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�FE)JVSPY�!1j W�JVW Sn^KW�C�YLSCBKW�^�l�JVZIdED�F$G9H�IKJ	L�M�OK,�, E)CK^N,�,O,�f�ZISUCKf�SU^KW�CKf�W�T@*<P$cKW MnW�u)W�M�TVfgc+W�d�W
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oFZIJ YLcKW#CKW�H�ENYVSUuIW O��FENJVSUY�!5(FE)CK^+T��)f�ZICeBFH)GKJLENYVSnZIC+T Z)ler=�ts ��uK� ��� v �ts ��uK� ���AE)C+^zr=�ts ��uK� ��x v �ts ��uK� ���CFENYLG+JVW E)JXW��KJXZ+�0Z)TVW�^{* \��R�0W�JVSUdeW�C`YLE)M�(KE)CK^KT�cFE�u)Wh( W�W�C�Z+(KTXW�JXu)W�^ SnC|( Z)YLc�C`GKf�MnW�SAGa��YLZ T �KSUC
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(KSnT [ GbcKZIcKW��tZNYgENYVSnZICKT�l�JVW@?�G+W�C [ W�C�T�YgE�(KSUM (KMnW�SY( W�C �F^+ZIdeSUCKSnW�JXY$j W�JX^KW�CV*tQ�SUW 1 E)CK^KW�C;� ZITVSPYLSUu)W�J
]AE)JXSUYvqEwY j W�JV^KW�C�E)MnTyr=�ts ��uK� ��� v �ts ��uK� ����x�ZICeBFH)GKJLENYVSnZIC+W�C<SnC�YLW�J �KJXW�YLSUW�J�Y��#j�qE)cKJVW�CK^ ^KW�J\1 E)CK^KW�C
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E)JVSPYvqENY�SnC �����@T u)ZIJVHIW�TVfgcKMnE)HIW�CV*�Q�W�Ji1 E)CK^+W�C�CKW�H�ENYVSUuIW�Jy]AENJVSUYrqENY j W�JV^KW�C�^KSnW x Z)CeBFHNO
GKJLENYVSnZIC+W�C r=��s ��uK� ��x v ��s ��uK� ����GKC+^ r=��s ��uK� ��� v ��s ��uK� ��� [ GKHIW�ZIJV^+CKW�YS* BDC (0W�Sn^KW�C x�W�JXCKW�C _NZICKC�YLW�C
^KSnWi1 E)CK^KW�C�W	�R� W�JVSUdeW�C�YLW�MUM�(KSUT [ Gg�R�KSnC+Tb(0W�Z+(FE)fgc�YVW�Y�j W�JV^+W�C � ^KSUW CFENcKW�( W�SA^+W�d"YVcKW�Z)JVW�YVSnTXfgc
uIZIJXcKW�JXHIW�TVE)H)YLW 1 E)C+^KW�CFE�(KTVfgcKMUGKTVT�MnSUW�HIW�CV*
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�hSnCKf�W deE)C$!&!IW�E)JVT�� C`GKf�MUW�E)J�TXYLJXGKf�YVGKJVW TXYLG+^KSnW�T�l�Z�f�GKTXW�^�ZICbYVcKW C`GKf�MnW�S
SUC�YLc+Wi� ,zT)� deE)TXT�O
JXW�HISUZIC�^KGKW1YVZ YVcKW�SUJ f�ZIdh�KMUW	��T�YLJXGKf�YVGKJVW ��� �@ENdcT & �_4 Snd !e%w��: SnZ&! !IEh� �tW�J ($# �_1 W�f ( T+� 1 JVGF�)�+�
�tE)Sn����� �	*

P$cKW�TVW�C`GKf�MnW�S cFE�uIW@MnZICKHz( W�W�C&�+JVZ+� ZITVW�^1E)T HIZhZ�^�f�E)CK^+Sn^FENYVW�T l�ZIJ j W�MUMPO�^KW�l�ZIJXdeW�^ Z+(+M]ENYVWtJXZNO
YVZIJVT<��� � , 
@����� # ��^KGKW YLZ@YVcKW3�KJXW�TXW�CKf�W$Z)lFYLcKW��������
�N�K�+� & TVcKW�MnMhH�E��!EwY�Z+(KMnENYLW ^KW{l�ZIJVdeENYLSUZICKT@*
BDC+^KW�W�^ � j W�MnM OD^KW{l�ZIJVd�W�^�Z�(KM]ENYVW1TVcFE��0W�TecFE�u)Wl( W�W�C TXGKHIHIW�TXYLW�^ l�JXZId%MnSPl�W�YVSnd�W�T d�W�ENTVGKJXW�d�W�C�YLT
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j W�MUMPO�^KW�l�ZIJXdeW�^|�KJVZ)M]ENYVW!deSUCKSndeEn�!� � , ������
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W{Y �+�`]
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P$c+W f�Z�W	�hSnT�YLW�CKf�W ZNlF^KS?#0W�JXW�C�Y�TXcFE�� W�T
SnC�YVcKW TVE)d�W C`GKf�MnW�G+TAj ENTAl�ZIGKCK^ YLZX�KM]E.!�E)C SUd[� ZIJ�YgE)C�Y
JVZIMUW ENY�cKSnH)chODT7�KSnC E)T1j W�MUMm* BDC )K� �hW)�@YDj Z<CKW�H�EwYLSUu)W{OK�FE)JVSPY�!�cKSUHIchODT7�KSnCd(KE)CK^KT1j W�JVW JVW�f�W�C`YVMC!
Z+(KTVW�JXu)W�^�ENCK^ YLcKW	! j W�JVWkSUC`YVW�J7�KJVW{YLW�^�YLZ�f�ZIJVJXW�T7�0ZIC+^�YVZ�YDj Z ^KSnT�YLSUCKf�Y�d�SnC+SndeEtSUC!YLcKW^� Z)YLW�C`YVS]E)M O
W�CKW�JVH�!�TXGKJXl E)f�W � �tE)S]�I��� *

�kW�f�W�C�YLM"!I�w]�MnW{YVYVCKW�J�+.- /21(3 � ]�MnW��I�;� E)CK^A:>E)JV^ +.- /21(3 � :�ENJL�I�8� JXWS� ZIJXYVW�^�YLc+W�Z+(KTXW�JXuNENYVSnZIC
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E)JVSUTVW d E)SUCKMC!@l�JVZId YLc+W SnCKf�ZIdh�KMnW{YLW W	�R�0W�JVSUdeW�C`YLE)M�SnC+l�ZIJXd EwYLSnZ)C E�( ZIG+Y�YLc+W TXYVJVGKf{YLGKJXW
Z)l�TVW�u)W�JVE)M C`GKf�MUW�Sm*_P$c+W�JVW E)JXW�TXYVSnMnM C`GKf�MUW�S�jkc+ZITVW W	�R� W�JXSnd�W�C�YgE)M{(FE)CK^KT$f�ZIGKMU^&(0W�Z+(+TVW�J�uIW�^bZICKM"!
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YLcKWZs ��uK� (KE)CK^V*#Q�GKWtYLZ YLcKWX�0Z�ZIJ TXYgEwYLSnT�YLSUf�T��`YLc+WXs ��uK� Z+(KMnENYLWZ(FE)CK^ Sn^KW�C`YVSCBFW�^ SUC��kW�l�* � : SnZ&!)!)E8�
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P$cKW�SUJb�KJVZ��0ZITXW�^�MUW�uIW�M�TVfgc+W�d�W f�ZICKTXSnT�YLT�Z)l E l E�uIZ)JVW�^U(FENCK^�W	��YLW�CK^KSUCKH�Ga��YLZ1T7�KSnC$# � � # �I��k
E)CK^�E)C GKChl Eru)ZIJVW�^[(KE)CK^ f�Z)CKTVSUTXYLSUCKH�Z)lpYVcKW2%+% j � k E)CK^&% #�j � k MUW�uIW�MnT@* P$cKW$^KW�f�ZIGa�+MnW�^�fgcFENJLE)f{YLW�J
Z)lKYLc+W=s ��uK� (FE)C+^!TVGKH)HIW�T�YLT�EZ�KJVZIMnENYLW#^KW{l�ZIJVdeENYVSnZIC�ENY
MnZrj�T7�KSnCV*�4�ENYLW�J
ZIC��+1 JXGKf�W$ENCK^ f�Zvj ZIJX_)W�JXT
� 1 JXGF�I�;�pdeE)CFENHIW�^ YLZ W	��YVW�CK^�YLcKW^!�JLE)T�Y`(KE)CK^ Ge��YVZ�T7�KSnC[�$T j � k *�itW�H�ENYVSUu)W{O��KE)JVSPY�!!TXYLENYLW�T Ge�eYLZ
T �KSUCo��� ($j �&%��tSnCl�����@T@cFE�uIW�( W�W�C�JVW@�0ZIJ�YLW�^�SnCb�tW{l�* � �hW{l�!)!;�AE)CK^;�KE)JXYVS]E)MUMC!�f�ZICeBFJXdeW�^�SnCb�tW{l�TS*
� a�SPY ( T`��1 JVGK�I� � *

P$c+W�JVW ENJVWbT�YLSUMnMkd!GKMPYLSY�+MnW&�KJXZ+(KMnW�deTeSnC ���	�hW�E)C+^d�����@T jkc+Snfgc j W�JVWbCKZ)Y�f�M]E)JXSCBFW�^ SnC<YLcKW
�KJVW{uhSUZIGKT@j ZIJX_�T@* BDC|(0Z)YVc�C`GKf�MUW�S�� YLcKW W	�R�0W�JVSUdeW�C`YLE)MASUC+l�ZIJXd ENYVSnZIC E�( ZIG+Y�MnZrj ODM"!hSUCKH�CKZIChOm!hJVE)TXY
TXYgEwYLW�T SUT�JLENYVcKW�J TVf�E)JVf�W�*qP$cKW�TXYVGK^e!�Z)l YLc+W�TVW�TXYLENYLW�T j ZIGKMU^ Z2#�W�J�Sndh�0Z)JXYgENC`Y�W�u�Sn^KW�CKf�WeE�( ZIG+Y
YLcKWtTVcFE��0W�T SUC`u)ZIMUu)W�^ ENY MnZrj WQ�+f�SUYLENYLSUZIC�W�CKW�JVHISUW�TS*#oFGKJ�YLcKW�JVd�ZIJVWN��YLcKWkHIJXZIGKCK^hO�TXYLENYLWZ(FE)CK^+T j W�JXW
Z+(KTVW�JXu)W�^�ZICKM"!�Ga� YLZ T �KSUC��R% j ��k�SnCg(0Z)YVc>C`GKf�MnW�S *\P$cKW�SnJ W	��YLW�CKTVSUZIC ( W@!)ZICK^>YVcKSnT T7�KSnC u)ENMnGKW
SnT SUd[� ZIJ�YgE)C�Y`(0W�f�E)GKTXW SUY f�E)C&�KJXZvu�SU^KW�SnChl�ZIJVdeENYLSUZICeE�(0Z)G+Y YVcKW�TXYLE�(KSnMUSUY�!�Z)l YVcKW�^KW{l�ZIJVdeENYLSUZIC ZNl
YLcKW HIJXZIGKCK^hO�TXYLENYLW2(FENCK^KTS*

P$c+W�MUZvj O�MC!�SnC+H�CKW�H�EwYLSUu)W{OK�FE)JVSPY�!�T�YgENYVW�T�SnC ���Q�hW�E)CK^ �����@T j W�JVW l�ZIGKCK^ YLZ f�ZIC+TVSnT�YLT�Z)l@TVW{O



(

?`GKW�CKf�W�T Z)l$MUW�uIW�MnT jkSUYLc SnJXJVW�H)GKM]E)J T7�FE)f�SUCKHK�
TVGKHIH)W�TXYVSnCKH;�KJVW�^KZId�SnCFE)C�Y TVc+W�MnM d�Zh^KW�M#fgcFE)JLENf�YLW�J�O
SUTXYVSnf�T�E)CK^ YLcKW�JVW{l�ZIJVWed!GKfgc�TXd E)MUMnW�J�^KW�l�ZIJXd EwYLSnZ)CKT�YLcFE)C YLcKZ)TVW ZNl YLcKW[�0Z)TVSUYVSUu)W{O��KE)JVSPY�!�TXYLENYLW�TS*
P$c+SnT SUT TXZIdeW{jkcFENY TVGKJ7�KJVSUTVSnC+HK�$TVSUCKf�W�SUC YVcKW�CKW�SnHIcp( ZIJVSUCKH C`GKf�MnW�S )7x71 J E)CK^&)7x���T JVZNYgENYVSnZICFENM
C+W�H�ENYVSUu)W{O��KE)JVSPY�!n(FE)C+^KT
(KGKSnMPY�ZIC�YLc+W�H)JVZIGKC+^hODT�YgENYVW�j W�JXW�Sn^KW�C`YVSCBFW�^ � �@JXJ ( ����oFZ)Y (I( � * BDC�)7x���T��
YVcKWkZ+(KTXW�JXu)W�^eMnZrj ODM"!hSUCKH@C+W�H�ENYVSUu)W{O��KE)JVSPY�!�(FE)C+^�j E)T�l�ZIGKC+^�YVZ�TVcKZrj �+JVZ+� W�J�YLSnW�T�TVSUdeSUM]E)J�YLZ�YLc+ZITVW
ZNl�E�� )�uK� (FE)CK^,� oFZ)Y (I( � *wP$cKSnTkZIJ7(KSUYLE)M E��a�+JVZ�E)fgc+W�TkYLcKW�oFW�JVd�S TXGKJXl E)f�W l�Z)J � �2�+��Z)CKMC!�ENYtM]E)JXHIW
� ��� �e* � # ^+W�l�ZIJXd ENYVSnZIC+TS* B�Y jkSnMUM_(0W�YLc+W�JVW{l�ZIJVW�SnC�YVW�JVW�TXYVSnCKH�YLZ�TVW�ENJVfgc>l�ZIJ MUZvj O�MC!�SnC+H C+W�H�ENYVSUu)W{O
�KE)JVSPY�!;(FENCK^KT�SnC ��� �hW�E)CK^ ��� ��T@jkcKSnfgc�j ZIGKMU^�cKW�MC��YLZ1TVZ)MUuIW�YLcKWy�KG [�[ MUW Z)l�YLc+W ^KW�l�ZIJXd EwYLSnZ)CKT
SUC�uIZIMPuIW�^ SnC1YVcKSnT0�FENJXYtZ)l�YLcKW MnW{uIW�M TVfgcKW�deW�*

Q�W�T �KSPYLW�YLcKW[�KJVW{uhSUZIGKT�SnC�YLW�CKTVW�W$#0ZIJXYVT�YVZbW	��YVW�CK^>YVcKW MUW�u)W�M TVfgcKW�deW�T Z)l0���	��W E)C+^A�����@T YLZ
c+SnHIc JVZ)YLENYLSUZICFE)M0l�JVWS?`GKW�CKf�SUW�T�� YVcKW�SUC+l�ZIJXd ENYVSnZIC�E�(0ZIGhYtYVcKW cKSnHIc�ODT �+SnC�TXYVJVGKf{YLGKJXW SnCN( Z)YLc C`GKf�MUW�S
SUT T�YLSnMUM$JLENYVcKW�J[�0Z�ZIJ���YLcKWN!hJVE)TXYc(FE)CK^KT cFE�uIWn( W�W�C�Z+(KTVW�JXu)W�^ ZICKM"! SUC E>MUSnd�SUYVW�^ T �KSUC JLENCKHIW
ENCK^bcKSUHIchO�T �KSUC C+W�E)JROK!�JLE)T�Y5(KE)CK^KT@E)JVW CKZ)Y^!IW{Y�SU^KW�C�YLS"BFW�^{*3P$cKW�SnC�uIW�TXYLSUH�ENYVSnZIC Z)lAYVcKW cKSnHIc�ODT �+SnC
T�YgENYVW�T�C+W�E)J@YVcKW !�JVE)TXY�MUSnCKW SnTtCKW�W�^KW�^ SUC�ZIJX^KW�JtYLZ�HIW{Y�E\( W�YXYLW�J@GKCK^+W�JVT�YgE)C+^KSnCKH1ZNl�YLcKW�TVcFE�� W�T
ENCK^ TXYLJXGKf�YVGKJVW�T�SnC�uIZIMPuIW�^ ENY!cKSnHIc�ODW	�hf�SUYgEwYLSnZ)C>W�C+W�JVH)SnW�T�SUC>YLcKW�TVW1YDj Z C`GKf�MnW�S *A��SnCKf�W&�KJVW{uhSUZIGKT
j ZIJX_�T SnCeYVcKWb�-, T)��d E)TXT�O�JVW�H)SnZIC�TVcKZrj W�^1YLcKENY SPY3( W�f�E)d�W5� ZITVTXSY(KMUWtYVZ!JVW�E)fgc YLc+W@YLW�JVd�SnCFENYVSnZIC+T
ZNl YLcKWq!�JLE)T�Y�(FENCK^KT��ASUY jkSnMUM_(0W�Z)lkE HIJVW�ENY SUC�YLW�JXW�T�Y YLZNBFCK^ W	�R�0W�JVSUdeW�C`YLE)MnM"!�YLc+W MnSUdeSPY�Z)l YLcKW
^+SnTVf�JVW{YLW�C`GKf�MnW�ENJ TXYLENYLW�T1SnC ���	�hW�E)C+^d�����@T�ENCK^ YLZ�SUC�uIW�T�YLSUH�ENYLW YLcKWbW$#0W�f�YVT�Z)l JXW�^KGKf�SnCKH YLcKW
�KE)SnJXSnCKH f�ZIJVJXW�M]EwYLSnZ)CKT$ENYkcKSUHIc E)CKHIG+M]E)J d�ZId�W�C�YLG+dl*

P$cKW�Z+� W�C ?`GKW�T�YLSUZICKT d�W�C�YLSUZICKW�^<E�( ZruIW�f�ENC ( W�E)CKT�j W�JVW�^ ZICKM"!A($!o� W�J�l�ZIJVd�SnCKHb^KW�YLE)SnMUW�^
d�W�ENTVGKJXW�d�W�C�YLT�W�d[�+MnZ !�SnCKH�cKW�E�up!�ODSnZ)C!l�GKTVSUZIChODW{uNE��0Z)JLENYVSnZIC JVW�E)f�YVSnZICKTAE)CK^y( W�E)d5W�CKW�JXHISnW�TAjkcKSnfgc
TXcKZIGKMU^ f�ZIC�YgE)SUC'TXG ��f�SnW�C�Y�SnChl�ZIJVdeENYLSUZIC YVZ E)MUMnZrj YLcKW f�ZICKT�YLJXGKf�YVSnZIC Z)l GKCKE)d�(KSUHIGKZIGKT&,FODJVE.!
^+W�f�E.! TVfgcKW�deW�TS*5oFZIJ W�TXYLE�(KMnSUTVcKSUCKH YLcKW�MUZICKH ^KW�WQ�+f�SUYLENYLSUZIC f�ENTVf�EN^KW�T��@E>c+SnHIc W ��f�SnW�CKf@! E)CK^
c+SnHIc JVW�TXZIMnGhYLSnZ)C ^KW{YLW�f{YLSUZIC T7!�T�YLW�d SnT�JVW@?�G+SnJVW�^V* ��SnCKf�WbTVG+fgc c+W�E�up!`O�SnZIC JVW�ENf�YLSUZICKTh�0Z��KGKM]EwYLW
TXW�u)W�JLENM�C`GKf�MUW�S�� SnC�ZIJV^+W�J@YVZ Sndh�KJXZvu)W�YVcKW TXW�MnW�f�YVSUu�SUY�! Z)l�YVcKW JXW�E)f{YLSnZ)C�fgcFE)CKC+W�MAZNl#SnC�YLW�JVW�T�Y�� YLcKW
,FO�JLE.!�^KW�YVW�f�YVZIJ$E)JXJLE.!ed!GKTXY3(0W@Z+�0W�JLENYVW�^�SUC�f�Z)Cf8XGKCKf{YLSnZ)C jkSUYVc�CKW�GhYLJVZ)C�E)CK^�fgcFENJVHIW�^hO��FENJXYLSUf�MUW�T
^+W�YLW�f�YVZIJVT@*

P$cKWz�KJXW�TVW�C�Y�j ZIJV_1JXWS� ZIJXYVT$YLcKW JVW�TVGKMPYLT$Z+(hYgE)SUCKW�^�l�JVZId YLcKW E)CKE)MC!�TVSUT$Z)l�YDj Z
\#s��0/213�b4 4���\ s5�<4 BRQ�\`�	� i^:|�b4 45W	�R� W�JVSUdeW�C�YLT��$f�ZICKf�W�JVC+SnCKH>YVcKWbMUW�u)W�MPO�TXYVJVGKf{YLGKJXW�Z)l@YLcKW
C`GKf�MnW�Sb���Q�hW E)C+^d�����@TS* P$cKW JXW�E)f{YLSnZ)C GKTVW�^�YLZo� Z+�KGKMnENYLW YLcKW�TVW C`GKf�MUW�S�j E)T&���	�
� 
��	� E�ENY
(+# ENCK^ %�� # a W@' (0W�E)d%W�CKW�JXHISnW�TS*<BDC<YVcKW�WQ�R�0W�JVSnd�W�C�YeENY ($# a�W	'8E�l�ZISUM Z)li% d�H j f�d[��Z)l
W�CKJVSUfgcKW�^ (I( * (�� 
��	� E W�uNE�� ZIJLEwYLW�^1Z)C`YVZ�Ec% # d�H j f�dh�$HIZIMU^c(FE)fg_`SUCKH!j ENTtG+TVW�^{* BDC�YVcKW�TVW�f�ZIC+^
WQ�R�0W�JVSnd�W�C�Y��6� W�J�l�ZIJVd�W�^ ENYq%�� # a�W@' � YLcKW!YLE)JVHIW{Y f�ZIC+TVSnT�YLW�^>Z)l E ! & ��
�H j f�dh��TVW�MUl�TXGa�a� ZIJXYVSnCKH
l�Z)SnM+ZNl0W�CKJVSUfgcKW�^ (I( * (I&+#�� 
��	� ER*_]
Z+�+GKM]ENYVSnZIC!ENY#MnZrj (0W�E)d W�CKW�JXHISnW�T�TVcKZ)GKMn^�E)MUMnZrj�YLcKW$MUZrj ODMC!�SUCKH
TXWS?`GKW�CKf�W YLZy( W�W�T�YgE�(+MnSnTXcKW�^�ENCK^1ZIJV^+W�JVW�^ �+jkcKSUMnWX�0Z+�+GKM]ENYVSnZIC ENY$cKSUHIcKW�J3( W�E)d ODW�CKW�JXHISnW�T TVcKZ)GKMn^
ENMnMnZrj YLc+W f�E)TVf�E)^KW�TtYVZ[( W�W	��YLW�CK^KW�^bYLZ�cKSUHIcKW�JkENCKHIGKMnE)J$deZ)deW�C`YLEe*

� ^KW{YgE)SUMnW�^�^KW�TXf�JXSY�+YVSnZIC1Z)l�YVcKW�W	�R� W�JVSUdeW�C�YgE)M0^KW�u�Snf�W�TtE)CK^1YVW�fgcKCKSC?`GKW�TkGKTXW�^�SnC�YVcKW2�KJVW�TVW�C`Y
j ZIJX_ SUT HISUu)W�C>SUC fgcKE��+YLW�J �R*\P$cKW WQ�e� W�JXSnd�W�C�YgENM�JVW�TXGKMUYVT Z+(hYgE)SUCKW�^ l�JVZId"YLcKW E)CFE)M"!hTXSnT Z)l YLcKW
^KENYgE�E)f@?�G+SnJVW�^�SUC1YLcKW�YDj ZeWQ�e� W�JXSnd�W�C�YLTtE)JXW
�KJVW�TVW�C�YVW�^�SUC fgcKE��+YLW�JZ�e*

P$cKW@W	��YLW�CKTVSUZIC�Z)l YVcKW@MUW�uIW�M0TXfgcKW�d�W�Z)lV���	�hW�E)C+^c�����@T CKZ)Y ZICKMC!�WQ�R�FE)CK^KT YLcKW�WQ�R�0W�JVSnd�W�C�YLE)M
_`CKZrjkMUW�^KHIWeZ)l YVcKW�TXW�C`GKf�MUW�S��6(KG+Y!E)MnTXZ�H)SUuIW�T!E TVSnH)CKSCBFf�E)C�YLM"!�deZ)JVWq�KJVW�f�SUTVWeYVW�T�Y!Z)l YVcKW�Z)JVW�YVSnf�E)M
�+JVW�^+Snf�YVSnZIC+TS*bP$cKWi� ,zT)��d ENTVT�O�JVW�HISnZIC�JVW@�KJVW�TVW�C�YVT C+Z)Y�ZIC+MC!�E)C�W	�R� W�JXSnd�W�C�YgE)M6(KG+Y�E)MnTXZ�E YLc+W{O
Z)JVW�YVSnf�E)M fgcKE)MnMUW�CKHIW�*�abENCp! d�Zh^KW�MnT cFE�uIW&( W�W�Co�KJVZ+� ZITXW�^�ZruIW�J YLcKW[!IW�ENJVT l�ZIJ�^KW�TXf�JXSY(KSUCKHbYLc+SnT
f�ZIdh�KMnWQ��E)JVW�EeZ)l�YVcKW C`GKf�MnW�E)J@T�YLJVG+f�YLG+JVW�*�i�Z)CKW Z)lAYLcKW�deZ�^KW�MUTkf�E)C�Z;#�W�J�Eef�ZIdh�KMnW{YLW ^KW�TXf�JVSC�hO
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YLSnZ)C�Z)l$YLc+W1Z+(KTVW�JXu)W�^ �KJVZ+� W�J�YLSUW�T!SUC>YLcKW C�G+f�MnW�S SnC YLcKSUT deE)TVTRODJVW�HISnZ)CV*|� TVc+ZIJXYy�+JVW�TXW�C�YgEwYLSnZ)C
Z)l YVcKW�deZIT�Y Sndh�0ZIJ�YgE)C�Y�YVcKW�Z)JVW�YVSnf�E)M#E��a�KJXZ�E)fgcKW�T�G+TVW�^>E)CK^ YLcKW�SnJ�MnSUdeSPYgENYVSnZIC+T�SUTz�+JVW�TXW�C�YLW�^�SnC
fgcFE��+YVW�J �a*�BDC�YLcKWtTVW�f�ZICK^\�FE)JXY Z)l�fgcFE��+YVW�J �K��YLcKWkMUZvj O�MC!�SnC+H2�0ZITXSUYVSUuIW O��FENJVSUY�! TXYLENYLW�T SUC[���	�hWtE)C+^
�����@T ENJVW@f�ZIdh�FE)JVW�^ jkSUYVc YLc+W5�KJXW�^KSUf�YLSUZICKT Z)l YLc+W��tSUHISn^hP�JVS]E9�+SnE)Mp�kZ)YLZIJ=�KMUGKT<]
E)JXYVSnf�MUW�� ��Pk�Z]`�
deZ�^KW�M *lP$c+W1cKSnHIc�ODT �+SnC>JXZ)YgEwYLSnZ)CFE)Mw(FE)CK^+T E)JVWe^KSnTXf�GKTXTVW�^ SUC YLc+W l�JLE)d�W�j ZIJX_ Z)l$YVcKW � JVE)CK_)W�^
i�SnMUTVTXZIChO��`YLJVGhYLSnC+TV_$! �m� i5�a�!l�ZIJVdeE)MnSUTVdN*A1`!<E��a�KMC!�SUCKH�YLcKW���Pk�Z] deZ�^KW�M$ZICKW�d E.!�c+Z+�0W�YLZ
H�E)SnCbTVZId�W��Kc$!�TVSUf�E)M
SnCKTXSnHIc�Y E)C+^�f�W�J�YgE)SUCKMC!)��SPY�SnT�SnC�YLW�JVW�TXYLSUCKH�YLZ TVW�W YVZ jkcFENY WQ�hYVW�C�Y E�TVSUd[�+MnW
�KcKW�C+ZIdeW�CKZIMUZIHISnf�E)M�d�Z�^KW�M jkcKSUfgc;�KJXZruIW�^bSUYLTkTXGKf�f�W�TVT@SnC�Z)YLc+W�Jtd E)TXT�O�JVW�H)SnZICKT$f�E)Cb^+W�TVf�JVSC(0W YLcKW
f�ZIdh�KMnSUf�ENYVW�TXYLJXGKf�YVGKJVW Z)l YLc+W�TVW�YDj Z�C`GKf�MnW�S *boFGKJ�YLcKW�JVd�ZIJVWN��($! f�ZIdh�FE)JXSnCKH�YLcKWeW	�R� W�JVSUdeW�C�YgE)M
^FENYgEtjkSUYLc�YLcKW<�+JVW�^+Snf�YVSnZIC+TAZ)lFYVcKW^� ib� d�Z�^KW�M~�)Sndh� ZIJXYLE)C�Y
SUC+l�ZIJXd ENYVSnZIC f�Z)CKf�W�JVCKSUCKH@YLc+W TVcFE��0W�T
E)CK^ TVSnC+HIMnW O��FE)J�YLSUf�MnWtTXYVJVGKf{YLGKJXW�T�Z)l
YVcKW cKSnH)chODT7�KSnC1JXZ)YgENYVSnZICKE)M{(FENCK^KTkf�E)CN( W Z�(+YgE)SUCKW�^{*
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BDC TXYVGK^KSnW�T�ZNl cKSUHIchODT7�KSnC T�YgENYVW�T ZICKW�Z+(�uhSUZIGKTXMC!�TXW�E)JXfgcKW�T l�ZIJ JVW�ENf�YLSUZICKT�jkcKSUfgc YLJVE)CKT�l�W�J YLZ�YLcKW
C`GKf�MnW�GKT�YLcKW�cKSnH)cKW�T�Y2�0Z)TVTVSC(KMnW�E)CKH)GKM]E)Jtd�ZIdeW�C�YLGKd L�jkSUYLc�YLcKW!MnE)JVH)W�TXYX� ZITVTXSY(KMUW f�JXZITVTRODTXW�f�YVSnZIC
� *AB�Y�j E)TAl�ZIG+CK^!YLcFEwYAl�GKTXSnZIC!W{uNE��0Z)JLENYVSnZIC�JVW�ENf�YLSUZICKT �+JVZru�Sn^KW YLcKW d�ZIT�Y�W ��f�SnW�C�Y�j E.!�YVZ�E)fgcKSUW�uIW
YVcKSnT@*X�hGKfgc E[�+JVZ�f�W�TXT�GKTXGFE)MnM"!&�KJXZh^KG+f�W�T@f�ZIdh�0Z)GKCK^bC`GKf�MnW�S�jkcKSUfgc�E)JXW cKSUHIcKMC!�W	�hf�SPYLW�^��0jkSUYVc�E
MnE)JVH)W�E)d�ZIGKC�Y$Z)l
E)CKH)GKM]E)J deZId�W�C�YVGKdl* /�C�l�Z)JVdeENYLSUZIC �`YLcKW�W�CKW�JXH�!1Z)l�YLc+W�f�ZIdh�0Z)GKCK^1C`GKf�MUW�GKT
SUT E�(0Zru)WeYLc+W[�FENJXYLSUf�MUW W�d�SnTVTXSnZIC YLc+JVW�TXcKZIMU^ �AENCK^>f�ZICKTVW@?`GKW�C�YLM"!I�AYVcKW ^+W�f�E.! l�JVZ)d cKZ)Y�TXYLENYLW�YLZ
f�ZIMn^�JXW�TXSn^KGFENM C`GKf�MUW�S SUT SUCKSUYVS]E)MUMC!�^+ZIdeSUCFENYVW�^A($!�T�YgENYVSnT�YLSnf�E)M=�FE)JXYVSnf�MnW W�deSUTVTXSnZIC �AW�E)fgc C`GKf�MUW�ZIC
YLE)_`SnCKH�Erj E.!�YVcKW!ZIJX^KW�J�Z)l # a�W	' l�JVZ)d YVcKW WQ�hf�SUYLENYLSUZICbW�CKW�JXH�!I�{(KG+Y�W�E)fgc�YgE)_`SUCKH ZIC+MC!�E�( ZIG+Y
%���bZ)l#E)C+HIGKM]ENJtd�ZId�W�C�YLG+dl*0P$cKW�TVW��KE)JXYVSnf�MUW�TtE)JXW W�uNE�� ZIJVENYLW�^�E��a�+JVZ.�hSndeENYLW�MC!1SUTVZ)YVJVZ+�KSUf�E)MUMC!eSnC
YVcKW1f�W�C�YLW�J�Z)ltdeE)TVT�l�JLE)d�W�Z)ltJVW{l�W�JXW�CKf�W�* �tlmYLW�J!YLcKW1W{u)E��0ZIJVENYLSUZIC>ZNl@E�C`GKd�( W�J Z)lZ�FE)JXYVSnf�MnW�T��
YVcKW1JVW�f�ZISUMnSUCKH�C`GKf�MUW�S cKEru)W�f�Z�ZIMnW�^�SnC�YLW�JVd�T Z)ltW	�hf�SPYgENYVSnZIC�W�CKW�JXH�!I�=(KG+Y YVcKW@!�TXYLSUMnM JVW{YgE)SUC�YLcKW
c+SnHIc SUC�YLW�JXCFE)M@E)CKHIGKMnE)J�deZId�W�C�YVGKdl* P$cKSnT1SUT Sn^+W�E)Mkl�ZIJ YVcKW�TXYVGK^e! Z)l�YLcKW�c+SnHIc T7�KSnC�T�YgENYVW�T
SUC YVcKW JXW�E)f{YLSnZ)C �KJXZh^KG+f�Y!C`GKf�MnW�Sm*l1 W�MUZvj YLcKW[�FE)JXYVSnf�MnW�TVWS�KE)JLENYVSnZIC W�CKW�JVHISUW�T���TXYLENYLSUTXYLSUf�E)M_,FODJVE.!
W�deSUTVTXSnZIC�^KZ)deSUCFENYLW�T���GKC�YVSnM��#EwY MnZrj W�J W	�hf�SUYgEwYLSnZ)C�W�CKW�JVH�!)� YVcKW�CFENYLG+JVW1Z)lkYLc+W1TXYgEwYLW�T�fgcFENCKHIW�T
l�JXZId f�ZIC�YLSnC`GKG+d YLZ ^KSnTXf�JVW{YLWN�
W�* Ha*�TXYLENYLW�T ?`GFENC`YVGKd deW�fgcFE)CKSUf�E)MUMC! j W�MnM�^KW	BFCKW�^V*cP$cKW�C`GKf�MUW�S
f�ZIdh�KMnW{YLW YVcKW�SUJ ^KW�f�E.!�YLZ�YVcKW1HIJXZIGKCK^�T�YgENYVW&(p! ,FODJLE.! W�d�SnTXTVSnZ)C>l�JVZId YLc+W�TVW�^KSUTVf�JVW�YVW1TXYLENYLW�TS*
P$c+W�TXYgEwYLW�T�jkc+Snfgc E)JVW;�KJVW{l�W�JVW�C�YLS]ENMnMC! � Z+�KGKMnENYLW�^ SnC YVcKSnTeY�!R� W�Z)l ^KW�f�E.! E)JXW;!�JLE)T�Y�ZIJ C+W�E)J
!�JVE)TXYS*�oASnH)GKJVW��R*"%l�+JVW�TXW�C�YLTeYLcKW TVW@?�G+W�CKf�W�Z)l�YVcKW�^+W�f�E.!<Z)l�YLcKW f�ZIdh� ZIGKCK^<C`GKf�MUW�GKT�YLZ YLcKW
H)JVZIGKC+^�T�YgENYVW)�FSnC1YVW�JVd�T$Z)l
W�CKW�JVH�! ENCK^�T7�KSnC{*

oFZIJ
CKW�E)JATXYgE�(KMnW E)CK^ CKW�G+YLJXZIChODJXSnfgc!f�ZIdh�0ZIG+CK^!C`GKf�MUW�S~�ICKW�GhYLJVZ)C W�uNE�� ZIJLENYVSnZIC�SnT�l Eru)ZIJVW�^�Zvu)W�J
fgcKE)JVHIW�^\�FENJXYLSUf�MUW$W�uNE�� ZIJLENYVSnZIC�^KG+WtYVZ YVcKWX� ZIGKMnZ)d�(q(FE)JVJXSnW�J SUC YLcKWtC`GKf�MUW�GKT@*#opZ)J�uIW�J�!�CKW�G+YVJVZIC
^+W@BFf�SnW�C�Y f�Z)d[� ZIGKCK^ C`GKf�MnW�S~� YLcKW TXWS�FENJLENYVSnZIC W�C+W�JVH�!�Z)l YLcKWy�KJXZ)YLZ)CKT�SnT�MUW�TVT�YVcFE)C YLcFEwY Z)l#YLcKW
C+W�G+YVJVZICKT���d E)_`SUCKH1W�CKW�JVHIW{YLSUf�E)MUMC!�l E�uIZIJVE�(KMnW!YVZ1W�uNE�� ZIJLEwYLWy�KJXZ)YLZIC+T�ZIJ���OK�FE)JXYVSnf�MnW�T@* P$c`GKT�� YLcKW
�+JVZ�^KGKf�YVSnZIC�f�JXZITVTRODTVW�f�YVSnZICKT�l�ZIJ�C`GKf�MnW�S
f�ZIdeSUCKH�ZIG+Y�ZNl�JVW�E)f�YVSnZIC�fgcFE)CKCKW�MnT�f�ZIC�YgENSnCKSUCKH CKW�G+YLJXZICKT
ENJVW!d!G+fgc MUZrj W�J@YLcFENC�YLcKZITXW Z)l�YLc+W!C`GKf�MUW�S�Z+(hYgE)SUCKW�^n($!bW�uNE�� ZIJLENYVSnCKH fgcFE)JVH)W�^U�FE)J�YLSnf�MnW�T�l�JVZ)d
YVcKW f�ZIdh� ZIGKCK^�C`GKf�MUW�GKT@*

BDC1YLc+W2�KJVW�TVW�C�Ytj Z)JV_p�+YLc+W�W	�hf�SPYLW�^ TXYLENYLW�T$SnC ��� �hW ENCK^ ��� �@T j W�JXWz� Z+�KG+M]ENYVW�^�u�S]E YVcKW ��� � �

�� � E�JXW�E)f{YLSnZ)CeEwY ($# E)CK^ %r� # a�W	' (0W�E)d W�CKW�JXH�! ^KW�MnSUu)W�JXW�^h(p! YLcKW<'@BK'�B�Pk�0/�i E)f�f�W�MUW�JLEwYLZIJ�Z)l
YVcKW$BR�kW �q��YLJVE)T ( ZIGKJXHa*�BDC YLc+W$W	�R�0W�JVSUdeW�C`Y�ENY^%r� # a�W	'!�)YVcKW YgENJVHIW{Y�f�ZIC+TVSnT�YLW�^eZ)l0E ! & � 
 H j f�d �
TXW�MPl]ODTVGe�a�0Z)JXYLSUCKH l�ZISUM0ZNl�W�CKJXSnfgcKW�^ ()( * ()&$#�� 
��	� Ee*�BDC1YLcKW@TVW�f�ZICK^�W	�R� W�JXSnd�W�C�Y��a� W�J�l�ZIJVd�W�^�ENY ($#

%+%
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a�W@' �NE$l�ZISUM)Z)l{% d�H j f�d[��Z)lR
��	� Ei� (I( * (�� ��W�uNE�� ZIJLEwYLW�^ ZIC�Ez% # d�H j f�d[��HIZ)Mn^
(FE)fg_`SnC+H�cFENT-( W�W�C
GKTVW�^V*0P$cKWy� Z)GKMnZIdi(N(KE)JVJXSnW�JkSUC YVcKW ��� ��ZIC 
�� � EeJVW�E)f�YVSnZIC SnT87�9;:*<	==C !e%!a�W@' ��ENCK^ �Fl�ZIJ^(0W�E)d
W�CKW�JVHISUW�T�E�(0Zru)W�YVcKSnT�uNE)MnG+W)��YLcKW�JVW�E)f�YVSnZIC MnW�E)^KT�YLZ�YLcKW�l�ZIJXd ENYVSnZIC�ZNl YLc+Wef�ZId[� ZIGKC+^ C`GKf�MnW�G+T
)K� x J[��TVW�W��R* �+�	*cP$c+SnT YgE)JXHIW�Y�O�( W�E)d f�ZId�(KSUCFENYVSnZIC cFE)T YLc+W E)^hu)ENC`YLE)HIW�Z)l G+TVSnC+H;( Z)YLc�� ���
(0W�E)d E)C+^�YLE)JVH)W�YkZ)l�JVZ)GKHIcKM"!eYVcKW�TLE)d�W�deE)TVT��KTVGKfgc YLcFEwY YLcKW JXW�E)f{YLSnZ)C1SnT$E)MUdeZ)TXY T�!�ded�W�YVJVSnf�E)M
SnC>YVcKW�f�W�C�YLW�JRODZ)ltdeE)TVT�l�JLE)d�W�*|P$cKSUT!cKW�MY�KT YVZn� Z+�KGKMnENYLWecKSnHIc+W�J!ENCKHIGKMnE)J d�ZId�W�C�YLGKd T�YgENYVW�TS*
BDCN�+JLE)f{YLSnf�E)M�YVW�JVd�T��+TVGKMC�Kc`GKJ0(0W�E)d�TkE)CK^�f�E)MUf�SUGKd YLE)JVH)W�YLTkENJVW�JVW�E)^KSUMC! EruNE)SUM]E�(+MnW�E)CK^ �0W�JVd�SUYkE
JVW�ENTVZICFE�(KMnWtcKSnH)c[( W�E)d f�GKJVJXW�C�Y.*_P$c+W@ZICKM"! ^KSUTLE)^+uNE)C�YLE)HIWtSnC�GKTVSUCKH�f�E)Mnf�SnGKd YgE)JXHIW�YVT SUT#YVcFENY YLcKW
f�E)MUf�SnG+d Z �hSU^KS [ W�T JLE��KSU^KMC! MUW�E)^+SnCKH�YLZbEbf�ZIC�YLE)deSUCFENYVSnZIC Z)l YVcKW T7�0W�f�YVJLEbjkSUYVc ,FODJVE.!hT�W�d�SUYXYLW�^
(p! YLc+W!C`GKf�MUW�S�l�ZIJVd�W�^�SUC�YVcKW!JVW�E)f�YVSnZICl���	� � x��	/�*>P$cKW ^KW�HIJXW�W Z)l�Z �hSU^FENYLSUZICb^+WS� W�CK^KT�Z)CbYLcKW
YLcKSUfg_�C+W�TVT Z)l YVcKWb� EvO�YgENJVHIW{Y.* P$c`GKT��KE T � W�f�SnE)Mpf�E)JXW�cKE)T YVZi( WX�KE)Sn^�SnC�YLcKW�E)CFENMC!�TVSUT ZNl�YLc+W@^FENYLE+�
(p!�Sn^KW�C`YVSUlt!�SnC+H!YLcKW f�Z)C`YLE)d�SnCFE)C�YkMUSnCKW�TkE)deZ)CKH!YLcKZ)TVW Z)l
SnC�YLW�JVW�T�Y.*

�3�b�a�3��Q�\ � ]�GKM T+T �+f�E)MUf�GKMnENYLSUZICKT6�KJVW�^KSnf{Y#E@deEf�hSnd!GKd5SUC YLcKW f�JVZ)TVT�O�TVW�f�YLSUZIC�E)JVZ)GKCK^ ( �wO�%r�I�
a�W@' l�ZIJ^(0ZNYLc�YVcKW �	D � � ��� �hW.�tENCK^n�@D�fgcFE)C+CKW�MUT�� ��� �@T��z� TXW�W PAE�(+MnW��R* �$�	*`�@MnMUZrjkSnCKH l�ZIJtE�( ZIG+Y
# a�W	' W�CKW�JXH�! MnZITXT ZNl YLcKWN%r� # a�W	' ( W�E)d YVZ YVcKWef�W�C�YLW�J!Z)l YLcKW ! & � 
 H j f�d[���6
��	� E�YgE)JXHIW�Y
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G+TVW�^ SnC�YVcKWyBFJVT�Y�WQ�R�0W�JVSnd�W�C�Y E)C+^>E)C W�CKW�JXH�! MnZITXT�Z)l E�(0Z)G+Y & * ��a�W@' Z)l#YLcKW ($# a�W	' (0W�E)d
YVZ�YLcKW f�W�C�YLW�J Z)l#YLcKW&%�d�H j f�d[��YgE)JXHIW�Y SUCbYLcKW TXW�f�ZICK^ W	�R�0W�JVSUdeW�C`Y�� SnC|( Z)YLc�WQ�R�0W�JVSnd�W�C�YVT�YLcKW
( W�ENd:W�C+W�JVH)SnW�T$cKEru)W
(0W�W�C fgcKZITVW�C YVZ�Z+�+YLSUdeS [ WkYLcKW2�+JVZ�^KGKf�YVSnZIC�Z)l�C`GKf�MnW�S�Z)l�SnC�YLW�JVW�T�YZ���Q�hW E)CK^
��� ��TtENYkcKSnH)c�ENCKHIGKMnE)J d�ZIdeW�C�YLGKd �+SUC Z)JV^KW�JkYVZ�SnC�uIW�TXYLSUH�ENYVW YVcKW�SUJ$cKSnH)c T7�KSnC�T�YLJVG+f�YLG+JVW�*


�� 
 3���=>�� #��? ����	�� � �A��	���=

P$c+W JXW�TXSn^KGFENM C`GKf�MUW�SV�KJXZh^+GKf�W�^l($!�l�GKTXSnZIC�ODW�uNE�� ZIJVENYLSUZIC JXW�E)f{YLSnZ)CKTkE)JVW2� Z+�KG+M]ENYVW�^�ENYkcKSUHIc1W	�hf�SPO
YLENYLSUZIC W�CKW�JVHISUW�T�E)CK^ E)CKHIG+M]E)J�d�ZId�W�C�YLGKdN*qP$cKW C`GKdi(0W�J ZNl3,FODJVE !�T W�d�SUYXYLW�^U($! YLcKW�TVW�C`GKf�MUW�S
f�E)Co( W�M]E)JXHIW�*lP=!W�KSUf�E)MUMC!)��Ebl�GKTXSnZIChO�W�uNE�� ZIJLEwYLSnZ)C JXW�E)f{YLSnZ)C�SnC YLcKWc�-, TN��d E)TXT�O�JVW�H)SnZIC �
Z+� W�CKT
ENJVZIGKC+^��)��JVW�E)f�YVSnZIC fgcFE)C+CKW�MUT jkSPYLc u)ENJ7!�SnCKH f�JXZITVT TVW�f�YVSnZICKT l�JVZ)d8YLW�CKT�ZNl 
V( Ga� YVZ % # � di(V*
oFZIJ#E ��� � � 
�� � E JVW�E)f�YVSnZIC�ENY^%�� # a�W@' ( ZId�(FE)JX^KSnC+H�W�CKW�JVH�!)�`YVcKW�� , T)��C�G+f�MnW�SpE)JVWkWQ�e� W�f{YLW�^
YVZl( Wh�0Z+�+GKM]ENYVW�^ ENY!��� , # ��a�W@' W	�hf�SUYgEwYLSnZ)C W�CKW�JXH�! E)CK^ YLZ ^KW�WQ�hf�SUYVW[($! W�deSPYVYLSUCKHc,FODJVE !�T
ZNl�d GKMUYVSY�KMUSnf�SPY�! ,y% # jkSUYVc�W�CKW�JVHISUW�Ty( W�YDj W�W�C<l�W�j _)W	' E)CK^ � a�W@'i* P$cKSUT JVWS?`GKSUJVW�T!YLcFENY YLcKW
^+W�YLW�f�YVSnZIC1T�!hT�YLW�d-cFE)T$E!cKSUHIc�W �ef�SnW�CKf@!�ENCK^1cKSnH)c1W�CKW�JVH�! JVW�TXZIMnGhYLSnZ)C l�ZIJ YVcKW5,FODJVE !e^KW{YLW�f{YLSUZICV*
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� � � ?1��� mrh�Q h@h m<{bQ h<h grh�Q h@h g<{_Q h<h lrh�Q h<h l@{bQ h<h j"h@h_Q h@h j"h�{bQ h@h j<j1h�Q h@h j@j1{_Q h@h j6erh�Q h<h
| Y h �� j<Q h@h jrQ h<h j<Q h@h j<j<Q {<z j1g_Qyj"h e@ebQ mrp e@pbQ {@{ e@lbQ m<l z@e_Q p@p z<{_Q e@{ z@mbQ p_j

^ W�` Q `3X 9 � Q ��� }+�
m�h@� ; ��~ h�Q e<{ h�Q z<z h_Qyj1{ h_Q h�e h_Q h�{ h�Q h�e h�Q h�j
p<l<� ; e ��~ h_Q h�j h�Q h�j h�Q h�j
mrh�� ? e ~ h�QZj6z j<Q g<l e_Q {<l jrQ z�� h_Q {@e h_Q er� h�QZj1h h�Q h<� h�QZj"�
p@l@� ? � e ~ h�Q {r� j1z_Qyj6m j1l_Qyj1{ j6lbQ e�� j6{bQ e@{ pbQ {@g z_Q l@e z_Q {@p e_Q e@{
p@g@� ? e � e ~ h_Q p@e j<Q �@� j<QZj"� j<Q �be
p�m<� ? �T� h�Q h�j
p<l<d c z ~ {_QZj6e mrp_Q m�h j1h@p_Q mrl j6e@ebQ mrg l@gbQ e@{ p@ebQ m�� z@z_Q g�j e<z_Q e�j j1z_Q p<z
p<g<d c � z ~ j1e_Q h�m e@lbQyj1{ �_m�Q z@l p@{bQ �Tj g<h�Q z<h p<z_Q {<h {<e_Qyj1{
p@mrd c ~�� h�Q z_j h�Q ��z h_Q z<g h_Q z@e h_Q e<h h�QZj6z h�Q h�j h�QZj@j
p@mrd c e � z ~ h�Q m<g j<Q p@{
p<p<d c ��~F� h�Qyj"h h�Q p<z jrQ e@m jrQ �bp jrQ �_m j<QZj6e j<Q h�z h�Q {@g
p@g@� ? � ~ ��g_Q mrl m@m�Q h@g j"h<��Q p�m j1e�m�Q p@e j'�Tj<Q l@z j6e<z_Q h�j j1hr��Q z<z
p�m<� ? � � ~ j1g_Q l<h zrh�Q �<�
p@p@� ? e ~�� h�Q l@l e_j<Q e<l �bmbQyj1e m<zbQ p_j g@zbQ z@p g@zbQ h<� p@l_Q h�e {<g_Q �bg �@h�Q l<e
p@{@� ? � e ~�� j<Q z<e pbQ e�� j6{bQ {�m e@lbQ p@z �Tj<Q z<h z���Q p@g z_j<Q l<{
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T�YgENYVW�T E)CK^ YLcKW�f�ZIJXJVW�M]ENYVSnZICKT
( W�YDj W�W�C�YLcKW�TVWq,pO�JLE.!�TS*&P$cKW�SnJ cKSUHIc YVZ)YgENM_�KcKZ)YVZ+�0W�E)_�W ��f�SnW�C+f@!
ENCK^�HIJVE)C`GKM]E)JXSUY�!�E)MUMnZrjkT#YLcKW�W	�R�KMnZ)SUYgEwYLSnZ)C�ZNl�cKSnHIc�ODTXYLENYLSUTXYVSnf�T��`cKSnHIc�O�l�ZIMU^�f�ZISnC+f�Sn^+W�CKf�W@^FENYLEe*_P$cKW
E�uNE)SUM]E�(KSUMnSPY�!eZNl�TVG+fgc�M]E)JXHIW TXYLENYLSUTXYLSUf�Tk^FENYLEeTXW�YLTtjkSUYVc�cKSUHIchO�l�ZIMn^�f�Z)SnCKf�Sn^KW�CKf�W ^FENYLEeE)MUMnZrjkTkcKSnH)chO
l�Z)Mn^�TVW�MnW�f{YLSUZIC�f�JVSPYLW�JXS]E ��H�ENYLW�T�� ZIC ,FODJLE.!�YVJLE)C+TVSUYVSnZIC+T$SnC�ZIJV^+W�J$YLZ�W�CKcKE)CKf�W T � W�f�SCBFf SnC�YVW�JVW�TXYVSnCKH
l�W�ENYLG+JVW�T@*=1 Z)YLc�\ s��0/213�b4 4 E)CK^ <2��a�aN�2�e] �@\#�t\ f�ENC&(0W�Z��0W�JLENYVW�^1SnCef�ZIC98XGKCKf�YVSnZIC�jkSPYLc
�KE)JXYVSnf�MUW�^KW{YLW�f{YLZIJXT�SUd[�+JVZru�SnCKH!YVcKW TVW�MUW�f{YLSUu�SPY�!�Z)l�YLcKW JXW�E)f{YLSnZ)C fgcKE)CKCKW�MnTtZ)lASUC�YLW�JXW�T�Y.*

P$cKWN�KJXW�TVW�C�Y�W	�R� W�JXSnd�W�C�YLT�cFE�uIWN(0W�W�C f�E)JXJVSnW�^ Z)G+YeENY YLcKW BDCKT�YLSUYVG+Y�^KW��tW�fgcKW�JXfgcKW�T ��Ga(hO
EwYLZId�SY?`GKW�TN� BR�kW �a� �3�`YLJLENT ( ZIGKJVH+� oFJLENCKf�W�* P$cKW�\#s@�0/213�54 4 T � W�f{YLJVZ)deW{YLW�J � 1 W�f ( �h�=�hSUd ( T��
cKE)T3( W�W�C�GKTVW�^�YLZ�^KW�YVW�f�Y3,pO�JLE.!�T l�JXZId YLcKW�W�dh�KMnZ !)W�^�JXW�E)f{YLSnZ)CKTS*w� cKE)JVHIW�^c�FE)J�YLSUf�MnW�T cKEru)Wb( W�W�C
^+W�YLW�f�YVW�^�E)CK^�^KSnTXf�JXSnd�SnCFENYVW�^eSnC YVcKW�TVSUMnSnf�ZICc(FENMnM0\ s5�<4 BRQ�\`�F� < EN^ (I( ��W�CKf�E��KTVG+M]ENYVSnCKH!YVcKW@YgENJ�O
H)W�Y.*�P$cKW$^KW�YVW�f{YLSnZ)C�ZNl YVcKW$CKW�G+YLJXZICKT�cFE)T_( W�W�CedeE)^KW3(p! GKTVSUCKH�YLc+Wki�W�GhYLJVZ)Cq:n�b4 4A� iZ:|�54646�
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P$c+W�\ s��0/213�b4 4<T � W�f�YVJVZId�W�YVW�Jq� oASnH)GKJVW!�R* �$�tj ENT2(KGKSnMPY5($!�E)C \�GKJVZ+� W�ENC�f�ZIMUM]E�( ZIJLEwYLSnZ)C�SUChO
u)ZIMUu�SUCKH�oFJLENCKf�WN�ks�CKSPYLW�^ x�SnCKHI^+ZId�� < W�JVdeE)C$!I� B�YLE)MC!)�$Q�W�C+d E)JX_<E)CK^d�`j W�^KW�CV* B�Y j E)T[BFJXTXY
Z��0W�JLENYVW�^ ENY YLcKWh4�E�( ZIJLENYVZIJVS�i@ENYVSnZICFENMnS�^KSw4 W�HICFENJVZK��B�YgENMC! ��% (I( TvO�% (I(I( ��E)CK^ M]EwYLW�J EwY�YLcKW�BDChO
T�YLSPYLG+Y�^KW��tW�fgcKW�JXfgcKW�Tz�hGe(FENYLZ)deSC?�G+W�Ti� BR�kW �a� �V��YVJLE)T7(0Z)GKJVHK� oFJLENCKf�W\��% ()(I( O��N�I�+�$�Q* B�Y�f�ZICKTXSnT�YLW�^
ZNl
% # � MnG+TXYLW�J�E)CK^ � & � MnZruIW�J f�ZIdh� ZITVSPYLW < W OD^KW{YLW�f{YLZIJXT W�E)fgc�TXGKJVJXZIGKCK^+W�^ ($!�En1 <z/�ODTXcKSnW�Mn^
�+JVZru�Sn^KSUCKH[� ZId[�hYLZIC�TVGe�a�KJVW�TVTXSnZICV*`P$cKW Sn^KW�E Z)l�GKTXSnCKH�f�ZId[� ZITXSUYLW <�W{O�^KW�YVW�f{YLZIJXTtSUT$YLZ�SnCKf�JVW�E)TVW
YVcKW HIJLENC�G+M]E)JXSUY�!eSnC�ZIJV^+W�J$YLZ�Sndh�KJXZvu)W�YLcKW W�CKW�JXH�!�JVW�TVZIMUG+YLSUZIC�E)CK^�YLcKW
�Kc+Z)YLZ+� W�EN_�W ��f�SUW�CKf	!+*
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P$c+W � MnGKT�YLW�Jb^KW{YLW�f{YLZIJ�� \_( W ( �;��cFE)Tl(0W�W�C ^KW{uIW�MnZ+� W�^ SUC E f�ZIMnMnE�(0Z)JLENYVSnZIC�Z)l s�CKSPuIW�JXTVSPY�! Z)l
� Z)MnZIHIC+W ENCK^ x oW�tO �0qGKMUSnfgc ��<�W�JVdeE)C$! E)C+^'YLc+W>\�GKJXSnT7!�T f�ZIdh�FE)C$!)� opJVE)CKf�W�*:B�Y f�ZICKTVSUTXYVT�Z)l
TXW�u)W�C�M]ENJVHIW cKW	�+E)H)ZICFE)M$YgE��0W�JVW�^&< W ^KW�YVW�f{YLZIJXT f�MUZITVW�MC! �FENfg_)W�^�SUC E f�ZId�deZ)C<f�J7!)ZITXYLENYg� TXW�W
o
SnHIGKJXWt�R* # �	*
BDCeZIJX^KW�J�YVZ E)fgc+SnW�u)WtYVcKW$uIW�J7!�f�MUZITVW^�FENfg_�SUCKHK��YLc+WkYVW�fgcKC+SY?`GKW@ZNl�W�CKf�E��+TVGKMnENYLSUCKH�YLcKW
f�J7!�TXYLE)MnT�j E)T ^KW�u)W�MnZ��0W�^V*_P$cKWkd ENSnC Sn^+W�E�Z)l0W�CKf�E��KTVG+M]ENYVSnZIC�SnT�YVZ ^+W�f�Z)Ga�KMnW$YVcKWkf�J7!�T�YgE)MFuNE)f�G+GKd
l�JXZId8YVcKW�f�J7!)ZITXYLENY u)ENf�GKGKd � ($! cKZIGKTXSnCKH1YLc+W�f�J7!�TXYLE)M#SnC E�TVW�ENMnW�^ E)MUGKdeSUC`GKd"f�E��KTXGKMnW�Z)l j E)MUM
YVcKSnfg_`CKW�TVT@�e* T�ded jkSUYLc�YLc+W�f�E��KTVG+MnW �e* # d�d:l�JVZId YLcKW TVGKJ�l E)f�W Z)l
YLcKW f�J�!hT�YgE)M *3P$cKW�^KW�YVW�f{YLZIJ
f�E)CA( W�cFE)C+^KMnW�^�TLENl�W�MC! E)C+^�W�E)TXSnMC! ENCKCKW�ENMnW�^{*�B�YVT!W�CKW�JVH�! JVW�TVZIMUG+YLSUZIC�EwY\% ������_)W	'-SnTz( W�YVYVW�J
YVcFE)Cb�R* ��_NW@'i*

P$cKW�� MnGKT�YLW�Jt^+W�YLW�f�YVZIJVT@E)JVW E)JXJLE)CKH)W�^�YLZ�l�ZIJVd:YVcKW
(FE)fg_�j E)JV^A%@r>TXcKW�MUM Z)l�\#s@�</
1`�b4 4�ENY
,��I�a* # f�d l�JXZId YVcKW$YgE)JXHIW�Y��`jkSPYLc�E�YLZ)YLE)MPODE�(KTXZIJ �+YVSnZIC W ��f�SUW�CKf	!eZNl E�( ZIG+Y#� � ENY ��(2�y%�*�� a�W	'�*
P$c+W E)^hu)ENC`YLE)HIW�TtZNlAGKTXSnCKH[� MUGKTXYVW�Jk^KW�YVW�f{YLZIJXT@E)JXW��

) YLcKW�SnJ c+SnHIc HIJLE)C`GKMnE)JVSPY�! E)MnMUZvjkT YLc+W1Q�Z+�a�KMUW�Jz(KJVZIE)^KW�C+SnCKH�SUC�E)f�f�W�MUW�JVENYLZIJ (FE)TXW�^�W	�R� W�JXSPO
deW�C`YVT$YLZq(0W d�SnCKSUdeS [ W�^%*

) E)C�Sndh�KJVZruIW�deW�C�Y�ZNl
YVcKW SnTVZ)M]ENYVW�^hO�cKSUY3�KJVZ+(KE�(KSnMUSUY�!�l�ZIJ$cKSUHIc�d!GKMPYLSY�+MnSnf�SUY�!�W{uIW�C�YVTS*
) E�c+SnHIc�TVW�CKTVSPYLSPuhSPY�! YVZ�YVcKW MnSnC+W�E)J<� ZIMnE)JVS [ ENYVSnZICeZ)lAHIE)dedeEwO�JLE.!�T+*
) Sndh�KJVZruIW�^�W ��f�SUW�CKf	! (p!�G+TVSnC+H�YVcKW f�MUGKTXYVW�Jk^KW�YVW�f{YLZIJkSnC E)^+^hO�(FENfg_�deZ�^KW�*
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P$cKW
� MnZru)W�J ^KW{YLW�f�YLZ)J cFE)T<( W�W�C&�KJVZ��0ZITXW�^1ENCK^1^KW�u)W�MUZ+�0W�^&($!�E!oFJVE)CKf�W j s * xy*hf�ZIMnMnE�( ZIJLENYVSnZIC�E)T
�FE)JXY Z)l�\�GKJXZ+(FE)MUMm*
B�Ykf�ZICKTXSnT�YLTkZ)l�l�ZIGKJ f�Z�Ef�hS]ENM ChO�Y�!W� W < W�f�J7!�TXYLE)MnTkENJVJLENCKHIW�^1SUC�YLcKW f�ZICeBFHIG+JLEwO
YLSnZ)C�ZNl E�%�l�ZIGKJRODMnW�ENl f�MUZvu)W�J 'K�+ENCK^ec+ZIGKTVW�^ SUC�YVcKW�TVE)d�Wtf�J7!)ZITXYLENY2��TVW�W@oASUHIGKJXWt�R* & �	* P�Z�Z��+YLSUdeS [ W
YLcKW2�FENfg_�SUCKH�Z)l�YLcKW�f�J7!�TXYLE)MnT YVcKW�ZIG+YVW�J l E)f�W�TkE)JXW�YgE�� W�JXW�^ ENY YVcKW�l�JVZ)C`YS*_P$cKW � MnZruIW�J$^KW�YVW�f{YLZIJXT
E)JVW�E)JVJVE)CKHIW�^bYLZ�l�ZIJVd E��fr�TXcKW�MUMAE)JXZIGKCK^ YLcKW ( ���@^+SnJVW�f�YVSnZIC�YLZ�YLcKW (0W�E)d Ef�hSnT�ENCK^�ENY ,�� & * #
f�d:l�JXZId YVcKW�YgE)JXHIW�YS*=P$c+W YVZ)YgENMPORE�(KTVZIJ7�+YLSUZIC�W �ef�SnW�CKf@!�SUT$Z)l�E�(0ZIGhYk� � ENY���(2��%+*���a�W	'�*

P$c+W E)^hu)ENC`YLE)HIW�TtZNlAGKTXSnCKH[� MUZvu)W�Jk^KW{YLW�f{YLZIJXT@ENJVW��

) E JVW�^+GKf�YVSnZIC Z)l�YLcKW Q�Z+�a�+MnW�J3(KJVZ�EN^KW�CKSUCKH *

) E cKSnHIc�TXW�CKTXSUYLSPu�SUY�! YVZ�YVcKW MnSUCKW�E)J`�0Z)M]E)JXS [ EwYLSnZ)C�Z)l
H�E)d�d EwO�JLE.!�TS*

) Sndh�KJVZru)W�^�W ��f�SUW�CKf	! ($!�GKTVSUCKH YLcKW f�MUZruIW�Jk^KW{YLW�f�YLZ)JtSUC E)^K^hOK(FE)fg_1d�Zh^KW�*
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P�Z1JVW�^KGKf�W YLcKWy� ZId[�hYLZICn(KE)fg_`HIJVZIG+CK^ � W�E)fgc Z)l�YLc+W < W ^KW�YVW�f�YVZIJVT@SnT@TXGKJVJXZIGKCK^+W�^U($!�E TXcKSnW�Mn^
ZNlb(KSUTVd!G+YVc H)W�JVdeE)CFEwYLW�TVf�SnC�YLSUMnM]EwYLZIJ!f�J7!�TXYLE)MnT O YLcKWl1 <z/"f�J�!�TXYgENMnTS* P$cKW j E.!<SnC jkcKSnfgc<YLcKW
� Z)d[�+YVZIC TVGa�a�+JVW�TXTVSUZIC j ZIJV_`T SnT�YVZ�^KW{YLW�f�Y YLcKZITXWy,pO�JLE.!�T jkc+Snfgc E)JVW[� ZIdh�+YLZ)C TXf�ENYXYLW�JXW�^ ZIG+Y
ZNl YLcKW�^KW{YLW�f{YLZIJ (0W{l�ZIJVW�^KW@�0ZITXSUYVSnCKH�E)MnM�ZNl YLc+W�SnJ W�C+W�JVH�!+* �@MUM�YLcKW�TVW�%�(FE)^ '�W�uIW�C�YLT E)JXWeu)W�YLZ�W�^
W�MnW�f�YLJXZICKSUf�E)MUMC!+*w1=!1GKTVSUCKH\� ZId[�hYLZIC TVGa�e�KJVW�TVTVSUZIC �pYLcKW
� W�E)_IO�YLZNO�YLZ)YLE)M JLEwYLSnZ!l�Z)J ��� � Z�SnC1YVcKW <�W
T7�0W�f�YVJVGKd,SnT�Sndh�KJVZruIW�^ l�JXZId ,�� #�� YVZbY�!W�KSnf�E)MnM"! &$#�� *NP$cKSnT�Sndh�KJVZru)W�d�W�C�Y!SUC YLc+W\� W�E)_IO�YVZNO
YVZ)YgENM JLENYVSnZ;� ]_PZ�kSUT�f�JVGKf�S]E)M SUC�f�ZISnC+f�Sn^+W�CKf�W�T7�0W�f�YLJXZITVf�Z+�$!+*�oFZIJkW	�+E)dh�KMnWN�FSnC�E�^KZIGe(KMnW�T��t, 
o,
Z)J\,O�Q�eZIJ�f�ZISnC+f�Sn^+W�CKf�W�W	�R�0W�JVSUdeW�C`Y��$YLcKW|�Kc+Z)YLZ+� W�EN_�OK�KcKZ)YVZ+� W�E)_<f�ZISUCKf�SU^KW�C+f�W|�KJXZ+(FE�(KSUMnSPY�! SnT
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�KJVZ+� ZIJ�YLSnZ)CFE)M�YVZ|� ]_PZ��� *0P$cKW�JXW�l�ZIJXW)�0YVcKW GKTVW�Z)l�YLc+W�TXGa�a�KJXW�TVTXSnZIC�TXcKSnW�Mn^�Y�!W�KSnf�E)MnM"!1JVW�TVGKMPYLTtSnC�E
Sndh�KJVZruIW�deW�C�YAZ)lKdeZIJXW�YLcFE)C Etl E)f{YLZIJ�Z)lFW�SnHIc�Y
SnC YLcKW`�KcKZ)YVZ+� W�E)_�f�ZISnCKf�Sn^KW�CKf�W�T��)jkc+W�C f�Z)d[�FENJVW�^
jkSUYLc�YVcKWw(FE)fg_`HIJXZIGKCK^V*A\�uIW�C M]ENJVHIW�J Sndh�KJVZru)W�d�W�C�YLT�E)JXW�Z+(+YLE)SnCKW�^�jkcKW�C cKSUHIcKW�J0l�ZIMn^�f�ZISnCKf�Sn^KW�CKf�W
W�uIW�C�YLT�E)JXW JVW�f�ZIJV^+W�^V*<P$c+W�SUd[�KJXZruIW�d�W�C�Y�E)JXW Y�!W�KSUf�E)MUMC!1E l E)f{YLZIJkZ)l��R% l�Z)JkYVJVSC�KMnW�Tz��,O�Q�{� # T!l�ZIJ
?�GKE)^KJVGe�KMnW�Ti�t,�
@� E)CK^g% # T l�ZIJ0?`GKSnC�YVGa�KMnW�T ��,��Q�	*

� ��� ����� � � 
���� zw|~}	� �
P$cKW��)� ( < W ODf�J7!�TXYLE)MnTc��� &�
 � ��%r�)��f�MUZvu)W�J�f�J7!�T�YgE)MUT E)CK^ % #�
 T2�y%�� # f�MnGKT�YLW�J�f�J�!hT�YgE)MUT�� E)JVW E)J�O
JLE)CKH)W�^ SnCU% � JVSUCKHITS*_P$c+W!� & � MUZvu)W�Jk^KW{YLW�f{YLZIJXTtl�Z)JVd ��JVSUCKHIT$TXSUYLG+W�^�ENY�, ( � ��E�( ZIG+Y$YVcKW
(0W�E)d
Ef�hSnTS*-P$cKWX� MnGKT�YLW�JVT E)JVWkENJVJLENCKHIW�^ SUC ( JVSnC+HIT�ENYw(FENfg_`j E)JX^ E)C+HIMnW�T_(0W{YDj W�W�C;% & ����E)CK^ %v������jkSUYLc
JVW�T7�0W�f�YtYLZ YLc+Wz( W�ENd-Ef�hSnT@*�BDC YVcKSnT$f�ZICeBFHIG+JLENYVSnZIC1YLc+W YVZ)YgENMV�KcKZ)YVZ+� W�E)_�W ��f�SnW�CKf@!�SUT , ! � *

PAE�(+MnW��R*"%��XP$cKW�\ s��0/213�b4 4<JVSnC+HIT�E)CK^�YVcKW�SUJ�E)TVTXZhf�S]ENYVW�^ E)C+HIMnW�TS*zP$cKW�E)CKHIMUW�
 � �1^KW	BFCKW�T
YLcKW
( W�E)d-E9�+SUTz���wODEf�hSnT��	*

�kSnC+H CKZ itZ�Z)lA^+W�YLW�f�YVZIJVT P=!W� W�ZNlA^KW{YLW�f�YLZ)JVT �@CKH)MnW

� %�� � MnG+TXYLW�JVTi�m�0� % & �e* � & �
% % # � MnG+TXYLW�JVTi�m�0� % #+# * ! # �
� %�� � MnG+TXYLW�JVTi�m�0� %�� ( * � !��
� # � MnG+TXYLW�JVTi�m�0� %�� # *�TI� �
� %�� � MnG+TXYLW�JVTi�m�0� %��a%+* �e% �
# % # � MnG+TXYLW�JVTi�m�0� %.�$TR*"% ���
& %�� � MnG+TXYLW�JVTi�m�0� %.���R*�T ( �
T �N� � MnG+TXYLW�JVTi�m�0� %r� ( * � # �! %�� � MnG+TXYLW�JVTi�m�0� %r�I�R* & ���
( � & � MnZru)W�JVTi���
� %��$TR* # � �
%r� � & � MnZru)W�JVTi���
� (I( * � # �
%+% � & � MnZru)W�JVTi���
� !I�e* ( � �
%v� � & � MnZru)W�JVTi���
� TI�R*"% # �
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��! "�	��� �$##
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P$cKWq�hS���r E)JXJLE.!�\#sb�<4 BRQ�\=�bSnT�EeMnSnH)c`YtfgcFENJVHIW�^|�FE)JXYVSnf�MnW�E)CKf�SUMnMnE)J7! ^KW�YVW�f�YVZIJ�^KW{uIW�MnZ+� W�^ E)C+^
(KGKSnMPY jkSUYLc+SnC Ebf�ZIMUM]E�( ZIJVENYLSUZIC�Z)l YVcKW BRi�o�i MnE�( ZIJLENYVZIJVSUW�T SnC 4 W�HICFENJVZK��]AE)^KGKE�E)CK^�o
MnZIJXW�CKf�W)�
B�YgE)M"!I� ENT@j W�MnMAE)T@YLc+W s�CKSPuIW�JVTVSPY�!bZNl=4�SPuIW�J � ZhZIMAE)CK^bYVcKW�Q�E)JXW�T (+GKJ7!;4�E�(0Z)JLENYVZIJ7!)� \�CKHIMnE)CK^V*�B�Y
f�ZICKTXSnT�YLT�Z)lt����TVSUMnSnf�ZIC10 � 
 �8YVW�MUW�TVf�Z+� W�T��Z% �I� 
�2 � %r�I�I� 
�2 YLc+Snfg_�*AP$cKW \#sb�<4 BRQ�\=�
E)JVJVE ! SUT�GKTXW�^�YVZ�^KW�YVW�f{Y�YLcKW�W�uNE�� ZIJLEwYLW�^bMnSnH)c`YtfgcFENJVHIW�^n�FE)J�YLSnf�MnW�T����KJVZ)YVZICKT@E)CK^�E)MC�KcFE)T��kl�JXZId
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YVcKW f�ZIdh�0Z)GKCK^ C`GKf�MnW�GKT ^KW�f�E.!+*)P$cKW BKu)Wbl�ZIJXj E)JX^ W�MnW�d�W�C�YVT�E)JXW�W�MnW�f{YLJXSnf�ENMnMC! TVW�HId�W�C�YLW�^ SnC
l�Z)GKJb�FE)J�YLT@*zP$c+W TVW�H)deW�C`YLENYLSUZICbj E)T�^KW�TVSnH)CKW�^�YVZ1JVW�^+GKf�W!YVcKWy�KJVZ�(FE�(KSUMnSUY�!�ZNl#d!GKMUYVSY�KMUW�c+SUYLT�SnC
Z)CKW�^+W�YLW�f�YVZIJS*<P$c+W fgcFE)JXHIW�^l�FE)J�YLSnf�MnW�T�ENJVW W�TVTXW�C�YLSnE)MnM"!1W�uNE�� ZIJVENYLW�^bSnTXZ)YLJXZ+�KSUf�E)MUMC!�SnC�YLcKW f�W�C�YLW�J
ZNl�d ENTVT�T7!�TXYVW�d (KG+Y YVcKW C�G+f�MnW�GKT�SUTed�ZruhSUCKH SnC YLcKW�M]E�( ZIJLEwYLZIJ�!>l�JLENdeW SnC YLcKW�^KSnJXW�f{YLSnZ)C Z)l
YVcKWy( W�E)d � JVW�TVGKMPYLSnC+H�SnC E�l�ZIJ�j E)JX^�l�Zhf�GKTVW�^ f�ZICKW�Z)l JVW�f�ZISUMnT�SUC�YLcKW MnE�( ZIJLENYVZIJ7!�l�JVE)deW�* P$c+W�JVW
SUT��$f�ZICKTVW@?`GKW�C�YLM"!I�@E)C�SnCKf�JVW�E)TVW�^d�KJVZ+(KE�(KSnMUSUY�!�ZNl ^KW�YVW�f�YVSnZIC EwY l�ZIJ�j E)JX^ E)CKHIMUW�T��$JVWS?`GKSUJVSUCKH�E)C
SUCKf�JXW�E)TXW�^�H)JLE)C`GKMnE)JVSPY�!+*e\�u)W�C�YVcKZIGKHIc YLcKW ��OK�FE)J�YLSnf�MnW�T�cFE�uIW Z)C�E�uIW�JLE)HIW�cKSUHIcKW�J W�C+W�JVH�! YVcFE)C
YVcKWc�KJXZ)YLZ)CKT��AYVcKW@!>E)JXW�deZ)JVW�l�ZIJXj E)JV^�l�Z�f�G+TVW�^�SUC YVcKW�M]E�(0ZIJVENYLZ)J7!�l�JLENdeW�^KGKW YVZbYLc+W�SnJ MnZrj W�J
u)W�MUZhf�SUY�!+*�P$cKW�W�C+W�JVH�!�MnZ)TXY 0�� ($!�Ei�+JVZ)YVZIC�ZIJ E)C1E)MC�KcFEz�FE)JXYVSnf�MnWkYLJLE�u)W�MnSUCKH�YVcKW
�hS deENYLW�JVS]ENMFSnT
H)SUuIW�Cl($!�YVcKWz1 W�YVcKW{O�1 MnZ�fgc�l�ZIJVd!G+M]E� ���� ��� M �

��r � ��� ��r	� � � � ���
2 J � � � � 	 MnC
� � 2 J � � �

# � 
�MnCV��% 
�� � � 
�� ��� ���R*"%9�

jkc+W�JVW�����
 ��J�SUT!YLcKW�uIW�MnZ�f�SUY�!�Z)l@YVcKWl�KE)JXYVSnf�MUW)�`M�SUT�YVcKW W�MnW�f�YVJVSnf1fgcKE)JVHIWN�0� � � E)C+^���ENJVW
YVcKW ENYVZId�Snf C`GKd�( W�J���ENYLZ)deSUf j W�SUHIc�Y�E)CK^b^KW�CKTXSUY�!bZ)l�YLc+W!TXYVZ+�a�KSUCKH�deENYLW�JVS]ENM�� ��SnTkYLc+W��KJVZNYLZIC
C`GKdi(0W�JtZNl
YVcKW
�KJVZf8XW�f�YVSnMnWN� � � SUT0��uIZ)H�E)^KJXZ�� TkC`GKd�( W�J��pE)CK^ 28SUT YLcKW�W�MnW�f{YLJXZIC�deE)TXTS* # JXWS�KJXW{O
TXW�C�YLT�YVcKW deW�E)C�WQ�+f�SUYLENYLSUZIC�W�CKW�JVH�!bZ)l#YLcKW!ENYLZId�Snf�W�MUW�f�YVJVZIC+T�E)CK^ SUY@SnT�HIW�CKW�JLE)MUMC!�JVW�H�E)JV^+W�^ E)T
ENC�W�d[�KSUJVSUf�E)M f�ZIC+TXYgENC`YtjkSUYVc E uNE)MUGKW�SnCNM 7 Z)l�YLcKW ZIJX^KW�JkZ)l`%r� �z*

� �KMnZNYkZ)l 0 � uIW�JXTVGKT � jkSnMnM�TVcKZrj5^KS(#�W�JVW�C�YtMnZ�f�S l�Z)Jt^+S?#0W�JVW�C�Y�T7�0W�f�SUW�T�E)f�f�ZIJV^KSUCKH�YLZ�YLcKW�SnJ
deE)TXT�ENCK^�fgcFE)JVH)W�C`GKd�( W�J@*_P$cKSnTtE)MUMnZrjkT l�ZIJ0�FENJXYLSUf�MUW�Sn^KW�C�YLSCBKf�ENYVSnZICV*

: cKW�C�YLcKWU��SnMnSUf�ZIC (FE)MUM�SUT GKTXW�^ SnC f�ZICf8XGKC+f�YLSUZIC jkSUYVc \#s@�0/213�5464 YLc+W�fgcFE)CKC+W�M�TXW�MnW�f{O
YVSUu�SUY�!)� jkcKSnfgc SnT Z)l HIJVW�ENY Sndh�0Z)JXYgENCKf�W jkc+W�C>T�YLGK^R!hSUCKH�j W�EN_�JVW�ENf�YLSUZIC fgcFE)CKC+W�MnT��
SUT SnCKf�JVW�ENTVW�^
f�ZICKTXSn^KW�JLE�(KM"!+*

��������� �	��
�� 
����!���  �� ��� � ������� ���*.
P$c+W�itW�G+YVJVZIC :>E)MnM f�ZICKTXSnT�YLT�Z)l # ��MnSC?�G+Sn^�TXf�SnC�YVSnMnMnENYLSUZIC ^KW�YVW�f�YVZIJVT�f�Zru)W�JVSUCKH E�TVZIMUSn^ E)CKH)MnW�Z)l
E�(0ZIGhY2%Sr SnCeYLcKW�l�ZIJ�j ENJV^1^KSUJVW�f{YLSUZIC jkSUYVc1JVW�T � W�f�Y$YVZ!YLcKW2( W�ENd ^KSUJVW�f�YLSUZICV* P$c+W�ENJVJLE.!ef�ZIC+TVSnT�YLT
ZNl`% # �KTVW�GK^KZIcKWQ�+E)f�ZIC+Snf�ENM�^+W�YLW�f�YVZIJ$GKCKSPYLT TXGa(0^+SUu�Sn^KW�^�SnC�YLZ!YVcKJVW�W)� %�� ( ded cKSnHIc��+cKW�JVd�W�YLSUf�E)MUMC!
TXWS�FENJLENYVW�^bTXW�HId�W�C�YVT�E)CK^�EeTXd ENMnMnW�J f�W�C�YLJLENM6� W�C�YLE)HIZICFENM�G+CKSUYtTVGe(0^KSPu�Sn^KW�^�SUC`YVZhB+uIW TVW�H)deW�C`YVTS*
P$c+W1^KW�YVW�f�YVZIJVT�ENJVW\BFMUMnW�^ jkSUYVc En10� # �R%.� MnSC?`GKSn^ TVf�SUC�YLSnMUM]ENYVZIJ � �h_)W (I( �m* \#E)fgc TXW�f�YVSnZIC�ZNl$YLcKW
^+W�YLW�f�YVZIJVT SnT�u�SnW{j W�^ ($! E&�KcKZ)YVZId!GKMPYLSC�KMnSUW�JS*
: cKW�C�E1CKW�GhYLJVZ)C>W�d�SUYXYLW�^�l�JVZId8YVcKW�f�ZIdh� ZIGKCK^
C`GKf�MnW�GKT^�FE)TVTXW�TkYLcKJXZIGKHIc1YVcKW�MnSC?�G+Sn^�TXf�SnC�YVSnMnMnENYLZ)J��p�KcKZ)YVZICKTtE)JXW�W�d�SUYVYVW�^�E)T YVcKW�CKW�G+YLJXZIC�WQ�hf�SUYVW�T
YVcKW�EwYLZId�T jkSPYLcKSUC�YVcKW@MUSY?`GKSU^V*�P$cKSUT MUSnHIc�Y TXYVJVSn_NW�T YLcKWX�KcKZ)YVZITVW�CKTVSPYLSUu)W@TXGKJXl E)f�W�Z)l YVcKW@d GKMUYVSY�KMUSnW�J
YVGa( W)�+JXW�MUW�E)TXSnCKH EwY MnW�E)TXY ZICKW@W�MnW�f�YVJVZICc� W�J3�KcKZ)YVZICV* P$cKW�TVW TVW�f�ZIC+^FE)J7!eW�MUW�f{YLJVZ)CKT$E)JXW�YLc+W�C1d!GKM O
YVSY�KMUSnW�^ �)ENf�f�W�MnW�JLENYVW�^ E)C+^ l�ZIJVd�W�^ SnC�YLZtYLcKW ZIG+Y��+G+Y �KG+MnTVW SnC�YVcKW3�+cKZ)YLZ)d!GKMUYVSY�KMUSnW�J YLGa( W�*�1 W�f�E)GKTVW
MUSY?`GKSU^eTXf�SnC�YVSnMnMnENYLZ)J�^KW�YVW�f{YLZIJXT$E)JVW@E)MnTXZ TXW�CKTXSUYLSPuIWtYLZ�YVcKWX,FO�JLE.!�T��KE HIZ�Zh^ � 
l, ^KSUTVf�JXSnd�SnCFEwYLSnZ)C SnT
JXWS?`GKSUJVW�^{*0P$cKW���
A, TVW@�FE)JLEwYLSnZ)C�f�E)Cn( W�deE)^KW
($!�Eef�Z)d�(KSnCKENYLSUZICKT$Z)l [ W�JXZNODf�JVZITXTVZruIW�Jq� � �0/
�
YVSnd�W�TXSnHICKE)MAENCK^�YLcKW ^KS?#0W�JXW�CKf�W SnCbd�W�ENTVGKJXW�^�YLSUdeW Z)l �FSUHIc�Yq��PZ/�o_�kZ)l CKW�GhYLJVZ)CKT�E)CK^n,FO�JLE.!�TS*
itW�G+YVJVZIC+TtSUC�YLW�JVE)f�Y SnC�YLc+W�^KW�YVW�f�YVZIJVTkdeE)SnC+MC!h($!�W�MnE)TXYVSnf�TXf�ENYXYLW�JVSnC+H�E)H�E)SUCKTXY YVcKW2�KJXZ)YLZIC+T$Z)l�YLcKW
TXf�SUC`YVSnMUM]ENYVSnZIC�MnSC?`GKSn^V*^: cKW�C YVcKW JXW�f�ZISnMUSnCKH[�KJVZ)YVZICKT@E)JVW!TXMnZrj W�^�^KZrjkC�SnC�YLcKW!MUSY?`GKSU^ �FYLcKW	!�HISPuIW
JXSnTXW�YLZ E�MnE)JVHIW�J`�+JVZ+� ZIJXYVSnZIC�Z)l YVcKW�TXMnZrj�f�Z)d[� ZICKW�C`Y Z)l YVcKW@TXf�SnC�YVSnMnMnENYLSUZIC�MnSUHIc�Y YVcFE)C�YLcKW�JXW�f�ZISnM O
SUCKH�W�MUW�f�YVJVZIC+T��+jkcKSUfgcbENJVW
�KJVZ�^KGKf�W�^N($!c,FODJLE.!1SUC�YLW�JVE)f�YVSnZIC+TS*_P$cKSUT$HISUu)W�TkJVSUTVW�YLZ�E ^KS(#�W�JVW�C+f�W SnC
YVcKW5�+GKMnTXW�TXcFE�� W@Z)l0YLcKW@E)CKZ�^KW�TXSnHICKE)M��`E ^KS?#0W�JXW�CKf�W�jkcKSUfgc SnT Z+(KTXW�J�uIW�^�ENT E ^KW�MnE !)W�^�� �0/'YVSnd�W
TXSnHICKE)M�l�ZIJ$CKW�G+YLJXZICKTtSnC�YLW�JLE)f{YLSUCKH SnC1YLc+W ^+W�YLW�f�YVZIJkf�ZIdh�FE)JXW�^�YLZy,FODJLE.!�TS*
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P$c+W f�ZId�(KSUCFENYVSnZIC Z)lt^KW�YVW�f�YVZIJVT!l�Z)J!CKW�GhYLJVZ)C ENCK^�MnSUHIc�Y!fgcFE)JXHIW�^ �FENJXYLSUf�MUW ^KW{YLW�f{YLSUZIC�jkSUYLc
W ��f�SUW�C�Y5,FODJVE.!�^KW�YVW�f�YVZIJ�E)JVJVE !�T�cFE)TZ(0W�W�Cn�KJXZruIW�C�YVZ[( W�E[� Zvj W�J�l�GKM�YLZ�ZIM SnC YLcKW T � W�f{YLJVZ)TVf�Z��p!
Z)lAWQ�hZ)YLSUf C+W�G+YVJVZIC ^KW@BKf�SnW�C�Y�C`GKf�MnW�S f�MnZ)TVW�YLZ � � � E)CK^�YLcKW
�KJXZ)YLZ)C ^+JVSY��ODMnSUCKW�*

� TVfgcKW�d EwYLSnfeJVW@�KJVW�TVW�C�YLENYLSUZIC�Z)l$YVcKW�\�GKJXZ+(FE)MUM WQ�R�0W�JVSnd�W�C�YLE)M TXW�Y�ODGa��G+TVW�^�SUC YVcKWc�KJXW�TVW�C�Y
j ZIJX_�SnT$JXWS�KJXW�TXW�C�YLW�^�SnC�oASUHIGKJVW �W* TR*

ε γ ~ 4 % ε α~ 25 %

beam

clovers (26 X 4)

target

NWall (50)

ε n ~ 25 %

ε γ ~ 4 %

clusters (15 X 7)

~ 60 %ε p

EUCLIDES (20 + 5 X 4)

oASUHIGKJXW �R* T � �52 + +�� � +	-)$%� +	� - /21  �+.-0� � �6 �+&� $%��-%2 + ��- +
 �+	� - +�� � +	-	$%� +	� -% 3
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\ ENfgc<ZNl$YLcKW YDj Z�W	�R� W�JXSnd�W�C�YLT GKTXSnCKH�YLcKW ��� � ( W�ENd ENY W�CKW�JVHISUW�Tc%�� # E)CK^ (+# a�W@' ENCK^�YLcKW

��	� E YgE)JXHIW�YVT�JLE)C�l�ZIJ�E�( ZIG+Y & ^FE.!�TS*z� Y�YLcKW W�CK^�Z)l#YVcKW�( W�E)d YLSUdeW E TVcKZ)JXY�f�E)MnSC(KJLENYVSnZIC JVG+C
GKTVSUCKH�Eox ��� \#G TVZIGKJXf�W j E)T[�0W�JXl�ZIJXdeW�^V*)P$cKWb^KENYgE j W�JVW�T�YLZIJXW�^ ZIC d ENHICKW�YVSnf1YgE��0W�T|� , #)& �<z15l�JVZId YLc+W W	�R� W�JXSnd�W�C�Y�ENY[%r� # a�W@' ENCK^ , � # ��<
1 l�JXZId YLcKWeW	�R�0W�JVSUdeW�C`Y!ENY (+# a�W@'2�	*
P$cKW�deE)SnC SnChl�ZIJVdeENYLSUZIC�jkJVSPYVYLW�C�ZIC YLcKW�YgE�� W�T�f�ZICKTXSnT�YLW�^�ZNl$W�CKW�JVH�! �~\=� E)CK^ YVSnd�Wn��PZ� l�JXZId
YLcKW <�W ^KW�YVW�f{YLZIJXT���YLSnd�W{O�Z)l]O �KSnHIc�Yi��PZ/�o_��E)C+^ [ W�JXZ j f�JXZITVTXZruIW�Jc� � j �0�kl�JVZId YLcKW�iZ:n�b4 4 E)C+^
W�CKW�JVH�!l� \`�#E)CK^�YLc+W�W�CKW�JXH�!�MnZITXTX��0�\=��l�JXZId YLc+W�TXSnMnSUf�ZIC ^+W�YLW�f�YVZIJVT@*#opZ)J#YVcKWtZ���SnCKWkTVZ)JXYLSUCKH�YLcKW
f�ZIdh�KG+YVW�J0�FE)fg_wE)H)W <2�2�e]�j E)JVW�j E)TtGKTVW�^,� 1 E [�[ ( T;� *

P$c+W�W{uIW�C�YVTy��YVJVSUHIHIW�J�� j W�JVW ^KW	BFCKW�^bE)T$l�ZIMnMUZrjkSnCKH �
) E�d�SnC+Snd!GKd Z)l�YDj Z&� ZIdh�+YVZIChODTXGa�a�KJXW�TXTVW�^ <�W ^KW�YVW�f�YVZIJVTZBFJVW�^�SnC f�Z)SnCKf�Sn^KW�CKf�W jkSUYVcbZICKW
W�u)W�C�Yy��CKW�GhYLJVZ)C�ZIJ<,{� SnC i^:|�b4 4>SUC�YVcKW W	�R� W�JVSUdeW�C�Y^�0W�JXl�ZIJXdeW�^�EwY (+# a W@' *

) E�d�SnC+Snd!GKd Z)l�YDj Z&� ZIdh�+YVZIChODTXGa�a�KJXW�TXTVW�^ <�W ^KW�YVW�f�YVZIJVTZBFJVW�^�SnC f�Z)SnCKf�Sn^KW�CKf�W jkSUYVcbZICKW
CKW�GhYLJVZ)C�SUC�i^:|�b4 4>SUC1YLcKW W	�R� W�JXSnd�W�C�YtENY
%r� # a�W	' *
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) E d�SnCKSUd!GKd Z)l YLcKJXW�W5� ZId[�hYLZIChO�TVGa�e�KJVW�TVTVW�^ <�Wt^+W�YLW�f�YVZIJVTwBFJVW�^ SUC�f�ZISnC+f�Sn^+W�CKf�WtjkSPYLc�ZICKW
W�uIW�C�Y@SUC�i^:|�b4 4>SUC1YLcKW W	�R� W�JXSnd�W�C�YZ�0W�JXl�ZIJXdeW�^�EwY
%r� # a�W@' ( W�E)d:W�CKW�JVH�!�*

P$cKWhBFJVT�Y T�YLW@�KT�SUC YVcKW�Z���SnCKW�TVZ)JXYLSUCKH�Z)l YVcKW�^FENYgE E)JXW�YVcKW�H�E)SnC deENYLfgc+SnCKHK� YVcKW Q�Z��a�KMnW�J
ENCK^ YVcKW E)^K^hOK(FE)fg_�f�ZIJVJXW�f{YLSnZ)CKTtE)CK^1YLcKW W �ef�SnW�CKf@!�f�E)MnSC(KJLENYVSnZIC{*

���F| } �>�+�v� ��|~}	�
< E)SUC deENYLfgcKSUCKH SnTeu)W�J�! SUd[� ZIJXYLE)C�Yejkc+W�C�GKTXSnCKH ^KW�YVW�f�YVZIJ1E)JXJLE.!�T jkcKSUfgc f�ZIC+TVSnT�Y�Z)l E M]E)JXHIW
C`GKdi(0W�J
Z)l+^KW�YVW�f{YLZIJXT�( W�f�ENGKTVW W�E)fgc!^+W�YLW�f�YVZIJ�jkSPYLcKSUC YVcKW E)JVJVE ! Z)J�W�E)fgc!TXW�HId�W�C�Y
Z)lFEtf�ZIdh�0Z)TVSUYVW
^+W�YLW�f�YVZIJ@cFENT�SPYLTtZvjkC�TVW{Y�Z)l�f�ZhW ��f�SnW�C�YLT@G+TVW�^�YLZ ^+W�TVf�JVSC(0W SUYVT�H�ENSnCV*`P$cKW�TXW!H�E)SUCKTkf�E)C�fgcKE)CKHIW
YVcKJVZ)GKHIcKZIGhY�YLcKW JXGKC�YLSnd�W ZNl E)C WQ�e� W�JXSnd�W�C�Y.* P$cKW�H�E)SUCKT@j W�JVW�f�E)Mnf�GKM]ENYVW�^�GKTXSnCKH1^KENYgE�YgEN_)W�C
l�JXZId YVcKW JVGKC�jkSUYVc1YLcKW�x ��� \�Gbf�E)MnSC(KJLENYVSnZICeTVZIG+JVf�W�*

��|�� ���p�+�r���
P$c+WtYVSnd�W�T�Z)l0YLcKW <�Wt^+W�YLW�f�YVZIJVT#j W�JVW�E)MnSUHICKW�^eENCK^�YVcKW^�KJVZ)d[�+Y_,FO�JLE.!!YLJVE)CKTXSUYLSUZICKT�j W�JXW�^KW	BFCKW�^
G+TVSnC+H�E YDj ZNO�^KSnd�W�C+TVSnZ)CFE)M H�ENYVW�SUCbE < W O�YVSnd�W�uIW�JXTVGKT < W ODW�C+W�JVH�!�d ENYVJVS � � TXW�W �W* !$�Q*^/�C�YVcKW !�O
E9�+SUT$SnT$HISPuIW�C�YVcKW�YLSUdeW�^KS?#0W�JXW�CKf�W ZNl
YVcKW�SnCK^+SUu�Sn^KGKE)M <�W{O�^KW�YVW�f�YVZIJVT$jkSPYLc1JVW�T � W�f{Y�YVZ�YVcKW�f�W�C�YLJVW
ZNlAHIJVE�uhSPY�!1Z)l�YLcKW E�uIW�JLE)H)W YVSnd�W�Z)lAE)MnM < W OD^KW{YLW�f{YLZIJXTS*

P$cKW�YVSnd�W@TXSnHICFENMnT l�JXZId YLcKW�\#s5�<4�BRQ�\=�1E)CK^ i^:|�b4 4�j W�JVW E)MnTXZ E)MUSnHICKW�^eYVcKJVZIG+HIcKZIG+Y YLcKW
WQ�R�0W�JVSnd�W�C�YS*�BDC�YLcKW[BFCFE)M TVZIJ�Y!Z)l$YVcKW�^FENYLE+�AjkSU^KW H�EwYLW�T ZIC�\#sb�<4 BRQ�\=�>YLSnd�W�TVSnH)CFE)MnT j W�JVW
G+TVW�^{*
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Q�Z+�a�KMUW�Jy(KJXZ�E)^KW�CKSnCKH ZIJ�Q�Z+�a�+MnW�J TXcKSUlmY�SUT!YLcKW T �KJXW�E)^ SnC�YLc+W�d�W�E)TXGKJVW�^ W�CKW�JXH�! ^KGKW�YLZ YLcKW
Q�Z+�a�KMUW�J#W$#0W�f{Y f�ENGKTVW�^ jkcKW�C1HIE)dedeE�JLE.!�T l�JXZId d�Zvu�SUCKH�C`GKf�MnW�S�E)JXW�Z�(KTVW�JXuIW�^1GKTVSUCKH!E TXYLENYLSUZIChO
E)J7!b^KW�YVW�f�YVZIJ�jkcKZITXW�Z��0W�CKSnCKH�ENCKHIMnW SnT�M]ENJVHIW!W�CKZIGKH)c YVZ E)f�f�WS�+Y uNE)J7!�SUCKH�E)CKHIMUW�T�Z)l SUCKf�SU^KW�CKf�W�*
P$cKW�W.#�W�f�Y HIW�YVT j ZIJVTXW�E)T�YVcKWtu)W�MUZhf�SUY�!�Z)l0YLcKWtC`GKf�MUW�GKT SnCKf�JVW�E)TVW�T E)CK^ E)T�YLcKWt^KW{YLW�f{YLZIJ TVS [ W �~E)C+^
cKW�CKf�W Z+� W�C+SnCKH E)CKH)MnW�TVW�W�CA($!�YLc+W[�KJXZf8XW�f{YLSUMnW C`GKf�MUW�GKT�� SUT SUCKf�JXW�E)TXW�^V*\P$cKWef�E)MnSC(KJLEwYLW�^|,FODJVE.!hT
CKW�W�^�YLZq( W f�ZIJXJVW�f{YLW�^ l�ZIJ YVcKW Q�Z+�a�KMUW�J$TXcKSUlmY��KGKTVSUCKH YLcKW W@?�GKENYLSUZIC

���( � ��(��p% � 
 J f�ZIT 
�� ���R* �+�

jkcKW�JXW � �( SnT@YVcKW�W�CKW�JVH�!�ZNl YVcKWy,FODJLE.!�W�d�SUYXYLW�^�l�JXZId YVcKW�deZru�SnC+H1C�G+f�MnW�GKT�����(eSnT�YLc+W W�CKW�JVH�!
Z)l YLc+W[,FODJVE ! W�deSPYVYLW�^ l�JXZId JVW�TXY��/
�SnT YLc+W�E)CKH)MnWh(0W{YDj W�W�C�YLc+W�^KW�YVW�f{YLZIJc� JVSUCKHp�b� ZITVSPYLSnZ)C>E)C+^
YLcKWb( W�ENd Ef�hSnT E)CK^ JtSnT YVcKW�T � W�W�^�Z)l�MnSnH)c`YS*�oFJVZ)d YVcKW�WS?`GFEwYLSnZ)C�E�(0Zru)W)�+YVcKW�TVc+SUlmY$SUC�W�CKW�JVH�! SnT
HIJVW�ENYLW�TXY�ENY$l�ZIJ�j E)JX^A� ����� E)C+^l(FENfg_`j E)JX^�E)CKH)MnW�T ��%"!I��� � jkSPYLc�JVW�T � W�f{Y�YVZ�YVcKW
(0W�E)d-Ef�hSUTS*

BDC�YVcKW2�KJXW�TVW�C�Y$j ZIJX_p�pE!Q�Z+�a�KMUW�J f�ZIJXJVW�f{YLSUZIC1cFE)T<( W�W�C �0W�JXl�ZIJXdeW�^ l�ZIJ YVcKWb,FODJVE !�T Z�(+YgE)SUCKW�^
l�JVZId YLcKW@W	�R�0W�JVSUdeW�C`Y GKTVSUCKH!YLcKW@TVW�MPl�TVGa�e�0ZIJ�YLSUCKH�
��Q� E YgENJVHIW{Y.*_P$cKW�f�ZIJVJXW�f�YVSnZIC1cKE)T<( W�W�C�deE)^KW
(p!;�KMnZNYVYLSUCKH YVcKW TVcKSPlmYLW�^ W�CKW�JXH�!�� �( E)H�E)SUCKTXY�f�ZIT 
 l�ZIJ@YVcKW ��(2�y%�� ( ! _NW@' YLJVE)CKTVSPYLSUZIC�SnC|������TS*
P$cKW 
 ENCKHIMnW�T�JXWS�KJXW�TXW�C�Y�YLcKW E)CKHIMUW�T�Z)l�YLc+W\% ��\#s��0/213�b4 4�JVSUCKHITtHISUu)W�C�SUC;P
E�(KMnW!�R*"%+*@oFJXZId
YLcKWkTVMUZ+� W$Z)l0YVcKW<BKYXYLSnC+H f�GKJXu)W���TVW�W�o
SnHIGKJXWt�R* ( ��E 
 ��J � �R* & T � j ENT WQ��YLJLENf�YLW�^�E)C+^�l�GKJ�YLcKW�J�GKTVW�^
l�ZIJkE)C�W�u)W�C�YXOK(p!�O�W�uIW�C�Y f�ZIJXJVW�f{YLSUZIC�Z)l
YVcKW2,FODW�C+W�JVH)SnW�T@*

P$c+W�Q�Z��a�KMnW�J�W$#0W�f{Y E;#�W�f�YVT ENMnTVZ�YVcKW0� W�E)_!JXW�TXZIMnG+YVSnZIC&�~Q�Z+�a�+MnW�J�(KJVZ�EN^KW�CKSUCKHp�Q*�oASUCKSUYVW Z+� W�ChO
SnCKH�E)C+HIMnW�T�Z)l#YLcKW <�W ^KW�YVW�f�YVZIJVT�� BFCKSUYVW!YgE)JXHIW�Y�YVcKSnfg_`CKW�TVT\��YVcKW W�CKW�JVH�!�MnZITXT�SnC�YLc+W�YLE)JVH)W�Y�jkSnMUM
(0W ^KS(#�W�JVW�C�YtSUl�YVcKW JVW�ENf�YLSUZIC�Zhf�f�GKJXTtENYkYLcKW�l�JVZ)C`YkZNlAYLc+W YLE)JVH)W�Y$YLcKE)C�SPl�SUYkZ�f�f�G+JVTtENY$YLc+Wz(KE)fg_R�
E)CK^ YLcKWkW.#�W�f�Y Z)l0W�uNE�� ZIJLENYVW�^h�FE)J�YLSnf�MnW�T^��YVcKW@!�cFE�u)Wt^+S?#0W�JVW�C�Y u)W�MUZhf�SUYLSUW�TAjkc+W�CeYVcKW^�FE)J�YLSnf�MnW�T�E)JVW
W�uNE�� ZIJLENYVW�^�SnC�E�l�ZIJXj E)JV^�^KSUJVW�f{YLSUZIC!l�JVZId YLcKWkf�Z)d[� ZIGKCK^�C`GKf�MUW�GKT#YLcKE)CeSPl0YVcKW@! E)JVWkW�uNE�� ZIJVENYLW�^
(FE)fg_�j ENJV^KT��tSnC+^KGKf�W�G+CKf�W�JXYgENSnC�YLSUW�TkSnC 
�E)CK^ 
 ��J�jkcKSUfgc�f�E)GKTXW�T�ENC G+CKf�W�JXYgENSnC�Y�!�SnC���(W*

P$c+W E��e�KMnSUf�ENYVSnZIC1Z)l�YLc+W�H�ENSnC�d EwYLfgcKSUCKH�E)CK^bQ�Z+�a�KMUW�J$f�Z)JVJVW�f�YVSnZIC �KJXZhf�W�^KGKJXW�Ttl�ZIJ$W�E)fgc�^KW{O
YLW�f{YLZIJ@SnT�Z)l�u�SPYgE)M
Sndh�0ZIJ�YgE)C+f�W)� Z)YVcKW�J�jkSnTVWy�+cKZ)YLZ��0W�E)_`T�jkSUYLc+SnC�YVcKW!uNE)JVSUZIGKT�T � W�f�YVJLE�l�ZIJ�TVSnC+HIMnW
^KW�YVW�f�YVZIJVT�jkSUMnM�CKZNY
(0W SUC YVcKW�TLE)d�W fgcFE)C+CKW�MUT YVc`GKT MnZITXSnCKH1JXW�TVZ)MnG+YVSnZIC�jkcKW�C�E)^+^KSnCKH�YVcKW�d"YLZNO
HIW�YVcKW�J@*
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P$cKW*%XE)^K^hOK(FE)fg_ 'ef�ZIJVJXW�f{YLSnZ)C�SUT�Ey�KJXZhf�W�^KG+JVW Z)l_F � � SnCKHNO��QFWJ�
 YLcKW W�CKW�JXHISnW�T�Z)l-,FODJLE.!1c+SUYLT$SUC�SUChO
^KSUu�Sn^+GFE)MKW�MnW�d�W�C�YVT�jkSUYLc+SnC�E�f�ZIdh�0Z)TVSUYVW < W$^+W�YLW�f�YVZIJ#T7!�TXYVW�d TVGKfgc E)T#E)Ce\#s@�0/213�5464n� MnGKT�YLW�J
ZIJ=� MnZruIW�JS*_P$c`GKT���jkcKW�CeYVcKW0,pO�JLE.!!TXf�ENYXYLW�JVT#l�JVZId Z)CKWkW�MnW�deW�C�Y�YLZ E)CKZ)YVcKW�J���YLcKW�JVWS($!�^KW@�0ZITXSUYVSnCKH
SUYLT�l�GKMUMhW�CKW�JXH�! Zru)W�JAYDj Z�ZIJAd�ZIJXW W�MnW�d�W�C�YVT��)YVcKW W�C+W�JVH�! Z)lFYVcKW SUCKf�SU^KW�C�Y-,pO�JLE.! f�E)Cy( W JXW�f�Zvu)W�JXW�^
(p!eTVG+ded�SnCKH YLc+W�SnCK^+SUu�Sn^KGKE)MFcKSUYVT YVZIHIW�YVcKW�J E)CK^�f�ZIJVJXW�f{YLSnC+H l�ZIJ Q�Z+�a�KMUW�J W$#0W�f�YVTkE��a�KJXZ+�KJXS]ENYVW�MC!�*
P$cKW�JXW�ENJVW YDj Zz� ZITXTVSY(+MnW$JVW�E)TVZ)CKT�l�ZIJAYDj Z f�E��KTXGKMnW�T ZNl E�f�MnGKT�YLW�J�Z)J�f�MnZru)W�J�^KW{YLW�f{YLZIJw( W�SUCKH�cKSUYAYLZNO
HIW�YVcKW�J��AW�SPYLcKW�J�^KGKW YVZ�YDj Z TVW@�FE)JVENYLW<,FODJVE.!hT�jkc+Snfgc�SnT�d�ZIJXW<�KJVZ�(FE�(KMUW SUlFYVcKW$JVW�E)f�YVSnZIC cFENT#E�cKSnHIc
d!GKMUYVSY�KMUSnf�SUY�!I�FZ)J@^KGKW�YLZ1TVf�ENYVYVW�JXSnCKH l�JXZId ZICKW!^KW{YLW�f�YLZ)J@YLZ�YVcKW!Z)YVcKW�JtjkcKSnfgc SnT�deZ)JVWi�+JVZ+(FE�(KMnW
l�ZIJ�c+SnHIcKW�J0,pO�JLE.!�W�C+W�JVH)SnW�T@*kBDC�Ec� MUZvu)W�J�^KW�YVW�f�YVZIJ�YVcKW�JXW ENJVW�YDj Z Y�!W� W�T@ZNl�^KZIGa(+MnW cKSUYVT��FjkcKSnMUTXY
cKSnHIc+W�J�d!G+MUYLSC�KMnSUf�SPY�! cKSUYVT�E)JVW$^+SnTVJXW�H�ENJV^KW�^V*�oFZIJ�f�MnGKT�YLW�JXT�YLcKW�JVWkE)JXWkE)MnTXZ�YDj Z Y�!W�0W�T ZNl�^KZ)Ga(KMnW cKSUY
E)CK^!cKSUHIcKW�JAd!GKMPYLSC�KMnSUf�SUYVSnW�T f�E)C+CKZ)Y ( W CKW�f�W�TVTLENJVSnM"! JXW�8XW�f�YLW�^V*�BDC!YVcKW3�KJXW�TXW�C�Y�j Z)JV_p�IYLcKW E)^K^hOK(FE)fg_
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�+JVZ�f�W�^+GKJVW�SnT E��a�+MnSnW�^ jkc+W�C��1ZIJz��CKW�SUHIcp(0ZIJXSnCKH�TXW�HId�W�C�YLT�Z)l YVcKW�TLE)d�W�f�ZIdh�0Z)TVSUYVW ^KW�YVW�f{YLZIJ
BKJVW�^ SnC�f�ZISnCKf�Sn^KW�CKf�W �

) � MnGKT�YLW�JXT

� E)MnM YVcKW � ZITXTVSY(+MnW f�ZId�(+SnCFENYVSnZIC+T$Z)l�YDj Z CKW�SnHIcp( ZIJVSUCKHeTXW�HId�W�C�YVT+*0jkc+W�CbYVcKW�YDj Z�TVW�HNO
deW�C`YVTtE)JVW�CKZNY�C+W�SnH)cW( ZIJXSnCKHK��YLcKW TXSnHICFENMnT$E)JXW�YLJVW�ENYLW�^bENTkYDj Z�^KS?#0W�JXW�C�YtW�uIW�C�YLT+*

� f�ZId�(+SnCFENYVSnZIC+T Z)l�YDj Z�CKW�SUHIcp(0Z)JVSnC+H TVW�H)deW�C`YVTX�+MnGKT YVcKW f�W�C�YVJLE)M�ZICKW�*
) � MnZruIW�JVT

� f�ZId�(+SnCFENYVSnZIC+T Z)l�YDj Z�CKW�SUHIcp(0Z)JVSnC+H TVW�H)deW�C`YVT�WQ�hf�MnG+^KSnCKH YVcKW ^KS]E)H)ZICFE)M0f�E)TXW�*
BDC>E)MnM�f�E)TVW�T�YLc+WeTXGKd W�CKW�JVH�! SnT ENYXYLJXSY(KG+YVW�^ YLZ�YLcKW�TVW�HId�W�C�Y!SUC jkcKSUfgc YVcKWedeE98XZIJ W�CKW�JXH�!

j E)T!JXW�MUW�E)TXW�^V*N�5�a�+MC!�SnCKH YLcKW E)^K^a(KE)fg_ f�ZIJVJXW�f{YLSnZ)C YLc+W TVW�CKTVSPYLSPuhSPY�! Z)l YLc+W�E)JXJLE.! SnT SnCKf�JVW�ENTVW�^
($!1SUd[�+JVZru�SnCKH YVcKW ZruIW�JVE)MnM{�0W�E)_IO�YLZwO�YLZNYgE)M0Z)l�YLcKW ^KW{uhSUf�W�*=��C�W	�+E)dh�KMnW�Z)l�T7�0W�f�YLJVE�jkSPYLcKZ)G+YkE)CK^
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\#s��0/213�b4 4 CKW�G+YLJXZIC>^KW{YLW�f�YLZ)JVTS*&P$c+W deENYLJXS"��j E)T Z+(+YLE)SnCKW�^�ENlmYVW�J�YLc+Wef�E)MnSC(KJLENYVSnZIC�ZNl<( Z)YLc
�	��� E)CK^�� � T7�0W�f�YVJLEel�ZIJkW�E)fgc�CKW�G+YLJXZIC�^KW{YLW�f{YLZIJ�SnC�YLcKWz(FE)MUMm*`� uIW�J7! HIZ�Zh^ ^KSUTVf�JXSnd�SnCFEwYLSnZ)C



� & ��� � � ��� ��� 
 �����	������� �	��� ��� ��� ��� � �	� ��� �

1000 2000 30001500 2500500100

Energy (keV)

0

1

0.5

Ef
fic

ie
nc

y 

oASnHIG+JVW �R*C%r� � � �=1 � -  
2�� 
 $%� 3 2�� 
 -;2 +"� +.- +
�.- ��- - +
 �����1 �+ , /�-)$ +
 � ��-B-;2 +�¢�� � ��� � �
� /�-	- /��

 $ -;2;, + - /���+	� +	- 3 $ +
 3 �52 + � -� 
2�� 
  -%2 + - +.1(/2-0$%,2+ +�� �	$ +	� �	� ��� -;2 + /�-	- /�� � ��-)� /21 $�� +&�*-�� � �
��# - /�$%� +&� �! 	$%� 3 x ��� ¢ ��/���� ���   �( ��� - � +
 3

(0W{YDj W�W�C1YLcKW�CKW�GhYLJVZ)C1E)CK^�HIE)dedeE JLE.!�SnCK^KG+f�W�^1W{uIW�C`YVT$f�ZIG+Mn^\( W�ENfgcKSnW{uIW�^{*=P$c+Wb(0ZNYVYLZ)d �KE)JXY
Z)l YLc+W�oASnH)GKJVW@�R*"%�� TXcKZrjkT$E�0 � 
$� deENYVJVS"��l�Z)J ZIC+W@Z)l YVcKW5(FENfg_`j E)JX^ TXSnMUSnf�Z)Ce^KW{YLW�f�YLZ)JVTS*_P$c+W
^FE)JV_NW�J�MnZ�f�SIENY�MnZrj W�CKW�JVHISUW�T�f�ZIJXJVW�T � ZICK^KT�YLZ$YLc+W=�+JVZ)YVZICKTS*-P$cKW#MnZ�f�S�EwY�cKSnHIc�W�CKW�JXHISnW�T
f�ZIJVJXW�T7�0ZIC+^
YLZ@YVcKW$E)MC�KcFE5�FENJXYLSUf�MUW�TS*-� HIZ�Z�^!^KSnTXf�JXSnd�SnCFENYVSnZIC
( W�YDj W�W�C�YVcKW�TXW YDj Z�Y�!W� W�T�Z)l fgcFE)JXHIW�^y�KE)JXYVSnf�MUW�T
SnTAZ�(+YgE)SUCKW�^{* < ENYLW�T�E)JXW$E��a�+MnSnW�^�YVZ�YLc+W�TVWt�NQ d EwYLJVSUf�W�TASnC�ZIJV^+W�J
YVZ�TVW�MnW�f�Y�W{uIW�C�YVT�f�ZIJXJVW�T7�0Z)CK^KSnC+H
YLZ>^+S?#0W�JVW�C�Y�JVW�E)f�YVSnZIC fgcFE)CKC+W�MnT@* P$c+WbfgcFE)JXHIW�^d�KE)JXYVSnf�MUW�T�JVW�E)f�YVSnZIC fgcFE)CKC+W�MnT�jkSUYVc�E f�W�JXYLE)SnC
d!GKMUYVSY�KMUSnf�SUY�!$l�ZIJ �KJXZ)YLZ)CKTAENCK^ ENMY�KcFENT j W�JVW TVW�MUW�f{YLW�^ ($! ^KW@BFC+SnCKHtZ���SnCKW#Ekd!GKMPYLSC�KMnSUf�SUY�!kT7�0W�f�YVJVGKd
(p!�f�ZIGKC�YVSnCKHeE)MnM YLcKW W{uIW�C�YVT�jkSUYVc1YLcKW JVSUHIc�Y$l�ZIMn^1SUCKTVSU^KW�YLc+Wz�KE)JXYVSnf�MUW�H�ENYVW�TS*

����� ��� � ��'  ��	' % 
  �� 
�% � �!�
���Kzr�v| �&� � �p�+�r���
� YLZNYgE)M�Z)l E�( ZIG+Y��)��^KS?#0W�JXW�C�Y�JXW�TVSU^KGFE)M�C`GKf�MUW�S
SnC�YVcKWi�-, TN� d ENTVT@JXW�HISUZIC�j W�JXW�� Z+�KGKMnENYLW�^bSnC
YLcKW��+JVW�TXW�C�Y W	�R� W�JXSnd�W�C�Yh� TXW�W�P
E�(KMUW��R* �$�	*X�@f�f�ZIJX^KSnCKH�YVZ �3�2�e�3��Q�\'f�E)Mnf�GKM]EwYLSnZ)CKT^�KJVW�TVW�C�YVW�^
SnCqPAE�(KMnWt�R* �+��YLc+Wtd�ZIT�Yw�0Z+�+GKM]ENYVW�^�C`GKf�MUW�S E)JXWkYVcKZITXWtf�ZId�SnCKH�ZIGhY ZNl0YVcKW � D1E)CK^ � D � �bfgcFE)C+CKW�MUT
TVGKfgc E)Tz�:9.<�Wn���+���{�-����<�W|���f� � � �-������T&� ����� ENCK^ � �.< E ����� ���	*�oASUHIGKJVW�T!�W*C% # E)CK^��R*C% & ��YVZ+���
TVcKZrj-YLc+W�YLZNYgE)M0�KJXZf8XW�f{YLSUZIC T7�0W�f�YLJVE>Z+(+YLE)SnC+W�^ l�JVZId%YVcKW ��� � � 
�� � E JXW�E)f{YLSnZ)C ENYN%r� # a�W@'
E)CK^ ($# a�W	'!� JVW�T � W�f{YLSUu)W�M"!A*iP$c+W�T7�0W�f�YVJLE�j W�JVW�Z+(+YLE)SnC+W�^|($!|�KJXZf8XW�f{YLSnC+H�YVcKW f�Z)C`YVW�C�Y Z)l#YLcKW
f�ZIJXJVW�T7�0Z)CK^KSnC+H ��( 
 ��( d EwYLJVSUf�W�T ZIC�YLZ Z)CKW Ef�hSnT@*�: cKSnMUW5������T0(0W�MnZICKH)T YLZ!YVcKW�C`GKf�MnW�S�TXYLJXZICKHIM"!
�0Z+�+GKM]ENYVW�^ (p! YLcKWeJVW�E)f�YVSnZIC�ENCK^�SUYVT ,FODJVE.!hT �KJVW�^KZId�SnCFEwYLWeYVcKWeYVZ)YgENM`�KJXZf8XW�f{YLSUZIC�T � W�f{YLJVE+��YLcKW
,pO�JLE.!�TkZ)l ��� ��W�ENJVW�CKZ)YtW�E)T7!�YVZeSU^KW�C�YVSUlt!+*

� MUW�E)JXMC!)� YLcKW<TVSUCKHIMUW�E)CK^ ^KZIGa(+MnWo,FODH�ENYVSnCKH ENCK^ �KE)JXYVSnf�MUW�Sn^+W�C�YLS"BFf�ENYVSnZIC YVW�fgcKCKSC?`GKW�T E)JVW



� 
�� 

��� � � � ��� ���	� � � �+T

0

1000 2000500100 1500 2500 2900

oring 10 (99   )

oring 0 (163   )

Energy (keV)

E
ff

ic
ie

nc
y

E
ff

ic
ie

nc
y

0.12

0.10

0.08

0.06

0.04

0.02

0.04

0.03

0.02

0.01

0

o
SnHIGKJXW��W*C% � � � +.1(/2-0$%,2+F+�� �	$ +	� �	� ��/21 $0# - /2-.$*��� �	��-),2+
 � ��-5-%2 + ���  .-(# /���� 
 /�- � ¢�������� �	�
�
-)$%� 3 � -	$%� 3 � /2-�� � 	 � ���
���1 	$  .-0$%� 3 ��� � �'�.1 �! .- +	- ��/	�� 	� 1 +
 �� - �
��� /���� � ��- -;2 + -	$%� 3 � �23 � � � ��� � �
�
���1 	$  .-0$%� 3 ����� � �.1 ��,2+	- ��/	�� 	��1 +
 ��#	� -�-���� �23 �52 + �	� -),2+
 
�+	- + ��# - /�$%� +&�4# �(� ��-)� /21 $�� $%� 3 -�� -;2 +
+�� �	$ +	� �	�'��� -%2 + 
 2�� 1 +£¢�� ����� � �
� 3

C+W�W�^+W�^<SnC�ZIJX^KW�J!YVZ�f�MnW�E)C�YLc+W1T � W�f�YVJLE E)CK^�TXW�MnW�f�Y YVcKW1fgcFE)CKC+W�M$Z)l�SnC�YLW�JVW�TXY.* �@C<E)^+uNE)C�YLE)HIW
ZNlkGKTVSUCKHbYLc+W\���	� ZICA
���� E�JVW�ENf�YLSUZIC>SUT�YVcFENY!SUC YVcKW�CKW�G+YLJXZICKSnfefgcFE)CKC+W�MnT ZICKMC! YDj Z�C`GKf�MUW�S ENJVW
�+JVZ�^KGKf�W�^ ��YLcKWeC�G+f�MnW�GKT��:9���T � ���{%�C���ENCK^�ZICKWeZ)l$YLc+W C`GKf�MUW�S Z)lkSnC�YLW�JVW�TXY������	�hWU���f�V%�C��Q*;P$cKW
d�Sn^+^KMnWtT � W�f{YLJLE HISPuIW�C SUC1oASUHIGKJVW�Tk�R*"% # E)C+^b�W*C% & j W�JVW
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®�U4TVTVY�®�«*S�¨4Tvª VLU	ª=©4W�U4» ¢ ²�Y�¦�­4ª=W�ª=¦-«�Y�W�ª=¨4©[ªÒ®*»4S±¨xª=®*®�S�TV¨X¶ÂY�¨L« ¢=£ ]k2('VZ 3 £c¢ W «�­4Y�²±Y�¯=YF² ª¬«�Z3w�Z * \/v
½¬Y &¾\ ;6¨§«�­4Y�ª¬¨	ª=²±´i®�S�® ¢¬£ «�­4Y�ª=¨XTVU4²Jª¬WÉ©4S±®�«*W*S�µXUX«�S ¢ ¨ ©	ªt«�ª £c¢ W°«�­4Y�030 * \ * ³6½¬Y & «*W�ª=¨4®�S±«*S ¢ ¨�Î¼ª=T�ª¬S�¨
«6À ¢ ® ¢ ²�U%«�S ¢ ¨4®Oª=W�Y £c¢ U4¨4©�Î ¢ ¨4Y�¦ ¢ W*W�YF®*» ¢ ¨4©XS�¨4T¹« ¢ ª¹²Jª=W�TVYQ¶ÒU4²#«�S�» ¢ ²±Y ¶vS#Ð%S�¨4T�W�ª¬«*S ¢ >JS�Zi\ * w � wX\ * ^
ª¬¨4©Â«*­4Y ¢ «*­4YFW�« ¢ ª·®�¶¡ª=²±²4¶ÒU4²#«�S±» ¢ ²±Y�¶vS#Ð%S�¨4T¹W*ª¬«�S ¢ >JS�wX\ 230 3 1�� < 13 1�� 1�� >c®*YFY�R0S�TX\OZ%\#]_^�ª=¨4©¡Ã�ª=µ4²±Y�Zi\ * B�\ÃQ­XY £c¢ W*¶vYFW�® ¢ ²�UX«*S ¢ ¨[­	ª=®�ªÂW�YF©4U4¦�YF©�� � S�wX\/v # 0Ò¯=ª¬²�U4Y¹À�­4YFW�Ywª=®É«�­4Y·²Jª¬«�«�YFW°­	ª=®�� � SÒ]V\ Z �G2%\ � ¢
¢ «�­4Y�W�¶ÂS±¨4S�¶ÂªÒÀ Y�W*Y £c¢ U4¨4©ÅS�¨[«�­4Y¾»4² ¢ « ¢=£ � � ¯i®F\X>vª=®�W�YF»4W�YF®�YF¨�«�Y�©ÁS±¨§R0S±T4\�Zi\±]_^%\ ! S±«*­§®*UX¦�­
ªx²Jª¬W*TVYÒ¯¬ª=²±U4Y ¢=£ > £c¢ W�«�­4Y$0C0 * \ * ³º½=Y & «*W�ª=¨X®*S±«*S ¢ ¨�Î ª[¶vS#Ð%YF©¿Æ)Z('(7¿]Â¦�­	ª¬W�ª=¦-«�YFW·ª=¨4©Áªx®*»4S±¨ ¢=£
] * 'VZ 3 £c¢ W�«�­XY¹Z3w�Z * \ vt³º½=Y'& ²�Y-¯VY�²�S�® ª=®*®�U4¶vYF©�Î4S±¨�ª=TVW�YFY�¶ÂY�¨L« À�S±«�­Â«�­4Y�® ´i®�«�Y�¶¡ªt«�S�¦�® ¢=£ «*­4Y�²�S±TV­�«
T=YFW*¶Âª=¨4S±U4¶ S�® ¢ « ¢ »~YF®�-
	ÉYFW*^:2%Î Ë�YF¦w^C0%Î�� ¢ µ=vCwk4�\�Ì ®�»4S�¨ ¢=£ ] * 'VZ 3 £c¢ W�«�­4YÂZ3wVZ * \/vt³6½¬Y & ²�Y-¯VY�²OS�®
ª¬²�® ¢ ¦ ¢ ¨4®*S±®�«*YF¨�«¡À�S#«�­ «�­4YxW*Y�®*U4²#«�® ¢=£ «*­4Yx©4S�W�YF¦-«�S ¢ ¨	ª=²�¦ ¢ W*W�YF²Jªt«�S ¢ ¨4®�ª=¨	ª=²#´i®*S�® £c¢ WÒ«*­4Y¿]�Z3w * \ * ³�Î
�3�:vX\ Z�³�Î¼ª=¨4©f]V]zv * \ Z�³6½¬Y & «*W�ª=¨X®*S±«*S ¢ ¨X®�» ¢ »4U4²�ª¬«�S±¨4TÂ«*­4YÒ²�Y-¯VY�²�\�ÃQ­4Y�ª¬¨4TVU4²�ª=WÉ©XS�®�«*W*S±µ4UX«�S ¢ ¨ ¢¬£ «�­4Y�Cw * \#]�³6½¬Y & «*W�ª=¨4®�S±«*S ¢ ¨§®�­ ¢ À�®�ª=¨¸S�® ¢ «�W ¢ »4S�¦·¦�­	ª=W�ª¬¦�«�Y�WFÎ TVS#¯iS�¨4T¡«*­4YÒ¯¬ª=²�UXY6>3S�wX\#] #�� wX\/w:2 £c¢ WÉ«�­4Y
¶vS#Ð%S±¨4T�W�ª¬«*S ¢ >rR0S�T4\OZ%\±]w^XÎ4µ ¢ «*« ¢ ¶ B�\

Í ª=W�TVY�¯¬ª=²�U4Y�® ¢=£ «�­XYQ¶ÂS ÐXS±¨4T�W*ª¬«�S ¢ ® £c¢ W�«�­4YQ² ¢ À ¶vYF¶Òµ~YFW�® ¢=£ «�­XY�´%W*ª=®�«)µ	ª¬¨4©�­	ªw¯VY°ª=²±® ¢ µ~YFYF¨
¶vYwª¬®*U4W�YF©�S±¨ �6� ��Ys- Ë Y�¦w^:0k4�ª¬¨4© � * 6�W�-/+%½ ¢ ^CwXÎ�+%½ ¢ ^CvJ4p\OÌu®*S�¶v»4²±YQ»4W ¢ ²�ª¬«�Y�³ ¢ µX²Jª¬«*Y�¶ÂS Ð%S�¨4T¹¶ ¢ ©4Y�²
S±®�»4W ¢ » ¢ ®�YF© S±¨ÓW�Y £ \ -9+%½ ¢ ^CwJ4pÎ�S�¨ ¢ W*©XYFW�« ¢ ©4YF®�¦FW*S±µ¼Yx«�­XY ª=¨ ¢ ¶¡ª¬² ¢ U4®�µ~YF­4ª_¯iS ¢ W ¢¬£ «�W*ª=¨4®�S±«�S ¢ ¨
»XW ¢ µ	ª¬µ4S�²±S±«�S±YF®�S�¨ � * 6�WF\
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Ì�«�®�»4S�¨ÓZ%] 'VZ 3 «*­4Y ¢ µ4²Jªt«�Y¡® «�W�U4¦�«*U4W*Y�À ª=® £c¢ U4¨4© µ�´(/=Y�¨4½LS�¨4®vª=¨4© ¦ ¢ À ¢ W�½=YFW�®v« ¢ µ¼Y�¦�W ¢ ®�®*Y�©
µ�´ ª¸»4W ¢ ²Jª¬«*Y�¦ ¢ ¨XÔ4TVU4W�ªt«�S ¢ ¨ À�­XS�¦�­�¦ ¢ ¨�«�S±¨iUXYF®Âª¬«�­4S�T=­Ó®�»4S�¨T>pË�ª¬¨4© Z§S±¨�R0S±T4\ * \#]kB-\ ÌÉµ ¢ ¯VY
®�»4S�¨�Z%] 'VZ 3 ª=©4©XS±«�S ¢ ¨	ª=²Ñ® «�W*UX¦�«�UXW*YF® ¢ ¦F¦FUXWF\OÃQ­4Y·ZC2('=Z 3 ®�«�ª¬«�Y¹ª¬«K2J� * vX\/wÒ½=Y'& Y-Ð%¦FS#«�ª¬«*S ¢ ¨�Y�¨4YFW�T=´
µ~YF² ¢ ¨4TV®É« ¢ «�­XYÒ»4W ¢ ²Jª¬«*Y¾¦ ¢ ¨XÔ	TVU4W*ª¬«�S ¢ ¨ £c¢ U4¨X©ÅµL´ /=YF¨4½LS±¨4®¡a-dÉe=k#|$-9/=YF¨=wX]z4p\¹ÃQ­4Y�®*Y�¦ ¢ ¨X©¥Z32('VZ 3
® «�ª¬«*YÒS�®É©4YF» ¢ »4UX²Jª¬«*YF©§µ�´[«�­4Y�]12C0C2%\#]�³6½¬Y & «�W�ª¬¨4®*S#«�S ¢ ¨�\ ;6¨§«*­4Y·À ¢ W�½ ¢=£ /=Y�¨4½LS�¨4®va-d°e=k#|R-9/=YF¨5wX]z4
«*­4S�®�® «�ª¬«*Y[À ª=® £c¢ U4¨4© « ¢ µ¼Yx» ¢ »4U4²�ª¬«�Y�©Óµ�´f«�­XYÁ]1w3w�Z%\ Z�³6½¬Y & «�W*ª=¨4®*S#«�S ¢ ¨�\ ÃQ­4Y�»XW*YF®�YF¨�«�©4ª¬«�ª
®�U4»4» ¢ W�«�«*­4YxY-Ð%S�® «�YF¨X¦FY ¢=£ «*­4Y¸]1wCw�Zi\ Z�³º½=Y'& «�W�ª¬¨4®*S#«�S ¢ ¨fµ4UX«�¨ ¢ «vS#«�®�»4²�ª=¦FY�¶ÂY�¨L«F\ ÃQ­4Y[© ¢ U4µX²�Y
TVª¬«�S±¨4T¾»4W ¢ ¦�YF©4UXW*Y�ª=»X»4²�S±YF©�S±¨Â«�­XY��~³��~�Ñ�[¦FUXµ¼Y�® ¢ µX«�ª¬S�¨4Y�© £ W ¢ ¶ «*­4Y�»4W�YF®*Y�¨�«�Y-Ð%»¼Y�W*S±¶ÂY�¨L«*®�© ¢ YF®
¨ ¢ «¡®�­ ¢ À ª=¨�´Ó¦ ¢ S�¨X¦FS�©XYF¨4¦�Y�W�YF²Jªt«�S ¢ ¨ µ~Y�«6À�YFY�¨ «�­4Y¿]k2C0C2i\±]�³¾ª=¨X©�«�­4Y¿]1wCwVZ%\ Z_³6½=Y'& «*W�ª=¨X®*S±«*S ¢ ¨�\;6¨X®�«�YFª=©�Î¹ªfW ¢ «�ª¬«*S ¢ ¨	ª¬²#³6²±S�½¬Y�¦Fª=®*¦Fª=©4Y¿¦ ¢ ¨4®�S�® «�S�¨XT ¢¬£ ]�ZC0 * \ 2_³vª=¨4© ] * vV^%\ vt³º½=Y'&B²�S�¨XYF® >r®�YFYÁR0S�TX\
Zi\±]k0�>r¦1BEBÂY-Ði«*YF¨4©4®x«�­XYÅ¨ ¢ ¨%³�´%W*ª=®�«x® «�W�U4¦�«*U4W*Y¿µ4U4S±²±« ¢ ¨ «*­4YÅ®*Y�¦ ¢ ¨X© ZC2$'VZ 3 ®�«�ª¬«�Y¸ª¬¨4© ²Jª=µ~YF²±YF©
Ë ª=¨4© * S�¨ R0S±T4\ * \#]V\ÁÃQ­XY¿]zwCw�Z%\ Z�³6½¬Y & «*W�ª=¨X®*S±«*S ¢ ¨¥S�® £c¢ UX¨4©f« ¢§£ YFY�©f«�­4Y[Z%] 'VZ03�´iW�ª=® «�®�«�ª¬«�Y
©XS�W*Y�¦�«*²±´ À�S#«�­ ª¸¯=YFW ´ ² ¢ À S±¨L«*YF¨4®�S±«6´ À�­XS�¦�­�© ¢ Y�®v¨ ¢ «Âª=²�² ¢ À « ¢ Y�Ð%«*W�ª=¦-«¡S#«�®�^8_QÊ ¯¬ª=²±U4Yxª=¨4©
©XY�«�Y�W*¶vS�¨4Y¹«�­XY¾®*»XS�¨ ¢¬£ «�­4Y·²�Y-¯VYF²�ª¬«
2VZC2C0i\ ^v½=Y &¾\¼ÃQ­XS�®�²±Y�¯=YF²�S�®°» ¢ »XU4²Jª¬«*YF©�µL´x«*­4Y¡]�Zi]_^X\9�¬³6½¬Y &
«*W�ª=¨X®*S±«*S ¢ ¨�À�­XS�¦�­[©4YF¦Fª_´i® £ W ¢ ¶ «�­4Y¹¨4Y-À�²±´ ¢ µX®*YFW ¯VY�©§®�«�ª¬«�Y�ª¬« # �:0C0%\ Z¾½=Y & Y-Ð%¦�S±«�ªt«�S ¢ ¨[Y�¨4YFW�T=´V\
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¢¬£ «�­4Y��ÁW*ªw´ ©4Y�Y-Ð%¦FS#«�S±¨4T¡«�­XS�®�²±Y�¯=YF²�Î~®�«*W ¢ ¨XTV²±´ £ ªw¯ ¢ W�YF©¸ª¡®�»4S�¨§ª=¨4©§»	ª¬W*S±«6´�ª=®�®*S±TV¨4¶vYF¨�« ¢=£ ];'VZ43
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ÃQ­XY�Ô	W*® «Q«�­4W�YFY�¨4Y�T�ª¬«�S#¯VY�³6»	ª=W�S±«6´Â²�Y-¯VYF²±®Q²�S±Y�ª¬«�¯=YFW ´�² ¢ ÀuY-Ð%¦�S±«�ªt«�S ¢ ¨�YF¨4Y�W*TVS±YF®F\OÃQ­XY.^8_QÊ ¯¬ª=²�UXYF®
£c¢ W�«�­4Y ]�Z=^%\±]�³Âª¬¨4© ] # ]V\ * ³6½¬Y &B«�W*ª=¨4®�S±«�S ¢ ¨4®�®�­ ¢ À «�­XYFS�W�©XS�» ¢ ²�YÅª¬¨4© VLU	ª¬©4W*U4» ¢ ²±Y¿¦�­4ª=W�ª=¦-«�Y�WFÎ
W�YF®�»¼Y�¦�«�S#¯VY�²±´V\ ! ­4S�²±Y ª * 'VZ43¾¯=ª¬²�U4Y £c¢ W�«*­4Y ®�»4S�¨ ¢=£ «�­XY ²�Y-¯VY�²4ª¬«�]�Z=^X\#] ½¬Y & À ª=®Oª¬²�W*YFª=©X´�ª=®�®*S±TV¨4YF©
µ�´ /=YF¨4½LS±¨4®Âa-d�e=k#|U-9/=YF¨=w%]�4�Î~«�­4Y¾®�´i®�«*YF¶Âª¬«�S±¦F® ¢¬£ ¨iUX¦F²�Y�S�À�S#«�­ ��S * 2Âª=® �	� �ÉS�ª=¨4© ��� ��Y¾®�U4TVTVY�®�«
«*­4Y°®*»4S±¨ * '=Z43�ª¬®�À�YF²±² £c¢ WO«�­4Y�²�Y-¯VY�²¼ªt«�Z¬^CwX\#]É½¬Y &Ò\G;6¨ÂTVYF¨4Y�W�ª=²pÎ�«�­4Y�¨4Y�T�ª¬«�S#¯VY�³6»	ª=W�S±«6´�»4ª=W�« ¢=£ «�­4Y
²±Y�¯=YF²	®*¦�­XYF¶vY°®�­ ¢ À�® ª�²�ª=W*TVY ©4YF¨4®�S±«6´ ¢¬£ ²±Y�¯=YF²�®O¶ ¢ ® «�²±´¾¦ ¢ ¨X¦FYF¨�«*W�ª¬«*YF©vµ¼Y�² ¢ À * \ 2�7�Y'& Y�Ð%¦FS±«�ª¬«�S ¢ ¨
Y�¨4YFW�T=´V\OÃQ­XY�´�À�YFW*YQ¯=YFW�´�® «�W ¢ ¨4TV²#´Ò» ¢ »4U4²�ª¬«�Y�©vS±¨�«�­4YQY�ÐX»~YFW�S�¶vYF¨�«)U4®*S±¨4T�ª�«�­4S±¦�½¾«�ª=W�TVY�«)ª¬¨4©�«�­4Y
®�¶¡ª¬²�²�»~Ywª=½ÂÀ�S�©X«*­�¦�­	ª¬W�ª=¦-«�YFW�S�® «�S�¦ ¢¬£ «�­XY�Y�Ð%»¼Y�W*S�¶vYF¨�«*®ÉU4®�S�¨4T�«*­4S�¦�½¡«�ª=W*T=Y�«�®�¶Âª=©4Y¹» ¢ ®*®�S�µ4²±Y�«�­4Y
©XS�®*Y�¨�«�ª=¨4T=²�YF¶vYF¨�« ¢=£ «�­XY�© ¢ U4µ4²±Y�«*®FÎ4«�­XYFS�W »4²Jª=¦�YF¶vYF¨�«�S�¨�«*­4Y�²�Y-¯VYF² ®�¦�­4YF¶vY¹À�S±«�­�T ¢%¢ ©xª=¦F¦�U4W�ª¬¦�´
S±¨ YF¨XYFW*T¬´ ª=¨X© ¦F²±Ywª=¨ TVª¬«�Y�®¾À�S±«*­ T ¢i¢ ©Á®�«�ªt«�S�® «�S±¦F®¾S±¨Á«*­4Y ^8_QÊÉ³6W*ª¬«�S ¢ ¶vYwª=®�U4W*Y�¶ÂY�¨�«�®F\ÅÃQ­XYF®*Y
® «�ª¬«*YF®°¦wª=¨xµ~Y¹¦F²Jª¬®*®*S#Ô	YF©[S�¨�« ¢ «6À ¢ TVW ¢ UX»4®F`

>cSoB�ÃQ­4Y°¨4Y�À ²±Y�¯VY�²�®)ª¬«°]V] * �4\ 0iÎiZ3w:0=^X\9�·ª=¨4©¡Z=^:0=^X\ # ½=Y &¾Î�« ¢ TVY-«�­4Y�W)À�S#«�­�«�­4Y°²�Y-¯VY�²�®�ª¬«°]V]_^ * \/v
ª¬¨4©¿Z # ]1v%\±]·½=Y & £c¢ U4¨4©Åµ�´ ! S ¢ ®�¨	ª - ! S ¢ vCv=ª 40ª=¨4©Å¦ ¢ ¨XÔ	W*¶vYF© µL´ /=YF¨X½iS±¨4®¡a-d�e=k#|R-0/=Y�¨=wX]�40ª=¨4©
S±¨�«�­4Y¹»4W�YF®*Y�¨�«ÉÀ ¢ W*½xª¬W*Y�» ¢ »4U4²�ª¬«�Y�© £ W ¢ ¶ «*­4Y�]k0('VZ 3 ® «�ª¬«*Y�ª¬« *(# ]k0i\ # ½=Y'&Ò\

>cS�SoB°ÃQ­4YÂ²±Y�¯=YF²�®�ª¬«�]=]�Z * \ 2�ª=¨4©¥Z * ^CvX\ # ½=Y'& ª¬¨4©¿«*­4Y�²�Y-¯VYF²±®�ª¬«�^X]z�4\ # ª=¨4©¥ZJ� *C* \ ^�½=Y'& ª¬W*Y
» ¢ »4UX²Jª¬«*YF© £ W ¢ ¶ «*­4Y�®�«�ª¬«�Yxª¬« * Z3w:2%\ # ½¬Y & ª=¨4© «*­4Y�´¥®*­ ¢ À ®�S�¶vS�²�ª=W¹®*»4S±¨f®*Y�VLU4Y�¨4¦FY�®�ª=¨X© Y�¨%³
Y�W*T=´ ®*»	ª¬¦FS�¨XTV®F\ÒÃQ­XYv®�»4S�¨¸ª¬®*®*S±TV¨4¶vYF¨�«�® £c¢ WÉ«�­4Y�®*Y�²�Y-¯VYF²±®�À Y�W*Y�¦ ¢ ¨XÔ	W*¶vYF©¸µ�´§«*­4Y�^8_QÊ W*ª¬«�S ¢ ®
Y�Ði«�W�ª¬¦�«�Y�© S±¨x«*­4Y¹»4W*Y�®*Y�¨L«ÉY-Ð%»~YFW�S�¶vYF¨�«w\

ÃQ­4Y��	³6W*ªw´%®�©XYF» ¢ »4U4²�ª¬«�S±¨4T «�­XY�¨4Y�À�²#´ ¢ µ4®�YFW ¯VYF©Ó¦wª=®�¦wª=©XY[¦ ¢ ¨4®�S�®�«*S�¨4T ¢¬£ Z¬^:0=^X\ # ³�ÎOZ3w:0=^X\9�¬³�Î
]=] * �4\ 0�³�Î�ª=¨4© Z=^Cw%\±]�³º½=Y'& ²�Y�¯=YF²±®�ª=W*Y¡¦F²�YFª=W*²#´¥®�YFY�¨ S±¨ «�­4Y¡®*»~YF¦�«*W*U4¶ »4W*Y�®*YF¨�«*YF©�S±¨fR0S±T4\�Zi\±]k0t©�\
Ë ª=®*Y�© ¢ ¨,^8_QÊ ¶ÂYFª=®*U4W�YF¶vYF¨�«�®�Î¼«*­4Y·®�»4S�¨X®·] * 'VZ43 Î¼^�'VZ�3 Î�2('VZ43§ª=¨4© * 'VZ43 Î~W�YF®�»¼Y�¦�«�S#¯VY�²±´VÎ~­	ªw¯VY
µ~YFY�¨ ª¬®*®*S±TV¨4Y�©u« ¢ «*­4YF®�YÁ²±Y�¯=YF²�®�\ ÃQ­4Y ]k2('VZ43 ª=¨X© ]_^('VZ43 ´iW�ª=® «[®�«�ªt«�YF®�ª=W�Y £ YF©uµL´ «*­4Y4�ÒZ
«*W�ª=¨X®*S±«*S ¢ ¨X® ¢=£ � # vX\/w¾ª=¨4© 0%]z�4\ Z·½=Y'&ÒÎ%W*YF®�»¼Y�¦�«*S±¯VY�²±´¡ª=¨4©�µ�´¡ª¾»	ª=W*ª=²�²±YF² 9 ];: �ÒZ·¦Fª=®*¦Fª=©4Y�¯iSJª¹«�­4Y
2 # \ Z_³M�4]�Zi\ wÒ½¬Y & ª=¨4©¸]V] # \9�¬³
2=^CvX\ Z¾½=Y'& �§W�ªw´i®F\
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Ë�U4S�²#« ¢ ¨�«*­4Y�« ¢ » ¢¬£ «�­XY¡]k2('=Z43§® «�ª¬«*Y¾ªt« * Z3w:2%\ # ½¬Y & ªÂ®�«*W ¢ ¨XT¡¦ ¢ U4»4²�Y�© ®�Y�VLU4YF¨X¦FYÒS±® ¢ µX®*YFW ¯VY�©>rË�ª=¨4© 2vS�¨ R0S�TX\ * \±]1B-\�Ì�«�«*YF¨�«�ª¬«*S±¯=Y¾®*»XS�¨�>pZC2('VZ�3�B°Ë ª=¨4© 2�S�®°¦FW ¢ ®*®*Y�©Åµ�´§ªv©4YF¦ ¢ U4»4²±YF©§µ	ª¬¨4©�Î
²�ª=µ~YF²�Y�©vË�ª=¨4© # \�ÃQ­4YÉµ	ª=¨4©ÂS�®OÀ YFª=½L²±´�» ¢ »4U4²�ª¬«�Y�©ÂS±¨v«*­4Y°»4W*Y�®*YF¨�«QW�Ywª=¦-«�S ¢ ¨¡ª¬¨4©v«*­4Y°®*»4S±¨ ¢=£ «�­4Y
Y�Ð%¦FS±«*YF©�²±Y�¯VY�²�®�­	ªw¯VY�µ~YFY�¨ ¢ ¨4²±´�«*YF¨�«�ª¬«*S±¯=YF²±´vTVS#¯VY�¨�\ 	 ¢ À�Y�¯VY�WFÎ4«*­4Y�W�YFTVU4²�ª=W)W ¢ «�ª¬«�S ¢ ¨	ª=²Ñ¦�­	ª=W*ª=¦�«*YFW
ª¬¨4©�«*­4Y¾²�ª=W*TVY¹Y�¨4YFW�TVS�Y�® ¢=£ «�­4Y�¦ ¢ ¨X¨4YF¦-«�S�¨XTÂ«�W*ª=¨4®�S±«�S ¢ ¨4®�®*UXTVTVYF® «�«*­	ª¬«�Ë�ª=¨4© # S�®°¶ ¢ W*Y¹²�S±½=Y�²±´xªO 
 S¹ZÒµ	ª=¨4©�\)Ë�ª¬¨4© # ­	ª¬®°µ~YFY�¨ ¢ µX®*YFW ¯VY�© U4»x« ¢ ª=¨[Y-Ð%¦FS#«�ª¬«*S ¢ ¨�Y�¨4YFW�T=´ ¢=£ ]1w3�4]��4\/��½¬Y &¾\
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ÃQ­4YÉ² ¢ À�³6²±´iS±¨4T�²�Y-¯VYF²	®�¦�­4YF¶vY ¢¬£ �6� ÌÉ®�©4Y�©4U4¦�YF© £ W ¢ ¶ «*­4YÉ»XW*YF®�YF¨�«�¦ ¢ S�¨X¦FS�©XYF¨4¦�Y°¶vYwª¬®*U4W�YF¶vYF¨�«�®)S�®
®*­ ¢ À�¨�S±¨¡R0S±TV®F\ * \ Z�>c» ¢ ®�S±«*S±¯VY�³6»	ª¬W*S±«6´¾®�«�ª¬«�Y�®]B�ª=¨4© * \/�$>r¨4Y�T�ª¬«*S±¯VY�³6»	ª¬W*S±«6´Ò®�«�ªt«�YF®hB-\OÃQ­4YÉ­4S�T=­%³6®�»4S�¨
®�«�W�U4¦�«*U4W*Y�S±®�»4W*Y�®*Y�¨L«*YF©ÁS�¨ÅR0S±T4\ * \ * \.;º«�S±® ¢ W�T�ª=¨4SqpFYF©ÅS±¨�« ¢ v�µ	ª=¨4©X®�²Jª=µ~YF²±YF© £ W ¢ ¶ ]Ò« ¢ v�»4²�U4®
ª=©4©4S#«�S ¢ ¨	ª=²O®*S±¨4TV²±YÂ® «�ª¬«*YF® ¢ W¾®�«*W*U4¦-«�U4W�YF®ÒÀ�­4S±¦�­ ¦wª¬¨4¨ ¢ «¾µ¼YÂS�¨4¦�²�U4©4Y�© S�¨ÁW ¢ «�ª¬«�S ¢ ¨	ª=² ³6²±S�½=Y¾µ	ª=¨4©4®
´VY�«F\�ÃQ­4Y�²�Y-¯VY�²�®�«*W*U4¦-«�U4W�Y�¦ ¢ ¨�«�ª=S�¨4®�¶¡ª¬¨L´Â¨4Y-À�²±´ÂS�¨�«�W ¢ ©4UX¦FYF©¡²�Y�¯=YF²±®�¦ ¢ ¶v»	ª=W�YF©¡« ¢ «�­XY�»4W*Y-¯iS ¢ U4®
À ¢ W�½ -�Ë W*U=w3wJ4�\

ÃQ­XY�W*Y�®*U4²#«�® ¢=£ «�­XY�²�Y-¯VY�²¼©4Y-«�Y�W*¶vS�¨	ª¬«*S ¢ ¨X®FÎ�À�S±«*­¡YF¨XYFW*T=S�YF®�Î%S±¨�«�YF¨X®*S±«*S�Y�®FÎi¶ÒU4²±«*S�» ¢ ²Jª¬W*S±«*S�Y�®FÎt®*»4S±¨
ª=®*®�S�TV¨4¶vYF¨�«*®�ª¬¨4© ^8_QÊ W*ª¬«�S ¢ ®�ª=W�Y°T=S±¯VY�¨ÂS±¨�Ã0ª=µX²�Y�Ì¾\ Z%\OR ¢ WO«�­ ¢ ®*Y�²�Y-¯VY�²�® £c¢ W�À�­4S�¦�­Â¨ ¢ ©4Y�Ô	¨XS±«�Y
¦ ¢ ¨4¦�²�U4®�S ¢ ¨v¦ ¢ U4²�©vµ¼Y�©4W*ªwÀ�¨�ª=µ ¢ UX«�«�­XYÉ®�»4S�¨Âª=¨4©Â»	ª=W*S#«6´VÎV«*­4YÉ¦ ¢ W*W�YF®�» ¢ ¨X©4S�¨4T�¦ ¢ ²�U4¶v¨4®�S�¨vÃ0ª¬µ4²�Y
Ì¾\ ZÒÀ�YFW�Y·²±Y £ «Q¯¬ª=¦Fª=¨�«w\

(bCHBDC*) I0] R^M,OSM +VY.-0/�JLKNMHO(P R OSJ8O^YeR
ÃQ­4Y�TVW ¢ U4¨4©%³º®�«�ª¬«�Y�®*»4S±¨ ¢=£ 
�� S82('=Z43 ¢=£ �6� ÌÉ®0­	ª=®0µ¼Y�YF¨�©4Y-«�YFW�¶ÂS±¨4YF©¾S�¨�ª=¨Òª¬« ¢ ¶vS�¦)µ~Ywª=¶ ¨LU4¦F²±Ywª=W
¶¡ª=T=¨4Y�«*S�¦�W*YF® ¢ ¨	ª=¨X¦FY���7�È Y-Ð%»~YFW�S�¶vYF¨�«R-
	ÉYF²r0 # 4p\¹Í ¢ À�³º²±´iS�¨XT¡» ¢ ®*S#«�S±¯=Y-³º»	ª=W*S#«6´x®�«�ª¬«�Y�®�U4»§« ¢ ª¬¨
Y-Ð%¦FS#«�ª¬«*S ¢ ¨�Y�¨4YFW�T=´ ¢=£ 2%\ Z67�Y'& ­	ªw¯VY¹µ¼Y�YF¨�Ô	W�¶Â²#´ÂS±©4YF¨�«*S±Ô	Y�©[S±¨¡«�­XY�À ¢ W�½ ¢=£ 	°YF²�²±¶ÂY�S�® «�YFW¹a-d�e=k#|- 	°YF²o0Jv 4p\5! S±«�­XS�¨x«�­	ª¬«°À ¢ W*½ÑÎ ¢ ¨�«*­4Y·µ4ª=®*S±® ¢=£ ��¤f�¸¦ ¢ S±¨4¦FS±©4YF¨4¦�YF®�Î�ª=¨XTVU4²Jª¬W°©XS�®�«*W*S±µ4UX«�S ¢ ¨4®�ª=¨X©
Y-Ð%¦FS#«�ª¬«*S ¢ ¨ £ UX¨4¦�«*S ¢ ¨4®�Î4ª¾W ¢ «�ªt«�S ¢ ¨	ª=²~ª=²�S±TV¨4Y�© � � 7 � »4W ¢ « ¢ ¨�µ	ª=¨X©�S�® Y�®�«�ª=µ4²�S±®*­4Y�©�\OÃQ­4Y�S�W�»4W ¢ » ¢ ®*Y�©²�Y�¯=YF²)®*¦�­4Y�¶ÂY¡¦ ¢ ¨4®�S�® «�® ¢=£ «�­4Y��C� * ³�Î'0 *3* ³�Î v:2J�¬³�Î v # �¬³�Î�^Cw3�¬³�Î ]1w=^V^t³�Î)]V]1w * ³�Î)]�Z3w:2_³�Î�ª=¨4© ] * w:0�³
½=Y & �	³6W*ª_´i®s>r®�YFY·R0S�T4\ * \ ZCB�\�ÃQ­4Y·ª=¨4T=U4²Jª=WQ©XS�®�«*W*S±µ4UX«�S ¢ ¨�¦ ¢ Y�Äv¦�S�YF¨�«*® ¢=£ «�­4Yv] * wC0�³�Î=vC2J�¬³�Î�]1wV^V^t³�Î
ª=¨4© 0 *C* ³º½=Y'& «�W�ª¬¨4®*S#«�S ¢ ¨4®¾À�YFW*Y £c¢ UX¨4©f« ¢ µ~Y�«6´%»XS�¦wª¬² £c¢ W�®�«*W*Y-«�¦�­4Y�©�VLU	ª=©4W�U4» ¢ ²�Y¡«*W�ª=¨X®*S±«*S ¢ ¨X®FÎ
À�­4YFW�Ywª=®�«*­ ¢ ®�Y ¢=£ «*­4Ys�3� * ³ ª=¨4©Å^3w3�¬³6½¬Y & ²�S±¨4YF®�À Y�W*Y £c¢ U4¨4©�« ¢ Y�ÐX­XS�µ4S#«�ªv©4S�» ¢ ²�Y�ª=¨X©ÅªÂ¶vS#Ð%YF©
©4S�» ¢ ²�Y 'JVLU	ª=©4W�U4» ¢ ²�Y�¦�­	ª=W�ª¬¦�«�Y�WF\ ÃQ­LU4®FÎ�«*­4Y v:2J�t³�Î�]1wV^V^t³�Î·]_Z3w:2�³�ÎÉª¬¨4©�0 *C* ³6½¬Y & �	³6W*ªw´%®�À�YFW�Y
ª=®*®�S�TV¨4Y�©v« ¢ «�­4YQ´iW�ª=® « £ ª_¯ ¢ W*Y�©¡µ	ª¬¨4©�\�ÃQ­4Y°®*­ ¢ W�«�²±S £ Y�«*S�¶vY ¢=£ «�­XY°²±Y�¯=YF²~ª¬«�ZVZ%]=]°½¬Y &u²�Y-¯VY�² >	��
�Z
»4®FÎ)- ;º¯=ªC0 # 4rB�ª=¨4©Å«�­XYv®�¶¡ª¬²�²�S�¨�«�Y�¨4®*S#«6´Åª=¨4©¸²�ª=W*TVY¾¨4YFT�ªt«�S±¯=Y�¶ÂS Ð%S�¨4T�W*ª¬«�S ¢ >�>JSÉ³�]V\/w � wX\ 23B ¢=£ «�­4Y
^Cw3��½=Y'& ©4YF» ¢ »4U4²�ª¬«�S±¨4T¡«*W�ª=¨4®�S±«*S ¢ ¨§²±YF©§« ¢ «�­4Y�®*»XS�¨¸ª=¨4©¸»	ª¬W*S±«6´ ª=®�®*S�T=¨4¶ÂY�¨�« ¢=£ ]V];'VZ 3 £c¢ W�«�­4Y
®�«�ªt«�Y�ª¬«�ZVZ%]V]¾½=Y & - 	°YF²o0Jv 4p\�Ì�®�ª¡¦ ¢ ¨4®�Y�VLU4YF¨X¦FY=Î «*­4Y ¢ µ4®�YFW ¯VYF©¿®�«�ª¬«�Y�®�ª¬«�ZVZ%]V]�ª¬¨4© * Z # �Â½=Y'&
À Y�W*Y�S�¨�«�Y�W*»4W�Y�«*YF©�µ�´ 	ÉY�²�²�¶vYFS±®�«*YFW°a-d�e=k#|Oª=®Oµ~YFS±¨4T�«�­4YQ² ¢ À Y�®�«�¶vYF¶Òµ~YFW�® ¢=£ «�­4YQU4¨ £ ª_¯ ¢ W*Y�©Âµ4ª=¨4©�Î
S�¨Áª=TVW*Y�YF¶vYF¨�«�À�S±«�­¸«�­XYÂ® ´%® «�Y�¶¡ª¬«*S�¦�®Òª=¨4©¸«�­XYÂ«�­XY ¢ W�Y�«�S±¦wª=²O»XW*YF©XS�¦�«*S ¢ ¨X®$>c®*Y�Y¡W*Y £ \ -
	ÉYF²r03v 4�ª=¨X©
«�­4Y�W�Y £ Y�W*YF¨X¦FYF®�VLU ¢ «*YF©f«�­XYFW*Y�S�¨XB�\¸ÃQ­4Y�»4W ¢ » ¢ ®�YF©f»4W ¢ « ¢ ¨4S�¦Â¦�­	ª=W�ª¬¦�«�Y�W £c¢ W¾«*­4Y � � 7 � µ4ª=¨4©f­	ª=®
µ¼Y�YF¨§²�ª¬«�Y�WÉ¦ ¢ ¨XÔ	W�¶ÂY�©§µ�´[«*­4Y¾¶vYwª¬®*U4W�YF¶vYF¨�« ¢=£ «*­4Y¾¶Âª=TV¨XY�«�S±¦¹¶ ¢ ¶vYF¨�« > �(S�>��4\ # � � w%\ 2=^CBQ¨X¶ B
¢=£ «*­4Y 
�� S�^�'VZ 3 Î ] * wC2%\ # ³6½=Y'& ²�Y-¯VYF²P-�Ë Y�WhvCwJ4p\

ÃQ­XY�W*YF¦�YF¨�«�À ¢ W*½L® ¢=£ 7�S#«�ª=W*ª=S�a-d�e=k#| - 7�S±«�^:0k4�ª=¨4© Ë W�U4¦FY¿a-d�e=k#| -�Ë W*U5wCwJ4�¦ ¢ ¨XÔ	W�¶ÂY�© «�­4Y
Y-Ð%S�® «�YF¨X¦FY ¢¬£ «�­4Y°²�Y-¯VY�²�® £c¢ U4¨4©�µ�´ 	°YF²�²±¶ÂY�S�® «�YFW)ª=¨X©¡¦ ¢ À ¢ W*½¬YFW�®8- 	°YF²r03v 4¼ª=¨4©ÂY-Ði«�Y�¨4©4Y�©�«�­4Y°´%W*ª=®�«
µ	ª=¨4©[U4»x« ¢ ®*»4S±¨ *C* 'VZ 3 ª=¨X©{> * 0('VZ 3 B-Î4W�YF®�»¼Y�¦�«�S#¯VY�²±´V\

Ì ²Jª=W�TVY[¨iUX¶Òµ¼Y�W ¢=£ ¨XY�À » ¢ ®*S#«�S±¯=Y-³º»	ª=W*S#«6´ ®�«�ª¬«�Y�®¡À Y�W*YÅª¬®*®*S±TV¨4Y�©�« ¢ �6� Ì�®�S±¨Ó«�­XY ¦FUXW*W*Y�¨�«
ª=¨	ª=²#´%®�S�®�\ Æ�ÐXª=¶v»4²±YF® ¢=£ © ¢ U4µX²±´fT�ªt«�YF© ¦ ¢ S�¨4¦�S�©4Y�¨4¦FY�®�»¼Y�¦�«�W*ªXÎ W�Y�¯=Ywª=²±S�¨4TÅ«�­XY[¨XY�À�²±´ ¢ µ4®*Y�W�¯=YF©
«�W�ª¬¨4®*S#«�S ¢ ¨4® S±¨xª=W*Y�®�­ ¢ À�¨�S±¨xR0S�TX\�Z%\#]1vX\�ÃQ­4Y¹W�YF®*»~YF¦-«�S#¯VY�®*»~YF¦-«�W*ª�À�YFW�Y�Y-Ði«�W*ª=¦�«*YF©[¶¡ª=S±¨4²±´ £ W ¢ ¶
«�­4Y �Ñ�Ñ�	³6¦�U4µ¼YQµ~YF¦Fª=U4®�Y ¢=£ «�­4Y�µ~Y�«�«�Y�WO®�«�ªt«�S�® «�S±¦F®0¦ ¢ ¶v»	ª=W*Y�©Ò« ¢ «*­4Y *
� ³��~�Ñ�	³6¦�U4µ~Y=\0ÃQ­XYQ² ¢ À�³6²#´%S±¨4T
¨ ¢ ¨%³�´%W*ª=®�«É®�«�ª¬«�Y�®É­4ª_¯=Y¾µ~YFY�¨§µ¼Y-«*«*YFW°» ¢ »XU4²Jª¬«*YF©[S�¨x«�­4Y�Y-Ð%»~YFW�S�¶vYF¨�«�ªt«�^C2 7�Y'&ÒÎÑ«�­4Y�W*Y £c¢ W*Y¹«�­4Y
©	ª¬«�ª�ª=¦WVLU4S�W�YF©�ª¬«É^:2�7�Y & ­	ªw¯VY�µ¼Y�YF¨[¶¡ª¬S�¨4²#´¡U4®�YF©�S�¨�«�­4Y¹S±¨L¯=YF® «�S�TVª¬«�S ¢ ¨ ¢=£ «*­4YF®�Y·® «�ª¬«*YF®�\ R ¢ W
«�­4Y¹­4S±TV­x®*»4S±¨�ª¬¨	ª=²±´i®�S�®FÎ%«�­4Y�]1w:2�7�Y'& ©	ª¬«�ª�®*Y-«°­	ª=®�µ¼Y�YF¨[Y-Ð%¦F²±U4®*S#¯VY�²±´�U4®�YF©�\
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ÃQ­XY¿¦�U4W*W�YF¨�«�ª=¨	ª=²#´i®*S�®¡¦ ¢ ¨XÔ4W*¶v®¡«�­4YÅ»XW*Y�¯iS ¢ U4® £c¢ U4¨4© ® «�ª¬«*YF®[ª¬«[Z=Z%]1wX\ 0 ª=¨4© * Z #3* \ Z¿½=Y & ¢=£
®�»4S�¨ ]V] 'VZ 3 ª=¨4© ]k2('=Z 3 Î)W*Y�®*»~YF¦�«*S±¯=YF²±´=\ Ì ¨4Y�À ²�Y�¯=YF²�ª¬«�� * w # \#]�½=Y'& S±®�»4W ¢ » ¢ ®�YF©�\fÃQ­4Yx² ¢ À
S±¨�«�YF¨X®*S±«6´ ¢=£ «�­4Yx©4Y�¦wªw´iS�¨4T ]1w3��Z%\ ^§½¬Y & «�W*ª=¨4®*S#«�S ¢ ¨¥« ¢ «*­4YÅ]k2('VZ 3 ® «�ª¬«*Yxª¬« * Z #3* \ 2 ½¬Y & © ¢ YF®
¨ ¢ «§ª¬²�² ¢ À ^8_QÊ ¶vYwª=®�U4W*Y�¶ÂY�¨L«*®§ª=¨X© Ô	W�¶ ®*»4S±¨ ª=®�®*S±TV¨4¶vYF¨�« £c¢ Wx«*­4Y¿²�Y�¯=YF²�ª¬«7� * w # \±]¸½=Y'&Ò\
	 ¢ À Y-¯VYFW�Î0«�­XYv²±Y�¯=YF²�ª¬«H� * w # \±]�½¬Y & ®*­ ¢ À�®¹«�­4Yv®�ª=¶vY�©4Y�TVW*Y�Y ¢=£ ®*S±TV¨	ª¬«*U4W*Y�®�»4²�S#«*«�S±¨4T�À�S±«*­Å«�­4Y
»XW*Y�¯iS ¢ U4®*²#´ ¢ µX®*YFW ¯VY�© ]V];'VZ 3Ñ³�]12('VZ03§U4¨ £ ª_¯ ¢ U4W�YF©�´iW*ª=®�«�® «�W*UX¦�«�UXW*Y=\)ÃQ­4Y�W*Y £c¢ W*Y=Î~ªÒ«�Y�¨�«�ª¬«*S±¯VY¹®�»4S�¨
¢¬£ ]w^�'VZ 3 S�®�®�U4TVTVY�®�«�Y�© £c¢ W¡«�­XS�®¡® «�ª¬«*Y=\ ÃQ­4YÅ© ¢ U4µ4²�Y T�ª¬«�S±¨4T¥»XW ¢ ¦FYF©XU4W*YÅU4®�S�¨4T ª¬«�²�YFª=®�« ¢ ¨4Y
¢¬£ «�­4Yv«�W*ª=¨4®*S#«�S ¢ ¨4®¹©4YF» ¢ »4UX²Jª¬«*S�¨4Tx«�­4YÂU4¨ £ ªw¯ ¢ W*YF©¥®�«�W�U4¦�«*U4W*Y¡²�YF©¿« ¢ «�­4YÂS�©4Y�¨L«*S±Ô	¦Fª¬«�S ¢ ¨ ¢=£ ¨4Y-À
® «�ª¬«*YF®vª¬«vZJvCwCvX\/wXÎ * Z%] # \ v%Î * 23w:0%\#]VÎ *(#$# wX\9�4Î * v3�:w%\ Z%Î�ª¬¨4©y�4]z�:vX\ Z�½¬Y & >r®�YFY[R0S�TX\ * \ ZCB�\ � ¢%¢ ©
® «�ª¬«*S�® «�S�¦�®�ª=²�² ¢ À Y�© «*­4Y�Y-Ði«*W�ª=¦-«�S ¢ ¨ ¢=£ «�­XY�¶ÒU4²±«*S�» ¢ ²�Y ¢ W*©XYFW ¢=£ «�­4Y�«*W�ª=¨4®�S±«*S ¢ ¨4®¾©4YF» ¢ »4U4²�ª¬«�S±¨4T
«*­4YF®�Y�²�Y�¯=YF²±®�®*U4»4» ¢ W «�S�¨XT�«�­4Y�®�»4S�¨¸ª=®�®*S±TV¨4¶vYF¨�«�® ¢=£ ] * 'VZ 3 Î�] * 'VZ 3 ÎO]k2('VZ 3 ÎO]k0('VZ 3 ÎO]k0('=Z 3 ª=¨4©
]10('VZ 3 ÎQW*YF®�»¼Y�¦�«*S±¯VY�²±´=\ ÃQ­4Y�®*»~YF¦�«*W*U4¶ »4W�YF®*Y�¨�«�YF© S±¨ R0S±T4\uZ%\#]1v=>pªCB�®�­ ¢ À�®�ª¥© ¢ UXµ4²�Y[T�ª¬«*Y ¢ ¨
«*­4Y vC2 * \/vt³�]V]zw * \/vx½¬Y & «�W�ª¬¨4®*S#«�S ¢ ¨4®F\�ÌÉ²�²O«�­XY�]k0$'VZ 3 ® «�ª¬«*YF®·YF¨LU4¶vYFW�ªt«�YF© ª=µ ¢ ¯=Y¡­	ªw¯VY¡ª�©4Y�¦wªw´
µXW�ª=¨4¦�­ ¢ ¨Ò«*­4Y�]k2$'VZ 3 ® «�ª¬«*Y�ª¬« * Z #C* \ ZÉ½=Y'& ¯%S�ª�«�­4Y * ^:0%\ Z�³�ÎC2C0C0%\/wt³�ÎVª=¨4©�v3v:2%\/wt³6½¬Y & �	³6W*ªw´%®�\�ÃQ­4Y
S±¨�¯VYF® «�S±T�ª¬«�S ¢ ¨ ¢=£ «*­4Y�© ¢ U4µ4²#´�T�ª¬«*YF©[®*»~YF¦-«�W�ªÂU4®*S±¨4T¡ª¬®°TVª¬«�Y�®ÉS±¨L«*YF¨4®�Y�«*W�ª=¨X®*S±«*S ¢ ¨X®Q©4YF» ¢ »4U4²�ª¬«�S±¨4T
«*­4YÂ´iW*ª=®�«�µ4ª=¨4© W�Y�¯VYFª=²�Y�©fª ®�YF¦ ¢ ¨4©f©4YF¦Fªw´¥»	ªt«�­ ¢=£ «�­4YÂ¨4Y�À�²#´ ¢ µX®*YFW ¯VY�©f²�Y�¯=YF²±® ¢ ¨¥«*­4YÂ´iW*ª=®�«
²±Y�¯=YF²�®�Î4«�­LU4®�¦ ¢ ¨XÔ	W*¶vS�¨XT�«*­4YFS±WQ»4²Jª¬¦FYF¶vYF¨�«�S±¨x«*­4Y¹²�Y-¯VYF² ®�¦�­4YF¶vY ¢=£ �6� ÌÉ®F\

Ì ¨4Y-À ®�«�ª¬«�Yxªt«ÂZ%] # ^X\/w§½=Y'& ­	ª=®�µ~YFYF¨ £c¢ U4¨X©�Î�» ¢ »4UX²Jª¬«*YF©fµ�´ «�­XY #3* ^X\/wt³6½¬Y & �	³6W*ªw´fª=¨4©
©XYF¦wªw´iS�¨XT�µ�´[«*­4Y #3* 2%\/wt³�Î~^:2VZi\ 0�³�Î~ª=¨4©¥] * w:2%\/vt³6½¬Y & «�W*ª=¨4®*S#«�S ¢ ¨4®s>r®*Y�YÒR0S±T4\ * \ ZCB-\�ÃQ­4Y·¶ÂYFª=®*UXW*YF©^8_QÊ W�ª¬«*S ¢ £c¢ WÒ«�­4Y¸] * wC2%\ v�³6½=Y'& «�W*ª=¨4®�S±«�S ¢ ¨�Î ¢ µ%«�ª=S±¨4YF© µ�´fT�ª¬«*S�¨4T ¢ ¨f«�­4YxS�¨�«*YF¨4®�Y7v #C* \ Z�³6½¬Y &
�	³ºW�ªw´ >AO 
 SÒ]kB)S�®�¦ ¢ ¨4®*S±®�«*YF¨�«QÀ�S±«*­xªUO 
 SÒ]�¦�­	ª=W*ª=¦�«*YFW £c¢ W�«�­4YÒ] * w:2%\/vt³6½¬Y & ²±S�¨4Y¬Î%®�U4TVTVY�®�«*S�¨4Tvª=¨

 S�^�'VZ�®�»4S�¨¿ª=®�®*S�T=¨4¶ÂY�¨�« £c¢ W�«�­4Y�²±Y�¯VY�²�ª¬«·Z%] # ^X\ w�½¬Y &Ò\ ÃQ­4Y�²±Y�¯VY�²OS�®�» ¢ »4U4²�ª¬«�Y�©¸µL´Å«*­4Y #C* ^%\ w
½¬Y & «�W*ª=¨4®�S±«�S ¢ ¨ ©4Y�¦wªw´iS�¨4T £ W ¢ ¶ «*­4Y�» ¢ ®*S#«�S±¯=Y�»	ª=W�S±«6´Á®�«�ª¬«�Yxª¬«ÂZJvCwCvX\/w ½=Y'&Ò\ � ¢¸£ Y�YF©4S±¨4T £ W ¢ ¶
­XS�TV­4Y�W�¨4YFT�ªt«�S±¯=Y-³º»	ª=W*S#«6´Ò²±Y�¯VY�²�®�­	ª=®�µ~YFY�¨ ¢ µ4®�YFW ¯VYF©�\)ÃQ­XYFW*Y £c¢ W*Y¬ÎXª¹» ¢ ®*S#«�S±¯=YQ»	ª=W�S±«6´�S±®�«�YF¨�«�ª¬«�S#¯VYF²#´
»XW ¢ » ¢ ®*Y�© £c¢ W�«�­4Y·Z%] # ^X\ w�³6½=Y'& ²�Y-¯VYF²pÎ	ª=²#«�­ ¢ UXTV­x¨4YFT�ªt«�S±¯=Y�»	ª=W�S±«6´�¦Fª=¨4¨ ¢ «�µ~Y¹Y-Ð%¦F²±U4©4Y�©�\�ÃQ­XY�¦ ¢ ³
S±¨4¦FS±©4YF¨X¦FY°©	ª¬«�ª¹W*Y-¯VYFª=²�Y�©Â«�­XYÉY�ÐXS±®�«*YF¨4¦�Y ¢=£ «�­4Y°®�«�ª¬«�Y°ª¬«°]k2 * �4\ w¹½=Y'& À�­ ¢ ®*YÉ¶¡ª=S±¨�©4YF¦Fª_´v»	ªt«�­vS�®
« ¢ «*­4YÉÔ	W�®�« ¨4YFT�ªt«�S±¯=Y-³º»	ª=W*S#«6´�Y-Ð%¦FS#«�Y�©�²�Y�¯=YF² ¢=£ ^Cv%\ Z¹½=Y &¾\XÌT2('VZ 3 ®�«�ª¬«�YÉ¦F² ¢ ®*YF²#´�®*»	ª¬¦FYF©�À�S#«�­v«�­4Y
´iW*ª=®�«¹^('VZ 3 ® «�ª¬«*YÒY-Ð%S�® «�®�S±¨ «�­4Y¾­4Ywªw¯iS�Y�W � <ML � � L � * L � � Ì�®�S±® ¢ « ¢ »~YF®FÎ¼S�¨�¯VY�®�«*S�T�ª¬«*YF©Åµ�´ «*W�ª=¨X® £ YFW�W*Ywª¬¦-³
«*S ¢ ¨X®QS�¨�«�­4Y�À ¢ W*½ ¢¬£ Ë Y-«*«*®�a-d e=k#|�-�Ë Y-«i0%]�4p\L! S±«*­4S�¨�«*­	ª¬«�À ¢ W*½ÑÎÑ®*»4S±¨�ª¬¨4©�»4ª=W*S#«6´�2('VZ 3 £c¢ W�«�­4Y
W�YF®�»¼Y�¦�«�S#¯VYÒ® «�ª¬«*YF®É­	ªw¯VY¾µ~YFY�¨Åª=®�®*S�T=¨4YF©�Î~µ	ª=®�YF© ¢ ¨ ¶vYwª=®�U4W*Y�©§©4YFU%«�YFW ¢ ¨Åª=¨XTVU4²Jª¬W°©XS�®�«*W*S±µ4UX«�S ¢ ¨4®�\+iU4¦�­�ªÉ®�»4S�¨¾ª=¨4©Ò»	ª¬W*S±«6´�ª¬®*®*S±TV¨4¶vYF¨�«�S±®�S±¨¾ª¬TVW*Y�YF¶vYF¨�«0À�S#«�­·«*­4Y�«*­4Y ¢ W*Y�«*S�¦Fª=²L»4W*Y�©4S�¦-«�S ¢ ¨4® -�Ë Y-«i0%]�4p\
R ¢ ²±² ¢ À�S�¨XTv«*­4YF®�Y�ª=W*TVUX¶ÂY�¨L«*®FÎ ª�®�»4S�¨i³6»	ª=W�S±«6´ > 2$'VZ 3 B°S�®�»XW ¢ » ¢ ®*Y�© £c¢ WÉ«*­4Y�®�«�ª¬«�Y�ªt«�]k2 * �X\ wv½=Y &
S±¨ �6� Ì�®F\

ÃQ­4Y.^8_QÊ W*ª¬«�S ¢ ® ¢=£ «�­4Y * �CwX\ 2_³�Î # �:vX\ 2�³�ÎXª=¨4©7v�Z3vX\ * ³6½¬Y & «*W�ª=¨4®�S±«*S ¢ ¨4®Q» ¢ »4UX²Jª¬«*S�¨4T¾«*­4Y�«�­4W�YFY
]10('VZ 3 ¨ ¢ ¨%³º´iW�ª¬®�«�¨4Y-À�²±´ ¢ µ4®*Y�W�¯VY�© ® «�ª¬«*YF®�S�¨4©XS�¦wªt«�Y�ª�©4S±» ¢ ²�Y=ÎLÀ�­4S±¦�­[W�YF®�U4²±«*®°S±¨�«�­4Y¹ª¬®*®*S±TV¨4¶vYF¨�«
¢¬£ 
 SÒ]_^('VZ £c¢ W�«�­4Y¡²�Y�¯=YF² ª¬« �C�CvCvX\ 0[½=Y'& >r®�YFYxR0S±T4\ * \ Z�ª=¨4© Ã�ª=µ4²±Y¡Ì¾\ ZCB�\§Ì » ¢ ®*S#«�S#¯VY¡»4ª=W*S#«6´
ª¬®*®*S±TV¨4¶vYF¨�« £c¢ W)«*­4Y�²±Y�¯=YF²¼ª¬«��3�:vCvX\ 0¹½¬Y & À ¢ UX²�©¡S±¶Â»X²±´Ò«*­4Y�Y�ÐXS±®�«*YF¨4¦�Y ¢=£ ªt« ²±Ywª=® « ¢ ¨XY�®�«*W*Y-«�¦�­4Y�©�¾Z·«�W*ª=¨4®*S#«�S ¢ ¨¡« ¢�¢ ¨4Y ¢=£ «�­XY�]k2('VZ 3 ®�«�ªt«�YF®QµXUX«Q«�­4Y�W*Y�S±® ¨ ¢ Y-Ð%»~YFW�S�¶vYF¨�«�ª=²¼Y�¯iS�©XYF¨4¦�Y £c¢ W�®*UX¦�­ ª
«*W�ª=¨X®*S±«*S ¢ ¨�\'+%S±¶ÂS±²Jª=W�©4YF¦Fªw´Â®�Y�VLU4Y�¨4¦FY�®�­	ªw¯VY°µ¼Y�YF¨ ¢ µ4®*Y�W�¯=YF©�S±¨v«*­4Y�²�S�T=­L«�Y-¯VY�¨%³ ¢ ©4©"��Y�S�® ¢ « ¢ »~YF®�\
� ¢ ²Jª¬W*S pFª¬«�S ¢ ¨x¶ÂYFª=®*UXW*YF¶vYF¨�«*® £c¢ W�«�­4YÂ]_^�'VZ ? ]k0('VZ03Å¦ ¢ ¨4¨4Y�¦�«�S±¨4TÂ«*W�ª=¨X®*S±«*S ¢ ¨X®�À�YFW�Y�ª=²#À�ªw´i®�¦ ¢ ¨%³
®�S�® «�YF¨�«¹À�S±«*­¸ª=¨¸YF²±YF¦�«*W*S±¦Ò¦�­	ª=W*ª=¦�«*YFWFÎ ²±Ywª=©4S±¨4T�« ¢ ª�¨4Y�T�ª¬«*S±¯VY�³6»	ª¬W*S±«6´ ª=®�®*S�T=¨4¶ÂY�¨�« £c¢ W�«�­XYv® «�ª¬«*YF®
¢¬£ ®*»4S±¨ 
 SÒ]_^�'VZ -
	ÉYFW*^:2%Î�� ¢ µ=v3w%Î¼Ë YF¦F^:0 4p\�+iU4¦�­§©4Y�¦wªw´i®�­	ªw¯VY�ª¬²�W*YFª=©X´xµ~YFY�¨ ¢ µ4®�YFW�¯=YF©ÅS±¨ � < ÌÉ®FÎ
À�­XYFW*Y�«*­4W*Y�Y�»4W�YF®*UX¶¡ª=µX²±´[]_^�'VZ ) 3 . ²�Y-¯VY�²�® ­4ª_¯=Y�µ¼Y�YF¨ £c¢ UX¨4©�Î4ª¬²�²Ñ» ¢ »4U4²Jªt«�S�¨XT¾ª¬« ²�YFª=®�« ¢ ¨4Y ¢¬£ «�­4Y
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� �� � � � � � � ! � � � �  � �  � �� � �� � � � �� � � %'& � � ( �� � �� ��� � � � # $ � � ) � �* � � �� �� � � � �� � � �  �� �� �  � � �� ( � ,.- / #



�G� ��� �6� ��� 2%]
]10('VZ 3 ²�Y�¯=YF²±® ¢=£ � < Ì�®�- ��S�TV^3� 4p\OÌ�® ª·¦ ¢ ¨4®*YWVLU4YF¨4¦�Y=ÎÑª�¨4YFT�ªt«�S±¯=Y-³º»	ª=W*S#«6´vª=®*®�S�TV¨X¶ÂY�¨L« £c¢ W�«�­4YÉ®�«�ª¬«�Y
ªt«.�3�:vCvX\ 0�½=Y & S�®¹¦�²�Ywª¬W*²±´ £ ªw¯ ¢ W�YF©¥µ�´¿ª�©4Y-«�ª=S±²�YF©¸¦ ¢ ¨4®*S±©4YFW*ª¬«�S ¢ ¨ ¢=£ «*­4Yv©4YF¦Fª_´¸»4ª¬«*«*YFW*¨ ¢=£ «�­4Y
�	³º¦wª=®�¦wª=©4Y�®FÎÑ«�­4Y ¢ µX®*YFW ¯VY�©¸ª=¨4©[Y-Ð%»¼Y�¦�«*YF© ´iW�ª¬®�«É®�«�ªt«�YF®Éª=¨4©x«�­XY·® ´%® «�Y�¶¡ª¬«*S�¦�® ¢=£ «�­XY ¢ ©4©%³ 5 ��Y
ª¬¨4©�ÌÉ®�S�® ¢ « ¢ »~YF®�\

ÃQ­4Y ¦ ¢ S±¨4¦FS±©4YF¨4¦�Y ©	ªt«�ª £c¢ W �6� Ì�®Â®*­ ¢ À ª¥¦�²�Ywª¬WÂY-¯%S±©4YF¨X¦FY £c¢ Wv«�­4Y�Y-Ð%S�® «�Y�¨4¦FY ¢¬£ ªÁ®*Y�¦ ¢ ¨X©

�� SÒ]_^�'VZ§®�«�ª¬«�Y[ª¬«R�G232J�4\/w¸½¬Y & >r®�YFY�R0S�T4\ * \ ZCB�\ ÃQ­4Yx®*»4S±¨ ¢=£ «�­4S±®�²�Y-¯VYF²�­	ª¬®vµ~YFY�¨ÓÔXÐ%Y�©�µ�´
«*­4Y�^8_QÊ ¯¬ª=²�U4Y�® ¢=£ «�­XY vV^ * \ # ³�ª=¨4© ]�Z=^C0%\ w�³6½=Y'& «�W*ª=¨4®�S±«�S ¢ ¨4®�À�­4S�¦�­ µ ¢ «�­ S±¨4©4S±¦wª¬«*Y�ª§©4S±» ¢ ²±Y
¦�­4ª=W�ª=¦-«�Y�WF\ ÃQ­4Y ¢ µ4®�YFW�¯¬ª¬«*S ¢ ¨ ¢¬£ ®*Y�¯=YFW*ª=²�©4YF¦Fªw´%S±¨4Tf«�W*ª=¨4®*S#«�S ¢ ¨4®Â« ¢ À�ª=W�© «�­4Y§¨XYFT�ª¬«*S±¯=Y-³6»4ª=W*S#«6´
® «�ª¬«*YF®�ª=¨X©�ª¬¦F¦ ¢ U4¨�«�S�¨XT £c¢ W «�­XY�®�´i®�«*YF¶Âª¬«�S±¦ £ Ywª¬«*U4W*Y�®Q»4W*Y�®*Y�¨L«*YF© ª=µ ¢ ¯=Y�S�¨�¦ ¢ ¨4¨4YF¦-«�S ¢ ¨�À�S±«*­�«�­4Y
Ô4W*®�« 
 SÒ]_^�'VZÒ® «�ª¬«*Y=ÎÑª�¨4YFTVª¬«�S#¯VY-³º»	ª=W�S±«6´�S±®�ª=®*®�S�TV¨XYF©x« ¢ «�­4Y¹²±Y�¯VY�² ª¬«��G2C2J�X\ wÒ½¬Y &Ò\

 � � �&���������
�"!$#%�&�'���"�&��� �
� � �-� �)��!*�+�
�,�-� �6� � �

Ì�«É­4S±TV­%³6®�»4S�¨�Î4«�­4Y�» ¢ ®*S±«*S±¯=Y-³6»4ª=W*S#«6´�®�«�ª¬«�Y�®�S±¨ �6� ÌÉ®É¦Fª=¨ µ~Y ¢ W*T�ª=¨XS pFY�©�S±¨�« ¢�£c¢ U4W�W ¢ «�ª¬«�S ¢ ¨	ª=² ³6²±S�½=Y
µ4ª=¨4©4®�Î ²Jª=µ~YF²±YF© £ W ¢ ¶ ]Ò« ¢ ��S�¨ «*­4Y�²�Y-¯VY�²�®*¦�­4Y�¶ÂY ¢¬£ R�S�T4\ * \ * \¹Ì�¶ ¢ ¨4TÂ«�­4Y�¶�Î�«*­4Y�Ë�ª=¨X© * S�®
¶ ¢ ® «�²±´¡» ¢ »4U4²Jªt«�YF©xª¬¨4©�S#«�À ª=®É»4ª=W�«*SJª=²±²±´�S�¨�¯=YF®�«*S�T�ªt«�YF©[S�¨�«*­4Y�»4W*Y-¯iS ¢ U4®QÀ ¢ W*½L®s- 7[S±«�^C0iÎÑË W�U=wCw 4p\
Ë ª=¨4©4®ÒZ ª=¨4©{��­	ªw¯VY�µ~YFY�¨ ¢ µ4®�YFW ¯VYF© £c¢ W¹«�­XYÂÔ	W�®�«¾«*S�¶vY=Î0ª=®�À�YF²±² ª¬®¾¶ ¢ ®�« ¢=£ «*­4Y�ª=©4©XS±«�S ¢ ¨	ª=²
²±Y�¯=YF²�® £c¢ W�¶ÂS±¨4TÒ®�­ ¢ W�«°®�Y�VLU4YF¨X¦FYF®�»	ª=W�ª¬²�²�Y�²¼« ¢ µ4ª=¨4©4®¹]VÎ~Z%Î * ª¬¨4©7�X\

�Ée=g~m��

ÃQ­4Y�µ4ª=¨4© ²�ª=µ¼Y�²�Y�©��Ée=g~m��¡S�¨¥R0S�TX\ * \ * S±¨4¦F²±U4©4YF®�«�­4Y¡»4W*Y-¯%S ¢ U4®�²±´¿½L¨ ¢ À�¨ ´iW*ª=®�«�²±Y�¯=YF²�®¾ª¬«
Zi]k2=^X\9�4Î * ZC2C0%\/wXÎ%ª=¨4© �3� # ]V\ Z·½=Y'& ª=¨4©�«*­4Y�¨4Y-Àu²�Y�¯=YF²±®Qª¬«K2¬^3�4]V\/wXÎ�0J�C� # \ 2·ª¬¨4© 0 # ZC0i\ Z¹½=Y &¾\4ÃQ­4Y
^8_QÊ W*ª¬«�S ¢ ® ¢=£ «*­4Y ]z�:0=^X\/vt³Éª=¨4© ] # v # \ Z�³6½¬Y & �	³6W�ªw´i®FÎ0ª=W*Yvµ ¢ «�­Á¦ ¢ ¨4®�S�® «�YF¨�«ÒÀ�S#«�­¥ª�®�«*W*Y-«�¦�­4Y�©
�¾ZÂ¦�­	ª=W*ª=¦�«*YFW >r®*Y�YÒÃ�ª=µ4²�Y·Ì¾\ ZCB-Î~®*UX»4» ¢ W�«�S±¨4T¡«*­4Y�ZC2$'VZ 3 ª¬¨4©¸Z=^�'=Z 3 ®�»4S�¨Åª¬®*®*S±TV¨4¶vYF¨�«�® £c¢ W�«�­4Y
²±Y�¯=YF²�®�ªt«P2=^3�4]=\ w�ª¬¨4©R0 # ZC0i\ Z�½¬Y &ÒÎ=W*YF®�»¼Y�¦�«*S±¯VY�²±´=\OÃQ­4YQ®�«�ª¬«�Y ¢=£ ®�»4S�¨vZ * 'VZ 3 ª¬«P230%]V]V\#]�½=Y'& £c¢ U4¨4©
S±¨ W�Y £ \.- 7[S±«�^C0k4�­	ª=®Éµ¼Y�YF¨§¦ ¢ ¨XÔ	W�¶ÂY�©§S�¨[«�­4Y·»4W*Y�®*YF¨�«¹ª¬¨	ª=²±´i®�S�®F\�Ë�YF®*S±©4YF®�Î¼«*­4S�®°®�«�ª¬«�Y�À�ª=® £c¢ U4¨4©
S±¨ «�­XYÒ»4W*Y�®*Y�¨L«�ª¬¨	ª=²±´i®�S�®É« ¢ µ~Y¾» ¢ »4U4²�ª¬«�Y�©§µ�´�«*­4Y�]k0 * 2%\/�t³6½=Y'& «*W�ª=¨4®�S±«*S ¢ ¨�Î~©4Y�¦wªw´iS�¨4T £ W ¢ ¶ «�­4Y
® «�ª¬«*YÒª¬«
0J�C� # \ 2�½=Y'&Ò\¼ÃQ­4YU^8_QÊ W�ªt«�S ¢v¢=£ «*­4Yv]k23w:2%\ 2v½¬Y & «�W�ª¬¨4®*S#«�S ¢ ¨�S±®É¦ ¢ ¨4®*S±®�«*YF¨�«�À�S±«*­�«*­	ª¬«
Y�Ð%»¼Y�¦�«�Y�© £c¢ W�ªÂ©4S�» ¢ ²�Y¹W*ª=©4SJªt«�S ¢ ¨�ÎÑ®*U4»4» ¢ W «�S�¨XTÂ«�­XY¾®*»XS�¨Åª=®�S�TV¨X¶ÂY�¨L« ¢=£ 
 S¹ZC0('VZ 3 £c¢ W°«�­4Y·®�«�ª¬«�Yªt«R0J�C� # \ 2�½¬Y &¾\';6¨ £ ª=¦�«FÎ�«�­4Y�®�Y�VLU4Y�¨4¦FY[¦ ¢ ¨X®*S�® «�S±¨4T ¢=£ ²�Y-¯VY�²�®�ª¬«�2C0%]V]V\#]VÎ�2¬^3�4]V\/wXÎ�0J�3� # \ 2%ÎOª=¨4©0 # ZC0%\ Z�½=Y'& Y�ÐX­XS�µ4S#«�«�­4Y�®*ª=¶ÂYQ©XYFTVW�YFY ¢=£ ®*S�T=¨	ª¬«�UXW*YQ®*»X²�S±«�«�S±¨4T�ª=®�«*­4YQ´%W*ª=®�«)®�Y�VLU4YF¨X¦FY�µ~YF² ¢ À�®�»4S�¨
Zi];'VZ 3 \ÉÃQ­4S±®�¶Âª=½=Y�®�«�­XY¾¨4Y-À�²±´ ¢ µ4®�YFW�¯=YF©¸®*YWVLU4YF¨4¦�Y�ª¡¦wª¬¨4©4S�©4ª¬«�Y £c¢ W°«*­4Y¾¦ ¢ ¨�«�S±¨iU4ª¬«�S ¢ ¨ ¢=£ «�­4Y
T=W ¢ U4¨X©%³6® «�ª¬«*Y�µ4ª=¨4©�ª¬«�­4S�T=­4YFWQ®�»4S�¨4®�\



2VZ
%' 

����
�!�P
���

�~�
� ��

����
����
��	U

�5��
&~��

�P�'
#!&f
��

�� ��� � � � � � 
 � � �� � � � � �
 �� �� � �� � � �� � � � � � � ! �� )� � � � �� �� � �� � � � �� � � ��� ��� �� �� � � � � �  � � � �� � ! � �" # $ � � ! � �� � � � �� � � � � � � ! �

� � �  � �  � �� � �� � � � �� � � %'& � � ( �� � �� ��� � � � # $ � � ) � �* � � �� �� � � � �� � � �  �� �� �  � � �� ( � ,.- / #



�G� ��� �6� ��� 2 *
�Ée=g~m��

ÌÉµ ¢ ¯VY�®�»4S�¨ 
�� S¹ZC2('VZ 3 ª £c¢ W*½LS±¨4T�S�¨�« ¢ «6À ¢ ª¬²�¶ ¢ ®�«É©4YFT=YF¨4Y�W�ª¬«*Y 
 � S¹Z=^�'VZ 3 ®�«�ª¬«�Y�® ¢ ¦�¦FU4W�®F\Ê�¨�Ywª¬¦�­ ¢=£ «�­XYF®*Y�® «�ª¬«*YF®�W ¢ «�ª¬«�S ¢ ¨	ª=² ³6²±S�½=Y�® «�W*UX¦�«�UXW*YF®)©4Y-¯VYF² ¢ »�>rµ	ª=¨X©4®)Z�ª=¨4© * S�¨�R0S±T4\ * \ * B�\�ÃQ­4Y
²±Y�¯=YF²�ª¬« #C* 2=^X\ 0Ò½=Y'& S�®�´iW�ª=® «�ª¬¨4© S±® £ Y�© µ�´[ªÂ¦Fª=®*¦Fª=©4Y·¦ ¢ ¨4®�S�® «�S�¨XT ¢=£ ] * 2C0i\±]�³�ª¬¨4©¥]k032C2%\9�¬³6½¬Y &
«*W�ª=¨X®*S±«*S ¢ ¨X®·©4Y�» ¢ »4U4²Jªt«�S�¨XT�«�­XY *C* 'VZ 3 ª=¨4©l> * 0('VZ 3 B¹´iW�ª¬®�«�® «�ª¬«*YF®�ª¬«U0C0%] # \/v�½¬Y & ª=¨X© ^3�G0VZ%\ Z
½¬Y &¾Î~W�YF®�»¼Y�¦�«�S#¯VY�²±´V\)ÃQ­4Y¹®*»XS�¨ 
 � S¹Z=^�'VZ 3 ¢=£ «*­4Y #C* 2=^X\ 0¾½=Y'& ´iW*ª=®�«°®�«�ª¬«�Y¹S±®�ÔXÐ%YF© µ�´�«*­4YH^8_QÊ
W*ª¬«�S ¢¹¢=£ «�­XYÉ©4Y�» ¢ »4U4²Jªt«�S�¨XTv]=] #(# \9�¬³6½¬Y & �	³6W*ª_´=ÎiÀ�­XYFW*YFª=®�«*­4Y°®*»4S±¨ 
 � S *C* 'VZ03 ¢=£ «*­4Y
030%] # \/v�½=Y &´iW*ª=®�«)²�Y-¯VY�²	S�®�ÔXÐ%YF©Âµ�´Ò«�­4Y�^8_QÊ W�ª¬«*S ¢�¢=£ «�­4Y�] * �G0%\9�¬³6½¬Y & �	³6W*ªw´�» ¢ »4U4²Jªt«�S�¨XT�«�­4Y�®�YF¦ ¢ ¨4©�Z¬^�'VZ 3
® «�ª¬«*Y§ª¬« #C*(# ^X\/�Á½=Y'& >r®�YFY§Ã�ª=µ4²±Y�Ì·\ Z3B-\ ÃQ­4Y O 
 S Z¸®*»4S±¨�©4S Ï Y�W*Y�¨4¦FY§µ~Y�«6À�YFY�¨ «�­4Y�¨4Y�À�²#´
W�YF» ¢ W�«*YF©�²�Y�¯=YF²±®°S±¨[Ë�ª=¨4© Z�®�U4TVTVY�®�«*®É«�­XY 
�� S * 0('VZ 3 ®�»4S�¨�ª=®*®�S�TV¨X¶ÂY�¨L« £c¢ WQ«*­4Y¹®�«�ªt«�Y·ª¬«É^3�G0VZ%\ Z½¬Y &¾\ Ì�²±«*­ ¢ U4T=­¸Ë�ª=¨4©ÁZ�S�®�´iW*ª=®�«¹S±¨§«�­4Y�®�»4S�¨¸W*Y�TVS ¢ ¨ÅS±«�S±® ¢ µ4®�YFW�¯=YF©¿S±«�¦Fª=W*W�S�Y�®�²�S±«�«�²±Y��	UiÐ¸ª=¨4©
«*­4Y¡­XS�TV­4Y�W·®�»4S�¨¥¦ ¢ ¨XÔ4TVU4W�ªt«�S ¢ ¨4®·©XYF¦wªw´Á¶¡ª¬S�¨4²#´ « ¢ «�­4YÂ®*YF¦ ¢ ¨4© Z¬^�'VZ 3 ®�«�ªt«�Y >rË�ª=¨4© * S�¨¥R0S�TX\
* \ * B�\
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ÃQ­4Y�W�YF®*UX²±«�® ¢¬£ «*­4Y�¦FUXW*W*Y�¨�«·S±¨�¯VYF® «�S±T�ª¬«�S ¢ ¨4®�­4ª_¯=Y�¦ ¢ ¨XÔ4W*¶vYF©Å«�­4Y�® «�ª¬«*YF®¹U4»Å« ¢ ®�»4S�¨ * 0('VZ 3
S±¨¸Ë�ª=¨4© * >c®*YFYvR0S±T4\ * \ * B-\�Ì �Ñ³ºW�ªw´ ¢¬£ ZJwV^X]�½=Y'& ­	ª=®�µ~YFYF¨ ¢ µX®*YFW ¯VY�©¥»4W�Y�¯iS ¢ UX®*²±´�- Ë�W*U=wCw 4Oª=®
£ Y�YF©4S±¨4T�«�­XY * 0('VZ 3 ²�Y-¯VYF² ¢=£ Ë�ª=¨4© * \�ÃQ­4Y�©	ª¬«�ª £ W ¢ ¶ «�­XY�»4W*Y�®*YF¨�«¹Y�ÐX»~YFW�S�¶vYF¨�«�®�© ¢ ¨ ¢ «�®�­ ¢ À
ª¬¨L´Ò¦ ¢ S±¨4¦FS±©4YF¨4¦�Y�W*YF²�ª¬«�S ¢ ¨ÒÀ�­4S±¦�­vÀ ¢ U4²±©Â®�U4»4» ¢ W�«�«�­XY°»X²Jª=¦�YF¶vYF¨�« ¢=£ «*­4YÉZ3wV^X]Q½¬Y &u«�W*ª=¨4®*S#«�S ¢ ¨�S�¨
«*­4Y�« ¢ » ¢=£ «�­XY�²�Y-¯VYF²�ª¬«Q^3vX]_^X\9�Ò½=Y'&Ò\5;6¨X®�«�YFª=©�ÎX«*­4S�®�²�Y-¯VYF²~À�ª¬® £c¢ U4¨4©�S±¨Â«�­XY�»4W*Y�®*Y�¨L«�À ¢ W*½�« ¢ µ¼Y
» ¢ »4UX²Jª¬«*YF©�µ�´v«6À ¢ �	³6W*ªw´%® ¢=£ YF¨4Y�W*TVS±YF®�Zi]k2C0%\/vÒª=¨4©�ZJ� # wX\/v¾½¬Y &Ò\%ÃQ­4Y8^8_QÊ W�ª¬«*S ¢·¢=£ «�­4Y�Z%]k2C0%\/v
½¬Y & «�W*ª=¨4®*S#«�S ¢ ¨ÅS�®�¦ ¢ ¨4®*S±®�«*YF¨�«·À�S#«�­¿ª�®�«*W*Y�«*¦�­4YF© �ÒZ�¦�­	ª=W*ª=¦�«*YFWF\vÌ «�Y�¨L«�ª¬«�S#¯VY�®*»XS�¨ ¢=£ >��G2('VZ 3 B
­4ª=®�µ¼Y�YF¨�ª=®*S±TV¨4YF© £c¢ W�«*­4Y¹¶¡ªtÐ%S±¶ÒU4¶ ¢ µ4®*Y�W�¯=YF©§® «�ª¬«*Y�S±¨xË�ª=¨4© * Î4«*­4Y¹²�Y�¯=YF² ª¬«¹]��G2 # 0%\/wÒ½=Y'&Ò\
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Ì�«�®�»4S�¨y�4];'=Z 3 Ë�ª=¨X© * S±® £c¢ U4¨X© £ W ¢ ¶ «�­4Y�»XW*YF®�YF¨�«¡ª=¨	ª=²#´%®�S�®�« ¢ µ~Y�¦FW ¢ ®*®*Y�©Óµ�´ ª=¨ ¢ «*­4YFW
¦ ¢ ¨XÔ	T=U4W�ª¬«*S ¢ ¨�Î�²Jª=µ~YF²±YF©¥Ë�ª=¨4©{� S�¨¥«*­4Y¡²±Y�¯VY�² ®�¦�­4YF¶vY ¢=£ R0S±T4\ * \ * \�ÃQ­4Y�» ¢%¢ W¾®�«�ª¬«�S±®�«*S�¦F®·ª=¨4©
«*­4Yv»4W*Y�®*YF¨X¦FY ¢¬£ «*­4Y�]zvV^3�x½=Y'& © ¢ U4µ4²�Y-«�©4S�©¿¨ ¢ «¹¶Âª=½=Y�^8_QÊ ¶vYwª¬®*U4W�YF¶vYF¨�«�®�» ¢ ®*®*S±µ4²�Yvª=µ ¢ ¯VY
«*­4Yv]V]_^:0C0i\ Z�³º½=Y'& ²±Y�¯=YF²�\)ÃQ­4Y�­4S�T=­�Y�ÐX¦�S±«�ª¬«�S ¢ ¨xYF¨4Y�W*T=´ ¢=£ «�­4Y¹²�Y-¯VY�²�®�«�­4Y-´x©4YF» ¢ »4U4²�ª¬«�Y¹®�U4TVTVY�®�«�®
ª¬¨0�¾ZÒ¦�­	ª=W�ª¬¦�«�Y�W £c¢ W�«�­4Y�®*Y�«�W*ª=¨4®�S±«�S ¢ ¨4®�\OË�ª=¨4© ��­	ª=®�µ~YFY�¨ ¢ µX®*YFW ¯VY�© S�¨�«*­4Y¹U4»�« ¢ ªÒ«�Y�¨L«�ª¬«�S#¯VY
®�»4S�¨ > 2 * 'VZ 3 B�ª=¨4©�ª=¨xY-Ð%¦FS#«�ª¬«*S ¢ ¨xYF¨XYFW*T¬´ ¢=£ ]zvX]1vCwX\ # ½=Y'&Ò\

R0S±TVU4W�Y¹Z%\#]1v=>rµ=B ®*­ ¢ À�®°ªR0 * Z%\#]�³�]zvV^3�4\ * ½¬Y & © ¢ U4µX²±´�³6T�ªt«�YF©�®�»¼Y�¦�«*W*U4¶[\�ÃQ­4Y¹¦�­ ¢ ®*Y�¨�© ¢ U4µ4²±Y-³
TVª¬«�Y�®�YF²±YF¦�«*® ¢ ¨4²#´v«*­4Y�«�W*ª=¨4®�S±«�S ¢ ¨4®)S�¨�µ4ª=¨4©4® * ª=¨X© �4Î4ª=¨X©�¦ ¢ ¨4® «�S#«�UX«*YF®�ª·Ô	W�¶ Y-¯iS�©4Y�¨4¦FY £c¢ W)«�­4Y
»X²Jª=¦�YF¶vYF¨�« ¢=£ «*­4Y¹®*Y�¦ ¢ ¨4©¿]1vV^ * \ 2_³6½=Y'& «�W�ª¬¨4®*S#«�S ¢ ¨�S�¨�«�­XY�²±Y�¯=YF² ®*¦�­4Y�¶ÂY ¢=£ �6� Ì�®�\

ÃQ­4Y·¦ ¢ S±¨4¦FS±©4YF¨X¦FYÒª¬¨	ª=²±´i®�S�®�®*U4»X» ¢ W «�®°«�­4Y�»4²Jª¬¦FYF¶vYF¨�«ÉS�¨[«�­4Y�²�Y-¯VYF²�®*¦�­XYF¶vY ¢=£ �6� Ì�® ¢¬£�¢ «*­4YFW
«6À ¢ S�W*W�YFTVUX²Jª=W�» ¢ ®�S±«*S±¯VY�³6»	ª¬W*S±«6´�® «�W*UX¦�«�UXW*YF®�\�ÃQ­4YQ®�«�ª¬«�Y�®�ªt« # v3�G0%\ * ÎG0 # vV^X\@^�ª=¨4©Rv * vVZ%\/��½¬Y & £c¢ W�¶
ªÒ®�Y�VLU4Y�¨4¦FY ¢=£ ®*»4S±¨4®°ZC2('=Z 3 ³�ZC0('VZ 3 ³\>pZ=^�'VZ 3 B-\OÃQ­XY�®�»4S�¨[Z30('VZ 3 ª¬®*®*S±TV¨4Y�©x« ¢ «�­4Y�²±Y�¯=YF² ª¬«K0 # vV^X\@^



2J� %' �����!�P��� �~� � ������������	U�5��&~���P�'#!&f� �
S�®�µ	ª¬®*YF© ¢ ¨�«*­4Y8^8_QÊ ¯¬ª=²±U4Y ¢=£ «*­4Y�] * Z3w%\ 2�³º½=Y'& «�W*ª=¨4®*S#«�S ¢ ¨¡À�­4S±¦�­[S±®�¦ ¢ ¨4®*S±®�«�Y�¨�«°À�S#«�­xªÒ©4S±» ¢ ²�Y
¦�­	ª=W�ª¬¦�«�Y�WF\�Ìu] * Z=Z�³6½¬Y &�«*W�ª=¨X®*S±«*S ¢ ¨�­	ª=®�µ¼Y�YF¨ÒW�YF» ¢ W�«*YF©ÒS±¨¾W�Y £ \I- 7�S#«�^:014%À�­4S±¦�­ÒS�®�¶ ¢ ®�«�²�S±½=YF²#´�«�­4Y
] * Z3wX\ 2�³º½=Y & «�W�ª¬¨4®*S#«�S ¢ ¨§©4S�®�¦FU4®�®*Y�© ª=µ ¢ ¯VY=\·ÃQ­4Y�»4W*Y�®*Y�¨L«�©	ªt«�ª�®*UX»4» ¢ W�«¹S±«*®�»4²�ª=¦FY�¶ÂY�¨L«¹µXUX«¹¨ ¢ «
«�­4YÒ®�»4S�¨�\�ÃQ­4YÒ®�YF¦ ¢ ¨4©¸¨4Y�À ®*YWViUXYF¨4¦�Yv¦ ¢ ¨4®�S�®�«*® ¢=£ «*­4YUv3�G232%\/�t³Qª=¨X© ]1wCwV^C0%\ w�³6½=Y'& ® «�ª¬«*YF®F\�ÃQ­XY
^8_QÊ W*ª¬«�S ¢·¢¬£ «�­4Y�Z3wV^:2%\ 0�³º½=Y & «�W*ª=¨4®*S#«�S ¢ ¨�ÎL¦ ¢ ¨X®*S�® «�Y�¨L« À�S±«�­�ªsVLU	ª=©4W�U4» ¢ ²�Y°¦�­	ª=W�ª¬¦�«�Y�WFÎ4®�U4TVTVY�®�«*®
ª 
�� S *C* 'VZ 3 ®*»4S±¨ ª=®�®*S±TV¨4¶vYF¨�« £c¢ W�«*­4YÂ²±Y�¯=YF²�ª¬«.v3�G2C2%\9�[½=Y &¾\�ÃQ­XY ¢ µ4®�YFW ¯=ªt«�S ¢ ¨ ¢=£ «�­4Y 0 # 2%\ 2�³
ª=¨4© ] # wCv%\±]�³º½=Y'& «�W�ª¬¨4®*S#«�S ¢ ¨4®�» ¢ »4U4²�ª¬«�S±¨4TÂ«*­4Y�Ô	W*¶v²±´�YF® «�ª=µ4²±S�®�­4YF©ÁZC0('=Z03 ®�«�ª¬«�Yvª¬«H0 # vV^X\@^�½=Y'&
ª=¨4©Á«*­4Y¡ZC2('VZ 3 ®�«�ª¬«�YÂª¬« # v3�:0%\ * ½=Y'&ÒÎ�W*Y�®*»~YF¦�«*S±¯=YF²±´=Î0W�U4²�Y�® ¢ U%«�«*­4Y 
 � S *C* 'VZ 3 ®�»4S�¨¿¯=ª¬²�U4Y £c¢ W
«�­4Y¹®�«�ª¬«�Y�ª¬«�vJ�G2C2%\9��½=Y &¾\	ÃQ­4YFW�Y £c¢ W�Y=Î~ª�®*»4S±¨ 
 � S¹ZC2('VZ 3 ­4ª=®�µ¼Y�YF¨ »XW ¢ » ¢ ®*Y�© £c¢ W�«�­4S±®Q®�«�ªt«�Y=\

(bCHBDCHB � YeT J8O M + Y -0/�JLKNMHO(P RgO^J8OSYeR
ÃQ­4Y�¨4Y�T�ª¬«*S±¯VY�³6»	ª¬W*S±«6´�»4ª=W�« ¢=£ «�­XY�²�Y-¯VY�²¼®�¦�­4YF¶vY ¢=£ �6� Ì�®�­	ª¬®�µ~YFY�¨�¦ ¢ ¨4®�S�©4Y�W�ª=µX²±´�Y-Ði«*YF¨4©4Y�©�À�S±«�­
W*YF®�»¼Y�¦�«°« ¢ «�­XY�»XW*Y�¯iS ¢ U4®QÀ ¢ W*½L® - 7�S#«�^:0LÎÑË W*U=w3w 4p\
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ÃQ­4Y�®�«�ª¬«�Y�®�µ~YF² ¢ À * 7[Y & Y�ÐX¦�S±«�ª¬«�S ¢ ¨¡Y�¨4YFW�T=´�®�­ ¢ À ª·S�W*W�YFTVUX²Jª=W�YF¨XYFW*T¬´¡®�»	ª=¦FS±¨4T�>c®*YFY¹R�S�T4\ * \/�:B-Î
»4W*Y�®*U4¶Âª=µ4²#´�µ¼Y�S�¨4T ¢=£ ®*S�¨XTV²�Y�³6»	ª=W «�S±¦F²�Y�¦�­	ª=W*ª=¦�«*YFWF\OÃQ­XYÉÔ	W�®�«)Y-Ð%¦FS#«�Y�©¡®�«�ª¬«�Y°²�S±YF®)ª¬« ¢ ¨4²#´�^Cv%\ Z�½=Y'&
Y-Ð%¦FS#«�ª¬«*S ¢ ¨fY�¨4YFW�T=´V\fR	W ¢ ¶ ª=¨XTVU4²Jª¬W¾©4S±®�«�W�S�µ4U%«�S ¢ ¨ ¶ÂYFª=®*UXW*YF¶vYF¨�«*®FÎ�ª§®�»4S�¨ 
 � S * 'VZ 3 ­	ª=®�µ~YFY�¨
ª=®*®�S�TV¨4Y�©[« ¢ «�­4S±®Q²�Y�¯=YF²P- � ¢ ²r0J�J4p\

Ã�À ¢ ¨4Y�À ^�'VZ 3 ²�Y-¯VYF²±®�ª¬«�]��G03wX\ * ª=¨4©¿Z * ]V]V\ ZÂ½=Y'& ­	ªw¯VY�µ~YFYF¨ÅW�YF» ¢ W�«*YF©¸µ�´ 7�S#«�ª=W*ª=SQa-d°e=k#|
S�¨�W�Y £ \�- 7�S±«�^:0k4p\�ÃQ­4Y�®�«�ª¬«�Y�ªt«�]z�G03w%\ * ½¬Y & À ª=® £c¢ U4¨4©�« ¢ µ¼Y £ YF©xµ�´�ª VLU	ª=©4W�U4» ¢ ²�YÒ] * w # \/vt³6½¬Y &
«�W�ª¬¨4®*S#«�S ¢ ¨v©XYF¦wªw´iS�¨XT £ W ¢ ¶ «�­4Y°®�«�ª¬«�YÉª¬« ZC0C0C0i\±]°½=Y'&Ò\%RÑUXW�«�­XYFW*¶ ¢ W�Y=Î�«�­4Y°®*YWVLU4YF¨4¦�Y�¦ ¢ ¨X®*S�® «�S±¨4T ¢¬£
«�­4Y[]z�G03w%\ * ³�ÎO] * w # \ vt³�Î ª=¨4© ]1w # 0i\ 2�³º½=Y'& VLU	ª¬©4W*U4» ¢ ²±Y�«*W�ª=¨X®*S±«*S ¢ ¨X®¹À ª=® £c¢ U4¨4©¸« ¢x£c¢ W�¶ ª[©XYF¦wªw´
»	ª¬«�­�»4ª=W�ª=²±²�Y�²i« ¢ «�­4Y�Z * ]V]V\ Z�³�ÎC0 * �4\ Z�³�Î�ª=¨4©R0=^=^X\ Z_³6½=Y'& «�W*ª=¨4®�S±«�S ¢ ¨4®�À�S±«�­Ò«*­4YQ²�Y-¯VY�²	ª¬« * vJ�C�4\ # ½=Y'&
ª=®�ªx¦ ¢ ¶v¶ ¢ ¨Å²±Y�¯=YF²�- 7�S±«�^:0k4p\vË W*U4¦�Yvª=¨4©¿¦ ¢ À ¢ W*½=Y�W*®·¦ ¢ ¨XÔ4W*¶vYF©¸«�­4Y�©4Y�¦wªw´¸»	ª¬«�«�YFW�¨ ¢ µ4®*Y�W�¯=YF©
µL´ 7�S±«�ª=W�ª=S)a-d�e=k#|)ª=¨4©�ª=®*®�S�TV¨4Y�©x®*»4S±¨ ª=¨X©�»	ª¬W*S±«*S�Y�® « ¢ «�­XY�S±¨�¯ ¢ ²#¯VYF©[®�«�ª¬«�Y�® -�Ë W�U=wCwJ4p\

ÃQ­XYx«6À ¢ ®*YWViUXYF¨4¦�YF®¡­4ª_¯=Yxµ¼Y�YF¨fÀ Y�²�²�» ¢ »4UX²Jª¬«*YF©fS�¨fµ ¢ «*­f©	ª¬«�ª§®�Y�«*®vUX®*YF© S�¨ «*­4Y�»4W�YF®*Y�¨�«
ª=¨	ª=²#´%®�S�®�\¡ÃQ­4Y�W*Y £c¢ W*Y=Î ^8_QÊ W�ªt«�S ¢ ® £c¢ W¹«*­4Yv¦ ¢ ¨4¨XYF¦�«*S�¨4T[«�W*ª=¨4®*S#«�S ¢ ¨4®�¦ ¢ U4²�©¿µ¼YvY-Ði«*W�ª=¦-«�YF©ÁÀ�S±«�­
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