
�����������	��
������������������������� �"!#�$�&%(')����*+�,���-�.�
!/����*0
1���2
!/����*4365�������78��9

:$;�<>=@?>ACB�D2<>EF<>G1ACBH=@AIBHGKJML+NOBH?P?>;.EQACB RSAUT@<>V1=WB
XZYW[]\,^`_ba�YWcO_&d.e0f�d.a�[hgP_bYi^Sj>kWlmYWcPkWYonhpZchlmqrYi^bs`lm_utvd.e�wudr\.cPchlmc]\Hnyxz^bY@YWkWY

{W|H}r~O�.�r}>�.���	�P���H���r�H�O���O�r�����>�r���u}r�

�v�I�W�W�,�]�.�o��� YWYi^`��_bd���[yYWY@^0� ������� s�tPs�_bY@a�s�\,^bY0�o\.lmchlmch�Slmchk@^bYW\.s`lmch�S[ydo[Pgh�U\�^bl�_�t
\�sz\�s`k \��Q\�¡h�mY�a�Y \.cPs�_bd$s`¢h\�^bY¤£P\�_¥\¦\.a�docP�$\��U\�^b�oY¤cHgPa$¡yY@^�d.eI\�gP_bd.chdoa�d.ghs
cPdH£PYWsW§1wuc	_b¢hlmsz[h\.[yY@^ nh¨�Y�kWdocPs`lQ£>Y@^©_b¢PY�kW\.s`Y$lmc	¨+¢PlUk¥¢ª_b¢hY�chdH£>YWsZlmc«\ �����
s�t>s�_bYWa¬s�_bd.^bY�©®	¯v£PdOkWgPa�YWcO_bsW§W°�Y±[P^bd.[ydos`Y�\&eCgP�m�mt�£>YWkWYWcO_`^¥\��Ulm²WYW£�\�[h[>^bdr\.k¥¢
_bd _b¢hY$[>^bdo¡P�UY@a�d.e0^bdog>_blUcP��[h\�_b¢�³HgPY@^blmYWs¤\�a�doch�v_b¢hY¦chdH£>YWs¤d.e�\ �0�.� s�tPs��
_bYWa´¡h\.s`Y £µdoc�av\�lmcH_¥\�lmchlmch�2s`[yY@kWlU\.�mlm²WY £ª£h\,_¥\$s�_`^bghki_bgP^bYWsWnPk \.�m�mY £�¶h�m_bYi^bs+_b¢h\�_
Y@·2kWlmYWcO_b�mt¸s`gPa�av\�^blm²WYv_b¢hY kWdocO_bYWcO_ nIl¹§ Yo§mn±_b¢hYµ£PdOkWgPa�YWcO_bsWnId.ezdocPY�d.^2a�d.^bY
cPdH£PYo§�ºZgP^v[>^bdo[ydos`YW£»¶]��_bY@^bsWn0k \.�m�mY £¼a$gP��_blm���mYWqrY@�+½��mdOdoa¾¶]��_bY@^bsWn�\�^bY6¡]\�s`Y £
d.c�Y@¿H_bYWch£Plmch�$½��mdOdoa´¶]��_bY@^bs&s`d$_b¢h\�_�_b¢PY@t av\.lmcO_¥\.lmc lUc>eCd�^bav\�_blmdocª\�¡ydog>_&_b¢hY
s�_`^bgPk@_bgP^bY�d.e�_b¢PY¦£>dOkWgha�Y@cH_bsW§Pw�c	\o£h£>l�_blUd.cn]¨�Y�\o£PqodOk \�_bY�¡hgPlU�U£>lUcP�v\2¢hlmY@^¥\,^`�
k¥¢hlmk \��Sd�^b�r\�chlm² \�_blmd.c¼d.ezchdH£>YWs2¡OtÀkW�mghs�_bYi^blUcP��_bd.�oY@_b¢PY@^�chdH£>YWs$¨+l�_b¢Ás`lUa�lm�U\�^
kWd.cO_bYWcO_ §0j>lma�lm�Q\,^bl�_�t¸¡yY@_u¨�YWYWcÁchdH£>YWs2lms2^bYW�U\�_bYW£¸_bd«_b¢hY s`lUa�lm�U\�^bl�_utÂ¡yYi_�¨�Y@YWc
_b¢PYzkWd�^`^bYWs`[ydoch£Plmch��¶]��_bY@^bsW§O°MYZ\��ms`d¦[>^bYWs`YWcO_&\�c Yi·�kWlmYWcO_�a�Y@_b¢PdH£$eCd�^&gh[1£P\�_bY
[>^bdo[]\��r\,_blUd.c§.ºZg>^�Y@¿>[yY@^blma�YWcO_¥\���^bYWs`gP��_bs�s`¢hd ¨�_b¢]\�_a$gP��_blm���mYWqrY@�o½��mdOd.a¬¶]��_bY@^bs
d.gP_b[yY@^`eFd.^ba�_b¢PY¦kW�U\�s`s`lUkW\.�0½��mdOdoa�¶h�m_bYi^bs©lmc6^bd.gP_blmch� []\,_b¢«³HgPY@^blmYWsW§KÃhg>^`_b¢hY@^`�
a�d�^bYon]_b¢hY�kWd.cH_bY@cH_`��¡h\.s`Y £	¢PlUYi^¥\�^bk¥¢hlmk \.����^bdogh[Plmch�vd.e0chdH£>YWsZlmchki^bY \.s`YWs©^bY@k \.�m�¹n
_b¢h\�_SlmsWnP_b¢PY©cHgha$¡yYi^&d.e±£>dOkWgha�YWcO_bs�_b¢h\�_S\,^bY�^bYi_`^blUY@qrY £K§

Ä ÅhÆSÇyÈ1É¤Ê¦Ë�Ì�Ç1ÍbÉSÆ

Î©Ï ;¦Ð�<>ÐKV1EFB>=iAQTbÑ	<HÒ�ÓEQ;2Ô Ï BH=@AQG1?�Ô¥ÑyÔ¥Ti;.Õ	ÔZÔiVKÖ Ï BPÔz×¦BHÐKÔ¥Ti;.=.Ø1:$G]VyTi;.EQECB�BHGKJ�D�BHÙ.BPB Ï BPÔ
Ô¥Ð1VK=i=@;.J�ÕµVKÖ Ï Ö,VK=i=@;�GhT$BHT¥T@;�GhTiAF<>GÀT@<«Ð�;�;.=¥Ú�Ti<>Ú�Ð�;�;.=µÛ�RZÜHRZÝ¤Ö,<PÕ�ÐKVyTiAFG1?KÞIR�;.;�=iÚuT@<HÚ�Ð;.;�=
Ö,<>Õ	Ð1V1TiAFG1?�=@;,Òß;.=@Ô�Ti<¦B�Òß<>=@Õà<HÒKJyACÔbT@=iAFá1VyT@;.JµÖ,<>Õ	Ð1V1TiAFG1?�T Ï BOT�AQG]N><PEQNP;.Ô0B¤EFB>=i?P;+G]V1Õ á�;�=
<HÒZB>VyTi<PG1<>Õ	<PVKÔ�Ö,<PÕ�ÐKVyTiAFG1?�G1<yJy;.ÔªÛßT Ï ;ªÐ�;�;.=@ÔWÝ�T Ï BHT Ö,<]<>Ð�;�=WBOT@; T@<¸Ô Ï BH=@;µ=@;.Ôi<>V1=WÖ,;oÔ
BHGKJ»Ô¥;.=iN]ACÖ,;oÔ�âQã,ä�Þ±å¦Ô2<>Ð1Ð�<PÔi;.JÁTi<MTi=WB>J1AUT@AQ<PGKBHE+Ö�EQAF;�GhT¥Ú`Ôi;�=@N>;�=2Ö,<PÕ	Ð1VyTiAFG1?Ø�G1<yJy;.Ô2AFG¼B
RzÜHRÂÔ¥ÑyÔ¥Ti;.Õ Ï BrN>;z;.æhVKB>Ey=i<PEQ;oÔ0B>GKJµBPÖ T&B>Ô�á�<HT Ï J1BHT@B$Ð1=@<ONhACJy;.=@Ô0BHGKJ�J1BOTWB¦Ö�<>GKÔiV1Õ	;�=WÔ.Þ
ç V1=iT Ï ;.=iÕ	<P=i;PØ�Ô¥VKÖ Ï ÔiÑ]Ô¥Ti;.ÕªÔ�BH=@; Ï AQ? Ï EQÑ»JyÑ]GKBHÕ	ACÖ�AQG»T Ï BOTvG1<yJy;oÔ©èb<>AFGÂ<P=�EQ;oBrN>;�T Ï ;
Ô¥ÑyÔ¥Ti;�ÕéBHGKJ�Ö Ï B>G1?>;¦T Ï ;.AQ=¦Ö,<>GhT@;�GhT�Ö,<>GÔbTWBHGhTiEFÑ>Þ
ê <HT@AQNOBOT@;.J áhÑ2T Ï ;zÒ�B>Ö T�T Ï BOT�ë ê¸ìMÏ BPÔ�;�N><PEQNP;.J�BPÔ�B$Ô¥T@BHGJ1BH=WJ2Òß<>=�Ð1VKá1EQACÔ Ï AQGK?$B>GKJ

;,í1Ö Ï BHGK?>AFG1?¦J1BHT@B¦AQGµT Ï ;Zî`GhT@;�=@G1;,ToØOïz;©B>Ô@Ô¥VKÕ�;zT Ï BOT�T Ï ;©G1<yJy;oÔ�AQG	B$RzÜHRÂÔ¥ÑyÔ¥Ti;.ÕðÔbT@<>=@;
BHGKJ»Ô Ï BH=@;µë ê¸ì Jy<yÖ,V1Õ	;�GhTWÔªâ Ü>ñOä�Þ±ò]VKÖ Ï ë ê¸ì Jy<yÖ,VKÕ�;.GhT@Ô2ÕªBrÑÁÖ,<P=i=@;.ÔiÐ�<>GKJÀ;.AUT Ï ;�=
Ti<óGKBHTiAFN>;Àë êÁì Jy<yÖ,V1Õ	;.GPTWÔ6<P=	Ti<ôë ê¸ì Ú�áKB>Ôi;.JõJy;oÔiÖ�=iAFÐyT@AQ<PGKÔ	<HÒ�EF<]Ö.BHE�Ôi;�=@N]AFÖ�;.Ô	<P=
J1BOTWB>Ôi;,T@Ô.ÞOò]VKÖ Ï JKBOT@BPÔ¥;�T@Ô±Õ	BrÑ2á�;ZÔ¥Ti<P=i;oJ�AFG EF<]Ö.BHEPTi<$;.BPÖ Ï G1<yJy;zJKBOT@B>áKB>Ôi;.Ô0Ô¥VKÐ1Ð<P=¥T@AQGK?
JyAQNP;�=WÔ¥;2J1BHT@B	Õ	<yJy;�ECÔ¤BHGKJM;�í]Ð�<>=iTi;oJ«á]ÑªT Ï ;�G1<yJy;vBPÔ©ë ê¸ì J1BHT@B1Þ
ö °�d�^b÷�s`gh[P[yd.^`_bY £	lmcª[h\�^`_z¡Ht _b¢hY�w�jPø¬[>^bdo��^¥\.a�a�Y¤d.e�_b¢PY¦ù�gP^bd.[yY \.c�f�d.a�a�lUs`s`lmd.c6ÃIù0ø
ghch£PY@^&_b¢PY©w`j>ø�� ��úoúHû �uü ��ý.þOÿ X¤½�xZ�Ud.¡yY�[P^bd���YWk@_ nhw`j>ø�� ��úoúHû �uü ��ý.þOÿ



å Ö�;�GhTi=WBHE�AFÔ@ÔiV1;µAFG¼RzÜHR"Ö,<>Õ	Ð1V1TiAFG1?�ACÔ$EQ<yÖ.BOTiAFG1?�T Ï ;	BHÐKÐ1=i<PÐ1=@AFBHTi;µJKBOT@B�AFG¸T Ï ;.Ôi;
Ï VK?>;>ØÕªB>Ô@Ô¥AFN>;.EQÑ�JyACÔbT@=iAFá1VyT@;.J¸B>GKJ Ï AF? Ï EFÑ�JyÑ]GKBHÕ	ACÖ J1BHT@B6Ö�<>EFEQ;oÖ TiAF<>GÔ�Þ Î =WB>JyAQTiAF<>GBHEFEQÑPØ
Ô¥;oBH=WÖ Ï ACÔ�áB>Ôi;.J�<>G��P;�Ñ]ïZ<>=WJMæhV1;.=iAF;.Ô.ØyT Ï BOT$AFÔ.Ø�æhV1;.=iAF;.Ô¤Òß<>=¦J1<]Ö�V1Õ	;�GhT@Ô�ï Ï <PÔi;vGKB>Õ	;
Õ	BHT@Ö Ï ;oÔ2B�?PAQNP;�G��>;�Ñ]ïZ<>=WJÀ<>=$Òß<P=vJy<yÖ,V1Õ	;�GhTWÔ$T Ï BHT2AFGKÖ�EQVKJ1;	B�ÔiÐ;oÖ,AQÓÖ��>;.ÑhïZ<>=WJIÞ�î`G
T Ï ACÔ�ÐKBHÐ�;�=oØoïz;Z;,í]Ti;.GKJ�Ô¥;oBH=WÖ Ï Ti<2Ô¥V1ÐKÐ<P=¥T�ÐKBOT Ï æhV1;.=iAF;.Ô±T Ï BOT&;,íyÐ1EF<>AQT0T Ï ;©ÔbT@=iVKÖ,TiV1=@;Z<HÒ
ë ê¸ì Jy<yÖ,VKÕ�;.GhT@Ô.Þ]å�EUT Ï <>VK? Ï JKBOT@BµÕªBrÑ	;,í Ï AFá1AUT�Ôi<>Õ	;2ÔbT@=iVKÖ,TiV1=@;>ØhAFGMB�RzÜ>RôÖ,<PGPT@;,í]T.Ø
AUT¤ACÔZTi<]<	NrB>=iAF;.J�ØhAF=@=i;.?>V1ECBH=Z<>=©Õ V1T@BHáKEQ;¦Ti<	;.BPÔ¥AFEFÑªÕ	B>Ð«T@<ªBvÓ1íy;oJ�Ô@Ö Ï ;�ÕªBKÞ Î©Ï VKÔ.Øy<>VK=
B>Ô@Ô¥V1Õ	ÐyT@AQ<PG�ACÔ©T Ï BOT¤ë êÁì Jy<yÖ,V1Õ	;�GhTWÔ�BH=@;�ÔiÖ Ï ;.ÕªBOÚ�EQ;oÔiÔ.Þ

� ;µÐ1=i<PÐ<hÔ¥;vB�Jy;.Ö�;�GhTi=WBHEFAFÙ�;.JÀB>Ð1Ð1=@<PBPÖ Ï T@<6=@<>VyT@AQG1?�ÐKBOT Ï æhV1;�=@AQ;oÔ�B>Õ�<PG1? Ï AF? Ï EQÑ
JyAFÔ¥Ti=@AFá1VyTi;oJóë êÁì Jy<yÖ,VKÕ�;.GhT@ÔváB>Ôi;.J¼<>GóÕªB>AQGhT@B>AQGKAQG1?ÂÔ¥Ð�;.Ö�AFB>EQAFÙ�;oJóJ1BOTWB¸ÔbT@=iVÖ TiVK=i;oÔ
T Ï BHT�Ô¥VKÕ�ÕªB>=iAFÙ�;¸ECBH=@?>;¸Ö�<>EFEQ;oÖ T@AQ<PGKÔª<HÒvJy<yÖ�V1Õ	;�GhT@Ô.Þ � ;ÂÖ.BHEFE�Ô¥VÖ Ï J1BOTWBôÔbT@=iVÖ TiVK=i;oÔ
���	��
��� Þ]î`GMÐKBH=iTiACÖ,V1ECBH=oØ];.BPÖ Ï G1<yJy;$ÕªBHAFGPTWBHAFGKÔzTbïz<µTbÑ]Ð;oÔ©<HÒ�ÓEUT@;�=WÔ�Ø1B�����������������
��vÔ¥VKÕµÚ
Õ	B>=iAFÙ�AFG1?�T Ï ;¤Jy<yÖ,VKÕ�;.GhT@Ô�ÔbT@<>=@;.J�EF<yÖ�B>EQEFÑvBOT�T Ï ;ZG1<yJy;¤BHGJv<>GK;S<>=�Õ	<>=@;���
�� �!
�"#�$�	��
���
Ô¥V1Õ	ÕªBH=@AFÙ�AFG1?	T Ï ;µJy<yÖ,V1Õ	;�GhTWÔ¤<HÒ&AQT@Ô�GK;�AF? Ï á<P=iAFG1?	G1<yJy;oÔ�Þ�LSB>Ö Ï G1<yJy;vVÔ¥;oÔ¤AUTWÔ¤ÓKEQTi;.=@Ô
Ti<	=i<PVyTi;�B	æhV1;�=@Ñª<>GKEQÑªT@<�T Ï <hÔ¥;2G1<yJy;oÔZT Ï BHT�Õ	BrÑ6Ö�<>GhT@B>AQGM=@;�EF;�NOBHGhT�Jy<yÖ,V1Õ	;.GPTWÔ�Þ ç AFEUÚ
Ti;�=WÔvÔ Ï <>VKEFJ¼á�;«ÔiÕ	B>EQE�Ø±Ô@Ö�B>EFB>á1EQ;	T@<¸B�EFB>=i?P;ªG]V1Õ á�;�=v<>Ò¤G1<yJy;.ÔvB>GKJóJy<yÖ,VKÕ�;.GhT@ÔvB>GKJ
Ô¥V1ÐKÐ<P=¥T©Òß=@;.æhV1;�GhT�V1Ð J1BHTi;.Ô.Þ

% EF<]<>Õ ÓKEQTi;�=WÔ Ï BrN>;Àá�;�;.G"VKÔi;.J BPÔ«ÔiV1Õ	ÕªBH=@AQ;oÔ6AFG"Ô¥VÖ Ï BôÖ,<PGhTi;,í]T¼â ÜOä�Þ % EQ<]<>Õ
ÓKEUT@;�=WÔ�BH=@;�Ö�<>Õ	ÐKBPÖ T�J1BOTWB�Ô¥Ti=@VKÖ T@V1=@;.Ô$VKÔi;.JÁTi<ÀÔ¥VKÐ1Ð<P=¥T&�P;�Ñ]ïz<P=@JÁæPVK;�=@AQ;oÔ�Þ('�<OïZ;�NP;�=oØ
% EF<]<>ÕéÓKEQTi;�=WÔ�B>=i;�GK<HT¦B>Ð1Ð1=@<>Ð1=@AFBHTi;$Òß<>=$Ô¥VKÕ�ÕªB>=iAFÙ�AFG1? Ï AF;�=WBH=WÖ Ï ACÖ�BHE�JKBOT@BKØÔiAQGÖ,;�T Ï ;�Ñ
Jy<	G1<HT¤;,íyÐ1EF<>AQT©T Ï ;�Ô¥Ti=@VKÖ T@V1=@;$<>Ò�J1BHT@BKÞ Î <µT Ï ACÔ¤;.GKJIØyïZ;$AFGhTi=@<yJyVKÖ,;$TbïZ<µGK<ON>;�E ÕµV1EUT@AUÚ
EQ;.N>;�E¤J1BHT@BÂÔbT@=iVKÖ,TiV1=@;.Ô.Ø$)*��
��!"+�-,õBHGJ/.�
�01�2, % EF<h<PÕ ÓKEUT@;�=WÔ�Ø�T Ï BOT6ÔiV1Ð1Ð�<>=iT�;�3ªÖ�AQ;.GhT
Ð1=i<yÖ�;.Ô@Ô¥AFG1?�<HÒ0ÐBOT Ï æhV1;.=iAF;.Ô.Þ54¦V1=¤;,íyÐ�;�=@AQÕ	;�GhTWBHEI=@;.ÔiV1EUTWÔ¤Ô Ï <Oï T Ï BHT�á<>T Ï Õ V1EQTiAQÚ�EQ;.N>;�E
% EF<]<>Õ ÓKEQTi;.=@Ôz<>V1TiÐ�;�=iÒß<>=@Õ�B Ô@BHÕ	;$ÔiAFÙ�;¦Ti=WB>JyAQTiAF<>GKB>E % EF<]<>Õ�ÓKEQTi;�=©AFG«;.NrB>EQVBOTiAFG1?�ÐKBOT Ï
æPVK;�=@AQ;oÔ�Þ � ;�Ô Ï <Oï Ï <Oï Õ VKEUT@AUÚ�EQ;.N>;.E % EF<]<>Õ4ÓKEQTi;.=@Ô	Ö.BHG á;�VKÔi;.J B>Ô	ÔiV1Õ	Õ	B>=iAF;.ÔµT@<
Ô¥V1ÐKÐ<P=¥T�;�36Ö,AF;�GhT$æhV1;.=iÑ�=i<PVyTiAFG1?6AFGÁB6RZÜHRõÔ¥ÑyÔ¥Ti;.Õ)ï Ï ;�=@;2T Ï ;µG1<yJy;.Ô¦BH=@;v<>=@?PB>G1AQÙ.;.J
Ti<ôÒß<P=iÕ Ï AF;�=WBH=WÖ Ï AF;.Ô.Þ ç V1=iT Ï ;�=@Õ�<P=i;PØSïZ;¸Ð1=@<>Ð�<PÔi;ÁBHG ;�36Ö,AF;�GhT�Õ	;.Ö Ï BHG1ACÔ¥Õ Òß<>=�T Ï ;
Ð1=i<PÐKBH?hBOT@AQ<PG«<HÒ�ÓKEQTi;.=�V1Ð J1BOT@;.Ô.Þ64¦V1=�;�íyÐ;.=iAFÕ	;�GhT@B>E�=i;oÔ¥VKEUTWÔ¤Ô Ï <Oï#T Ï BOT¤T Ï ;vÐ1=@<>Ð�<PÔi;.J
Õ�;oÖ Ï BHGKAFÔiÕ Ô@Ö�BHEF;.Ô©ïZ;�EFE Ti<6B�ECBH=@?>;$G]V1Õ á�;�=¤<>Ò�G1<yJy;oÔ�Þ
î`G BPJ1JyAQTiAF<>G�Ø&ïZ;�ÐK=i<PÐ<hÔ¥;�Ö,=@;.BHTiAFG1?Â<ONP;�=@EFBrÑ»G1;�Tbïz<P=7�yÔµ<HÒ¦GK<]J1;.Ô	á]ÑôEFAQG8�]AFG1?ÂTi<HÚ

?>;,T Ï ;�=$G1<yJy;oÔ¦ï¤AQT Ï ÔiAQÕ	AFEFB>=$Ö�<>GhTi;.GPToÞ Î©Ï ;�ÔiAFÕ�AFECBH=@AUTbÑ�<HÒST Ï ;	Ö,<PGPT@;�GhTªÛßA�Þ ;PÞQØ�T Ï ;�EF<yÖ�B>E
Jy<yÖ,V1Õ	;�GhTWÔ@Ý©<>Ò0TbïZ<ªG1<yJy;oÔ¤AFÔ�=i;.EFBHTi;.J�T@<	T Ï ; ÔiAFÕ�AFECBH=@AUTbÑ6<>Ò0T Ï ;�AF=�ÓEUT@;�=WÔ�Þ Î©Ï AFÔ¤ACÔ�Ö�<PÔ¥T
;9 ;.Ö T@AQNP;>ØHÔiAQGÖ,;©B�ÓKEQTi;.=�Òß<>=&B$Ô¥;�T�<>Ò�Jy<yÖ,VKÕ�;.GhT@Ô�AFÔ�ÕµVKÖ Ï ÔiÕªBHEFEQ;.=±T Ï BHGµT Ï ;©J1<]Ö�V1Õ	;�GhT@Ô
T Ï ;.Õ	Ôi;�EFN>;oÔ�Þ ç V1=iT Ï ;.=iÕ	<>=@;>ØrT Ï ;¤ÓKEQTi;.=+Ö,<PÕ�ÐBH=@AFÔi<>G�<>Ð�;�=WBOT@AQ<PG ACÔ&Õ	<>=@;Z;�36Ö,AF;�GhT&T Ï B>GªB
JyAQ=@;.Ö,TSÖ,<PÕ�ÐBH=@AFÔi<>G�á;�Tbïz;.;�G6Ôi;,TWÔ&<HÒ�Jy<yÖ,VKÕ�;.GhT@Ô.Þ>å�ÔS<>V1=+;�íyÐ;.=iAFÕ	;�GhT@B>E1=i;oÔ¥VKEUTWÔ+Ô Ï <Oï�Ø
T Ï ;6Ö�<>GhTi;.GPTiÚ�áB>Ôi;.JÀ<P=i?hBHG1AFÙ.BHTiAF<>G¸ACÔ2N>;.=iÑÀ;�3ªÖ�AQ;.GhT2AFG¼=i;�Ti=@AQ;.N]AQG1?�B�EFB>=i?P;µG]V1Õµá;.=�<HÒ
=i;.EQ;.NrB>GhT¦Jy<yÖ,V1Õ	;.GPTWÔ�Ø�Ô¥AFGKÖ�;vAUT$á;.G1;,ÓKT@Ô�Òß=i<PÕ T Ï ; Ö,<PGhTi;�GhT¦Ö�EQVÔbT@;�=WÔ¤T Ï BOT¦B>=i; Ö�=i;oBOT@;.J
ï Ï ;�GMÒß<>=@Õ	AQGK?µT Ï ;�G1;�Tbïz<P=7� Þ
î`GÂÔiV1Õ	Õ	B>=iÑPØKT Ï ;ªÖ,<PGPT@=iAFá1VyT@AQ<PG¸<HÒST Ï ACÔ$ÐKBHÐ�;�=2ACÔ�TbïZ<HÒß<PEFJ;:�Û�ACÝ¦AQT2ÐK=i<PÐ<hÔ¥;oÔ�VKÔiAQGK?

ÓKEUT@;�=WÔ�Òß<P=¦=@<>V1TiAFG1?«ÐKBHT Ï æhV1;.=iAF;.Ô¦<ON>;.=�JyACÔbT@=iAFá1VyT@;.JÂÖ,<>EFEF;.Ö T@AQ<PGKÔ¦<HÒSÔ@Ö Ï ;�ÕªBOÚ�EF;.Ô@Ô�ë êÁì
Jy<yÖ,V1Õ	;�GhTWÔ�B>GKJ"Û�AQA¹ÝµAUTªAFGhTi=@<]J1VKÖ,;oÔ <ONP;�=@EFBrÑÂG1;,TbïZ<>=��yÔ <ONP;�= ë ê¸ì Jy<yÖ,V1Õ	;.GPTWÔµT Ï BHT
Ö,EFVKÔbT@;�=	G1<yJy;oÔµï¤AQT Ï ÔiAQÕ	AFEFB>=�Jy<yÖ�V1Õ	;�GhT@Ô.Ø&ï Ï ;�=@;�ÔiAFÕ�AFECBH=@AUTbÑóá�;,TbïZ;�;.G¬Jy<yÖ,VKÕ�;.GhT@Ô�AFÔ
=i;.EFBHTi;.J«Ti<�T Ï ;vÔ¥AFÕ	AQECBH=@AQTbÑ6á;�Tbïz;.;�GMT Ï ;�AF=©ÓKEUT@;�=WÔ�Þ
Î©Ï ;«=@;�ÕªBHAFGKJy;.=µ<>Ò¤T Ï ACÔ�ÐKBHÐ�;�=�ACÔµÔ¥Ti=@VKÖ T@V1=@;.J BPÔ�Òß<PEQEF<Oï�Ô�Þ&ò];oÖ TiAF<>GõÜÀAFGhTi=@<]J1VKÖ,;oÔ

Õ V1EQTiAQÚ�EF;�NP;�E % EF<]<>Õ�ÓEUT@;�=WÔ�B>Ô¤ë ê¸ì =@<>VyT@;�=WÔ©AQG¸RZÜHRõÔiÑ]Ô¥Ti;.ÕªÔ�Þòy;.Ö T@AQ<PGÀñ6Jy;.Ô@Ö,=@AFá;oÔ¤B



Ï AQ;.=@B>=@Ö Ï AFÖ.BHEKJyACÔ¥Ti=@AQá1V1TiAF<>G6<>ÒIÓKEUT@;�=WÔzB>GKJ	T Ï ;¦Õ	;oÖ Ï BHG1ACÔiÕðÒß<P=zá1VKAQECJyAFG1?µÖ�<>GhTi;.GPTiÚ�áB>Ôi;.J
<ON>;�=@ECBrÑ G1;�Tbïz<P=7�yÔzáKB>Ôi;.Jª<PG6ÓKEQTi;.=¤Ô¥AFÕ	AQECBH=@AUTbÑPÞ]òy;.Ö T@AQ<PG��µÐ1=@;.Ôi;�GhT@ÔST Ï ;�B>EQ?P<>=@AUT Ï ÕªÔ+Òß<P=
æPVK;�=@Ñv=i<PVyTiAFG1?vB>GKJ�V1Ð�JKBOTi;¤ÐK=i<PÐKBH?hBOTiAF<>G±Øoï Ï AQEF;¦ò];oÖ TiAF<>G��$<PV1=&;,íyÐ�;�=@AQÕ	;�GhTWBHEy=@;.ÔiV1EUTWÔ�Þ
ò];.Ö,TiAF<>G���Ð1=i;oÔ¥;.GhT@Ô©=@;�ECBOTi;oJ6=@;.Ôi;.B>=@Ö Ï BHGKJ�ò];.Ö,TiAF<>G��µÖ,<PGKÖ,EFVKJy;oÔZT Ï ;�ÐKB>Ð;.=.Þ

� 	õÉSË�Ç�
±È���WÉ+È�������� É¤ÌIË���
±ÆzÇ��

� ;�Ö,<>GÔ¥ACJy;�=¦BªRzÜHR ÔiÑyÔbT@;�Õ)AQGÀï Ï AFÖ Ï ;oB>Ö Ï ÐKB>=¥T@AFÖ�AQÐKBHTiAFG1?ªG1<yJy; Ô¥Ti<P=i;oÔ¤ë êÁì Jy<yÖ,VyÚ
Õ�;.GhT@Ô.Þ���Ôi;�=WÔZÔiÐ�;.Ö,AQÒßÑ«æhV1;.=iAF;.ÔZVKÔiAQGK?µÐKBHT Ï ;,íyÐ1=@;.Ô@Ô¥AF<>GÔ�Þyò]VKÖ Ï æhV1;�=@AQ;oÔSÕªBrÑª<P=iAF?>AFGKBOT@;
BOT BHG]ÑÂG1<yJy;>Þ�ò]AQGÖ,;ªAQT AFÔ G1<HTv=@;.BPÔ¥<PGKBHáKEQ;µTi<¸;�íyÐ;oÖ TvT Ï BOTvVKÔi;�=WÔ&�]G1<Oï�ï Ï ACÖ Ï GK<]J1;
Ï <PÔ¥T@Ô�T Ï ;�=@;.æhV1;oÔbT@;.J	Jy<yÖ,VKÕ�;.GhT@Ô.Ø>ïZ;�Ð1=@<>Ð�<PÔi;ZVÔ¥AFG1? B>Ð1Ð1=@<>Ð1=@AFBHTi;.EQÑ J1AFÔ¥Ti=@AQáKVyTi;oJªJ1BOTWB
ÔbT@=iVKÖ,TiV1=@;.Ô.Ø1Ö�B>EQEF;.J�������
���� ØyTi<	=@<>VyT@;¦T Ï ;væhV1;�=@ÑªT@<µT Ï ;vBHÐKÐ1=i<PÐ1=@AFBHTi;$G1<yJy;.Ô.Þ

���! "$#$%'&)(�*,+.-$/0(�1
� ;SÖ�<>GKÔiACJy;�=�B¤RZÜHRÀÔiÑ]Ô¥Ti;.Õ"ï Ï ;.=i;&;oB>Ö Ï G1<yJy;3254yÕªBHAFGhT@BHAFGKÔ�B¤Ôi;,T0<HÒ]ë ê¸ì J1<]Ö�V1Õ	;�GhT@Ô
.64zÛuB ÐBH=iTiACÖ,V1ECBH=©Jy<yÖ,V1Õ	;.GPT©ÕªBrÑ	á;2ÔbT@<>=@;.JªAFG«Õ	<P=i;¦T Ï B>G«<PG1;�G1<yJy;rÝ ÞyLSBPÖ Ï G1<yJy;$AFÔ
EQ<P?>ACÖ�BHEFEFÑªEQAFG8�>;oJ�Ti<ªB�=i;.EFBHTiAFN>;�EFÑ«ÔiÕªBHEFE�Ô¥;�T©<>Ò�<>T Ï ;.=¤G1<yJy;.Ô¤Ö.BHEFEQ;oJMAUTWÔ726
'8���,9������ Þ

<xml>

  </printer>

   <digital></digital>
  </camera>

  <printer>
 <device>

   <postscript></postscript>
   <color></color>

  <camera>

 </device>
postscript

printer
camera

device

digitalcolor

(a) (b)

:<;>= �@?]� ù�¿P\�a�[h�mY©d.e��ß\ � \.c	©®	¯M£>dOkWgha�YWcO_S\�c]£��¹¡ � _b¢hY©k@d.^`^bYWs`[yd.c]£PlmcP�2_`^bYWY
î`G <>VK=�JKBOT@B¦Õ	<yJy;�E�ØHBHGµë ê¸ì Jy<yÖ,VKÕ�;.GhT�ACÔ�=i;.Ð1=@;.Ôi;�GhTi;oJ�á]ÑvBHG�V1G1<>=WJy;.=i;oJ�EFB>á;.EQ;oJ

Ti=@;�;>Øï Ï ;�=@;2Ti=@;�; G1<yJy;.Ô¦Ö,<>=@=@;.ÔiÐ<PGKJ6T@<«Jy<yÖ,VKÕ�;.GhT�;�EF;�Õ	;�GhTWÔ�Øï Ï AQEF;v;oJy?>;oÔ¤=i;.Ð1=@;.Ôi;�GhT
JyAQ=@;.Ö,Tµ;.EQ;.Õ�;.GhT¥Ú`Ô¥V1á�;�EF;�Õ	;.GPT	=@;�ECBOTiAF<>GÔ Ï AFÐKÔ.Þ ç AF?>V1=@;ÁãMJy;�Ð1ACÖ TWÔµB>Gôë êÁì Ôi;�=@N]AFÖ�;«Jy;,Ú
ÔiÖ�=iAFÐyTiAF<>GMÒß<P=�BªÐ1=@AQGhT@;�=�B>GKJ�B6Ö�B>Õ�;.=@B�Ð1=@<ON]AFJ1;.JMá]Ñ�B	G1<yJy; B>GKJMT Ï ; Ö,<P=i=@;.ÔiÐ<PGKJyAFG1?
ë ê¸ì Ti=@;�;PÞrå�EUT Ï <>VK? Ï ØrÕ	<PÔ¥T�RZÜHR¸ÔiÑyÔbT@;�ÕªÔ�Ô¥VKÐ1Ð<P=¥T�<>GKEQÑ�æhV1;�=@AF;.Ô±Òß<>=&Jy<yÖ,V1Õ	;.GPTWÔ0T Ï BHT
Ö,<>GhTWBHAFG <>GK;Z<P=�Õ�<P=i;3A!
CB@D$���7" � Ø>ïZ;ZïZB>GPT&BHECÔi<�T@<2æhV1;.=iÑ2T Ï ;�Ô¥Ti=@VKÖ T@V1=i;Z<HÒ Jy<yÖ,V1Õ	;.GPTWÔ�Þ
Î©Ï VÔ�ØOïZ;ZÖ�<>GKÔiACJy;�= 05�+�-,6ECF5
��G8 
�ZT Ï BOT+B>=i;ZÔ¥AFÕ	Ð1EQ;©ÐKBHT Ï ;,íyÐ1=@;.Ô@Ô¥AF<>GÔ±AFG�B>G ë$R&BOT Ï Ú�EFA��P;
æPVK;�=@Ñ6EFB>G1?>VBH?>;PÞ
H (JILKNMO&PMO-QKR S�6TVULWX&)Y[Z�\0(J]^#N_a` 05�+�-,�ECF5
��GB �cb ��
'2 ���-, 0�,8�+�&�2,5
<b�+� �ed �gf�� f��ch � h
i'i'i �kj � jNlmD ,8
��7
 
�����,�� 4 8 ���@2 
��
���
C2 �N21�+��
 �n26"�
��!��,�� 4 8 � 
'82�2,5
�<o �+�Lopo�"!
C21�+�k8q2 �
�7
 � 05
���k8qr 
��sB 05�+��
C2 �!t ��,�82��" �@21" �n26��
 � ���+�Gt "!
 ����
C21"��n25� � �7�nr 
������+�vu

å �>;.Ñ]ïz<P=@JªæhV1;.=iÑµÒß<>=©Jy<yÖ,V1Õ	;.GPTWÔzÖ�<>GhT@B>AQGKAQG1? �>;.ÑhïZ<>=WJ�AªACÔ±èbVKÔbTZT Ï ;�ÐKBHT Ï æhV1;.=iÑ
wxw AHÞ ç <>=SB�æhV1;.=iÑyE2BHGKJ	B�Jy<yÖ,VKÕ�;.GhT "OØPïz;�Ô@BrÑ�T Ï BOTzE¦ACÔSÔ@BOT@AFÔ¥ÓK;.J�á]Ñ�"OØ><P= ���+����,�{�"@|
EV}»AFÔ6Ti=@V1;>ØZAUÒ�T Ï ;ÁÐBOT Ï ;,íyÐ1=@;.Ô@Ô¥AF<>G Òß<>=@Õ	AQGK?óT Ï ;»æhV1;�=@Ñ¬;�íyAFÔ¥T@Ô«AQG T Ï ;ÂJ1<]Ö�V1Õ	;�GhT.Þ
4�T Ï ;.=iï¤ACÔ¥;$ïZ; Ï BrNP;¦B��~8 ��� Þ1×�<yJy;oÔzT Ï BHT©AFGKÖ�EQVKJ1;2J1<]Ö�V1Õ	;�GhT@ÔzT Ï BOT¤ÕªBOTWÖ Ï T Ï ;2æhV1;.=iÑ
BH=@;2Ö.BHEFEQ;oJ ���+����,�8q2 ��26��"�
� Þ



���q� ��\N(J]^#���-S\N&PM!K��
å ?>AFN>;�G¼æhV1;�=@Ñ¸ÕªBrÑÁá�;ªÕªBOTWÖ Ï ;.J»á]ÑÁJy<yÖ,VKÕ�;.GhT@ÔvBHTvNrB>=iAF<>VÔ2G1<yJy;.Ô.Þ Î©Ï VKÔ�Ø0Ö,;�GhT@=@B>E
Ti<�BMRzÜ>R ÔiÑ]Ô¥Ti;.Õ-AFÔ$B«Õ	;oÖ Ï BHG1ACÔiÕéÒß<P=¦EF<yÖ�BHTiAFG1?«G1<yJy;oÔ�ï¤AQT Ï ÕªBOT@Ö Ï AQG1?MJy<yÖ,V1Õ	;.GPTWÔ�Þ
î`G�T Ï ACÔ�=@;�?hBH=WJIØhT Ï ;.=i; B>=i;$TbïZ<	TbÑ]Ð;oÔ�<HÒ&RzÜ>RõÔ¥ÑyÔ¥Ti;�ÕªÔ.Þ1î`G � � �GF5���kF �7
�"����	� ÔiÑyÔbT@;�ÕªÔ�Ø
Jy<yÖ,V1Õ	;�GhTWÔ�Ûß<>=©AFGKJy;�í];oÔZ<HÒ0Jy<yÖ�V1Õ	;�GhT@ÔWÝZBH=@;¦Ð1ECB>Ö�;.J�BOT¤Ô¥Ð�;.Ö�AUÓÖ$G1<yJy;oÔZVKÔ¥VBHEFEQÑ6áB>Ôi;.J
<>GÀJyACÔbT@=iAFá1VyT@;.J Ï BPÔ Ï AFG1?¸ÛuÔ¥VKÖ Ï BPÔ¤AQG�
Zå¦×�â Üyã,ä±B>GKJ�
 Ï <P=@J»â Ü�OäßÝ Þ � AQT Ï JyAFÔ¥Ti=@AFá1VyTi;oJ
Ï B>Ô Ï AFG1?KØ0;.B>Ö Ï J1<]Ö�V1Õ	;�GhT	AFÔµB>Ô@Ô¥<yÖ,ACBOT@;.J¼ï¤AQT Ï B �>;.Ñ»B>GKJó;.BPÖ Ï G1<yJy;«ACÔ�B>Ô@Ô¥AF?>G1;oJ¼B
=@B>G1?>;�<HÒ �>;�ÑyÔ2BHGJ¸T Ï VÔ�Jy<yÖ,V1Õ	;�GhTWÔ�Þ±å�EUT Ï <>VK? Ï Ø�Ô¥Ti=@VKÖ T@V1=@;.J»RzÜHR/ÔiÑ]Ô¥Ti;.ÕªÔ¦ÐK=i<ON]ACJy;
N>;�=@Ñ2;36Ö,AF;�GhT+Ôi;.BH=WÖ Ï AFG1?KØ�T Ï ;.Ñ Ö,<PÕ	Ð1=i<PÕ	AFÔi;SG1<yJy;©BHV1Ti<>GK<>Õ Ñ�B>GKJvAFG�BPJ1JyAQTiAF<>Gµ=i;oæPVKAQ=@;
Ô¥<PÐ Ï ACÔbT@AFÖ.BOTi;oJ«EF<PBPJ«áBHECBHGKÖ�AQG1?	Ð1=@<yÖ,;oJyV1=@;.Ô.Þ
î`G[FX25� � �GF5���!F ��
�"������éÔ¥ÑyÔ¥Ti;�ÕªÔ.ØI=i;oÔ¥<PV1=WÖ,;.Ô2B>=i;	EF<]Ö.BOT@;.J¼BOTv=WBHGKJ1<>Õ¾Ð�<>AFGhT@Ô.Þ ��GyÚ

ÔbT@=iVKÖ,TiV1=@;.JÀRZÜHR ÔiÑyÔbT@;�ÕªÔ�Ö.BHG�á; ÒßV1=iT Ï ;.=¦JyACÔbT@AQGK?>V1ACÔ Ï ;.JÀá�;,TbïZ;�;.G¸Ô¥ÑyÔ¥Ti;�ÕªÔ�T Ï BHT�VKÔi;
AQGKJ1;,íy;.Ô2BHGJÀT Ï <PÔi;vT Ï BOT�BH=@; áKBPÔ¥;oJ¸<>G��K<]<]J1AQG1?�BHGJ¸AQT@Ô$NOBH=@AFBHTiAF<>GKÔ.Þ � AQT Ï �K<]<yJyAQGK?
Û�ÔiVKÖ Ï B>Ô¦AFG»:$G]VyTi;.EQECBÁâ Ü>ÜOä¹Ý,Ø�B�G1<yJy;�Ô¥;oBH=WÖ Ï AQGK?ªÒß<>=2B«Jy<yÖ�V1Õ	;�GhT$Ö�<>GhT@BPÖ T@Ô¦AQT@Ô$G1;�AF? Ï Ú
á<P=�G1<yJy;.Ô$ï Ï ACÖ Ï AFGÂTiV1=@GóÖ,<>GhTWB>Ö T$T Ï ;�AF=�<Oï¤GÁG1;.AQ? Ï á�<>=WÔ$V1GhTiAFE+BMÕ	BHT@Ö Ï AFG1?MG1<yJy;	AFÔ
=i;oB>Ö Ï ;oJIÞ ç EQ<]<yJyAFG1?6AFGKÖ,VK=@Ô�EFB>=i?P;�G1;,TbïZ<>=��«<ONP;�= Ï ;.BPJ1Ô�Þyî`G¸T Ï ;�Ö�B>Ôi;�<HÒ+AFGKJy;�íy;.Ô.Ø1T Ï ;.Ôi;
Ö�BHG«á;$;�AQT Ï ;.=ZÖ�;�GhTi=WBHEFAFÙ�;.JÁÛ�B>ÔzAFG�×�B>ÐKÔ¥Ti;�=2â �OäßÝ Øh<>=©JyAFÔ¥Ti=@AFá1VyTi;oJ«B>Õ�<PG1?�T Ï ;¦GK<]J1;.Ô$Û�B>Ô
AQG�=@<>VyT@AQG1?	AFGKJy;�í];oÔ�âUã��OäßÝzÐ1=i<ON]ACJyAFG1? Òß<P=¤;.BPÖ Ï G1<yJy;vB�ÐKB>=¥T@AFB>EIN]AQ;.ï"<HÒ�T Ï ;vÔ¥ÑyÔ¥Ti;�Õ�Þ

4¦V1=±BHÐKÐ1=i<hB>Ö Ï AFÔ±áKB>Ôi;.J$<>G�VKGKÔbT@=iVÖ TiVK=i;oJ$RZÜHRÀÔiÑyÔbT@;�ÕªÔIï¤AQT Ï JyACÔbT@=iAFá1VyT@;.J2AFGKJy;�í];oÔ�Þ
� ;�Ð1=@<>Ð�<PÔi;2ÕªBHAFGPTWBHAFG1AFG1?ªB>Ô©AFGKJy;,íy;oÔ¤Ô¥Ð�;.Ö�AFB>EQAFÙ�;oJ�J1BHT@B	Ô¥Ti=@VKÖ T@V1=i;oÔ�Ø1Ö.BHEFEQ;oJ ���	��
��� Ø]T@<
Ò�B>Ö,AFEFAUTWBOTi;µÐ1=@<>ÐKB>?PBOT@AQGK?ªT Ï ;�æhV1;�=@Ñ�<>G1EFÑMTi<6T Ï <PÔi; GK<]J1;.Ô�T Ï BHT$ÕªBrÑ�Ö,<>GhTWBHAFG¸=i;.EQ;.NOBHGhT
AQGyÒß<P=iÕªBHTiAF<>G�Þ�î`G ÐKBH=iTiACÖ,V1ECBH=oØI;.BPÖ Ï G1<yJy;6ÕªBHAFGhT@BHAFGKÔ <>G1;	ÓKEQTi;.=vT Ï BOTµÔiV1Õ	ÕªBH=@AQÙ.;.ÔvB>EQE
Jy<yÖ,V1Õ	;�GhTWÔ T Ï BOTª;�í]ACÔ¥T�EF<yÖ�BHEFEFÑóAQG T Ï ;�G1<yJy;PÞ Î©Ï AFÔ	ACÔ	Ö�BHEFEF;.J B/�������+�;������
�� Þ % ;oÔ¥ACJy;oÔ
AUTWÔ©EQ<yÖ�B>E�ÓKEUT@;�=oØy;.BPÖ Ï G1<yJy;2BHECÔ¥<�ÕªBHAFGhT@BHAFGKÔZ<>GK;¦<P=ZÕ	<P=i;¦ÓKEQTi;�=oØ1Ö�B>EQEF;.J � 
�� � 
�"*���	��
����WØ
Ô¥V1Õ	ÕªBH=@AFÙ�AFG1?«T Ï ;6Jy<yÖ,VKÕ�;.GhT@Ô2<HÒ©B�Ô¥;�T2<>ÒzAQT@Ô�GK;�AF? Ï á<P=@Ô.Þ � Ï ;�GóBMæhV1;�=@Ñ¸=@;.B>Ö Ï ;.Ô$B
G1<yJy;>Ø T Ï ;ªG1<yJy;�ÓK=WÔbTvÖ Ï ;oÖ��]Ô$AQT@Ô�EF<yÖ�B>E0ÓEUT@;�=vBHGJÁVKÔi;.Ô$T Ï ;ªÕ	;�=@?>;oJÀÓKEQTi;.=@Ô$T@<�J1AQ=@;.Ö,T
T Ï ;væhV1;.=iÑ6<PG1EFÑªTi<	T Ï <PÔi;2G1<yJy;.Ô©ï Ï <hÔ¥;$ÓKEQTi;.=@Ô©ÕªBHT@Ö Ï T Ï ;væhV1;.=iÑPÞ
ç AFEQTi;�=WÔvÔ Ï <>VKEFJ»á�;ªÕ VKÖ Ï ÔiÕ	B>EQEF;�=2T Ï BHG¼T Ï ;6J1BHT@B�AQT@Ôi;�EQÒ¤B>GKJ¼Ô Ï <>V1ECJ»á;ªEF<PÔ@Ô¥EF;.Ô@Ô.Ø

T Ï BHTvAFÔ2AQÒ©T Ï ;6J1BHT@BMÕªBOTWÖ Ï T Ï ;6æhV1;�=@Ñ>Ø T Ï ;�G»T Ï ;	ÓKEUT@;�= Ô Ï <PV1EFJÂÕªBOTWÖ Ï T Ï ;6æhV1;�=@ÑÁBPÔ
ïz;.EQE�Þ1î`GÀÐKB>=¥T@AFÖ�V1EFB>=.Øy;oB>Ö Ï ÓKEQTi;�=$Ô Ï <>V1ECJ�Ô¥V1ÐKÐ<P=¥T�B>GM;�36Ö,AF;�GhT$���	��
��Gt�� ������,�<PÐ;.=@BHTiAF<>G
Ô¥VKÖ Ï T Ï BOTSAQÒIB�Jy<yÖ,V1Õ	;�GhTSÕªBHT@Ö Ï ;oÔ&B�æPVK;�=@Ñ E�T Ï ;.G�ÓKEUT@;�=iÚ�ÕªBHT@Ö Ï Ô Ï <>V1ECJ	BHECÔ¥<2á�;¤Ti=@V1;>Þ
î�Ò0T Ï ;2ÓKEQTi;�=iÚ�Õ	BHT@Ö Ï =i;�TiV1=@GKÔZÒ�B>EFÔi;>ØyïZ;�ÔiBrÑªT Ï BOT�ïZ; Ï BrN>;2B � 8 ��� Þ
H (JILKNMO&PMO-QK����6TVIL1 &)(J]3* WX&��^Y _ ` ������
�����{-.m} b��� ����
�;�cb "����CF ��
'25� � . ,5� �$�-,8
Qb���st
���@D 8q2 ��06�7��08
�� �!B���� �+� �n2B~E'F5
�GB EG|N8 b ������
��Gt�� ������,5{cEC|���{-.m} }�� b�+�	�
C| �2,5
C2 � ������,5{cEC|
" }�� b��� ��
G| � "�! . u
×�<HT@;ªT Ï BOT.Ø±T Ï ;«=i;.N>;�=WÔi;6Jy<];.Ô�G1<>T G1;oÖ,;.Ô@Ô@BH=@AQEFÑ Ï <PEFJ�Þ Î©Ï BHT AFÔ.Ø±AQÒ©ÓKEQTi;�=iÚ�Õ	BHT@Ö Ï Û E,Ø

�3{-.3}rÝ#" Ti=@V1;>Ø�T Ï ;�G T Ï ;.=i;MÕªBrÑ»<P= ÕªBrÑ¼G1<HT	;,íyACÔbTªJy<yÖ,VKÕ�;.GhT@Ô "$! .4ÔiVKÖ Ï T Ï BHT
Õ	BHT@Ö Ï Û E,Ø;"1ÝSACÔ+T@=iV1;PÞ � ;2Ö�B>EQE�b�+� ��
 08�+� 82�k8qr+
2T Ï ;$Ö.B>Ôi;�AFG6ï Ï ACÖ Ï ØhÒß<>=©B�ÓKEQTi;.=%��{-.3}¦Òß<P=
BªÔ¥;�T�<HÒ&Jy<yÖ,V1Õ	;.GPTWÔ�. Ø1ÓKEQTi;.=¥Ú�ÕªBOT@Ö Ï ÛgE�Ø&��{2.3}rÝ'"àT@=iV1;�áKVyT�T Ï ;�=@;�AFÔ�G1<6Jy<yÖ,V1Õ	;.GPT "
! .éT Ï BOT$ÔiBHTiACÔbÓK;oÔaE�Ø1T Ï BOT¦ACÔ�� "(! . Ø1ÕªBOTWÖ Ï ÛgE�Ø "KÝ)"àÒ�B>EFÔi;>Þ � ;µBH=@;�AQGhTi;.=i;oÔbT@;.J�AFG
ÓKEUT@;�=WÔ©ï¤AUT Ï Ô¥ÕªBHEFE�Ð1=@<>áBHá1AFEQAQTbÑª<HÒ�Ò�BHECÔi;$Ð�<PÔiAQTiAFN>;.Ô.Þ

% EF<]<>Õ ÓKEQTi;.=@Ô�BH=@;$B>Ð1Ð1=@<>Ð1=@AFBHTi;2B>Ô¤ÔiV1Õ	ÕªBH=@AQÙ.AQG1?µÓKEQTi;.=@Ô©AFGMT Ï ACÔ�Ö,<PGhTi;,í]T¤AFG«T@;�=@Õ	Ô
<HÒ�Ô@Ö�B>EFB>á1AFEQAQTbÑ>Ø];,í]T@;�GKÔiAQáKAQEFAUTbÑ6B>GKJMJyAFÔ¥Ti=@AFá1VyTiAF<>G±Þ8'�<OïZ;�N>;.=.ØPT Ï ;�Ñ«Jy<�G1<>T¤ÔiV1Ð1Ð�<>=iT¤ÐKBOT Ï
æPVK;�=@AQ;oÔ�Þ Î <ÀT Ï AFÔ ;�GKJ�Ø±ïZ;ªÐ1=i<PÐ<hÔ¥;6B>Gó;,í]Ti;.GKÔiAQ<PG¼Ö.BHEFEQ;oJ»Õ V1EQTiAQÚ�EF;�NP;�E % EF<]<>Õ ÓKEUT@;�=WÔ�Þ



ê V1EQTiAQÚ�EF;�NP;�E % EF<h<PÕ¾ÓKEQTi;.=@Ôvïz;.=i;	ÓK=WÔ¥TvÐ1=i;oÔ¥;.GhTi;.J»AFG âUã@�oä+ï Ï ;.=i;ªÐK=i;.EQAFÕ	AQGKB>=iÑÂ=i;oÔ¥VKEUTWÔ
ïz;.=i;v=@;�Ð�<>=iTi;oJMÒß<>=¦T Ï ;.AQ=2Ö,;.GhTi=WBHEFAQÙ.;.J�VKÔi;>Þ Î <MJyACÔbT@AQG1?PV1ACÔ Ï T@=@BPJyAQTiAF<>GKB>E % EQ<]<PÕ ÓKEQTi;.=@Ô
Òß=i<PÕ"T Ï ;S;�íhT@;�GKJ1;.J�<PG1;.Ô.Ø�ïZ;SÔ Ï BHEFEPÖ.BHEFEHT Ï ;+Òß<>=@Õ	;�=$� 82��06� 
 % EF<h<PÕ"ÓEUT@;�=WÔ�Þ�4�T Ï ;.= Ï BPÔ Ï Ú
áKB>Ôi;.J ÔbT@=iVÖ TiVK=i;oÔ�Ø&ÔiVKÖ Ï BPÔªÔ¥AF?>GBOTiVK=i;oÔMâQã.ñHä�Ø Ï BrNP;MÔiAFÕ�AFECBH=ªÐ1=@<>Ð�;�=iTiAF;.Ô�ï¤AQT Ï % EQ<]<>Õ
ÓKEUT@;�=WÔ0B>GKJ2<>VK=0BHÐKÐ1=i<hB>Ö Ï Ö,<PV1ECJvBHECÔ¥<¤á�;zB>Ð1Ð1EFAQ;oJ2Ti<¦;,í]Ti;.GKJ2T Ï ;�ÕàAFG B�ÔiAQÕ	AFEFB>=�Ò�B>Ô Ï AF<>G�Þ
����� +.\01 &)M���� (��S(�1	� 1O- -S*�
mM!1 &P(J]@%
% EF<]<>Õ ÓKEUT@;�=WÔvBH=@;ªÖ,<PÕ�ÐB>Ö T JKBOT@B�Ô¥Ti=@VKÖ T@V1=@;.Ô2Òß<P=�Ð1=i<PáKBHáKAQEFAFÔ¥TiACÖ	=@;�Ð1=@;.Ôi;�GhT@BHTiAF<>GÂ<HÒ¤B
Ô¥;�T6T Ï BHT«Ô¥VKÐ1Ð<P=¥T�Õ�;.Õ á�;�=WÔ Ï AQÐ æhV1;�=@AF;.Ô¸Û�¥îbÔª;.EQ;.Õ�;.GhT �óAFG Ô¥;�T `���� Ý Þzò]AFGKÖ�;ÀT Ï ;.AQ=
AQGhTi=@<yJyVKÖ,TiAF<>Gðâ ñOä�Ø % EF<]<>Õ ÓKEQTi;.=@Ô Ï BrN>;»Ô¥;.;�G ÕªB>GhÑõVKÔi;.ÔMÔiVKÖ Ï B>Ô�ïZ;�á#Ö.B>Ö Ï AFG1?"â �Hä
BHGKJ»æhV1;�=@ÑÀÓKEQTi;.=iAFG1?ÀBHGKJÂ=@<>VyT@AQG1?óâ ÜyØg�Oä�Þ 
z<>GKÔiAFJ1;�=�B�Ô¥;�T ` "�� � f Ø � h ØQÞFÞQÞFØ �����ª<HÒz2
;�EF;�Õ	;�GhT@Ô.Þ Î©Ï ; ACJy;.B	ACÔ�T@<«BHEFEF<]Ö.BOT@;vBªN>;oÖ Ti<P= r6<>Ò �-á1AQT@Ô.Ø�AQG1AQTiACBHEFEFÑMB>EQE�Ô¥;�T�Ti<�KØB>GKJ
T Ï ;.G�Ö Ï <h<hÔ¥;aA�AFGKJy;.Ð;.GKJy;�GhT Ï BPÔ Ï ÒßV1GÖ TiAF<>GÔ�Ø6, f Ø6, h Ø iPi'i Ø6,��yØ1;.BPÖ Ï ï¤AQT Ï =WBHG1?P;�ã$T@<
�µÞ ç <>=�;oB>Ö Ï ;.EQ;.Õ	;�GhT�� ! ` Ø T Ï ;ªá1AQT@ÔvBHT2Ð�<PÔiAQTiAF<>GKÔ , f Û��PÝ,Ø#, h Û7�hÝ Ø iPi'i Ø ,��KÛ7�hÝ2AFG[r
BH=@;�Ô¥;�T+Ti<6ãµÛ ç AQ?ÞhÜPÝ ÞPå"ÐKBH=iTiACÖ,VKEFB>=+á1AQTSÕªBrÑµá�;�Ôi;,T+T@<6ã�ÕªBHG]ÑµTiAFÕ�;oÔ�Þ]:$AQNP;�G6BvæhV1;.=iÑ
Òß<>= 9,ØhT Ï ;2á1AUTWÔ¤BOT©Ð<hÔ¥AQTiAF<>GÔ*,Qf>Ûg9oÝ Ø ,hPÛ 9.Ý,Ø i'iPi Ø5, � Ûg9oÝZBH=@;$Ö Ï ;.Ö��>;oJIÞhî�Ò0BHG]Ñª<HÒ±T Ï ;.Õ�AFÔ
1Ø1T Ï ;�GÂÖ,;�=iT@B>AQGKEQÑ�9��! ` Þ14�T Ï ;�=@ï¤ACÔ¥;PØKïZ; Ö,<PGOèb;.Ö,TiV1=@;�T Ï BOT 9µACÔ�AFGÀT Ï ;µÔi;,T$B>EUT Ï <>VK? Ï
T Ï ;.=i;µAFÔ¦B«Ö,;.=¥TWBHAFGÀÐ1=@<>áKB>á1AQEFAQTbÑ6T Ï BOT¦ïZ;µB>=i; ï¤=i<PG1?KÞ Î©Ï AFÔ¦AFÔ¦BªÒ�B>EFÔi;vÐ�<PÔiAUT@AQNP;>ÞKî�T Ï BPÔ
á;.;�G�Ô Ï <Oï¤G»â ñHäT Ï BOT©T Ï ;¦Ð1=@<>áBHá1AFEQAQTbÑ	<HÒ0BvÒ�BHECÔ¥;$Ð�<PÔiAUT@AQNP;�ACÔz;oæhVKBHE�Ti<�Ûbã����! �"�!#%$ Ý � iÎ <vÔiV1Ð1Ð�<>=iT+V1Ð J1BOT@;.Ô+<>ÒT Ï ;�Ôi;,T ` ïZ;¤ÕªBHAFGPTWBHAFG�Òß<>=+;oB>Ö Ï EQ<yÖ�BHTiAF<>Gy8±AFG	T Ï ;¤á1AUTzN>;.Ö,Ti<P=
B¸Ö,<PV1GhTi;�= �>Û 8�Ýv<HÒ©T Ï ;�G]V1Õ á�;�=v<>Ò©TiAFÕ�;oÔvT Ï BOT T Ï ;6áKAUT�AFÔµÔ¥;�TvTi<ôãÂÛ¹T Ï ;6G]V1Õ á�;�=µ<HÒ
;�EF;�Õ	;�GhT@Ô¤T Ï BHT Ï B>Ô Ï ;.J�Ti<y8zV1GKJy;.=�BHG]Ñ6<HÒ0T Ï ; Ï B>Ô Ï ÒßVKGKÖ T@AQ<PGKÔ@Ý,Þ

m = 10 bits

1 1 1 1 Bit vector v

&"')(+*-,�.0/1&%2�(+*-,�. 2 &%3"(4*),�.65 & / (4*),�.67

:<;>= �8K�:9 �¹s`lUa�[P�mY � ½��mdOdoa´¶]��_bY@^+¨+l�_b¢<;>= þ ¢]\.s`¢µeCghcPk@_blmdocPs
ì ;,T�? á�;µB>GÀë ê¸ì Ti=@;�;vï¤AQT ÏA@ EQ;.N>;�ECÔ�B>GKJ�EQ;�T�T Ï ;vEF;�N>;.E±<>Ò�T Ï ;v=@<]<HT�á�; EF;�N>;.E+ã>Þ

Î©Ï ; ) �7
���"+�-, )*�����+� � 82�	��
�¼Û % %©ç Ý$Òß<>=µBHG¼ë ê¸ì Ti=@;�;B?ðï¤AUT Ï�@ EF;�N>;.EFÔvAFÔvBÁÔ¥;�Tv<HÒ
Ô¥AFÕ	Ð1EQ; % EF<]<>Õ ÓKEQTi;�=WÔC� % %©ç f Ø % %Zç h Ø i'iPi % %©ç 4 �hØ�8�D @ Þ Î©Ï ;�=@;�ACÔ+<>GK;�Ô¥AFÕ	Ð1EQ; % EQ<]<>Õ
ÓKEUT@;�=oØ0Jy;.G1<HT@;.J % %©ç 4 Ø0Òß<>=v;oB>Ö Ï EQ;.N>;.E�8$<HÒZT Ï ;«Ti=@;�;>Þ0î`Gó;.BPÖ Ï % %©ç 4 Ø0ïz;6AFGKÔi;�=iTvT Ï ;
;�EF;�Õ	;�GhT@Ô¦<HÒ+B>EQE0G1<yJy;.Ô$BOT�EF;�NP;�E 8¹Þ Î <6AFÕ	Ð1=i<ONP;�Ð;.=¥Òß<P=iÕªB>GKÖ,; B>GKJÀJy;oÖ,=@;.B>Ôi;2T Ï ;vÒ�BHECÔi;
Ð<hÔ¥AQTiAFN>;2Ð1=@<>áKB>á1AFEQAQTbÑ6AFG�T Ï ;vÖ�BPÔ¥;$<HÒFE	GIHØ1ïz;2ÕªBrÑ«Ö�<>GKÔ¥Ti=@VKÖ T�B>GMBPJ1JyAQTiAF<>GKB>E % EQ<]<>Õ
ÓKEUT@;�=�Jy;�G1<>Ti;oJ % %©çKJ Ø�ï Ï ;.=i;ªïZ;6AFGKÔ¥;.=¥T�BHEFES;�EF;�Õ	;.GPTWÔ�T Ï BOT	BHÐ1Ð�;.B>=vAQGôB>G]ÑÂG1<yJy;«<HÒ
T Ï ; Ti=@;�;>Þ ç <P=¦;�í1BHÕ	Ð1EF;>Ø1T Ï ; % %©ç Òß<>=¦T Ï ;µë ê¸ì Ti=@;�; AQG ç AF?KÞ�ã ACÔ¦B«Ô¥;�T¦<HÒ<�MÔ¥AFÕ	Ð1EF;
% EF<]<>Õ ÓEUT@;�=WÔ�Û ç AQ?ÞKñKÛuBPÝiÝ Þ
Î©Ï ;�.�
�01�2, ) �����+� � 82�	��
�µÛML %Zç Ý�Òß<>=$BHG¸ë ê¸ì T@=i;.;I?#ï¤AQT Ï<@ EQ;.N>;.EFÔ¦AFÔ¦B«Ôi;,T$<HÒ

Ô¥AFÕ	Ð1EQ; % EF<]<>Õ ÓKEQTi;�=WÔA�NL %©ç J ØFL %Zç fOØKL %©ç h>Ø iPi'i ØKL %©ç 4  fO�PØ 8PD @ Þ Î©Ï ;�=@;ªACÔv<>GK;
% EF<]<>Õ�ÓKEQTi;.=.ØyJy;.G1<HT@;.J<L %©ç 4¥ØhÒß<>=Z;.BPÖ Ï ÐKBHT Ï <>Ò�T Ï ;�T@=i;.;¦ï¤AQT Ï EQ;.G1?HT Ï 8¹ØIÛßA�Þ ;PÞQØyBµÐKBOT Ï
<HÒ 8�Q�ã¦G1<yJy;.ÔWÝ Ø]ï Ï ;.=i;$ïZ;�AFGKÔ¥;.=¥T¤BHEFE�ÐKBOT Ï ÔZ<HÒ±EF;�G1?>T Ï 8¹Þ ç <>=Z;,í1B>Õ�ÐKEQ;PØPT Ï ;RL %©ç Òß<P=
T Ï ;µë ê¸ì T@=i;.;vAFG ç AQ?Þ±ãvACÔ�B6Ôi;,T¦<HÒSñ6ÔiAQÕ	Ð1EF; % EF<h<PÕ ÓEUT@;�=WÔ Û ç AF?KÞ�ñKÛßá�Ý¥Ý Þ ×�<>Ti; T Ï BHT
ïz;$AQGÔ¥;.=¥T¤ÐKBHT Ï Ô©B>Ô©Bµï Ï <>EF;!S]ïZ;�Jy<µGK<HT Ï B>Ô Ï ;oB>Ö Ï ;.EQ;.Õ	;�GhT¤<HÒ±T Ï ;2ÐKBOT Ï Ôi;�ÐKB>=@BHTi;.EQÑPÞ
� ;vVÔ¥; B«JyA�9 ;�=@;�GhT�GK<HT@BHTiAF<>GMÒß<>=�ÐKBOT Ï Ô�Ô¥T@B>=¥T@AQG1?	Òß=@<>ÕéT Ï ;v=i<]<>T.Þ Î©Ï ACÔ�ACÔ�GK<HT¦Ô Ï <Oï¤G
AQG ç AQ?Þ1ñKÛ�áÝzÒß<>=¤;oB>Ôi;$<>Ò�ÐK=i;oÔ¥;.GPTWBOT@AQ<PG�Þ



1 1 1 1 1 0 1 1 1 10 1

1 1 0 1 00 0 0 0 0 0 0

1 1 1 1 0 10 10 0 0 0

1 0 1 1 100 0 0 0 1 0

(a)

1 1 1 1 1 0 1 1 1 10 1

1 1 0 1 00 0 0 0 0

0 10 0 1

1 1

1 0 1 1 1 0 0

(b)

½�½�Ã��
½�½�Ã��
½�½�Ã��
½�½�Ã��

(��
	��
 ��	����
�� ����	�����������	���� �
��!�" !��#�$�
!�%��&%����� �'�����
 () ���)" ,
�'	��
 ��	

(��*�� ����	��#�����)�+	���� ,

(���!�" !��+�,�*!)%���%&���� �'�����
 (� �&��" ,

X¤½�Ã��
X¤½�Ã��

X¤½�Ã��

(��
	��
 ��	����
�� ����	�����������	���� �
��!�" !��#�$�
!�%��&%����� �'�����
 () ���)" ,
(��
	��
 ��	.-��
�� ����	����$�'	��
 ��	.-�������	����
��������	�����-.�* (� ���)"/���
�� ����	���-���!)" !)�
�$�
�� ����	���-��
!�%���%&���� �
� ,
(��
	��
 ��	.-�������	�����-.�
 () ���)"0�
�'	��
 ��	.-.�
�� ����	���-���!)" !)���
�'	��
 ��	.-.�
�� ����	���-��
!�%��&%����� �'��,

:<;>= �21K� ø�¢hY&a¦gh��_bl��u�mYWqoYW�H½��mdOdoa ¶]��_bY@^bsIeFd.^�_b¢hY&©®	¯ _`^bYWY&d�e1Ã lm�P§ û23 �ß\ � _b¢hY+½0^bYW\o£>_b¢$½��mdOdoa
¶h��_bY@^z\.c]£«�¹¡ � _b¢PY©X©YW[>_b¢	½��mdOdoa´¶h�m_bYi^

Î©Ï ; % %©ç ÓEUT@;�=iÚ�ÕªBOTWÖ Ï <PÐ;.=@BHTiAF<>G�Û¹T Ï BOTÁÖ Ï ;oÖ��]ÔMï Ï ;�T Ï ;.=¸B % %©ç Õ	BHT@Ö Ï ;oÔ�B
æPVK;�=@ÑyÝ	J1AFÔ¥TiAFG1?>VKAFÔ Ï ;.Ô6á;�Tbïz;.;�G æhV1;�=@AQ;oÔªÔbTWBH=iTiAFG1?¼Òß=@<>Õ4T Ï ;¸=@<h<>T6BHGKJõÐKB>=¥T@AFB>E¤ÐKBOT Ï
æPVK;�=@AQ;oÔ�Þyî`G�á�<HT Ï Ö.B>Ôi;.Ô.ØyAUÒ % %ZçKJ ;�í]ACÔ¥T@Ô.ØyT Ï ;�ÐK=i<yÖ,;oJyV1=@;�Ö Ï ;.Ö��yÔ©ï Ï ;�T Ï ;.=¤AUT�ÕªBHT@Ö Ï ;oÔ
BHEFE;.EQ;.Õ�;.GhT@Ô+<>ÒIT Ï ;2æhV1;�=@Ñ>ÞPî�Ò±Ô¥<Ø>AQTZÐK=i<yÖ,;.;.J1Ô+Ti<µ;,í1BHÕ	AFG1;¤T Ï ;¦Ô¥Ti=@VKÖ T@V1=i;¦<HÒIT Ï ;�ÐKBHT Ï Ø
;�ECÔ¥;PØ�AQT2=i;�TiV1=@GKÔ$B«Õ	ACÔiÔ.Þ ç <>=�B6=@<]<HT2æPVK;�=@Ñ6: w � f w � h w ÞQÞFÞ w �^jyØ ;�NP;�=@ÑMEF;�NP;�E 8©Òß=i<PÕ4ãvT@<
0 <HÒ¤T Ï ;6ÓEUT@;�= ACÔ�Ö Ï ;.Ö��P;.JÂÒß<>= T Ï ;MÖ,<>=@=@;.ÔiÐ<PGKJyAFG1? � 4 Þ Î©Ï ;«Ð1=@<yÖ,;oJyV1=@;6Ô¥VKÖ.Ö,;.;.J1Ô.Ø±AQÒ
T Ï ;.=i;	ACÔ�B«ÕªBOTWÖ Ï Òß<P=�BHEFE&;�EF;�Õ	;�GhT@Ô.Þ ç <P=�B�ÐBH=iTiACBHE�ÐKBOT Ï æhV1;.=iÑPØ�Òß<>=�;�NP;�=@ÑÀEQ;.N>;.E 8�<HÒ
T Ï ; ÓKEUT@;�=�:1T Ï ;vÓK=WÔ¥T�;�EF;�Õ	;�GhT$<HÒ�T Ï ;µÐKBOT Ï ACÔ�Ö Ï ;oÖ��>;.J�Þ1î�Ò&T Ï ;.=i; AFÔ$BªÕªBOTWÖ Ï Ø1T Ï ; G1;�í]T
EQ;.N>;�EzAFÔµÖ Ï ;.Ö��P;.J»Òß<P=vT Ï ;«G1;�íhTµ;�EF;�Õ	;�GhT�B>GKJóÔi<¸<>GóV1GhT@AQEZ;�AQT Ï ;.= T Ï ;6ï Ï <PEQ;�ÐKBOT Ï AFÔ
Õ	BHT@Ö Ï ;oJª<>=ST Ï ;.=i;¦AFÔZB�Õ	ACÔiÔ.ÞPî�Ò±T Ï ;.=i;�ACÔZBvÕ	AFÔ@Ô.Ø>T Ï ;�Ð1=@<yÖ,;oJyV1=@;�=i;.Ð;oBOTWÔ&Òß<>=ZEF;�N>;.E 8	Q
ã>Þ ç <>=&ÐKBHT Ï Ô&ï¤AQT Ï T Ï ;�BHGÖ,;.Ô¥Ti<P=¥Ú`Jy;oÔiÖ�;�GKJ1B>GhT�BOíyACÔ wxw ØrT Ï ;�ÐBOT Ï ACÔ+ÔiÐ1EQAQTSBOT&T Ï ; wxw B>GKJ
T Ï ;ªÔiV1áyÚ�ÐKBOT Ï Ô�BH=@;µÐK=i<yÖ,;oÔiÔi;.J�Þ Î©Ï ;	Ö�<>Õ	Ð1EF;,íyAQTbÑÀ<HÒST Ï ; % %©ç ÓKEQTi;�=iÚ�Õ	BHT@Ö Ï AFÔ 4�Û20 h Ý
ï Ï ;�=@;54¸ACÔ¤T Ï ; EF;�G1?>T Ï ÛßG]V1Õµá;.=�<>Ò�;.EQ;.Õ	;�GhT@ÔWÝ©<HÒ�T Ï ; æhV1;�=@Ñ�S1AFG¸ÐKBH=iTiACÖ,VKEFB>=.Ø]Òß<P=�=@<h<>T
æPVK;�=@AQ;oÔ+T Ï ;$Ö�<>Õ	Ð1EF;,íyAQTbÑªAFÔ*4�Û 0�Ý Þ Î©Ï ;RL %©ç ÓKEQTi;.=¥Ú�ÕªBOTWÖ Ï <>Ð�;�=WBOT@AQ<PG6Ö Ï ;.Ö��yÔzï Ï ;,T Ï ;�=
BHEFE�ÔiV1áyÚ�ÐKBOT Ï ÔZ<HÒIT Ï ;$æhV1;.=iÑ	ÕªBOTWÖ Ï T Ï ;$Ö�<>=@=i;oÔ¥Ð�<>GJyAQGK?2ÓKEUT@;�=WÔS]AQT@ÔZÖ,<PÕ�ÐKEQ;�í]AQTbÑªACÔzB>EFÔi<
4�Û 0 h Ý Þå´Jy;,TWBHAFEQ;oJ�Jy;oÔiÖ�=iAFÐyT@AQ<PG�<>Ò0T Ï ;2ÓKEQTi;�=�Õ	BHT@Ö Ï <>Ð�;�=WBOT@AQ<PGKÔZAFÔ¤?PAQNP;�G�AQGóâ Ü@�Hä�Þ

6 7ÂÉzÆSÇX
±ÆzÇ980:<; �J
±Ê �µÍ¥Æ>=¤ÍiÆ>?

î`G«T Ï AFÔ¤Ôi;.Ö,TiAF<>G�ØyïZ;�Jy;.Ô@Ö,=@AFá; Ï <Oï T Ï ;2G1<yJy;.Ô¤B>=i;$<>=@?PB>G1AFÙ�;.J«BHGKJ Ï <Oï T Ï ;$ÓKEUT@;�=WÔ¤BH=@;
á1V1AFEUT�B>GKJ�JyAFÔ¥Ti=@AFá1VyTi;oJ�BHÕ	<>G1?µT Ï ;�Õ�Þ
�$�! @�M!(p]@WX]��^Y0M �xW15A6]��SW�K0M.BpWX&PM!-SK
×�<yJy;.ÔvAQGóBÀRzÜ>RàÔ¥ÑyÔ¥Ti;�Õ Õ	BrÑÂá;ª<P=i?hBHG1AFÙ�;oJÀT@<�Òß<>=@Õ NOBH=@AQ<PVKÔ$Ti<PÐ<PEQ<P?>AF;.Ô.Þ î`GôB�,X8qt

�7���7��,�8 ���+� �+� �!�n28�C��+�k8 �@2�Û ç AF?KÞ �hÝ,Ø¤BôÔ¥;�T�<>ÒvG1<yJy;.ÔMJy;.ÔiAF?>GKBHTi;.J"B>Ô ��� ���626��"�
�ÂBH=@;
Ö,<>GKG1;.Ö,Ti;.JôTi<»BÁÕªBHAFG Ö Ï B>G1G1;.EzT Ï BOT	Ð1=@<ON]AFJy;oÔ Ö�<>Õ	Õ V1GKAFÖ.BOTiAF<>G¬BHÕ	<>G1?ÁT Ï ;.Õ�Þ Î©Ï ;



Õ	B>AQG¸Ö Ï BHG1G1;.E±B>Ö,T@Ô�BPÔ¤B	á1=@<PB>JKÖ�B>Ô¥T¤Õ	;.Ö Ï B>G1AFÔiÕéB>GKJÀÖ�B>G�á;vAFÕ	Ð1EF;�Õ	;�GhTi;oJ�AQGÀÕªB>GhÑ
JyA�9 ;�=@;�GhT�ïZBrÑyÔ.Þ±å Ï AF;�=WBH=WÖ Ï ACÖ�B>E&<>=@?PBHGKAQÙoBOTiAF<>G¼ACÔvá�;.Ô¥T�ÔiV1AQTi;.Jôï Ï ;�GóT Ï ;«ÐBH=iTiACÖ,AFÐKBOTiÚ
AQG1?ÁG1<yJy;.Ô Ï BrN>;6JyA�9�;.=i;.GhT Ð1=@<]Ö�;.Ô@Ô¥AFG1?ÀBHGJóÔbT@<>=WBH?>;ªÖ.BHÐKB>á1AQEFAQTiAF;.ÔvBPÔ�ïz;.EQEZB>Ô�NOB>=iÑ]AFG1?
ÔbTWBHá1AFEQAQTbÑ>Ø�T Ï BHTvAFÔ.Ø�Ô¥<PÕ	;�GK<]J1;.ÔvÔ¥T@BrÑ¸EF<>GK?>;�=2<PG1EQAFG1;PØ�ï Ï AFEQ;ª<>T Ï ;.=@Ô�Ô¥T@BrÑ¸<PG1EFAQG1;�Òß<P=vB
EQAFÕ	AUT@;.JÂTiAFÕ	;>Þ � AQT Ï T Ï ACÔ2<>=@?PB>G1AFÙ.BOT@AQ<PG�ØKGK<]J1;.Ô2á�;�EF<>G1?PAQG1?�Ti<�T Ï ;µT@<>Ð»EQ;.N>;.EFÔ$=@;.Ö,;.AQNP;
Õ�<P=i;$EF<PB>J�BHGKJ«=i;oÔ¥Ð�<>GÔ¥AFá1AFEQAQTiAF;.Ô.ØhT Ï VKÔ.ØPT Ï ;2Õ	<PÔ¥T¤Ô¥T@B>á1EF;$B>GKJ6Ð�<Oïz;.=¥ÒßVKE�GK<]J1;.Ô©Ô Ï <>V1ECJ
á;�EF<yÖ�BOT@;.J«Ti<	T Ï ;2Ti<PÐ�EF;�NP;�ECÔ©<HÒ�T Ï ; Ï AF;�=WBH=WÖ Ï AF;.Ô.Þ

channel
main

root node

root node
root node

root node���
��� ���

��� ��	

��


��� ��

:<;>= ������ lmY@^¥\�^bk¥¢hlmk \���d�^b�r\.cPlm² \�_blmdoc
LSB>Ö Ï G1<yJy;¤ÕªBHAFGhT@B>AQGKÔ&Tbïz<2ÓKEQTi;.=@Ô :H<PG1;�Ô¥VKÕ�ÕªB>=iAFÙ�AFG1?2AUTWÔ+EF<yÖ�BHEJy<yÖ,V1Õ	;�GhTWÔ�Ø>Ö.BHEFEQ;oJ

��� �����5���	��
���BHGJIØ�AQÒZAQTvAFÔ B�GK<>GyÚ�EQ;oBOÒZG1<yJy;>Ø�<PG1;ªÔ¥VKÕ�ÕªB>=iAFÙ�AFG1?MT Ï ;6J1<]Ö�V1Õ	;�GhT@Ôv<HÒZB>EQE
G1<yJy;.Ô±AQG�AQT@Ô0Ô¥V1á1ÚuT@=i;.;>Ø�Ö.BHEFEQ;oJ � 
�� � 
�" �$�	��
�� Þ�î`GvBPJ1JyAQTiAF<>G�Ø.=i<]<>T�G1<yJy;.Ô �>;�;.Ð2<>G1;+Õ	;.=i?P;.J
ÓKEUT@;�=±Òß<>=�;oB>Ö Ï <HÒ]T Ï ;S<HT Ï ;�=�=@<]<HT�G1<yJy;oÔ�Þ Î©Ï ;SÖ,<PGKÔbT@=iVÖ TiAF<>G$<HÒ]ÓKEQTi;.=@ÔIÒß<>EFEQ<Oï�Ô�B©á�<HTiTi<PÕµÚ
V1ÐvÐ1=@<yÖ,;.J1V1=i;PÞ�åôEF;.BHÒyG1<yJy;SÔi;�GKJ1Ô0AQT@Ô�EF<yÖ�B>EHÓKEQTi;.=�Ti<�AUTWÔ±ÐKB>=i;.GhT.Þ.åôG1<>GyÚ�EF;.BOÒyG1<yJy;PØ.BHÒ¹Ti;�=
=i;oÖ,;�AFN]AQGK?�T Ï ;ZÓKEUT@;�=WÔ�<HÒ BHEFEhAQT@ÔSÖ Ï AQECJy=@;�G�ØrÕ	;�=@?>;zT Ï ;�Õ B>GKJvÐK=i<yJyVKÖ�;.Ô�AQT@Ô�Õ	;�=@?>;oJ�ÓKEQTi;.=.Þ
Î©Ï ;�G�Ø>AUTSÕ	;.=i?P;.Ô�T Ï ;¤Õ�;.=i?P;.J ÓKEQTi;�=Sï¤AUT Ï AUTWÔ&<Oï¤GµEF<yÖ�B>EyÓKEQTi;�=zBHGKJ�Ô¥;.GKJ1Ô�T Ï ;�=@;.ÔiV1EQTiAFG1?
ÓKEUT@;�=¦Ti<�AUTWÔ�ÐKB>=i;.GhT.Þ � Ï ;�GÁB«=i<]<>T¦Ö,<PÕ�ÐKVyTi;oÔ�AQT@Ô$Õ	;�=@?>;oJMÓKEUT@;�=oØAQT2Ð1=i<PÐKBH?hBOT@;.Ô¤AQT�T@<
BHEFEI<HT Ï ;�=¤=@<h<>T¤G1<yJy;.Ô.Þ
ê ;�=@?>AFG1?$<HÒKTbïZ<2<>=�Õ	<>=@;©Õ V1EQTiAQÚ�EF;�NP;�E]ÓKEQTi;.=@Ô&Ö�<>=@=i;oÔ¥Ð�<>GJ1Ô0Ti<�Ö,<PÕ�ÐKVyTiAFG1?�B$á1AUTbï¤ACÔi;

4�� Û % 4��¦ÝZ<HÒ0;oB>Ö Ï <HÒ�T Ï ;.AQ=¤EF;�NP;�ECÔ�Þ Î©Ï BHT�AFÔ.Ø]T Ï ;�Õ	;.=i?P;.JªÓEUT@;�=oØ��ÀØ1<HÒ0Tbïz< % =@;.B>JyT Ï
% EF<]<>Õ-ÓKEQTi;.=@Ô��-B>GKJ���ï¤AUT Ï 8¤EF;�NP;�ECÔ$AFÔ�B % =i;oB>J]T Ï�% EQ<]<PÕ-ÓKEUT@;�=�ï¤AQT Ï E�EF;�N>;.EFÔ :��
" ��� J Ø���frØ iPi'i � 4 �hØ ï Ï ;�=@;�����"���� % 4������>Ø  D HID EWÞ�ò]AQÕ	AFEFB>=iEFÑ>ØIïZ;	Jy;,ÓKGK;
Õ�;.=i?PAQGK?µÒß<P=�L�;.ÐyT Ï�% EF<h<PÕ ÓKEQTi;.=@Ô.Þ
å�EQT Ï <PV1? Ï ïz;¼Jy;.Ô@Ö,=@AFá;»B Ï AF;�=WBH=WÖ Ï ACÖ�B>E�<>=@?PB>G1AFÙ.BOT@AQ<PG�ØS<PV1=MÕ�;oÖ Ï BHGKAFÔiÕ8Ö�B>G"á�;

;.B>ÔiAFEQÑ B>Ð1Ð1EFAQ;oJ¬Ti<¼<HT Ï ;�=6GK<]J1;M<P=i?hBHG1AFÙ.BHTiAF<>GKÔ	BPÔ	ïz;.EQE�Þ+R+=@;�EFAQÕ	AFGKBH=@Ñô=@;.ÔiV1EQT@Ô	<HÒ$T Ï ;
ÓKEUT@;�=WÔSJy;.Ð1EF<OÑhÕ	;.GPTzAQG«BvG1<>GyÚ Ï AF;�=WBH=WÖ Ï ACÖ�BHEyÐ�;�;.=¥Ú�Ti<>Ú�Ð�;�;.=SÔiÑ]Ô¥Ti;.Õ�B>=i;¤=@;�Ð�<>=iTi;oJ	AQGÂâUã��Oä�Þ
�$�q�  ~-QK5&P(�K5& ���~W�%)(�/! a1!\N%P&P(J]@MOK��
×�<yJy;.Ô2ÕªBrÑÀá�;	<>=@?PBHGKAQÙ.;.J¸AFG Ï AQ;.=@B>=@Ö Ï AQ;oÔ�áKBPÔ¥;oJ¸<PGÁT Ï ;�AF=�Ð1=@<rí]AFÕ	AUTbÑÀBHT$T Ï ;	V1GKJy;.=¥Ú
EQÑ]AFG1?	Ð Ï Ñ]ÔiACÖ�BHEIGK;,TbïZ<>=��	Ti<	;,íyÐ1EF<>AQT�Ð Ï ÑyÔ¥ACÖ�B>E�EF<yÖ�B>EQAQTbÑ«BHGJ«Õ	AFG1AQÕ	AFÙ�;væhV1;.=iÑ6=@;.ÔiÐ�<>GKÔi;
TiAFÕ�;PÞ Î©Ï ;¸Òß<>=@Õ	BHTiAF<>Gõ<HÒ Ï AF;�=WBH=WÖ Ï AF;.ÔªÖ.BHG BHECÔi<ÂTWB��P;¸AQGhT@<ôB>Ö�Ö�<>V1GhT6<>T Ï ;.=«ÐKB>=@B>Õ�;�Ú
Ti;�=WÔ2Ô¥VÖ Ï BPÔ$BPJyÕ	AQGKAFÔ¥Ti=WBOT@AQNP;µJy<PÕ	B>AQGÔ�ØIÔ¥T@BHáKAQEFAUTbÑÂBHGKJ¸T Ï ;ªJyA�9�;.=i;.GhT2ÐK=i<yÖ,;oÔiÔiAFG1?�B>GKJ
ÔbT@<>=WBH?>;6Ö.BHÐKB>á1AFEQAQTiAF;.Ô <HÒ©T Ï ;�G1<yJy;.Ô.Þ Î©Ï VKÔ.Ø Ï AQ;.=@B>=@Ö Ï AQ;oÔ�Ö�BHG á;«Òß<>=@Õ�;oJ»T Ï BHTµá�;,TiTi;�=
EQ;.N>;�=WBH?P;©T Ï ;$ïZ<>=��hEF<PBPJIÞ�'�<Oïz;.N>;�=oØPÔiVKÖ Ï <P=i?hBHG1AFÙ.BHTiAF<>GKÔ+AQ?PG1<>=@;¤T Ï ;$Ö�<>GhTi;.GPTZ<HÒ�G1<yJy;oÔ�Þ
� ;2Ð1=@<>Ð�<PÔi;$B>G�<P=i?hBHG1AFÙ.BHTiAF<>Gª<>Ò0G1<yJy;oÔ©áKB>Ôi;.J«<>G�T Ï ;�ÔiAQÕ	AFEFB>=iAQTbÑª<HÒ0T Ï ;.AQ=�Ö�<>GhTi;.GPT�Ôi<
T Ï BHTZG1<yJy;oÔZï¤AUT Ï ÔiAQÕ	AFEFB>=ZÖ�<>GhTi;.GPT©BH=@;�?P=i<PV1Ð;oJ	Ti<P?>;�T Ï ;.=.Þ Î©Ï ;$?><PB>E<>Ò±Ô¥VÖ Ï Ö,<PGhTi;�GhTiÚ
áKB>Ôi;.JóÖ�EQVKÔ¥Ti;.=iAFG1?¸ACÔ Ti<ÁAFÕ	Ð1=@<ON>;	T Ï ;«;36Ö�AQ;.GKÖ,Ñ¼<HÒ�æhV1;.=iÑ»=@<>VyT@AQG1?ÁáhÑ»=@;.JyVKÖ�AQGK?¸T Ï ;



GhVKÕ á�;�=¤<HÒ�AQ=@=@;�EF;�NOBHGhT©G1<yJy;.Ô©T Ï BOT¤Ð1=@<yÖ,;oÔiÔ©B	æhV1;�=@Ñ>Þyî`GMÐKBH=iTiACÖ,VKEFB>=.Ø]ïZ;$ïZ<>VKEFJ�EQA �>;$T@<
<>ÐyT@AQÕ	AFÙ�;��7
������2�mØhT Ï BHTZACÔST Ï ;$Ð;.=@Ö�;�GhT@B>?>;¦<HÒ�ÕªBOTWÖ Ï AQGK? G1<yJy;oÔ+T Ï BOT¤BH=@;�N]ACÔ¥AQTi;oJ6JyV1=@AQGK?
æPVK;�=@Ñ�=@<>V1TiAFG1?KÞ � ;$;,íyÐ�;.Ö TZT Ï BOTZÖ�<>GhTi;.GhT¥Ú�áKB>Ôi;.JªÖ�EQVKÔ¥Ti;.=iAFG1?µï¤AQEFE AQGKÖ�=i;oB>Ôi;�=@;.Ö�B>EQE�Ô¥AFGKÖ�;
Õ	BHT@Ö Ï AFG1?	G1<yJy;oÔ©ï¤AQEFE�á�;�<>G1EFÑ�BµÒß;�ï Ï <PÐKÔ¤BHÐKB>=¥ToÞ
î`GKÔbT@;.BPJÁ<>Ò©Ö Ï ;oÖ��]AQG1?�T Ï ;6Ô¥AFÕ	AQECBH=@AUTbÑÁ<HÒZT Ï ;6Jy<yÖ�V1Õ	;�GhT@Ô2T Ï ;�ÕªÔi;�EFN>;oÔ�ØIïZ;	=i;.EQÑ¸<PG

T Ï ;2Ô¥AFÕ	AQECBH=@AQTbÑµ<>ÒIT Ï ;.AQ=zÓKEQTi;�=WÔ.Þ Î©Ï ACÔZAFÔzÕ	<>=@;�Ö,<hÔbTZ;9 ;.Ö,TiAFN>;>Ø]ÔiAQGKÖ�;¦BvÓKEUT@;�=zÒß<>=©B Ôi;,TZ<HÒ
Jy<yÖ,V1Õ	;�GhTWÔ&AFÔSÕ VKÖ Ï ÔiÕªBHEFEQ;.=&T Ï B>G�T Ï ;�J1<]Ö�V1Õ	;�GhT@Ô.Þ ê <>=@;�<ON>;.=.Ø.T Ï ;¤ÓKEQTi;�=ZÖ,<PÕ�ÐBH=@AFÔi<>G
<>Ð�;�=WBOTiAF<>G¼ACÔ�Õ	<>=@;ª;36Ö,AF;�GhT�T Ï BHGôBÀÖ�<>Õ	ÐKBH=@ACÔ¥<PGÂá�;,TbïZ;�;.GÂTbïZ<¸Ôi;,T@Ôv<HÒ�Jy<yÖ,V1Õ	;.GPTWÔ�Þ
L�<yÖ,VKÕ�;.GhT@Ô¤ï¤AQT Ï ÔiAQÕ	AFEFB>=©ÓKEUT@;�=WÔ¤BH=@;2;,íyÐ;oÖ T@;.J�Ti<	ÕªBOTWÖ Ï ÔiAFÕ�AFECBH=¤æhV1;�=@AQ;oÔ�Þ
ì ;,T � á�;¦BvÔiAFÕ�ÐKEQ; % EF<]<>Õ ÓKEQTi;�=Z<HÒ±ÔiAFÙ�; � Þ � ;2Ô Ï B>EQEVKÔi;�T Ï ;�G1<>T@BOT@AQ<PG �«â E�ä�Ø�ã D

E	D � Ti<vJ1;�G1<>Ti;¤T Ï ;0E�T Ï á1AQTS<HÒ T Ï ;©ÓKEQTi;�=oÞ ì ;,T+TbïZ<�Ô¥AFÕ	Ð1EF; % EQ<]<>ÕðÓKEQTi;�=WÔ�� B>GKJ �#<HÒ
Ô¥AFÙ�; � ØKT Ï ;.AQ= ê BHG Ï BOTiT@BHG¬Ûß<>= '�B>Õ�Õ	AFG1?hÝ�JyACÔbTWBHGKÖ�;>Ø��Û ��� ��Ý�ACÔ�Jy;�ÓKG1;.JÂB>Ô��Û ��� ��Ý
"�� ��âUã�ä Ú��	âQã,ä	� Q�� �«â Ürä Ú �	â Ürä	� Q i'iPi Q�� ��â � äIÚ��	â � ä
�UØ]T Ï BOT©AFÔzT Ï ;$G]V1Õµá;.=©<HÒ±á1AQT@ÔT Ï BHT�T Ï ;.Ñ�JyA�9 ;�=oÞ � ; Jy;,ÓG1;�T Ï ;vÔ¥AFÕ	AQECBH=@AUTbÑPØ1<HÒ�� B>GKJ �ðBPÔ�� E � E
����NE��
�IÛ ��� ��Ý%" �Ú��Û ��� ��Ý,Þ Î©Ï ;2ECBH=@?>;.=zT Ï ;�AF=�ÔiAQÕ	AFEFB>=iAQTbÑ>Ø]T Ï ;�Õ	<>=@;$ÔiAQÕ	AFEFB>=©T Ï ;2ÓEUT@;�=WÔ�Þyî`GMT Ï ;2Ö.B>Ôi;2<HÒ
Õ V1EQTiAQÚ�EF;�NP;�E % EF<]<>Õ�ÓEUT@;�=WÔ�Øïz;2TWB��>;2T Ï ; ÔiV1Õ <>Ò�T Ï ; ÔiAFÕ�AFECBH=@AUT@AQ;oÔ¤<HÒ�;.BPÖ Ï ÐBHAF=�<HÒ�T Ï ;
Ö,<>=@=@;.ÔiÐ<PGKJyAFG1?µEF;�NP;�ECÔ�Þ

� ;ZVKÔi;ST Ï ;ZÒß<>EFEQ<Oï¤AFG1?�ÐK=i<yÖ,;oJyV1=@;+T@<¦<P=i?hBHG1AFÙ�;+GK<]J1;.Ô�áKB>Ôi;.J <>G�Ö,<>GhT@;�GhT�ÔiAFÕ�AFECBH=@AUTbÑPÞ
� Ï ;�GÀB�G1;�ï#G1<yJy;��Áï¤ACÔ Ï ;.ÔZTi<$èb<PAQGMT Ï ;2RZÜHR Ô¥ÑyÔ¥Ti;.ÕMØyAQT�Ôi;�GKJ1Ô¤B¦èb<PAQGM=i;oæhV1;.Ô¥T©T Ï BHT
Ö,<>GhTWBHAFGKÔ�AUTWÔµEF<yÖ�B>EzÓEUT@;�=	Ti<¼BHEFE©=i<]<>T�G1<yJy;oÔ�Þ<��Ð<PG¬=@;.Ö�;�AFN]AQG1?»B6èb<PAQG =@;.æhV1;.Ô¥T.Ø�;oB>Ö Ï
=i<]<HT�GK<]J1;vÖ,<>Õ	ÐKB>=i;oÔZT Ï ; =i;oÖ,;�AFN>;oJ«EF<yÖ�B>EIÓKEQTi;�=�ï¤AUT Ï AUTWÔ�Õ	;�=@?>;oJ6ÓKEQTi;.=¦B>GKJM=i;oÔ¥Ð�<>GKJKÔ
Ti<��ôï¤AUT Ï T Ï ;	Õ�;oB>ÔiV1=@; <HÒST Ï ;.AQ=$ÓKEQTi;.=2ÔiAFÕ�AFECBH=@AUTbÑPÞ Î©Ï ;�=@<h<>T¦G1<yJy;�ï¤AQT Ï T Ï ;�EFB>=i?P;.Ô¥T
Ô¥AFÕ	AQECBH=@AUTbÑóACÔ6Ö.BHEFEQ;oJôT Ï ; D 8q226
��Á=@<]<HToÞ�×�<yJy;��#Ö�<>Õ	ÐKBH=@;.Ô�AQT@ÔªÔiAQÕ	AFEFB>=iAQTbÑôï¤AQT Ï T Ï ;
ï¤AQG1GK;�=	=i<]<>T Ti<óBÂÔ¥ÑyÔ¥Ti;�Õ�Ú`Jy;,ÓG1;.J �2, �7
 �7,5�+��"HÞ+î�Ò�T Ï ;MÔiAFÕ�AFECBH=@AUTbÑóACÔ�EFB>=i?P;�=vT Ï BHG¬T Ï ;
T Ï =@;.Ô Ï <>ECJIØ��Mèb<PAQGKÔ�T Ï ; Ï AQ;.=@B>=@Ö Ï Ñ6<>Ò�T Ï ;vï¤AFG1G1;.=�=@<]<HT.ØK;�ECÔ¥;��¼á�;.Ö�<>Õ	;.Ô�B6=i<]<HT�GK<]J1;
AUTWÔ¥;.EUÒbÞ�î`GÀT Ï ;vÒß<>=@Õ	;�=�Ö.B>Ôi;>ØG1<yJy;��ó=@;�Ð1EFAQ;oÔ¤T@<ªT Ï ;µï¤AQGKG1;�=¦=i<]<HT�T Ï BHT¦Ð1=@<>ÐKB>?PBHTi;.Ô©AQT@Ô
=i;.Ð1EQÑ�Ti<�BHEFE0G1<yJy;oÔ�AFG¸AQT@Ô�ÔiV1áyÚ�Ti=@;�;PÞ Î©Ï ;µG1<yJy;µÖ�<>G1GK;.Ö TWÔ¤T@<ªT Ï ;µG1<yJy; AFG�T Ï ; ï¤AFG1G1;�=
=i<]<HT�� Ô¤ÔiV1áyT@=i;.;$T Ï BHT Ï B>ÔZT Ï ;�Õ	<PÔ¥T¤ÔiAFÕ�AFECBH=¤EF<]Ö.BHE ÓKEQTi;.=.Þ
Î©Ï ;&Ð1=@<]Ö�;.JyVK=i;�Òß<>=0Ö,=@;.BOT@AQGK?©Ö�<>GhTi;.GhT¥Ú�áKB>Ôi;.J Ï AF;�=WBH=WÖ Ï AF;.Ô�;9 ;.Ö,TiAFN>;�EFÑ¦Ö�EQVÔbT@;�=WÔIG1<yJy;.Ô

áKB>Ôi;.J�<>G	T Ï ;�AF=zÖ�<>GhTi;.GhT.Ø>Ôi<�T Ï BOTzÔiAQÕ	AFEFB>=+G1<yJy;oÔ+á�;�EF<>G1?2T@<�T Ï ;¦ÔiB>Õ�; Ï AQ;.=@B>=@Ö Ï Ñ«ÛuÖ,EFVKÔbÚ
Ti;�= Ý Þ Î©Ï ;$NOB>EQV1;2<>Ò�T Ï =@;.Ô Ï <PEFJMJy;,T@;�=@Õ	AQG1;oÔzT Ï ;�G]V1Õµá;.=Z<>Ò Ï AF;�=WBH=WÖ Ï AF;.ÔzAQG�T Ï ;2ÔiÑyÔbT@;�Õ
BHGKJMB+9 ;.Ö,T@Ô©Ô¥ÑyÔ¥Ti;.Õ Ð;.=¥Òß<P=iÕªBHGÖ,;>Þ1òhTWBOT@AFÔ¥TiACÖ�B>E(�hGK<Oï¤EQ;oJy?>;PØhÔiVKÖ Ï BPÔzT Ï ;�BrN>;.=@B>?>;�ÔiAFÕµÚ
AQECBH=@AUTbÑªB>Õ�<PG1?vG1<yJy;oÔ�Ø]ÕªBrÑ	á;$VKÔi;.J	T@<�J1;,ÓKG1;¦T Ï =i;oÔ Ï <PEFJ�Þ � ;¦EF;.BrNP;¤T Ï ;$Jy;�ÓKG1AQTiAF<>G�<HÒ
T Ï =@;.Ô Ï <>ECJMBHGKJ�T Ï ;vJyÑ]GKBHÕ	ACÖ$BPJ1BHÐ1T@BOT@AQ<PG�<>Ò0AQT@Ô¤NOB>EQV1;�BPÔZÒßVyTiV1=@;�ïZ<>=���Þ

� � Ë3
±È! �Í¥Æ>? ;&Æ�Ê#"%$vÊ>;�Ç1Í¥Æ>?

� ;vJy;oÔiÖ�=iAFá�;$GK;,í]T Ï <Oï#B	æhV1;.=iÑ6ACÔ¤=@<>VyT@;.JMBHGKJ Ï <Oï#V1Ð�JKBOTi;oÔ�BH=@;$Ð1=i<yÖ�;.Ô@Ô¥;oJIÞ
& �! ��\N(J]^#���-S\N&PM!K��
ç AFEQTi;�=WÔZBH=@;�VKÔi;.J	T@< Ò�BPÖ,AFEQAQT@BHTi;$æPVK;�=@Ñ�=@<>V1TiAFG1?KÞhî`G«ÐKB>=¥T@AFÖ�V1ECBH=oØ>ï Ï ;.G�B æhV1;.=iÑ	ACÔSACÔ@Ô¥V1;oJ
BOTvB«GK<]J1;'�&ØI=@<>VyT@AQGK?�Ð1=@<yÖ,;.;.J1Ô2B>Ô¦Òß<PEQEF<Oï�Ô�Þ Î©Ï ;	EF<]Ö.BHE�ÓKEQTi;.=�<HÒSG1<yJy;(�¬AFÔ2Ö Ï ;oÖ��>;.J�Ø
BHGKJµAUÒ�T Ï ;�=@;zACÔ&B$Õ	BHT@Ö Ï ØrT Ï ;©EQ<yÖ.BHE1Jy<yÖ,VKÕ�;.GhT@Ô&BH=@;©Ô¥;oBH=WÖ Ï ;.JIÞO×�;,í]T.ØrT Ï ;¤Õ	;�=@?>;.JvÓKEQTi;�=
<HÒ)�ÁAFÔ¤Ö Ï ;oÖ��>;oJIØhB>GKJ�AUÒ0T Ï ;.=i;$AFÔ¤BµÕªBOTWÖ Ï ØhT Ï ;�æhV1;�=@ÑªACÔ©Ð1=i<PÐKBH?hBOT@;.J	T@<'�*� Ô©Ö Ï AQECJy=@;�G�Þ
Î©Ï ;ªæPVK;�=@ÑÀAFÔ�B>EFÔi<�ÐK=i<PÐKBH?hBOTi;oJ�Ti<MT Ï ;ªÐKBH=@;�GhT2<HÒzT Ï ;	G1<yJy;PÞ Î©Ï ;ªÐ1=@<>ÐKB>?PBOT@AQ<PGÀ<HÒ©B



æPVK;�=@ÑªTi<Oï©BH=WJ1ÔZT Ï ;�á<>T¥Ti<PÕ <>Ò0T Ï ; Ï AF;�=WBH=WÖ Ï Ñ6Ö,<>GhT@AQG]V1;oÔ�ØyV1GhT@AQE0;�AQT Ï ;.=�B	EQ;oBOÒ�G1<yJy;�AFÔ
=i;oB>Ö Ï ;oJIØy<>=©T Ï ;2ÓKEQTi;�=�Õ	BHT@Ö Ï ï¤AQT Ï T Ï ;�Õ	;.=i?P;.J�ÓKEQTi;�=¤<>Ò�B>G�AQGhTi;.=iGBHEIG1<yJy;�AFGKJyACÖ�BHTi;.Ô
B¸Õ	AFÔ@Ô.Þ Î©Ï ;«Ð1=@<>ÐKB>?PBHTiAF<>G¼Ti<Oï©BH=WJ1Ô2T Ï ;�Ti<>Ð¬<HÒ¤T Ï ; Ï AQ;.=@B>=@Ö Ï Ñ¼Ö,<>GhT@AQG]V1;oÔ V1GhT@AQEZT Ï ;
=i<]<HT2G1<yJy;	ACÔ2=i;oB>Ö Ï ;oJIÞ � Ï ;�G¼BMæhV1;.=iÑÀ=@;.BPÖ Ï ;.Ô$B�=i<]<HT2G1<yJy;PØ T Ï ;	=@<h<>T.Ø�B>ÐKBH=iT�Òß=@<>Õ
Ö Ï ;.Ö��]AFG1?ÀT Ï ;6ÓKEQTi;.= <HÒ�AQT@Ôµ<Oï¤GôÔiV1áyÚ�Ti=@;�;>Ø0AUT	BHECÔ¥<ÂÖ Ï ;.Ö��yÔ2T Ï ;�Õ	;.=i?P;.J»ÓKEQTi;.=@Ô <HÒ¤T Ï ;
<HT Ï ;�=6=@<]<HTªG1<yJy;.Ô«BHGKJ¬Òß<>=@ï©BH=WJ1ÔµT Ï ;¸æhV1;.=iÑ¬<>G1EFÑóTi<¼T Ï ;.Ôi;À=@<h<>T6G1<yJy;.ÔªÒß<>=ªï Ï ACÖ Ï
T Ï ;.=i;µAFÔ¦BªÕªBOT@Ö Ï Þ � Ï ;.GÁBª=@<]<HT�G1<yJy;µ=i;oÖ,;.AQNP;.Ô�B6æhV1;.=iÑ�Òß=@<>Õ�BHG1<>T Ï ;.=�=@<h<>T�AQT¦<>GKEQÑ
Ð1=i<PÐKBH?hBOT@;.ÔST Ï ;væhV1;.=iÑªT@<ªAUTWÔ¤<Oï¤G�ÔiV1áyÚ�Ti=@;�;PÞ

& �q� ��U /0WX&P(��7]@-SU0W �SWX&)MO-QK

� Ï ;�GóBÀJy<yÖ,VKÕ�;.GhTvAFÔ�VKÐ�J1BHTi;oJÂ<P=vB�Jy<yÖ,V1Õ	;�GhTvACÔ�AFGKÔ¥;.=¥T@;.J»<>=vJ1;�EF;,Ti;oJ¼BOTvB�G1<yJy;>Ø
AUTWÔ¦EF<yÖ�B>E0ÓEUT@;�=2Õ VKÔ¥T2á;�V1Ð J1BOT@;.JIÞ�å�GÂV1Ð J1BHTi;	Ö�BHGÂá;�N]AQ;.ïz;oJÁBPÔ¦BMJy;�EF;,T@; Òß<PEQEF<OïZ;.J
áhÑ»BHG¼AFGKÔ¥;.=¥ToÞ � Ï ;.GôBHG¼V1Ð J1BOT@;6<yÖ�Ö,VK=@ÔvBHT B�G1<yJy;>Ø0BHÐKB>=¥T�Òß=@<>Õ T Ï ;6VKÐ�J1BHTi;ª<>Ò©AQT@Ô
EQ<yÖ�B>E�ÓEUT@;�=oØZB>EQE$Õ	;�=@?>;.J ÓEUT@;�=WÔ6T Ï BOT�VKÔi;¸T Ï AFÔMEF<]Ö.BHE�ÓKEUT@;�=�Õ VÔbTMá;»V1Ð J1BOT@;.JIÞ � ;
Ð1=i;oÔ¥;.GhTvTbïz<»JyA�9�;.=i;.GPT	BHÐ1ÐK=i<hB>Ö Ï ;oÔ$Òß<>=µT Ï ;�Ð1=i<PÐKBH?hBOT@AQ<PG»<>Ò�V1Ð J1BOT@;.ÔµáKB>Ôi;.Jó<PGóT Ï ;
ïZBrÑÁT Ï ;«Ö�<>V1GhT@;�=WÔ�<HÒ©T Ï ;6Õ	;�=@?>;.JÂÓKEQTi;.=@ÔµBH=@;ªÖ,<>Õ	Ð1V1Ti;.J�Þ�×�<HTi;	T Ï BOT�AQGóá�<HT Ï Ö�BPÔ¥;oÔ
ïz;�Ð1=@<>ÐKB>?PBOT@;�T Ï ;�EF;�NP;�ECÔ�<>Ò+T Ï ;�ÕµV1EQTiAQÚ�EF;�NP;�E�ÓKEQTi;�=$T Ï BOT Ï BrN>;�Ö Ï BHGK?>;.JÁBHGKJÁG1<HT2T Ï ;
ï Ï <>EF;2Õ V1EQTiAQÚ�EF;�NP;�E ÓKEQTi;.=.Þ
Î©Ï ;�ÔbT@=@B>AQ? Ï T¥Òß<>=@ï©BH=WJvï©BrÑ�Ti<�VKÔi;¤T Ï ;�Ö,<PV1GhTi;�=WÔ+BHT&T Ï ;�Õ	;.=i?P;.JµÓKEQTi;�=WÔ&ACÔ�Òß<>=S;�N>;.=iÑ

G1<yJy; T@<�Ôi;�GKJÀTi<MAUTWÔ�ÐKB>=i;.GhT.Ø BHEF<>G1?6ï¤AQT Ï AUTWÔ¦ÓKEUT@;�=oØKT Ï ;	B>Ô@Ô¥<yÖ,ACBOT@;.JÀÖ�<>V1GhTi;.=@Ô.Þ Î©Ï ;�G�Ø
T Ï ;2Ö,<PV1GhTi;�=WÔz<HÒ�T Ï ;2Õ�;.=i?P;.J	ÓEUT@;�=©<HÒ±;oB>Ö Ï AFGhTi;.=iGKB>E G1<yJy;$B>=i;$Ö,<PÕ�ÐKVyTi;oJ«B>ÔST Ï ;2ÔiV1Õ
<HÒKT Ï ;©=i;oÔ¥Ð�;.Ö,TiAFN>;©Ö,<PV1GhTi;�=WÔ0<HÒAQT@Ô&Ö Ï AQECJy=@;�G � Ô0ÓKEUT@;�=WÔ�Þ � ;�Ö�B>EQEhT Ï AFÔ�Õ	;,T Ï <yJ����nFX25���SF ��Þ
å�G¸;�íyB>Õ	Ð1EQ;�ï¤AQT Ï Ô¥AFÕ	Ð1EQ; % EF<]<>Õ ç AQEQTi;.=@Ô�AFÔ¦Ô Ï <Oï/AFG ç AF?KÞ5�1ÛuBPÝ Þ�×�<Oï�Øï Ï ;�G¸BªGK<]J1;
V1Ð�JKBOTi;oÔ©AUTWÔ¤EF<]Ö.BHE�ÓKEQTi;.=�BHGKJ�AUTWÔ¤<Oï¤G«Õ	;.=i?P;.JªÓEUT@;�=©Ti<	=@;�Ð1=@;.Ôi;�GhTZT Ï ;�VKÐ�J1BHTi;PØ1AUT�B>EFÔi<
Ô¥;.GKJ1ÔST Ï ;2JyA�9�;.=i;.GKÖ,;oÔSá�;,TbïZ;�;.G6AUTWÔS<PEFJ�BHGKJ6G1;�ï Ö�<>V1GhTi;.=SNOBHEFV1;oÔ+T@<µAQT@ÔzÐKBH=@;�GhToÞhå�Ò¹Ti;�=
V1Ð�JKBOTiAFG1?�AQT@Ô2<Oï¤GÂÔiV1Õ	ÕªBH=@Ñ>Ø T Ï ;	ÐKBH=@;�GhT2Ð1=i<PÐKBH?hBOT@;.Ô¦AQGÂTiV1=@GÂT Ï ;ªJyA�9�;.=i;.GKÖ,;�T@<MAQT@Ô
ÐKBH=@;�GhT±V1GhT@AQE]BHEFEPB�9�;oÖ Ti;oJ�G1<yJy;oÔ±BH=@;+AFGyÒß<>=@Õ	;.JIÞoî`G2T Ï ;SïZ<>=WÔbT0Ö.B>Ôi;>Ø.AQGvï Ï AFÖ Ï B>GvV1Ð J1BOT@;
<]Ö.Ö,V1=WÔ�BOT+B¦EQ;oBOÒGK<]J1;>ØrT Ï ;¤GhVKÕ á�;�=�<HÒ�Õ�;oÔiÔ@BH?P;.Ô±T Ï BHT+G1;�;oJvT@<¦á�;�Ôi;�GhT&AFÔ�;.æhVKB>E]Ti<$T Ï ;
GhVKÕ á�;�=Z<HÒ±EF;�NP;�ECÔSAFG6T Ï ; Ï AQ;.=@B>=@Ö Ï Ñ>ØPÐ1EFVKÔzT Ï ;$G]V1Õ á�;�=Z<HÒ±=@<]<HTWÔSAFG6T Ï ;¦ÕªB>AQG«Ö Ï BHG1G1;.EuÞ

� ;�Ö.BHGªAFÕ�ÐK=i<ONP;zT Ï ;�Ö�<>Õ	Ð1EF;,íyAUTbÑ <HÒIV1Ð J1BOT@;�Ð1=@<>ÐKB>?PBOT@AQ<PG á]Ñ ÕªB��hAFG1?2T Ï ;¤Òß<>EFEF<Oï©Ú
AQG1?�<>áKÔi;�=@NOBOT@AQ<PG;:B>GÁV1Ð J1BOT@;µï¤AFEFE0<PG1EQÑ�=@;.ÔiV1EQT¦AFGÂB«Ö Ï BHG1?P; AFGÀT Ï ;µÓKEQTi;.=$AQT@Ôi;�EQÒSAQÒ+T Ï ;
Ö,<>VKGPT@;�=�T@V1=iGÔ�Òß=i<PÕ ¦Ti<	ã©<>=�N]AFÖ�;¤N>;�=WÔ@B1Þ Î B��hAFG1?$T Ï AFÔ�AFGhTi<vÖ,<PGKÔiAFJy;.=@BHTiAF<>G�Øo;.BPÖ Ï GK<]J1;
èbVKÔbT$Ô¥;.GKJ1Ô¤AQT@Ô�Õ�;.=i?P;.J�ÓKEQTi;.=¤Ti<6AQT@Ô�ÐKBH=@;�GhT ÛßEF<yÖ�B>EIÓKEQTi;�=�Òß<>=¤T Ï ;vEF;.BHÒ�G1<yJy;oÔ@Ý�BHGKJMG1<>T
T Ï ;2Ö,<PV1GhTi;�=WÔ.ÞPå GK<]J1;�T Ï BOT Ï B>ÔS=i;oÖ,;�AFN>;oJªBHEFEKT Ï ;�ÓEUT@;�=WÔ+Òß=@<>Õ AQT@ÔZÖ Ï AQECJy=@;�G«Ö�=i;oBOT@;.Ô+AQT@Ô
Õ�;.=i?P;.JvÓKEUT@;�=&B>Ô�á�;,Òß<P=i;Zá1VyT&VKÔi;.Ô0T Ï ;zÒß<PEQEF<Oï¤AFG1?¦ÐK=i<yÖ,;oJyV1=@;+T@<2Ö�<>Õ	Ð1VyT@;ST Ï ;¤Ö,<PV1GhTi;�=WÔ :
AUT�AQGKÖ�=i;oB>Ôi;.Ô�;oB>Ö Ï Ö,<PV1GhTi;.= á1AQTµá]Ñ»<>G1;6;.N>;.=iÑÁTiAFÕ�;MB�ÓKEQTi;.=µ<>Ò©AQT@Ô�Ö Ï AFEFJ1=i;.G Ï B>ÔvBôã
AQGÂT Ï ;6Ö�<>=@=i;oÔ¥Ð�<>GJyAQGK?«Ð�<PÔiAUT@AQ<PG�Þ Î©Ï VKÔ�ØI;oB>Ö Ï á1AUTv<>ÒST Ï ;6Ö,<PV1GhTi;�=2<>ÒZBMÕ	;�=@?>;.J¸ÓKEQTi;�=
=i;.Ð1=i;oÔ¥;.GhT@Ô�T Ï ;�G]V1Õµá;.=z<>Ò AQT@ÔZÖ Ï AFEFJ1=i;.G � Ô+ÓKEQTi;�=WÔ&T Ï BOT Ï BrN>;¦Ô¥;�T+T Ï ACÔzá1AUTZTi<«ã Û�B>GKJªG1<>T
Ï <Oï ÕªBHG]ÑÀT@AQÕ	;.Ô$T Ï ;	<>=@AQ?PAQGBHE�ÓKEQTi;�=WÔ Ï BPJÁÔi;,T2T Ï ;ªáKAUT2Ti<¼ãrÝ Þ � ;6Ö�BHEFE�T Ï ACÔ2Õ	;,T Ï <yJ
)m82���SF ��ÞIå�G»;,í1BHÕ	Ð1EF; ï¤AQT Ï Ô¥AFÕ	Ð1EF; % EF<h<PÕ ç AQEQTi;.=@Ô$ACÔ$Ô Ï <Oï´AFG ç AF?KÞ$�1ÛuÖ.Ý Þ � Ï ;�GÂB>G
V1Ð�JKBOTi;$<yÖ�Ö�V1=@Ô.Ø>AQT©AFÔzÐ1=@<>ÐKB>?PBOT@;.J	<PG1EQÑ	AQÒ±AQTZÖ Ï B>G1?>;oÔSBváKAUTZÒß=i<PÕ-ã�Ti< v<P=zN]ACÖ,;�NP;�=WÔiBKÞ
å�G«;�í1BHÕ	Ð1EF;¦ACÔ©Jy;�Ð1ACÖ T@;.J�AQG ç AQ?Þ�yÞyå�Ô@Ô¥VKÕ�;¦T Ï BOT©G1<yJy;����¦Ð�;�=iÒß<>=@ÕªÔZB>G6V1Ð J1BOT@;!S

B>Ô6Bó=@;.ÔiV1EQT.ØzAUTWÔ6G1;.ï Û�EQ<yÖ.BHE¹Ý�ÓKEQTi;�=�á;oÖ,<PÕ�;oÔÁÛ¥ã>Ø KØ 1Ø¦ãoÝªB>GKJ T Ï ;ÁÖ,<P=i=@;.ÔiÐ<PGKJyAFG1?
Ö,<>VKGPT@;�=WÔ�Û¥ã>Ø KØ KØ]ÜPÝ Þ � AQT Ï 
z<>V1GhT ò]V1Õ-Û ç AQ?Þ��KÛ�BhÝ¥Ý Ø�����ï¤AFEFEÔi;�GKJ	T Ï ;¦J1A�9 ;�=@;�GKÖ�; Û¹ÚWã>Ø
1Ø�ÚWã>Ø�Ú@ãrÝ2á;�Tbïz;.;�GóAQT@Ôµ<>ECJóBHGKJ¼GK;�ï Ö,<PV1GhTi;�=WÔ2T@<¸G1<yJy;�� h Ø0ï Ï <hÔ¥;¸Û�Õ	;�=@?>;.JÝ$ÓKEQTi;�=



ï¤AQEFESG1<Oï�á�;.Ö,<PÕ	;¸Ûbã>Ø�1Ø+ãPØ+ãoÝ�B>GKJÂT Ï ;�Ö,<>VKGPT@;�=WÔªÛuÜ1Ø�1ØSã>Ø$�]Ý Þ±×�<]J1;�� h Õ VÔbT B>EFÔi<
Ð1=i<PÐKBH?hBOT@;�T Ï ;vJyA�9 ;�=@;�GÖ,;ªÛ¹ÚWã>Ø KØPÚWã>Ø]ÚWãoÝ+Ti<	AQT@Ô¤ÐBH=@;�GhT � f ÛuBHEQT Ï <PV1? Ï G1<ªÖ Ï BHGK?>;$ïZBPÔ
=i; �K;.Ö,Ti;.JÀBHT�AQT@Ô�ÓKEUT@;�= Ý Þ Î©Ï ;vÓKGBHE0Ô¥T@BHTi;vACÔ�Ô Ï <Oï¤G�AFG ç AQ?ÞQ�1Û�áÝ Þ � AQT Ï % AQTWò]V1Õ4Û ç AF?KÞ
�1Û�ÖoÝ¥Ý,Ø!� � ï¤AFEFE�Ô¥;.GKJ6T@<(�$h¦<PG1EFÑ	T Ï <hÔ¥;2á1AQT@ÔZT Ï BOT Ï BrNP;$Ö Ï B>G1?>;oJªÒß=@<>Õ�ã¦Ti<�	BHGKJ«N]AFÖ�;
N>;�=WÔ@B1ØrT Ï BOTSACÔ�ÛßÚ@Ø>Ú@Ø>Ú@ãPØOÚ`Ý,Þ Î©Ï ;�G1;�ï ÓKEQTi;.=S<HÒ �$h¤ï¤AFEFEKá�; ÛbãPØ 1Øã>Ø1ãrÝ&BHGJ�T Ï ;�Ö�<>V1GhT@;�=WÔ
ÛuÜyØ&1Ø�ãPØ�ÜPÝ ÞK×�<]J1;��$hvJy<];.Ô�G1<HT¦G1;�;oJ«T@<«Ôi;�GKJMT Ï ;vV1Ð J1BOT@;�Ti< �NfrÞ Î©Ï ;�ÓKGKB>E0Ô¥T@BOT@;�AFÔ
AQEFEQVÔbT@=@BHTi;.J�AFG ç AF?KÞJ�1Û�JÝ Þ Î©Ï ; % AQTWò]VKÕ�B>Ð1Ð1=@<PB>Ö Ï Ô¥;.GKJ1Ô�Òß;.ïz;.=SBHGKJ	ÔiÕªBHEFEQ;.=&Õ�;oÔiÔ@BH?P;.Ô.Þ

1
2

0
0

1 1
1 3

1
2

0
0

1 1
1 3

1 0
0

1 1
11 2

1 0
0

1 1
11 2

1 0
0

1 1
11 2

1 0
0

1 1
11 2

10 1 0
0 3 0 1

10 1 0
0 3 0 1

10 1 0
0 3 0 1

10 1 0
0 3 0 1

0
0

0 1 0
20 0

0
0

0 1 0
20 0

0
0

1 0 1
1 0 2

0
0

1 0 1
1 0 2

0
0

0 1
0

0
0 1

0
0

0 1
0

0
0 1

0
0

0 1
0

0
0 1

0
0

0 1
0

0
0 1

1 0
0

1 1
3 2 5

0
0

0 1 0
20 0

0
0

0 1 0
20 0

1 0
0

1 1
22 2

1 0
0

1 1
2 1 4

1 0
0

1 1
2 1 2

1 1 11
2 3 3 5

1 1 11
1 1 1 2

1 1 11
1 1 1 2

(a)

(c)

(b)

(d)

local filter

merged filter

Filter

Counter
1 1 11
3 63 4

� '

� '� '

� '

� 2

� 2� 2

� 2 � 3

� 3� 3

� 3

� /

� /� /

� / � 5

� 5� 5

� 5

: ;v= ���K��9 cµY@¿P\.a�[P�UYZd.e�\�c	gh[1£P\�_bY©gPs`lUcP�vf�dogPcO_ij>ghaà\.c]£µ½�l�_ij>gPa

� ��� $ 
�ÈKÍg� 
0ÆSÇ�;��	��
 ;��¥Ë ;0Ç1Í¥ÉSÆ
� ;µAQÕ	Ð1EF;�Õ	;�GhT@;.JÀT Ï ; % %©ç Û % =@;.B>JyT Ï % EF<h<PÕ ÓEUT@;�= Ý�B>GKJMT Ï ; L %Zç Û L�;.ÐyT Ï % EQ<]<>Õ
ç AFEQTi;�= ÝzJ1BOTWBµÔ¥Ti=@VKÖ T@V1=@;.Ô.ØhBPÔSïZ;�EFEIB>ÔZB�ò]AFÕ	Ð1EF; % EF<]<>Õ�ÓKEQTi;�=�Û�ò %©ç Ý$ÛßT Ï BHT0èbVKÔ¥T Ï B>Ô Ï ;oÔ
BHEFEZ;.EQ;.Õ	;�GhT@Ô	<>Ò¦B¼Jy<yÖ,V1Õ	;�GhT ÝvÒß<P=ªÖ,<>Õ	ÐKB>=iACÔi<>G�Þ ç <P=µT Ï ; Ï B>Ô Ï ÒßVKGKÖ T@AQ<PGKÔ�Ø&ïZ;MVKÔ¥;oJ
ê Lz�µâ �Oä�:oB¦Ö,=@ÑhÐ1Ti<>?P=@B>Ð Ï ACÖ&Õ	;.Ô@ÔiB>?>;SJ1AQ?P;.Ô¥T�BHEF?><P=iAQT Ï Õ#T Ï BOT Ï B>Ô Ï ;oÔ0B>=iá1AQTi=WBH=@AFEQÑ$EQ;.G1?HT Ï
ÔbT@=iAFG1?PÔZT@<¸ãoÜ�� áKAUTWÔ�Þ Î©Ï ;~A Ï BPÔ Ï ÒßV1GKÖ,TiAF<>GKÔ�BH=@;�á1V1AFEUT�á]Ñ«ÓK=@Ô¥T�Ö�B>EFÖ�V1ECBOTiAFG1?�T Ï ; ê L7�
Ô¥AF?>GKBHTiV1=@;�<>Ò�T Ï ;$AFG1Ð1V1T©Ô¥Ti=@AQGK?KØ]ï Ï ACÖ Ï Ñ]AQ;.EFJKÔ¦ãrÜ � á1AUTWÔ�ØyB>GKJªT Ï ;�G�T@B��hAFG1?6Aª?P=i<PV1ÐKÔz<HÒ
ãoÜ � w A�á1AUTWÔ�Òß=i<PÕ AQT.Þ � ;ZVÔ¥;oJvT Ï ;¤×�ACBH?PB>=@B�?>;.G1;�=WBOT@<>=zâ �oäyT@<2?>;�GK;�=WBOTi;STi=@;�;�Ú�Ô¥Ti=@VKÖ T@V1=@;.J
ë ê¸ì J1<]Ö�V1Õ	;�GhT@Ôv<HÒ�BH=@á1AQTi=WBH=@Ñ¸Ö,<>Õ	Ð1EF;,íyAQTbÑ>Þ Î©Ï =i;.;	TbÑ]Ð;oÔ�<HÒ¤;,íyÐ�;�=@AQÕ	;.GPTWÔvBH=@;	Ð;.=¥Ú
Òß<>=@Õ�;oJIÞ Î©Ï ;«?P<PBHEz<HÒ¤T Ï ; �$����� ��
��&� b�
�08
��G82� 
'25� �«ACÔvT@<ÂJy;.Õ	<>GKÔ¥Ti=WBOT@;ªT Ï ;MBHÐ1ÐK=i<>Ú
Ð1=iACBOT@;�G1;oÔiÔµ<HÒ$Õ V1EQTiAQÚ�EQ;.N>;�E % EF<h<PÕ ÓKEQTi;�=WÔ	B>ÔµÓKEQTi;.=@Ô�<HÒ Ï AQ;.=@B>=@Ö Ï AFÖ.BHE©Jy<yÖ,V1Õ	;�GhTWÔ�Þ Î <
T Ï ACÔ�;.GKJIØ1ïZ;�;�NOBHEFVKBHTi;2T Ï ;�Ò�BHECÔ¥;�Ð�<PÔiAQTiAFN>;2Ð1=@<>áKB>á1AQEFAQTbÑ6Òß<>=¤á�<HT Ï L %©ç BHGKJ % %©ç B>GKJ
Ö,<>Õ	ÐKB>=i;©AQT+ï¤AUT Ï T Ï ;¤Ò�B>EFÔi;©Ð<hÔ¥AQTiAFN>;¤ÐK=i<PáKBHá1AFEFAUTbÑ2Òß<P=SB2ÔiB>Õ�;�ÔiAFÙ�;�ò %©ç Òß<P=SB$NrB>=iAF;,TbÑ <HÒ
æPVK;�=@Ñ$ïZ<>=��]EQ<hB>J1ÔIB>GKJ J1<]Ö�V1Õ	;�GhT�Ô¥Ti=@VKÖ,TiV1=@;.Ô.Þ Î©Ï ; ��
����n26" ��
�� �cb*
� 05
��G82� 
'25� �+Òß<yÖ,VKÔi;.Ô
<>GvT Ï ;©Ð;.=¥Òß<P=iÕªB>GKÖ,;z<HÒ % EF<h<PÕ/ÓKEUT@;�=WÔ�AQG	B¦J1AFÔ¥Ti=@AQáKVyTi;oJ Ôi;,T¥T@AQGK?¦VKÔiAFG1?¦á�<HT Ï B$Ö,<PGhTi;�GhTiÚ
áKB>Ôi;.J�BHGKJMB GK<>G�Ö�<>GhTi;.GhT¥Ú�áKB>Ôi;.J«<>=@?PBHGKAQÙoBOTiAF<>G±Þ>î`G�T Ï ; �-,�82�7"���
�� � b 
��05
�G82��
C2 � � Ø]ïZ;
;�NOBHEFVKBOT@;$T Ï ;�V1Ð J1BHTi;�Ð1=@<>ÐKB>?PBHTiAF<>G«ÐK=i<yÖ,;oJyV1=@;.Ô.Þ

���! " MO*�UL1O( �$%6+.\01 &)M��%� (��S(�1	� 1O-$-Q*�
mMO1O&P(J]@%
î`G T Ï AFÔªÔi;,Tª<>Ò�;,íyÐ�;�=@AQÕ	;�GhTWÔ�Ø�ïZ;M;.NOBHEFVKBOT@;«T Ï ;�Ð;.=¥Òß<P=iÕªBHGÖ,;M<HÒ�ÕµV1EUT@AUÚ�EF;�N>;.E % EQ<]<>Õ
ÓKEUT@;�=WÔ�Þhå�ÔS<>V1=+Ð�;�=iÒß<>=@ÕªBHGKÖ�;¤Õ	;,Ti=@ACÖHØHïZ;�VKÔi;¤T Ï ;�Ð;.=@Ö�;�GhT@B>?>;¤<>ÒÒ�B>EFÔi;�Ð�<PÔiAUT@AQNP;.Ô.Ø>Ô¥AFGKÖ�;



T Ï ;¦GhVKÕ á�;�=S<>ÒIG1<yJy;.Ô+T Ï BHTzï¤AFEQEÐ1=i<yÖ�;.Ô@Ô+BHGªAF=i=@;�EF;�NOB>GPTSæhV1;.=iÑ	Jy;.Ð;.GKJ1Ô+<PGªAUT©JyAF=i;oÖ TiEFÑ>Þ
î`G«BHEFEÖ.B>Ôi;.Ô.ØHT Ï ;�ÓKEQTi;.=@ÔzÖ,<>Õ	ÐKB>=i;oJ Ï BrN>;¤T Ï ; ����� 
+Ti<>T@BHE�Ô¥AFÙ�;PÞ 4¦V1=zAQGKÐ1VyT©ÐKBH=WBHÕ	;,T@;�=WÔ
BH=@;�Ô¥VKÕ�ÕªB>=iAFÙ�;oJ	AQG Î BHá1EF; ãPÞ>î`GªT Ï ;¦Ö.B>Ôi;�<HÒ T Ï ; % =@;.B>JyT Ï % EQ<]<PÕðÓKEQTi;.=.ØhïZ;�;,í1Ö,EFVKJy;oJ
T Ï ;�<>Ð1TiAF<>GKB>E % EF<]<>Õ ÓKEQTi;.= % %©ç J Þ Î©Ï ;�G]V1Õµá;.=ª<HÒ�EF;�NP;�ECÔµ<>Ò�T Ï ; % =@;.BPJ]T Ï % EQ<]<>Õ
ÓKEUT@;�=WÔvACÔv;oæPVBHE&T@<ÀT Ï ;«GhVKÕ á�;�= <>Ò¤EQ;.N>;�ECÔ�<>ÒZT Ï ;6ë ê¸ì T@=i;.;.Ô.Ø�ï Ï AFEQ;ªÒß<P=vT Ï ;<L¦;�ÐyT Ï
% EF<]<>Õ ÓKEQTi;�=WÔ.Ø0ïZ; Ï BrNP;«BOT�Õ�<hÔbTµT Ï =@;�;«EQ;.N>;�ECÔ.Þ Î©Ï ;.=i;�AFÔ G1<Á=@;�Ð�;,T@AUT@AQ<PGô<HÒ�;.EQ;.Õ�;.GhT
GKBHÕ	;.Ô«AQG/BôÔiAQG1?PEQ;ÂJy<yÖ,V1Õ	;�GhTM<>=�B>Õ	<>G1? J1<]Ö�V1Õ	;�GhT@Ô.Þ��¦V1;�=@AQ;oÔ«B>=i;¸?P;�G1;.=@BHTi;oJ¬á]Ñ
Ð1=i<yJyVÖ,AFG1?ÁBH=@á1AQTi=WBH=@Ñ¸ÐKBHT Ï æhV1;.=iAF;.Ô�ï¤AQT Ï ����¾;�EF;�Õ	;.GPTWÔ�Òß=@<>Õ T Ï ;MJy<yÖ,V1Õ	;.GPTWÔ B>GKJ
ã���¾=WBHGKJy<PÕ <PG1;.Ô.Þ0å�EQE©æhV1;�=@AF;.ÔvB>=i;6ÐBH=iTiACBHESÐBOT Ï Ô BHGJ¼T Ï ;�Ð1=@<>áKB>á1AQEFAQTbÑÁ<HÒ¤T Ï ; wpw
BOíyAFÔ¤BHT¤;.B>Ö Ï æhV1;�=@Ñ6ACÔ¤Ô¥;�T¤Ti< KÞ J�yÞ

� �h�����y?]� w�cP[hg>_&[]\,^¥\.a�Y@_bY@^bs
� \,^¥\.a�Y@_bYi^ X©Y@eC\.gP�m_
	0\.�mghY �z\.cP�oY
� d.eI©®	¯�£PdOkWgPa�YWcO_bs �.ú.ú �
ød._¥\.�Ks`lm²WY¤d.eI¶h��_bY@^bs �� úoú.ú ¡hl�_bs ü úoú.úoú � û ÿ.úoú.úoú ¡hl�_bs
� d.eI¢h\.s`¢�eFghchki_blUd.chs þ �
� d.e�³OghYi^blUY@s û ú.ú �
� d.eIYW�mYWa�Y@cH_bs&[yYi^Z£>dOkWgha�Y@cH_ ÿ.ú ûWú � û,ÿ�ú
� d.eI�mYWqrY@�UsS[yY@^S£>dOkWgha�YWcO_ þ���ý � � ý
¯KYWch��_b¢�d�e�³OghY@^`t ü � � ý
XZlUs�_`^blm¡PgP_blmdocµd.e�³OghYi^`t � ú�� lmcª£PdOkWgPa�YWcO_bs
Y@�UY@a�YWcO_bs û ú�� ^¥\.ch£Pdoa ú�� � û ú��

� K��L\0(JK��x( -�� I01O&P(J] %PM�Bx(Q� î`G T Ï AFÔ�;,íyÐ�;�=@AQÕ	;.GPToØSïZ;¸NOBH=@ÑôT Ï ;ÂÔiAQÙ.;¸<HÒ�T Ï ;ÀÓKEQTi;.=@Ô
Òß=i<PÕ ñ �� �á1AQT@Ô Ti< ã^�  ��Má1AQT@Ô.Þ Î©Ï ;6EF<Oïz;.= EFAQÕ	AQTµACÔµÖ Ï <hÔ¥;.G¼Òß=i<PÕ T Ï ;6Òß<P=iÕµV1ECB��
" Û � � �±Ý	��±Ü�T Ï BHT¦?PAQNP;.Ô©T Ï ; G]V1Õµá;.=¦<>Ò Ï B>Ô Ï ÒßV1GKÖ,TiAF<>GKÔ AMT Ï BOT$Õ�AFG1AFÕ	AQÙ.;vT Ï ;vÒ�BHECÔi;Ð<hÔ¥AQTiAFN>;¸ÐK=i<PáKBHá1AFEFAUTbÑ¬Òß<>=MBó?>AFN>;.G Ô¥AFÙ�;/� B>GKJ 2/AQGKÔi;�=iTi;oJ ;�EF;�Õ	;.GPTWÔªÒß<P=�BHG/ò %©ç :
ïz;2Ô¥<PEQNP;.J	T Ï ;$;.æhVKBOT@AQ<PGªÒß<>= � �P;�;�ÐKAQG1? T Ï ;2<>T Ï ;.=zÐKB>=@B>Õ	;,Ti;.=@Ô+Ó1íy;.JIÞyå¦Ôz<PV1=©=i;oÔ¥VKEUTWÔ
Ô Ï <Oï Û ç AF?KÞ^�KÛ�EQ;�Ò¹TWÝiÝ Øoá<>T Ï % %©ç Ô0B>GKJ L %©ç Ô0<>VyT@Ð;.=¥Òß<P=iÕ´ò %©ç Ô�Þ ç <P=�ò %©ç Ô�Ø.AQGÖ,=@;.B>ÔiAFG1?
T Ï ;.AQ=&ÔiAQÙ.;zJy<];.Ô0G1<>T�AFÕ	Ð1=i<ONP;&T Ï ;�AF=�Ð�;�=iÒß<>=@ÕªBHGKÖ�;>ØoÔ¥AFGKÖ,;zT Ï ;�Ñ2=i;oÖ,<P?>G1AFÙ�;SBPÔ±Õ	ACÔiÔi;.Ô0<>GKEQÑ
ÐKBOT Ï Ô©T Ï BOT¦Ö�<>GhT@B>AQGM;�EF;�Õ	;�GhTWÔ©T Ï BHT�Jy<ªG1<>T�;,íyAFÔ¥T�AFGMT Ï ; J1<]Ö�V1Õ	;�GhT@Ô.Þ % %©ç Ô¤Ð;.=¥Òß<P=iÕ
N>;�=@ÑvïZ;�EFE1;�NP;�G�Òß<>=+ñ � �¦á1AUTWÔ+ï¤AQT Ï BHGªB>EQÕ	<PÔ¥TSÖ,<PGKÔ¥T@BHGhT<���´<HÒ�Ò�BHECÔ¥;¤Ð�<PÔiAQTiAFN>;.Ô.ØHï Ï AFEF;
L %©ç Ô�=@;.æhV1AF=@;vÕ	<>=@; Ô¥ÐB>Ö,;µÔ¥AFGKÖ,;vT Ï ;µGhVKÕ á�;�=$<HÒ+;�EF;�Õ	;.GPTWÔ�AFGKÔi;�=iTi;.J¸AFÔ�Õ VKÖ Ï ECBH=@?>;.=
T Ï B>G�T Ï BOT¦<HÒ % %©ç Ô�B>GKJÀò %©ç Ô.Þ '�<Oïz;.N>;.=.Ø]ï Ï ;.G�T Ï ;vÔiAQÙ.;�AQGÖ,=@;.B>Ôi;.Ô¤ÔiV 36Ö,AF;�GhT@EQÑPØ1T Ï ;
L %©ç Ô2<>VyT@Ð;.=¥Òß<P=iÕ-;.N>;�GÁT Ï ; % %©ç Ô�ÞI×�<>Ti;µT Ï B>GÁAFG�L %©ç Ô�T Ï ;	G]V1Õ á�;�=2<HÒz;�EF;�Õ	;�GhT@Ô
AQGKÔi;�=iTi;oJ AFG ;.B>Ö Ï EQ;.N>;.Ez8 <HÒ�T Ï ;MÓKEQTi;�=ªACÔªBHá�<>V1T :SÜ � 4 Q�����! $4�"Nf � � Ø&ï Ï ;�=@; �¼ACÔ�T Ï ;
Jy;�?P=i;.;�<HÒ±T Ï ;2ë êÁì G1<yJy;oÔ©BHGKJ �IT Ï ;2G]V1Õµá;.=Z<>Ò±EF;�N>;.EFÔz<HÒ±T Ï ;2ë êÁì T@=i;.;>Ø]ï Ï AFEQ;$T Ï ;
Ö,<>=@=@;.ÔiÐ<PGKJyAFG1?µG]V1Õµá;.=©Òß<>= % %©ç Ô©AFÔ : � 4  f Øyï Ï ACÖ Ï AFÔ©ÕµVKÖ Ï Ô¥ÕªB>EQEF;�=oÞ

��ÔiAQG1?�T Ï ;z=i;oÔ¥VKEUTWÔ±<>ÒyT Ï ACÔ�;,íyÐ;.=iAFÕ	;�GhT.ØoïZ;zÖ Ï <]<PÔi;SBPÔ�T Ï ;ZJ1;,Ò�BHVKEUT�Ô¥AFÙ�;z<HÒ1T Ï ;+ÓKEQTi;.=@Ô
Òß<>=$T Ï ;	=@;.Ô¥T$<>Ò+T Ï ;�;�íyÐ;.=iAFÕ	;�GhT@Ô$AFGÁT Ï AFÔ�Ôi;,ToØIBMÔiAFÙ�;�<HÒ � ��� ªá1AQT@Ô.Ø Òß<>=2ï Ï ACÖ Ï á�<HT Ï
<>V1=+Ô¥Ti=@VKÖ T@V1=@;.Ô&Ô Ï <Oïz;oJv=@;.BPÔ¥<PGKBHá1EF;Z=i;oÔ¥V1EQT@Ô.Þ ç <P=zÜ  ¦J1<]Ö�V1Õ	;�GhT@Ô+<HÒ5��$;�EF;�Õ	;�GhT@Ô.ØOT Ï AFÔ
=i;.Ð1=i;oÔ¥;.GhT@Ô�Ü���<>Ò&T Ï ;�Ô¥ÐB>Ö,;vT Ï BHT�T Ï ;µJy<yÖ,VKÕ�;.GhT@Ô�T Ï ;.Õ	Ôi;�EFN>;oÔ�=@;.æhV1AF=i;PÞ Î©Ï ACÔ¦Õ	B��>;oÔ
% EF<]<>ÕðÓKEUT@;�=WÔ&B2N>;.=iÑ BHT¥T@=@BPÖ TiAFN>;¤ÔiV1Õ	ÕªBH=@Ñ�Ti<�á�;¤VKÔi;.J�AQGªB�RZÜHR»Ö,<>Õ	Ð1V1TiAFG1?vÖ,<PGPT@;,í]T.Þ



0

20

40

60

80

100

30000 60000 90000 120000 150000

fa
ls

e 
po

si
tiv

e 
pe

rc
en

ta
ge

size of filter

0

20

40

60

80

100

0 25 50 75 100 125 150

fa
ls

e 
po

si
tiv

e 
pe

rc
en

ta
ge

number of elements per document

   SBF
   DBF
   BBF

:<;>= ���K� f�doa�[h\�^blms`doc�d�e+½��mdOdoa ¶h�m_bYi^bs 3 �¹�mY@eQ_ � ¶]��_bY@^�s`lm²WYv\.ch£Â�C^blm�o¢O_ � cHgha¦¡yY@^©d�e&YW�mYWa�YWcO_bs
[yYi^Z£>dOkWgha�Y@cH_

� K��L\0(JK��x( -��3&PY0( K�\N*�� (J]�-�� (�1O(�* (�K5&)%~U (p] /N- �x\0* (�K5&x� î`GÀT Ï AFÔ�;,íyÐ;.=iAFÕ	;�GhT.Ø
ïz;�NOBH=@Ñ¼T Ï ;ÀG]V1Õµá;.=ª<HÒ$;�EF;�Õ	;�GhT@Ô	Ð�;�=6J1<]Ö�V1Õ	;�GhTªÒß=@<>Õ8ã�¸T@< ã^�  Û ç AF? �KÛß=@AF? Ï TWÝ,Þ
å�?PB>AQG±Ø&ò %Zç ÔµÓKEQTi;.=�<PVyT	<>G1EFÑóÐKBOT Ï ;�í]ÐK=i;oÔiÔiAQ<PGKÔvï¤AQT Ï ;�EF;�Õ	;.GPTWÔµT Ï BHT	Jy<»G1<>T�;�í]ACÔ¥T
AQGÂT Ï ;6J1<]Ö�V1Õ	;�GhT.Þ � Ï ;�G»T Ï ;�ÓKEQTi;.=�á;oÖ,<PÕ�;oÔ�Jy;�GÔ¥;.=2BPÔ$T Ï ;	;.EQ;.Õ�;.GhT@Ô2AFGKÔ¥;.=¥T@;.J»BH=@;
AQGKÖ�=i;oB>Ôi;.J¸Ti<óã)��1Ø�ò %©ç Ô$Ò�BHAFE&Ti<�=@;.Ö�<>?>GKAQÙ.;µ;.N>;�G¼Ôi<>Õ	;	<HÒST Ï ;.Ôi;ª;,íyÐ1=@;.Ô@ÔiAQ<PGKÔ�Þ % %©ç Ô
Ô Ï <Oï T Ï ;ªá�;.Ô¥T�<ON>;�=WBHEFE�Ð;.=¥Òß<P=iÕªBHGÖ,;�ï¤AUT Ï B>G»B>EQÕ	<hÔbT�Ö,<PGKÔbTWBHGhT�Ð;.=@Ö�;�GhT@B>?>;µ<HÒ¦ã�T@<
Ü �-<>ÒzÒ�B>EFÔi;ªÐ�<PÔiAUT@AQNP;.Ô.Þ L %©ç Ôv=@;.æhV1AF=i;	Õ	<>=@;ªÔ¥ÐB>Ö,;6B>GKJÂT Ï ;.AQ= Ð;.=¥Òß<P=iÕªBHGÖ,;	=@B>Ð1ACJyEQÑ
Jy;.Ö�=i;oB>Ôi;.ÔvBPÔ�T Ï ;�G]V1Õµá;.= <HÒ�AFGKÔi;�=iTi;oJó;�EF;�Õ	;�GhTWÔvAFGKÖ,=@;.BPÔ¥;oÔ�Ø�BHGKJ»Òß<P=�ã^� �;�EF;�Õ	;.GPTWÔ�Ø
T Ï ;.Ñ6á;oÖ,<PÕ�;$ïZ<>=WÔ¥;�T Ï B>G«T Ï ;vò %©ç Ô.Øyá�;.Ö�B>VKÔi;�T Ï ;$ÓKEUT@;�=WÔZá;oÖ,<>Õ	;2<ON>;.=iEF<PBPJy;.JÀÛ�Õ	<PÔ¥T
á1AUTWÔ�BH=@;�Ô¥;�T©Ti<ÀãoÝ,Þ
A &PY0(J]�����U (J]^M!* (�K5&P%p� � ;�Ð�;�=iÒß<>=@Õ�;oJ�BµNOB>=iAF;,TbÑ6<>Ò�;�íyÐ;.=iAFÕ	;�GhT@Ôvâ Ü@�>ä�Þ 4¦VK=�;,íyÐ�;�=iÚ
AQÕ	;�GhTWÔ�Ô Ï <Oï T Ï BOToØ:L %Zç Ô�Ð;.=¥Òß<P=iÕéïz;.EQE�ØB>EUT Ï <>V1? Ï ïz; Ï BrNP;2EQAFÕ	AUT@;.J�T Ï ;vG]V1Õ á�;�=�<HÒ
T Ï ;.AQ=�EF;�NP;�ECÔ$Ti<Àñ¼ÛßïZ;	J1<MGK<HT�AQGÔ¥;.=¥TvÔiV1áyÚ�ÐKBOT Ï Ô2<HÒZEQ;.G1?HT Ï ?P=i;oBOTi;.=�T Ï BHGóñhÝ Þ Î©Ï ACÔ2AFÔ
á;oÖ�BHVÔ¥;�Òß<P=�;oB>Ö Ï ÐKBOT Ï ;,íyÐ1=@;.Ô@Ô¥AF<>G�<>Ò�EF;�GK?HT Ï 0�ØT Ï ;�ÓEUT@;�=iÚ�ÕªBOTWÖ Ï Ð1=@<]Ö�;.JyVK=i;vÖ Ï ;oÖ��yÔ
BHEFE0AQT@Ô¦Ð<hÔiÔiAFá1EQ;�Ô¥VKáyÚ�ÐBOT Ï Ô�<>Ò+EQ;.G1?HT Ï ñ6<P=¦EF;.Ô@ÔSAQGÂÐKBH=iTiACÖ,VKEFB>=.ØAUT$Ð;.=¥Òß<P=iÕªÔ�Û 0¼Úz86Q
ãoÝ&Ö Ï ;oÖ��yÔSBOTz;�N>;.=iÑµEQ;.N>;.E 8�<HÒIT Ï ;¤ÓKEQTi;�=oÞhî`GªÕ�<hÔbT©Ö�BPÔ¥;oÔ�Ø % %©ç Ô+<PVyTiÐ�;�=iÒß<>=@Õ L %©ç Ô+Òß<P=
Ô¥ÕªBHEFEÔiAFÙ�;.Ô.Þ '�<OïZ;�N>;.=.Ø L %©ç ÔSÐ�;�=iÒß<>=@Õ á;�T¥Ti;.=SÒß<P=zBvÔiÐ�;.Ö,ACBHEKTbÑ]Ð;¦<HÒ±æhV1;�=@AF;.Ô.ÞPå�Ô@ÔiV1Õ	;
BHG¼ë ê¸ì Ti=@;�;ªï¤AQT Ï T Ï ;	Òß<>EFEQ<Oï¤AFG1?ÀÐKBHT Ï Ô : w B w á w ÖµB>GKJ w B w Ò w EuØ�T Ï ;�GôB % %©ç ïZ<>V1ECJ
Ò�BHECÔ¥;.EQÑ¬Õ	BHT@Ö Ï T Ï ;�Òß<>EFEQ<Oï¤AFG1?¼ÐKBOT Ï : w B w á w E�Þ#'�<OïZ;�N>;.=.Ø L %©ç Ôªïz<PV1ECJ Ö Ï ;.Ö�� B>EQE�AQT@Ô
Ð<hÔiÔiAQáKEQ;	Ô¥VKáyÚ�ÐBOT Ï Ô�: w B w á w EuØ w B w á�Ø w á w E�B>GKJ¸=@;,T@V1=@GÂB�Õ�ACÔ@Ô�Òß<P=¦T Ï ;�EFBPÔbT2<>G1;PÞ Î©Ï AFÔ
AFÔ�Ö�<>GyÓ=iÕ	;.JMá]ÑM<>V1=¤;�í]Ð�;�=@AFÕ�;.GhT@Ô¤T Ï BOT�Ô Ï <Oï L %©ç Ô¤T@<ª<>VyT@Ð;.=¥Òß<P=iÕ % %Zç Ô©Òß<P=�ÔiVKÖ Ï
æPVK;�=@Ñ6ïz<P=7�]EF<PBPJ1Ô�Þ

���q�  ~-QK5&P(�K5& ���~W�%)(�/ A ]��SWKNM�BxWX&)MO-QK

î`GªT Ï ACÔZÔ¥;�Tz<HÒ�;�íyÐ;.=iAFÕ	;�GhT@Ô.ØPïZ;¤Òß<yÖ,VÔS<PGªÓKEQTi;�=©JyACÔbT@=iAFá1VyT@AQ<PG�Þ84¦V1=SÐ�;�=iÒß<>=@ÕªBHGKÖ�;�Õ	;,T¥Ú
=iACÖ¤ACÔ&T Ï ;�G]V1Õ á�;�=z<HÒ Ï <>ÐÔ�Òß<>=SÓKGKJyAFG1?vÕªBOTWÖ Ï AFG1?vG1<yJy;oÔ�Þ � ;�ÔiAFÕ V1ECBOT@;.JªB2G1;�Tbïz<P=7�µ<HÒ
G1<yJy;.Ô�Òß<>=@Õ	AQG1? Ï AF;�=WBH=WÖ Ï AQ;oÔ�B>GKJÀ;,í1B>Õ�AFG1;oJÀAUTWÔ$Ð;.=¥Òß<P=iÕªBHGÖ,;vï¤AQT Ï BHGKJÁï¤AUT Ï <>VyT$T Ï ;
Jy;�Ð1EF<OÑ]Õ	;�GhT�<HÒ�ÓKEQTi;.=@Ô�B>GKJ�Òß<>=�á�<HT Ï BªÖ,<PGPT@;�GhT�BHGJÀB	G1<>GÀÖ,<PGhTi;�GhTiÚ�áKBPÔ¥;oJM<>=@?PBHGKAQÙoBOÚ
TiAF<>G�Þ ç AQ=WÔbToØPïZ;�VÔ¥;�ÔiAFÕ�ÐKEQ; % EQ<]<>Õ ÓKEQTi;.=@ÔZBHGKJªæhV1;.=iAF;.Ôz<HÒ�EF;�GK?HT Ï ã>ØHÒß<P=ZÔiAFÕ�ÐKEQACÖ,AQTbÑ>Þhî`G
T Ï ;vECB>Ô¥T�;,íyÐ�;�=@AQÕ	;.GPToØKïZ;�VKÔi;�Õ V1EQTiAQÚ�EF;�NP;�E % EF<]<>Õ ÓKEUT@;�=WÔ¤ï¤AQT Ï ÐKBHT Ï æhV1;�=@AF;.ÔvÛuæPVK;�=@AQ;oÔ



ï¤AUT Ï EQ;.G1?HT Ï ECBH=@?>;.=&T Ï B>G¸ãoÝ,Þ � ;¦VÔ¥;$Ô¥ÕªBHEFEJ1<]Ö�V1Õ	;�GhT@ÔZBHGJ6B>Ö.Ö,<>=WJyAFG1?>EFÑµÔiÕªBHEFEUÚ`ÔiAQÙ.;.J
ÓKEUT@;�=WÔ�Þ Î <MÔ@Ö�B>EQ;µTi<MECBH=@?>;µJ1<]Ö�V1Õ	;�GhT@Ô.ØIïZ;�èbVKÔ¥T Ï BrN>; Ti<ÀÔ@Ö�BHEF; VKÐÁT Ï ;�ÓKEUT@;�=�B>Ô$ïZ;�EFEuÞ
Î©Ï ;�=@;�AFÔ�<>G1;�Jy<yÖ,VKÕ�;.GhT¦BOT�;oB>Ö Ï G1<yJy;>Ø�Ô¥AFGKÖ,;vB�ECBH=@?>;2ë êÁì Jy<yÖ,V1Õ	;.GPT�Ö�<>=@=i;oÔ¥Ð�<>GJ1Ô
Ti<�B�Ô¥;�T$<>ÒSÔ¥ÕªB>EQE�Jy<yÖ,V1Õ	;.GPTWÔ$ï¤AUT Ï =i;oÔ¥Ð�;.Ö,T¦T@<6T Ï ;µ;.EQ;.Õ	;�GhT@Ô$BHGKJ¸ÐKBOT Ï ;,íyÐ1=@;.Ô@ÔiAQ<PGKÔ
;,í]Ti=WB>Ö,Ti;.J�ÞLSBPÖ Ï æPVK;�=@Ñ�ACÔ�ÕªBOTWÖ Ï ;.J�á]Ñ�BHá�<>VyTµã����<HÒ�T Ï ; G1<yJy;oÔ�Þ ç <P=�T Ï ;µÖ,<PGhTi;�GhTiÚ
áKB>Ôi;.J <>=@?PBHGKAQÙoBOTiAF<>G±Ø,T Ï ;zT Ï =@;.Ô Ï <>ECJvACÔ�Ð1=i;�Ú�Ôi;,T&Ôi<�T Ï BOT&ïZ;ZÖ.BHGµJ1;,Ti;.=iÕ	AFG1;zT Ï ;©G]V1Õ á�;�=
<HÒ Ï AQ;.=@B>=@Ö Ï AQ;oÔzÖ�=i;oBOTi;oJIÞ Î BHá1EF;vÜ	Ô¥V1Õ	ÕªBH=@AFÙ�;.ÔZ<PV1=¤ÐKBH=WBHÕ	;�Ti;�=WÔ.Þ

� �P� ���<8K� XZlUs�_`^blm¡PgP_blmdoc	[h\�^¥\�a�Y@_bY@^bs
� \�^¥\�a�Y@_bY@^ X©Y@eC\.gP�m_
	0\.�mghY �Z\�ch�.Y
� d�eI¤®	¯�£>dOkWgha�Y@cH_bs�[yY@^SchdH£PY û �
ø�d�_¥\.�Ks`lU²@Y¤d.eI¶]��_bY@^ �.ú.ú � � ú.ú �
� d�e�³OghY@^blmYWs û ú.ú �
� d�eIYW�mYWa�YWcO_bs&[yY@^z£PdOk@gha�YWcO_ û ú �
� d�eI�mYWqrYW�msS[yY@^S£PdOkWgPa�YWcO_ þ �
¯Y@ch�._b¢µd.e�³OgPY@^`t û � � �

�ZgPa$¡yY@^�d.eIcPdH£PYWs û ú.ú � �.ú.ú �.ú � ��úoú
®	\�¿>lma$gPa/cHgha¦¡yY@^&d�eI¢hd.[hs Ã l�^bs�_Sav\�_bk¥¢hlmch�¦chdH£PY©eFdogPc]£ �.ú � ��úoú
ºZgP_`�u£>YW�.^bYWYzd.e±\$cPdH£PY � �uü �
�SYW[yY@_bl�_blmdoc�¡yYi_�¨�Y@YWcª£PdOk@gha�YWcO_bs¸ù�qrY@^`t û ú�� d.e±\.�m��£PdOkWs  ú�� s`lma�lU�U\,^��
¯Y@qrYW�ms&d.e�¢PlUYi^¥\�^bk¥¢Ht ü�� þ �
®	\�_bk¥¢hlmcP�2chdH£>YWs�eCd�^©\2³OgPY@^`t û ú�� d.e � d�eIchdH£>YWs û � ÿ.ú��

 a-QK5&P(�K5& �$%�K0-SK �x-QK5&P(�K5&� �LW�%P(�/./0MO%P&']@M �0\N&PM!-SK � � ;	NrB>=iÑ�T Ï ;ªÔ¥AFÙ�;	<>ÒST Ï ;�GK;,T¥Ú
ïz<P=7� Ø T Ï BOT ACÔ�Ø±T Ï ;«GhVKÕ á�;�= <>ÒZÐBH=iTiACÖ,AFÐKBOT@AQG1?ÀGK<]J1;.Ô�Òß=@<>Õ Ü MT@<ÂÜ  1Þ � ;6Õ	;.B>ÔiV1=@;
T Ï ;�G]V1Õµá;.=S<>Ò Ï <PÐKÔ+BvæhV1;.=iÑµÕªB��>;oÔ�Ti<�ÓGKJ�T Ï ;�ÓK=@Ô¥T+ÕªBOTWÖ Ï AQGK?�G1<yJy;>Þ ç AF?>VK=i; �1ÛßEF;,Ò¹TWÝ
AQEFEQVÔbT@=@BHTi;.Ô+<>V1=z=i;oÔ¥V1EQT@Ô.Þ Î©Ï ;�VKÔ¥;�<HÒ ÓKEQTi;�=WÔ+AFÕ	Ð1=@<ON>;.Ô&æhV1;.=iÑ�=@;.ÔiÐ<PGKÔ¥;PÞ � AQT Ï <PVyTSVKÔiAQGK?
ÓKEUT@;�=WÔ�Ø>T Ï ; Ï AF;�=WBH=WÖ Ï AFÖ.BHEKJ1AFÔ¥Ti=@AQáKVyTiAF<>G6Ð�;�=iÒß<>=@ÕªÔ&ïZ<>=WÔ¥;©T Ï BHG6<P=i?hBHG1AFÙ�AFG1?$T Ï ;�G1<yJy;oÔSAFG
B2EQAFG1;.B>=SÖ Ï B>AQGÀÛßï Ï ;�=@;¤T Ï ;�ïz<P=@Ô¥T+Ö�B>Ôi;¤ACÔ&;.æhVKB>E1Ti<2T Ï ;�G]V1Õµá;.=+<HÒIG1<yJy;oÔ@Ý,Ø>á�;.Ö�B>VKÔi;¤<HÒ
áKB>Ö��hTi=WB>Ö��]AFG1?KÞ Î©Ï ;�Ö,<>GhT@;�GhT¥Ú�áKB>Ôi;.J»<PVyTiÐ�;�=iÒß<>=@ÕªÔ2T Ï ;«G1<>GóÖ,<PGhTi;�GhTiÚ�áKBPÔ¥;oJ»<>=@?PBHGKAQÙoBOÚ
TiAF<>G�Ø1ÔiAQGÖ,;2JyV1;$Ti<ªÖ,EFVKÔ¥Ti;.=iAFG1?�<HÒ0GK<]J1;.ÔZï¤AUT Ï Ô¥AFÕ	AQECBH=¤Ö,<PGhTi;�GhToØhAQT¤EQ<yÖ.BOTi;oÔzT Ï ;�Ö,<P=i=@;.Ö,T
Ö,EFVKÔbT@;�=¼Û Ï AF;�=WBH=WÖ Ï Ñ1ÝµT Ï BHTMÖ,<PGhT@BHAFGKÔ«Õ	BHT@Ö Ï AFG1? Jy<yÖ,V1Õ	;�GhTWÔ6Ò�BPÔbT@;�=oÞ Î©Ï ;ÂGhVKÕ á�;�=M<HÒ
Ï <>ÐKÔz=@;�ÕªBHAFGKÔZÖ,<>GÔbTWBHGhTZBPÔST Ï ;$GhVKÕ á�;�=Z<HÒ±G1<yJy;oÔZAQGKÖ�=i;oB>Ôi;.Ô.Ø>á�;.Ö.BHVKÔi;�T Ï ;2GhVKÕ á�;�=Z<HÒ
Õ	BHT@Ö Ï AFG1?	G1<yJy;oÔ©AQGKÖ�=i;oB>Ôi;.Ô¤B>GKBHEF<>?P<>VKÔiEQÑPÞ
î`G«T Ï ;2G1;,í]T¤;,íyÐ�;�=@AQÕ	;�GhTvÛ ç AF?KÞS�1Ûß=@AQ? Ï T Ý¥Ý,ØhïZ; �>;.;�Ð6T Ï ;�Ô¥AFÙ�;2<>Ò�T Ï ;�GK;,TbïZ<>=��µÓKí];oJ

Ti<6Ü   G1<yJy;oÔ¤BHGKJMNOBH=@Ñ	T Ï ;�Õ	BHíyAQÕµV1Õ�G]V1Õ á�;�=¤<>Ò Ï <>ÐKÔ¤B	æhV1;�=@ÑªÕªB��P;.ÔZÒß=@<>ÕéÜ�vT@<
Ü �KÞ�×�<HT@;µT Ï BOT2AFGÁT Ï ;	GhVKÕ á�;�=2<HÒ Ï <>ÐKÔ.Ø�T Ï ; Ï <PÐKÔ$ÕªB>Jy;	JyV1=@AQGK?�áKBPÖ��hTi=WB>Ö��]AQGK?«BH=@;
BHECÔ¥<ÀAFGKÖ,EFVKJy;oJIÞ � ;MBH=@;6AQGhT@;�=@;.Ô¥Ti;.J¼AFGó=@;.Ö�B>EQE�Ø�T Ï BOT�AFÔ.Ø�T Ï ;«Ð�;�=WÖ,;.GhT@BH?P;ª<HÒ�ÕªBOTWÖ Ï AFG1?
G1<yJy;.Ô�T Ï BHT¦BH=@;2=i;�Ti=@AQ;.N>;.J¼Û�<ON>;�=�B>EQE0ÕªBOT@Ö Ï AQG1?ªGK<]J1;.ÔWÝZÒß<>=�B	?PAQNP;�G�G]V1Õ á�;�=¦<HÒ�G1<yJy;.Ô
NhACÔiAUT@;.JIÞ©å�?hBHAFG�Ø+T Ï ;ÂB>Ð1Ð1=@<PB>Ö Ï ï¤AQT Ï <PVyT«ÓEUT@;�=WÔ Ï BPÔªT Ï ;ÁïZ<>=WÔbT«Ð�;�=iÒß<>=@ÕªBHGKÖ�;¸Ô¥AFGKÖ�;
AUT6ÓGKJ1Ô6<PG1EFÑ¬BHá�<>V1T �  � <HÒ$T Ï ;Á=@;.ÔiV1EUTWÔ	Òß<>=«;�N>;.G Ü � Ï <PÐKÔ.Þ Î©Ï ;¸Ö�<>GhTi;.GPTiÚ�áB>Ôi;.J
<>=@?PBHGKAQÙoBOTiAF<>Gµ<>VyT@Ð;.=¥Òß<P=iÕªÔ�T Ï ;�G1<PG�Ö�<>GhTi;.GPTiÚ�áB>Ôi;.Jµ<>G1;PÞ>å¤Ò¹T@;�= �� Ï <>ÐKÔ.ØrT Ï BOTSACÔ�ØhÜx� �
<HÒ+BHEFEIT Ï ;vG1<yJy;.Ô.ØKAQT�ACÔ�BHáKEQ;�T@<	ÓKGKJÀB>EQE0Õ	BHT@Ö Ï AFG1?ªG1<yJy;oÔ�Þ Î©Ï AFÔ�AFÔ�á;oÖ�B>VKÔ¥;�ï Ï ;�G�T Ï ;



0

10

20

30

40

50

60

70

80

50 100 150 200
nu

m
be

r 
of

 h
op

s

number of nodes

0

20

40

60

80

100

50 100 150 200re
ca

ll 
(p

er
ce

nt
ag

e 
of

 m
at

ch
in

g 
no

de
s 

fo
un

d)

maximum number of hops

no filter
non content

content

:<;>= ���1� f�docO_bYWcO_�qHs2cPdoc¸kWd.cH_bY@cH_`��¡h\.s`Y £¸d.^b�o\.chlm² \,_blmdoc 3 �¹�mY@eF_ � ¶hc]£>lUcP�«_b¢PYµ¶P^bs�_�av\�_bk¥¢hlmch�
cPdH£PY�\.ch£ �C^blm�.¢H_ � [yY@^bkWY@cH_¥\��oY�d.e¦av\�_bk¥¢hlmch�ÀcPdH£PYWs eCdogPc]£¼eCd�^6\À�olmqrYWcôcHgha¦¡yY@^ d.e¦¢hd.[hs
�C^bY@k \.�m� �

ÓK=@Ô¥T�ÕªBOT@Ö Ï AQG1?MG1<yJy;�AFÔ$Òß<PV1GKJIØ T Ï ;	<HT Ï ;�=2ÕªBOTWÖ Ï AQGK?MGK<]J1;.Ô2BH=@;µEF<yÖ�BHTi;.JÁN>;.=iÑ¸Ö�EQ<hÔ¥;PØ
Ô¥AFGKÖ,;2G1<yJy;oÔ¤ï¤AQT Ï Ô¥AFÕ	AQECBH=�Ö�<>GhTi;.GhT¤B>=i;�Ö�EQVKÔ¥Ti;.=i;oJ6T@<>?P;,T Ï ;�=oÞ

� ;6GK<Oï�NOB>=iÑÂT Ï ;�G]V1Õ á�;�=µ<HÒ�ÕªBOTWÖ Ï AQGK?¸G1<yJy;.ÔvÒß=i<PÕ ã��¾Ti< ����¾<HÒ©T Ï ;«Ti<>T@BHE
GhVKÕ á�;�=	<HÒ¦ÔiÑyÔbT@;�Õ4G1<yJy;oÔ	BHGKJóÕ	;oB>ÔiV1=i;«T Ï ; Ï <PÐKÔµÒß<>=µÓKGKJyAFG1?ÂT Ï ;MÓK=WÔ¥T�ÕªBOTWÖ Ï AFG1?
G1<yJy;>Þ Î©Ï ;¤G1;,TbïZ<>=�� ÔiAQÙ.;¤AFÔ&Ó1íy;.J�Ti<ªã��$G1<yJy;oÔ�Þ 4¦V1=&=i;oÔ¥VKEUTWÔ�Û ç AF?KÞ �ÛßEF;,Ò¹T Ý¥Ý&Ô Ï <Oï¬T Ï BHT
Òß<>=�B�Ô¥ÕªBHEFE�G]V1Õ á�;�=�<>ÒzÕªBOTWÖ Ï AQGK?�G1<yJy;oÔ�Ø T Ï ;ªÖ,<PGPT@;�GhT¥Ú�áKBPÔ¥;oJ¸<>=@?PB>G1AFÙ.BOT@AQ<PGÀ<>VyT@Ð;.=¥Ú
Òß<>=@Õ	Ô$ÒßVK=¥T Ï ;�=�T Ï ;6<>T Ï ;.=�<>G1;oÔ�Þ Î©Ï ;ª=@;.BPÔ¥<PGÂACÔ2T Ï BOTvAQTvAFÔ BHá1EF;	Ti<�EF<]Ö.BOT@;ª;.B>ÔiAF;�=2T Ï ;
Ö,EFVKÔbT@;�=�ï¤AUT Ï T Ï ;�Ö,<P=i=@;.Ö,TµBHGÔ¥ïZ;�=WÔ�Þ0å�Ô T Ï ;MG]V1Õ á�;�=µ<HÒ�=@;.ÔiV1EUTWÔ AFGKÖ�=i;oB>Ôi;.Ô�á�<HT Ï T Ï ;
G1;,TbïZ<>=���Ð1=i<ríyAFÕ	AUTbÑ�BHGKJ¸T Ï ;�ÓKEQTi;.=¥Ú�EF;.Ô@Ô¦B>Ð1Ð1=@<PB>Ö Ï ;.Ô¤ïZ<>=���ïz;.EQE&B>Ô¦AQT$á�;.Ö�<>Õ	;.Ô$Õ	<>=@;
Ð1=i<PáKBHáKEQ; T Ï BHT¦T Ï ;�Ñ¸ï¤AFEFE0ÓGKJÂB«ÕªBOT@Ö Ï AQG1?MG1<yJy;	Ö,EF<PÔi;�=¦Ti<�T Ï ;	æhV1;�=@Ñ�� Ô¦<>=@AF?>AFGÁÔ¥AFGKÖ�;
T Ï ;vJy<yÖ�V1Õ	;�GhT@Ô�B>=i;2JyACÔiÔi;�Õ	AFGKBOT@;.JM=WBHGKJy<PÕ	EQÑPÞ

0

20

40

60

80

100

0 10 20 30 40 50

nu
m

be
r 

of
 h

op
s

percentage of matching nodes

No filter
Non content

Content

0

20

40

60

80

100

50 100 150 200

re
ca

ll 
(p

er
ce

nt
ag

e 
of

 m
at

ch
in

g 
no

de
s 

fo
un

d)

maximum number of hops

SBF, non content
SBF, content

SBF, non content
BBF, content

DBF, non content
DBF, content

:<;>= ���K� �¹�mY@eF_ � �zgha$¡yYi^�d.e�¢hd.[hs�_bd¦¶hc]£�_b¢hYZ¶P^bs�_�^bYWs`gP�m_&¨+l�_b¢	q.\�^`t>lmch��cHgha¦¡yY@^�d�eIav\�_bk¥¢hlmch�
cPdH£PYWsS\�c]£��C^blm�.¢H_ � ^bYWkW\.�m�¨+l�_b¢	a¦gh��_bl��u�mYWqoYW�]¶]��_bY@^bs

��%)MOK�� * \01 &PM � 1!(��Q(�1LI01O&P(J]@%x� � ;2=@;�Ð�;.BHTi;.J6T Ï ;�ÐK=i;.NhAF<>VÔS;�í]Ð�;�=@AFÕ�;.GhT@ÔZVKÔiAQG1?	ÕµV1EUT@AUÚ
EQ;.N>;�E]ÓEUT@;�=WÔ¤â Ün�HäKBHGJ ÐKBHT Ï æhV1;�=@AF;.Ô�<HÒ�EQ;.G1?HT Ï ÜyÞ!4¦V1=&=@;.ÔiV1EQT@Ô&Ö,<PGyÓK=@Õ´T Ï BOT&Õ V1EQTiAQÚ�EQ;.N>;�E
% EF<]<>ÕàÓKEQTi;.=@Ô�Ð�;�=iÒß<>=@Õ´á;�T¥T@;�=�T Ï BHG	Ô¥AFÕ	Ð1EQ; % EF<h<PÕàÓKEQTi;�=WÔ�AQGµT Ï ;©Ö.B>Ôi;z<>ÒKÐKBHT Ï æPVK;�=@AQ;oÔ
BHGKJ»Òß<P= á�<HT Ï B¸Ö,<PGPT@;�GhTµB>GKJóBÀG1<PG Ö,<PGPT@;�GhT¥Ú�áKBPÔ¥;oJÂ<P=i?hBHG1AFÙ.BHTiAF<>G�Þ ç AF?>V1=@;��Ûß=@AQ? Ï T Ý
=i;.Ð<P=¥TWÔ©=i;oÖ�BHEFE ï Ï AFEQ;�NOBH=@Ñ]AQGK? T Ï ;�ÕªBOíyAQÕµV1Õ G]V1Õµá;.=¤<HÒ Ï <>ÐÔ�Þ



����� ��U /0WX&P(�%

î`GÁT Ï AFÔ�Ôi;,T2<HÒZ;,íyÐ�;�=@AQÕ	;�GhTWÔ�Ø ïZ;�Ö�<>Õ	ÐKBH=@;vT Ï ;	Ð;.=¥Òß<P=iÕªB>GKÖ,;�<HÒ+T Ï ;�
z<>V1GhT ò]V1Õ B>GKJ
% AQTWòyV1Õ VKÐ�J1BHTi;ªÐ1=@<>ÐBH?PBHTiAF<>GÂÕ�;�T Ï <yJ1Ô.Þ � ;«BH?hBHAFGÂÔiAQÕµV1ECBOTi;oJ¼B�G1;,TbïZ<>=��À<HÒ©G1<yJy;.Ô
Òß<>=@Õ�AFG1? Ï AQ;.=@B>=@Ö Ï AQ;oÔ�BHGKJÁVKÔi; % EQ<]<PÕéÓEUT@;�=WÔ�Òß<P=$æhV1;.=iÑM=i<PVyTiAFG1?Þ � ;µVÔ¥;oJ�Tbïz<�Õ	;,T¥Ú
=iACÖ�Ô�T@<vÖ,<PÕ�ÐBH=@;©T Ï ;¤TbïZ<vBHEF?><P=iAQT Ï Õ	Ô :rT Ï ;�G]V1Õ á�;�=SB>GKJªÔiAQÙ.;¤<HÒIÕ	;.Ô@ÔiB>?>;.Ô.ÞHLSBPÖ Ï GK<]J1;
ÔbT@<>=@;.Ô3�	Jy<yÖ,VKÕ�;.GhT@Ô�B>GKJ�BHGÀV1Ð J1BHTi;v<PÐ;.=@BHTiAF<>G�Ö,<>GÔ¥ACÔbTWÔ¤<HÒ�T Ï ; Jy;�EF;,T@AQ<PGÀ<HÒ&BªJy<yÖ,VyÚ
Õ�;.GhT�B>GKJÀT Ï ;	AQGÔ¥;.=¥T@AQ<PG¸<HÒ©B«G1;.ïðJy<yÖ,VKÕ�;.GhT2AFGÁAQT@Ô2ÐKEFBPÖ,;>Þ Î©Ï ;	Jy;.EQ;�Ti;.J»Jy<yÖ,VKÕ�;.GhT
AFÔ ��)ÔiAQÕ	AFEFB>=�T@<«T Ï ; AFGKÔi;�=iTi;.JÂJy<yÖ,V1Õ	;.GPT¦Ti<MAQG �KAFÖ,T¦T Ï ;�EFB>=i?P;.Ô¥T¦Ö Ï BHGK?>;vÐ�<PÔ@Ô¥AFá1EF;vT@<
T Ï ;©ÓKEQTi;.=.ÞPå�?PB>AQG±ØOïz;¤VKÔi;¤Ô¥ÕªB>EQEKJ1<]Ö�V1Õ	;�GhT@Ô&B>GKJ	Ö,<P=i=@;.ÔiÐ<PGKJyAFG1?>EFÑvÔiÕ	B>EQE1ÔiAFÙ�;.Ô�Òß<P=&T Ï ;
ÓKEUT@;�=WÔ�Þ Î©Ï ;6<P=iAF?>AFGó<HÒ©T Ï ;6V1Ð J1BOT@;«ACÔ Ôi;�EF;.Ö T@;.J¼=WBHGKJ1<>Õ	EQÑ¼BHÕ	<PG1?�T Ï ;«G1<yJy;.Ô <HÒ¤T Ï ;
Ô¥ÑyÔ¥Ti;�Õ�Þ Î BHá1EF;vñ	Ô¥VKÕ�ÕªB>=iAFÙ�;oÔZT Ï ;2ÐKB>=@B>Õ�;�Ti;.=@ÔZVKÔi;.JIÞ

� �h� ��� 11��9 £h£>l�_blUd.c]\��gP[1£h\�_bYZ[P^bdo[h\.�o\�_blmdocª[h\�^¥\.a�Yi_bY@^bs
� \�^¥\.a�Yi_bY@^ X©Yie¹\.gP��_ 	0\.�mgPY �z\.cP�oY
� d.e�©®	¯M£PdOk@gha�YWcO_bs&[yY@^+cPdH£PY ÿ �
ø�d._¥\��s`lm²WY�d.e�¶]��_bY@^ þoúoúoú �
� d.e�gP[1£h\�_bY@s ûWúoú �

�Zgha¦¡yY@^�d�e�chdH£>YWs ��úoú ��ú � �.ú.ú
�zYW[yYi_blm_blmd.c�¡yY@_u¨�YWYWc	£PYW�mY@_bY £�\.c]£ lmchs`Y@^`_bY £�£PdOkWgPa�YWcO_ ú�� �

� \N*�� (J] W�K0/�W��S(J]@W �Q(6%PM�Bx(~- �L* (�%)%PW �Q(�%x� � ;©NrB>=iÑ$T Ï ;ZÔiAFÙ�;Z<HÒ1T Ï ;zGK;,TbïZ<>=���Òß=@<>Õ
Ü �Ti<«Ü���G1<yJy;oÔ�Þ � ;vVKÔi;�á�<HT Ï BªÖ�<>GhTi;.GhT¥Ú�áKB>Ôi;.JMBHGKJÀB	GK<>GÀÖ,<PGPT@;�GhT¥Ú�áKBPÔ¥;oJ«<P=i?hBHG1AQÚ
Ù.BOT@AQ<PGÂB>GKJÁÔiAQÕ	Ð1EF; % EQ<]<>Õ ç AFEUT@;�=WÔ�Þ Î©Ï ; % AQTWò]V1Õ Õ�;�T Ï <yJÂ<>VyT@Ð;.=¥Òß<P=iÕªÔ 
z<>VKGPT ò]V1Õ
á<>T Ï AFG�Õ�;oÔiÔ@BH?P;SÖ,<PÕ	Ð1EQ;�íyAUTbÑvB>GKJvBrN>;.=@B>?>;+ÔiAQÙ.;z<>ÒKÕ	;.Ô@ÔiB>?>;oÔSÛ ç AF? �hÝ Þ Î©Ï ;©Jy;.Ö�=i;oB>Ôi;SAFG
T Ï ;ZG]V1Õ á�;�=0<HÒ1Õ	;.Ô@ÔiB>?>;oÔ�ACÔ±G1<>T0NP;�=@Ñ$ÔiAQ?PG1AQÓÖ�B>GPT�S Ï <OïZ;�NP;�=IT Ï ;zÔiAFÙ�;S<>ÒyT Ï ;ZÕ	;.Ô@ÔiB>?>;oÔIAFÔ
=i;oJyVKÖ,;oJªT@< Ï B>EUÒbÞyî`G�ÐKBH=iTiACÖ,VKEFB>=.Ø 
z<>V1GhT ò]V1Õ Ö�=i;oBOTi;oÔSÕ	;oÔiÔ@BH?P;.Ôzï¤AUT Ï B�Ö,<PGKÔbTWBHGhTZÔiAFÙ�;>Ø
ï Ï AQEF; % AQTWòyV1Õ4=i;oJyVKÖ�;.Ô�T Ï ;�Ô¥AFÙ�;�<HÒ¤T Ï ;�Õ	;.Ô@Ô@BH?>;�BOTµ;.N>;.=iÑ¼ÔbT@;�Ð¬<HÒ¤T Ï ;MB>EQ?P<>=@AUT Ï Õ�Þ
� AUT Ï B�Ö�<>GhTi;.GPTiÚ�áB>Ôi;.JÂ<>=@?PBHGKAQÙoBOTiAF<>G±ØKT Ï ;ªG]V1Õ á�;�=�<>ÒzÕ	;.Ô@ÔiB>?>;oÔ¦AFGKÖ�=i;oB>Ôi;.Ô$ï¤AUT Ï =i;�Ú
Ô¥Ð�;.Ö,T�Ti<ªT Ï ; GK<>G¸Ö,<PGhTi;�GhTiÚ�áKBPÔ¥;oJ«<P=i?hBHG1AFÙ.BHTiAF<>G�Þ Î©Ï AFÔ�AFÔ�á;oÖ�BHVÔ¥;�T Ï ; Ö�<>GhTi;.GPTiÚ�áB>Ôi;.J
<>=@?PBHGKAQÙoBOTiAF<>GÀ=@;.ÔiV1EQT@Ô$AFGÁT Ï ;ªÖ,=@;.BOT@AQ<PG¸<HÒ©B«ECBH=@?>;.=¦G]V1Õµá;.=2<HÒzÕ	<P=i;µV1G]áKBHECBHGKÖ�;.J Ï AUÚ
;�=WBH=WÖ Ï AQ;oÔ�Þ '�<OïZ;�NP;�=oØ�á<>T Ï <>=@?PBHGKAQÙoBOTiAF<>GÔvBH=@;�B>á1EQ;«Ti<»ÔiÖ.BHEF;6Ti<¼B¸ECBH=@?>;«GhVKÕ á�;�=�<HÒ
G1<yJy;.Ô.Ø�ÔiAFGKÖ,;«T Ï ; Ï AF;�=WBH=WÖ Ï AFÖ.BHESJ1AFÔ¥Ti=@AQáKVyTiAF<>Gô<>Ò¤T Ï ;�ÓKEQTi;.=@Ôµ;�GKB>á1EF;.ÔµÐ;.=¥Òß<P=iÕ	AFG1?¸V1ÐyÚ
J1BOT@;.ÔvEF<yÖ�B>EQEFÑ>Þ Î©Ï VÔ�Ø0;�N>;.G¼Òß<>= T Ï ;MÖ,<>GhT@;�GhT¥Ú�áKB>Ôi;.J»<P=i?hBHG1AFÙ.BHTiAF<>G�ØIEF;.Ô@Ô�T Ï BHG ã���¾<HÒ
T Ï ;vÔiÑyÔbT@;�Õ�G1<yJy;oÔ�BH=@;2B+9 ;.Ö T@;.JMá]Ñ«BHG�V1Ð J1BHTi;>Þ

��%)MOK�� * \01 &)M�� 1O(��S(�1 �~1!-$-S* I01O&P(J]@%x� � ;ª=i;.Ð;oBOT2T Ï ;«Ð1=i;.N]AQ<PVKÔ2;,íyÐ�;�=@AQÕ	;�GhT�VKÔiAQGK?
Õ V1EQTiAQÚ�EF;�NP;�E % EF<]<>Õ ÓKEUT@;�=WÔ BPÔ ÔiV1Õ	Õ	B>=iAF;.Ô.Þ � ;«VKÔi;6<PG1EQÑÂT Ï ; % AUT ò]V1Õ Õ	;,T Ï <]JóT Ï BHT
<>VyT@Ð;.=¥Òß<P=iÕªÔ¦T Ï ; 
z<PV1GhTWò]VKÕ¾Õ	;,T Ï <]J¼BPÔ$Ô Ï <Oï¤GÂáhÑ¸T Ï ;ªÐ1=@;�N]AF<>VKÔ$;�í]Ð�;�=@AFÕ�;.GhT.Þ � ;
VKÔ¥;oJ % =@;.BPJ]T Ï Û % %Zç ÔWÝZBHGKJ L�;.ÐyT Ï % EQ<]<PÕ ç AFEQTi;�=WÔ2ÛML %©ç ÔWÝ ØKá<>T Ï Òß<>=¤BµÖ�<>GhTi;.GhT©B>GKJ
B«G1<PG»Ö�<>GhTi;.GhT¥Ú�áKB>Ôi;.JÀ<P=i?hBHG1AFÙ.BHTiAF<>G�Þ Î©Ï ;	G1<yJy;.Ô$NOBH=@Ñ�Òß=@<>Õ Ü 6Ti<¸Ü  1Þ Î©Ï ;	=i;oÔ¥VKEUTWÔ
Û ç AQ?Þ±ã�PÝ¤Ô Ï <Oï#T Ï BHT % AUT ò]V1Õ)ïz<P=7�yÔ�B>EFÔi<ªïZ;�EFE±ï¤AQT Ï ÕµV1EUT@AUÚ�EF;�N>;.E % EQ<]<PÕ ÓKEQTi;.=@Ô.Þ Î©Ï ;



0

2

4

6

8

10

12

14

16

18

50 100 150 200

nu
m

be
r 

of
 m

es
sa

ge
s

number of nodes

0

50

100

150

200

250

50 100 150 200

av
er

ag
e 

m
es

sa
ge

 s
iz

e 
(in

 b
yt

es
)

number of nodes

CountSum, content
BitSum, content

CountSum, non content
BitSum, non content

:<;>= ���K� ½�l�_ij>gPa q>s¦f�d.ghcO_ij>gPa gh[1£P\�_bY2[>^bdo[]\��r\,_blUd.c 3 �¹�UYieF_ � c>gPa$¡yY@^©d.e&a�YWs`sb\��oYWs �C^blm�o¢O_ �
\ qrYi^¥\.�oY¤a�Y@s`sb\.�oY�s`lm²WY

Ö,<>GhT@;�GhT¥Ú�áKB>Ôi;.J«<>=@?PB>G1AQÙoBOT@AQ<PG6=i;oæhV1AQ=@;.Ô©B�ECBH=@?>;�=ZG]V1Õ á�;�=¤<>Ò�Õ	;oÔiÔ@BH?P;.Ôzá;oÖ�BHVÔ¥;2<HÒ�T Ï ;
EFB>=i?P;�=�G]V1Õ á�;�=µ<HÒ Ï AF;�=WBH=WÖ Ï AF;.Ô�Ö�=i;oBOTi;oJIÞ L %©ç Ô Ö,=@;.BHTi;ªECBH=@?>;.=vÕ	;.Ô@ÔiB>?>;.Ô�BPÔ�T Ï ;«á1AQT@Ô
B+9 ;.Ö T@;.JÂá]ÑÁBHG»V1Ð J1BOT@;	B>=i;�Õ	<>=@;>Þ('�<OïZ;�NP;�=$ï¤AUT Ï T Ï ;	VKÔi;	<HÒ % AQTWò]VKÕMØ L %©ç Ô�ÔiÖ.BHEF;
BHGKJ�Ö,=@;.BOT@;�V1Ð J1BOT@;¦Õ	;oÔiÔ@BH?P;.Ô+<>Ò0BHá�<>V1T©ñ ��á]ÑhTi;oÔ¦Û�ï Ï AQEF;$Òß<>=%
z<>V1GhT ò]V1Õ�ØhT Ï ;2Ô¥AFÙ�;¦AFÔ
ã.DvÝ Þ

0

2

4

6

8

10

12

14

16

18

50 100 150 200

nu
m

be
r 

of
 m

es
sa

ge
s

number of nodes

0

50

100

150

200

250

300

350

400

50 100 150 200

av
er

ag
e 

m
es

sa
ge

 s
iz

e 
(in

 b
yt

es
)

number of nodes

BBF, content
BBF, non content

DBF, content
DBF, non content

:<;>= �@?��� ½�l�_ij>gPa gh[1£P\�_bY2[>^bdo[h\.�r\,_blmdocM¨+l�_b¢�a¦gh��_bl��u�mYWqoYW��½��mdOdoa ¶]��_bY@^bs 3 �¹�mY@eF_ � cHgha¦¡yY@^©d�e
a�Y@s`sb\.�oY@s¦�C^blm�o¢O_ � \ qrY@^¥\��oY�a�YWs`sb\��oY¤s`lm²WY

� 	�
 �*;0ÇX
±Ê�� É+È+=

� ;6Ö�<>Õ	ÐKBH=@;	á1=@AQ; �KÑ¸<>VK=vïz<P=7�Àï¤AQT Ï =@;�ECBOT@;.J¼BHÐ1ÐK=i<hB>Ö Ï ;oÔ�=@;�?hBH=WJyAQGK?�ë ê¸ì AQGJy;,íy;.Ô
BHGKJ�T Ï ;�VKÔi;�<>Ò % EF<]<>Õ ÓKEUT@;�=WÔ�Òß<>=ZæhV1;�=@Ñµ=@<>V1TiAFG1?KÞ>å"Õ	<>=@;©T Ï <P=i<PV1? Ï Ö,<PÕ	ÐKBH=@AFÔi<>G	Ö�B>G
á;SÒß<>V1GKJ2AFG«â Ü@�>ä�Þ��+BH=@AQ<PVKÔIAFGKJy;,íyAFG1?�Õ	;,T Ï <yJ1Ô±Òß<>=�AFGKJy;�í]AFG1?�ë ê¸ì J1<]Ö�V1Õ	;�GhT@ÔzÛ�ÔiVKÖ Ï BPÔ
L¦BHT@BP:$VKAFJy;oÔ2â �Hä�ØyR&BOT@=iACÖ,ACB�T@=i;.;.Ô2âQã�Oä�Øhë$òyD�L Î 
 '�âQã>ã�ä B>GKJ«ÔiAF?>GKBHTiV1=@;.Ô$âUãrÜräßÝ+ÐK=i<ON]ACJy;
;36Ö,AF;�GhT&ïZBrÑyÔ0<HÒÔiV1Õ	ÕªBH=@AQÙ.AQGK?¦ë ê¸ì JKBOT@BKØHÔ¥VKÐ1Ð<P=¥T&Ö,<PÕ	Ð1EQ;�ívÐKBOT Ï æhV1;.=iAF;.Ô�BHGJ <�9�;.=
Ô¥;.EQ;oÖ TiAFN]AUTbÑ�;oÔbT@AQÕªBOT@AQ<PGKÔ.Þ6'�<Oïz;.N>;�=oØ1T Ï ;.Ôi;	ÔbT@=iVKÖ,TiV1=@;.Ô$BH=@; Ö�;�GhTi=WBHEFAQÙ.;.J¸B>GKJ¸;.Õ	Ð Ï B>ÔiACÔ
AFÔ©?PAQNP;�G«<PG�ÔiÐKB>Ö�;¦;�36Ö,AF;�GKÖ�Ñ«BHGKJ«î w 4àÖ�<PÔ¥T@Ô.Þ]î`GMÖ�<>GhTi=WB>Ô¥T.Ø]AFGMB�RzÜ>R Ö,<PGhTi;,í]ToØyïz;2BH=@;
AQGhTi;.=i;oÔbT@;.JÁAQG¼Ô¥ÕªB>EQEQÚ�ÔiAFÙ�;µÔiV1Õ	ÕªBH=@AQ;oÔ�<>ÒzECBH=@?>;�Ö,<>EFEF;.Ö T@AQ<PGKÔ¦<HÒzë ê¸ì Jy<yÖ,V1Õ	;�GhTWÔ$T Ï BHT
Ö�BHGÀá�;�VKÔ¥;oJMTi<«ÓKEUT@;�=$<>VyT$AQ=@=@;�EF;�NOBHGhT�G1<yJy;oÔ�Ò�BPÔbT�ï¤AQT Ï T Ï ;�B>J1J1AUT@AQ<PGKBHE0=i;oæPVKAQ=@;�Õ	;�GhTWÔ



T Ï BHT Ô¥VKÖ Ï ÔiV1Õ	ÕªBH=@AQ;oÔ�Ö�BHG¼á�;«JyACÔbT@=iAFá1VyT@;.J»;36Ö�AQ;.GPT@EQÑPÞ ç AFGKBHEFEQÑPØ�ï Ï ;.G¼Ö�<>Õ	ÐKB>=i;oJ¸T@<
% EF<]<>Õ ÓEUT@;�=WÔ�ØyÕ	;�=@?>AFG1?ªBHGJ«V1Ð J1BHTiAFG1?ª<HÒ�ÐKBOT Ï AFGKJy;�íy;.Ô¤ACÔ©Õ	<>=@;2Ö�<>Õ	Ð1EFAFÖ.BOT@;.JIÞ
R�;�= Ï BHÐKÔST Ï ;�=i;oÔ¥<PV1=@Ö�;$J1AFÔ@Ö,<ONP;�=@ÑªÐ1=i<>Ti<yÖ,<PE Õ�<hÔbT�=@;�ECBOT@;.J«Ti<	<>VK=�BHÐ1Ð1=@<PBPÖ Ï ACÔ©T Ï ;

<>G1;©AFGMâ �räyT Ï BOT+VKÔi;.Ô&ÔiAFÕ�ÐKEQ; % EQ<]<PÕ´ÓKEQTi;�=WÔ&B>Ô&ÔiV1Õ	ÕªBH=@AQ;oÔ�ÞHò];.=iNP;�=WÔ0B>=i;©<P=i?hBHG1AFÙ�;oJ�AQGhT@<
B Ï AF;�=WBH=WÖ Ï Ñ�Õ	<yJyAQÓK;.J»B>Ö.Ö,<P=@JyAFG1?«Ti<�T Ï ;ªæhV1;�=@ÑÀïZ<>=��hEF<PBPJMTi<�B>Ö Ï AF;�NP; EF<PBPJ¸áKB>EFB>GKÖ,;PÞ
ì <yÖ�B>E]B>GKJvÕ	;.=i?P;.J % EF<h<PÕàÓKEQTi;�=WÔ�BH=@;zVÔ¥;oJ BHECÔi<�AFGMâQã'�>ä�Ørá1VyT�T Ï ;zGK<]J1;.Ô0Òß<>EFEQ<Oï G1<¦ÐBH=iÚ
TiACÖ,V1ECBH=$ÔbT@=iVKÖ,TiV1=@;>Þ Î©Ï ;vÕ	;�=@?>;oJ«ÓEUT@;�=WÔ�AFGKÖ,EFVKJy;vAFGyÒß<P=iÕªBOT@AQ<PGÀBHá�<>VyT¦B>EQE0G1<yJy;.Ô�<HÒ�T Ï ;
Ô¥ÑyÔ¥Ti;�Õ�BHGKJ�T Ï VKÔSÔ@Ö�B>EFB>á1AQEFAQTbÑvAFÔ@ÔiV1;.Ô+B>=iACÔi;>ÞHî`Gªá�<HT Ï <HÒ�T Ï ;�B>á<ONP;�Ö�BPÔ¥;oÔ�Ø % EF<h<PÕ ÓKEQTi;.=@Ô
ïz;.=i;�VKÔi;.JÁÒß<>=&�>;.Ñ]ïz<P=@J¸æhV1;.=iAF;.Ô2B>GKJÁGK<HT�Òß<>=2ë ê¸ì J1BOTWB1Ø ï Ï ;.=i;oB>Ô.Ø�<PV1=�ïZ<>=���ÔiV1ÐyÚ
Ð<P=¥TWÔ©ÐKBOT Ï æhV1;.=iAF;.Ô.Þ ç V1=iT Ï ;.=iÕ	<P=i;PØPT Ï ;�VKÔi;2<HÒ±ÓEUT@;�=WÔ©ïZBPÔzEFAFÕ�AQTi;oJ6T@<ªæPVK;�=@Ñ6=i<PVyTiAFG1?Ø
ï Ï AQEF;�ïZ;$;�í]Ti;�GJ«T Ï ;�AF=¤VKÔi;2Ti<	á1V1AFEQT¦Ö,<PGPT@;�GhT¥Ú�áKBPÔ¥;oJ6<ON>;.=iECBrÑ	G1;,TbïZ<>=��yÔ�Þ
ê <>=@;z=@;.Ö�;�GhT�=i;oÔ¥;oBH=WÖ Ï Ð1=@;.Ôi;�GhT@Ô�Ö,<PGhTi;�GhTiÚ�áKBPÔ¥;oJvJyACÔbT@=iAFá1VyT@AQ<PGµAFG	RzÜHRÂï Ï ;.=i;ZG1<yJy;.Ô

BH=@; �iÖ,EFVKÔ¥Ti;.=i;oJ � B>Ö�Ö�<>=WJyAFG1?»Ti<¼T Ï ;�AF=«Ö,<PGPT@;�GhT.Þ � AUT Ï ò];�ÕªB>GPT@AFÖ 4¦NP;�=@EFBrÑ¬×�;,TbïZ<>=��yÔ
Ûuò54$×¦Ô@Ý�âUã^�rä�Ø0GK<]J1;.Ô�ï¤AUT Ï Ôi;�ÕªBHGhT@AFÖ.BHEFEQÑóÔiAQÕ	AFEFB>=�Ö�<>GhTi;.GPTªBH=@;6?P=i<PV1Ð;oJôáKBPÔ¥;oJó<>G¬B
Ö,ECB>Ô@Ô¥AQÓÖ�BHTiAF<>G Ï AQ;.=@B>=@Ö Ï Ñ	<HÒ�T Ï ;�AF=�Jy<yÖ,VKÕ�;.GhT@Ô.Þ �¦VK;�=@AQ;oÔZB>=i;¦Ð1=@<]Ö�;.Ô@Ô¥;oJ6á]ÑªACJy;�GhTiAQÒßÑ]AQGK?
ï Ï AFÖ Ï ò 4$×�Ô6B>=i;�á�;,T¥T@;�=MÔ¥V1AQTi;oJ Ti< B>GKÔiïz;.=ªAUToÞ '�<OïZ;�NP;�=oØ�T Ï ;.=i;¸ACÔªG1<¬Jy;.Ô@Ö,=@AQÐ1TiAF<>G
<HÒ Ï <Oï æhV1;�=@AQ;oÔvBH=@;ª=@<>VyT@;.J¼<>= Ï <Oï�T Ï ;MÖ,EFVKÔbT@;�=WÔvBH=@;6Ö,=@;.BHTi;oJóBHGKJ¼G1<ÁVKÔ¥;«<HÒ©ÓKEQTi;�=
<>=¤AFGKJy;,íy;oÔ�Þ1å�G�Ô@Ö Ï ;.Õ	BHÚ�áB>Ôi;.J¸Û ��L ç Ú�áKB>Ôi;.JÝZÐ;.;�=iÚuT@<HÚ�Ð;.;�=¤G1;�Tbïz<P=7�ªACÔ©Ð1=@;.Ôi;�GhTi;oJ«AFG
âUã)�Oä�Þ Î©Ï ;�ÔiÑyÔbT@;�Õ¾Ö�B>GÂÔiV1Ð1Ð�<>=iT Ï ;,Ti;.=i<P?>;.G1;�<PVKÔ�Õ	;,TWB>J1BHT@B�ÔiÖ Ï ;.Õ	;.Ô2BHGKJÁ<>GhTi<PEQ<P?>AF;.Ô.Ø
á1VyTªAUTª=@;.æhV1AF=i;oÔµB»Ô¥Ti=@AFÖ,TµT@<>Ð�<>EF<>?>Ñ¼ï¤AQT Ï Ï ÑhÐ�;�=WÖ,VKá;oÔ�B>GKJ T Ï ;MVKÔi;M<>Ò¦ÔiV1Ð;.=¥Ú�Ð�;�;�=WÔ.Ø
EQAFÕ	AUT@AQG1?	T Ï ;vJyÑ]GKB>Õ�ACÖ$GKBOT@V1=@;�<HÒ±T Ï ;�G1;�Tbïz<P=7� Þ

� 7ÂÉzÆ�Ì �¥Ë �]ÍbÉSÆ � ;&Æ�Ê���Ë�ÇyË�È�
 � É+È�=

î`GÀT Ï ACÔ¦ÐKBHÐ�;�=oØKïZ;µÔ¥TiVKJ1Ñ�T Ï ; ÐK=i<Pá1EQ;.Õé<>Ò+=i<PVyTiAFG1?6ÐBOT Ï æPVK;�=@AQ;oÔ¤AQGÂRzÜHR"Ô¥ÑyÔ¥Ti;�ÕªÔ�<HÒ
G1<yJy;.Ô¦T Ï BOTvÔbT@<>=@; ë ê¸ì Jy<yÖ,V1Õ	;�GhTWÔ�Þ � ;�AFGhTi=@<yJyVKÖ,; Tbïz<MG1;.ï Ï B>Ô Ï Ú�áKB>Ôi;.J¸AQGKJ1;,íyAQGK?
ÔbT@=iVKÖ,TiV1=@;.Ô.Ø�T Ï ; % =@;.BPJ]T Ï B>GKJ L¦;�ÐyT Ï/% EF<h<PÕ ç AFEUT@;�=WÔ�Ø�ï Ï ACÖ Ï AFG Ö,<PGPT@=@BPÔbT Ti<¸T@=@BPJyAQÚ
TiAF<>GKB>E Ï B>Ô Ï áKB>Ôi;.J AQGJy;,íy;.Ô.Ø Ï BrN>;«T Ï ;ÀBHáKAQEFAUTbÑ»T@<Â=@;�Ð1=@;.Ôi;�GhT�ÐKBOT Ï ;,íyÐ1=@;.Ô@ÔiAQ<PGKÔ B>GKJ
T Ï VKÔZ;,íyÐ1EF<>AQTzT Ï ;�ÔbT@=iVÖ TiVK=i;$<HÒ±ë ê¸ì Jy<yÖ,V1Õ	;.GPTWÔ�Þ54¦V1=©;�í]Ð�;�=@AFÕ�;.GhT@Ô©Ô Ï <OïõT Ï BHT©á�<HT Ï
ÔbT@=iVKÖ,TiV1=@;.Ô2<PVyTiÐ�;�=iÒß<>=@Õ BÀÔ@BHÕ	;ªÔ¥AFÙ�;ªÔiAQÕ	Ð1EF; % EQ<]<PÕ ç AQEQTi;.=.Þ±î`G»ÐBH=iTiACÖ,V1ECBH=oØ�Òß<>=�<>GKEQÑ
Ü ��<>Ò�T Ï ;$T@<HT@B>E�Ô¥AFÙ�;$<HÒ0T Ï ;�Jy<yÖ�V1Õ	;�GhT@Ô.ØyÕ V1EQTiAQÚ�EQ;.N>;�E % EF<h<PÕ ÓKEQTi;.=@Ô©Ö�B>G�ÐK=i<ON]ACJy;�;�3�Ú
Ö,AF;�GhT¦;.NrB>EQVBOTiAF<>GÁ<HÒ+ÐKBHT Ï æhV1;.=iAF;.Ô�Òß<>=2BªÒ�BHECÔi; Ð�<PÔiAUT@AQNP;.Ô�=WBOT@AQ<«á;.EQ<Oï ñ �6Þ�î`G¸?P;�G1;.=@B>E
% =@;.BPJ]T Ï % EF<h<PÕ4ÓKEQTi;.=@ÔªïZ<>=��ôá�;,TiTi;�=«T Ï B>G L�;.ÐyT Ï % EF<h<PÕ ÓKEQTi;.=@Ô.Ø Ï <OïZ;�NP;�=AL¦;�ÐyT Ï
% EF<]<>Õ ÓKEQTi;.=@Ô©=@;.Ö�<>?PG1AQÙ.;¦B	ÔiÐ;oÖ,ACBHE�TbÑ]Ð;2<HÒ�ÐKBOT Ï æhV1;.=iAF;.Ô.Þ]î`GMBPJ1JyAQTiAF<>G�ØyïZ;$AQGhTi=@<yJyVKÖ�;
% AQTWòyV1Õ�Ø±BHGÂ;36Ö,AF;�GhT�V1Ð J1BOT@;�ÐK=i<PÐKBH?hBOTiAF<>GÁÕ�;�T Ï <yJÁT Ï BHT Ô¥AF?>GKAUÓÖ.BHGhTiEFÑ�=i;oJyVKÖ�;.Ô$T Ï ;
Ô¥AFÙ�;$<HÒIT Ï ;2V1Ð�JKBOTi;$Õ	;.Ô@ÔiB>?>;oÔ�Þ ç AFGKB>EQEFÑ>Ø]ïZ;¦Ð1=@;.Ôi;�GhT©B Ï AF;�=WBH=WÖ Ï ACÖ�BHE<>=@?PB>G1AQÙoBOT@AQ<PG	T Ï BHT
?>=@<>V1ÐKÔvTi<P?>;,T Ï ;�=µG1<yJy;.Ôµï¤AQT Ï ÔiAFÕ�AFECBH=	Ö,<>GhT@;�GhT T@<ÁAFÕ�ÐK=i<ONP;«Ô¥;oBH=WÖ Ï ;36Ö,AF;�GKÖ�Ñ>Þ 
z<>G1Ú
Ti;�GhT«ÔiAQÕ	AFEFB>=iAQTbÑôACÔª=@;�ECBOTi;oJôT@<ôÔ¥AFÕ	AQECBH=@AQTbÑ BHÕ	<>GK?ÂÓEUT@;�=WÔ�Þ 4¦VK=ªÐ;.=¥Òß<P=iÕªBHGÖ,;�=i;oÔ¥VKEUTWÔ
Ö,<>G1ÓK=iÕ T Ï BOT¤BHG�<>=@?PB>G1AQÙoBOT@AQ<PG	T Ï BHTZÐ�;�=iÒß<>=@ÕªÔZBvTbÑ]Ð;2<HÒ�Ö,<>GhT@;�GhT©Ö�EQVÔbT@;�=@AQG1?µAFÔZÕµVKÖ Ï
Õ�<P=i;ª;�36Ö,AF;�GhTµï Ï ;.Góïz;�BH=@;ªAQGhTi;.=i;oÔbT@;.J¼AFGô=@;,Ti=@AF;�N]AQGK?¸BÀEFB>=i?P;ªG]V1Õ á�;�=µ<HÒ¤=i;.EQ;.NOBHGhT
Jy<yÖ,V1Õ	;�GhTWÔ�Þ
å�GÀAFGPT@;�=@;.Ô¥TiAFG1?ªACÔiÔiV1;�Òß<P=¤ÒßVyTiVK=i;vïZ<>=��6ACÔ�Jy;.=iAFN]AQGK?6BªÕ	;,T Ï <]JMÒß<P=�Ôi;�EQÒ¹Ú�<P=i?hBHG1AFÙ�AFG1?

T Ï ;6GK<]J1;.Ô�á]Ñ¼B>JrèbVKÔ¥TiAFG1?�T Ï ;ªT Ï =i;oÔ Ï <PEFJ»<>ÒzT Ï ; Ï AF;�=WBH=WÖ Ï AF;.Ô.Þ 4�T Ï ;.=vAQÕ	Ð�<>=iT@B>GPT�T@<>ÐyÚ
AFÖ.Ô�AQGÖ,EFVKJy;«B>EUT@;�=@GKBOT@AQNP;ªïZBrÑyÔ$Òß<>=µJyAFÔ¥Ti=@AFá1VyTiAFG1?�T Ï ;ªÓKEQTi;.=@Ô á;oÔ¥ACJy;.Ô�T Ï ; Ï AQ;.=@B>=@Ö Ï ACÖ�B>E
<>=@?PBHGKAQÙoBOTiAF<>G�BHGKJMVKÔiAQGK?�<>T Ï ;.=©TbÑ]Ð;oÔ¤<HÒ�Ô¥V1Õ	ÕªBH=@AF;.Ô©AFGKÔbT@;.BPJ«<>Ò % EF<h<PÕ ÓKEQTi;.=@Ô.Þ



	[
 � 
±È�
±Æ�Ì5
N�

û §©X$§jy§®�lm�Ud���lmkWlmkon�	¦§���\��Ud.�oY@^¥\�÷Hlßn ��§1¯gP÷rdos`Yon��2§ �Z\.�o\�^¥\ �`\>n��P§ � ^bgPt>chYonK½S§ �zlmk¥¢]\�^¥£1nj1§
�Sdo�m�mlmchsWn��I§>zg§ � YWYi^`��_bd�� � YWY@^Sf�d.a�[hgP_blmcP�Pn �©� ¯\.¡yd.^¥\,_bd.^blmYWs � \.�md 9 ��_bdPn �Z� ¯1� ��úoúo� � ÿ O§

� §�jy§ X¦§ xz^blm¡P¡h�mYonù+§ 9 §�½±^bY@¨�Y@^ n��P§ ®�§ � YW�m�mY@^bs�_bYWlmcKn�X$§�f�gP�U�mY@^ §�jHk \.�U\.¡P�mY�X©lms�_`^blU¡PgP_bY £6X¤\,_¥\
jO_`^bghk@_bg>^bYWs�eCd�^ZwucH_bYi^bchY@_SjHY@^bqHlmkWY�f�docPs�_`^bghk@_blmdocK§]wucªº¤j>XZw ��úoúoú §

üH§¤½z§½��mdOd.a	§j>[]\�kWY � ø�lUa�Y$ø^¥\o£>Y@��d��1s©lmc � \�s`¢Mf�dH£>lmch�µ¨+l�_b¢ 9 �m�md ¨&\.¡P�mY�ù�^`^bd�^bsW§�f 9 f&®�n
û üP�  � n	�ogh��t û �� ú §

þ §¤¯�§rÃ]\�cn � §of�\.dPn
�P§ 9 �ma�YWlU£h\Hn 9 §.½0^bdH£PY@^ §rj>gPa�av\�^`t�f�\�ki¢PY 3�9 jHk \.�U\.¡P�mY+°¼lQ£>Y@� 9 ^bY \+°�YW¡
f�\�ki¢PY$jH¢]\,^blUcP� � ^bd._bdOkWd.�¹§yw�c	j>w`x¤f&º¤®ª® û �����H§

ÿ §¤øZ§ X$§ � dH£>YWsWnhj1§ ù+§hf�²WYi^`¨+lUcPs`÷Hlßn]½z§ �$§��y¢]\.d>n 9 § X$§��odos`Y@[h¢n ��§ � §���\�_b²o§ 9 ^bk¥¢hl�_bYWki_bgP^bYzeFd.^
jHYWkWgP^bY©°¼lQ£>Y@� 9 ^bY \$j>Y@^bqHlmkWY¤X©lms`kWd,qrYi^`tO§Pwucª®�d.¡hlmkWdoa û �����H§

ý §¤ø�¢PY�®�X ÿ ®�YWs`sb\��oY@��X©lm�oY@s�_ 9 �m�.d.^bl�_b¢ha	§ �ZÃ�f û ü �Hû §
O§¤ø�¢PY �ZlU\.�o\�^¥\2�oY@chY@^¥\,_bd.^ n]¢O_`_b[ 3 ��� ¨&¨&¨¤§ kWsW§ ¨+lms`ko§ Y £Pg � cPlQ\��r\,^¥\
�H§ �Z\.[hs�_bYi^ §h¢O_`_b[ 3 ��� ¨&¨&¨¤§ c]\�[hs�_bY@^ § kWd.a �
�H§ ��§KxZdo�U£>av\.cn�P§y°ólU£Pd.a	§yX¤\�_¥\oxZghlU£PY@s 3 ù±ch\.¡h�mlmch���ZgPY@^`tªÃhd�^ba$gP�Q\,_blmdoc«\.ch£�ºZ[>_blma�lU²W\��
_blmdoc�lUcªj>YWa�lms�_`^bghki_bgP^bY £vX¤\�_¥\�¡]\�s`YWsW§]wuc 	©¯KX¤½ û ��� O§

ûWú §�½S§oÃ�§of�dOd.[yY@^ n ��§rj>\.a�[P�UY.n.®�§��>§rÃP^¥\�ch÷H�mlmcnox¦§ ��§ � ��\.��_¥\.s`d.cnr®�§OjH¢]\.£Pa�docK§,Ã]\�s�_�w�c]£>Y@¿
eFd.^©j>YWa�lms�_`^bghki_bgP^bY £vX¤\�_¥\H§hwuc 	Z¯X¤½ ��úoúHû §

û.û § ��§ � do��t>²Wd._blmsWnO®�§rx©\,^bd.eC\.�U\.÷HlmsW§>jH_`^bgPk@_bgP^bY0\.ch£ 	0\.�mghY�jHt>chd.[hs`YWseCd.^±©®	¯ X¤\,_¥\©xz^¥\�[h¢hsW§
wuc 	©¯KX¤½ ��úoúr� §

û � §�jy§ � \�^b÷yn � �P§��¤lma	§ 9 �zY@¨��ZghY@^`t � ^bdOkWYWs`s`lmch�vøYWki¢PchlU³OghYSeCd.^S©®	¯M½�\�s`Y £�doc	j>lm�och\��
_bg>^bYo§hwuc�X 9 j>Ã 9�9 ��úoúHû §

û ü>§�fz§ Ã]\.�mdog>_bs`dosWn.jy§,f�¢P^blms�_bdH£>dogh�U\�÷>lmsW§oj>lm�.c]\�_bg>^bY±Ã lU�mYWs 39 c 9 k@kWYWs`sI®�Yi_b¢hdH£©eCd�^ X©dOkWgPa�YWcO_bs
\�c]£�w�_bs 9 c]\���t>_blmk \�� � Yi^`eCd.^bav\�chkWY�ù�q.\.�mg]\,_blUd.c§ 9 f&® ø+ºZw�j1n � � þr� n1ºZk@_bd.¡yY@^ û ��� þ §

û@þ § 9 §±®�do¢h\.cÂ\.ch£ 	�§���\.�md.�oY@^¥\�÷>l¹§�j>[yYWk@gh�U\�_blmqrY �zd.gP_blmch�«\�c]£ÀpZ[1£P\�_bY � ^bd.[]\.�o\�_blmdoc 3 9
�¤gPc]£h\��ml f�YWcO_`^blmk 9 [P[P^bdo\.k¥¢§>w�cµw`f&f �.ú.ú ü>§

û ÿ § 9 §yf0^bY@s`[ydPn � §yx©\�^bkWlU\,��®�d.�mlUch\>§�j>Y@av\.cO_blmk�ºZqrY@^b�U\Wt �zY@_�¨�d.^b÷HsSeFd.^ ����� jHt>s�_bYWa�sW§]j>gP¡P�
a�l�_`_bY £veCd.^S[Pgh¡h�mlmk \,_blUd.c§

ûWý §©° § �zY �`£>�¹n ®�§K°�d.�m[yY@^bsWn° § jHlm¡yY@^bs`÷Hlßn fz§�j>k¥¢ha�l�_b²on®�§ j>k¥¢h�mdos`s`Yi^ n�w¥§�½±^bghch÷H¢Pd.^bs�_ n 9 §
¯Kdos`Y@^ §0jHgh[yY@^`� � YWY@^`�u½�\�s`Y £ �SdogP_blmcP�6\.c]£¸f��mgPs�_bY@^blmch�MjH_`^¥\�_bY@�olmYWs¦eFd.^ �SX¤Ã��u½�\�s`Y £ � YWY@^`�
ø�d�� � YWY@^ �ZY@_u¨�d�^b÷>sW§Pw�c °¼°¼° ��úoú üH§

û H§�x¦§
�¤do�mdocPlQ\,^bl¹nhù&§ � l�_bdogP^¥\H§>½��mdOdoa2�u½�\�s`Y £µÃ lm��_bY@^bs�eFd.^ � lmY@^¥\�^bk¥¢hlmk \��yX¤\�_¥\H§O°óX 9 j �.ú.ú üH§
û �>§�x¦§��¤d.�Ud.chlU\�^bl¹n��$§ � Y@_`^¥\.÷HlmsWn�ù+§ � l�_bd.gP^¥\>§ f�docO_bYWcO_`�u½�\�s`Y £ÀºZqrY@^b�U\Wt �ZYi_�¨�d�^b÷Hs¤d.e&©®	¯
� YWYi^bsÂ½�\.s`Y £/d.c´®�gP�m_bl��u¯Y@qrYW�µ½��mdOdoa8Ã lm��_bY@^bsW§ 	Z¯X¤½)wucO_bY@^bc]\,_blUd.c]\��v°Md.^b÷Hs`¢hd.[/d.c
X¤\,_¥\.¡h\.s`YWsWnhw�cPeFd.^bav\,_blUd.c6jHt>s�_bYWa�s�\.c]£ � YWY@^`�ß_bd.� � YWY@^Zf�d.a�[hgP_blmcP�Pn �.ú.ú ü>§

û �>§ 9 §Of0^bY@s`[ydPn � §Ox©\,^bkWlU\���®�do�mlmc]\H§ �zd.gP_blmch�©wuc]£>lUk@YWs±eFd.^ � YWY@^`�ß_bd.� � YWYi^&jOtPs�_bY@a�sW§.wuc2w`f�X¤f&j
��úoúr� §

��ú §¤w¥§PjH_bd.lUkW\>n ��§P®�d�^`^blmsWnhX$§���\,^b�oY@^ n]®�§PÃ�§���\o\�s`¢hdOYW÷yn � §>½�\��Q\�÷O^blUs`¢Pc]\�c§hf�¢hd�^¥£ 3�9 jHk \.���
\�¡h�mY � YWY@^`�ß_bd.� � YWYi^Z¯KdOdo÷Hgh[ªj>Y@^bqHlmkWYZeFd.^zw�cO_bY@^bchYi_ 9 [h[P�mlUkW\�_blmdocPsWnhwucªj>w�x¤f&º¤®ª® �.úoúHû §

�Oû §�jy§ �z\�_bch\.sb\.a�tOn � §1Ã>^¥\.chk@lUsWn1®�§ � \�c]£P�mY@tOn���§���\�^b[Kn1j1§1j>¢hY@ch÷rY@^ § 9 j>kW\.�U\.¡P�UY2f�docO_bYWcO_`�
9 £h£>^bY@s`sb\.¡h�mY �zY@_�¨�d.^b÷y§hwucªjHw`x¤f&º¤®ª®�n �.úoúHû §

�.� §��¤cPd ¨+¡hg]£P£>t�� sxZc>g>_bYW�m�U\&Ã 9 �¦n@¢H_`_b[ 3 ��� ¨&¨&¨¤§ ^bl�¿>s`d.eQ_ § k@doa � �¤cPd ¨+¡hg]£P£>t � �.cHgP_bYW�m�U\�eC\o³]§ ¢H_ba��
� ü>§�ù&§ � l�_bd.gP^¥\>n&j1§ 9 ¡Pl�_bYW¡ydogP�ßn±X$§ � eCd.s`Y@^ n+x¦§�jP\�av\�^¥\.sWn�®�§�	�\�²Wl�^b�olU\.cPchlmsW§�X©½&xZ�mdo¡yY 3 \
jHY@^bqHlUk@Y@��d.^blmYWcO_bY £ �0�.� jHt>s�_bYWa/eFd.^©xZ�Ud.¡]\��If�doa�[PgP_blmch�>§hj>w`x¤®ªºZX �zYWk@d.^¥£	ü � �ßü � n �.ú.ú ü

�,þ §�x¦§��¤do�mdocPlU\�^bl¤\�c]£¼ù&§ � l�_bdogP^¥\H§+f�d.cH_bY@cH_`�u½�\�s`Y £ �SdogP_blmcP��d.e � \,_b¢��ZghY@^blmYWsvlmc � YWY@^`�
_bd�� � Y@Y@^ªjOt>s�_bYWa�s	�¹Y@¿H_bYWch£PY £ÁqrY@^bs`lmdoc � §&f�d.a�[hgP_bYi^µj>kWlmYWcPkWY6X©YW[P_ n±pzchlmqy§�d�e¤w�do\.chcPlmc]\>n
ø �+� �.úoú ü�� û,� §


