�K nGr�q��pFBx�FLIJn j EGFL�nGr.IJnmM�FL�pnK�lo�G~�E�loklov.IJnpF�MhFHnRÁ�FHFLv nGr�FBK.l �hFHEGFLv;n
~H|oIy�G�GFL�~�q�v;nGIylov�FLK lov nGr�FBK.IJnGI �\D�q��G�Gl�M:|�N$FH¼yFLv�K�lo�G~HIJE�K.l�v�� l�v�x qyE kmIJnGl�q�v nGr.IJnl��m~�q�kmk�q�v npq"Iy|o|
~H|oIy�G�GFL� �
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��s �/l��©M;N	x�IJE�v�qyn nGr�Fmq�v�|�N k�FHnGr.q¢K j �pFLK$lov	nGr�F|�l�npFHE�IJn j EGFAx�qyE �:v.K�lov��*K.lo�G~�E�l�kmlov.IJnGl�¼yF�x FLIJn j EGF
npE�Iyv.�Gx qyE�kIJnGl�q�v.� � µ nGr�FHEak�FHnGr�q�K.�alov�~H| j K�F¿nGr.F j �pF�qyxhv�q�v %½|olov�FLIJE{Iyv.Iy|�N��Glo���yIyv.KA�pq�kmF�k�FHnGr�q�K.� j �pF
v�q�D�IJE�Iyk�FHnpE�l�~�IJD.D.EGq�Iy~ r�FL��Áwr.IJnG�pq¢FH¼yFHE � � vmq�v�Fu� j ~ r&k�FHnGr.q¢K�� ��FHF �)� ( � j �pFL�¿nGr�FuK�FL~Hlo�Gloq�vmM�q j v.K�%
IJE�l�FL�=~�EGFLIJnpFLK M;N ���D� ~H|oIy�G�Gl���FHEwIy�uIk�FLIyv.�=qyxaqyM.nGIylov�lov��mnGr�F@v�FL~�FL�G�GIJE�N¥x FLIJn j E�F�npE�Iyv.�Gx qyE�kIJnGl�q�v��
Iyv.KXnGr�FLvXM j l�|oK.��I	k�qyE�F�qyD�nGlokmIy|\~H|oIy�G�Gl���FHE j �Glov�� r.lo�@v�FHÁw|�N"K.FL�Gl���v�FLK�x FLIJn j EGFL� � �uvXF��¢npFLv.��l�¼yF
K.lo��~ j �G�Gl�q�v�q�v%�Gq�k�FtqynGr�FHEwkmFHnGr�q¢K���~HIyvBIy|o�Gq�MhF x�q j v.K¥l�v � j � j v.IJ��I �)� ��� �
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� vA¼¢l�FHÁ�qyx�nGr�FZx�Iy~�n¿nGr.IJnanGr.FHEGFZF���l��pnanpE�Iyv.�px�qyE�kmIJnGloq�v.�{Áwr.lo~ r�r.IL¼yFwnGr�F�IJM�lo|olon½N�npq�F �hFL~�n}� j M��pnGIyv;nGloIy|
EGFLK j ~�nGl�q�v*qyxalov�D j n\�pD�Iy~�F�K.lok�FLv.��l�q�v.Iy|ol�nRN��¢I� j FL�GnGl�q�v¥nGr.IJnw~HIyvBIJE�lo�pFtlo���
� � r]N*nGr�FLv%l��ZnGr�FHEGFtImv.FHFLK¥x qyEwx FLIJn j E�F�� j M��GFHn��pFL|�FL~�nGl�q�v�� �
�u|�nGr�q j ��r&x FLIJn j EGF©F��¢npE�Iy~�nGloq�v*npFL~�r.v.l�� j FL�\IJEGFu�yq¢q¢K�x�qyE��hv.K.lov���K.lo�G~�E�l�kmlov.IJnGl�¼yFwx FLIJn j E�Fu�pFHnG���¢nGr.FL�pF
k�FHnGr�q�K.�¿IJE�Fw�pnGlo|o|�I x�IJE}~�EGNAx�EGq�k M�FLlov��©D�FHEGx�FL~�nax qyE�Iy|o|�D.EGqyM:|�FLkm� � � l�nGr ��s ���]nGr�F\�:E��pnaEGFL�pnpE lo~�nGl�q�v
lo��nGr.IJn*nGr�F$k�FHnGr�q�K9q�v.|�N �:v.K.��|olov�FLIJE�npE�Iyv.�Gx qyE�kIJnGl�q�v.���uIyv.K nGr.IJn%v�q�v�%½|ol�v�FLIJE&q�v.FL�¥kmI �yF$nGr�F
IJD.D.E�q�Iy~�r�FL��¼yFHEGN K�l � ~ j |�nunpq%qyD.nGl�kmlo�pF�� ��s �/Iy|��pq¥EGFL|ol�FL�©q�v j �Glov��*FL�pnGl�kmIJnpFL�tqyx�nGr�Fmk�FLIyv.��Iyv.K
¼JIJE�loIyv.~�FL�=qyxanGr�FAK.IJnGI ��nGr j �=lok�D�|�lo~Hl�nG|�N�Iy�G� j kml�v��I j v.lok�q�K.Iy|�K.l��pnpE�l�M j nGl�q�v�x qyEuFLIy~�r$~H|oIy���=lovBnGr�F
� %½�pD�Iy~�Fuqyx�nGr�F lov.D j nG� �cÀ�r.lo��Iy�G� j k�D�nGl�q�v&kl���r]n\v�qyn�M�FwnpE j F©Iyv.K�~HIyv�nGr j ��N�l�FL|oK¼yFHEGNkmlo��|�FLIyK.lov��
EGFL� j |�nG� �4' i FHF��1x qyEtF���Iyk�D�|oF��1�pq�k�Fqyx�nGr.Fm~HIy�pFL��l�v�� j � j v.IJ��I �)� ���¿Á=r�FHEGFml�ntlo���Gr�qÂÁ=v(r�qÂÁ ��s �
~HIyv � klo�pM�FLr.IL¼yF � � *
i q�k�F&qynGr�FHEAD.EGqyM�|oFLkm�tx�EGq�k nGr.F&FLv���l�v�FHFHE�lov��BDhq�l�v]ntqyxw¼¢l�FHÁ/IJEGF�nGr.IJn �1s �,K�q¢FL�@v�qyn@Iy|�|�qÂÁ/nGr�F
~H|oIy�G��l��:~HIJnGl�q�v$FLv.��lov�FHFHE�nGr.F&| j � j EGN qyx��pnGlo|o|ar�IL¼�lov��%nGr�FqyE�l���lov.Iy|}k�FLIyv.lov��Bqyx�nGr.F&lov�D j n©x FLIJn j E�FL� �
�u|o�pq!�al�x�~�q��pnAIyv.KX�pD�FHFLK"lo�@I ~�q�v��GloK�FHE�IJnGloq�v"lov"nGr�F�K.FL�Gl���v(qyxwnGr�F&�pN��pnpFLk �anGr.FL�pF�kmFHnGr�q¢K���r.IÂ¼yF
FH¼yFLvBkmqyEGF�K�E�IÂÁ�M�Iy~ �¢���
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%mnGr.FBEGFLK j ~�FLK K.lok�FLv��Gl�q�v.Iy|olon½N�~�q�kmFL�&IJn&nGr�FB~�q��pn&qyxtr.IL¼�lov��(k�qyE�FBD.EGq�~�FL�G�Gl�v��(lov�nGr�FBD.EGF+%
~H|�Iy�G�Gl���FHE��GnGIJ�yF

%v.q©��lov���|�F�x FLIJn j EGF�~HIyv�M�F�q�kl�npnpFLK�npqynGIy|o|�N�x E�q�k�nGr�FZlov�D j nG� �1À�r.l��ckmFLIyv.�{nGr.IJn¿Iy|o|¢nGr�FZ�pFLv.�GqyE��
nGr�IJn1Á�FHEGF j �pFLK@lovtnGr�F�F���DhFHE lok�FLv;nGIJnGl�q�v��GnGIJ�yF�qyx�nGr�F��pN��pnpFLk�K�FL�Glo��v�k j �pn{�pnGlo|o|yM�F j �pFLK�Áwr�FLv
nGr.F��pN��pnpFLk,lo�ZD j n\npq j �pF��

i q�k�F¥qyxunGr�F¥D.E�FL�pFLv]n %½K�ILN�~H|oIy�G�Gl���FHE��A~HIyv Iy|o�Gq$MhF¥~�q�v.��loK�FHEGFLK npq"r�IL¼yF��\Iy�mnGr�FLl�EA�:E��pn��pnGIJ�yF��ZIyv
lok�D:|olo~Hl�ntx�FLIJn j EGF*F���npE�Iy~�nGl�q�v D�r�Iy�pF��"À�r.l���lo�@D�IJE�nGlo~ j |oIJE�|oN npE j F*qyx=Iy|ok�q��Gn@Iyv;N�nRN;D�F*qyxwIJEGnGl��:~HloIy|
v�F j E Iy|�v�FHn½Á�qyE��A~H|oIy�G�Gl��:FHE � i q�k�FHnGlok�FL� j ��lov��©x FLIJn j EGFZF��¢npE Iy~�nGl�q�v~HIyvmIy~�n j Iy|o|�NAr.Iyk�D�FHE{nGr�FZx FLIJn j EGF
F���npE�Iy~�nGl�q�vB�GnGIJ�yF�qyx{Imv�F j E�Iy|ªv.FHn½Á�qyE��¥~H|oIy�G�Gl��:FHE �
��FLIJn j E�F i FL|�FL~�nGl�q�vXnpFL~�r.v�lo� j FL��K�q	v�qyn�� j ��FHE@x EGq�k �pq�k�F*qyx�nGr.FL�pF�K�lo�GIyK�¼JIyv]nGIJ�yFL� �	Àwr�F&qyE l���lov.Iy|
k�FLIyv.l�v����*qyx�x�FLIJn j EGFL�BIJEGF$EGFHnGIylov�FLK)�u�Gl�v.~�F	q�v.|�N nGr.F(l�EGEGFL|�FH¼JIyv;n�q�v.FL�%IJEGF$FL|oloklov.IJnpFLK��/s j E�lov��
qyD�FHE�IJnGl�q�v��;nGr�FHEGFuIJEGFwv�q�F��¢npE�I�M j E�K.FLv.�{q�vnGr.Fw~�q�k�D j nGIJnGloq�v.Iy|��Gl�K�F#'�nGr�Fu�pFL|�FL~�nGl�q�v&lo�¿K�q�v�F=q�v.|�NAlov
nGr�FtK�FL��l���v%�pnGIJ�yFtqyx{nGr�Ft~H|�Iy�G�Gl���FHE * �¿À�r�Ft~�q��pn�qyx{nGr�Ft�GN¢�pnpFLk+lo� �yFHD.n�npq&I�kmlov.lok j k/M¢N&EGFLkmqÂ¼�lov��npE�Iyv.��K j ~�FHE��ªnGr�IJn1IJEGF�v�qyn�v�FL~�FL�G��IJEGN x qyE1nGr�F�~H|�Iy�G�Gl��:~HIJnGloq�v nGIy� � � �Xx j EGnGr�FHE�IyK.¼ Iyv;nGIJ�yFZlo�ªnGr.IJnckmIyv]N
x�FLIJn j EGF��pFL|�FL~�nGl�q�v	Iy|��yqyE l�nGr.km�uK�q*v�qyn kmI �yF�Iy�G� j k�D�nGl�q�v.�wIJM�q j nunGr�F�k�q�K.Iy|ol�nRN%Iyv.K	K.lo�pnpE l�M j nGl�q�v��
qyx{nGr�Ftlov�D j nZK.IJnGI �
��FLIJn j E�Fu�pFL|oFL~�nGl�q�vnpFL~ r.v.lo� j FL��~HIyv&�Gq�k�FHnGlok�FL��Iy|o�pq�MhF=FLk�D�|�q�NyFLKM�FHx�qyEGFwK�q�l�v���x�FLIJn j EGF=F��¢npE�Iy~�nGloq�v��
À�r.l���lo�{lov;¼ IJE loIJM�|�N v�FL~�FL�G��IJEGN�l�x.nGr.F�K�FL��l���v�FHEcqyx�nGr�F\�pN��pnpFLk K�q¢FL�cv.qyncr.IÂ¼yF�IyvAloK�FLI=qyx.nGr�F\EGFL|�FH¼JIyv.~�F
qyx�FH¼yFHE�N�x�FLIJn j EGF\nGr.IJnaÁ\Iy�{F��¢npE Iy~�npFLK�x E�q�k�nGr�F\D.EGqyM�|�FLkCK�q�kmIyl�v��1À�r.F\l�v]npFHEGD:|oILNtM�FHnRÁ�FHFLv�K.l �hFHEGFLv;n
x�FLIJn j EGFL�tkmIÂN$Iy|o�pq¥EGFL� j |�n lov DhFL~ j |oloIJE©EGFL� j |onG���ªÁwr�FHEGF�nRÁ�qBx FLIJn j E�FL��kml���r;n �pFHFLk npq¥M�Fml�E�EGFL|�FH¼JIyv]n
M¢N&nGr�FLk�pFL|�¼yFL���.M j n j �pFLK*npqy�yFHnGr�FHEunGr�FHN*x�qyE�k,IA�yq¢q¢K � j M %½�pD:Iy~�F x qyEw~H|�Iy�G�Gl��:~HIJnGloq�v��
À�r�FL�GF���Iyv.K¥qynGr�FHE �:~�q�v.�Gl�K�FHE�IJnGl�q�v.�w�Gr�qÂÁ�nGr�F�v�FL~�FL���Gl�n½N¥lovB~H|oIy�G�Gl��:FHE�K�FL�Gl���v���npqmFH¼ Iy| j IJnpF�Iyv.KB~�q�v�%
�GloK.FHE©K�l �hFHE�FLv]n � j M:�pFHnG�uqyx�nGr�FAF���npE�Iy~�npFLK(x�FLIJn j EGF��pFHn � $=qyn q�v.|�N kILN nGr.lo�©|�FLIyK	npq%r.l���r.FHE©~H|�Iy�G�Gl %
�:~HIJnGl�q�v E�IJnpFL���hM j nwDhFHE r.IJD���Iy|o�Gq&~�q��pnuEGFLK j ~�nGloq�v%lov%nGr.F�lok�D:|�FLk�FLv;nGIJnGl�q�v%�pnGIJ�yF�Iyv.K k�qyEGF�E�qyM j �pn
~H|oIy�G��l��:~HIJnGl�q�v��
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À�r�F@��FL|�K	qyx�x�FLIJn j EGFm� j M��pFHnt�pFL|�FL~�nGloq�v(r.Iy�©M�FHFLv(�pn j K�l�FLK ÁwloK�FL|�NBx qyEtkmIyv;N	NyFLIJE�� � "wFHx FHEGFLv�~�FL�tlov
nGr�F%~H|oIy���Glo~HIy|ZD�IJnpnpFHE v�EGFL~�qy��v.l�nGloq�v Iy�mFLIJE�|oN�Iy�mnGr.F(¶L·�,&A- �&~HIyv MhF¥x�q j v.K '��GFHF%x qyEF���Iyk�D:|�F¥nGr�F
EGFHx�FHEGFLv.~�FL�Z~�q�v;nGIylov�FLK*lov �)�y¸�� * �¿À�r.Fu� j M��pFHn\�pFL|�FL~�nGl�q�v�D.EGqyM:|�FLk5��r�qÂÁw�ZI@~�q�k�M�lov.IJnpqyE�l�Iy|hl�v.~�EGFLIy�pF©lov~�q�k�D�|oF���l�nRNmIy��nGr�Fuv j k�M�FHE�qyx�x�FLIJn j EGFL��lo��lov.~�EGFLIy�GFLK��¢l � F��anGr�Fuv j k�M�FHE}qyx�� j M��pFHnG��npq@�pFLIJE ~�r*FL� j Iy|o�
� � � ¶*Áwr�FHE�F � lo�@nGr�F¥v j k�M�FHEAqyxwx�FLIJn j EGFL�lov"nGr.F¥x FLIJn j E�F*�GFHn �XÀ�r�lo��x�Iy~�nmkmIyK�F*nGr�F¥D�EGqyM�|�FLk¼yFHEGN�K.l � ~ j |on¿npq�Iyv.Iy|�N��pFul�vnGr�FL�GFuFLIJE |�NK.IÂN¢�\K j FunpqAnGr�F j v.IÂ¼ Iylo|�IJM�lo|ol�nRN�qyxcr.l���r��pD�FHFLKD�EGq¢~�FL���Glov��
D�qÂÁ�FHE �
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��FHx qyE�FAK�lo�G~ j �G��lov���nGr�F�|ol�npFHE IJn j EGF��hnGr�F@K�l �hFHE�FLv]n©~�q�k�D�q�v�FLv;nG�=qyx�k�q��pnux FLIJn j E�FA�GFL|�FL~�nGl�q�v	k�FHnGr�q�K.�
�Gr�q j |oK$M�FmD�q�lov;npFLK$q j n � �/M�|�q�~��(K.l�IJ�yE�Iyk �Gr.qÂÁwlov.�¥nGr�F&~�q�k�D�q�v�FLv;nG�@Iyv.K(nGr�FLloE�lov;npFHE�Iy~�nGl�q�v.�@lo�
�Gr�q�Áwv%lov �{l�� j EGF � ��� �
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�{l�� j EGF � ��� ����M�|oq¢~ �&K.loIJ�yE Iyk�lo|o| j �GnpE�IJnGlov���nGr�Ft|oILNyq j n�qyxckmq��pnZx FLIJn j EGFt� j M��GFHn\�GFL|�FL~�nGl�q�v¥EGq j nGlov�FL� �

À�r�Fwn½Á�q�kmIylov~�q�k�D�q�v�FLv]nG�}qyx�k�q��pn¿qyxªnGr.Fw� j M��GFHn}�pFL|�FL~�nGl�q�vnpFL~�r.v�lo� j FL�¿IJEGFwnGr.Fw�pFLIJE�~ r&Iy|��yqyE l�nGr.k
Iyv.K&nGr�F ~�E�l�npFHE�loq�vmx j v.~�nGl�q�v��aÀ�r.F=�pFLIJE�~ r¥Iy|��yqyE�l�nGr�k5� j ~H~�FL�G�Gl�¼yFL|�N�yFLv�FHE�IJnpFL�\nGr�F©v�F���n�� j M��pFHn�npq@M�F
FH¼JIy| j IJnpFLK��{Áwr.l�|�FAnGr�F&~�E�lonpFHE�l�q�v(x j v.~�nGloq�v$��l�¼yFL�@Iyv�lov�K.lo~HIJnGl�q�v	qyx�r�q�Á/� j l�nGIJM�|�FmI �pD�FL~Hl��:~m� j M��pFHn
lo�*x�qyE j �pF$lov9nGr.F$D�IJnpnpFHE�v EGFL~�qy��v�l�nGl�q�v �pN��pnpFLk � � v kmIyv;N�qyx@nGr�F$FLIJE�|�N9�pN��pnpFLkm���unGr�F(K�FL��l�EGFLK
K.lokmFLv.�Gl�q�v.Iy|�l�n½N�Iy|o�pqAx�qyE�k�FLK*Iyv¥lov�D j n¿npq�nGr�F©x�FLIJn j EGF � j M��GFHn��pFL|oFL~�nGl�q�v¥�pN��pnpFLk � � v�|�IJnpFHEZEGFL�pFLIJE�~ r��
r�q�Á�FH¼yFHE��\nGr.l���D�E�Iy~�nGlo~�F¥Á\Iy�m~�r.Iyv.�yFLK �Glov.~�F¥l�n�lo�AnGr.q j ��r]n�nGr�IJnmnGr�F¥� j M��GFHnA�GFL|�FL~�nGl�q�v Iy|��yqyE l�nGr.k
�Gr�q j |oK�MhFtIJM:|�F npqmq j npD j nZnGr�F , �
��� FLk�MhFLK�K.lov��Aqyx ���D� �Gl � F��
À�r�F FLIJE |ol�FL�pn�k�FHnGr.q¢K.��Á�FHEGF@k�q��pnG|�N*~�q�v.~�FHE�v.FLK%Áwl�nGr j �Glov��mv�q�v % qyD.nGlokmIy|ª�pFL|oFL~�nGl�q�v � �pFLIJE�~ r �GnpE�IJnpF+%
��l�FL�t� j ~�r(Iy�tx qyEGÁ\IJE�K$�pFL|oFL~�nGl�q�v���M:Iy~��¢Á�IJE�K"�pFL|�FL~�nGl�q�v��1Iyv.K	��q�IJnGlov.�%�pFL|�FL~�nGl�q�v$k�FHnGr.q¢K.� � �)�y¸!� � � � �
� j E�nGr�FHE�k�qyEGF��ZnGr.FHN Á�FHE�F k�q��pnG|oN ~�q�v.~�FHE�v�FLK�Áwl�nGr nGr�F D:IJE�Iyk�FHnpE�lo~ ~H|oIy�G�Gl��:~HIJnGl�q�v kmFHnGr�q¢K���� j � %
lov�� �©I j �G��loIyv K�lo�pnpE�l�M j nGl�q�v.�ZIyv.K �pq�k�FAk�q�K�FL| % M�Iy�GFLKBK.lo�GnGIyv.~�F@kmFLIy� j EGF@Iy�u~�E l�npFHE�l�q�v x j v.~�nGl�q�v�� �
�yq¢q¢K(l�v]npEGq�K j ~�nGloq�v npqBnGr�FL�pFmnRN;D�FL� qyxZk�FHnGr�q�K.� lo�tx q j v�K$lov �tl�npnG|�FHE �)�y¸ � � � v$nGr�lo� IJEGnGlo~H|�F ��l�npnG|�FHE
D.EGFL�GFLv]nG��I�~�q�kmD.EGFLr�FLv.��l�¼yFt� j kmkIJEGNqyxcnGr�F FLIJE�|oloFL�pnZÁ�qyE ��K�q�v.Ftlov*nGr.lo�ZIJEGFLI ���wF�K�lo�G~ j �G�GFL�Z�pq�k�F
qyx}nGr.F@�pnGIyv�K.IJE�K	IJD.D.EGq�Iy~ r�FL����Iyv.K	~HIJnpFH�yqyE�l��pFL� nGr�FAK.l ��FHEGFLv;nuk�FHnGr.q¢K.�©lov;npq*� j M %½~H|oIy���pFL�uM�Iy�pFLK q�v
nGr�Fm~�E�lonpFHE�l�q�v	x j v.~�nGl�q�v j �pFLK '�qyx�npFLv"�Gq�k�F �¢l�v.K qyx�K.l��pnGIyv.~�F�k�FLIy� j E�F * Iyv.K	nGr�Fm�pFLIJE ~�r$npFL~ r.v.lo� j FFLk�D�|oqÂNyFLK��¿À�r.FuK.l��pnGIyv.~�F k�FLIy� j E�FL��l�v.~H| j K�FLKD.EGqyM�IJM:lo|olo�pnGl�~�K.lo�pnGIyv�~�Fuk�FLIy� j EGFL�\� j ~ r¥Iy�\nGr�F�¾\r�FHE %
v�q � � �\r.IJnpnGIy~�r�IJEGN�I � � IJn j �GlonGI¥Iyv.K��{IJnpE�lo~��
% �{lo�Gr�FHEtK�lo�pnGIyv.~�FL���ªFLv;npEGqyD¢N$k�FLIy� j EGFL� Iyv�K$lov]npFHE ~H|oIy�G�
K.lo�GnGIyv.~�Ftk�FLIy� j E�FL� �
À�r�F@D.EGqyM:|�FLk+qyx�kmlov.loklo�Glov��AnGr�F��pFLIJE ~�r$�pD�Iy~�FAÁ\Iy� IyK.K�EGFL���pFLKBM¢NBk�FHnGr.q¢K.�unGr.IJn j �GF@k�q�v.qynpq�v.lo~
~�E�l�npFHE l�q�v x j v.~�nGl�q�v.��Iyv.K IJD.D�|ol�FLKXM.E Iyv.~�r�%½Iyv�K�% M�q j v.K � (.¶ ��npFL~�r�v.lo� j FL� � À�r.F�M�E�Iyv.~�r %½Iyv.K�% M�q j v.K
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npFL~�r�v.lo� j F '�Iy�wK.lo��~ j �G�pFLK�lovB¾\r.IJD�npFHE � * Á�Iy��K.FH¼yFL|�qyD�FLK*M;N $=IJE�FLv.K�E�IAIyv.K � j � j v�IJ��I ��Iyv.K¥Iy|o|�q�Áw�nGr�F"�GFLIJE�~�r��pD�Iy~�F(npq M�F(~�q�v.��loK�FHE�IJM�|oN EGFLK j ~�FLK�Áwr�FLv I ~�E�lonpFHE�l�q�v9x j v.~�nGl�q�v���IJnGlo�px�N¢lov.�XnGr.F(�pFHn
lov.~H| j �Gl�q�v(kmq�v�qynpq�v.lo~Hl�nRN"D.E�qyDhFHE�n½N(F���lo�pnG� � � nAÁ�Iy����r�qÂÁ�FH¼yFHE����Gq;q�v EGFLIy|�lo�pFLK�nGr.IJnAnGr�FL�pF¥k�FHnGr�q�K.�
IJEGFv.qyn�IJM�|�F�npqBK.FLIy|aÁwl�nGr	nGr�FD.EGqyM�|�FLk qyx�nGr�F�Gq,%½~HIy|o|�FLK$D�FLI ��lov��¥D�r�FLv.q�k�FLv�q�v���Á=r�FHEGF�nGr�F�x j |o|
�pFHn�qyxcx�FLIJn j EGFL��K�q¢FL��v�qynw��l�¼yF nGr�F�r.lo��r�FL�pn\¼ Iy| j F npq�nGr�F�~�E�lonpFHE�l�q�v*x j v.~�nGl�q�v '�Iyv.K*nGr j �ZM�EGFLI �¢��nGr.lo�
k�q�v�qynpq�v�lo~Hl�n½N¥Iy�G� j k�D.nGl�q�v * �
� l�nGr�nGr�FBIyK.¼yFLv]n&qyx©r�l���r �pD�FHFLK ~�q�k�D j nGlov��$D�qÂÁ�FHE&Iyv�K�nGr�FBlokk�FLv.�pF%lov�~�EGFLIy�pF%lov�nGr.FB�Gl � F%qyx
K.IJnGIJM�Iy�GFL���ZI(k�qyEGF%E�FL~�FLv]n��:FL|oK�qyx©�pn j K�N���nGr.IJnmqyx � Iy~�r.lov.F%��FLIJE�v�lov��!��Iy|��pq(EGFLIy~ r�FLK nGr�F%�GnGIJ�yF
Áwr�FHE�F x FLIJn j E�F�� j M��GFHn��pFL|�FL~�nGl�q�v¥npFL~ r.v.lo� j FL�ZM�FL~HIyk�F�FL�G�pFLv;nGloIy| �¿À�r.l��Z|�FLIyK¥npqmEGFLv.FHÁ�FLK¥E�FL�pFLIJE�~�r lov
nGr�FwIJE�FLItqyxª� j M��GFHn¿�pFL|�FL~�nGl�q�v��;nGr.lo�anGl�k�Fw~�q�kmlov.��k�qyEGF�x�EGq�k nGr.FwIJEGFLItqyxª�pqyx�n�~�q�kmD j nGlov�� � �9� j EG¼yFHN
qyx{npFL~�r.v�lo� j FL�\x EGq�k,nGr.lo��IJEGFLI~HIyv%M�F©x q j v�K¥lov¥s©Iy�GrBIyv.K%��l j ��¶+( � �
� Iyv]N%qyx}nGr�F�k�FHnGr.q¢K.�=D.EGFL�GFLv]npFLK	lov ��¶+( �{IJE�F@r�q�Á�FH¼yFHE v�qynunpqynGIy|o|�N IJD.D�|olo~HIJM:|�F npq&nGr.F�D.E�qyM�|�FLk,qyx
~H|oIy�G��l��:~HIJnGl�q�v	x�EGq�k nGr�F�FLv���l�v�FHFHE�lov���D�q�lov;nuqyx�¼¢loFHÁ �@Àwr�FL�pFmk�FHnGr�q�K.� j �GFAI*M�q¢q�|�FLIyv	D�FHE��pD�FL~�nGl�¼yF
q�v&nGr�FwD.E�qyM�|�FLk �]Iyv�Kq�v.|oN@Á�qyE���ÁwlonGrmx�FLIJn j EGFL��nGr.IJn�r�IL¼yF©v�q�v�%½v�q�lo�GN@M:lov.IJEGN��]K�lo�G~�EGFHnpF��¢qyE�v.q�kmlov.Iy|
¼JIy| j FL� �aÀ�r�F©� j E�¼yFHNlov ��¶+( ����r�qÂÁw�\kmIyv;N&� j ~�r�F���Iyk�D�|�FL� �aÀ�r.FL�pFukmFHnGr�q¢K���l�v.~H| j K�FwnGr�q��pFunGr.IJn j �pF
M�q;q�|oFLIyvt~�q�v.�Glo�GnpFLv.~�Ntk�FLIy� j E�FL��� j ~ r�Iy� ��q�~ j � �)� ��Iyv.K�kmFHnGr�q¢K��ªÁwr.lo~ r j �pFL��D.EGqyM�IJM:lo|ol�nRNwFL�pnGlokIJnGl�q�v
j �Gl�v��tM�lov�IJEGN�r.lo�pnpqy�yE�Iyk/M�l�v.v.lov�� � j ~�r*Iy� ��qÂ¼yFL|�| �)� # � � � v&x�Iy~�n���lovnGr�F©� j EG¼yFHNmM¢Nms©Iy�Gr*Iyv.K ��l j �¢l�n
�pFHFLkm��Iy��nGr�q j ��r&q�v.|�NAn½Á�qAqyxªnGr�FwFH¼JIy| j IJnpFLK*k�FHnGr.q¢K.��IJEGF©IJM�|�F�npqAr.Iyv.K.|oFwv�q�lo�pN�~�q�v;nGlov j q j ��K.IJnGI �
� l�nGrBnGr�lo�=r�lo�pnpqyE�lo~HIy|�M�Iy~��¢�yEGq j v�K �pnGIJnpFLK)���pq�k�F@qyx¿nGr�F@EGFL|�FH¼JIyv]n©k�FHnGr�q�K.�=Áwlo|o|�v.qÂÁ�M�F�K.lo��~ j �G�pFLK
j v.K.FHEZnGr�Ft~HIJnpFH�yqyE�l�FL�=qyx :l	'��(-(8�
	 Iyv�K AC.2���
	 IJD.D.EGq�Iy~ r�FL��Iy�=lov]npE�q¢K j ~�FLK*M;N � q�r.IÂ¼¢l�l�v �)�,& � �

����� �
	 � � � ��� � � � ��� � ���� ����
� v&nGr.F :l	'��(-(8�
	 IJD.D.E�q�Iy~�r¥npq�x�FLIJn j EGF �pFL|�FL~�nGloq�v���nGr�F IJD.D�IJEGFLv;n\FHEGEGqyEZE�IJnpF qyxcI�~H|oIy�G�Gl���FHE�l�� j �pFLK¥Iy�
IA~�E�l�npFHE�loq�v&x j v.~�nGloq�v&x�qyE\nGr�F x�FLIJn j EGF � j M��GFHn�M�FLlov��@npFL�pnpFLK���À�r�F IJD.D�IJEGFLv;n\FHEGEGqyE\E�IJnpFtlo�\~HIy|o~ j |oIJnpFLK
M¢N j ��lov��$I	npE�Iylov.l�v��$�GIyk�D�|�F*x�EGq�k nGr�F%K�IJnGI � À�r�F¥EGFLIy�Gq�v�x qyEnGr�F%v.Iyk�F � Á�E IJD.D�FHE �$IJD.D.EGq�Iy~ r
~�q�k�FL��x E�q�k nGr�Fmx�Iy~�n�nGr�IJn�nGr�F&Áwr�q�|�Fm�pFL|oFL~�nGl�q�v(D.E�q¢~�FL�G��lo�tv�q�Á�Á�E IJD.D�FLK(IJEGq j v.K(nGr�F~H|oIy�G��l���FHE��
Iyv.K Iy|ok�q��pn=M�FL~�q�k�FL�©I|ol�npnG|oF�M�|oIy~ �¥M�q �%npq�MhF j �pFLK '�Iyv.K IJM j �pFLK * M;N%Iyv;Nyq�v�F��©À�r j ���:lov��pnpFLIyKBqyxnGr�F�~�E�lonpFHE�l�q�v@x j v.~�nGl�q�vAM�FLlov��©�pq�k�F�lov;¼yFLv;npFLKmk�FLIy� j E�FZqyx:�yq¢q¢K�v�FL�G�{x�qyE¿FH¼yFHEGNA� j M��pFHn��]nGr�F�IJD.D�IJEGFLv;n
FHEGEGqyEwE�IJnpF�lo� j �pFLK*npqk�FLIy� j EGF nGr�FtD�FHEGx�qyE�kmIyv.~�F qyx{Im�pD�FL~Hl��h~u� j M��pFHn �
À�r�FZÁwE�IJD.D�FHE{npFL~�r.v.l�� j F�l��{nGr�Fwk�q��pn¿l�v]n j lonGl�¼yFZIyv.K�FLIy�Glo|oN�lok�D:|�FLk�FLv;npFLK�k�FHnGr�q�KAx qyE}K.q�lov��©x FLIJn j EGF
� j M:�pFHn��pFL|oFL~�nGl�q�v��aIyv.KXr.Iy�@nGr�FHEGFHx�qyEGF&M�FHFLvX�pn j K.loFLK$ÁwloK�FL|oN	l�v"|ol�npFHE IJn j EGF�� Àwr�FM�lo�y�yFL�pn�D�EGqyM�|�FLk
Áwl�nGrÁ�E�IJD.D�FHE�k�FHnGr�q�K.��IJE�F=nGr.IJn�nGr�FHNIJE�F=¼yFHEGNnGlok�F©~�q�v.� j kml�v�� �cÀwr�F=~H|oIy���Gl���FHE�k j �Gn�M�FwnpE Iylov�FLK
qyE�E�FHM j lo|�nux�qyEtFH¼yFHEGN(� j M:�pFHn M�FLlov��*npFL�pnpFLK�� � x\nGr�Fm�pFL|oFL~�nGl�q�v"�pnpE IJnpFH�yN$nGr�FLv(v�FHFLK.�tnpqBD�FHEGx�qyE�k Iyv
F���r.I j �pnGl�¼yF¥�pFLIJE ~�r qyxwnGr.F¥x FLIJn j E�F*�GD�Iy~�F���l�nA� j lo~���|�N(M�FL~�q�k�FL��l�k�D�q��G�Gl�M�|oF�npq(�pFLIJE�~�r�kmqyEGF*nGr.Iyv
IJM�q j n&¶'&BqyE@�GqBx�FLIJn j EGFL� '�Áwr.lo~ r"Iy|�E�FLIyK�N$lok�D�|oloFL�©M j lo|oK�lov��	¶'& � � K�l �hFHE�FLv]n�~H|�Iy�G�Gl���FHE � * � ��qyEAnGr.lo�EGFLIy�pq�v kmIyv;N¥qyxanGr�F�ÁwE�IJD.D�FHEwIJD.D.E�q�Iy~�r�FL� j �pFL�=I&�GFLIJE�~�r �pnpE�IJnpFH�yN%qynGr.FHEunGr�Iyv%F���r.I j �pnGl�¼yF@�pFLIJE�~ r
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lov*qyM.nGIyl�v.lov��AnGr�FtM�FL�pnZx�FLIJn j EGFt�GFHn �
À�r�FuÁ�E�IJD�DhFHE�IJD.D.EGq�Iy~ r*K�q;FL�\r�q�Á�FH¼yFHE=r.IL¼yF I@K.lo�pnGlov�~�n�IyK�¼JIyv]nGIJ�yFtl�vnGr.IJn\nGr�FunpFL~�r�v.lo� j F=� j IJE�Iyv�%
npFHFL�=nGr.IJn�nGr�FtM:loIy�pFL�Zqyx{nGr�FtFH¼JIy| j IJnGloq�v¥x j v.~�nGl�q�v%Iyv.K%nGr�q��pFtqyx{nGr�F �hv.Iy|�~H|oIy�G��l���FHEZM�FLlov�� j �GFLK%IJEGF
nGr�F���Iyk�F�� �{lo|�npFHEZnpFL~ r.v.lo� j FL� '�Iy�=K.lo�G~ j ���pFLK¥|oIJnpFHE * K�q&v�qyn�r.IL¼yF�nGr.lo�ZIyK�¼JIyv;nGIJ�yF�lov¥k�q��Gnw~HIy�pFL� �
�CK.lo�G~ j ���Gl�q�v�qyxak�FHnGr�q�K.�\FLk�D�|�q�N¢l�v��mK.l ��FHEGFLv;n��pFLIJE�~�rBnpFL~�r.v�lo� j FL�Zx q�|�|�qÂÁw� �
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� q��pn��pFL|�FL~�nGl�q�vXnpFL~�r�v.lo� j FL��x�EGq�k nGr�F � Iy~ r.lov�F ��FLIJE�v.lov��B��FL|oK"FLk�D�|�q�N"lov.�pnGIyv�~�F&M�Iy�GFLK�K�FL~Hl��Gl�q�v
npEGFHF��GnpE j ~�n j EGFt~H|�Iy�G�Gl���FHE �ZIyv.K*�yEGFHFLK�N¥�pFL|�FL~�nGloq�v%Iy|��yqyE�l�nGr�km� �
¾\IJE j Iyv.I ��¶'& �.FLk�D�|oqÂN��aI k�FHnGr�q�KAnGr.IJn j �pFL�aI r�lo|o| %½~H|ol�k�M�l�v��w�pFLIJE�~ rm�pnpE�IJnpFH�yN�Iyv.Kmn½Á�q 4-���N�h�������X��	�� �
n½N¢D�F�~H|oIy�G�Gl��:FHE��wnpq��:v�K k�qyE�F@qyD�nGlokmIy|cx FLIJn j EGF�� j M��pFHnG� �tÀ�r�FA�pFLIJE�~�r$kmFHnGr�q¢K��=FLkmD�|�qÂNyFLK$l�v.~H| j K�F
x�qyEGÁ�IJE K"�pFL|�FL~�nGloq�v��1M:Iy~��¢Á�IJE�K �pFL|oFL~�nGl�q�v"Iyv.K���q�IJnGlov�� �pFL|�FL~�nGl�q�v"npFL~�r.v�lo� j FL� � � n@lo�tÁwl�K�FL|�N ��v�q�Áwv
nGr.IJn©nGr�FL�pFA�pFL|�FL~�nGloq�v npFL~ r.v.lo� j FL�©kml���r;n©�pq�k�FHnGlok�FL�uÁ�E�q�v���|�N%q�~H~H| j K�F@I�D�IJEGnuqyx¿nGr�F��pFLIJE�~ r �GD�Iy~�F
M�FL~HI j �pF FLIy~ r �pnpFHD K�q;FL�wv�qynwr.IÂ¼yF�Iy~H~�FL�G�wnpqIy|o|ªD�q��G�GloM�|�Fux FLIJn j E�Ftlov]npFHE Iy~�nGl�q�v.� �
��E�Iy��~HI ��¶L·�����r�qÂÁw��r�qÂÁ "�q j ��r i FHn�À�r�FHqyEGN	~HIyv(M�FmIJD.D:|ol�FLK npq%nGr�FmD�EGqyM�|�FLk � �ulo� k�FHnGr.q¢K j �pFL�
I�K.l ��FHEGFLv]n©lov.K j ~�nGl�q�vBIy|o�yqyE�l�nGr.k4nGr.Iyv nGr.IJnuqyx�¾\IJE j Iyv�IM j n=~�q�k�D�IJE�FL�©EGFL� j |�nG�=npq�nGr�FAq�v�FL� j �pFLK
lov ¾\IJE j Iyv�I � µ v K.IJnGIX�pFHnG�¥~�q�v;nGIylov.lov��XK.lo�G~�E�FHnpF x�FLIJn j EGFL��nGr�F EGFL� j |onG�&IJEGF M�FHnpnpFHE��wM j nEGFL� j |�nG�
IJD.D�FLIJE��Gl���v.l��:~HIyv]nG|oN Á�qyE��pF*q�v K.IJnGI	�pFHnG��~�q�v;nGIylov.lov.� ~�q�v;nGlov j q j �@x FLIJn j EGFL� �(À�r.l���� j �y�yFL�GnG�AnGr.IJn
nGr�Ftk�FHnGr.q¢K*Á�q j |oK¥v�qynZM�F � j lonGIJM�|�Fux qyEw~�q�v;nGlov j q j �Zlov.D j n�D�IJnpnpFHE�v¥EGFL~�qy��v�l�nGl�q�v*D.EGqyM:|�FLkm�\� j ~ r%Iy�
nGr�q��pF�lov]¼yFL�GnGl���IJnpFLKBr�FHE�F��
�ur.ItIyv.K �\Iyv �yFHE�n ��¶ �:��r�qÂÁ�NyFHn�Iyv�qynGr�FHE�lok�D�|oFLk�FLv]nGIJnGloq�v�qyxªIt~HIy�pF+% M�Iy�pFLK�K�FL~Hlo��l�q�v�npEGFHF=n½N¢DhF=~H|oIy� %
�Gl��:FHEwIyv.KBIm�yEGFHFLK�N%�pFL|�FL~�nGloq�vBIy|��yqyE�lonGr.k �\À�r�FHN*IJEG� j F�nGr�IJn=v�q�v�% D:IJE�Iyk�FHnpE�lo~�~HIy�pF�M�Iy�GF�~H|oIy�G��l���FHE��
IJEGF©�yq¢q¢K¥~H|oIy���Gl���FHE���npq j �pF K j E lov��tÁ�E IJD.D�FHE�npFL�pnG�\M�FL~HI j �GFunGr.FHN&K�q�v�qyn\v�FHFLK¥r.Iyv.K�n j v�lov���qyxcIyv]N
D�IJE�IykmFHnpFHE��aK j E�l�v��wnGr�FZ�pFLIJE ~�r��aÀ�r�FHN�Iy|o�pq � j D.D�qyEGn1nGr�FZIJEG� j k�FLv;naqyx �tq�r.IL¼�l�lov �)�y·���nGr.IJnaÁ�E�IJD.D�FHE
IJD.D.E�q�Iy~�r�FL�AIJEGF�� j D�FHE�l�qyEtnpq �:|�npFHE@IJD.D.EGq�Iy~ r�FL�@M�FL~HI j �pFnGr.F&lov.r.FHEGFLv]n�M�loIy�pFL��qyxZnGr�F*~H|oIy�G�Gl��:FHEtnpq
M�F j �pFLK$IJEGF�nGI �yFLv(l�v]npq%~�q�v.��loK�FHE�IJnGl�q�v�� i q�kmkmFHEp��FL|oK �)� ( � j �pFL� v.qynGl�q�v.�©qyx\�pnpEGq�v���|�N Iyv.K	Á�FLI �¢|�N
EGFL|�FH¼JIyv;n�x�FLIJn j EGFL�AIy|o�pq lov;npEGq¢K j ~�FLK(M¢N � q�r.IÂ¼¢l�lov��)�y·��\Iyv�K�IJD.D:|ol�FL�tnGr.FLk npq	IBM�FL�pn���E��pn@�pFLIJE�~ r
�pnpE�IJnpFH�yN j �Gl�v���K�FL~Hlo��l�q�vnpE�FHFL� ���wF©nGr�FLv�F���npFLv.K.��nGr�F©�pFLIJE�~ r¥�pnpE�IJnpFH�yN j �Glov��@~�q�k�D�q j v.K&qyDhFHE IJnpqyE��
nGr.IJnwl�v.~�EGFLIy�pF nGr�F�~�r.Iyv.~�F�qyx1�hv.K.lov��@nGr�F qyD.nGl�kmIy|�� j M:�pFHn �
suFL~Hlo�Gl�q�v npEGFHF l�v.K j ~�nGl�q�v Iy|��yqyE l�nGr.km�&IJEGFBv�qyn&nGr�F%q�v.|�N lov.K j ~�nGl�q�v�Iy|��yqyE�lonGr.km� j �GFLK x�qyEmx FLIJn j EGF
�pFL|�FL~�nGloq�v�� Àwr.ILÁ�q�v.kmIy� �)� # �ZK�FL�G~�E�loMhFL��I	k�FHnGr�q�K�lov�Áwr.l�~�r"I x j���� N"|�qy��lo~�~H|oIy�G��l��:~HIJnGl�q�vX�pN��pnpFLk
lo� j �GFLK Iy�tnGr�Fm~H|oIy�G�Gl���FHE©MhFLl�v��&qyD�nGlokmlo�pFLK���À�r�F�v j k�MhFHE©qyx�F���~�FHD�nGl�q�v$EGFH��l�q�v�� ~�q�v]nGIylov.FLK$lov	nGr�F
~H|oIy�G��l���FHE¿lo� j �GFLKmIy�anGr�F�qyD�nGlokmlo�GIJnGloq�vAx j v�~�nGl�q�v�� �u~H~�qyE�K.l�v�� npq �)� # �.nGr�lo�¿~HIyv�M�F�K.l�E�FL~�nG|�N�EGFL|�IJnpFLK�npq
nGr�F@lov.~�EGFLIy�pFAlov%~H|�Iy�G�Gl���FHE=EGFL~�qy��v.l�nGloq�vBE�IJnpFL� � ��M�Iy~ �;Á\IJE�K	�pFL|�FL~�nGl�q�v npFL~�r�v.lo� j F�lo�wFLk�D�|�q�NyFLK��ªIyv.K
�pFL|�FL~�nGloq�v¥lo�\�pnpqyD.D�FLK�Áwr�FLv*IA�Gl���v.l��h~HIyv]n\lov.~�EGFLIy�GF©l�v&FHE�EGqyE\E�IJnpFL�ZÁ�q j |oK&q¢~H~ j E ��Áwr�FHEGF ���`���D� Aa�����*���
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lo�©I j �pFHE lov�D j nwnpq*nGr�FA�pN¢�GnpFLk ��À�r�FAIJD.D.E�q�Iy~�r	lo�©v�qÂ¼yFL|al�vBnGr.IJn l�n©lo�=nGr�FAq�v.|�N%q�v.F�x�q j v.K	lov nGr�F
� j E�¼yFHN$Áwr.lo~ r j �GFL��x j���� N(~H|oIy�G��l��:~HIJnGl�q�vXIy��I k�FHnGr�q�K�qyxZ�:v.K.l�v��¥nGr�F�MhFL�Gn�x�FLIJn j EGF*� j M��pFHn � À�r�F
FLk�D�|oqÂNyFLK%M:Iy~��¢Á�IJE�KB�pFL|�FL~�nGl�q�v �pFLIJE�~�r k�FHnGr�q�K¥K�q¢FL��v�qyn�FLv.� j EGF qyD.nGlokIy|ª� j M��pFHnG� �
� E�FHx FHEGFLv�~�F�q�v �:v.K.lov.�&k�qyEGF�qyD�nGlokmIy|c�yEGFHFLK�N	�pFLIJE�~ r(k�FHnGr�q�K.�ux qyE x�FLIJn j EGFm�GFHnt�pFL|�FL~�nGl�q�v$~HIyv$M�F
x�q j v.K¥lov � j K.lo|hFHnwIy| � � (�� � �

���Â�ª� �1�.�H� � �(���¢�.� � � «��;� �c�1��� �1�;�

�©j lonpFmI%x�FHÁ�EGFHx�FHEGFLv.~�FL��F���lo�Gntq�v j ��lov��%�pnpq�~�r.Iy�GnGlo~�pFLIJE ~�rXIy|��yqyE�l�nGr.k�tlov	�:v�K.lov��*� j M��GFHnG�tM�FHnpnpFHE
nGr.Iyv�nGr�Fx j |o|a�GFHn �BÀ�r�FL�pFnpFL~�r.v.l�� j FL��K�q v.qyn�D.EGq�klo�pFmnpq ��l�¼yFqyD.nGl�kmIy|¿EGFL� j |�nG���cM j n�IJE�F&loK�FLIy|�|�N
� j lonpFLK*npqmnGr�FtD.E�qyM�|�FLk�K j F©npqmnGr.FtM�lov.IJE�N&v.IJn j E�F qyx1nGr�F��pFLIJE�~�r �pD�Iy~�F��
� IJx�Iyl�F=Iyv.KK�F !yq�v�� � �¶ ��F���D�|�qyEGF�nGr.F j �pFZqyx �uFLv�FHnGl�~ i FLIJE�~ r�pnpE�IJnpFH��loFL��lov@�hv.K.lov��©qyD.nGl�kmIy|�x FLIJn j EGF
� j M:�pFHnG�@x qyE�npF���n j EGF¥EGFL~�qy��v�l�nGl�q�v D.EGqyM:|�FLkm� �(À�r.FHN�K�FH¼yFL|�qyD Iyv�l�v]n j lonGl�¼yF�r;N¢DhqynGr.FL�Glo��F��¢D�|�Iylov.lov��
nGr�F M.E�l�npnG|�FLv.FL�G�mqyx��uE�FHFLK�N i FLIJE�~ r � FHnGr�q�K.� � º �Glov.�"I(E j |�F+% M�Iy�pFLK�~H|oIy�G�Gl��:FHE&~HIy|o|�FLK � � ¶*�XIyv.K
�uFLv�FHnGl�~ i FLIJE�~�r*nGr�FHN��Gr�q�Á nGr.IJnZEGFL� j |onG��k�qyE�FuqyD�nGlokmIy|hnGr.Iyv i FL� j FLv]nGl�Iy| �\Iy~ �;Á\IJE�K i FL|oFL~�nGl�q�v¥~HIyv
M�F qyM.nGIylov�FLK�� ���Gl�kmlo|oIJE\F���Iyk�D�|�Ft~HIyvBMhF x�q j v.K¥l�vB¾\r�FHE��JI j FHE�Iyv.K i r.IL¼�|ol ����¶*� � �
� v i kl�nGr�� ��qy��IJEGnRN Iyv�K !�q�r.v.�pq�v �)� ��� �¿nGr.F j �GF&qyx��yFLv.FHnGlo~*Iy|��yqyE�l�nGr.k��lo�A�Gr.qÂÁwvXlov�M j lo|oK�lov�� $
%
$=FLIJEGFL�pn $wFLl���r;M�q j Eu¾\|�Iy�G�Gl���FHE � � � n=lo��IJE�� j FLKBnGr�IJn=� j M % qyD.nGlokmIy|ª~�E�lonpFHE�l�q�v%x j v.~�nGloq�v.�Zqyxak j ~�r |�FL�G�
~�q�k�D�|oF���l�nRNB~HIyv	M�F j �pFLK	lovBnGr.F@x�FLIJn j EGF��pFL|oFL~�nGl�q�v D.EGqyM�|�FLk �hIy� |�q�v.��Iy�©nGr�FAM�l�Iy�pFL�©IJEGFAnGr�F��GIyk�F
Iy��nGr.q��pF qyx{nGr�F �:v.Iy|ª~H|�Iy�G�Gl���FHEZM�FLlov.� j �GFLK��
À�r�F j �GF@qyx\v�F j E Iy|cv.FHn½Á�qyE�� ~H|�Iy�G�Gl���FHE �uIy�tnGr�F�~�E�l�npFHE�l�q�v x j v.~�nGl�q�v$l��=E�FL�pnpE�lo~�npFLK	M¢N nGr.FA|oq�v��*nGlok�F
nGI �yFLv npq	npE�IylovXk�q��pnAqyx�nGr�FL�GF*~H|�Iy�G�Gl���FHE � � i npq�~�r�Iy�pnGlo~*�pFLIJE�~ r�npFL~ r.v.lo� j FL� j � j Iy|o|�N	EGFL� j l�EGF�IBx�FHÁ
nGr�q j ��Iyv.K�FH¼JIy| j IJnGl�q�v.�¿qyxhnGr.Fw~�E�l�npFHE�loq�v�x j v.~�nGl�q�v���Á=r.lo~�rAE�FL�pnpE�lo~�nG�}nGr�F j �GIJ�yFwqyx�v�F j E�Iy|�v�FHnRÁ�qyE �¢��Iy�
nGr�FtM:|oIy~���M�q �¥lov¥nGr�F Á�E IJD.D�FHE�IJD.D.EGq�Iy~ r�� $}Iyv���Iyv.K �wq�v�IL¼JIJE �  ���1Á�Iy�ZnGr.Ftq�v.|�N�D�IJD�FHEZx q j v.K¥lov
nGr.lo�=� j EG¼yFHN*Áwr�lo~�r K.l�EGFL~�nG|�N*IyK.K�E�FL�G�pFL�=nGr.lo�ZD.E�qyM�|�FLk �ZÀ�r�FHN*D.E�qyDhq��GF�Iv�F j E�Iy|�v�FHnRÁ�qyE �BIJD.D.EGq�Iy~ r
j �Gl�v���I�v�FHnRÁ�qyE ��~�q�v.�pnpE j ~�nGl�q�v9npFL~�r�v.lo� j F nGr�IJn%|olokml�nG�nGr�F	npE�Iylov.l�v��"nGlokmF qyx�nGr�F$v�FHn½Á�qyE��9Iyv.K
D.EGFL�GFLv]n��pq�kmFtD.EGq�kml��Glov��@EGFL� j |onG� �
µ nGr�FHE�Á�qyE�� �Gr�q�Áwlov��"nGr�F IJD�D�|olo~HIJnGl�q�v qyx �uFLv�FHnGl�~ �u|��yqyE�l�nGr�km�mnpq x�FLIJn j EGF	�pFL|�FL~�nGl�q�v lo�&nGr.IJn&qyx
�©IJM�qyE�� ��l�FHnwIy| � �)� ��� � i ~ r.|�q��G�pFHEZFHn=Iy| � � (]¸���Iyv.K � r.lonG|�FHN&FHn=Iy| � �  ��� �
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�u��Á\Iy�A�pnGIJnpFLKXFLIJE�|ol�FHE��{IJEGnGl��h~HloIy|}v�F j E�Iy|}v�FHnRÁ�qyE �¢�AIJEGF*k�q��pnG|�N$npq¢q	�G|�qÂÁ/npq j �pF&l�v(nGr�F�Á�E�IJD.D�FHE
�pFLIJE�~ r IJD�D.EGq�Iy~�r npqx�FLIJn j EGF@�pFL|�FL~�nGl�q�v�� �CK�l �hFHE�FLv]nwIJD�D.EGq�Iy~�r ~HIyv r�qÂÁ�FH¼yFHE©MhF�nGI �yFLv�� � v��pnpFLIyKBqyx
�pFLIJE�~ r.lov���nGr�EGq j ��r nGr.F@lov.D j n=�GD�Iy~�F��ªnGr�FAlov�D j n=Á�FLlo��r]nG�uqyx}nGr.F@v�F j E�Iy|1v.FHn½Á�qyE��¢� ~HIyv	M�F j �pFLK npq
�:v.KnGr�F=l�k�D�qyEGnGIyv.~�Fwqyx1~�FHEGnGIylov&x FLIJn j E�FL� � i FHnGl�q�v�q@Iyv.K ��l j �)�,& ����r�qÂÁ9r�qÂÁ nGr�F©lov�D j naÁ�FLl���r;nG��qyx�I
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v�F j E Iy|hv.FHn½Á�qyE���~HIyv%MhF j �pFLK*npqm�GFL|�FL~�nZx FLIJn j EGFL� � "wFL|oIJnpFLK¥k�FHnGr�q�K.�Z~HIyv¥Iy|o�pq�M�Fux q j v.K*lov �BFL�G�GFHE��
�tl�npnG|oFHE©Iyv�K � E�IyIyl �p¼yFL|oK�� ( & �¿Iyv.K$lov � q�r.IÂ¼¢l �)��Iyv���|�FHN Iyv.K $ j v �)� ��� � ��D�EGqyM�|�FLk4Áwl�nGr	kmIyv;N qyx
nGr�FL�pF�IJD.D�EGq�Iy~�r�FL� l��=nGr�IJnux�FLIJn j EGFL�©Á=l�nGr |oqÂÁ lov�D j nwÁ�FLl���r]nG� ~HIyv�v�qyn Iy|�Á�IÂN¢�©M�FA~�q�v.�GloK.FHEGFLKBnpq¥M�F
l�EGE�FL|�FH¼ Iyv;n � � n}k j �pn�Iy|o�pqtM�FZEGFLk�FLk�M�FHEGFLK�nGr.IJn�kmIyv;N@v�F j E�Iy|.v�FHnRÁ�qyE��mIJD�D.EGq�Iy~�r.FL�}lok�D:|olo~Hl�nG|�N j �pFwI
�pFLIJE�~ r&�GnpE�IJnpFH�yN '�� j ~ rIy��M�Iy~��
% D.EGqyD:IJ��IJnGl�q�v * lov�nGr�F�Á�FLl���r;n��pD:Iy~�Fwnpqt�hv.K�nGr�F=MhFL�Gn}�pFHn}qyx�Á�FLl���r;nG� �À�r.l��=lokmD�|ol�FL�=nGr.IJn nGr�F��pFHn qyx�Á�FLlo��r]nG� lo� v.qynuqyD�nGlokmIy|{lov	k�q��pnt�pFLv��pFL�����Glov�~�FA~�q�v;¼yFHEG�yFLv.~�F&npq¥nGr�F
qyD.nGlokIy|¢�GFHn¿~HIyv.v�qyn¿M�F�� j IJE�Iyv;npFHFLK��¿À�r�FZ|oIJEG�yFHEanGr.F��Gl � F\qyx:nGr.F�lov�D j nc�pD�Iy~�FZ��l�¼yFLvmnpq nGr�F�v�FHn½Á�qyE�� �
nGr�FA|oIJEG�yFHEunGr�F���l � F�qyx¿nGr�lo�w�pFLIJE ~�r	�pD�Iy~�F���nGr j �=kI �¢lov.�&l�n�FH¼yFLv$kmqyEGF�K.l � ~ j |�nZnpq&�:v.K I&k�FLIy� j EGF
qyxalok�D�qyEGnGIyv.~�F©qyxaIyv;N&x�FLIJn j EGFtx�EGq�k�nGr.FtÁ�FLlo��r]nG�ZqyxaImv.F j E�Iy|ªv�FHnRÁ�qyE�� �
¾\r�FHE � I j FHE¿Iyv�K i r.IL¼�|ol � ��¶y¶ �.D.EGqyD�q��pFZIyv�qynGr.FHE}IJD.D.EGq�Iy~ rmnGr.IJn j �pFL�anGr�F�k�q�K�FL|�M j lo|�ncx EGq�k�nGr.F�K.IJnGI
npq�K.FL~HloK�F�Áwr�lo~�r�x�FLIJn j EGFL��IJEGF=l�k�D�qyEGnGIyv]n �{À�r�FLloE}k�FHnGr�q�K j �GFL�}Itk�FLIy� j EGF�qyxªnGr�F=v j k�M�FHE¿qyx�|�FLIÂ¼yFL�
M j l�|�naM;N&I�K�FL~Hl��Gl�q�vmnpE�FHF©Iy|o�yqyE�l�nGr.k �aÀ�r.FHNmIJEG� j FunGr.IJn�nGr�lo��kmFHnGr�q¢K�~HIJD.n j E�FL��nGr.F � npE�Iyv.�GD�IJEGFLv.~�N �
qyx�IyvXlov�D j n FLk�M�FLK.K.lov.�!��Áwr�FHE�F � npE�Iyv.�GD�IJEGFLv.~�N �%EGFHx�FHE���npq nGr.F&IL¼yFHE IJ�yF*~�q�kmD�|�F���l�n½N$qyx�Iy~H~ j E IJnpF
k�q�K�FL|o� j v�K�FHE�Im�pD�FL~Hl��:~uFLk�M�FLK.K.lov�� �
�uv�qynGr�FHE v�qÂ¼yFL|aIJD�D.EGq�Iy~�r npq*nGr�FAD.EGqyM:|�FLk+lo�=nGr.IJn©qyx�K.q�lov�� 	 ��������|-��3 �}�7�8��������Y�� x�FLIJn j EGF��pFL|oFL~�nGl�q�v��
�=FHEGFIyv$F���npE�I%K�FH�yE�FHFmqyx\x EGFHFLK.q�k lo�tIyK.K.FLK���lov	nGr.IJn�I¥x FLIJn j EGFmlo�tv�qyntkmFHEGFL|�N	IyK.K�FLK$qyE�K.FL|�FHnpFLK
x�EGq�k�nGr�F\M�FL�pna�pFHn���M j n{nGr.IJn¿K�l �hFHE�FLv]ncx FLIJn j EGFL�¿IJEGF j �GFLK@K.FHDhFLv�K.lov��=q�vAnGr�F\EGFH��l�q�vAqyxhx FLIJn j E�F\�GD�Iy~�F
Áwr�FHE�FunGr.F npE�Iylov.lov.��F���Iyk�D�|�Ftlo��x�q j v.K��aÀ�r.FuFLIJE |ol�FL�pn\Á�qyE��&x�q j v.K*lo�\nGr�IJnZqyx1À j E�v�FHN �)�y·�� � �=F©��E��pn
K�F��:v.FL�=I�K�F��:v.lonGl�q�v¥qyx}~�q�v;npF��¢n %½�GFLv.�Gl�nGl�¼�l�nRNBIyv.K IJEG� j FL�unGr.IJn©kmIyv]NBEGFLIy|�Á�qyE�|oK D.EGqyM:|�FLkm��� j ~�r	Iy�
k�FLK.l�~HIy|¢K�loIJ��v�q��Glo�{~�q�v;nGIylov�~�q�v;npF��¢n %½�pFLv��Gl�nGl�¼yF�x�FLIJn j EGFL� � �=F�K�F��:v.FL���:¼yF�K.l ��FHEGFLv]ncÁ\ILN��aqyxhr�Iyv.K.|olov.�
~�q�v;npF��¢n %½�pFLv��Gl�nGl�¼�l�n½N&Iyv.KmF���D�|�qyEGFL��nGr�EGFHF=qyxªnGr�FL�pFuk�FHnGr�q�K.�}q�v��pq�k�F=EGFLIy| % Á�qyE�|oKD.EGqyM�|�FLk� � i FH¼yFHE�Iy|
n½N¢D�FL�Zqyxa~H|oIy�G�Gl���FHE��ZIJEGFtlov;¼yFL�pnGl���IJnpFLK Iyv.K%~�q�k�D:IJEGFLK��
� �pFL~�q�v.K�EGFHx FHE�FLv.~�F}q�v�~�q�v]npF���n1�pFLv��Gl�nGl�¼�l�n½N©lo�ªnGr�IJn�qyx�suq�kmlov��yq�� ��¶ # � �csuq�kml�v��yq���IJEG� j FL��nGr.IJnckmIyv]N
� |oI � N
%½|�FLIJE�v�FHE ���tIJEGFwI ��FL~�npFLK&M;NAnGr�F�D�EGqyM�|�FLk�qyxª~�q�v;npF��¢n %½�pFLv��Gl�nGl�¼�l�n½N�� � �1I � N�%½|oFLIJE�v�FHE�����IJEGF j �GFLK�npq
K�FL�G~�E l�M�F�k�FHnGr�q�K.�unGr.IJn K�FL|oIÂNBnGr�F�K�FL~Hl��Gl�q�v D.EGq�~�FL�G�uM;N �pnpqyE�lov���nGr�F�|�FLIJE�v�lov��&��Iyk�D�|�FL�©lov.�GnpFLIyK qyx
M j l�|oK.lov��mkmq¢K�FL|��wx�EGq�k´nGr�FLk �tsuq�kmlov.�yq�� K�FH¼yFL|�qyD��©I*|�FLIJE�v.l�v��&Iy|��yqyE l�nGr.k j �Glov.�&I*~H| j �pnpFHE lov��,%½|ol �yF
IJD.D.E�q�Iy~�r�nGr.IJntnGI �yFL�Alov;npqBIy~H~�q j v;n@~�q�v;npF��¢n@qyx\x FLIJn j EGFL��K j E�lov��*nGr�F&|�FLIJE�v.lov.�¥D�r.Iy�pF�� �¿EGq�klo�Glov��
EGFL� j |�nG�ZIJEGFtqyM.nGIyl�v�FLK���M j n�v.qyn�~�q�k�D�IJEGFLKBnpqmqynGr�FHEw~H|oIy���Gl��:~HIJnGl�q�vBk�FHnGr�q�K.� �
�cFHE�r.IJD��cIyvAIJD.D.EGqyD�E�loIJnpF¿FLv.K�npq©nGr�F�|�lo�pn�qyx�ÁwE�IJD.D�FHE1IJD.D�EGq�Iy~�r�FL�cnpq©x�FLIJn j EGF\� j M��pFHnc�pFL|�FL~�nGl�q�v�Á�q j |oK
M�F�nGr�Fu~�q�k�D.EGFLr�FLv��Gl�¼yFwD:IJDhFHE}qyx�� q�r.IL¼�lhIyv.K !�q�r.v��)�,& � �¿Àwr�FHNm~�q�k�D�IJEGFuK.l ��FHEGFLv;n}k�FHnGr�q�K.� j v.K�FHE
K.l ��FHEGFLv;n~Hl�E�~ j km�pnGIyv.~�FL����Iyv�K �Gr�q�Á4�pFH¼yFHE Iy|=lov;npFHEGFL�pnGl�v��(F���Iyk�D�|�FL�&q�v x�FLIJn j EGF EGFL|�FH¼JIyv.~�F�� � n�lo�
�Gr�q�ÁwvmnGr�IJn}nGr�F=qyD.nGlokmIy|�x FLIJn j E�F=� j M:�pFHn}K�q¢FL��v.qyn�Iy|�Á\ILN���r�IL¼yFunpq�~�q�v;nGIylovq�v�|�NAEGFL|�FH¼JIyv]n�x FLIJn j E�FL���
Iyv.K	nGr.IJn�Iy|o|{x FLIJn j EGFL� nGr.IJntIJEGFEGFL|�FH¼JIyv]ntK�q%v.qyntr.IL¼yFmnpqBMhF�lov	nGr.F�qyD.nGlokmIy|a� j M��pFHn ��À�r�FAD�IJD�FHE
Iy|o�pqm~�q�v;nGIylov.�wI�E�IJnGr�FHEwK.FHnGIylo|�FLK¥|ol�npFHE IJn j EGF � j EG¼yFHN�nGr.IJnwkl���r]n�l�v.~H| j K�FuEGFHx�FHEGFLv.~�FL��v.qyn�k�FLv]nGloq�v�FLK
r�FHEGF��



� ( ��� � ��
	��� ���������	���  �	� �	��� 
������ ���  �	�

����� �)� �6� � � � � � ��� � ���� ,����

��qyEt~H|oIy���Gl���FHE��=nGr.IJn©EGFL� j l�EGF@I*� j M��pnGIyv;nGloIy|cv j k�M�FHEuqyx¿D�IJE�Iyk�FHnpFHE �©npq�M�F@FL�pnGlokmIJnpFLK	qyE K�FL��l���v�FLK��
nGr�F�ÁwE�IJD.D�FHE¿IJD.D.EGq�Iy~ rmnpq�x FLIJn j E�F=�pFL|�FL~�nGloq�vmlo�¿v�qyn�It¼�loIJM�|�F\qyD.nGl�q�v�� �.qyE�nGr�FL�GF�n½N¢D�FL�¿qyxª~H|oIy�G�Gl���FHE����
nGr�F j � j Iy|ZD.E Iy~�nGlo~�FBlo��npq"�:v.K��pq�kmFBqynGr�FHE�~�E�l�npFHE�l�q�v x j v�~�nGl�q�v�nGr.IJn '�r.qyDhFHx j |o|oN * ~�qyEGEGFL|�IJnpFL�Á�FL|o|Áwl�nGr�nGr�F�qyM.nGIylov.IJM:|�F�~H|�Iy�G�Gl��:~HIJnGloq�v"E�IJnpFL� �(À�r�FL�pF�x FLIJn j EGF¥�pFL|�FL~�nGl�q�vXnpFL~�r�v.lo� j FL�@nGr�FLvXFLl�nGr�FHE j �pF
nGr�F��Iyk�FnRN;D�FL�tqyxZ�pFLIJE ~�rX�pnpE�IJnpFH��l�FL�@Iy��K.l��G~ j �G�pFLK	x�qyE�nGr.FmÁ�E�IJD.D�FHE�IJD�D.EGq�Iy~�r.FL�tqyE��{l�x�Dhq����Gl�M�|�F��
k�qyEGF@qyD.nGlokIy|1�pFLIJE ~�r	�pnpE�IJnpFH��l�FL� IJE�F@lokmD�|�FLk�FLv;npFLKBnGr�IJnuK�q*v�qyn©r.IL¼yFAnpq¥�pFLIJE�~ r nGr�F�Á=r�q�|�F��GD�Iy~�F
qyxZD�q��G�Gl�M:lo|ol�nGl�FL� �AÀwr.lo�tlo��FL�pD�FL~HloIy|o|�N npE j F&l�x�nGr.F&~�E�l�npFHE l�q�v$x j v.~�nGl�q�v�IyK.r�FHEGFL��npqBnGr�F��pFHn�lov�~H| j �Gl�q�v
k�q�v�qynpq�v�lo~Hl�n½N*D.E�qyDhFHE�n½N��
� K.lo�pnGl�v.~�n IyK�¼ Iyv;nGIJ�yF�qyx�nGr.FL�pF&k�FHnGr.q¢K.��lo� nGr.IJn�kIyv]N	qyx\nGr�FLk IJE�FK�FL�Gl���v.FLK$npqBM�Fm� j l�npF�x�Iy�pn��
Iyv.K�x j |o|h�pFLIJE�~�r.FL�\qyx�nGr�F©Áwr�q�|oF=x�FLIJn j EGF �pD�Iy~�Ft~HIyv*nGr.FHEGFHx qyE�FuM�F©kmIyK�F©npqA�:v.K&nGr�F©qyD.nGlokIy|h� j M��pFHn
Iy~H~�qyE�K.l�v���npqmnGr�F�~�E l�npFHE�l�q�v¥lokmDhq��GFLK��
� Iyv]N�qyx1nGr.FL�pFtk�FHnGr�q�K.�\K.IJnpFtM�Iy~ �&npq�nGr.Ft|oIJnpF # &A- ��Iyv.K*FLIJE�|oN�¸,&A- ���.M j nZv�FHÁ�k�FHnGr�q�K.�\r.IL¼yF�Iy|o�pq
M�FHFLvIyK.K.FLKmnpq�nGr.q��pFwnGr�E�q j ��rmnGr�F=NyFLIJE�� �¿À�r.F�Á�qyE ��D.EGFL�pFLv;npFLKlov �tl�npnG|�FHE �)�y¸��hlo�}It�yq¢q¢KEGFHx FHE�FLv.~�F
q�v nGr�F*FLIJE�|�NXk�FHnGr�q�K.� � �tlonpnG|�FHE�~H|oIy�G�Gl��:FL��nGr.F*K�l �hFHE�FLv]nAk�FHnGr�q�K.��lov;npq ��¼yF¥K.l ��FHEGFLv]nA~HIJnpFH�yqyE�l�FL�
Iyv.K�K.lo�G~ j ���pFL�AFLIy~�r qyx©nGr�FL�pF��
� q��pnqyx nGr�F k�FHnGr�q�K.�mEGFL� j l�E�F%lov �pq�k�FBÁ�IÂN�nGr�FBFL�pnGl�kmIJnGl�q�v qyx
nGr�F j v.K�FHE�|�N�lov�� D.EGqyM:IJM�lo|ol�nRN"K�FLv.��l�n½NXx j v.~�nGl�q�v.�Aqyx©nGr�FBl�v�D j n�K.lo�GnpE�l�M j nGloq�v.� � sul �hFHEGFLv;nK.l��pnGIyv.~�F
k�FLIy� j EGFL�=IJE�F�nGr�FLv j �GFLKBnpq*K�FL~HloK�F@r�qÂÁ�Á�FL|o|�I��pD�FL~Hl��:~tx FLIJn j E�FA� j M��pFHnu~HIyv K.l��pnGlov�� j l��Gr*M�FHn½Á�FHFLv
nGr�F�K�l �hFHE�FLv]nw~H|�Iy�G�pFL� � i q�k�F�qyxcnGr.F�k�qyEGF�EGFL~�FLv]nw�:|�npFHEwIJD�D.EGq�Iy~�r.FL�wÁwl�|o|ªv�qÂÁ�M�FtIyK.K�FLK%npq&nGr.IJnwqyx
nGr�F��Gn j K�N��lo¼yFLv¥M;N �tlonpnG|�FHE �
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À�r�F%kmFHnGr�q¢K��m~�q�kmlov��$x�EGq�k nGr.F¥��FL|oK qyx lov�x�qyE�kmIJnGloq�v�nGr.FHqyEGN�Iyv.K�x�EGq�k D.EGqyM:IJM�lo|olo�GnGlo~K.l��pnGIyv.~�F
v�qynGl�q�v���IJEGF*~H|�q��pFL|�N	EGFL|�IJnpFLK�� ��qynGr�nGr.FL�pF&IJEGFLIy� j �GF&�pq�k�F�k�FLIy� j E�FqyxZnGr�F�K�FLv.�Gl�nRN	x j v�~�nGl�q�v.�tqyx
nGr�F©lov�D j nG�¿npq��:v.KK�lo�pnGIyv.~�FL��lov&D.EGqyM�IJM�l�|ol�n½NA�pD�Iy~�FuM�FHn½Á�FHFLv¥K.l ��FHEGFLv;n�K.lo�GnpE�l�M j nGloq�v.����Iyv.K&nGr�FLv j �pF
nGr�FL�pF*K.lo�GnGIyv.~�FL�tnpq ��l�¼yF*�pq�k�F*k�FLIy� j EGF&qyx�r�qÂÁ/FLIy�pN"lon�Áwlo|�|aM�Fmx qyEAI ~H|oIy�G�Gl��:FHE�npq	�pFHD�IJE�IJnpF�nGr�F
~H|oIy�G�GFL� �
À�r�F©k�FHnGr�q�K&q�v&Á=r.lo~�r&nGr�F=��E��pn}�:|�npFHEZIJD.D.E�q�Iy~�r���D.EGFL�GFLv]npFLK*lovnGr�F v�F��¢n\~�r�IJD.npFHE���lo��M�Iy�pFLK*lo��nGr.IJn
qyx)�\IJnpnGl�nGl � �� ���=F j �pFL��nGr�F©~�q�v.~�FHD.n�qyx �1"F��"D��.}���N%7��	��r��������� npq��:v�KmnGr�F=EGFL|oIJnGl�q�v.��r.l�DmM�FHn½Á�FHFLv�nGr�F
q j npD j n�¼JIJE�loIJM�|�F�Iyv.K�nGr.F�lov�D j n�x�FLIJn j EGFL� �{À�r�F�D�IJD�FHE���E��Gn1K�F��:v.FL��r�q�Á�nGr�F�Áwr�q�|oF}v�qynGl�q�v�qyx�k j n j Iy|
lov�x�qyE�kmIJnGloq�v¥lo�ZIJD.D�|ol�~HIJM�|�FunpqmnGr�FtD.E�qyM�|�FLk ��Iyv.K*nGr�FLvB�yq;FL��q�v%npqK.l��G~ j �G��nGr�FtD�E�Iy~�nGlo~HIy|ªD.E�qyM�|�FLkm�
qyxªlok�D�|oFLk�FLv]nGl�v��uk j n j Iy|�lov�x�qyE�kmIJnGl�q�v�k�FLIy� j EGFL�}l�vAD.E�Iy~�nGlo~�F��aÀ�r�FL�GF�D.EGqyM�|oFLkm�aIJEGFwk�q��GnG|�N�E�FL|oIJnpFLK
npqBnGr.FD.EGqyM:|�FLk qyxZFL�pnGlokIJnGlov��BK�FLv��Gl�nGl�FL�tl�v � %½K.lok�FLv��Gl�q�v.Iy|{�pD�Iy~�F�� �uv"IJD�D.EGq ��lokmIJnpF��pq�| j nGloq�v(lo�
nGr�FLv	� j �y�yFL�GnpFLK$Áwr.lo~ r	lo�=��lokmlo|oIJE=npq¥nGr�F�~�q�v.~�FHD.n qyx�x qyEGÁ\IJE�K	�pFL|�FL~�nGloq�v��ªM j nuÁwr.lo~ r Iy|��pq¥|�q;q����©IJn
nGr�FtK�FHD�FLv.K.FLv.~�F=qyx{Iy|�EGFLIyK.N&~�r.q��pFLv¥x�FLIJn j EGFL�Znpqmx�FLIJn j EGFL�\M�FLlov.�AIyK�K�FLK*v�F��¢n ��À�r�F©Á�qyE �&qyx �\IJnpnGl�nGl
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Á\Iy��|oIJnpFHEtF���npFLv.K�FLK(M;N���q�v.v.|oIyv�K�FHE Iyv.K � FLl��yFLv.K�� · ��Iyv.K	�hv.Iy|o|�N%D�EGFL�pFLv;npFLK$M;N ��q�v.v.|oIyv�K�FHEtlov
r.lo�\K�q�~�npqyE�Iy|�nGr�FL��lo� � ¸ � � �=FtIJEG� j FLK*nGr.IJnZnGr�FtkmFHnGr�q¢K j �GFLK*M;N ��IJnpnGlonGlªx qyEZFL�GnGlokmIJnGlov��AnGr�FtK.FLv.�Gl�nRN
x j v.~�nGl�q�v.��Á\Iy��lov.~�qyEGEGFL~�n�Iyv.KXD.E�qyDhq��GFL� j �Glov��	v�q�v�% D�IJE Iyk�FHnpE�lo~ �yFHE�v�FL|\K�FLv.��l�n½N(FL�GnGlokmIJnGl�q�v npFL~ r�%
v.lo� j FL� ���wF�Iy|��pqkmI �yFL�=nGr�F�Iy�G� j k�D.nGl�q�v%nGr.IJn�nGr�F@v j k�M�FHEZqyx{npE�Iylov.lov.�mlov.�pnGIyv.~�FL�wIJEGF � D�|oFLv]nGl�x j | � �
Iyv.K�IJEG� j FL�anGr.IJn¿nGr�FZq�v�|�N�k�FHnGr.q¢KAqyx:�:v.K.l�v��wnGr�FZM�FL�pn¿� j M��pFHn{Áwr�FLvAx�FLIJn j EGFL�}IJEGF�v�qyn¿lov.K.FHDhFLv�K�FLv]n
lo�\FLl�nGr.FHEwI�x j |o|��pFLIJE�~ r��.qyE=�Gq�k�Ftr�F j E�l��pnGlo~©�pFLIJE�~ rBIJD.D.E�q�Iy~�r��
��q�¼yFL|o|{FHntIy| � �)� # �aD.EGFL�pFLv;n I¥k�FHnGr�q�K ~HIy|�|�FLK	z ��DhFL~�npFLK �\npnGIyl�v.IJM�|�Fms©lo�G~�E lokmlov.IJnGloq�vBlov Áwr.l�~�r nGr�F
"�FL~�FLlo¼yFHE µ DhFHE IJnGlov��*¾Zr.IJE�Iy~�npFHE�lo�GnGlo~@¾ j EG¼yFL�=IJE�F j �GFLKBnpq��:v.K I&kmFLIy� j EGF�qyx}IJnpnGIylov.IJM�|oF@K.l��G~�E�lokml %
v.IJnGl�q�v x�qyE=nRÁ�q,%½~H|oIy���©D.EGqyM�|�FLk� ��À�r�FLl�E=k�FHnGr�q�K lo�=K�FL�Gl���v.FLKB�pD�FL~Hl��:~HIy|�|�N*x qyEunGr�F�IJE�FLIqyx}v.q�kmlov.Iy|
¼JIJE�loIJM�|�FL�©� j ~�r$Iy� nGr�q��GF@qyM�nGIylov�FLK	M¢N � j FL�pnGl�q�v.v�Iyl�EGFL�©Iyv.K$lo�©v�qyn � j lonpFLK	npq¥nGr�FAD.EGqyM�|�FLk´qyx�~�q�v�%
nGlov j q j ��E�Iyv.K.q�k5¼JIJE�loIJM:|�FL��� j ~�r¥Iy�Zlo��x�q j v.K�lov�nGr�F©n½N¢D�FL��qyxc~H|oIy�G�Gl��:~HIJnGl�q�v�D.EGqyM�|oFLkm��l�v]¼yFL�pnGlo��IJnpFLK
r�FHEGF��
$=qÂ¼yqÂ¼�lo~�q�¼ I �(� j K.lo|\Iyv.K ��l�npnG|�FHEmD.E�qyDhq��GF*I"k�FHnGr�q�K�lov � (����wnGr.IJn&lo�AM�Iy�pFLK�q�v nGr�F � j |o|oM�Iy~�� !,%
K.l�¼yFHE��yFLv.~�Ftk�FLIy� j E�F��¿À�r.lo�\K.l�¼yFHE��yFLv.~�Ftk�FLIy� j E�Ftlo�\�Glokmlo|�IJE�npqmnGr.Ftv�qynGl�q�v*qyx{k j n j Iy|hl�v�x qyE kmIJnGl�q�v��
À�r�FHN�FLk�D�|�q�N�I©k�FHnGr�q�K@qyx�FL�pnGlokIJnGlov��unGr�FZK�FLv.�Gl�nRNtx j v.~�nGl�q�v.�cM¢N �:v.lonpF�kml �¢n j E�FL�1qyx�D�IJE�Iyk�FHnpFHE�l��pFLK
K�FLv.��l�nGl�FL� ��Àwr�F¿k�FHnGr�q�K�lo��lov Iw�pFLv��pF}�Gloklo|oIJE�npq=v�F j E�Iy|yv�FHn½Á�qyE�� npFL~ r.v.lo� j FL��x�qyEª�:v�K.lov��\nGr�F¿qyD�nGlokmIy|
x�FLIJn j EGFL�=M;NBIyv�Iy|�N¢��lov���nGr�FAlov�D j nZÁ�FLl���r;nG�uqyxanGr�F�~H|�Iy�G�Gl���FHE � � v �pFL|�FL~�nGlov.�nGr�F�x FLIJn j E�F�M�FLlov�� j �pFLK��
nGr�Fmk�FHnGr.q¢K(Iy|��pq*N¢l�FL|�K.�©nGr�FmK�FL�GloEGFLK	K�FL~Hlo�Gl�q�v	M�q j v�K.IJE�l�FL�=x qyE�K�q�lov��*nGr�Fm~H|oIy���Gl��:~HIJnGl�q�v	qyx�x j n j EGF
F���Iyk�D�|�FL� �
� vnGr�FLloE�Á�qyE�� � �tq�|o|�FHE�Iyv�K i Iyr�Iykml �)��¶ ��Iy|o�Gq@lov;¼yFL�pnGl���IJnpF I@k�FHnGr�q�K�M�Iy�pFLK&q�v�l�v�x qyE kmIJnGl�q�vmnGr.FHqyEGN��
�u�=I&K.lo�pnGIyv.~�F�k�FLIy� j EGF�nGr�FHN j �pF�nGr�F � j |o|�M�Iy~ ��% ��FLl�M�|�FHE�K.l��pnGIyv.~�F��ZÀ�r�FHN¥IJEG� j F�nGr.IJn©lov�x�qyE�kmIJnGl�q�v
k�FLIy� j EGFL��IJE�FwM�FHnpnpFHE�nGr�Iyv&K.lo¼yFHEG�yFLv.~�F=kmFLIy� j EGFL��lovr�l���r�%½K.lokmFLv.�Gl�q�v.Iy|��pD:Iy~�FL� �¿À�r�FHNAnGr�FLv&D.EGFL�pFLv;n
x�EGq�k nGr�F���FL|oK�qyx�D.EGqyM:IJM�lo|olo�GnGlo~}E�FLIy�pq�v.lov��tI � IJE �yqÂ¼
% M�|oIyv �yFHn\~�E�l�npFHE�loq�v�Áwr.lo~ r��]Iy~H~�qyE�K�lov��tnpq�nGr�FLk �
EGFLk�q�¼yFL��nGr�F¥v�FHFLK x�qyE�I	x j |�|}�pFLIJE�~ r�qyx=Iy|�|�� j M��pFHnG� �(Àwr�FHN"IJEG� j F¥nGr�IJn@nGr.FLl�E�IJD.D.EGq�Iy~ r�r.Iy�AnGr�F
IJM�lo|�l�n½N�npqX�:v.K)��M;N�M�Iy~��¢Á\IJE�K �pFL|�FL~�nGl�q�v q�v.|oN��wnGr�F	k�q��pn¥v�FL~�FL�G��IJEGN x�FLIJn j EGFL�*x�qyE%~H|oIy�G�Gl��:~HIJnGl�q�v��
º v�x qyE�n j v.IJnpFL|�N%nGr.F@~�q�v.~�FHD�nuqyx�nGr�F � IJE��yq�¼�% M:|oIyv �yFHntlo�uI*K.l � ~ j |on�q�v�FAnpq¥lok�D�|�FLkmFLv]nulovBD�E�Iy~�nGlo~�F
Iyv.K �pFH¼yFHE�Iy|{IJD.D.E�q ��lokmIJnGl�q�v.�ur.IÂ¼yF@npq�M�F�kmIyK.F�Áwr�lo~�rBEGFLK j ~�FL�unGr�F@F �hFL~�nGlo¼yFLv�FL�G�uqyx¿nGr�FAk�FHnGr�q�K��
� n=lo��IJE�� j FLKBnGr�IJnwnGr�FLl�Euk�FHnGr�q�KBlo�wÁ�FL|�| %½� j l�npFLK%npq¼yFHEGN%|oIJE��yF�lov�D j n��pD�Iy~�FL�E'�lov¥nGr�F�qyE�K�FHE=qyx�¶'& & &
x�FLIJn j EGFL� * Áwr�FHEGF��ZIy~H~�qyE�K.l�v��"npq �)��¶ � ��k�q��pnmÁwE�IJD.D�FHEIJD.D.E�q�Iy~�r�FL�&M�FL~�q�k�FBnpq¢q�~�q�k�D j nGIJnGl�q�v.Iy|o|oNF���DhFLv��Gl�¼yF��
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� v�r.lo�cÁ�qyE ��Áwl�nGr�K.FHnpFHE�kmlov.l�v��wqyD.nGl�kmIy|�FLk�M�FLK.K�lov����1x qyE}v.F j E�Iy|�v�FHn½Á�qyE���� j �pFLK�l�v@~�q�v;npEGq�|.IJD�D�|olo~HI %
nGl�q�v.��� �tq�v��~HIJE �)� ��� j �GFL�cIuk�FHnGr�q�K@~HIy|o|�FLK�nGr�F z����1�r�[U*�
��� Á=r.lo~�r�EGFHD�qyEGnpFLK.|oNu��lo¼yFL�cIyv�FL�pnGlokIJnpF�qyx
nGr�F\¼JIJE�loIyv.~�F\qyxhnGr�FZk�q¢K.FL|;Á=r�FLv@M j lo|oK�lov��wI � �������5��"8��"Z� kmq¢K�FL|¢x�EGq�k I©�GIyk�D�|oF\K�IJnGI �pFHn �aÀ�r�F\loK�FLI
Á\Iy����E��pn\D j M:|olo�Gr�FLKmM;N i npFHx �Iyv��G�pq�v�� � q�v��~HIJEwIyv�K !�q�v�FL� �)� ��� � � v*nGr�FLl�E\Á�qyE�� ��nGr�FHN�K�q�v�qynZK.l�EGFL~�nG|oN
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IJD.D�|oN�nGr�FZD.E�qyM�|�FLkCnpq�~H|oIy�G��l��:~HIJnGl�q�v��yÁ=r.lo~�r�l�v�nGr.F�FLv.KAM j l�|oK.�cI ~�q�v]nGlov j q j �}k�q¢K.FL|&�yM j naK.lo��~�EGFHnGlo�pF
nGr�F&q j npD j n � �=D.D�|ol�~HIJnGl�q�v$qyxZnGr.lo��k�FHnGr�q�K"npq ~H|oIy�G�Gl��h~HIJnGl�q�v(D.E�qyM�|�FLkm�tl���Iyv.Iy|�qy�yq j ��npq	k�FHnGr�q�K.�
nGr.IJn j �pFL�}Áwl�nGr.lov %½~H|oIy�G�¿Iyv.KM�FHn½Á�FHFLv�%½~H|oIy�G�\K.lo�GnGIyv.~�F � �pFHD�IJE�IJM:lo|ol�nRN@k�FLIy� j EGFL� �aÀ�r�Fuk�FHnGr�q�K j nGl�|olo�pFL�
nGr�FZIL¼yFHE IJ�yF=K.lo�GnGIyv.~�F�M�FHnRÁ�FHFLvmv.FLIJEGFL�pnav�FLl���r;M�q j E��1MhqynGr�l�v�lov.D j n1�GD�Iy~�F�Iyv.KAlov@q j npD j n{�pD�Iy~�F��¢Iyv.K
j �pFL��I@|olov�FLIJE�k�q¢K.FL|�K�FHE�lo¼yFLKx�EGq�k5nGr.lo�}Iy�\I@k�FLIy� j E�F=qyxª�yq¢q¢K�v�FL�G��x qyEZIyv;NmD�IJEGnGlo~ j |oIJE¿FLk�MhFLK�K.lov�� �
À�r�F�k�FHnGr.q¢K$lo�©�Gl�kmlo|oIJE=npq%FLIJE�|ol�FHE lov;npFHE�~H|oIy���uK�lo�pnGIyv.~�F�k�FHnGr�q�K.�©D.E�qyDhq��GFLK l�v �)�y¸ � ��M j n©K.l ��FHE��©lov
nGr�FtE�FL�pD�FL~�nZnGr.IJnwl�n�K�q¢FL��v�qyn�K�l�EGFL~�nG|�N j �pF ÁwlonGr.lov�%½~H|oIy����Iyv�K*MhFHnRÁ�FHFLv %½~H|oIy�G�wkmFLIy� j EGFL� �
� vmnGr�F�npFL~ r.v.lo~HIy|�EGFHD�qyEGn¿M¢N i ~�r�FHE�x�Iyv�K ��E�I j FHE � (
# �hItkmFHnGr�q¢K&�Glokml�|oIJEanpq�nGr.IJn�qyx i npFHx �Iyv��G�pq�vmFHn�Iy| �
lo� j �pFLK�� À�r�lo�wk�FHnGr.q¢K��ª~HIy|o|oFLK z º � � �cz i �ªlo�=M�Iy�pFLK q�v	I���lokmlo|oIJE=K.lo�pnGIyv.~�FAk�FHnpE�l�~�qyx}l�v]npFHE %½~H|�Iy�G�
Iyv.K lov;npE�I %½~H|oIy�G�©K.lo�GnGIyv.~�FL� �©À�r�FHNBIJEG� j F�nGr.IJnunGr�F�v�qyE�kIy|�lov;npFHE %ZIyv.K	lov]npE I %½~H|oIy�G�uk�FHnGr�q�K.�ux�Iylo|�npq
�:v.K EGFL|oFH¼ Iyv;n x FLIJn j EGFL� lov D.EGqyM�|oFLkm�uqyx�nGr�F � µ " % n½N¢D�F��1Iyv.K	D.E�qyDhq��GF j ��lov��*I¥v�FLIJEGFL�pntv�FLlo��r]M�q j E
IJD.D.E�q�Iy~�r$npqB�Gq�|�¼yF�nGr.lo�©D.E�qyM�|�FLk �ªÁwr�lo~�r	lo�©¼yFHEGN	�Gloklo|oIJE©npq¥nGr�FmIJD.D.E�q�Iy~�r"l�v �)� � � � �wq�Á�FH¼yFHE@nGr�F
~�q�v.v�FL~�nGloq�vmM�FHn½Á�FHFLvk�q�K�FL|�¼JIJE�loIyv�~�FwIyv.K�nGr�Fwq j npD j naqyx�nGr�F � IykmkmI�À1FL�pn}l��¿v�qyn¿x�q j v.KAF���D�|olo~HlonG|�N
lov nGr�F�Á�qyE�� M;N i ~�r�FHE�x�Iyv.K���E�I j FHE � � v	nGr�F�Á�qyE�� D�EGFL�pFLv;npFLK$lov(¾\r.IJD.npFHE � �cl�n lo�©IJEG� j FLK$nGr.IJntlox
nGr.lo��EGFL|oIJnGloq�v.�Gr.l�D�K�q¢FL��l�v.K�FHFLK&F���lo�Gn���lon�Á�q j |oK�r.IL¼yF D�EGqyx q j v.KF ��FL~�nG���.v�qyn\q�v.|oN�q�v*x FLIJn j E�F©� j M��pFHn
�pFL|�FL~�nGloq�v���M j n�Iy�=I�k�FHnGr�q�K¥x qyE��:v.K.lov.�@�pnpqyD�D�lov��m~�E�lonpFHE�loI@x qyE=IJEGnGl��:~HloIy|ªv.F j E�Iy|ªv�FHnRÁ�qyE��¥npE Iylov.lov�� �

� ��� � 	 � ����� ��	 #!

À�r�F©IyK�¼yFLv;nZqyx1r.lo��r�%½�pD�FHFLK&~�q�kmD j nGlov���r.Iy��M.E�q j ��r]n\npqAnGr�F x�FLIJn j EGF � j M:�pFHn %½�pFL|�FL~�nGl�q�v�D.E�qyM�|�FLk/nGr�F
IyK�¼JIyv]nGIJ�yF7'�qyE¿K.lo�GIyK�¼JIyv;nGIJ�yF * qyx:I©k j |�nGl�n j K�F�qyx:k�FHnGr.q¢K.� �cÀ�r.F�v j k�MhFHEcqyx:~�q�k�M�lov�IJnGl�q�v.�cM�FHn½Á�FHFLvFH¼JIy| j IJnGl�q�v$~�E�lonpFHE�loI*Iyv.K$�pFLIJE�~ r$x j v.~�nGl�q�v.� IJE�F�FLv.K.|�FL�G� ��À�r.l��ukI �yFL�tl�n ¼yFHEGN	K.l � ~ j |�nwx�qyE�Iyv;Nyq�v�F
Á�qyE��¢l�v��mlov*nGr�F©��FL|�K*npqK�FL~HloK�F Á=r.lo~�r¥kmFHnGr�q¢K��Znpqmx�q¢~ j ��q�v��
À�r�F%��FL|oK�qyx©D�IJnpnpFHE�v EGFL~�qy��v.l�nGloq�v q�v v.q�lo�pN�~�q�v]nGl�v j q j �m¼JIJE�loIJM�|�FL��K.q;FL�&r�qÂÁ�FH¼yFHE*M.E�lov��	ÁwlonGr l�n
~�E�l�npFHE loI(nGr.IJn*FL|ol�kmlov.IJnpFB�Gq�k�F	qyxtnGr�F	k�FHnGr�q�K.� � � FHnGr�q�K.��M�Iy�pFLK q�v9K.lo�G~�E�FHnpF��wv�q�v�%½v�q�l��pN�K.IJnGI
~HIyv	v�qyn©M�F j �pFLK K.l�E�FL~�nG|�N��hIyv�KBnGr.l��=K.l��G� j Iy|ol���FL��k j ~ r qyx}nGr�FAÁ�qyE�� K�q�v�F�l�vBEGFL~�FLv;n©NyFLIJE��©M¢N%nGr�F
� Iy~�r.lov.F ��FLIJE�v�lov���~�q�kmk j v.l�nRN��
À�r�F%IyK.¼ Iyv;nGIJ�yFBqyx©r.IL¼�lov��(I$kmFLIy� j EGF%qyxunGr�F¥F���D�FL~�npFLK Á�qyEGnGr�qyxux FLIJn j E�FL�lo�Aq�v�FBnGr.IJnmlo��M�qynGr
lov;n j l�nGl�¼yFL|oN	IJD�DhFLIy|�lov��BIyv.KXr.l���r�|�N$v�FL~�FL�G�GIJEGN�� � vXkmIyv]N"D�IJnpnpFHE�vXEGFL~�qy��v.l�nGloq�v"D.E�qyM�|�FLkm��x FLIJn j EGFL�
IJEGF�K�FL�Gl���v�FLK"M;N$r.Iyv�K��1Iyv.K�k�FHnGr�q�K.�tqyx ��v�q�Áwlov��%Á=r�FLv(nGr�F�lov�x�qyE�kmIJnGl�q�v	D�EGqÂ¼�loK�FLK"M;N	nGr�FLk lo�
FLv�q j ��r�npq�r.Iyv.K�|�FwnGr�FuD.EGqyM:|�FLk�Á�q j |oK&M�Fwqyx��yE�FLIJn�Iy�G�Glo�pnGIyv�~�F��¿À�r.lo��Á�Iy��q�v�F©qyx�nGr.Fu~�E�lonpFHE�loI j �pFLK
j D�q�v�K�FL~HloK�lov��	Áwr.lo~ r n½N¢D�FL�mqyxux FLIJn j E�FB�pFL|�FL~�nGl�q�v�k�FHnGr�q�K.�Anpq�l�v]¼yFL�pnGlo��IJnpF���À�r�F¥x�Iy~�nnGr�IJnmnGr�F
~�q�v.~�FHD.n©qyx�� j n j Iy| � v�x�qyE�kmIJnGl�q�v �GIJnGlo�p��FL�unGr.lo�u~�E�l�npFHE�l�q�v kmI �yFL�tlonuIyv qyM¢¼¢l�q j �u~ r�q�lo~�FAx�qyE=�hv.K.lov��
v�qyn@q�v.|�N(qyD�nGlokmIy|�� j M��pFHnG���cM j n@Iy|��pq Iyv loK.FLI%qyxwnGr.F&EGFL|�IJnGl�¼yF&Á�qyEGnGrXqyx=K�l �hFHE�FLv]n�x FLIJn j E�FL� �$À�r�F
~�q�v.~�FHD.nwqyx{k j n j Iy|ªl�v�x qyE kmIJnGl�q�v*x�FLIJn j EGF��pFL|oFL~�nGl�q�v%lo�ZnGr.FHEGFHx qyE�Ftlov]¼yFL�GnGl���IJnpFLKBlovB¾Zr.IJD.npFHE ( �
�uv�qynGr�FHE�kmFHnGr�q¢K(x EGq�k nGr�F|olonpFHE�IJn j EGF�nGr.IJn��pFHFLkm�tnpq �GIJnGlo�px�N nGr�FIJM�qÂ¼yF�~�E�l�npFHE�loI¥l�� nGr�F �©IykkmI
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À1FL�pn}k�FHnGr�q�K�FLk�D:|�qÂNyFLKM;N � q�v��~HIJE�lovmr.lo�{Á�qyE��Aq�v�x�FLIJn j EGFw�GFL|�FL~�nGl�q�vmx�qyE}v�F j EGq,%½~�q�v]npE�q�| � � x�D.EGq�¼yFLv
npq(M�F%~�qyEGEGFL~�n��Zr.l���k�FHnGr�q�K K�q¢FL�mv�qynmq�v.|oN�Iy|o|�q�Á+I(k�FLIy� j EGF¥qyx©nGr�F j �GFHx j |�v�FL�G�@qyxuIyv;N��pD�FL~Hl��:~
x�FLIJn j EGF���M j n=Á�q j |oK ��l�¼yFmIyv	FL�pnGl�kmIJnpF�qyx}nGr�FAF���D�FL~�npFLK$FHEGEGqyEtlov�~ j EGEGFLK lov M j lo|oK�lov��I*~�q�v;nGlov j q j �
k�q�K�FL|�~H|oIy�G�Gl��:FHE�Áwr.FLv j ��lov��BI	�pD�FL~Hl��:~&lov�D j ntFLk�M�FLK.K�lov�� � Àwr.lo��Á�q j |�K"M�F&K�l�EGFL~�nG|�N(IJD.D:|olo~HIJM�|�F
npq%k�q��pn nRN;D�FL�©qyx�~H|oIy�G�Gl��:FHE�� j �pFLK	lov nGr�Fm|ol�npFHE IJn j EGF�� ��qyE�nGr�FL�pF�EGFLIy�pq�v����c¾\r.IJD�npFHE �*l�v]¼yFL�pnGlo��IJnpFL�
nGr�FAIJD.D�|ol�~HIJnGl�q�v%qyx¿nGr.F �©IykkmI*À�FL�pnuD.EGq�~�FLK j E�F�npq*nGr�F@D.EGqyM�|�FLk+qyx¿x�FLIJn j EGFA� j M��pFHnu�pFL|�FL~�nGl�q�v x�qyE
~H|oIy�G��l��:~HIJnGl�q�v��
À�r�F�x�Iy~�nunGr.IJn=kmq��pnwqyxanGr�F�IJD.D.EGq�Iy~ r�FL�©�pFHFLvBK�q�v�qynwF���D�|ol�~Hl�nG|�N&Iy|�|�qÂÁ�nGr�F��pFLIJE ~�r qyx¿lov�D j n��GD�Iy~�FL�
x�qyE@IJEGnGl��:~HloIy|¿v�F j E�Iy|¿v�FHnRÁ�qyE����Alo��Iyv.qynGr�FHE@IJE�FLI%nGr.IJnA~HIy|o|o��x qyE@lov]¼yFL�GnGl���IJnGl�q�v��%À�r.F�G~HIJE�~�FLv�FL����qyx
|ol�npFHE IJn j EGFwq�v�nGr�FL�GFuk�FHnGr.q¢K.�\lo��K j F=D�IJEGnG|�N�npq�~�q�k�D j nGIJnGl�q�v.Iy|h~�q��pnG�\qyx�npE�Iyl�v.lov��tnGr.FL�pF v�F j E�Iy|:v�FHn %
Á�qyE��¢���¢Iyv.K�D�IJE�nG|�NAnpqA�Gq�k�F=qynGr.FHE\~�q�v��GloK�FHE�IJnGloq�v.�}� j ~�r*Iy��nGr�FuIÂ¼ Iyl�|oIJM�lo|olon½NAqyx�IJD.D�|ol�~HIJM�|�Fw�pnpqyD�D�lov��
~�E�l�npFHE loI�Iyv�K�v.FHn½Á�qyE�����l � F�� � v%¾\r�IJD.npFHE �lon�lo�\�Gr.qÂÁwv�nGr.IJn\nGr�FHEGF K�q¢FL�Zlov.K.FHFLKF���lo�pn\IAx qyE k5qyx1nGr�F
v�F j E Iy|:v�FHnRÁ�qyE �mÁwr.lo~ r&l���IJD.D:|olo~HIJM�|�F=Iyv.K&r�Iy��npE Iylov.lov����pD�FHFLK.��r�l���rFLv.q j ��r�npq@K�q@x j |o|��GFLIJE�~�r�FL�\qyx
Imv j k�MhFHEZqyxcx�FLIJn j EGFL� �
¾�q�k�D:IJE�lo�pq�v.��MhFHnRÁ�FHFLv�nGr�FL�pF�K.l ��FHEGFLv;n�k�FHnGr�q�K.��IJE�F}kmIyK�F��yIyv.K�nGr�F}� j lonGIJM�lo|ol�nRNwqyx�FH¼yFHEGNtkmFHnGr�q¢K�npq
nGr�F=D.EGqyM�|�FLk qyxhx�FLIJn j EGFu�pFL|�FL~�nGl�q�v�lo�¿l�v]¼yFL�pnGlo��IJnpFLK�� i loklo|oIJE{npq�k�q��Gn}qynGr�FHE\|ol�npFHE�IJn j EGF��]nGr�Fuk�FHnGr�q�K.�
IJEGF=��E��pn��Gr�qÂÁ=vmnpq@Á�qyE��q�v&�pq�kmF=r.Iyv.K&~�EGFLIJnpFLK '�Iyv.K&¼yFHEGNmFLIy�pN * K�IJnGI��pFHnG���¢Iyv.K�IJEGF=nGr�FLv&IJD�D�|ol�FLKnpqmEGFLIy|�K.IJnGIm�pFHnG�wx EGq�k+�pnGIyv.K.IJE�K � Iy~�r�lov�F ��FLIJE�v.lov��AD.E�qyM�|�FLkm� �
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� vnGr.l���~ r.IJD.npFHE�l�n�Áwlo|o|�M�F©�Gr�q�Áwv&r.qÂÁ9nGr�F©lov�x�qyE�kmIJnGl�q�v�% nGr.FHqyEGFHnGlo~w~�q�v�~�FHD.n\qyx�k j n j Iy|�lov�x�qyE�kmIJnGl�q�v
~HIyv MhF�IJD.D�|ol�FLK*npq�nGr�F�x FLIJn j E�F�� j M:�pFHnw�pFL|�FL~�nGloq�v%D.EGqyM:|�FLk �\À�r�FtÁ�qyE��¥D.EGFL�GFLv]npFLK r�FHEGF�l���M�Iy�pFLK lov
D�IJEGnZq�v%Á�qyE��*M¢N �\IJnpnGl�nGl � ���nGr.IJn�Á\Iy�w|�IJnpFHE�F��¢npFLv�K�FLKBIyv.K j �pFLK¥M¢N ��q�v.v.|�Iyv.K�FHE � ·�� �
À�r�F k j n j Iy|wlov.x qyE�kIJnGl�q�v k�FHnGr.q¢K�Á�Iy��~�r.q��pFLv x qyE*lov;¼yFL�pnGl���IJnGl�q�v �Glov.~�F l�nÁ\Iy��q�v�FBqyx�nGr�FBx�FHÁ
k�FHnGr�q�K.��x q j v�K(lov$EGFL~�FLv;n@x FLIJn j E�F&�pFL|�FL~�nGloq�v"|ol�npFHE IJn j EGFmq�v"�:|�npFHE�IJD�D.EGq�Iy~�r.FL��nGr.IJn@�pFHFLk npq r.IÂ¼yF
�pq j v�K�nGr.FHqyEGFHnGlo~\M�Iy~ �;�yEGq j v.K��aÀ�r�FZk�FHnGr�q�K�Iy|o�pq r.Iy�aIyvlov]n j l�nGl�¼yF\IJD.D�FLIy|;x�qyE¿nGr�F\x�FLIJn j EGF��pFL|oFL~�nGl�q�v
D.EGqyM:|�FLk � � v nGr.F�FLIJE�|�NB|olonpFHE�IJn j EGF �)�y¸�� ���Gl�kmlo|oIJEulov�x�qyE�kmIJnGl�q�v�% nGr.FHqyEGFHnGlo~Ak�FHnGr�q�K.�uÁ�FHE�FAIJD�D�|ol�FLK npq
D�IJE�IykmFHnpE�lo~ ~H|oIy�G��l���FHE��\x�qyE�nGr�F�k j |�nGlo¼ IJE�l�IJnpF©v.qyE�kmIy|ª~HIy�pF��
i FL~�nGl�q�v ( �o¶mK�FL�G~�E�loMhFL�©nGr.F�nGr�FHqyEGFHnGlo~HIy|�~�q�v.~�FHD.nG�tqyx\k j n j Iy|¿lov.x qyE�kIJnGl�q�v��AÀ�r�FHEGFLIJx�npFHE��pq�kmFm~�q�v�%
�GloK.FHE�IJnGl�q�v.�uÁwr�FLv	lokmD�|�FLk�FLv;nGlov��&nGr�FL�pFm~�q�v.~�FHD.nG��lov nGr�FAD.E�Iy~�nGlo~HIy|a~HIy�pFmIJE�Fmr.l���r.|olo��r]npFLK��tÀwr.lo�©lo�
x�q�|o|�qÂÁ�FLKmM¢N�ItK�FL�G~�E l�D.nGl�q�v�qyx�nGr�F=k j n j Iy|�lov�x�qyE�kmIJnGloq�vAx FLIJn j E�FwE�IJnGlov.�tIy|��yqyE�l�nGr.k � ��FHx�qyEGF=~�q�v�~H| j K�%
lov��!�.I�Glok�D�|oF=F���Iyk�D�|�Ftl��\��l�¼yFLv%npql�|o| j �pnpE IJnpF=nGr�F�~�q�v.~�FHD.nG�wK�lo�G~ j �G�GFLK¥lov*nGr�Ft~�r�IJD.npFHE �
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À�r�F¥~�q�v.~�FHD�nmqyxuk j n j Iy|Zl�v�x qyE kmIJnGl�q�v ' � � * Á\Iy�mK�FH¼yFL|�qyD�FLK�lov nGr.F*��FL|oK qyx©lov�x�qyE�kmIJnGl�q�vXnGr�FHqyEGN'�Iy|�nGr�q j ��r��pq�k�FZ¼yFHEGNA�Glokml�|oIJE1D�EGqyM�IJM�lo|�lo�pnGlo~¿K�lo�pnGIyv.~�FZk�FLIy� j EGFL�{Á�FHE�F�Iy|o�pq K�FH¼yFL|�qyD�FLK�lov@nGr�F\��FL|�K�qyx
�pnGIJnGlo�GnGlo~HIy|hFL�pnGlokmIJnGl�q�v*nGr.FHqyEGN * �¿Àwr�FuK.FHE�l�¼JIJnGl�q�v�qyx�nGr�F©FL� j IJnGl�q�v.��nGr.IJn�K�FL�G~�E l�M�F=r�q�Á npqm~HIy|�~ j |oIJnpF� � lo�}K.FH¼yFL|�qyD�FLKx�EGq�k5nGr�Fu~�q�v�~�FHD.n\qyx �
����	+��(*� � � n�Áwlo|o|�M�F=K.FHE�l�¼yFLK�r�FHEGF j �Glov�����lokmlo|oIJE�v�qynGIJnGl�q�v�npq
¾�q�¼yFHEtIyv.K Àwr�q�kmIy� ��¶*��� ��M j nwÁ=l�nGr%nGr�FA�GIyk�F@FLk�D�r�Iy�Glo�=q�v ~H|oIy���Gl��:~HIJnGl�q�v ~�q�v.~�FHD.nG�©Iy�©lov �\IJnpnGl�nGl
� �� �
i nGIJEGnGl�v��¥Áwl�nGr(IBK.lo�G~�EGFHnpF�E Iyv.K�q�k ¼JIJE�loIJM�|oF��»q�¼yFHE@Iyv(Iy|oD�r.IJM�FHn�� �1nGr�FmFLv;npEGqyD¢N
	 '�� * qyx\nGr.lo�¼JIJE�loIJM�|�F ~HIyvBMhFtK.F��:v�FLK¥Iy���

�y·



( & � 
���
�� � �2��� �����/� �� �	�

	 '�� *�D � F
�����

5C' 	 * |�qy� 5�' 	 * ' ( �o¶ *
Áwl�nGr.5C' 	 * M�FLlov��tnGr�FuD.EGqyM:IJM�lo|ol�nRN�kmIy���}x j v.~�nGl�q�v&K�F��:v�FLKq�v 		� � �¿À�r.lo��k�FLIy� j EGF=EGFHD.EGFL�GFLv]nG��nGr�F
IL¼yFHE IJ�yF j v�~�FHEGnGIylov;n½N*qyx1nGr.FtE�Iyv.K�q�k ¼JIJE�loIJM:|�F � �
�u|o�pqXqyx�lov;npFHEGFL�pn*r�FHEGF$lo�&nGr�F$K�F��:v.lonGl�q�v qyx@~�q�v.K.l�nGl�q�v�Iy|wFLv;npEGqyD¢N�� � x�Iyv�qynGr�FHE%K.lo��~�EGFHnpF E Iyv.K�q�k
¼JIJE�loIJM�|�F�
´l�� j �pFLK�Iy��I k�FLIy� j E�FLk�FLv]n@npqBE�FLK j ~�FnGr.FFLv;npEGqyD;N$qyxZnGr.FE�Iyv.K.q�k ¼JIJE�loIJM�|�F � �{nGr�F
K�F��:v�l�nGl�q�v qyx\nGr�F&~�q�v.K�l�nGl�q�v.Iy|{FLv;npEGqyD¢N
	 '�� 8 
 * �cÁwr.lo~ r	EGFHD.EGFL�GFLv]nG��nGr�F j v.~�FHE�nGIylov]nRN$lov � ��l�¼yFLv

 ��lo�ZK�F��:v.FLK¥Iy�

	 '�� 8 
 * D � F
����

5C' � * 	 '�� 8 
 D � * ' ( ��� *
D � F

����
5C' � * F

�����
5C' 	 8 � * |�qy�%5C' 	 8 � * ' ( ��� *

D � F
����

F
�����

5C' 	 � � * |oqy� 5C' 	 8 � * ' ( �)( *

�uK.IJD.nGlov��¥nGr�lo�©npqBnGr�FD.EGq�~�FL�G� qyxZ~H|oIy�G�Gl��:~HIJnGl�q�v���nGr.FmE�Iyv.K�q�k ¼ IJE�l�IJM�|�F � ~HIyv"M�F�¼¢l�FHÁ�FLK"Iy��nGr�F
~H|oIy�G�|oIJM�FL|�Iyv�K�FLIy~�r FH¼yFLv]n�Iy��M�FLlov��$I(K.l ��FHEGFLv;n�~H|oIy�G�m|oIJM�FL| � � x=Á�F%K�FLv�qynpFBnGr.lo��v�FHÁ,E Iyv.K�q�k
¼JIJE�loIJM�|�F©ÁwlonGr�� Iyv.K¥ÁwE�l�npF ' ( �o¶ * x�qyE�nGr�F nRÁ�q,%½~H|�Iy�G�wD�EGqyM�|�FLk�l�nZM�FL~�q�k�FL�

	 '�� *�D � �F
	 ; �

5C'�� * |�qy�%5C'�� * ' ( ��� *
Áwr�FHE�F nGr�Ft� j k,l��Zv�qÂÁ�nGI �yFLv%qÂ¼yFHEunGr�F FH¼yFLv;nG�wqyx{nGr�F nRÁ�q�~H|oIy�G��|�IJMhFL|�� � �
	 '�� * lo�Av�qÂÁ�I	k�FLIy� j E�F�qyxwnGr�F j v.~�FHEGnGIylov;n½N"qyxwnGr�F¥~H|oIy�G�A|oIJM�FL| � ��N"F���npE�Iy~�nGlov��	x�FLIJn j EGFL�@x�EGq�knGr�F¥D.E�q¢~�FL�G����Iyv IJnpnpFLkmD.nlo��kmIyK.F¥npq"K�FL~�EGFLIy�pFBnGr�F j v.~�FHE�nGIylov]nRNXIJM�q j n�nGr.F%~H|oIy�G�m|oIJM�FL| � ��FHn �
EGFHD.E�FL�pFLv]n}nGr�FZ¼yFL~�npqyE�qyx�x�FLIJn j EGFL�}nGr.IJn}lo�aF���npE�Iy~�npFLK&x E�q�k nGr�FZD.EGq�~�FL�G���¢Iyv.K�� ����� v�qyn � nGr � v j k�� ���
qyxa� �yk"!�|�lov����\k�� ��� � � � nGr � v%r#�Â¼ � '�x � q�k,z}� j �JnGl�q�v ( ��� *

	 '�� 8 � *�D � $�%F� ; � 5C' � * � �F
	 ; �

5C'�� 8 � * |'&y� 5C'�� 8 � * � ' ( �  *

Á)(#*,+-( � � ! �-�/.0�/132 .42 ( � �L¼ ��� ��5 �	6#1 + ��� 2 �7* 182:9 ���;& 6�2"2 ( � +�<=� .-. <=��� � <>5?*�¼ �/1@2 ( �BA"� � . 6�� �/A��/132 .�C �
' � ��� � � 5C'�� 8 C * � � ! � �/. �/132 .D2 ( � +E& 1#� * 2 *=& 1 �7<F! � &7�G���G*,<=* 2:94H & � +�<,� . . ��5?*�¼ �/1I2 ( � * 1 ! 6#2 ¼ � + 2 & ��C � *
ÀJ( �"�-�/�#6 + 2 *'& 1 & H>2 ( ��6#1 + ��� 2 �7* 182:9 & H>2 ( � +�<=� . . <,��� � <K� 2 (#� 2 * . &7� 2 �7* 1��/� � 9LA � �M* 1 5 2 ( ��A"� � %

� ��%  �4.�0-?804 �0/?% �  �4.�	 ��� � +7%*"�),)�>?��� ?%&�7� $&)��?$&),+7-.),),�7� +C �4.���?� ��$*9�"2 �$&��/ ���0-?% ��+7%&�'"���% �  ��� �� ��!/=�."�.%&�	 ��� �4?�	� -.%  �$��
+7%*"�),)�>?��� .%&�7�(B



� 
���
�� � �2��� �����/� �� �	� (.¶

. 6��-�/A"�/132 .)C * . 5?*o¼ �/1 � 9 � '������ *�D 	 '�� * � 	 '�� 8 � * ' ( � # *
ÀJ(#* . �-�/�#6 + 2 *'& 1 * 1"6#1 + ��� 2 �7* 182:9 * . �7< . & 2 ( �D����� 1 * 2 *'& 1 & HG2 ( �JA 6�2 6 �7<�* 1�H & � A � 2 *'& 1 � '������ * � ��2 Á ���/1
2 ( � +�<=� . . <=��� � <K��� 1#� 2 ( � A"� � . 6�� �/A��/132 ¼ � + 2 & �4C �	ÀJ( � ��� 6 � 2 *'& 1 H & � 2 ( � A 6#2 6 �7<>* 1�H & �-A � 2 *'& 1
� ��2 Á ���/1 2 ( � +�<=� . . <=��� � <;� 1#�I2 ( � * 1 ! 6#2 H � � 2 6�� � ¼ � + 2 & � +�� 1�1 &ÂÁ � � Á � * 2020�/1 � .

� '������ * D 	 '�� * � 	 '�� 8 � * ' ( �	� *
D � �F

	 ; �
5C'�� * <'&75 5C'�� * � 
� � $ %F� ; � 5C' C * � �F

	 ; �
5C'�� 8 C * <'&75 5C'�� 8 C * � � ' (��	� *

D
�F
	 ; �

$�%F� ; � 5C'�� � C * <'&75 5C'�� * �

� $�%F� ; � 5�' C * � �F

	 ; �
5�'�� 8 C * <'&75 5C'�� 8 C * � � ' (����'& *

D F
	 = � 5C'�� � C * <'&75

5C'�� 8 C *5�'�� *
' (������ *

D F
	 = � 5C'�� � C * <'&75

5C'�� � C *5C'�� * 5C' C *
' (����*� *

� H 2 ( � * 1 ! 6�2JH � � 2 6�� � � � +E& A"�/. ��+E& 182 * 1 6 & 6#. � � 1#� & A�� � � *=���G< � � 2 ( � . 6#A & 1�2 ( � H � � 2 6�� ���7� + 2 & � C
� � +E& A"�/. � 1 * 1320� 5 � �7<�� � '������ *�D F

	
� 5C'�� � C * <'&75

5�'�� � C *5C'�� * 5C' C *
�
C G ' (����*� *

� & A"� * 1320���-�/.02 * 1 5�! � &7! ��� 2 * �/. & H A 6�2 6 �7< * 1�H & � A � 2 *'& 1 +�� 1 �7< . &�� ������� * �7�/� ' .0��� ���*��� H & � +E& A ! < ��20�
����� * � � 2 *'& 1G. * ��� 1�� ! � &7! ��� 2:9 & H * 1320��� �/. 2 ( ���-� * .K2 (#� 2 & H .09MA�A"��20� 9 �M� H 20���D. & A"� A � 1 *'! 6 <=� 2 *=& 1 ���*���
* 2 +�� 1 � � . (#&�� 1 2 (#� 2 H & � 2 � & � � 1#� & A�� � � *,���G< �/. � � 1#� 
 � 2 ( �>A 6�2 6 �7<M* 1#H & �-A � 2 *'& 1 A�� � . 6�� �/A"�/182
* .D.09MA�A"��20� *=+ �#*�� � �

� '�� � 
 * D � '�
!� � *�D F
� = �
5C' 	 � � * <'&75

5C' 	 � � *5C' 	 * 5C' � * G ' (����+( *
" �86 �7<,* 2 � 2 * �7� ��# !G<=� 1 � 2 *'& 1 & H A 6�2 6 �7< * 1#H & �-A � 2 *'& 1 * .D2 (#� 2 * 2 +�� 1 � � 2 (#& 6 5?( 2 & H � . � A"� � . 6�� � & H
2 ( � � < 6#A !G* 1��/. . ��& HK2 ( � �0&?* 182 ! � &7�G���G*=<,* 2:9 ���/1G. * 2:9�H 6#1 + 2 *'& 1 & H � � 1G�LC � � � & A%$�� 6 � 2 *'& 1 (����*� * 2
+�� 1 � � .0���/1	2 (#� 2�2 ( � +E& 1320� *'� 6�2 *'& 1B2 & 2 ( � * 1320� 5 � �7<&� & 6 < � � � <=� � 5 � * H 2 ( � � * . 20� *'� 6�2 *=& 1 5C'�� � C * * .
6#1��'�7�/1 � � 1I2 (#* . +�� .0� � 2 ( � ! � & �#6 + 2 & H 2 ( ��A � � 5?* 1 �7< . * .J1 & 2J��� 6 �7< 2 & 2 ( � �0&?* 182)���/1#. * 2:9 H 6G1 + 2 *'& 1 �
� 1#�B2 ( ��� ��H & � ��2 ( � +�<=� .-. * . 1 & 2 * 1#��� ! �/1#���/182 & H 2 ( � A"� � . 6�� �/A��/132 .�A � ��� �)(J( � A & � � ��� ! �/1#�#�/132
2 ( ��A"� � .-6�� �/A"�/182 � 1#�L2 ( � +�<=� . . � � +E& A"�/. � 2 ( � (#*=5?( ��� 2 ( ��A 6�2 6 �7< * 1#H & �-A � 2 *'& 1 A"� � . 6�� � �!(J(#* .
A �+* �/. A 6�2 6 �7< * 1�H & �-A � 2 *'& 1 �457& & �BA"� � .-6�� � 2 & ����20��� A * 1�� �)(#*=+ ( H � � 2 6�� �/. & H 2 ( � * 1 ! 6�2DH � � 2 6#� �
.0��2 (#� �7� 2 ( � 5 � � � 20�/.02 � � � + 2 & 1 & 6#2 ! 6�2 �/1820� &7! 9 � � H � �7� + 2 & � (#� . <,* 202 < �D� � < �'� � 1 + � � * 2 ( 2 ( � & 6#2 ! 6�2 �
2 ( � A 6#2 6 �7< * 1�H & � A � 2 *'& 1 � ��2 � ���/1 2 ( � 2 � &,�)*=<=< � �!�7��� 9 <'&-�.�/� 1 2 ( � & 2 ( ��� (#� 1#� � * HD2 ( ��9 � � �



(�� � 
���
�� � �2��� �����/� �� �	�

A 6�2 6 �7<=< 9 * 1�H & �-A � 2 * �7��2 ( �/1 2 ( ��A"� � . 6#� � �)*=<=<F� � (#*'5?( �
� ��� 	����� 	 ������ � �� � � � � ��	�� �

" < 2 (�& 6 5?( 2 ( � +E& 1 + � ! 2 & H A 6#2 6 �7<;* 1�H & �-A � 2 *'& 1 <'& &�* . <=* * � � 1 & �7� < * ��� � * 142 ( � & � 9 � . & A"� ! � &7�G< �/A�.
� � * . � * 1 &7� 2 �7* 1 * 1 5 2 ( � �/. 2 * A � 20�/. & H � '������ * * 1 ! � �7+ 2 *,+ � � (J( �/. � ! � &7�G< �/A�.DA & .02 < 9 � � * .0� � � +�� 6#.0�
2 ( �>6#1#����� < 9 * 1 5 ���/1#. * 2 9 H 6G1 + 2 *'& 1#. & H#2 ( � * 1 ! 6�2 �7� + 2 & �-. ' 2 ( � �s(*	�����	�� � 1G� �����*4����������*��. * 1�H & �-A � 2 *'& 1
H � & A 2 ( � �>� 97�/. *=� 1 +�<,� . . * �G��� * � �-�)1 & 2 * 1 &�� 1 �3� 1#� & 1 < 9 � �F1 * 20� � A & 6#182 & H;� � 2 � * . � � �7*,<=���G< �>H � & A�)(#*,+-( 2 & �/.02 * A � 20� 2 ( �/. � ���/1#. * 2:9"H�6#1 + 2 *'& 1G. �&()(#* . ! �-�'�7�/132 .>6#.KH � & A A �+*M* 1 5 �/.02 * A � 20�/. & H A 6�2 6 �7<
* 1�H & �-A � 2 *=& 1 * 1 (#*=5?(�% � * A"�/1G. *'& 1 �7< . !G�7+ �/. � . * 1 + � 2 ( ��186GA � ��� & H � � 2 � !;&?* 182 .�1����/���/� 5 � &-� . �7��� 9
� ��!G* � < 9 �)* 2 ( 2 ( � � * A"�/1G. *'& 1 �7<=* 2:9 & H 2 ( � . ! �7+ � �+�
( &I& �7��� +E& A"�42 ( �/.0� ! � &7� < �/A�. ���>� 202 * 2 * �  � . 6 575 �/. 2 . � 1 ��!#! � & # * A � 2 *'& 1	H & � 2 ( �"H � � 2 6�� �".0� < � + 2 *'& 1
+�� .0� � � 1#.020� � � & H +��7<=+ 6 <=� 2 * 1 5�� � H � & A 2 ( � � &?* 132>���/1#. * 2:9�H�6#1 + 2 *'& 1G. * 1�2 ( � � � % � * A"�/1#. *'& 1 �7< . !G�7+ � �
( � � �/�#6 + �/. 2 ( �D� * A"�/1#. *'& 1 �7<=* 2:9 � 9 +��7<=+ 6 <=� 2 * 1 5 * 2 � ��2 � ���/1 & 1 < 9 2 � & �7� + 2 & � . � 2 � 2 * A"� � � * � .02 < 9 ��� �
+��7<=+ 6 <,� 2 *'& 1#. � � � A � ��� � ��2 � ���/1I� �7+ (�* 1 ! 6�2KH � � 2 6�� � � 1G� 2 ( � ���/. * �-�/� & 6#2 ! 6�2 �7� + 2 & � *�� � � � '�� � ��: * �(J(#* . 5?* �7�/. ��* 1G� *=+�� 2 *'& 1 & H 2 ( � � � <,� 2 *'& 1#. (#*=! . & H � �7+ ( H � � 2 6�� �.�7� + 2 & � �)* 2 ( 2 ( � & 6�2 ! 6�2 � � � +E& 1G� < 9 �
2 ( � � � * . +��7<=+ 6 <=� 20�/� � ��2 � ���/1 � * � ��� �/1824H � � 2 6�� �/. *�� � � � '$� � � ��� * ���; � � (J(#* .�.0� +E& 1G� A�� � . 6�� � * .
6#.0�/� * 1 � 1 � 2020�/A ! 2)2 & � �/A & �7� (#*'5?(#< 9�A 6�2 6 �7<=< 9 ��� ! �/1#���/182DH � � 2 6#� �/.)H � & A 2 ( � H � � 2 6#� � .0��2 � � 2 * .
� � 5 6��/� � � 1#� �7< . & � � <,< % * 1 &�� 1 � 2 (#� 2 2 ( � A 6�2 6 �7<F* 1�H & �-A � 2 *'& 1 � ��2 � ���/1 H � � 2 6�� �/. � 1#� & 6�2 ! 6�2 �7<'& 1��
* . 1 & 2 ���G< � 2 & 2 �+* � * 132 & �7+�+E& 6#182J��� ! �/1#���/1 +�* �/. � ��2 � ���/1I� * � ��� �/132 H � � 2 6#� �/. � � 2 +E& 6 < � (G��!#! �/1 � H & �
��# � A !G< � � 2 (#� 2�2 � & (#*'5?(G< 9 +E& � � � <=� 20�/� H � � 2 6�� �/. (#� �7� (#*'5?( A 6�2 6 �7< * 1�H & � A � 2 *'& 1 �)* 2 ( 2 ( � & 6#2 ! 6�2
+�<=� . . � � 1 +�< 6#� * 1 5��;& 2 ( 2 ( �/.0�"H � � 2 6�� �/. � 2 2 ( � +E& .02 & H . & A"� & 2 ( ��� H � � 2 6�� � �)(G*=+-(	* . 6#1 +E& �-� � <=� 20�/��)* 2 ( 2 ( � �G� .02 2 � &%' � 6�2 �)(#*=+ ( (#� . & 1 < 9�. <=*'5?( 2 < 9 < �/. . A 6�2 6 �7<M* 1�H & �-A � 2 *=& 1 � * 2 ( 2 ( � & 6�2 ! 6�2 * � & 6 < �
� �/. 6 < 2 * 1 � < �/. . &7! 2 * A �7< H � � 2 6��-� . 6 � .0��2 � � 1�. 6 +-(�� +�� . � � * 2 � & 6 < � ! � &7� ���G< 9 � � � ��2020��� 2 & 6G.0� & 1 < 9
& 1�� & H 2 ( � 2 � &�+E& � � � <=� 20�/��H � � 2 6��-�/. �G� 1#�I2 ( �/1 6#.0� 2 ( ��2 (#* �-� * 1#�#� ! �/1G���/132 H � � 2 6�� � � . � � <=< �
� 1 � & 1G1 <=� 1#����� � � �K* 2 * . � � 5 6��/� 2 (#� 2 2 (#* . A���2 (�& � � *=<=< .02 *=<=< � ��. 6 �;&7! 2 * A �7<&� � 1#� 2 (#� 2 2 ( � � &?* 182
���/1#. * 2:9 +��7<,+ 6 <=� 2 *'& 1#. (G� �7�D2 & � � A � ��� * 1 2 ( � +E& � � � + 2 � * A"�/1#. *'& 1 �7<=* 2:9�2 & 2 �+* � * 132 & �7+�+E& 6#182K��� ! �/1 %
���/1 +�* �/. � ��2 � ���/1 � * � ��� �/182)H � � 2 6�� �/. �(�)&-� �'�7��� � * 2 * . ��5 � ���/� ( ���-� �F� 1#� (#� . � ���/1�. (#&�� 1 * 1BA � 139
+�� .0�/. � ( � � � � � � 2 (#� 2>2 ( � 1 6#A � ��� & H �-���86 * � �/�4� � 2 � !;&?* 182 .KH & �D�/.02 * A � 2 * 1 5 2 ( � �#�/1#. * 2 9�H 6G1 + 2 *'& 1#. * .
��# + ���/� * 1 5?< 9 (#*'5?( �)( �/1�2 ( � 186GA � ��� & H H � � 2 6�� � � � +E& A"�/. <=� � 5 � � � & 1#1 <=� 1#����� �7* A�. (#* . A"��2 (�& � � 2
! � &7� < �/A�. � ���-��. � A !G< ��� � 2 � . * � � * . �7��� 9 <=� � 5 � ' A & � � 2 (#� 1 �'& & & &4!F&?* 132 . * � ()( � � � 2 � .0��2 .D20�/. 20�/�
* 1 2 ( � � & � * ! � �/.0�/1820�/� ( ���-�J� & 1 & 2 H �7<=<M* 132 & 2 (G* . +�<=� . . & H ! � &7� < �/A�. � . * 1 + �JA & .02 & HF2 ( �/.0� ! � &7�G< �/A�.
(#� �7� � . � A ! < ��. * � � & H < �/. .�2 (G� 1 2 (#� 1 � 2 (�& 6#. � 1G� !;&?* 182 . �#�#& � 2 (G* .��-� � . & 1 * 2 �>� . ��� +�* ���/� 2 &
H &?<=<'&�� � � 202 * 2 * - .JA"��2 (�& � �#� 6�2 �)* 2 ( . & A"� +-(#� 1 5 �/. * 1 2 ( ���#�/1#. * 2 9��/.02 * A � 2 *'& 1I20� + ( 1 * � 6�� �
�>� 202 * 2 * 6G.0�/. � A���2 (�& � * 1320� & �#6 + �/� � 9 � � � . ��� �)�,& � H & � &7� 2 �7* 1 * 1 5 2 ( � 1�� + �/. . � � 9"���/1G. * 2:9 �/.02 * A � 20�/. �

� � �!1 �!�� �� � �7+! �$&�0/ @ B @ 1 ����������� �?�! #"2$&%*)7B � )  #"�/=�?"2�#� ���!1 �!���7/?+7�:��/ �?�7/?),$  � �7)  �$&� "2 �$&�0/ �	$&%&%	"�%&),�<80$&9�� �?�!�7> �!�
$&/.),$&804  �$&/  ��  �4.$&)�>?��� .%&�7� �0B 8�B � �	��+�
� � B



� 
���
�� � �2��� �����/� �� �	� (��

(J(#* .�A"��2 (�& � * . � H & �-A & H ��� 6 �7< A � .-. (#* .02 &75 � � A �G* 1#1 * 1 5,�)(#*=+ (��D�7+�+E& �-� * 1 5 2 & �>� 202 * 2 * �)+�� 1
5 � � � 2 < 9L�-�/�#6 + �42 ( �42 * A"��1����/���/� 2 & A �+* � 2 ( ���#�/1#. * 2 9	�/. 2 * A � 20�/. � ��& �"����2 �7*,< . & HD2 (#* . A"��2 (�& � �
2 ( � � � � ����� * . � ��H ��� � �/�	2 & 2 ( � & � *'5?* 1 �7< !G��! ��� � 9 � � � . ��� �)�,& � � 1G�B2 ( � ��!#! �/1#� * # * 1�2 ( � !G��! ��� � 9
�>� 202 * 2 * �  � �
� & 1#1 <=� 1G����� !;&?* 182 . & 6�2 � . * A !G< � ��# � A !G< � +�� .0� �)( ��� � � � � .0��� - . �#�/1#. * 2 9 �/.02 * A � 2 *'& 1�20� +-( 1 * �86#� � & �/.
1 & 2 5?* �7� +E& � � � + 2 � �/. 6 < 2 . � � 1 * 2 *=�7< ��# ! ��� * A"�/132 � 2 *=& 1 * 1 2 ( � � & � *L( ��� � �7< . & . 6 !G!F& �-20�/� 2 (#* . � * � �.�
� � � . ��� - .)A"��2 (#& � * . �G� .0�/� & 1 ��!G� � 2 * 2 *'& 1 * 1 5 & H 2 ( � . !G�7+ � * 182 & ��� 6 * %�! � &7� ���G< � � � � � . ' 2 ( 6#.D2 ( ��. &
+��7<=< �/� ��]7"D��.��?��� �q,7�5���D�5�>� * � ()( �DH �7+ 2 2 (#� 2 � � � .0��� - .KA���2 (�& � � � � �+* . 2 ( �D� � 5?*=& 1#. * 182 & � � + 2 � 1 5 6 <=� �
� � � � . & H ��� 6 �7< ! � &7�G���G*,<=* 2:9 � 6#. * 1 5 � � � 20�/.02 � . + � * 20��� *=& 1 H & � H�6�� 2 ( ����. !G<,* 202 * 1 5!�G(G� . . & A�� .0��� *'& 6#.
� * . � ��� � 182 ��5 �/. � (J(#* . +�� 1 � � . *=< 9 � �>.0���/1 � ( �/1 ��!G!G< 9 * 1 5(� � � .0��� - . A"��2 (�& ��2 & 1 & � A �7<=< 9 � * . 20� *'� 6�20�/�
� � 2 � � � ( ��� ��2 ( � H & �-A & H 2 ( � �G* 1#1 * 1 5 . � & 6 < � 1 &-� � ��� � + 2 � 1 5 6 <=� �D� � 2 ( ���J2 (#� 1 + 6#� �7�/� * 1 . (#��! � �
�>* A & � �7< � � 2 � �)* 2 ( � A �7* 1 A & ��� � 1#� . & A"� < �/.-. ! � &7�G���G< � .0� +E& 1#� A & ��� * . � 1 & 2 ( ��� ��# � A !G< �
2 (#� 2 � & 6 < �41 & 2 � � (#� 1#� < �/� � � <=<#� 9 � � � . ��� - .KA"��2 (#& � � � 2 �>� .K��� +�* �#�/�"2 & &7! 2 � � 2 ( ���KH & � � �#�/1#. * 2 9
�/.02 * A � 2 *'& 1I20� +-( 1 * � 6�� 2 (#� 2 (#� .)A & � ��. 6 !#!;& � 2 * 1 2 ( �����/1#. * 2:9 �/.02 * A � 2 *=& 1 <=* 20��� � 2 6��-� �
� 1 A & .02 & HG2 ( � <,* 20��� � 2 6�� � � ���/1G. * 2:9 �/.02 * A � 2 *=& 1 * . � & 1��>� * 2 ( ��� � 9 . & A"�DH & �-A & H (#* .02 &75 � � A � * 1#1 * 1 5!�
& � 2 ( � & 6 5?( 2 ( �>6#.0� & HG. & A�� *M* 1#� & H * ���-1#� < ���/1G. * 2:9��/.02 * A � 2 *'& 1 20� + ( 1 * � 6�� � � & 2 ( & HG2 ( �/.0�DA"��2 (�& �#.
(#� �7� 2 ( � * � � � � � 182 ��5 �/. � 1#�	� * . � ��� � 182 ��5 �/. � � 1 (#* .02 &75 � � A �G* 1G1 * 1 5!� 2 ( � 1 6#A � ��� & H �G* 1G.J6#.0�/� * 1
2 ( ���/.02 * A � 2 *'& 1 * . & H + � * 2 *=+��7<F* A !;& � 2 � 1 + � � � � � * 1 5 2 & & A � 139 �G* 1#. �)*=<=< +�� 6#.0� . & A"� & H 2 ( �/A 2 &"� �� &?* � & H � � 2 �"!;&?* 182 . � � H 2 ( � 1 6#A � ��� & H �G* 1#. * .>2 &8& H � �'� 2 ( � �/.02 * A � 20�/� H 6#1 + 2 *'& 1 � & 6 < �I1 & 2J. (�&-�
<'&M+��7<�+-(G� 1 5 �/. * 1I�#�/1#. * 2 9!�7��� 9 � � <=<��
��& � 2 ( � +�� .0� & H * ���-1�� < ���/1#. * 2:9 �/.02 * A � 2 *'& 1 � � . * A *,<=� �)20� � �#� %�& � * .�6#.0�/� �(� ��� � � 2 ( �"���/1G. * 2:9��/.02 * %
A � 2 *'& 1 * . � & 1�� � 9 !G<=�7+�* 1 5 � * ���-1�� < H�6#1 + 2 *'& 1 � �)(#*=+ ( ��� + � � � .0�/. A & 1 & 2 & 1 *,+��7<=< 9	H � & A * 2 . + �/1820� �
!;&?* 182 . �3� 2K�'�7���-94� � 2 � !;&?* 182 * 1"2 ( � . !G�7+ � � ()( � �)* �#2 ( & H 2 ( � * ���-1#� < 2 ( �/1�����20���-A * 1#�/. 2 ( � ��!G! � & # %
* A � 2 *=& 1 & H 2 ( � ���/1#. * 2:9IH�6#1 + 2 *'& 1 � � H 2 ( � * ���-1#� < . � �-� A � �#� 2 & &!� * ��� 2 ( � <'&M+��7< . 20�-6 + 2 6�� � * . <'& .02 �
� 1#� * H 2 ( � * ��� 1�� < . � � �.�7���-9 1 � � � &�� 2 ( �����/1#. * 2:9�H 6#1 + 2 *'& 1 �)*=<=<;(#� �7� 1 6#A"��� & 6G.D6#1 �>� 1820�/� ! � �+* . �
� 1 � & 1G1 <=� 1#����� - . * 1 * 2 *=�7< � & � * � ���K( �"6#. �/. � A"��2 (�& �L. * A *=<,� � 2 & 2 (G� 2 & H � � � . ��� � 1#� � � 5 6#�/.�2 (#� 2
* 2 * .>A & � � &7! 2 * A �7< 2 (#� 1 * ���-1�� < �#�/1#. * 2 9��/.02 * A � 2 *=& 1 ���)&-� �'�7��� � * 1 2 ( � � 1 �7< � & � *�& 1 (#* .>� &M+ 2 & � �7<
2 ( �/. * .K2 � & 97� � �-. <=� 20��� � 2 (#* . A"��2 (�& � * . 1 & 2 � * . + 6#. .0�/� � 2 �7<,<&�8� 1#� ( � � � 5 6��/. 2 (#� 2 � * ���-1#� < �#�/1#. * 2 9
�/.02 * A � 2 *'& 1 20� +-( 1 * � 6�� � & 6 < � . 6 � + � H & � ! ��� H & � A * 1 5 2 ( �K���/1G. * 2:9 �/.02 * A � 20�/. �&()( � +E& 1 +�< 6G. *'& 1 ��� ��� 1
H � & A (#* . . 6G�#���/1 +-(#� 1 5 � * 1 ! ���-. ! � + 2 * �7� +�� 1 � �>2 (#� 2 . & A"� ! � &7�G< �/A4. * 1 6G. * 1 5 ��� 6 �7< A � . . � * 1#1 * 1 5
A 6#.02 (#� �7� +E& 1 � * 1 + �/� (#* A 2 & 6G.0� * ���-1�� < �#�/1#. * 2 9��/.02 * A � 2 *'& 1I20� + ( 1 * � 6��/. * 1G.020� � � �
� ���-1#� < ���/1#. * 2:9 �/.02 * A � 2 *'& 1 (G� .�. & A"� � ��� � 132 ��5 �/. & �7��� (#* .02 &75 � � A �G* 1#1 * 1 5�� � H>2 ( � * ���-1�� < 6#.0�/�
(#� . * 1�� 1 * 20� . 6 !#!;& � 2 � 2 ( �/1 �'�7�/1 &7! �/1 . ! �7+ �/. 2 (#� 2 +E& 182 �7* 1 1 & � � 2 � � *=<=< * 1B2 ( �"�/1#� (#� �7��. & A"�
' �7��� 9 .-A �7<=< * ! � &7�G���G*=<=* 2:9 & H & +�+ 6��-� �/1 + � � (J(#* . * .�A & � �����/. * � ���G< �"2 (G� 1 (#� � * 1 5�� � � � . �)* 2 ( � ��� &
! � &7� ���G*=<=* 2 9 �)(#*,+-(L* . +E& A�A & 1 < 9	H & 6#1G� * 1 (#* .02 &75 � � A �G* 1#1 * 1 5 ' 6#1 < �/. . � & H +E& 6#�-.0� � * 2 * . � � <=* �'�7�/�
2 (#� 2 2 ( � 20�-6�� 1 � 2 6�� � & HK2 ( � �#�/1#. * 2 9 H�6#1 + 2 *=& 1 * . . 6 + ( 2 (#� 2 * 2 & 1 < 9 (#� . +E& A !G�7+ 2 . 6 !G!F& �-2 * � (J( �



( ( � 
���
�� � �2��� �����/� �� �	�

H �7+ 2�2 (#� 2�A & .02 & H>2 ( ��H � � 2 6�� �/. +E& 1#. * �����-�/� * 1L2 (#* . � & � *L� � � & H +E& 182 * 1 6 & 6#.�1 � 2 6�� � � .-6 !#!;& � 2 . �
+-(#&?*=+ � & H * ���-1�� < ���/1#. * 2:9 �/.02 * A � 2 *=& 1 � � 1 2 ( � & �-9 * 2 * . !;& . . *=�G< � 2 & . (#&�� 2 (G� 2 �;& 2 ( (#* . 2 &75 � � A
�G* 1G1 * 1 5 � 1#� * ���-1#� < ���/1#. * 2:9 �/.02 * A � 2 *'& 1 20�/1#�#.D2 & 2 ( � +E& � � � + 2 ���/1#. * 2 9 � .)2 ( ��1 6#A � ��� & H . � A !G< �/.
* 1 + �-� � .0� ������� �
� * 2 (L�7<=< & HK2 ( �/. � H �7+ 2 & �-. 2 �+* �/1 * 182 & +E& 1G. * ����� � 2 *=& 1�� * 2 � � . ��� +�* ���/�	2 & 6#.0� * ���-1�� < ���/1#. * 2:9B�/.02 * %
A � 2 *'& 1	20� + ( 1 * � 6��/.�� . * 1 + � 2 ( �"1 6#A � ��� & H . � A !G< �/. +E& 1#. * �#��� �/� * 1 & 6#� +�� . � � & 6 < � � � � A !G< � � 6�2
1 & 2 ��� 6#1#� � 182�� � 1#�I2 ( � �/. 2 * A � 20�/. � & 6 < � & 1 < 9 � � A � ��� * 1 2 � &,% � * A"�/1G. *'& 1 �7< . ! �7+ � �
(J( ���/.02 * A � 2 *'& 1 �>� . � & 1#��6#. * 1 5 * ���-1�� < ���/1#. * 2 9 �/.02 * A � 2 *'& 1B. & H 2 �>� � � H & � �B� 2 <=���	&7� 2 �7* 1#�/� H � & A
� � � �-� �7( � # � � (J(#* . . & H 2 �>� � � �>� . + � � � 20�/� 6#. * 1 5 2 ( � & � 9 ! � � 2 < 94H � & A 2 ( � �;& &�*4� 9 � *=< �7���-A � 1 �)� � � �
� 1#� 6#.0�/. � A"��2 (#& � � � !;& � 20�/� * 1 � *=< �7���-A � 1�H & � � � ��! 2 * �7� < 94����20���-A * 1 * 1 5 2 ( � �)* ��2 (�& H 2 ( � * ��� 1�� <��(J( ��A"��2 (�& � * . �G� .0�/� & 1IA 6 < 2 * � � � *=� 20� 1 & �-A �7< � � 2 � � � 6�2 . ���/A"�/� 2 &"5?* �7��� � 2 ( ��� 57& & � � �/.-6 < 2 . & 1
2 ( ��� � 2 � 6#.0�/� ( ���-� �
" !F&?* 132 2 (#� 2KA 6#.02 � �DA"�/182 *'& 1��/� * . 2 (#� 2 2 ( � (*	����N�h�N� A 6�2 6 �7<#* 1�H & �-A � 2 *'& 1 A"� � .-6�� �/A"�/182 * . 1 & 2 & H
+ � * 2 *,+��7<�* A !;& � 2 � 1 + � * 1I2 (#* . � & � * � � . <'& 1 54� . 2 ( � 	��
.`������Y�� * 1�H & � A � 2 *'& 1 +E& 1820�/132�.02 � 9 . & �-�����-�/� * 1
2 ( � . � A"� � � 9 �)(J(#* . +E& 1 + � ! 2 �>� . � �#�#� �/. .0�/� � 9 � � 202 * 2 * � � 1#��H & � A�. � 1 & 2 ( ��� .-6 !#!;& � 2 * 1 5 �-� � . & 1
2 (#� 2 ! � � +�* .0� * ���-1�� < � * ��2 ( * . 1 & 2 * A !;& � 2 � 182 �)( �/1 +E& A !G� � * 1 5 A 6�2 6 �7<3* 1�H & � A � 2 *'& 1 A"� � . 6#� �/A"�/182 . �(J( �)H �7+ 2 2 (#� 2 2 ( � A"� � . 6�� �/A��/132 . � � �)1 & 2 2 &�� �J6#.0�/� � . .02 � 1#� �7<'& 1���� ! � � +�* .0���8A"� � . 6�� �/A��/132 . � 6�2
� � 2 ( ��� * 1 � 1 +E& A !G� � � 2 * �7�".02 6G��9�� �7<,< �'� *,� 20�/. 2 ( � 1����/�	H & � �7+�+ 6#� � 20������20���-A * 1 � 2 *'& 1 & HK2 ( � * ��� 1�� <�)* �#2 ( �
� ��� 	 ��� � � � � � � � !�� �� � � ��	 #! � � !�� 	�! � � � ���� 	 ��� �

(J( � �7<'57& � * 2 ( A 6#.0�/�42 & � � 1 * 2 ( �)H � � 2 6�� �/. * 1 & �-����� & H * A !;& � 2 � 1 + �)6G. * 1 5 2 ( � A 6�2 6 �7<F* 1�H & �-A � 2 *'& 1
20� +-( 1 * � 6�� � � �D� * . + 6#.-.0�/� � � <'&-�.� (J(#* . �7<'57& � * 2 ( A � * � ��� . H � & A 2 ( � � & � *�� 9 � � 202 * 2 *�* 1 2 ( �DH �7+ 2 2 (#� 2
1 &�! � � % . ! � +�* �G�/� � �7< 6�� H & �)2 ( � 1 6#A � ��� & H H � � 2 6�� �/. (#� �7� 2 &4� � +-(#& .0�/1 ���)� 2 ( ����� * H * 2 * . !F& .-. *'�G< ���
2 ( � �'� �7< 6 � 2 *=& 1 & H 2 ( ��� * � ��� �/182>.-6 � .0��2 . + �-� � 20�/� � .JH � � 2 6�� �/. � ���-� � �#���/��� � �-� �/1 +E& 6�� ��5 �/� �
	 ��2 � � � ! � �/.0�/182 2 ( �"���/. * � �/� & 6�2 ! 6�2�� ��� 2 ( � $ 2 (L* 1 ! 6�2JH � � 2 6�� ��� � 2 ( �"186#A � ��� & H H � � 2 6#� �/. � 1#�

 � � 1 �/A ! 2 9�H � � 2 6�� ��.0��2�� �)(#*=+ (�* 142 ( � �/1#� � *=<=<#+E& 182 �7* 1 2 ( � � � 1 * �/� .0��2 & H .0� < � + 20�/� H � � 2 6�� �/. � ( &� 1#� 2 ( �D� � 1 * * 1 5 & HF2 ( �>H � � 2 6�� �/. 6#. * 1 5 2 ( �JA 6#2 6 �7<�* 1�H & �-A � 2 *'& 1 A"��2 (#& ���72 ( �DH &?<=<=&��)* 1 5 �7<'57& � * 2 ( A�>� .)6#.0�/���

�+� " !#! �/1#� 2 & 
 � 2 (#� 2 ��� �)(#*,+-( A � # * A * . �/. � '�� � ��� * H & � $ D � G G �
� �� * 1G� � '$� � � ��� * ���; � H & � �7<=< H � � 2 6�� �/.)1 & 2J97��2 +E& 182 �7* 1��/� * 1 
 �

� � " !#! �/1#� 2 & 
 � 2 ( � � � 2 (#� 2)A � # * A * . �/. � '�� � � � * � ��� ��� ����� � '�� � � � � *
� �)* H 
 � � & �/.J1 & 2J97��2 +E& 182 �7* 1 �7<=< H � � 2 6#� �/.�� 6#A ! 2 &�� �



� 
���
�� � �2��� �����/� �� �	� ���

(J(#* . �7<'57& � * 2 ( A � � 1 * .�H � � 2 6#� �/. * 1	2 ( � * � & �-����� & H * A !;& � 2 � 1 + � �  � � 2 6�� �/. �)* 2 (	(G*'5?( * 1�H & �-A � 2 *'& 1
+E& 1820�/132 ���;& 6�2 2 ( � & 6�2 ! 6�2 &7� 2 �7* 1 � ��2020��� � � 1 *M* 1 5 . � � 6�2 � � � ! �/1 �7<=* .0�/� * H>2 ( ��9 . (#&�� 2 & & A 6 + (
+E& A�A & 1 * 1�H & �-A � 2 *'& 1 �)* 2 (L�7< � � � �#9 . � < � + 20�/� H � � 2 6�� �/. � (J( � +E& 1#.02 � 182 � 9 * � < �#. 2 ( � * A !;& � 2 � 1 + �
& H 1 & 2�.0� < � + 2 * 1 5 H � � 2 6#� �/. �)(#*=+ (�(#� �7� (#*=5?( A 6�2 6 �7< * 1�H & � A � 2 *'& 1 �)* 2 (��7< � � � �#9 .0� < � + 20�/�BH � � 2 6��-�/. �
� � 202 * 2 * .-6 575 �/.02 .J2 (G� 2 * 1 ! � �7+ 2 *,+ � � � �7< 6�� H & � � . & A"� �)( ��� � � ��2 � ���/1�� � � � 1#� � A 6#.02 � � 6#. �/� �
(J(#* . �7<'57& � * 2 ( A H �7<=< . * 132 & 2 ( � +�<=� . . & H>H & � �>� �-� .0� < � + 2 *=& 1L20� +-( 1 * �86#�/. � � � 202 * 2 * ��� � ���/A & 1#.020� � 20�/.
2 (#� 2I6#. * 1 5 � * 2 ( ����H & � �>� �-� & � � �7+ * � � �-� . � < � + 2 *'& 1 � & �/. 1 & 2 9 * � < � � � . 2 < 9 � *�� ��� �/182��-�/. 6 < 2 . & 1� 1 �7<G+�<=� . . * � +�� 2 *'& 1"� � 20�/. � � 2 �>� . �#� +�* ���/� * 1�2 (#* . � & � * 2 & �G� .02 20�/.02K2 ( �)H & � � � � ��.0� < � + 2 *'& 1�A"��2 (�& �
��5?�7* 1#. 2 & 2 ( ��� . � < � + 2 *'& 1 20� + ( 1 * � 6��/.�� � 1#� * H82 ( � A"��2 (�& � (#* 1820�/� � 2 .-6 ! ��� *'& � ! ��� H & �-A � 1 + � +E& A ! � � �/�
2 &�& 2 ( ��� A"��2 (�& �#.���2 &4* 1 �7�/.02 *=5?� 20� 2 (#* .JA � 2020���)H�6�� 2 ( ��� �
� ��� �
! � � � ��� � � � ��		��� 	 ������� 	���� � ����� 
� � � � ���

" . � �G�-. 2 ��# � A !G< � & H (�&-� A 6�2 6 �7<J* 1#H & �-A � 2 *'& 1 +�� 1 � � 6�2 *=<=* . �/� � . � H � � 2 6��-��.0� < � + 2 *'& 1 + � * 20��

� *'& 1�� * 2 �>� . ��� +�* ���/��2 & 20�/.02 2 ( � A 6�2 6 �7< * 1�H & �-A � 2 *'& 1�A"��2 (�& � & 1 � . * A !G< � 20� * 
 � � � *=� 20� 2 � & +�<,� . .
! � &7� < �/A � " . * A !G< � � � 2 � . ��2 �>� . + � � � 20�/� 2 (#� 2 +E& 132 �7* 1��/� 2 � & H � � 2 6�� �/. ��� ��� 1 H � & A 1 & �-A �7<
� * . 20� *'� 6�2 *=& 1#. � * 2 ( � *�� ��� * 1 5 A�� � 1#.�H & �42 ( �B� *�� ��� �/132 +�<=� . .0�/.�� � 1#� � 2 (#* � � H � � 2 6��-� �)(#*,+-( �>� .
� * . 20� *'� 6�20�/� 6#1 * H & �-A < 9 & �7��� �7<=<�+�<=� .-.0�/. �
" !G<=& 2 & H 2 ( � � � 2 � . ��2 * . . (#&�� 1 * 1  *'5 6�� � � ���+�  � & A 2 ( � !G<'& 2 * 2 +�� 1 +�< � � � < 9 � � .0���/1	2 (#� 2�2 ( �
* 1 +�< 6#. *'& 1 & HGH � � 2 6�� �� * 182 & 2 ( �J. ��2 +E& 6 < � (#� �7� �G� � � � � + 2 . & 1 2 ( � !;& . . *=�G< � +�<=� .-. * � +�� 2 *'& 1 �7+�+ 6�� �7+ 9 �(J( � �F1 �7<;! � &7�G< �/A (�&�� �'�7��� � . 2 *=<=<;* . �7< A & . 2 <=* 1�� � � < 94.0� !G� � ���G< � �
 *'5 6�� � � � � . (#&�� ."2 ( � A 6�2 6 �7<D* 1�H & � A � 2 *'& 1 A"� � . 6�� �/A��/132 . &7� 2 �7* 1��/�@�#6�� * 1 5 2 (G* . 20�/.02 � " . ��#�

! � + 20�/���G�-�/. 6 < 2 .DH & �)2 ( � ��# ! ��� * A"�/132 . (�&�� 2 (#� 2)H � � 2 6�� �/. ��� 1#� ��(#� �7� (#*=5?( * 1�H & �-A � 2 *'& 1 +E& 1820�/182�)* 2 ( 2 ( � & 6�2 ! 6�2 � (#*=< � H � � 2 6��-��� (G� . � �7���-9 <'&-� � � � �7< 6#� � � 2 +�� 1 H�6�� 2 ( ��� � � . ���/1 2 (#� 2DH � � 2 6#� �/.�J� 1#� ��(#� �7� � (#*'5?("* 1#H & �-A � 2 *'& 1 +E& 1320�/182 � * 2 ( � �7+-(4& 2 ( ��� � (J( � � 1 �7< � � 1 *M* 1 5�&7� 2 �7* 1#�/� H & � 2 ( �/.0�
H � � 2 6�� �/. �>� . * 1 2 ( � & �-����� � H � � 2 6�� � � �G�-.02���H � � 2 6�� � � .0� +E& 1#� � 1G� H � � 2 6��-��� 2 (#* � � �
� �	� � ������� 
� � ��� 	�� �"!#��� � !�$ � �! � � ����	 #!

(J( � ��# ! ��� * A"�/182 .K2 & � �7<=* � � 20� �)( ��2 ( ���>A 6�2 6 �7<;* 1�H & �-A � 2 *'& 1 +�� 1 � � 6#. �/�4H & �D� &?* 1 5 H � � 2 6#� � . � < � + 

2 *'& 1�� � . � � <=<;� .D.0��� * 1 5 (�&-� 2 ( � A 6�2 6 �7<F* 1�H & � A � 2 *'& 1 A"��2 (�& � +E& A !G� � �/� 2 & & 2 ( ���D20� +-( 1 * � 6��/. � � �
. (�&-� 1 * 1�� (#��! 20����� �
(J( � 1���#M2 + (#��! 20��� � * . + 6#. .0�/. � 1 & 2 ( ��� � < 20��� ��!G! � &?�7+-( H & 6#1#� * 1 2 ( � <=* 20��� � 2 6��-��� �)(#*=+ ( +�� 1 � �
��!#!G<,* �/� 2 & 2 ( � ! � &7� < �/A & H H � � 2 6#� �".0� < � + 2 *'& 1 �.()(#* . A"��2 (�& �	. ���/A"�/� � � 2 ( ��� ! � & A * . * 1 5�� 1#� �7< . &
(#� .J. & A"� � � < �'� � 182J2 ( � & � ��2 *=+��7<��G�7+ * 5 � & 6#1#� �



� � � 
���
�� ���2��� �����/� �� �	�

−5
0

5
10

15

−5

0

5

10

15
−8

−6

−4

−2

0

2

4

6

Feature 1Feature 2

F
ea

tu
re

 3

 *'5 6�� � � ��� � (J( �J2 ( �-���)H � � 2 6�� � ��# � A ! < �)� � 2 � ��� � & � � + 2 *=& 1#. & 182 & � *�� ��� �/132 !G<=� 1��/. � � � �7< . & . (�&-� 1 �
 � � 2 6��-�/. �K� 1#� �)� � �K1 & �-A �7<=< 9�� * .020� *=� 6�20�/� � 1#� (G� �7� � *�� ��� * 1 5 A"� � 1#. H & � 2 ( � 2 � &�+�<=� . .0�/. �  � � 2 6#� �
� * .D�#� ��� 1 H � & A � 6#1 * H & �-A � * .020� *'� 6�2 *'& 1 �



� 
���
�� ���2��� �����/� �� �	� � �

1 & output 2 & output 3 & output    1 & 2     1 & 3     2 & 3  
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Variables used for MI calculation

M
ut

ua
l I

nf
or

m
at

io
n

 *=5 6�� � � � � � ()( � A"� � . 6��-�/A"�/132 .)A � ��� � 9�2 ( ��A 6#2 6 �7< * 1�H & �-A � 2 *'& 1 � � 1 * * 1 5"�7<'57& � * 2 ( A



� � � 
���
�� ���2��� �����/� �� �	�



� �������	��
 �

 � � � ��� � �  �����

" � � � . & 1 ��� < � � . . 6GA ! 2 *'& 1 � ( �/1 � & � * * 1 5 �)* 2 ( A & .02 +�<=� .-. * � +�� 2 *'& 1 ! � &7�G< �/A4.�� * .D2 & � . . 6#A"��2 (#� 2�)( �/1 2 � & !F&?* 132 . � � � +�<'& . � * 1 2 ( �4H � � 2 6�� � . !G�7+ ��� 2 ( ��9 ! � &7�G���G< 9	. (#& 6 <�� (#� ����2 ( � . � A	� <=��� � <��(J(#* . * .>2 ( � ��� . * . & 1 �)(#*,+-( . * A !G< ��1�� �� �/.02)1!� *'5?("�;& 6  2#� + ( 1 * � 6��/. �$� .#� 2 ( � *% )+�<&� . . * � +'� 2 *=& 1)( �
� 1 2 (#* . +-(!��! 2#�  *� H+� � 2 6  � .#� < � + 2 *'& 1@A,��2 (#&-�@+'�7<=< � � 2 ( ��.0/�121,/436587:9 ��� .;� � & 1 2 (#* . * 182 6 * 2 * ���
*�� � ��* . �#* . + 6#. .#� � � (J( ��A	��2 (�&-� �<� . 1 & 2 &� -*'5?* 1 �7<,< 9 � �'��� <=&�= � � H &� 6#.#� * 1LH+� � 2 6  ��.#� < � + 2 *'& 1 H &� 
+�<�� . . * � +'� 2 *'& 1 = 6  >=F& .;�/.�� � 6�2 * 2 * . . (�&�� 1 ( �  � 2 &?� �����  9 . * A *,<��� 2 &I& 2 ( �  .;� < � + 2 *'& 1 2#� +-( 1 * � 6��/.
6#.#� �@=! �'� *'& 6#. < 9 * 1 <=* 2#�  >� 2 6  �	A �)* 2 ( . & A	� �#* .02 * 1 + 2 ��� � � 182 ��5 �/. � . � � <,<+B �
� 1 2 ( � �  .02 .#� + 2 *=& 1 & H 2 ( � +-(!��= 2#�  �?2 ( �D2 ( � &� ��2 *,+'�7<#+E& 1 + � = 2 . � 1 � &� -*'5?* 1G. & HF2 ( �DC � A4A � ( �/. 2 �)*=<=<
� � � �/. +: *%� � � �FE ��# 2��M2 ( � ��=!=G<=*=+'��� *=<=* 2 9 & H;2 (#* . A,��2 (�&G� 2 &H=$� 202#�  1  � +E&75 1 * 2 *'& 1 * . �#* . + 6#. .#� �	� 1 ��* 2
* . . (�&-� 1 2 (!� 2 2 ( �DA,��2 (�&G� * 1 � �'� � +'� 1 � �>6#.#� � H &� HI� � 2 6  �D.#� < � + 2 *'& 1 * 1 2 (#* . +'� .#� � " 12��# =G<&� 1 � 2 *'& 1
& H 2 ( � * 1G1��  � &� * * 1 5 . & H 2 ( � 2#�/.02 H &?<=<=&�� .�� � (#*=+-( . (�& 6 <�� 5?* ��� 2 ( �  � ��� �  )57& &-� * 1#. *'5?( 2 * 182 &��)( 9
2 ( �>A,��2 (�&G� � &� * . 2 ( � �J� 9 * 2 ��& �/. � � � + 2 *'& 1 �+� � �K�#* . + 6#.-.#�/. .#�'���  L�7< *,<=< 6#.02  L� 2 * ���M��# � A =G< �/.�� � 1 � 2 ( �
+-(���= 2#�  )+E& 1 +�< 6 � �/. �)* 2 ( . & A,� *�� � � . & 1 2 ( � . * A *,<��� -* 2 9 & H � � 1 �?�#* � �  �/1 + �/. � ��2 � �'�/1���2 (#* .>A,��2 (�&G�
� 1 �I& 2 ( �  A,��2 (�&G� . & H * 2 . +�<�� .-. �
�ONLP QSR2TKUDVWTYX)Z>[M\0]_^SUD`2[MTbacX)d

(0e �0C ��f	f*� ( �hg#ikj�� ��l�m g � g m�f,=�n �og#i � i m g#i m�p'��n i#�hg#iYi#qsr$t �c�O�!� i � 
 � �  >m ��� � �hg#i m&f	� i#�Jq�u�i e � � �� Lm�� t p �
q�u!i e �J�  ; q  vm tHr�i#i m t!w � g f q-q�i e2f q � � n i#q � tyx p qztyi m ty{!qz{!g f	��=!=�m t!w � � i �J� g � �'��� n q = � �|� xH}~qzt)�p'�� 
� g =$�� ikq�u e�m g � q p i#q  >��n i e �hg m gJqzt?q = i m�f*m g � i m qzt�i#� pLe t m�� {��hgkuIq  t��h{  q 
 p qzt"i  q n g#xGg#i#� f g �
� { =�= qzg;��AI�M�#� BMm g �H�!� i � g ��f,=�n � ��m i e � � �ht�q�i m t�w�i e � m t = {!i ��� i �~� t � �  � =� �hg#�htyi m t�w�i e �0qz{!i = {�i
�!� i � � � { =!= qzg#����u�{  i e �  >f q  ����i e!� iDi e � �!� i � �<� gDw��ht��  >� i#� ��� x � g>{ m i ����n x�g f q-q�i e@=! q p �hg;g ��m i e
��� �'"2���!)  F�?�7$��8�h���8���� ��������.$��'�.�!))�'"L�D� � )����#���  ��<���L���0�!���0�A ��o���o�k�����A ��."L�  I�	$��7�  ��.�v�8 ? �$�� "2%y¡�"#¢��7)W�7%*"�),),$¤£�¥�'"� �$��L� �#"2 ���"2)� ��?�Y�h���o� �!�W�L¦3�."2 #"o ��0$��  �)�"���� $����!���'"2),�'�|§¤¨#©8ª�«

� �



� � �������	��
�
���������
� qz{!t � � � r  g;i � t � g#� p qzt �,� �  >m � � i m ���hg � (0e!m g m t = {�i 
�qz{�i = {�i f	��=!=�m t�w p'� t � � � �:r$t�� �|� gY��� 
 AI� B �
� t �@p'� t � � �� >m i#i#�ht � gki e �~��# =� �hg;g m qzt

��� � A�� B���� A � ����B
��m i e��,� �ht�q�i m t�w2i e � m t � �'i#�  >f*m t ����n ����t!q m g#x =��� i � (�e ��t�q m g#� f	� x � � = {  �st�q m g#����q  0f	� x � � � {��
i#q �	n&��p * q�u  � =! �hg#�htyi � i m qzt ���$m�n�m i x*q�uvi e �~u�{!t p i m qzt ��n)f	��=�=�m t�w �
(0e ��C ��f	f	��( �hg#i �<� g � �hg m wzt�� � i#q � �  >m ��� �2�!� i �c��� g#� � �hg#i m�f	� i#�Oq�u�i e � � �� >m�� t p �Dq�u � � � t � i e {!g
� t �hg#i m�f	� i#��q�uki e � ����m�n�m i x�i#q � { m&n�� � w�q-q � f q � � n {!g m t�w � t"x =��� i m�p { n��� g#�'icq�u m t = {�i ��� p i#q  g �(0e � � g>g;{ f,= i m qzt!gk{!t � �  ��e�m�p>e i e!m gk�hg#i m�f	� i#� e q n�� g m g ��m g p {!g;g;� �?m t_j�� ��l �
� q f i e � �!� i � g ��f,=�n �?� � � ��t�q � r$t � i e ��g ��f,=�n � AI�����#��� B � ��e�m�p>e�e!� g	i e � =! q = �  i x i e�� i m i
f	m t m�f	m g#�hg � � ��! �"�$AIi e!m g m gbi e �Og ��f,=�n �Dq�u t�� �� �hg;iJt!� m w e"� qz{  gKq�u�� B$# (0e �OC ��f	f*��( �hg#i p'� t�i e �ht
� � � �:r$t�� �?� g

% � &�('
)*+
, ( AI� � A.- B ! �)A.- B#B0/ � A � # �zB

1 e �  � ' m g0i e �~ty{ fH� �  q�u �!� i �,= q m tyi;g m t�i e �Hg ��f,=�n � #
2 p'p q  >�!m t�w i#q j�� ��lvm i p'� t � �Hg e q 1 t�i e!� isi e!m g43 ��n {��ci#�ht � gDi#q*i e �	3 �� Lm�� t p �Hq�uMi e �H�  ; q   �	� gsi e �
t�� �� �hg;i0t�� m w ey� qz{  <�!m g#i � t p �hg<i#�ht � gJi#q65'�  q #"7 t�q  >� �  i#q f	�(8 ��i e �hg#� �!m g#i � t p �hgJi#�ht � i#q	5'�  q �!i e �
m�� � ��n g#q n {!i m qzt 1 qz{ n�� � � i#q f	�(8 �?i e � �!� i � g m 5'��9 i#�ht � i#q m tGr$t m i�x #;:�m t p � 1 � p'� t!t�q�i ��n 1 � xGg
m t p: � � g#� �!� i � g m 5'� m t	q  >� �  i#q m t<3��hg#i m w � i#��i e �OC ��f	f*� 3 ��n {�� � goi e ��t�� �� �hg;iot�� m w ey� qz{  K�!m g;i � t p �hg
� � p: � � g;�>= � t ��=!=� q@? m�f	� i m qzt f {!g#i � �s{!g#� ��m t q  >� �  i#qHr6t � i e �D�hg#i m&f	� i#�Dqzt =! L��p i m�p'��n)�!� i � g;�'i;g #A e {!gB= � {��Hi#q�i e � � 3 ��m�n�����m&n�m i�x�q�uKqzt n x � r$t m i#�ct-{ fc� �  q�ubg ��f,=$n �hg0i e �|� � � p isq�u n �'i#i m t�w ' i#�ht �
i#q m t�r$t m i x m t�i e � ��� q�3��~� � { � i m qzt m g ��=�=! q@? m�f	� i#� � {!g m t�w2i e �Hu+q n�n q 1 m t!wci#� pLe t m�� {�� #
C � e!� 3��	AI�bA.- B �#�WA.- B#B 1 m i e -  >� t�w m t!wHu  q f &(DED ' 1 e �  � ' m goi e �st-{ fc� �  q�u g ��f	=�n �hgB= � t � �bA.- B �
A.F ( A.- B � DEDED �GFIH6A.- B#B 1 m i e � � � m t�w,i e �Ht-{ fc� �  q�u m t = {�iJuI� � i;{  �hg # C �2t�q 1 n �'i0�bAKJ A.-;�KL B#B0 � =! �hg#�htyi
i e �4L$i e t�� �� �hg#i�t!� m w e"� qz{  i#q*�bA.- BJ� t �@� �:r$t��

M ANL B �O&L
P*Q , ( &'

)* +
, ( � �*ARJ AK-;�TS B;B ! �bA.- B � / A � # � B

� t � U
ANL B � &L

P*Q , ( &�('
)* +
, ( AI�WAKJ A.-;�TS B#B ! �WA.- B#B / D A � # � B

A q�{!t � �  g#i � t �WVo� { � i m qzt � # ��=Y�B3 ��n { � i#�*i e � i#�  >f m t�g m�� �2i e �*g>{ f q�3��  -�r  g#i # A e!m gOuIq  >f gHi e �
g � { �� �0q�u)i e � �!m g#i � t p � � �'i 1 �'�ht*�bA.- BM� t � m i;g�Szi e t�� �� �hg;ibt�� m w ey� qz{  @# A e �0t�q  >f*��n�m g#� � g;{ f q�3��  -
uIq  >f gFi e � f � � tHq�u!i e�m g g � { �� � �|�!m g;i � t p �buIq  v��n&n"= q m tyi;g m tHi e � �!� i � g ��f,=�n � # M ANL B i e �ht  � =! �hg#�htyi;g
i e � � 3��  >� w��~t!� �� �hg#ikt�� m w ey� qz{  o�!m g#i � t p �D{ = i#q|i e �"L�i e t!� �� �hg#ikt�� m w ey� qz{  uIq  <��n&n g ��f	=�n � = q m tyi;g #



�������	��
�
��������� � &
� q f Vb� { � i m qzt � # � =

U
ANL B�m g � t �hg#i m�f	� i#� q�uJi e �*g#i � i m g;i m�p*m t A � # �zB~��� g#� � qzt i e �hg#� &(DED L�t�� �� �hg#i

t�� m w ey� qz{  g #
A e ��t�� ?Gi|g#i#� = = m gHi#q � { m�n&� i e!m gc�hg#i m�f	� i#��u+q  2�!m�� �  �htyi 3 ��n {��hgcq�u L # A e {!g@= n �'i L � � i e �  >� t�w��
q�u m t"i#�'w��  3 ��n {!�hg2u  q f &(DED ������� 1 e �  � ������� e!� g,i#q � � p>e qzg;�ht #	� x uIq  >f	m t!w�i e � p q-q  >�!m t � i#�hg
A M ANL B �

U
ANL B#Bs� t � =�n q�i#i m t�w*i e �hg#�,�hg#i m�f	� i#�hgOuIq  ~m t p: � � g m t�w 3 ��n {!�hgOq�u�L�= ��p {  3��,q�uoi e �63 ��n {!�hgDq�uM ANL BH� t �
U
ANL B~m gcq � i ��m t�� ��# 7 i m g �� wz{�� � j�� ��l i e�� i m u<�ht!qz{�w e �!� i � g ��f,=�n �hg �� � =� �hg#�htyiB=Mi e!m g

p {  3�� 1 qz{ n&� � �,q�u n&m t�� �� t � i;{  � # � �  u+q  Lf	m t�w �@n � � g#iHg � { �� �hg n&m t�� �� r�i�i#q�i e!m g p {  3�� 1 �	r$t �U
��
 M � % 1 m i e %_ � =! �hg#�htyi m t�w�i e �|�hg#i m�f	� i#�2q�ubi e � 3 ��n {��|q�uDA � # �zBs� gOi e �2t�� �� �hg#i�t�� m w e"� qz{  

�!m g;i � t p �hg ��=!=! q ��p>e 5'�  q # 2 t@� ? ��f,=$n ��q�uYi e ��i#� p>e t m�� {!� m gkw m 3��ht n&� i#�  �m t?i e � pLe!��= i#�  @#

�ON� � a,a,]>Z;[M\��,ZL]>Z#X�� X6U�� \<X$X6TKV�`�� Tb[MU��D`,Z#X)Z>UD`

A e � � {��hg;i m qzt �� >m g m t�w@qz{!iHq�uki e!m g � t ��n xGg m g 1 qz{ n�� t�q 1 � � 1 e x i e ��3 �� >m�� t p � q�uki e �*�  > q  cm g � i
��n�n {!g#�'u�{ nR# 7 i m g|g e q 1 t � t � �!m g p {!g;g#� ��m tSj�� ��l i e!� i2i e � 3 �� Lm�� t p ��q�u0i e ���  ; q  ,p'� t � ��{!g#� � i#q
uIq  >f ��� qz{!t � qzt i e �,�  ; q  � L� i#�hg~q�u � t!�h{  >��n t��'i 1 q  8 f q � � n�n�m t�w g#xGg#i#� f #67 i m gsuI{  i e �  g e q 1 t
i e!� iDi e �Ht��h{  L��n t��'i 1 q  8 =${!g#� ��m t f q � � n�n�m t�w � p qzt"i m ty{�qz{�g f	��=!=�m t�w,u  q f�m t = {!i<i#q qz{�i = {�iB= m g �
� qz{!t � � � r  g#i � t � g#� p qzt � q  >� �  g#xGg#i#� f = � t � i e!� ioi e �OC ��f	f*� A �hg#i<i e �'q  x,i e �  �'uIq  � ��=!=�n�m �hgMi#q
i e �hg#�Di�x = �hgbq�uWt��'i 1 q  8 g #  {  i e �  >f q  � m i m g 8 t!q 1 t�= � t �	e�� g � �'�ht ��m g p {!g;g;� �,m t : � p i m qzt ��# � =-i e!� i3 �� >m�� t p � m t,�hg#i m�f*� i m qzt*i#� pLe t m�� {��hg e!� gog = � p'm r pk � n�� i m qzt!g e!m%= g 1 m i e i e �D� ? = � p i#� � �  ; q  o� qz{!t � gMq�u
i e �hg#��i#� p>e t m&� {��hg # 2 tyx f �'i e q � i e!� i e!� gbi e � ����m&n�m i�x|i#q � { � tyi m uIxci e � 3 �� >m&� t p �0q�u)i e ���  > q  1 qz{ n��
i e �  �'uIq  � � � ����n �si#q w m 3�� � qz{!t � gJqzt@i e ��� ? = � p i#� ��� i#i ��m t ����n � = �  u+q  >f*� t p �Oq�uvi e �~g#x-g;i#� f #
2 =! q ��n � f m t ��=!=$n x m t�w	i e!m g f �'i e q � i#q p'n�� g;g m r p'� i m qzt � t � =�� i#i#�  t  � p q�wzt m i m qzt �� >m g;�hg�u  q f i e �
u ��p i i e!� i�i e �hg#�  � p q�wzt m i m qzt g;x-g#i#� f g t�q  >f*��n�n x e�� 3�� � t qz{�i = {!i@g#i � w�� 1 e!m�p>e � qy�hg t�q�i e!� 3��
� qz{!t � � � r  g#i � t � g;� p qzt � q  >� �  s=��� i m���nF� �  >m 3 � i m 3��hgB=)g m t p � � i e� �hg e q n�� uI{!t p i m qzt m g�{!g#� � i#q �!m g 

p: �'i m g;�ci e �2qz{�i = {�iDi#q�qzt��2q�u f	� tyx?r ?G� � p'n�� g;g 3 ��n {��hg # }�qztW�p'�� H�!m g p {!g;g#�hg�i e!m g m g;g;{!� �! >m ����x � t �
g#i � i#�hg�i e�� is�B3��ht_i e qz{�w e i e �|r$t ��n qz{�i = {!i f	m w e iOt�q�i � � � qz{!t � � � m t m i;g � �  Lm 3 � i m 3��hgB=)i e � m t = {�i
f	��=!=$m t�w =! q � { p � �|� x|i e �0t��h{  >��n t��'i 1 q  8 q  q�i e �  bp'n&� g;g m r p'� i m qzt,g#x-g;i#� f m g f qzg#i n x ��p qztyi m ty{!qz{!g
f q � � n = � t � i e {!gsi e � � qz{�t � uIqz{!t ��m t i e�m g 1 � x p'� t g;i m�n�nW� � ��=�=�n�m � � i#q i e � =! q �$n � f q�u =$� i#i#�  t
 � p q�wzt m i m qzt # A e!m gKu ��p iB=-i e qz{�w e � { ��m qz{�g � t �*p �  i ��m t n x,t�q�i =� q�3��ht e �  � � i ��n�n = m g m t<3��hg#i m w � i#� � � x
g#q f �k� ? = �  >m�f �htyi � i m qzt # A e �Ju ��p iMi e!� iMq�i e �  i#� p>e t m�� {��hgYu+qz{�t �2m t|i e �Ju+� � i;{  �0g#� n � p i m qzt n�m i#�  >� i;{  �
{!g#� f �'i e q � g~g m�f	m&n��� i#q@i e!m g@= p qz{ =�n � � 1 m i e g#q f � q�uoi e �  �hg;{ n i;g�q � i ��m t�� � m t qz{  � ? = �  >m�f �htyi;gB=
� �:r$t m i#� n x*g e q 1 g�i e!� i0i e!m g f �'i e q � � �hg#�  3��hg0g;q f � f q  �Hi e �'q  �'i m�p'��n 1 q  8I#
A e �2t�� ?Gi � {��hg#i m qzt i#q � g 8 i e �ht�= m g e q 1 i#q?{!g#�|i e!m gDi#�hg#i m t@q  >� �  i#q = �  uIq  >f uI� � i;{  �,g#� n � p i m qzt�=
� t � 1 e!� ikq�i e �  �=� q = �  i m �hg<q�uYi e!m g f �'i e q �@f	�(8 �hg m i � i#i  >��p i m 3��|uIq  u+� � i;{  �Hg#� n � p i m qzt@g#xGg#i#� f g #
A e �2C ��f	f	� i#�hg#i f �'i e q � p'� t � � m�f,=�n � f �ht"i#� ��m t��	A ' n q�w ' B i m�f �>= � t � i e {!g m g f { p>e u � g#i#�  
i e!� t f qzg#i 1  >��=�= �  ���=!=! q ��p>e �hg�i#q�i e � u+� � i;{  � g;� n � p i m qzt =! q ��n � f # :�e qz{ n�� i e!m g f �'i e q � � �



� � �������	��
�
���������
uIqz{!t � i#q e!� 3�� e!m w e@p q  ; � n�� i m qzt 1 m i e@p'n�� g;g m r p'� i m qzt ��p'p {  >��p x m i 1 qz{ n��?� � 3��  x�{�g#�'uI{ n�� g � r n i#�  
i#� p>e t m�� {��Ou+q  uI� � i;{  �~g#� n � p i m qzt # A e �Og = �'� � q�u i e �si#�hg;i0�ht ����n �hg m iJi#q,� ? e!� {!g#i m 3�� n x*g p'� t?i e! qz{�w e
��n�nF�!m�� �  �ht"i m t = {!ik� fH� � �!�!m t�w p q fH�$m t � i m qzt!g�u+q  { = i#q � � u+� � i;{  �hg # A e � � �hg#iDg;{ � g#�'i;g0uIqz{!t ��m t
i e!m g 1 � x p'� t?i e �ht � �Oi#�hg#i#� � i#q2r6t � i e ��q = i m�f	��n g>{ � g#�'iJuIq  {!g#� 1 m i e��2=��� i m&p { n��� kp'n�� g;g m r p'� i m qzt
g#xGg#i#� f # 2 t�q�i e �  O� i#i  >��p i m 3�� =! q = �  i x m g0i e!� isi e � f �'i e q � � q-�hg�t�q�i  � � { m% � � �ht!g m i�x��hg#i m�f*� i m qzt
i#� p>e t m�� {��hg 1 e�m�p>e p'� t � � 3��  x�i m�f � p qzt!g;{ f*m t�w � t � ��n g#q 3��  x =! qzt��@i#q �  ; q  AI�hg = � p'm���n�n x m t
e!m w e 
 �!m�f �ht!g m qzt ��n g =���p �hg B$#

�ON�� QSR2T��!`,`2TKV�� U�V��HZL` ��d U	� X)R2T�
 \��� \ Q�TKd�X

A q�� f,=�n q xHi e!m g f �'i e q �2m t �s=�� i#i#�  t  � p q�wzt m i m qzt p'� g#�>= m i f {!g;iFr  g#i � � � � p'm&� � �2e q 1 i e � �!m g#i � t p �
m t i e �Oqz{�i = {�i<g =���p � m g<i#q � � e!� t �!n � ��#�� q  i e �si 1 q 
 p'n�� g;g =� q ��n � f i e �s� � g m �hg#ikg#q n {!i m qzt m gbi#q �;{!g#i
� g;g m wzt g;q f � m t"i#�'w��  3 ��n {��|i#q?i e �|qzt�� p'n�� g;g � t � � t�q�i e �  i#q�i e �2g;� p qzt � p'n�� g;g # A e � ��m g#i � t p � m t
qz{�i = {!i|g =$��p � m gHi e �ht�g m�f,=�n x p'��n&p { n�� i#� ��� g2i e � �!m�� �  �ht p � � �'i 1 �'�ht i e � n���� � n g # A e!m g 1 � g2i e �
��=!=! q ��p>e � � u+q n�n q 1 � �@m t�i e � 1 q  8?e �  �>= 1 e �  ��qzt n x�i 1 q 
 p'n�� g;g =! q ��n � f gJ�  � � � ��n i 1 m i e�#
7 t i e � p'� g#� q�u f { n i m%=�n � n���� � n gB= �_�!m�� �  �htyi f � � g;{  � 1 m&n�noe�� 3�� i#q � �@{!g;� � =og m t p � � �!m�� �  �ht p �
� �'i 1 �'�ht f q  �<i e!� tci 1 qsqz{!i = {�i n���� � n g p'� t!t!q�i � �<� ? = � p i#� � i#q p q  > �hg = qzt �|m t � tyx 1 � xci#q �!m g#i � t p �
m t m t = {�i�g =���p � # 2 t ��p'p � = i ���$n �*i#� pLe t m�� {�� 1 qz{ n�� � �	i#q {!g#� ���!m�� �  �ht p �,q�u� u+q  g m�f	m�n&�� Op'n&� g;g
n���� � n gB= � t � � & q�i e �  1 m g#�*A ��n g#q p'��n&n � � i e � �!m g p: �'i#� f �'i  >m&p�B$#A �(8-m t!w �	p'n qzg#�  On q-q 8�� iDi e �H� � { � i m qzt�g0q�uYi e �|C ��f*f	� A �hg#i�x m � n�� g0g#q f � m t!g m w e i;g m tyi#q	i e � m�� � � g
� � e!m t � i e �Oi#�hg#iB= � t � 1 e x m i p'� t � ��� ? = � p i#� � i#q 1 q  8 m t =$� i#i#�  t  � p q�wzt m i m qzt =! q ��n � f g # :Ge q 1 t
m t �Ym wz{  � � # & m g �,=�n q�i p: � � i#� � {!g m t!w|i e �cC ��f	f	� A �hg#i ��n w�q  Lm i e!f / # A e �sr�wz{  �~g e q 1 g � q�i e i e �t�� �� �hg;i~t�� m w ey� qz{  O� 3��  >� w�� �!m g#i � t p �hg m t m t = {�i � t � qz{�i = {�i~g =���p �>= � g 1 � n&nM� g �?n�m t�� �� ���=!=� q@? m 

f	� i m qzt i#q�i e!m g # A e � �!� i � {!g;� � 1 � gOi e � C�� � � �!� i � g#�'iOu  q f i e ��� � 7s�!� i �� � = qzg m i#q  x�j � � l #
A e � F 
 � ? m g  � =� �hg#�htyi;g"3 ��n {��hg p'��n�p { n�� i#� � {!g m t!w Vb� { � i m qzt � # � � t � i e �O� 
 � ? m goi e �~C ��f	f	� 3 ��n {��hg
u  q f Vo� { � i m qzt � # � # 7 t 3��hg#i m w � i m t�w Vb� { � i m qzt � # ��= m i p'� t � �|g#�'�ht�i e!� i m i  � =! �hg#�ht"i;gsi e � � 3��  >� w��
�!m g;i � t p � � �'i 1 �'�ht�t�� �� �hg#i�t�� m w ey� qz{  gJq�u �	p �  i ��m t � �'w  �'��� # A e!m g �!m g#i � t p � m g f qzt�q�i#qzt m�p qzt i e �
� �'w  �'� # 2 gDi e � � �'w  �'�|q�uMi e �ct�� m w e"� qz{  {�g#� � uIq  i e � �!m g#i � t p � p'��n�p { n�� i m qzt m g m t p: � � g#� � =6g#q*i#q-q
f {!g#iJi e � �!m g#i � t p � � �'i 1 �'�ht = q m tyi;g m t i e � m t = {�i<g =���p � # A 7 i f	m w e i<t�q�i � � � �H7:9������h9���� f qzt!q�i#qzt m�p =
g m t p ��t�� m w ey� qz{  gYq�u �!m�� �  >m t!w � �'w  �'�hg p'� t e!� 3���i e �sg ��f � ��m g#i � t p �>= � {�i m i m g e!m w e�n xc{!t n�mE8 � n xci e!� i
�	�!� i � g#�'i 1 qz{ n��?e!� 3��ct�� �� �hg;i�t�� m w ey� qz{  g 1 e!m&p>e qzt � 3��  >� w�� ��m�� t�q�i m t p: � � g#� � g0i e � � �'w  �'�~q�u
t�� m w ey� qz{  g m t p: � � g#� ��# B
 "! �D�L ? �$���$&),�'�:$��k ?%*� �����  #"2 �$��8���L¦  ��?�$# ">�k� "&% �7)  W� "�)W����$  , ����s�'¢('  ������*)("����0�! , �)K§ +-,Lª "2)  ."2�, ��>¦  ��.�v�6���/.�'¢0§ +10>ª�«2%)�?�)���C��� $&)3$��k ?%&�������  ��'� $��43 ">�=�o�."�) )��65k�7$&���  27=�98?$��?$*%&$  I¢M¦ ��� "2%��k��)  �?$ �����! "> � ?%*$��'"� �$��8�  ���"L�'¢K ?���L�.%&���O«
: %)�?�0�7%��0),�7)  < ��0$��  �$&) "s�.�7$��L�����L�?�o�L¦� ��?�O¨<;"= �?���2���7�8«>%)�?��),�����L�=�2�7%��0),�!)  J ��0$��  $&) "s�?�7$��8�h���8���<�>¦� ��.�	0@?BA

�?� �����7��">�=� )��<¦ ���, ��"«



�������	��
�
��������� � �

0 0.05 0.1 0.15 0.2
0

0.01

0.02

0.03

0.04

0.05

Delta estimate

G
am

m
a 

es
tim

at
e

�Ym wz{  � � # &�� A e �cC ��f*f	� A �hg#i  �'w  �hg>g m qzt��hg#i m�f*� i#�HuIq  qzt���q�uYi e � �!� i � g;�'i;g

7 u0i e � =! � f	m g;�*q�u p'n qzg;�ht��hg;g m t m t = {�icg =���p ��x m � n��!m t�w n&mE8 �ht��hg;g m t qz{�i = {�i n���� � nbm g ��=!=�n&m�p'����n �>= m i
p'� t � �D� ? = � p i#� � i e�� i f qzg#ioq�uFi e �sqz{�i = {�i 3 ��n {��hg � �'i 1 �'�ht?t�� m w e"� qz{  g 1 m�n�n�e!� 3���i e �Og ��f � n���� � nR#
� q 1 �B3��  = � i2i e � � q  >� �  gcq�u�i e � p'n�� g>g#�hgB=Ki e �  � 1 m�n�nM� ��g#q f � = q m t"i;g 1 e!m&p>e 3��  x � { m�p 8-n x_g;i �� i
���!�!m t�wHi#q2i e �Oqz{�i = {!i �!m � �  �ht p � f � � g>{  �sq�u Vb� { � i m qzt � # � # 7 u�i e � �!� i �2m g<t�q�i f { n i m 
 f q �!��n i e �ht
i e!m g �!m g#i � t p �<i#qyq 1 qz{ n��c� �o� ? = � p i#� � i#q m t p: � � g#� f qzt�q�i#qzt m�p'��n�n x � gYi e �Jt!� �� �hg#iMt�� m w ey� qz{  v� �'w  �'�
m g m t p: � � g#� ��#
7 t i e ��C ��f*f	� �hg#i m�f	� i m qzt i#� pLe t m�� {��>=-i e � m t = {!i �!m g;i � t p � � t � qz{!i = {�i �!m g#i � t p � �� ��t�q 1 =$n q�i#i#� �
� w ��m t!g;io� ��pLe q�i e �  @# A e � f qzt�q�i#qzt m&p'm i�x	q�u � q�i e q�u�i e �hg#� 3 �� >m�����n �hg m�f,=�n x|i e�� ioi e!m g =�n q�i 1 m�n&n�� � �
f qzt�q�i#qzt m�p uI{!t p i m qzt�{!t � �  i e � � g;g;{ f	= i m qzt!g f	��� � ��� q�3�� # A e!m g p'� t � �sg#�'�ht m t �Ym wz{  � � # & # A e �=�n q�i ��n g#q	g e q 1 gki e � n�m t�� �� 0��=!=! q�? m&f	� i m qzt f	��� ��qzt@i e!m g �!� i � # A e!m g ��=!=! q@? m�f	� i m qzt m g f*��� � � x
r�i#i m t!w �,n�m t��Oi#q	i e �Hw  >��=�e {�i m&n�m g m t!wHi e � p: >m i#�  >m qzt�q�u f	m t m&f { f f � � t g � { �� ���  ; q  ��(#
7 i p'� t � �Jg;�'�ht,u  q f i e �kw  >��=�e i e�� iKi e � n�m t!� �� Yf q � � n uIq  i e � ��=�=! q@? m�f	� i m qzt2q�u$i e � p {!i 
�q � g;�'� f g
 � n �B3 � tyi #�� i e �  � ? = �  Lm�f �htyi;g 1 �  � ��n g#q = �  u+q  Lf � � i#q m t<3��hg#i m w � i#��i e!m g ��=!=! q�? m�f*� i m qzt # A e �hg#�
� ? = �  Lm�f �htyi;g �� � � �'i ��m�n � �@n�� i#�  �m t�i e � p>e!��= i#�  @#
A q~g#� n � p iMi e � � �hg#iMg;{ � g#�'i;gM{!g m t!wDi e �DC ��f	f	� A �hg#iKt�q 1 � � p q f �hg � g m�f,=�n � f	� i#i#�  q�u�r$t �!m t�wDi e!� i
g;{ � g#�'iJu+q  1 e!m�p>e i e �cC ��f	f	� A �hg#ikx m � n�� gJi e � n q 1 �hg#i 3 ��n {�� # 2 g � g � uI�'wz{ �� >�@� w ��m t!g#ik�hg#i m�f*� i m qzt
�  ; q  =�i e � ��n i#�  t � i m 3��cq�uvr$t �!m t!w � ty{ fH� �  q�u � �hg#isg;{ � g#�'i;g � t � i e �ht {!g m t�w	g#q f �cq�i e �  sp: Lm i#�  >m��
i#q � � p'm�� ��qzt i e � � �hg#i|q�u0i e �hg#� p'� t � ��{�g#� ��# A e ��i#�hg#i m g2t�q  >f*��n�n x u � g#i2�ht�qz{�w e i#q e!� t �!n � �
� ? e!� {!g#i m 3���g#� �� >pLe q�u0{ = i#q � � uI� � i;{  �hg # 7 u f q  �*uI� � i;{  �hgci e!� t i e�m g e!� 3�� i#q � �*i#�hg#i#� � =Kg#q f �
q�i e �  g;{ � 
�q = i m�f	��n g#� �� >pLe  qz{�i m t�� f {!g#i � �2{!g#� ��# A e �|g = �'� � q�ubi e�m g f �'i e q � u �� � ? p �'� � g f qzg#i
� !�)��?$&)����.),),�7� $�� '�� �! �$��8�	�'«�¨L«



� � �������	��
�
���������
q�uYi e � 1  >��=�= �  0��=�=! q ��p>e �hg�{!g m t�w|t!�h{  >��n t��'i 1 q  8�p'n&� g;g m r p'� i m qzt��  ; q  �� g p: >m i#�  >m qzt�u�{!t p i m qzt #
�ON�� �!`,Z#X)Z;\0]����|a�TKV�Z@� Tb`sX)d

���
	���� ������������������������ ��!#"$�&%(')���

2 g � t m t m i m���n � t ��m t!u+q  >f*� i m 3��c� ? = �  >m�f �htyi�qzt i e �*C ��f*f	� A �hg#iB= m i 1 � g � � p'm�� � � i#q m t 3��hg;i m w � i#�
i e �,�+*)� p i;g~q�u �!m *)�  �ht p � m t p'n�� g;g f � � t qzt � g m�f,=$n � �$m 3 �� Lm�� i#�,t�q  >f	��n i 1 q-, p'n�� g;gH� ? ��f	=�n � # A e �
r  g;i p'n�� g>g 1 � g p �htyi  � � qzt i e ��q  >m w m t�q�u � i 1 q-, �!m�f �ht!g m qzt ��n uI� � i;{  �?g =���p � # A e �?g#� p qzt ��p'n&� g;g
e!����m i;g f � � t?g e!m uIi#� � u  q f i e ��q  >m w m t � x g#q f � ��m g#i � t p �>= � t � i e �O�+*)� p i;g0qzt C ��f	f*� 3 ��n {�� 1 �  �
m t<3��hg#i m w � i#� ��� g0i e!m g ��m *6�  �ht p � m t f � � t 1 � g pLe!� t�w�� ��#
�Ym wz{  �/. #10 g e q 1 g~i e � �!� i � g#�'i m t qzt��	q�u m i;g = qzg m i m qzt!g # A e �,�hg#i m�f*� i#� � C ��f*f	� 3 ��n {��hg � gHi e �
�!m g;i � t p � p>e!� t!w��hg �� �Hg e q 1 t m t A ���$n �2. # &

−4 −2 0 2 4 6
−4

−2

0

2

4

6

Feature 1

F
ea

tu
re

 2

�Ym wz{  �3. #10
�
A e � m&n�n {!g#i  L� i m 3�� �!� i � g#�'i =�n q�i#i#� � 1 m i e i e � f � � t � �'i 1 �'�ht i e �,i 1 q p'n�� g>g#�hg�g e!m uIi#� �� x �	��m g#i � t p ��q�u542{!t m i;g m t�i e � �!m� � p i m qzt�q�uvu+� � i;{  � & � t � 42{�t m i;g m t�i e � �!m% � p i m qzt�q�uvuI� � i;{  � 0

2 g~� ? = � p i#� � =vi e ��C ��f	f*� �hg#i m�f*� i#� � � p q f �hg|g f	��n�n �  c� t � g f*��n�n �  H� gci e �	i 1 q p'n�� g;g#�hg � � p q f �
f q  � � t ��f q  �?g#� =��� L����n � # A e!m g m t �!m�p'� i#�hgci e!� i|i e �@C ��f	f	� f � � g;{  � f*� x>= m t�g#q f � 1 � x>= � �
 � n�� i#� � i#q?i e �,� ? = � p i#� � �  > q  � >� i#�	q�u<i e � p'n�� g;g m r��  @# A e �,t��'w � i m 3��  �hg;{ n isu+q  i e � n�� g#i 3 ��n {�� m t
i e �2i ����n � f	m w e i � �,{!t�� ? = � p i#� � = � {�i m t u ��p i m g �� �hg;{ n iDq�u<�hg#i m�f*� i m qzt �  ; q  ~m t = �  uIq  >f	m t�w i e �
g#i  >��m w e i n&m t��Dr�i #
A e!m g � q-�hgB= e q 1 �B3��  =  >��m g#� � � {!�hg#i m qzt ��� qz{!i e q 1 i#q e!� t �!n �*t��'w � i m 3�� 3 ��n {��hg # 2 t�q�i e �  u ��p i#q  



�������	��
�
��������� .�.

A ����n �2. # &�� A e �cC ��f	f	� �hg#i m�f	� i#�hg � gki e � �!m g#i � t p � � �'i 1 �'�ht@i e �Hi 1 q p'n�� g;g#�hg �� � m t p: � � g#� ��#
� m *)�  �ht p � m t 9�� � t C ��f*f	� 3 ��n {��

0 D�� 0 & � .�� & ��� �� D 0 � & 0 D 	 � & ��� �� D 
 . � D 
�� � & � � �. D � . &(D 0 
 � & ��� �� D 4 � � D &>& � � & ��� �	 D � 	 ! � D � � � � & ��� �

i e!� i f	m w e i2g#q f �'i m�f �hg n � ��� i#q t��'w � i m 3��?�hg;i m�f	� i#�hg m g 1 e �ht i e ��w  >���!m �htyi|q�u�i e � n�m t�� � � p q f �hg3��  x e!m w e = � t � i e � � 3��  L� w��*qz{�i = {!i �!m g#i � t p � m g 3��  x n q 1 # A e � 1 q  8 � x }�qzt p'�� j 4 0�lb� q-�hg~t�q�i
m t ��m�p'� i#� 1 m i e p �  i ��m tyi�x 1 e �'i e �  ���m w�w��  t��'w � i m 3���3 ��n {��hg p'� t � �2i  � � i#� �_� g m t ��m�p'� i m t�w � t �B3��ht
f q  �kg#� =$�� >����n � �!� i � g#�'iB=�q  1 e �'i e �  i e �hg#�"3 ��n {��hgYg e qz{ n��� {!g;i � �bi �(8 �ht	i#q m t �!m�p'� i#� 5'�  q 3 �� Lm�� t p �
� t � i e {�g = �  uI� p iDg#� =$�� >����m�n�m i�x #47 t i e � p q f,=��� L� i m 3��c� ? = �  >m�f �htyi;g0q�u�� e!��= i#�  	 =$i e �c�hg#i m&f	� i#�cq�u
i e �@C ��f	f	� 3 ��n {�� 1 � g2{!g#� ��� g =��� iHq�u � p: >m i#�  >m qzt_u�{!t p i m qzt u+q  | >� i m t�w �!m *)�  �htyiHuI� � i;{  � g;�'i;gB=
� t � f q  �@t!�'w � i m 3�� 3 ��n {��hg 1 �  �?{!g;� � i#q m t �!m�p'� i#� � �'i#i#�  g;{ � g;�'i;g # � q 1 �B3��  =<i e ��� ? = �  >m�f �htyi;g1 �  � = �  uIq  >f � � q�3��  |f { n i m%=$n �2i#�hg#i;gB=Mg#q � gHi#q f	m t m�f	m g#�|i e �	�+*)� p i;g|q�uJ�hg#i m�f	� i m qzt_�  ; q  cm t i e �
�hg#i m�f*� i#�hgB= � t � = � g m gJ� ? =�n���m t!� �?m t�� e!��= i#�  	 = � t-{ fc� �  q�uYi e � � �hg#iDg;{ � g#�'i;g 1 �  �~�B3 ��n { � i#� � i#q
r$t ��n&n x,r$t � i e �~q = i m�f	��n g>{ � g#�'i;g #

���
	���� ���5�����5��� ���5� ��������� !#"�� %(' ���

A e �Dg ��f ��i e! �'��uI� � i;{  �D� ? ��f,=$n �0i e!� i 1 � g<{!g#� � m t,i#�hg#i m t!wHi e � f {�i;{ ��n�m t�uIq  >f	� i m qzt f �'i e q � 1 � g
��n g#q ��=!=�n�m � � i#q i e �?C ��f	f	� A �hg#i #�� �hg;{ n i;gHq�uki e �	i#�hg#i|qzt_i e � �!m *)�  �htyiHg;{ � g;�'i;g �� �*g e q 1 t m t
�Ym wz{  �3. # 4 # �� q f i e �cr$wz{  �2i e � f �'i e q � p'n � �� >n x m t �!m�p'� i#�hgsi e!� i m t p'n {!g m qzt@q�u<i e �2i e!m% >� u+� � i;{  �
e!� g ����� �+*)� p i;g 1 e �ht qzt n x qzt!�,q�ubi e �,q�i e �  i 1 q@u+� � i;{  �hg m g�{!g#� ��# A e!m g m gsg e q 1 t � x i e � e!m w e
p {�i ,�q-*WgJq�u�i e � n�m t�� �� J��=!=! q@? m�f	� i m qzt �hg#i m�f	� i#�hg # � q 1 �B3��  = m i p'� t � �Og#�'�ht�i e!� ioi e � f �'i e q ��� q-�hg
t�q�i m t �!m&p'� i#�Hi e!� iOi e � m t p'n {�g m qzt?q�uKuI� � i;{  �34 1 qz{ n���e�� 3�� �*�$��� �+*)� p i m u � q�i e uI� � i;{  �hg & � t ��0
�� �,{!g#� ��# A e �c�hg;i m�f	� i#� � p {�i ,�q-* = q m t"i m gsqzt n x@g n&m w e i n x n �hg;g 1 e �ht {!g m t�w*uI� � i;{  �hg & � t ��0 i e �ht1 e �ht {!g m t!w ��n�n i e! �'�DuI� � i;{  �hg # 2 n i e qz{�w e i e!m g f	m w e i � �sg#�'�ht � g � t��'w � i m 3��s�+*6� p i m t*i e �sg;�ht!g#��q�u
uI� � i;{  �Dg;� n � p i m qzt�= m iot��'� � t�q�i � � # A e ��u ��p i m gKi e!� ioi e!m g �!� i � g#�'i m gKg#i m�n&n!��n�f qzg#i n�m t�� �� >n x|g#� =$�� >����n �
{!g m t�w ��n&n i e! �'�Ou+� � i;{  �hg � t � i e ��t�q m g;� m t i e �si e�m% >� u+� � i;{  � � qy�hgkt!q�i<x��'i m t p: � � g#�Oi e �O�  ; q  k >� i#�
q�uWi e � p'n�� g;g m r$�  i#qyq f { p>e�# A e�m gMu ��p i e q 1 �B3��  g;{ =�= q  i;gMi e � m&� � � i e!� ioi e �OC ��f*f	� A �hg#i � x m i;g#� n u
f	m w e i�t�q�i � �~g;{�� p'm �htyi0i#q �!m g p: >m&f	m t � i#� � �'i 1 �'�ht ��m *6�  �ht"i0g;{ � g#�'i;g0i e�� iDg e q 1 g m&f	m�n��� k����m�n&m i�x�i#q
g#� =��� L� i#�ki e � p'n�� g;g#�hg # A e � f �'i e q �2f {!g#ivi e �  �'uIq  � � �<g;{ =!= q  i#� �H� x � g#� p qzt � g;i � w��0q�u p q f,=$�� >m t�w
� uI� 1 q�uvi e � � �hg#i0g;{ � g#�'i;gkuIqz{!t � A � g m t�� e!��= i#�  	 B$#



. � �������	��
�
���������

0 0.5 1 1.5 2 2.5
0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Average Feature Space Distance

A
ve

ra
ge

 C
la

ss
 D

is
ta

nc
e

Features 2 and 3 

Features 1 and 3 

Features 1 and 2 

Features 1,2 and 3 

�Ym wz{  �2. # 4
�
A e �cC ��f*f	� A �hg#i  �'w  �hg>g m qzt?�hg#i m&f	� i#�~uIq  i e �~i e� �'��u+� � i;{  �~� ? ��f	=�n �

���
	���� !�� ��� �����	��
 ��� "$' ��� ������ ��� ��� ���5���

� t��cq�uKi e � �� � � g m t 1 e!m�pLe�m i p'� t � �c� ? = � p i#� � i e!� isi e �	C ��f	f	� A �hg#i 1 qz{ n&� t�q�i = �  uIq  >f 1 � n�n
m g 1 e �ht�i e �  �?� ? m g;i f { n i m�=�n � f q � �hg|q  g;i  >� t�w��?g#i  { p i;{  � m t�i e � �!� i � = � t � i e �hg#� f q � �hg �� �
g#� =��� L� i#� � � x � t�q�i e �  ~p'n�� g>g # 7 t i e!m g p'� g#�,i e � f qzt!q�i#qzt m�p'm i x�q�uoi e � �!m g#i � t p �hg 1 qz{ n�� m t!�B3 m i ���$n x
t�q�i e q n�� = � t � i e � � 3��  >� w�� qz{�i = {�i �!m g;i � t p � 1 qz{ n&� r  g#i m t p: � � g#� � t � i e �ht g#i �� i � � p: � � g m t�w � g
i e �Oty{ fH� �  q�uFt�� �� �hg#iJt�� m w ey� qz{  g m g m t p: � � g#� ��# A e �sqz{�i = {�i �!m g#i � t p � 1 qz{ n�� r  g#i m t p'n { � � f	� t"x
g ��f,=$n �hg0q�uKi e �cg ��f � p'n�� g;g # A e!m g 1 qz{ n&� w  >��� { ��n�n x m t p: � � g;� � gsg ��f,=�n �hg�q�uKi e �cq�i e �  sp'n&� g;gDg;i �� i
i#q ��=!= � �� sm t@i e � �!m g#i � t p � f � � g>{  � # � q 1 �B3��  = 1 e �ht@i e �|t-{ fc� �  q�ubt�� m w e"� qz{  gD{!g#� ��� � p q f �hg
i#q-q f	� tyx>=Fi e �	qz{�i = {�i n���� � n g 1 qz{ n�� g#i �� i p q  ; �hg = qzt ��m t�w � w ��m t � t � i e {!g�i e � qz{�i = {�i �!m g#i � t p �1 qz{ n�� g;i �� i � � p: � � g m t�w # A e!m g m t<3 ��n�m&�!� i#�hg0i e � f qzt�q�i#qzt m&p'm i�x � g>g;{ f,= i m qzt �!m g p {!g;g#� � � �� Ln�m �  = � t �
i e {!g p: >m%=�=�n �hg<i e � n�m t�� �� k��=!=! q�? m�f*� i m qzt@{!g#� �?m t�i e �|C ��f	f*� A �hg;i0i#� p>e t m�� {!� #
A q m�n�n {!g;i  >� i#�ci e�m gB= � i 1 q-, p'n�� g;g =! q ��n � f 1 � g p: � � i#� � m t 1 e!m�pLe qzt�� p'n�� g;g m g�g;{  ; qz{�t � � ��� x i 1 q
f q � �hgoq�u �c�!m *6�  �htyi p'n&� g;g # A e!m gog = � p'm r p0��� i � g#�'i f	m w e iot��B3��  q p'p {  <m t =! >��p i m&p �>= � {!iog#�  3��hg 1 � n�n
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: q f �Hq�uvi e � p q f,=��� L����n � f �'i e q � g�{!g#� f � � g>{  �hg0q�u m tyi#�  , p'n�� g>g � t �@m t"i  >� , p'n&� g;g �!m g#i � t p �hg m t?i e �
m t = {�i0g =���p � # A e �hg#� f �'i e q � gB= e q 1 �B3��  = 1 q  8 g#i  >m�p i n x�qzt �*= �  , p'n&� g;g ��� g m g # A e �,C ��f	f	� A �hg#iB=
qzt�i e ��q�i e �  ,e!� t � = ��n�n q 1 gci e ��{�g#� q�u � q�i e�m t = {�i � t � qz{�i = {�i �!m g#i � t p ��g m&f { n i � t��'qz{!g n x # � t��
f �'i e q � 1 e�m�p>e t�q�i ���$n x p q f	=��� �hg 1 m i e i e �|C ��f*f	� A �hg#i f �'i e q �@m gJi e�� i0q�u :Gp>e �  u � t � �o L� {��  
j � 	 l # 2 =! q �$n � f 1 m i e i e � f �'i e q � i e �'x =! �hg;�ht"i m gsi e!� i m i m g ��� g#� � qzt e �h{  >m g#i m�pcm�� � � gsq�u p'n&� g;g
g#� =��� L� i m qzt #
A e �Hi 1 q ��=!=� q ��p>e �hg �!m g p {!g;g#� � g;q*u �� se!� 3�� � q�i e � �'�ht��*� 9�51� ��=!=! q ��p>e �hgDi#q i e � =! q �$n � f #JE � ?Gi
� 1  L��=!= �  0��=!=! q ��pLe uIq  t��h{  >��n t!�'i 1 q  8@p'n�� g;g m r p'� i m qzt�i#� p>e t m�� {��hg m g ��m g p {!g;g;� ��# A e!m gJi#� pLe t m�� {��
m got�q�3�� n)m t,i e �sg = � p'm r pk��=!=�n�m�p'� i m qzt	q�uWi e!m gbi�x = ��q�u�t��h{  L��n t��'i 1 q  8 = � t �*e�� got�q�iB=-i#q|i e � � {�i e q  �� g8 t�q 1 n � � w��>= � �'�ht?{!g#� � uIq  uI� � i;{  �Hg;� n � p i m qzt � �'uIq  � #
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i e � i�x = � q�u p'n�� g>g m r��  i e�� i 1 qz{ n�� � � {!g#� � u+q  i e � r$t ��n�p'n&� g;g m r p'� i m qzt q�u�i e � �!� i � {!g m t!w_i e �
g#� n � p i#� � uI� � i;{  �sg#�'i;g # 7 i m gbi e �  �'uIq  �Dt�q�i 8 t�q 1 t 1 e �'i e �  i e � ��m�� g#�hgbi e!� ioi e �hg#� f �'i e q � g m�f,= qzg#�
p q m t p'm&� � 1 m i e i e � ��m�� g#�hgOi e�� i � g = � p'm r p|p'n�� g;g m r$�  Om&f,= qzg#�hg # � q  i e!m g  � � g#qzt m i 1 � g � � p'm�� � � i#q
��n g#q m t 3��hg#i m w � i#� � 1  L��=!= �  A p'n&� g;g m r��  k�$� g#� �$BJ��=!=� q ��p>e i#q i e � =! q �$n � f #
7 i 1 � g f �ht"i m qzt!� � m t � e!��= i#�  g 0	� t � 4,i e�� i f	� tyx p'n�� g;g m r��  g �� �c� m i e �  i#q-q p q f,=$n�m�p'� i#� � =$i �(8 �
i#q-q n qzt�wDi#q�i  L��m t�=�q  M � � { m% �oi#qyq f { p>e {!g;�  Ym t"i#�  >��p i m qztcuIq  {!g#� m t ��� ��/�����51� ��=!=! q ��p>e i#qOu+� � i;{  �
g#� n � p i m qzt # � �� >��f �'i  >m&p i#� p>e t m&� {��hg�g#q f �'i m�f �hg  � � { m% � �	n q�ikq�uM{!g;�  0m t"i#�  L��p i m qzt�=!�hg = � p'm���n&n x m uvi e �� �ht!g m i m �hg �� � q�u0t�qzt ,�g#i � t �!�� >� uIq  >f = � t � f	m w e iHt�q�i e�� 3����ht�qz{�w e ������= i m 3 m i�x i#q � � {!g#� � � g �
p: >m i#�  Lm qzt	u�{!t p i m qzt m t,i e �Du+� � i;{  �sg#� �� Lp>e�# A � p>e t m�� {!�hgKi e!� i����� -/"!�5 e!m w e ���!��= i m 3 m i x|i#q|i e � =! q � ,
n � f g m i;{ � i m qzt 1 m i e qz{!ibi e �st�� p �hg;g m i x,q�u {!g#�  <m tyi#�  >��p i m qzt � io�B3��  x g#i#� = =Gg;{ p>e�� g<t��h{  >��n t��'i 1 q  8 gB=
g;{ *)�  u  q f q�i e �  k�!m g ��� 3 � tyi � w��hg # � q  � ? ��f,=�n �>= f qzg;i<t��h{  >��n t!�'i 1 q  8*p'n�� g;g m r��  g  � � { m% � n �ht�w�i e x
i  >��m t m t�w =! q p �hg;g#�hg m t	q  L� �  i#q|g#�'ibi e � 1 � m w e i;goq�u)i e �Dt��'i 1 q  8�# 2 t�q�i e �  <=! q ��n � f u+qz{�t �	m t,i e �hg#�
t��'i 1 q  8 g �� �si e!� i<i e �'x g;{ *6�  u  q f q�3��  ,�i  >��m t m t�w = � t � i e {!g e!� 3��si#q2� f,=$n q�x	g#q f �suIq  >f q�u�� �� >n x
g#i#q =!=$m t�w p: >m i#�  >m qzt # A e �hg#�~g;i#q =!=�m t�w p: >m i#�  >m��,p'� t@g#q f �'i m�f �hg � � =! q �$n � f	� i m�p(#
A e!m g pLe!��= i#�  uIq p {�g#�hgJqzt?qzt�� f �'i e q � i e!� i ���!�! �hg;g#�hgkg#q f �sq�uvi e � =! q �$n � f g<q�u uI� � i;{  �~g#� n � p i m qzt
uIq  t��h{  >��n t��'i 1 q  8 g#xGg#i#� f g # 9 � tyx@q�i e �  �+*)q  i;g e!� 3�� � �'�ht f	��� �ci#q  � � { p �ci e � m t = {�i ��m�f �ht ,
g m qzt ��n�m i�x?q�uot��h{  >��n t��'i 1 q  8�p'n&� g;g m r��  g # A e �hg;� f �'i e q � � q�g#q � x =! {�t m t�w	i e � m t = {�i;gki e!� i e!� 3��
n q 1 1 � m w e i;g*A�g;�'�	u+q  � ? ��f,=$n � j . � lIB$# A e�m g � � p q f �hg m t �+*)� p i � i�x = �,q�uow  �'� � x g#� �� >p>e g#i  >� i#�'w�x1 e!m&p>e = � g = q m t"i#� � qz{�i m t�� e���= i#�  0 = e�� gcg#q f � �� L� 1 ����p 8 g # A e �  � f q�3 ��n q�u � g m t�w n �	u+� � i;{  �
=! �B3��htyi;g � t"x g>{ � g#�'i p qztyi ��m t m t�w i e!� i u+� � i;{  � u  q f � � m t�w �B3 ��n { � i#� �Sn�� i#�  qzt�=<i e {!g m�f,=�n x m t!w
g;{ � ,�q = i m�f	��n$= �  u+q  Lf	� t p � # 7 u�i e!m g<u ��p i m gkt�q�iJi �(8 �ht m tyi#q ��p'p qz{!t"i m t*i e � =! {!t m t�w ��n w�q  >m i e!f =Gi e �
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t��'i 1 q  8 1 � g =! �hg#�htyi#� ��� x 2 t � �  g;qzt j 4 l # A e �Hg#i  { p i;{  �~q�uMi e �|t��'i 1 q  8 = 1 e!m�p>e m g0i e �|g ��f � � g
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�� q f �B3��  x g = � p'm r p 3 ��n {��2uIq  ����� � =Fi e � � �hg#i	9�5�� � fc� � �!�!m t�wzg 1 �  �	uIqz{!t � � x p>e q-qzg m t�w?i e qzg#�
g;{ � g#�'i;gsi e!� i  �hg;{ n i#� ��m t i e � n q 1 �hg;i��hg#i m�f	� i#�hgOq�u<i e �*C ��f	f	� 3 ��n {��hg # A e!m g 1 � g � qzt��2u+q  � ��pLe
�!m *)�  �htyiHi  >��m t m t�w@g ��f	=�n�m t�w?i e�� i 1 � g f	��� �*uIq  �B3��  x �!� i � g#�'i�� # A e �	� fH� � �!��m t�wzg 1 �  � i e �ht
 >� t 8 � � ��p'p q  >�!m t�w*i#q
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A e {!gB=F� fH� � �!�!m t�wzgOi e!� iHq p'p {  ; � �_f q  � u  � � {��htyi n x ��f qzt�wzg#ici e �	i#q = i#�ht m t i e � 	 � i#�hg;i;g 1 �  �
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i#q � � p: � � g;� � gOi e � p'n�� g;g m r p'� i m qzt  >� i#�hg m t p: � � g#� # A e!m g p'� t � �,g#�'�ht � x p q f	=��� >m t�w�i e �*C ��f*f	�3 ��n {��hgcu+q  �B3��  x ��� i � g;�'i 1 m i e i e � p'n�� g;g m r p'� i m qzt  >� i#�hg2q�u0i e � �!� i � g#�'i;g # A e � i#�hg#i;g|i e �  �'uIq  �
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g;{ =�= q  i;goi e �Ht�q�i m qzt?i e�� i0i e �cC ��f	f*� 3 ��n {�� m g m t?g;q f � 1 � x  � n�� i#� � i#q p'n�� g;g m r p'� i m qzt?�  ; q  �#
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�hg#i m�f*� i m qzt f {!g#i � � f*��� � # A e �  �hg;{ n i;gkq � i ��m t�� � e �  � f	m w e i m t �!m�p'� i#��i e!� iOt��'w � i m 3�� 3 ��n {��hg0uIq  
i e �cC ��f*f	� A �hg#i�g e qz{ n�� � {!g;i � �Oi  � � i#� ��� g 5'�  q-�hgB= = qzg;g m%��n x m t �!m�p'� i m t�w|i e!� i0i e �~g;{ � g#�'i0g e qz{ n��
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� ��i#q m t<3��hg#i m w � i#�Oi e �Og n q = �0q�u�i e � n�m t�� � g 1 � n�n�� t ��m t p'n { � �ki e!m g m t i e �  >� t 8Gm t�w p: Lm i#�  >m qzt�=-g m t p � �
g#�'i 1 m i e�e!m w e g n q = � m t ��m�p'� i#�hg ��m w p'n�� g;g �!m *)�  �ht p � 1 m i e g f	��n�nFm t = {�i ��m g#i � t p � p>e!� t�w��>= � t � i e {!g
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7 t p q f,=��� >m t!w i e � p'n&� g;g m r p'� i m qzt�q � i ��m t�� � m t i e � =! �B3 m qz{!gOg#� p i m qzt i#q?i e � � , EDE i#� p>e t m�� {��>=Wi e �
i  >��m t m t�wDg;�'i 1 � gFr  g#iY{!g#� � i#qO�hg#i m�f*� i#�<i e � � �hg#i 3 ��n {��<q�u �ci#qO{�g#�ouIq  �B3��  xH� fc� � �!�!m t!w # A e!m g 1 � g
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� {�i ��n g#q = �  u+q  Lf g 1 � n�n qzt�i e � � , E � �� �hg#i E � m w e"� qz{  J��=!=! q ��pLe�# 7 t � g#�ht!g#�Di e!m g p qz{ n���e!� 3�� � �'�ht
� ? = � p i#� � =Gg m t p ��i e � ��� g m gbq�uWi e �~C ��f	f*�c��=!=� q ��p>e�m g p'n qzg#� n x  � n�� i#� � i#q|i e � � , EDE i#� p>e t m&� {�� # 2
g;{  >=! >m g m t�w�u ��p i m gbi e!� iJuIq  i e � � 7�� V �4�!� i � g#�'iB=�i e � � , EsE i#� p>e t m�� {���g e q 1 g"3��  x e!m w e�m t p: � � g#�hg
m t p'n�� g;g m r p'� i m qzt  >� i#�hg 1 e �ht�{!g m t!w	i e �2C ��f	f	� A �hg#isu+� � i;{  �cg#�'i;g # A e!m g�g;{ =!= q  i;g �� wz{ f �htyi;g�q�u
� e!��= i#�  0 =�i e�� i�i e � � , EDE p'n�� g>g m r��  �p'� t � � e!m w e!n x � *)� p i#� � � x@t�q m g;x uI� � i;{  �hgDq  Dm t p qzt!g m g#i#�ht p x
m t�uI� � i;{  �hg #
2 t�q�i e �  Hm tyi#�  �hg#i m t�w?q � g#�  3 � i m qzt m gOi e!� i~i e � � 2 EsE p'n�� g;g m r$�  g;�'� f g~i#q@qz{!i = �  u+q  >f i e � � , EDE
i#� p>e t m�� {��Dqzt ��n�f qzg#i ��n&n q�u i e �sg;�'i;g  � = q  i#� ��# A e!m g<g#�'� f g<i#q m t ��m�p'� i#�Di e�� ioi e � � 2 EsE p'n�� g;g m r��  
p'� t�=�qzt � 3��  >� w��>=vqz{�i = �  u+q  Lf i e � � , EsE i#� p>e t m&� {�� # � q  i e � � 2 EsE =6i e � �� q = m t p'n�� g;g m r p'� i m qzt
 >� i#�	u  q f i  >��m t m t�w�i#q?i#�hg#i ��� i �@�� � ��n g;q@t�q�i~g m wzt m r p'� t"iB= m t �!m�p'� i m t!w i e!� iHi e � � 2 EDE p'n�� g;g m r��  
��0 !�)	$��D �� ���C$��8�?)	) ���,��$��8�?)! ��� �  ?$%$ �,� ��� ���#��%�� �7)W¦ �#� �0� �,� �K�$  D�#��%����7) �(�L����$����J�"�,�+�+�)� �|¨ �L�  H¨L¨8«
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A ���$n � 	 # �
�
A q = .|� fc� � ���!m t�wzgJu  q f C ��f*f	� A �hg#iB=!�B3 ��n { � i#� � qzt@i e � � , EDE p'n&� g;g m r��  �#

� ���(� � ������� � �7) � �#��� � �(��$��.$���� ' �( "«  ��� ���;�h��� �!)'� ' �( "«  ���
) �,� �?) ��  "�,��¦ �������L���,� �L¦ � �(�2$��?$���� �  "�*��¦ �#�����>���)� �L¦ � �7)'��) �,��)

¨)-�¨8¨L¨8¨ � �h« � � ¨L« + � � �h« ��+ �'« �@,
� -h¨8¨8¨L¨8¨ ����«�¨ � �'« ��� ����« �L© +h« +�,
� -#-�¨8¨L¨8¨ � �h« - � ¨L« � � � �h« � � �'« + �
� ¨)-�¨8¨L¨�- ����« ��� �'« �8© ������!�� �'« -�,
� -#- -�¨L¨8¨ �-+�« �h¨ ¨L« � � � �h« , � +h« -L©
� ¨L¨8¨8¨L¨8¨ �-+�« +h¨ �'« � � ��������	 +h« � �

¨8¨L¨�- -h¨8¨L¨ ����« �#- ¨L« �#- � � « ,�� �'« � �
� ¨8¨L¨�-�¨L¨8¨L¨ ����« ©#- ¨L« ��, � � « �#- +h« -�+
� ¨8¨)- -�¨L¨8¨L¨ ����« © � ¨L« © � 	"!���
�! �'« �@+
) ¨8¨)- - -h¨8¨L¨ � �h« -�+ ¨L« � � � � « � � +h«�¨ �
! ¨8¨)- - -h¨�-h¨ ����« � � ¨L« � � �@+�« � � �'« � -¨8¨L¨8¨8¨L¨8¨L¨ � �h« , � ¨L« � � 	�� ����� �'« � �
� - -h¨�-�¨L¨8¨L¨8¨8¨L¨8¨)- -�¨ ,���« � � -h« � � ,���« - � ¨L« � �� ¨�-h¨�-�¨L¨8¨L¨8¨8¨L¨8¨)- -�¨ ,���« ©�+ -h« © � ��������
 ¨L« �>©¡ - -h¨�-�¨L¨8¨)-�¨8¨L¨8¨)- -�¨ ,���« ©�+ -h« ©#- , �h« , � ¨L« �#-
3 ¨8¨)- -�¨L¨8¨L¨8¨8¨L¨8¨L¨�-�¨ ,���« � � -h« �'¨ , �h« ©8© ¨L« +h¨¨8¨)- -�¨L¨8¨)-�¨8¨L¨8¨)- -�¨ , �h« © � -h« , � , �h« --, ¨L« �@+¨ ¨8¨L¨8¨8¨L¨8¨L¨8¨8¨L¨8¨L¨8¨8¨ ,���« ©L© -h« � � ��!����� ¨L« +�+
� -�¨)- -�¨L¨8¨L¨8¨8¨L¨�-h¨�-�¨ , � « �@+ -h« �L© ,�+�« � � ¨L« �L©� -�¨)- -�¨)-�¨L¨8¨8¨L¨�-h¨�-�¨ ,-+�« ,�� -h« � � ,�+�« ��+ ¨L« ���¡ -�¨)- -�¨)- -h¨8¨8¨L¨�-h¨�-�¨ , � « ��� -h« � � ,�+�« �L© ¨L« � �
3 -�¨L¨�-�¨L¨8¨L¨�-�¨L¨8¨L¨8¨8¨ , �h« +�+ -h« � � ��� ��
�� ¨L« � �-�¨)-�¨8¨L¨�-h¨8¨8¨L¨�-h¨8¨8¨ , � «�¨ � -h« + � , �h« �-+ ¨L« �@,� ¨8¨L¨8¨8¨L¨8¨L¨8¨8¨L¨8¨L¨8¨8¨ , �h« + � -h« �-+ ��
�� 	"� ¨L« �-,

1 � g�t�q�i � *)� p i#� � i#q-q f { p>e � x�q�3��  ,�r�i#i m t�w =� q ��n � f g (#( #
� ���$��� � � ������
�� ��� � � �$�����&� � � � � � %(����� � �

� q  i e � f {�i;{ ��n<m t�uIq  >f	� i m qzt i#�hg#i;gB= m i 1 � g � � p'm&� � � i#q {!g;� � 3 ��n {!� uIq  
 g m�f	m�n&�� i#q i e!� i,{!g#� �
� x �J� i#i m i mR# A e � 3 ��n {�� {!g#� ��m t i e ��i#�hg#i;g �� � � # . # A e � u ��p i�i e!� i�i e � i#�hg#i;g �� � p'�� ; >m � � qz{�i
q�3��  0f { n i m�=�n � �!� i � g ��f	=�n�m t�wzg p q fH�$m t�� � 1 m i e i e �D� ? = �  >m�f �htyi ��n6f �'i e q � {!g;� � = f*��� �Di e �Og>{ � g#�'i
g#� n � p i m qzt �,��m i f q  � m�f	f {!t��Oi#q	i e � =��� i m�p { n&�� JpLe q m�p �~q�uYi e!m g 3 ��n {!� #
A e � f {�i;{ ��n0m t�u+q  Lf	� i m qzt  >� t 8Gm t�w ��n w�q  >m i e!f 1 � g ��=!=�n�m � � i#q ��n&n � q�uDi e � ��m *6�  �ht"i �!� i � g;�'i;g #Vb��pLe� >� t 8Gm t�w 1 � g = �  u+q  >f � � qzt �B3��  x qzt��?q�u�i e � & � ��m *6�  �ht"i|i  >��m t m t�w�g ��f	=�n�m t�wzg f	��� ��uIq  �B3��  x �!� i � g#�'i # A e!m g  �hg;{ n i#� �@m t?i#�ht  >� t 8Gm t�wzgJq�uYuI� � i;{  � m&f,= q  i � t p ��uIq  �B3��  x �!� i � g#�'i # �� q f
i e �hg#�Ji#�ht@A = qzg;g m���n x �!m *)�  �htyi B� L� t 8-m t�wzg i e �Jg>{ � g#�'i;gY{!g#� � uIq  �B3 ��n { � i m qzt|qzt2i e � � 2 EDE � t � � , EDE
p'n�� g;g m r��  g 1 �  �|i e �ht p>e qzg;�ht � x@g#� n � p i m t�w*u  q f i e �  L� t 8-m t�wzg ��n�n g;{ � g;�'i;g�q�u 0 u+� � i;{  �hgO{ = i#q ��n�n
��� %)��� � ���# ��,�)��$��L� �)�"��$�� � �,� �!)'� �� ���� .h���#� �����v�h���o�"�,���L¦-� ��� ���8�.)$�.) �� k¦ ���+��� � � ! �v� �!% �2),),$¤£��,�#« %)�.$&))���>��� �#��"� ���2),$&%�¢ � �� ���� � ��  ��) ��� �v��� �<�"�,�6�L¦����������L�.)W�#����$ �� $��D�k�0)'���>¦ ��� ��� �!)'� �����.) �2)W� ��) �"8� ?% �2$�� �� ������%&$ �,�#« � ���k�0)'����2) �7)F� �#�+�����*�  ������Y�h���<�"�*�W�L¦����������L�.)W�)�L�.%! s� �#�����#�����"8��)�)�� �� ��-h«
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g;{ � g#�'i;g�q�u � ! & 1 e �  � � m gOi e �*t-{ fH� �  q�uJuI� � i;{  �hg m t i e � �!� i � g#�'i # A e {!g~u+q  � ? ��f,=$n �>= m u �
 >� t 8Gm t�w?q�u .�= 0 = � = & =14�= � 1 � gcq � i ��m t�� � m t qzt�� q�uki e �  {!t!gB=Fi e � g;{ � g#�'i;g~uIq  �B3 ��n { � i m qzt 1 qz{ n��_� �
� .�= 0�� = � .�= 0 = � � = � .�= 0 = � = & � �'i p(# 7 u�i e �  L� t 8-m t�wzg ��m *6�  � � ��f qzt!wzg#iJi e �Oi#�ht ��m *6�  �ht"iJg ��f,=�n&m t�wzgB=yi e �hti e qzg#�cg;{ � g#�'i;g 1 qz{ n&��� � ���!� � � i#q	i e �~qzt!�hgku+qz{�t ��=! �B3 m qz{!g n x #
A e �2g;{ � g#�'i;gsu+qz{!t � � x i e � ��� q�3�� f �'i e q � 1 �  �2i e �ht i#�hg#i#� � qzt i e � � 2 EsE p'n�� g;g m r��  {!g m t�w i e �
g ��f �*i#�hg#i;g � g � �hg p: >m%� � � uIq  i e ��C ��f	f	� i#�hg#i # A e �  �hg;{ n i;gOq�uJi e � .@g;{ � g#�'i;g 1 m i e i e � e�m w e �hg#i
p'n�� g;g m r p'� i m qzt  >� i#�hg�qzt@i e � � 2 EsE i#�hg#i;g �� �Hg e q 1 t m t A ����n � 	 # 	 #
A ����n � 	 # 	

�
A q = .*� fH� � �!��m t�wzgJq � i ��m t!� � {!g m t�w f {�i;{ ��n�m t!u+q  >f*� i m qzt f � � g;{  � f �htyi  >� t 8-m t!w = � t �

� 2 EsE p'n&� g;g m r p'� i m qzt #
� ���(� � ������� � �7) � �#�h� '$�( z«  ���� � �;�h� '$�( z«  ����
) �,� �?) �� � �(��$��.$�� � �>¦ � �!)'� �L¦ � �7)'� "�,��¦ �������L� �)� � �(��$��.$����  "�*��¦ �#�����>���)� � �!)'��) �*��)
� ¨L¨8¨)-�¨8¨ �-,h«�¨)- � « © � ��	�����
 +�« � �
� -h¨�-#-�¨�- � �'« � � +�« ��, �-+�« � � +�« � �
� ¨L¨�-h¨8¨8¨ � �'« �@+ �h« � � � �h« ,h¨ � « © �
� ¨L¨�-#-�¨8¨ �8©h« ,�+ ¨8« ,-, � �h« -L© +�« � �
� ¨)- -#-�¨�- � ��« -L© �h« � � ��¨8« �'¨ +�« ��+¨L¨8¨L¨8¨8¨ � ��« -L© � « �-+ 	"
�����! � « � �

-�¨)- -#-�¨8¨L¨ �L©h«�¨ � ¨8« +8© 	"����!�! �h« �L©
� -�¨)- -#-�¨�-h¨ �L©h« + � -�« ,-, ����« +�� �h« � �
� -�¨)- -h¨8¨8¨L¨ �L©h« �8© ¨8« � � ����« + � ¨8« , �
) ¨8¨L¨�-h¨8¨8¨L¨ �L©h« � � ¨8« + � ����« + � �h« + �
! -�¨L¨�-h¨8¨8¨L¨ �L©h« ��, ¨8« � � ����« � � �h« � -¨8¨L¨8¨L¨8¨8¨L¨ �L©h« , � ¨8« �#- 	"������� �h« � �
� ¨8¨L¨�-h¨8¨8¨L¨8¨)-�¨8¨)-�¨L¨ , �'« -L© -�« ©-+ ��������� ¨8« --,� ¨8¨)- -h¨8¨8¨L¨8¨)-�¨8¨L¨8¨L¨ , �'« - � -�« �h¨ ,���« �#- ¨8« +�¨¡ ¨8¨L¨�-h¨8¨8¨)-�¨)-�¨8¨)-�¨L¨ ,��h« ,h¨ -�« � � ,���« �#- ¨8« ���
3 ¨8¨)- -h¨8¨�-h¨8¨)-�¨8¨)-�¨L¨ ,��h« , � -�« � � ,���« � � ¨8« ��,¨8¨)- -h¨8¨8¨)-�¨)-�¨�-#-�¨L¨ ,��h« ©�� -�« �:© ,���« � � ¨8« �-+¨ ¨8¨L¨8¨L¨8¨8¨L¨8¨L¨8¨8¨L¨8¨L¨ , �'« - � -�« �L© ������!�	 ¨8« � �
� ¨8¨)- -h¨8¨�-#-�¨L¨8¨8¨)-�¨L¨ ,��h« �@, -�« � � ��!���!"# ¨8« + -� ¨8¨)-�¨L¨8¨�-h¨8¨L¨8¨8¨)- -h¨ ,��h« �@, -�« � � , �h« + � ¨8«�¨ �¡ -�¨)- -#- - -#- -#- -�¨)- -h¨ ,��h«�¨ � -�« ��� , �h« �'¨ ¨8« - -
3 ¨8¨)- -h¨8¨�-h¨8¨L¨8¨8¨L¨8¨L¨ ,��h« � � -�« �1+ , �h«�¨�, ¨8« ���¨8¨)-�¨L¨8¨�-h¨8¨L¨8¨8¨)-�¨L¨ ,��h« �@, -�« ©�¨ , �h«�¨ � ¨8« �#-� ¨8¨L¨8¨L¨8¨8¨L¨8¨L¨8¨8¨L¨8¨L¨ ,��h« � � -�« � � ��� ���"# ¨8« ��+

A e � f {!i;{ ��nFm t�u+q  Lf	� i m qzt f �'i e q � 1 � gOt�q�i ��n 1 � xGg ����n �Hi#q r$t � g;{ � g;�'i;g�i e!� i = �  uIq  >f � � � g 1 � n�n
� gDi e �cu�{ n�n g#�'i�q�uKuI� � i;{  �hg # 7 t�i e � p'� g#�cq�ubi e � � 7 � V � �!� i � g#�'iB=6i e!m g m g =��� i m&p { n��� >n x p'n � �� @# A e �
e!m w e �hg#i p'n&� g;g m r p'� i m qzt  >� i#�hgYq�u$i e � f {�i;{ ��n�m t�u+q  Lf	� i m qzt f �'i e q �,m g f q  �ki e!� t � � n q 1 �  i e�� t2i e!� i
q�u)i e ��u�{ n�n g;�'i # A e � =! q �$n � f p'� t =� q ������n x � � � g p: >m%� � � i#qci e �0u ��p ibi e!� ioi e � f {�i;{ ��n$m t�uIq  >f	� i m qzt
f �'i e q � {!g#�hg �@e �h{  >m g#i m�pc >� t 8Gm t�w�q�u<uI� � i;{  �hg@= � t �_� q-�hg~t�q�i ��n&n q 1 � u�{ n�n g#� �� Lp>e q�u ��n�n g;{ � g#�'i;g #7 t i e � p'� g#��q�u i e � � 7 � V � �!� i � g#�'iB=�i e!m g  �hg>{ n i#� ��m t�i e �Ou ��p iki e�� i0t�qzt��Oq�u i e �~g>{ � g#�'i;g<uIqz{!t ��m t
i e � =� �B3 m qz{!g0C ��f	f	� A �hg#i;g@= 1 �  ���B3��  �B3 ��n { � i#� � qzt@i e � p'n�� g;g m r��  @#
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d,d,d


