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� r�yfcfehlsr�t�k�y�rQmVmVc�´BlMt�ß����_àpk�]Q^/`haDbdls§¸|w�\yfc�eRlsr"t7`Rtd]_g"tKrQ^/^/cfehg�aRmVc�eRg&bduRl�� ��� z1mV]Q²9bV�
¾�r"tdl/Û�æs�"Ü��

� r,§Rlqk�cfmVc�]Qe&bVtdlql�ß�÷Qú¤ÿwà³ahmVcfehg,]_|Ryfc9�waRlPuw�D`}lqtd`hy�rQeRl�mPÛ �QÜ��D��uRlPuw�D`}lqtd`hy�rQeRl�m�r�tdl7§Dlqtdcf�¤ls§aRmVcfehg/r�mVcf^/`Ry�c�´hls§�å�cfmVuhlMtsµ mo^/lqbduR]=§F~RrQmI§Dl�mVkqtdcf|}ls§�cfe�Û �QÜ��
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mVaR|hmVlqbdmor"eB§�kq]_^�|Rcfehl�m�bduRl�^'|w�!r��_lqtKrQgQc�eRg�bduhl�`}]Qm¦bdlqtdcf]Qtpyflsr"²�`Dtd]_|Br"|hcfyfc�bdc�lqmCÛ �"Ü��



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm �

! ¬#"%$ Ã'& ° & ° [+]_^/`Ry�lM·Rc�b��!^/lMbVtdc�kqm4ahmVls§&c�e!bduhcfmom¦bdaB§D�
� lsrQmVaDtdl �7l�mVkqtdcf`Dbdc�]Qe
öD÷"ø¤ùwúwûQü¤ý `}lqtdk�l�ewbKr"g_l�]Q²�`}]_cfewbdmI]Qe¸|}]_aReB§Rr"tV�&l�m¦bdcf^�r"bdls§&|w��r"e � iD�
þ�ùwÿ¤ü=û��wþ�ùwÿ � ü tKr"bdcf]j]"²�r��_lqtKrQgQl�c�ewbVtKr���cfewbdlqtok�y�r"mVmpeRlsr"tdl�m¦bpehlqc�gQu=|}]Qtp§Rcfm¦bKrQeRk�l�m
ùD÷"ù��wþsù������ eh]Qehyfcfehlsr�tdcfb��&]Q²�ehl�r"tdl�m¦bIehlqc�gQu=|}]Qt
ùD÷"ù��wþsù�����	 eh]Qehyfcfehlsr�tdcfb��&]Q²�yfcfehlsr�tpkqy9r"mVmVc�´Blqt

wü � ÿ=÷�
 `}lqtdk�l�ewbKr"g_l�]Q²�`}]_cfewbdmo¾oc�bdu¸^�r�·Dc�^�r"yFr_§RuRlqtdl�eRk�l7mVah|RmVlqbotdlqbKrQcfeRls§
Dþ���� � ü ^�r"·Dcf^�aR^áå�cfmVuhlMtsµ mp§RcfmVkqtdcf^/cfeBr"ewb4tKr"bdcf]
�Bû���� � � ^�r"·Dcf^�aR^ cfeB§Dcf�Dc�§DaBrQy¥²½l�r"bdaRtdl�lM×/k�cfl�ehkM�
�=÷��"ø�� � �¤÷�� � ü��¤û�
!�¤]_yfaR^/lP]Q²�]��¤lMtdy9r"`!tdl�gQcf]_e\]Q²�kqy9r"mVmp|}]Qaheh§RcfehgC|}]�·Dl�m
ù�
wÿ�����ùwúDþ�� tKr"bdcf]j]"²«bduhl7e=ah^C|}lqt4]"²«`}]_cfewbdm4bd]�bduhl7e=aR^�|}lqt4]"²�§Rcf^/l�eRmVcf]_ehm

� rjmVaR|hmdr"^/`hyfl,§Rl�k�cfmVcf]_ev²½]"tdl�m¦b/ß½öwú���_àM~¥r"y�mV]&�=eh]s¾oevrQmp|Br"g_g_l�§§Dl�k�cfmVcf]_e\bVtdl�l�m�~B¾ouRcfkMu
bVtKr"cfehm3]_|Ry�c��wahljbVtdlql�m3]_e�mdr"^/`hyfls§bVtKr"c�eRcfehg¸mVaR|hmVlqbdm,rQeh§bduhlqe�k�]Q^�|hcfeRl�m�bduhl�tdl�mVaRy�b
|w�&rs�¤lqtKr"g_cfehgjbduRl7`}]_m¦bdlMtdc�]"tPyflsr�²�`Rtd]Q|BrQ|Rcfy�c�bdcfl�m,Û è"Ü��

� âp[4i}~hr"e¸l��¤]QyfaRbdcf]_ehr"tV�!y�l�r"tdehcfeRgjk�y�rQmVmVc�´BlMt�Û�æ_æ_~{æs¢"Ü��
��uRlq�juhrs�¤lp|}lql�e/mVl�yfl�kqbdls§j²X]Qt�tdl�`Dtdl�mVl�ewbdcfehg,§Rc�Ö¥lqtdlqe=b�²�r"^/cfy�cfl�m+]Q²Fk�y�rQmVmVc�´BlMtdm��h��uRlpeRlsr"tdlqm¦b
eRl�cfg_u=|}]Qts~qbduhl�yfc�eRlsr"t�k�y�rQmVmVc�´BlMt�rQeh§Pbduhl�mVcfehg_yfl�bVtdl�l�r"tdl�bVtKr_§Dcfbdcf]QeBrQy¤¾+l�yfy����=eR]�¾oe�kqy9r"mVmVc�´Blqtdm��
��uRl²X]Qtdl�m¦bdm\|}l�yf]Qehg1bd]ÁbduRlksr�bdl�g_]"tV�¿]Q²Ck�y�rQmVmVc�´BlMtvk�]_^C|hcfeBr�bdc�]Qe{�I��uRlq�»bVtKrQcfe mVl��¤lqtKr"y
§Dl�k�cfmVcf]_e�bVtdl�l�m{|w�7mVah|RmdrQ^/`Ry�cfeRg4l�c�bduhlqtFbduhl�bVtKrQcfehcfeRgI`}]Qcfe=bdm�ß½öwú���_àF]"t�bduhl«²Xlsr"bdaDtdl�m�ß 
wú���_àM�
��uRlq��r"tdl��=eh]s¾oe�bd]j]QaRbd`}lqtV²X]Qtd^ômVcfehgQy�l�bVtdl�lqm��Bâp[4i!l��¤]Qyf�¤l�mIr�mVlqbp]Q²«tdaRy�lqmI|w�&^/lsr"ehmo]Q²
r�g_lqehlqbdcfk/r"y�gQ]Qtdc�bduh^¸�{��uRc�mP`Br"tVbdcfk�aRy�r"t3mVl�yfl�kqbdcf]Qe�rQyfyf]s¾om�bd]�m¦bdaB§=�¸c�²�lqehmVl�^C|hyflC^/lMbduh]=§Rm
r�tdl�r"y�¾4r��Dm�`RtdlM²½lqtKr"|hyfl&bduhrQe�cfeh§Rcf�=c9§DaBr"y+k�y�rQmVmVc�´hlqtdmj]QtC]_e�bduRl/k�]_ewbVtKr"tV�w~{bduhlqtdl&r�tdl&m¦bdcfyfy
k�rQmVl�m�¾ouRlqtdlPmVcfehgQyflPk�y�rQmVmVc�´hlqtdmoksrQe&|}lPr"`h`Ry�cfls§¥~DrQeh§�c�²�mV]R~w¾ouhlMtdlpbduhlqmVlPksr"mVl�m4r"tdlpyf]wksr"bdls§
cfe\bduhl3^/lsr"mVaRtdl�^/lqe=bImV`hrQk�l_� ± l�§D]/eh]"b7`RtdlMbdl�eB§�bd]�uBrs�¤l,r/²½aRy�y��¸tdlq`Rtdl�mVl�ewbKr�bdc��_lCmVlqbP]Q²
kqy9r"mVmVc�´Blqtdm�� ± l+tKr"bduRlqt«¾4r"ewb«bd]PbVtV�3bduhl�^/lqbduR]=§R]Qy�]QgQ�3¾oc�bdujr"ejcfehc�bdc�rQyDmVah|hmVlMb³]"²}k�y�rQmVmVc�´hlqtdm
r"eB§\l�eRuBrQeRk�l�bduhcfmPm¦bdah§D�!bd]&]"bduhlqtP`}]_`Rahy�r"tPk�y�rQmVmVc�´BlqtdmP]_ehkqlCbduhl3^/lqbduR]=§R]Qy�]QgQ�\|}lqk�]_^/l�m
^�r�bdaRtdl_�
± l/l��QrQyfaBr�bdl!lsr"kMu�kqy9r"mVmVc�´Blqt/cfe1r¸mVlqb�]Q²p�_�_¢�b ¾�]"��k�y�rQmVmj`Dtd]_|hyfl�^/m�~�lq·=bVtKrQkqbdl�§�²Xtd]_^

bduRl3��[+Ú�tdl�`}]QmVcfbd]"tV��Û �QÜ�~¥r"mPlq·D`hy�r"c�eRls§¸cfe¸bduhl3`Rtdlq�Dcf]QahmIkMuhrQ`RbdlMts�}åh]"tPlsr"kMu\`Dtd]_|Ry�lq^¸~h¾�l
lqm¦bdc�^�r�bdl3cfbdmIk�]Q^/`hyflq·Dc�b �!|=�!k�]Q^/`haRbdcfeRgjlsrQkKu\]Q²«bduRl3k�]_^/`Ry�lM·Rc�b���^/lqbVtdcfk�mo]Qe¸bduhl�¾ouh]Qy�l
rs�QrQcfy�rQ|Ry�l�§hr�bKrQmVlqbs� ± l&tdaRe�lsrQkKu1k�y�rQmVmVc�´Blqt�aRmVcfehg¼rvbdlqeR��`Br"mVmCb ¾+]Q��²½]Qy�§Ákqtd]QmVmV�_r"yfc9§Rr"bdcf]_e
bdlqm¦b7r"eB§¸c�§Rl�ewbdc�²X��bduhl3|}l�m¦bPrQeB§�¾+]Qtdm¦bPk�y�rQmVmVc�´BlqtP²½]QtPlsrQkKuv`Rtd]Q|hyfl�^¸�h��uhl�eF~B¾�l,k�]_^/`hr"tdl
l�rQkKu¸k�y�rQmVmVc�´BlMt7r"g¤rQcfeRm¦bpbduRl�^átdl�mV`}l�kMbdc��_l�y��w�h�7lMbKrQcfyfmPr�tdl3rQm4²½]Qy�yf]s¾om��
æQ����rQkKu\§hr�bKrQmVlqbIcfmotKrQeB§D]_^/y���`}lqtd^CaRbdls§/bdl�e!bdcf^/l�m��
¢w����rQkKu�bdcf^/l_~Fbduhl/§Rr"bKrQmVlMb�cfm,§Rcf�=c�§Rls§�cfe¼b ¾�]v§Dcfm (¦]_cfewbdm,mVlqbdm��«��uRl�e�lsr"kMu�k�y�rQmVmVc�´Blqt�cfm
bVtKr"c�eRls§�cfe�lsr"kMu�]Q²�bduRl�mVljb ¾+]¸mVlqbdmCrQeB§vbdl�m¦bdls§�]Qe�bduhl�]QbduhlMtC]Qehl_����uhl/kqy9r"mVmVc�´Blqtsµ m
lqtVtd]"tptKr�bdl�²½]Qtpbduhcfmo`Br�tVbdc�kqahy�r"tP`}lqtd^�aDbKr"bdcf]_e!c�mIl�m¦bdcf^�r"bdl�§¸rQmIbduhl�mVah^ã]"²«bduhl3lqtVtd]"tdm
]Qe¸lsrQkKu�bdl�m¦bomVlMbs~}§Rcf�=c�§Rls§&|w�/bduhl3§hr�bKrQmVlqbImVcfÙ�l_�
�=����u=ahm�~D²½]"tPl�rQkKu\§hr�bKrQmVlqbobduhlMtdl3r"tdl7bdl�e¸lMtVtd]QtIl�m¦bdcf^�r"bdl�m�~h]_eRl7²½]QtIlsr"kMu�`}lqtd^�aDbKr"bdcf]_eF�
��uRl7´BeBr"y{kqy9r"mVmVc�´Blqtsµ mPlMtVtd]QtI]_e�bduRl�§hr�bKrQmVlqbIcfm4bduhl3rs�¤lqtKr"g_l�]"²«c�bdmobdlqe¸lqtVtd]QtotKr�bdl�m��
�D��åh]"t�lsr"kMu¼`Rtd]Q|hyfl�^¸~B¾+l�c�§Rl�ewbdc�²X��bduhl�kqy9r"mVmVc�´Blqt�¾oc�bduvbduhl,y�]s¾+l�m¦b3^/lsrQevlqtVtd]"ts�F��uhl�eF~
¾+l7ahmVl7c�bdm4bdl�e&lqtVtd]QtIl�m¦bdcf^�r�bdl�morQm�bduRl7|Br"mVc�m4²X]Qtok�]Q^/`Br"tdcfmV]Qe�¾oc�bdu!bduhlp]QbduRlqtok�y�rQmVmVc��
´hlqtdm�~DahmVcfehg�r,`hrQc�tdls§&bV��bdl�m¦b+¾ocfbdu�r��_è�) k�]QeR´B§Rl�eRk�lPyfl��¤lqy��R��u=ahm�~w¾+l7c�§Rl�ewbdc�²X�/¾ouRcfkMu
k�y�r"mVmVcf´hlqtdm7r�tdl�ls�wahcf�QrQyfl�ewb4bd]�bduhlP|}l�m¦bI^/lqbduh]=§�]Qto¾�]"tdmVl�bduBrQe&bduhl7|}lqm¦bp^/lMbduh]=§F�



� �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

èw����uRlpmdr"^/lI`Dtd]wk�ls§DaRtdlocfm³aRmVls§�bd]3c9§Dl�ewbdc�²X��bduRl�¾�]"tdm¦b�k�y�rQmVmVc�´hlqt�²½]"t�lsr"kMu�`Dtd]_|hyfl�^¶r"eB§
bdl�m¦b+bduhlotdl�^�rQcfehcfeRg,kqy9r"mVmVc�´Blqtdmor"g¤rQcfeRm¦bocfbs~=mV]3bduBr�b+¾+lPc�§Rl�ewbdc�²X�jk�y�rQmVmVc�´Blqtdm4l��=aRcf�_r"y�lqe=b
bd]�bduRlP¾�]"tdm¦bP^/lMbduh]=§�]QtI|}lqbVbdlqtobduBr"e!bduRlP¾�]"tdm¦bP^/lqbduR]=§F�
± l&¾ocfyfyIrQ`R`Rtd]¤r"kMu1bduhl!§R]Q^�rQcfehmC]Q²Pk�]_^/`}lqbdlqehk�l&]Q²pk�y�rQmVmVc�´BlMtdm�²9td]_^õb ¾�]§Rc�Ö¥lqtdlqe=b

�=cflq¾om��{��uhlC´htdm¦b�]Qehl_~}bKr"�¤l�e¼c�e¼mVl�kqbdcf]Qe*æ_� �=~{¾ocfyfy�l�m¦bdcf^�r"bdl�bduRlj§R]Q^�rQcfev]Q²+k�]_^/`}lqbdlqehk�l
]"²7lsr"kMuÁk�y�rQmVmVc�´hlqts� ± l¸r"eBrQy��DÙ�l�¾ouRlqtdl�l�rQkKuºk�y�rQmVmVc�´hlqt�`}lqtV²½]"td^/m�rQm�bduRl�|}l�m¦bj^/lqbduh]=§¥~
r"eB§�rQm³bduhlo¾�]Qtdm¦bo^/lMbduh]=§F~QbVtV�Dc�eRg,bd]3c�§Rlqe=bdc�²9�/b �D`}l�m+]"²�`Dtd]_|Ry�lq^/m³¾ouhlMtdlpbduhlIk�y�rQmVmVc�´hlqtocfm
¾+l�yfy�mVahc�bdls§�rQeB§!`}]w]Qtdy��¸mVaRcfbdl�§F�}��uRl�mVl�k�]QeB§\rQ`R`Rtd]_rQkKu{~hbKr"�¤l�e¸cfe¸mVlqkqbdcf]_e�æ_� �R~BrQehrQy��DÙ�l�m�~
²X]QtClsrQkKu�`Rtd]Q|hyfl�^¸~Fbduhl/mVlqbC]Q²okqy9r"mVmVc�´Blqtdm,bduBr"bCr�tdl�¾+l�yfy�mVahc�bdls§�rQeB§`}]w]Qtdy���mVaRcfbdl�§F�«�Iy��
bduR]_aRg_uvbduhl,�Dcflq¾om3r�tdl�mVcf^/cfy�r"ts~Fuhlqtdl,¾�l,¾oc�yfy³§Rcfm¦bdcfehgQahcfmVu¼bduRlC`Dtd]_|Ry�lq^/mP¾ouhlqtdl,bduhlqtdlCcfm
rCmVc�eRg_yfl,§R]Q^/c�ehrQewb4|}l�m¦bIk�y�r"mVmVcf´hlqts~B²9td]_^ã`Rtd]Q|hyfl�^/m4¾ouhlMtdl�^/]QtdlPbduhr"bI]_eRl7k�y�rQmVmVc�´BlMtdm7r"tdl
]Q`Rbdcf^�rQy��h��u=ahm�~=¾�l7¾ocfyfyFbVtV��bd]�§Rlqbdlqtd^/cfeRlPc�²�bduhlMtdl�r"tdl3§DcfÖ¥lMtdl�ehk�lqmI|}lMb ¾�lql�e!bduRl�mVlPb �D`}l�m
]"²�`Rtd]Q|hyfl�^/m�� ± l7¾ocfyfy�r"y�mV]/m¦bdah§D��bduhl�`Dtd]_|Ry�lq^/m�¾ouhlqtdl3rjmVcfehgQyfl,kqy9r"mVmVc�´Blqtp`}lqtV²½]"td^/momVc�g"�
eRc�´Bksr"e=bdy��/¾+]Qtdm¦bo²Xtd]Q^ábduh]QmVl7`Rtd]Q|hyfl�^/m+¾ouRlqtdl�mVl��¤lqtKr"y¥k�y�rQmVmVc�´Blqtdmpr"tdlPls�wahcf�_r"yfl�ewbdyf�j`}]w]Qts�
��uRcfmorQ`h`Dtd]¤r"kMu�¾4r"morQy�tdlsr_§=�/bKrQ�¤lqe!cfe¼Û ��Ü¥¾ouhlqtdlIbduhl7§D]_^�r"c�eRm�]Q²�§R]Q^/cfeBrQewb+k�]_^/`}lqbdlqehk�l
¾+lqtdlvmVahk�kqc�eRkqbdy��ºc�§Dl�ewbdcf´hls§F�+��uhcfm&m¦bdaB§=�*cfm&l�ehuhrQeRk�ls§ºuRlqtdl¸¾oc�bduºbduhlvrQ§h§Rc�bdcf]_e¹]"²�bduhl
´Rtdm¦b4r"`h`Rtd]_rQkKu{� x ]"bdu!�=cflq¾omor�tdlPehlqk�l�mVmdr"tV�/bd],uhlqy�`�kKuh]w]QmVl�rQe�]_`Dbdcf^�rQy}k�y�rQmVmVc�´hlqtog_cf�¤l�e&r
`Dtd]_|Ry�lq^ ¾oc�bdu�k�]Q^/`haDbdls§jk�]_^/`Ryflq·Dcfb��/^/lqbVtdcfk�m��D��uRlptdl�mVaRyfbdm4]Q|RbKr"c�eRls§�uhlqtdl�cfe!r"tdlIbdc�l�§�bd]
bduRlp`hr"tVbdcfk�aRy9r�t4kKuh]_cfk�lp]Q²{k�y�rQmVmVc�´BlMtdm�~RmV],]QbduRlqt�kKuh]Qcfk�l�m4]Qt³bduhlIcfehk�yfahmVcf]Qe!]"²�eRlq¾¹k�y�rQmVmVc�´hlqtdm
^�r���yflsrQ§�bd]j§Rc�Ö¥lqtdlqe=botdl�mVaRy�bdm��

É4Ê+*-,¿Í Î¥ò,ð/.çÐ10Ìë4ÔMÍ,î¹Ð3254*Ð6087/ð«Î}ð�Í,Ó�ð'Ð3254ºìdë4îBîBÔ:9Cð�ÏFî
± l7r"eBrQy��DÙ�lP¾ouRlqtdl7lsr"kMu!k�y�rQmVmVc�´BlMtp`}lMtV²½]Qtd^/m�rQmo]_eRlP]Q²�bduhlP|}lqm¦b4^/lqbduh]=§Dm4rQeh§!r"m4]_eRl7]Q²
bduRlC¾+]Qtdm¦b3^/lqbduR]=§Rm�� ± lCbVtV�¸bd]&tdl�y�r"bdl�bduRc�mpbd]&bduRl�k�]Q^/`hyflq·Dc�b �\^/lsr"mVaRtdl�^/lqe=bpmV`Br"k�ljmV]
bduhr"b4¾+l,k�rQe�c�§Dl�ewbdcf²9�¸§D]_^�r"c�eRm4]Q²�k�]Q^/`}lqbdl�eRk�l7]Q²�k�y�rQmVmVc�´Blqtdm��
± l!¾ocfyfypmVuR]s¾
§Dc�Ö¥lqtdl�ewb/`Rtd]�(¦lqkqbdcf]_ehm&]Q²pbduhl¸kq]_^/`hyflq·Dc�b ��^/lsrQmVaDtdl�^/l�ewbjmV`hrQk�lvr"eB§

`Ryf]Qb,bduhl/k�y�rQmVmVc�´hlqtsµ m�^/l�^C|}lqtdmVuhcf`bd]!bduRtdl�l�ksr�bdl�g_]"tdc�lqm���|}l�m¦bs~�¾+]Qtdm¦bs~�]"t�eR]_eRl/]Q²obduhl�^¸�
± ljahmVljr!k�c�tdk�yflj¾ouhlqebduhl�k�y�rQmVmVc�´BlqtCcfm�ls�wahcf�QrQyfl�ewb�bd]!bduRlj|}l�m¦b3^/lqbduR]=§Áß�c�� l_�f~�c�b3cfm�bduhl
|}lqm¦b«^/lqbduh]=§�]"t�cfbdm«`}lMtV²½]Qtd^�r"ehk�l³cfm«ls�wahcf�_r"yfl�ewb�bd]IbduRl+|}l�m¦b�^/lqbduh]=§�k�]QehmVc�§RlqtdcfeRg�rI`hrQc�tdls§
bV��bdl�m¦bo¾oc�bdu\r/�_è�)ák�]QeR´}§Dl�ehkql�y�lq�¤l�y9àM� ± l7ahmVl,r�kqtd]QmVmI¾ouRl�e�bduRl�k�y�rQmVmVc�´BlqtPcfmIl��=aRcf�_r"y�lqe=b
bd]\bduRl�¾+]Qtdm¦b/^/lMbduh]=§ºß½¾ouRc�kKu�^/lsr"ehm,cfb�cfmCbduhl�¾�]"tdm¦bjk�y�r"mVmVcf´hlqt/]"tjc�bdm�`}lqtV²X]Qtd^�r"ehk�l&cfm
²X]_aReB§jls�wahcf�QrQyfl�ewb�bd]3bduhr"b³]Q²¥bduhl4¾+]Qtdm¦b4k�y�r"mVmVcf´hlqtMàM�D��uhlotdl�m¦b³]Q²Fbduhlo`Rtd]Q|hyfl�^/m�~Q¾ouhlqtdlobduhl
kqy9r"mVmVc�´BlqtpcfmIeRl�c�bduhlqtI|}l�m¦bIeR]Qt4¾�]"tdm¦bs~}r�tdl�mVuh]s¾oe�¾oc�bdu\r�mV^�r"y�yF`hyfaRmImVcfgQe{�

;5<>=@?�<BA�CD;5<>E+FHGJI1KL?
å�cfgD��æ_�fæ¼mVuh]s¾om�bduhl¼§D]_^�rQcfe¹]"²Ckq]_^/`}lqbdl�eRk�lv]Q²3bduhl¼ehl�r"tdl�m¦b�ehl�cfg_u=|}]"t�k�y�r"mVmVcf´hlqts� ± l
´heB§�bduBr�b�^/]_m¦b/]"²7bduhl¸`Dtd]_|Ry�lq^/m�¾ouhlqtdl!ù¤ù1`}lqtV²½]"td^/m/]_`Dbdc�^�r"yfyf�Á|}l�yf]Qehgbd]�¤lqtV�Áyf]s¾
`}lMtdk�l�ewbKrQgQl�]Q²+`}]_cfewbdm7cfe|}]Qaheh§hr"tV�\rQeB§\yf]s¾äeh]Qehyfcfehlsr�tdcfbdcfl�m�ß�mVl�l�å�cfgR��æ¤ß�r_àVàM����uRlq�vr"y�mV]
bdlqeB§�bd]|}l!`hy�rQk�l�§*cfe*yf]s¾ cfe=bVtKr���c�ewbdlqtdkqy9r"mVm/ehlsr�tdl�m¦b�ehlqc�gQu=|}]Qt&§Rcfm¦bKr"ehk�l�m�~³r"m/mVuh]s¾oeºcfe
å�cfgD�}æ¤ß�|}àM~wrQy�bduh]Qahg_u&]QbduRlqt�`Dtd]_|Ry�lq^/m�¾oc�bdu�yf]�¾»�_r"y�aRl�m�cfe/bduhcfm+^/lMbVtdc�kI§D],eR]Qb+k�]QtVtdl�mV`}]QeB§
bd]jrQe¸]Q`Rbdcf^�rQy}ù¤ùBµ mI|}l�uBrs�=cf]Qts�h��uhl7tdl�^�r"cfehcfehgj^/lMbVtdc�kqmo§R]jeR]QbIcfe#MBaRl�ehkqlPbduhl7kqy9r"mVmVc�´Blqtsµ m
|}lquBrs�=c�]"t&mVc�gQehc�´Bk�rQewbdy��w�4��uhlv`Dtdlqbd]_`}]Qy�]Qg_cfksr"y7^/lsrQmVaDtdl\]_e»bduRl¸`}lqtdk�l�ewbKr"g_lv]Q²�tdlqbKr"cfehls§
rQ§RuRlqtdl�ehkql³mVaR|hmVlqbdm{c�m�eh]Qb��¤lqtV�PmVc�gQehc�´Bk�rQewb�bd]omVlqb�bduRl�ù_ùBµ m�|}l�uBrs�=cf]Qts~"r"m�c�b�cfm�mVuR]�¾oe3cfe,å�cfgR�
æ_ß�k�àM�R��uhl�§DcfmVkqtdcf^/c�ehrQewbo`}]s¾�lqto]"²�bduRl�r"bVbVtdcf|haDbdl�m4cfm4ehl�c�bduRlqt4mVcfg_eRcf´hksrQewbo²½]"tI§RlqbdlMtd^/c�eRcfehg
bduRlPù¤ùBµ mI|}l�uBrs�=cf]Qt��RmVl�l�²½]"tplM·hr"^/`hyflPbduRl7^�r"·Dcf^�aR^¸µ m�å�c�mVuRlqtp§RcfmVkqtdcf^/cfeBr"e=b4tKr�bdcf]/c�e�å�cfgR�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm è

! ¬#"%$ ÃN& °POF° � lMtdk�l�ewbKrQgQl&]"²o`Rtd]Q|hyfl�^/m7¾ouhlMtdl/lsrQkKu�k�y�rQmVmVc�´BlMt�cfm,ls�wahcf�_r"yfl�ewb�bd]�bduhlj|}lqm¦b
^/lMbduh]=§F~Dls�waRc��QrQyfl�ewb4bd]�bduRlP¾�]"tdm¦bI^/lqbduh]=§¥~hr"eB§&eh]_eRl�]Q²�bduRl�^¸�

x l�m¦b�ß�)jà ± ]Qtdm¦b,ß�)jà��I�DgD�Fß�)jà
ù¤ù è"� �Q� æs¢
��� �_� �¤� ¢Q�
÷Qú_ÿ � �Q� ¢Q�

wú��� æ�¢ æs� �"£
öwú��� ¢Q� æ_æ �Q�
����� æs� æ�� �"�

æ_ß�|}àM���pehrQy��DÙ�cfehg¸ù�
wÿ����"ùwúDþQ�1c�b,mVl�l�^/m�bduBr�bCrQyf^/]_m¦b�rQyfy³bduRl/`Rtd]Q|hyfl�^/m�¾ouhlqtdljbduRljù¤ù¼cfm
]Q`Rbdcf^�rQyPk�]QtVtdl�mV`}]QeB§¹bd]1uhcfg_u¹tKr"bdcf]Qm¸]Q²,ù�
wÿ����"ùwúDþ��¶ß�rQ|}]_aDb�æ��_�¤àM� x aRb�bduRcfm�cfmR(¦aRm¦b\r
kq]_cfehk�c�§Dl�ehk�l/|}lqksrQaRmVl!r"yf^/]_m¦bCrQyfy�`Rtd]_|Ryfl�^/m3y�]wk�r"bdls§�cfe�bduRcfm,�QrQyfaRlj|}l�yf]_eRg¸bd]�bduhljyflqbVbdlMt
`Dtd]_|Ry�lq^¸~D¾ouRcfkMu�rQyfy{uhrs�¤lpbduRl7mdrQ^/lPtdlqy9r�bdcf]_e¸]"²�bduhlPeDaR^�|}lqt+]Q²«`}]Qcfe=bdm4]��¤lMt4bduhl7e=ah^C|}lqt
]"²�§Dcf^/l�ehmVcf]_eRm��=��uhlp`Rtd]Q|hyfl�^/m³§R]3eh]"b�`RtdlqmVl�ewb4r3ahehc�²X]Qtd^ §Rcfm¦bVtdcf|haRbdcf]Qe!]��¤lqt�bduhcfm�^/lMbVtdc�kQ~
mV]/c�bIcfmI§Rc�×/k�aRyfbobd]jlM·DbVtKr"`}]_y�r"bdl3]Q|hmVlqtd�Qr"bdcf]_eRm4²Xtd]_^ôc�bs� ± l�eh]"bdl7bduBr�b4bduhl7ù¤ù�cfmI]_`Rbdcf^�r"y
²X]Qtpbduhl�lsr"mVc�lqm¦b7`Rtd]Q|hyfl�^/m��h]_|hmVlMtd�¤l7bduBr�bPcfe�bduRl�mVl3ksrQmVl�m�~hbduhl�ù¤ùBµ mPlMtVtd]Qtpc�mI�¤lqtV�!yf]s¾�� ± l
r"yfmV]��¤lqtdc�´hls§�bduBr�bPbduhlqmVl�`Rtd]Q|hyfl�^/mprQyfmV]�kq]QtVtdl�mV`}]QeB§\bd]&yf]s¾çlqtVtd]"tdm7²Xtd]Q^Ìbduhl3tdl�^�r"c�eRcfehg
kqy9r"mVmVc�´Blqtdm��
��rQ|hyfl7æQ� ¢ImVah^/^�r"tdcfÙ�lqm�bduhl�e=ah^C|}lqt«]"²}`Rtd]Q|hyfl�^/m�¾ouhlMtdl4lsrQkKujk�y�rQmVmVc�´hlqt+cfm�|}l�m¦bs~"¾�]"tdm¦b

r"eB§�rs�¤lqtKr"g_l_� ± l³c�§Dl�ewbdcf²9�Pbduhr"b�bduRl�ehlsr�tdl�m¦b�eRl�cfg_u=|}]Qt�uBrQmFbduhl�lq·=bVtdl�^/l�|}l�uhr��=cf]Qt�]Q²Dl�c�bduhlMt
|}lquBrs�=c�eRg�^/]_m¦bdy��*yfc��_lvbduRlv|}l�m¦b&k�y�rQmVmVc�´Blqt�ß�è"��)$]"²�bduhlv`Rtd]Q|hyfl�^/mKàj]Qt!yfc��_l¸bduhl\¾�]"tdm¦b
kqy9r"mVmVc�´Blqt�ß��Q��)(]"²4bduhl/`Rtd]Q|hyfl�^/mKàM�{��uhlMtdl&cfmCr�gQtdl�r"bdlqtCbdl�eB§Dl�ehkq�vbd]¸|}lquBrs�¤l/]_`Dbdcf^�rQyfy��
r"y�bduh]_aRg_u¼bduhcfm7^�r��\|}l�|Rc�rQmVls§¼|=��bduhl�kqaRtVtdl�ewb7mVlqy�lqkqbdcf]_e�]"²�`Rtd]Q|hyfl�^/m��HSPeRyf�vcfe1æ�¢�)Ì]Q²
bduRl7`Rtd]Q|hyfl�^/m�~DbduhlPù_ù�c�mIr"e\rs�¤lqtKrQgQl�k�y�rQmVmVc�´BlMts�

T6E�UV<B=W?YX[Z�=LA�A�E]\^<>?
��uRl7yfcfehlsr�tok�y�rQmVmVc�´BlqtIuhrQm4r,|}l�uBrs�=cf]QtIrQyf^/]Qm¦b4k�]_ewbVtKr�tV�/bd]CbduBr�b4]Q²{bduhlpehlsr�tdl�m¦boehl�cfgQuD|}]"ts�
å�cfgD��æQ� ¢�mVuR]�¾ompbduBr"bp²½]"t3�¤lqtV�¸yf]s¾ç`}lqtdkql�ewbKrQg_lC]Q²³`}]_cfewbdm7cfev|}]_aheh§hr�tV��ß�yfl�mVmPbduBr"e�æs��)�à
c�b3`}lqtV²X]Qtd^/m�r"m7bduhl,¾�]Qtdm¦b3^/lMbduh]=§F~}¾ouRcfy�l�cfbP¾�]Qtd�=m3r"m7bduhl�|}lqm¦b3^/lqbduh]=§¸²½]"t,r!e=ah^C|}lqt
]"²I`Rtd]_|Ryfl�^/m�¾ocfbdu�ö=÷"ø¤ùwú=û"ü¤ý�QrQyfaRl�mC|}lMb ¾�lql�e»æs��) r"eB§1�"��)&���Pl��¤lMtVbduhl�yfl�mVm�~{bduhlqtdl&r"tdl
r"yfmV]�mV]_^/l�²Xlq¾ `Rtd]Q|hyfl�^/m�¾oc�bdu»`}lqtdkql�ewbKrQg_l�]Q²�`}]Qc�ewbdm/cfeº|}]Qaheh§hr"tV�1cfeRmVc9§Dl�bduhcfmjtKr"ehg_l
ß¦æ���),� �"��)jàI¾ouRlqtdl3bduhl3yfc�eRlsr"t7k�y�rQmVmVc�´Blqt7`}lqtV²½]"td^/m7rQmIbduhl3¾�]"tdm¦b7^/lqbduR]=§¸]Qt�r"m7r"ers�¤lMtV�
r"g_lp^/lqbduh]=§¥�w�{tKr"k�cfehg�bduhl_���=µ m+|}lquBrs�=c�]"t4r"y�]Qehg3bduhlp§Rc�Ö¥lqtdl�ewb³`Rtd]�(¦l�kMbdc�]Qehm�]"²�kq]_^/`hyflq·Dc�b �w~
¾+lpc�§Dl�ewbdcf²9��bduhr"b�bduhl1���7`}lqtV²½]"td^/m³|}lqm¦b³²X]Qt�uRcfg_u/|}]_aReB§Rr"tV�j�QrQyfaRl�m�~¤uRc�gQu/cfe=bVtKr���c�ewbdlqtdkqy9r"mVm
eRlsr"tdlqm¦b7ehlqc�gQu=|}]QtP§Rcfm¦bKrQeRk�l�m�~¥r"eB§¸uhcfgQu¼eR]_eRy�cfeRlsr"tdc�bdcfl�mP]"²�|}]Qbdu¸bduhl3yfcfehlsr�t7k�y�r"mVmVcf´hlqt3r"eB§
eRlsr"tdlqm¦b4ehl�cfgQuD|}]"ts� x aRb+bduhlqtdlpr"tdlPrQyfmV]�mV]Q^/lP`Rtd]Q|hyfl�^/mpß�rQy�bduh]Qahg_u&cfe/²½lq¾+lqto`Rtd]Q`}]QtVbdcf]_eRmKà
bduhr"bPr"tdl,`hy�rQkqls§\c�e\mVcf^/cfy�r"tptdl�g_cf]_eRmP]"²�bduRl3^/lsrQmVaDtdl�^/l�ewbImV`BrQkql_~B¾ouhlMtdl,bduRl,yfcfehl�r"t7kqy9r"m¦�
mVc�´hlqtI`}lqtV²½]"td^/mpr"m4bduhlP¾+]Qtdm¦bp^/lqbduh]=§¥�
��uRljg_lqehlqtKr"y�bdl�eh§Rl�eRkq�\cfm�bduBr�b�bduhl�yfcfehl�r"t,k�y�rQmVmVc�´BlMtC`}lMtV²½]Qtd^/m�]Q`Rbdcf^�rQyfy��v¾ouhl�e¼bduhl

`Dtd]_|Ry�lq^/mCr�tdl�^/]Qtdl�§Rc�×/kqahy�bs�«åh]"t,�¤lqtV�lsrQm¦��`Rtd]_|Ryfl�^/m�ß½²½lq¾ `}]_cfewbdmCcfe�|}]Qaheh§hr"tV�w~{yf]s¾
eR]_eRy�cfeRlsr"tdc�bdcfl�m�~�lqbdk�à,bduRl!yfcfehl�r"t/k�y�r"mVmVcf´hlqts~+rQy�bduh]Qahg_uÁuBrs�=cfehg¼rvy�]s¾ãlMtVtd]Qts~�cfm�bduhl�¾�]"tdm¦b
^/lMbduh]=§F�
��uRcfm�|}l�uBrs�=cf]Qt4cfm4cfe/²�r"kqbomVaRtd`Dtdc�mVcfeRg#�D]_eRlPksr"e��wahlqm¦bdc�]Qe!uR]s¾¿r,yfcfehl�r"tok�y�rQmVmVc�´hlqtomVl�`Br��

tKr�bdcfehgPbduRl4k�y�rQmVm�|}]_aheh§hr�tdc�lqm�|w�CrQe�u=�D`}lqtd`Ry�rQehl+ksrQej]��¤lMtdk�]_^/l�]"bduhlqt�^/]"tdl4mV]_`huRcfm¦bdc�k�r"bdls§
kqy9r"mVmVc�´Blqtdm+rQm«bduhl4§Dl�k�cfmVcf]_ej²X]Qtdl�m¦bdm�]Qt³âp[4i¥~"mV`}l�k�c�rQyfy��jcfe�bduRl�^/]_m¦b³§Dcf×jk�ahy�b�`Rtd]Q|hyfl�^/m�� ± l



� �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

 0.01

 0.1

 1

 10

 100

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 N

N

% pts on boundary

nn

best
worst

others

ß�r¤à

 0

 2

 4

 6

 8

 10

 12

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

m
ax

. F
is

he
r’s

 d
is

cr
im

. r
at

io

intra / inter class distances

nn

best
worst

others

ß�|Bà

 0.01

 0.1

 1

 10

 100

 30  40  50  60  70  80  90  100

nn
’s

 e
rr

or

% retained adherence subsets

nn

best
worst

others

ß�k�à

 0.01

 0.1

 1

 10

 100

 0  50  100  150  200  250  300  350

nn
’s

 e
rr

or

npts / ndim

nn

best
worst

others

ß�§Bà

`3acb ° & ° & ° � td]_|hyfl�^/m4¾ouRlqtdl7bduhl�eRlsr"tdl�m¦bpehlqc�gQu=|}]Qt,ß½ù¤ùDà�`}lqtV²X]Qtd^/mI|}l�m¦b,ß�d�àM~R¾+]Qtdm¦bCß�e³àM~
r"eB§3rs�¤lqtKr"g_lIß�f�àM~smVuh]s¾oe3cfe,mVlqy�lqkqbdls§3`Rtd]�(¦l�kqbdcf]Qehm�]"²RbduRl³k�]Q^/`hyflq·Dc�b �p^/lsrQmVaDtdl�^/l�ewb{mV`BrQkql_�
ß�r_à{`}lqtdk�lqe=bKr"g_l�]"²B`}]Qc�ewbdm�cfe,|}]_aReB§hr�tV���=m���eh]Qehyfcfehlsr�tdcfb��,]Q²Dù¤ùB~"|}]Qbdu,cfeCyf]_g_r"tdc�bduh^/cfk�mVk�rQyfl_~
ß�|Bà7c�ewbVtKr���cfewbdlqtdk�y�r"mVm�ehl�r"tdl�m¦b�ehl�cfg_u=|}]"tj§Dc�m¦bKr"ehk�lqm��=m���^�r�·Rcf^Cah^.å�cfmVuhlMtsµ m�§RcfmVkqtdcf^/cfeBr"e=b
tKr�bdcf]R~7ß�ksà�`}lqtdk�l�ewbKrQgQl\]Q²�tdlqbKr"cfehls§»rQ§RuRlqtdl�ehkql¸mVah|RmVlqbdm��Dm���ù¤ùBµ m�lqtVtd]"tß�cfe»yf]Qg¤r"tdc�bduR^/c�k
mVk�rQyfl�àM~{rQeh§1ß�§hàotKr�bdc�]&]Q²�bduhl,e=ah^C|}lqtP]"²+`}]Qcfe=bdmpbd]�bduRlCe=aR^�|}lqtp]Q²+§Rcf^/l�eRmVc�]Qehmp�Dm��hù¤ùBµ m
lMtVtd]Qt,ß�cfe¸yf]_g¤r�tdc�bduh^/cfk�mVksrQyfl�àM�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm �

uw�D`}]QbduRl�mVcfÙ�lPbduhr"bomV`Br�tdmVc�b �&]Q²�bduRlPbVtKrQcfeRc�eRgjmVlqbo^�r���|}l�r�`}]QmVmVcf|hyfl�ksrQaRmVl_~R^�rQ�=cfehg,]QbduhlMt
kqy9r"mVmVc�´Blqtdm�]��¤lMtV´hbs�¤Ú�ejmV`Br�tdmVlIbVtKr"cfehcfehg3mVlqbdm�~wmV]Q`huRc�m¦bdcfksr�bdls§/k�y�rQmVmVc�´BlMtdm�^�r��CbVtV�,bd]3rQ`R`Rtd]s·=�
cf^�r�bdljbd]w]¸`Rtdl�kqc�mVlqyf�bduhljkqy9r"mVmC|}]Qaheh§hr"tdcfl�m�¾ouRl�e�bduhlqmVl/|}]_aheh§hr�tdc�lqmCr�tdl�eh]Qb,§Dl�mVkqtdcf|}ls§
|w�!mVaR×/kqc�lqe=botdl�`Dtdl�mVl�ewbKr"bdcf�¤l3`}]Qc�ewbdm��B��uhl�eF~hbduhlqmVl,kqy9r"mVmVc�´Blqtdmp^�rs�!`}lqtV²X]Qtd^ô`}]w]Qtdy���¾oc�bdu
eRlq¾*ahehmVlql�e/cfehm¦bKrQeRk�l�m��=�»yfcfehl�r"t4r"`h`Dtd]¤rQkKu/^�r��,|}lo¾+l�yfy}mVahc�bdls§�bd]7bduRc�m�b �D`}l4]"²{`Dtd]_|Ry�lq^¸~
uhrs�DcfeRgjyfl�mVmIbdlqeB§Rlqehkq��bd]j]��¤lqtV´Rbs�B��uRl�e=ah^�|}lMt4]Q²�`}]Qc�ewbdm4bd]�bduRl�eDaR^�|}lqt�]Q²�§Rcf^/l�eRmVcf]_ehm
bVtdcfl�mpbd]¸rQ`R`Rtd]s·Dcf^�r"bdl3bduhl,mV`Br"tdmVc�b��v]Q²+bduRl,bVtKr"cfehcfehg!mVlqbs� x aRbP¾�lC´heB§\eh]&k�yflsr�t7tdl�y�r"bdcf]_e
|}lMb ¾�lql�e�bduhlg���=µ mp|}lquBrs�=c�]"tprQeB§�bduhcfmo^/lqbVtdcfk_~D¾ouhcfkMu�^�rs��cfeh§Rcfksr"bdl�bduhr"b4bduhl�^/lMbVtdc�kPc�mIr
td]QahgQul�m¦bdcf^�r�bdc�]Qe]"²+bduRl,bVtKr"c�eRcfehg&mVlqb3mV`Br�tdmVcfb��w�¥Ú e\²�r"kqbs~¥bduhl,^/lqbVtdcfkCk�rQe¼]_ehy��vk�]QehmVc�§RlMt
bduRl3rQ`R`Br"tdlqe=bImV`hr"tdmVc�b ��]Q²�bduhl7bVtKr"c�eRcfehg/mVlqbs~R¾ouhcfkMu\^�r��&|}l�aheRk�]QtVtdlqy9r�bdls§�²Xtd]Q^ bduRl7bVtdahl
mV`hr"tdmVc�b �w�F��uRlj§Dc�m¦bVtdcf|RaRbdcf]_ev]Q²+`}]_cfewbdm7cfe\bduhljrs�QrQcfy�rQ|Ry�l,bVtKrQcfehcfeRg�mVlqb�^/cfgQu=bp|}l��_lqtV�v§Rc�²9�
²Xlqtdl�ewb4²Xtd]Q^'bduhl7]"tdcfg_cfeBr"y�§Dc�m¦bVtdcf|RaRbdcf]_e¸]"²�bduRl7`Rtd]Q|hyfl�^¸�R�pm+¾+l3§R]Ceh]Qbouhrs�¤lpbduRl7]Qtdcfg_cfehrQy
mV]QaRtdk�lqmp]"²�bduhl3§Rr"bKrQmVlMbdm�~h¾�l�k�rQe¸eR]Qbok�]Q^/`haRbdlpbduhlPbVtdaRl�mV`Br"tdmVc�b��!²X]Qtobduhl�k�aDtVtdl�ewbomVlqbI]Q²
`Dtd]_|Ry�lq^/m��
i=cfehk�l�¾+lj´Beh§¼bduBr�b3bduhljyfcfehlsr�t�kqy9r"mVmVc�´Blqt,bdl�eB§Dm7bd]¸|}l�uhr��_lj]_`Dbdc�^�r"yfyf�¼²½]"tCbduRlj^/]_m¦b

kq]_^/`hyflq·�`Rtd]Q|hyfl�^/m�~h¾ouRlqtdl3bduhl3k�y�rQmVmVc�´BlMtdm�µ¥lqtVtd]QtdmPr"tdl,�¤lqtV�¸uRcfg_u{~h¾�l3^�r��¸r"y�mV]&uw�D`}]QbduR�
lqmVc�Ùql�bduhr"b3bduhcfm,k�]_eh§Rc�bdcf]_e�k�rQe�|}l�§RaRl�bd]¸bduhl/`Dtdl�mVl�eRk�l/]Q²oeR]_cfmVl_~«c�� l_�f~�bduRl/`Rtdl�mVl�eRk�l�]Q²
^/cfmVy�rQ|}lqy�l�§¼`}]Qc�ewbdm7cfevbduhl�mVl�§hr�bKrQmVlqbdm��{åh]"t7bduhl�mVl,b �D`}l�mp]Q²�`Dtd]_|Ry�lq^/m�~¥r&yfcfehl�r"t3k�y�rQmVmVc�´hlqt
^�r��!|}l3^/]Qtdl�td]_|Rahm¦bIbduBrQe\]"bduhlqtPk�y�rQmVmVc�´BlMtdmPbduBr�bpbVtV�!bd]/l��¤]_yf�¤l3^/]"tdl,kq]_^/`hyflq·�|}]_aReB§D�
r�tdcfl�m�~h¾ouRc�kKu�tdl�mVaRy�bIbd]�|}lPbd]w]/]��¤lqtV´hbVbdl�§F�
��uRl+k�aDtVtdl�ewb«^/lsr"mVaRtdl�^/l�ewb�mV`BrQkql�cfm«c�eRmVaR×/kqc�lqe=b«bd]p§Rcfm¦bdcfehgQahcfmVu�kqy�l�r"tdy��CbduRl+`Dtd]_|hyfl�^/m

¾ouRlqtdl�bduhl3yfcfehlsr�tPk�y�r"mVmVcf´hlqt7cfmp|}l�m¦b7r"eB§!¾+]Qtdm¦bs�¥�Iy�bduh]_aRg_u�bduRl7tdlsrQmV]Qehmp^�rs�!|}l^(¦aRm¦bdc�´Bls§
|w�3bduhl�b�¾�]�`Dtdl��=c�]Qahm�uw�D`}]QbduhlqmVl�m�~QbduRlq�C^�rs�Cr"y�mV]�|}lI§Dahl+bd]3rPy�r"kM�C]Q²¥^/lqbVtdcfk�m�§RlqmVkqtdcf|hcfehg
^/]"tdl7`Rtdlqk�cfmVl�y��!bduRl�k�]_^/`Ry�lM·Rc�b���]Q²«bduhlP`Rtd]_|Ryfl�^¸�
��uRlh���=µ m4|}l�uBrs�=cf]Qt�cfm�mV]Q^/l�uh]s¾¹lM·DbVtdlq^/lobd]w]D~DrQm+²X]_aReB§�c�e/bduRlpksr"mVlP]"²{bduRlIù¤ù�k�y�rQmVmVc��

´hlqts��SP|RmVlqtd�¤l4bduBr�bV����cfm�]_`Dbdc�^�r"yhcfe��_��)ä]"²FksrQmVl�m�~wrQeB§�¾+]Qtdm¦b+c�e/�_��) ]Q²Fksr"mVl�m�~DrQm�mVuh]s¾oe
cfe\��rQ|hyfljæQ� ¢w�

ij<Bk�E+A�E+KHUml1?�<><
��uRl\§Rlqk�cfmVc�]QeºbVtdl�l¸`}lMtV²½]Qtd^/m/]Q`Rbdcf^�rQyfy��Ácfeº�¤lqtV��²Xlq¾ `Rtd]Q|hyfl�^/m���bd]�|}l!lq·RrQkqbs~³cfeº]_eRy��
æs¢¸`Rtd]_|Ryfl�^/m3]_aRbC]Q²p�Q�¤¢=~�¾ouhcfkMu1k�]"tVtdl�mV`}]_eh§Rm3bd]¼r¸`}lqtdk�l�ewbKrQgQl!]"²I��)&��Ú e1�"��).]Q²obduhl
`Dtd]_|Ry�lq^/m�~�bduhl&mVcfehgQy�l�bVtdl�l&`}lqtV²½]"td^/m�r"m�bduhl/¾+]Qtdm¦bj^/lMbduh]=§F~{¾ouhcfyfl!c�b�`}lqtV²½]"td^/mCcfe�bduhl
rs�¤lMtKrQg_l�cfev¢Q��)á]"²«bduhl7`Dtd]_|hyfl�^/m�~hrQmomVuR]�¾oe�c�e���rQ|Ryfl�æQ� ¢=�
Ú�b«cfm�§Rc�×/k�aRy�b�bd]7§Dlqbdlqtd^/cfehl�²½]"t�¾ouhr"b«�=cfeB§3]Q²h`Rtd]Q|hyfl�^/m�bduRl+mVcfehgQy�l�bVtdlql�cfm«|}l�m¦b«mVahc�bdls§¥�

Ú�b/]_eRy��1`}lqtV²½]"td^/mj]_`Dbdc�^�r"yfyf�1cfe¿æ�¢v`Rtd]_|Ryfl�^/m�~«¾ouhcfkKu*cfmjeR]Qb/mVaD×/k�cfl�ewbjbd]�lM·DbVtKr"`}]_y�r"bdl
gQl�ehlMtKrQy�]Q|hmVlqtd�Qr"bdcf]Qehm�� � ]Qtdl�]��¤lqtobduRl�mVl�`Rtd]Q|hyfl�^/mor"tdl�eR]Qbok�]Q^/`Br"kqbdls§!cfe&bduhl7mdr"^/l3r"tdlsr
]"²�bduhlP^/lsrQmVaDtdl�^/l�ewb4mV`Br"k�l_~hrQmoc�boksrQe�|}l7]_|RmVlqtd�¤ls§�²Xtd]_^ôå�cfgD��æ_� �=�BÚ�b�c�mIr"y�mV]�§Dc�×/k�ahy�b4bd]
§DcfmVkqtdcf^/c�ehr"bdl/|}lqb�¾�l�lqe�bduhlj`Dtd]_|Ry�lq^/m3¾ouRlqtdljbduhl�mVc�eRg_yfl/bVtdl�l/`}lqtV²X]Qtd^/m�¾�]"tdm¦bC²9td]_^.bduhl
`Dtd]_|Ry�lq^/m�¾ouhlqtdl7bduRl�mVc�eRg_yfl7bVtdl�l�cfmIrQe\rs�¤lMtKrQg_l�`}lMtV²½]Qtd^/lMts�

npo IVA�q^=@k�<riY<Bk�E+A�E+KHUmstKH?�<BA�C
��uRl�mVaR|hmV`Br"k�lj§Dl�k�cfmVcf]_ev²½]"tdl�m¦b3cf^/`Rtd]��¤l�mobduhl,|}l�uBrs�=cf]Qt�]"²+bduRlCmVcfehgQyflCbVtdl�l_~¥cfevbduhl,mVl�ehmVl
bduhr"b,bduhl/²½]"tdl�m¦b/cfm�^/]"tdl/td]_|haRm¦bjcfe1r\uhcfg_u�`Dtd]_`}]"tVbdc�]Qe1]Q²p`Rtd]_|Ryfl�^/m��«��r"|hyflvæ_� ¢vmVuR]s¾om
bduhr"b7bduRlCmVaR|hmV`hrQk�l�²X]Qtdl�m¦b3cfm�r"e�rs�¤lMtKrQg_l�^/lqbduh]=§\cfe��Q�¤��`Rtd]_|Ryfl�^/m�ß��"£�)jàM~{rQeh§¼cfm7|}lqm¦b
r"eB§�¾�]Qtdm¦bpcfe!²Xlq¾�lqtp`Rtd]Q`}]QtVbdcf]_eRmCß¦æs¢�)'r"eB§¼æ���)átdl�mV`}l�kMbdc��_l�y��BàM�



£ �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  10  20  30  40  50  60  70  80

no
nl

in
ea

rit
y 

of
 N

N

% pts on boundary

lc

best
worst

others

ß�r¤à

 0.01

 0.1

 1

 10

 100

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 N

N
 (

lo
g)

% pts on boundary (log)

lc

best
worst

others

ß�|}à

 0

 2

 4

 6

 8

 10

 12

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

m
ax

. F
is

he
r’s

 d
is

cr
im

. r
at

io

intra / inter class distances

lc

best
worst

others

ß�ksà

 1

 10

 100

 30  40  50  60  70  80  90  100

lc
’s

 e
rr

or

% retained adherence subsets

lc

best
worst

others

ß�§Bà

 0

 10

 20

 30

 40

 50

 60

 0  10  20  30  40  50  60  70  80  90  100

lc
’s

 e
rr

or

max. feature efficiency

lc

best
worst

others

ß�lsà

 1

 10

 100

 0  50  100  150  200  250  300  350

lc
’s

 e
rr

or

npts / ndim

lc

best
worst

others

ß½²Kà

`3acb ° & °PO¥° � td]_|Ry�lq^/m�¾ouhlqtdl³bduhl+yfcfehl�r"t�k�y�rQmVmVc�´hlqtIß����_à�`}lqtV²X]Qtd^/m�|}l�m¦b�ß�d�àM~"¾+]Qtdm¦boß�e³àM~"r"eB§
rs�¤lMtKrQg_l�ß�f�àM~"mVuR]�¾oe�c�eCmVl�yfl�kqbdls§C`Rtd]�(¦l�kqbdcf]Qehm�]Q²BbduRl�k�]_^/`Ryflq·Dcfb��3^/lsrQmVaDtdl�^/l�ewb�mV`hrQk�lQ�hß�r_à
`}lMtdk�l�ewbKrQgQl�]Q²�`}]_cfewbdm4cfe¸|}]_aReB§Rr"tV�&�=m��heR]_ehyfcfehl�r"tdc�b �&]Q²«ù_ùB~�ß�|Bà+`}lqtdk�l�ewbKr"g_l�]Q²�`}]Qcfe=bdmocfe
|}]Qaheh§hr"tV�7�Dm��"eR]_ehyfcfehl�r"tdc�b �3]"²hù¤ùB~"cfe�yf]Qg¤r"tdc�bduR^/c�k+mVksrQyfl_~Rß�k�à{cfewbVtKr"��cfewbdlqtdk�y�rQmVm«eRe�§Dc�m¦bKr"ehk�lqm
�=m��=^�r�·Rcf^Cah^¶å�cfmVuhlqtsµ mo§RcfmVkqtdcf^/cfeBr"ewb+tKr"bdcf]D~{ß�§hà�`}lqtdkql�ewbKrQg_lP]Q²FtdlqbKrQcfehl�§�r_§Duhlqtdlqehk�lImVah|D�
mVlMbdmp�=m��B���=µ mplMtVtd]Qts~«ß�l�à�^�r�·Rcf^Cah^ácfeh§Rcf�=c9§DaBr"yF²Xlsr"bdaDtdl,lM×/k�cfl�ehkM���=m��B���=µ mplMtVtd]Qts~¥r"eB§�ß½²Kà
tKr�bdcf]/]Q²�bduRl7e=ah^�|}lMt4]Q²�`}]Qc�ewbdm�bd]�bduRl7e=ah^C|}lqt4]Q²�§Dcf^/l�ehmVcf]_eRm4�=m��W���wµ molqtVtd]"ts�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm �

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  10  20  30  40  50  60  70  80

no
nl

in
ea

rit
y 

of
 N

N

% pts on boundary

odt

best
worst

others

ß�r_à

 0

 2

 4

 6

 8

 10

 12

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

m
ax

. F
is

he
r’s

 d
is

cr
im

 r
at

io

intra / inter class distances

odt

best
worst

others

ß�|}à

 0

 10

 20

 30

 40

 50

 60

 30  40  50  60  70  80  90  100

od
t’s

 e
rr

or

% retained adherence subsets

odt

best
worst

others

ß�k�à

 0

 10

 20

 30

 40

 50

 60

 0  50  100  150  200  250  300  350

od
t’s

 e
rr

or

npts / ndim

odt

best
worst

others

ß�§Bà

`3acb ° & °Pu¥° � td]_|Ry�lq^/mp¾ouhlMtdl,bduRlCmVcfehgQyflCbVtdl�l&ß�÷Qú¤ÿ=ào`}lqtV²½]"td^/m7|}l�m¦b�ß�d�àM~h¾�]"tdm¦b/ß�e³àM~¥r"eB§
rs�¤lMtKrQg_l¼ß�f�àM~�mVuR]s¾oe�c�e�mVlqy�lqkqbdls§�`Rtd]�(¦l�kMbdc�]Qehmj]"²obduhl/k�]Q^/`hyflq·Dc�b �^/lsrQmVaDtdl�^/l�ewb,mV`BrQkql_�
ß�r_à�`}lMtdk�l�ewbKrQgQlI]"²¥`}]_cfewbdm³cfej|}]Qaheh§hr"tV�C�=m��_eR]_eRy�cfeRlsr"tdc�b ��]Q²}ù¤ùh~Bß�|}à�cfewbVtKr"��cfewbdlqtdk�y�rQmVm³ehlsr�tV�
lqm¦bCeRl�cfg_u=|}]QtC§Dc�m¦bKr"ehk�lqm,�=m��{^�r"·Dcf^�aR^
å�cfmVuhlMtsµ mC§RcfmVkqtdcf^/cfeBr"ewb�tKr"bdcf]R~+ß�k�à7`}lqtdk�l�ewbKrQgQl/]Q²
tdlMbKrQcfehls§�r_§RuRlqtdl�eRk�l7mVah|RmVlqbdmo�=m��B÷"ú¤ÿhµ mplMtVtd]Qts~hrQeB§¼ß�§Bà³tKr�bdc�]/]"²�bduhlPeDaR^�|}lqt+]Q²�`}]Qc�ewbdm�bd]
bduRl7e=ah^C|}lqt4]Q²«§Rcf^/l�ehmVcf]Qehmo�=m��}÷Qú_ÿhµ mIlMtVtd]Qts�



æ�� �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

å�cfgD�DæQ� �PmVuh]s¾om�bduRlv
wú���=µ m�|}lquBrs�=c�]"t«]_eCmVl�yfl�kqbdls§,`Rtd]�(¦l�kMbdc�]Qehm«]"²Bbduhl�k�]_^/`Ryflq·Dcfb���^/lsr��
mVaDtdl�^/l�ewb�mV`hrQk�lQ�"��uhl�`Ry�]"bdm«§R]Ieh]"b«mVuh]s¾��_lqtV��k�]Q^/`BrQkMb«r"tdl�rQm�]Q²Dbduhl³^/lsrQmVaDtdl�^/l�ewb�mV`hrQk�l
bd]7§Rcfm¦bdcfehg_aRcfmVujk�yflsr"tdy��C|}lqb ¾+l�l�e�bduRl�|}l�m¦bs~_rs�¤lqtKrQgQlIrQeB§3¾�]"tdm¦b³`Dtd]_|Ry�lq^/m�²X]Qt�bduhl+mVah|hmV`hrQk�l
§Dl�k�cfmVcf]_e�²½]"tdl�m¦bs� x aRb�bduRlpgQl�ehlMtKrQyBbVtdl�eh§�cfm+bduhr"b�r,uRc�gQuhlqt�`}lqtdk�l�ewbKrQgQlP]"²�`Dtd]_|hyfl�^/m�¾ouhlqtdl
bduRl_
wú���C`}lqtV²½]"td^/m4]_`Rbdcf^�r"y�y��&|}l�yf]_eRg�bd]�mV^�r"yfy{`}lqtdkql�ewbKrQg_lP]Q²«`}]Qc�ewbdmocfe�|}]QaheB§Rr"tV�w~Dr"eB§
r"yfmV]mV^�r"y�y³eh]Qehyfcfehlsr�tdcfbdcfl�mjrQeB§�cfewbVtKr"��cfewbdlqtdk�y�rQmVmCehlsr�tdl�m¦bjeRl�cfg_u=|}]Qt�§Rcfm¦bKr"ehk�l�m����P]s¾�l��_lqts~
]Q|hmVlqtd�_lIbduhr"b+²X]Qt4�_lqtV��²Xlq¾¹`}]_cfewbdm+cfe�|}]_aReB§Rr"tV�/r"eB§/mV^�rQyfyBeR]_eRy�cfeRlsr"tdc�bdcfl�m�~=bduhlI|}l�m¦b�kqy9r"m¦�
mVc�´hlqtocfm�bduhlIehlsr�tdl�m¦boehl�cfgQuD|}]"ts~RrQm4mVuh]s¾oe!c�e!å�cfgR�¥æ_� �=�Båh]"t�öD÷"ø_ùwú=ûQü¤ý/�QrQyfaRl�m4uhcfg_uRlqt�bduhrQe
�Q��)ãbduhlqtdlCr"tdlCksrQmVl�mp¾ouhlqtdl,bduhl�
wú���/c�mP|}l�m¦b�r"eB§vrQyfmV]�]"bduhlqtPksrQmVlqmP¾ouhlqtdl,bduhl�
wú���/cfm
¾+]Qtdm¦b�]Qt/rs�¤lMtKrQg_lQ�tSpbduhlqtC`Rtd]�(¦lqkqbdcf]_ehm�]Q²obduhl�k�]Q^/`hyflq·Dc�b �^/lsrQmVaDtdl�^/l�ewb3mV`Br"k�l�§D]veh]Qb
mVuR]s¾ r"ew�!mVcfgQehc�´Bksr"ewb7§Dc�mVkMtdc�^/cfehr"bdcf]_e¸|}lMb ¾�lql�e!bduRl�mVl7bduRtdl�lPksrQmVl�m��

npo IVA�=@wNq^Z�<'iY<Bk�E�A�E�KxUmstKH?�<>A�C
[+]Q^/`Br�tdc�eRg¸bduhl/mVaR|hmdrQ^/`Ryfl�²½]"tdl�m¦b�¾oc�bdu�bduhl/mVcfeRg_yfl/bVtdl�l_~�¾+l/´BeB§vbduBr�b,bduRl/mVah|RmdrQ^/`hyfl
²X]Qtdl�m¦b,uhrQm�^/]Qtdl,td]_|Rahm¦bdehlqmVmCr"kqtd]_mVm,r&uhcfg_u¼tKrQehgQlj]Q²�`Rtd]_|Ryfl�^/m��FÚ erQyf^/]_m¦b,�Q��)Ì]"²�bduhl
`Dtd]_|Ry�lq^/m�~�bduhl�mVah|RmdrQ^/`hyfl�§Rlqk�cfmVc�]Qe,²X]Qtdl�m¦b�cfm{c�e�bduRl+rs�¤lqtKr"g_l_~�|}lqc�eRgPr"m�bduhl�|}l�m¦b�^/lqbduh]=§7cfe
¢"��) ]Q²¥`Dtd]_|Ry�lq^/m³r"eB§C¾+]Qtdm¦b³cfe�bduhl�tdl�^�r"cfehcfehg�æQæ�)'ß�mVl�lI��r"|hyfl�æ_� ¢_àM�=�ÁmVcf^/c�y�r�t+|}l�uhrs�Dcf]"t
cfe�bdlMtd^/m4]Q²�td]Q|hahm¦bdeRl�mVmocfmI]Q|hmVlqtd�_ls§!¾oc�bdu!bduRl�mVah|hmV`hrQk�l3§Dl�k�cfmVcf]_e�²X]Qtdl�m¦bs�
�pl��¤lqtVbduRl�yfl�mVm�~wc�b�mVlql�^/m³bduhr"b+bduRlpmVaR|hmV`hrQk�lp§Rl�kqc�mVcf]Qe&²X]Qtdl�m¦bIr"eB§�bduhlImVah|RmdrQ^/`Ry�lp§Rlqk�c��

mVcf]Qe¸²½]Qtdlqm¦b�§R]�uBrs�¤l3§Rc�Ö¥lqtdlqehk�l�mocfe¸bduhlqcftp§D]_^�rQcfeRmI]"²�k�]_^/`}lMbdl�ehk�lQ�}[+]Q^/`Br"tdcfeRg�å�c�gD��æQ� �
¾oc�bdu¼å�cfgR�«æQ� èw~¥¾�l,eh]Qbdl3bduBr�bPbduRl,mVaR|hmdr"^/`hyfl�²½]Qtdlqm¦b�cfm�rQ|Ry�l3bd]&|}l,]Q`Rbdcf^�rQy�c�ev`Dtd]_|hyfl�^/m
¾oc�bdu¸uRcfg_uhlMt4öD÷"ø¤ùwúwûQü¤ý��_r"yfahl�m4bduBr"e!bduRl7mVah|RmV`BrQkqlP²½]"tdl�m¦bs�BÚ�e!²�r"kqbs~Dbduhl�rs�¤lqtKr"g_l�`}lqtdkql�ewbV�
r"g_lC]Q²�`}]Qcfe=bdmpcfe|}]QaheB§Rr"tV�\cfm�æq�R� �_£�) ²½]"t7bduhl,`Rtd]Q|hyfl�^/mI¾ouhlqtdl,bduhl�mVaR|hmV`hrQk�l3²½]"tdl�m¦b3cfm
|}lqm¦bs~=rQeh§/�_�D� �_��)ä²X]Qt³bduhlo`Rtd]Q|hyfl�^/m�¾ouhlqtdlobduhlomVah|RmdrQ^/`Ry�l4²X]Qtdl�m¦b+c�m³|}l�m¦bs�=��uRlpmdr"^/lI|}lM�
uhrs�Dcf]"toc�mo]Q|hmVlqtd�¤l�§&¾oc�bdu�bduhlpeh]Qehyfcfehlsr�tdcfbdcfl�m�� ± uhcfyflPbduhlPmVah|hmV`hrQk�lp²½]Qtdlqm¦bdmI¾+]Qtd��|}l�m¦bo²½]"t
yf]s¾¿eh]Qehyfcfehlsr�tdc�bdc�lqm�~DbduRlpmVaR|hmdr"^/`hyflI²X]Qtdl�m¦bdm�¾+]Qtd�/|}l�m¦b+²½]Qt�uhcfg_uRlqt4�QrQyfahl�m��D��uRcfm4rQyfmV]�uhrQ`D�
`}lqehmo¾ocfbdu!bduhl�tKr"bdcf]/]Q²�cfewbVtKr"��cfewbdlqtdk�y�rQmVmpehlsr�tdl�m¦bPeRl�cfg_u=|}]QtP§Rcfm¦bKr"ehk�l�m��B��uhl�mVl3tdl�mVaRyfbdmpr"tdl
kq]_ehmVcfm¦bdl�ewb7¾oc�bdu¼`Rtdl��=cf]_aRmPlq·D`}lqtdcf^/l�ewbdmIcfevbduRlCyfc�bdlqtKr�bdaRtdl¸Û ��Ü�~}¾ouRlqtdl�mVaR|hmV`Br"k�lj§Dl�k�cfmVcf]_e
²X]Qtdl�m¦bdmpr"tdl�kq]_^/`Br�tdls§&¾oc�bdu¸mVaR|hmdr"^/`hyfl�§Rlqk�cfmVc�]Qe¸²½]"tdl�m¦bdm��

yDX n
��uRl4§R]Q^�rQcfe,]Q²}k�]Q^/`}lqbdl�eRk�l+]"²Bâp[4i,cfm�rQy�tdlsrQ§D�CrQehrQy��DÙ�ls§,c�e,bduhl³`Rtdl��=cf]_aRm«kMuhrQ`RbdlMts�¤i=ah^j�
^�r�tdcfÙ�cfehgj]QaRtotdl�mVahy�bdm�~D¾�l7²X]_aheh§!bduBr�boâp[4i&`}lqtV²X]Qtd^/mo|}l�m¦bo²½]"tpyf]s¾ `}]_cfewbdmIcfe!|}]_aheh§hr�tV�w�
åR]Qt3bduhl/yf]s¾�l�m¦bC`}lqtdk�lqe=bKr"g_l�m3]"²o`}]_cfewbdm,cfe�|}]Qaheh§hr"tV�w~Fâp[4i¼cfm3cfe�bduhl�rs�¤lMtKrQg_l/^/lMbduh]=§Rm
ß�cfe�bduhlqmVl!ksr"mVl�m�~«bduhl&|}l�m¦bCk�y�rQmVmVc�´BlMt�c�m,bduhl&ehlsr�tdl�m¦bjeRl�cfg_u=|}]QtMàM��âp[4i�r"y�mV]vbdl�eh§RmCbd]v|}l
]Q`Rbdcf^�rQy�²½]"tjyf]s¾ãeh]Qehyfcfehlsr�tdcfbdcfl�m�rQeh§�y�]s¾'tKr�bdcf]_m�]"²Ic�ewbVtKr���cfewbdlqtdk�y�r"mVm�ehe1§Dcfm¦bKrQehkql�m�����uhl
^�r�·Dc�^Cah^¸µ m�å�cfmVuhlMtj§Dc�mVkMtdc�^/cfehrQewbCtKr�bdcf]vrQeB§�bduRl/e=ah^�|}lMt3]Q²o`}]_cfewbdm3bd]¸bduhl/e=ah^C|}lqt3]Q²
§Dcf^/l�ehmVcf]_eRm�bdl�eB§!rQyfmV]jbd]j|}l�uRc�gQuhlqto²X]Qtobduhl7`Dtd]_|Ry�lq^/mo¾ouRlqtdl�âp[4i&cfmo|}l�m¦bs�
��uRl7§D]_^�rQcfe&]Q²�k�]_^/`}lqbdlqehk�lp]Q²�âp[4i�rQ`R`}lsr"tdm�bd]CuBrs�¤lPmVcf^/cfy�r"tdc�bdcfl�m4¾oc�bdu!bduBr�b4]Q²{bduhl

mVaR|hmV`hrQk�l�§Dl�k�cfmVcf]_e�²X]Qtdl�m¦b!ß�mVl�l\Û ¢"ÜXàM��Ú�e²½rQkqbs~{¾�l/ksr"e��=cflq¾¶âP[4irQm,r!b �D`}lj]"²4k�y�rQmVmVc�´hlqt
lqehmVl�^C|hyflP^/lqbduR]=§F~¤¾ouRlqtdl7lsr"kMu!k�y�rQmVmVc�´BlMtpkq]_ewbKrQcfehmor3tdahyflP¾oc�bdu&g_l�eRlqtKrQyfcfÙsr"bdcf]QehmIc�e!mV]_^/l
r�bVbVtdcf|haRbdlqm�~huhr��=cfehgjrQe�lMÖ¥l�kqbImVcf^/c�y�r�tIbd]CbduBr"bo]"²�mdrQ^/`Ry�cfeRgj]��¤lqt4bduhlp²½lsr�bdaRtdl3mV`Br"k�l_�

XzKxwNq^=W?�=WC�E�{H<5|jUv=@Z�}pA�E+A
å�cfgD�{æQ� �Ck�]_^/`hr"tdl�mJ( ]_cfewbdyf��bduRl�§R]Q^�rQcfehm�]"²«k�]Q^/`}lqbdl�ehkqlP]Q²�lsrQkKu�k�y�r"mVmVcf´hlqtPrQg¤r"cfehm¦bImV]_^/l
mVlqy�lqkqbdls§¿^/lqbVtdcfk�m��o��rQkKu k�]Qyfah^/e»tdlq²Xlqtdm�bd]*r1kqy9r"mVmVc�´Blqt��o²Xtd]Q^ yflq²9b¸bd]�tdc�gQuwb¸bduhl�mVlr"tdl



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm æ_æ

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  10  20  30  40  50  60  70  80

no
nl

in
ea

rit
y 

of
 n

n

% pts on boundary

pdfc

best
worst

others

ß�r¤à

 0.01

 0.1

 1

 10

 100

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 n

n 
(lo

g)

% pts on boundary (log)

pdfc

best
worst

others

ß�|}à

 0

 2

 4

 6

 8

 10

 12

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

m
ax

. F
is

he
r’s

 d
is

cr
im

. r
at

io

intra-inter class nn distances

pdfc

best
worst

others

ß�k�à

 0

 10

 20

 30

 40

 50

 60

 30  40  50  60  70  80  90  100

pd
fc

’s
 e

rr
or

% retained adherence subsets

pdfc

best
worst

others

ß�§Bà

 0

 10

 20

 30

 40

 50

 60

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

pd
fc

’s
 e

rr
or

volume of overlap region

pdfc

best
worst

others

ß�lsà

`3acb ° & °�~�° � td]_|hyfl�^/m�¾ouRlqtdl/bduhljmVaR|hmV`Br"k�l�§Rlqk�cfmVc�]Qe�²½]"tdl�m¦b�ß 
¤ú���_à�`}lqtV²½]"td^/m3|}l�m¦b&ß�d�àM~
¾+]Qtdm¦b&ß�e³àM~FrQeh§rs�¤lMtKrQg_l\ß�f�àM~¥mVuR]s¾oe�cfe�mVl�yfl�kMbdls§`Dtd]�( l�kqbdcf]_eRm,]"²�bduhlCk�]_^/`Ryflq·Dcfb��\^/lsr��
mVaDtdl�^/l�ewb/mV`hrQk�l_�Iß�r_à�`}lqtdk�l�ewbKrQgQl\]Q²P`}]_cfewbdm/c�e*|}]_aReB§hr�tV�1�=m��³eR]_eRy�cfeRlsr"tdc�b �Á]"²7ù¤ùB~Iß�|}à
`}lMtdk�l�ewbKrQgQl\]Q²3`}]_cfewbdm�cfe»|}]_aReB§hr�tV�1�=m��+eR]_ehyfcfehl�r"tdc�b �*]Q²�ù¤ù1cfe»yf]Qg¤r"tdc�bduR^/c�k\mVk�rQyfl_~�ß�k�à
cfewbVtKr"��cfewbdlqtdk�y�rQmVm³ehlsr�tdl�m¦b�eRl�cfg_u=|}]Qt�§Rcfm¦bKrQeRk�l�m³�Dm��¤^�r"·Dcf^�ah^ å�c�mVuRlqtsµ m�§Dc�mVkMtdc�^/cfehrQewb³tKr�bdcf]R~
ß�§hàC`}lqtdk�lqe=bKr"g_l\]"²PtdlqbKr"c�eRls§ºrQ§RuRlqtdl�ehkql¸mVah|RmVlqbdm/�=m��t
¤ú���=µ m�lqtVtd]Qts~+rQeh§ ß�lsà��¤]_yfah^/l!]Q²
]��¤lMtdy9r"`�tdl�gQc�]Qe¸�=m��#
¤ú���=µ mIlqtVtd]Qts�



æs¢ �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0  10  20  30  40  50  60  70  80

no
nl

in
ea

rit
y 

of
 n

n

% pts on boundary

bdfc

best
worst

others

ß�r¤à

 0.01

 0.1

 1

 10

 100

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 n

n 
(lo

g)

% pts on boundary (log)

bdfc

best
worst

others

ß�|}à

 0

 2

 4

 6

 8

 10

 12

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

m
ax

. F
is

he
r’s

 d
is

cr
im

. r
at

io

intra-inter class distances

bdfc

best
worst

others

ß�k�à

 0

 10

 20

 30

 40

 50

 60

 30  40  50  60  70  80  90  100

bd
fc

’s
 e

rr
or

% retained adherence subsets

bdfc

best
worst

others

ß�§Bà

`3acb ° & °P�F° � td]_|hyfl�^/mo¾ouhlMtdl7bduhl�mVah|RmdrQ^/`Ry�l3§Dl�k�cfmVcf]_e¸²X]Qtdl�m¦b�ß½öwú���_à4`}lqtV²X]Qtd^/mo|}l�m¦bCß�d�àM~
¾+]Qtdm¦b&ß�e³àM~FrQeh§rs�¤lMtKrQg_l\ß�f�àM~¥mVuR]s¾oe�cfe�mVl�yfl�kMbdls§`Dtd]�( l�kqbdcf]_eRm,]"²�bduhlCk�]_^/`Ryflq·Dcfb��\^/lsr��
mVaDtdl�^/l�ewb/mV`hrQk�l_�Iß�r_à�`}lqtdk�l�ewbKrQgQl\]Q²P`}]_cfewbdm/c�e*|}]_aReB§hr�tV�1�=m��³eR]_eRy�cfeRlsr"tdc�b �Á]"²7ù¤ùB~Iß�|}à
`}lMtdk�l�ewbKrQgQl¸]Q²p`}]_cfewbdm/cfeÁ|}]Qaheh§hr"tV�1�=m���eR]_ehyfcfehl�r"tdc�b �1]"²Pù¤ùB~�cfeÁyf]_g¤r�tdc�bduh^/cfk¸mVksr"y�lQ~Pß�k�à
cfewbVtKr"��cfewbdlqtdk�y�rQmVm³ehlsr�tdl�m¦b�eRl�cfg_u=|}]Qt�§Rcfm¦bKrQeRk�l�m³�Dm��¤^�r"·Dcf^�ah^ å�c�mVuRlqtsµ m�§Dc�mVkMtdc�^/cfehrQewb³tKr�bdcf]R~
r"eB§¼ß�§Bà+`}lqtdk�lqe=bKr"g_l3]Q²�tdlqbKrQcfehl�§¸r_§Duhlqtdl�eRk�l�mVah|RmVlqbdm4�=m��Rö¤ú���=µ mIlqtVtd]Qts�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm æs�

bduRl&ù_ùB~v���=~%
wú���=~�öwú���w~+r"eB§5�����=����uhl�mVcfeRg_yfl!bVtdl�l!cfmj]_^/c�bVbdls§�|}l�k�rQahmVl!]Q²PcfbdmCmVksr"tdkql
kq]_ewbVtdcf|haRbdcf]Qe!r"m�r"e&]Q`Rbdcf^�rQyhk�y�rQmVmVc�´Blqts�R��rQkKu/td]�¾»`hyf]Qbdm+r3`hr"tVbdcfk�aRy9r�t4k�]Q^/`hyflq·Dc�b �j^/lMbVtdc�kQ�
��rQkKuv´Bg_aDtdlCmVuR]s¾om7bduRtdl�l,|}]s·R`Ryf]Qbdm7mVaR^/^�r"tdcfÙ�cfehg/bduhl,k�]Q^/`hyflq·Dc�b �\§Dcfm¦bVtdc�|RaRbdcf]_e¼]Q²³lsr"kMu
kqy9r"mVmVc�´Blqt�¾ouRl�e/c�b+`}lMtV²½]Qtd^/m�|}l�m¦bpß¦æ�àM~¤¾+]Qtdm¦bPß�¢_àM~¤]"t4rs�¤lqtKr"g_l3ß��¤àM�w��uhlo|}]s·R`Ryf]Qb³uBrQm+r7|}]s·
¾oc�bdu/yfcfehl�m³r"b�bduRl4y�]s¾+lqt��wahr"tVbdcfyfl_~_bduRl4^/ls§Rc�rQejrQeB§,bduhl4ah`R`}lqt��waBr�tVbdc�yfl_� ± uhcfmV�¤lMtdm³lq·=bdl�eh§
bd]/æQ� è�bdcf^/l�m�bduRlp|}]s·/yfl�eRgQbduF~=rQeh§/bduRlItdlq^�rQcfehcfehg3`}]Qc�ewbdm+r"tdlIk�]_eRmVc9§Dlqtdls§&rQm�]QaRbdyfcflqtdm4r"eB§
r�tdl�`hyf]QbVbdls§�¾oc�bdu�`}]Qc�ewbdm�����uRl�|}]�·D`Ry�]"b,c�mCahmVlq²Xahy�bd]vrQeBr"y��RÙql�bduRl&§Rcfm¦bVtdcf|haRbdcf]Qe�]Q²olsr"kMu
b��D`}lI]"²F`Rtd]_|Ryfl�^/m�mVahk�k�cfeRkqbdy��w~w|}l�ksr"ahmVlobduhl4tKrQeRg_l�m+rQeB§�bduRlomV`RtdlsrQ§j]Q²{§hr�bKr3k�rQe/|}lIlsrQmVcfy��
]Q|hmVlqtd�_ls§F�Q�Pl��_lqtVbduhl�yfl�mVm�~"bduhl4e=aR^�|}lqt«]"²}`}]_cfewbdm�cfejlsrQkKuj|}]s·D`hyf]Qb�tdl�^�r"cfehm«uhc�§R§Rl�eCmV]7bduBr"b
bduRcfmI^Cahm¦b4|}l�kq]_ah`Ryfls§&¾oc�bdu�bduRl7`Rtdl��=cf]_aRm4´Bg_aDtdl�m��
�p]Qbdljbduhr"b�bduhl/kq]_^/`Br�tdcfmV]_e�]"²ok�]_^/`Ry�lM·Rc�b���§Dcfm¦bVtdc�|RaRbdcf]_eRm3|}lqb ¾+l�l�e�bduRljù¤ù¼rQeh§bduhl

����lq^/`huBr"mVcfÙ�l�m&rQg_rQcfe»bduBr�b&bduRl�mVl\k�y�rQmVmVc�´hlqtdm�uhr��_l\]_`h`}]QmVls§»§D]_^�rQcfeRm&]"²3k�]_^/`}lMbdl�ehk�lQ~
r"m�mVl�lqe¶mV`}lqk�c�rQyfy��çcfeç^/lsrQmVaDtdl�m�mVaRkMuär"möD÷"ø_ùwú=ûQü¤ýR~�ùD÷"ù��wþsù������B~jþ�ù¤ÿ¤ü=û��wþsùwÿ � üh~Cr"eB§�w÷��"ø�� � �¤÷�� � ü��¤û�
B�+��uhl[Dþ���� � ü�^/lqbVtdcfk�cfmjeh]"b/rQm,tdl�yfl��QrQewbs~�rQy�bduR]_ahgQuÁ¾+l�r"yfmV]]Q|hmVlqtd�¤lr�bdlqeB§Rlqehkq�Á²½]"t¸uhcfgQuhlqt�§RcfmVkqtdcf^/cfeBr"e=b!r�bVbVtdc�|RaRbdl�m&cfe¹`Rtd]Q|hyfl�^/m/¾ouhlqtdlvbduhl¸ù_ùºcfm&|}l�m¦bs�
��uRlj§Dl�k�cfmVcf]_ev²½]Qtdlqm¦bdm�uBrs�¤lC§Rc�Ö¥lqtdl�ewb�§D]_^�r"c�eRm7]Q²³k�]Q^/`}lqbdl�ehkql_~}|}l�cfehg�bduhl,^/lsr"mVaRtdl�mPtdlM�
y�r�bdls§»¾ocfbdu¿k�y�r"mVmv§Rcfm¦bVtdcf|haRbdcf]Qehm�~�öD÷�ø¤ùwú=ûQü_ýh~oùD÷"ù��wþsù������¿r"eB§ þ�ùwÿ_ü=û��wþ�ù¤ÿ � üh~obduhl¼^/]_m¦b§DcfmVkqtdcf^/c�ehrQewbo]_eRl�m��Bâp[4i}µ mI§D]_^�rQcfe!]Q²�k�]Q^/`}lqbdl�ehkql3rQ`h`}l�r"tdmIrQg_rQcfe\�¤lqtV�&mVcf^/cfy9r�tpbd]CbduBr"b
]"²pbduRl�mVah|hmV`hrQk�l!§Rlqk�cfmVc�]QeÁ²X]Qtdl�m¦bs���Ig¤r"c�e1bduhl/bduDtdl�l!^/lMbVtdc�kqm,öD÷�ø¤ùwú=ûQü_ýh~�ùD÷"ù��wþsù����1r"eB§
þsùwÿ¤ü=û��¤þ�ùwÿ � ü�mVuh]s¾çuhcfgQu¼kq]QtVtdl�y�r"bdcf]Qehm7²½]"t7bduhl,§D]_^�rQcfeRmp¾ouhlMtdl�âp[4i¸rQeh§\bduRl3mVah|hmV`hrQk�l§Dl�k�cfmVcf]_e¸²X]Qtdl�m¦bdmpr"tdl�|}l�m¦bpr"eB§&¾+]Qtdm¦bs�

É4Ê]��.çÐ60(ÔKÍ,ë�ÍpÎm4*Ð10�7/ð�ÎBð³Í,Ó�ðáÐ3254ºìKë4îhîBÔ�9Cð�ÏFî
i=]�²�r�tp¾+l�uBrs�¤l7m¦bdah§Rcfls§!bduRl7`Rtd]Q|hyfl�^/m4¾ouhlMtdl�lsrQkKu¸k�y�rQmVmVc�´hlqt7`}lqtV²X]Qtd^/mo|}l�m¦bprQeh§&¾+]Qtdm¦bs�
��uRl�r"`h`Dtd]¤rQkKuvbKrQ�¤l�e\¾�rQmPbduhr"b7]"²�r"eBr"yf�DÙ�cfeRg!lsr"kMuvk�y�r"mVmVcf´hlqt3mVl�`hr"tKr"bdlqyf�¼r"eB§¸tdl�y�r"bdl,bduhl
tdlqmVahy�bdm�bd]\bduhl&k�]_^/`Ryflq·Dcfb���^/lsr"mVaRtdl�^/lqe=b,mV`hrQk�l_��Ú�e�bduhcfm�mVl�kMbdc�]Qe{~«¾+l!bKrQ�_l�rv§Rc�Ö¥lqtdlqe=b
`}]Qcfe=bP]Q²��=cflq¾�� ± l,rQehrQy��DÙ�l_~}²X]Qt�lsr"kMuv`Dtd]_|hyfl�^¸~R¾ouhcfkKu¼cfmIbduhl,|}l�m¦b�r"eB§�¾�]"tdm¦b�k�y�rQmVmVc�´hlqt
mV]Qyf�DcfeRgjc�bs�h�7]QcfehgCbduRcfm�~R¾+l7uBrs�¤l7]Q|hmVlqtd�_ls§&bduhr"bomV]_^/lP`Rtd]_|Ryfl�^/m4r"tdl�mV]Qyf�¤ls§!|w��]Qehy��&]_ehl
§D]_^/cfeBr"ewb�^/lqbduh]=§¥��SPe,bduhl�kq]_ewbVtKr"tV�w~Q]QbduRlqt�`Rtd]Q|hyfl�^/m�uBrs�¤l�^/]"tdl+bduBr"e�]Qehl4]_aDbdm¦bKrQeh§Rcfehg
^/lMbduh]=§Rm��}��uhl�mVl�r"tdl�`Dtd]_|Ry�lq^/mp¾ouhlMtdl�mVl��¤lMtKrQy«k�y�rQmVmVc�´hlqtdm�ksrQe¼]_|DbKrQcfevg_]w]=§vtdl�mVahy�bdm�r"eB§
bduRlqtdlq²X]QtdlPbduRl�c�tom¦bdaB§D�jc�m4yfl�mVm4cf^/`}]"tVbKrQewbs�D��uhlqtdlM²½]QtdlQ~R¾+lP¾ocfy�y¥²½]wkqahm4]_e&bduhlI´htdm¦b�b��R`}lqm�]Q²
`Dtd]_|Ry�lq^/m�~_bduBr�b�c�m�~¤`Rtd]_|Ryfl�^/m«bduBr"b+r"tdlo]Qehy���mV]Qyf�¤ls§j|w��]QehlI§R]Q^/cfeBrQewb�^/lqbduR]=§F�_�ºmVcf^/c�y�r�t
|}lquBrs�=c�]"t3cfm�]_|hmVlMtd�¤ls§¼²X]Qt�bduRl�¾�]"tdm¦b3^/lqbduh]=§Dm7]Q²4l�rQkKu�`Rtd]Q|hyfl�^¸�{i=]_^/l�`Dtd]_|Ry�lq^/m7uBrs�¤l
]Qehy��!]_ehl7¾+]Qtdm¦bpk�y�rQmVmVc�´BlMts~h¾ouhcfyfl3]QbduRlqtdmouBrs�¤l�^/]QtdlpbduBrQe�]_ehl7¾+]Qtdm¦bpk�y�rQmVmVc�´BlMtdm�� ± lP¾ocfyfy
r"yfmV]�rQeBr"y��RÙql7¾ouhcfkMu��Dcfeh§Rm4]Q²�`Dtd]_|Ry�lq^/m4`Rtdl�mVl�ewbo]Qehy��&]_ehl7¾+]Qtdm¦bpk�y�rQmVmVc�´BlMts�
��uRlqtdl¸r�tdl\¢Q�Q�`Dtd]_|Ry�lq^/mCbduBr�bjuhr��_l�r¼§R]Q^/c�ehrQewbj|}lqm¦bjk�y�rQmVmVc�´hlqts����uRcfm�tdl�`RtdlqmVl�ewbdm

r\�Q��)(]Q²Ir"yfy³bduhl�§Rr"bKr"mVlqbdm���å�cfgR�³æ_� ��mVuh]s¾omCbduRl�mVl/`Rtd]Q|hyfl�^/m�~{`hyf]QbVbdl�§�rQg_rQcfehm¦b�mVl�yfl�kqbdls§
`Dtd]�( l�kqbdcf]_eRmp]"²�bduRl7^/lsrQmVaDtdl�^/l�ewb�mV`hrQk�lQ� ± lPahmVl7r�§Rc�Ö¥lqtdlqe=bom¦�D^C|}]_yB²½]"tIlsrQkKu�k�y�r"mVmVcf´hlqts~
r"m�cfeB§Dc�k�r"bdls§/cfe/bduhloyfl�g_l�eh§/]Q²{lsrQkKu�`hyf]Qbs� ± lpr"yfmV]�mVuh]s¾*¾ocfbdu�mV^�r"y�y¥§D]Qbdm�bduhloyf]wksr"bdcf]_e!]Q²
bduRl3`Rtd]_|Ryfl�^/mI¾oc�bdu\^/]"tdl3bduhrQe¸]Qehl,]_`Dbdc�^�r"y�k�y�r"mVmVcf´hlqtdm��¥�P]"bdl�bduBr"bIbduhlMtdlCr�tdlC]Qehy���²X]_aDt
^/lMbduh]=§Rm{¾ouhcfkMu�r"tdl4§D]_^/cfeBr"ewb«]_aDb«]Q²}mVc�·,^/lqbduR]=§Rm��"��uhlqmVl4r"tdl�bduRl+ehl�r"tdl�m¦b�ehlqc�gQu=|}]Qts~�bduhl
yfcfehl�r"tIk�y�rQmVmVc�´BlMts~Bbduhl7mVaR|hmdr"^/`hyfl�§Rlqk�cfmVc�]Qe�²½]"tdl�m¦bs~}r"eB§&âP[4i}�B��uRl7tdl�m¦bo]Q²�kqy9r"mVmVc�´Blqtdm,ß½bduhl
mVcfeRg_yfl&bVtdlql�rQeB§�bduRl/mVah|RmV`BrQkql�§Rl�k�cfmVcf]_e�²X]Qtdl�m¦bMà3r"tdl&eh]"bC]QaRbdm¦bKr"eB§RcfeRg\c�e�rQew��`Dtd]_|Ry�lq^¸�
± uhl�e¼bduhlq�v`}lqtV²X]Qtd^ r"m3bduRl�|}l�m¦b3^/lMbduh]=§F~¥bduRlqtdl/r"tdljrQyfmV]\]QbduRlqt3^/lqbduh]=§Dm7`}lqtV²X]Qtd^/cfehg
l��=aRcf�_r"y�lqe=bdy��w�
� ]"tdl�]��¤lqts~=c�b4cfmorQyfmV]Cc�ewbdlqtdlqm¦bdc�eRg,bd],eh]"bdlpbduhr"b4r"yf^/]_m¦bor"y�y}bduRl�mVlP`Dtd]_|hyfl�^/m+r"tdlpmV]_yf�¤ls§

`Dtdls§R]Q^/cfeBrQewbdy���|w��bduhl�ehl�r"tdl�m¦bIehlqc�gQu=|}]QtI]QtIbduhl7yfcfehl�r"tpk�y�rQmVmVc�´Blqts�}��rQ|Ry�ljæQ� �/§RlqbKr"c�yfmobduhl



æq�
�P�Ýj�h�p]/rQeh§��4�x lqtdeBrQ§4Þ]Q�� r"ehmVcfyfy9r
eRe

y�k
`¥§D²½k

|¥§D²Xk
·Dk�m

��� � ��� �

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

�� � � � �� � �

1
2

3

0 10 20 30

1
2

3

0 10 20 30

1
2

3

0 10 20 30

1
2

3

0 10 20 30

1
2

3

0 10 20 30

� � �� � � � � �� �

1
2

3

0.2 0.4 0.6 0.8 1.0 1.2

1
2

3

0.2 0.4 0.6 0.8 1.0 1.2

1
2

3

0.2 0.4 0.6 0.8 1.0 1.2

1
2

3

0.2 0.4 0.6 0.8 1.0 1.2

1
2

3

0.2 0.4 0.6 0.8 1.0 1.2

�� �� �� � � �� � � ��

1
2

3

0.0 0.2 0.4 0.6 0.8 1.0

1
2

3

0.0 0.2 0.4 0.6 0.8 1.0

1
2

3

0.0 0.2 0.4 0.6 0.8 1.0

1
2

3

0.0 0.2 0.4 0.6 0.8 1.0

1
2

3

0.0 0.2 0.4 0.6 0.8 1.0

� �� �� �

1
2

3

0 2 4 6 8 10

1
2

3

0 2 4 6 8 10

1
2

3

0 2 4 6 8 10

1
2

3

0 2 4 6 8 10

1
2

3

0 2 4 6 8 10

��� � � � �

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

1
2

3

0 20 40 60 80

�� � � � � � � �

1
2

3

0 50 100 150 200 250 300

1
2

3

0 50 100 150 200 250 300

1
2

3

0 50 100 150 200 250 300

1
2

3

0 50 100 150 200 250 300

1
2

3

0 50 100 150 200 250 300

`3acb °& °P�F°x ]s·D`hyf]QbP§Rcfm¦bVtdcf|haDbdc�]QehmI]Q²�|}l�m¦bCß¦æ�àM~R¾�]"tdm¦b�ß�¢QàM~}rQeh§¸rs�¤lqtKr"g_l&ß��¤à4§R]Q^�rQcfehmo²½]"t
l�rQkKuCk�y�r"mVmVcf´hlqts~"mVuh]s¾oe,c�e,cfeB§Dc��=c�§RahrQy¤`Dtd]�( l�kqbdcf]_eRm�]Q²Dbduhl�k�]_^/`Ry�lM·Rc�b���^/lsrQmVaDtdl�^/l�ewb{mV`BrQkql_�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm æ�è

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 n

n

% pts on boundary

Best classifier

nn
lc

bdfc
xcs

several

ß�r_à

 30

 40

 50

 60

 70

 80

 90

 100

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

%
 r

et
ai

ne
d 

ad
he

re
nc

e 
su

bs
et

s

intra / inter class distances

Best classifier

nn
lc

bdfc
xcs

several

ß�|}à

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  10  20  30  40  50  60  70  80  90  100

vo
lu

m
e 

ov
er

la
p

max. efficiency

Best classifier

nn
lc

bdfc
xcs

several

ß�k�à

 0

 5

 10

 15

 20

 25

 30

 35

 40

 0.1  1  10  100

no
nl

in
ea

rit
y 

of
 n

n

% pts on boundary

Worst classifier

nn
lc

odt
bdfc
xcs

several

ß�§Bà

 30

 40

 50

 60

 70

 80

 90

 100

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

%
 r

et
ai

ne
d 

ad
he

re
nc

e 
su

bs
et

s

intra / inter class distances

Worst classifier

nn
lc

odt
bdfc
xcs

several

ß�l�à

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  10  20  30  40  50  60  70  80  90  100

vo
lu

m
e 

ov
er

la
p

max. efficiency

Worst classifier

nn
lc

odt
bdfc
xcs

several

ß½²dà

`3acb ° & °c�¥° �7]_^/cfehrQewb�k�]Q^/`}lqbdl�eRk�lP]"²�k�y�rQmVmVc�´hlqtdm�� � td]_|Ryfl�^/m�¾oc�bdu�rC§R]_^/cfehrQewb�|}l�m¦bokqy9r"m¦�
mVc�´hlqtvß�rD~�|{~³r"eB§1k�àM~³rQeB§1`Rtd]Q|hyfl�^/m�¾oc�bduºr�§R]Q^/cfeBrQewbC¾�]Qtdm¦b�kqy9r"mVmVc�´Blqtß�§F~�l_~³r"eB§�²KàM~
mVuR]s¾oecfe�mVlqy�lqkqbdls§v`Rtd]�(¦l�kqbdcf]Qehm3]Q²³bduhl�kq]_^/`hyflq·Dc�b �¸^/lsrQmVaDtdl�^/l�ewbPmV`hrQk�lQ�{`}lMtdk�l�ewbKrQgQlj]Q²
`}]Qcfe=bdmpcfe¼|}]Qaheh§hr"tV���=m��}eh]Qehyfcfehlsr�tdcfb��\]Q²�eRe�ß�r&r"eB§v§BàM~Bc�ewbVtKr���cfewbdlqtdk�y�r"mVmPehl�r"tdl�m¦b�eRl�cfg_uD�
|}]"t4§Dc�m¦bKr"ehk�lqm��=m��w`}lqtdk�l�ewbKr"g_lP]"²¥tdlqbKrQcfehl�§!rQ§RuhlMtdl�ehk�lImVah|RmVlqbdmPß�|�r"eB§/l�àM~=r"eB§/^�r"·Dcf^�aR^
²Xlsr"bdaDtdl�lq×/k�cfl�eRkq�!�Dm��R�¤]Qy�aR^/lP]"²�]"�_lqtdy�rQ`�tdl�gQcf]_e�ß�k3r"eB§&²dàM�



æ�� �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

! ¬#"%$ Ã�& °PuF° �7cfm¦bVtdcf|haDbdc�]Qe�]"²�k�y�rQmVmVc�´hlqtdm,²X]Qt3`Dtd]_|hyfl�^/mp¾ocfbdu�r!|}l�m¦b,§D]_^/cfeBr"ewb7k�y�rQmVmVc�´hlqt
r"eB§!rC¾�]"tdm¦b7§D]_^/cfeBr"e=b�k�y�rQmVmVc�´Blqts�

x l�m¦b ± ]"tdm¦b
eRe �_��) æ_æ�)
yfk ¢Q��) �_��)
]=§=b ��) èQ��)
`¥§=²½k���) ��)
|¥§=²½k���) æ�)
·Dk�m ��) æ�)
bd]"bKrQy ¢_�"� æ�èQ�

`Dtd]_`}]"tVbdc�]Qe3]Q²R`Rtd]_|Ryfl�^/m{¾ouRlqtdl³l�rQkKu,^/lMbduh]=§7cfm�`Dtdls§R]Q^/c�ehrQewbdy��P|}lqm¦b«rQeh§7¾�]Qtdm¦bs�Qi=l�l�bduBr"b
bduRlIù_ù�k�y�r"mVmVcf´hlqt4cfm4§D]_^/cfeBr"e=bdy��C|}l�m¦b�cfe&�_��)¶]"²�`Dtd]_|hyfl�^/m�~¤rQeh§/¾+]Qtdm¦b4cfe\æ_æ�)&�D��uhl_���7cfm
§D]_^/cfeBr"ewbdyf�C|}l�m¦b³cfe&¢Q��)ç]Q²F`Dtd]_|hyfl�^/m³rQeh§�¾�]"tdm¦b�cfe��_��)&�D��uhcfm+cfm�mVcfg_ehc�´hksrQewbdy���§Rc�Ö¥lqtdlqe=b
²9td]_^ bduhl3²½]Qtdlqm¦bdm�rQeh§vâp[4iW�Bbduhlq�¸r"tdl�rQyf^/]_m¦bPehl�c�bduhlMt�§R]Q^/cfeBrQewbdy��¸|}lqm¦b7eh]"t7¾�]"tdm¦bs� ± l
k�rQe¸k�]Qehk�yfah§RlPbduhr"b4bduhlPehlsr�tdl�m¦bIehl�cfg_u=|}]"tIrQeB§�bduhl7yfcfehl�r"tpk�y�rQmVmVc�´BlqtPr"tdlP�¤lqtV�&mV`}l�k�c�rQyfcfÙ�ls§
^/lMbduh]=§Rm�~F|}l�cfeRg¸mVahk�kql�mVm¦²½aRy+]_eRy��¼²X]QtCmV`}l�k�c�´Bkjb��D`}l�m�]Q²o`Dtd]_|hyfl�^/m��xSPe¼bduhlj]"bduhlqt,uBr"eB§¥~
bduRljl�eRmVl�^�|Ry�l/^/lMbduh]=§Rm7rQeB§âP[4i¼r"tdl�^/]QtdlCtd]_|haRm¦b,|haRb�bduRlq�r"tdl/eR]Qb,]_aDbdm¦bKrQeB§Dcfehg¸cfe
^�r"ew�¸`Rtd]Q|hyfl�^/m��Få�cfgR��æQ� ��rQyfmV]¸mVuR]s¾omPbduBr�b7bduhlC§R]Q^�rQcfev]Q²�kq]_^/`}lqbdl�eRk�l,]Q²+bduRlCeRlsr"tdlqm¦b
eRl�cfg_u=|}]QtpcfmP`Ry9r"k�ls§\cfe\yf]�¾ `}lqtdk�l�ewbKr"g_l,]Q²�`}]_cfewbdmpcfe\|}]QaheB§Rr"tV�w~BrQeB§!y�]s¾çeR]_eRy�cfeRlsr"tdc�bdcfl�m��
åR]QtCc�eRkqtdlsr"mVc�eRg¸öD÷"ø¤ù¤ú=ûQü¤ý¼�_r"yfahl�m�~�âP[4i¼mVl�l�^/m�bd]\|}ljbduhl/|}l�m¦bCk�y�rQmVmVc�´hlqts~�rQy�bduR]_ahgQu�²½]"t
r¸mV^�r"yfy�tKr"ehg_l�]"²o`Rtd]_|Ryfl�^/m�ß�c�eöD÷"ø¤ùwúwûQü¤ý¼�_r"y�aRl�m3|}lqb ¾+l�l�e1¢�).rQeB§Áæs��)�àM�«åh]"tCuRcfg_uhlMt
ö=÷"ø¤ùwú=û"ü¤ýº�QrQyfahlqm�~+bduhlMtdl¼cfm�r�tKrQehgQlv]Q²,`Rtd]Q|hyfl�^/m�¾ouhlqtdl\bduhlvyfcfehlsr�t¸k�y�r"mVmVcf´hlqt¸^/]Qm¦bdy��
]QaRbdm¦bKr"eB§Rm�~�|haDb,rQyfmV]\mV]_^/lqbdcf^/l�m�~�rQeh§¾oc�bdu�yfl�mVm,²9tdls�wahl�eRkq�w~¥bduhl/mVaR|hmdrQ^/`Ryflj²½]Qtdlqm¦bjr"eB§
âp[4i}�
Ú�bIc�mPrQyfmV]&c�ewbdlqtdlqm¦bdc�eRg/bd]&kq]_^/`Br�tdl,å�c�gQm��F�Dß�r_àM~{�Dß�|BàM~}rQeh§v�Dß�k�à�¾oc�bdu¼å�c�gQm��{�Dß�§hàM~¥�Dß�lsà

r"eB§¿�=ß½²KàM~�¾ouhcfkKu¿mVuh]s¾
bduRl¼`Dtd]_|Ry�lq^/m&¾ouRlqtdl¼bduRlqtdl¼c�m!]_eRyf�º]_eRl^/lqbduR]=§º`}lqtV²X]Qtd^/cfehg
`}]w]"tdy��w�+��uRlqtdlvr"tdlæ�è_�¼`Rtd]_|Ryfl�^/m�¾oc�bdu»r�mVcfeRg_yfl�¾�]"tdm¦b&k�y�rQmVmVc�´Blqts�+�P]"bdl�bduBr�bjbduhl¸mVcfeD�
gQyfl�bVtdl�lCrQ`h`}l�r"tdm��¤lqtV��]Q²9bdl�e�r"m7bduhlC§R]Q^/c�ehrQewbI¾�]Qtdm¦b3kqy9r"mVmVc�´Blqts~F^�rQcfeRyf�¸y�]wk�r"bdls§¼c�e¼yf]s¾
ö=÷"ø¤ùwú=û"ü¤ý!�QrQyfaRl�m��B�IyfmV]�bduhl7yfcfehl�r"tpk�y�rQmVmVc�´BlqtpcfmI¾+]Qtdm¦bo²½]"tPyf]s¾ öD÷"ø¤ùwúwûQü¤ý��_r"yfahl�mIrQeh§�yf]s¾
eR]_eRy�cfeRlsr"tdc�bdcfl�m�����uRljehlsr�tdl�m¦bCehl�cfg_u=|}]"t,bdlqeB§Rm7bd]�|}l�¾�]"tdm¦bC²X]Qt,`}lqtdk�l�ewbKr"g_l/]Q²o`}]Qcfe=bdm3cfe
|}]Qaheh§hr"tV��gQtdlsr�bdlqt�bduhrQe¸æs��) r"eB§jeh]Qehyfcfehlsr�tdc�bdc�lqm4gQtdlsr�bdlqt�bduBr"e/��)ärQ`R`Rtd]s·Dc�^�r�bdl�y��w�¤âp[4i
r"`h`}lsr�tdmIrQmobduhlP¾+]Qtdm¦bI^/lqbduh]=§�²½]"tpuRcfg_u¸|}]QaheB§Rr"tdcfl�mIrQeh§!eR]_ehyfcfehl�r"tdc�bdcfl�m��
± lorQyfmV],eh]Qbdl4bduhr"b+bduRlqtdlocfm+eh]�kq]_^/`Br"kqb+r"tdlsr7¾ouhlMtdlp`Dtd]_|hyfl�^/m�mV]Qy��_ls§/|=�C^/]Qtdl4bduhrQe

]Qehl�]QaRbdm¦bKrQeh§Rcfehg!ß�|}l�m¦bo]Qto¾+]Qtdm¦bMà�^/lqbduh]=§Dm4r"tdl�`Ry�rQk�ls§¥�B��uRlq�!r"tdl3§Dc�m¦bVtdcf|RaRbdls§!rQyf]_eRg�rQyfy
`Dtd]�( l�kqbdcf]_eRmP]"²«bduhl7k�]Q^/`hyflq·Dc�b �&^/lsr"mVaRtdl�^/l�ewbomV`hrQk�l_~hmV]�¾�l3ksr"e¸eh]"bIg_cf�¤l3rQew��rQ`R`Br"tdlqe=b
tdl�rQmV]_ebd]¸§RcfmVkqtdcf^/cfeBr�bdlj`Rtd]Q|hyfl�^/mP¾oc�bdu�r�§R]Q^/cfeBrQewb�^/lMbduh]=§¸²Xtd]Q^(bduh]_mVlC¾ocfbdumVl��¤lqtKr"y
r"`h`Ry�cfksr"|hyfl3^/lqbduh]=§Dm�~Rr"bIyflsrQm¦bo²½]"tpbduRl7k�aDtVtdl�ewbo^/lsrQmVaDtdl�^/l�ewb4mV`Br"k�l_�

É4Ê+ ¡.äÔKîBÓ«Ò,îBîBÔdÐpÍ
��uRl+k�aDtVtdl�ewb«m¦bdaB§=�3rQyfyf]s¾om�rQyfmV]pbd]pc9§Dl�ewbdc�²X�7bduRl+^/]_m¦b�tdl�yfl��_r"ewb�^/lqbVtdcfk�m�²X]Qt�§Dc�mVkMtdc�^/cfehr"bdcfehg
|}lMb ¾�lql�e�§R]Q^�rQcfehm�]"²ok�]_^/`}lMbdl�ehk�l�]Q²ok�y�rQmVmVc�´hlqtdm�����uhlqmVl!r�tdl_��bduRlj`}lqtdk�lqe=bKr"g_l�]Q²�`}]_cfewbdm
cfeÁ|}]_aReB§hr�tV�w~�bduhl&eh]Qehyfcfehlsr�tdc�bdc�lqm�~�r"eB§�bduhl&tKr"bdcf]]"²7cfewbVtKr"��cfewbdlqtdk�y�rQmVm/eRlsr"tdl�m¦bjehl�cfg_u=|}]"t
§Dcfm¦bKrQehkql�m��F��uhl�mVlC^/lqbVtdcfk�m7r�tdl�^/]"tdl,tdl�y�r�bdls§vbd]�bduhl,g_lq]_^/lqbVtV��]Q²�bduhl,`Rtd]_|Ryfl�^(r"eB§¸bduhl
mVuhrQ`}l3r"eB§�§Dcfm¦bVtdc�|RaRbdcf]_e�]Q²«bduhlPk�y�rQmVmI|}]_aheh§hr�tdc�lqm��}��uhl�^/lMbVtdc�kqmo§Rl�mVkqtdcf|Rc�eRgjbduhl�§DcfmVkqtdcf^j�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm æ��

cfehr"bdcf�¤lj`}]s¾�lMtC]"²�bduhljr"bVbVtdcf|haDbdl�m�~�yfcf�¤l�bduRlj^�r"·Dcf^�aR^
å�cfmVuRlqtsµ m�§Dc�mVkMtdc�^/cfehrQewb�tKr"bdcf]\r"eB§
bduRl/^�r"·Dcf^�aR^Ì²½l�r"bdaRtdl/lM×/k�cfl�ehkM�w~�mVl�lq^ bd]�|}l/y�lqmVmCcf^/`}]QtVbKr"ewb,bd]�c9§Dl�ewbdc�²X��§R]_^�r"cfehm3]Q²
kq]_^/`}lqbdl�eRk�l_�_�py�bduh]QahgQu�bduhlq�Ccfe#Mhahl�eRk�l�bduhl4k�]Q^/`hyflq·Dc�b �C]Q²}bduRl4`Rtd]_|Ryfl�^¸~_bduRlq�Cr"tdloeh]"b�r"m
aRmVlq²½aRyFrQm4bduhlp]QbduhlMto^/lqbVtdcfk�m�bd]j§Dc�mVkMtdc�^/cfehr"bdl7|}lqb�¾�l�lqe!b ¾+]�k�y�r"mVmVcf´hlqtdm��}��uRcfm4^/lsrQeRm�bduBr"b
bduRl3§R]Q^�rQcfehmo]Q²�kq]_^/`}lqbdl�eRk�l�]Q²�kqy9r"mVmVc�´Blqtdm�r�tdl3^/]_m¦bdy��!§Rlqbdlqtd^/cfeRls§!|w�&bduhl�g_lq]_^/lqbVtV�!]Q²
bduRl7`Rtd]Q|hyfl�^¸�
i=]_^/lj^/lMbVtdc�kqm�~�r"yfbduR]_aRg_u�r"y�mV]¼§Dl�mVkqtdcf|hcfehg¸bduRljg_lq]_^/lqbVtV�]Q²4bduRl/`Rtd]_|Ryfl�^¸~{r"tdl&rQ|Ry�l

bd]&g_cf�¤l�`Br"tVbdcfk�aRy�r"t3lq·D`hy�r"eBr"bdcf]Qehm�]Q²+mV]_^/lCk�y�rQmVmVc�´Blqtsµ m3|}l�uhr��=cf]Qts~F|RaRbPbduRlq�¼r"tdl�eh]Qb7g_l�eD�
lMtKrQy�l�eR]_aRg_u{�WSPehl�]"²�bduRl7tdlsrQmV]Qehmp]Q²�bduhl�c�tIeBr�tVtd]s¾�lqt7rQ`h`Ryfc�k�rQ|hcfyfc�b �\cfmobduBr�bIbduRlq��r"tdl,eh]Qb
mV`Dtdlsr_§ahehc�²X]Qtd^/y��v²½]Qt3bduRl/k�aRtVtdl�ewb3mVlqb,]"²4`Rtd]Q|hyfl�^/m��{��uhcfm,c�m�bduRljksrQmVl�]"²�bduhl/`Dtdlqbd]_`}]"�
yf]Qg_cfksrQy4^/l�rQmVaRtdl�]Qe�bduhl�`}lqtdk�l�ewbKr"g_l�]Q²otdlqbKr"c�eRls§�r_§Duhlqtdlqehk�l�mVah|RmVlqbdm��«Ú�b�`Dtdl�mVl�ewbdmCuRcfg_u
�QrQyfaRl�m�²½]"tIrQyf^/]_m¦bIr"y�y}bduRlP`Rtd]Q|hyfl�^/m7ß�|}lMb ¾�lql�e�£Q��)'r"eB§\æs�_��)jàM�h�py�bduh]Qahg_u&mV^�rQyfy}�QrQyfahlqm
^�r��vcfeB§Dcfksr"bdljbduhr"b�bduhl�`Rtd]_|Ryfl�^.uBr"m3r�yfl�mVm3k�]_^/`Ry�lM·gQl�]_^/lMbVtV�w~FbduRlqtdl/r�tdl/c�eRmVaR×/kqc�lqe=b
`Dtd]_|Ry�lq^/m�y�]wk�r"bdls§�cfe�bduRl�mVl/ksrQmVlqm,bd]¸lM·DbVtKr"kqb,ahmVlq²Xahy�k�]_eRk�yfahmVcf]_eRm�� � ]"tdl�]��¤lqts~�bduRlqtdl�r"tdl
lq^/`Rb �&tdl�gQc�]Qehm7cfe¸bduRl,^/l�rQmVaRtdlq^/l�ewbpmV`hrQk�lQ�F��uhl,`Rtd]_|Ryfl�^/mPr�tdlCeR]Qbpl��¤l�eRy��\§Rcfm¦bVtdcf|haDbdls§
r"yf]_ehg7rQyfyh§Dcf^/l�ehmVcf]_eRm«]Q²Rbduhl�^/lsr"mVaRtdl�^/lqe=b�mV`Br"k�l��Qc�� l_�f~"bduhlqtdl�r"tdl�mV]Q^/l+tdl�g_cf]Qehm«¾ouhcfkKujr"tdl
eR]Qb�k�]��¤lqtdl�§C|w�CrQew��`Dtd]_|Ry�lq^¸� ± l4m¦bdcfy�yh§R]7eR]Qb��=eh]s¾Ác�²}bduhl�mVl4lq^/`Rb ��tdlqg_cf]_eRm+r�tdl4c�eh§RaRk�ls§
|w�&mV]_^/l�gQl�]_^/lMbVtdc�k�rQy�kq]_ehm¦bVtKr"cfe=bdmo]"tPr�tdl,§Rahlpbd]�bduhl�`hr"tVbdcfk�ahy�r�tpkKuh]Qcfk�l3]Q²«k�y�r"mVmVcf´hksr"bdcf]Qe
`Dtd]_|Ry�lq^/m��
�Ieh]"bduhlqt+mV]_aRtdkql7]Q²�§Dc�×/k�ahy�b��j²½]"tIbduRlPk�aDtVtdl�ewb4m¦bdaB§=�w~¤¾ouhcfkKu!yfcf^/c�bdm�bduhlplq·=bVtKrQkqbdcf]_e!]Q²

^/]"tdl7k�]Qehk�yfahmVcf�¤l7tdlqmVahy�bdm�~hcfm4bduhlPl�m¦bdcf^�r"bdcf]_e¸]"²�bduhlPk�]_^/`Ry�lM·Rc�b���]Q²�bduRl7`Rtd]Q|hyfl�^/m��Rnpl�k�rQyfy
bduhr"b,r"y�y�^/lqbVtdcfk�m3r�tdl/k�]_^/`RaRbdls§¸²Xtd]Q^(bduhl/rs�QrQcfy�rQ|Ry�l/bVtKr"c�eRcfehg�mVlMbdm�~�r"eB§¼bduRlqtdlq²X]QtdljbduhlM�
tdlq`Rtdl�mVl�ewb�bduRl/rQ`R`Br"tdlqe=b7k�]_^/`Ry�lM·Rc�b��v]Q²�bduRlj`Rtd]Q|hyfl�^¸�F��uhl/^/l�rQmVaRtdlC]Q²4mV`hr"tdmVc�b �mVl�l�^/m
bd]�|}l,`Br�tVbdc�kqahy�r"tdy��\mVl�eRmVc�bdc��_l,bd]�c�bs�F��uhl,l�m¦bdcf^�r"bdcf]_ev]"²�bduRlCmV`hr"tdmVc�b �¸]Q²�bduhl3bVtKrQcfehcfeRg&mVlMb
|w�!bduhl�tKr"bdcf]&]Q²�bduhl,eDaR^�|}lqto]"²+`}]Qcfe=bdmIbd]/bduhl,eDaR^�|}lqtI]"²+§Dcf^/l�ehmVcf]_eRmP]QevbduRl,r��QrQcfy�rQ|Ryfl
bVtKr"cfehcfehgjmVlMbp^�r���|}l7aRehk�]"tVtdl�y�r"bdls§&¾ocfbdu!bduhlPtdlsr"y�§Dcfm¦bVtdc�|RaRbdcf]_e�]Q²«`}]Qc�ewbdm4cfe�bduRl7]Qtdcfg_cfehrQy
`Dtd]_|Ry�lq^¸�=��uhcfm�yflsrQ§Rm4ahm�bd]CcfeRk�]_eRk�yfahmVcf�¤lptdlqmVahy�bdm+¾ouhlqe�¾+lpbVtV�jbd],lq·D`hy�r"c�e�bduhlp§R]Q^�rQcfe�]Q²
kq]_^/`}lqbdl�eRk�l7]"²«bduhl7yfcfehlsr�tIk�y�rQmVmVc�´Blqtptdl�y�r"bdls§&bd]�bduhl7mV`hr"tdmVc�b �!]Q²�bduhl7bVtKrQcfeRc�eRgjmVlqbs�

SPe&bduhl3]QbduRlqtIuBr"eB§F~DbduhlMtdlCr�tdl,rQyfmV]�mV]_^/l�k�]"tVtdl�y�r"bdcf]_eRmP|}lqb�¾�l�l�e¸bduRl�^/lqbVtdcfk�m4bduhl�^j�
mVlqy��_l�m���åh]"tjlq·RrQ^/`Ryfl_~�bduRl&`}lMtdk�l�ewbKrQgQl!]"²P`}]Qc�ewbdm,cfeÁ|}]Qaheh§hr"tV�cfm�²�r"c�tdyf��tdl�y�r"bdls§�bd]\bduhl
eR]_eRy�cfeRlsr"tdc�bdcfl�m�~RrQeh§�bd]3bduRloc�ewbVtKr���cfewbdlqtdk�y�r"mVm�ehlsr�tdl�m¦b�eRl�cfg_u=|}]Qt�§Rcfm¦bKrQeRk�l�m�bd],mV]Q^/lolq·=bdl�ewbs�
�Iy�bduh]_aRg_u&bduhcfmok�]QtVtdl�y�r�bdc�]Qe\cfmotdl�rQmV]_ehrQ|Ry�lQ~Bc�bIc�moeR]QbIehl�kql�mVmdr"tV�w�håh]QtolM·hr"^/`hyfl_~Rr�`Dtd]_|hyfl�^
k�rQe1uBrs�¤l&r\uhcfg_u�`}lMtdk�l�ewbKrQgQl!]"²p`}]Qcfe=bdmCcfeÁ|}]Qaheh§hr"tV�|haDb�`Dtdl�mVl�ewbCy�]s¾ãeR]_eRy�cfeRlsr"tdc�bdcfl�m��
��uRl/k�]QtVtdlqy9r�bdcf]_e�|}lqb�¾�l�l�e¼bduhl�mVl/^/lMbVtdc�kqm�c�e¼bduhljkqaRtVtdl�ewb3mVlqb,]Q²�`Rtd]_|Ryfl�^/m�^�r��vy�l�r_§bd]
kq]_ehkqy�aRmVcf]_ehmobd]w]j]��¤lqtV´RbVbdls§&²X]QtobduhlqmVl�`Rtd]_|Ryfl�^/m��
��uRl�y�rQkK�v]Q²+ahehc�²X]Qtd^/c�b �w~}bduRljrQ`R`Br�tdl�ewb�l�m¦bdcf^�r"bdcf]_e¼]Q²�^/lqbVtdcfk�m�rQeh§vbduRl�k�]"tVtdl�y�r"bdcf]_e

|}lMb ¾�lql�ej^/lqbVtdcfk�m�r�tdlImV]Q^/l�]Q²}bduRl�mV]_aDtdk�l�m�]Q²¥§Dc�×/k�ahy�b��,²X]_aReB§�cfe�bduRl�`Rtdl�mVlqe=b�m¦bdah§D�w�Q�pyfmV]
bduRl�k�aDtVtdl�ewb7kKuh]Qc�kqlj]Q²³`Rtd]Q|hyfl�^/m7^�r��¸|Rc�rQm7bduhl,tdl�mVahy�bdm�r"eB§vyflsr_§\bd]!kq]_ehkqy�aRmVcf]_ehm7¾ouRcfkMu
^�r���eh]Qb7|}l�§Dcftdlqkqbdy��vlq·=bVtKrQ`}]_y�r�bdls§vbd]�]"bduhlqt7b��D`}l�mP]"²+`Dtd]_|hyfl�^/m��}��uhl�aRmVl�]"²+`Dtd]_|hyfl�^/m
§Dl�mVcfg_eRls§¸r"tVbdc�´hk�c�rQyfy��¸^�r���]��¤lqtdk�]Q^/lPbduhl�mVl3§Dc�×/k�ahy�bdcfl�m��

É4Ê+¢-4*ÐIÍ,Ó«ìMÒ,îBÔdÐpÍ,î
± l�`Dtd]_`}]_mVljr&^/lqbduR]=§R]Qy�]QgQ�v|hrQmVls§¼]_evbduhljr"eBr"yf�DmVcfm�]Q²�§hr�bKr&k�]Q^/`hyflq·Dc�b �¸bd]!m¦bdaB§=�¸bduhl
§D]_^�r"c�eRm3]Q²ok�]Q^/`}lqbdl�ehkql/]Q²ok�y�rQmVmVc�´hlqtdm�� ± lj´heB§¼bduhr"b3bduhl/mVcf^/`Ry�lqm¦bC^/lMbduh]=§Rm�~{c�� l_�f~�bduhl
yfcfehl�r"t�kqy9r"mVmVc�´Blqtor"eB§�bduRlIeRlsr"tdlqm¦b+eRl�cfg_u=|}]Qts~wuhrs�¤l¤£:¥�¦�§�£Q¨©£�|}l�uBrs�=cf]Qtdm��=��uRlq�j`}lqtV²X]Qtd^¶]_`D�
bdcf^�r"y�y���c�e&r7e=ah^C|}lqt�]Q²F`Rtd]Q|hyfl�^/mIß½bduhc�tK§j`Br�tVb�r"eB§juhrQy�²{tdlqmV`}l�kqbdcf�¤l�y��hàM~¤|RaRb+rQyfmV]C`}lMtV²½]Qtd^
r"m4bduhlP¾+]Qtdm¦bp^/lqbduh]=§�cfe\rQyf^/]_m¦bobduRl7mdrQ^/l7`}lMtdk�l�ewbKrQgQl�mp]"²«`Rtd]Q|hyfl�^/m�tdl�mV`}lqkqbdcf�¤l�y��w�B��uRcfm



æ�£ �P� Ýj�h�p]/rQeh§��4� x lqtdeBrQ§4Þ]Q� � r"ehmVcfyfy9r

^/l�rQehm�bduhr"b�bduRlq�,r"tdl4�_lqtV�3mV`}l�k�c�rQyfcfÙ�ls§j^/lMbduh]=§Rm�� ± uhl�e,bduhl+kq]_eB§Dc�bdc�]Qehm�r"tdl�²½rs�¤]QtKr"|hyfl�²½]"t
bduRl�mVl3`Br�tVbdc�kqahy�r"tp^/lqbduh]=§Dm�~RbduRlq�&`}lqtV²½]"td^ô]_`Rbdcf^�r"y�y��w�B��uhl��¤lq�!cfmVmVahl3cfmIbd]j§Rlqbdl�kMbI¾ouRcfkMu
kq]_eB§Dc�bdc�]Qehm�r"tdl�bduhl�mVl!rQeh§�¾ouhlqbduRlqt�bduRlq��r"`h`Ryf��g_cf�¤l�eÁr\k�lqtVbKr"cfeÁ`Dtd]_|Ry�lq^¸�«��uhl�mVcfehgQyfl
§Dl�k�cfmVcf]_e�bVtdlql�c�mIr"y�^/]Qm¦bo|hc�rQmVl�§!bd]s¾4r"tK§Dmo`}lqtV²½]"td^/c�eRgjr"mobduRlP¾�]"tdm¦bI^/lqbduh]=§�]QtprQmIr"e¸rs�w�
lMtKrQg_lI^/lqbduR]=§F��SPe�bduhlo]"bduhlqt�uBr"eB§¥~_bduhl4^/]Qm¦b�l�y�rQ|}]QtKr�bdlpkqy9r"mVmVc�´Blqtdm�bdl�eB§Cbd]�uhrs�¤lor7^/]Qtdl
td]Q|haRm¦b�|}l�uBrs�=cf]Qts�{��uhlM�vr"tdlj^/]Qm¦bdy��v`hy�rQk�l�§¼|}lqb�¾�l�lqe¼bduRl�|}l�m¦b3r"eB§\bduhl3¾�]"tdm¦b3^/lqbduh]=§¥�
��uRlq��r"tdl4eh]"b��¤lqtV�,mV`}l�k�c�´hk�bd]7|}l�uBrs�¤l4]Q`Rbdcf^�rQyfy��,cfe/rP`Br�tVbdcfk�ahy�r"t�mVlqb�]"²¥`Rtd]_|Ryfl�^/m�~_eR]Qt«bd]
|}lquBrs�¤l7`}]w]"tdyf�!cfe¸r"eh]QbduRlqtob �D`}lP]"²«`Rtd]Q|hyfl�^/m�~D|haDb4bd]�|}l�uhrs�¤l7cfe!bduRl�rs�¤lqtKrQgQl�²½]Qtpr�uRcfg_u
`Dtd]_`}]"tVbdc�]Qe]"²+`Dtd]_|Ry�lq^/m��¥��uhl�mVl,b �D`}l�mp]Q²³k�y�rQmVmVc�´Blqtdm3r�tdl�^/]"tdlCgQl�ehlqtKr"y«^/lqbduh]=§Dm��¥��uhlM�
r�tdl¸r"`h`hyfcfksr"|hyfl!bd]r¼uRcfg_uhlMt�tKrQeRg_l!]Q²p`Rtd]_|Ryfl�^/m�~�¾ouhlMtdl!¾�l!ksrQe1lq·D`}l�kMb/rv^/]=§RlqtKr�bdl�y��
gQ]w]=§�tdlqmVahy�bs�=��uhcfm�uhrQ`R`}l�ehm�¾oc�bdu�bduRlpmVaR|hmdr"^/`hyflI§Rl�k�cfmVcf]_e�²½]"tdl�m¦bs~wbduhlImVah|RmV`Br"k�lP§Dl�k�cfmVcf]_e
²X]Qtdl�m¦bs~BrQeh§�âp[4i¥�
��uRl/�¤lq�¼cfmVmVahl/cfm3bd]¸c�§Rl�ewbdc�²X�¼¾ouhcfkKu�b �D`}lj]"²o`Rtd]_|Ryfl�^/m3r"tdl�mVahc�bKr"|hyfl�rQeh§�eh]"bCmVaRc�bV�

r"|hyfl�²X]Qt3lsr"kMuk�y�rQmVmVc�´Blqts����uhcfm�cfm�^/]QtdlCcf^/`}]QtVbKrQewb7²X]Qt�bduRl�^/]_m¦b7mV`}l�k�c�rQyfcfÙ�ls§�kqy9r"mVmVc�´Blqtdm�~
mVcfeRk�l&bduRl�c�t�|}lquBrs�=c�]"t�k�rQe�kKuBrQeRg_l&§DtKr"^�r"bdcfksr"y�y��1§Dl�`}l�eh§Rcfehg¸]Qe�bduhl�`Rtd]Q|hyfl�^¸����uhl&§R]"�
^�r"cfe�]Q²Ik�]Q^/`}lqbdl�ehkql/]Q²4bduhl�eRlsr"tdl�m¦bCehlqc�gQu=|}]QtCk�y�rQmVmVc�´Blqt�cfm�yf]wksr"bdl�§�c�e�`Dtd]_|Ry�lq^/m3¾oc�bdu
kq]_^/`Br"kqb4k�y�r"mVmVl�mPr"eB§/²½lq¾ cfewbdlqtdyflsrs�=c�eRgR� � r"tVbdcfk�aRy9r�tdy��w~R²X]Qto`Rtd]Q|hyfl�^/m�¾oc�bdu�yfl�mVm�bduhrQe¼æs��)
]"²�`}]_cfewbdmPcfe\|}]_aReB§hr�tV�w~BcfewbVtKr"��cfewbdlqtdk�y�rQmVm7eRlsr"tdlqm¦b7ehlqc�gQu=|}]QtP§Rcfm¦bKrQeRk�l�m7yfl�mVmIbduBrQev�=� ��r"eB§
eR]_eRy�cfeRlsr"tdc�bdcfl�mjyfl�mVm�bduhrQeÁè�)&~�bduhl&ehl�r"tdl�m¦b�ehl�cfg_u=|}]"tjk�y�rQmVmVc�´hlqt/uBr"m�gQ]w]=§*r"`h`hyfcfksr"|hcfyfcfb��w�
åR]Qt/`Dtd]_|hyfl�^/mC]_aDbdmVc9§Dl!bduRc�mCtdl�g_cf]_eF~�bduhl�eRlsr"tdlqm¦b/ehl�cfgQuD|}]"t/k�y�rQmVmVc�´hlqt&c�m�uBr"tK§Dy���tdl�k�]Q^j�
^/lqeB§Rl�§F�{��uhl�c�§Rl�ewbdc�´Bk�r"bdcf]_e�]"²IbduRl�§R]Q^�rQcfe�]Q²okq]_^/`}lqbdl�eRk�l/]Q²obduRl/y�cfeRlsr"t�k�y�rQmVmVc�´Blqt�cfm
^/]"tdl3§Rc�×/k�aRy�bs� ± l�lqÖ¥lqkqbdcf�¤l�y��¸c�§Rlqe=bdc�²9�!bduhr"bIbduhl3yfc�eRlsr"tpk�y�rQmVmVc�´hlqt�cfmpeR]QbI¾�l�yfy�mVaRc�bdls§�²½]"t
`Dtd]_|Ry�lq^/m�¾ocfbdu�k�]_^/`hrQkqbok�y�r"mVmVl�m��}Ú e&bduhl�mVlPksrQmVl�m�~h]QbduRlqtIk�y�rQmVmVc�´Blqtdmp`}lqtV²½]"td^ã|}lqbVbdlqts� x aRb
bd]�¾ouhr"b³�Dcfeh§j]Q²F`Rtd]Q|hyfl�^/m�bduhloyfc�eRlsr"t+k�y�rQmVmVc�´BlMt4cfm+|}l�m¦b+mVahc�bdls§jcfm+eR]Qb³k�]_eRk�yfahmVcf�¤lIl�eh]Qahg_uF~
r�b&y�l�rQm¦b�²½]"t!bduRl¸k�aRtVtdlqe=b�^/l�rQmVaRtdlq^/l�ewb/mV`Br"k�l_�+�Ì`}]_mVmVcf|Ry�lvuw�D`}]QbduRl�mVcfm/`}]_cfewbdm&]QaRb/bd]
`Dtd]_|Ry�lq^/m7¾ocfbdumV`Br�tdmVl�bVtKr"cfehcfehg¸mVlMbdm�~�|RaRb7bduRc�m3cfm3rQyfmV]v§Dcf×jk�ahy�b�bd]\§Dlqbdlqtd^/cfehlCmVc�eRk�lj¾�l
§D]!eR]Qb��=eR]�¾ bduhl�]"tdcfg_cfeBr"y+§Dc�m¦bVtdcf|RaRbdcf]_e¼]Q²³bduhl�`Dtd]_|Ry�lq^/m��F��uhlj§Dl�k�cfmVcf]_e¼bVtdl�ljcfm�rQyf^/]Qm¦b
r"y�¾4r��Dm�]_aRbd`}lMtV²½]Qtd^/l�§¼|w�¸bduRlC]"bduhlqt�kqy9r"mVmVc�´Blqtdm��{�Pl��_lqtVbduhl�yfl�mVm�~¥bduRlCl�eRmVl�^�|Ryfl�k�y�rQmVmVc�´hlqtdm
|hrQmVls§1]_e�bduRl�mdrQ^/l�bVtdl�l_~«bduRl!mVaR|hmV`hrQk�l�§Rl�k�cfmVcf]_e1²½]"tdl�m¦b&rQeh§�bduhl�mVaR|hmdr"^/`hyfl�§Dl�k�cfmVcf]_e
²X]Qtdl�m¦bs~Fr�tdlC^CahkKu�^/]"tdlCr"`h`Ry�cfksr"|hyfl_�¥Ú�e�²�r"kqbs~}bduhl3l�eRmVl�^�|Ry�l�kqy9r"mVmVc�´Blqtdm�r"eB§¸âp[4i¸r"tdlCrs�w�
lMtKrQg_lp^/lqbduh]=§Dm³²X]Qtor7¾oc�§RlItKrQehgQlP]"²�`Dtd]_|hyfl�^/m��¤Ú e�ksrQmVlqm�]Q²{aheRk�lqtVbKrQcfewb �w~_mV],bduhr"b³bduhlqtdlIcfm
eR]jg_ahr"tKr"e=bdlql3bduhr"bpr�mVcf^/`hyfl�k�y�r"mVmVcf´hlqtP¾ocfyfy�`}lqtV²X]Qtd^ô|}l�m¦bs~Rl�ehmVlq^�|hyfl�^/lqbduR]=§Rm4ksr"e¸]QÖ¥lMt
r/tdlsr"mV]_eBr"|hyfljtdl�mVaRyfbs�FÚ�evbduRl�mVl�k�rQmVl�m�~{âp[4ivmVl�lq^/mPbd]!`}lMtV²½]Qtd^
|}lqbVbdlqt7¾ouRl�e¼bduRl�k�y�r"mVmVl�m
r�tdl�^/]Qtdljk�]Q^/`Br"kqbs~�mVcf^/cfy�r"tdy��bd]¸bduRljmVah|RmV`Br"k�l&§Rl�k�cfmVcf]_e�²X]Qtdl�m¦bs�pSPebduhl/kq]_ewbVtKr"tV�w~Fbduhl
mVaR|hmdr"^/`hyfl�§Rlqk�cfmVc�]Qe¸²½]"tdl�m¦bP¾+]Qtd�=mo|}lqbVbdlqto²½]"tPuRc�gQuhlqtI`}lqtdkql�ewbKrQg_l3]"²«`}]_cfewbdmoc�e�|}]_aheh§hr�tV�
r"eB§&uhcfg_uRlqtIeh]_eRyfc�eRlsr"tdc�bdcfl�m��
zFcf^/cfbKr�bdcf]_ehm³]Q²FbduhlIk�aRtVtdlqe=b+m¦bdaB§=�/r"tdlpc�§Rl�ewbdc�´Bls§¥~¤mVaRkMu&rQm+|hc�rQmVl�m�§Rahlobd]�bduhlIk�aRtVtdlqe=b

kKuh]Qcfk�lC]"²+`Dtd]_|Ry�lq^/m�~}aheRl��¤l�e\§Dcfm¦bVtdc�|RaRbdcf]_ev]"²+`Dtd]_|hyfl�^/mprQyf]Qehg�bduhl,^/lsrQmVaDtdl�^/l�ewbImV`BrQkql_~
r"eB§/r"`h`Br�tdl�ewb�l�m¦bdcf^�r�bdc�]Qe�]Q²Fk�]_^/`Ryflq·Dcfb��w�w��uRlpm¦bdah§D�jcfm+rQyfmV]C|Rc�rQmVls§/|w��bduRlIkqaRtVtdl�ewb�`}]w]Qy
]"²�k�y�rQmVmVc�´hlqtdm��4åhaDtVbduhlqtjm¦bdaB§Rcfl�m�r�tdl\ehl�l�§Rls§�bd]�`Rtd]��=c�§Rl!uhcfg_uRlqt�aheh§Rlqtdm¦bKr"eB§RcfeRg�]_eÁbduhl
tdlqy9r�bdcf]_ehmVuRcf`�|}lqb ¾+l�l�e�k�y�r"mVm�§Dc�m¦bVtdcf|RaRbdcf]_eRm�~�k�]Q^/`hyflq·Dc�b �¼rQeh§�k�y�rQmVmVc�´hlqtsµ m�|}l�uhr��=cf]Qts���pyfmV]
rQ§h§Dc�eRgvc�e�m¦�DewbduhlMbdc�k&§Rr"bKrQmVlMbdmj^�r���|}l&ahmVlq²Xahy+bd]vk�]QewbVtd]_y+bduRl!r"`h`hr"tdl�ewbjlqm¦bdc�^�r�bdcf]_e1]Q²
kq]_^/`hyflq·Dc�b �&r"eB§�c�bdmocfe#Mhahl�eRk�l7]_e¸§hr"bKr,k�]_^/`Ryflq·Dcfb��¥�

ª3«¬�®W¯�°3± £:²�³�£Q¨´£ ® ¦+µ3��m¦bdlMtpbduhrQeh�=m4bduhl�mVaR`h`}]"tVbp]"²v¶ ® ³�· ®>¸ £Q§·]¹z· ª §:º�»�· ¦+£ « ¦�»�§:¹©¼x¹©½W¹ ±c± £M~
nprQ^/]QejzFy�aRyfyR�pehcf�¤lqtdmVc�b �w~Qr"m�¾+l�yfyBr"m�bduRl�mVah`R`}]QtVb�]Q²L¾¿· ® ·cÀ¦+£Q§· ¯ ²�£ÂÁ%·�£ ®B« ·]¹ ¸©Ã £ «�®W¯�±�¯ ³HÄÅ ¹aReB§Dlqt�`Dtd]�( l�kqb���Ú¦[4¢Q�Q�¤¢����"�¤�_�Q�"� [��¤ès���_�D~Ir"eB§ÇÆ6£ ® £Q§:¹ ± ·c¦�¹�¦¤²�£jÁt¹�¦�¹ ± » ®>¸ ¹!aReB§Dlqt´ÈptKr"ewb
¢"�_�_¢_i>ÈPno���_�=æ�è_èw�



æ1�7r"bKr/[+]Q^/`hyflq·Dc�b �!rQeh§!�7]Q^�rQcfehmo]Q²�[+]_^/`}lqbdl�eRk�l7]"²³[+y9r"mVmVc�´Blqtdm æs�

É ðt2qð�Ï¥ð�Í,Ó�ð³î
æ_���C� ± �F�puBr=~¥���FÝ�cf|hyflqts~FrQeh§ � � Ýj�{�pyf|}lqtVbs�CÚ eRm¦bKrQeRk�lq��|Br"mVls§vz{lsr�tdehcfehg��pyfg_]"tdcfbduR^/m��¾Ê¹ «Ë · ® £_¼J£:¹�§ ® · ® ³�Ì¤Í ¯�± µpÎ"~R`Br"g_l�mI�_��Ï=�Q�D~�æ��_�=æ_�
¢=�3��m¦bdlqt x lqtdeBrQ§4Þ]"� � r"ehmVcfyfy�r�rQeh§v��c�evÝj�}�p]R�I�7]Q^�rQcfe\]Q²�[+]_^/`}lqbdlqehk�l,]Q²�âp[4i\[+y�rQm¦�
mVc�´hlqtIi=�Dm¦bdl�^¶cfe¸[+]Q^/`hyflq·Dc�b � � l�rQmVaRtdlq^/l�ewboiD`hrQk�lQ�pÐÑ¶t¶v¶ Ã §:¹ ® ÀQ¹ « ¦�· ¯�® À ¯�® ¶^Ò ¯�± »�Ó
¦�· ¯�® ¹�§ ¸ Á ¯ ¨1ÔB»�¦�¹�¦�· ¯�® ~}�Rß¦æsàM� £¤¢�Ïhæs�"�R~�¢Q�Q�¤è=�

�D�3��m¦bdlqt x lqtdehr_§4Þ]"� � rQehmVcfyfy�rr"eB§���cfe�Ý3r"^õ�p]R�DSPe1[+y�rQmVmVc�´Blqt��7]_^�r"cfehm,]Q²p[+]_^/`}lM�
bdlqehk�l_��Ú eÖÕ×§ ¯�« £�£:²�· ® ³�À ¯ÑØ ¦ Ë £RÙ�Ú�¦ Ë Ð ® ¦+£Q§ ® ¹�¦�· ¯�® ¹ ± Á ¯�®�Ø £Q§:£ ®W« £ ¯�® Õ3¹�¦�¦+£Q§ ®¿Û £ «�¯ ³ ® ·�Ó
¦�· ¯�® ~R�¤]_yfaR^/lCæ_~h`Br"g_l�m�æs�Q��Ïhæs�_�=~{¢Q�Q�Q�R�

�R�,[p� z�� x y9r"�¤lvrQeh§º[p� �R� � lqtdÙ_�)��[+ÚCnpl�`}]QmVc�bd]QtV�Á]Q²�^�r"kMuRcfehl&y�l�r"tdehcfeRg�§hr�bKrQ|Br"mVl�m�~
Û uwbVbd`{� Ü�Ü�¾4¾4¾�� cfk�m�� ahk�c�� ls§RaBÜ�ÝP^/yflsr�tdeWÜ � zFnplq`}]_mVc�bd]QtV�w� uwbd^/y�Ü����PeRc��_lqtdmVc�b � ]"²v[�r"y�c�²X]QtV�
eRc�rD~RÚ�td�=cfehl_~D�7l�`hr"tVbd^/l�ewb4]"²�Ú eD²½]Qtd^�r�bdcf]_e¸r"eB§\[+]Q^/`haDbdlqtIiDkqc�lqehk�l�m�~{æs�Q�_£D�
è=�3z�� x tdl�cf^�rQe{� x rQg_gQcfehg�`Rtdls§Dcfkqbd]Qtdm��V¾j¹ «Ë · ® £1¼J£:¹�§ ® · ® ³Q~¥¢"�D�fæ�¢Q��ÏBæq�¤�D~�æ��_�_�=�
�D�3��cfe»Ýj�³�P]D� ��uhl¸tKr"eB§R]Q^ mVah|RmV`BrQkql\^/lqbduh]=§�²½]"t�k�]Qehm¦bVtdaRkqbdcfehg�§Dl�k�cfmVcf]_e»²½]"tdl�m¦bdm��

ÐÑ¶t¶t¶ Ã §:¹ ® À « ¹�¦�· ¯�® À ¯�® Õ3¹�¦�¦+£Q§ ®Þª6® ¹ ± ¸ À�· Àz¹ ® ²�¾j¹ «Ë · ® £´Ð ® ¦+£ ± ± ·ß³�£ ®W« £M~�¢"�Rß�£_àM� £Q�¤¢�Ï
£"�_�D~�æs�Q�_£=�
�=�3��cfe¸Ýj�D�p]R��� ��r�bKrj[+]Q^/`hyflq·Dc�b �!�pehrQy��DmVc�mo]"²�[+]_^/`hr"tKr"bdcf�¤l3�p§hrs�QrQewbKrQgQl�m4]Q²��7lqk�c��
mVcf]Qe\åh]Qtdlqm¦b7[+]Qehm¦bVtdaRkqbd]Qtdm��^Õ6¹�¦�¦+£Q§ ®Dª6® ¹ ± ¸ À�· À�¹ ® ² ª Ô�Ô ± · « ¹�¦�· ¯�® Àd~}è=�fæs�_¢�ÏBæQæ�¢w~{¢Q�_�_¢=�
£D�3��cfe»Ýj���p]�rQeh§ � � x rQmVa{� [+]Q^/`hyflq·Dc�b � � lsrQmVaDtdl�m&]Q²,i=ah`}lqtd�=cfmVls§»[+y�r"mVmVcf´hksr"bdcf]Qe

� td]_|Ryfl�^/m��¿ÐÑ¶t¶t¶ Ã §:¹ ® ÀQ¹ « ¦�· ¯�® À ¯�® Õ6¹�¦�¦+£Q§ ®rª6® ¹ ± ¸ À�· À©¹ ® ²�¾j¹ «Ë · ® £RÐ ® ¦+£ ± ± ·�³�£ ®W« £M~
¢��hß��_àM� ¢"£_��Ï=�_�Q�D~ � r"tdkKu{~B¢Q�Q�¤¢w�
�D�,i}� � aRtVbduw�w~"i}��Ý3rQmVc�² ~Qr"eB§,i¥�QiDrQyfÙ�|}lqtdgD�D�*iw�Dm¦bdl�^ ²X]Qt«Ú�eB§RaRkqbdcf]_e3]Q²WSP|hyfc��wahl��7l�k�cfmVcf]_e
�Ftdl�l�m��6à ¯ »�§ ® ¹ ±J¯áØ_ª §¦�· â « ·]¹ ± Ð ® ¦+£ ± ± ·ß³�£ ®B« £ Û £QÀ�£:¹�§ «Ë ~F¢Dß¦æsàM�fæQÏ=�_¢=~�æ��_�"�R�

æ��D�3å+� ± �{i=^/c�bdu{� � r�bVbdlqtdekqy9r"mVmVc�´BlqtC§RlqmVc�gQe|w�\yfcfehl�r"t3`Rtd]QgQtKr"^/^/c�eRgR�¤ÐÑ¶t¶t¶ Ã §Ñ¹ ® ÀQ¹ « Ó¦�· ¯�® À ¯�® Á ¯ ¨_ÔB»�¦+£Q§ÀK~}[³�dæ��=� �Q�¤��Ïw�¤�Q¢=~�æs�Q�_£D�
æQæ_�,iwbdlq¾4r�tVb ± � ± cfyfmV]_e{��[+y�rQmVmVc�´Blqt�å�cfbdeRl�mVm x r"mVls§\]_e¼�pkqk�aRtKr"kq�w�_¶×Ò ¯�± »�¦�· ¯�® ¹�§ ¸ Á ¯ ¨ãÓ

Ô>»�¦�¹�¦�· ¯�® ~B�Rß�¢QàM��æq�¤��ÏBæ��Qè=~�æs�Q�¤èw�
æs¢=�,iwbdlq¾4r�tVb ± � ± cfyfmV]_e{�xÈPl�eRlqtKrQyfcfÙsr�bdc�]Qe!cfejbduRlIâp[4i/[+y�rQmVmVc�´hlqtpi=�Dm¦bdl�^¸�hÚ e��R� n3�wÝ�]_Ùsr=~
± � x rQeRÙ�uBr�² ~{Ýj�{[+uhl�yfy�rQ`Rc�yfy�rD~�Ýj�¥�7l�|F~ � �{�P]Qtdcfg_]D~����FåR]_g_lqy�~ � � �C�xÈ7r"tdÙq]_e{~F��� �4�
ÈP]Qy�§R|}lqtdgD~{�,�}Ú |hrD~Fr"eB§\n,�¥nIcf]_yf]R~¥l�§Rc�bd]Qtdm�~3Æ6£ ® £Q¦�· « Õ^§ ¯ ³�§Ñ¹�¨R¨¤· ® ³�äxÕ×§ ¯�« £�£:²�· ® ³�À ¯ÑØ¦ Ë £ ÃHË · §Ñ² ª6®#® »#¹ ± Á ¯�®�Ø £Q§:£ ®W« £M�¥iDrQe�åRtKrQeRk�cfmVk�]R~}[��,� � ]Qtdg¤r"e\Ý3rQaD²½^�rQeRe{~¥æs�Q�_£=�


