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X�V�T{zwQS]JÀ X�}hTW\ QjTJVY�gegQSV TWRbRbV�]{T{dm}bQjij~©^�]{V´��]WX�}QS¢�R�QjdfXYQ7z�vydjTJiYQ=TJi;�`Qj����TJi;�`]{V�iDXDv�dST{iDQ�R�QSVY^�]JV�ZqTW\hdSQjij�

ã r�Q¥TJ�giY]ºTJ\hTW�go�§SQFX�}bQ QSÀ�Q7d�X�]W^��babÀ�QjVYeg\b�º]{\�XY}hQX�V�T{zwQS]JÀTWZ[]{\b�*XY}hQ;l�TWV�e�]{ahi4dS�gT{iYiYQji�]W^wRbV�Qjdf]{Z[RbawXYQ7z
dSab�UQ7iS�(�BahVIV�QjiYab��X�i¦iY}b]�� X�}hT�X�¯B½*_ dSTJ\	��QqZ[]JV�Q
QSÀ�Q7d�XYeglJQj��o��babÀ�QjVYQ7z�XY}UTW\X�}bQ�]JXY}bQjVIdS�gT{iYiYQji=]W^;RhVYQSv
dS]JZ[RbawX�Qjz�dfah�UQ7i@ë¡��oªahiDeg\b�ºT�Z[]wzwQjV�TWXYQ�TJZ]{ab\�X

]J^�ZqTWeg\wvyZ[QSZ[]JV�o�^�]JV¦�babÀ�QjVYeg\b�h~s¯=½3_ dSTW\���Qjdf]{Z[Q
T{i���abQSV�o�v«QS ¡dfegQS\�X�TJi�XY}bQ(Z[]{iDX��abQSV�o�v«QS ¡dfegQS\�X�TWRbv
RbV�]{T{dm}��*e�XY}b]{awX3eg\hdfabV�V�e�\b�[e�X�i*}he��{}(abR�zbTWXYQfv�df]�ipX7�

ì3]JXYQ�XY}hTWXOTJ���®XY}bQ�XYQ7dm}b\beu�{ahQjiIzwQSl{QS�g]JR�Qjz�^�]{VBVmTW\b�{Qfv�iDahZ��abQSV�egQjiFdSTJ\ ��Q+TWRhRb��egQjz X�] TW\�o �beg\hTWV�o ]{RUQjV�TWXY]JV�^�]{V
�*}beudm}OXY}bQjVYQ@QS¢wegiDX�i®TW\Oe�\�l{QSVmiDQ�]JR�QSVmT�X�]JV�ëj]JXY}bQjV®TJRbRb�gegdjTW�b�gQ
TW�{�JV�QS��T�XYeg]J\¥]JR�QSVmT�X�]JVmi¡eg\hdf�gahzwQ&_*�Ikiì�ÏO~ � ���`± �«í �3~
±3�I����³)ì í vpcwk=xF~bTJ\hz�±3�I���4³)ì í v � ���`± �«í �î� ���«�
r�Qºdf]{\hdf�gahzwQtX�}beui�iYQjd�X�e�]{\¹�*enX�}¶iD]{Z[QtRbVYQj��egZ[e�\UTWVYvegQjij� �4QSX9ª��UQªTïv�vyzwegZ[QS\hiYeg]J\hTJ�¡zbT�XmT�dfab��Q+]W^�iYe�§jQ

ð}áÜåðB¯ñÜóò:ò@ò+ðB±�~��*}hQSV�Qôð Æ egi&XY}bQºdjTWVmzweg\hTW�genXpo ]W^
XY}hQ È�õ�ö zwegZ[QS\hiYeg]J\4�çÛb]{ViDegZ[Rb��eudfe�XpoºTJ\hz+�*e�XY}b]{awX�g]{i�i
]W^��JQj\bQSVmTW�ge�XpoJ~q�gQfX&X�}bQºzw]{Z[TJe�\¹]J^(X�}bQ È õ�ö%zwegZ[QS\hiYe�]{\
��Q | �Q®@zT®@ò@ò:ò�®Fð Æ�÷ zW�{��r�Q�aUiDQ�XY}bQ(�JQS\hQSV�egdX�QSV�ZøÊ ��¡T¢
Ð	ùV¦ Ê ¥*ß�¡[ÅôÐ	¥-Ñ,¡ XY]¡V�Qf^�QjV3X�](T¡dSab�UQ��UQj��]{\b�Jeg\b�qX�](TJ\�o
]W^�X�}bQ(dS�gT{iYiYQji¦]J^3RbV�Qjdf]{Z[RbawXYQ7zFdfab��Qji�£�e«� QJ�g~KzbT�XmTdfab��QJ~� _B~®± � _B~4¯B±*_B~®TW\hz1¯=½3_�¤f��r�Q¡zwQS\b]JXYQ¡T�VmTW\b�{Qfv�iDahZ
��abQSV�o¥��o�£ Â� ¿ Ä� ® Â/¯ ¿ Ä"¯ ®:ò@ò:ò@® Â/± ¿ ÄQ± ¤(TW\hzºT&RbV�Qf�b¢
VmTW\b�{Qfv�iDabZ ��abQjVYo	��o�£ Ä� ® ÄQ¯ ®@ò:ò@ò�® ÄQ± ¤f� í e�l{QS\�Xp��]�dSQS�g�gi
ú Ç £ ú  ® ú ¯ ®@ò@ò:ò�® ú ± ¤ITW\hzbû Ç £�û  ®Fû ¯ ®:ò@ò@ò@®+û ± ¤Ieg\�TJ\æv�v
zwegZ[QS\hiYe�]{\hTW�Udfab��QJ~��`QBiYT�o�XY}hTWX Ì Ê ��¡[Ð	¡[Å-¡[£�© ~�zwQS\h]WXYQ7z
��o úýü û�~hen^@TW\hz(]J\h��o(en^ ú Æ Ã û Æ ^�]JV�z Ã9È#Ã v@�
Ûb]{V`Q7TJiYQ=]J^�RbV�QjiYQS\�X�TWXYeg]J\4~��`QBahiYQB]{\b��o}��vyzwegZ[QS\hiYeg]J\hTJ�

dfah�UQ�Qf¢bTWZ[Rb�gQji�X�]�eg���gahiDXYVmT�X�Q¦XY}bQ�l�TJVYeg]JaUi3df�uTJi�iDQ7i*]W^KRhVYQSv
df]{Z[RbawXYQ7zºdSab�UQ7iS~OTW\UztahiYQ9X�}bQ1\b]WXmT�XYeg]J\UTW�Odf]J\�l{QS\�XYeg]J\
£ ú ®+ûb¤`XY]¡zbQS\b]JXYQ¦T[dfab��Q�dfQj���4eg\�VY]�� ú TW\hz�df]{��ahZ\�û��
Ï�}bQ�V�QjiDX3]W^�X�}begiBRhTJRUQjV3egi=]JV��{TJ\be�§jQjz�TJi*^�]J�g��]��3ij��cwQjd�v

XYeg]J\}�IRbV�QjiYQS\�Xmi@VYQj�gTWXYQ7z���]JV�°�]{\RhVYQ7df]JZ[RbabXYQjz[dSab�UQ7i@^�]{V
RbV�]wdfQji�iYe�\b�IVmTW\b�{Qfv�iDabZ���abQjVYegQjij��³�\qc�QjdfXYeg]J\B�b~W��Q�RbV�QjiYQS\�X
T�\bQj� df�uTJi�i¦]W^*RbV�QjdS]JZ[RbawX�Qjz1dfab��QjidSTJ���gQjzþè7��~��F�=�Fé.è[��é.���
é@�Q�¤~����3c�QjdfXYeg]J\?â¡eg\�XYV�]�zbahdfQ7i�XY}bV�QSQ�ZQSXYV�egdji*^�]{VBdf]{Z[RhTWVYv
eg\b��X�}bQ[iDRhT{dfQ{~�ahR�zbTWXYQ{~4TW\hz	�{ahQSV�o�dS]{iDX�iB]W^KX�}bQl�TJVYeg]JaUi
df�uTJi�iYQjiK]J^�RbV�QjdS]JZ[RbawX�Qjz¡dSab�UQ7iS~bTJ\hzqRbV�QjiYQS\�Xmi`TJ\�TW\hTJ��o�XYveudSTW�Bdf]JZ[RhTJVYeuiY]J\¥]W^OXY}bQje�V¡XYVmTJzwQj]WÀ¨iS�ª³�\ºc�QjdfXYeg]J\ô�w~���Q
df]{\hiYegzwQjVqXY}hQ9QfÀ�QjdfX�]W^¦�babÀ�QjVYeg\b�&]{\�XY}bQ��{ahQSV�o{vyabR�zbT�X�Q
XYVmTJzbQS]WÀ+]J^BRbV�QjdS]JZ[RbawX�Qjz�dfah�UQ7iS�KÛse�\UTW�g��o{~`��QiDahZZqTWv
V�e�§jQ3]JabV`VYQ7iDah�nXmiKeg\(c�QjdfXYeg]J\3�h�@P=abQ=XY]�iYRhT{dfQ=dS]J\hiDXYVmTWeg\�X�ij~
TW�g�¨TW\hTJ��o�X�egdjTW��VYQ7iDab��X�i�TJVYQB]JZ[enXYXYQ7z�eg\¡X�}begi�RhTJRUQjV��bawX3TWV�Q
T�l�TWeg�gTJ�b�gQBQj�giYQS�*}bQjVYQy� ���y�
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(b)  Overlay Box O(a) Relative-Prefix Array A

Û®eg�JahVYQA�w¿%�K¢wTJZ[Rb��QO]J^�T[±*Qj�gTWXYeglJQ � V�Qf�b¢�_`ah�UQO^�]{V�XY}bQ�PIT�XmT�_`ab�UQ¦eg\?Ûse��{abVYQBz{�
� � 2
	p?s�w2�L��¸8K��
Ï�}beui®iYQjdfXYeg]J\¦RbV�QjiYQS\�Xmi4Xp��]=df�uTJi�iYQji¨]J^bRbVYQ7df]{ZRhawXYQ7z�dfab��Qji
^�]JVBRbV�]�dSQji�iDeg\b�qVmTW\b�{Qfv�iDahZ ��abQSV�egQjij~h\hTJZQj��o{~URhVYQS�b¢�dSab��Q
£ � _�¤�TW\hz(V�QS�uT�XYeglJQORbV�Qf�h¢(dfab��Q¡£¾± � _�¤��
����� � ��¡5Ë$Ì · ¥-Ñ,¡[£�� � ·��
Ï�}bQ?Ê ��¡TË$Ì Ð	¥-Ñ,¡ ]J^OT1zbTWX�T1dfab��Qáª~�zwQS\b]JXYQ7z ��o Ý¡~
eui�T&dSab�UQ9]W^¦XY}hQ9iYTJZ[Q9zwegZQj\hiYe�]{\hTW�genXpo¥TW\hztiYeg§SQ9T{i_ª
iYahdm}�XY}hTWX�QjT{dm}tdfQS�g� ú Ç £ ú  ® ú ¯ ®:ò@ò@ò:® ú ± ¤qeg\êÝ�iDXY]{VYQ7i
XY}hQ3VYQ7iDah�nX;]J^�XY}bQ3RhVYQS�b¢�VmTW\b�{Qfv�iDahZ £ ú  ® ú ¯ ®@ò@ò:ò@® ú ± ¤�ë�e«� Q{��~
Ý3� ú � Ç ����

Æ ��� � �"!�
Æ !���� ò@ò:ò �"#

�
Æ #$� � ªB� È �® È ¯=®@ò:ò@ò:® È ±T�«�9Ï�}bQ � _¹TWRbvRbV�]{T{dm}¦Qf¢wRb�g]Je�X�i�XY}bQ`RbVY]{RUQjVDXpoBXY}UT�X@TW\�oBVmTW\h�JQfv�iYabZ ��abQjVYo

dSTJ\1�UQ¡Qjl�TW�gahT�X�Qjz�e�\�X�QSV�Z[i�]W^*T�X�Z[]{iDX�� ± TWRhRbVY]{RbV�egTWXYQ
RbV�Qf�b¢qVmTW\b�{Qfv�iDahZ ��abQSV�egQjij�$Ï�}bQjVYQS^�]JV�QJ~���oRhVYQ7df]JZ[RbabXYeg\b�
TW�g��RU]�iYiYe��h��QBRbVYQS�b¢qV�TJ\b�JQSvyiYabZqij~WXY}hQBQjl�TJ��aUT�XYeg]J\¡dS]{iDX`]J^�T
VmTW\b�{Qfv�iDabZ ��abQjVYo9ahiDeg\b�T � _�egi�\b]�Z[]JV�Q�X�}hTW\ � ± dfQj���
TJdjdfQ7iYiYQjij�=¯3]���QSl{QSV7~bX�}bQ�ahR�zbTWXYQ[df]�ipX=]J^KXY}hQ � _ªeuiB}be��{}
iYe�\hdSQ(QjlJQjVYo�Z[]�zben�UdjT�X�e�]{\�]W^IT9iYe�\b�{��Q�zbTWX�T9dSab��Q�dSQS�g�&%
T�À�QjdfX�i�X�}bQ�iDQSX3]W^@dfQj���ui |"' ¿(% ü ' �¦e�\�X�}bQ � _B�
Ûb]{VqQf¢bTWZ[Rb�gQJ~1Ûse��{abV�QbziY}b]��3i[TW\K�áÜþ��zhT�X�TFdSab��Q

TW\Uz9e�X�i¦RhVYQS�b¢	dfah�UQ{�}�Kl�TW�gahT�X�e�\h�(X�}bQqVmTW\b�{Qfv�iDabZ ��abQjVYo
eg\hzweudST�X�Qjz���o�XY}hQ¡iD}hT{zwQjz	V�QS�Jeg]J\	e�\ Ûseg�JabV�QÒzaUiDeg\b��XY}hQ
zbTWX�T9dSab��Q�ª V�Qj��abegVYQ7i}z��dfQj����TJdjdfQji�iYQjij���B\FXY}hQ(]JXY}bQjV
}hTJ\hz¨~�RbVY]wdSQji�iDeg\b�OXY}hQBi�TWZ[Q=��abQSV�oahiDeg\b�¦X�}bQ=RhVYQS�b¢[dSab��Q
Ý eui��JeglJQS\(��oBÝ3� â"®F��� ÷ Ý3� â"®F�=� ÷ Ý3��z	®¤���	xáÝ3�>zT®F�����*}beudm}
TJdjdfQ7iYiYQjiI]J\h��oæâ�dSQS�g�gij�3Ï�}bQ¡zbegi�TJzwl�TJ\{XmTW�{QJ~¨]W^*df]{abVmiDQ{~4egi
XY}UT�X@abR�zbT�X�e�\b�U~�^�]JV�Qf¢bTJZRh��Q{~WdfQS�g��ªB�>zT®¤����V�Qj��abegV�Qji®abR�zhT�XDv
eg\b��dSQS�g�gi,Ý3� È ®*)=��^�]JV¶z ÃÉÈ,Ã �w~[� Ã ) Ã ���@P=QSX�TJe��ui;]J^4XY}hQ
RbV�Qf�b¢�dfab��Q�dSTJ\(��QO^�]Jab\Uz(Qj�giYQS�*}hQSV�QB� ���y�
���+� ½ ¡[Þ��7ß�ÎLà"¡ � ��¡5Ë$Ì · ¥-Ñ,¡[£�� ½ � ·��
� \�TWRbRhVY]�TJdm}�XY}UT�XO}hTJiBVYQ7dfQj\{X���o���QSQj\9RbV�]JR�]{iYQjz�X�](�UTW��v
TW\UdfQ*X�}bQB��abQjVYo�vyabR�zhT�XYQ3XYVmTJzwQj]WÀ��UQSXp�`QjQS\[XY}hQBzbTWX�T�dSab��Q
TW\UzBRhVYQS�b¢IdSab�UQ;egi4XY}bQ ��¡[Þ���ß:ÎLàV¡ Ê ��¡5Ë$Ì_Ð	¥-Ñ,¡ £¾± � _�¤�� â	�«�� \¥± � _ dS]J\hiYegiDX�i�]W^*Xp��]9dS]JZ[RU]{\bQS\�XmiS¿�£)z�¤�Tþ�F~��;���&�-,�~@�. �¤~�/10}�����F�$243 TJ\hz£��{¤KTJ\æ�5,�~����;�52}�.�6087q�#Ï�}hQ=V�QS�uT�XYeglJQSvRbV�Qf�b¢+TJVYVmT�o93¬eui�iDegZ[e��uTWV�XY] T&RbVYQS�b¢+dfab��QýÝ¬QS¢bdfQSRbX

XY}UT�X¡e�X¡egiqRUTWVYXYe�XYeg]J\bQ7z�eg\�XY]&T�\�abZ���QSV¡]J^Izweui�wp]Jeg\{X�iYab�wv
dfah�UQ7i4]W^�Qj��ahTJ�JiYe�§jQKiDahdm}IX�}hT�X�Q7TJdm}¦iYab�wv�dfab��Q@egi�]JV��{TJ\be�§jQjz
TJiOT(��]wdjTW��RbV�Qf�b¢9iYab�wv�dfab��QJ�½�oipX�VYahdfXYabV�eg\b��X�}bQqiDeg\b�{��Q{~
�uTWV��JQ;RhVYQS�b¢�dfab��Q�e�\�X�]ITIdf]{���gQjdfXYeg]J\�]J^UiYZ[TJ���gQSVsRbV�Qf�b¢�iYab�wv
dfah�UQ7iS~�3 ��egZ[enXmi�XY}bQIQfÀ�QjdfX�]J^®TW\(abR�zbT�X�QBRbV�]JRUTW�{TWXYeg]J\[X�]
T��]wdjTW�4iYab�wv�dfab��QOXY}bQjVYQj��o¡VYQ7zwahdSe�\b�[e�X�i*ahR�zbTWXYQSvydS]{iDXj�
¯3]���QSl{QSV7~�QSl�TW�gahT�X�e�\h�	T	RbVYQS�b¢FV�TJ\b�JQSvyiYabZ���abQSV�o1ahipv

eg\b�]J\h��o�XY}hQ�V�QS�uT�XYeglJQSv«RhVYQS�b¢�TJVYVmT�o:3µ}hT{i�T9�`]{V�iDXDv�dST{iDQ
df]�ipX(RbVY]{RU]{VDX�e�]{\hTW��X�]FXY}hQ\�abZ���QSV(]W^�iDah�wvydSab��Qji¡eg\;3q�
Ï®](egZ[RbVY]�l{Q�X�}bQ[�`]{V�iDXDv�dST{iDQ�{ahQSV�o�Qjl�TW�gahT�X�e�]{\	df]�ipX7~¨XY}hQ
± � _�TWRbRbV�]{T{dm}FTW�uiD]�RbV�QjdS]JZ[RbawX�QjiTJzbzbenX�e�]{\hTW�`e�\w^�]{VYZqTWv
XYeg]J\ªe�\ T�iYQjdS]J\hz+dS]JZ[R�]J\bQj\{X�dSTJ���gQjz+XY}bQ�]�lJQjVY�uT�o&��]�¢��
_`]J\UdfQSRbXYahTJ���goJ~�XY}hQB]�l{QSV��gT�o���]�¢<7 egi�T�dSab��QB]J^4XY}bQOi�TWZ[Q
zwegZ[QS\hiYe�]{\hTW�ge�Xpo�TJi=3 X�}hT�X¡euiqRhTJVDX�enX�e�]{\bQjz¥eg\{X�]&T�\�ahZ�v
��QSV¦]W^�iDah�wv«��]�¢wQji[£�]J^;X�}bQ¡iYTJZ[QzwegZ[QS\hiYeg]J\hTJ��e�XpoTJiOQ7TJdm}
iYab�wv�dfab��Q7¤�iDaUdm}FXY}hTWX�X�}bQSV�Q�egi�]J\bQ�iYab�wvy�U]�¢Feg\>7 TJi�iD]Jv
dfeuT�X�Qjz9�*enX�}9QjT{dm}9iYab�wv�dfab��Q�eg\?3 df]{\{XmTWeg\beg\b�(T{zbzwe�XYeg]J\hTJ�
RbV�QjdS]JZ[RbawX�Qjz(l�TJ��ahQji*eg\�iY]JZ[Q¦dfQj���uij�
Ûse��{abV�Q¶�iD}h]��3i`TJ\�Qf¢bTJZRh��QI]W^®T± � _�£Á^�]{V�XY}bQ¦i�TWZ[Q

zbTWX�T&dSab�UQ9e�\ôÛseg�JabV�Qþz7¤�*}hQSV�Q�XY}bQ9VYQj�gTWXYeglJQfvyRbV�Qf�b¢¥TWVYv
VmT�oªeui9RUTWVYXYe�XYeg]J\bQ7z�e�\�X�]+^�]JahVæâÉÜKâªiYab�wv�dfab��Qjij� Ï�}hQ
df]�ipX(]W^¦QSl�TW�gahTWXYeg\b�&TFRbV�Qf�b¢¥V�TJ\b�JQSvyiYabZ �{ahQSV�o�ahiYe�\h�&T
± � _�egi[��QfXp��QSQj\�z�TW\hzª£Lvæxî�J¤�dfQj���3T{dSdSQji�iDQ7i@ë�iDR�QjdSen�bv
dSTJ���goJ~se�X�VYQ7�{ahe�V�Qji�T{dSdSQji�iIXY]�]J\hQ¡dfQS�g�;eg\@3µTW\Uz�TWX�Z[]{iDX
£Lv�xbz7¤@dSQS�g�gi;e�\<7¡�#Ûb]{VKQf¢bTJZRh��Q{~JahiYe�\h�¦XY}bQI± � _&eg\3Ûse��Jv
abV�Qi�w~JXY}bQ3RhVYQS�b¢�VmTW\b�{Qfv�iDahZ ��abQSV�o(£&�7®F��¤segiKQSl�TW�gahT�X�QjzqT{i3}� �7®¤���[xA7}� âQ®Fâ=�[xA73� ��®+â=�7xB73� â"®F�=�«�
C D AD24�b?��h�h0BAD��?E	[/ñu3�¦2�C
³�\[�JQj\bQSVmTW�«~W��Q�djTW\qdm}hTJV�T{d�XYQjVYeg§SQ�TIRbV�Qjdf]{Z[RbawXYQ7z[dfab��QGF
��o�XY}bQ��T�o(e�X¦Z[TJRhiBQjTJdm}9]W^;e�X�iOdfQj���uiBXY]�T(dS]J�g��Q7d�XYeg]J\9]W^
dfQj���ui�e�\FX�}bQ(zhT�X�T9dfab��QJ~Ke«� QJ�g~@QjTJdm}&dSQS�g�`l�TJ��abQ�e�\@F egi�T
iYabZ ]�lJQSVBiD]{ZQiDah�hiDQSXB]J^;dfQS�g�sl�TJ��ahQji3eg\X�}bQ�zhT�X�T(dfab��QJ�
r�Q�VYQS^�QSV*X�]¡QjT{dm}(ZqTJRbRUQ7z�df]{���gQjdfXYeg]J\�]W^KzbTWX�Tqdfah�UQ�dSQS�g�gi
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QfÀ�QjdfX]J^3�bawÀ�QSV�e�\h�9]J\1X�}bQ�RUQjVD^�]{VYZqTW\UdfQ¡]J^*XY}bQ(l�TJVYeg]JaUi
RbV�QjdS]JZ[RbawX�Qjzqdfah�UQ7i@ëwiYRUQ7dfe��UdSTJ���goJ~��`QBQf¢bTWZ[eg\bQ3}b]���Q7TJdm}
df�uTJi�i¦]J^�RhVYQ7df]JZ[RbabXYQjz1dSab�UQ7i�djTW\&TJdm}he�QjlJQJ~®�*enX�}�TWRhRbVY]Jv
RbV�egTWXYQ[�bawÀ�QSV�eg\b�h~�XY}bQ¡i�TWZ[Q[�`]{V�iDXDv�dST{iDQ��abQSV�o�v«QS qdSe�Qj\hdfo
TJi � _%�babXO�*e�XY}h]JawX�eg\hdfahVYV�e�\h�(X�}bQ[}beg�J}�abR�zhT�XYQ¡dS]{iDX¦]W^� _B�;r	QdS]JZ[RhTWV�Q�XY}bQ |y~@|B�=�Z2���� . �T����~ý�&�F�	�T~.��Ù¹]W^IXY}hQl�TWV�e�]{ahi¦df�uTJi�iYQjiO]W^�RbV�QjdS]JZ[RbawX�Qjz1dfab��Qjij~s�*}begdm}1eg\�lJ]J�glJQ7i
XY}hQO^�]J�g��]��*eg\b�Xp�`]Z[QfX�VYeudSi�^�]{V*QjT{dm}(df�uTJi�i¿F&¿
zJ�*x�QjZ[]JV�o�¿®XY}hQ=Z[e�\he�Z�abZ \�abZ���QSV�]W^4dfQj���ui`e�\=F XY}hTWX
\bQjQjzXY]���Q�bawÀ�QSV�Qjz9iY]qX�}hT�X�F¼TJdm}he�QjlJQji3XY}bQ[i�TWZ[Q
��]JVmipXYvydjTJiYQ���abQSV�o�vydS]{iDXITJi � _�£¾e²� QJ�g~�T{dSdfQ7iYiBT�XOZ[]{iDX
� ± \b]J\wvy�bawÀ�QSV�Qjz�dSQS�g�giBR�QSVIV�TJ\b�JQSvyiYabZ ��abQjVYo�Qjl�TJ��abv
TWXYeg]J\U¤f�@r	Q�zwQj\b]WX�QIXY}beui*Z[QfX�VYeudO��o_² È v*ª ��Â�Â £�F	¤��

�w�*k=R�zbTWXYQ{¿ X�}bQtQf¢wR�QjdfXYQjz \�abZ���QSVF]J^�\b]{\wv«�hawÀ�QjVYQ7z
dSQS�g�gi�eg\ F X�}hT�X�\bQjQjzqX�]���QIabR�zhT�XYQ7z�eg\�V�QjiYR�]J\hiYQ3X�]
TOiYe�\b�{��Q*dSQS�g�bZ[]�zben�UdjT�X�e�]{\�eg\XY}bQ3zbTWX�TOdfah�UQ{~{TJi�iYabZv
eg\b�BT=ab\be�^�]JV�Z�zwegiDXYV�eg�bawXYeg]J\�]�lJQSV4XY}bQ�df]{���gQjdfXYeg]J\¦]W^hTJ���

` ±Æ �  ð Æ RU]JXYQj\{X�egTJ�hiYe�\b�{��QSvydSQS�g�wabR�zbT�X�Qjij�®r�Q*VYQS^�QSV�X�]X�}begi�Z[QSXYV�egdITJi;XY}bQ}~�0 . ~.é@��~.�y�@�fÙi~��¤~¤�y� . �T����~��+é.�������8ëì TW\Uz�zbQS\b]JXYQOenX3��oST Ê&Ô�Õ(Ö õ Ë £cF�¤��
³�\�]WX�}bQSV*��]JVmzbij~{^�]{V*QjT{dm}(RbV�QjdS]JZ[RbawX�Qjz�dfah�UQ8F&~w��Q¦TWV�Q
eg\{X�QSV�QjiDXYQ7z&eg\¥zwQSXYQjVYZ[eg\be�\h����]WX�}�X�}bQ�df]�ipX�£�eg\¥XYQSV�Zqi]W^�bawÀ�QSV(iDRhT{dfQ�¤�T{i�`Qj���3T{iXY}bQ���QS\bQS�bX9£�eg\¥XYQjVYZqi[]W^IXY}hQ
egZRhVY]�l{Qjz[abR�zbT�X�QBdS]{iDXm¤@]J^4�bawÀ�QSV�e�\h�ÌFµ^�]{V`e�X;X�]���Qjdf]{Z[Q
TJi*��abQjVYo�vyQf ¡dfegQS\�X*TJi � _B�ç��+� p ¥ª×,¡5��Î��-  ³ ß@���7ß�¡5 VÎ�¡[£
r�Q3�bV�e�Q&ího�QS¢�Rh�gTJe�\[X�}bQ3�bawÀ�QSV�eg\b��iDXYVmT�XYQj�Jo¦^�]{VKQjT{dm}qdf�uTJi�i]W^@RbV�QjdS]JZ[RbawX�Qjz�dSab�UQ7iGF ^�]JV3XY}bQ�Z[QSXYV�egd�² È v*ª ��Â�Â £cF	¤f�
�4QSXëÛ zwQS\h]WXYQBTOV�TJ\b�JQSvyiYabZ ��abQjVYo{�$Ûh]JVKTW\¡± � _Dî~{Q7TJdm}
RbV�Qf�b¢¦VmTW\b�{Qfv�iDahZ%��abQjVYoOQjl�TJ��aUT�XYeg]J\�TJdSdSQji�iDQ7i4QS¢wT{d�X���oO]J\hQ
dfQj���Ue�\=3�TJ\hz[T�X;Z[]�ipX=£�v¶xbz7¤�dSQS�g�giKe�\<7¡��³yXK^�]J�g��]��3i@XY}hTWX
^�]JVI± � _+X�]¡}hT�lJQOX�}bQ�i�TWZ[Q���]JVmipXYvydjTJiYQ¦�{ahQSV�o�Qf ¡dSe�Qj\hdfo
TJi � _B~bT�X3�gQjT{ipX3TW�g��XY}hQ�dfQS�g�ui�e�\:7�\bQjQjz(XY]q��Q¦�bawÀ�QSV�Qjz4�
Ûb]{V¦TW\F¯=±3_ Ã	~1Û¶egi¦V�QS�*V�e�XDXYQj\	eg\�XY]|ï ��]wdSTJ�@V�TJ\b�JQSv

iYabZ©�{ahQSV�e�Q7iS~3�*}hQSV�Q�ï%eui¡X�}bQ	\�abZ��UQjV(]J^�V�TJ\b°�v��1iYab�wv
dfah�UQ7i�X�}hT�X]�lJQjVY�uTWRbR�Qjz1�*e�XY}>ÛBë;Q7TJdm}&�g]wdSTJ�`VmTW\b�{Qfv�iDahZ
��abQSV�oegi`e�\�XYabV�\¡Qjl�TJ��aUT�XYQ7zqeg\qXYQjVYZqi`]W^�T�X�Z[]{iDX1� ± �g]wdSTJ�
RbV�Qf�b¢�VmTW\b�{Qfv�iDahZ ��abQjVYegQjij�<Ï�}�aUiS~�eg\XY}hQ���]JVmipXOdST{iDQ{~�TWX
Z[]{iDX�ïC� ± dSQS�g�giqTJVYQ�TJdjdfQji�iYQjz¨~@]J^B�*}beudm}¥TWXZ[]�ipX3� ± ]W^
XY}hQSZ»TJVYQ��V�=�Q�+���7��~@�dé.~��/� �cð���Ï�}hQSV�Qf^�]JV�QJ~4TWXI�gQjT{ipX¦TW�g��XY}hQ
]JabXYQSVKdSQS�g�giKe�\�Ã \bQjQjz�XY]¦��Q*�bawÀ�QSV�Qjz�^�]JV;enX@X�]¦�UQ3Q7��ahTW�g��o
��abQSV�o�v«QS ¡dfegQS\�X3TJi � _B�
Ûb]{VsTJ\�¯=½3_?Ã	~�QjTJdm}�RbVYQS�b¢�VmTW\b�{Qfv�iDabZ%��abQSV�oOQSl�TW�gahTWv

XYeg]J\�T{dSdSQji�iDQ7i�Qf¢bTJdfXY�go=]J\hQKVY]�]JXDvy��QjlJQS�WdSQS�g�{TJ\hzOT�X�Z[]{iDX4]J\hQ
dfQj����^�]JVBQjTJdm}�\b]{\wvyVY]�]WX3�gQSl{QS�«�3c�e�\UdfQ�¯B½3_+}UTJi�X�}bQ�RbV�]JRbv
QSVYXpo�XY}hTWXOXY}bQ\�abZ���QSVO]W^`��QjlJQS��v È dSQS�g�giOzwQ7dfV�QjT{iDQ7i=�*e�XY} È ~
�bawÀ�QSV�eg\b�TJ����X�}bQO\b]J\wvy�gQjT�^sdfQS�g�ui`eg\hdSabV�i`X�}bQO��Q7TJiDX�TJZ]{ab\�X
]W^*�babÀ�QjV�iYRhTJdSQ[^�]JVqÃ�X�]9TJdm}begQSl{Q[XY}bQ(iYTJZQ��`]{V�iDXDv�dST{iDQ��abQSV�o�v«QS ¡dfegQS\hdSo¡TJi � _B�
³�\+TJzhzwenX�e�]{\tXY] df]JZ[RhTJVYeg\b�1X�}bQ	dS]{iDX(TW\hz���QS\hQf�bX�]W^

�bawÀ�QSV�eg\b��QjTJdm} df�uTJi�i�]W^�RhVYQ7df]JZ[RbabXYQjzªdfab��Qji�^�]{V�enX�X�]
T�XYX�TJe�\tX�}bQ	i�TWZ[Q9��abQjVYo�vyQf ¡dfegQS\Udfo T{i � _B~;��Q9TWV�Q9TJ�giY]eg\{X�QSV�QjiDXYQ7z9eg\	QS¢bTWZ[e�\he�\b��}b]�� �bawÀ�QSV�e�\b����QS\bQS�bX�i � _%eg\
XYQjVYZqi�]J^sV�QjzwaUdfeg\b�[enXmi�abR�zhT�XYQSvydS]{iDXj�;c�eg\hdSQIQ7TJdm}�dfQj���4eg\�T� _ eui�Qj��ahTJ���go���eg°JQj��o9XY]��Q�TJdjdfQ7iYiYQjz¨~sT��J]�]wz��bawÀ�QSV�e�\h�
i�dm}bQSZ[QKeui4X�]3�bawÀ�QSV®XY}h]{iYQ`dfQj���ui¨X�}hT�X�TWV�QKZ[]JV�QK�ge�°{QS�go=X�]=��Q
abR�zbT�X�Qjz¡iY]�T{i@X�]�V�QjzwahdSQ*XY}hQ=abR�zbT�X�Qfv�df]�ipX�]W^ � _B� � V�QjTWv
iY]J\hTJ�b��o��J]�]wz��babÀ�QjVYeg\b�(iDXYVmT�X�QS�{o(^�]{V � _ªegiBXY](�bawÀ�QSVOe�X
eg\(ab\henXmi*]W^����52	~@�.���`_`]J\hiYegzbQSV*TRbVYQS�b¢�dfah�UQ�Ý �*e�XY}�Q7TJdm}
zwegZ[QS\hiYe�]{\q]W^4iYe�§jQ«ð9�%Ï�}bQ=dSQS�g�gi;e�\BÝ djTW\[�UQ=RhTWVYXYe�XYeg]J\bQ7z
eg\{X�]áð¬zweui�wp]Jeg\{X_���52	~@�.��iDahdm}�X�}hT�X�T9dfQS�g�B£ '  ® ' ¯ ®:ò@ò:ò@® ' ± ¤
��QS�g]J\b��iXY]ê���52	~@� ñ�]J^iÝ¡~1� Ã � U ð�~`e�^¦TW\hz ]J\b�go�e�^
ZqT�¢ |"'  ® ' ¯ ®@ò:ò@ò@® ' ± � Ç ��� � dfQj���seg\9�uT�oJQSV ��egiB�JQj\bQSVmTW�g�go
Z[]JV�QO��eg°JQj��oqX�][�UQ¦abR�zbTWXYQjz(X�}hTW\�T[dfQj���¨eg\��gT�o{QSV¦£Þ� ÷ z7¤��
r�Q3df]J\UiDeuzwQSVsX�}bQ*QfÀ�QjdfXK]W^U�hawÀ�QjVYeg\b�¶Ýªeg\XYQjVYZqi�]W^ ��]{awXDv
QSV�Z[]{iDX��gT�o{QSVmi2ò�~1z Ã � Ã ð9���QfXNó�ô Ô�Öfõ.Ë £/Ý}®©�b¤¦zwQj\b]WX�QXY}hQ�XY]JX�TJ�®\�abZ��UQjVB]J^;dfQS�g�ui=eg\�XY}hQ���]{awXYQjVYZ[]�ipX=�uT�oJQjV�i3]W^
Ý¡~�TW\hzDó,ÊfÔ�Õ(Ö õ ËW£/Ý}®��h¤¦zwQS\h]WXYQ¡XY}bQ¡QS¢wRUQ7d�XYQ7z1\�abZ���QSV�]W^
ö æ�×DÐpÉÊÉ�÷�ø	ä�÷ u*ù ÷ �&ù�ú2ú�ú�ù ÷ + èUÇÊÕ=Ä`Å«ÄmÕ�vfÜBû;Ì²Í�ÒW×pÍ�ÒWÐä��ÏmêbÄmÕ=øsÛ�üý ÇÊÌ;ÄmÕ ÿ����ÁúDû«�yúF�>� Ç ênþqÞiÿ��Nÿ�� ù Ì²Í�×yÓ�Æ²Ó�Ä�Æ,÷ u øFé3Ä�{���� u	� ��
� ù �nø	ä�� u*ù � �&ù�ú8ú8ú8ù � + è�6��ÏmÆ«Ó�ÐpÅ¾ç®ÇÊÌ²Ð�õY÷sÇÊÌ�ÄmÕ �Wÿ����¾ÿ����ÁúDû#�yúF�>� ð� Ô®ÏmÆ²ÐBÆ²Ó�Ä�Æ�Æ²Ó�Ð v�Ï�Í7Æ«ÐpÅ²é*Ï�Ì²Æ�ÉÈÄpËfÐpÅ«Ì�Å²Ðpê�ÐpÅ`Æ²Ï�ÉÈÄpËfÐpÅ«ÌIä�������èyõä���������ÞYè�õ ú2ú�ú õ{ä�����ÞYèyð
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£²T{¤�v Ç �b� £��U¤�v Ç �b� £²dj¤�v Ç �w�
Ûse��{abVYQBz:âh¿;_`]JZ[RhTJVYeuiD]{\�]J^ � l{QSVmTW�{QfvD_�TJiYQBx�QjZ]{VYo�v�k3R�zbT�X�Q<Ï�VmTJzwQj]WÀ�~7ð Ç z��=�h�

\b]{\wv«�hawÀ�QjVYQ7z�dSQS�g�gi�eg\3Ý XY}hTWX�\hQSQjz�XY][��QOabR�zhT�XYQ7z�eg\�VYQSv
iYRU]{\hiDQ�XY]�T�iDeg\b�{��Q[dfQj���@abR�zbTWXYQ[e�\	XY}hQ[zhT�X�T�dSab�UQ[�*}bQj\
XY}hQ ��]JawX�QSV�Z]�ipX¦�uT�oJQjV�iI]W^�ÝµTWV�Q�hawÀ�QjVYQ7z¨� � \hTW�go�XYeudSTW�
V�QjiYab�nXmi¨^�]{V
T ÊfÔ�Õ(Ö õ Ë £cF	¤f~�² È v*ª ��Â�Â £cF	¤f~�ó�ô Ô�Öfõ.Ë £/Ý}®©�b¤�~�TJ\hz
ó Ê&Ô�Õ(Ö õ Ë £LÝ}®��b¤�TJVYQI�JeglJQj\(Qj�giYQS�*}bQjVYQy� ���y�ç��ÀI · ùV¦ Ê �7��Î�£�ù"�9ùsr º ¡[¦þùQ��©�¢ ¹ Ê Å$�7ß�¡ ¸ ����Å$¡[ù�×
³�\�XY}beui3iYQjdfXYeg]J\4~w��Q¦df]JZ[RhTJVYQIX�}bQ¦l�TWV�e�]{ahi�df�uTJi�iDQ7i`]J^sRhVYQSv
df]{Z[RbawXYQ7z�dfab��Qji*aUiDeg\b�á� . ���/|y����~h0 . ~.é���~.���+é.���@~�|B~@|y���Z2��
� . �	����~����F�T�	~.��Ù �=�F� . è[�m~��*}beudm}>TWV�Q+zwQS�h\bQjz¶iDegZ[e��uTWV���o
TJi9XY}hQ ]{RwXYegZqTW�Qf¢wRUQ7d�X�Qjz�v�dST{iDQ¥�{ahQSV�o{vyabR�zbT�X�Q&X�V�T{zwQS]JÀ
�JVmTWRh}hi1e�\¶cwQjd�X�e�]{\ âh�»�w~¡�hawX�eg\¹XYQSV�ZqiF]W^á² È v*ª ��Â�Â £²¤
TW\UzæT Ê&Ô�Õ(Ö õ Ë £«¤�� Ûb]JV�T � _ Ý¡~�X�}bQ9]{RwXYegZqTW�IQf¢wR�Qjd�X�Qjz�v
dST{iDQ�Z[QSZ[]JV�o�v«ahR�zbTWXYQ�XYVmTJzbQS]WÀq�{V�TJRb}�eui@zwQf�U\bQjzeg\�X�QSV�Z[i
]W^�ó,ô Ô�Öfõ.Ë £LÝ}®��b¤ITW\Uz>ó Ê&Ô�Õ(Ö õ Ë £LÝ}®��b¤=�*enX�}���UQje�\b��l�TWV�egQjz^�V�]JZøz¦XY]3ð	�*½�]WXY}b² È v*ª ��Â�Â £cF�¤;TJ\hz>ó ô Ô&Ö&õ.Ë�£/Ý}®��h¤*TWV�Q
Qf¢wRbV�Qji�iYQjz�e�\�ah\benXmi=]J^Kx½º]J^@�bawÀ�QSVBiYRhT{dfQ¦��o�T{iYiYabZ[eg\b�
XY}UT�X3QjT{dm}�dSQS�g��X�TJ°JQji1â[��o�XYQ7i�]W^�ZQjZ[]JV�oJ�� i eg\ c�Q7d�XYeg]J\ âh�»�w~�RbV�Qjdf]{Z[RbawXYQ7z>dfah�UQ7i TJVYQª�JQS\bv
QSVmT�X�Qjz¹��o�l�TJVYo�eg\b�%XY}hQ+\�abZ���QSV ]W^9dfah�UQºzbe�Z[QS\UiDeg]J\hi
£�� Ã v Ã �J¤�TW\hzºXY}bQ&iYeg§SQ1]W^QjTJdm}%dfah�UQFzwegZ[QS\hiYe�]{\
£�ð Ç z��=�Q®¤�7z��7®:z:�T�=â�¤f�Ir�Qqdf]{\hiDeuzwQjV�TW�g�@RU]�iYiYe��h��Qq± � _�i
TW\Uz�XY}bQiDah��dS�gT{iYiB]W^;¯B±*_�iB�*e�XY}}bQje��{}�X��w�I±*QjdjTW�g�4^�V�]JZ

XY}hQFRbVYQjl�e�]{ahi�iDQ7d�X�e�]{\ªX�}hT�X�X�}bQF�bawÀ�QSV�eg\b�+ipX�V�TWXYQj�Jot^�]{V
¯=½3_ �hawÀ�QjV�i�TJ���IX�}bQ	\h]J\wvy��Q7T�^�dSQS�g�gij� c�eg\hdSQ9X�}bQ1\�ahZ�v
��QSVq]W^B��Q7T�^IdSQS�g�gieg\¥TJ\¥¯B½3_ TW\UzFXY}hQ�ahR�zbTWXYQ�df]�ipX[^�]{V
XY}hQSZ¶TJVYQIzwQSR�QS\hzbQS\�X*]J\¡X�}bQ¦iDeg§SQI]W^�XY}bQOVmTW\b°�v)�¦iDah��dSab�UQ
�bawXe�\UzwQSR�QS\hzbQS\�X�]J^�X�}bQ¡X�]WXmTW�;\�abZ��UQjV�]J^3��QjlJQS�ui¦eg\FXY}hQ
¯=½3_B~�enX�iDab qdSQjiKXY]�dS]J\hiYegzbQSV;]{\b�go�X�}bQBiYab��df�uTJi�iK]W^4¯B½*_�i
�*e�XY}9}hQSeg�J}�X��qT{i=��QS�g�®^�]JVBXY}bQ�ZQjZ[]JV�o{vyabR�zbT�X�Q�X�V�T{zwQS]JÀ
df]{Z[RhTWV�egiY]J\(e�\�X�}begi=iDQ7d�XYeg]J\��
Ûse��{abV�Q z�� dS]JZ[RhTWV�Qji XY}hQ ]{RwXYegZqTW�tQS¢�R�QjdfXYQ7z�vydjTJiYQ

Z[QSZ[]JV�o�v«ahR�zbTWXYQµX�V�T{zwQS]JÀ�^�]{V v Ç â TW\hz ð e| z��=�Q®¤�7z��7®:z:�T�=âb�5ë�XY}bQ¦�{V�TJRb}hi`^�]JVið Ç z��=�TW\hz?� Ã v Ã
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