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� X,O\iCVWd�L�[=LEP�R���P LCRQP�d\P�XUO�['JaP�OQiNH�¡%H£¢�T�HKJaLCMCO�¤
VWXC]¥OQiCP$L�HcdQO\P�RQVWHKR"LCR\HKh�[£hCVW_WVeOFf¥H=¢�TuHKXC¡CVWO\VeHcX�[=_
VWXC¡CPuL�P�XN¡CP�XCT�P4H=¢�OF�IH%HKR�J!HKR\P�T�HcX�O\VWX�MNHKMCd�bK[=R\V¦¤
[£hC_WP�da¢?RQHcJ§¡�[=O�[Cj'P�¨C[£J!VWXCP�¡©[£O!d\P�bKP�R�[=_,R\P�dQH£¤
_WMCO\VeHcXCd<Z«ª4MCR![£LCLCR\H�[=T�i�VWd�J!HcOQVWbK[=O\P�¡9hUf9OQiCP
HchCdQP�R\bK[=O\VeHcX¬O\i�[=O­OQiCP![£LCL�P�[=R®[£XCT�PaH=¢'T�HKXUOQVWXUMU¤
HcMCd�¡E[=O®[­bK[=R\VWP�d��'VW¡CPu_ef�[=OIbK[=R\VWHKMCd�R\P�dQHc_WMCOQVWHKXNd<j
LCR\HU¡CMCT�VWXC]¥bKP�R\f«¡CV¦¯°PuRQP�XUO"VWXC¡CP�LEP�XC¡CPuXCT�P*PudQOQV¦¤
J"[=OQPudkhEP�OF��PuP�X�OQiCPIbK[=R\V±[=hC_WP�d�VeXUbcHK_WbKP�¡�Zx²'iCP�R\P�¤
¢?HcRQPKj³VeO4VWd	¡CV¦´!T�MC_WO4OQHµ[£dQT�PuRQO®[£VWX9VeXN¡CP�LEP�XC¡CP�XNT�P
�'VWOQiNHKMCOaP�¨C[=J!VWXCVWXC]$¡CVWdQTuRQP�O\Ve¶uP�¡2¡�[£O®[¥[=O!d\P�bc¤
P�R�[=_aT<[=R\P�¢?MC_W_Wf·dQP�_WP�TuOQP�¡nR\P�dQHc_WMCOQVWHKXNd<Z � X¸HKMCR
L�[£L�PuR<j,�IP*[=TuT�HKJaLC_WVed\i©O\iCVWd¹MCd\VeXN]«OQiCP9Pu¨�[£T�O
T�HcJ!LCMNO®[=O\VWHKX*H£¢,OQiCP¹LEHKd\OQP�R\VWHKR!LNRQHKhE[=hCVW_WVWOFf9H=¢
VWXC¡CPuL�P�XN¡CP�XCT�Pcj�T<[=_WT�MN_º[£OQP�¡2[£X�[=_WfUOQVWT<[£_W_ef¥]KVWbKPuX
[¥RQPudQHK_WMCO\VWHKXkZ l OµP�[=T�i©Pu¨�[£J!VWXCP�¡»RQP�d\HK_WMCOQVWHcX
[£XC¡�hEHKMNXC¡�[=R\f,LC_±[=TuP�J!P�XUO�j=��P'[=d\dQMCJaP¼[�J�MC_WOQV¦¤
XCHcJ!V±[=_�¡CVWdQO\RQVWhCMCO\VeHcX¬�'VWO\i½Y4VWRQVWT�iC_WP�O%LCRQVWHcRQd4¢?HKR
O\iCP¬¡NVed\T�RQPuOQVW¶�P�¡·O�[=hC_WP¹L�[£R®[£J!P�O\P�RQd�j	[=XC¡»T�HKJ�¤
LCMNOQP�OQiCP�LEHKd\OQP�R\VeHcR¬MNdQVWXC]B¾¼[�fcP�dQV±[=X¿VWX�O\P�]KR�[�¤
O\VeHcXkZ l T�R\HKdQdIRQPudQHK_WMCO\VWHKXCd�jK�IP'MCdQP%[4dQP<[£RQT�i!LCR\H=¤
T�Pu¡CMCRQP�OQH"[=LCLNRQH=¨UVWJµ[=O\P	O\iCP,¾'[�fKP�d\Vº[£X¹VWXUOQP�]cR®[=_
H£¢�LCR\HKh�[£hCVW_eVWOFf,H=bcP�R'[=X!Pu¨�LEHKXNP�XUOQV±[=_xXUMCJ�hEP�RIH=¢
LEHKd\dQVWhC_WP�hEHKMNXC¡�[=R\f¬LN_º[£T�P�JaP�XUOQd<Z�ª4MCR,J!PuOQiCHU¡
]cP�XCP�R�[=_WVW¶�P�d%OQH"[=X¬[£RQhCVWOQR�[=R\fµXUMCJ�hEP�R4bK[=RQV±[£hC_WP�d
VWX�[ÀdQOQR�[=VW]KiUO�¢?HKR\�¼[£RQ¡2J"[=XCXNP�R<ZÁ²'iCP�OQP�d\O9Ved
d\MCVWO®[=hN_eP­¢?HcRÂ¾'[�fKPudQV±[=X$XCP�OF�IHKR\Ã¬_WP<[£RQXCVWXC]"[=_W]KH£¤
R\VeO\iCJ!d�OQiE[=O�MCdQP¹VWXC¡NP�L�PuXC¡CP�XCTuP¹OQP�d\OQd"OQH$VWXU¢?P�R
O\iCP�XNP�OF��HcRQÃ¹d\OQR\MCT�OQMNRQPKj�VWX¹¡CHcJµ[£VeXNd'OQi�[£OÂTuHKXU¤
O�[=VWX¹[=XUf"J!VW¨�H£¢�T�HcX�O\VWX�MNHKMCd�jCHKR\¡CVWX�[=_�¡CVWdQT�R\P�OQPcj
[£XC¡"T<[=O\P�]KHcRQVWT<[=_xbK[£RQV±[=hN_ePud<Z
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Ï XCH=�'_WP�¡C]cPµ[=hEHKMNO�OQiCP"VWXC¡CP�LEP�XC¡NP�XCT�VWP�daOQi�[£O�P�¨UVed\O�VWX�[
¡CHcJµ[=VWX¥Ved![ÐbKP�R\f�MCdQP�¢8MC_%LCVWP�T�P$H=¢,VWXU¢?HKR\Jµ[£OQVWHKX9O\i�[=O"[
RQPudQP<[£RQT�i¬d\T�VWP�XUOQVWdQO4T<[=X�Ñ»[£XC¡!J�MNdQOFÑ«P�_WVWT�VWO�P<[£RQ_Wf!HcX"¡CMCRF¤
VWXC]%iCP�R�VWXUbKPudQOQVW]U[=OQVWHcXkZkGIHKXN¡CVWOQVWHKX�[£_UVeXN¡CP�LEP�XC¡CP�XNT�P	d\O®[=O\P�¤

J!PuX�O\d�TuHKXCT�PuRQXCVWXC]¥HKhCd\P�RQbcP�¡«ÒUM�[=XUO\VeO\VWP�d�VWX�OQiNPµ¡NHKJµ[£VWX
T<[£XÓ]cRQP<[£OQ_Wf*[=VW¡¥VeX¥OQiCP"O�[=dQÃ¥H=¢	MCXN¡CP�RQd\O®[£XC¡CVWXC]9OQiNP¹VWXU¤
OQPuR®[=TuOQVWHKXCd![£J!HcXC]"OQiCP"¡CHcJµ[=VWX$bK[=R\Vº[£hC_WP�d<Z � J"[=]KVWXCP­¢?HcR
P�¨C[=JaLC_WP,[�J!Pu¡CVWT<[=_�RQP�d\P<[=R\T®iNP�R<j�[£OQOQPuJ!LCO\VeXN]�O\HµT�[=MCd�[=_W_Wf
J!HU¡CPu_Ô[»dQP�O¥H=¢"¡CVWdQP<[£dQP«[=XC¡¸d\f�JaLCOQHcJÕVeXN¡CVWT<[=O\HKRQd$VWX
[=X$P�¯xHKR\O,OQHaÖ�XC¡9�'[�fUd%H=¢�O\RQP<[£OQVWXC]¹HcRÂLNRQP�bcP�XUOQVWXC]¹O\iCP�J
¢?R\HKJ×HUT�TuMCRQR\VeXN]¬VWX9OQiNP�¢?MCO\MCRQPcZ¹SUMCT�i9T�HKXN¡CVWOQVWHKX�[£_�VWXC¡CP�¤
LEP�XC¡CP�XNT�P!d\O®[=O\P�J!PuX�O\d%T<[=X$_WP�XC¡$iCP�R,d\Ve]cXCV¦Ö�T<[£X�O4VWXCdQVW]KiUO\d
OQHaOQiCP�T<[£MCdQP�¤FP�¯xP�T�O�RQP�_±[£OQVWHKXCd\iCVWLCd%OQi�[£O	J"[�f!hEP�LCR\P�dQPuX�O�Z
SUVWJ!VW_±[=R\_WfKjC[�d\HK_WVW¡µd\O®[£OQP�LCiUfUdQVWT�VWdQO%[=O\OQP�JaLCOQVWXC]�O\H!J!HU¡CPu_
OQiNP¹VWX�O\P�R®[£T�OQVWHcXÀ[£J!HcXC]¬O\P�XCdaH=¢,bK[=R\Vº[£hC_WP�d�RQP�LCR\P�dQPuX�O\VWXC]
LCR\HKLEHKRQO\VWHKXCd'H£¢Ød\MChCd\O®[=XNT�P�d%VWX�bcHK_WbKPu¡!VWX¹[,XCPu�·Jµ[=XUMU¢F[=T�¤
OQMNRQVWXC]�LCRQHUT�P�d\d<Z Ï XNH=�'_ePu¡C]KP%H=¢kTuHKXC¡CVWO\VeHcX�[=_EVWXC¡CP�LEP�XC¡NP�XU¤
T�VWP�d%T<[£X¹iCP�_WL¹iCPuR'¢?HUT�MCd%iCPuRÂ[=O\OQP�XUO\VeHcX¹OQHaHKXC_WfaOQiCP,R\P�_WP�¤
bK[=XUO4HKXCP�d­¡CMCRQVWXC]aOQiCP�¡NVÙ¯xP�R\P�XUO,dQO�[=]KPudÂH£¢�OQiNP�Jµ[=XUMU¢F[=T�¤
OQMNRQVWXC]�LCR\H�TuP�dQd�Z
^"HcRQP�OQiE[=X9dQVWJaLC_WfÚ[£VW¡CVWXC]!VWXÛ¢?HUT�MCdQVWXC]$[=OQO\P�XUOQVWHKX�jkO\iCP�RQP
P�¨UVWdQO![ÛXUMCJ�h�PuR�H£¢�[=_W]cHKRQVWO\iCJ!d,O\HU¡�[�f9OQi�[£O�T<[=X¥VWXC¡CMCT�P
OQiNP!T<[£MCd®[£_'dQOQR\MCT�O\MCRQP¹H£¢�["¡NHKJµ[£VWX¬]cVebcP�X*[ÛdQP�O�H£¢	T�HKXU¤
¡CVWOQVWHcX�[=_xVWXC¡CPuL�P�XN¡CP�XCT�PadQO�[=OQPuJ!P�XUOQd�jEMCXC¡CP�R,[£dQdQMNJ!LCO\VeHcXCd
Ü m<Ý jkÞ/ßQZÔª4XCPaLCRQVWXCTuVeLN_ePu¡¬JaP�OQiCHU¡Û¢?HKR%R\P�LCRQPudQP�XUOQVWXC]$dQMNT®i
T<[£MCd®[£_�d\OQRQMNT�OQMCR\P�dÓ[£RQP¥¾¼[�fcP�dQV±[=X¿à	P�OF�IHKR\ÃUdÓáâ¾�à4d®ã Ü ÞußQj
HKXNP	H=¢kO\iCP%LCRQPubK[=_WP�XUO�O\HUHK_Wd�¢?HcR�RQP�LNRQP�d\P�XUOQVWXC]µ[£XC¡!R\P<[=d\HKXU¤
VWXC]9[=hEHKMCO�MCXNT�P�RQO�[=VWXUOFf�Z l ¾�àäT�HKXNdQVWdQO\d!H=¢%OF��H9LE[=RQO\d<å
á m ã"[*¡NVeR\P�T�O\P�¡·]KR�[=LCiCVWT<[£_,¡CP�d\T�RQVWLCO\VWHKXBH=¢�OQiCP9R\P�_±[=OQVWHcXU¤
dQiNVeLNd![=J!HcXC]¹O\iCP"bK[=RQV±[£hC_WP�d�VWX*OQiNPµ¡NHKJµ[£VWXkj�[=XC¡Bá p ã�[
ÒUM�[=XUO\VeO�[=O\VebcP�¡NP�dQT�R\VWLCOQVWHKX¥H=¢	O\iCP!X�[£OQMCR\P!H£¢	VeXUO\P�R®[£T�OQVWHKXNd
hEP�OF��PuP�X©P�[=T�i«bK[=R\V±[=hC_WPµ[£XC¡«VWOQd�LE[=RQPuX�O\d!VWX�OQiCP$]KR�[=LCi�Z
� X�OQiCVWd�L�[£L�PuR!�IP!¢8H�TuMCd�HKX«[=X�VWXUOQP�]cR®[£_'T�HKJaL�HcXCP�XUO�H=¢
OQiNP�Ö�RQd\O,L�[=R\O<j�X�[=JaP�_Wf"¡CP�bKPu_eHcLCVWXC]µ[aLCR\HKh�[£hCVW_WVed\OQVWT�T�HKXU¤
¡CVWOQVWHcX�[=_�VeXN¡CP�LEP�XC¡CP�XNT�P!O\P�dQO4¢?HcRÂMNdQP�VeXÛT<[=MCd�[=_�d\OQR\MCT�OQMNRQP
¡CVWdQTuH=bKP�R\f�Z�²'iCPuRQP¹P�¨UVWdQO�d\P�bKPuR®[=_%[=LCLNRQH�[£T�iCP�d�¢8HKR�T<[=MCd�[=_
¡CVWdQTuH=bKP�R\f�VWX�¡CHcJµ[=VWXCd��'VWOQi�T<[=O\P�]KHcRQVWT<[=_EbK[=R\V±[=hC_WP�d Ü m<Ý jKÞ/ßQZ
æ H=�IP�bcP�R!O\iCP�RQP9[=R\P"¢?P��1¢8HKR�T�HcX�O\VWX�MNHKMCd�HcR!iUfUhCRQVW¡�¡CH=¤
Jµ[£VWXCd Ü p j�ç�ßQZ%^"HKd\O	H£¢�OQiCP�_±[=O\OQP�R%[=LCLCR\H�[£T®iNP�d%h�P�_WHcXC]!O\H
OQiNP	dQTuHKRQP�¤|J"[=¨UVWJ!VW¶<[=O\VWHKX%¢|[£J!VW_Wf	H£¢�[=_W]KHcRQVWOQiCJad�¢?HKR�d\OQR\MCT�¤
OQMNRQP	VWXC¡NMCT�OQVWHcXkj=�'iCVWT�i�¡CHUP�dIXCHKO�]cVWbKP'[=XUf,]KME[=R®[£XUOQP�P�d ¢?HcR
LCR\H�¡NMCT�VWXC]µ[�TuHKRQR\P�T�O,T�[=MCd�[=_k¡NP�dQT�R\VWLCOQVWHKXÛH=¢�OQiCP�¡CHcJµ[=VWXkZ
� X,T�HcXUOQR®[£dQO�j=OQiCP T�HKXCd\OQR�[=VWXUOF¤Fh�[=d\P�¡,¢F[=J!VW_Wf Ü m<Ý j o ßUP�J!LC_WH=fUd
T�HcXC¡CVWOQVWHKXE[=_EVeXN¡CP�LEP�XC¡CP�XNT�P�O\P�dQO\d<jx[=XN¡µiE[=d']KME[=R®[£XUOQP�P�d4H=¢
VWXC¡CMCTuVeXN]!OQiNP�T�HKR\RQP�T�O­T<[=MCd�[=_�d\OQR\MCT�OQMNRQP¬áâMCXC¡CPuR�[=d\dQMCJaLU¤



OQVWHcXCd<j=JaHKd\OxXCHKO�[=hC_Wf%OQiCPIHKXNP¼[£dQdQMNJ!VWXC]'OQiE[=O�[=_W_UbK[=R\Vº[£hC_WP�d
[=R\P�bUVWdQVWhC_WP<ãuZ æ H=��PubKP�R�jxOQHa¡�[=O\P�O\iCP�RQP�VWd%XCH!]cP�XCP�R�[=_�[=LU¤
LCR\H�[=T�i,O\H	T�HcXCdQO\R®[£VeXUO�¤|h�[£dQP�¡�dQO\RQMCTuOQMCR\P'VeXN¡CMCT�O\VeHcX4¢?HKR�T�HKXU¤
OQVWXUMCHcMCdkHcR�iUfUhCR\Ve¡­¡CHKJ"[=VWXCd<juJµ[£VeXN_efI¡CMCPIOQH%O\iCP�¡NVÙ´!TuMC_WOFf
H=¢xOQiNP	]KPuXCP�R®[£_�T�[=dQPcZ�ª	MNR¼[£LCLCRQHU[=T�i![=O\OQP�JaLCOQd�O\H,RQP�JaP�¡Cf
OQiE[=O<jUhUfa¡CP�bKPu_eHcLCVWXC]�[,d\O®[=O\VWdQOQVWT<[£_kVWXC¡CPuL�P�XN¡CP�XCT�P�OQPudQOI¢?HcR
T�HcX�O\VWX�MNHKMCd'bK[£RQV±[=hC_WP�d OQi�[£O'LC_±[=T�P�d'XNH�T�HKXCd\OQR�[=VWXUOQd'HKXaOQiCP
LCR\HKh�[£hCVW_eVWOFf�¡CVWd\OQRQVWhCMNOQVWHKX"H=¢�O\iCP,T�HcX�O\VWX�MNHKMCd4bK[=RQV±[£hC_WP�d'H=¢
OQiNPµ¡NHKJµ[£VWXkZ � X*O\iCVWd�L�[=LEP�R���P"LCR\HKLEHKdQP¹[£XÓ[=_W]cHKRQVWO\iCJ
�'iCVWT�i¹�IHKRQÃUd4h�f"P�_WVWT�VWOQVWXC]�VWXU¢8HKRQJ"[=O\VeHcX�¢?RQHcJ TuHKXUOQVWXUMCHKMNd
¡�[£O®[%[=O�d\P�bKPuR®[=_ERQPudQHK_WMCO\VWHKXCd�[£XC¡�T�HKJ�hCVWXCVWXC]4VWO�VWXUOQH,[4dQVWXU¤
]K_WP'LCR\HKh�[£hCVW_WVed\OQVWT'J!P�[=dQMNRQP	H£¢kT�HKXN¡CVWOQVWHKX�[£_CVWXC¡CP�LEP�XC¡NP�XCT�PKZ
� HKR�O\iCVWd�LCMCR\L�HcdQPKjNOQiCP4P�¨C[=J!VWX�[£OQVWHKX%H£¢kJµ[=XUf,R\P�dQHc_WMCOQVWHKXNd
VWd'XCP�T�PudQd®[£RQfUZ l X"P�¨C[=JaLC_WP	OQiE[=O'iCP�_WLCd4P�¨ULC_±[=VWX!�'iUfaOQi�[£O
VWd	O\iCP�T�[=dQP�VWd4dQiCH=�'X¹VWX"ÖE]KMCR\P m Z%²'��HadQT<[£OQOQPuRQLC_WHKO\d�[=R\P
dQiNH=�'XkjIOQHK]cP�OQiNP�R!�'VWOQi�O\iCP�VWR!T�HcRQR\P�dQLEHKXC¡NVeXN]*¡CVWdQTuRQP�O\Ve¶�[�¤
OQVWHcXCdÂ[£O q���� RQP�d\HK_WMCOQVWHcXkZ'²'iCP,iNVed\OQHc]KR®[£J!dI¢?HcR	O\iCP,OF�IH
¡�[£O®['d\P�OQdI[=LCLEP<[=R�d\VeJaVW_º[£RCP�bcP�X�OQiCHcMC]Ki­OQiCPIVWXC¡CP�LEP�XC¡CPuXCT�P
H=¢kO\iCP,[=¨UP�dIbK[=R\Vº[£hC_WP�dIVed XCHKO�Z�²'iCP	¡�[£O®[­HKXaOQiCP4_eP�¢?O�d\iCH=�
[­dQOQR\HKXC]�¡CP�LEP�XC¡NP�XCT�P,hEP�OF�IP�P�X�� [£XC¡��¸�'iCVW_WP'OQiCP4¡�[=O�[
HKX"O\iCP,RQVW]ci�O'LN_eHcO	[=R\P,VWXC¡CP�LEP�XC¡CPuX�O%hUf!TuHKXCd\OQRQMNT�OQVWHKX�Z � X
OQiNVed�T�[=dQPcj�ÖEXCP�R!R\P�dQHc_WMCOQVWHKX�iCVWd\OQHK]cR®[£J!d,i�[�bcP"OQH$h�P¹Pu¨K¤
[=JaVWXCP�¡"VWX¬HcRQ¡CP�R­OQH!¡NP�OQP�R\J!VWXCP�OQi�[£O%¡CP�LEP�XC¡CP�XNT�PKZa²'iCVWd
HKhNdQP�R\bK[=OQVWHcXµVWd ¢?HKR\Jµ[£_eVW¶�Pu¡�VeX"d\P�T�OQVWHcX p hEP�_WH=�,Z
l O$OQiCP�OQHcL¸_ePubKP�_Fj�HKMCR9[=LNLCRQHU[=T�i2VWdÛ¢?HKR\J�MC_±[=OQPu¡2[=d9[
¾'[�fKP�d\Vº[£X"J!HU¡CP�_xd\P�_WP�T�OQVWHcX¹LCRQHchC_WP�J¬jC[£dQd\Ve]cXCVWXC]�OQiNP,T�_±[=d\d
H=¢�VWXC¡CPuL�P�XN¡CP�XUO%¡CVWdQOQR\VWhCMCOQVWHcXCdÂ[�LCRQVWHKR'LNRQHKhE[=hCVW_WVWOFf�Z ²'iCVWd
¢?HcRQJ�MC_±[=O\VWHKX"dQVW¡CP�d\OQP�LNd!OQiNP�¢|[£T�O,OQiE[=O,O\iCP!T�_±[£dQd�H=¢	VWXC¡CP�¤
LEP�XC¡CP�XUO,¡NVed\OQR\VehNMCOQVWHKXNdÂ_WVWP�d%HKX9[a¶�P�R\H=¤FdQMCLCLEHKR\O,dQMNhCJµ[£XU¤
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