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Y[L]cdidL]ipY[^Hod\Z^üuèPRidL Y[\[VXae@èPRcdrH^üuhLO\£_ VhidPRcdr�a�K~VhcdcMLOfbN1� � cd^XY[KdL]\Ea�KdVhcdcdL]fóL]NZY[PRm�V Y[Pb^hc�NQa�KdL]mpLXy
46KdPRa�K \QLOfRPbL]NÏ^ncµod\ZL-, aO^nm¬odqMY[VXY[PR^ncµ^h_�YQKdL²od\ZLgVhmy&MfbLhyU&dqMY KdVhN6V�_ VhNßY[LO\lPbm¬odfbL]mpL]c Y[VXY[PR^nc}y8PRN
VhfRNQ^ idL]uhLOfR^noóL]i��

� idL]NQPbrhcÂmpL�Y[Kd^èid^nfR^nrhw qdNQPRcdr�Y�VXNL@ o~Vh\ZYQPRYQPb^ncdPRcdrÒÊ�{VËÍPbNµiML]unL]fb^noULOiÂYQ^�m�VV@hLìqdNZL�^h_
Y[KML�PRcdKdLO\ZLOc8Yko~Vh\[VXfbfbL]fbPRNQm Vhcdiu&dPRY�fRL]unL]f>aO^nm¬odqMY[VXY[PR^ncdN PbcêY[KML�VhfRrn^n\ZPRY[KMmpN1�/J KdL'Y[VhNL@
o~Vh\ßY[PvY[Pb^hcdPbcdrkmpL�Y[Kd^èid^nfR^nrhw�PbN�VXododfbPRLOi�YQ^'L]NZYQPbmpVXY[PR^nc�Vhcdi idL�Y[LOa�Y[PR^nc�Y[^'Vha�KdPRL]unL-V�\QLOVhf2,
Y[PRmpL�PRmpoMfbLOm¬LOc8Y[VXY[PR^nc��y)~qd\ßY[KdL]\Oy�V�aOqdNßY[^nm.K~VX\QiD4lVh\QL¬NQ^hfbqMYQPb^nc�PRNHoM\Q^noU^nNQL]i'_ ^h\Ha�KdVhcdcdL]f
LONßY[PRm�VXYQPb^ncµVhN|V NßY[qdiBw Y[^ NQL]LHYQKdL>L1^óLOa]YQPRuhLOcdL]NQNÍ^X_¨VyR+S�`UTlVh\Qa�KMPRY[L]a]YQqd\QL6Ê��QË�_ ^n\ÏY[KML�&dVhNQLN,
NZY[VXY[PR^ncW\ZLOa]LOPRuhLO\1� � R+S�`UT|Vh\Za�KdPRYQLOa]YQqd\QL�PbN|idL]uhLOfb^hoóL]i)YQ^µqdNZL odPboULOfRPbcdPRcdr¬Vhcdi�o~VX\[VhfRfbLOfRPbNZm
L1^óLOa�Y[PvunLOfvw@Vhcdi@Y[V�@hLkVhiMuXVhc8Y[VhrnL-^h_²Y[KMLs&dPvY¬fbL]uhLOf|aO^nm¬odqMY[VXY[PR^ncdN1� J KdL-idLONZPbrnc@NQo~Vha]LWPRN
L��BodfR^n\QL]i�_ ^n\�Vh\ZLgVQ,�Y[Pbm¬L�YQ\[VhiMLO^�^óN>Vhcdi'Vhc'Vh\ZLgVQ,�Y[Pbm¬LHL10¬aOPRLOc8YHNQ^nfRqMY[PR^nc�46KdPRa�K'm¬LOL�Y[N�Y[KML
\QLOVhf2,�Y[PRmpL<\QL'3 qdPR\QL]mpL]c YQN6PbN Pbm¬odfRLOm¬LOc8Y[L]i��

*êPRYQK-rhLOcdL]\[VhfA,xodqd\Zoó^hNQL>od\Q^èaOL]NQNZ^n\QN<Vhcdis>`D	GN�&óL]aO^nm¬Pbcdr m¬^n\QL>VXi~VhoMYQPRunL�YQ^¬m�qdfRYQPbm¬L-,
idPbV VhododfRPbaOVXY[PR^ncdNOy PRcdNQPRrnK8Y[Nl_ \Z^nm/Y[KdL>VhcdVhfRwèNQPRNl^h_·46PR\QL]fbLONZNÏaO^hmpm qMcdPbaOVXY[PR^ncµVhfRrn^n\ZPRY[KMmpNEVh\ZL
VhodoMfbPbL]i�YQ^ìLOcdKdVhcdaOL a]qd\Q\ZLOc8Y rnL]cdLO\QVhflodqM\QoU^nNQLµoM\Q^èaOLONZNQ^n\ZN-� X 	[	£N[��VhcdiÓ>`U	£N�_ ^n\(46PR\QL-,
fbL]NQN|aO^nm¬m qdcMPbagV Y[Pb^hcdN'� � cìVX\Qa�KdPvY[LOa�Y[qd\ZL�46PvY[Kk\QLOa]^ncDK~rhqd\[V�&MfbLHNQqdodoU^n\ßY²VhcMis46PRYQKs46PR\QLOfRLONZN
aO^hmpm qMcdPbaOVXY[PR^nc�L��èY[L]cdNQPR^ncdNÇPbN£idL]uhLOfR^noóL]i�_ ^n\EVha]aOLOfRLO\QVXY[PRcdr�46PR\QL]fbLONZNÇa]^nm¬m qdcdPRagVXYQPb^nc VhfRrn^V,
\QPvY[Kdm¬N'�
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Txc Y[KMPbN�PRc8Y[\Q^èidqda�Y[^n\ßw�a�KdVhoMY[L]\Oy6Y[KdLWcdLOL]i _ ^n\O&UL]YZY[LO\646Pb\QL]fbL]NQN§&~VXNQL-, NZY[VXY[PR^nc \QL]aOL]PRunL]\QN PRN
NZYQ\QL]NQNQL]i�Vhcdi�YQKdL6Y[LOa�KMcdPh3 qdL]NlY[^�Vha�KdPbL�unL<\QLgVXf2, YQPbm¬L qdNQPRcdrHaO^nm¬odqMY[VXY[PR^nc~VhfRfRw=,xL-^ L]a]Y[PvunL6VhfRrn^V,
\QPvY[Kdm¬NEVhcdi6&óL�YQY[L]\lVX\Qa�KdPvY[LOa�Y[qd\ZLONÇPbN£NQKd^P46c��£J KdLf@hL�wpa]^nc8Y[\ZPh&dqMYQPb^ncMNE^X_ Y[KML<Y[KMLONQPRNlVX\QL<VhfbNZ^
^nqMYQfbPRcdLOi��

J KdLHcdL��èY|a�K~VhoMYQLO\6rnPvunLON|V»&~Vhae@ rn\Z^nqdcdi-^nc�Y[KdL�cML��èYÍrhLOcdL]\[VXYQPb^nc a]^nmpm�qdcdPbaOVXY[PR^ncµNßwBN:,
Y[L]mpN1� J KdL Y[L]\Qm¬N»m TkqMfRY[PRqdNQL]\HjlK~VhcdcMLOf£eGNZYQPbmpVXY[PR^nc�móVhcdiÐm TkqMfRY[PRqdNQL]\�²L]YQLOa]YQPb^nc�m}Vh\ZL¬L ��,
odfbVhPbcdL]i�Vhcdi�Y[KdL>od\ZL]uèPb^hqdN_4l^n\t@ PbcµYQKdPbN|Vh\ZLgV�idLONZaO\ZPh&ULOi��

jlK~VhoMYQLO\�M¬idPRNQa]qdNQNZLON�VhckPbm¬odfbL]mpL]c8Y�VXYQPb^nc ^h_�Y[KdLHod\Z^noó^hNQLOiWVhfbrh^n\QPvY[Kdm¬NÏ^nck^ncdLH^h_¨Y[KML
\QL]aOL]c Y�>`D	 oM\Q^èaOLONZNQ^n\ZN'� � iMLONQPRrnc'mpL�Y[Kd^èid^nfR^nrhwWYQ^-Vha�KdPbL�unL¬\QLOVhf2,�Y[Pbm¬L�oULO\ß_ ^n\QmpVhcda]L9& w
Y�VXNL@)idLOa]^nm¬oó^nNZPRYQPb^nc)PbN>NZKd^P46c���J KdL�L]NZY[PRm�V Y[Pb^hc�VXcdi�idL�Y[L]a]Y[PR^nc�VXfbrn^n\ZPRYQKdmpN>VX\QL¬idLOa]^nm9,
oU^nNQL]i-YQ^pVXa�KdPbL�unLH\QLgVXf2, YQPbm¬LÍoULO\ß_ ^n\QmpVhcda]L��

J KdL�m¬^èidPWK~aOVXY[PR^ncdN ^h_$Y[KdLHod\QL�uèPb^nqdNZfRw�L �MPRNZYQPbcdr�Vhfbrn^h\QPRYQKdm¬Nl_ ^n\6m qdfvY[PbqMNQLO\6a�K~VXcdcdLOf�LON:,
Y[PRm�V Y[Pb^hcWVhcMiìY[KdL L]cdK~VhcMaOLOm¬LOc8YQN>_ ^h\�V�NQPRmpoMfbLO\<odPboULOfRPbcdL]iWidL�Y[L]a]Y[PR^nc�NQa�KMLOm¬L¬PRNÍidL�Y�VhPRfbL]i
Pbc jlK~VhoMYQLO\<|i�GJ<4Ç^�a�K~VhcMcdLOf}L]NZYQPbmpVXY[PR^ncpm¬^èidPWK~aOVXY[PR^ncdNÇVh\QL<idL]uhLOfR^noóL]i��£J KdL�K~\ZNZY NZa�KdLOm¬L
qdNZLONEVhc PRYQLO\[V Y[PRuhLÏm¬L]Y[KM^Biy46KdPRfbLlYQKdL6NQL]aO^ncdi¬mpV�@hL]NGqdNQL6^h_óod\QPR^n\B@ cd^P46fRLOidrnL6^h_UY[KML od\QLOVhm9,
&dfRL��

� R�S�`ÀT�VX\Qa�KdPvY[LOa�Y[qd\ZLl^h_{a�KdVhcdcdL]fMLONßY[PRm�VXYQPb^nc�VhN$V<agVXNQLÏNßY[qdiMwH_ ^n\�NQL]L'@ Pbcdr²YQKdLlL-^ L]a]YQPRunLN,
cdL]NQNl^X_3VHa]qdNZYQ^nm Pbm¬odfbL]mpL]c8Y�VXYQPb^nc _ ^n\GYQKdLf&dVhNQLN,xNZY[VXY[PR^nc¬\QLOa]LOPvunLO\ÇPbNEL]uXVhfRq~VXY[L]ipPRcµjlKdVhoMY[L]\
~U� � \QLOVQ, YQPbm¬L�Y[\[VXidLO^�^óN�Vh\ZL�mpVhidL�&8wWL �MoMfb^n\ZPbcdr¬Y[KdL iMLONQPRrncìNZo~VhaOL�_ ^n\²VhcìVh\QLOVQ, YQPbm¬LHL-0»,
aOPRLOc8Y|\QLOVhf2,�Y[Pbm¬LÍNZ^nfbqBY[Pb^hc��

jlK~VhoMYQLO\9{ìNZKd^P46N Y[KdL L]cdK~Vhcda]LOm¬LOc8Y[N�YQK~VXY a]^nqdfRi«&óLµiM^ncdLµ_ ^n\�>`D	GN Vhcdi X 	¦	GN�YQ^
Vha]aOLOfRLO\QVXY[L>Y[KdL]Pb\6oULO\Z_ ^h\QmpVhcdaOL�_ ^n\_46PR\QLOfRLONZN<VXododfbPRagVXYQPb^ncMN'� � oM\Q^èaOLONZNQ^n\<Vh\Za�KdPRYQLOa]YQqd\QL�46PRYQK
\QL]aO^ncUK~rnqd\QV�&dfbL>fR^nrnPba<NQqdoMoó^n\ßY<Vhcdi546Pb\QL]fbL]NQN6aO^nm¬m qdcMPbagV Y[Pb^hcµL��èY[L]cdNQPR^ncdN|PbN idL�unL]fb^noULOi��

)$PbcdVhfbfvwny£Y[KdLkaO^ncda]fbqdNZPb^ncMN�Vh\ZLWod\ZLONZLOc8Y[L]iêVhcdi�_ qMYQqd\QLkidPb\ZLOa�Y[Pb^hcdNpNZqda�KÂVhN¬Y[KdLkqdNQLk^h_
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^ncdfRPbcdLpVh\ZPRY[KMmpL�Y[Pba¬VhcMi�m qdfRYQPbod\Z^Ba]LONZNQPbcMrk^ncÓ>`U	£N�VhcdiÓ)$PRLOfRiÌ	G\Q^nrh\[Vhm¬m�VV&dfbL X VXY[L � \:,
\[VgwèN �Ã)	 X�� N��6Vh\QL�NßY�VXYQLOi��
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J KdPRNÇa�K~VXoMY[L]\Çod\Z^ uBPRidLONÇV�&~Vhae@ rn\Q^hqdcdi�YQ^HYQKdL<cML��èYlrhLOcdL]\[VXYQPb^nc¬aO^nm¬m qdcMPbagV Y[Pb^hc�NZY�VXcdi~Vh\ZidN
Vhcdi'idL]NQaO\ZPh&ULON>Y[KdLpVhfRrn^n\QPvY[Kdm¬N<_ ^h\HTkqdfRYQPbqdNZLO\�jlK~VhcMcdLOfEeGNZYQPbmpVXY[PR^nc)VhcdiZ²L]YQLOa]YQPb^nc y3YE4Ç^
^h_�Y[KdL>m¬^nNZY6a]^nm¬odqMY[LN,xPRc YQLOcdNZPRuhL�&dVhNQL1&~VhcdiWVhfbrn^h\QPRYQKdm¬NlPbcµYQKdL�&~VhNZL-,xNßY�VXYQPb^nc�\ZLOaOL]PRuhLO\'�

�<Çt� ´ ½:¾�ékÏ²À£î²¾×  � å ª  �Å �]� ��î�½ßí�À$çd½:Ålî#»�¢|æèçMé � æ
*êPbiML'&~VhcMi\²Pb\ZLOa]Y?,ß`BL13 qdLOcda]L>jl^èidL�²PvuBPRNQPR^ncpTkqdfRYQPbodfRL � aOa]LONZNH�¿*Ø,ßj<>T � �GPbNÇYQKdLÍL]mpL]\QrV,
PbcMr-oM\Q^hYQ^Ba]^nflÊ�}QËG_ ^n\+46Pb\QL]fbL]NQN>aO^nm¬m qdcMPbagV Y[Pb^hcdN²Pbc)Y[KML¬cML��èY�rhLOcdL]\[VXYQPb^nc��CM X �ÍaO^hmpm qMcdP2,
agV Y[Pb^hc�NZwèNZYQLOm¬N'�x*Ø,ßj<>T � K~VhN�&óL]LOc�idLONZPbrncMLOi�Y[^Wod\Q^ uèPbidL�NQqdodoU^n\ßY _ ^n\�_ LOVXY[qM\QLON�NQqda�K
VhN�m qMfRY[PRmpL]idP VByóKdPRrnK�i~VXY[V \[VXYQLON¬� qMo'YQ^-�-T�&dodN�� y3m qdfRYQP2, \[VXYQL�NQL]\ZuèPba]LONHVhcdi¸;²q~VhfRPRYxw=,?>Í_�,
`BL]\ZuèPba]L8��;²^ `M� PRc Y[KdL>L��BPRNZY[PRcdr»46Pb\ZLOfbL]NQN _ \[VXmpL-4l^n\t@Ù�

J KdL_K~\QNßY£rnLOcMLO\[V Y[Pb^hc�aOLOfRfbqdfbVh\�aO^nm¬m qdcdPRagVXYQPb^nc�NZwèNZYQLOm¬N£qdNQPRcdr>Vhc~VhfR^nrÍYQ\[VhcdNZmpPRNQNZPb^nc�_ ^h\
NQoULOL]a�K�NQL]\ZuèPba]LON�4ÇLO\ZL Pbc8Y[\Z^BiMqdaOL]iWPbckLgVh\ZfRwGIPz�}n�hN'�|`èL]unL]\[Vhf�NZY[Vhcdi~Vh\ZidNf4ÇLO\ZL�idL�unL]fb^noULOi�PRc
idP2^ L]\QLOc8YÍaO^nqdc8YQ\QPbL]N<NZqda�K)VhN � T�	E`�� � iMuXVhcda]LOi)T-^r&dPbfRL�	£KM^ncdL `èwèNßY[LOm¬N��6Pbc-Y[KdL�t²`WVXcdi
7<J JÝ�C7|PbodoU^nc J�LOfbL]odKd^ncML>Vhcdi�J�L]fbL]rn\[VhoMK{�lPbc��nVhodVhc��E`BL]aO^ncdi-rnL]cdLO\QVXY[PR^nc NZwèNZYQLOm¬N6qdNQPRcdr
idPRrnPRY[Vhf Y[\QVhcdNZmpPRNQNQPR^nc\4lL]\QL iML]unL]fb^noULOiWPbc�Y[KdLHf VXYQL9IPzr}n�hN1�ÏJ KdL�wW^�^óLO\ZLOikKdPbrnKMLO\|NQoULOa]YQ\Qqdm
L10¬a]PbLOcMa]wnyJ&UL]YQYQLO\<i~VXY�V NQL]\ZuèPba]LONÍVhcdiWm¬^n\ZL�VXiMuXVhcdaOL]iì\Q^nVhmpPRcdr Y[KdVhckYQKdL�Kd\QNZYÍrnLOcMLO\[V Y[Pb^hc
NZwèNßY[LOm¬N'� X `dT � X fR^r&~VhfB`èwèNßY[LOm�_ ^n\GT-^r&dPbfRL jl^nm¬m qdcMPbagV Y[Pb^hcdN�� yQ46KdPRa�K�PbN$VÍJ�>T � ,F&~VhNZLOi
� J PRmpL(²PRuèPRNQPb^hcWT-qdfRYQPbodfRL � aOa]LONQN[�<NZwèNßY[LOm·PbcWe£qM\Q^noULhy%Tß`�,eIPM�{W�Ã²q~Vhf�Tk^èidL-, � T�	E`d�ÍVXcdi
Tß`�,Ez=~)��j<>T � ��NßwèNZY[L]mpN�Pbc�Y[KMLptÍ`'VX\QL L��MVhm¬odfbL]N>^h_ÏNZLOaO^hcdi�rnL]cdLO\QVXY[PR^nc)NZwèNZYQLOm¬N'�pJ KdL
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NQL]\ZuèPba]LONE^�^óLO\QL]i9& w�YQKdLONZL6NZwèNZYQLOm¬NÇa]^üuhLO\£NQoULOL]a�K Vhcdi fR^/4@i~VXY[V�\[VXYQLON|�CzU��{�Í+&dodN[�-�¨J Kd^hqdrnK
idP2^ L]\QLOc8YGm�qdfRYQPbodfRLÇVXaOaOL]NQN£NQa�KMLOm¬LON£K~VgunL_&ULOL]c¬qMNQLOi PRc idPW^óLO\ZLOc8YGNßY�VhcdidVh\QidNG^X_~Y[KdLnKd\QNZYEVXcdi
NQL]aO^ncMi-rhLOcdL]\[VXYQPb^ncµNßwèNZY[L]mpN]ydY[KdL<Y[KdPR\QiµrnL]cdLO\QVXY[PR^ncµNßwBNßY[L]mpN K~VguhL�VXaOaOL]oMY[L]i\*Ø,ßj<>T � VXN
Y[KML>_ ^h\Qm(^X_$m qMfRY[PRodfbLÍVhaOa]LONZNÍaO^hmpm qMcdPbaOVXY[PR^nc��

J$VV&dfbL��À�WIµNZKd^P46N Y[KdL�L]un^hfbqMYQPb^nc�^X__46Pb\QL]fbL]NQN a]^nmpm�qdcdPbaOVXY[PR^nc�NßwèNZY[L]mpN�^ uhLO\�YQKdL o~VhNßY
YE4Ç^�idL]agVhiMLON'��J+�¦>#.QVXcdoóL]\[V�VhcMi@s���	G\[VXN[VhiuÊÚzMyPI �VË rhPRunLµV)iML]Y�VXPbfbL]i�idLONZaO\ZPboMYQPb^nc�^h_|Y[KML
L]uh^nfbqBY[Pb^hc�^h_ÇY[KdLpNZY�VXcdi~Vh\ZidN VhcMi�PRYQN�NZoóL]aOPWKdagVXYQPb^ncdN1� � N�oULO\(M X 	[	 NZY�VXcdi~Vh\ZidN5ÊÛIrI'Ë y�Y[KML
i~VXY[V YQ\[VhcMNQm¬PbNQNZPb^nc _ ^n\_*Ø,:j<>T � PRN6id^ncdLHPbc�_ \[Vhm¬LON6^h_nI ��Ü�Ýr�lJ KML�_ \[VXmpL>NZYQ\Qqda�Y[qd\ZLH_ ^h\
Y[\QVhcdNZmpPRNQNQPR^nc�PRN¨VhN$NQKd^P46c�Pbcy)$PbrnqM\QLl�U�WI��$J KdLÏidVXY�VÍPRN$m qMfRY[PRodfbL �BLOi(46PvY[K�YQKdLÏa]^nc8Y[\Q^hfMa�K~VhcÀ,
cdL]f$PbcìVµidq~VhfA,xa�K~VhcMcdLOf;�	E`DÍ·��;²q~VXid\[VXYQqd\QLy	£KdVhNQL¬`BKMPR_ýY+Í�L�wBPRcdr � _ ^n\Qm��²J KdL�idL]idPbaOVXY[L]i
odK8wèNQPRagVhfÏidVXY�Vìa�K~VXcdcdLOf��C+	[>jÏz²��PRN»;+	E`DÍ�,xm qMfRY[PRodfbL �BLOi¸46PvY[K�YQKdL idLOiMPbagV Y[LOi�oMK wèNZPbagVXf
aO^hc YQ\Q^nfÍa�K~VhcdcdL]f¬�C+	Ej jÏz²�N�ÏJ KdL)Vha�Y[q~VXf²i~VXY[V�Y[\[VXcdNQm¬PbNZNQPb^hc PbNµiM^ncdL�^nc YQKdLG+	[>jÏz
46KdPRfbL�YQKdL9+	Ej jÏzÝPbN²qMNQLOi)_ ^n\<NQLOcMidPbcdr�a]^nc8Y[\Q^hf¨PbcM_ ^h\QmpVXY[PR^nc��ÍJ KML�aO^nc8Y[\Z^nf¨PRcM_ ^n\QmpVXYQPb^nc
aO^hcdNQPRNZY[Nl^h_�Y[KdL�	£PRfb^hY#&dPvY[NOy�46KdPRa�K�Vh\QL²qMNQLOiµ_ ^h\la�K~VhcMcdLOf}Nßwècda�Kd\Q^hcdPh�OVXY[PR^nc Vhcdi L]NZYQPbmpVXY[PR^nc}y
Y[KML>YQ\[VhcMNQm¬PRY oU^P4lL]\<a]^nc8Y[\Q^hfE� J�	Ej �ÏaO^nm¬m�VXcdidN6VhcdikVhc�^noMYQPb^ncdVhf}J�\[VhcdNZoó^h\ZYl)~^n\QmpVXY_TxcÀ,
idPRagVXYQ^n\ � J�)BTß��yÙ46KdPRa�KìaO^nc8Y[VhPbcdN|Y[KdL�i~VXY[V�\[VXYQL�PRcM_ ^n\Zm�VXYQPb^nc��ÏJ KdL m qMfRY[PA,x\QVXY[L�PRN²Vha�KdPRL]uhLOi
&8w uhVX\ZwèPbcdr�YQKdL<NZod\QLOVhidPRcdr�_ Vha�Y[^n\£^h_óY[KdLl&dPvY[N'�$J KdLÍi~V Y�V>\[VXYQLONÇVha�KdPbL�unL]i�_ ^n\EV>YxwèodPRagVhf{a�KdPRo
\[V Y[L�^h_k|i� �rzr{¬TkaOoMN<VXcdi-uXVh\ßwèPbcdr�NZod\QLOVhidPbcMr _ VXa]Y[^h\QN�&óL�YE4lL]LOcs|pVXcdiì��~�{�Vh\QLHVhN NZKd^P46cWPRc
J�V�&dfbLH�À� �U�
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Comparison of BER using Channel Estimates by inversion and by iteration
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