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s�M uT)M&T p+NPO�QT�RONSTVPQ[TS]NQe_NSTaPT_^ e_WPQe)UOPWV jCM�X []PQNZYAUOT
L�d [ Y\T ^\[iPZS[

]iW R R []d\^_^ Thd TkefMOTadfefMOT`R�aAbTcCd�efN bcWdfefM pr]rr�NgdTdVR WhS]T�V

i
j0k)l�mon=pTlhq r R ^fM NZV R WR Tad+s�TtV ^uU=^ j�^fMOT T)RCULM&T_dfW ^fNS[TR([Tv\^ NQWhS]dfWhMwV [hv�xweoMO[]du^LVnY []NZRONZRLS"pHx
R2[NZR ^yV![TR Wie NQdfe PQT�NZR�^ NzV Y\[NZR ^*R WNQduV|{~} T�T�V ^oWhXOPSNzV\M PQN�M&NS^�PQW�s_V0v [d ^fMOT6v []PQPS[�snNZRLSi^fMOd T_T�R WdfWhM&T ^fTaduV|�
RCULM�X T_d�[Tv e_[hM&R [TROT�R ^yV `AV\NZ�_T�[Tv ^fMOT�PQWd�S]T�V ^�e_[TM R2[hR T)R ^a` WhR�^�RAULM�X Tad*[Tv2e d [�V�V\N�R�STV|{�} T�WPZV\[`�LR�^
T)�OWe ^�v [d�M�UOPXWTV�v []d ^fMOT�M&[TM&T)R ^yVh[Tv�^fMOT�^ NzV ^fd N�X�U ^fNS[TR�[Tv�RAULM�X TadV[Tv�e [TM&R [TROT�R ^yVhWhR�^fRAULM�X Tad
[Tv�e d [�V�V\NZRLS�V|{
���C������� mH�0khq [9R WPSj ^fNQe e [TM�XON�R WZ^f[]d NXe)V `!efMO[]du^f^ NQWhS]dfWhM `�WhV j�M&R ^f[^fNXe T�RAULM&T_dfW ^fNQ[hR ` PSNZM&N ^`^ONZV��
^fd NZXLU ^fNQ[TR
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RO[TM�XOd T�^ T e [TM&R [�V WhR ^fT�V�e [TRLROT)� T�V ` ^oWNSPQPQT�^ TiPQW ROPZU�V6S]dfWhR�^ T e [TM&R [�V WhR ^fT` T_^�RO[TM+X d T�^ T e_d []NZV\T)�
M&T)R ^yV|{�¦ T�V�v []d�M+U PST�V�T|�OW]e ^fT�V�R [TUOd�PQT�V6M&[TM T�R ^yV�^�UtRO[TM�XOd T�^ T e [TM&R [�V WhR ^fT�V�T ^±^LUtRO[TM�XOd T�^ T
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qgORihZP_RS=rsiKQTLRQTLRn�tho;UpiKQTLkNPS�iKL�V

qGQjZPqduTXvQTL _RQTSwrsiKQTLkN�UWVhQjZPS1x8y#XvXdSsNgV(z4uTQTSPObuTQTf QjN�u{V1[\S6l|ihZ�NPORXvl|iKuTuji�[\QTLRn}NPOaZPXGXvUWV(ZgVhf XGNPXGZPS1~8Le^Rf�zpXGZ
iKlYqdiKfbUpiKLRXdLkNPS1�kSPQj�dXviKlWNPORXvu{V(ZPnKXdS]N�qdiKfbUpiKLRXdLkN1��VhLR_ L�^Rf�zYXGZ+iklYq�ZPikS]SPQTLRnKSdx8y#XvVhuTSPi��4LR_�XG�RVhqGN
l�ihZPf�^Ru{VhS�l�ihZbNPORX�f�iKf XdLeNPS�iKlvNPORX�_RQTS]N]ZPQ�z4^aNPQTiKL�iKl\L�^Rf�zYXGZbiklvqdiKf UYiKLRXdLeNPSbVKLR_�Le^Rf�zpXGZbiKl
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s!W��]ThpHxqR []NZR ^yV�[TR W e NQdfe PQTiPQWhX TaPST�^�d�� pW�(�(�h�(�opHx WhR�^ Y []NZR ^fMOT)M:NZRJ^ NZV Y\[]N�R ^�R WNSduV�X j
x eoMO[]du^LV|{�s�MOT
d T�V UOPS^fN�R�She_[TRL�LSTUOdfW ^fNS[TR NzV*e_WPQPST�^ W����Y�e�G���e���h���G�e� ´2V\T_T�U�N�SL{LdH¶y{0¨�T�V\Nz^ T�V�N ^yV�NZR ^fd NZR�V\NQe�e_[TM+X N�R W ^f[]d NXW P
N�R ^fTad T�V ^a` ^fMOTiT�RAULM&T_dfW ^fNQ[hR [Tv�eoMO[]du^t^ NXWhS]dfWHMwV�NzV�d T_PQT��]WHR ^�^f[ [ ^fM T_d��OT_Pz^LV `OPQN{�]T ^fMOT WhR WPSj�V\NzV�[TvW^OW ^oW
V ^fd�U e ^uUOd T�V�N�Rqe_[hM&RLUO^fT_d_V e NQT)R e_T�� e `«©K�	` [d�^fMOT+V ^uU�^ j [Tv!NZRR�Wd NXWhR ^yV�NZR#�CRO[^�^fMOT_[]d\j�� do¬k�;{
[Ie PXWTV�V\NQeaW P�d T�V UOPS^�NzV�^fM WZ^�^fMOT�RAULM�X T_d�[Tv~^ NXWhSdfWhMwV�s�T_d T ^fMOThefM [du^�V±^ [�R [ ^ne_d [TV�V�NZV�W�®�W ^oWPXWHR

RAULM�X T_d){ r R W+V\T_d NQT�V�[Tv2R WR TaduV�s![hU efM Wdu^
V ^uU�^ NQT�^&^fMOTnROd [TXOPQT)M0[Tv�e_[hU�R ^fN�R�S�^ NXWHS]dfWhMwV�W]e_e []du^ NZRLSV^f[
^fMOT`RAULM�X Tadn[Tv�e_d [�V�V\N�RLS�Vn[Tv!^fMOT eoMO[]du^LVnWhR�^�v [TULR�^ ^fMOT e []d d T�V\R2[hR=^ N�R�SwST�ROT_dfW ^fNZRLS�v ULR e ^fNS[TRqN�R ^fMOT
v []d�M [hv�W)e_[TR ^fN�RCUOT�^�v dfW]e ^fNQ[TR�� d�ce�2{�[ d T)M)Wd�� WhXOPQT T)� W]e ^_v []d�M�UOPXW)NZR�^fTad�M�Vn[Tv ^fM T+X WPSPQ[^9RAULM�X T_duV
s�WhVhNZM&ROPQNQe_N ^ NZR"^fMOT�s�[]d�� [Tv�s�[TU eoM Wdu^�WhR�^fM)WT^ T&T)� ROPSNXe NS^VPXW ^fT_d`X j ]nNQ[]du^OWhR�� d�e��2{)s�M NZV�v []d�M+U PQW
s�WhV�d T�� NzV\N ^fT�^ NZR�� dob ` dkr ` dZpk�2{

1

U�N�STUOd T�dT��[ eoMO[]du^�^ NQWhS]dfWhM snN ^fM�e&e_[TM R2[hR T)R ^yV|{
s![hU efM Wdu^ WPZV\[&e [TR�V\Nz^ Tad T�^��d�e m =¡d�(¢s¡d�9^ONQWhS]dfWhM�V `O^fM W ^�NZV `�^ NXWhS]dfWHMwV�snMOT_d T�RO[�V\T ^�[hv!eoMO[]du^LV�eaWHR

X TJV\T_R WdfW ^fT�^ v d [TM ^fMOT d T�M&WNZRONZRLS"efMO[]du^LV�X j(W PSNZROTh{µ[ d Tke|UOd d T�R e T d T_PXW ^fNS[TR v []d ^fMOTtRAULM�X Tad [Tv



e_[TRLROTae ^fT�^
^ NXWHS]dfWhMwV�s�WTV�v [hU�R�^�X jt° ^fT_NZR � d�·k�;{�[�^�^fM T_V WhM Tn^fNZM&T�° ^fT_NZR WHR=^&vv� T_d T_^ ^ � dHªK�=v [hU�R�^)WhR
WTV j�M&R ^f[^fNQe T)� ROd T�V�V\NQ[TR v [d ^fM NZV9RCULM�X T_d){ r v�s�T�^ T)�LR T W e [TM&R [TROT�R ^ NZR"Wt^ NXWhS]dfWHM WTV W
M)WH� N�M)WP
e_[TRLROTae ^fT�^JV ULX�^ NQWhS]dfWhM ` W�R WZ^uU dfW P�T)� ^fT)R�V\NQ[TR NZV�^f[�V ^uU�^ j ^fMOT T�RAULM&T_dfW ^fNQ[hR [Tv0^ NXWHS]dfWhMwV�W]e_e_[]du^ N�R�S
^f[ ^fMOT`RAULM�X Tadn[Tv e_[hM&R [TROT�R ^yV ` W&ROd [TXOPST�M v []d±snMONQeoM�s�TVM Wh�]T`R [ ^\v [TULR�^ T|� ROPQNXe NS^�d T)v T_d T�R e T�V|{
r R ^fM NZV R WR T_d�s�T d T_T)� WhM&NZROT ^fMOT�V\T R d [hX PST�M�V WhR�^ s�T WhR WP j��_T efMO[]du^ ^ NQWhS]dfWhMwV Weae []du^ NZRLSq^f[

V\T(� T_dfWPCX WTV\NXe�R WdfWhM&T ^fT_duV|�!^fMOT�RAULM�X T_d�[Tv e [TM&R [TROT)R ^yV `^fMOT±V\N��aT�[Tv ^fM T�PXWd�ST�V ^*e [TM&R [TROT�R ^a`]WhR�^ ^fM T
RCULM�X T_di[Tv�e d [�V�V\NZRLS�V `�^ Tad NT� NZRLS PQN�M&NS^iPXW)s_V_v []dn^fMOT e []d d T�V\R [TR�^ NZRLSt^ NzV ^fd N�X�U ^fNS[TR�V|{ U []d ^fMOT+�OduV ^i^¢s�[
R W dfWhM&T ^fTaduV\s�T�V\MO[�s N�R ° Tae ^fNS[TR d ^fM WZ^i^fMOT PSNZM&N ^ PXW�s_ViWd T�S]NT� T�R8X j W
M [�^ NZ� eaWZ^fNQ[TR [Tv�W L []NzV�V\[TR
^ONZV ^fd NZXLU ^fNQ[TR#[TvnR WdfWhM&T ^fTadJdT{ } T WPzV\[f�LR�^�T)� W]e ^�v []d�M+U PQWTV�v []d ^fM TJM&TaWhR WHR=^(^fMOT��Wd NXWHR e T [hv
^fM T`RAU�M+X2T_d [Tv�e_[TM R2[hR T)R ^yV|{ r R�^fMOT e_WTV\T [hv ^fMOT`RCULM�X T_d [Tv*e d [�V�V\N�R�STV `=s�T�V\MO[�sIN�Rf° Tae ^fNS[TR p ^fM W ^
^fM T�^ NZV ^fd NZXLU ^fNQ[TR#NZV&WhV j�M&R ^f[^fNXe_WPSPSj O WhU�V�V\NXWhR�{�s�MOTJM)WN�R�^f[ [P�N�R#T�V ^oWhXOPQNZV\MONZRLS"^fMONzV d T�V UOPS^&NZV WhR
NZR ^fT�SdfWP d T_ROd T�V\T)R ^oW ^fNQ[TRq[Tv�^fMOT e []d d T�V\R [TR�^ NZRLStST�ROT_dfW ^fNZRLS
v ULR e ^fNS[TR�{is�MONzV N�R ^fT�S]dfW P!d TaROd T�V\T�R ^oW ^fNS[TR
WPzV\[)WPQPS[�s_V�^fMOT e [TM&RLU ^oW ^fNQ[hR�[hv ^fMOT�M&[TM&T)R ^yV�[Tv WhR j���� T�^ []du^ Tad){
�9UOdVWhR WPSjLV\NZVhNzV�X WTV\T�^"[TRµS]T)ROTadfW P�M&T_^fMO[�^LV [Tv �e 8� ��� ¢ �M� �G�e�����w 8��¢s�e�1������� c `�do©K�;{&U NQduV ^`s�T��LR�^

V\R2Tae NZ� eaWZ^fNQ[TR�V [Tv e_[TM+X N�R W ^f[]d NXW P`V ^fd�U e ^uUOd T�V ^fM W ^ ^fdfWhR�V\PQW ^fT�N�R ^f[ V jCM�X []PQNQefS]T)ROTadfW ^fN�RLS v ULR e ^fNS[TR�V
´ OiU�¶y{2s�MOT�R�s�T W R ROP j WHR W PSj ^fNQe+M T_^fMO[�^LV�^f[ [TX ^oWN�R WTV j�M&R ^f[^fNQe T�V ^fN�M)W ^fT�V WhR�^8^ T_d N{� T PQNZM NS^iPXW�s_V|{
s�M NZV+s�[d���eaWhR X T e_[TR�V\NZ^OT_d T�^ WTV W e [TULR ^fTad R Wd\^ ^f[ W�R d T�� NS[TU�V R WR Tad [Tv�^fMOT WhU ^fMO[]duV#� ·k�	`0snMOTad T
s�T WhR WPSj��_T�^8RO[TR�� e d [�V�V\NZRLS e_[TRL�LSTUOdfW ^fNS[TR�Vi[TR ^fMOT�� T_d\^fNXe T�Vn[Tv�W e [TRR� T)��R2[PSj�S][hR {9} MOTad TaWTV NZRq^fM T
R [hRL� e d [�V�V\N�R�S eaWhV\T&^fM TtOiU�VVNZRR� [P{� T�^µs�T_d T WP�S]T�XOdfWNQe`�^fMOT)ROd T�V\T)R ^�V\NS^uU W ^fNS[TR NZV+YAUONS^fTw^ N	� T_d T�R ^ WhV
s�T Wd T+^ TaWPQN�RLS�snN ^fM�^ NT� Tad�ST�R ^9V\T_d NQT�V|{

s�M d [hU�SM [hUO^&^fMOT�R WR Tad ^fMOT
�d�	�K¡ [Tv Wµ^ NXWhS]dfWHM snNQPSP�X2T ^fM T�RCULM�X T_d)[Tv efM [du^�V|{ ¨�j V\PSNZS]M ^fPSj
R2T_d\^uUOd�XONZRLS)^fMOT R []N�R ^yVnNZv�ROTae_T�V�V Wd\j]`=s�T e_WhRqWTV�V ULM&T ^fM W ^_RO[&^fM d T_T efMO[]du^LV N�R Ww^ NXWhS]dfWHM NZR ^fT_duV\Tke ^
NZRqW R []NZR ^�{

� ������µ�����9��	��
r v0s�ThPQT ^����JX2T ^fMOT`RAULM�X T_dn[Tv WPQPW^ NXWhSdfWhMwV�[Tv�V\N��aT�x�`O^fMOT)R�NS^nNZV±s�T_PQP �CRO[�s\R ^fM W ^

�����"d��ob��o©�������´	pHx�� dH¶�� ´	pox~¶��p � x�� �
!T ^ �?´��A¶ �"!�$#&% ���'�

�

X2T ^fMOT e_[]d d T�V\R [TR�^ NZRLS []du^ NZR Wd\j8S]T)ROTadfWZ^fNZRLSJv ULR e ^fNQ[hR {hgi[^fT ^fM W ^�s�T []R T_dfW ^fT MOTad T�snN ^fMc[]du^ NZR Wd\j
OiU�V�M W(� NZRLS&dfWT^ NZU�V�[Tv�e [TRR� T_d�S]T�R e T rC{
!T ^�(�� X T ^fMOT�RCULM�X T_d)[hv e [TRLROTke ^fT�^ ^ NQWhS]dfWhMwV [Tv9V\NZ�_T�xFWhR�^#PST_^�(w´���¶)�+*,(-�'� � X T ^fM T

e_[]d d T�V\R [TR�^ NZRLS �`OiU6{ s�MOT�X WTV\NXehd T_PXW ^fNS[TR�NZV
�?´��A¶ �"d�./(�´��0�?´��A¶21�¶d� ´�dH¶

WhR�^ N ^)NzV ROd [K� T�^ WTV�v []PQPS[�s_V|{ r RKWµ^ NXWHS]dfWhM `�^fMOT R Wd\^fNXe|UOPXWd)e_[hR�ROTae ^fT�^#e [TM&R [TROT�R ^
^ T_^fT_d�M&NZROT�^
X j#e [TR ^oWNZRON�R�S � T_d\^fT|�¯d�NZV)e_WPSPQT�^(^fM T �G�K��¢��d�e��3m�e 8¡1  ¢4{ r R#^fMOT NZR ^fTadg�WPZVw^ T)��ROT�^ X j�^fMOT T�^LST�V `
Wd�XONS^fdfWd\j�^ NXWHS]dfWhMwV�M&Waj�X T�NZR�V\Tad\^fT�^«{ r v ^fMOT�d [ [^�M WTV54 eoMO[]du^LV ` ^fM T)R&NS^6^ T)�LR T�V�p�4�V\R W]e NZRLS�V|{�s�MAU�V `�«´���¶6� d�.7*,(��'� � �?´��A¶ 1 � � d�.7(�´��0�?´��A¶ 1 ¶o`�snMOT_d T ^fMOT ^fT_d�M d d T_ROd T�V\T)R ^yVi^fMOT T)M&R ^�jf^ NXWHS]dfWhM�{
s�M NZV�S]N{� T�V�W d Tke|UOduV\N{� T`^ T_^fT_d�M&NZR W ^fNS[TR�[Tv�(w´���¶o`

(�´��A¶ �8�6./� 1 . e9�0:-.#p�ª;�0<�.#poeA¬=�=>-.�pT¬Tbr=�=?-. bh¬]pTb]p=�=@A. ©TchbT¬T©Tc=�0B-.7���C�(�
!T ^\RO[�sD���FE G+X2T ^fMOT�RAULM�X Tadn[Tv0^ONQWhS]dfWhM�Vn[hv�V\NZ�_T`x�WhR�^ T)� W]e ^fP jIH e [TM&R [TROT)R ^yV ` WhR�^ PQT ^

�?´��Y�KJ�¶ � ! ���FE G;� � J G

p



X T ^fMOT e []d d T�V\R2[hR=^ N�R�S�XON{�Wd NXWZ^fT�OiU�{�[�V�snN ^fM�T�Y�U WZ^fNQ[TR ´�dH¶�s�TVM Wh� T
�«´��W� J�¶ �"d�. J (�´��0�?´��Y�KJ�¶21�¶d� ´	p�¶

snMOT_d T ^fMOT�v W]e ^f[]d J³M&Wd���V ^fMOT e_[TM R2[hR T)R ^Ve_[TR ^oWN�RONZRLS�� T_d\^fT)� dT{VU d [TM ^fMOT;�CRO[�s\RcT|� R WhR�V\NQ[TRc[Tv(�´��A¶�s�T`S]T ^
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