
 

 

 
 
 

 
 

UNIVERSITY 
OF TRENTO 

 DIPARTIMENTO DI INGEGNERIA E SCIENZA DELL’INFORMAZIONE
  

38123 Povo – Trento (Italy), Via Sommarive 14 
http://www.disi.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
AN INNOVATIVE COMPUTATIONAL APPROACH BASED ON A 
PARTICLE SWARM STRATEGY FOR ADAPTIVE PHASED-
ARRAYS CONTROL 
 
M. Donelli, R. Azaro, F. De Natale, and A. Massa 
 
 
March 2006 
 
Technical Report # DISI-11-008 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.
 



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

��� 	 ()	*����+�,��� -/. 	
�0� -/�1�!	����32
4 56�7�8� &�	
��������9(  �	�$:��&<;

� ���!	=4�$ � �����1�����

>*?�@A@CBEDGFIHJFLKNMPOEOQBSRNT1MUKWVPFGXJVP?�YCFWRWZ6YC?�KW[UMP@C[UF3H�M]\�?_^`?�OQM�RN?�KWabXJKWaWYAMc?=>*?�@A@d?

HJMPeW?�YA^CD=MUKf^1F�gihjKNgkFLYAD3?l^dBEF�K'?�KWa*mnFLDGD,oWKWBQ[c?_^CBEFLK�pqMP[`rNKWFLOEF�s�t
u�KWBwvLMUYC@CBw^jt'F�gipiYAMPK�^dFNRWx�By?Gz{F�D=D=?�YCBwvLM,|P}WR�~L�L�L���,piYAMPK�^dF���h�^`?_OQt
piMUOS���0~L�I��}��{|!�L���������{RWZ6?l���0~L�I��}L�N|!�L�������L~
���jD=?�BEO����+�������d�C���E�G�l�`�P��R����A��� �`�`�¡�`¢��£�+�¤����¥���¦E��§6¨�©£�+ª��E«+��©£¥¬���E©£¥k

���G�l�`�¤©£�3¢��£�+¢l� �¤¦£¦®©£R��d�¤�+¯l¢l�y�¡¯¡���d¢�§6¨:��©£¥S�E«+��©£¥����E©£¥
°�MU±{�j@ABQ^CM��n²+¥¬¥´³ µ·¶�¶�¸¹¸¹¸��¬�¤¦E�C��©¬���E©£�+ª��E«+��©£¥����E©£¥

|



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

��� 	 ()	*����+�,��� -/. 	
�0� -/�1�!	����32
4 56�7�8� &�	
��������9(  �	�$:��&<;

� ���!	=4�$ � �����1�����

>*?�@A@CBEDGFIHJFLKNMPOEOQBSRNT1MUKWVPFGXJVP?�YCFWRWZ6YC?�KW[UMP@C[UF3H�M]\�?_^`?�OQM�RN?�KWabXJKWaWYAMc?=>*?�@A@d?

º¼» ½`¾�¿UÀ�Á�¾
Â¬Ã/ÄjÅ�Æ´ÇGÈ+ÉPÈNÊdËGÉ7ÃfÊdÌÍÉPÈ�È�ËÏÎ�ÉcÐÏÅÑÄÏÎ
ÄjÅfÊÒÐ`ÎcÃlÄjËÏÎcÓJÎPÔJÈ�Å+ÉcÇÏÊ`ÕÑÉPËjËÖÉ`×LÇIÆ´Ç�È�ËÏÊ`ÇÏÊdÃ_ÄÏÊ`ÕÑÉPÃfÕ
ÉcÇÏÇÏÊ`ÇÏÇÖÊ`Õ�ØqÙ_ÄÖÉPËjÄjÆ®Ã�Ú�ÔyËÏÎcÛ#ÄjÅfÊ%ÉcÕfÉPÈ�ÄjÆ®Ü�Ê:ÉPËjËÖÉ`×ÝÄjÅfÊ`ÎcËj×�ÞfÉ�È+ÉPËjÄjÆ´ÐdÓ´Ê�ÇjÌßÉPËjÛàÇjÄjËÖÉPÄÏÊdÚ¡×ÝÆ´Ç�áfÇÏÊ`Õ
ÄÏÎ�Äjá�ÃfÊ�ÄjÅfÊ,È�Å+ÉcÇÏÊ�Ð`Î�ÊCâÝÐdÆ´ÊdÃlÄÏÇ¼ÎPÔnÄjÅfÊIÉPËjËÖÉ�×*Æ®Ã�ÎcËÏÕ�ÊdË0ÄÏÎÒÉcÕfÉPÈ�ÄjÆ®Ü�ÊdÓ®×
Û0Æ®Ã�Æ®Û0Æ®ã�Ê¤äcÉ�Ü�ÎcÆ´Õ
ÄjÅfÊIÊCå�Ê`ÐdÄÏÇ!ÎPÔæÆ®Ã_ÄÏÊdË�ÔyÊdËjÆ®Ã�Ú*ÇjÆ®Ú¡Ã+ÉPÓ´ÇÝÉPÄ0ÄjÅfÊ,ËÏÊ`Ð`ÊdÆ®Ü�ÊdË�Ø�çèÎÒÇjÅfÎ�ÌéÄjÅfÊGÊCåWÊ`ÐdÄjÆ®Ü�ÊdÃfÊ`ÇÏÇÝÎPÔnÄjÅfÊ
È�ËÏÎcÈNÎ¡ÇÖÊ`ÕÒÉPÈ�È�ËÏÎ�ÉcÐÏÅ6ÞêÉ¼ÇÖÊdÓ´Ê`ÐdÄÏÊ`Õ'ÇÏÊdÄ:ÎPÔiÃ_á�Û!ÊdËjÆ´Ð�ÉPÓqÊCë�ÉPÛ0È�Ó´Ê`Ç¤Þ6Ð`ÎcÃfÐ`ÊdËjÃfÊ`Õ'Ì¹Æ®ÄjÅ'Ó®Æ®ÃfÊ�ÉPË1ÉcÇ
ÌiÊdÓ®ÓìÉcÇæÈ�ÓwÉPÃ+ÉPË�ÉPËjËÖÉ�×�Ç�Þ{Æ´ÇæÈ�ËÏÊ`ÇÏÊdÃlÄÏÊ`Õ�Øní�á�ËjÄjÅfÊdËjÛ!ÎcËÏÊ¡ÞWÄÏÎ]ÊdÜcÉPÓ®á+ÉPÄÏÊ�ÄjÅfÊ�ÉcÕLÜ¡ÉPÃlÄÖÉPÚ�Ê`Ç%ÎPÔìÄjÅfÊ
îiÙ�ï�ðkñ+ÉcÇÏÊ`Õ¼ÇjÄjËÖÉPÄÏÊdÚ¡×JÎ¤Ü�ÊdËìÇjÄÖÉPÄÏÊCð¬ÎPÔEð�ÉPËjÄìÛ!ÊdÄjÅfÎ_Õ�Ç¤ÞlÉ�Ð`ÎcÛ0È+ÉPËÖÉPÄjÆ®Ü�Ê�ÇjÄjáfÕL×�Æ´ÇìÐ�ÉPËjËjÆ´Ê`Õ!Îcá�Äòñ_×
ÉPÃ+ÉPÓ®×_ã`Æ®Ã�Ú�ÄjÅfÊßÈNÊdË�Ô£ÎcËjÛÝÉPÃfÐ`ÊóÎPÔWÄjÅfÊ¹Û!ÊdÄjÅfÎ�Õ�Æ®Ã!ÄÏÊdËjÛ!ÇìÎPÔWñNÎcÄjÅ0ÄjÅfÊóÇÏÆ®Ú¡Ã+ÉPÓôðkÄÏÎPðkÆ®ÃlÄÏÊdË�Ô£ÊdËÏÊdÃfÐ`ÊCð
È�Ó®áfÇ�ðkÃfÎcÆ´ÇÏÊCðkËÖÉPÄjÆ´Î�ÉPÃfÕõËÏÊ`Çjá�Ó®ÄjÆ®Ã�Ú�ñWÊ�ÉPÛöÈ+ÉPÄjÄÏÊdËjÃ6ØéçßÅfÊbÉcÐÏÅ�Æ´ÊdÜ�Ê`Õ÷ËÏÊ`Çjá�Ó®ÄÏÇ�ÞnÊdÜ�ÊdÃøÄjÅfÎcá�Ú¡Å
È�ËÏÊdÓ®Æ®Û0Æ®Ã+ÉPËj×�Þ¡ÇÏÊ`ÊdÛ÷ÄÏÎ�Ð`ÎcÃLùfËjÛ÷ÄjÅ+ÉPÄ�ÄjÅfÊqîiÙ�ï�ðkñ+ÉcÇÏÊ`Õ�ÉPÈ�È�ËÏÎ�ÉcÐÏÅ�ÇÖÉPÄjÆ´Ç�ÔkÉcÐdÄÏÎcËjÆ®Ó®×nÌ�ÎcËjú�Ç ÉPÃfÕ:Æ®Ä
Ú�ÊdÃfÊdËÖÉPÓ®Ó®×GÎcá�ÄjÈWÊdË�ÔyÎcËjÛ!ÇæÈ�ËÏÊdÜ_Æ´ÎcáfÇÏÓ®×]È�ËÏÎcÈWÎ¡ÇÏÊ`Õ+äPÇjÄÖÉPÄÏÊCð¬ÎPÔEð�ÉPËjÄnÈ�Å+ÉcÇÏÊCð¬ÎcÃ�Ó®×=ÉcÕfÉPÈ�ÄjÆ®Ü�Ê1Ð`ÎcÃ_ÄjËÏÎcÓ
ÇjÄjËÖÉPÄÏÊdÚ¡Æ´Ê`Ç�Ø

û�ü�ýøþ,ÿ������_�
X%a�?�eN^CBQv�M]mnF�Kf^CYCFLO�R��¹r�?�@AMPa*X�YCYC?¡t+@UR���?�YÖ^dBE[UOEMÝz	�n?�YAD�
�eN^dBQD=BQVPMPYU�

�



� ����������������������
hjK,^drWMnOy?�@Ö^�tLMP?�YC@ß^CrWMPYAM%r�?�@ß±�MPMUKG?�sLYCF �:BEKNs�BEK�^dMUYCMU@A^¹BQK]^drWM%aNMP@CBQsLKI?�KWaI?_eWeWOEBQ[c?_^CBEFLKÝF�g6eWrW?�@CMUa{�
?�YCYC?ct{@ÒgkFLYÒYCMUD=F_^dM @CMPKN@CBEKNs<Yd?_a�?�Yb@At+@A^CMPDG@"!´|$#SR0DGBEOQBQ^d?�YAt<?�KWa�[PFLDGD=MUYC[UBy?�O�[UFLDGD,oWKWBQ[c?_^CBEFLK
M$%foWBQeWD=MUK�^d@&! ��#���T:MP[UFLK('�s�oWYd?�±NOEM*eNr�?�@CMUa{�Ï?_YCYd?ctÑ?�K�^dMUKWK�?�@UR)�:rNBE[`r ?�YAM
?�±NOEMÒ^dF�YAMP[UMPBQv�M
BEK<?
@Ce�MP[UB*'�[!?�KNaÒ^CoWK�?�±NOEM0aWBQYCMP[¤^dBQFLK�±�t'M¤�{[UOEoWaWBQKWsIF�^drNMPY%oWKWaNMP@CBQYCMUab@ABEsLKW?�OE@�[UFLDGBEKWs]gkYAFLD aNB*+èMPYCMUK�^
BEKW[UBEaWMUKW[PM!?_KWsLOEMU@PR�?_YCM0[PF�D=DGFLKWOwt=oN@CMPabBEKÒ@AMUvLMUYd?�O�'�MUOEaW@%@AoW[`r
?_@:?�BEYAeèFLYÖ^�@AoWYAv�MPBEOQOy?�KN[PM�RND=BQ@C@CBQOEM
aWMU^CMP[¤^dBEF�K�?�KNa ^CYd?�[-,fBEKNs.!·~/#��=X�a�?�eN^CBQv�MGeNr�?�@CMUa{�Ï?_YCYd?ct+@]@AMPe�?_Yd?_^CMI^CrWMGaWMP@ABEYCMUa�@ABEsLKW?�OßgkYCFLD BEK{�
^dMUYAgkMPYABEKWs3FLKWMP@!±�t
[UFLK�^dBQK+oNFLoW@COwt*^CoWKWBEKNs�^drWM0�æMPBQsLr�^d@0F�gó^drNMI?�YCYC?¡t*BEK7FLYAaWMPY�^dFÒeWOy?_[PM,KfoWOQOE@�BQK
^drWMJ±èMP?�DÍeW?_^C^CMPYCKÒ?_KWa�^dFI?cvLF�BEa�^drNM�M�+èMP[¤^d@:F�gìBEK�^CMPYAgkMUYCMUKW[PMU@P��hjK�^drWM�@A[PBQMPK�^dB1'�[0OEBw^dMPYC?_^doNYCM32¬@CMUM!·}�#4! ��#6?_KWa�^drWM%YAMUgkMPYAMPKW[UMP@�[PBw^dMPa�^CrWMPYAMPBEK�5¤R�@CM¤vLMUYd?�O6DGMU^drNF{aWF�OEFLsLBQMP@ìgkFLY�^CrWM1?�a�?�eN^CBQv�M�eWr�?�@AM¤�j?�YCYC?¡t
[PFLK�^CYCFLO�r�?cv�MJ±�MPMPK3eWYCFLe�FL@AMPa�?_BEDGMPaG?_^�aWM�'WKWBEKWs¼@CoWBw^`?�±NOEM:@A^CYd?_^CMPsLBQMP@¹gkFLY¹^drWM1FLeN^CBED=?�OW@Öt{K�^CrWMP@ABE@
F�gæ?�YCYC?ct6�æMPBQsLr�^d@!BEK
^CMPYCDG@�F�gæ?�DGeWOQBQ^doNaWM,?�@7�æMPOQOß?�@0eNr�?�@CM_�,hjK�D=F�@A^0F�gó^CrWMPDbR ^drNM,v�?_OEoWMU@0F�g
^drWM![UFLD=eNOEM¤�8�nMUBEsLr�^C@1gkFLY:eWOE?�[PBQKWs�@CoNBQ^`?_±WOEM�2kBS�·M��wRW^drWM!aWBQYCMP[¤^dBQFLKW@%F�gi^drWM!BEK�^CMPYAgkMUYCMUKW[PMU@-51KfoWOQOE@%BQK
^drWM!g¬?�Y9'�MPOQa*e�?l^C^dMUYCK�F�gß^drNM]?�K�^CMPKWK�?3?�YCMÝaWMU^CMPYAD=BQKWMPa�±ftbD,oNOQ^dBQeWOQt+BQKWs,^drWM�%foWBEMU@C[PMUK�^:�æMPBEs�rf^C@
±�t�^CrWM�BEK�v�MPYC@AM'F�g%^drNM�[PF¡v_?�YCBE?�KW[UM�D3?l^dYCB´� FL±N^d?�BEKWMUa�gkYCF�Dö^CrWM�@ABEsLK�?_OE@ÝYCMP[UMPBwvLMPa÷?_^]Mc?�[`røMUOEM¤�
D=MUK�^!F�gæ^CrWMG?�YCYC?ctL�,X�OQ^drNFLoWsLr�D=?_^drWMUD3?l^dBE[P?�OEOwtÒMPOQMPs�?�K�^Ý?�KNa�g¬?_@A^cRò^CrWMP@AMG@Ö^dYC?_^dMUsLBEMU@!^CoWYCK�FLo{^
^dFÝ±èM1BEDGeWYC?�[U^CBE[c?_OWFLYóvLMPYÖtGaWB*;G[PoNOQ^�^dFÝ±èM1BEDGeWOEMUD=MUK�^dMPaG±�MP[c?_oW@CM�F�gê^drNM�[UFL@A^C@nF�gê^CrWM1r�?�YCa<��?�YAM
YCM�%+oNBEYCMUD=MUK�^d@P��XJ@1?ID3?l^C^dMUY%F�gqg¬?�[U^PRW^drWMU@CMÝ@CFLOQoN^dBQFLKW@%YCM�%foWBEYAM¼?_K�M��Ne�MPKN@CBQv�M]YAMP[PMUBQv�MPY1FLY%[PFLYAYCM��
Oy?_^CFLY1?_^�MP?�[`r
MUOEMPDGMPK�^JF�gß^drNM�?�YCYC?ctL��u�KNgkFLYÖ^doWKW?_^dMUOQtLRè@CM¤vLMPYC?�O�BQD=eNOEMPDGMPK�^d?_^dBQFLKW@%r�?cvLM,?3@CBQKWsLOEM
YCMU[PMPBwvLMUYJ?_^1^drNM¼FLo{^deWoN^�F�gß^CrWMÝ@CoWDGD=MUYP��p%rfoW@UR�^CrWMPYAM]BQ@:^CrWM]KNMPMPa*F�g¹?�K*?�K�^dMUKWK�?=[UoW@A^CFLDGBEVPMUa
gkFLYó^drWMJ?�OEsLF�YCBQ^CrWD BQK3r�?�KNaê�ó>�FLYAMPF¡vLMUYPRN^CrWMJYAMP[UMPBQv�MPYA@%YCM$%foWBQYCMJ?¼@CF�eWrWBE@Ö^dBQ[c?_^CMPa�[P?�OEBQ±WYd?_^CBEFLK �qX�@
g¬?�Yó?�@ß^CrWM:oW@CM1F�g�v�?_YCBy?_±WOEMn?�K�?�OQFLs!?�DGeWOEBw^doWaWM�?�KWaIeWr�?�@AM)�æMPBQsLr�^d@�?_^óMP?�[`r3MUOEMPDGMPK�^óF�g�^drNM�?_YCYd?ct
BE@%[UFLKW[PMUYCKWMUaêRè?GeWrW?�@CMUa
?�YAYd?ct'r�?�@1oW@Ao�?�OEOwt�FLKNOQt�aNBEsLBw^`?�Oè±èMP?�D @A^CMPMPYABEKWsGeWr�?_@CMÝ@CrWBwg£^dMPY:?l^�MP?�[`r
MPOQMPDGMPK�^1?�KWa'^drNM¼?_D=eWOQBQ^CoWaWM�[UF{M=;=[UBEMUKf^C@J?_YCM0aWM¤^dMPYAD=BQKWMPaÒ±�tb?0'N�{MPabgkMPMPabKWM¤^>�nFLY?,6�
mnFLKW@AM$%foWMPK�^COQtLR+BEKIFLYAaWMPYß^CF!OEBEDGBQ^q^drNM1[UFL@A^�F�g6^CrWM:r�?�YCa<��?�YAM:M$%foWBEeND=MUKf^�±�t�oW@ABEKWs![UFLD=DGMPYA[PBE?�OEOwt
?cv�?_BEOy?_±WOEM:[PF�D=e�FLKWMUKf^C@PRN^CrWMPYAM0BE@n^CrWM0KWMUMPaÒF�gqFLe�MPYd?l^dBEKNs,BEK�^CrWM�aWBQsLBQ^d?�O6aWFLD=?�BEK�±�t3FLKWOQt3?�[¤^dBEKNs
FLK�^drWM=eWr�?�@AMG^CMPYCDG@ÝF�gn^CrWM�?�YAYd?ct�MPOQMPDGMPK�^d@U�Òz{oW[`rõ?�[`rWFLBQ[PMI^doWYAKW@ÝFLoN^Ý^dF*±�M=?b[`rWMP?�eõ@AFLOEo{�

~



^dBQFLK�gkFLY]?*YCMP?�OnBQD=eNOEMPDGMPK�^d?_^dBQFLK�±èMU[c?�oW@AM'BQ^¼YCMU@CFLYÖ^d@,^dF*M¤�{BE@Ö^dBEKNs@2¬B�� M_�QRßKNFLK{�j[UoW@A^CFLDGBEVPMUa�5¼?_KWa
@A^d?�KWa�?�YAa�?_YCYd?ct ?�YA[`rWBQ^CMP[¤^doWYAMP@,?_KWa�[UFLDGeèFLKNMPK�^d@82¬aWBQsLBQ^d?�O�eNr�?�@CM=@CrWBwg£^dMUYC@-5:�:Bw^drWFLo{^¼M��{eèMUKW@CBwvLM
?�aWaWBw^dBQFLKW@ó?�@�?�a�AAoN@A^`?_±WOEM�?�DGeWOEBw^doWaWM��nMUBEsLr�^d@�FLY�[PFLYAYCMUOy?_^CFLYC@U�i°�BQ^CrWBEKI@AoW[`r'?0gkYd?�DGM��æFLYB,6R+M�+èMP[��
^dBwvLM!?�eWeNYCF�?�[`rNMP@:r�?cvLMÝ±èMUMPKbeWYCF�eèFL@AMPaC�:rWMUYCM!^drWM0[UFLK�^dYCF�OòeWYCFL±NOEMPD r�?�@:±�MPMUK�YAMUgkFLYAD,oWOy?l^dMPaÒ?_@
?�K'FLeN^CBEDGBEVP?_^dBQFLK=F�KWM0?�KWaÒ@AoW[P[UMP@C@ABQv�MPOQtÒ@AFLOQv�MPa'^drNYCFLoWs�rÒ?�K'MUv�FLOEoN^CBEFLKW?�YAt=@A^CYd?_^CMPs�t3±�?�@CMUaÒFLKÒ?
sLMPKNMU^dBQ[n?_OEsLFLYABQ^CrWDD2FE0XG5���hjKC! ��#SR�^CrWM�?_oN^drWF�Y�aWMU@C[PYABE±�MP@�?�K,BEKNKWF¡v�?l^dBQv�MæDGMU^CrWF+a]gkFLYì^drWMn?�a�?�eN^CBQv�M
eWr�?�@AM¤��K+oNOEOEBQKWs]F_giOQBEKWMP?�Yæ?�YCYC?¡t+@H�:rWMUYCM!?IE0Xé?�a�AAoN@A^d@%@AFLDGM�F�gò^drNM0OEMc?_@A^%@ABEsLKWB1'�[c?_Kf^n±WBQ^C@�F�gì^drNM
±èMP?�D @Ö^dMUMPYCBQKWsIeWr�?�@AM!@CrWBwg£^dMPYA@%^dFID=BQKWBEDGBEVUM%^drWM0^dF_^`?�OêF�oN^deWo{^:eèF �æMPYP�ópqFGg¬?_[PM�^drNMÝeNYCFL±WOQMPDÍF�g
^drWM¼YCMP?�a�?�eN^CBEFLK*F�gJE0X ^dF3KWM�� MPK�v+BEYAFLKWDGMPK�^d@URêFLKW[UM,BQ^C@Je�FLeWoWOE?_^dBQFLKbr�?�@J[UFLK�vLMUYCsLMUaêRLKG�¤©£¦E�=�¤¥
��¦w��! ��#�eWYCFLe�FL@AMPa�?�K7?_OEsLFLYABQ^CrWD�R��:rWBQ[`r7oW@CMU@0aWBEeNOEFLBQa�BQKWaWBQv+BQaWo�?�OQ@J?�KNa7aWFLDGBEK�?�KN[PM]YAMPOE?_^dBQFLKb^CF
M¤�{eWOQFLBQ^¹OQMc?�YAKWBEKNs0?�KWaGD=MUD=F�YAt¼[c?�e�?_±WBEOQBQ^dBQMP@U�qX�@¹g¬?�Yó?�@¹^drWM:M��NeNOEFLBw^`?_^CBEFLK,F_gèOQMc?�YAKWBEKNs!?�KWaGD=MUDI�
FLYAt3[c?�eW?�±WBEOQBQ^CBEMP@æ?�YAM0[PFLKW[UMPYAKWMPaêRNM7�l�`�P�Ò�¤¥n��¦w��aWM¤vLMUOEFLe�MPab?�KÒMPKNr�?�KW[UMPa*M¤vLFLOQoN^dBQFLK�?�YÖt3DGMU^CrWF+a2¬BQKWaWBE[P?_^dMUa
BEK�^drWM]gkF�OEOEF �:BQKWs3?_@ÝmOE!X751gkFLYJOQBEKWMP?�Y�! �/#ß?�@:�æMPOQO¹?�@�eWOE?�K�?�Y�sLMPF�D=M¤^dYCBQMP@3! �/#��:rWMPYAM
[PoW@Ö^dFLDGBEVUMPa�FLe�MPYC?_^dF�YC@¹?�KNaG@Ö^dYC?_^dMUsLBEMU@ßr�?cvLM:±�MPMPKIBQD=eWOQMPDGMPK�^dMUa]^dF!?_OEOEF �/g¬?�@Ö^¹[PF�Kfv�MPYAsLMPKW[UMJ?_KWa
BEDGeWYCF¡v�MPab?�a�?�e{^`?_^CBEFLK'[P?�e�?�±WBQOEBw^dBEMU@P�
T1MU[PMUKf^COQt�R!?ÑKWM=� @A^CF{[`r�?_@A^dBQ[�?_OEsLFLYABQ^CrWD [P?�OEOQMPa�e�?�YÖ^dBE[UOEM�@?�n?�YAD F�eN^dBQD=BQVPMPYP2Q��zR
S5T!´|¡�/#Ýr�?_@
±èMUMPKé@ArWF �:Kà^CF ±èMõ?<v�?_OEo�?�±NOEM�?�aWaWBw^dBEF�K�^dF�^CrWMõMUOEMP[¤^dYAFLD3?_sLKWMU^CBE[�aWMP@ABEsLKéMUKWsLBEKNMPMPY�U @�^dF+FLOw�
±èFc�V!´|L|$#F!w|��W#4!´|¡~�#F!´|c}X#��
p%rWM'[PF�KW[PMUeN^do�?_On±�?�@AMP@�F�g%^CrWM�E0X ?�KNaY��zR
 YAMP@Ö^�oWe�FLKõ^>�nF7aNB*+èMPYCMUK�^
e�?�YC?�aWBEs�D=@U�ßu�KNOEBZ,_MLE!X�@PRN^CrWMS��zR
 BQ@%±�?�@AMPaboWeèF�KÒ^CrWM0[PF+FLe�MPYC?_^dBQFLK'?�DGFLKWs,^CrWM!?�sLMUKf^C@-[l^CYCBE?�Ow�
@CFLOQoN^dBQFLKW@0?_KWa�KNF�^ÝFLK ^CrWMPBQY0[PFLDGe�MU^dBw^dBQFLKê�,hjK�sLMPKWMUYd?�O�RòFLKWM=?�aNv_?�K�^`?_sLMIF�gæ^CrWM���zR
 F¡vLMPY!^drNME!XéBQ@:BQ^d@:DGFLYCM]\+�C�l�=^`_0BQD=eNOEMPDGMPK�^d?_^dBQFLKê�¹XJ@1?ID3?l^C^dMUY:F�gig¬?_[U^cR�?aE!XàYAM$%foWBEYAMP@%^drNM¼aWM='�KWBw^dBEF�K
F�gó?3@AoWBQ^d?�±WOQM¼@Ö^dYd?l^dMPs_tbgkF�Y�^drNM,?�eWeNOEBE[P?_^dBQFLKÒF�g¹^drNM]sLMUKWMU^CBE[]F�eèMUYd?_^CFLYC@02¬M��·sW�wRè^CrWM][`rWF�BE[PM¼F�g¹^drNM
[PYAFL@C@AF�v�MPYG?�KWaøD,o{^`?_^CBEFLKõeNYCFL±�?_±WBEOQBQ^dBQMP@b5Ý?�@0�æMPOQO%?�@,^CrWM'[`rWFLBQ[PM'F�g1^drWM'±�MP@Ö^IBEDGeWOEMUD=MUK�^`?_^CBEFLK
F�g:^drWM'F�eèMUYd?_^CFLY]gkFLY]^CrWMb?�eWeWOQBE[P?_^dBQFLK�BQK/r�?�KWac2¬M_� sN�QR¹^dF�oWYCK�?_D=MUKf^I@AMPOQMP[U^CBEFLK/F�Y�eWYCFLe�FLYÖ^dBEF�K�?�O
@CMUOEMP[¤^dBQFLKêRW@ABEKWsLOQM¤��eèFLBQK�^�[PYAFL@C@AF¡vLMPY�FLY%D,oWOw^dB´�je�FLBEK�^�[UYCFL@A@CF¡vLMUY-5��O
�K'^drWMÝ[PFLK�^CYd?�YÖtLRW^drNMÝoNeèa�?l^dBEKNs
M$%fo�?_^CBEFLKN@GgkFLY�^CrWM&��zR
 ?�YAM�@AM$%foWMUKf^CBy?�OQOQtø?_eWeWOEBQMPaÑ?_^=Mc?�[`r�BQKWaWBwv{BQaWo�?�O�?�KWaÑ^CrWMbeWYCF+[PMU@C@3gkFLY
@CMUOEMP[¤^dBQKWs�^drWM!±�MP@A^1FLe�MPYC?_^dF�Y%BE@%MPOQBEDGBEK�?l^dMPa �
>�FLYAMPF¡vLMUYPR F_^drWMUYJaWB1+ MUYCMPKN[PMP@�F{[U[PoWY1gkFLY:^drWM¼[c?�OQBE±WYC?_^dBQFLK'F�gß^CrWM][UFLK�^dYCF�Oie�?_Yd?�DGMU^CMPYC@U�1Z6F�Y:E0X]R

}



^drWM�DGFL@A^bBQD=e�FLYA^d?�K�^b?�YCM7^CrWM�e�FLeWoNOy?_^CBEFLK @ABEVPM_R�^drWM [PYAFL@C@AF¡vLMPY�eWYCF�±�?�±WBQOEBQ^jt�R�?�KNa�^CrWM�s�MPKWM��
D,oN^d?_^dBQFLKb?�KWa*[`rNYCFLDGFL@CF�D=M��jD,oN^d?_^dBQFLK'Yd?l^dMP@U�1Z6F�Y]��zR
,R�^drNM]@?�n?�YAD8@ABEVUM�R6^drWMÝBEKWMUYA^CBy?�Od�æMPBQsLr�^
?�KWaÒ^drWMÝ?�[U[PMUOEMPYC?_^dBQFLK'^dMUYCDG@P��hjK�sLMUKWMPYC?�OSRND3?�KNBEeWoWOE?_^dBQKWs]^CrWMP@AM¼OE?_^C^CMPY%BE@:MP?�@CBQMPY%^dr�?_K�[`r�?_KWsLBEKNs
v_?�YCBQFLoW@,FLe�MPYC?_^dF�YC@G?�KWa/^drNMPBEYIF+[P[UoWYCYAMPKW[UM��ÑZ6oNYA^drNMPYCDGFLYAM�R¹^drWMUYCMÒM¤�{BQ@A^GD3?_Kftõ[PFLDGeWYCMUrWMPKN@CBQv�M
@A^CoWaWBEMU@iF�K]^drWM�M�+èMP[¤^d@ßF_g���zR
�e�?�YC?�D=M¤^dMUYC@ì^dr�?_^iD=?X,�MU@i^drNMPBEYq@CMUOEMU[U^dBQFLKÝMUvLMUK�Mc?�@ABEMUYH2k@CMPM7!w|¡~W#4!´|���#
?�KWa'^drNMÝYAMUgkMUYCMPKN[PMP@1^drWMUYCMUBEK�5��
XJKWF_^drWMUYe,�M¤t��jBE@A@CoWM�gkFLY�^CrWM�?_eWeWOEBQ[c?_^CBEFLKIF�gò?3��zR
��j±�?_@CMPa3eWYCF+[PMUaWoWYCM�^dF¼^CrWMJeNr�?�@CMUa{�Ï?_YCYd?ctGYCMP?�Ow�
^dBQD=M1^doWKWBQKWs�OEBQMP@æBEK'BQ^C@%?�±WBQOEBw^jt�^dF�[PF�Kf^CYCFLOè^drWM0[UFLK�vLMPYAsLMPKN[PMÝF�gì^drWM0FLe{^dBEDGBEVP?_^dBQFLK=?�@H�nMUOEOò?_@%BQ^d@
@A^d?�sLK�?_^CBEFLK �¹z+^d?�sLK�?_^CBEFLKGF+[P[PoNYC@�BQK=^drNMGE0Xf�:rWMUK'MUv�MPK�^do�?_OEOQt=?�OQO�^drWMJ?�sLMPK�^C@ne�FL@C@AMP@C@�^CrWMJ@C?�DGM
sLMPKNMU^dBQ[][UF{aWM_�JhjK
^Cr�?_^�[P?�@CM_R ^drNM]sLMUKWM,e�F{FLOqBE@1@CF'rNFLD=F�sLMPKWMUFLoW@1^dr�?_^PRê?�@�eèF�BEK�^dMUa
FLoN^JBEK"!´|¡�/#
?�KWa
aNMU^`?_BEOEMUa*BQKY!w|c~�#�Rò?�OQ^CrWFLoWs�r*[PYAFL@C@AF¡vLMPY!?_KWa7D,oN^d?_^dBQFLK�YC?_^dM][c?�K7?�+ MU[U^�^CrWM,[PF�Kfv�MPYAsLMPKW[UMIF�g
^drWMGFLeN^CBEDGBEVP?_^dBQFLK�^CrWMPYAM3BE@!OQBQ^C^COEM,F�YÝKNF*e�FL@C@ABE±WBQOEBQ^jtb^dFbM¤�{eWOQFLYCMGF�^CrWMPY!YCMUsLBEF�KW@¼F_gn^drNM=@AFLOEoN^CBEFLK
@Ce�?_[PM1?�KWaGFLKWOwt�?!OEoW[-,�t�D,o{^`?_^CBEFLK�[P?�K=s�MPKWMUYd?_^CM�?!aWB1+ MUYCMPK�^�FLeN^CBED=?�O+BEKWaWBwv+BEaWo�?_O{^drfoW@æ?cvLFLBQaWBEKNs
@A^d?�sLK�?_^CBEFLK �¹u�KWOQBZ,_MLE!X�@PRN^CrWML�æz(
 ?�OEOQF �:@%?�D=FLYAM0@CBQsLKWB*'W[c?�K�^:OEM¤vLMUOòF�g�[UFLK�^dYAFLOê±�tÒaWMP[UYCMP?�@CBQKWs
^drWM/©£� �¤��¥¬©¬��¦�¸n�¤©wªl²+¥P2hg�53aWoWYCBQKWs/^drWM�FLe{^dBEDGBEVP?_^dBQFLK<eNYCF+[PMP@A@P� XJ@b?/D3?l^C^dMUY�F�gÝg¬?�[U^PR�rWBQsLrWMPY
v_?�OEoWMU@Hg�eNYCF+aWoW[PM0YAMPOE?_^dBwvLMPOwtG@A^dYC?�BEs�rf^�e�?�YA^CBE[UOEM�^CYd?WAAMU[U^CFLYCBQMP@%YCMU@CoWOw^dBQKWs,BEKÒ?,s�F{F+a'sLOEF�±�?�O�@CMc?_YC[`r
[`r�?�YC?�[U^CMPYCBQ@A^CBE[��i
0K�^CrWM0F�^CrWMPY�rW?�KWaêRW@AD3?_OEO�v_?�OEoWMU@ngkFLYHg MPKN[PFLoWYC?�sLM!?]OQF{[P?�O�@CMc?_YC[`rWBQKWsI?�KWa'^drNM
rWFLDGFLsLMUKWMPBw^jt�F�g1^drNMb@j��?_YCDb�÷mnFLKW@CM�%foWMPK�^dOwtLR�Bw^�BE@�s�MPKWMUYd?�OQOQtõoN@CMUgkoNO%aWMP[UYCMc?_@CBEKNs ^CrWMÒBEKWMUYA^dBE?�O
[PF+M�;G[PBQMPK�^d@óaWoNYCBEKNsÝ^CrWM:D=BQKWBEDGBEVP?_^dBQFLK¼eNYCF+[PMP@A@�^CFÝ?¡v�FLBEa=?!eWYCMUD3?_^CoWYCM%@Ö^`?�s�K�?_^dBQFLKG?�KWaI^dF¼?�OEOQF �
?�YCM�'WKWMPabOEF+[c?�O @CMc?_YC[`r*F�KWOQt�?_^%^drWM!MUKWa�F_gi^CrWM!FLeN^dBQD=BQVc?_^CBEFLKk!w|¡��#4!´|¡�W#S�
p%rWMPYAMUgkFLYAM�R�Bw^%D=BQsLr�^%±�M0eWYCFX'N^`?�±WOQM�^dFIMUv_?�OQo�?_^CMJ^drWM!M=+ MU[U^dBwvLMUKWMP@A@JF�gì^drNM���zR
àBEKÒaWMP?�OEBQKWs3�:BQ^Cr
YCMP?�Ow�S^dBEDGM�[PF�Kf^CYCFLOl�:rWMUYCM�E0XJ@¼r�?cvLM3gkFLoNKWaõsLYAMc?_^¼@CoW[U[PMU@C@G?�KWam�:BQaWMP@AeWYCMP?�aõBQD=eWOQMPDGMPK�^`?l^dBEF�Kê�
Z�FLY¹@CoW[`r3?ÝeNoWYCe�FL@CM_R�^drWBQ@�eW?�eèMUYóeWYCFLe�FL@AMP@æ?![UFLDGeWoN^`?l^dBEF�K�?�OW?_eWeWYCFL?�[`r3±�?_@CMPa=FLKG?Ý[UoW@A^CFLDGBEVPMUa��zR
 gkFLY1^CrWM,eWrW?�@CMUa{�Ï?�YAYd?ctbaNt+K�?�DGBE[¼[PFLK�^dYAFLOS�1hjK
sLMUKWMPYC?�OSR�@A^d?�KWa�?_YCa
vLMUYC@ABEFLKW@�F�g¹^drNM]e�?�YÖ^dBQ[POEM
@?�n?�YCD aWMP?�O	�:Bw^dr,[UFLK�^dBQK+oNFLoW@ßYAMc?�O+v�?_OEoWMU@��:rWMUYCMn^CYd?WAAMU[U^dF�YCBEMU@�BQK]^drWMæ@CFLOQoN^dBQFLK]@Ae�?�[UM%?�YCMnaWM�'�KNMPa
?�@�[`r�?�KNsLMP@IBEK/e�FL@ABQ^dBQFLKW@¼FLKø@CFLDGM�KfoWD,±�MPY�F�g�aWBQD=MUKW@CBQFLKW@P��Z�FLY]^CrWBE@�?_eWeWOEBQ[c?_^CBEFLK R¹?
±WBEKW?�YAt
vLMUYC@CBQFLK<F_gJ^drNM�FLe{^dBEDGBEVUMPY�BQ@GaNMP@CBQsLKWMUaê��hjK<@AoW[`r ? [c?�@AM�Rn^CrWM�eW?�YA^CBE[POQMÒeèFL@ABQ^CBEFLKø[PF+FLYAaWBEK�?l^dMP@
MPKW[UF{aNMJ^drWM�vLMPYÖ^dM��NMU@�F_gq?,D,oWOQ^CBw��aWBEDGMPKW@ABEFLKW?�ONr�t+eèMUYC[UoW±èMÝ?�KNa�^drWMJ^CYd?WAAMU[U^CFLYCBQMP@%?�YAM�[`r�?�KNsLMP@%BQK

�



^drWM!eWYAFL±�?�±NBEOEBw^jtI^dr�?_^1?I[PF+FLYAaWBEK�?l^dM:�:BQOEOè^d?X,�MÝFLKÒVPMUYCFGFLY%FLKWM0v_?�OQoWM��
p%rWM e�?�e�MPYÒBE@Ò@A^CYCoW[¤^doWYAMPaé?_@ÒgkF�OEOEF �:@U�ÍhjK#z{MP[¤^dBEF�K#�{R�?÷@AoWBQ^d?�±WOEM7[UFL@A^bgkoWKW[¤^dBQFLK�BQ@ÒaWM�'�KNMPa
?�[P[UFLYCaNBEKWs%^dF:^drNMæX�eWeWOEMU±�?�oWDnU·@ì^CrWMPF�YAt0^dF1YCMU[c?�@Ö^i^CrWM�eWr�?�@AMPa{�j?�YCYC?¡t![UFLK�^dYAFLO+?�@q?�K]FLe{^dBEDGBEVP?_^dBQFLK
eWYCF�±WOEMUD�� p%rWMUKêR!?øaWMU^d?�BEOQMPa�aWMP@A[PYABEeN^CBEFLK�F�gÝ^drWM.��zR
��j±�?�@AMPa�[PFLDGeWoN^d?_^dBQFLK�?�OJeWYCF+[PMUaWoWYCM BE@
YCMUeèFLYÖ^dMUaY2Sz+MP[U^P�%~o5���XJ@:g¬?�Y�?�@%^drWM]?�@C@AMP@C@AD=MUK�^�BE@1[PF�KW[PMUYCKWMUaêR�^CrWMÝYCMP@AoWOQ^C@JF�gß?G@AMPOQMP[U^CMPa
@AMU^JF�g
KfoWD=MUYCBQ[c?�OqM¤�{e�MPYCBQD=MUK�^d@PRò[UFLKW[UMPYCKNMPap�:BQ^dr7OQBEKWMP?�Y�?_@7�nMUOEO¹?�@JeWOy?�KW?�YJ@Ö^dYCoN[U^doNYCMP@UR�?_YCM,@ArWF �:K�BQK
z{MP[¤^c�ó}W�óZ�BQK�?�Oè[PFLDGD=MUK�^d@1?�KWaÒ[PF�KW[POQoW@CBQFLKW@1?�YCM0aNYd?q�:K*BQKbz{MP[¤^c�n�{�
r s tG�vu�w9x tG�����HtLy{z8�S��x �Cy�tS���=���
|òMU^!oW@![PF�KW@CBQaWMPY!?�K ?�YAYd?ct
F_gO} MPOQMPDGMPK�^d@0M�%+oW?�OEOwtf��@Ce�?_[PMPa�FLK ?'eWOE?�K�?�Y�OE?_^C^CBE[UM�Rò?�@0@ArWF �:K�BQK
Z�BEs�oWYCM,|��¹p%rWM¼aNMP@CBQYCMUa�YAMP[PMUBQv�MPa*@ABEsLKW?�Oê?_^:^CrWMS~3��^drÒMUOEMPDGMPK�^:[P?�K�±�M!M¤�{eWYAMP@C@AMPa7?_@P�

����P�h�?�l�{� � �h�?�<�-�j�$�� ~ ���`���*�1�q� } 2Ö| 5
�:rWMPYAMC� ���� �4�� �h� �b� �T�{� ��� �p�{� � �$� � R � � ���q�Q d¡ �d¢=£ ��¤ � R � � ���q�F N¡ � �q�F d¤ � R � � � ¢�£ � ¡ � R
?�KWa � � R � � R �$� ?_YCM%^drWM�m�?�YÖ^dMU@CBy?_K=[UF{FLYAaWBEKW?_^dMU@¹F�gè^CrWM)~3��^drIMUOEMPDGMPK�^�F�g�^drWM�?�YAYd?ctL�ß>�FLYCMUF¡vLMPYUR¥ BQ@Ý^CrWM3gkYAMPM¤��@Ce�?_[PM8�n?cvLMPOQMPKWs_^dr÷?�KWa ¡ � ?�KNa ¤ � ?�YAM=^drNM�eèF�Oy?�YÝ[PF+FLYCaNBEK�?_^CMP@!^dr�?l^,aWM='�KWM�^drNM
aWBEYAMP[¤^dBEF�K'F�gß?_YCYCBwv_?�Oi2¬HG
1X75%F_gi^CrWM!aWMP@ABEYCMUa�@ABEsLKW?�Oê[`r�?�YC?�[U^CMPYABEVPMUa�±�tb?�KÒMUKfv�MPOQFLeèM � � �¦�?� �§ætø[PF�KW@CBQaWMPYABEKWs�?�YAMc?�O:MPK�v+BEYAFLKWDGMPK�^cR�? v_?�YCBE?�±WOQM'K+oND,±èMUY=F_g0BEK�^dMUYAgkMUYCBEKNs�@ABEsLK�?_OE@ �©¨ �¦�?� R ����`�q�1�*�1�bª ?�OE@AF0BEDGeWBEKNsLMP@ßF�KI^CrWM:?�YAYd?ct�?�KNaI^CrWMUt,[PFLK�^dYABE±Wo{^dM1?_^ß^CrWM9~3��^drI@AMPKW@AFLYi�:BQ^drG?�KG?�aNaWBQ^CBQvLM
^dMUYCD � ¨�P�h�?�l�@� ¨ �h�?�R� �j�$«� ~ �¬�`���1�*�q� }����`���*�1�q�bª 2S�X5
�:rWMPYAMk� ¨�®� �4�� �¯� ¨ � �T�{� ¨ � �P�°� ¨ �$� � ?�KWa � ¨ �¦�?� BQ@G^CrWM�MUK�vLMPOQFLe�M*F�g�^CrWMa±L�S^drÑBEK�^dMUYAgkMPYAMPKW[UM
[PMUKf^CMPYAMPa�?l^�^CrWM:@d?�DGM:?�KWs�oWOy?�YßgkYAM$%foWMUKW[Ut�² � F_g ^drNM1aNMP@CBQYCMUa=@ABEsLK�?_OS��>�FLYCMUF¡vLMPYURNaWMU@CBQYCMPa=?�@i�æMPOEO
?�@%BEK�^CMPYAgkMUYCMUKW[PMÝ@CBQsLK�?�OQ@%?�YCMÝ?�@A@CoWDGMPaÒ^dFI±�M!K�?�YCYAF ���j±�?�KNabF�KWMP@U�
p%rWMIaWMP@A[PYABEeN^CBEFLK F�g�^drWMG@C[UMPK�?�YABEFÒoWKWaNMPY¼?�K�?�Owt{@ABE@0BQ@Ý[UFLDGeWOEM¤^dMPa�±�t�[PF�KW@CBQaWMPYABEKWsb?ÒKWFLBE@AM�[PFLK+�

�



^dYABE±WoN^CBEFLK�D=F+aWMUOEMPa6�:BQ^dr
?�K�?�aWaWBw^dBwvLM,s�?_oW@C@ABy?�K
eNYCF+[PMP@A@�2¬Xì°³E!\75J[`rW?�Yd?�[¤^dMUYCBEVUMPa7±�t7?�e�F �nMUY´�µ �
u�KWaNMPY]^CrWMP@AM�?_@C@CoND=eN^CBEFLKN@PRß^drNM�[PF¡v_?�YCBE?�KW[UM�D3?l^dYCBQ[PMU@]F�g1aWBQD=MUKW@CBQFLKY} ¶@} YAMPOE?_^dMUaõ^dF
^drNM
aWMP@ABEYAMPam2F·¹¸ º	5%F�Y�^dF�^drWM � ��^drÒBQKf^CMPYÖgkMPYCBQKWsI@CBQsLK�?�Ol2Q·¹¸ � 5¤R�[P?�Kb±èM!M¤�{eWYAMP@A@CMPa
?�@%gkFLOEOQFW�:@

»H¼ �c½ ¾À¿Á��Â©Ã ¿Á µ Â©Ã � ¼	Ä�Å�h�?� � ¼µ �¦�?�/Æ 2�~`5
�:rWMPYAM ½VÇJ�$È BQKWaWBQ[c?_^CMP@:^drWM¼M¤�{eèMU[U^d?_^dBQFLK
FLe�MPYC?_^dFLYUR�?�KWa*^CrWM,?�@Ö^dMUYCBE@?,&ÉIaWMPKNF�^dMU@J^drWM¼[PFLDGeWOQM¤�
[PFLKWAAoWs�?_^CM��¹XJ@%g¬?�Y:?_@:^CrWM![PF¡v_?�YCBE?�KW[UM0D3?_^CYCB´��F�gq^drNMÝKNFLBE@AMÝBQ@%[PFLKN[PMPYAKWMPa R�Bw^�^doNYCKW@1FLoN^%^CFG±�M

» µ �{� µ � ¿ 2¬}o5
� ¿ ±èMUBEKWs�^CrWM�}��jaWBQD=MUKW@CBQFLK�?�OèBEaWMUK�^dBQ^jt3D3?l^dYCB´�è�
>�FLYAMPF¡vLMUYPR�^drWM![UF�v_?�YABy?�KN[PM0D=?_^dYABw�3F�gi^CrWM!oWKWaWMU@CBQYCMPab@CBQsLK�?�Oê?_^%^drWM!YAMP[PMUBQv�MPY1BE@%M$%fo�?_Oê^dF

»�Ê � ËÁ ¨ Â©Ã » ¨ � » µ 2S�X5
?�KWaÒBQ^C@%eèF �æMPY1[PFLK�^CYCBE±NoN^dBQFLK'YCMU@CoWOw^d@L!·}/#

´ Ê � �ÌNÍ Î Ä »�Ê Í 2��`5
�:rWMPYAMGÏéD=MP?�KW@�^CYd?�KW@AeèF�@CMÝ?�KWa Í BQ@%sLBQv�MPKb±ft

Í �ÑÐoÒ � � �?Ó �eÔ ~ ��`�q�1�1�*� }ÑÕ 2S�X5
Ò � ±èMUBEKWsG^drWM�~3��^Cr
?�DGeWOEBw^doWaNMÝ[UF{M=;G[PBEMUK�^cR©�:rNBEOEM ¤ � BQKWaWBQ[c?_^CMP@:^drWM¼eWr�?�@AM]@CrNBQg£^�F�gß^drNM3~3��^Cr
?�YCYC?ct�MPOQMPDGMPK�^c�
Z�oWYA^CrWMPYAD=FLYAM�R+^drWM!e�FW�æMPY1[PF�Kf^CYCBQ±WoN^dBQFLK'F�gq^drWM!aWMU@CBQYCMPab@CBQsLK�?�Oê?_^%^drWM!YAMP[PMUBQv�MPY1BE@%sLBwvLMPKb±�t

�



´ � � �Ì � �� �¦�?��ÖÖ Í Î�× �Q¡ � ��¤ � ��ÖÖ � 2��`5
�:rWMPYAM × �¯¡ � �-¤ � � BE@:?,v�MP[U^CFLY9�:rWFL@CML~3��^CrÒMPOEMUD=MUK�^�BQ@%M$%fo�?�Oê^CF × � �Q¡ � ��¤ � �i�Å� �j� �� �
p%rfoW@PR�?�[U[PFLYAaWBEKWs�^dF@2¬�o5]?�KWa³2��o5�Rß^drWM�@ABEsLKW?�Ow�S^dF_��BEK�^dMUYAgkMPYAMPKW[UM¤��eWOEoW@Ï�jKWF�BE@CM��jYC?_^dBQFT2Sz{hÏ\�T:50^doWYAKW@
FLoN^%^CFG±�M

Ø � Í �iÙ ´ �´ Ê � � �� �h�?��ÖÖ Í Î × �Q¡ � ��¤ � �/ÖÖ �Í Î Ä »�Ê Í 2��`5
?�KWaÑBQ^d@GD=?l�{BEDGBEVc?l^dBEF�KêR��:BQ^Cr<YCMU@Ce�MP[¤^3^dF Í R�YCMUeWYCMU@CMPK�^C@�^drWMbsLF�?�O:F�g0?�K�t<?_a�?�eN^CBQvLMb[PF�Kf^CYCFLO
eWYCF+[PMUaWoWYAM���u�KNgkF�YA^doNK�?_^dMUOQt�RW@CBQKW[PM�»�Ê�?_KWa � � �h�?� ?�YCM!KWF_^9,+KNFW�:K*?�KWaÒ^drWM¤t'[c?_KWKWF�^1±�MÝaNBEYCMU[U^COQt
D=MP?�@CoNYCMPa Rd2¬�o5ßBE@óKWF�^n?cv�?_BEOy?_±WOEM_��Ú1F �nM¤vLMPYUR�?�@�@CrWF �:K�BQKk! �W#�Rf^drWM1eWYCF�±WOEMUD [c?�KG±èM1YCMU[c?�@Ö^%?�@ó^drNM
D3?��NBQD=BQVc?_^CBEFLKGF�g�?�[PFLDGeWoN^d?�±WOEM0[UFL@A^:gkoWKN[U^dBQFLK6Û � Í �

Û � Í �l� ÖÖ Í Î × �¯¡ � ��¤ � ��ÖÖ �Í Î Ä »�Ü Í 2Ö|¡�o5
�:rWMPYAM�»�Ü � » � �VÝ Ë¨ Â©Ã » ¨ � » µ BQ@1?I%fo�?_Kf^CBQ^jt'DGMc?_@CoWYC?�±WOEM!?l^%^drWM!YCMU[PMUBQvLMUYP�§nMP[P?�oW@AM'F�g%^drWM=^dBEDGM¤�Sv_?�YAt+BEKNs�K�?l^doWYAM'?�KWa/[UFLD=eNOEM¤�{Bw^jt�F_g�2Ö|¡�o5�RßBQ^]BE@¼[PFLK�vLMUKWBEMUK�^�^dF�?�aWaNYCMP@A@
^drWM!eWYAFL±WOQMPD ±�tÒDGMc?�KN@1F_gß?I@CoWBw^`?�±NOEM�sLOQFL±�?�O FLeN^dBQD=BQVc?_^CBEFLK=eWYCF+[PMUaWoWYAM���piF �n?�YCaW@:^drNBE@:MPKWa R6?�K
BEKWKNF�v_?_^CBQv�M]@A^CYd?_^CMPs�t*±�?�@AMPa�FLK�?�KWM=� e�?_Yd?�aWBQsLD BEK*^CrWM,MUOEMP[¤^dYAFLD3?_sLKWMU^CBE[¼[PFLDGD,oWKWBw^jt��:BEOEOq±�M
eWYCMU@CMUKf^CMPa�BEK'^drWM0gkFLOQOEF �:BEKNs,@CMU[U^dBQFLKê�
Þ ß�uCwà�LáC���$x �=âOtG������� tLá�áC���3tL�iu
p%rWM���zR
 BQ@!?ÒD]oWOQ^CBEeWOQM¤�Ï?_sLMPK�^d@�FLeN^CBEDGBEVc?l^dBEF�K*?�OQsLFLYABQ^drND8aNMUvLMUOEFLe�MPa ±�tpã0MPKWKNMPaNt ?�KNa��¹±�MPYÏ�
r�?�YÖ^ä!´|¡�/#F!w|c�/#�BEK�|¡�����'^Cr�?_^]BEDGBQ^`?l^dMP@0^CrWM3@AF{[UBy?�Oó±�MPr�?cv+BEFLY¼F�g%sLYAFLoWeW@¼F�g:BEKN@CMP[¤^d@]?�KWa/?�KNBED=?�OE@
@CoW[`r*?�@:@?�n?�YCDG@:F�gi±èMUMP@PR�å�F+[-,f@�F_gß±WBQYCaW@UR�?�KWab@CrWFL?�OE@:F�gv'�@Cr �æp%rWMÝ@A^d?�KWa�?_YCa6�æz(
 BEDGeWOEMUD=MUK{�

�



^`?_^CBEFLKÒ[UFLKW@CBQaWMPYA@�?G@?�n?�YCD8F�giæ ^CYCBy?_Oò@CFLOQoN^dBQFLKW@�2¬[P?�OEOQMPa'³N���¤¥¬©S�¤¦E�P@-5¤�1�ó?�[`r
eW?�YA^CBE[POQMGå�BEMU@�BQK�^drNM
@CFLOQoN^dBQFLKI@Ce�?_[PM�±�tGBEDGeWYCF¡v+BEKNs¼Bw^d@�eèFL@ABQ^CBEFLKG?�[U[PFLYAaWBEKWsÝ^dF¼@CoWBw^`?�±WOQM:oWeèaW?_^dBQKWs]M�%+oW?_^dBQFLKW@P��FLK3^drNM
±�?�@ABE@�F�gæBEK{gkFLYCD=?_^dBQFLKbFLK�Mc?�[`r�e�?�YÖ^dBQ[POEM/U @JeWYCM¤v{BQFLoW@!±�MP@A^!e�MPYÖgkFLYCD=?�KW[UM�?�KWa7^CrWM�±èMU@A^ÝeWYAMUv+BEFLoN@
eèMUYAgkFLYAD3?_KW[PM1F�gìBQ^C@æKNMPBEs�r+±�FLYA@P�¹Z�FLYæYCMc?_Ow�jKfoWD]±èMUYæ@Ae�?�[PMU@PRN^CrWM�^CYd?WAAMU[U^CFLYCBQMP@nF_gò^drWM�e�?�YA^CBE[UOEMP@æ?�YAM
aWM�'WKWMPaÒ?�@æ[`r�?�KWs�MP@�BQK3^drWM�eèF�@CBQ^CBEFLKN@æFLK3@CFLDGMJKfoWD,±�MPYæF�gòaWBQD=MUKW@CBQFLKW@U�ßhjK3^drNM�±WBEKW?�YAt�v�MPYC@ABEFLK R
^dYC?WAAMP[¤^dFLYABEMP@¼?�YAM3[`r�?�KNsLMP@,BQK�^CrWM3eWYAFL±�?�±NBEOEBw^jt
^drW?_^,?�[PF+FLYCaWBQK�?_^CMI�:BQOEO¹^`?/,�M3F�K/?�VUMPYCF*FLY]FLKNM
v_?�OEoWM0!w|¡��#4! ���/#��
p%rWM=gkF�OEOEF �:BQKWs�@Ö^dMUeW@,@CoND=D=?�YCBQVPM�^drNM'?�eWeWOQBE[P?_^dBQFLK�F�g�^drNM�±WBEKW?�YAtT��zR
 @A^CYd?_^CMPs�t�±�t�gkF+[PoN@CBEKNs
FLK
Bw^d@J[UoW@A^CFLDGBEVc?l^dBEF�K�^dF�^CrWM,eWrW?�@CM��jFLKWOwtbFLK{�jOQBEKWM¼?�a�?_eN^dBwvLM�?�YAYd?ct�[PFLK�^dYAFLOS�7|ìM¤^0oW@�[UFLKW@ABEaWMUY0?
sLMPKNMPYCBQ[�^dBQD=MU@A^dMUe.2 � 5�[PFLYAYCMU@Ce�FLKWaWBQKWs�^dFG?I'{�NMUa�BQK�^dMPYÖgkMPYAMPKW[UM¼@A[PMPKW?�YCBQFW�

ç³è©é üëêTìaíOî]ÿd��ï¯ðvñì�ßz{BEKW[UMneWrW?�@CMUa{�Ï?�YAYd?ct+@¹?�YAMæ^`?/,�MPK�BQK�^dF�?_[P[PF�oWK�^¹?�KWa¼^drWMH~3�S^dr¼MPOEMUD=MUK�^
F�gq^drNM!?�YCYC?¡t3BE@�[UFLK�^dYAFLOEOQMPa�^drNYCFLoWs�rÒ?�ò���±WBQ^%aNBEsLBw^`?�O6eWr�?_@CM!@CrWBwg£^dMUYPR{^CrWM � ��^Cr'±WBEKW?�YAtG^dYABy?�O
@AFLOEoN^CBEFLK

ó ô � Ð	õ ôqö ÷� Ô]ø ��X�v�1�1�q� ò Ô ~ �¬�`���1�1�q� } Õ �8�¬�`�q�1�*�1� æ 2Ö|L|W5
[UF{aWMU@J?�@AM$%foWMPKN[PM]F_g�%fo�?�K�^CBEVPMUa*eWrW?�@CM0v_?�OEoNMP@ ¤ ô � RR~ �¬�`�q�1�*�1� }

¤ ô �@�úù ¤ ��ûýü)þ ¤ � ¨ µÌ/ÿ þ � � ÿÁ ÷ Â©Ã Ì ÷�� Ã õ ô ö ÷� � ¤ � ¨ µ 2Ö|��`5
�:rWMUYCM ¤ ��ûjü ?�KWa ¤ � ¨ µ ?�YCM0^drNM0D3?l�{BQD,oWDÍ?�KWaÒD=BQKWBED]oWD Yd?�KWs�M0±èFLoNKWaW@:[PFLYAYCMU@Ce�FLKWaWBQKWs
^CF=^drNM¼e�?_Yd?�DGMU^CMPY ¤ � R�?�KWa õ ôqö ÷� BE@%^CrWM¼±NBEK�?�YÖt'±WBw^�BQK'^drWM ø ��^dr�eWOy?_[PMÝ?�OEF�KWs�^drWMÝMPKW[UF{aNMPa
YAMPeWYAMP@CMUK�^`?_^CBEFLK�F�gi^CrWM ¤ ô � e�?�Yd?_D=M¤^dMPYU�
°�Bw^drÝMc?�[`rG\U³�¢¡�¤©£¥¬©S¢l��_ßvLMU[U^CFLY ó ô BE@ì?�@A@CF+[PBE?_^dMUa]?%vLMUOEF+[PBQ^jtJvLMP[¤^dFLY � ô � Ð � ôqö ÷� Ô]ø �¬�`���1�*�q� ò Ô~ �¬�`���1�*�q� } È R/�:rWBQ[`r]DGF{aNMPOE@ò^CrWMn[P?�e�?�[UBQ^jt!F�g{^drWMæe�?�YA^CBE[UOEMß^dF)åWt0gkYCF�Dà?�sLBwvLMPK¼eèF�@CBQ^CBEFLKó ô �0^dF3?�KWF�^CrWMPY1eèF�@CBQ^CBEFLK ó ô ��� Ã BEK�?=@AoW[P[UMP@A@CBQv�M�BQ^CMPYd?l^dBEF�KbF_g�^drNM¼@Ae�?�[PM��j@AFLOEoN^CBEFLKb@d?_D=eWOQBEKWs
eWYAF{[UMP@A@P�%>bFLYCMUF�v�MPYUR�MP?�[`r � ôqö ÷� YCMPeNYCMP@AMPK�^d@�^drWM!eWYAFL±�?�±WBQOEBw^jt=F_g õ ôqö ÷� ^`?X,fBEKNsIv_?�OQoWM � �¹h�g � ôqö ÷�
BQ@�rWBEsLrNMPYPR õ ôqö ÷� BE@,DGFLYAM'OEBZ,_MPOwt ^CF ?�@C@AoWD=M'^CrWM�v_?�OEoWM � Rn?_KWaøOEF �nMUY,v_?�OEoWMU@,g¬?cvLFLY,^CrWM��

�



[`rWF�BE[PM_�

ç³è©é üëê	�"í�
�ðvï é ï���¯ï���� é ï¬ÿ�ð���X�^¼^drWM=±èMUsLBEKNKWBEKWsbF�g�^CrWM3D=?l�{BEDGBEVP?_^dBQFLK
eWYAF{[UMP@A@�2�� � �`5
?�KNa7?�[P[UFLYCaNBEKWsI^dFG^drWM3�æz(
¬�nFLY?,fBEKWs=@A^dYC?_^dMUs�tLR6^drNM]e�FL@CBw^dBEF�KW@:F�g�^CrWM0æ e�?�YÖ^dBQ[POEMU@:F�gß^drNM
@j��?�YAD���� ��� ó ô � Ô �ä��`�q�1�1�*� æ��7?_@9�æMPOQOì?�@%^drWMUBEY�v�MPOEF+[PBw^dBQMP@ ��� �Ç � ô � Ô �ä�¬�`�$�*�1�*� æ È ?�YAM
YC?�KWaWFLDGOQt3sLMPKNMPYd?l^dMPa�?�[U[PFLYAaWBEKWs�^CFI^CrWM0gkFLOEOQF �:BEKWs,YAoWOEMU@

õ ôqö ÷� ö � � !"# "$
� � Û&% ôqö ÷� ö �(' � �*)� £ �,+��.-�Ò:�>� � � � ô ö ÷� ö � � !"# "$

� � Û&/ ô ö ÷� ö �0' � �1)� £ �,+��.-/Ò]�>� � 2Ö|¡~o5
�:rWMUYCM2% ôqö ÷� ö � ?�KNa3/ ôqö ÷� ö � ?�YCMóYd?_KWaWFLD�K+oND,±èMUYC@qaWYd?q�:K!gkYCFLD#?:oNKWBQgkFLYAD�aWBQ@A^CYCBE±NoN^dBQFLK0±èM¤^>�nMUMPK�G?�KWa � �ç³è©é üëê54mí76Oï é ðìü	�q��ü�89����:;� é ï¬ÿ�ð��¼p%rNM,aWMPs�YCMPM]F�g�\ÏFLe{^dBED=?�OQBQ^jto_�F_góMc?�[`r7e�?_YA^dBQ[POQM¼BQ@�M¤v�?��
OQo�?_^dMUa3?l^�^CrWM0�f��^Cr=Bw^dMPYC?_^dBQFLK�±�tI[PFLDGeWoN^CBEKWs!Bw^d@ó[PFL@Ö^ægkoNKW[U^CBEFLK�v_?�OEoNM:Û ô � � Û � Í < ó ô �>=?� �
>�F�YCMPF¡v�MPYPRÝ^drWM�±èMU@A^
e�FL@ABQ^dBQFLK�YCMc?_[`rWMPaéoWe�^dF�KWF �)±�t�^drWM � ��^dr�e�?�YÖ^dBE[UOEM�?�@6�æMPOQO]?_@
^CrWM
FLeN^CBED=?�O:eèF�@CBQ^CBEFLK÷BEKÑ^drWM�F�v�MPYC?�OEO�@?�n?�YCD ?�YCM*@A^dF�YCMPa<BEK<^CrWM6_�³��d�A@¡©S¢l«f�CB¤�`�¤¥4_*e�?�YÖ�
^CBE[POQMED ô � �GF�-IH < ~ F �KJ Â©Ã öMLMLML ö �ON Û � Í < ó ô J =2�QPR= ?�KWa/BQK�^drWM�_¡ª�¦E¢RB`��¦SB¤�`�¤¥4_=e�?�YÖ^dBE[UOEMET � �F�-IH < ~ F � ô Â©Ã öMLMLML ö U N Û � Í < D ô � =?�KPV= RNYCMP@AeèMU[U^CBQvLMUOQt��ç³è©é üëêXWPíO
 é üë�I� é ïkÿ©ðY:vêl�Z� é ï¯ð�ñ;�%p%rNMÝBw^dMUYd?_^CBEFLK'BQKWaWM¤�'BE@%oWe�a�?_^CMPaêR[� � � � � �ç³è©é üëê5\°íE]nüë�_^"ï¯ð;� é ï¬ÿ�ðX``�/ï é üë��ï¬ÿ�ð��Ih�gæ^CrWM�D3?��NBQD,oWD8KfoWD,±�MPY0F�gæBQ^CMPYd?l^dBEF�KW@ba 2�?�a{�
DGBE@A@CBE±NOEM�BQK=?�^CBEDGMP@A^CMPe � 5ßBE@¹YAMc?�[`rWMUaP2c� � ap5�F�Y�Bwg6^drWM:FLeN^CBED=?�O<'N^dKWMU@C@�BE@¹oWKWaNMPYæ?!s�BQvLMUK
^CrWYCMU@CrWFLOQa7dC2QÛ Ð Í e T �>f ÕEg dR5�R�^drNMPK�^drWMnFLeN^dBQD=BQVc?_^CBEFLK!eWYAF{[UMP@A@�BQ@�@Ö^dFLeWe�MPaG?�KNa7T � BQ@ß?�@Ï�
@AoWD=MUaÒ?�@æ^CrWM�eWYAFL±WOQMPD @CFLOQoN^dBQFLKê�ß>�FLYCMUF¡vLMPYURWBEK=FLYCaNMPYn^CF]BEDGeWYAF�v�M�^CrWM)\��d�C�+�¤¥�©S¢l��_1F�gò^drNM
?�OQsLFLYABQ^drND ^CFGMUK�v{BQYCFLKND=MUKf^d?�Oò[`r�?�KNsLMP@1F{[U[PoWYAYCBQKWsI±èM¤^>�nMUMPK*[UFLKW@AMP[Po{^dBQv�M¼^CBEDGMP@A^CMPeW@URNgkoWOQOQt
M��NeNOEFLBw^dBEKNs,^drWM0@ABEDGBEOy?_YCBQ^CBEMU@æ?_D=FLKNs,^drWM!@C[UMPK�?_YCBEFI[UFLKWaWBw^dBEF�KW@%?_^:aWB1+ MUYCMUKf^%^CBEDGMP@Ö^dMPeN@PRW^drNM
FLe{^dBED=?�O�e�?_YA^dBQ[POQM1BQ@n@Ö^dFLYAMPa�BQK�?L'WKWBQ^CM¤�jOQMPKWs_^dr3±No(+ MUYG2�h ±èMUBEKWsÝ^drWM�±Wo(+èMPYæOEMPKNs�^dr�5��:rWFL@AM
MUOEMPDGMPK�^C@n?�YAM�oNeèa�?l^dMPa3?_^æMc?�[`rG^dBEDGMP@Ö^dMUe � ?�@ógkFLOQOEF �:@P�ji kml Ü � T � ?�KWa&i nol Ü � i n � Ã l Ü � Ã R

|¡�



p ���`�q�1�*�1� h3�ßp%rNMP@CM(hé^dYCBE?�ON@AFLOEo{^dBEF�KW@¹?�YAM1M¤v_?�OEo�?l^dMPaIaWoNYCBEKNs!^CrWM:FLeN^CBEDGBEVc?l^dBEF�K��:rWMUK=^drNM
YAMPOEBE?�±WBQOEBQ^jt¼F�gè^drWM1@At+@A^CMPD�2¬BQKG^CMPYCDG@�F�g � ªrqCs 5¹aWMPs�Yd?�aWMU@�?�KNa�?�[U[PFLYAaWBEKWs!^dFÝ^drWMÝ¦E�C������©£�+ª
�¤¥¬�A��¥Ï�SªX^�aNMP@C[UYCBQ±èMUa�BQK.!·�/#��
J^drNMPY?�:BQ@CM_R6^CrWM¼z+^dMUe
�,BQ@%aWFLKWM_�

ç³è©é üëê5t.í3u¼ür�kÿ�`oï é ýv:�êl�;� é ïQð�ñZ�¼p%rWMÝvLMUOEF+[PBQ^jtbF�góMP?�[`r
e�?_YA^dBQ[POQM¼BQ@�oWe�a�?_^CMPa�?�[U[PFLYAaWBEKNs
^CFG^CrWM0gkFLOEOQFW�:BQKWs]YAMPOE?_^dBQFLKê�

� ôqö ÷� ö � � !""""# """"$
�W��ûýü � Û&w ôqö ÷� ö �yx �W��ûýüþ]�W��ûjü � Û&w ôqö ÷� ö �yz þ]�W��ûjüw ôqö ÷� ö � £ �,+��.-�Ò:�4� �

2Ö|c}ë5
�:rWMUYCM �W��ûýü BE@�?J[PF�KW@A^d?�K�^¹[POE?�D=eNBEKWs%v_?�OEoNM7!´|¡�/#�R/�:rWBQ[`r�BE@�@ABEDGBEOE?�Yê^dFJ^CrWMnD]oN^`?_^CBEFLK¼Yd?_^CMnBQKE0XJ@U�nu1KWOEB*,�M![PFLK�^CBEKfoWFLoW@Ï��v_?�OQoWMPan��zR
,R��:rWMPYAM¼BQKW[PYAMc?�@ABEKWs�^drNMÝ[UOy?�DGeWBQKWs,v_?�OEoWM0MUKWOy?_YCsLMU@
^CrWM
YCMUsLBEF�K<F�g0^CrWM*@AFLOEoN^CBEFLKÑ@Ce�?_[PM
M��NeNOEFLYAMPa ±�t�?�e�?�YA^CBE[UOEM�RnBEKÑ^CrWM
±WBQK�?�YÖt/vLMPYA@CBQFLKêR1?
@AD3?�OQOEMUY ����ûjü ?�OEOQFW�:@1?IrWBEs�rWMPY:D,oN^d?_^dBQFLKbYd?_^CM���hjK�sLMPKWMUYd?�O�R ����ûjü BE@1@CM¤^�?_^({ � �I^CF3MUKW@CoWYAM
^Cr�?_^:^drWMUYCM!BE@:?_O*�n?¡t+@:@CF�D=M0[`r�?_KW[PM!^dr�?l^ õ ô ö ÷� �:BEOQOê[`r�?�KNsLM!@A^`?l^dM��æ>�F�YCMPF¡v�MPYPR

w ôqö ÷� ö � � g � ôqö ÷� ö � � Ã � F Ã % Ã � D ôqö ÷� ö � þ õ ôqö ÷� ö � � � F � % � �Q| ÷� þ õ ôqö ÷� ö � � 2Ö|��`5
�:rWMUYCM | �}F�-IH < ~ F � n Â©Ã öMLMLML ö k N Û � Í < i n~=?�KPV=�� % Ã ?�KWav% Ã ?�YCMb^>�nF�eèFL@ABQ^CBQvLMbYd?_KWaWFLD
KfoWD,±�MPYA@:aWYd?q�:K'gkYCFLDÍ?,oWKWBwgkFLYCD aWBQ@A^CYCBE±NoN^dBQFLKa�:Bw^drÒ?,eWYAMPaWM='�KWMPa�oWeWe�MPY�OQBEDGBQ^�F�g£^CMPK'@CM¤^
@AF�^dr�?_^�% Ã�� % � � { � � � F Ã ?�KWa F � ?�YAM�[PF�KW@A^d?�K�^d@¹[c?_OEOEMUab�`¢Cª���©£¥¬©S¢l�3?_KWa3�¡¢¡�¤©¬��¦6?�[P[UMPOQMPYd?l^dBEF�K!´|���#�R�YCMU@Ce�MP[U^CBQv�MPOQt��

ç³è©é üëêX�PíO��ÿ��qï é ïkÿ�ðY:�êl�;� é ïQð�ñZ�%p%rWM!e�?�YÖ^dBE[UOEM0e�FL@CBw^dBQFLK�BE@�^CrWMPK�oWe�a�?_^dMUab?�@%gkFLOEOQFW�:@
õ ô ö ÷� ö � � !"# "$

� � Û�% ôqö ÷� ö � z � < � ôqö ÷� ö � =� £ �,+��.-/Ò]�>� � 2Ö|¡�o5

|L|



�:rWMUYCM � �<�-� BEKWaWBQ[c?_^CMP@�^CrWM!@CBEs�D=FLBQa3gkoWKW[¤^dBQFLK
� < � ôqö ÷� ö � = � �� � � � � < þ]� ôqö ÷� ö � = 2Ö|��`5

p%rWMUYCM¤gkFLYCM_Ró^CrWM3eNYCFL±�?_±WBEOQBQ^jt
^Cr�?_^ õ ô ö ÷� ö � � � BQ@]M�%+oW?�Oæ^CF � < � ôqö ÷� ö � = ?�KNa�^dr�?l^ õ ôqö ÷� ö � � �
BQ@¼M�%+oW?�O¹^dF N � þ � < � ôqö ÷� ö � =mP{�Ò>�FLYAMPF¡vLMUYPR�^CrWMGeWYCFL±W?�±WBEOQBQ^jtb^dr�?l^ õ ôqö ÷� ö � [`r�?�KWs�MP@]Bw^d@!v_?�OEoWM2���� � FLY � � �o5n^doNYCKW@:FLoN^%^CFI±èM!M$%fo�?_Oê^dF � � < � ôqö ÷� ö � = N � þ � < � ôqö ÷� ö � =mP[� �
p%rWMUK*sLF�^CF3zf^dMPe*�{�

� � ��x wH���$�HtSy�� wj���Cy=�;�
hjK7^drWBQ@0@CMP[¤^dBQFLKêRê^drNMG[P?�e�?�±NBEOEBw^dBQMP@1F�gæ^CrWM�eWYAFLeèF�@CMPa.��zR
��j±�?_@CMPa�?�YAYd?ct
[UFLK�^dYCF�OßeWYCF+[PMUaWoWYAMI�:BQOEO
±èM!?_@C@CMU@C@AMPa
±�tÒeWYAMP@CMUK�^dBEKNsG^CrWM!YCMP@AoWOQ^C@:F�gß?�@AMPOEMU[U^CMPa*@AMU^1F�giKfoWD=MUYCBQ[c?�OêM��{eèMUYCBEDGMPK�^C@P�
hjK/^drWM'KfoWDGMPYABE[c?_Onv_?�OEBQa�?_^dBQFLKêRq^drWMÒeWYAFLeèF�@CMPa÷?�eNeWYCF�?_[`rÑr�?_@�±èMUMPK÷MUv_?�OEoW?_^dMUa÷±�t/[UFLKW@ABEaWMUYCBEKNs
OEBQKWMc?�Yä2Sz{MU[U^CBEFLK/}W�w|W5]?_KWaøeWOy?�KW?�YC2�z{MP[¤^dBEF�KW@�}W� ���j}W� ~o5Ý?�YCYC?¡t+@��æFLYB,fBEKNs7BEKø?7YCMP?�OEBQ@A^dBQ[=@A[PMUK�?�YCBQF
[`r�?�YC?�[U^CMPYCBQVPMUa�±�tÒ?�±�?�[-,fsLYAFLoWKWa&EÝ?_oW@C@ABy?�KÒKWFLBQ@CM0F�g��V�lº�h ±èMUOEF ��^CrWM!aWMP@ABEYAMPab@CBEs�K�?�Ol2k[PFLDGBEKWs
gkYCFLD ¡ � � �R�-5�?�KNa'BEK�^dMUYAgkMPYAMPKW[UMP@:F�gi?�DGeWOEBw^doWaNMb�V�lº�h ?�±�F�v�M�^drWM0aNMP@CBQYCMUab@ABEsLKW?�O oWKN[PFLYAYCMPOE?_^dMUa�:BQ^CrbMP?�[`rbF�^drWMUYPRW^CrWM!aWMP@ABEYCMUa�@ABEsLKW?�OSRN?�KWa'^drWM!KWF�BE@CM_�
>�FLYAMPF¡vLMUYPRf^drWM1FL±N^d?�BEKWMUa=YAMP@AoWOQ^C@ær�?cv�MJ±�MPMPK=[PFLDGe�?�YAMPaI�:BQ^CrG^CrWFL@CM�FL±N^d?�BEKWMUa��:BQ^dr=F�^drNMPYó@A^d?_^dM��
F�gy��^CrWM¤�j?�YA^�eWYCF+[PMUaWoWYCMU@P�72C�	5�^CrWM!FLeN^CBED=?�O X�eWeWOEMU±�?�oWD ?�eWeWYAF�?�[`r"! }/#�2¦�:rWMPYAM,?�YAYd?ctÒ?�DGeWOQBQ^doNaWMP@
?�KWaGeWr�?�@AMP@n?�YCM1@CBQD,oWOQ^d?�KWMUFLoW@COwt]^CoWKWMPa�5¤R�2,BW5ó?ÝD=F+aWB1'�MPa�vLMUYC@ABEFLK=F�gê^drNM�X�eWeWOEMU±�?�oWD ?_eWeWYCFL?�[`r�:rWMPYAMn^drNM�XJeWeNOEMP±W?�oWDnU @ieWr�?�@AMP@ó?�YAMH%fo�?�K�^dBQVPMPan2¬H7�èX75¤RR2`�q5ì^CrWM�[PoN@A^dF�D=BQVPMPa¼vLMPYA@CBQFLK�F�g�?GE0XJ@Ï�
±�?�@AMPaG[PFLK�^dYAFLO�@A^CYd?_^CMPs�t,eWYCFLe�FL@AMPaGBEK�! �{|$#�2SmOE0XG5�R�?�KWak2C��5i^CrWM)|òMc?�@Ö^A�Ö>bMc?�K{�Ïz<%fo�?�YAM�?_OEsLFLYABQ^CrWD! � #�2Q|q>
zR5��
°�r�?_^CMUvLMUYJ^drNM]eWr�?_@CMPa+�Ï?�YAYd?ctb[PFLK�^dYAFLOqD=M¤^drWF+aêR6^drWM]?�YCYC?¡t��æMPBQsLr�^d@�r�?cv�M,±èMUMPK
@AMU^�^CF Ò � �D� R~ ���`�q�1�*�1� } Rë�:rWBEOQM%^drWM1eWr�?�@AMJ[UF{M=;=[UBEMUKf^C@nr�?cv�MJ±�MPMPK3BQ^dMUYd?_^CBQv�MPOQt¼^doWKNMPa�BQKG^CrWMJYC?�KWsLM ¤ � ¨ µ ��R�0?�KNa ¤ ��ûýü � �V�R�R��D=?X,fBEKWs�oN@CM�F�g�aWBQsLBQ^d?�OieNr�?�@CM�@ArWBQg£^CMPYA@0[`r�?�Yd?_[U^dMUYCBQVPMPa�±�t q n ¨ Ü � �'?�@0BQK! � #S�

|��



XJ@�g¬?�Y�?�@�^drWM0D]oWOQ^CBEeWOQM¤�Ï?_sLMPK�^d@æ[PFLK�^CYCFLOê@Ö^dYC?_^dMUsLBEMU@%?�YCM0[UFLKW[UMPYCKNMPam2FE0XJ@:?�KWan��zR
S5¤RW?Ie�FLeWoNOy?l�
^dBQFLK�F_glæ � } ^dYABy?�Oò@AFLOEo{^dBEF�KW@:r�?�@J±�MPMUK
[PF�KW@CBQaWMPYAMPa�?�KWaCa � Ì �{�J>bFLYCMUF�v�MPYUR ^drWMÝgkFLOEOQF �:BEKWs
[PFLK<'�sLoWYC?_^dBQFLK'r�?�@%±�MPMUK�rWMUoWYCBQ@A^CBE[c?_OEOQtk2¬?�KWab?�[P[UFLYCaNBEKWs�^dF,^CrWM!sLoWBQaWMPOQBEKWMU@�@CoWs�sLMP@Ö^dMPabBEK'^CrWM0YCM��
Oy?_^CMPaÒOEBw^dMUYd?_^CoWYCMI!´|¡�/#F!w|c~/#¦5%?�@A@CoWDGMPabgkFLY%^drWM���zR
 e�?�YC?�DGMU^dMUYC@U� F Ã �XF � � Ì � �NRKh � UÃ � R6?_KWakg
OEBQKWMc?�YAOQtGv_?�YAt+BEKNs=gkYCF�D�� ��� ^dFE� � {3F¡vLMUY�^CrWM¼[UFLoWYA@CM]F_gß^drWMÝFLeN^CBEDGBEVP?_^dBQFLK�YCoNKê�%XJ@J?�K*M��W?_D=eWOQM�R
Z�BEsN� �*@CrWF �:@�^drWM'YAMP@AoWOQ^C@n2¬BEK�^dMPYAD=@]F�g�?¡v�MPYC?�sLMPa � ªrqCs F¡vLMPY�Ï � � �V��^CBEDGMP@Ö^dMPeN@-5]F�g:^drNM
[c?�OQBE±WYC?_^dBQFLK'eWYAF{[UMP@C@�F�gig"�:rWMUK
aWMP?�OEBQKWs��:Bw^drb^drWMÝsLMPF�D=M¤^dYAtb?_KWa*@A[PMPKW?�YCBQF3aWMU@C[PYABE±�MPa7?l^0z{MU[U^P�
}W�w|L�
�K3^drWMJF�^drWMUY�r�?�KNaêR{^CrWM�@d?_D=M�e�?�Yd?_D=M¤^dYCBQ[�[UFLK('�s�oWYd?_^CBEFLK3[`rWFL@CMUKÒBEK&!·�/# r�?�@�±�MPMUKÒ?�aWFLeN^CMPa�gkFLY
^drWM�E0X1��±�?�@CMUaÒeWYCF+[PMUaWoWYCM_�
� �,� �����0�����Y�v� � �;¡
p%rWM&'�YA@A^'^dMU@A^Ò[P?�@CM7aWMP?�OE@a�:BQ^dr�^CrWM7YCoNK{��^CBEDGM*FLeN^CBEDGBEVP?_^dBQFLKÑF_g]?@} � Ì �õMPOQMPDGMPK�^d@'rW?�OQgy���?cv�MPOEMUKWs�^Cr{�j@Ae�?�[PMUa�OEBEKNMc?�Y=?�YCYC?ctL�éHJoNYCBEKNs�^drNM
YCMUeèMP?_^dMUa M¤�{MP[UoN^dBQFLKW@T2¬@ABEKW[UM�^CrWM
YCMU@CoWOw^d@�M��f�
eWYCMU@C@AMPa3BQKG^CMPYAD=@óF�g � ª¢q£s ?�YAM:±�?�@CMUa3FLKI^drNM�M��NMU[PoN^CBEFLKGF�gè^drWM1?�OQsLFLYCBw^drWDàgkFLY ) �!BEKNaWMPe�MPKWaNMPK�^
YCMP?�OEBQVc?_^CBEFLKW@�F�gn^CrWMIKWFLBQ@CMG?�KWa BEK�^dMUYAgkMUYCMPKN[PMG@A^dF+[`r�?�@Ö^dBQ[GeNYCF+[PMP@A@CMU@-5¤Rq^drWMGaWBQYCMP[¤^dBQFLKW@ ¡ ¨ F�gvAC?_DI�
D=BQKWs'@CBQsLK�?�OQ@�r�?cvLMG±�MPMPK�@CoWeNeèFL@AMPa ^dFÒ±èMIYC?�KWaWFLD v�?_YCBy?_±WOEMU@�oWKWBwgkFLYCDGOQt�aWBE@Ö^dYABE±WoN^CMPaP�:BQ^Cr ?�K
?�YCYABQv_?�O´��^dBQD=M!DGF{aNMPOEMUa7^drWYAFLoWsLr ?n�iFLBQ@C@CF�K�YC?�KWaWFLD D=F+aWMPOH! �L� #ó[`r�?�YC?�[U^CMPYCBQVPMUa�±�t ¥ � � ?_KWa�:BQ^CrÑ?�OEBwgkM¤�S^dBEDGMGF�gJ^>�æF�^CBEDGM¤�j@Ö^dMUeW@�! ��#�2¬@CMUM*ZiBEsW�÷~&�:rWMPYAM
?7YCMUeWYCMU@CMUKf^d?_^dBwvLM�M¤�N?�DGeWOEMÒF�gJ?
@A^CF{[`r�?_@A^dBQ[�YCMP?�OEBQVc?_^CBEFLKGF�gò^CrWM�BEK�^CMPYAgkMUYCMUKW[PM!?�YAYCBwv�?_OèeWYAF{[UMP@A@%BE@ns�BQvLMUK�5¤�¹hjK'eW?�YA^CBE[PoNOy?�YURNZ�BQsW�ß~R2C�	5
�iYCMPa3[PYCF�@C@CMU@æ��@CrWF �:@%?Ý@d?�DGeWOEM:F�gò?�YCYABQv_?�O6?�KWs�OEMP@�F�gòBQK�^dMPYÖgkMPYABEKWsÝ@CBQsLK�?�OQ@æ?l^nMP?�[`r3^dBQD=MU@A^CMPeê�¹Z�FLY
[PFLDGeWOQMU^dMUKWMP@A@PR�^drWM,KfoWD]±èMUY�F�góBEK�^CMPYAgkMUYCBQKWs3@ABEsLK�?_OE@1YCMP[UMPBwvLMPa ?_^JMc?�[`r
^CBEDGM¤��@A^dMUe
BE@�aWMPeNBE[U^CMPa7BQK
Z�BEsN�ß~�2,B�5��
p%rWM*±�MPrW?¡v+BQFLY3F�g0^CrWM � ªrqCs 2k[PFLDGeWoN^CMPa�±�tÑ[c?�OQ[PoWOE?_^dBQKWs ?�YCoNKWKWBEKNsõ?cvLMUYd?�sLM*F�v�MPY ) ��e�?�@Ö^
^dBQD=MU@A^dMUeW@-5:?�@J?GgkoWKW[¤^dBQFLK*F�g�^drWMÝ^dBEDGMP@Ö^dMUe*BEKNaWM¤��BE@1@CrNFW�:K*BEK
ZiBEsLoWYAM¼}�2C�	5O�:rWMUYCM]^CrWM]YAMP@AoWOQ^C@
FL±N^d?�BEKWMUa6�:Bw^dr*^CrWM���zR
��j±�?_@CMPa7eNYCF+[PMPaNoWYCM�?_YCM][UFLDGe�?�YCMUak�:BQ^Cr*^drNFL@CM,F_g¹F�^drNMPYC@J@A^`?l^dM¤��F�gy��^CrWM¤�
?�YA^ÒDGMU^CrWF+aW@P� X�@b[P?�K�±èM�FL±W@AMPYÖvLMPa R!^CrWM�eWOEF_^d@'e�FLBEK�^'FLo{^b^CrWM�M�+èMP[¤^dBQv�MPKWMU@C@�F�g¼^CrWMT��zR
��
±�?�@AMPa<eNYCF+[PMPaNoWYCM_�<p%rWM*?¡v�MPYC?�sLM � ªrq£s F¡vLMUY�?�OQO�sLMPKNMPYd?l^dBEF�KW@G?�KWa<@ABED,oNOy?_^CBEFLKW@¼BE@IM$%fo�?_O:^CF

|¡~



F � Ç � ªrqCs3È�¤ UK¥§¦ �Ñ�¨�(� � � º�h gkF�Y:��zR
 ?�KNa F � Ç � ªrqCs3È�¤ ©�ª9«P�À� { ��� �lº�h gkFLYJmOE0X1�jDGMU^CrWF+a2¬pi?�±ê�/hj5��ßp%rWBE@�aNB*+èMPYCMUKW[PMÒF�gJ?�±�FLoN^¬{Jº�h BE@0%foWBw^dMÒ@CBQsLKWB*'W[c?�K�^cRóMU@Ce�MP[PBE?�OEOwt�s�BQvLMUK÷^Cr�?_^IDGFL@A^
eèF�BEK�^d@!F�g�^CrWM=^>�æF
sLYC?�eWrW@¼BEK�Z�BEsN�'}�2C�	50g¬?_OEO¹BEK�^drNM3Yd?_KWsLMC�®iº�h � Ì`Ì º�h3¯]2�? �I) º�h aNt+K�?�DGBE[
Yd?�KNsLM 5��
Z�FLYó@d?X,_MJF�gê^CrWFLYAFLoWsLrWKNMP@C@URWZ�BQsL@P�i}�2`�q5��=2`� 5ßsLBQv�M�@AFLDGM1BQKWaWBQ[c?_^CBEFLKW@óFLKG^drWM1@At+K�^drNMP@CBQVPMUa�g¬?�YÖ�F'�MPOQa
e�?_^A^dMPYAKW@!@A^d?�YA^CBEKWs'gkYCF�D ^drNM�%foWBQMP@A[PMPK�^]e�?_^C^CMPYAK aNBE@CeNOy?ctLMUa�BQK�ZiBEsW��}�2,BW5¤��p%rWMU@CM3YAMP@AoWOQ^C@ÝYAMUgkMUY
^dFÝaWB*+èMPYAMPK�^n^CBEDGMP@Ö^dMPeN@J�:rWMUYCM�YCMPeNYCMP@AMPK�^`?l^dBQv�MJAC?�DGD=BQKWs0[PF�K('�sLoWYC?_^dBQFLKW@�F{[U[PoWYU��>�FLYAM�BQK3aWM¤^`?�BQOSR
@CoW[`r�'�s�oWYCMU@ó?�YCM%[UFLKW[PMUYCKWMUa��:Bw^dr]^CrWM�gkFLOQOEF �:BEKWs�@C[UMPK�?�YABEFL@U�q^>�æFeAC?�DGD=BQKWsJ@ABEsLK�?_OE@ß?l^ ¡ Ã � þ ÌR° �
?�KWa ¡ � � �V�R�L! ��� � � �,�nZ�BEsW�ó}�2d�q5ý#�R6?G@ABEKWsLOQM!BEK�^dMUYAgkMPYAMPKW[UM]?l^ ¡ Ã � � ° �L! ��� �R�R{I�nZ�BQsW�ó}�2C��5>#SR
?�KWa�^CrWYCMUMJAC?�DGD=MUYC@�?l^ ¡ Ã � {�� � R ¡ � � þ ° � � RW?_KWa ¡.±O� ° � � ! �l� ° � Ì �óZiBEsW�i}�2`�q5ý#��ßhjKÒsLMUKWMPYC?�OSR
D,oWOw^dBEeNOEM¤�j?�sLMUKf^C@!?�eWeWYAF�?�[`rWMU@C2�mOE!X ?�KWa"��zR
S5S%+oNBE[-,fOQt�eWOE?�[PM=KfoWOEOQ@ÝBQK�^CrWM=g¬?�YÏ�4'�MUOEa e�?_^A^dMPYAK2¬KWMP?�Y%FLY%?l^%^drWM0@C?�D=M!?_KWsLoWOE?�Yne�FL@CBw^dBQFLK8�:rWMUYCM0^drWM0BQK�^dMPYÖgkMPYAMPKW[UMP@1BEDGeWBEKWs�MJFLK�^CrWMÝ?�YCYC?¡t(5nFLKNOQt
@COQBEsLr�^dOwt�e�MPYÖ^doWYA±WBEKWsI^drNM]D=?�BEKÒOEF�±èM0^drfoW@�FLoN^CeèMUYAgkFLYAD=BQKWsIF�^drWMUY�aNMU^dMUYCDGBEKWBQ@A^CBE[0FLY1@CoW±+�jFLeN^CBED=?�O
^dMU[`rWKWBZ%foWMU@P�æ>�FLYAMPF¡vLMUYPR+^drWM�BEDGeWYCF¡vLMUD=MUK�^nBQK=^drNM � ªrqCs YAMP@CoNOQ^d@�gkYCFLD ^CrWMJaNMPMPe�MPYæKfoWOEOQ@J�:rWBQ[`r
?�YCM0eNOy?�[UMPab±ft3^drWML��zR
��j±�?_@CMPa�?�eWeNYCF�?�[`r �
� �o² ³�´����0���v�Y� �9�Z¡¶µ
p%rWM]@AMP[UFLKWa�M¤�{e�MPYCBQD=MUK�^�BE@1[PF�KW[PMUYCKWMUap�:Bw^dr*?C} �D� ��¶ � �3r�?�Owgy�4�n?¡v�MPOQMPKWs�^Cr{�j@Ae�?�[UMPa
eWOE?�K�?�Y
?�YCYC?ct0�:rWFL@AMJsLMUFLD=M¤^dYÖtIBE@¹^drWM1@d?_D=M�?�@ó^dr�?_^æ?�KW?�OQt+VPMUa3BQKk!·�/#��ómnFLKW[UMPYCKNBEKWsÝ^drWM�?�KWsLoNOy?�Yó[PF+FLYAaWBw�
K�?_^CMP@:F�gì^drWMeAC?�DGDGMPYC@UR{^CrWMUtÒr�?cv�MÝ±�MPMUK�DGF+aWMPOQMPa'±�tÒ[PFLKN@CBEaNMPYCBQKWs,^drNMÝ@C?�DGM0@A^dF+[`r�?�@Ö^dBQ[ÝDGF+aWMPO
F�g�^CrWM!eWYCM¤v+BEFLoW@1M¤�N?�DGeWOQM¼?_KWa
Z�BQsW��~�2C�	5%@CrWF �:@�?_K�M��W?_D=eWOQM!F�g�^CrWMPBQY1aNBE@A^CYCBQ±WoN^dBQFLK�vLMUYC@AoW@J^drNM
^dBQD=MU@A^dMUeÒBEKWaWM�� � 2 ¤ ��sLYAMPMPKb[PYAFL@C@AMP@UR ¡ ��YAMPab[PYCF�@C@CMU@-5��
hjK=F�YCaWMUY�^CF¼sLBwvLM1@CFLDGM:BEKNgkF�YCD=?_^dBQFLK�FLKI^drWM1YCMU@CoWOw^d@�F�g ^CrWM�[UFLDGe�?�Yd?l^dBQv�M:@A^doNaNtLRNZ�BEsLoNYCM1�0@CrWF �:@
^drWM]±èMUr�?cv{BQFLYJF_g�^CrWM,YAoWKWKWBQKWs'?cvLMUYd?�sLM�F_g¹^drWM � ªrqCs aWoWYABEKWsaÏ � Ì ) �G^dBEDGMP@Ö^dMUeW@P�0X�@0@CrWF �:K
BEKõpi?�±WOQM�hCh`Rq^drWMä�æz(
J��±�?�@AMPa÷?�eWeWYAF�?�[`røsLMUKWMPYC?�OEOwt�F�oN^de�MPYÖgkFLYCDG@]F�^CrWMPY¼^dMP[`rNKWBZ%foWMU@P�/>bFLYCM'BQK
aWMU^d?�BEO�Ri^CrWM'?�[`rWBQMUv�MPaøMPKWrW?�KW[PMUD=MUK�^=[P?�K/±�Mä%fo�?�K�^dB1'�MPa/FLKø?cv�MPYd?_sLM'BEK ) º�h F¡vLMUY,^drWM'mOE!X:�
±�?�@AMPaÒeWYCF+[PMUaWoWYAM¼?_KWaÒF�gi?�±èF�oN^ � �lº�h BEK'[UFLD=eW?�YCBQ@CFLK8�:Bw^dr'^drNM!H7�èXé@AoW±{�jF�eN^dBQD3?�O ?�eWeWYAF�?�[`rê�
z{oW[`r ?_K<MUv�MPK�^Ò[c?_K<±�M*±�MU^C^CMPY3?�eWeWYAMP[PBE?_^dMUa<±�t÷FL±W@AMPYAv+BQKWs�^drNM*YCMU@CoWOw^dBQKWs g¬?_YÖ�4'WMPOEa÷e�?_^A^dMUYCKW@U�

|c}



XJ@!YCMUeWYCMU@CMUKf^d?_^dBwvLM=M¤�N?�DGeWOEMU@PRqZ�BEsN�=�'@ArWF �:@]@CF�D=MI@d?_D=eWOQMP@!F�g�^drWMGMPOQMUv_?_^CBEFLK7±�Mc?�D e�?_^C^CMPYAKW@
?_^!v_?�YCBQFLoW@0^dBQD=MU@A^dMUeW@P�82C�	5 �S�	)V) ! ^drWM7AC?�DGD=MUY0BEDGeWBEKWs�MP@0FLK�^drWM=?�YAYd?ct7gkYCFLD ^drWMGaWBEYAMP[¤^dBEF�K2 ¡ Ã � þ )§� �cR ¤ Ã � � ®R�R�-5>#SR02·BW5 �T� � � ) ! ^drNMäAC?_D=DGMPY�BQD=eNBEKWsLMU@'FLK ^drWM ?�YAYd?ct�gkYAFLD ^drNM
aWBEYAMP[¤^dBEF�Km2 ¡ Ã � {�� � R ¤ Ã � � � Ì � 5ý#�R�?�KWa ��� Ì � ) 2`�q5j��2C��5G! ^>�æFSAC?_D=DGMPYA@1BQD=eNBEKWsLMJFLK�^CrWM]?_YCYd?ct
gkYCFLD ^drWM�aWBEYAMP[U^CBEFLKN@k2 ¡ Ã � þ � � � R ¤ Ã � ° � 5�?�KNa�2 ¡ Ã � {�� � R ¤ Ã � �V� � 5ý#�� §æt÷[PFLDGe�?�YABEKWs
^drWM!eWOQF�^d@%YAMPOE?_^dBQKWs,^dFIaWB1+ MUYCMPK�^1DGMU^drNF{aWF�OEFLsLBQMP@%?_KWa*?_@1M��{eèMU[U^dMUa*gkYCF�DÍ^drNMÝBQKWaWBQ[c?_^CBEFLKW@naWYd?q�:K
gkYCFLD8Z�BQsW�J�{R Bw^J^doNYCKW@�F�oN^J^Cr�?_^J^CrWM���zR
��j±W?�@CMUa7eWYCF+[PMUaWoWYCM]BE@�?_±WOEMÝ^dF�eWOE?�[PM¼KfoWOEOQ@JM¤�N?�[¤^dOwt*BQK
[PFLYAYCMU@Ce�FLKWaWMUKW[PM7�:Bw^dr�BQKf^CMPYÖgkMPYCBQKWs,@ABEsLK�?_OE@:2�?�@�eNBE[U^CFLYCBE?�OEOwt,@ArWF �:KbBQK�Z�BQsW�¹���:rNMPYCM!?¼[PFLOQFLYÖ��OEMUv�MPO
YCMUeWYCMU@CMPK�^d?_^dBQFLKÒF�gi^CrWM!@At+K�^drWMU@CBQVPMPa�±èMP?�D e�?l^C^dMUYCKW@%BQ@%aWBE@AeWOy?ct�MPa�5�RR�:rWBEOQM�F�^drNMPY%DGMU^drNF{aWF�OEFLsLBQMP@2h�:Bw^drWFLo{^æ[UFLKW@ABEaWMUYCBEKNs¼^drNMJFLeN^CBED=?�OW@Öt{K�^CrWMP@ABE@-5�sLMPKWMUYd?�OQOQtID=?X,�M�?�K=MPYCYAFLYnF_gò@CFLDGM1aWMPsLYAMPMU@��:BQ^Cr
YCMU@Ce�MP[U^�^dF!^drNM�[UFLYCYAMP[U^�e�FL@CBw^dBQFLKn!·M_� sW�wR;¸ ¡[¤M©�ª9«º¹5) �æ?_KWa»¸ ¡[¤ ÿ ¿ ¥ ¹¼� �ß�ßZiBEsW����2C�	5ý#6FLYóYAMPaWoW[UM
^drWM!KfoWOQOêaWMPe{^dr.!·@AMPM¼Z�BEsW�ß��2·BW5ý#��
>�FLYAMPF¡vLMUYPR¹±�t�[UFLDGe�?�YCBQKWs�^CrWMä%foWBQMP@C[UMPK�^�±�Mc?�D)e�?_^A^dMUYCK³!·Z�BEsN�7�R2A��5ý#n?�KWa�^CrWFL@CM3@At+K�^drWMU@CBEVUMPa�:BQ^Cr ^CrWMä��zR
 ?_^Ýv_?�YCBQFLoW@0^dBQD=MU@A^dMUeW@a! Z�BQsL@P�b�(2C�	5j�Ö�(2`�q5ý#�RìBQ^¼BE@!BEK�^dMUYCMU@A^dBQKWs�^CF*KWF_^dMI^dr�?_^¼MUv�MPK
^drWF�oWsLrI^drWM:BEK�^CMPYAgkMUYCMUKW[PMU@nBEDGeWBQKWsLM�FLK=?!rWBEsLrI@ABEaWM��jOEF�±èM%F�g�^drNM�FLYABEsLBQK�?�O{e�?_^C^CMPYAKG^CrWM:YCMPD=?�BQKWBEKWs
e�?�YÖ^:F�gi^CrWBE@%BQ@%eWYCMU@CMUYAvLMUa7?_g£^CMPY�^drNM¼?_YCYd?ct��j[UFLK�^dYAFLOò@At+K�^drWMU@CBQ@P�
piF=gkoWYA^CrWMPY0?_@C@CMU@C@0^drNM�M�+èMP[U^CBQv�MPKWMU@C@!F�g¹^drNM,eWYCF�eèFL@AMPa ?�eWeNYCF�?�[`r7BQK
aWMP?�OEBQKWsa�:Bw^dr7eWOE?�K�?�Y1[PFLK+�'�sLoWYC?_^dBQFLKW@UR ^drWM�OE?�@A^�M¤�{eèMUYCBQD=MUKf^!aNMc?�OQ@7�:BQ^dr
^CrWM�MPOQOEBQeN^dBQ[c?�OìsLMUFLD=M¤^dYÖt
F�ge} � � �V��MUOEMPDGMPK�^C@
eWYCF�eèFL@AMPabBEKp! ��~/#q?�KNab@ArWF �:K*BQK�ZiBEsLoWYAM0�N�
�KW[PM�?_s�?�BEK R6^CrWM]gkMP?�@CBQ±WBEOQBQ^jtÒ?�KNa7[c?�e�?_±WBEOQBQ^dBQMP@%F�g¹^CrWM���zR
��j±W?�@CMUa�?�eWeWYAF�?�[`r�?�YAM][PF�K('�YCDGMPa�?_@
eèF�BEK�^dMUa
FLoN^0±�tb^drWM�eNOEF�^C@JF�g¹^CrWM,YCoNKWKWBEKNsÒ?¡v�MPYC?�sLM � ªrqCs @�@ArWF �:K BQK7Z�BQsW�0�'?�KWak%+oW?�K�^dB*'WMPa
FLKb?cvLMPYC?�sLM!BEKÒpi?�±ê�óhChAh`�
Z�FLYi[UFLDGeWOEM¤^dMPKNMP@C@UR�Z�BQsW�ó|¡�J@CrNFW�:@i^drWM�±�Mc?_D eW?_^C^CMPYCKN@�@At+K�^drNMP@CBQVPMUaG±�t¼oW@CBQKWsJ^CrWMH��zR
�@A^CYd?_^CMPs�t
?�@H�æMPOEOì?_@:^CrWMS%foWBEMU@C[PMUK�^JFLKNMa!·Z�BQsW��|¡��2A��5ý#��

|��



½ ¾���n��y$�����������
hjKG^CrWBE@¹eW?�eèMUYPR�^drNM:gkMP?�@CBQ±WBEOQBQ^jt¼?�KWaGM�+èMP[¤^dBwvLMPKNMP@C@æF�g ^CrWM1?�eWeWOQBE[P?_^dBQFLK,F�g ?�KGBEKWKWF¡v_?_^CBQvLM%D]oWOQ^CBEeWOQM¤�
?�sLMUKf^C@i^CMP[`rWKWB*%foWMn^dF�^drWMn?�a�?�eN^CBQv�M�?�KWa¼[PFLK�^CBEKfoWFLoW@�FLeN^dBQD=BQVc?_^CBEFLK0F_g6?�K�^dMUKWK�?0?�YAYd?ct+@�[PF�Kf^CYCFLOQOEMUa�:BQ^Cr�FLKWOwt�aWBEs�BQ^`?_O¹eWr�?�@AM3@CrNBQg£^dMUYC@¼r�?cvLM�±�MPMUKõBEK�vLMU@A^CBEs�?_^CMPaê�*z+^d?�YA^CBEKWsbgkYCFLDö?�Kõ?�@C@ABEsLKWMUa"%foWBw�
MP@A[PMPK�^!e�?l^C^dMUYCK�?�KNa
±�t7?�@A@CoWDGBEKWs3@CFLDGM'�R¿E³���©S¢l��©O,fKWF �:OEMPaNsLM,FLK
^CrWM,aWMU@CBEYAMPa7@ABEsLK�?_OH2kBS�·M��wRè^drNM
aWBEYAMP[¤^dBEF�K�F�g¹?�YCYABQv_?�O¦5�RW^drWMÝeWYAFLeèF�@CMPa
?�eWeWYAF�?�[`r
aWMUD=F�KW@A^CYd?_^CMPa7?GKWFLK{��KWMPsLOQBEsLBQ±WOEMJBEDGeWYCF¡vLMUD=MUK�^
F¡vLMPY:@Ö^`?_^CM¤�jF_gy��^drNM¤�Ï?_YA^�^CMP[`rWKWB*%foWMP@U�
p%rWM
?_eWeWYCFL?�[`r<BQ@=±�?_@CMPa F�KÑ^drNM�X�eWeWOEMU±�?�oWDnU·@=^drNMPFLYÖt<?_KWa<Bw^=YAMP[P?�@A^C@3^drWM�[PFLK�^CYCFLO´�jeWYAFL±WOEMUD
?�@,?_KõFLeN^CBEDGBEVc?l^dBEF�K7FLKWM3^CF
±èM=BQ^CMPYd?l^dBQv�MPOwt�@CFLOwvLMPaõ^CrWYCF�oWsLr�^CrWM3D=?l�{BEDGBEVP?_^dBQFLK7F�g1?*@AoWBQ^d?�±WOEM
[PFL@Ö^=gkoNKW[U^CBEFLKê�ÑpiF �n?�YCaN@=^drNBE@IMPKWa R%?�KWM=� MUv�FLOEo{^dBEF�K�?�YAtõe�?�Yd?_aWBEsLD r�?�@G±èMUMPK�?_aWFLeN^CMPa�?_KWa
[PoW@Ö^dFLDGBEVUMPap2kBS�·M��wR{^CrWM�±WBQK�?�YAt=e�?�YÖ^dBQ[POEM1@?�n?�YAD FLeN^CBEDGBEVUMPY-5¹@CBQKW[PM�^drWM0e�?_YA^dBQ[POQM�@j��?�YAD FLe{^dBEDGBEVUMPY��?_@¹sLMPKWMUYd?�OQOQtÝoW@AMPaGBEK,[UFLK�^dBEKfoWF�oW@¹@Ce�?_[PMP@�?�KNaêRf?_^¹±�MP@Ö^óF�g�FLoWY�,fKWF �:OEMUaWsLM_R+KNMUvLMUYóBEK,^drNM�±WBEKW?�YAt
vLMUYC@CBQFLKGBEKGeWYCMU@CMPKN[PMJF_gò?0v�?_YAt+BEKWs!@A[PMPKW?�YCBQFW�ßp%rfoW@PRN?Ý@AoWBQ^d?�±WOQM%@A^dYC?_^dMUs�tIr�?�@�±�MPMPK=BEDGeWOEMUD=MUK�^dMPa
^`?X,fBQKWs�BEK�^dFI?_[P[PF�oWK�^1^CrWM!KWMPMUa�F_gß?�KÒMUKWr�?�KW[UMPDGMPK�^1BEK�^CrWM:\ÏDGMPDGFLYAto_1gkMc?_^CoWYCMU@:F�gi^CrWM0FLYABEsLBQK�?�O
?�OEs�FLYCBw^drWD gkFLY%aWMP?�OEBQKWs0�:BQ^Crb?�^CBEDGM¤�Sv�?_YAt+BEKWs,?�KWab[PFLDGeWOEM��'@A[PMPKW?�YCBQFW�
Z�oN^doWYAM0�nF�YB,k�:BQOEO�±�MI?�BQD=MUa�?_^0gkoWYA^CrWMPYÝ?�@A@CMU@C@CBQKWsÒ^drWMI[c?_e�?�±WBQOEBQ^CBEMU@�F�ge��zR
��j±�?_@CMPa eWYAF{[UMPaWoWYAM
BEKÑaWMc?�OQBEKWsp�:BQ^Cr<aWB1+ MUYCMUKf^3@C[UMPK�?�YABEFL@UR:@CoW[`r�?�@=D,oWOw^dBw��e�?_^Cr÷BQK�^dMPYÖgkMPYAMPKW[UM�R1?�KWaV�:Bw^dr�aNB*+èMPYCMUK�^
±�?�[-,fsLYAFLoWKWaGKWFLBQ@CM%DGF{aWMUOE@�gkF�YßMPK�?_±WOEBQKWs!?�^dBEDGMPOwt¼?�KWaIM�+èMP[¤^dBQv�M:aWMUv�MPOEF�eWD=MUK�^æF_g @AD3?�YÖ^A��@CMPKN@CFLYA@
?�KWaÒ@CD=?�YÖ^A�jMUK�v{BQYCFLKND=MUKf^C@%BEK'^drNM!gkYC?�DGM��æFLYB,�F_gß?�eNeWOEBQMPa'@C[UBEMUKW[PMU@P�
À ��Áa�C�(Â y�w9��Ã�x w9�I�;�
X]� >*?�@A@d?8�:BE@ArWMP@�^CF3^drW?�KR,��:��x�BQ[PF=gkF�YJoW@AMUgkoWOßaNBE@C[UoW@C@ABEFLKN@0?�KWa
@AoWsLsLMU@A^CBEFLKW@U�Ý>�FLYAMPF¡vLMUYPRê^drNM
?�oN^CrWFLYC@ß?�YCM%sLYC?_^dM¤gkoWO{^CF0hjKWsW�óz��o�¹B*+èMPY¹?�KNa�hjKWsW�¹�%��Ä MUKWBNgkFLY�,fBQKWaWOQt¼eWYAF�v+BQaWBEKWsJ@CFLDGM%KfoWD=MUYCBQ[c?�O
YCMU@CoWOw^d@%F�g�[PFLDGeWoN^CMPY%@CBQD,oWOE?_^dBQFLKW@P�
p%rWBE@l�æFLYB,Gr�?�@�±èMUMPK'e�?_YA^dBE?�OEOwt]@AoWeWe�FLYA^CMPa'BQK=h�^d?�OQtI±�tG^drWMÆÅæ�¤��¥Ï�¤�0¢Ï� ÇjÈó�¡�C���d�`²¬ÉJ���CÊ��¤¦E�`�`¢l�7¿
��«{��©S�C��¥¬©S¢l�CÈ�ËU³��¤��©£�3�¤��¥���¥¬©S¢l�N�ó�c¢l�ÍÌ ÈOÊì¸n¢l�ÏÎ��C�*�`¢l����«+��©£¥¬©S�`�C2�m�T��¹X¹p:���Ï\��¹p)5J?�KWa�±ftb^drNM\�KEÐÏÑvM�É	¿nKÒ©£�d�¤¦E�`�`�3Ð���¥Ï�¤��� �¤¥�������Ñì¢¡�C��¥¬©S¢l�.M������¡ª+�¤�3�¤��¥SÉJ�d�`²+©£¥j�`�¤¥�«+�d��_,��Z�FLKNaWFn�óYAFLsLM¤^C^dB

|¡�



���L���+RNhj@A^CBQ^CoN^dFIpqYCMPK�^CBEKWFGaWBìmnoWOw^doWYC?N�

� w¶Ò/wH��w9���ewj�
!´|$#3EI�©E!?�BEOQOEM_R6�:�6xóFLoWYA[`rêRò> ��ÓN� >*?�YA^CBEKêRQÓN�èTÝ� >�FL@ABEsWRè?�KWa7>��N�qFLOEMUsLYCM_R�\ÖmnFLKNgkFLYAD3?�Oì?_YCYd?ct

?�K�^dMUKWK�?õgkFLY'FL±W@AMPYÖv�?l^dBEF�K eWOy?_^AgkFLYCDG@3BQK OEF �8Mc?�YÖ^dr�FLYA±WBQ^PR _ÔÐÏÈ2È�ÈÕÉJ��¥j�¤�����l�ºÖn�d¢`³N�¡ª���¥S�M��¡ª��ER{vLFLO���}L}WRWeWe �ò|¡�L~l�d|¡��}WR Ó�oWKê�è���L��~N�
! ��#!°à�	E!YAMPsLF�Y?�:BE[`r R/\AmnFLKNgkF�YCD=?�ON?_BEYC±�FLYAKWM%?�YAYd?ct+@PR _0É��¤�d¢¡�j³N�+�`�OÅæ¢l�c�c�¤�d�¤� �`�O×�Ø�Ø9ÙèRLvLFLO���}WRfeWeê�

}��L~l��}f���NRNZ�MP±ê�ê|¤�Ï�NRê|c�L���{�

!·~/#¼TÝ��mJ�JÚ�?�KW@CMUKêR(Öó²N�l�¡�C�õ�����A�X^õ����¥j�¤�����l��Ræ\�M=�ÛÚ�FLY?,��CÓ�FLrWK÷°�BEOQMUtÝÜ @CFLKW@a�¹oW±WOQBE@CrNMPYPR
|¡�L�L�{�

! }X#]zè�©§J�èX�eWeWOQMP±�?�oND�RR\ÏX%a�?_eN^dBwvLM,?_YCYd?ct+@PR _7Ð�È�È�È	ÊW�A���N�P��ÉJ��¥j�¤�����l�ÍÖn�d¢`³N�¡ª���¥S�ER�v�FLOS� �_}WR�KWFW�
�{RWeWe ���������Ï���L�NRWz{MPeN^P�ò|¡�����{�

! ��#�§J�%°�BEaWYAF �!RG�i�1�%�1>*?�K�^dM¤tLRL|¹� ÓN�]E!YAB*;I^drW@UR0?�KWac§J�)§J�)E0F{F+aWM_R)\ÏX%a�?_eN^dBwvLM ?�K�^dMUKWK�?
@At+@A^CMPDG@PR _�Ð�È�È�ÈÞÖæ�`¢¡�P�wèvLF�OS���L�{RNeWeê���{|c}L~l�Ö�{|¡���NR�|¡�L���{�

!·�/#¼TÝ�©|¹�dÚ�?�oWeN^PR�\j�¹r�?�@AM¤�ý
0KNOQt�?�a�?�e{^dBQv�M,KfoWOEOQBEKWsI�:BQ^Cr7?�sLMUKWMU^CBE[,?_OEsLFLYABQ^CrWD�R _3ÐÏÈ2È�ÈÛÊW�A���N�P�ÉJ��¥Ï�¤�����l�0Ön�d¢`³N�¡ª���¥S�ERNvLF�OS�W}f�+RWKWFW�6�NRNeWeê�ò|¡�L���l�`|¡�{|��{R Ó�oWKê�ì|¡�L���+�
! ��#¼H]�Nzè��°�MUBEOEM1?�KNa��%�W>bBE[`rWBQMPOE@A@CMUKêRo\jp%rWM1[PFLK�^dYAFLO6F�gì?�aW?�eN^dBwvLM�?�K�^dMUKWK�?,?�YAYd?ct+@J�:Bw^dr=sLMPKWM¤^dBQ[

?�OEs�FLYCBw^drWDG@ioN@CBEKNs0aWFLDGBEK�?�KN[PM�?_KWa�aWBEeNOEFLBQaNtLR _ßÐ�È�È�ÈàÊW�A���N�P� ÉJ��¥j�¤�����l�?Öæ�d¢`³N�¡ª���¥��ER_vLFLO���}��NR
KWFW�ò|¡�{RWeWeê�ò|c}��_}_�`|P}�~L~NR(
�[U^c���_�L�N|L�

!·�/#]mJ�qzN?�[U[`rWBSRqZn�ìHJMG\�?_^`?�OQM�Rq>��ìH�FLKWMPOQOEB�RêX]��|òFLDGD=B�Rê?�KNa�X¼�q>*?�@C@C?NRd\ÏX%a�?�e{^dBQv�MI?�K�^dMUKWK�?
?�YCYC?ct![PFLK�^dYAFLO+BEK!^drWM�eWYCMU@CMUKW[PM�F_g�BEK�^dMUYAgkMUYCBEKNs�@ABEsLK�?_OE@��:BQ^Cr¼@Ö^dF+[`r�?�@A^CBE[n?�YCYABQv_?�OE@U�ò?�@A@CMP@A@CDGMPK�^
F�g�?pE!X:�j±�?_@CMPa/eNYCF+[PMPaNoWYCM_R _CÐÏÈ2È�ÈáÊW�A���N�P�aK'©£�d�¤¦E�`�`��Åæ¢l����«+��©S�C��¥��QRßv�FLOS�i~NR¹KWFN�ß}WR¹eWeê�
|¡�L~N|¤�`|¡�L~��NR9Ó�oNOS�6������}W�

|��



!·�/#ÝX]�+>*?_@C@d?{RN> �fHJFLKWMUOEOEB�RLZn�LHJM1\J?_^d?�OEM_R+zè�fm�?�FLYA@CB�Rf?�KWaGX]�o|òFLDGD=B�RW\ý�óOE?�K�?�Yß?�K�^dMPKNK�?¼?_YCYd?ct
[PFLK�^CYCFLOv�:BQ^dr*sLMPKWM¤^dBQ[�?�OEs�FLYCBw^drWDG@1?�KWa7?�aW?�eN^dBwvLM�?_YCYd?ctb^drWMUFLYAt�R _7Ð�È�È�È�ÊN�C���N�P�ZÉJ��¥j�¤�����l�Öæ�`¢`³N�¡ª���¥S�ERNv�FLOS�6���{RWKWFW�ò|�|LRWeWeê���_�N|¡�l�Ï�����_}WR{\�F¡v��è���L��}N�

!w|c�/#3ÓN�	ã!MUKWKWMUaNtLRNTÝ�{mJ�+�¹±èMUYCr�?�YÖ^cR{?�KWa¬Ú��+z{rWB�R[â6¸������ãÐ���¥Ï�¤¦£¦®©wª+�¤� �`���+zN?�K=Z�Yd?�KW[UBE@A[PFW�ß>�FLYCsL?�Kã!?�oNgkD=?�KWKn�¹oW±WOEBQ@CrWBQMPYA@PR��_�L�N|L�
!w|�|$#ÝH]�/E!BQMP@q?�KWaÍÚ��lT1?�rWD=?_^A�ÏzN?�DGBEBSR-\j�i?�YA^CBE[POQM¹@?�n?�YCDàFLe{^dBEDGBEVP?_^dBQFLKJgkFLYìYAMP[PF�K('�sLoWYC?�±WOQMæeWrW?�@CM��

aWB*+èMPYAMPK�^dBE?_^dMUa7?�YAYd?ct*aNMP@CBQsLKêR _aM*©S�¤�d¢l¸��R@���äi³�¥S�bÊè�`�`²+� ¢l¦E¢CªX^åÑì�¤¥¬¥��QRêv�FLOS�è~L�NRèeWeê��|c�L�l�`|¡�L�{R
XJoWsN�����L�L~N�

!w|¡��#ÝH]�n°à�e§nF{MUYCBQKWsLMPY3?�KWa�H]�eÚ¼�n°�MPYAKWMPYURO\ý��?�YÖ^dBE[UOEM�@?�n?�YCD FLeN^dBQD=BQVc?_^CBEFLKøvLMUYC@AoW@ÒsLMPKWM¤^dBQ[
?�OEs�FLYCBw^drWDG@¼gkFLY]eWr�?�@AMPa�?_YCYd?ct�@At+K�^drWMU@CBE@UR _�Ð�È�È�ÈæÊW�A���N�P�2ÉJ��¥Ï�¤�����l�EÖæ�`¢`³N�¡ª���¥S�ERóvLFLO��¹�L�{R
KWFW�6~NRNeWeê���L�{|¤�Ö�L���{R�>*?�YU�6���L�_}W�

!w|c~/#3ÓN�êT:FL±WBQKW@CFLK�?_KWaCÚ�� T�?�rND3?_^Ö�ÖzN?_D=BQBSR	\ý��?�YÖ^dBE[UOEM¼@?�n?�YCD FLeN^dBQD=BQVc?_^CBEFLKÒBQK7MPOEMU[U^CYCFLD=?�sLKWM¤^A�
BE[U@PR _OÐ�È�È�È�ÊW�A���N�P�mÉJ��¥j�¤�����l�bÖæ�d¢`³N�¡ª���¥��ER{vLFLO����L�{RWeWe �6~L������}����{R{Z�MP±ê��������}W�

!w|P}X#3ÓN�qT1FL±NBEKW@AFLKêR¹z���z+BEK�^dFLK R�?�KNaçÚ��qT1?�rWD=?_^A�ÏzN?�DGBEBSR�\j�i?�YA^CBE[POQMI@?�n?�YCDbR�sLMUKWMU^CBE[=?�OEs�FLYCBw^drWDbR
?�KWaø^drWMUBEY�r�t+±WYCBQaW@P�k
�eN^dBQD=BQVc?_^CBEFLK�F�g�?�eWYAFX'�OEMUaø[PFLYAYCoWs�?l^dMPa÷rWFLYAK<?_Kf^CMPKWKW?NR _*BEKYÐÏÈ2È�ÈÉJ��¥Ï�¤�����l�0Ön�d¢`³N�¡ª���¥S�;âê¢¡�P�èÐ���¥��éâ�^l�J³ �Zê!©wª��ERNv�FLOS� |LR�eWeê�6~N|P}_�Ï~N|¡�{RW�_�L���{�

!w|¡��#ÝTÝ�¹mJ�ó�ó±�MPYAr�?�YÖ^3?_KWa»Ú���z{rWB�R�\j��?_YA^dBQ[POQMbz	��?_YCD 
�eN^CBEDGBEVc?l^dBEF�Kê�GHJMUv�MPOEF�eWD=MUK�^d@PRnXJeWeWOQBw�
[c?_^CBEFLKN@=?_KWa<T:MP@AFLoWYA[PMP@UR _çÖæ�`¢¡�P��Åæ¢l�+ª��d�`�`��¢l�vÈ?@�¢l¦®«+¥¬©S¢l�����=^ëÅæ¢l�J³�«+¥���¥¬©S¢l�íì î�îR×lJz{MUoWOSR
mnFLYCMP?NR�eWeê�6�{|U�Ï�L�{R����L�{|L�

!w|c�/#bÚ���T1?�rWD=?_^A�ÏzN?�DGBEBSR`\ÖZ�YAFLK�^dBEMUYC@:BEKbMUv�FLOEo{^dBEF�K�?�YAt�FLeN^dBQD=BQVc?_^CBEFLK�^CMP[`rWKNBZ%foWMP@J?�eWeWOQBEMUab^CF�?�K{�
^dMUKWK�?�aWMU@CBEs�KW@P�:sLMUKWMU^CBE[,?_OEsLFLYABQ^CrWD 2FE0XG51?�KWa
eW?�YA^CBE[POQM¼@j��?_YCD8FLeN^dBQD=BQVc?_^CBEFLK.2¯�æz(
L5�R _¼BQKÖæ�`¢¡�P�K×Vï¢ð¤�3��ñ�¢l«+�¤�mò`�`��Ð���¥Ï�¤������¥¬©S¢l����¦E�`�n�+�2ÌJ©S�`�ó�¤«{�æ¦E�`��ÉJ��¥Ï�¤��� �`�:2~ñVÐÏÌjÉXì î�îAól5¤RlZ�Yd?�KN[PM�R
\�BQ[PM�R�eNeê�6���l�j~L~NR����`|¡��\1F�v���������}W�

|¡�



!w|¡��#ÝTÝ�qmJ�q�¹±�MPYCrW?�YA^]?�KWa�Ú��iz{rWB�RN\AmnFLDGe�?�YABEKWsÒBEKNMPYA^CBy?8�æMPBQsLr�^d@,?_KWa�[UFLKW@Ö^dYCBQ[U^CBEFLK7g¬?�[¤^dFLYA@¼BQK
e�?�YÖ^dBE[UOEM%@j��?�YAD FLeN^dBQD=BQVc?_^CBEFLK R _nBEK�Öæ�d¢¡�P��Åæ¢l�+ª��d�`�`�0¢l��ÈS@�¢l¦®«{¥¬©S¢l������^�Åæ¢l�J³�«+¥���¥¬©S¢l��ì î�î�î¡�¹BE@C[P?_^`?q�n?ctLR�u�z{X¼R�eWeê�6��}l�Ï�L�NRW���L�L�{�

!w|c�/#bÚ��nz{rWB�?�KWa<TÝ�nmJ�n�¹±�MPYAr�?�YA^PR�\Ö�¹DGeWBEYABE[c?_O�@A^CoWaNt÷F�g0e�?_YA^dBQ[POQM�@j��?�YAD FLeN^dBQD=BQVc?_^CBEFLK R _bBQKÖæ�`¢¡�P�¬Åæ¢l�+ª��d�`�`��¢l�ôÈS@�¢l¦®«+¥�©S¢l������^ôÅæ¢l�J³�«+¥���¥¬©S¢l�õ×�Ø�Ø�Øl0°õ?_@CrWBQKWs�^dF�KêR1u�z{X¼R�eWeê��|c��}f���
|¡�����{Rê|¡�L�L�{�

!w|c�/#3ÓN�Nã0MUKWKWMPa{t7?�KWa�T!� mJ� �¹±�MPYCrW?�YA^PR�\j�i?�YA^CBE[POQM!@?�n?�YCD FLeN^dBQD=BQVc?_^CBEFLK R _�BEKöÖæ�d¢¡�P�;Ð�È�È�ÈõÐ¤��¥S�Åæ¢l�c�c�¤�d�¤� �`�7Ì¼�¤«+�A��¦�ÌÝ�¤¥�¸n¢l�ÏÎ¡�LRßvLFLO��ih�x]R��qMPYA^CrêR¹XJoN@A^dYC?�OEBE?NRß\1F¡vè� [�HJMU[���|c�L���{RieWeê�n|c��}f���
|¡��}��{�

! �_�/#3ÓN�iã0MPKWKNMPaNt÷?�KNaÑT!�ómJ�ó�¹±�MPYCrW?�YA^PRi\jX aWBE@A[PYCM¤^dM'±WBQK�?�YÖt�vLMUYC@ABEFLK÷F�g1^drWM'e�?_YA^dBQ[POQM�@?�n?�YCD
?�OEs�FLYCBw^drWDbR _]BEKÝÖæ�d¢¡�P��Ð�È�È�È5Ð���¥��(Åæ¢l�c�c�¤�`�¤� �`��â�^��¤¥j�¤�]�`9M����N������»Å�^RB¤�¤�¤� �¤¥¬©S�`��Ròv�FLOS�q�{R
�[U^c�ò|c�L���{R{eWeê��}W|¡�_}_�j}W|c�L�N�

! �+|$#¼zè�nm�?�FLYC@ABSR1>��æHJFLKNMPOEOQBSR�X¼�e|òFLDGDGBSR�?_KWa�X]�n>*?�@A@d?NRe\jX YCMP?�Ow�S^dBQD=MÒ?�eNeWYCF�?_[`r<^dF/?_YCYd?ct
[PFLK�^CYCFLOó±�?�@AMPa�FLK�?ÒOEMP?�YCKNMPa�s�MPKWM¤^dBE[G?�OQsLFLYABQ^drND�R _aM*©S�¤�d¢l¸��R@��£äi³�¥��3Ê��`�`²+� ¢l¦w��Ñì�¤¥¬¥¤�wRiv�FLOS�
~L�NRWKNFW��}WR�Z�MP± �����L�L~N�

! ����#!X]��m�?�YAOE@AFLKêR�Åæ¢l����«+��©S�C��¥�©S¢l�ºâ�^��¤¥j�¤�]���6\1M��XÚ�FLYB,6�æ>�[ E0Yd?q���>Ú�BEOQOSR�|¡�L���+�
! �_~/#3ÓN�òT:F{aWYABEsLoNMPV�RìT!�ì>�oNKWFLV�RvÚÝ�ò�¹@A^dM¤vLMUV�RßZæ�êXJYAMP@PRi?�KWa �%�ì>�F�YCMPKNFWRN\Az+t+K�^drWMU@CBQ@ÝF_gneWOE?�K�?�Y

?�YCYC?ct{@v�:BQ^Cr,?�YA±WBQ^CYd?�YÖt0sLMPF�D=M¤^dYAt!s�MPKWMUYd?_^CBEKWs�?�YC±NBQ^dYC?�YAtJgkF{F�^CeWYCBQK�^ieW?_^C^CMPYCKN@PR _jÐÏÈ2È�È÷ÊW�A���N�P�ÉJ��¥Ï�¤�����l�0Ön�d¢`³N�¡ª���¥S�ERNvLF�OS�6�L�+RWKWFW�6�NRNeWeê���_}��_}��Ï�_}��L�{R�z{MUeN^c��������}W�

|¡�



z{�AÃ��C��w ¾¬tSá����=���º�
ç 6Oïhñ[:v��üÝ���O�¹YCF�±WOEMUD sLMUFLD=M¤^dYÖtL�

ç 6Oïhñ[:v��üç4è�,m�?�OQBE±WYC?_^dBQFLK6�óYAF{[UMP@A@I2¯g�5%�O|òBEKWMP?�Y�X�YCYC?¡t��JXìvLMUYd?�sLMUa � ªrq£s F�v�MPY:Ï ��� �R�
^CBEDGMP@A^CMPeW@%gkFLY%aNB*+èMPYCMUK�^1v_?�OQoWMP@%F_g�g ��ûjü 2¯g � ¨ µ � � � {ë5�?�KWang � ¨ µ 2¯g ��ûýü � � ��� 5¤�ç 6Oïhñ[:v��ü&Wè��hjK�^dMUYAgkMUYCMPKN[PM�z+[PMPKW?�YCBQFW�)2C�	5%HJBE@Ö^dYCBQ±WoN^CBEFLK'F�g�?�KWs�OEMP@%F_gß?�YAYCBwv�?_O F�giBEK�^dMUYAgkMUYCBEKNs
@ABEsLK�?_OE@¼?�YCYABQv_?�OßvLMUYC@AoW@]^dBQD=MU@A^CMPe�KfoWD]±èMUY,?�KWa¹2·BW50eWOEF�^¼F�g�^CrWMGK+oND,±èMUY]F�g�BEK�^dMUYAgkMPYAMPKW[UM
@ABEsLK�?_OE@%e�MPY�^dBQD=M��j@Ö^dMPeÒOQBQgkM¤�S^dBQD=M_�

ç 6Oïhñ[:v��üv\Z�øX%a�?�e{^dBQv�M'[PFLK�^CYCFLOæF�g1OEBEKNMc?�Y]?�YCYC?¡t+@�2Q} � Ì �o5¤�°2A�<5]T:oWKWKNBEKWs7?cv�MPYd?_sLMÒF�g
^CrWM�z{hÏ\JT v�MPYC@AoW@�� FL±N^d?�BEKNMPa�±�t D=MP?�KW@ÒF�gÝ^drWM�X�eWeWOEMU±�?�oWDnU·@'D=M¤^drWF+a¬2¬@CF�OEBEa OQBEKWMq5¤R
^CrWMGH7�èX DGMU^CrWF{a{2ka�?�@ArWMPa OEBQKWM 5�R ^drWMI|q>
z7?�eNeWYCF�?_[`rV2keèF�BEK�^A��a�?�@CrNMPa�OEBQKWM 5�Rè^drNM3mOE0X1�
±�?_@CMPa�^CMP[`rWKNBZ%foWMI2kaWF�^C^CMPa�OQBEKWMq5¤R+?�KWa=^drWM:�æz(
é@Ö^dYC?_^dMUs�tP2k@CD=?�OEO�aW?�@CrWMUa'OEBQKWM 5���ø�oWBEMU@C[UMPK�^
MUOEMUv_?_^CBEFLKÒ±�Mc?�D eW?_^C^CMPYCKm2·BW5��%zN?�DGeWOQMP@:F�gß@Öt+Kf^CrWMP@ABEVUMPa
MUOEMUv_?_^CBEFLKÒ±�Mc?�D eW?_^C^CMPYCKN@J?_^32d� 5
�i� � � �NR�2C��5 �l� �V�R{WR�?_KWa.2`� 5 �i� ° � Ì �

ç 6Oïhñ[:v��üÔt���X%aW?�eN^dBwvLM�[UFLK�^dYCF�O�F�góeWOE?�K�?�YJ?�YCYC?ct{@�2�z<%fo�?�YAMI?�YCYC?¡tÒ�)} � � �V�o5��!T1oNKWKWBEKNs
?cvLMUYd?�s�MÝF_gq^CrWMÝz{hÏ\�T�vLMUYC@CoN@ � FL±N^d?�BEKWMUa'±�t�DGMc?�KW@%F_gq^CrWM0XJeNeWOEMU±�?�oWDnU @%DGMU^CrWF+aT2¬@CF�OEBEa
OQBEKWMq5¤R_^CrWMnX�eWeWOQMP±�?�oND6U·@�DGMU^CrWF{a��:BQ^dr]aWBE@A[PYCM¤^dM�eNr�?�@CM��j[UF{M=;=[UBEMUKf^C@92�H:�èXG5e2¬a�?�@ArWMPa�OQBEKWMq5¤R
^CrWM:|q>
zG?�eWeWYAF�?�[`r&2¬e�FLBEK�^A��a�?�@ArWMPaGOEBQKWM 5�R�^drWMJmOE0X1�j±W?�@CMUa=^dMU[`rWKWB*%+oNM�2¬aNF�^C^CMPaGOEBEKNM 5¤Rf?_KWa
^CrWML�æz(
 @A^CYd?_^CMPs�tT2k@CD=?�OEO a�?�@CrNMPabOEBEKNM 5¤�

ç 6Oïhñ[:v��üÝ�è�=X%a�?�eN^CBQvLMI[UFLK�^dYCF�OßF�g�eWOy?_K�?�Y0?�YAYd?ct+@�2Sz<%fo�?_YCMG?�YCYC?ct��]} � � �V�`5¤��z{?�D=eNOEMP@
F�g¼@At+K�^drNMP@CBQVPMUa�MPOQMUv_?_^CBEFLK�±�Mc?_D e�?_^A^dMUYCKW@Ò?_^p2C�	5 �P� )V) 2 ¤À� � ®R� � 5¤R32·BW5 �&� � � )2 ¤n��� � Ì � 5¤R�?_KWa �i� Ì � ) 2d�q5 ¤n� ° � ?�KWa.2C��5 ¤C� �R� � �

ç 6Oïhñ[:v��üCùQ��X%a�?�e{^dBQv�MJ[UFLK�^dYCF�OèF�gêeWOy?�KW?�Yn?_YCYd?ct+@G2�z<%fo�?�YAM0?�YCYC?ctI�i} �¬� �V�o5��ózN?�DGeWOQMP@�F�g
@Öt{K�^CrWMP@ABEVPMUa�±�Mc?�D8e�?_^A^dMUYCKW@!?_^I2C�	5 �)�ú)V) R�2·BW5 �)� � � ) Rê?_KWa{2`�q5 �)� Ì � ) �Oø�oWBEMU@C[UMPK�^
±�Mc?�D e�?_^C^CMPYAK"2A��5¤�

ç 6Oïhñ[:v��ü&ûè�%�¹OEOQBEeN^CBE[P?�O ?_YCYd?ct3Oy?ctLFLo{^�2F} ��� �V�o5��
���



ç 6Oïhñ[:v��üvü���T1oNKWKWBEKNs
?cvLMUYd?�sLM3F�g%^drWM'z{hÏ\JT vLMUYC@CoN@ � F�±N^`?�BQKWMPa�±ft�DGMc?�KW@¼F�g%^drNM3XJe+�
eWOQMP±�?_oWD6U·@�DGMU^CrWF{aY2¬@CF�OEBEa�OEBQKWM 5�Rè^drNM�H7�èX DGMU^CrWF+a@2¬a�?_@CrWMUa OQBEKWMq5¤R6^drWM0|i>*z�?_eWeWYCFL?�[`r2keèFLBQK�^A�jaW?�@CrWMUa*OQBEKWMq5¤RN^CrWM,mOE0X1��±�?�@AMPa�^CMP[`rWKNBZ%foWMC2kaWF�^A^dMPa�OEBQKWM 5�R�?�KWab^drWM���zR
 @A^CYd?_^CMPs�t2k@CD=?�OEOêaW?�@CrWMUa�OQBEKWMq5¤�

ç 6Oïhñ[:v��ü��ëì��æX%a�?_eN^dBwvLM�[UFLK�^dYCF�ONF�g�eNOy?�K�?_Y�?�YAYd?ct+@92��¹OQOEBEe{^dBE[P?�O�?�YAYd?ct!�v} �¬� �V�o5��ßz{?�D=eNOEMP@
F�g�@At+K�^drWMU@CBQVPMPa7±�Mc?_D e�?_^C^CMPYAKW@J?l^02A�<5 �J�5) R�2,B�5 �J� �¨)V) R�?�KWam2`�q5 �J� Ì � ) �?ø�oWBEMU@C[UMPK�^
±�Mc?�D e�?_^C^CMPYAK"2A��5¤�

�{|



ßmtOý�y=w ¾¬tSá����=���º�
ç ]?� þ��küC
_�êX%a�?�e{^dBQv�M![PFLK�^dYAFLOòF�giOEBQKWMc?�Y�?�YCYC?¡t+@�2F} � Ì �`5¤��z{hÏ\�T�@A^d?_^dBQ@A^dBQ[P@U�

ç ]?� þ��kü¼
¨
_��X%a�?_eN^dBwvLM
[UFLK�^dYCF�OJF�gÝeWOE?�K�?�Y3?�YCYC?¡t+@p2�z<%fo�?�YAM�?�YCYC?¡tø�a} � � �V�o5�� z{hÏ\JT
@Ö^`?_^CBE@A^CBE[U@P�

ç ]?� þ��kü»
¨
¨
_��X%a�?�e{^dBQv�MI[PFLK�^dYAFLO¹F�gæeWOy?_K�?�Y0?�YAYd?ct+@a2��¹OEOQBEeN^CBE[c?_O�?�YAYd?ct��:} � � �V�o5��Gz{hÏ\JT
@Ö^`?_^CBE@A^CBE[U@P�

�L�



x

z

y

θ

ϕ

P(u,v,z)

mP (x  , y  , z  )

m=1

m m

m=M

m

6Oï¯ñZ�å��í3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
��~



 0

 3

 6

 9

 12

 15

 18

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

SI
N

R
 (d

B
)

Ω

max{χ}=Ω
min{χ}=0.4

max{χ}=0.9
max{χ}=Ω

6Oï¯ñZ�34Pí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
�_}



-180

-135

-90

-45

 0

 45

 90

 135

 180

 0  50  100  150  200  250

A
rr

iv
al

 A
ng

le
 [d

eg
]

Timestep [t]

θ
φ

2A�<5

 0

 1

 2

 3

 4

 5

 6

 0  50  100  150  200  250

N
um

be
r o

f I
nt

er
fe

re
nc

es

Timestep [t]2·BW5
6Oï¯ñZ�3WPí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _

�L�



-15

 0

 15

 30

 45

 60

 0  150  300  450  600  750  900

SI
N

R
 (d

B
)

Timestep (t)

Optimal
DPA
PSO

CGA
LMS

2A�<5

-60

-45

-30

-15

 0

-90 -60 -30  0  30  60  90

B
ea

m
 p

at
te

rn
 [d

B
]

θ [deg]2·BW5

6Oï¯ñZ�Í\������Gí3ÿ ���Òÿ�ðìür�c�¯ï���������
��\ÏXJKÒhjKWKNF�v_?_^CBQv�M]mnF�D=eWo{^`?_^CBEFLK�?_O XJeNeWYCF�?_[`r�±�?_@CMPa�FLK��Q�w� _
���



-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

���

-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

� ��

���

6Oï¯ñZ�y\��������Gí3ÿú���'ÿ�ðqür���Qï������	��
��\jXJKbhjKWKWF¡v_?_^dBwvLM¼mnFLDGeWoN^`?l^dBEF�K�?�O�XJeWeWYAF�?�[`rb±�?�@AMPa*F�K �w�w� _
�L�



 0

 15

 30

 45

 60

 50  75  100  125  150  175  200  225  250

SI
N

R
 (d

B
)

Timestep (t)

Optimal
DPA
PSO

CGA
LMS

6Oï¯ñZ�3tPí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
���



-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

���

�  �

-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

-7
5

-6
0

-4
5

-3
0

-1
5 0

-9
0

-6
0

-3
0

 0
 3

0
 6

0
 9

0

Beam pattern [dB]

θ 
[d

eg
]

O
pt

im
al

D
PA

C
G

A
PS

O
L

M
S

���

� ��

6Oï¯ñZ�3�Pí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
���



!#"$

! %$

!#&$

! '$

6Oï¯ñZ��ùkí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
~L�



-5

-4

-3

-2

-1

 0

 1

 2

 3

 4

 5

-5 -4 -3 -2 -1  0  1  2  3  4  5

Y
/λ

X/λ

6Oï¯ñZ�3ûPí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
~N|



 0

 15

 30

 45

 60

 50  75  100  125  150  175  200  225  250

SI
N

R
 (d

B
)

Timestep (t)

Optimal
DPA
PSO

CGA
LMS

6Oï¯ñZ�3üPí3ÿú���'ÿ�ðìü¢���¯ï������	��
��\jXJKÒhjKWKWF¡v_?_^CBQvLM¼mnFLDGeWoN^d?_^dBQFLK�?�OèXJeWeNYCF�?�[`rb±�?�@AMPa�FLK��Q�w� _
~��



!#"$

! %$

!#&$

! '$

6OïhñZ�å�	ìPí3ÿú���'ÿ©ðìür�c�¯ï��������(
��\ÏX�KbhjKNKWF¡v�?l^dBQv�M¼mnFLD=eNoN^`?_^CBEFLKW?�O X�eWeWYCFL?�[`r�±W?�@CMUa*FLK��w�Q� _
~L~



)
*+

,-
.

/0
.

-
+1

1
23465
78

79
: + ;
<=
>

?A@B
C

DD @
EF

DF @
GH

DGA@
ED

HF @
DB

I J K
LM

NPO
D? Q
RS
TT @
BD

TT @
TU

TF @
GT

TD @U
H

UD @
?B

]?�9þ2�Í
�í3ÿú���'ÿ�ðqür���Qï������	��
��\ÏX�KÒhjKWKWF¡v_?_^dBwvLM¼mnFLDGeWoN^`?l^dBEF�K�?�O X�eWeWYAF�?�[`rb±�?�@CMUa*FLK��w�Q� _
~�}



)
*+

,-
.

/0
.

-
+1

1
23465
78

79
: + ;
<=
>

DU @
TF

TD @
TF

TU @U
G

H?A@
?H

F GA@
GB

I J K
LM

NPO
D? Q
RS
DEA@H
T

GA@C T

DEA@
BC

GA@C F

?A@?
?E

]?�9þ2�O
¨
Lí3ÿ ���Òÿ�ðìür�c�¯ï����V�	��
��\ÏXJKÒhjKWKNF�v_?_^CBQv�M]mnF�D=eWo{^`?_^CBEFLK�?_O XJeNeWYCF�?_[`r*±�?�@AMPabFLK��Q�w� _
~��



)
*+

,-
.

/0
.

-
+1

1
23465
78

79
: + ;
<=
>

DGA@
C B

T? @
?C

H?A@
DC

HU @
EG

UT @
?T

I J K
LM

NPO
D? Q
RS

BA@H
?

U @
?T

DEA@
FH

U @U
G

?A@?
?U

]?�9þ2�Í
¨
¨
�í3ÿú���'ÿ�ðqür���Qï����V�	��
��\ÏX�KÒhjKWKWF¡v_?_^dBwvLM¼mnFLDGeWoN^`?l^dBEF�K�?�O X�eWeWYAF�?�[`rb±�?�@CMUa�F�K��w�Q� _
~L�


