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DFEBG�HJI�K L�MON I�PQI�R!KTSVUJW�GXHJYZSVUJH[G\KTN PBG]SVU:HJ^_HJM`G]abHcI�RdG]eOLZSVMON I�PBHfN H:I�PBGgI�RdM`EBG\hiI�UJPBG4UJHJM`I�P�G4HjI�R
H1h4N G4P_MON kZhlhiI�abYBLBMOSVMON I�P<moniPpacSVPq^rSVYBYZKTNTh4SVMON I�P�HfN MsN HlNTabY#I�UJMOSVP_McM`I�t#G%SVtZK GgM`I�HJI�K u�GXM`E�G4HJG
HJ^_HJM`G]abH�SVHvU1SVYZNTw�K ^oSVH�Y#I�HJH(N tZK G]m%xyP�GsSVYBY�UJI�S�h�ErRzI�U�u�G4UJ^{KTSVUJW�G|YBUJI�tZK G]abH�N HvM`IXU[G4I�U1w}G4U�M`EBG
HJ^_HJM`G]a~a�SVM`U1N ��M`I�t#I�U1w}G4UJG]wlt<K I#h���w�NTSVW�I�PZS�K�RzI�U1a�SVPZwfM`EBG4PoM`I�H[I�K u�GgM`EBG�t<K I#h��\H[^qHJM`G]a~N P
YZSVU(S�KTK G]KTm�niP+M`EZN H�YZSVY#G4U1�4�dG�hiI�PBH1NTw�G4U�M`EBG�Y�UJI�tZK G]a�I�R1G4�Xh4N G4P_MOK ^!I�U1w}G4U1N P�W�LBPBHJ^�a�abG4M`U1NTh�H[^qHJM`G]a!H
M`I�H1N PBW�K ^vt#I�U1w}G4UJG]wbt<K I#h��gwBNTSVW�I�PZS�K�RzI�U1a�mZ��K W�I�U1N M`EZabHdHJLZh�ElSVH�M`EBG��lx+����DoS�K W�I�U1N M`E<arI�R���LZ�
�lSVW�LZN UJG�SVPZw	�yKTSV��Go�`����������M`EZSVM�w}G4Y#G4PZwfL�Y�I�P�hiI�abYBL�MON PBW	SgUJG4YBU[G4HJG4PqMOSVMON I�P�I�R+���d� h4SVP
t#G�YBU[I�EZN tZN MON u�G]K ^sG4�qY#G4PBH(N u�Gc�¡EBG4P{SvH1N PBW�K Gs�¢I�U£H1a�S�KTK PqL<a¡t#G4U!I�R`�£acSVM`U1N �oR¤S�hiM`I�U(N ¥]SVMON I�PBH�SVUJG
UJG]eOLZN UJG]w�m|¦fG|M`EBG4UJG]RzI�UJGc�dI�UJ����N M`E\M`EBG:W�U1SVYBE�I�R¡� �f§ �¨�¢I�U�© § © � �<�¡EBG4UJGl©ªN H�S�UJI1�
Y#G4U1a�LBMOSVMON I�P|I�R����dSVPZw£YBUJI�Y#I�HJG�PBG4�QU[G4I�U1w}G4U1N PBW|S�K W�I�U1N M`EZabH�M`E<SVM�LBH[G�I�PZK ^�u�G4UJM`G4�jHJG4YZSVU1SVM`I�U[H
SVPZw���NTw�G«H[G4YZSVU1SVM`I�UJH�I�RBM`EZN H�W�U1SVYBEZmy��LZabG4U1NTh4S�K_G4�_Y#G4U1NTabG4P_M`H+w}G]abI�PBHJM`U(SVM`G!M`EZSVMyI�LBU+abG4M`EBI�w}H
SVUJG�G4�lh4N G4PqMgSVPZw¬h4SVP¬Y�UJI#w�LZhiGjt#I�U1w�G4UJG]w�RzI�U1abH�M`E<SVM�SVU[G%hiI�abY#G4MON MON u�G���N M`E¬M`EBI�HJG|I�tBMOS�N P�G]w
LBH(N PBWg�Xx£����D¡m

­X®q¯�°�± ?(²Z;_³ KTSVUJW�G´HJYZSVUJHJGµKTN PBG]SVU¨HJ^_HJM`G]abH(�rLBP�HJ^#acabG4M`U1NTh¶a�SVM`U1NThiG4H1�·I�U1w}G4U(N PBW���YZSVU(S�KTK G]K
YBUJI�hiG4HJH1N PBW�m
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��MOKTSVH ú G4P_M`UJG
ý LBM`EBG4U1RzI�U1w��«YBYZK G4M`I�P\þZSVt#I�U1SVM`I�UJ^
xy�_I�P�x�ÿ����j���yÿ
x+hiM`I�t#G4U�������������m



� �	��

����������
������

xyP�G£Y#I�HJH1N tZK G:SVYBYBUJI�S�h�EXM`I:M`EBG£Y�UJI�tZK G]a�I�R�U(SVYZNTwBK ^�HJI�K u�N PBWcu�G4U[^�KTSVUJW�G�HJYZSVUJHJG:KTN PBG]SVU�H[^qHJM`G]a!H
I�RÈG]eOLZSVMON I�PBH

�������
N HvM`IlYZSVUJMON MON I�Pr�¨N PqM`I¬ScPqLZa�t#G4U£I�R¡K I_I�HJG]K ^QhiI�P�PBG]hiM`G]wXtZK I#h��qH�SVPZwgM`EBG4P�SVYBYZK ^oSVP\G4�Xh4N G4P_M
HJY<SVUJHJGjwBN U[G]hiM¡HJI�K u�G4U«M`IcM`EBG+t<K I#h��qHvN PgYZSVU1S�KTK G]KTmbû}I�K u�N PBW�M`E�GjN PqM`G4U(R¤S�hiG�YBUJI�tZK G]a�M`EZSVM�hiI�PBP�G]hiM`H
M`EBGdtZK I�h��_H¡hiI�abYZK G4M`G4H
M`EBGdHJI�K LBMON I�PZmyDFE�G�UJG]hiG4P_MFHJI�K u�G4UJH �"!$# %$&$'"(��`ûBhiI�M`MO�B���������
SVP<w)�$!"# %"&$'$*
�`ü�L,+QSVP<wgûBhiI�M`MO�F���������bR U[I�a�M`EBG���û�þ�a�SVM`E�G]a�SVMONTh4S�KÈHJI�R MÄ�bSVU[G�KTN t�U1SVUJ^��`��û�þ��<����������G]a!YZK IO^
M`EZN H!M`G]h�EBPZNTeOLBGgRzI�U!HJI�K u#N P�W:L�PBHJ^�a�abG4M`U1NTh�HJ^_HJM`G]abH1mcDBI�LBH[G�M`EBG4H[GghiI#w}G4H(��M`EBG�a�SVM`U1N �\� a�LBHJM
t#G!YBUJG4I�U(w}G4UJG]w�M`I�H1N P�W�K ^:t#I�U1w�G4UJG]w�tZK I�h���wBNTSVW�I�PZS�K �`û��d�yüb��RzI�U1a
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�¡E�G4UJG+M`EBG+U[G]hiMOSVPBW�LZKTSVU«tZK I#h��qH«I�PgM`E�GjwBNTSVW�I�PZS�K<�1565�SVUJG8795;:=<>5�a�SVM`U1NThiG4H«��N M`E9795;?@<>5���SVPZw
M`EBG£t�I�U(w}G4U�tZK I�h��_H - 5�SVUJG8795A:CBv��N M`EDB�EF<>5�m

�$!$# %$&"'$(%LBHJG4H:M`EBG�RzUJI�P_MOS�K�HJI�K u�G4U9%"G$'"H	�`ü�L,+ SVPZwQû�hiI�M`MO����I�I�J���M`I�Y#G4U1RzI�U1a S�Y<SVUJMONTS�K
K1L R¢S�hiM`I�U1N ¥]SVMON I�P�I�R�M`E�G�wBNTSVW�I�PZS�K]tZK I�h��_H1�]�¡EZNTK GM�$!$# %$&"'$*!G]a!YZK IO^_H+S£abI�wBN kBG]w+u�G4UJH1N I�P:I�R_M`EBG
�dG]KTK N��qP�IO�¡PjW�G4PBG4U1S�K}YBL�UJY#I�HJGyHJYZSVUJHJG£w�N UJG]hiM
HJI�K u�G4UO%"G$'"*c�`ü�L,+sSVP<w ý G]NTwB�
��I�I����`m¡DFEBG£N P_M`G4U1R¢S�hiG
YBU[I�tZK G]a�N H<HJI�K u�G]w�I�P:S
H(N PBW�K G�YBU[I#hiG4HJH[I�U�LBH1N P�W)%"G$'$H£SVPZw)%"G$'$*��>UJG4HJY#G]hiMON u�G]K ^]m����_Y#G4U1NTabG4P_MOSVMON I�P
I�P S|PqL<a¡t#G4U�I�RbwBN +�G4UJG4P_M�YZSVU1S�KTK G]K�YZKTSVMOR I�U(abHcEZSVHsw}G]abI�PBH[M`U1SVM`G]wfM`EZSVMjt#I�M`EP�"!$# %$&"'$(QSVPZw
�$!"# %"&$'$*�h4SVP�t#GbH1N W�PZN kZh4SVP_MOK ^�R¤SVHJM`G4U�M`EZSVP�M`EBG]N U¡HJG4U(NTS�K�hiI�LBPqM`G4U[YZSVUJM`H¡�¡E�G4P�M`EBG!PqL<a¡t#G4U�Q¨I�R
tZK I�h��_HjN H+H(a�S�KTK
�¢Mç^_YZNTh4S�KTK ^oN P�M`EBG�U(SVPBW�G�R�M`ID��J��`m�niPfYZSVUJMONThiLZKTSVU1��M`EBGghiI#w�G4H+EZS`u�Gct�G4G4PfL�HJG]w
M`I�H[LZh4hiG4HJH1RzLZKTK ^{HJI�K u�G%EZN W�E<K ^QLBP�HJ^#acabG4M`U1NThsKTN PBG]SVUgH[^qHJM`G]a!H�SVU1N H1N PBW�RzUJI�a h�EBG]a�NTh4S�K¡YBUJI�hiG4HJH
G4PBW�N P�G4G4U1N PBW�SVYBY<KTNTh4SVMON I�PBH|�`û�hiI�M`MO�����������yü�L,+�SVPZw�ûBhiI�M`MO�d���������`mX��IO�dG4u�G4U1�ZM`EBG�GS+�G]hiMON u�G4PBG4HJH
I�R�M`E�G�SVY�YBUJI�S�h�E�N H+w}G4Y#G4PZw}G4P_M�L�Y�I�Pjt#G]N PBW|SVt<K G«M`I�I�tBMOS�N P%S�ûB�y�yü·RzI�U1a N P:��EZNTh�E|M`EBG«tZK I�h��_H
SVUJG�I�R�SdH(NTa�NTKTSVU�H1N ¥4GvSVPZwB�Ba!I�HJM�NTabY#I�UJMOSVP_MOK ^]�CM`EBG�P_LZa�t#G4U�I�RÈhiI�K L<abPBH�B�N PcM`EBG¡t#I�U1w}G4U¡N H�H(a�S�KTK
hiI�abY<SVUJG]w�M`IT<��'M`E�G£I�U1w}G4U«I�R
�«m+DFEZN HvN H�t#G]h4SVLBHJG�M`EBG:N P_M`G4U1R¢S�hiG�Y�UJI�tZK G]a��B�¡EZNTh�E¬N H«W�G4PBG4U1S�KTK ^
w}G4P�HJG4UyM`EZSVP|M`EBGbI�U1N W�N PZS�K#a�SVM`U1N ����N H+hiLBUJUJG4P_MOK ^cHJI�K u�G]w�L�H1N PBW�S�H[G4U1NTS�KqHJI�K u�G4U£SVPZw�HJI�N MyPBG4G]w}HyM`I
t#G!H1a�S�KTK'G4PBI�LBW�E�M`EZSVM�N M`H�HJI�K LBMON I�P�w}I_G4H¡PBI�M£h4SVLBHJG:Sbt#I�M`MOK G4PBG]h�����N M`E<N P�M`EBG!YZSVU1S�KTK G]KBHJI�K u�G4U1m

D
EBG�Y�UJI�tZK G]a�I�R#UJG4I�U1w}G4U(N PBWsh�EBG]a�NTh4S�K�YBU[I#hiG4HJH«G4PBW�N PBG4G4U(N PBW|YBUJI�tZK G]abH«M`I�ûB�y�yü�RzI�U1a EZSVH
t#G4G4P¬S�wBw}UJG4HJH[G]w�t_^�M`EBG��Xx£����DpS�K W�I�U(N M`EZa I�R���LZ�F�XSVW�LZN U[G�SVP<wX�yKTSV��Gg�`���������`m��«ûBþXI�+ÈG4U[H
SVPfNTabYZK G]abG4P_MOSVMON I�P�I�R_M`EBGv�Xx+�«��D{S�K W�I�U1N M`EZa SVHdUJI�LBMON PBGU�"!$# %$V$W"WÈm�D
EZN HbhiI�w}G��bSVHdLBHJG]w£tq^
ü�L,+	SVPZwsûBhiI�M`McR I�U!Y�UJG4I�U1w}G4U1N P�WsN PsM`EBG]N U!G4�_Y#G4U1NTabG4P_M`H!��N M`EX�"!$# %$&"'$(sSVPZwY�$!"# %"&$'"*Èm�DFEBG4^
RzI�LBPZwsM`E<SVMO�«RzI�UcE<N W�EZK ^�LBPBHJ^�a�abG4M`U1NTh�Y�UJI�tZK G]abH1�Z�$!"# %"V$W"WfYBUJI�w}LZhiG4H��dG]KTK N�tZS�KTSVPZhiG]w	ûB�y�yü
RzI�U1abHg�¢G]S�h�EoHJLBt<a�SVM`U1N �{�25[5 3T\ �]� 3 � 3S.S.S.^3 Ql�
EZSVHgS:H(NTa�NTKTSVU�P_LZa¡t#G4UvI�R
U[IO�¡H1��SVP<wB�¡RzI�U�LBYM`I`_�H[LBtZa�SVM`U1NThiG4H(�dM`EBGXt#I�U1w�G4UcMç^_YZNTh4S�KTK ^QUJG4YBUJG4HJG4P_M`HfK G4HJH|M`EZSVPba�c I�RyM`EBGXM`I�MOS�K�PqLZa�t#G4UcI�R
hiI�K LZa!PBH1m¡��IO�dG4u�G4U1��N PgM`G4U1abH¡I�R úOd e MONTabG]��M`E�Gc�Xx+�«��D�S�K W�I�U1N M`EZa N H�UJG]KTSVMON u�G]K ^�G4�_Y�G4P�H1N u�G]m
niP�W�G4PBG4U1S�KT�CM`EBG úOd e hiI�HJM
I�R]I�U1w}G4U1N PBW���M`IjûB�y�yü{RzI�U1a{�!SVH�R I�L�PZw«M`I!t#GdH(N W�PZN kZh4SVP_MOK ^�W�UJG]SVM`G4U
M`EZSVPcM`EBG�hiI�HJM�I�RqM`EBG£SVP<S�K ^qHJG�YBEZSVHJG�I�R]M`EBG�w�N UJG]hiM
HJI�K u�G4UdI�P�M`EBG�wBNTSVW�I�P<S�K}tZK I�h��_H«SVPZwB��R I�U�H[I�abG
YBU[I�tZK G]abH1�FN M�h4SVPow}I�a�N PZSVM`GvM`EBG�M`I�MOS�K�HJI�K LBMON I�PfMONTabG]m ú K G]SVU1K ^�NTR�S|KTSVUJW�GvP_LZa¡t#G4U«I�R�a�SVM`U1NThiG4H
��N M`E¬M`E�G:H(S�abG|HJYZSVUJH1N MÄ^%YZSVM`M`G4U[P�SVUJG|M`Ift�GfR¢S�hiM`I�U1N ¥4G]wB�
M`E�G:I�U(w}G4U1N PBW�hiI�HJMga�SJ^%t#GTf¤LBH[MON kBG]w
SVH�N M�h4SVP�t�GfS�abI�UJMON ¥4G]wlI1u�G4U�M`EBG:UJG4Y#G]SVM`G]w¬R¤S�hiM`I�U1N ¥]SVMON I�P�H1m��ZLBM�N P\H[I�abGsSVY�YZKTNTh4SVMON I�PBH�I�PZK ^
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S�H1N P�W�K GXR¤S�hiM`I�U(N ¥]SVMON I�P	N H+U[G]e>LZN U[G]wfSVPZwfN Mja�SJ^XM`EBG4P%t�GvG4HJH[G4PqMONTS�K�RzI�U+M`EBG�I�U(w}G4U1N PBW|M`I�ûB�y�yü
RzI�U1aóM`I�t#G�Y#G4U1R I�U(abG]wlU1SVYZNTwBK ^�HJI%M`EZSVMlN Msw}IqG4HjPBI�M�UJG4Y�UJG4HJG4P_MlSVPoL�PZS�h4hiG4YBMOSVtZK GXIOu�G4UJEBG]S�w�m
DFE<N HbN HdG4HJY#G]h4NTS�KTK ^XNTabY#I�UJMOSVP_MbNTR��`SVHy��N M`Eg�"!$# %$V$W"WÈ�#M`EBG«I�U1w}G4U1N P�W:N HdY�G4U(R I�U1a!G]w!LBH1N P�WjS¡H(N PBW�K G
YBU[I#hiG4HJH[I�U1m

� ��G4^ UJG]SVHJI�P��¡Eq^pM`EBG��lx+�«��D�S�K W�I�U1N M`E<a N H�G4�_Y#G4PBH1N u�G�N H�t�G]h4SVL�HJG�N M��dI�UJ�qH%��N M`E
M`EBG|HJY<SVUJH1N Mç^\YZSVM`M`G4UJP¬I�R���� � mo�cI�UJG|YBUJG]h4N H[G]K ^]��N M�SVYBYZKTN G4HlSla�LZK MONTK G4u�G]KFU[G]hiLBUJH1N u�G�tZN H[G]hiMON I�P
S�K W�I�U1N M`E<a hiI�a�tZN PBG]w ��N M`Eih�G4UJPZN W�EZSVP,N[þZN P´UJG4kBPBG]abG4P_M�M`I¨M`EBG�UJI1� W�U1SVYBEkjmlnl>o I�R��«m
ú I�a!YBLBMON PBW�SVPZwl�dI�UJ��N PBWf��N M`E¬M`EBG�YZSVM`M`G4U[P¬I�R��«� � N HghiI�H[MOK ^]��t#G]h4SVLBH[Gf�«� � a�S`^�hiI�PqMOS�N P
a�SVP_^\a!I�UJGvPBI�PB¥4G4UJI|G4P_M`U1N G4H+M`EZSVP��«��YZSVUJMONThiLZKTSVU1K ^l�¡EBG4P¬��hiI�P_MOS�N PBH+I�P�G�I�Uca!I�UJGvUJG]KTSVMON u�G]K ^
w}G4P�HJGjhiI�K LZabP�H1mbDFEqL�H¡��G���I�L<KTwgKTN ��G�M`Ilw}G4U1N u�G|Sch�EBG]SVY#G4U�S�K W�I�U1N M`EZa M`EZSVMvS`u�I�NTw}H�hiI�abYBL�MON PBW
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�cG4M`EBI�w�nJnJn4�qM`EBG!u�G4UJM`G4��HJG4Y<SVU1SVM`I�U��cG4M`EBI�w��vû���SVPZww�$!"# %"V$W"WÈm

SVPZw�M`E�G=�$������������YBUJI�t<K G]abH1�`�qM`EBG�NTabYBUJI1u�G]abG4P_M`H�SVUJGbH1N W�PZN kZh4SVP_MOm
�«H�Q N PZhiU[G]SVHJG4H1�_M`EBG!H1N ¥4GbI�R
M`EBG£t�I�U(w}G4U¡W�UJI1�¡H1m«DFEBG!UJG4HJL<K M`H�N P\D<SVtZK Gxa�m/�!HJLBW�W�G4H[M¡M`EZSVM�M`E�GjN PZhiUJG]SVHJG|N Pgt#I�U1w}G4U�H(N ¥4G:N H�K G4H[H
RzI�U��"!$# %$V$W"W:M`E<SVPoR I�U!M`EBG�I�M`E�G4UjSVYBYBUJI�S�h�EBG4H1m£nÄPsYZSVU[MONThiLZKTSVU1��RzI�UwQ � _��A�"!$# %$V"W$W|UJG4M`L�UJPBH
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HJG4Y<SVU1SVM`I�UjSVYBYBU[I�S�h�EQ�¢nJn[nè���¡EBG4PfL�HJG]wjI�P�M`EBGvLBPBHJ^�a�abG4M`U(NTh�Y�UJI�tZK G]abH1m:�ZLBMcRzI�U!M`EBGg�¢PBG]SVU1K ^��
HJ^�a�abG4M`U(NTh4S�KTK ^ H[M`UJLZhiM`LBUJG]w·YBU[I�tZK G]abH�W�N u�G4P M`IO�!SVU1w}HoM`EBG�G4PZw·I�R�M`EBG�MOSVt<K G]����G4M`E�I#wpnJn[n
W�G4PBG4U(S�KTK ^�UJG4H[LZK M`H¡N P�PZSVUJUJI1��G4UFt#I�U1w}G4UJH(m s}I�U�S�W�N u�G4P�YBU[I�tZK G]a SVPZw�W�N u�G4P Q N M¡N H
PBI�MFY#I�HJH1N tZK GdM`I
YBU[G]wBNThiMZ��EZNTh�E�abG4M`EBI�w¡��NTKTK>W�N u�GyM`EBGdPZSVUJUJI1��G4H[M<t#I�U1w�G4U1m�DFEBGba�S�N P�hiI�HJM¡N Pqu�I�K u�G]w�N P�hiI�abYBL�MON PBW
M`EBGvHJG4Y<SVU1SVM`I�UæN�tZSVHJG]w:I�U(w}G4U1N PBW�H�N H!M`EZSVMbI�R#YBUJG4I�U(w}G4U1N PBWjLBH1N PBWY%"V$H��j�¢�¡EBG4UJG�SVYBYBUJI�Y�U1NTSVM`G]�bSVPZw
M`EBG4P�hiI�abYBL�MON PBW�SVP�G]w}W�G�H[G4YZSVU1SVM`I�UFLBH1N PBWM%"�$����! &$�"�$�$�"�$�"�$�$�"�����$���"���"�Èm<��I1��G4u�G4U1��M`EZN HZP�G4G]w}H
M`I�t#Gcw}I�P�G«I�P<K ^:I�P<hiGd;���Gch4SVPXM`EBG4P�UJL�P:G]S�h�EXI�R�M`EBG!HJG4Y<SVU1SVM`I�U�abG4M`E�I#w}H£SVP<w�h�EBI_I�HJG+M`E�G!I�PBG
M`EZSVMy^�N G]KTw}H�M`EBGbPZSVUJU[IO�dG4HJMyt�I�U(w}G4U1myxyLBUdkBPZwBN P�W�H�HJL�W�W�G4HJM�M`EZSVM+��G4M`E�I#w�nJn�N H�W�G4P�G4U1S�KTK ^cY#I_I�UJG4U
M`EZSVPXM`EBG+I�M`EBG4UvabG4M`EBI�w}H�SVP<wvHJI��dG£YBU[I�Y�I�H[G!UJLBPBPZN P�Wg��G4M`EBI�w}H¡n4��nJn[nè��SVPZw �vûgSVPZw�HJG]K G]hiMON P�W
M`EBG£t�G4H[M�I�U1w}G4U1N PBW<;_�dG+��NTKTK�h4S�KTK�M`EZN H�M`E�GcûB� d ��û���G4M`E�I#wBm
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D<SVtZK G J�m/��3yDFE�G�H1N ¥4G�I�RqM`EBG¡t#I�U1w�G4U�N P�M`EBG�ûB�y�yürRzI�U1a hiI�abY�LBM`G]w!LBH(N PBW!M`EBG¡PBG4H[M`G]w�wBN HJHJG]hiMON I�P
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tZSVH[G]w�abG4M`EBI�w}H¡nJn[nè�`�«üb��SVPZw���ûB�`��üb�`� SVP<ww�"!$# %$V$W"WÈm

�ZG]h4SVLBH[G�M`EBG4UJG�N H!PBI�h4K G]SVU+��N P�PBG4Ubt�G4MÄ��G4G4P%nJnJn4�`��üb�bSVPZw=�vû��`��üb�+SVPZwjM`EBG�a�S�N PohiI�H[McN H
LBH(N PBWU%$V$H���M`I«YBUJG4I�U1w�G4Uy�¢�¡E�G4UJGbSVY�YBUJI�YBU1NTSVM`G]�FSVPZw�M`EBG4P�hiI�abYBL�MON PBW�M`E�G�u�G4UJM`G4��HJG4YZSVU1SVM`I�U
L�H1N PBW
%$�"����! £"¤$¥$�"£$¦��B��G�SVW�S�N P�Y�UJI�Y#I�HJG£UJL�PBPZN PBWjt�I�M`E�abG4M`E�I#w}H�SVPZwcHJG]K G]hiMON PBWgM`EBG�I�P�G�M`E<SVM«W�N u�G4H
M`EBG£H1a�S�KTK G4HJM¡t#I�U1w�G4U1m<¦fG+��NTKTK�U[G]R G4U¡M`IcM`EZN H�SVH�M`E�GcûB� d ��ûB�`��üb����G4M`EBI�wBm

niP¶D<SVtZK G J�mT��M`E�Got#I�U1w}G4U�H(N ¥4G4H�RzI�U{û�� d �vû SVPZw ûB� d ��ûB�`��üb�\SVUJGphiI�a!YZSVUJG]w���N M`E
�$!"# %"V$W$W�mZ¦fG£H[G4G!M`EZSVM�RzI�U¡HJI�abG+Y�UJI�tZK G]abH1��N P<h4K LZwBN PBW¦¥$�>§$�"�:ù$'��qM`EBG¨�$�"�XSVPZw�M`EBG��"�$�>§��$�>©$�
G4��S�abYZK G4H1��LBH(N PBWsM`EBG�PBG4HJM`G]wowBN HJHJG]hiMON I�P abG4M`EBI�w�K G]S�w}H�M`I�M`E�G�PZSVUJUJI1��G4H[M�t#I�U1w}G4UJH1m{�ZLBMXRzI�U

�¹R



Ç|È^ÉËÊ�Ì�Í[Î^ÉËÐ Ò + �^ú/"�ÉËÐ�Ü��þ"ÆàÏÜSÚD��Ù
� � ó � � ö. '«ª ¢t. . '«ª ¢t.ÆÕ°+tØ;×�× ã|£Síèí . '3ª ¢�. . '3ª ¢�.^Õ°+tØ ×�× ã|£Sí¹í

ã^ä�åèç^é4ê�ëèìèí�îSï ð�ñ¹òßó¹ô õâô�ô�ö ö¹ñ�ò ò�ð�ó õ��¹ñ�� õ������ ñ�õ�ô�ò
üÆä�ý�þ�çSïÆÿ ñ�����ð¹ñ õ��¹ö ð���ö ñ�õ�ö ð¹ñ�ð ñ��¹õ í�ö�ó
é���	�

� ��ñ����âó õ��¹õ ð���ö ñ�õ�ó ð¹ò�ð ð��¹õ í�í�î
ã^ä�åèç^é4ê�ë
��î�ï¹í ð��âó�ô�ò ñ�ñ�í�ñ ñ�ñ�ð�õ ��ñ¹ð�� �¹õ���� ñ�ï�ó�ð ð¹ñ�õâó����ç�ë�î � ð�ñ¹õ�ñ�� ��ò¹ñ ó¹ó�� õ�ö�ó õ¹ð¹õ�ò õâô¸õ¹ñ ò�î�í
üÆä�ý�þ�çSï�î �ßô�ñßó�ñ ðßô�ò í�ñ�ô ð¹ò�� ñ¹ð�� ö�ð�ï ñßó������ç��Æÿ�� �ßô�ðßô¹ó ��ò�� õ�î�ï õ�î�í õ¹ð¹ñ�õ ñ�ð�ð�ô î�î�ð��	��Sé �èä�ç���þ õ�ñ¹ñ��¹ñ ö�ô�ï õ�õ¹ñ�� ö�ï�í ô�î�ö �¹ñ���� ò�ñ�õ
î���	��
� õ�õ����âô ò�ð ò�ó õâô¸ò í�í�í ��ò¹ñ í�õ�õ
ÿ4ï���	���� ���âó��¹ò õßó�� ñ�í�ï ñ�í�õ ðâô�ô ðßô�ò í�ò�î	��Æþ�å 	��Æþ�� ð�òâô¸ñ�� õ¹ñßó�ñ ï�ó�õ õ��âô�ó �âô���� ñ�ò�í�ñ ñ�ò�ó�ö
þ�å���ý �¹þ��Æþ�$^ÿ õßô�ò��¹ð õßó�� ò�õ õ¹õ�õ ð��ßô í�ñ�ñ í�ñ�ò
þ�å���ý �¹þ��Æþ�$�� õßô�ð�ñ¹ð ��� ò�ô õ¹ð�ð ����� í�ð�ï í�ñ�ò&��Æä�	�� ð�ð¹ö�ò¹õ õ����âó õ�ö¹ñ�ö ñ�ô�ï�ï ðâô�õßó ðâó¸õ�� í�ò�ò�õ���èéæç��)(¸éæå õ��âô����¹ö ö�î�ó õßô�ò�� ð��¹ñ�ð ñ�í�õ�ò õ���ñ¹õ ó�ð�ñ¹ð���èéæç��)(¸éæå õßô�ñ¹ò��¹ò õ�ô�ó ����ò ö���õ ñ�ð�ö�í �¹ñ��âó �¹õ�ð¹ö
ü��èéæç��)(¸éæå ò�ö��ßô�� õßó�� ñ�í�ò �¹ð�� ô�õ�ñ ò���� ��ñ¹õ��ä�ç 	���� õ�ð¹ñ�ð¹ñ ñ�ñ�ð�ð õ����¹ò�ð õ�ñâó¸ð í�ð�ö�ó í�ð�î�î �¹ðßô�ö�Æþ
�¹ä õ�õ���ð¹ö ñ�î�í ñ�î�ñ �âó¸ñ ó�ó�ö ó��¹ð ó�ó�ô
2 ä�����ë ��òâô¸òâó ð¹ð�õ¹ñ õ�ñ�ð�ö ð�ð¹õßô ó�öâó�ô ó�õ�ö�í ó�ö�õ¹ð

D<SVtZK G�J�mT��3XD
EBGjH(N ¥4G:I�R�M`EBG|t#I�U1w}G4U�N P\M`E�GsûB�y�yü¶R I�U1a hiI�abY�LBM`G]wlLBH1N PBWXM`EBG�ûB� d ��û�SVPZw
ûB� d �vûB�`�«üb�`��SVPZw=�"!$# %$V"W$W�m

��a



I�M`EBG4U�Y�UJI�tZK G]abH��¢PBI�MOSVtZK ^@�"¤���� �$�"���"�È� �"�$�����������È�dSVP<w����$�������������yP�G4HJM`G]w¬wBN HJHJG]hiMON I�P¬W�N u�G4H
a�LZh�E{Y#IqI�U[G4UcUJG4HJL<K M`H1m{¦fG�S�K H[I�kBP<wsM`EZSVM:M`EBGgUJI1� w�N +ÈG4UJG4P<hiG4HsSVUJGXH1N W�PZN kZh4SVP_MOK ^·KTSVUJW�G4U�RzI�U
M`EBG�ûB� d �vûB�`�«üb�vabG4M`EBI�wBm@s}I�U�G4��S�abYZK G]�¡RzI�U¦¥"��§"�$�:ù"'X��N M`E�_jtZK I�h��_H1�FM`EBG:UJI1� wBN +ÈG4U[G4PZhiG
RzI�U:�cG4M`EBI�w�ûB� d �vûB�`�«üb�£N Hx��� . a�c hiI�a!YZSVUJG]wg��N M`EP� . ��c R I�U|��G4M`E�I#w�ûB� d ��ûBm�ûBNTacNTKTSVU1K ^]�
RzI�U��$�"��§��"��©"�:7$H|M`EBGjUJIO�´wBN +ÈG4U[G4PZhiG4H|SVU[GC��a . J�c SVPZw%� . I�c RzI�U:ûB� d ��ûB�`�«üb��SVPZw�ûB� d ��ûB�
UJG4H[Y�G]hiMON u�G]K ^]m�DFE_LBH�M`EBG�H1a�S�KTK G4Uyt#I�U1w}G4UJH«SVYBY#G]SVU�M`I�t#G�SVM�M`E�GvhiI�HJMdI�R_W�UJG]SVM`G4U�UJI1� NTa�tZS�KTSVPZhiG4H(m

¬ � � ¯ ����³ « ± ���®­1¯�° ±
²�³
´ � ª�« ��®�
 «

xyP�G�I�R�M`EBG�a�S�N PQa!I�MON u�SVMON I�PBH|R I�U!M`E<N H!HJM`LZw}^X�bSVH+M`E�G�P�G4G]w|M`I�YBUJG4I�U1w�G4U�acSVM`U1NThiG4H£M`I%ûB�y�yü
abI�U[GlU(SVYZNTwBK ^oM`E<SVP�LBH1N PBW\M`EBGX�"!$# %$V$W"W�NTa!YZK G]abG4P_MOSVMON I�PrI�R¡M`E�G¬�lx+�«��DóS�K W�I�U1N M`E<a�m�niP
D<SVtZK GY¨�m/���È��G�hiI�abYZSVU[G�M`EBG�UJLBPXMONTabG4HcRzI�Uv�cG4M`EBI�w}H�ûB� d ��ûXSVPZwsûB� d �vûB�`�«üb����N M`ElM`E�I�HJG
RzI�UU�$!$# %$V"W$W�mMs}I�U�ûB� d �vûlSVPZwgû�� d �vû��`��üb�`��M`EBG�MONTa!G4HvN PZh4K L<w}G:�¢�¡E�G4UJG:SVYBY�UJI�YBU1NTSVM`G]��M`EBG
MONTabG|MOSV��G4P¬M`IsUJLBP %$V"H��XSVPZwgM`IlY#G4U1a�LBM`Gf� LBH1N P�WXM`EBGY%$V"H���I�U1w}G4U1N P�WXYBU(N I�U�M`I�hiI�abYBL�MON PBW
M`EBG¬ûB�y�yü RzI�U1a�m D
EBGgMONTabG4H�S�K HJIrN PZh4K L<w}GgM`EBG¬�l��DFn4ûfMONTabGlYZK LBH:M`EBGlM`I�MOS�K�MONTabG�RzI�U:M`EBG
HJL�t�I�U(w}G4U1N PBW�H!�¢HJI�M`EZSVM£RzI�U£ûB� d ��û�M`EBGbMONTabG4H�RzI�U£��G4M`E�I#w}H�n4�qnJnJn4�ÈSVP<w �vû�SVUJGbHJL<a�abG]wB�`m<��KTK
MONTa�N P�W�H�SVUJG ú d e MONTabG4H�N P�H[G]hiI�PZw}H1m

EGFIHKJ�LNMPOQHSR TVUQWµX HSR�Z\[ XQ] Z�^¶_*`0ca 3 0·a 7 0ca-d
gK¸�¹ f«g g�¸>¹ fhg i�jlk\k g�¸�¹ fhg gK¸�¹ f«g i�jlk\k g�¸�¹ fhg g�¸>¹ f«g i�jlk\kº TV»½¼ º T¾»½¼ º T¾»½¼

i*m�n\oIpKqlrls\k�t�u ã{¿ 7\v � ¿ � d 3 ¿ ã 3 ã{¿ v\x � ¿ � ã 7 ¿ 6O� ã{¿ �`� � ¿ v{� w ¿ x`6� m�����o�uI� ã{¿ w`6 3 ¿ v d 3 ¿ v`7 ã{¿ d 3 3 ¿ ã x 7 ¿ vO� ã{¿ x\x 3 ¿ �¢6 w ¿ 6`6p\���K�l� ã{¿ 7\v � ¿ 3`7 3 ¿ ã w ã{¿ �`� � ¿ 7`7 6 ¿ x`6 ã{¿ x`3 � ¿ w d v ¿ �`�i*m�n\oIpKqlrl��t�u\k � ¿ 7O� v ¿ ã v x d{¿ d � ¿ d x v ¿ v`6 3`6{� 3 ¿ 7`3 v ¿ vO� 6`3`7��� olr�tI� ã{¿ d\d 6 ¿ 6\w 6 ¿ 6 d � ¿ 3`3 6 ¿ w ã w ¿ 7\x � ¿ 7{� 6 ¿ 6 ã x ¿ w`7� m�����o�u�t ã{¿ 3`6 ã{¿ �\� � ¿ v ã ã{¿ 6`3 ã{¿ d 6 3 ¿ �`� ã{¿ 7`3 ã{¿ d\d 6 ¿ � ã��� o��I��� � ¿ x\x � ¿ d x � ¿ x d 3 ¿ v\w � ¿ v`3 �¢6 ¿ 3 6 ¿ 3`6 � ¿ x\v �5x ¿ 6�*� � p � m�o\��� ã{¿ ã x ã{¿ �¢3 ã{¿ ã\d ã{¿ �\� ã{¿ �5w ã{¿ �¢7 ã{¿ 3O� ã{¿ 3`3 ã{¿ 3O�tI��� ��� ã{¿ ã\d ã{¿ xO� ã{¿ 6`7 ã{¿ ã x ã{¿ d � ã{¿ w`7 ã{¿ �¢7 ã{¿ w{� ã{¿ xO��Ku���� ��� ã{¿ 3O� 3 ¿ xO� ã{¿ d x ã{¿ 3\w 3 ¿ w`7 � ¿ w`7 ã{¿ 6\w 3 ¿ 3{� 3 ¿ 7\v���*��n����*�\� ã{¿ x`3 � ¿ 6`3 6 ¿ v{� ã{¿ x\x � ¿ 3\x v ¿ w d � ¿ � ã � ¿ v`6 d{¿ �¢3��n � � � ���*�l�*� ã{¿ � ã ã{¿ 3O� � ¿ vO� ã{¿ �¢6 ã{¿ 3`6 � ¿ x`7 ã{¿ �\� ã{¿ 3\w 3 ¿ v\x��n � � � ���*�l��� ã{¿ ã x ã{¿ 3 ã � ¿ v ã ã{¿ �¢3 ã{¿ 3`3 3 ¿ w`3 ã{¿ �\� ã{¿ 3\w 6 ¿ ã ���� m\�\� ã{¿ �5w ã{¿ w ã ã{¿ � ã ã{¿ 3\w ã{¿ wO� � ¿ v`6 ã{¿ 6{� ã{¿ w{� 3 ¿ 7`7� �\pKoI�S�QpKn � ¿ 3\v 3 ¿ 6\x 3\w ¿ w � ¿ 6`7 3 ¿ w\w 7`7 ¿ � 3 ¿ 3`7 6 ¿ �¢3 v`7 ¿ �� �\pKoI�S�QpKn ã{¿ w\v ã{¿ x`3 w ¿ ã w ã{¿ �¢6 � ¿ �¢6 �`� ¿ 3 � ¿ 3O� � ¿ 6 ã �5w ¿ �� �\pKoI�S�QpKn ã{¿ 6`3 ã{¿ �¢3 3 ¿ ã 6 ã{¿ 6`7 ã{¿ d 7 6 ¿ d 3 ã{¿ w{� � ¿ ã � v ¿ 6`7��m�o����*� ã{¿ �5x ã{¿ �\� ã{¿ d�ã ã{¿ �5x ã{¿ 3`6 � ¿ v`7 ã{¿ 6\x ã{¿ 3\x 3 ¿ 6\v�*� � m ã{¿ ã v ã{¿ � ã ã{¿ 3\v ã{¿ ã v ã{¿ �¢3 ã{¿ 7 d ã{¿ �`� ã{¿ �¢7 ã{¿ �5v
� m��l�lr ã{¿ �5v ã{¿ 7`3 ã{¿ d�ã ã{¿ �5w ã{¿ 7 d � ¿ v`3 ã{¿ 6 ã ã{¿ v`7 3 ¿ 6{�

D<SVtZK GD¨�m/��3�DFEBG�MONTabG4HX�`N PQHJG]hiI�PZw}H(�«M`IQhiI�abYBLBM`GgM`EBG%ûB�y�yüóR I�U1aóLBH1N PBWfM`EBG%û�� d �vûoSVPZw
ûB� d �vûB�`�«üb���cG4M`EBI�w}H�SVPZww�$!$# %"V$W$W�m

x�P a�SVP_^pY�UJI�tZK G]abH1��û�� d �vû�N HQabI�UJG�M`E<SVP Mç��NThiG SVH{R¢SVHJMoSVH{û�� d �vû��`��üb�%SVP<w�N H
H1N W�P<N kZh4SVPqMOK ^|R¤SVH[M`G4U<M`E<SVP��$!"# %"V$W$W�m nÄP�R¤S�hiMO�'RzI�U�S�P_LZa�t�G4U<I�R(G4��S�abYZK G4H1�(M`EBGO�$!"# %"V$W"W�MONTa�N P�W�H
SVUJGvYBU[I�EZN tZN MON u�G]K ^gG4�_Y#G4PBH1N u�G��¡EBG4P¬hiI�abYZSVUJG]wj��N M`EsM`EBG�MONTabG4H!W�N u�G4PoN P�D<SVtZK GY¨�mT�:RzI�UbHJI�K u�N PBW
SvH(N PBW�K GlKTN PBG]SVU�HJ^_HJM`G]a¨I�PZhiGsN MjN H:N P	ûB�y�yü¨R I�U1a LBH1N PBW�M`E�GXwBN UJG]hiM+H[I�K u�G4U��$!"# %"&$'$*�m�D
EBG4HJG
MONTa�N P�W�H%SVUJG�R I�U�SXHJLBtBH[G4MjI�RyI�L�U:M`G4H[M�YBUJI�tZK G]abH|��N M`E Q �i_gU[LBPQI�P�t#I�M`E{YBUJI�hiG4HJHJI�UJH|I�R

��J



I�LBU ú I�abYZS�e\übûB����mrDFEBG4^�SVUJG�G]KTSVYBH[G]wfMONTabG4HXN PoHJG]hiI�PZw}H1�«abG]SVHJL�UJG]wsLBH1N P�WlM`E�GC%"&��jMONTa!G4U
%$&�� À"����%"��I�P�M`EBG+EBI�H[M�YBUJI�hiG4HJHJI�U1m

Ç|ÈÆÉÑÊ�Ì�ÍÏÎ^ÉËÐ ÁnÐ�ÈÆÉËÐ�ÍÏÊÆû2úZÉËÌ ù ÜSÈ. '3ª ¢�. ã|£Síèí
ã�ä�åèç^éæêSëèìèí�î�ï ����÷[ò Õ õ��¹÷ ó × õ��¹÷Ïö Õ ó¸÷Ïöâô ×
ü^ä�ý�þ�ç�ï^ÿ õ¹÷Ïö¹õ Õ ô�÷ ô�ò × õ¹÷%�âô Õ ô¸÷ ô�ð ×
é���	�

� ô�÷ ó�õ Õ ô�÷ ô¹ô�� × ô�÷ ó�õ Õ ô¸÷ ô¹ô�õ ×����ç�ë�î�� �¹÷%��� Õ �¹÷Ïõ�� × �¹÷Ïò¹ð Õ ô¸÷Ïò�� ×����ç��Æÿ�� ����÷[ö Õ �¹÷ ó¹ó × ���¹÷Ïñ Õ ô¸÷%�¹ñ ×
î ��	��
� ô�÷Ïõ�� Õ ô�÷ ô�� × ô�÷Ïõ¹ñ Õ ô¸÷ ô�� ×
ÿËï���	��
� ô�÷Ïò¹õ Õ ô�÷ ô�ð × ô�÷Ïñ¹ñ Õ ô¸÷ ô�ð ×
þæå���ý �èþ��Æþ�$^ÿ ô�÷Ïðâô Õ ô�÷ ô�õ × ô�÷%�¹ñ Õ ô¸÷ ô�õ ×���èéæç���(Æéæå õ���÷ ó Õ ð¹÷ ô¹ô × ó�ð¹÷Ïõ Õ ð�õ¹÷Ïò ×
ü��èéæç���(Æéæå �¹÷%�âô Õ ô�÷Ïðâô × �¹÷Ïö�� Õ ô¸÷Ïñâô ×��ä�ç 	���� �âó¸÷[ö Õ õ¹õ¹÷Ïö × �¹ñ¹÷Ïò Õ õßó�÷%� ×

D<SVtZK G=¨�mT��3 �$!$# %$&"'$*�MONTabG4HvR I�U�HJI�K u�N PBWXS«H(N PBW�K GjKTN PBG]SVU¡H[^qHJM`G]a S�R M`G4U¡I�U(w}G4U1N PBW�M`IgûB�y�yü�RzI�U1a
�4Q �°_��`m�DFEBG|PqL<a¡t#G4UJHgN P�Y<SVUJG4PqM`E�G4HJG4HXSVUJG�M`EBG�MONTa!G4HlRzI�UgSVPZS�K ^qH(N PBWQSVPZw¬R¢S�hiM`I�U1N ¥]N PBW�M`EBG
N P_M`G4U1R¢S�hiG£YBUJI�t<K G]abH1m

D
EBGyUJG4HJLZK M`H¡N PgD<SVtZK G�¨�mT�!w}G]abI�PBHJM`U(SVM`G!h4K G]SVU(K ^�M`EBG+NTabY#I�UJMOSVP<hiGdI�RCEZS`u�N PBW�S�PZSVUJUJI1�¬t#I�U1w}G4U1m
s}I�U�M`EBI�HJG�YBUJI�tZK G]abH���N M`E\S«UJG]KTSVMON u�G]K ^���NTw}G+t#I�U1w}G4U£�`N PZh4K L<wBN PBW=%$�"�$��� ÷$(½ø$W"':ùÈ���$�"������������SVPZw
�$�"�$¤�©"HÈ��M`EBG�MONTabG�MOSV��G4P�RzI�UjSVPZS�K ^_H1N PBW\SVP<wfR¤S�hiM`I�U1N ¥]N P�WXM`EBGlN PqM`G4U1R¢S�hiGcY�UJI�tZK G]a UJG4Y�UJG4HJG4P_M`HjS
H1N W�P<N kZh4SVPqM�YBUJI�Y#I�UJMON I�P�I�R�M`EBG!M`I�MOS�K'H[I�K LBMON I�PgMONTabG]m�nèRBM`EBG+P_LZa�t�G4U�I�R�YBUJI�hiG4HJHJI�U[H�N H�N PZhiUJG]SVH[G]wB�
M`EZN H!��NTKTK�U[G4HJLZK M�N PoS�H1N W�PZN kZh4SVP_M!t#I�M`MOK G4PBG]h��¬SVPZwjY#IqI�UbHJY#G4G]w¸N�LBY�H1m���I1��G4u�G4U(��M`EBGvUJG4HJL<K M`HcS�K HJI
HJE�IO�¶M`EZSVMcI�LBUjPBG4� SVY�YBUJI�S�h�E�G4Hsh4SVPQt�GgHJLZh4hiG4HJH1RzLZK¡N PQI�tBMOS�N PZN PBW\W�I_I#wQûB�y�dü R I�U1a!H1��M`EZSVM
N H1��ûB�y�dü�R I�U1a!H�K G]S�wBN PBW�M`IlSbH1a�S�KTK N P_M`G4U1R¢S�hiG�Y�UJI�tZK G]a SVPZw�M`EZSVM�SVUJGjhiI�a!Y�G4MON MON u�G���N M`E�M`E�I�HJG
RzI�LBPZw«��N M`E�M`E�G��Xx£����D¬S�K W�I�U1N M`EZa�mts}I�UbSdPqL<a¡t#G4U
I�R]G4�#S�abY<K G4H��¢HJLZh�EXSVH�M`EBG1�$�$�bYBUJI�t<K G]abH1�`�
M`EBG��$!$# %$&"'$*«MONTabG¡L�H1N PBWbM`EBG£ûB�y�yü�R I�U(a�hiI�abYBLBM`G]wbt_^£M`E�G£ûB� d ��û�abG4M`EBI�w�N H�W�UJG]SVM`G4U�M`EZSVP
M`EZSVM
U[G4Y�I�U[M`G]w�R I�U
M`EBG �$!"# %"V$W$W�ûB�y�yü{RzI�U1a{tBL�MO�'NTR�M`EBG�MONTabG�U[G]e>LZN U[G]w«M`IchiI�abYBLBM`GyM`EBG£ûB�y�yü
RzI�U1a N H�MOSV��G4P�N P_M`IlhiI�P�H1NTw}G4U1SVMON I�P��`DZSVtZK Gx¨�m/���`�BH[G4u�G4U1S�K�R¢S�hiM`I�U1N ¥]SVMON I�PBH!I�RFa�SVM`U1NThiG4H«EZSJu#N PBWcM`EBG
H1S�a!G+YZSVM`M`G4UJP�SVU[G+PBG4G]w}G]wvM`Iwf¤LBH[MONTR ^:M`EBG+G4�_M`U1S�hiI�HJM�I�R�I�U(w}G4U1N PBW�LBH(N PBW=�"!$# %$V"W$WÈm

Â ²@� ����®���������³°� ª�¯]± ��Ã «

��G4� S�K W�I�U1N M`EZa!H¡M`EZSVM�SJu�I�NTw�LBH1N P�W�G]N M`E�G4U¡M`EBGbUJIO��I�U�hiI�K LZabP�W�U1SVY�E�I�RBM`EBGcacSVM`U1N �cEZSJu�G+t#G4G4P
YBU[I�Y�I�H[G]w�R I�U�I�U1w}G4U1N P�W�SVP%LBP�HJ^#acabG4M`U1NTh�a�SVM`U1N �o�·M`I�ûB�y�dü R I�U1acmgDFEBGcPBG4� abG4M`EBI�w}H�LBHJG
G]N M`EBG4U<u�G4UJM`G4�!HJG4Y<SVU1SVM`I�UJH<I�U���NTw}G�HJG4YZSVU1SVM`I�UJH<I�R1M`EBG�HJ^�a�abG4M`U(N ¥4G]w�a�SVM`U(N ���d� § �«m niP+W�G4PBG4U1S�KT��NTR
�%EZSVH�SdEZN W�E<K ^£LBPBH[^#a�a!G4M`U1NThZHJYZSVUJH1N MÄ^�Y<SVM`M`G4UJP���N M`EXS!KTSVU[W�G¡PqL<a¡t#G4UFI�RC¥4G4U[I�H�I�P�M`EBG£wBNTSVW�I�P<S�KT�
ûB�y�yü R I�U(abHy��N M`E|t�G4M`M`G4U�U[IO�	tZS�KTSVPZhiGcSVPZw�PZSVU[UJIO�dG4U�t#I�U1w}G4UJH!SVUJG�S�h�EZN G4u�G]w�tq^jkBUJHJM!SVYBYZK ^�N PBW
S�acSV�#NTa�S�K�a�SVMOh�E<N PBW�I�U1w}G4U(N PBWfM`I{��M`I{NTabY�UJIOu�G�N M`HjHJ^�a�abG4M`UJ^]m�s�I�UjEZN W�E<K ^�LBP�HJ^#acabG4M`U1NTh
YBU[I�tZK G]abH1�ySVH�M`EBG:PqL<a¡t#G4U£I�R
tZK I#h��qHgN P<hiUJG]SVHJG4H1�<M`EBG:t#I�U1w}G4U�N HvW�G4PBG4U1S�KTK ^{KTSVU[W�G4U�RzI�UvM`EBG:PBG4�
abG4M`E�I#w}H�M`EZSVP�RzI�U�M`EBG+G4��N HJMON PBWX�lx+�«��DrS�K W�I�U1N M`E<a�I�R<��L�G4M�S�KTm¡�`���������`m���IO�dG4u�G4U1�ZR I�U�a!I�UJG
HJ^�a�abG4M`U(NTh4S�KTK ^�HJM`UJLZhiM`LBU[G]wvG4�#S�a!YZK G4H1��M`EBG£HJG4YZSVU1SVM`I�UvabG4M`EBI�w}H¡I�RzM`G4P\K G]S�wcM`I�PZSVUJUJI1��G4U�t#I�U1w}G4U
H1N ¥4G4H(mUs}LBUJM`EBG4U(abI�UJG]�'M`E�G+PBG4� a!G4M`EBI#w�H�SVUJGja�LZh�E�R¢SVHJM`G4U«M`EZSVPgM`EBG:�Xx+�«��D·S�K W�I�U1N M`EZa�m!D
EZN H

��¨



a�SV��G4HjM`EBG]a¶LBHJG]RzLZKyS�K M`G4UJPZSVMON u�G4Hj�¡EBG4P¬M`EBG|UJG]eOLZN UJG]wlP_LZa�t#G4U�I�R«R¢S�hiM`I�U1N ¥]SVMON I�PBH:I�R�a�SVM`U1NThiG4H
EZSJu#N P�W�M`EBG!H1S�abGbHJYZSVU[H1N Mç^:YZSVM`M`G4UJP�N H�H(a�S�KTK_t#G]h4SVLBHJG]�_G4u�G4P�M`EBI�L�W�E�M`EBGbt�I�U(w}G4U+a�S`^:t#G«��NTw}G4U1�
M`EBG�IOu�G4U1S�KTK<hiI�HJM�I�R�UJG4I�U1w}G4U1N P�WX� SVPZw�M`EBG4PXHJI�K u�N PBWlSbH(N PBW�K G:KTN PBG]SVU«HJ^_HJM`G]a �¢I�U«H1a�S�KTKBPqL<a¡t#G4U
I�R�HJ^qH[M`G]abH1��LBH1N PBW¬SjYZSVU1S�KTK G]KywBN UJG]hiMvHJI�K u�G4Ugh4SVP¬t#GlR¢SVHJM`G4UgRzI�UvM`EBG|PBG4�´S�K W�I�U(N M`EZabH�M`EZSVPrRzI�U
�lx+�«��D¡m

Ä � �ÅÃ���� ¸ ® ª ��³ ª ¯]ª ��
 «

¦fGªSVUJG u�G4UJ^óW�U1SVM`G]RzLZKXM`I �lN UJG4�~D,¾LZa�S I�RsM`E�G���h4S�w}G]a¡^ I�R¬ûBh4N G4PZhiG4H�I�RlM`EBG ú ¥4G]h�E
ý G4YBLBtZKTNThrRzI�U�YBU[IOu�NTwBN PBW LBHo��N M`E EZN H·hiI�w}G RzI�U·hiI�abY�LBMON PBW u�G4UJM`G4�¨H[G4YZSVU1SVM`I�UJH R UJI�a M`EBG
%$�"����! &"�$�$�"�$�"�$�$�"�$�����$���$���$��I�LBM`YBLBMOmQ�XSVP_^�M`E<SVPB�qHlS�K HJIfM`IfnèS�N Ppü�L
+pSVM�M`EBG ý LBM`EBG4U1RzI�U1w
�«YBYZK G4M`I�P�þ�SVt#I�U1SVM`I�UJ^fR I�U�EBG]K YZRzLZK�wBN H1hiLBH[H1N I�PBH£SVPZw�hiI�acabG4PqM`H«I�P�S�w�U1S�R M�I�R�M`EZN H¡Y<SVY�G4U(m

� ª½Æ�ª � ª ��� ª�«

ú m
��HJE<hiU1S�R MsSVPZwÈÇqm ¦ mT�«m�þZN LZmo��YBY<KTNTh4SVMON I�PBHjI�RdM`E�G�ü�LZKTa�SVW�GSN[�cG4PZw}G]K HJI�EBP w}G]hiI�a!Y�I�H(N MON I�P
SVPZwsPBG4MÄ��I�UJ� 5BI1� M`I�W�U1SVY�E�tZN HJG]hiMON I�P NTabYBUJI1u�G]abG4PqMOm ? ­�©1ÉËÊ « É �~���¹z»¼ © º
� i ¶¸��z»�x�~º,{
© �~� i za`��~��z|�~º,�J� ¨ÍÌ � ����aIÎ
��a¹R�� ��I�I�_�m

n4m]�ZU1S�N PZacSVP:SVPZw�ûBm]D�I�K G]w}I�m���G4HJM`G]w¸N[w�N HJHJG]hiMON I�P�I�U1w}G4U(N PBW�HdRzI�U�HJY<SVUJHJG«þ e ��N M`E�Y<SVUJMONTS�K4YZN u�I�MON P�W�m
? ­�©-ÉÏÊ « É �~���¹z|¼ © º,� i ¶¸��z|�U�~º,{ © �~� i zk`��~��z»��º,�`� ¬Ð� �>I�I�_IÎ
���������
��������m

D¡mZübS`u�N H1m e PZN u�G4UJH1N MÄ^gI�R�sFK I�U1NTwBSjû}YZSVUJHJG:�XSVM`U1N � ú I�KTK G]hiMON I�PZm@Ñ ©ÓÒ zaW�}����¢� Ì«Ô �`�����`����I�I�¨�m8s�LZKTK
w}G4MOS�NTK HvRzUJI�ap�¡����mTh4N HJG]m Lh5Zm G]w�L¡»ÐÕ+wBSJu#N H�»VH[YZSVUJHJGd»�m

D¡m ��m«ü«SJu#N H�SVPZw�Ç]m ý m p+NTK t#G4UJMsSVPZw{ûBm nèm�þ�SVU1NTabI�U[G�SVPZwQ��m/p+m«��W�m	� hiI�K LZabP�SVYBYBUJI1�#NTacSVM`G
a�N PZNTa�LZa w}G4W�UJG4G�I�U1w}G4U(N PBW�S�K W�I�U(N M`EZa�moD�G]h�E�PZNTh4S�K ý G4Y#I�UJM�D ý N[���¹N[����a���ü�G4YZSVUJMOa!G4PqM�I�R
ú I�abYBLBM`G4U�SVPZw�nÄP<R I�U1acSVMON I�P\ûBh4N G4PZhiG:SVPZw���P�W�N PBG4G4U1N PBW�� e PZN u�G4UJH1N MÄ^�I�R s<K I�U(NTwBS�m

n4mTûBm_ü�L
+Fm]�vK W�I�U(N M`EZa a�¨�a��}Y#G4U1a�LBMOSVMON I�PBH¡R I�U�S�¥4G4UJI�N[RzUJG4G+wBNTSVW�I�PZS�KTm ©¨Ö3ÉØ× �Ñ�~º,� « É �~��Y~}^· ����zk`�� i
? �ru���y��~��}>� Ô � ��_�¨IÎ
��I����;��I�_����}m

n4mTûBm'ü�L,+
m�xyPgS�K W�I�U1N M`E<abH«RzI�U�I�tBMOS�N PZN P�WjS!a�SV��NTa¡LZa�M`U1SVPBHJu�G4UJH(S�KTm ©¨Ö3ÉÙ× ���~º
� « É �~��Y~}^· ����zk`�� i
? �ru���y��~��}>� Ô � ����aIÎ
�������;��I�_��dj4m

n4mTûBm_ü�L
+lSVPZw:Ç]m$hyI�HJM`G4U(m�DFEBG!w}G4H1N W�P�SVPZw�LBHJGdI�R�S�K W�I�U1N M`E<abH�R I�UFY#G4U1a�LBMON PBW�KTSVUJW�G�G4P_M`U1N G4H
M`IbM`EBG
wBNTSVW�I�PZS�K�I�RqHJY<SVUJHJG£a�SVM`U1NThiG4H(m ? ­�©-ÉÚÊ « É �~���¹z|¼ © º,� i ¶¸��z|�O�~º,{ © �~� i zk`��~��z|�~º,�`� ¬ÍÛ �,_�_�IIÎ
I������
��I�I�I�m

n4mTûBm�ü�L,+�SVPZwCÇ]m/h£m ý G]NTwBm¡�c�)R
_���S sÈI�UJM`U1SVP\hiI#w}G:R I�U�w�N UJG]hiM¡HJI�K LBMON I�PXI�RBH[YZSVUJHJG!LBP�HJ^#acabG4M`U1NTh
KTN PBG]SVU+HJ^_HJM`G]abH+I�R�G]eOLZSVMON I�PBH1m ý G4Y#I�UJM ý �vþ,N�I��¹N[��¨���� ý LBM`EBG4U1RzI�U1wj�«YBYZK G4M`I�PQþZSVt�I�U(SVM`I�UJ^]�
��I�I���m

n4mTûBm�ü�L
+�SVPZwÜÇ]m ��mÈû�hiI�M`MOm�DFE�G�w}G4H1N W�P|I�RZS¡PBG4� RzUJI�P_MOS�K�hiI�w}G�R I�UyHJI�K u�N PBW�HJYZSVUJH[G�LBP�HJ^#acabG4M`U1NTh
HJ^qH[M`G]abH1m ©¨Ö3ÉÝ× ���~º
� « É �~��Y~}^· ����zk`�� iY? �ru���y�����}>� ¬<¬ �4���`�A���IÎ�R
a��A��I�I�J�m

��_



n4mTûBm'ü�L,+lSVP<wÞÇ]m ��m'ûBhiI�M`MOm'�{YZSVU1S�KTK G]KBw�N UJG]hiM
HJI�K u�G4U�RzI�U�KTSVUJW�G�HJY<SVUJHJG�EZN W�EZK ^�LBPBHJ^�a�abG4M`U(NThdKTN P�G]SVU
HJ^qH[M`G]abH1m D�G]h�EBPZNTh4S�K ý G4Y#I�UJM ý �vþ,N[D ý N[�������¹N[������� ý LBM`E�G4U1R I�U(w��«YBYZK G4M`I�P þZSVt�I�U(SVM`I�UJ^]�
��������m

��m'ü�LZKTa�SVW�G�SVPZw��«m'�cG4PZw}G]K HJI�EBP<m ú IOu�G4U(N PBW�H�I�RCtZN YZSVUJMON M`G¡W�U(SVYBEBH1m Ö �~º
�~{ « Ê « É ����Y « � ¨ÐÛ �
a���¨IÎ
a��¹R��>��I�a�_�m

��m pyG4I�U[W�GsSVPZw���m���W�mfxyP�M`E�GlhiI�abYZK G4��N Mç^%I�R<HJYZSVUJHJGC� ý SVP<w�þ e R¢S�hiM`I�U1N ¥]SVMON I�P¬I�P%k�PZN M`GSN
G]K G]abG4PqMva�SVM`U1NThiG4H1m ? ­�©1ÉØÊ «½? `^z»}^º,��z ß�` ��º,{ ? ���~��z|����za`�� i Ö �~·��Zfm��z»º<W4� Ì ��_¹R
IIÎ
_�J���� ��I�_�_�m

Çqm ý m�p£NTK t�G4U[MySVPZw���m_��W�m d UJG]w�NThiMON PBW�H[M`UJLZhiM`LBUJGbN P�P�I�PBHJ^�a�abG4M`U1NTh#H[YZSVUJHJGba�SVM`U1N �jR¢S�hiM`I�U1N ¥]SVMON I�PBH1m
z»º �vmYp�G4I�UJW�G]�àÇ]mYp£NTK t�G4U[M·SVPZwáÇqm�þ�N LZ��G]w}H1�câ/pyU1SVYBE DFEBG4I�UJ^ªSVPZw û�YZSVUJHJG �lSVM`U1N �
ú I�abYBLBMOSVMON I�P3ãTm û}YBU1N P�W�G4UæN��
G4U1KTSVW�����G4�8ä
I�UJ��� ��I�I���m

Çqm ý m�p+NTK t#G4UJM�SVP<w ý m ûBh�EBUJG]N t#G4U1my��G4HJM`G]wgwBN H[HJG]hiMON I�Pg��N M`E�Y<SVUJMONTS�K�YZN u�I�MON PBW�mMz»ºCâTû}YZSVUJHJGc�lSVM`U1N �
û}^#a!Y�I�H(N LZa ��I�_���3 d UJI�W�U1S�a SVP<w���tBH[M`U1S�hiM`H1� sFS�N UJkBG]KTw p+KTS�w}G]�ZD¡�-ãT����I�_���m

�«ûBþ�m'�phiI�KTK G]hiMON I�P|I�R
sÈI�UJM`U1SVPlhiI#w}G4H«R I�U�KTSVUJW�G�H1h4S�K G¡H1h4N G4P_MON kZh�hiI�abYBL�MOSVMON I�PZ����������m;s}LZKTK'w}G4MOS�NTK H
R UJI�a��¡�¡��mThiHJG]mTh4K U(h4mTS�h4m LB�K»VP<SVW<»VEBH1K�»�m

ä�m/sFm���LZ��h£m ú m/sFm��XSVW�LZN U[G]�!SVPZw ý mGÇqm��yKTSV��G]m��µa¡L<K MONTK G4u�G]K�LBP�HJ^#acabG4M`U1NTh�a�SVM`U1N ��I�U1w�G4U1N PBW
R I�U�YZSVU1S�KTK G]K'Y�UJI#hiG4H[H¡H1NTa�LZKTSVMON I�PZm Ö �~·��Zfm��}��¹�8z|º Ö Y~}^·�zk`�� iYå ºhW�z|º,}�}��¹z»ºhW>� ¬Ð� � ��J����IÎ
��J¹R
¨��
��������m

p+m�h+SVUJ^_YZN HXSVPZw¢�vmOh�LZa�SVU1mr�l��D
nèûh3
�¶H[I�R MÄ�bSVUJGXYZS�h��'SVW�G¬R I�UjYZSVUJMON MON I�PZN PBW%LBPBHJM`UJL<hiM`LBUJG]w
W�U1SVYBEBH1�qYZSVU[MON MON I�PZN PBWgabG4HJE�G4H£SVPZw�hiI�abYBLBMON P�W�k<KTK N�UJG]w}LZh4N PBWvI�U1w�G4U1N PBW�H�I�R�HJYZSVUJHJG�a�SVM`U1NThiG4H
N�u�G4UJH1N I�P R�mT��� ��I�I�_�m

�ymT�«mf�XSJ^�I�EZm � W�U1SVYBE´M`G]h�E�PZNTe>L�G R I�U N P_u�G4UJMON PBW hiG4UJMOS�N P~acSVM`U1NThiG4H1m É �~��Y~}^· ����zk`^���ru
Ö �~·��Zfm���~��z»��º�� ¨ÍÌ � J¹R�RÐÎ
J¹R
J�� ��I�J�a�m

��m d I�M`EBG4P�SVPZw ú N�Çqm sBSVPZm ú I�abY�LBMON PBW�M`EBG�tZK I#h��|M`U1NTSVPBW�LZKTSVU�R I�U(a I�R
SbHJYZSVU[HJGja�SVM`U1N ��m ©¨Ö3É
× �Ñ�~º,� « É ����Y~}�·��~��za`�� i3? �ru���y��~�Ñ}4� ¨Ðæ �>�����IÎ
���¹R��;��I�I���m

Çqm �vm'ûBhiI�M`MOmZDFEBG!w}G4H1N W�P�I�RÈSdY#I�UJMOSVtZK GyYZSVU1S�KTK G]K'RzUJI�P_MOS�K(HJI�K u�G4U«RzI�U�h�EBG]acNTh4S�K}YBUJI�hiG4HJH
G4PBW�N PBG4G4U(N PBW
YBUJI�tZK G]abH(m Ö �~·��Zfm��}��¹��z»º Ö Y~}^·�zk`�� iµå ºhW�z|º,}�}^��z|ºhW>� ¬Ðç �>��J�I�IIÎ
��¨���I��
��������m

��I


	 1 Introduction                     
	2 Test problems and computing environment
	3 Graphs and separators
	3.1 Graph notation and definitions
	3.2 Separators and SBBD forms
	4 Computing SBBDs via wide separators
	4.1 Preordering using maximal matchings 
	5 Computing SBBDs without computing wide separators
	6 Nested dissection vertex separators
	7 Timings and HSL_MP48 results
	8 Concluding remarks
	9 Acknowledgements
	References

