
���������
	���

���������������������������! "����#�����	%$'&�()����*,+�$.-0/1����2%	434	%$'	5�%+�&6����$ 78��� 9;:�<�=6>�?�@A>�?�?�BC=�D,+��52%	%������	�@�(8�%+�$.��	

EGF�HCI;J1KLJNMPORQTSUK!VWKCF�MPXYM[Z\KC]^I`_!JaHCIbI;J�]cK!MPX^I;_ed[I;X^I;HCVWK!I;f
gih VjQTk�VlX^VlHmSTXTf^I;HCIanUQ^VlXTf^I;fpo�IqK

rtsvuxw�y�z|{by�}�u�~�z"��� �b�"}�w��������)�"y,{b����yA�)�
�����������)�x�A���A�����������������������v����� �������� �¡���¢��A�t�x�A��£��������������������)�����

�b�"}�w��������)�"y,{b~�wxuxu¤�)�
�������� �¡���¢��A�t�x�A�A�����������������������)�����

¥§¦"¨5©�ª¬«¬¨C­¯®±°�²A³�ª¬´¶µ�²�¨�·�¸¹ ®±°�º ¨0¦"¨5©�ª¬«�»�º ¨!¼�¨4½�¾�°�©
¿�À »�Á�¨5©�²�¨4ÂÃ²�¾a¼�¨�¦"°�º º °�©�Ä�²�¨�· À�Å�Æ%¿�Ç ¹ ®±²�º º ¾b¦"¨%¼�¨±È8·�É�«�»�©A®±¨

ÊNË.Ì5Í5Î�Ï�Ð�Í
Ñ)Ò ¨0³¬®±«¬¨5¨%® Ò ª¬°�©�¨%³�Ä�¨5©�¨5«�»�ª¬¨%¼qÓ�¾b»NÔ�º¶»�©A»�«�²�©A¼�¨5«¬¨±È�ÔA»�©A¼�¨%¼�Õ�¨±ª!»�«¬¨0®±°�Ö×Ô�²�ª¬¨%¼Ø¼�´ «¬¨%®Ùª¬º ¾q²A³�´ ©�Äa®±°�Ö�ÚÔ�«¬¨%³¬³�´ Ó�º ¨4º¶»�«¬Ä�¨±Úx¨%¼�¼�¾a³�´ Ö0²�º¶»�ª¬´ °�©�Û Ñ)Ò ¨4©�²�Ö×¨5«¬´¶®5»�º�Ö×¨±ª Ò °�¼bÓA»�³�¨%¼b°�©;¨±È�Ô�º ´¶®±´ ª Ò ´ Ä Ò Úx°�«�¼�¨5«)ÜAº ª¬¨5«¬´ ©�ÄA·�»�©A¼ª Ò ¨ÃÕ�¨±ª4ÔA»�«�»�Ö×¨±ª¬¨5«�³Ã»�«¬¨0ÜA«�³�ª4¼�¨%³¬®±«¬´ Ó�¨%¼8Û Ñ)Ò ¨×´ ©�Á�¨%³�ª¬´ Ä�»�ª¬´ °�©Ø°�Ý"ª Ò ¨×©�²�Ö×¨5«¬´¶®5»�º.«¬¨%³�²�º ª�³Ãª Ò ¨5©l³ Ò °�ÞTª Ò »�ªª Ò ¨×ßA°�Þà¼�¨5Á�¨5º °�Ô�Ö×¨5©�ª%·�ª Ò ¨N³ Ò °�®�áW®±¨5º º"³�ª¬«¬²A®Ùª¬²�«¬¨1»�©A¼Wª Ò ¨N³¬®±«¬¨5¨%® Ò Ý�«¬¨%µ�²�¨5©A®±¾
»�«¬¨�Þv¨5º ºt«¬¨5Ô�«¬°�¼�²A®±¨%¼WÓ�¾ª Ò ¨CÔ�«¬¨%³�¨5©�ª�®±°�Ö×Ô�²�ª�»�ª¬´ °�©�Û

âPyA�äãb��}��v��å;æÃç�è;é�ê8ë±ì�ë±íîç�ï�ì�ðòñ0ó�ô±ç�ì�õ�ç�ê�öÙë±í�õ�ö�÷"ø"ì�ô±ù�ó�ú�û¯ü�ü8ýÿþ�í�èqê�ð�ì�ë±íîç�ïä÷��¯ð�ì�ï�ì�ô���ó�ë�÷)þ�ê8é.ó�ô5öÙç�ï�í�õ�÷tþ�õ�ô±ó�ó�õ��� ç�ï8ó�ö

� �
	���
���������������	
��ï�ü8ó�ô!õ�ó�ô±ë±ì�í�ïWç�é.ó�ô5ì�ë±í�ï8ùqõ�ç�ï�ü�íîë±íîç�ï�ö�÷�ö±ê8é.ó�ô5öÙç�ï�í�õCç���ó�ôÙú�ì�ï�ü
ê�ï�ü8ó�ôÙú�ó���é�ì�ï�ü8ó�ü��Ùó�ë±ö!èØì�ýØé�ô±ç�ü�ê�õ�ó�ìqü�í�ö±õ�ô±ó�ëÙó
ëÙç�ï8ó�÷)ô±ó ��ó�ô±ô±ó�ü ëÙçiì�öqö±õ�ô±ó�ó�õ��ä÷�ü8ç�èØí�ï�ì�ë±í�ï8ù[ì�ð�ð�ç�ë��8ó�ôbï8ç�í�öÙóWöÙç�ê8ô5õ�ó�öqí�ïÿë��8ó!��ç�ô�"!ì�ô5üUü�íîô±ó�õ�ë±íîç�ï�#$�vç�"Ãó�ð�ð�% &�'"!ì�ö0ë��8ó)(�ô5öÙë4ëÙç
ç+*�öÙó�ô���óqë���í�ö4é,�8ó�ï8ç�è;ó�ï8ç�ïPí�ï[ë��8ó.-0/+&21�ö1ì�ï�üPëÙç
é�ô±ç�é.ç�öÙóNë���ì�ë�ë��8óqö±õ�ô±ó�ó�õ��,é�ô±ç�ü�ê�õ�ë±íîç�ïPí�ö
õ�ç�ïAëÙô±ç�ð�ðîó�ü3*�ý[ì!��ó�ó�ü4*�ì�õ�5[ðîç�ç�é6# � �8óaõ�ç7�8ó�ô±ó�ïAë���ç�ô±ë±í�õ�ì�ðvöÙëÙô5ê�õ�ë±ê8ô±ó�ö�ü8ó ��ó�ðîç�é�í�ï8ùWí�ï ë��8óqö��8ó�ì�ô×ð�ì�ý�ó�ô�÷.í�ï�ü8ó�ó�ü
í�ïAëÙó�ô5ì�õ�ë�"0íîë��^ë��8ó ô±ó�ù�ê�ð�ì�ô5ðîý öÙé�ì�õ�ó�ü|ö��8ç�õ�5^õ�ó�ð�ðCöÙý�öÙëÙó�è ëÙçÿù�í8��ó[ô5í�öÙólëÙç ê8é�öÙëÙô±ó�ì�èbú�é�ô±ç�é�ì�ù�ì�ë±í�ï8ù ì�õ�ç�ê�öÙë±í�õ
é.ó�ô±ë±ê8ô�*�ì�ë±íîç�ï�ö�÷6"9��í�õ�� ì�ô±óWô±ó :�ó�õ�ëÙó�ü;*�ì�õ�5 ì�ëaë��8ó
ï8ç+< <�ðîóWð�íîét÷vì�ï�üÿó��8õ�íîëÙóWë��8ó=�Ùó�ëqö��8ó�ì�ôqð�ì�ý�ó�ô�÷òõ�ðîç�ö±í�ï8ù ë��8ó
ô±ó�öÙç�ï�ì�ïAë0ðîç�ç�é6#

>8ç�ô5è;ó�ôòöÙë±ê�ü�íîó�ö6��ì0��óCö��8ç�"0ïNë��8óÃõ�ç�è;é�ðîó��8íîë�ý1ç+��ë��8óÃè;ó�õ���ì�ï�í�ö±èØö"í�ï?��ç�ð8��ó�üqí�ïNë��8óÃö±õ�ô±ó�ó�õ��$% @A'B#DC�ê�è;ó�ô5í�õ�ì�ð
ö±í�èqê�ð�ì�ë±íîç�ï�ö1ï8ç�" é.ó�ô5èØíîë1ëÙç,í�ï?��ó�öÙë±íîù�ì�ëÙó
ë±ê8ô�*�ê�ðîó�ïAë=:�ç�"0öaí�ï ü8ó�ë±ì�í�ð�ö #.E�ï é�ì�ô±ë±í�õ�ê�ð�ì�ô�÷võ�ç�è;é�ô±ó�ö±ö±í8*�ðîóØø"ì�ô±ù�ó�ú
û¯ü�ü8ý,þ�í�èqê�ð�ì�ë±íîç�ïGFxø"û!þ
H0ì�ð�ðîç�" ë��8ó;õ�ç�è;é�ê8ë±ì�ë±íîç�ïä÷�"0íîë���í�ïPìlö±ì�è;óbô5ê�ïä÷.ç+�¯ë��8óbë±ê8ô�*�ê�ðîó�ïAë9(�ó�ð�ü,ì�ï�ü,ç+�¯ë��8ó
ô5ì�ü�í�ì�ëÙó�üØì�õ�ç�ê�öÙë±í�õI(�ó�ð�ü�# � �8ó4è;ó�ë��8ç�üä÷�ô±ó ��ó�ô±ô±ó�ü;ëÙçaì�öKJ×íîô±ó�õ�ëKC0ç�í�öÙó�æÃç�è;é�ê8ë±ì�ë±íîç�ïLFMJ�C1æNH5÷AèØì�ý;í�ï;ì�ü�ü�íîë±íîç�ï*.óNì�é�é�ð�íîó�ülëÙçWô±ó�ì�ð�í�öÙë±í�õ×ë±ê8ô�*�ê�ðîó�ï�õ�ó1õ�ç�ï4(�ù�ê8ô5ì�ë±íîç�ï�ö #POÃç�ù�ó�ýGQ RTS2U8VD%W-�'X��ç�ô�í�ï�öÙë±ì�ï�õ�ó�÷�ö±ê�õ�õ�ó�ö±öY�xê�ð�ðîýWé.ó�ô���ç�ô5è;ó�ü
ë��8ó�J�C1æ ç+�òìZ��íîù7�$[4ó�ý�ï8ç�ð�ü�ö4ï�ê�è\*.ó�ô4ö±ê4*�öÙç�ï�í�õ]�Ùó�ë #

� �8ó!J�C1æ ç+�Cì[é�ð�ì�ï�ì�ôqö±ê8é.ó�ô5öÙç�ï�í�õN�Ùó�ëqí�ö1é.ó�ô���ç�ô5è;ó�ü í�ï ë���í�ö="Ãç�ô�5 ê�ö±í�ï8ù[õ�ç�è;é�ô±ó�ö±ö±í8*�ðîó;ø"û!þ^# � �8ó��Ùó�ë
ç�é.ó�ô5ì�ëÙó�öaì�ëaê�ï�ü8ó�ô±ó���é�ì�ï�ü8ó�üÿõ�ç�ï�ü�íîë±íîç�ï�ö1öÙç[ë���ì�ëaì3_�ê�ì�ö±í¶ú�é.ó�ô5íîç�ü�í�õaö��8ç�õ�5ÿõ�ó�ð�ð�öÙëÙô5ê�õ�ë±ê8ô±óØí�ö=��ç�ô5è;ó�ü í�ïië��8ó�Ùó�ë×é�ð�ê�è;ó+# � �8ó�[4ó�ý�ï8ç�ð�ü�ö×ï�ê�è\*.ó�ô�*�ì�öÙó�ü,ç�ïië��8ó)�xê�ð�ðîý ó���é�ì�ï�ü8ó�üZ�Ùó�ë�`Pì�õ�� ï�ê�è\*.ó�ô=acb)de-2f &+&�÷"ì�ï�ü,ç�ï
ë��8óg�Ùó�ëT�8ó�íîù7�AëIh.djiaèØè ÷�í�ö¯ó0_�ê�ì�ð�ëÙç$- 1+k2# � �8ó�õ�ç�è;é�ê8ë±ì�ë±íîç�ïlì�í�èØöÃì�ëÃô±ó�é�ô±ç�ü�ê�õ�í�ï8ùNë��8ó×ì�ó�ô±ç�ü8ý�ï�ì�èØí�õN:�ç�"
ü8ó ��ó�ðîç�é�è;ó�ïAë0ì�ï�ülë��8ó���ó�ì�ë±ê8ô±ó�ö4ç+�vë��8óaö±õ�ô±ó�ó�õ��[ëÙç�ï8ó�ö #

� �8ó×ø"û!þØöÙëÙô5ì�ëÙó�ù�ýlì�ï�ü
ë��8ó×ö±í�èqê�ð�ì�ë±íîç�ï
öÙé.ó�õ�í8(�õ�ì�ë±íîç�ï�öÃì�ô±ó�(�ô5öÙë!ü8ó�ö±õ�ô5í8*.ó�ü�#DC�ê�è;ó�ô5í�õ�ì�ð�ô±ó�ö±ê�ðîë±öÃì�ô±ó×ë��8ó�ï*�ô5íîó :�ýWí�ï?��ó�öÙë±íîù�ì�ëÙó�ü�#



lnm

lno

l4p

qDr8s7t4u�v�w2xTynz+v {�|�}L~+��{�}4v\|�~7�Z�,t4{��2{�r8~7�
�+�6�4~7���+r��$�+�
�$~+��{�}4v\|�~n~+u��
r��
�2{Yv0�N�Y���Y{Yv0�$�

� ���Z���g�6���]�N�c�������]�g�������
�D��� �N�! ¢¡�£+¤7¥^£+¦
§�¨©¥�ªK«¬ªD­K®¯¦
¤?°�±�¥�²�®¯¦4£7³g´]«K¡
µ }4vP¶,�8{Yv u�v0�)|�~7�Z�
u�v0����r8·,�8vP¸��0¹�r8v uYº»yn{Y~+z+v0�]v0¼nt
�2{�r8~7�
���
u�~+��~7�Yv0�\·n�\½]u�v0���+�3¾ ¿�À2Á8Â
Ã ÄAÅ
�2u�vI�Y~7�8¹+v0��r��\{�}
r��XÆP~+u�z{Y~\��v u��Ç~+u��È{�}4v�ÉXÊTy)~+�����,���+�
�2ugt
�
�4v u�v�Ë��,�+�
�4v0�9ÌYv { � µ ~\{��2z+v��+| |�~7t
�?{P~+��{�}4v9�
r�����r8�,�2{�r8~7���
u�~�¹�r��4v0��·n��{�}4vt
�4u�v0�Y~7�8¹+v0�Í��| �+�8v0� ÎD�+�Ív0�
�4�?ºB¹�r���|�~7��r8{��?ºB·,�+�Yv0�;�Z~��4v0�gr���|�~7���Z~7�
�8�Ïr��?{Yu�~��
t
|�v0��� µ }
r��=�Z~��4v0��r��4s$�2�
�
u�~7�+|�}���0�Ï�4v ¹+v u�{�}4v0�8v0����r��?{Yu�~��
t
|�v�v�Ë4|�v0����r8¹+v.�
r�����r8�,�2{�r8~7�L~7�Ï{�}4v�u�v0�Y~7�8¹+v0�Í��| �+�8v0� Î��8v0�+�
r��4sÐ{Y~L�3�4v0|�u�v0�+�Yv�~+�P{�}4vv�Ñ�v0|�{�r8¹+vNÒNv ���4~7���
�D�nt
�\·�v uD~+�,{�}4vI��r��)t
���2{�r8~7�ÐÃ ÓAÅB�DÔ��Z�+�8{Yv u��
�2{�r8¹+vT{Y~=v0�
�4��¹�r���|�~7��r8{��)�Z~��4v0����r���{Y~���r��
r���r8Õ v{�}4vÐ�
r�����r8�,�2{�r8~7�Ö~7�×{�}4v.u�v0�Y~7�8¹+v0�×��| �+�8v0� �ÖÊ]Ë��,��r�| r8{��Yv0�8v0|�{�r8¹+vÐ}
r8s7}�ºB~+u��4v u\¶,�8{Yv u�r��4s3~+�N{�}4v.Ø
~�ÆÙ¹2�2u�r��2·,�8v0�)r��{�}4v u�v �Ç~+u�v=�2�
�,��r8v0�!{Y~Z�
rWÑ�t
�Yv�v0�4v u�s+�!~7�
�8�!�2{T{�}4v=�����+���8v uI��| �+�8v0� Î4| �8~7�Yv�{�}4v�s+u�r��Ð| t4{»ºB~2ÑÖÆT�0¹+v��nt
�\·�v u0� µ }4v�Zv {�}4~��$}
�+�I·�v v0�$��t
| |�v0���Y�Mt
���8��t
�Yv0�$r��Ðu�v0|�v0�?{9�2�
�,��r�| �2{�r8~7�
�=ÃWw2Î,Ó�Î^Ú0ÅX�+�
�$r��I�2�
�,��r8v0�Ð}4v u�v�{Y~!|�~7�Z�,t4{Yv�r��Ð����+�Zv�u�t
�Ð{�}4v={�t4u�·,t
�8v0�?{TØ
~�Æ©�4v ¹+v0�8~+�,�Zv0�?{ Î,�+�
�${�}4v\�+|�~7t
�Y{�r�|=¶
v0���Ð~+�D�Z�,���+�
�2uN��t4��v u��Y~7�
r�|���}4~�|�z+v0��ÌYv { �

µ }4v�¶,�8{Yv u�v0�Ð|�~7�Z�
u�v0����r8·,�8v�¸��0¹�r8v uYº»yn{Y~+z+v0�Nv0¼nt
�2{�r8~7�
�T�2u�v��Y~7�8¹+v0�Ðt
��r��4s��8~�Æj�
r��Y��v u���r8¹+v��+�
�Ð�8~�ÆÛ�
r�����r8�,�Aº{�r8¹+v�v�Ë��,��r�| r8{P�nt
�Zv u�r�| �+���+�8s+~+u�r8{�}
���T�4v ¹+v0�8~+��v0�.·n�.ÜP~+s+v �$ÝÈÜT�+r����8�LÃ ÞAÅB�gß�v u�r8~��
r�|9·�~7t
�
�
�2u���|�~7�
�
r8{�r8~7�
�P�2u�vr��Z�,�8v0�Zv0�?{Yv0�Zr��Z{�}4vNà^á�º��
r8u�v0|�{�r8~7�ZÆ9}
r��8vI�4~7��ºBu�v Ø
v0|�{�r��4s\|�~7�
�
r8{�r8~7�
�]�2u�v9t
�Yv0��r��Z{�}4vNà6âK�+�
��à^ãI�
r8u�v0|�{�r8~7�
�]�Y~{�}
�2{K�+|�~7t
�Y{�r�|I��v u�{�t4u�·,�2{�r8~7�
�D�8v0�0¹+vN{�}4v9|�~7�Z�,t4{��2{�r8~7�
�+�
�4~7���+r���Æ9r8{�}4~7t4{D{�}4vNs+v0�4v u��2{�r8~7�Z~+���Y�,t4u�r8~7t
��ÆT�0¹+v0� �Ô¢�Yz+v {�|�}L~+�D{�}4v�|�~7�Z�,t4{��2{�r8~7�
�+�6�4~7���+r��$�+�
�$~+�D{�}4v�|�~n~+u��
r��
�2{Yv0�N�Y���Y{Yv0�är��Ts7r8¹+v0�Lr��$qDr8s7t4u�v�w2�

�D�Ç�  ]°�®å­K²B¥^£7°B´XªÛæK¥�¤7¥�®¯¦4£+¦
¤?¡
µ }4v�ÌYv {\�4~+Õ Õ0�8v.r����Z~��4v0�8v0�Ï·n�Ö{�ÆP~Ö�+�
r��2·,�2{�r�|��,���2{Yv0����v u���v0�
�
r�| t
���2u�{Y~Là^ã��+�
�;�Yv �,�2u��2{Yv0�Í·n�Ï�L�
r��Y{��+�
|�vç$è ÓZ���ä�4v ¶,�
r��4s�{�}4vTÌYv {9}4v0r8s7}?{ � µ }4v��4~+Õ Õ0�8v)��r8�${�}
r�|�z��4v0��� ç
é r��N��t
|�}L�+� ç$èëê?ç
é � µ }4v�Ø
~�Æ¢r��
��r��4v�{�}4v�4~+Õ Õ0�8v�r��g���+��r��
�2ug�+�
�!�Y~7�
r�|2�]Ô���v0�8v ¹2�2{Yv0�!v�Ë4r8{g�
u�v0����t4u�vDì^í è Þnî ï7ð�ì�ñÐÎ?Æ9}4v u�v]ì�ñÈr��g{�}4v9�+�\·,r8v0�?{K�
u�v0����t4u�v+Îr��Dr��Z��~7�Yv0�)�2{]{�}4vI�4~+Õ Õ0�8vTv�Ë4r8{]�Y~�{�}
�2{]{�}4vXÌYv {D~+��v u��2{Yv0�g�2{gt
�
�4v u�v�Ë��,�+�
�4v0�\|�~7�
�
r8{�r8~7�
� � µ }4vT�Mt
���8��v�Ë��,�+�
�4v0�
ÌYv {9òL�+|�}3�nt
�\·�v u9ócô èöõ Þ7÷�øúù$ûåw�üPý�þ?wPÿ ó ã� øúù$ûåw�üY÷2Þ��Iø ì^í�÷�ì�ñ�ü â���â��	� û w�

� â��»ã r��Pv0¼nt
�+��{Y~Lw2� ���nÎ
Æ9}4v u�v
ó � è w9r��g{�}4v9v�Ë4r8{PòL�+|�}Ð�nt
�\·�v u0� µ }
r��]¹2�+��t4v�}
�+�g·�v v0��~+·,�Yv u�¹+v0�!·n���=u�~+{�}
�2�,�+����rX¾ ¿]À2Á8Â6Ã ê Å^{Y~�|�~+u�u�v0�Y��~7�
�{Y~$���AË4r��)t
� ��|�u�v v0|�}Ï�Y~7t
�
�Lu��+�
r��2{�r8~7�c�Ç~+u=�Ð���2u�s+vZ�+�Y��v0|�{�u��2{�r8~.u�v0|�{��+�4s7t
���2uPÌYv { � µ }4vZÒNv ���4~7���
���nt
�\·�v uÒNv�� è�� ô ç ÷��3r��I�2·�~7t4{�w ï��+Î4Æ9}4v u�v � ô è ócô��Yô�Æ9r8{�}��Yô è Ó�w ï��$� � ��â �

µ }4v$|�~7�Z�,t4{��2{�r8~7�
�+�T�4~7���+r��G|�~7�?{��+r��
��� ê ��� w0ð���� w0Þ�w! w���� w ï�".��~7r��?{�� ÎK�+�
�G}
�+��{�}4vÐ�Ç~7���8~�Æ9r��4s�
r��Zv0�
��r8~7�
� x�Þ��nî � ç �Gw�� ç �#� ç ÎXÆ9r8{�}Ï�$�4~+Õ Õ0�8vZv�Ë�{Yv0�
�
r��4s$~�¹+v u)ï�î � ç r��
��r��4v){�}4v��4~7���+r���� µ }4vZ{�r��Zv��Y{Yv �$&%  ÛÞnî�w'�Íw ï �)( |�~+u�u�v0�Y��~7�
�
�I{Y~!�+*TqDÉ è ø � ôPÿ,�Yô�ü $&% ÷ $&- �nt
�\·�v uIv0¼nt
�+�6{Y~Lw2� �nÎ^Æ9}4v u�v $&- èÛç ÷2Þ ê r��{�}4v9�����+���8v0�Y{]�Zv0��}���r8Õ v+� µ ~�v0�
��t4u�vN�Zv0�+�ZØ
~�Æ¯|�~7�?¹+v u�s+v0�
|�v��+�
�Z{Y~\|�~7�Z�,t4{Yv9�2{K�8v0�+�Y{g~7�4v9}nt
�
�4u�v0�)��v u�r8~��
�~+��{�}4v\��|�u�v v0|�}�Î,{�}4v���r��)t
���2{�r8~7�$r��Tu�t
�Ð~�¹+v u.�2ï�Î ï+ï+ï�{�r��Zv\�Y{Yv �,� �



/ 021436587:963
;=<�>�?8>�@�ACBEDFA�GFHEIKJMLMHNAM@�BPO�>�BED
Q�HEI	R SUTWVFXZY�HNA[IK<�>�\]BN@�A�>8^)_�`ba�HNc.\]BED�I�I�>�LCHNAedfHEGFJ�gK>�hjilkmJ�>�I�DnIK<�>�DoO�>�g�p\MgK>�cKcKJ�gK>q@�IrIK<�>sA�D�t�t�BE>q>Wu�HEI�v]wMO�>scK<�D
QKx�QW>�BNBNc=@�gK>'O
HNcKHEy]BE>.HNA�IK<�>{z�>�I=\]BNJM?8>.|}D�gr^UTWV�~!����a
i{�rO�>�g�@�G�>&cK<�D
QKxQW>�BNB]c�\]@�Q�HNA�GsHNc4|}DFJMAML�I�Dsy6>�@�y6DFJ�I�hj�N��~Zv��r<MHNQ�<�HNc�Q�BEDFc�>�I�DsIK<�>rO�@�BNJ�>r>Wu
\6>�QWI�>�L+y]@�c�>�L�DFA�>Wu
\6>�g�HN?8>�A�IK@�B]@�AMLIK<�>�D�gK>�IKHNQ�@�B]gK>�cKJMBEIKcr� �o��i4����>�@�x�>�AMHNA�G'D�|ZIK<�>rcK<�D
QKx�c�I�gK>�A�G�IK<�HNA8IK<�>�L�Do�rAMc�I�gK>�@�?�LMHEgK>�QWIKHEDFA�HNc4@�BNc�DqD�y]c�>�gKO�>�LHNA+dfHEGFJ�gK>qhji4;=<�>.HNA�I�>�g�@�QWIKHEDFAMc�y6>�I	��>�>�A�IK<�>.QW>�BNBNc�@�AML+IK<�>.cK<�>�@�g{BN@�R�>�gr@�gK>.HNAML�>�>�L+c�I�gKDFA�G�>�g=@�c�IK<�>mO�D�gKIKHNQ�@�Bc�I�g�JMQWIKJ�gK>�cqL�>�O�>�BED�\�HNA#IK<�>�c�I�gK>�@�?'�rHNc�>�LMHEgK>�QWIKHEDFAZi�;=<�>8O�>�BED
Q�HEI	Re@�AML#\MgK>�cKcKJ�gK>8G�g�@�LMHE>�A�IKc'HNAMLMJMQW>�L[yjR!IK<�>cK<�D
QKx
c=@�gK>'QWDFAMc�>��jJ�>�A�IKBERlcK?8DjD�IK<�>�L�DFJ�I�i��A�HNAMc�IK@�A�IK@�A�>�DFJMc=cKAM@�\]cK<�D�I�D�|�HNc�DFcKJ�gK|�@�QW>�c�D�|fIK<�>.O�D�gKIKHNQ�HEI	R�?8D
LMJMBNJMc.� ���jHNAlIK<�>q�r<�DFBE>.QWDF?8\]J�IK@�IKHEDFAM@�BL�DF?�@�HNA�HNclgK>�\MgK>�c�>�A�I�>�L�HNA�dfHEGFJ�gK>C�ji���BN@�gKG�>#g�@�A�G�>#D�|sIKJ�gKy]JMBE>�AMQW>#cKQ�@�BE>�c�vm>�c�\6>�Q�HN@�BNBER�IK<�>#w]A�>#cKQ�@�BE>�cQ�<M@�g�@�QWI�>�g�HEt�HNA�G�<MHEGF<[�=>�R
A�DFBNLMc�AjJM?'y6>�gm�MDo�rc�vU@�gK>&D�y]c�>�gKO�>�L#HNA!IK<MHNc�cKHN?sJMBN@�IKHEDFAZi. 4gK>�cKcKJ�gK>&HNc�D
QWDFA�I�DFJ�g�c.HNAIK<�>�\]BN@�A�>8^)_oV�~�`¢¡rhj� £�@�gK>�@�BNc�D�gK>�\6D�gKI�>�LCHNA#dfHEGFJ�gK>+�jil¤r\]c�I�gK>�@�?&p�\MgKD�\]@�GF@�IKHNA�Gn��@�O�>�|}gKDFA�IKc&@�gK>�Q�BE>�@�g�BERO
HNcKHEy]BE>�DFA�>�HEIK<�>�g�cKHNL�>�D�|rIK<�>'z�>�I�iC;=<�>+\6Do��>�g8c�\6>�QWI�g�@�B�L�>�AMcKHEI	ReD�|rIK<�>l\MgK>�cKcKJ�gK>+?8>�@�cKJ�gK>�L¥Q�BEDFc�>lI�D[IK<�>A�D�t�t�BE>l@�Is^UT�V�~�`¦¡=a
� £!@�AMLC^)§�V�~�`¦�+HNc'A�Do�¨GFHEO�>�A¥HNACdfHEGFJ�gK>�©�i!;=<�gK>�>�I�DFA�>�c�v�QWD�gKgK>�c�\6DFAMLMHNA�G�I�D!IK<�>cKQWgK>�>�Q�<,@�AML¥HEIKcswMg�c�I&@�AML¥c�>�QWDFAML¥<M@�g�?8DFAMHNQ�c�v4@�gK>+D�y]c�>�gKO�>�L,HNACIK<�>�c�\6>�QWI�g�JM?�@�I&IK<�>nªjI�gKDFJM<M@�B�AjJM?'y6>�g�ca
iN����v)a
i h�h�@�AML�a
i ���jv]�r<MHNQ�<�@�gK>'HNA�@�G�gK>�>�?8>�A�Ir�rHEIK<l>Wu
\6>�g�HN?8>�A�IK@�BZc�IKJMLMHE>�cq� �«��i
0214¬�14­Z1�®&¯�143
�°���&±�D�G�>�R�v]²�iEv
±�@�HNBNBER�v
²�iEv�³FJ�O4´>�ksiEv
µrDFHNc�>rHNA�O�>�c�IKHEGF@�IKHEDFA�D�|U@'<MHEGF<�cKJ�y]c�DFAMHNQ�v�?8D
L�>�g�@�I�>��=>�R
A�DFBNLMc4AjJM?'y6>�gz�>�ImJMcKHNA�G+@lQWDF?8\MgK>�cKcKHEy]BE>'¶¸·�ª)v=¹Uº�»K¼�½K»�¾�¿ÁÀ�Â�Ã�Â�Ä)ÅCÆ�¼�ÇrÈ)É�¾�Â�¾�¿Á¼�Ä)Â�ÃfÊ4Ã É
¿ÁÅ+ËqÌ�Ä)Â�Ç&¿ÁÀWÍ�vZO�DFBÁif���jvU\M\Ui6hFÎ��oph�ÏFÎ�v6h�a�aF�ji
� ho�&±�D�G�>�R!²�iEv]±�@�HNBNBER�²�iEv]��|�@�?�HNBER+D�|�BEDo��LMHNc�\6>�g�cKHEO�>.@�AML�BEDo��LMHNcKcKHE\]@�IKHEO�>m>Wu
\]BNHNQ�HEI{cKQ�<�>�?8>�cr|}D�g=�MDo��@�AMLA�DFHNc�>qQWDF?8\]J�IK@�IKHEDFAMc�vZÐ�¼�É
½�Ä)Â�Ãf¼:Ñ�Æ�¼�ÇrÈ)É�¾�Â�¾�¿Á¼�Ä)Â�Ã¸Ò�º�Ì«Í�¿ÁÀWÍ�vMO�DFBÁi¸��Ï«©�v]\M\UiZ��Ï«©�p�h
�W©�vUh�a�a�©�i
� �o�&±�D�G�>�R�²�iEv�±�@�HNBNBER+²�iEv�k�>�QWgK>�@�c�>qD�|UIK<�>m>WÓ6>�QWIKHEO�>q�=>�R
A�DFBNLMc�AjJM?'y6>�g��rHEIK<�>�LML�R�p�O
HNcKQWDFcKHEI	R�cKJ�yMG�g�HNL
p	cKQ�@�BE>?8D
L�>�BNHNA�G�vMÔ�Õ�Ô�Ô�Ð�¼�É
½�Ä)Â�Ã vMO�DFBÁiM©��jv]\M\Ui
©��FÎ�p�©���ÏjvUh�a�aF£ji
� ©��&Ö.gKD�IK<M@�\]@�BNBNHU�'iEvU×�cKHN@8Ø&iEvZ±�@�GF@�A�D�Ó,ksiEvZÖq@�g�@�?�Q�<�>�IKH�Ö8iEv6;=<�>sgKDFBE>'D�|�cKQWgK>�>�Q�<!I�DFA�>�c.HNA!?�H°u�HNA�G�D�|�@�AJMAML�>�gK>Wu
\]@�AML�>�L+gK>�QWIK@�A�GFJMBN@�gfz�>�I�vUÐ�¼�É
½�Ä)Â�Ãf¼:ÑqÙ)¼�É
Ä)ÅlÂ�Ä)Å,ÚU¿�ÛW½�Â�¾�¿Á¼�ÄMvMO�DFBÁi¸��aF�jv]\M\UiU����Ïop��W©��jvf��Ï�Ü��ji
� £o�& PDo��>�BNBf�'iEvPÝmAnIK<�>&?8>�Q�<M@�AMHNcK?ÞD�|�Q�<�D�x�>�L�z�>�I.A�DFHNc�>�vUÒ�½�¼�Àoß�à{¼�ÌFÂ�Ã�Ù)¼�À�¿�»�¾�Ìn¼:ÑqáU¼�Ä)ÅF¼�ÄMvfªj>�g�HE>�cm±�v)O�DFBÁi���jvM\M\UiU��aF��Ïop���aF£��jv���Ï�£��ji
� �o�&�r@�?�@�AlâsiEv�ª
J�\6>�g�c�DFAMHNQZz�>�I�cKQWgK>�>�Q�<Zã4<M@�BE|äp	QW>�A�IKJ�gKRs|}gKDF?å 4Do��>�BNBMI�DqIK<�>=\MgK>�c�>�A�I�v]Ð�¼�É
½�Ä)Â�ÃZ¼:Ñ=Ù)¼�É
Ä)Å�Â�Ä)ÅÚU¿�ÛW½�Â�¾�¿Á¼�ÄMvMO�DFBÁi)h�h�£jv]\M\Ui]£«©��op�£FÎj��vf��Ï�Ï�Ïji
� Î��&�rHEt�t�>�I�IK@[ksif PiEv�æmHNc�y]@�B�çeif�qiEv�±�BN@�HNcKL�>�BNB�âsi��'iEv��èIKHN?8>Wp	HN?8\]BNHNQ�HEIq<MHEGF<
p�D�g�L�>�gsQWDF?8\]@�QWI&LMH°Ó6>�gK>�AMQ�HNA�G@�AML[w]BEI�>�g�HNA�GlcKQ�<�>�?8>�cq|}D�gqBN@�gKG�>Wp�>�LML�R[cKHN?sJMBN@�IKHEDFAZv¸Õ�Ä]¾	»W½�Ä)Â�¾�¿Á¼�Ä)Â�Ã�Ð�¼�É
½�Ä)Â�Ã�¼:Ñsé.É
Ç�»W½�¿ÁÀ�Â�ÃfêC»�¾}º
¼�Å«Í�¿}ÄÊ4Ã É
¿ÁÅ«Í�vMO�DFBÁiM©�hjvM\M\Ui]����£op���Ï��jvUh�a�aF�ji
� Üo�sæ�gK>�?�@�A[±�iEv¸â�>�J�gKIKc�±�iEvZÖqJ�>�gKI�>�A!×'iEv¸ª
J�yMG�g�HNL
p	?8D
L�>�BNHNA�G&HNA!¶¸·�ªlD�|�QWDF?8\MgK>�cKcKHEy]BE>q�MDo�qvUÔ�ÈFÈ)Ã ¿�»KÅ�Ù)À�¿}ë»WÄ]¾�¿ ì�À'Ð�¼�É
½�Ä)Â�Ã v]O�DFBÁi)£«©�vM\M\UiU��Ï
��p�h�aF�jvf��Ï�Ï�£ji



ífîEïFð�ñKò'ójô�õ�ò�ö�÷nøEùF÷�ïFîEúKðMûMîN÷Mö�ø]ü�ò�øEù
ý�îEú	þ ÿ��������qîN÷lú	��ò�
]øNö�÷�ò
���������

ífîEïFð�ñKò��jô��:÷���úKö�÷�úKö�÷�ò�ùFð����K÷Mö�
��	��ù�ú&ù ��ü�ù�ñKúKîNý�îEú	þ"!8ù
ûMðMøNð��sîN÷�ú	��ò�#���ùFøEò�ýWù�!$
]ð�úKö�úKîEùF÷Mö�ø{û�ù�!�ö�îN÷,ö�÷Mû�ù �

MñKò%�	�Kð�ñKò.îN÷�ú	��ò�
]øNö�÷�ò&���%��'(�*)ró,+ -,�.�:÷�ï�ñ�ö�þ)ô�î/��ù��Kð�ñ	��ö�ýWò%�{ù ��0 1$02�3-$4657� 8���9 � �;:�ùFøEù�ñKò�û�ýWùF÷�ú�ùFð�ñ<�>=?�}ñKù�!
@ øNð�ò{ú�ùsñKò�û�A�ôB
MñKò%�	�Kð�ñKò=î/��ù
ýWùF÷�ú�ùFð�ñ<��ñ�ö�÷�ïFîN÷�ï��}ñKù�!DCFE2ú�ùG5�+ �H5ICFE��KJL��òr÷�ù M7M�øEòmøNîN
���ö�ñKò�ñKò7
MñKò%��ò�÷�ú�ò�û�îN÷�ûMö�ñ	O
@ øNð�ò �

0.01 0.1 1 5
10

−4

10
−2

10
0

10
2

10
4

St=fh/U
j

P
S

D
 (d

B
.H

z−1
)

ífîEïFð�ñKòQP�ô�RPùS#�ò�ñ��T
6ò�ýWú�ñ�ö�øPû�ò�÷��KîEú	þ�ù �4ú	��òU
MñKò%�	�Kð�ñKòQ�KîEïF÷Mö�øV!8ò�ö �Kð�ñKò�û!ö�ú
���W��'X�Y)L��+ -+ö�÷MûZ��[%��'X�Y5sö �mö
��ðM÷MýWúKîEùF÷lù �Pú	��ò>\jú�ñKùFð��Mö�øZ÷jð�! @ ò�ñ]\jú^�D_�'������ �


