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iYx PS\#g�JMg=U[O�R�U[\]y[OQPSNEU[\%^ x U%^QO]JhPSX�PSX�T�k4z�J{OQU[y[jdOQOQUHX|^!X�U[j�O]JhoWXdU[^a}~kMOQ�
Jh\�^ x U.oSU[^Q^]U[O?gEkh\]^QU[O]PSkhO�g�O]khN�JMN�PSoSP_^a`cU[\]^QPSL#JM^QkMOWz<khO�J x PSR�R�U[X$�cJMOQ�Mk4Z
L#k6R�U[o<m�k4�E�ao_PSX�U x JMX�R�}YO]P_^]PSX�T.OQU[yHkhThXdP_^]PSkhX%\]`|\]^QU[L!� iYx U�X�U[^a}KkhO]�cU[\Q^]P��
L#Jh^]U[\�g=kM\Q^]U[OQPSkhO�R�PS\Q^]OQPSN�j�^]PSkhX�\fzFkMO�UHJhy x k4zYJ%\QUHOQPSU[\�k4zKzFOQJML#U[\fOQU[g�O]U��
\QU[X6^QPSX�T�\QUHy[^QPSkhXd\.k4zWJ x JMX�R�}YO]P_^]^QU[X{}~kMOQR�� iYx U#\Qjdg=U[O]Z6P_\]U[Rr^QO]JhPSX�PSX�T
JhoSThkMOQPS^ x L!m|NdJhy��6g�OQkMg�JhTMJh^QPSkMX�^ x OQkMj�T x ^QPSL#U4m�O]U[�6j�PSOQU[\&^QJhO]ThU[^fkhj�^]g�j�^]\
^Qk%NEU.g�OQk4Z6PSR�U[R!zFkMO�UHJhy x zFOQJML#U4� iYx OQUHU.L#U[^ x k6R�\fzFkhO�R�U[O]PSZ|PSX�Tc^ x U[\QU
^QJhO]ThU[^]\.JhO]U#g�O]U[\QU[X6^]U[R��r��X�k4ZMU[oKL#U[^ x k6R�N�Jh\]U[Rrj�g=kMX$^ x U.zFkMOQ}KJhO]R6�
N�Jhy��6}~JMOQR{JhoSThkMOQPS^ x L�PS\�z<khj�X�R�^]k%OQUH\Qj�oS^�P_X�^ x U.OQUHy[khTMX�PS�[U[O.}YPS^ x ^ x U
o_k4}KU[\]^YU[OQO]khOWO]Jh^]U4�
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� X�^ x U.�=U[oSR�k�zWk4�E��oSPSX�U x JhX�Rd}YOQPS^QPSX�TcOQUHy[khTMX�PS^QPSkhX�m:^ x U#ThkMJho0PS\�^]k%OQUHJhR$J x JMX�R�}YO]P_^]^QU[X
R�k6y[j�L�U[X6^#JMX�R�gdOQk6R�j�y[U�J{L#JMy x P_XdU�^]OQJMX�\Qy[O]PSg�^QPSkhX���l6j�y x Jr\Q`6\Q^]U[L�y[kMj�oSR�NEU�j�\QU[R
zFkMO?J�Z4JhO]P_UH^a`�k4zWg�j�O]g=kM\QU[\HmYzFO]khL y x U[�6j�U%g�O]k6y[U[\Q\]PSX�T�JhX�R{g=kM\Q^]JhoY\QkMOQ^]P_XdT	^]k�g=U[O]\QkMX�Jho
y[kMOQOQUH\QgEkhX�R�UHX�y[U.OQUHJhR�PSX�T&zFkhOK^ x U�Ndo_PSX�R�khO x PS\]^QkhO]PSy[Jho�R�k6y[jdL#U[X6^KOQU[JMR�PSX�T�� � X�J.g�OQU[Z6PSkhjd\
g�j�Ndo_PSy[JM^QPSkhX��al6U[X�PSkhO����M�4 |¡K}KU x J4ZhU�RdU[\Qy[O]PSN=U[R�J.\]`6\Q^QUHL¢N�JM\QU[R�khX%J�OQU[yHj�OQO]U[X6^�X�U[j�O]Jho
X�U[^a}KkhO]�%�a£YkhNdP_Xd\QkhX����M�4 |¡A} x PSy x y[JhXc^QO]JhX�\]y[OQPSNEU�J x JMX�R�}YOQPS^]^QU[XcR�k6y[j�L�U[X6^[�
iYx U.O]U[y[j�O]OQU[X6^.X�U[jdOQJhoAX�U[^a}KkhOQ��PS\�j�\]U[R�^Qk%UH\Q^QPSL�Jh^QU�gEkh\Q^]U[OQPSkMO�g�OQkMN�JhNdP_oSPS^QPSU[\fzFkMO�y x JhOa�
JhyH^QU[O�y[oSJh\]\QU[\Hm0ThPSZhU[X�z<OQJhL�U[\�k4zYR�Jh^]Jc} x PSy x O]U[g�O]U[\QU[X6^.^ x U x JMX�R�}YO]P_^]^QU[X�}KkhO]R�� iYx U[\QU
g�O]khN�JMN�PSo_PS^]P_UH\0JhO]UWy[kML.N�PSX�U[R.PSX.J x P_RdR�U[X��¤JhOQ�Mk4Z?L�k6R�U[odzFOQJML#U[}KkhO]�=mMj�\QPSX�T�^ x U�¥WPS^QUHOQN�P
JhoSTMkhOQPS^ x L¦^Qk��=X�Rc^ x U�L#kh\]^~gdOQkhNdJhN�oSU�\Q^]Jh^QU&\QU[�6j�U[Xdy[U4�
i k?^]OQJMP_Xc^ x U�X�U[^a}KkhOQ�EmEJ?\]U[OQPSU[\�k4z:^QJMOQThUH^Q\WL.jd\Q^0NEU�ThPSZMU[X�� iYx PS\Yg�JhgEU[OWRdU[\Qy[O]PSN=U[\�^ x OQU[U
L#UH^ x k6R�\:^ x Jh^ x J4ZMU~NEU[U[X�j�\QUHR.^Qk�R�U[O]P_ZMUY^ x UH\QUWgdOQkhNdJhN�PSoSPS^QPSU[\[� iYx UK�=OQ\]^~PS\:J�X�JhPSZMU~NEk6kh^a�
\Q^]OQJMg%L#U[^ x k6R�m=JMoSo_k6y[JM^QPSX�T�U[�6j�Jho2oSU[X�Th^ x \�^Qk.JMo_o2y x JhO]Jhy[^]U[OQ\Hmnj�\QUHR	^]k.\Q^QJMOQ^�^ x U�^QO]JhPSX�PSX�T
g�O]k|yHU[R�j�O]U4� iYx UY\]U[y[kMX�R.PS\§J�\]P_L�g�oSU0¥WPS^]U[OQN�P¨�a\Q^a`6oSUY\QU[TML#U[X6^]Jh^QPSkMX�L#U[^ x k6R�^ x Jh^0JM\Q\QPSTMX�\:J
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PSX%\QgEU[U[y x OQU[y[kMThX�PS^]P_kMX%j�\]P_XdT�O]U[y[j�O]OQU[X6^�X�U[^a}KkhO]�|\��a£YkhNdP_Xd\QkhX{���h�� |¡©� iYx PS\�OQUHg�OQU[\]U[X6^QJ��
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khOA^ x U�oSPSThJh^]j�OQUH\0N=UH^a}~U[UHX�oSU[^]^QU[O]\[� iYx jd\[m6N|`�JhXdJhoSkhTM`�}YPS^ x ^ x UWz<khOQ}KJhO]R6�aN�Jhy��6}~JMOQR�JhoSThk��
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zFkMOQ}KJhOQR���N�JMy��|}KJhO]R?L�U[^ x k|R&zFkMO0OQU[^]OQJMP_XdP_XdT�^ x UYO]U[y[j�O]OQU[X6^YX�UHj�OQJMo=X�UH^a}~kMOQ�E� iYx PS\0Jh\]\QPSThXd\
J�g�OQkMN�JhN�PSoSPS^a`?RdP_\]^QO]P_Ndj�^QPSkhX�Jhy[O]kh\]\Y^ x U�khjd^Qg�j�^YyHo_JM\Q\]U[\KzFkhOKU[JMy x zFO]JhL�UYk4z§^]OQJMP_XdP_XdT?R�JM^QJdm
JhXdR�^QO]JhPSX�PSX�TWkMX�^ x U[\QU��¨\Qk�zF^noSJMN=U[oS\�� O]U[\Qjdo_^]\0PSX�PSL#g�O]k4ZhU[R�gEU[Oaz<khOQL�JhX�yHU0k4z=^ x UKOQU[y[kMThX�PS^]P_kMX
\Q`6\]^QU[L!�
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PSX#} x PSy x ^ x U�XdU[j�OQJMo�X�U[^a}KkhO]�.P_\Kj�\]U[R�m=^ x U[X�\QU[y[^]PSkhX���RdU[\Qy[O]PSN=U[\f^ x U�O]U[y[j�O]OQU[X6^WXdU[^a}~kMOQ�
PSX	L�khO]U�R�U[^]JhPSo<� l�U[y[^QPSkMX	 cU���g�oSJhPSX�\�^ x U.R�P¨�8UHOQU[X6^�L�U[^ x k6R�\�k�z)^]JhOQTMU[^�U[\]^QPSL#JM^QPSkhXcJMX�R
g�O]U[\QU[X6^]\�^ x U%O]U[\Qj�oS^]\�k�z�U���g=U[O]PSL#U[X6^Q\.NEU�zFkMOQU�y[khXdy[oSj�\QPSkhXd\.JhOQU!g�OQU[\]U[X6^QU[R�PSXr^ x Uc�=X�JMo
\QUHy[^QPSkhX��
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iYx U�OQU[y[jdOQOQUHX|^.XdU[^a}~kMOQ��PS\�^ x U�y[U[X6^QO]JhoKg�JhO]^�k4zW^ x U x JhX�R�}YO]PS^QPSX�TcOQU[yHkhThXdP_^]PSkhX�\Q`6\]^QU[L!�
iYx U�kh^ x U[OYg�JMOQ^]\YJhOQU�\]j�L#L�JhOQPS�[UHR x UHOQU�JMX�R#R�UH\Qy[O]P_NEU[R%PSX�L#khO]UYR�U[^]JhPSo�PSX#JhXdkh^ x U[OYg�j�N6�
oSPSy[Jh^]P_kMX
�al6U[X�PSkhO����M�4 |¡©� iYx Uc�=O]\Q^�\Q^QJMThU%k�z�g�OQk6y[U[\]\QPSX�T{y[khX6ZhUHOQ^Q\c^ x UcOQJ4}�R�JM^QJ�PSX6^Qk
JhX�PSX6Z4JhOQPSJMX|^YO]U[g�O]U[\QU[X6^]Jh^QPSkMX$j�\]U[R�Jh\�JhX!P_Xdg�j�^�^Qkc^ x U.X�U[j�O]Jho0X�UH^a}~kMOQ�E� iYx U.XdU[^a}~kMOQ�
khjd^Qg�j�^]\YJhO]U�j�\QUHR%^Qk�y[JhoSy[jdo_JM^QU�}KkhOQRcg�O]khN�JMN�PSoSP_^]PSU[\~PSX�J x PSR�R�U[X%�cJMOQ�hk4Z.L�k6R�U[o<�
� PSOQ\Q^Hm�^ x Uf\Qy[JMX�X�U[R�g�JhTMUWPSL#JMThUKPS\0Jhj�^]khL�Jh^QPSy[JMoSo_`f\QU[TML#U[X6^]U[R#PSX6^Qk�}KkhO]R�\KJhX�R.^ x U[X#XdkhOa�
L#JMoSP_�HU[R����YkhO]L#JMo_PS�[JM^QPSkhX�O]U[L#k4ZMU[\�Z4JhOQPSJM^QPSkhX�\�PSXr^ x U%}KkhO]RrJhg�gEU[JhO]JhX�yHU%^ x JM^.R�k�X�kM^
J4��U[y[^.PS^]\�PSR�U[X6^QPS^a`Mm§\]j�y x JM\�OQkM^QJM^QPSkhX�m0\]y[JhoSU4mK\QoSJhX6^Hm§\]o_kMg=U�JhX�R{\Q^]OQkh�MU#^ x PSy �6X�UH\Q\[� iYx U
x U[PST x ^Yk�z§^ x U�o_UH^Q^QUHOQ\Yz<khOQL�PSX�T�^ x U�}KkhO]R�\YPS\YU[\Q^]PSL#Jh^]U[R�m�JMX�R#L�JhThXdP��Ey[Jh^]P_kMX�\[mM\ x U[JMOWJMX�R
^ x P_XdX�PSX�Tc^QOQJMX�\az<khOQL�\�JhO]U.Jhg�gdo_PSU[R�m§O]U[\Qj�oS^]P_XdT	PSX�J%L#kMOQU�OQkhNdj�\Q^�OQU[gdOQU[\]U[X6^QJh^]PSkhXrk4zY^ x U
}KkhOQR�� iYx U.X�kMOQL�JhoSPS�[U[R%}KkhO]R%PS\�O]U[g�O]U[\QU[X6^]U[RrP_X�Jcy[khL�g�JhyH^Wy[JMX�khX�PSy[JMo2zFkhO]L¢U[X�yHk|RdP_XdT
NEkh^ x ^ x U�\ x JMg=U�JMX�Rc\QJMo_PSU[X6^AzFU[JM^Qj�O]U[\[�K�WoSo�^ x kM\QU�z<U[Jh^]j�OQU[\ zFJhoSoSPSX�T�}YPS^ x PSX#J.XdJhOQO]k4}�ZMU[Oa�
^QPSy[JMo�\Q^]OQPSgcJhy[O]kh\Q\Y^ x U�}~kMOQR�JhOQU�^]U[OQL�U[R#J�zFO]JhL�U4� iYx U�OQUHg�OQU[\]U[X6^QJM^QPSkhX%RdU[OQPSZhUHR�yHkhX�\]P_\]^Q\
k4zYJhO]khj�XdR «��.Z4JhoSj�UH\Wz<khO�U[Jhy x k�z~^ x U�z<OQJhL�U[\[m2R�U[X�kM^QU[R����a� iYx U��!zFOQJML#U[\&��� �"!$#"#"#%!&��'h¡
zFkMOWJ#} x khoSU�}KkhOQR�JhO]U?}YO]PS^Q^QUHX�� '� � � P_ZMU�zFO]JhL#UH\W}Kkhj�oSR%^a`6g�PSy[JMo_oS`�N=U�U[X�kMj�T x ^]kcOQU[g�O]U��\QUHX|^fJ.\QPSX�TMo_U�y x JMOQJhyH^QU[OH� iYx U�O]U[y[j�O]OQU[X6^�XdU[^a}~kMOQ��^QJh�MU[\W^ x U[\]U�zFOQJML#U[\K\QUH�|jdU[X6^QPSJhoSoS`#JMX�R
U[\]^QPSL#JM^QU[\K^ x U�gEkh\]^QU[O]P_kMOYy x JhO]Jhy[^]U[OYg�OQkMN�JhNdP_oSPS^a`�R�PS\Q^QO]PSN�j�^QPSkMX.ThPSZhU[X�^ x U�R�JM^QJ)(+*��-,/.10 � � � ¡�mzFkMO~U[JMy x k4z:^ x UfoSU[^Q^]U[OQ\Hm32dmS�S�Sm 4Em4R�U[Xdkh^QUHR5,�6�!"#$#"#�!%,87�9¾� iYx U[\QU&g=kM\Q^QUHOQPSkhOKg�OQkMN�JhNdP_oSPS^QPSU[\KJhO]U
\QyHJhoSU[RcN6`.^ x U�g�O]P_kMO~yHo_JM\Q\Yg�O]khN�JMN�PSoSP_^]PSU[\[m6JhX�R�JhO]U�^]OQU[JM^QU[R!Jh\K^ x U�U[L�P_\]\QPSkhX.gdOQkhNdJhN�PSoSPS^QPSU[\
PSX#J x PSR�RdU[X%�cJhO]�hk4Z.L#k6R�UHoF�
�¸\]U[g�JhO]Jh^]U�L�k6R�U[o0PS\�y[O]U[Jh^]U[R{zFkhO&U[Jhy x }KkhO]R�PSX�^ x U�Zhk6y[JhNdj�oSJhOQ`Mmn}YPS^ x kMX�U#\]^QJM^QU#gEU[O
oSU[^Q^]U[O[� i OQJhXd\QPS^QPSkhXd\§JMOQUfJhoSoSk4}~U[R.kMX�oS`�zFO]khL¦J?\]^QJM^QUW^]k�PS^Q\]U[o¨z§khOA^Qk�^ x U�X�U���^~oSU[^]^QU[OKPSX.^ x U
}KkhOQR�� iYx U�\QU[^&k4z~\]^QJh^]U[\�PSX%^ x U.L#k6R�U[oS\YPS\�R�U[X�kM^QU[R;:=<=>�?�@1!"#$#"#�!%?"A�B�JhX�R�^ x U?oSU[^]^QU[O
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J��$��� �.}KkhO]R	ZMk6y[JhN�jdo_JMOQ` @ �#l6^]Jh^QPS\]^QPSy[JhoA\QPSThX�P¨�=yHJhX�y[U�k4zY^ x U.OQU[\]j�oS^Q\�PS\�U[Z4JhoSj�JM^QU[R�j�\]P_XdT
l6^]j�R�U[X6^1� \NMa�a^QUH\Q^[m6y[kML#g�JMOQPSX�TY}KkhOQR&OQU[y[kMThX�PS^]P_kMX?O]Jh^]U[\0^QJM�hU[X&zFO]khL�J�X6j�L.N=UHOnk4zEX�U[^a}KkhOQ�6\
^QO]JhPSX�U[R�jdX�R�U[O�^ x U.\QJML#U�y[khXdR�PS^QPSkhX�\�N�jd^�}YPS^ x R�P¨�8U[O]U[X6^?O]JhX�RdkhL¢PSX�PS^]P_JMoSP_�HJh^QPSkMX�\[� iYx U
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iYx PS\0\]U[y[^QPSkMX.R�U[\QyHOQPSN=UH\Y^ x UYO]U[y[j�O]OQU[X6^YU[O]OQkhOKg�O]khg�JMThJh^]PSkhX�X�U[^a}KkhOQ��} x PSy x?x Jh\0NEU[U[X�j�\QU[R
Jh\�^ x U#g�O]khN�JMN�PSo_PS^a`�R�PS\Q^]OQPSN�j�^]P_kMX�U[\Q^]PSL#Jh^]khO�z<khO�^ x U x JhX�Rd}YOQPS^QPSX�T%O]U[y[kMThX�PS^QPSkMX$\Q`6\]^QU[L!�
£YUHy[j�OQO]U[X6^.X�U[^a}KkhO]�|\ x J4ZhU.NEU[U[Xr\Qj�yHy[U[\Q\ zFj�oSoS`$JMg�g�oSPSU[R�^Qk�\QgEU[U[y x O]U[y[khTMX�PS^QPSkhXr�a£YkMN�PSX6�
\QkMX
���M�4 |¡fN�jd^ x J4ZhU.X�kM^�gdOQU[Z6PSkhj�\]oS`	NEU[U[X{j�\QU[R�z<khO x JhXdR�}YOQPS^QPSX�TcO]U[y[khTMX�PS^QPSkhX�m§kMX6��oSPSX�U
khO&k4�E��oSPSX�U4�#­YUHOQU#J!o_U©zF^a�a^Qk���O]P_T x ^W\QyHJhX�X�PSX�T!g�OQk6y[U[\]\?PS\�JMR�khgd^QU[R�^]k�L�Jhg�^ x U�z<OQJhL�U[\�k4z
J#}KkhO]R%PSX6^Qk.J#\]U[�6j�U[X�yHU4m0\Qk�JhR$[�JMy[U[X6^Yz<OQJhL�U[\WJMOQU�yHkhX�\]P_RdU[OQU[R�PSX%yHkhX�\]U[y[j�^]P_ZMU?PSX�\]^QJMX|^]\[�
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f g"gH¼ea4Á-h�S ³e^�¹ À�½MÊh¹ Â©²�U�¹ ²HÂ¾¹ ihÇ g�^ i�bjg R ²H³Q²



��OQUHy[j�OQO]U[X6^%X�U[^a}KkhO]�$PS\.}KU[oSoY\Qj�PS^QUHR
^Qk�^ x U%OQUHy[khTMX�PS^QPSkhXrk4z�g�Jh^]^QU[O]X�\ck6y[y[j�O]OQPSX�T$PSX{J
^QPSL�U���\]U[OQPSU[\YNEU[y[JMj�\QU�\QUHOQPSU[\�k4z:JhOQNdP_^]OQJMOQ`#oSU[XdTh^ x y[JhXcNEU�g�OQk6y[UH\Q\QUHR�mn}YPS^ x ^ x U�\QJML#UWgdOQk4�
y[U[\]\QPSX�T{N=U[PSX�T�gEU[O zFkhO]L#U[RrkhX U[Jhy x \QU[yH^QPSkhX
k�z�^ x U%PSX�gdj�^.\Q^]OQU[JML%� iYx j�\.J�oSU[^]^QU[O���� �
y[JMX NEU%O]U[y[khTMX�PS�[U[R
N6`{^ x U%\]JhL�U#g�O]k|yHU[\Q\HmW} x U[O]U[ZhU[OcPS^.k6y[y[j�O]\#PSXrJ	}KkhO]R�� � XrJMR�R�P¨�
^QPSkMX�m=PSX6^QU[O]X�JhoN�¨\Q^QJM^QU���j�XdP_^]\YJhO]U?J4Z4JMP_oSJMN�oSUY^Qk#UHX�y[k6R�U�L.j�oS^QP¨�Fz<OQJhL�UYy[kMX|^]U���^�P_X�zFkhO]L#Jh^]PSkhX
\Qk�oSU[^]^QU[O]\c\Qg�O]U[JhR
k4ZMU[O#\]U[ZhUHOQJhofzFO]JhL�U[\?yHJhX
NEU%OQUHy[khTMX�PS�[U[R�� iYx U%O]U[y[j�O]OQU[X6^%XdU[^a}~kMOQ�

Input/Output Units

... v v l e e w w w t t...

Unit Time Delay

NetworkInput Frames

Feedback Units

Output

(Character probabilities)

� PSThj�O]U��c(§��\]y x U[L#JM^QPSyWk�z§^ x U�OQU[y[jdOQOQUHX|^fU[OQO]khOfg�OQkMg�JhTMJh^QPSkMX.X�U[^a}KkhOQ�E�
� khOKy[oSJhOQPS^a`�khX�oS`.J&zFU[}+k4z0^ x U�j�XdP_^]\YJhX�RcoSPSX��6\~JMOQU�\ x k4}YX��

JhO]y x PS^QU[y[^]j�OQU.jd\QU[R x U[O]U.P_\fJ#\]P_XdThoSU�oSJ4`hU[Ofk4z~\]^QJMX�R�JhO]R%gEU[OQy[UHg�^QO]khX�\�}YPS^ x X�kMX�oSPSX�U[JhOfJhy��
^QPSZ4JM^QPSkhX�zFjdX�y[^QPSkMX�\[� iYx U�kMj�^Qgdj�^�� . k4zWJ�j�X�PS^��&P_\�J!zFj�X�y[^]PSkhX$k�z�^ x UcP_Xdg�j�^Q\����%JMX�R
^ x U	X�UH^a}~kMOQ�rg�JhO]JhL�U[^QU[O]\[mW} x P_y x JMOQU�^ x U�}KU[PST x ^Q\�k4z�^ x U�oSPSX��6\
	�. � }YPS^ x J$N�PSJh\��&. (

� . < 
 . � >���� BM¡�! � �¾¡ �
. < �%.���� ����	�.���# ���M¡
iYx U�X�U[^a}KkhOQ��PS\&zFj�oSoS`%y[kMX�X�U[y[^]U[R�� ^ x JM^�PS\[m0U[JMy x PSX�gdj�^�PS\?yHkhX�X�UHy[^QU[Rr^]k	U[ZMU[OQ`�kMj�^a�
g�j�^H��­Yk4}KU[ZhUHO[m�\QkhL�U%k4z�^ x U�PSX�g�j�^�j�X�PS^Q\�OQU[y[UHP_ZMU�X�k$UL��^]U[OQXdJho�PSX�g�jd^�JMX�R
JMOQU�y[khX6�
X�U[yH^QU[R+khX�U©��^]k4�akhX�Uc^Qk�yHkhOQO]U[\QgEkhXdR�PSX�T$kMj�^Qg�jd^.j�X�PS^Q\.^ x OQkMj�T x J�j�X�PS^.^]P_L�U��aR�U[oSJ4`$� �=T4�
j�O]U���¡©� iYx U$O]U[L#JMP_XdP_XdT PSX�gdj�^	jdX�PS^Q\%JMy[y[U[g�^{J
\QPSX�TMoSU�zFOQJML#U�k4z#gdJhOQJML#U[^]OQPS�[U[R PSX6�
g�j�^!JhX�R+^ x U�O]U[L#JMPSX�PSX�T��h¬{khjd^Qg�j�^!j�X�PS^Q\%UH\Q^QPSL�Jh^QU!o_UH^Q^QUHO	g�O]khN�JMN�PSoSP_^]PSU[\.zFkMOc^ x U��M¬
y x JhO]Jhy[^]U[Ocy[oSJh\]\QU[\H� iYx UczFU[UHR�N�Jhy��rj�X�PS^]\ x J4ZMU%J$\]^QJhXdR�JhO]R
\QPSThL�khPSR�JhyH^QPSZ4Jh^]P_kMX{zFj�X�y��
^QPSkMX��e�h¡©m%N�j�^$^ x U
y x JMOQJhyH^QU[O
kMj�^Qgdj�^Q\ x J4ZhU
J=�¨\Qk4z<^QL#Jc�P��JMy[^QPSZ4Jh^]PSkhX zFj�X�yH^QPSkhX(�F 6¡��


 . � >�����BM¡ < ����� �"!�#�$Q¡%! @ � �M¡ 
 . �e>��&� Bh¡ < � # $
' � � #)( # �F 6¡

efj�OQPSX�T�O]U[y[khTMX�PS^QPSkhX�� � zFkMOQ}KJhO]R?g�O]khg�JMThJM^QPSkhXP��¡©m ^ x UK�=O]\Q^:zFO]JhL�U~PS\:g�OQUH\QU[X6^QUHR�JM^:^ x UYPSX�g�jd^
JhXdR�^ x U&zFU[U[R�NdJhy��cj�X�PS^Q\fJhOQU&P_XdP_^]PSJhoSPS�[U[R#^]k.Jhy[^]PSZ4Jh^QPSkMX�\Yk4z��6�+*�� iYx U�kMj�^Qgdj�^Q\fJhOQU&y[JhoSy[j6�
oSJh^]U[R%���YJhX�R��h¡:JMX�R#O]U[JhR�k4�czFkMO0j�\QU�PSX.^ x U �¤JhOQ�Mk4Z?L�k6R�U[o<� � X#^ x UWXdU���^~PS^QUHOQJh^]PSkhX�m6^ x U
khjd^Qg�j�^]\~k�zn^ x UKz<U[U[R�N�JMy��.j�X�PS^Q\KJhO]UWy[kMg�PSU[R.^Qk�^ x UYz<U[U[R�N�JMy��.P_Xdg�j�^Q\Hm|JMX�R#^ x UYX�U���^AzFOQJML#U
g�O]U[\QU[X6^]U[Rc^Qk�^ x UfP_Xdg�j�^Q\H�-,fj�^]g�j�^]\YJhOQUYJMThJMP_X.yHJhoSy[j�oSJh^]U[R�m6JhX�R.^ x UWyH`|yHo_UfPS\0OQU[gEU[JM^QU[R�zFkMO
U[JMy x zFOQJML#UKk4z�PSX�g�j�^Hm|}YPS^ x J&g�OQkMN�JhN�PSoSPS^a`�R�PS\Q^]OQPSN�j�^]PSkhX�N=U[PSX�T�ThUHX�U[OQJM^QU[R zFkhOAU[Jhy x z<OQJhL�U4�
i k.JhoSoSk4}
^ x U�X�U[^a}KkhO]��^]k.Jh\]\QPSL#PSoSJh^]UWy[kMX|^]U���^WPSX6zFkMOQL�Jh^QPSkMX�m|\]U[ZhUHOQJho2zFO]JhL�U[\~k�z0R�Jh^]J#JhO]U
g�JM\Q\QUHR
^ x O]khj�T x ^ x U%XdU[^a}~kMOQ�{N=U�z<khOQU!^ x U%gdOQkhNdJhN�PSoSPS^QPSU[\&zFkhO.^ x U��=OQ\]^.zFO]JhL#U�JhO]U�O]U[JhR
k4�:mYg�OQUHZ|PSkMj�\.khj�^]g�j�^.g�O]khN�JMN�PSoSP_^]PSU[\?NEU[PSX�T�R�PS\]y[JhO]R�U[R�� iYx PS\.P_Xdg�j�^/.�khj�^]g�j�^.oSJh^]U[X�y[`{PS\
L#JMPSX|^]JhPSX�U[R{^ x O]khj�T x khjd^#^ x U	PSX�g�jd^�\]U[�6j�U[X�yHU4m�}YPS^ x U���^]OQJ�m�U[L�g�^a`{zFOQJML#U[\.k�z?PSX�g�j�^]\
NEU[PSX�Tcg�OQU[\]U[X6^QU[RrJM^�^ x U�U[X�R�^QkcTMP_ZMU?gdOQkhNdJhN�PSoSPS^a`�RdP_\]^QO]P_Ndj�^QPSkhXd\Wz<khOW^ x U.oSJh\]^Wz<OQJhL�U[\�k4z
^QO]j�UcPSX�g�j�^]\[�$�(oSJh^QUHX�y[`�k4z�^a}~k¤zFOQJML#U[\ x Jh\�NEU[U[X{zFkhjdX�R$^]k	NEU#L�kh\Q^&\QJh^]PS\azFJMy[^QkMOQ`�PSX
U���gEU[OQPSL#UHX|^]\Y^Qk.R�JM^QU4�
02143 @01�5�9<-:9F-76
i k�N=U�JhNdo_Uc^]k$^QO]JhPSX
^ x U%X�U[^a}KkhO]�r^ x U�^QJMOQThUH^#Z4JhoSj�UH\98:�M��M ¡ R�U[\]P_O]U[R zFkhO�^ x U%kMj�^Qgdj�^Q\
�)�6� � � ¡<; <H� !$#"#"# !)�=*fzFkMOKzFOQJML#U�� � L.j�\Q^0NEU�\QgEU[y[P¨�=U[R�� iYx U�^]JhO]ThU[^K\QgEU[y[P¨�=y[JM^QPSkhX!P_\KR�U[JMoS^



}YPS^ x PSX.^ x UYX�UL��^A\QU[y[^]PSkhX�� � ^§PS\0^ x UYR�PS\QyHOQU[g�JMX�y[`�N=U[^a}KU[U[X�^ x UYJMy[^QjdJhoEkhj�^]g�j�^Q\AJhX�R.^ x U[\QU
^QJMOQTMU[^Q\.} x PSy x L�Jh�MU.j�g$^ x UckhN [�U[yH^QPSZhU zFj�X�y[^]PSkhX$^]k	NEUcL#Jc��PSL.PS�[U[R�N6`�JhR$[©j�\Q^]P_XdT%^ x U
PSX6^QU[O]X�Jho2}~U[PST x ^]\Wk�z§^ x U?X�UH^a}~kMOQ�E� iYx U�j�\]j�Jho2khN [�U[yH^QPSZhU�z<j�X�y[^]P_kMXcP_\f^ x U&L#U[JMX#\Q�6j�JMOQU[R
U[O]OQkhOHm~N�jd^ x U[OQUc^ x U#O]U[oSJh^QPSZMU#U[X6^QO]khg6`Mm���m0k4z�^ x U�^QJhO]ThU[^�JhXdR$khjd^Qg�j�^�R�PS\Q^]OQPSN�j�^]PSkhX�\�PS\
j�\]U[RP( � < � � � � � 8:����M ¡6oSkhT

8:����M ¡
�)�h� � � ¡ # ��*M¡

�Y^�^ x U�U[X�Rrk4zWJ�}~kMOQR�m0^ x UcU[OQO]khO]\.N=U[^a}KU[U[Xr^ x U#X�UH^a}~kMOQ�T� \?kMj�^Qg�jd^Q\.JhXdR$^ x U#^QJMOQTMU[^Q\
JhO]U?gdOQkhgdJhThJM^QU[R�N�JMy �!j�\QPSX�Tc^ x U.ThU[X�UHOQJhoSPS�[U[R�R�U[oS^]J�O]j�oSU#�a£Yj�L�U[o x JhO]^���� �	��
:�¾�h«h¬M¡YJMX�R
y x JhXdThU[\�^Qk�^ x U%X�U[^a}KkhO]�$}KU[PST x ^Q\�JhOQUcy[JMoSy[j�oSJh^]U[R�� iYx UcX�U[^a}KkhO]� JM^.\Qj�yHy[U[\Q\]PSZhU�^QPSL#U
\Q^]U[g�\�PS\f^QOQUHJh^QUHR	JM\WJhR"[�Jhy[UHX|^foSJ4`hU[O]\Wk4zKJ#L.j�oS^QP¨�aoSJ4`4U[O~XdU[^a}~kMOQ�E� iYx PS\Wg�O]k|yHU[\Q\�PS\fThU[X�UHOa�
JhoSoS`.�6X�k4}YX%JM\ �¨N�Jhy��M�ag�OQkMg�JhTMJh^QPSkMX.^ x O]khj�T x ^QPSL#Uc��� K U[O]N=kM\?���M� �M¡��Y�YzF^]U[OWgdOQk6y[U[\]\QPSX�TO�
zFO]JhL#UH\Wk4zYR�JM^QJc}YPS^ x JhX�P_Xdg�j�^/.�khj�^]g�j�^�oSJh^]U[X�y[`Mmn^ x U.X�U[^a}KkhOQ�!P_\�U[�6j�PSZ4JMo_UHX|^�^]k�J��-� �
oSJh^]U[X�y[`�¡:oSJ4`hUHO§gEU[O]y[U[g�^]OQkhXc\ x JhO]P_XdT�}KU[PST x ^]\0N=UH^a}~U[UHX#oSJ4`hU[O]\[� � kMO:J�R�U[^]JhPSoSU[R?RdU[\Qy[O]PSg�^QPSkhX
k4zK^ x U�^]OQJMP_XdP_XdT#g�O]k|yHU[R�j�O]U4m§^ x U�O]U[JhR�UHO�PS\WOQU©zFU[OQO]U[R�U[oS\QUH} x U[OQUc�a£Yj�L�U[o x JhO]^��
� �	��
2���M«h¬��
£YkMN�PSX�\QkMX	�¾�h�4 6¡��
� � v:u ����t u
��� �2sMt|� �¦v2t6�Q� �
iYx UKR�Jh^]J�j�\QU[R�z<khO:^QO]JhPSX�PSX�TWJMOQUKkhX�oS`�oSJMN=U[oSoSU[R�N6`�}KkhO]R�� iYx Jh^:PS\[mhUHJhy x PSL�JhThU:O]U[g�OQUH\QU[X6^Q\
J.\QPSX�TMoSU�}~kMOQR�mE} x kh\]U?PSR�UHX|^]PS^a`#PS\Y�6X�k4}YX�m�N�j�^Y^ x U�z<OQJhL�U[\YOQUHg�OQU[\]U[X6^QPSX�Tc^ x Jh^W}KkhO]R%JhO]U
X�kM^§oSJMN=U[oSoSU[R�^]kWPSX�R�PSy[JM^QUK} x PSy x g�JhO]^:k4z=^ x U~}KkhO]R?^ x U[`�O]U[g�O]U[\QU[X6^H� i kW^]OQJhPSX�^ x UKX�U[^a}KkhOQ�Em
J�oSJhNEU[o6zFkMO§UHJhy x zFOQJML#U�� \2P_RdU[X6^QPS^a`�L.j�\]^nNEUYg�OQk4Z6PSR�U[R�����JMN=UHo_\AJhOQUYPSX�RdP_yHJh^QUHR?N6`�^ x UY\Q^]Jh^QU� ��� : JhX�Rc^ x U�y[kMOQOQUH\QgEkhX�R�PSX�T.oSU[^]^QU[O��E��� � ¡Kk4z0} x PSy x J�z<OQJhL�U8� � P_\Kg�JMOQ^[�� 143 , GH9�� �"!<3#GH;#!�$&%�9<;=-
i k�N=k6kh^]\Q^]OQJhg.^ x UYX�U[^a}KkhO]�Em|J�X�JMP_ZMU~L�U[^ x k|R&}~JM\0j�\QUHR�m|} x P_y x \]P_L�g�oS`WR�PSZ6PSR�U[R�^ x UY}KkhO]R
j�g�PSX|^]k#\]U[y[^QPSkMX�\�k4zKU[�6j�Jho:oSU[X�TM^ x mnkMX�U&zFkhOfU[Jhy x o_UH^Q^QUHO�PSX%^ x U�}KkhOQR�� iYx j�\[mEzFkMO�JhX('��
oSU[^Q^]U[OK}~kMOQR.k4zP��zFO]JhL#UH\[m�� ' � m6^ x U �=OQ\]^~oSU[^]^QU[OK}KJh\0JM\Q\QjdL#U[R�^Qk�NEUWO]U[g�O]U[\QU[X6^]U[R%N6`�z<OQJhL�U[\
�*)+� m�^ x U�X�U���^fN|`d�-,�)+)+/. � JhX�Rc\Qk.kMX�� iYx U�\]U[ThL�U[X6^QJM^QPSkhX�P_\YL�Jhg�gEU[R�P_X6^]k?J.\]U[^Wk�z§^QJMOQTMU[^Q\Jh\Kz<khoSoSk4}Y\1(

8:�M��M ¡ < 0 �fP�z/CK��� � ¡/< , �
�&kh^ x U[OQ}YPS\QU�� ��¬M¡

� PSThj�O]U ��J	\ x k4}Y\.\Qjdy x J�\QU[TML#U[X6^]Jh^QPSkMX�zFkMO?J�\QPSX�TMo_Uc}KkhO]R�� b�Jhy x oSPSX�U4mKOQU[g�O]U[\QUHX|^]PSX�T
8 � � M ¡fzFkMO�\QkML#U ;|m x JM\�J%N�O]khJMR	gEU[Jh��z<khO�^ x U zFOQJML#U[\�O]U[g�OQUH\QU[X6^QPSX�T�oSU[^]^QU[Od, � �	l�j�y x J
\QUHThL#UHX|^]Jh^]P_kMX�PS\.P_XdJhy[y[jdOQJh^]U4mYN�j�^�y[JhXrNEUcP_L�g�OQk4ZMU[R�N|`{JhR�RdP_XdT%g�OQPSkMO?�6X�k4}YoSU[R�TMU4� � ^
PS\�y[oSU[JhO�^ x Jh^&\QkhL�U?oSU[^]^QU[O]\?JMOQU�ThU[XdU[OQJMo_oS`�oSkhX�TMU[O�^ x JMX�kh^ x U[OQ\Hm§JMX�R�\QkML#U�\ x khO]^QU[OH�(10`
}KU[PST x ^QPSX�T.oSU[^]^QU[O]\�Jhy[yHkhOQRdP_XdT�^]k#^ x U[PSO9�325476�89476noSU[X�TM^ x \fP_^fPS\�gEkh\]\QPSN�oSU�^]k�TMPSZhU�J�N=U[^]^QU[OHm
N�j�^&\Q^QPSoSo:ZhU[O]`	\]PSL#g�oSU4m�\QUHThL#UHX|^]Jh^]P_kMX�� iYx U.o_UH^Q^QUHOQ\��:6<;=�-�8JMOQU.TMP_ZMU[X�J�oSU[XdTh^ x k4z @7 JMX�R
�<>�;@? �:Jco_UHX�Th^ xBA 7 OQU[oSJM^QPSZhU.^]k�kM^ x UHO?oSU[^]^QU[O]\[� iYx j�\�PSX�^ x U.}KkhO]R;�:?C6�DT�Sm�^ x U��=O]\Q^ x Jho¨z
k4z0^ x U�z<OQJhL�U[\Y}Kkhj�oSRcN=U�Jh\]\QPSThXdU[R%^ x U�oSJhNEU[o/�FET�Sm�^ x U?X�UL��^f\QP ��^ x �<G �=JMX�R%^ x U�oSJh\]^W^ x P_O]R
^ x U.o_JMN=UHo��IH �S� K
x P_oSU�^ x PS\�\QUHThL#UHX|^]Jh^]P_kMX%PS\�y[khX�\]^QO]j�y[^QUHR }YPS^ x X�kcO]U[ThJMOQR�zFkMOW^ x U.R�Jh^]J
NEU[PSX�T.\QU[TML#U[X6^]U[R�m�PS^YPS\0zFkMj�X�Rc^Qk�g�O]k4Z|PSR�U�J.TMk|k6R�P_XdP_^]PSJhoEJhg�g�O]k"��P_L�Jh^]P_kMX�z<OQkhL } x PSy x PS^
PS\Yg=kM\Q\]P_Ndo_U�^]k.^QOQJMPSX#^ x U�X�U[^a}KkhO]�#^Qk.O]U[y[kMThX�PS�[U�}KkhO]R�\[m�JMoSN=U[PS^Y}YPS^ x�x PST x U[OQO]khOWO]Jh^]U[\[�� 1�J K 9�%�3614D:9:143ML]3�G7%¾9N� 55%�9<;=-
­YJ4Z6PSX�T�^QOQJMPSX�U[R�^ x U.X�U[^a}KkhOQ��^Qkc\]khL#U&Jhy[y[jdOQJhyH`hm0PS^�y[JhX�NEU.j�\QU[R{^Qkcy[JMo_yHj�oSJh^QU�JcThk6k6R
U[\]^QPSL#JM^QU�k�z�^ x U�g�OQkMN�JhN�PSoSPS^a`.k4z~UHJhy x z<OQJhL�UWNEU[oSkhX�TMPSX�T#^]k#JhX6`�o_UH^Q^QUHO[� iYx U�g�OQkMN�JhNdP_oSPS^a`
k4z�JhX6`$\]^QJM^QU%\]U[�6j�U[X�y[U�y[JMX ^ x U[X
NEU%y[JMoSy[j�oSJh^]U[RrP_Xr^ x U x PSR�R�U[X
�cJMOQ�hk4Z{L#k6R�U[o<m0JMX�R
^ x U.L#kh\]^�o_PS�MU[oS`�\]^QJM^QU#\]U[�6j�U[X�yHU�^ x OQkMj�T x ^ x U.y[kMOQOQUHy[^.}~kMOQR � > z<khj�X�R�j�\]P_XdT%R�`6X�JhL�PSy
g�O]khThO]JhL�L#PSX�T6� iYx PS\YN=UH\Q^Y\Q^]Jh^]U�\QU[�6j�UHX�y[UO� > OQU[g�O]U[\QUHX|^]\�J.X�U[}+\QU[TML#U[X6^QJM^QPSkhX.TMPSZ|PSX�T&J
oSJhNEU[o6zFkMO0U[JMy x z<OQJhL�U4� � khO:J�X�UH^a}~kMOQ��} x PSy x L#k6R�UHo_\:^ x UYg�OQkMN�JhNdP_oSPS^a`�R�PS\]^QOQPSN�jd^QPSkhX�\:}KU[oSo<m
^ x P_\.\]U[ThL�U[X6^QJM^QPSkhX�}YPSoSo~NEUcN=UH^Q^QUHO�^ x JhX{^ x UcJMj�^QkML#Jh^]PSy.\QU[TML#U[X6^QJM^QPSkhX{k4z�\QU[y[^]PSkhXr �� �
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�FNE¡ �Fy�¡
� PSThj�O]U � (�l�U[ThL�U[X6^QJh^]PSkhX�\Kk4z:^ x U�}KkhOQRO�����/� ����4j�S�0b:Jhy x oSPSX�UWO]U[g�OQUH\QU[X6^Q\
*�� � � < , . 0 �§¡8zFkhO�kMX�U0oSU[^]^QU[O , . JMX�R�PS\ x PST x zFkMO�zFO]JhL�UPM�} x U[XO�§>� <�, . �
�FJ6¡KPS\~^ x U�U[�6j�JMo��aoSU[X�TM^ x \]U[ThL�U[X6^QJM^QPSkhX�R�PS\Qy[j�\]\QU[R!P_Xc\]U[y[^QPSkMX� d� ���<N=¡KPS\
Jc\QU[TML#U[X6^]Jh^QPSkMX	k�z~JhX�j�X6^]OQJhPSX�UHR	X�UH^a}~kMOQ�E�%�Fy¾¡�PS\�^ x U.\]U[ThL�U[X6^QJM^QPSkhX
OQU©��U[\]^QPSL#JM^QU[Rc}YPS^ x J.^QO]JhPSX�U[RcX�U[^a}KkhO]�E�

\QPSX�yHUYP_^A^QJh�MU[\0^ x UYR�Jh^]J�P_X6^]k�JMy[y[kMj�X6^[� � PSX�R�PSX�T�^ x UYL�kh\]^§gdOQkhNdJhN�oSUK\Q^QJM^QUf\QU[�6j�U[Xdy[U3� > PS\
^QUHOQL#UHR�J����	��

�����	���������������Q�:l6PSX�y[U�kMX�oS`.^ x U�y[kMOQOQUHy[^�}~kMOQRcL#k6R�U[oEX�U[UHR%N=U&y[khX�\]PSR�U[OQUHR�m
\Qjdy x JhX�JMo_PSTMX�L#U[X6^�PS\EzFJM\Q^]U[On^ x JhX�^ x U0\]U[JhO]y x ^ x OQkhjdT x ^ x UK} x kMo_U:oSU���PSy[khX�^ x Jh^2P_\�O]U[�6j�PSOQU[R
zFkMO~O]U[y[khTMX�PS^QPSkhX�� i OQJMPSX�PSX�T�khX#^ x PS\~JMj�^QkML#JM^QPSy~\]U[ThL�U[X6^QJM^QPSkhX.TMP_ZMU[\0J�N=UH^Q^QUHOYOQU[y[kMThX�PS^]P_kMX
OQJM^QU4mEN�j�^Y\]^QPSoSo�J4ZhkhPSR�\K^ x U�XdU[y[U[\]\QPS^a`%k4z:L#JMX|jdJhoSoS`�\QU[TML#U[X6^]P_XdT?JMX|`.k�z0^ x U�R�JM^QJhNdJh\QU��
� PSThj�O]U ��\ x k4}Y\.^a}Kk�¥WPS^QU[O]N�PW\]U[ThL�U[X6^QJM^QPSkhX�\�k4z�^ x U!}~kMOQR �����/��� �
4 �S� � P_O]\Q^Hm~�EThj�O]U ��N
\ x k4}Y\W^ x U?\]U[ThL�U[X6^QJh^]PSkhX#JMOQO]P_ZMU[R%JM^WN6`c^QJh�6PSX�T.^ x U�L#kM\Q^YoSPS�hU[oS`.\]^QJh^]U?\]U[�6j�U[X�yHU.N=U�z<khOQU
^QO]JhPSX�PSX�Tf^ x UKX�U[^a}KkhO]�=�0l6PSX�y[UK^ x UYU[L#PS\Q\]PSkhX�g�OQkMN�JhNdP_oSPS^a`WRdP_\]^QO]P_Ndj�^QPSkhXd\nJhO]U~O]JhX�RdkhL%m4^ x U[OQU
PS\WX�kM^ x PSX�T.^]k#R�PS\]^QPSX�ThjdP_\ x NEU[^a}~UHU[X�^ x U&\Q^QJM^QU�\QU[�6j�UHX�y[U[\Hm0U���y[U[g�^�\QoSPST x ^fZ4JhOQPSJM^QPSkhX�\KR�j�U
^QkcPSX�PS^QPSJMonJh\]`6L#L#UH^QOQ`�PSX	^ x U?XdU[^a}~kMOQ�Em:\QkcJcg=k6khO�\]U[ThL�U[X6^QJh^]PSkhX%O]U[\Qj�oS^]\[�#� zF^QU[O�^]OQJhPSX6�
PSX�T%^ x U#X�UH^a}~kMOQ�r����y�¡�m0^ x U#Rdj�OQJM^QPSkhX�\�R�U[Z6PSJh^]U�zFOQkML ^ x U�g�OQPSkhO�Jh\]\Qj�L�U[R�R�j�O]Jh^]P_kMX�\�^]k
L#JM^Qy x ^ x UfkhN�\]U[OQZMU[R#R�JM^QJd� iYx PS\0O]U��aU[\Q^]P_L�Jh^]U[R.\QU[TML#U[X6^]Jh^QPSkMX?O]U[g�OQUH\QU[X6^Q\f^ x UfR�Jh^]J�L#kMOQU
JhyHy[j�OQJM^QU[oS`Mm�\Qk#TMPSZhU[\fN=U[^]^QU[O&^QJhO]ThU[^]\�^Qk4}KJhOQRd\W} x PSy x ^Qk.^]OQJMP_X���� zFj�OQ^ x U[O�PSL#g�O]k4ZhU[L.UHX|^
PSX#O]U[y[khTMX�PS^QPSkhX�Jhy[yHj�OQJMy[`#y[JMX#NEU�khN�^]JhPSX�U[R�N|`.jd\QPSX�T�^ x U�^QJMOQTMU[^Q\YR�UH^QU[O]L#PSX�U[R�N|`.^ x UWO]U��
U[\]^QPSL#JM^QU[R.\]U[ThL�U[X6^QJh^]PSkhX�� iYx P_\Ky[`6y[oSUWyHJhX#NEUWO]U[gEU[Jh^]U[Rcj�X6^QPSo=^ x UW\]U[ThL�U[X6^QJM^QPSkhX�\AR�k�X�kM^
y x JhXdThU�JhX�R%gEU[O zFkhO]L#JhXdy[U�y[U[JM\QU[\�^Qk�PSL#g�O]k4ZhU4� � khOf\QgEU[U[R�m2^ x U.X�UH^a}~kMOQ�cPS\WX�kM^�^]OQJMP_XdU[R
^Qk.yHkhX6ZhU[O]ThU[Xdy[U�Jh^YUHJhy x P_^]U[OQJM^QPSkhX��
� ^0y[JMX.N=Uf\ x k4}YXc�al6JhX6^]P_XdP�JhX�R#efU[o-1AP_L.NEk?�¾�h�"*h¡2^ x JM^[m6Jh\]\Qj�L�P_XdT�^ x Jh^A^ x UfX�U[^a}KkhOQ� x JM\
U[X�kMj�T x g�JMOQJML#U[^]U[OQ\Hm~^ x U%X�U[^a}KkhO]�$khjd^Qg�j�^]\.J4zF^]U[O.y[kMX|ZMU[OQTMU[X�y[U!}YP_oSoYJMg�g�OQk"��PSL#JM^QU�^ x U
gEkh\Q^]U[OQPSkMO�g�OQkMN�JhNdP_oSPS^QPSU[\ *��-,/.10 � � � ¡�� � j�O]^ x U[OHm§^ x U.Jhgdg�OQk"��PSL#JM^QPSkhXO*��E, .�0 � � � ¡�� *��E, .L0 � �<¡
PS\~L�JhR�U�� iYx UWgEkh\]^QU[O]PSkhOQ\YJMOQUf\Qy[JMo_UHR�N6`�^ x U�y[oSJM\Q\Kg�OQPSkhO]\ *��E, . ¡Y� 10kMj�OQoSJMOQR#JMX�R#�ckMOQThJMX
���M� �M¡�m6JhX�R�^ x U[\]U�\QyHJhoSU[Rcg=kM\Q^]U[OQPSkhO]\YJhO]U�jd\QU[RcPSX#^ x U x PSR�R�U[X%�cJMOQ�hk4Z�L#k6R�UHo=PSX#gdo_JMy[U�k4z
R�JM^QJ.oSPS�hU[oSP x k6k6R�\0\QPSX�yHU4m=N6` 1AJ4`hUH\1�=O]j�oSU4m

*�� � �%0 , .�¡! *��E, .L0 ���F¡
*��E, . ¡ # �#"M¡

i JhN�oSUc��\ x k4}Y\�}KkhOQR�O]U[y[kMThX�PS^QPSkMX	U[O]OQkMO�OQJM^QU[\�z<khO�^ x OQU[U#«��¾�aj�X�PS^�X�U[^a}KkhO]�|\&^QOQJMPSX�U[R�^Qk4�
}KJhOQRd\n�)��UHR?^]JhOQTMU[^Q\AU[\Q^]P_L�Jh^]U[R�N6`�JhXdkh^ x U[O:X�U[^a}KkhOQ�EmhJMX�R�^ x U[X�OQUH^QOQJMPSX�U[R�m6OQU��aU[\]^QPSL#JM^QPSX�T
^ x U�^]JhO]ThU[^]\WJh^YUHJhy x P_^]U[OQJM^QPSkhX�� iYx U�OQU[^]OQJhPSX�PSX�T.PSL�g�OQk4ZMU[\0^ x U�OQU[yHkhThXdP_^]PSkhX#gEU[O zFkhO]L#JhXdy[U
�EQ����h¡/< � #��d��!&M�$ % 9 ���M¡ < � #��"�h¡��� 1 0 & ;E145 5�1h/ LQD75('*)�5 5d1h/�143/LQ3�G %�9�� 5 %¾9F;E-
iYx UK\Q`6\Q^]U[L¦R�U[\]y[OQPSNEU[R.JhNEk4ZhU0gEU[O zFkhO]L#\:}~UHo_o6JMX�R�PS\:^ x UKL#U[^ x k6R�j�\]U[R?PSX�g�OQUHZ|PSkMj�\:OQU[y[jdOa�
OQUHX|^fX�U[^a}KkhO]��\]`6\Q^QUHL#\[mEN�j�^fU���JhL#PSX�PSX�T&^ x U�\]g=UHU[y x O]U[y[khTMX�PS^QPSkhX!o_PS^]U[OQJM^Qj�O]U4m=J�g=kM^QU[X6^QPSJMo
L#UH^ x k6R#k�z§PSL#gdOQk4ZhUHL.U[X6^§yHJhXcN=U�\]U[U[X��K¥WPS^QU[O]N�P�z<OQJhL�UYJhoSPSThX�L�U[X6^ x Jh\Y\]k�zFJMO~NEU[U[X!j�\QU[R
^QkcR�UH^QU[O]L#PSX�U.^QJMOQTMU[^Q\�z<khO�^]OQJhPSX�PSX�Td� iYx PS\�JM\Q\]P_TMX�\�kMX�U.y[oSJh\]\�^QkcU[JMy x z<OQJhL�U4mnN�JM\QU[R�kMX
^ x U#L#kM\Q^�oSPS�hUHo_`!\Q^QJM^QUc\QUH�|jdU[X�y[U4�{��NEU[^Q^]U[O#JMg�g�O]khJhy x L�P_T x ^�NEU#^]k	JMoSo_k4} J%R�PS\Q^]OQPSN�j6�
^QPSkMX#JhyHOQkh\]\WJMo_o�^ x U�y[oSJh\]\QU[\fP_XdR�PSy[Jh^]P_XdT?} x PSy x JhO]U�oSPS�hUHo_`�JhXdR�} x P_y x JhO]U�X�kh^Hm�J4ZhkhPSR�PSX�T&J



i JhN�oSU���(§b�OQOQkMO0OQJM^QU[\AzFkMO+�fX�UH^a}~kMOQ�6\0}YPS^ x « � j�X�PS^Q\0^]OQJMP_XdU[R?}YPS^ x �
��U[R
JhoSPSThXdL#U[X6^Q\HmhJhXdR�O]U[^QO]JhPSX�U[R!}YP_^ x OQU��aU[\Q^]PSL#Jh^]U[R#JMoSP_TMX�L#UHX|^]\[�

i O]JhPSX�PSX�T b:OQO]khO����.¡
L�U[^ x k|R �� ��
� P ��U[Rc^QJMOQThUH^Q\ ����� � �4� "��
£ U[^QO]JhPSX�PSX�T � "�� � �6��¬M«

� x JhO]RP��y[oSJh\]\QP¨�=y[JM^QPSkhX�Jh^�gEkhPSX6^Q\�} x U[O]U.J#z<OQJhL�U�L#J4`�PSX�R�U[U[R�O]U[g�O]U[\QU[X6^�L#kMOQU�^ x JMX	kMX�U
y[oSJh\]\W�<\Qj�y x Jh\0} x UHOQUW\]oSJhX6^QPSX�T�y x JMOQJMy[^QU[O]\~k4ZMU[OQoSJMg=¡�m6khO0XdkhX�U&�FJh\AP_X.J&o_PSTMJh^QjdOQU�¡©�§�H�¨\]k4zF^��
y[oSJh\]\QP¨�=y[JM^QPSkhXc}Kkhj�oSR�ThPSZhUfJ.L#khO]UYJhy[yHj�OQJM^QU�g=kMOQ^QO]J4`hJMo�k4z§^ x U�zFO]JhL�UYP_RdU[X6^QPS^QPSU[\H�
l6j�y x J.R�PS\Q^]OQPSN�j�^]PSkhX�m����E� M ¡/<H*���� � < ?�� 0 � ' � !
	�¡©m�y[JhXcNEU�yHJhoSy[j�oSJh^]U[Rc}YPS^ x ^ x U � � ��� �	����

� � 
���� �	���cJhoSThkMOQPS^ x L¸��£ JhN�PSX�UHO~JMX�R#ªMj�JhX�Tc���M«h¬M¡�� i k&khN�^]JhPSX����E��M ¡�m�^ x UYz<khOQ}KJhO]R#g�O]khN6�
JhNdP_oSPS^QPSU[\����d��M ¡�< *�� � � < ?��
!&� � � ¡ L.j�\Q^YNEU�y[kML.N�PSX�U[Rc}YPS^ x ^ x U � ���
� ? � 4
��gdOQkhNdJhN�PSoSPS^QPSU[\
� � � M ¡ < *���� � <=? � !&� '� . � ¡©� iYx U�zFkMOQ}KJhO]R�JhX�R�N�Jhy��6}KJhOQR�g�O]khN�JMN�PSo_PS^]P_UH\�JMOQU.y[JMoSy[j�oSJh^]U[ROQUHy[j�OQ\]PSZhU[oS`cPSX#^ x U�\QJML#UWL�JhX�XdU[O[�

���h� M2� ��¡ < �
�

���d��M ¡ *���� � 0 �=�����©¡]¡ 2��� !�! ��«M¡

�"�E� M"�r��¡ < �
�
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l6j�PS^]JhN�oSU�PSX�PS^QPSJhoER�PS\Q^]OQPSN�j�^]P_kMX�\�� � � �M¡/<'& � JMX�R�� � �E� �+��¡/<)( � JMOQU�y x kM\QU[X�mC� 
 D/
*&	JMX�R
(#JMOQU�kMX�UfzFkhOYO]U[\QgEU[y[^]PSZhU[oS`%^ x U��=O]\Q^WJMX�RcoSJh\Q^Yy x JMOQJMy[^QU[O�PSXc^ x U&}~kMOQR�mEJhX�Rc�[U[O]k.zFkMOY^ x U
kh^ x U[O]\[� iYx U�o_PS�MU[oSP x k|k6Rck4zKkhN�\]U[OQZ6PSX�Tc^ x U.RdJh^QJ � ' � JMX�R	NEU[PSX�TcPSX%\Q^]Jh^]U�?+��Jh^�^QPSL�U�M�PS\
^ x U[X%ThPSZMU[X#N6`T( ,

�d��M ¡ < ���6� M ¡-�"�E� M ¡�# ���$�M¡
iYx U[X!^ x U�gdOQkhNdJhN�PSoSPS^QPSU[\*���E��M ¡Kk�z0N=U[PSX�T�PSX#\Q^]Jh^]U ?��.Jh^Y^]PSL#U8MYJhO]U�khNd^QJhPSX�UHR�N6`�X�khO]L#Jho¨�
PS�[Jh^]PSkhX�JhX�R.j�\]U[R#JM\0^ x UW^QJMOQTMU[^Q\ 8 � � M ¡2zFkhOA^ x UYO]U[y[j�O]OQU[X6^WXdU[^a}~kMOQ��y x JhO]Jhy[^]U[OYg�OQkMN�JhNdP_oSPS^a`
khjd^Qg�j�^]\1(

���d��M ¡ <
,
��� M ¡

' �
,
� � M ¡ # ���h�¾¡ 8:����M ¡ < �

��. /�0-1�243-5%6 (
���E� M ¡�# ��� �M¡

� PSThj�O]UD�4Jc\ x k4}Y\&^ x U�P_XdP_^]PSJho:U[\Q^]PSL#Jh^]U?k�z)^ x U#yHo_JM\Q\�gdOQkhNdJhN�PSoSPS^QPSU[\fzFkhO�J%\]JhL�g�oSU�k4zY^ x U
}KkhOQRd�#���/��� �
4 �S� iYx UKg�O]khN�JMN�PSo_PS^]P_UH\�\ x k4}YX�JhO]U0^ x kM\QUYU[\]^QPSL#JM^QU[R�N6`�^ x U0z<khOQ}KJhO]R6�aN�Jhy��6}~JMOQR
JhoSTMkhOQPS^ x L¢} x UHX�j�\QPSX�T%JMX�j�X6^QO]JhPSX�U[R�X�UH^a}~kMOQ�Em:zFkhO&} x PSy x ^ x U5*������%0 � � < ? � ¡�}YPSoSo:N=U
PSX�R�U[gEU[X�RdU[X6^Wk4z0y[oSJM\Q\[�~efU[\]g�PS^QU�^ x U�oSJhy��.k�z�PSX6z<khOQL�Jh^]P_kMX�m4^ x U&g�OQkMN�JhN�PSoSPS^a`?RdP_\]^QO]P_Ndj�^QPSkhXd\
y[JMX$NEU�\]U[U[Xr^Qk�^QJM�hU�OQU[JM\QkhXdJhN�oSUc\ x JMg=UH\[� iYx U.�=O]\Q^�zFO]JhL�U.L.j�\Q^�NEU[oSkhXdT	^]k%^ x U��=O]\Q^
oSU[^Q^]U[O[m2JhX�R%^ x U�o_JM\Q^ zFOQJML#U�L.j�\Q^YNEU[oSkhXdT#^Qk�^ x U�oSJh\]^WoSU[^Q^]U[O[m2k4z0y[khjdOQ\QU�m§N�jd^WPS^Wy[JMX	JMoS\Qk
NEU#\QUHU[X
^ x Jh^ x Jho¨zY}~J4`�^ x OQkMj�T x ^ x Uc}~kMOQR�m0^ x UcL#kh\]^�o_PS�MU[oS`	oSU[^]^QU[O]\.JhOQU�^ x kM\QUcPSX�^ x U
L#PSR�Rdo_U�k4zW^ x U#}KkhO]R�� l�U[ZhU[O]JhoYy[oSJM\Q\�g�OQkMN�JhN�PSoSPS^QPSU[\�JhO]U#X�kMX6�a�[U[OQk�Jh^�J%^]P_L�U4m:OQU�7=UHy[^QPSX�T
^ x U#j�X�yHU[OQ^]JhPSX6^a`	y[JMj�\QUHR$\QPSX�yHU#^ x U#X�U[^a}KkhO]�	PS\�jdX|^]OQJMP_XdU[R����YU[ZMU[OQ^ x U[oSU[\Q\HmY^ x PS\�oSPSL#PS^QUHR
PSX6zFkMOQL#JM^QPSkhX�PS\WU[Xdkhj�T x ^]k.^QO]JhPSX%J.OQUHy[j�OQO]U[X6^�X�U[^a}KkhOQ�EmEN=U[yHJhj�\]U.Jh\Y^ x U�X�U[^a}KkhO]��NEU[TMP_Xd\
^Qk�JMg�g�O]k"��PSL�Jh^QU.^ x U[\]U	g�O]khN�JMN�PSoSP_^]PSU[\[mK^ x Uc\QUHThL#UHX|^]Jh^]P_kMX�\.NEU[y[khL�UcL#khO]U#R�U©�=X�PS^QU4� � X
y[kMX|^]OQJM\Q^[m:j�\]P_XdT�¥fPS^QU[O]N�P~\]U[ThL�U[X6^QJM^QPSkhX�\ zFOQkML¢JMX	j�X6^]OQJhPSX�UHR�X�U[^a}KkhOQ�Emn^ x U.L#kM\Q^fo_PS�MU[oS`
JhoSPSThXdL#U[X6^Ky[JhX%NEU�ZhU[O]`�RdP���U[O]U[X6^Wz<OQkhL�^ x U�^QOQjdU?JMo_PSTMX�L#U[X6^Y� �=ThjdOQU
�4N=¡©� iYx U&\QU[TML#U[X6�
^QJM^QPSkhX{PS\.ZhU[O]` RdU��=X�PS^QU!^ x kMj�T x mKJhX�Rr^ x U%X�U[^a}KkhO]�$PS\.^QO]JhPSX�U[R ^Qk4}KJhOQRd\.^ x U%PSX�yHkhOQO]U[y[^
^QJMOQTMU[^Q\Hm0OQU[PSX6zFkMOQy[PSX�T!P_^]\?UHOQOQkMO[� � PSX�JhoSoS`MmnJ%^QO]JhPSX�U[R�XdU[^a}~kMOQ��TMP_ZMU[\�J%L.jdy x L#kMOQU�OQPSThPSR
\QUHThL#UHX|^]Jh^]P_kMX#� �=ThjdOQU �4N=¡©m|}YPS^ x L#kh\]^:k4zn^ x UWg�O]khN�JMN�PSo_PS^]P_UH\0N=UHP_XdT��[U[O]k.khO0kMX�U4m�N�j�^A}YP_^ x
J�NEkhj�X�RdJhOQ`rk�z jdX�y[U[O]^QJhPSX6^a`rJh^�^ x U%^]OQJMX�\QPS^QPSkMX�\#NEU[^a}KU[U[X+o_UH^Q^QUHOQ\[� iYx PS\.j�X�yHU[OQ^]JhPSX6^a`hm
} x U[O]U	J�z<OQJhL�U#L�P_T x ^�^QO]j�oS`$OQUHg�OQU[\]U[X6^%g�JMOQ^Q\�k4z�^a}Kk�o_UH^Q^QUHOQ\[mfkhO#J�oSPSThJM^Qj�O]UcN=U[^a}KU[U[X
^a}Kk�mnO]U[g�OQUH\QU[X6^Q\.^ x U#RdJh^QJcNEU[^Q^]U[O[�cªhjd\Q^�Jh\�}YPS^ x ¥WPS^QU[O]N�PK^QOQJMPSX�PSX�T�mn^ x U.\QUHThL#UHX|^]Jh^]P_kMX�\
y[JMX%N=U&OQU��aU[\Q^]PSL#Jh^]U[RcJ4zF^]U[OW^]OQJMP_XdP_XdT?JMX�RcOQU[^]OQJhPSX�PSX�T.O]U[\Qjdo_^]\�P_XcPSL#gdOQk4ZhUHR#gEU[OazFkMOQL�JhX�y[U��
iYx U �=X�JhoKg�O]khN�JMN�PSo_PS\]^QPSy?\]U[ThL�U[X6^QJM^QPSkhX�y[JMX$NEU#\]^QkhO]U[R$}YPS^ x ^ x U�R�Jh^]J	JMX�R�j�\QUHR$} x U[X
\QjdN�\QU[�6j�UHX|^�X�U[^a}KkhO]�6\?JMOQU.^QO]JhPSX�U[R�kMX	^ x U.\QJML#U�R�Jh^]J�� i O]JhPSX�PSX�T#PS\�^ x U[X�\]P_TMX�P¨�=y[JMX|^]oS`
�6j�PSy��hU[OY^ x JhX%} x U[Xc^QOQJMPSX�PSX�T.^Qk4}KJhO]R�\Y^ x U&Jhg�g�O]k"��P_L�Jh^]UYN=k6kh^]\Q^]OQJhg!\QU[TML#U[X6^QJM^QPSkhXd\~JMX�R
OQU©��U[\]^QPSL#JM^QPSX�T�^ x U�^]JhOQTMU[^Q\H�
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� PSThj�O]U � ( � khO]}~JMOQR6�aN�JMy �6}KJhO]R�\QU[TML#U[X6^QJM^QPSkhXd\?k�z�^ x U�}KkhO]R��#���/��� �
4 �S�
�FJ6¡�PS\.^ x Uc\QU[TML#U[X6^QJM^QPSkhX�k�z�JMX$j�X6^QO]JhPSX�U[R{X�U[^a}KkhO]�$}YPS^ x J	j�XdP�z<khOQL
y[oSJh\]\Yg�OQPSkMO[�Y�FNE¡K\ x k4}Y\f^ x U�\QUHThL#UHX|^]Jh^]P_kMX#J�zF^QU[OY^]OQJMP_XdP_XdT��

iYx U�N=U[^]^QU[O�L#k6R�U[oS\�khNd^QJhPSX�UHR$}YPS^ x ^ x U.zFkMOQ}KJhO]R6��NdJhy��6}~JMOQR�JhoSTMkhOQPS^ x L ThPSZhU.PSL#gdOQk4ZhUHR
OQUHy[khTMX�PS^QPSkhX�OQU[\]j�oS^Q\�k4ZMU[OWJcX�UH^a}~kMOQ�%^]OQJhPSX�UHR	}YPS^ x ¥WPS^]U[OQN�PAJhoSPSThX�L�U[X6^Q\[� iYx U�PSL#g�O]k4ZhU��
L#UHX|^�PS\.\ x k4}YX P_X{^QJMN�oSU ��� � ^�y[JhXrNEU%\QU[UHX
^ x JM^#^ x UcU[OQO]khOcOQJM^QU[\ zFkhO.^ x UcX�U[^a}KkhOQ�6\
^QO]JhPSX�U[R�}YPS^ x z<khOQ}KJhO]R6�aN�Jhy��6}~JMOQR�^QJhO]ThU[^]\YJhO]UWoSk4}~UHO~^ x JhX�^ x kM\QU�^QO]JhPSX�U[RckhX�¥WPS^QUHOQN�P�^]JhOa�
ThUH^Q\��-Q����M¡ < * #+�� 
!&M $ %�� 9©���h¡N<  
#_� �M¡��

i JhN�oSU � (§b:O]OQkhO:O]Jh^QUH\nz<khOnXdU[^a}~kMOQ�6\:}YPS^ x « �YjdX�PS^Q\n^]OQJMP_XdU[R?}YPS^ x ¥WPS^QUHOQN�P
khO � khO]}~JMOQR6� 1AJhy��6}~JMOQR#JMoSP_TMX�L#UHX|^]\[�

i O]JhPSX�PSX�T b�OQOQkMO����.¡
L�U[^ x k|R �� ��
¥fPS^QU[O]N�P � "�� � ����¬h«
� khO]}~JMOQR6� 1AJhy��6}~JMOQR � *��   ��� "4 

� � � � w��Q�fsh�Q� � s
iYx PS\0g�JMg=UHO x Jh\AOQU[Z6PSU[}KU[R#^ x UY^QO]JhPSX�PSX�T�L#U[^ x k6R�\:j�\QUHR.zFkMO§J&OQU[y[jdOQOQUHX|^YXdU[^a}~kMOQ�Em6Jhg�g�oSPSU[R
^Qk.^ x U�g�O]khN�oSU[L(k4z0k��=�aoSP_XdU x JhX�R�}YO]PS^QPSX�T�OQU[y[kMThX�PS^]P_kMX�� iYx OQU[U�L#U[^ x k6R�\Kk4z0R�U[O]P_Z6PSX�T.^]JhOa�
ThUH^�gdOQkhNdJhN�PSoSPS^QPSU[\KzFkMOW^ x U�X�U[^a}KkhO]� x J4ZhU&N=U[UHX	R�UH\Qy[O]P_NEU[R�m:JhXdR%U���g=UHOQPSL#U[X6^]\�yHkhX�R�jdy[^QU[R
j�\]P_XdT�JMoSo|^ x OQUHU4� iYx UY^ x PSOQR�L#U[^ x k6R?PS\:^ x Jh^0k�z8^ x UKzFkhO]}~JMOQR6�aN�JMy �6}KJhO]R?g�O]k6y[U[R�j�O]U4m�} x PSy x
x JM\~X�kM^~gdOQU[Z6PSkhj�\]oS`.N=U[UHX�JMg�g�oSPSU[R.^Qk�OQUHy[j�OQO]U[X6^WX�UHj�OQJMo�X�U[^a}KkhOQ�.^]OQJMP_XdP_XdT�� iYx PS\~L�U[^ x k6R
PS\0z<khj�X�Rc^]k?PSL#gdOQk4ZhUY^ x U�g=UHOazFkMOQL#JMX�y[U�k4z:^ x U�X�UH^a}~kMOQ�Em�oSU[JhR�PSX�T�^Qk�OQUHR�j�y[U[R�}KkhOQR�U[OQO]khO
OQJM^QU[\H�9,W^ x U[O�PSL�g�OQk4ZMU[L#U[X6^]\~X�kM^�R�U[^QJMPSo_UHR x UHOQUc�FPSX�yHo_jdR�PSX�T#R�jdOQJh^]PSkhX%L�k|RdU[oS\WJhXdR	\]^Qk4�
y x Jh\]^QPSy�o_JMX�ThjdJhThU�L�k|RdU[oSo_PSX�T6¡0JMoSo_k4} ^ x U�U[OQO]khO�OQJM^QU&zFkhOf^ x PS\f^QJh\]�c^Qk#NEU�N�OQkMj�T x ^WNEU[oSk4}
�$�����
, '*)�-:;�5 !<3�/ 6 ��36-*%4G
iYx UcJhjd^ x kMOQ\�}~kMj�oSR�o_PS�MU#^Qk�^ x JhX��$�cPS�MU�­Yk6y x N=UHOQT�zFkMO?JM\Q\QPS\]^QJhXdy[UcP_X{g�OQUHg�JhO]P_XdT	^ x PS\
g�JMg=U[OH�
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