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f��WZ#o#qw^i_/bnhgfiopZ�bnqa_a�corqw�c_nZ½uyb·tc^iq·_nZ��]�cuy_nZp`4¿]^Wtc{x[,f"hcfiuy_¤\·uybaZ�`Tuybabnuy|"uy{yfi_auvq�[9|$Zpfiba�T_aZi�
��Z§`cZ#|$^WtTbnqw_afJqwZ¡^Wl4mnZporqX_aZ#op^WsWtTuxqwux^Wt)uxt�f�\·ux`cZ��Jfi_nuyZ#q�[�^i� bnZ#qaqauytcsibp�J��Z§`cZpfi{;\·uvqwe!¨yRL^Wl4mnZporqwb#k

Zi� sc�(qaecZ}~��/� S;¶Á`gfJq�fJbaZ#q!^J��egfJtc`T\·_auvqaqaZpt `cuysWuvqwb�¢ �-uysT� ��¥¼k(baux{yec^W�TZ#qaqaZpb}¢ �»uysWb#�¡£W£zfitc`�£+_�¥�fJtc`
qw_afi`cZ#|©fi_n�]b�¢ �-uysT�T£6¨W¥¼k]fib
\¡Z#{y{ fib _^RO^Wl4mnZ#o#qab���_n^W| qweTZ�º¡^i{y�c|�lTu�f½º�Ç��´È�`gfJqwfibaZrq�k�|"^;`TZp{yZ#`!�cbauxtcs
|��c{vqwuxhc{yZ��4uxZ#\·b)¢ �-uxsc�7£+]�¥¼�g¶�ecZpbnZ�fi_nZ�\·uy`cZ#{x[��cbnZp`}lPZ#tco�ec|$fi_a�]b�fJtc`}^i�c_ fihchc_n^�fio�e}qa�c_atTb/^W�;q qa^
ljZ½qaecZ½{yZpfi`cuytTs9hPZ#_n��^W_n|$Z#_�^Wtzfi{y{?qaecZ½hc_a^ilc{yZ#|$b¡��^i_§\·ecuyo�ezqwecZ#_aZ½uyb�o#^W|$hcfi_wfJqaux�iZ�`gfJq�f;�

��Z�egf��WZ�fi{xba^�`TZ#�WZ#{y^WhjZp` f�qaZpo�ectcu �]�cZ,��^W_)bnZp{xZpo#qauytcs�qaecZ,t]�c|�ljZp_9^J�·bnqw^i_aZp` �4uyZr\·b���^W_)Zpfio�e
^Wl4mnZ#o#q�o�fJqaZpsW^W_¤[zlgfibaZ#`�^Wt�uvqwb·�;uxba�gfJ{2o#^W|"hc{yZ¼�Tuvq�[W�HZ�b�fit�ux{y{y�Tbnqw_afJqwux^Wt7kT\�Z)bnec^�\ qwegfJq/��^W_·qwecZu_^R
^Wl4mnZ#o#qab�uyt�qweTZ�º�Ç��´È?¦¤¨�]!`gfJqwfibaZrq�kj^WtcZ�o�fit}^WlTqwfiuyt}fib·{y^�\ fib�¨;� �G� |"uybnop{�fJbabauvÄgo�fGqwuy^itzZ#_a_n^W_·�cbauxtcs
^Wtc{v[�fit}f��WZ#_wfisWZ½^i� p9�4uyZ#\·b hjZp_·^Wl4mnZ#o#q)¢FbnZpZ �-uysWb#� \"fitc`�£+]�¥¼�



¶�ecZ/bnqa_a�corqw�c_nZ�^i�Pqwecuxb�hgfJhPZ#_�uxb�fJb���^W{x{y^�\·bp�W��Z `cuybnop�cbnb¡_aZ#{�fJqaZp`!\¡^i_a�!uyt S;Zporqwux^Wt,¨4�4��t S;Zporqwux^Wt
_�\¡Z�`cZ#baop_nuyljZ½^W�c_·baegfJhPZ½|$fJqwo�ecuxtcs!|$Zrqwec^4`�uyt�`cZrq�fiux{=� Ç��c_§qa_wfitTbn��^W_n|©fJqauy^Wt�|"^4`cZp{7uxb�hc_aZ#baZ#t]qaZp`
uytlS;Z#o#qwux^WtlpT�7��Z!qwecZ#t `cuxbaop�Tbab�qaecZ"hc_a^WlT{yZp| ^i�§|"Z�fibn�c_auxtcszbaegfihjZ©bnuy|"uy{yfi_auvq�[}uxt S4Zpo#qauy^Wt � fJtc`
`cZ#|$^WtTbnqw_afJqwZ"^W�c_�hc_n^WhP^ibaZp`�|$Zpfiba�T_aZ"^Wt f��Jfi_auxZ#q�[�^i�¡`gfJq�fJlgfibaZ#b)uxtcop{x�c`cuytTs�egfitc`T\·_nuxqnqwZpt�`cuysiuxqwb
fitc`zhcuxo#qw�T_aZpb·^i� _^R ^Wl4mnZ#o#qwb·uxtkS4Zpo#qauy^Wt � �T��Z½op^WtTop{y�T`cZ½uytJS;Zporqwux^Wt}�;�
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~�fGqwecZ#|©fJqauyo#u�fitcb½q�[4hcuyopfi{y{v[�`cZ#ÄctcZ,baecfihPZ,fib�fit�Z��]�cux�Jfi{xZptco#Z©o#{�fibnb)�ctc`TZp_9f�si_a^W�ch�^i�§qw_afitcb´¦
��^W_n|©fJqauy^WtTbp�4¶�ecuyb�`cZrÄgtcuvqwuy^it�uyb§uxtcop^W|"hc{xZ#qwZ�uyt,qweTZ�op^Wt�qwZ¼�4q/^J�»�4uybn�gfi{AfJtgfi{x[4bnuybp�;¶�ecuyb�^itc{x[$qwZp{x{yb��cb
\·ecZ#t�q�\¡^©baegfihjZpb�fi_aZ�Zr�Tfiorqw{x[�qaecZ)bafi|"Zi¾g\¡Z�tcZpZ#`�|$^i_aZ�qwegfJt}qwecfJq/��^i_�f!qwecZ#^W_n[z^i�
bnegfihjZ)bnuy|"uv¦
{�fJ_auxq�[©^W_·baegfJhPZ�`cuyb¤q�fitTopZi�g¶�eTZ)bnqwfJqwuxbnqauyopuyfit�	 b�`cZ#Äctcuxqauy^Wt�^i�-baegfihjZik ZJ� sc�Hm�^;^W�]b¤qwZpuxt � � � ^W_·Y�ZptT`gfi{y{
� ¨�\ � kTfi`T`c_aZ#babaZ#b§qwecZ/hc_a^ilc{yZ#|+^J�AbaegfJhPZ�`Tuybnqwfitco#Zik4lc�Tq�fJbaba�T|$Z#b¡qwegfGq§op^i_a_aZ#bahj^Wtc`cZ#tcopZ#b fi_aZ/�4tT^6\·t?�
Ç�qwecZ#_·bnq�fGqwuyb¤qwuxo�fi{?fihchc_n^�fio�ecZ#b qa^"bnegfihjZ½op^W|"hgfi_nuyba^itz`T^"tT^iq _aZ��]�cux_aZ�o#^W_a_nZpbahj^Wtc`TZptco#Zpb ¿©Zi� sc�g^WtTZ
op^i�c{y`�op^W|"hgfi_nZ"��ZpfJqw�c_nZ$�iZpo#qa^W_ab)op^Wt�q�fJuytcuxtcs}`TZpbao#_auxhTqw^W_nb)bn�co�e fib�fi_aZpf�^W_�|$^W|"Zpt�qab�¿�lc�Tq�ba�co�e
qwZ#o�ectcu �4�TZpb§^i� qaZpt$`cuybno�fi_n`©`cZrq�fiux{yZp`"baecfihPZ/uytT��^i_a|$fJqwux^Wt9uyt!qwecZ/hc_a^4opZ#bab#� S;ecfihPZ/baux|$ux{�fi_nuxq�[�egfib¡fi{ybn^
ljZpZptzbnqa�c`cuxZp`zuyt�qwecZ½hcb¤[4o�ec^W{y^isi[�{yuvqwZp_afJqw�T_aZikTfit�Z�fi_n{x[©Zr�Tfi|"hc{yZ�ljZpuxtcs$�½^W{x`c|"ZpuyZ#_ � ¨�] � �

Z/t�Z¼�4qwZptTbaux�iZ�ba�c_¤�WZ#[L^i��baegfihjZ�|$fJqwo�ecuxtcs uxtLop^W|"hc�TqaZp_,�4uybnuy^Wt o�fit ljZ���^W�ctc` uxt ��� �Tk�¨i¨ � �
m¡_n^�fi`c{v[!bahjZ�fi�]uytTsck4qaecZp_nZ�fi_nZ q�\�^!fihchc_n^�fio�ecZ#bpd7¢¤£6¥(��Z�fJqa�c_aZ¼¦�lgfJbaZp`?k;\·ecuxo�e�uyt��W^W{v�WZ qwecZ/�cbaZ�^J�Abahgf6¦
qwuyfi{�fi_n_wfitTsWZp|"Zpt�qwb�^i�;Zr�4qa_wfiorqwZp`���Z�fJqa�c_aZ#b2bn�co�e9fib�Z#`csWZXZp{xZp|"Zpt�qwb�^W_Tmn�ctcorqwux^Wtcbpk6fJtc`,¢B¨W¥7lc_auxsWe�qwtcZ#bab´¦
lgfibnZp`7kg\·ecuxo�e}|$fi�JZ�|$^W_nZ�`cuy_nZporq/�TbaZ½^i�»hcuv�;Zp{AlT_auysie]qatcZpbnbaZ#bp�
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Z sW_nZ�fJq�`cZ�fi{-^i��_aZpbnZ�fi_no�e�^Wt�bnegfihjZ9baux|$ux{�fi_nuxq�[�egfJb�lPZ#Zptª`c^WtcZ9�cbnuytcs,qaecZ9lj^W�ctc`gfJ_auyZ#b�^i��«������
¬g±��g¯r³B³�¯,ux|©fJsWZpb#� S;uxtcopZ�bnuy{yeT^W�cZ#qnqwZ#b,`c^ tc^iq�ecf��iZ�ec^W{yZ#b�^W_,uxt]qaZp_ntgfi{�|$fi_a�]uxtcsWbpk�qwecZ�fJbaba^4opuyfJqwZ#`
lj^W�ctc`gfJ_auyZ#b§fi_nZ�op^it]�iZptcuxZpt�qw{v[,_nZphc_nZpbaZ#t�qwZp`zl�[�f)bnuytcsi{yZ�o#{y^WbnZp`�o#�c_n�iZ�\·ecuyo�e�opfit�lPZ�hgfi_wfJ|$Zrqw_aux¹pZ#`
l�[9fi_nop{xZptcsiqae7�W�Xfi_n{x[�\¡^W_n�)�cbnZp` �g^W�c_nuyZp_-`cZpbnop_auxhTqw^i_abpkiZi� sc� � � ¨4k^p^_ � � m¡{y�T| 	 b-|"Zp`cuyfi{cf6�Tuxb-qw_afitcb¤��^W_a|
egfib·{xZp`,qw^"fJqnqwZ#|$hTqab§qw^!o�fJhTqw�c_nZ�qwecZ�hgfJ_nq·bnqa_a�corqw�c_nZ�^J�2qaecZ½baegfJhPZ½uyt,qaecZ�sW_afihce�bnqa_a�corqw�c_nZ�^i�2qweTZ
ba�JZp{xZ#qw^it�l�[�Y�uy|"u�f;k��?�To��iZp_�fitc`�o#^W{y{yfilP^i_wfJqa^W_ab#kPZJ� sc� S;egfi_¤�;uvq½Z#q�fi{B� ��� _ � �7¶�ecZ�£+R tgfJqa�c_aZ9^i��baux{v¦
ec^W�TZ#qaqaZ�o#�c_n�iZpb�{xZ�fi`Tb tcfJqw�c_afi{y{v[©qa^$`T[4tgfJ|$uxo�hT_a^WsW_afi|"|$uxtcs9fihchT_a^�fio�eTZpb/��^i_ |$fJqao�ecuytcsTkcZi� sc� � £�� � k
\·ecuxo�e��cbnZpb/qaecZ½Zp`cuvq `cuyb¤q�fitco#Z�ljZ#q�\�ZpZ#t�op�T_n�WZ#bp�j¶�ecuyb/fi{xsW^W_auvqwec|+uyb��Ffib¤q/fitc`zuyt��Jfi_auyfit�q�qw^"baZ#�iZp_afi{
�]uytc`Tb(^i� qw_afitcbn��^i_a|$fJqwux^Wt�uxtcop{x�c`cuxtcs�bn^W|$Z§fi_nqauyop�T{�fJqauy^Wt�fitc`9^4opo#{y�cbnuy^Wt7��ZLo#^W|$hT_aZpeTZptcbnux�WZ�o#^W|"hgfi_¤¦
uybn^Wt9^i�j`cuv¸?Z#_aZpt�qXbnegfihjZ�`cZpbnop_auxhTqw^i_ab(��^W_(o#^W|"hgfi_auxtcs�bnuy{yeT^W�cZ#qnqwZ#b-\§fJb
`c^WtcZ·fib
hcfi_nq
^J�jqaecZ ~��X����¦´�
bnqwfitc`gfJ_a`,fJo#qwuv�4uxq�[ � _^_ � k�\·uxqwe!qweTZ�{yZpfi`cuxtcs�fihchc_n^�fio�ecZ#b¡ljZpuytTs�qaec^WbaZ/`c�cZ·qw^)È2fGqwZpo��]ujZ#q¡fi{=� � _^_ � fJtc`
~}^W�]e�q�fJ_au�fJtzZrq/fi{=� � _^\ � �

S;ux{yec^i�cZ#qnqwZpb»fi_nZX���Ttc`gfi|"Zpt�q�fJ{y{x[�{yuy|"uxqaZp`�fJb»bnegfihjZ¡`cZ#baop_nuyhTqa^W_ab���^W_�sWZ#tcZp_afi{]^Wl4mnZporqwb#¾GqaecZ#[�uysitc^W_aZ
uyt�qaZp_atcfi{�op^Wt�qa^W�c_ab-fitc`�fi_aZ�`cu �$o#�c{xqAqa^�Z¼�;qa_wfiorq»��_n^W| _nZ�fi{]uy|$fisWZ#bp�6~z^W_aZ�hc_a^i|$uxbauytTs·fi_aZ�fihchc_n^�fio�ecZ#b
qwecfJq�qa_aZ�fGq�qwecZ)baegfihjZ9fib�f©baZrq½^i�XhP^iuyt�qwb/uyt�qaecZ!¨�R ux|©fisiZi� �-�4qw_wfJo#qwuxtcs,qweTZpbaZ���_n^W| fit�uy|$fisWZ½uxb
{yZ#bab9^i�/f�hc_n^Wlc{yZ#| ¿�ZJ� sc�-^WtcZ�o�fJt�mn�Tbnq!�cbnZ}fJt Z#`csWZ�`cZrqwZ#o#qw^i_p� �/�;qaqwZ#tc{y^4o�ecZ#_9Z#q"fi{B�-`cZr�WZp{x^WhjZp`
|"Z#qweT^;`cb�uxt,qwecuxb§o�fGqwZpsi^W_n[�lcfibaZ#`z^it�qaecZ ��fJ�cba`c^i_n¸�`cuxbnq�fJtcopZ � ¨�_ � ¾Tqaecuyb�opfit�lPZ�Z¼�;qaZptc`TZp`}qa^!`cZ�fi{
\·uxqae$hcfi_nqau�fi{g|$fJqwo�eTuytcs�fitc`$op{y�;qaqwZ#_p�FZO`c_wf�\·lgfJo��"��^W_X^W�T_�hc�T_ahj^WbaZ#b¡uybXqwecfJqXqwecZ/|$Zrqwec^4`$`T^;Z#b�tc^Jq
_aZrqw�c_nt}o#^W_a_nZpbnhP^WtT`cZptco#Zpb#�?~zZ#qweT^;`cb·lgfJbaZp`z^WtWR�uyb¤q�fitTopZ�¶2_wfitcb¤��^W_a|"bpkTba�co�e�fib � £ � � kcfi_aZ�bnuy|"uy{�fJ_�uxt
bahTuy_auvq·fitc`zljZpegf��4uy^W_�uxt�hc_wfiorqwuxopZi�

¶�ecZ,\�^W_n��^i� S;o#{�fi_n^i¸ fitc` �»Z#t�qw{�fJtc` � � ] � uxb�_aZ#hc_aZ#baZ#t]qwfJqwuv�WZ�^i�·qaecZ,ZpuxsWZpt��iZpo#qa^W_¤¦�^W_�|"^;`gfJ{v¦
|$fJqwo�ecuxtcsªlgfibaZ#`Ofihchc_n^�fio�ecZ#bp¾�baZpZ�fi{ybn^ ��� ¨;k � £Wk � � � ����t qweTuyb$fihchc_n^�fio�e7k�bwfi|"hc{xZ}hj^Wuyt�qab$uxt qweTZ



uy|$fisWZ"fi_nZ©opfibnq)uyt�qw^�f}ÄgtcuvqwZ©Z#{yZ#|$Z#t]q�bahT_auytTsJ¦�|$fibab�|"^;`cZ#{¡fJtc` op^i_a_aZ#bahj^Wtc`cZ#tcopZ#b!fi_aZ"��^W�ctc`�l][
op^i|$hgfJ_auytTs§|$^4`cZ#bA^i�;�4uxlc_wfJqauy^Wt?��~}^Wb¤q�op{x^WbaZ#{x[�_nZp{yfJqwZ#`½qa^�^W�c_�fihThc_a^�fJo�e�uxb7qwecZ(\�^W_a��^i�cÆ fitcsWfi_wf6mafJt
fitc`zop^i{y{�fJlP^W_afJqw^i_ab � £+\4kH\ � kc\·eTuyo�ezuyb�`cuxbaop�TbabaZ#`�uxtkS4Zpo#qauy^WtW_T� pc�

¶�ecZ#_aZ�egf��iZ�lPZ#Zpt�baZr�WZ#_wfi{AfJhchc_a^Wfio�ecZpb�qw^�bnegfihjZ�_aZ#op^WsWtTuxqwux^Wt©lcfibaZ#`�^Wt�bahgfGqwu�fJ{jo#^WtTÄgsi�c_wfJqauy^WtTb
^i�7f�bn|©fi{x{ct]�c|�ljZp_�^i�7�JZ#[4hj^Wuyt�qwb�^W_X{�fitT`c|©fJ_a�]bp�W��t$sWZp^i|$Zrqw_auxo�egfibnecuytcs � _�¨ � k]qaecZpbnZ/o#^WtTÄgsi�c_wfJqauy^WtTb
fi_nZ��cbaZ#`�qw^,�W^JqwZ)��^W_�f©|$^4`cZ#{»\·uxqaec^W�Tq�Zr�;hc{xuyopuvqw{v[�ba^W{v�;uxtcs©��^W_/op^W_n_aZ#bahj^Wtc`cZ#tcopZ#bp�8Z�|"uxq/Z#q½fJ{=� � £ �
qw_afiuyt�`cZpo#uybaux^Wt�qa_aZpZ#b���^W_�_nZpo#^WsWtcuvqwuy^it�l�[�{xZ�fi_ntcuytcs$`cuybnop_nuy|"uytgfJqaux�iZ�bnhgfJqwuyfi{2op^WtTÄcsW�c_wfGqwuy^itcb�^i�X�JZ#[�¦
hj^Wuyt�qwb#��ÈAZp�ctcszZ#q�fi{B� � _ ��� kdS;o�ec|"uy`ªfitc`�~}^WeT_ � p \ � k�fitc`�ÈA^�\¡Z � _ ��� fi`c`Tuxqwux^Wtgfi{x{x[z�cbnZ"si_wf�[�{yZr�WZ#{
uyt;��^W_a|$fJqwux^Wt�fJq-qaecZ§�iZr[4hP^Wuxt�qwb(qw^�hT_a^��4uy`cZ§si_aZ�fGqwZp_-`cuybnop_aux|$uxtgfJqaux�WZXhj^�\¡Z#_p�W�Ãq
bnec^W�c{x`9lPZ¡tc^iqwZ#`�qwegfGq
tc^iq�fi{y{�^Wl4mnZ#o#qab�egf��WZ9`cuxbnqwuxtcsW�cuxbaecZ#`��iZr[�hj^Wuyt�qab9¢�qaecuytT�}^i��f$opuy_nop{xZ���^W_/uytcb¤q�fitco#Z�¥¼k7fitc`��TbauytTs,�iZr[
hj^Wuyt�qwbXfJ{y^WtcZ¡bwfio#_auxÄcopZpbXqweTZ bnegfihjZ·uytT��^W_n|©fGqwuy^it�f��Jfiuy{yfilc{yZ�uyt9bn|$^4^iqwe!hj^W_nqauy^WtTb(^i�P^Wl4mnZporq�op^Wt�qw^i�c_ab#�
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m¡_nuysWe�qatcZpbnb¤¦�lcfibaZ#`ª¢F^W_�fihchjZ�fi_afitco#Zr¦�lcfibaZ#` ¥�|"Z#qweT^;`cb�^i¸PZp_�f)op^i|$hc{xZp|"Zpt�q�fJ_n[��4uyZr\ qw^���Z�fJqa�c_aZ¼¦
lgfibnZp`,|"Z#qaec^4`cbp�]��tcb¤qwZ�fJ`,^i�7��^4op�cbnuytcs�^Wt$qaecZ baegfihjZ�^J�7qwecZ ^4opop{x�c`cuxtcs�o#^Wt�qw^W�T_¡^W_X^iqaecZp_�Zr�4qw_afio#qaZp`
��Z�fGqw�c_nZpbpkAqaecZpbnZ©fihThc_a^�fJo�ecZpb�|©fJ�iZ!`cuy_nZporq½�cbaZ"^i�¡qaecZ!sW_wf�[��Jfi{x�cZpb�\·uvqwecuxt�qwecZ9�4uybnuylc{xZ9hP^W_¤qwux^Wt�^i�
qweTZ�^il4mnZporq��jÇ�tcZ½o�fitz�cbnZ�lc_nuysWe�qatcZpbnb uxtT��^W_n|©fJqauy^Wt©uyt�^WtcZ½^i�2q�\�^$��_wfJ|$Zr\¡^W_n�]bp�

��t"qwecZ·Äg_ab¤q�o�fJqaZpsW^W_¤[9\¡Z egf��WZ qwecZ·|"Z#qaec^;`TbXqaegfJq�Zr�;hc{xuyo#uxqw{v[)ÄgtT`©op^i_a_aZ#bahj^Wtc`cZ#tcopZ#b��ifJ{yuysitc|$Z#t�q
�cbnuytcs�sW_wf�[4baopfi{yZ��Jfi{y�cZ#bp� ���cux{y{yZ � � £ � hc_nZpbnZpt�qwb�f��WZ#_n[ ÀgZr�;uylT{yZzfihchc_n^�fio�eLuxt qaegfJq$uyt��Jfi_auyfitco#Z�qa^
opZ#_nqwfiuyt!�]uytc`Tb�^J�?qw_afitcb¤��^W_a|$fJqwux^Wtcb(opfit"lPZ·lc�cux{xq
uxt�qw^�qwecZ·|"Z�fibn�c_aZ·^i�P|"^;`cZ#{cbaux|$ux{�fi_nuxq�[ikGlT�Tq�uxqXba�;��¦
��Zp_nb���_a^W|ÂqweTZ9tcZpZ#`ª��^W_�e4�T|©fit4¦�`cZ#bauysitcZp`�qaZp|"hc{�fJqaZpb�fJtc`�qwecZ9bnZptcbnuxqaux�4uxq�[}qw^�uytTuxqwuyfi{yux¹�fJqauy^Wt,\·eTZpt
baZpfi_ao�eTuytcs��4uyf sW_afi`cuxZpt�q-`TZpbao#Zpt�q��
	X^Wt�`cZ#_(~}fi{ybnlc�c_as�fitc`�o#^W{y{xZ�fisi�cZpb � _T£ � �cbaZ�Zp{yfibnqauyo�sW_wfihTe)|$fJqwo�e;¦
uytTsckcfit}fihchT_a^�fio�e�qwecfJq·uyt��W^i{x�WZ#b·lP^iqae�sWZp^W|"Z#qa_n[,fitc`zhcec^iqa^W|$Zrqw_nuyo���ZpfJqw�c_nZpb·uyt,qaecZ���^W_a|Å^i�»{y^4o�fi{



`cZ#baop_nuyhTqa^W_ab�lgfibaZ#`�^Wt��½fi�cbnbau�fJt�`cZp_nux�JfJqaux�WZ�mnZ#qabp��	XZ#qaqaZp_�Zrq½fi{B� ��� \ � fitc`�º¡^;^iqaZpb�Zrq�fi{B� � £+] � o#^W|!¦
hgfi_nZ½lc_auxsWe�qwtcZ#bab��Jfi{y�cZ#b·lc�Tq�Äg_nbnq/fJqaqaZp|"hTq�qw^!\¡fi_ah�qwecZ½ux|©fisiZpb§^Wt�qa^"^itcZ�fitc^iqaecZp_·�cbnuytcs"f9`cZptTbaZ
op^i_a_aZ#bahj^Wtc`cZ#tcopZ�ÄgZp{x`7�

¶�ecZ baZ#op^WtT`©o�fGqwZpsi^W_n[9uxtcop{x�c`cZ#bXqaec^WbnZ/|"Z#qaec^;`Tb(qwegfJq�lc�Tuy{y`!o#{�fibnbauxÄcZp_ab
\·uvqwec^W�;qXZr�;hc{yuxopuvqw{x[�Ägtc`4¦
uytTs,op^W_n_aZ#bahj^Wtc`cZ#tcopZ#bp�A��t�ba�To�e�fihThc_a^�fJo�ecZpb#k7^WtcZ�_nZp{xuyZpb/^Wt�f©{xZ�fi_ntcuytcs©fi{ysi^W_auvqwec| egf��4uytTs�Zptc^W�TsWe
Zr�Tfi|"hc{xZpb9qw^�fio��]�cux_aZ�qweTZ}fJhchc_a^ihc_auyfJqwZ�uxt]�Jfi_nu�fitTopZpb#�
��t qaecZzfi_aZpfª^J���Ffio#Zz_nZpo#^WsWtcuvqwuy^it sW^;^4` _aZ¼¦
ba�T{xqwb½\�Zp_aZ$^WlTqwfiuytcZ#`��cbnuytcszhc_nuytco#uyhgfi{
o#^W|"hP^WtTZpt�qwb�fitgfi{v[4bauyb$¢F��º[Z�¥ ��� pck � ��� hcfi_nqauyop�T{�fi_n{x[�\·eTZpt
�cbnZp`�uyt�f©hc_a^ilgfilcux{yuyb¤qwuxo���_wfi|"Z#\�^W_a� � _ � � �A~}�T_wfibnZ9fitc` �/f�[�fi_�fJhchc{yuxZp`zqwecZ#baZ9uy`TZ�fib qw^�_^R ^Wl4mnZporq
_aZ#op^Wsitcuxqauy^Wt � p ] � �5S4Z#�WZ#_wfi{·fJ�Tqwec^i_ab�egf��iZ}fJhchc{yuxZp` `Tuybao#_aux|$uxtgfJqwuv�WZ"op{yfibabnuxÄgopfJqwux^Wt |"Z#qweT^;`cb)uyt qweTZ
fihchjZ�fJ_wfitco#Zr¦ÃlgfibaZ#`�baegfihjZ9|$fJqwo�ecuxtcs,��_wfJ|$Zr\¡^W_n� � S;^W|"Z�Z¼�cfJ|$hc{xZpb�fJ_aZ)qaecZ!ÈAZ��/Zrq½op{yfibabnuxÄgZ#_ � _yp � k
f�o#^Wt��W^W{x�Tqwux^Wtgfi{XtcZ#�c_wfi{�tcZrq�\¡^W_n�ª��^i_)egfitT`T\·_auvqaqwZ#t `cuxsWuxq½_nZpop^isWtcuxqauy^Wt?k»fJtc`�qweTZ�S;�chThP^W_¤q 	XZ#o#qw^i_
~�fio�eTuytcZ"¢ S 	½~�¥Ã¦�lgfJbaZp`�|"Z#qaec^;`Tb¡^i� � pc£ � ¢ ��^W_¡`Tuybao#_aux|$uxtgfJqwuxtcs½lPZrq�\¡Z#Zpt�qwZ#|$hc{yfJqwZ#b§^i��hjZp`cZ#bnqa_au�fJtcb
lgfibnZp`!^Wt"¨�RL\¡f��WZp{xZ#qXo#^;Z �$o#uyZ#t]qab�¥(fitT` � £W£Jk]� � ¢ ��^W_-ecfitc`T\·_nuxqaqaZpt!`cuxsWuxq»_aZ#op^WsWtTuxqwux^Wt ¥¼�J¶�ecZ ~ �/� S;¶
`gfJqwfilgfibnZ�^i��ecfitc`T\·_nuxqaqaZpt,`TuysWuvqwbXuyb¡f�hgfi_¤qwuxop�c{yfi_a{v[9uy|"hP^i_nq�fJt]q�`gfGq�fibnZ#q·fib�|©fJt]["`cuv¸?Z#_aZ#t]q¡hgfJqnqwZp_nt
_aZ#op^Wsitcuxqauy^Wt!fi{xsW^W_nuxqweT|$b2egf��WZ lPZ#Zpt!qwZ#bnqwZ#`$^it"uvq��G��Z�\·uy{x{Tbnec^�\L^W�c_
_nZpbn�c{xqab�^it©~ �/� S;¶Luxt�S;Zporqwux^Wt
� �v£W�

� 	 ��
(�¡������� � �#
(� ��������� *+�"��
-�/.�

&

��tL^i�c_"fihchc_n^�fio�e7k
\�Z}qw_nZ�fJq©fit ^Wl4mnZporq,fJb©f ¢Fhj^Wbabnuylc{v[ uytTÄctcuxqaZ�¥)hj^Wuyt�q"baZrq�fitc` \¡Z}fibnba�c|"Z
qwecfJq$qaecZzbaegfihjZz^i�½fit ^Wl4mnZporq©uxb$Z#babnZpt�qwuyfi{y{v[ o�fih;qw�c_nZp`Ll�[ f�ÄctcuxqaZ}bn�clcbaZrq,^i��uxqwb!hj^Wuyt�qabp��~}^W_nZ
hc_afio#qauyo�fJ{y{x[ik?f�baecfihPZ!uxb�_aZphT_aZpbnZpt�qwZ#` l�[�f�`cuybnop_nZ#qwZ!bnZ#q�^i��hP^Wuxt�qwb�bwfJ|$hc{xZp`���_a^i|�qweTZ"uxt�qwZp_ntgfi{(^i_
Zr�4qaZp_atcfi{�op^Wt�qw^i�c_ab/^WtzqaecZ�^Wl4mnZporq�� ¶�ecZ#baZ)opfitzlPZ�^WlTqwfiuytcZ#`�fJb {x^;opfJqwux^Wtcb�^i�»Zp`TsWZ�hTuv�;Zp{xb/fJb ��^W�Ttc`
l�[zfitzZp`csWZ�`cZrqwZporqw^W_#k sWux�4uytTs"�Tb�f!baZrq������
	���
�������
�	����]k�	������ � k ^i����hj^Wuyt�qwb#�g¶�ecZ#[ztcZ#Zp`}tc^iq�k



fitc`�q�[4hcuyopfi{y{v[�\·ux{y{(tc^Jq�k�op^W_n_aZ#bahj^Wtc`�qa^}�JZ#[�¦�hj^Wuxt]qab�bn�co�e fib½|$fG�;uy|$f,^i�§o#�c_n�JfJqa�c_aZ"^W_½uyt;ÀgZporqwuy^it
hj^Wuyt�qwb#�4��Z�hc_nZ#��Zp_�qw^�bafi|$hT{yZ/qaecZ�bnegfihjZ�\·uxqwe©_a^W�csiec{x["�ctcuv��^W_a| bnhgfiopuxtcsck4qwec^W�TsWe,qwecuxb¡uxb§fi{xba^�tc^Jq
op_nuxqauyo�fJ{=� � �-uysT� _g¢FfTk lg¥�baec^�\·b�bwfi|"hc{yZ)hP^Wuxt�qwb���^W_�q�\�^zbaegfihjZpb#� Z�bnba�c|"uytcs�o#^Wt�qw^W�c_nb�fi_aZ9hcuxZpo#Z#\·uybnZ
ba|"^4^iqwe7kA\�Z,o�fJt ^WlTq�fJuyt fJb)sW^4^;`�fit fihThc_a^��;uy|$fJqwux^Wt�qw^�qaecZ©�ctT`cZp_n{x[4uytcs�op^Wt�qwuxt]�c^W�cb�bnegfihjZpb9fJb
`cZ#bauy_nZp`zl�[�hcuyo��]uytTs ��qa^$ljZ�ba� �$o#uyZ#t]qa{x[�{yfi_asWZJ�

� ��� � ����� ��� � �¡� ��� �

�g^W_�Z�fio�e hj^Wuxt]q 	��¡^Wt�qaecZ$Äg_nbnq)baegfihjZik�\�Z©\§fJt]q�qw^�Äctc`�qweTZ
	nljZpb¤q���|$fJqwo�eTuytcszhP^iuyt�q�
��9^Wt
qweTZ/bnZpop^itc`�baegfJhPZJ�;¶�ecuxb�uxb�f�op^i_a_aZ#bahj^Wtc`cZ#tcopZ�hc_a^WlT{yZp| bnuy|"uy{yfi_-qw^½qwecfJq¡uxt$b¤qwZ#_aZp^ihcbauxbp�c�-�;hjZp_auxZptco#Z
qweTZp_aZ©ba�csWsiZpbnqab�qwegfGq�|$fJqwo�ecuxtcs�uxb)ZpfibauxZp_)uv��^WtcZ©�cbaZ#b9f�_auxo�e {y^4o�fJ{�`TZpbao#_auxhTqw^W_#k-ZJ� sc�»f�sW_af�[�bno�fi{xZ
\·uytT`c^�\ ^W_½f©�iZporqw^W_½^i�XÄg{vqwZp_�^W�TqwhT�Tqwb � ¨W� � k7uytTbnqwZpfi`�^i�7mn�cbnq�qaecZ9lc_nuysWe�qwtTZpbab�fJq�f�bnuytcsi{yZ)hTuv�;Zp{(^i_
Zp`TsWZ½{y^4o�fJqauy^Wt7�TÆ uxo�e�`cZpbnop_auxhTqw^i_ab·_aZ#`c�copZ½qweTZ�fJ|�lcuysi�cuxq�[$uyt�|$fJqwo�ecuxtcsc�

Z/b�f$�JZ#[�o#^Wt�qw_nuylc�Tqauy^Wtz\¡Z)hc_a^Whj^WbnZ�f$tT^6�iZp{(`TZpbao#_auxhTqw^W_#kjqaecZ"«�¬T­r®g¯!°�±G²g³�¯nµW³Bk qwecfJq�o#^W�c{y`}hc{�f�[
ba�To�e f�_a^W{xZ$uxt�bnegfihjZ,|©fGqwo�ecuxtcsc�»º¡^Wtcbnuy`cZ#_�qweTZ©baZrq9^i�§�iZporqw^W_nb9^W_auxsWuytgfGqwuytTs,��_a^W| f}hj^Wuxt]q�qw^�fi{y{
^iqaecZp_·bwfJ|$hc{xZ�hP^iuyt�qwb�^Wt}f9baegfJhPZJ�g¶�ecZpbnZ��WZ#o#qa^W_ab Zr�;hc_nZpbab qwecZ½o#^WtTÄgsW�T_wfJqauy^Wt�^i�2qwecZ½Z#t]qauy_nZ�bnegfihjZ
_aZ#{�fJqaux�iZ qa^)qwecZ/_aZr��Zp_aZ#tcopZ�hP^Wuxt�q��;Ç�l]�4ux^W�cba{v[Wk]qwecuxb�bnZ#q�^J������£��iZporqw^W_nb�uyb�f�_auxo�e,`cZ#baop_nuyhTqauy^Wt?k;bnuytco#Z
fib ��sWZ#qab·{�fi_nsWZik4qwecZ½_aZ#hc_aZ#baZ#t]qwfJqwux^Wtz^i�-qaecZ½baegfihjZ½lPZ#op^W|"Zpb·Z¼�cfJo#q��

¶�ecZ����c{y{?baZ#q�^i�-�iZporqw^W_nb�fib f$bnegfihjZ�`TZpbao#_auxhTqw^W_·uxb |)�co�e}qa^;^"`cZ#qwfiuy{xZp`�bauxtcopZ�baecfihPZ#b�fitT`zqaecZpux_
bwfJ|$hc{xZp`9_nZphc_nZpbaZ#t�q�fJqauy^Wt"|©f�[��ifJ_n[)��_n^W| ^itcZ·uytcb¤q�fitco#Z§qw^�fitc^JqwecZ#_
uyt!f�o�fJqaZpsW^i_n[W�W��Z�uy`TZpt�qwuv� [)qweTZ
���y«r³!�����<�4³!�=±G²©^��WZ#_/_nZp{�fGqwux�iZ�hP^ibauxqauy^WtTb·fib f!|"^W_nZ�_n^Wlc�cb¤q/fitc`zop^W|"hgfiorq�kc[WZrq�eTuysWec{v[©`Tuybao#_aux|$uxtgfJqwuv�WZ
`cZ#baop_nuyhTqa^W_p� �g^W_�f}hj^Wuyt�q 	��¡^it�qwecZ$baegfJhPZJk2\�Z,op^i|$hc�;qwZ$f�op^�fJ_abaZ$ecuyb¤qw^Wsi_wfi|�� �§^J�§qwecZ$_aZ#{�fJqaux�WZ

���������! #"#$!%'&)(*$,+�".-�/102��34"#(5$,+���02/6-�"#+2&)78+4+4/1-9":$<;=�!�8/1$,-�":>@?BA



¢Ff�¥ ¢Flg¥ ¢Fo�¥

θ

lo
g 

r

θ

lo
g 

r

θ

lo
g 

r

¢F` ¥ ¢FZ�¥ ¢ ��¥ ¢Fs]¥

��� �����	���P���D"����+�@8��9%.�*�<�$�H8Y�������.�:�.�U� �9%M��%$&?�@�.�:8�"��1%$�P�9~ �-; F+���9������� �.&2�.&����B�+���1%.�*�!���0�6�!����"$���+�=�=��~68=�@ZH� �$�9�S���
�+�^� ���+5U�+�9� ����"+� �:�*���9�S��� F+�1%$�B�$�:�.&#�1%,8��9�����=�U�1%$�J�<"$���Y"����+�28Y��%=�*�Y�.�*�.��� �R�.�7�2rwF��1%.�^�T���  :(*%�� ��%$&X
=OwF��1%.�^�T���
� ��~6&�5 �U�2
��+������� �2��"$���+�I8Y�9%.�*�<�$�*�3�T���^�	�Y�T���E��%$8��,�U������� �=���@���
	y�.&XF�_���
���
��?�1%w~6�-;1F���� 
-��8�"J�Y"����+�I8��9%.�*�<�$�M� �@�
� ����57�+��� �+�0"�� �*�*���9�S��� �+�G�<"$�@8Y�����S&��1%��.�*�������G�<".�2�E�=�*���+�0�<"$�B�+���1%.���:�����'�=�$�����	�=&R�.�<�1%.�B�<"$�B�	�Y�T���E��%$8����+���1%.�!�$�!�<"$�
���(� ���1%-��~UZ��+�
	��2� ���E���!K����s�.��� �����+�*�Q�<".�QK+� ���$���=�y�1�>�1� ���T� � _��+�9�<"$�4�Y"����+�48��9%.�*�<�$�*���T�����'��%$&��G;Y�@"+� 8+"Q�!���E�^8Y�������=�*�.&
�T���^�E��� �.�U� K.��� _��y�1�>�1� ���Q�+�-�1%=�*�M�9%I�<"$�2� �!�?��"$���+�=�=���G_?8Y��%=�<�S�$�*��;��<".�I�Y"����+�J8Y�9%.�*�<�$�3�T�����#� � A �+� �*�J&�� CG�+�	�+%.����~(���
� ���6�	�����+�9%�&���%$8������T�9��%$&R�.�<�1%.�JF��1���+�E�U� �*�B�@�.�:8+"+�1%$�P;$�3� �<"M8����*�*�!&��YW0%$�=&�FY_'�<"$�����'&�� �:�:��%$8��BF+�Y� �!����%�"+� �:�*�����	���'�.�

op^4^W_n`cuytgfGqwZpb�^J�»qaecZ½_aZp|$fiuxtcuytcs � � £�hj^Wuyt�qabpk

� �¤¢� c¥ � ! � 
#"� 	�� dÅ¢�
9� 	���¥ ��lcuxtA¢� c¥�� � ¢¤£�¥

¶�ecuxb9ecuyb¤qw^WsW_afi| uyb9`cZrÄgtcZp` qw^�ljZ,qwecZ�«�¬T­r®g¯}°�±G²g³´¯nµW³�^i� 	 �Ã�-��Z��cbaZ�lcuxtcb�qwegfGq!fi_aZ��Ttcux��^W_n| uxt
{y^isJ¦�hj^W{�fJ_ � bahcfiopZJkP|$fi�]uytcs9qaecZ�`TZpbao#_auxhTqw^W_ |"^W_aZ½baZ#tcbauvqwuv�WZ�qa^$hj^Wbnuxqwux^Wtcb�^i�(tcZ�fi_nl�[�bwfi|"hc{yZ½hj^Wuyt�qab
qwecfitzqa^9qwec^WbnZ½^i�-hj^Wuxt]qab§�Ffi_nqaecZp_ f�\¡f�[i�HZ�tzZr�Tfi|"hc{yZ�uxb�baec^�\·t�uxt �-uysT�/_g¢Fo�¥r�

º¡^WtTbauy`TZp_!f�hj^Wuyt�q�	���^Wt�qaecZ,Äg_nbnq9bnegfihjZ�fitc` f�hj^Wuyt�q 
��"^Wt qwecZ©baZpo#^Wtc` baecfihPZJ�(ÈAZ#q%$ � � �
�'&)( ".+ & ( (5".&)/ &�(50204/�+�� (5$8-!+ 32( �  :"#$!/1�504 +*B":$,&�04/��5+4":$,%=� (*+4" 32":(*$,�� 7!$,&�/�0432��"#$ 3,*.- " 3 ( -�".+ 3 ��$,&�/�/ 02(5�10�2,3 � 02/1�*+�(*$,�54! #/

02/1+47! 3 "6/ 3 ( /6340 ��$8+,/ (*04� � 32":(*$�4 /)3,- /�/1$93 ( /�+ ( ��� /1+ �504(*7!$,-7082 &��5$94 /  #( &1�� # 6*9���!�!02(�>�":� ��34/1-9�5+ �5:�$,/5A



$$¢ 	���
�
��r¥/`cZ#tc^iqaZ)qwecZ)op^Wb¤q�^i�X|$fJqwo�eTuytcs"qwecZ#baZ�q�\�^�hP^Wuxt�qwbp�#Z�b�baegfihjZ�o#^Wt�qwZr�4qab½fi_aZ�`cuyb¤qw_auxlc�Tqauy^Wtcb
_aZ#hc_aZ#baZ#t]qaZp`�fJb eTuybnqa^WsW_afi|$b#kTuvq·uyb�tgfJqa�c_wfJ{?qw^"�cbaZ�qaecZ�� � qwZ#bnq bnqwfJqwuxbnqauyoid

$ � � � $$¢ 	���
�
��#¥ � £
¨

�� �
� �
� � �¤¢� c¥B� � �G¢  c¥ � �
� �´¢� c¥�� � �J¢  c¥

\·ecZ#_aZ�����¢  c¥�fitT` � �J¢  c¥¡`TZptc^iqaZ�qaecZ
	}¦�lcuxt�tc^W_n|©fi{xuy¹#Zp`�ecuxbnqw^isW_wfi|ÁfJq 	��»fitc` 
��Gkg_nZpbahjZporqwuv�WZp{v[W���
¶�ecZ)op^Wb¤q $ � ����^W_ |©fJqao�ecuytTs©hj^Wuyt�qwb o�fJt�uytco#{y�c`cZ�fit�fJ`c`cuxqauy^Wtcfi{7qwZ#_a|ÂlgfibnZp`�^Wt�qaecZ){x^;opfi{�­r® �

®g¯a­��n­i²?°�¯�«���% ���v­���� ³ 0!fGq)hj^Wuyt�qab 	 �¡fJtc` 
��G�A¶�ecuxb�uxb½hgfi_nqauyo#�c{�fi_n{x[}�cbaZr���c{X\·ecZpt�\�Z$fi_aZ"op^W|"hgfi_nuytcs
baecfihPZ#b/`TZp_auv�WZ#`}��_a^i| sW_wf�[�¦�{xZ#�iZp{�uy|$fisWZ#b§uytcb¤qwZpfi`}^J�({yuxtcZ�`c_af�\·uxtcsWb#� � ^i_ Z¼�Tfi|$hT{yZikT^WtcZ�o�fit}fi`c`}f
op^ibnq/lgfibaZ#`�^Wtztc^W_n|©fJ{yuy¹#Zp`�o#^W_a_nZp{�fGqwuy^it�baop^i_aZpb/lPZrq�\¡Z#Zpt�bn|©fJ{y{7sW_af�[]¦Ãbaopfi{yZ�hgfGqwo�ecZ#b�opZ#t�qwZp_nZp`�fGq 	 �
fitc` 
���k�`cuxbnqwfitcopZ#bXlPZrq�\¡Z#Zpt©�iZpo#qa^W_ab�^i�jÄg{xqaZp_
^W�;qwhc�Tqab¡fGq�	��jfitc` 
��6kiq�fJtcsWZpt�q�^W_nuyZpt�qwfJqwux^Wt9`cux¸PZp_nZptco#Z
ljZ#q�\�ZpZpt 	��jfitc` 
��Gk�fJtc`!ba^½^Wt7�W¶�eTZ o�eT^Wuyo#Z�^i� qwecuxbXfihchjZ�fi_afitcopZ�bnuy|"uy{yfi_auvq�[�qwZp_n| uxbXfihchc{xuyo�fGqwuy^it)`cZ¼¦
hjZptc`cZ#t�q�k;fitc`"uybX`c_auv�WZ#t©l�[9qwecZ·tcZ#opZ#babwfJ_n[$uyt��Jfi_auyfitcopZ·fJtc`©_n^Wlc�cb¤qwtcZ#bab¡_nZ��]�cux_aZp|"Zpt�qabpk]Zi� sc���Jfi_n[4uytTs
{yuxsWe�qwuxtcs�op^itc`cuxqauy^WtTb�|©fi�JZ�_aZ#{yu�fJtcopZ�^Wt�sW_af�[]¦Ãbaopfi{yZ½lc_nuysWe�qwtTZpbab��Jfi{x�cZpb·_auxba��[W�

� � � � �1���
�T� ��� ��
 �g��� � � �-�c� � ��� �

��ux�iZpt}qaecZ�baZ#q/^i�-op^Wb¤qwb9$ � ��lPZrq�\¡Z#Zpt�fi{x{7hgfiux_ab·^i�-hP^Wuxt�qwb 	��»^WtzqaecZ½Äg_ab¤q�bnegfihjZ)fitT` 
���^it}qweTZ
baZ#op^WtT`�baecfihPZ�\�Z�\¡fit�q·qw^!|"uytcux|$ux¹pZ/qaecZ�qw^iqwfi{7o#^Wbnq ^i�»|©fGqwo�ecuxtcsck

� ¢��2¥ � �
�
$�� 	���
�
���� ����� ¢=¨i¥

ba�Tl4mnZporq�qa^�qaecZ!op^WtTbnqw_afiuyt�q�qaegfJq�qweTZ"|$fJqao�ecuytcs�ljZ!^WtcZ¼¦Ãqw^G¦�^WtcZJk7u=� Zi��� uxb½f�hPZ#_a|��TqwfJqwux^Wt7�P¶�ecuyb�uxb
fit�uxtcbnqwfitcopZ�^i�XqwecZ)b �]�gfi_nZ9fibabnuysWtT|$Z#t]q!¢F^W_ \¡Z#uysWe�qwZ#`�lcuyhgfJ_nqwuvqwZ�|©fGqwo�ecuxtcs]¥�hc_a^WlT{yZp|zk \·ecuyo�e�opfit
ljZ)ba^i{x�WZ#`�uyt��©¢ �!�¼¥·qauy|"Z��cbnuytcs$qwecZ �/�ctcsWfi_auyfit�|"Z#qweT^;` � p]¨ � �j��t�^W�c_/Zr�;hPZ#_aux|$Z#t]qabpkj\¡Z��TbaZ�qweTZ

" ;  :34/104$,��34"$#5/�+ ":$8&) #7,-�/ ? "#&&%*/� (' +�%*/�$!/102�5 :"$)1��34"#(5$ (5/B3 ( /�*6(* :��(5%*(502(+#-, � ��"#04$,(+# 32/1+�3 / (50/.10 -�"#+�3402"+4!7�34"#(5$8+�2 354
3
- ( ".& ( -�( /1+�$!(53�02/76 7!"#02/�4,":$!$,":$!%8A



|"^W_aZ�Z �$o#uyZ#t]q¡fi{xsW^W_auvqwec| ^i� � ¨ � � ��¶�ecZ/uxtchc�Tq
qa^�qwecZ/fibabnuysWtT|$Z#t]qXhT_a^Wlc{xZp| uxbXf�b �]�gfi_nZ/o#^Wbnq�|$fJqw_nuv�
\·uxqae�Zpt�qw_nuyZpb�$ � �6�c¶�ecZ�_aZ#ba�c{vq·uyb·f!hPZ#_a|��;q�fJqauy^Wt ��¢ � ¥§ba�To�e}qwecfJq�¢=¨W¥¡uxb�|$uxtcuy|"uy¹#Zp`7�

��t}^W_a`cZ#_�qw^"egf��WZ�_a^Wlc�Tbnq/egfitc`c{xuytcs9^J�(^W�Tqa{yuxZp_ab#kT^WtTZ�opfit�fJ`c` 	¤`c�c|"|)[ �"tT^;`cZ#b qa^$Zpfio�e�hj^Wuxt]q
baZrq§\·uxqae�f)op^itcbnqwfit�q�|©fGqwo�ecuxtcs�op^ibnq�^i�����G�4��t,qweTuyb§opfibaZJkcf)hj^Wuyt�q�\·uy{y{ ljZ�|$fJqwo�ecZ#`,qw^9f 	¤`c�c|"|)[ �
\·ecZ#tcZ#�iZp_�qaecZp_nZ�uxb tT^$_nZ�fi{�|$fJqwo�e}f��ifJuy{�fJlc{yZ�fJq ba|$fi{y{xZp_�op^ibnq qwegfit����6�g¶�e]�cbpk�����opfit�ljZ½_aZ#s�fi_a`TZp`
fib·f)qaec_aZ#baec^W{x`�hgfi_wfJ|$ZrqwZp_���^W_§^W�Tqa{yuxZp_¡`TZ#qwZ#o#qauy^Wt7�/S;uy|"uy{yfi_a{v[WkW\·ecZ#t�qaecZ�t]�c|�ljZp_�^i�»bwfJ|$hc{xZ�hj^Wuyt�qab
^Wt,q�\�^!baegfihjZpb·uxb¡tc^iq·Z��]�gfi{=k4qwecZ�o#^Wbnq§|©fJqa_au �©opfit�lPZ�|©fi`TZ�b �]�gfi_nZ½l][,fi`c`cuxtcs�`c�T|$|)[$tc^4`cZpb§qa^
qweTZ�bn|©fJ{y{yZ#_§hj^Wuyt�q�bnZ#q��

� � � 	 ��

�
���¤� ��� � � � �
� ��� ���4� � � �T�

Z�|$fJqwo�eTuytcs fihThc_a^�fJo�e�bnec^W�c{x` lPZ ¢´£6¥©uyt��Jfi_nu�fit�q,�Ttc`cZp_�bno�fi{xuytcs fJtc` qw_wfJtcba{yfJqwux^Wt7k�fitc` ¢=¨i¥
_a^ilc�cbnq©�ctc`cZ#_,ba|$fi{x{�sWZp^W|"Z#qa_auxo�fi{�`cuxbnqa^W_nqauy^Wtcb#kX^;o#op{y�Tbauy^it fitT`Lhc_aZ#baZ#tcopZ�^i��^W�Tqw{xuyZ#_abp�
��t opZp_¤q�fiuxt
fihchT{yuyopfJqwux^Wtcb#k(^WtcZz|©f�[ \¡fit�q,o#^W|$hT{yZ#qaZ}uxt��ifJ_au�fJtcopZ��ctc`TZp_©_n^iq�fGqwuy^it7k(^W_"hPZ#_aegfJhcb©Zr�WZpt qwecZz���c{y{
sW_n^W�ch�^i�-f��"tcZ�qa_wfitTbn��^W_n|©fJqauy^WtTbp�;��Z½tc^�\ Zr�ifJ{y�gfJqaZ�baegfJhPZ½op^it]qaZr�4q/|©fJqao�ecuytTs9l][�qaecZpbnZ�o#_auvqwZp_nu�fT�

��t��Jfi_auyfitco#ZXqa^�qw_wfJtcba{yfJqwux^Wt�uybAuxt�qw_auxtcbauxo-qw^�qaecZXbaegfihjZXop^Wt�qaZr�4q-`TZ#Ägtcuvqwux^Wt�bauxtcopZ�fi{x{i|"Z�fibn�c_aZ#|$Z#t]qab
fi_nZ½qwfi�iZ#t}\·uvqwez_aZpbnhPZ#o#q/qw^"hP^Wuxt�qwb·^Wt�qwecZ½^Wl4mnZ#o#qp�j¶2^,fJo�ecuyZr�WZ�bao�fJ{yZ½uyt��Jfi_auyfitco#Z½\�Z�tc^W_a|$fi{xuy¹pZ�fi{y{
_wfJ`cu�fi{P`cuyb¤q�fitTopZpb l�[,qweTZ�|"Z�fJtz`Tuybnqwfitco#Z�� ljZ#q�\�ZpZ#t�qweTZ � � hj^Wuxt]q·hcfiuy_nb�uyt�qwecZ½bnegfihjZi�

S;uxtcopZ�bnegfihjZzo#^Wt�qwZ¼�;qab©fJ_aZ�Zr�4qw_nZp|"Zp{v[ _auxo�e `cZpbnop_auxhTqw^i_abpk
qaecZ#[ fJ_aZ�uytTecZp_nZpt�qw{v[ uytcbnZptcbnuxqaux�WZ,qa^
ba|$fi{x{¡hjZp_nqa�c_alcfJqwux^Wtcb!^i�/hgfi_nqab!^i�/qaecZ�baegfJhPZJ�(�Oecuy{xZ,\¡Zzegf��WZ�tc^�qwecZ#^W_aZrqwuxo�fi{§si�gfi_wfJt]qaZpZ#b$ecZ#_aZJk
_a^ilc�cbnqatcZpbnb2qa^/bn|©fJ{y{itT^Wtc{yuxtcZ�fJ_?qw_afitcbn��^i_a|$fJqwux^Wtcbpk#^;o#op{x�cbaux^Wtcb�fitc`½hc_nZpbnZptco#Z¡^i�;^W�Tqa{yuyZ#_ab7uxbAZ#�Jfi{x�gfJqwZ#`
Zr�;hjZp_nuy|"Zpt�q�fi{x{x[$uytJS;Z#o#q��/pT� ¨;�

��t�qaecZ)bnegfihjZ�o#^Wt�qwZ¼�;q���_wfi|"Z#\�^W_a� kg\�Z)o�fJt�hc_a^��4uy`TZ���^W_ op^i|$hc{xZ#qaZ�_n^iq�fGqwuy^it}uxt]�Jfi_nu�fitTopZ½ux�»qwecuxb
uyb�`TZpbaux_wfilT{yZ���^W_·fit}fihchT{yuyopfJqwux^Wt7�4��tcbnqaZ�fi`z^i�-�cbauxtcs9qwecZ�filcbn^W{y�;qwZ���_wfJ|$Z���^W_�o#^W|"hc�Tqwuxtcs�qweTZ�bnegfihjZ



op^it]qaZr�4q"fJq)Z�fio�e hj^Wuyt�qpk»^WtTZ,o�fit �TbaZ�f�_nZp{yfJqwuv�WZ$��_afi|"Zik2lgfibaZ#` ^Wt qw_nZ�fJqauytcszqwecZ$q�fitcsiZpt�q��WZ#o#qa^W_
fJq"Z�fJo�e hj^Wuyt�q"fib9qaecZ}hj^Wbnuxqwuv�WZ��c¦�fG�;uybp�
��t qweTuyb�\¡f�[ qaecZz_aZ#��Z#_aZ#tcopZ���_wfi|"Z,qw�T_atcb!\·uxqae qaecZ�q�fit;¦
sWZ#t]q�fJtcsW{yZJk7fitT`�qwecZ9_nZpba�T{xq�uxb�f,op^W|"hc{xZ#qwZ#{x[z_a^Jq�fJqauy^Wt�uxt��ifJ_au�fJt]q�`cZpbnop_nuyhTqa^W_p�7��t�Z/hchPZ#tc`cu � Z \�Z
`cZ#|$^WtTbnqw_afJqwZ qwecuxb¡Z¼�ThjZp_nuy|"Zpt�q�fJ{y{x[i���Ãq§bnec^W�c{x`,lPZ/Zp|"hcegfibnuy¹#Zp`©qaec^W�csWe$qwegfJq¡uyt$|©fit�[$fihchT{yuyopfJqwux^Wtcb
op^i|$hc{xZ#qaZ�uyt��Jfi_auyfitco#Z�uy|"hPZ#`cZpb¡_aZpo#^WsWtcuvqwux^Wt,hjZp_n��^i_a|$fitcopZJkcZi� sc�T\·eTZptz`cuyb¤qwuytTsW�cuybnecuytTs � ��_a^W|:\9_a^J¦
q�fGqwuy^it"uxt��ifJ_au�fJtcopZ�\�^W�c{y`"ljZ/o#^W|$hT{yZ#qaZp{v[9uytgfJhchc_a^ihc_auyfJqwZJ�^Z�tc^JqwecZ#_�`c_af�\·lgfio��!uyb
qwecfJq¡|$fit�[9hj^Wuyt�qab
\·uy{x{�tT^iq9egf��WZ�\�Zp{x{§`cZ#ÄctcZp` ^W_�_nZp{xu�filc{xZ$qwfitcsWZ#t]qabp�X~z^W_aZ#^6�iZp_#k
|©fit�[�{y^4o�fi{�fihchjZ�fJ_wfitco#Z,��Z�fJqa�c_aZ#b
{y^ibaZ�qweTZpuy_�`Tuybao#_aux|$uxtgfJqwuv�WZ/hP^�\�Zp_ ux��qwecZr[zfi_aZ�tT^iq |$Zpfiba�c_nZp`zuyt�qweTZ�bafi|"Z�op^4^W_a`cuxtgfJqaZ�bn[4bnqaZp|z�

Z/`c`cuxqauy^Wtcfi{¡_n^Wlc�cb¤qwtcZ#bab$qa^�^W�Tqw{xuyZ#_ab�opfit ljZ�^WlTqwfiuytTZp` l�[ Zr�;op{x�c`cuxtcsªqaecZ�Zpb¤qwux|©fJqaZp` ^W�Tqa{yuxZp_ab
��_a^i| qaecZ©bnegfihjZ,op^it]qaZr�4q!op^i|$hc�;q�fJqauy^Wt7�2~z^W_aZ,bnhPZ#opuvÄgo�fi{x{x[ik2o#^Wtcbnuy`cZ#_9f}bnZ#q9^i�·hj^Wuxt]qab�qaegfJq�ecf��iZ
ljZpZpt�{�fJlPZ#{yZp`OfJbz^i�Tqw{xuyZp_nb,^Wt�f sWux�iZpt�uxqaZp_wfGqwuy^it7����Z�_aZ#tc`cZp_�qaecZpbnZ�hj^Wuyt�qab 	nuyt��4uybnuylc{xZ � l�[ tc^Jq
fi{x{y^�\·uytcs�qaecZp| qa^)o#^Wt�qw_auxlc�TqaZ qa^)fit�[!ecuxbnqa^WsW_wfJ|}� � ^�\¡Zr�WZp_#k;\�Z�b¤qwuy{x{gfibnbauysit"qaecZp| baecfihPZ op^it]qaZr�4qwb#k
q�fJ�4uxtcs�uxt]qa^!fiopo#^W�ct�q·^Wtc{v[$qaecZ�bn�c_a_n^W�ctc`cuxtcs!uytc{xuyZ#_�hj^Wuyt�qabpkTbn^�qwegfGq·fJq·f�{yfJqwZ#_¡uxqaZp_afJqwux^Wt$qaecZ#[�ecf��iZ
f9o�egfitco#Z�^J�-_nZr¦�Z#|$Z#_asWuxtcs"fib·fitzuytc{xuyZ#_p�

� ��� � ��� �-� ����� ���	�

¶�ecZ/|$^ibnq�op^W|"hc_nZpecZ#tcbauv�WZ�lj^4`T[9^i�P\¡^W_n�!^Wt$bnegfihjZ�o#^W_a_nZpbahj^Wtc`TZptco#Z�uyt!qweTuybXsWZptTZp_wfJ{jbnZ#qnqwuytTs�uxb
qweTZ½\�^W_n�,^i�-Æ/fitTs�fi_wf�mafitzfitc`�op^W{x{�filj^W_afJqw^W_nb � £+\;kH\ � �g¶�ecZr[�`cZ#�iZp{x^WhPZ#`�fJt}uvqwZp_afJqwuv�WZ�^ihTqwux|$ux¹�fJqauy^Wt
fi{xsW^W_auvqwec|Mqa^�`cZrqwZ#_a|"uytcZ�hj^Wuyt�qXo#^W_a_nZpbahj^Wtc`TZptco#Zpb§fJtc`$�Ttc`cZp_n{x[4uytTs�ux|©fJsWZ�qa_wfitcb¤��^W_a|$fJqauy^Wtcb mn^Wuyt�qw{v[Wk
\·ecZ#_aZ§q�[4hcuyopfi{y{v[�ba^W|"Z§sWZ#tcZp_nuyo§qw_afitcb¤��^W_a|$fJqwux^Wt)o#{�fibnb(uyb(fibabn�c|$Z#`7kWZJ� sc�if��"tcZ�^W_-qaecuyt)hc{�fJqaZ§bahT{yuytTZpbp�
¶�ecZ�o#^Wbnq����ctTo#qwux^WtLqwecfJq�uyb©lPZ#uytcs |"uytcux|$ux¹pZ#` uxb©qwecZ�bn�c| ^i���
�co#{yux`cZ�fit `Tuybnqwfitco#Zpb�lPZrq�\¡Z#Zpt f
hj^Wuyt�q�^it�qwecZ�Äg_nbnq�bnegfihjZ!fitc`�qaecZ�³ �n­i²T«Q1�±���%©¯��)baZ#op^WtT`ªbnegfihjZi�7¶�eTuyb�bnZ#qwb½�ch�f,o�eTuyo��iZ#t;¦´fJtc`;¦�Z#sWs
hc_n^Wlc{yZ#|}d qweTZ�`cuyb¤q�fitTopZpb�|$fi�JZ)baZ#tcbaZ!^WtT{x[�\·ecZpt�qaecZp_nZ9uyb�fGq�{yZpfibnq�f,_a^W�csie�fi{yuxsWtc|"Zpt�q/^i�XbaegfJhPZJ�



Xi^Wuxt]q»Zpb¤qwux|©fJqauy^Wt½^i�cop^W_n_aZpbnhP^itc`cZptTopZpbXfJtc`)bnegfihjZ�qw_afitcb¤��^W_a|$fJqwux^Wt½{yZpfi`cb»qa^�f `cu �"op�T{xq�k�eTuysWec{v[�tc^Wt4¦
op^it]�iZr��^WhTqauy|"uy¹�fGqwuy^it,hc_a^ilc{yZ#|}kc\·ecuxo�e�uxb bn^W{x�iZp`��TbauytTs$`cZrqwZ#_a|"uytcuxbnqwuxo½fitctcZpfi{yuxtcs � £+\ � � ¶�ecZ!«�¬T­r®g¯
°�±G²g³�¯nµW³juxb�f��WZ#_n[$`cuybnop_nuy|"uytgfJqaux�iZ�hP^Wuxt�q�`TZpbao#_auxhTqw^W_#k��Ffiopux{yuxqwfJqwuxtcs�Zpfibn[$fitc`$_a^WlT�cbnq¡op^W_n_aZpbnhP^itc`cZptTopZ
_aZ#op^��WZ#_n[zl�[�uytTop^W_nhP^W_afJqwuxtcs9sW{x^Wlgfi{PbaegfihjZ½uytT��^i_a|$fJqwux^Wt©uxt]qa^"f!{x^;opfi{7`cZ#bao#_auyh;qw^W_#�

Z/b§�Ffi_�fib¡\�Z�fi_aZ�f�\¡fi_nZikTqaecZ�baegfJhPZ�o#^Wt�qwZ¼�;q `cZ#bao#_auyh;qw^W_�fJtc`�uxqwb��cbaZ���^W_�|©fGqwo�ecuxtcs!¨�RMbaecfihPZ#b
uyb·tc^��iZp{=� ¶�ecZ�|"^Wbnq op{x^WbaZ#{x[�_nZp{yfJqwZ#`}ux`cZ�f!uytzhgfib¤q/\�^W_a��uxb�qwegfJq `c�TZ�qa^�Xi^WectTba^Wt�fitc` �/ZpljZp_¤q � ¨ � �
uyt�qaecZpux_§\¡^W_n��^Wt�_wfitTsWZ½uy|$fisWZpb#�T¶�ecZr[�uyt�qw_n^;`T�copZ#`�f!_aZ#hc_aZ#baZpt�qwfJqwux^Wtz��^i_�|©fJqao�ecuytTs"`TZptcbnZ�o#{y^W�c`Tb
^i�¡^W_auxZpt�qwZ#`l_^R hj^Wuyt�qwb½opfi{y{xZp`�qwecZ 	nbnhcuytªuy|$fisWZJ�:��Z bahTuyt�ux|©fJsWZ�uyb�f}¨�R ecuyb¤qw^WsW_afi| ��^W_n|$Z#`�l][
bahTuytctcuxtcs½f�hc{�fJtcZ�fi_n^W�ctc`"f�tc^W_n|©fi{4�WZ#o#qw^i_�^it!qaecZ�ba�T_n�Ffio#Z ^J�jqaecZ·^Wl4mnZ#o#q�fitc`!o#^W�ct�qwuxtcs�qwecZ�hj^Wuyt�qab
qwecfJq��Ffi{x{-uytTbauy`TZ�lcuytTb�uyt�qaecZ9hc{�fJtcZi� Z/b�qwecZ9bnuy¹#Z9^i�Xqwecuxb�hc{�fJtcZ9uyb�_nZp{yfJqwuv�WZp{v[zba|$fi{y{BkjqaecZ9_aZ#ba�c{vqwuytTs
bauxsWtgfJqa�c_aZ�uyb»tc^iq
fJb-uyt;��^W_a|$fJqwuv�WZ�fib-f�baegfJhPZ§o#^Wt�qwZ¼�;q
��^i_»hc�T_ahj^WbaZ#b
^i�g_aZ#op^��WZ#_auxtcs�op^W_n_aZ#bahj^Wtc`cZ#tcopZ#bp�
¶�ecuxb-o�egfi_afio#qaZp_nuybnqauyoJkJec^�\�Z#�iZp_pk�|"uysie]q»egf��WZ�qwecZ¡qa_wfi`TZp^i¸$^i� fi`T`cuxqauy^WtgfJ{4_n^Wlc�cb¤qwtcZ#bab(qa^�^4opop{x�cbaux^Wt7�G��t
fitc^JqwecZ#_�_nZp{�fGqwZp`!\�^W_a� kTº§fi_a{xbaba^it � � � egfib�Zr�;hc{x^WuxqaZp`!qwecZ op^WtTopZph;q§^i��±����4¯���«r³!���g°r³!�q�w¯
��^W_�o�egfi_afio#qaZp_´¦
uy¹#uytcs!{x^;opfi{7baecfihPZ�op^itTÄgsW�c_afJqwux^Wtcb#�g��tzqaecuyb�\�^W_a� kgqwecZ�_aZ#{�fJqauy^WtTbaecuxhcb�lPZrq�\¡Z#Zpt�hj^Wuxt]qab fitc`}qwfitcsWZ#t�q
{yuxtcZpb�uxtzf!bnegfihjZ�fi_aZ½�cbnZp`���^W_�_aZ#op^��WZ#_auytTs©op^i_a_aZ#bahj^Wtc`cZ#tcopZ#bp�

� 	 �����'���p��� � �
����&��W����� ��
(�p�"��&

��ux�iZpt�f!ÄgtcuvqwZ�baZ#q�^i�(o#^W_a_nZpbnhP^WtT`cZptco#Zpb�ljZ#q�\�ZpZ#t�hP^Wuxt�qwb ^Wt}q�\�^©bnegfihjZpbpkP^WtcZ�o�fit}hc_a^4opZ#Zp`�qa^
Zpb¤qwux|©fJqaZ9f,hc{yfitcZ�qa_wfitTbn��^W_n|©fJqauy^Wt�� d � � �	� � � qaegfJq�|$f�[�ljZ9�cbaZ#`�qw^�|$fih�fi_alTuxqw_afi_n[zhj^Wuyt�qab
��_a^i|M^WtcZ¡bnegfihjZ¡qw^ qwecZ�^iqweTZp_p�G¶�ecuxb-uy`TZ�f/uxb-ux{y{y�Tbnqw_afJqwZ#`½l][�qweTZ�\¡fi_ahjZp`9sW_nuy`c{xuytcZ#b�uyt
�»uysc�G¨;k�\·ecZ#_aZ#uyt
qweTZ$bnhPZ#opuxÄcZp` o#^W_a_nZpbahj^Wtc`TZptco#Zpb9op^itcbauxbnqwZ#`�^i��fzbn|©fi{x{
t]�c|�ljZp_�^i��{�fJtc`c|$fi_a�}hP^Wuxt�qwb�ba�co�e fJb�qweTZ
opZ#t�qwZp_nb)^i��qwecZ"Z#[iZpb#k»qweTZ!qauyhcb½^i��qwecZ"`c^W_nbwfi{
ÄgtTbpk�Z#qaoi�vk»fJtc`
� Z¼�4qwZptT`cb�qaecZ$o#^W_a_nZpbnhP^WtT`cZptco#Zpb)qa^
fi_nlcuxqa_wfi_¤[,hj^Wuyt�qwb#�



��Z�tcZpZ#`,qw^9o�ec^4^WbnZ � ��_n^W|+f�ba�cuvq�filT{yZ/�FfJ|$ux{x[9^i�Aqa_wfitTbn��^W_n|©fJqauy^WtTbp�FZ bnqwfitc`gfJ_a`�o�ec^WuxopZ�uxb¡qweTZ
f��"tcZ½|"^;`cZ#{=k;u=� Zi�

�)¢ �P¥ � � � ��� ¢ _W¥

\·uxqae�ba^W|"Z�|©fGqw_au � � fitc`zf�qw_wfJtcba{yfJqwux^Wtgfi{j^i¸PbaZ#q·�iZpo#qa^W_��)hgfi_afi|"Z#qwZ#_aux¹puytTs)qwecZ�bnZ#q ^i�-fi{y{?fi{y{x^�\¡Z#`
qw_afitcb¤��^W_a|$fJqwux^Wtcb#�T¶�ecZ#t}qweTZ�{xZ�fib¤q·b �]�gfi_nZpb ba^W{x�Tqwux^Wt��� � ¢��� 
 ��i¥¡uxb�^WlTq�fJuytcZ#`zl�[

�� � £
�

��
� � �

� 	�� � 
���� � � � 
 ¢!p�¥

�� � ¢	��

��¥�� ¢ � ¥

\·ecZ#_aZ�� fitc`�� op^it]qwfiuyt�qaecZ½ec^W|"^WsWZptTZp^W�cb·o#^;^W_n`cuytcfJqwZ#b�^i���+fJtc`���kg_nZpbahjZporqwuv�WZp{v[WkguB� ZJ�

� �

������
�
£ 	�� � 	�� �
��� ��� ���
£ 	�� � 	�� �

�������
�

� ¢ � ¥

�/Z#_aZJk�� 
 `cZptT^iqwZ#b qaecZ½hcbaZ#�c`c^G¿4uxt��WZp_nbaZ�^i���!�
��t�qaecuyb�\¡^i_a� kJ\�Z§|"^Wbnqa{x[½�cbnZ¡qwecZ�qwecuxt)hc{yfJqwZ�bahc{xuytcZ�¢F¶·� Sc¥�|$^4`cZ#{ � £?pTky_�� � k6\·ecuyo�e�uxb-o#^W|$|"^Wtc{v[

�cbnZp`©��^W_�_aZ#hc_aZ#baZ#t]qauytcs�ÀgZr�;uylT{yZ op^4^W_a`cuxtgfJqaZ·qa_wfitTbn��^W_n|©fJqauy^WtTbp�Fm¡^4^W�]bnqaZpuyt ����� ��^i�ctc`©uvqXqw^)ljZ ecuysWeT{x[
Z#¸PZporqwuv�WZ½��^W_�|$^4`cZ#{yuytTs�o�egfitcsiZpb uyt�lcux^W{y^Wsiuyo�fJ{j��^W_n|$b#�g�»^�\�Zp{x{�fihchc{xuyZp`�qaecZ½¶·� S�|"^;`cZ#{?qw^!_nZpop^��iZp_
qw_afitcb¤��^W_a|$fJqwux^Wtcb½ljZ#q�\�ZpZpt o#�c_n�iZpb � p^p � �»¶�eTZ$qweTuyt�hT{�fJqaZ$bnhc{yuxtcZ$uxb�qaecZ�¨yRÁsWZptTZp_wfJ{yuy¹pfJqwux^Wt�^i��qweTZ
op�Tlcuyo�bahc{xuytcZJ�j��t�uxqwb _aZ#sW�c{yfi_aux¹pZp`z��^W_a|zkg\·ecuyo�e�uyb�`Tuybao#�cbabnZp`�ljZp{x^6\½k qweTZ)¶·� S�|$^4`cZ#{2uxtcop{x�c`cZ#b/qweTZ
f��"tcZ�|"^;`TZp{§fJb!f�bahjZpopuyfi{§opfibaZJ�-��Z,\·ux{y{�tc^�\ hc_n^��;ux`cZ�ba^i|$Z,lcfio��]sW_a^W�Ttc` uxtT��^W_n|©fJqauy^Wtª^Wt qweTZ
¶·� Sz|"^;`TZp{=�

��Z�bnq�fJ_nq9\·uxqae qwecZ�£+RÂuyt�qaZp_ahj^W{yfJqwux^Wt�hc_n^Wlc{xZp|z�(ÈAZ#q�� �·`cZptc^JqwZ�qwecZ�qwfi_asWZrq����ctcorqwux^Wt �ifJ{y�cZ#b
fJq©op^W_n_aZpbnhP^itc`cuytTs {y^4o�fJqauy^WtTb 	 � � ¢ � � 
 � � ¥!uyt qaecZ�hc{yfitcZJkX\·uvqwe � � £�
¼¨ 
������ 
 �-����t hgfi_¤qwuyo#�c{�fJ_pk
\�Z$\·uy{x{(baZrq!� ��Z��]�gfi{
qw^ �#"� fitc`$�%"� uyt�qw�c_ntªqa^}^Wl;q�fiuxt�^WtTZ$o#^Wt�qwuyt]�c^i�cb�qa_wfitTbn��^W_n|©fJqauy^Wt���^i_�Zpfio�e



op^4^W_n`cuytgfGqwZi�4��Z�fibnba�c|"Z�qwecfJq�qwecZ½{x^;opfJqwux^Wtcb�¢ � � 
 � � ¥§fi_nZ½fi{y{P`cux¸PZp_nZpt�q/fitc`zfi_nZ�tc^iq·op^i{y{yuxtcZ�fJ_p�4¶�ecZ
¶·� Szuxt]qaZp_nhP^W{yfit�q��(¢ � 
 �c¥�|$uxtcuy|"uy¹#Zpb�qaecZ½lPZ#tc`cuxtcs!ZptcZ#_asi[

��� �����	��

��� � �� � ���
� � ¨��	� � �� � � � � � ����� � �� � ���

���
�
� �

fitc`zegfib�qaecZ���^W_a|zd

�(¢ � 
 �T¥ ��� ���	��� � �	��� ��� ��
� � ��� ��� ¢ �J¢ � � 
 � � ¥B��¢ � 
 �c¥!�r¥

\·ecZ#_aZ·qwecZ �iZ#_atcZ#{ ���Ttco#qauy^Wt"��¢�#i¥
uxb
`cZ#ÄctcZp`,l�[$��¢�#i¥ ��# � {y^Ws�# � fJtc`%��¢!]�¥ � ]�fJb��Tba�gfi{B����t$^i_a`cZ#_
��^W_��(¢ � 
 �T¥�qw^"egf��WZ�b �]�gfi_nZ½uyt�qwZ#sW_wfilT{yZ�baZ#op^WtT`�`cZ#_aux�JfJqaux�iZpbpk;\¡Z�_aZ��4�Tuy_aZ�qaegfJq

��
� � � � � � ] fitc`

��
� � � � � � � �

��
� � � � � � � � ] � ¢=�i¥

¶2^WsWZ#qaecZp_�\·uvqwe�qwecZ½uxt]qaZp_nhP^W{yfJqwux^Wt,o#^Wtc`cuvqwuy^itcbpk&�(¢ � � 
 � ��¥ � � �ÃkTqwecuxb§[4uyZp{x`cb·f9{yuxtcZ�fi_¡bn[4bnqaZp| ��^W_§qweTZ
¶·� Szo#^;Z �$o#uyZ#t]qabpd �����

�
	 �
�(' ]

� ����
�

�����
�

�
�

� ����
� �

�����
�

�
]

� ����
� ¢ �W¥

\·ecZ#_aZ/	 � � �)��¢ �J¢ � � 
 � ��¥ ��¢ � � 
 � �r¥!�#¥rkiqaecZ � qae"_n^�\ ^i� ��uyb·¢´£�
 � � 
 � ��¥¼k � fJtc` �)fi_nZ�op^W{x�c|"t)�WZ#o#qw^i_ab
��^W_n|$Z#`,��_a^W| � ��fitc` � �ÃkT_aZpbnhPZ#o#qaux�WZ#{x[ikgfitc`*�!uyb¡qaecZ�op^i{y�c|"t,�WZ#o#qw^i_§\·uxqwe�Z#{yZ#|$Z#t]qab+� � 
,��� 
,���G�T��Z
\·uy{x{A`cZptT^iqwZ�qwecZ©¢ � � _�¥+- ¢ � � _�¥�|$fJqw_nuv��^i�-qwecuxb b¤[4bnqwZ#| l�[ ���#Z/b�`cuxbao#�cbabnZp`�Zi� sc� uyt � p�p � k �Luxb
tc^WtTbauytTsW�c{�fJ_�fitT`�\¡Z9opfit�ÄgtT`�qwecZ�bn^W{y�;qwuy^it�l�[�uxt��WZp_¤qwuxtcs����P�Ã�X\�Z�`cZ#tc^iqwZ�qwecZ��ThchPZ#_�{yZr� q �.- �

lc{x^;o��$^i���0/ � l][ � kcqweTZptzuxq·o�fJt}ljZ�baec^�\·tzqwegfJq
��� 1 � ' � � � � ' 	 � � ¢ \W¥



10 20 30 40 50 60 70

10

20

30

40

50

60

70
10 20 30 40 50 60 70

10

20

30

40

50

60

70
10 20 30 40 50 60 70

10

20

30

40

50

60

70

10 20 30 40 50 60 70

10

20

30

40

50

60

70
10 20 30 40 50 60 70

10

20

30

40

50

60

70
10 20 30 40 50 60 70

10

20

30

40

50

60

70

��� �����	���D��/L�s�s�$�*�<�S�.�U� �9%^�+�-�<"$�'�@�.�:8+"+�1%$�B�+�	�-8Y�=�:��������� � �=&'�*�3�<"$�H�<�+������� �Q���N��� �D��
��.`G���'�	�$����
��:��� �*�+�S�.�U� �9%-� �0���)�*�9�
�	�$����r+�<"�� �*���	�.�U� ��%��������S�'8Y���s����%��9�=�*�U�1�@�.�*�.&?8����6�	�����+�9%�&���%$8������Y"$�$�'%?�E��� �.�U� K.�B�*�R�<".�2�<�	��%$�*�T��� �'�=&X�'�-&����1;-�3� �<"
�:��%$���+%.��K$�=8Y�*���E����".�$�@%������ &�&�� �V8Y�9�s����%������*�U�1�M�.�*�=& 8Y��� �	���Y�+��%$&��+%�8Y�=�,��".�$�@% �E��� �.�U� K.�#�*�u�<"$� ��%.�<�	��%$�*�T��� �'�.&
�'�-&��+�1�
	N� �9".�M8��9�s����%����	������� �>�+�4�<�	��%$�*�T��� �>�1%$�#�<".�#�'�-&��+��F��$�:�.&V�9%��<"$��8����6�	�+%.�B8Y��� �E�=�Y�+�9%�&��+%�8Y���
�D�<"+� �2� �>�<"$�
�1%����.���*���<".�B%$�<�$�Q� �*�+�S�.�U� �9%-�+`�"$�3���T� &J�+�-�1%=�*�^�1�s�s�.�:�<�	�.�*�^�<"$�M�1%.�*�+� �+�9� �.�*�=&��<�	��%$�*�T��� �@�.�U� ��%'�+K$�+��� ���������E���!�>"��.K$�
�$�:�=&��R�E�=�9��� �+�(� �Y�.&�`�� �X�@��&��+����� �<"����������

� ��� � � � � � �
�����A�-� � � � � � � � �A� � ��� � � � ��� 
 � ���

�OecZ#t�qaecZp_nZXuyb7tc^iuybaZ
uxt�qwecZ
bnhPZ#opuvÄgZp`½�Jfi{y�cZ#b
� ��kp^WtTZ
|©f�[�\·uxbae�qw^�_nZp{yfG��qaecZ
Zr�Tfiorq»uxt�qwZp_nhP^i{�fJqauy^Wt
_aZ��]�cuy_nZp|"Zpt�q l][,|$Zpfitcb·^i�»_aZpsi�c{�fi_nuy¹pfJqwux^Wt7�4¶�ecuyb·uyb·fJopop^i|$hc{xuybnecZp`�l�[�|"uytcux|$ux¹puytTs

� � � � �
��
� � �
¢ � � � �-¢ � � 
 � ��¥n¥ � ��� ��� � ¢¤£+]�¥

¶�ecZ ��¯ "����v­���� ��­i³ �=±G²ª®T­��a­�%©¯r³�¯��!�Ak�fªhj^Wbauvqwuv�WZ�baopfi{�fi_#kXop^Wt�qw_n^W{yb9qaecZ�fJ|$^W�Tt]q"^i��ba|"^;^iqaecuytTsc¾-qweTZ
{yux|$uvqwuxtcs$opfibaZ"^i�"� � ]�_nZp`c�TopZpb�qw^�Zr�Tfiorq)uxt�qwZp_nhP^i{�fJqauy^Wt7�#Z�b½`cZ#|$^itcbnqa_wfJqaZp`ªuyt ��� ]Tk
£ � � k7\�Z$opfit
ba^i{x�WZ���^W_§qaecZ½¶·� S�o#^;Z �$o#uyZ#t]qab/uxt�qwecZ½_aZ#sW�c{yfi_aux¹pZp`�opfibaZ�l�[�_aZ#hc{�fJopuytTs�qwecZ½|$fJqw_nuv� 	'l�[ 	 ��� �jk
\·ecZ#_aZ���uyb
qweTZ � - �zuy`cZ#t�qwuxq�[�|©fJqa_au �?�J�Ãq¡uxb
uyt�qwZ#_aZ#bnqwuxtcs½qw^½tc^iqaZ qaegfJqXqwecZ·ecuxsWec{v[�_aZ#sW�c{yfi_aux¹pZp`!¶·� S
|"^;`cZ#{7`cZ#sWZptcZ#_wfJqaZpb·qw^9qweTZ�{xZ�fib¤qn¦Ãb �]�gfi_nZpb/f��"tcZ½|$^4`cZp{B�



¶2^½fi`c`c_nZpbnb-qwecZ�`cZphjZptT`cZptco#Z·^i���9^Wt)qweTZ§`gfJqwf/baopfi{yZJkJbn�chchj^WbaZ�¢ � � 
 � ��¥2fitc`�¢ � "� 
 � "� ¥»fJ_aZ¡_nZphc{yfiopZ#`
l�[z¢ � � � 
 � � � ¥(fitc`}¢ � �#"� 
 � � "� ¥rk�_aZ#bahjZporqwux�iZp{v[WkW��^W_
bn^W|$Z�hj^Wbnuxqwuv�WZ�o#^Wtcbnqwfit�q ���W¶�ecZ#t$uvqXo�fit!ljZ·baec^�\·t
qwecfJq�qweTZ9hgfi_wfJ|$ZrqwZp_nb � 
,� 
 � �9^i�XqwecZ9^Wh;qwuy|$fi{�qwecuxt�hc{�fGqwZ)bnhc{yuxtcZ9fi_nZ9�ctgfJ¸PZporqwZ#`�uv����uyb�_nZphc{yfiopZ#`
l�[ � � ���P¶�ecuyb�bauy|"hc{xZ)baopfi{yuxtcs,ljZpegf��4uy^i_�ba�TsWsWZpb¤qwb�f,tc^W_n|©fJ{yuy¹#Zp`}`cZ#ÄgtTuxqwux^Wt�^i�
qaecZ9_aZ#sW�c{yfi_aux¹�fJqauy^Wt
hgfi_afi|"Z#qwZ#_p��ÈAZ#q � fis�fiuxt _nZphc_nZpbaZ#t�qzqaecZ�bno�fi{xZ�^i��qaecZ�hj^Wuyt�q©baZ#q�fib©Z#bnqwux|©fGqwZp` l][ qweTZ�|$Z#`cu�fJt
Zp`TsWZ©{xZptcsiqae�ljZ#q�\�ZpZ#t q�\�^�hj^Wuyt�qab�uxt�qweTZ©baZrq��2¶�ecZpt�\¡Z,opfit `cZrÄgtcZ � uxtªqaZp_a|"b)^J� � fJtc` � � k2f
baopfi{yZ¼¦�uxtc`cZphjZptT`cZpt�q _aZ#sW�c{�fJ_auy¹pfJqwux^Wt,hgfJ_wfi|"Z#qaZp_pk;�;uyf�qwecZ½baux|$hT{yZ�_nZp{�fGqwuy^it � � � � � � �

��Z½�cbaZ½q�\¡^"baZ#hgfi_afJqwZ�¶·� S����ctTo#qwux^Wtcb�qw^!|"^;`TZp{Af9op^4^W_n`cuytgfGqwZ�qw_afitcb¤��^W_a|$fJqwux^Wt7k

�)¢ � 
 �c¥ � ¢ � �4¢ � 
 �T¥ 
 �!�J¢ � 
 �T¥a¥ ¢¤£W£6¥

\·ecuxo�e![4uxZp{y`TbXf�`cuybnhc{�fio#Zp|"Zpt�q
ÄgZ#{y`�qwecfJqX|©fJhcb
fit�[9hj^Wbauvqwux^Wt�uyt�qaecZ§Äg_nbnqXuy|$fisWZ�qw^½uxqab(uyt�qaZp_ahj^W{yfJqwZ#`
{y^4o�fGqwuy^it,uyt�qweTZ�bnZpo#^Wtc`�ux|©fJsWZi�

��t |$fit�[�opfibaZ#bpk-qaecZ�uytcuvqwuyfi{
Zpb¤qwuy|$fJqaZ©^i�·qweTZ,op^W_n_aZ#bahj^Wtc`cZ#tcopZ#b$o#^Wt�q�fiuxtcb�ba^i|$Z,Z#_a_n^W_ab)\·eTuyo�e
op^i�c{y`$`cZpsW_afi`cZ·qwecZ �]�gfi{yuvq�[9^i�PqwecZ qw_wfJtcbn��^W_n|©fGqwuy^it"Z#bnqauy|$fJqwZJ��¶�ecZ�b¤qwZphTb¡^i�A_nZpo#^6�iZp_nuytcs�o#^W_a_nZpbnhP^Wt4¦
`cZ#tcopZ#b¡fitT`"Z#bnqauy|$fJqwuxtcs�qw_afitcb¤��^W_a|$fJqwux^Wtcb(opfit!lPZ·uvqwZp_afJqwZ#`�qw^½^��WZ#_aop^i|$Z�qweTuyb
hc_n^Wlc{yZ#|}�G��Z·�cbn�gfi{x{x[
�cbnZ½f�ÄT�;Zp`�t]�c|�ljZp_¡^i��uxqaZp_wfGqwuy^itcbpk]q�[4hcuyopfi{y{v[9qwec_nZpZ�uxt,{�fi_nsWZ bao�fJ{yZ�Z¼�ThjZp_nuy|"Zpt�qwb#kTlc�;q�|$^i_aZ�_nZ#ÄgtTZp`
bao�eTZp|"Zpb½fi_nZ�hP^ibabauxlc{yZJ� � ^�\¡Zr�WZp_#kAZr�;hjZp_aux|$Z#t�q�fi{2Zr�;hjZp_auxZptco#Zpb½baeT^6\ qwecfJq�qaecZ9fi{xsW^W_auvqwec|"uyo�hjZp_¤��^W_¤¦
|$fitcopZ�uyb uytc`TZphjZptc`cZ#t�q½^i�(qweTZ�`cZ#qwfiuy{xbp�HZ�t�Zr�Tfi|"hc{yZ�^i�
qweTZ)uxqaZp_afJqwuv�WZ�fi{ysW^i_auxqaec| uxb�uy{x{y�cb¤qw_afJqwZ#`}uxt
�-uxsc�-pc�

� � � ��� � �¤���´�A� � � ��� ���4� � � �T� � 

� � ���-��� � �

��t ^W_n`cZp_�qw^}bnqw�T`T[�qaecZ©_n^Wlc�cb¤qwtcZ#bab9^i�·^i�c_�hT_a^Whj^WbaZ#` |$Zrqwec^4`7kA\�Z,hPZ#_n��^W_n|$Z#`�qaecZ,bn[4t�qweTZ#qwuxo
hj^Wuyt�q�bnZ#qz|©fGqwo�ecuxtcs Zr�;hjZp_nuy|"Zpt�qwb�`cZ#baop_nuyljZp`�uyt � \ � �§¶�ecZ�Zr�;hjZp_aux|$Z#t�qwb�fi_nZ�lc_a^W�JZpt�uyt�qw^ qaec_aZ#Z
hgfi_¤qwb�`cZ#bauxsWtcZp`�qa^z|"Z�fJba�c_nZ9_a^Wlc�TbnqwtTZpbab�qa^z`TZ#��^W_n|©fJqauy^Wt?kPtc^iuybaZJk7fitT`ª^i�Tqw{xuyZp_nbp�(¢F¶�ecZ9{yfJqaqaZp_�qaZpbnqab



Z�fJo�e uytco#{y�c`cZ$f 	n|"^4`cZp_afJqwZ*��fi|"^W�ct�q)^i��`cZr��^W_a|$fJqwux^Wt7� ¥���t Z�fio�e qaZpb¤q�k�\¡Z,bn�cl4mnZ#o#qwZ#` qwecZ,|"^4`cZp{
hj^Wuyt�q baZrq�qw^$^WtcZ�^i�(qaecZ)fJlP^��WZ�`cuyb¤qw^W_¤qwux^Wtcb�qw^"op_nZ�fJqaZ�f 	´q�fi_nsWZ#q��$hj^Wuyt�q baZrq�¾jbaZ#Z
�-uxsc� � �g��Z½qweTZpt
_wfJt�^W�c_�fi{xsW^W_nuxqweT| qw^,Ägtc`�qaecZ9ljZpbnq�\¡fi_nhcuytcs©lPZrq�\¡Z#Zpt�qwecZ9|"^;`TZp{»fitc`�qwecZ�q�fi_nsWZ#qp���-uxtgfi{y{v[WkgqweTZ
hjZp_n��^i_a|$fitcopZzuyb �]�gfit�qwuvÄgZp` l][ op^i|$hc�;qwuytTsªqaecZ�f��WZ#_wfisiZ�`cuyb¤q�fitTopZ�ljZ#q�\�ZpZ#tLqwecZ}op^4^W_a`TuytgfJqaZpb"^i�
qweTZ�\¡fi_nhPZ#` |"^;`cZ#{�fitc` qweT^WbaZz^i� qwecZ�q�fi_nsWZ#qp�(¶�ecZz_aZ#ba�c{vqwb$fi_aZ�bnec^�\·tLuyt �-uxsc� � �
��t qweTZ}|"^Wbnq
o�egfi{x{yZ#tcsWuytTs"hcfi_nq�^i�-qaecZ�qaZpbnq·¿�qaecZ)^W�;qw{yuxZp_·Zr�;hjZp_nuy|"Zpt�q·¿�^W�c_/fihchc_n^�fio�e�bnec^�\·b�_a^ilc�cbnqatcZpbnb�Z#�iZpt
�ch�qw^"f9{yZr�WZp{�^i��£+]^] � ^W�Tqa{yuxZp_¤¦=qw^J¦Ã`gfJqwf�_wfGqwuy^T�

��t�hc_wfiorqwuxopZ�\�Z"\·ux{y{(tcZ#Zp`ª_a^WlT�cbnqatcZpbnb�qw^�^4opo#{y�cbnuy^Wtªfitc`ªbaZ#sW|"Zpt�q�fJqauy^Wt�Z#_a_a^i_ab�\·ecuyo�e�o�fitªljZ
Zr�;hc{x^W_aZ#` ^Wtc{x[�uyt qaecZ�op^Wt�qaZr�4q"^i��f�o#^W|$hT{yZ#qaZ,_aZ#op^Wsitcuxqauy^Wt b¤[4bnqwZ#|}k(qaec^W�csie qaecZpbnZ�Zr�;hPZ#_aux|$Z#t]qab
hc_n^6�4ux`cZ�fJq·{yZpfibnq·bn^W|$Z½sW�Tuy`cZ#{yuytTZpbp�

� � � � � � � �/�c�-� � � ��� � � � � � � � �

��t,^i�c_Xuy|"hc{yZ#|$Z#t]qwfJqwux^Wt9^Wt©f�_nZpsW�c{yfi_��»Z#t]qauy�c| �n�a� � � ]^])~ �/¹/\�^W_n�4b¤q�fJqauy^Wt©f�bnuytcsi{yZ·op^W|"hgfi_nuv¦
ba^it�uytco#{y�c`Tuytcs op^W|"hc�TqwfJqwux^Wt)^J�gbaegfJhPZ§o#^Wt�qwZ¼�;q-��^W_�£?]^]/bafi|$hT{yZ�hP^Wuxt�qwbpkGbaZrqn¦Ã�ch�^i�gqaecZ����c{x{]|©fJqao�ecuytTs
|$fJqw_nuv�Pkglcuyhcfi_nqauxqwZ½sW_afihce�|$fJqao�ecuytcsTkjo#^W|"hc�Tq�fGqwuy^it}^i�-qwecZ�¶·� S�o#^;Z �"opuyZ#t�qwbpk?fitc`}uy|$fisWZ�\§fJ_ahcuxtcs
��^W_ qwec_nZpZ9o#[4o#{yZpb�qwfi�iZ#b�_a^W�TsWec{x[�¨�]�]i|$b#�?¶�ecZ)_a�ct;¦=qwux|$Z�uyb�`T^W|$uxtgfJqaZp`�l�[�qaecZ�t]�c|�ljZp_�^i��bwfi|"hc{yZ
hj^Wuyt�qwb���^W_¡Zpfio�e�baegfJhPZJk;\·uxqae�|$^ibnq§o#^W|"hP^WtTZpt�qwb§^J�AqwecZ�fJ{ysW^W_nuxqaec| Zr�;ecuxlcuxqauytcs�lPZrq�\¡Z#Zpt �]�gfi`c_afJqwuxo
fitc`zop�Tlcuyo�bno�fi{xuytcs!ljZpegf��4uy^W�T_p�/U bauytTs$f!bahcfi_abnZ�_nZphc_nZpbnZpt�q�fJqauy^Wtzqwec_n^W�csWeT^W�Tq�kT^WtcopZ�qaecZ½baegfihjZpb/fi_nZ
_a^i�csWec{v[�fi{xuysWtcZ#`7k;qaecZ½op^W|"hc{xZr�;uxq�[©op^W�c{x`�lPZ½|$fi`cZ�op{x^WbaZ�qa^"{xuytcZpfi_p�



0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
0.6

0.8

1

1.2

1.4

1.6

1.8

2

0.2 0.4 0.6 0.8 1 1.2 1.4
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

−0.2 0 0.2 0.4 0.6 0.8 1
0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

��� �����	�Jr��D`G���*�U�1%$�b&��.�:�J�T�����+�2�+�1�(� 8����N�	�9F��$�*�<%$���:�@�YK����s�$�.�U� ��%�;��T�9�s� �$�3�1%.� � "��+�0��%$& 	G��%.���+�S� � ��%wp��$t*�G`�"$�?�'�-&��+�
�+���1%.�*�:���*�����	�4��".�$�@%M�1%��<".�4W0�	�*� 8Y�9�s����%-� � ���s���2%.� O�5 �@��".�$� �Y��������� ��� �����:���E���Y�H�+�-�1%=���:���*���T���-�<"$�3&��Y�T��� �@�.�U� �9%-;
%$��� �:��;���%$&����=�<� � ���0�*���:�*�=;D�	���Y�+�.8<�U� K$�+� _=�

0.02 0.04 0.06 0.08
−0.05

0

0.05

0.1

0.15

0.2

Degree of Deformation

E
rr

or

−0.02 0 0.02 0.04 0.06
−0.05

0

0.05

0.1

0.15

Noise Level

E
rr

or

−1 −0.5 0 0.5 1 1.5 2 2.5 3
−0.05

0

0.05

0.1

0.15

0.2

0.25

Outlier to Data Ratio

E
rr

or

0.02 0.04 0.06 0.08
−0.05

0

0.05

0.1

0.15

0.2

Degree of Deformation

E
rr

or

−0.02 0 0.02 0.04 0.06
−0.05

0

0.05

0.1

0.15

0.2

Noise Level

E
rr

or

−1 −0.5 0 0.5 1 1.5 2 2.5 3
−0.05

0

0.05

0.1

0.15

0.2

Outlier to Data Ratio

E
rr

or

��� �����	���P� � �9�����+�(� �:��%��+�!�����Q�E�=�Y��� �*��~��^�^�*� � "����P��%$& 	D��%$�����S� � ��%b~��+����%�&#� �*���	�.�*�.&?8+� ���:�=�*�M�+���1%.�B~ �+�^�T�����<"$�
W9�Y">��%$& � "+�1%$���7�'8�"��+�S��8<�*��� ;��	���Y�+�.8<�U� K$�+� _=��`3".�3���6�	��� F$���	�4�1%$&-� 8��.�*�'�<".�@�*�:��%�&����S&2&��YK�� �.�U� �9%@���0�<".�@�+� �E���0��K.����

	�	
�S��%$&��9� �<�T� ��� �.�������E�@�!�I"$�.K$�,�.�7�=&�r�� �*�+�S�.�U� �9%$�H�3� �<" � � ����� 
��D/1%B�<"$�B&����T���6�M�.�U� �9%B��%$&#%$��� �7�'�*�=�*�*�@%.�J&9�����3_
%$��&����Q�!�+�	�B��&�&��=&D�G/L%B�<".�>�9�.�<� � �+�G�*�=�*��;-&������'_R%.�-&����Q�!�+�	�B��&�&��=&I�*�,�<".�I�'�-&��+�P�+���1%.�Q�:���H�Y��8�"B�<"��.�H�<"$�M�*�+�:���
%�����F+�����+�Q%.�-&����4�H�$�^� A �$�����*�I�<"$�.�^�+���<".�>�:���E���Y���G/L%B�<"+� ��8=�$�:�>�<"$�@K����s�$�B�+�����B&������M%$�+�4�.CG�=8Y�Q�<"$�B�:���s�=�U� ��%��



� ����������
������ �!�"���#

�#�$� ����� � �
�9
(�9
��z��� ���'�#���·
(�p�"�

��ux�iZptzf�|$Zpfiba�T_aZ�^i�2`cuxbabaux|$ux{�fi_nuxq�[)lPZrq�\¡Z#Zpt�bnegfihjZpb#kT\·ecuyo�e�\�Z�\·uy{y{j|$fi�iZ�hc_nZpo#uybaZ�bnec^W_¤qw{x[ik;\�Z
o�fJt9hc_a^4opZ#Zp`9qw^�fJhchc{x[�uxq2qw^�qaecZ¡qwfiba��^i�j^Wl4mnZ#o#q
_nZpop^isWtcuxqauy^Wt?�iÇ��c_(fihchc_n^�fio�e��Ffi{x{yb2uyt�qw^�qaecZ�o�fGqwZpsi^W_n[
^i�ghT_a^iqa^iq�[4hPZ¼¦�lgfibnZp`�_nZpo#^WsWtcuvqwuy^it7����t�qaecuyb���_wfi|"Z#\�^W_n�jk6hcux^WtcZ#Zp_aZ#`�l�[�Æ ^Wbno�e9fitc`�op^W{x{�filj^W_afJqw^W_nb � p � � k
o�fGqwZpsi^W_auxZpb·fi_nZ�_nZphc_nZpbnZpt�qwZ#`�l�[�uy`cZpfi{7Z¼�cfJ|$hc{xZpb�_afJqwecZ#_�qwegfitzf9baZrq ^i�»��^i_a|$fi{?{x^WsWuyopfi{?_n�c{yZ#bp� Z/b fit
Zr�Tfi|"hc{xZik f!bahgfi_n_a^�\Muxb/f!{yux�iZ#{x[,hT_a^iqa^iq�[4hPZ½��^W_�qwecZ½opfJqwZ#sW^W_n[�^J�(lcux_a`cb#¾ f"{xZpbab {yux�iZ#{x[,o�eT^Wuyo#Z�|"uysie]q
ljZ$fJtªhjZptTsW�cuyt?�A¶�ecZ$ux`cZ�f�^i��hc_n^iqw^iq�[4hjZpb�fi{x{y^�\·b���^W_�ba^J� q�opfJqwZ#sW^W_¤[�|$Z#|�ljZp_abnecuyh?k7|$Zpfitcuxtcs,qwegfGq
fib§^itcZ�|"^6�iZpb§�Ffi_¤qwecZ#_�f�\§f�[$��_a^W| qweTZ�uy`cZpfi{PZ¼�Tfi|$hT{yZ�uxt,ba^i|$Z�bn�cuxqwfilc{v[$`TZ#ÄgtcZ#`�bauy|"uy{yfi_auvq�[9bahcfiopZJk
^WtcZ 	 b½fJbaba^4opuyfJqwux^Wt�\·uxqae�qwegfGq�hc_a^Jqw^iq�[4hjZ��Ffi{y{xb�^i¸»�?�OecZ#tª^itcZ9uyb�bn� �"opuxZpt�qw{v[��Ffi_�f�\¡f�[���_a^W|ÂqwegfGq
hc_n^iqw^iq�[4hjZik4qwecZ/`cuyb¤q�fitco#Z�ljZpop^i|$Z#b¡|"Z�fitcuxtcsW{xZpbab#k]lc�Tq�l�["qwecZ#t,^WtcZ�uxb�|"^Wb¤q§{yux�iZ#{x[!tcZpfi_§f)`Tux¸PZp_aZ#t�q
hc_n^iqw^iq�[4hjZi�#Z�b�fit�Z¼�cfJ|$hc{xZikg^WtTZ)o�fJt}q�fJ{y��filj^W�Tq sW^4^;`z^W_ ba^J¦Ãba^$Zr�Tfi|"hc{yZ#b�^i�»qwecZ�op^W{x^W_·_aZp`?kPlc�;q
\·ecZ#tLqwecZ}op^W{x^W_$ljZpo#^W|"Zpb©bn� �"opuxZpt�qw{v[ `Tux¸PZp_aZ#t�q�kXqwecZ�{xZ#�iZp{ ^i��`cuxbabaux|$ux{�fi_nuxq�[�bwfJqa�c_wfGqwZpb,fJq©bn^W|"Z
|$fG�;uy|��c|+{yZr�WZ#{A_wfJqaecZp_�qwecfit}o#^Wt�qwuxt4�Tuytcs!^Wt�uytT`cZ#ÄgtTuxqwZ#{x[i�

�
_a^Jqw^iq�[4hjZr¦�lcfibaZ#`9_aZpo#^WsWtcuvqwux^Wt�qa_wfitcbn{�fJqaZpb2_aZpfi`cuy{v[½uyt�qw^ qwecZ�op^W|"hc�TqwfJqwux^Wtgfi{W��_afi|"Z#\�^W_a�½^i�gtTZ�fi_´¦
Zpb¤qXtcZpuxsWe]lP^i_(|$Zrqwec^4`cb(�TbauytTs�|��c{xqauyhc{xZ�b¤qw^W_nZp`9�4uyZr\·bp�0� Z�fi_nZpbnq�tcZ#uysWe]lj^W_-o#{�fibnbauvÄgZp_nb
egf��WZ�qwecZ¡hc_a^Wh4¦
Zp_¤q�[ � p ��� qwecfJq�fib
qwecZ·t]�c|�ljZp_X^i�PZr�Tfi|"hc{yZ#b �zuxt9qwecZ�qw_afiuytTuytcs�bnZ#q�sW^4Zpb
qw^½uyt;Ägtcuxq�[ikWqwecZ½£#¦<�#�LZ#_a_a^i_
op^it]�iZp_nsWZpb�qw^!f)�Jfi{x�cZ���¨�����k;\·eTZp_aZ��	�§uyb¡qaecZ m§f�[WZ#b·Æ uxba��¢���^W_ 	}¦Y�#��k 	 � 
 fitT` 	�� ��� ]Tk
qweTZ�Zp_n_a^W_ � � � ¥¼��¶�eTuyb,uxb$uxt]qaZp_nZpbnqauytcs�lPZ#o�fi�cbnZ�uxq$baec^�\·b,qaegfJq©qaecZ�e]�c|)lc{yZ}tcZ�fi_nZpb¤q�tcZpuxsWe]lP^i_
op{yfibabnuxÄgZ#_�uyb½fib¤[4|$hTqa^iqwuxo�fi{x{x[}^WhTqauy|$fi{=kjf�hc_a^WhjZp_¤q�[�tc^iq½hj^WbnbaZpbnbaZ#` l�[�baZ#�iZp_afi{Xop^Wtcbnuy`cZ#_wfilT{x[�|"^W_aZ
op^i|$hc{xuyopfJqwZ#`©qwZ#o�ectcu��]�cZ#bp�PÇ��-o#^W�c_nbaZikc\·ecfJq·|©fGqaqwZ#_ab§uxt�hc_wfiorqwuxopZ�uxb§qwecZ�hjZp_¤��^W_a|$fitco#Z���^W_§ba|$fi{x{��-k
fitc`�qweTuyb�sWuv�WZpb·�cb f�\¡f�[�qa^!op^W|"hgfi_nZ�`Tux¸PZp_aZ#t�q·bauy|"uy{yfi_auvq�[ �J`cuyb¤q�fitTopZ�|"Z�fJba�c_nZpbp�



����� � ����� ��� �´�4�T� ��� �

��t qaecuyb$baZ#o#qwux^Wt \�Z�|$fi�iZ}hc_aZ#opuxbaZ�^i�c_©`cZrÄgtcuvqwuy^it ^i��bnegfihjZ�`cuxbnqwfitcopZ�fitc` fJhchc{x[ uvq$qa^�bnZ#��¦
Zp_afi{-hT_wfiorqwuyopfi{-hT_a^Wlc{xZp|"bp� ��Z9�TbaZp`ªf,_nZpsW�c{yfi_aux¹pZ#`�¶·� S�qa_wfitcb¤��^W_a|$fJqauy^Wt}|$^4`cZp{»fitc` _©uvqwZ#_wfJqauy^Wtcb
^i�2baecfihPZ�o#^Wt�qwZ¼�;q |$fJqwo�eTuytcs!fitT`z¶·� S,_aZ¼¦�Z#bnqwux|©fGqwuy^it7�FZ/� qwZ#_�|©fGqwo�ecuxtcsck;\�Z�Zpb¤qwux|©fJqaZp`�bnegfihjZ�`Tuyb¤¦
q�fJtcopZ#b-fibAqaecZ
\¡Z#uysWe�qwZ#`)bn�c| ^i�4qwec_nZpZXqwZ#_a|"bpd�baecfihPZXo#^Wt�qwZr�4q»`cuyb¤q�fitTopZik�ux|©fJsWZ
fihchjZ�fJ_wfitco#Z�`Tuybnqwfitco#Z
fitc`zljZptc`cuxtcs!ZptcZ#_asi[i�

��Z9|$Zpfiba�T_aZ9baecfihPZ9o#^Wt�qwZ¼�;q½`Tuybnqwfitco#Z9lPZrq�\¡Z#ZptªbaegfihjZpb � fitc`�� fJb�qwecZ9b¤[4|$|"Z#qa_auyo�ba�c|�^i�
baecfihPZ½o#^Wt�qwZr�4q/|©fGqwo�ecuxtcs9op^Wb¤qwb ^��WZp_ ljZpbnq |$fJqwo�eTuytcs9hj^Wuyt�qabpkgu=� Zi�

�����7¢ � 
 ��¥ � £
�

�
�
	��

fi_as�|$uxt

�	��

$L¢ 	�
 � ¢�
i¥a¥�� £
�

�

�	��

fi_ns�|"uyt
�
	��

$ ¢ 	�
 � ¢ 
W¥¤¥ ¢¤£6¨W¥

\·ecZ#_aZ ��¢�� ¥¡`cZ#tc^iqaZpb�qwecZ½Z#bnqwux|©fGqwZp`�¶·� SzbnegfihjZ�qw_wfJtcbn��^W_n|©fGqwuy^it7�
��t |©fit�[ fihThc{yuxo�fJqauy^Wtcb�qwecZ#_aZ�uxb"fi`c`cuvqwuy^itgfi{§fJhchPZpfi_wfJtcopZzuytT��^i_a|$fJqwux^Wt f��ifJuy{�fJlc{yZ©qaegfJq"uyb!tc^Jq

o�fJhTqw�c_nZp`�l�[�^W�c_2tc^iqauy^Wt�^i�gbnegfihjZikGZi� sc�GqaecZ�qaZr�4qw�T_aZ§fJtc`�op^i{y^W_�uyt;��^W_a|$fJqwux^Wt½uyt½qwecZ�sW_wf�[4baopfi{yZ�uy|$fisWZ
hgfJqao�ecZpb�ba�c_n_a^W�Ttc`cuytTs�op^i_a_aZ#bahj^Wtc`cuxtcs�hj^Wuxt]qabp�A¶�ecZ$_aZ#{yu�fJlcuy{xuxq�[z^i��fJhchPZpfi_wfJtcopZ"uytT��^i_a|$fJqwux^Wt�^i� qwZ#t
ba�;¸?Z#_ab�ba�clTbnq�fJt]qau�fi{x{x[ ��_a^i| sWZ#^W|"Z#qw_nuyo}uy|$fisWZ�`Tuybnqa^W_nqauy^WtTbp� �/^�\¡Zr�WZ#_pk fJ� qwZ#_,Zpb¤q�filT{yuybnecuytTs uy|$fisWZ
op^i_a_aZ#bahj^Wtc`cZ#tcopZ#b
fitc`�_aZ#op^��WZ#_n[�^i�c�Ttc`cZp_n{x[4uytTs�¨�R uy|$fisWZ(qa_wfitcb¤��^W_a|$fJqauy^Wt�qaecZ�`Tuybnqa^W_nqaZp`�uy|$fisWZ
opfit
ljZ/\¡fi_ahjZp`�lgfJo��"uxt�qw^9f�tc^W_a|$fi{g��^W_n|}k�qwe]�cb�op^W_n_aZ#o#qwuxtcs)��^W_�`cuxbnqw^i_nqwux^Wtcb�^i�7qaecZ�ux|©fisiZ/fJhchPZpfi_wfJtcopZJ�

��Z·�cbaZ#`©f�qwZ#_a|�������¢ � 
 ��¥-��^W_
fihThPZpfi_wfitTopZ·op^Wb¤q�k�`cZrÄgtcZ#`©fib(qaecZ·ba�c| ^i�?b �]�gfi_aZ#`$lT_auysie]qatcZpbnb
`cuv¸?Z#_aZptTopZpb uyt}�½fi�cbnbau�fJt�\·uxtc`c^�\·b fi_a^i�ctc`zop^W_n_aZpbnhP^itc`cuytTs"ux|©fJsWZ�hj^Wuyt�qwb#k

�����7¢ � 
 ��¥ �
��
� � �

�
� 	 �


�� ¢! "¥#" � � ¢ 	�� �$ "¥B� � � � � � 
 ��� � � � �$ �
% � ¢¤£+_�¥

\·ecZ#_aZ�� � fJtc` � � fi_aZ!qwecZ!sW_nZ#[�¦�{xZ#�iZp{�uy|$fisWZpb�o#^W_a_nZpbnhP^WtT`cuytcs�qw^ ��fitc` �)k�_nZpbahjZporqwuv�WZp{v[W�& `cZ¼¦
tc^iqaZpb ba^W|"Z�`cuv¸?Z#_aZpt�qau�fi{?�iZporqw^W_ ^i¸PbaZ#q�fitc` � uyb·f9\·uytT`c^�\·uytcs9���ctcorqwux^Wt�q�[;hTuyo�fJ{y{x[©o�ec^WbnZpt�qa^"ljZ�f
�½fi�cbabnu�fit?k qae]�cb�hc�Tqnqwuxtcs©Z#|$hcecfibauxb qa^,hcuv�;Z#{yb tcZ�fi_nl�[W�P��Z�qae]�cb�ba�T| ^��iZp_�b �4�cfi_aZ#`�`cux¸PZp_nZptco#Zpb�uxt



\·uytT`c^�\·b/fJ_a^W�ctT`}o#^W_a_nZpbahj^Wtc`Tuytcs"hP^iuyt�qwb#kcbao#^W_auxtcs9qwecZ�\�Zpuysie]qaZp`zsW_aZr[�¦�{yZr�WZ#{2bnuy|"uy{yfi_auvq�[W�
¶�ecuxb/bnop^W_nZ�uxb·op^W|"hc�TqaZp`�­ 1¼³´¯��§qaecZ�qwecuxt}hc{yfJqwZ½bnhc{yuxtcZ�qw_afitcbn��^i_a|$fJqwux^Wt �Megfib ljZpZpt�fihchc{xuyZ#`�qa^

ljZpbnq·\¡fi_ah�qweTZ�ux|©fJsWZpb�uxt]qa^!fi{yuxsWtc|"Zpt�q��
¶�ecZ"qwecux_a`�qwZ#_a| � ��� ¢ � 
 ��¥�o#^W_a_nZpbahj^Wtc`Tb�qw^�qweTZ�� fi|"^W�ct�q 	A^i��qw_afitcb¤��^W_a|$fJqwux^Wt�tcZpo#Zpbnbwfi_¤[ªqa^

fi{xuysWt©qaecZ½baegfJhPZ#bp� ��tzqaecZ½¶·� Szo�fJbaZ�qwecZ½ljZptc`Tuytcs!ZptTZp_asJ[�¢ \�¥¡uxb·f"tgfGqw�c_afi{7|"Z�fibn�c_aZ$¢FbnZpZ � � � ¥¼�

��� � � ��� ��� ��� ���ª�	�X� �
�	�9� � �

��t$f�hT_a^iqa^iq�[4hPZ·lgfibnZp`$fihchc_n^�fio�e7k�qaecZ·�iZ#[ �]�cZ#bnqauy^Wt"uyb#di\·egfJq�Zr�Tfi|"hc{xZpbXbaegfJ{y{T\�Z/b¤qw^W_nZ�
)R�uv¸?Z#_¤¦
Zpt�q¡o�fJqaZpsW^W_nuyZ#b�tTZpZp`©`cux¸PZp_nZpt�q§t]�c|�ljZp_nb�^J�7�4uyZ#\·b#� �g^W_XZ¼�cfJ|$hc{xZik�o#Zp_nqwfiuyt$egfitc`;\·_auxqnqwZ#t©`cuxsWuxqab�ecf��iZ
|"^W_aZ��Jfi_nu�filcux{yuvq�[�qwegfit�^iqaecZp_nbpkAZJ� sc�?^WtcZ9q�[4hcuyopfi{y{v[�bnZpZpb�|"^W_aZ)�Jfi_nu�fJqauy^WtTb�uyt���^W�T_ab�qwecfit�uxt�¹pZ#_a^Wb#�
��t�qwecZ½opfJqwZ#sW^W_n[©^i� _^RM^Wl4mnZporqwb#kPf9bnhcecZp_nZ½tcZpZ#`cb/^itc{x[$^WtcZ��4uyZr\½kT��^W_�Zr�Tfi|"hc{xZik;\·eTuy{yZ½f�qaZp{yZ#hcec^WtTZ
tcZ#Zp`cb½baZr�WZ#_wfi{-�4uxZ#\·b�qw^�opfihTqa�c_aZ)qaecZ��Jfi_auxZ#q�[}^i�
�4uybn�gfi{(fJhchPZpfi_wfJtcopZJ�7¶�ecuyb�uy`cZpf,uyb�_nZp{yfJqwZ#`�qw^,qweTZ
	afibnhPZ#o#q��$o#^WtcopZ#hTq/fib·`cuybnop�cbnbaZ#`�uyt � _^] � �T��Z½\·ux{y{7tT^6\ `cuybnop�cbnb·ec^�\ \¡Z�fihThc_a^�fJo�ezqaecZ½hc_a^WlT{yZp|Å^i�
hc_n^iqw^iq�[4hjZ½baZp{xZporqwuy^it7�

��t�qaecZ)tTZ�fi_nZpbnq�tcZpuxsWe]lP^i_/o#{�fibnbauxÄcZp_ {yuxqaZp_afJqw�c_nZikcqaecZ)hc_n^Wlc{xZp| ^i�
bnZp{xZpo#qauytcs$Zr�;Zp|"hc{yfi_ab uyb o�fi{x{yZ#`
¯���� ³!� ²�"i���-�;qaZptcbnux�iZ�_nZ#�4uyZr\·b2^J�TtcZpfi_aZ#bnq2tcZ#uysWe]lj^W_AZp`cuvqwuxtcs�|$Zrqwec^4`cbAopfit½lPZ
��^W�ctT`�uxt�Æ uxhc{yZr[ � p � � fJtc`
R�fibafi_wfJqae�[ � £6¨ � �6��Z§ecf��iZ§`cZr�WZp{x^WhjZp`!f�tc^��iZp{cZ#`cuxqauytcs�fi{ysW^i_auxqaec| lgfJbaZp`9^it�baegfJhPZ§`Tuybnqwfitco#Z§fitc` 	}¦
|"Zp`c^Wux`�op{x�cbnqaZp_auxtcsc� 	}¦Ã|$Z#`c^Wux`cb§o�fJtzljZ½baZ#Zpt}fib f9�Jfi_nu�fit�q�^J� 	}¦Ã|$Zpfitcb§qwecfJq·_aZ#bnqw_nuyorqwb�hc_n^iqw^iq�[4hjZ
hj^Wbauvqwuy^itcb7qw^·`gfJqwf hj^Wuxt]qabp� �»uy_ab¤q2f |$fJqa_auv��^i�Thgfiuy_¤\·uybnZ
bauy|"uy{yfi_auvqwuxZpbjlPZrq�\¡Z#Zpt9fi{x{Whj^Wbabnuylc{xZ
hc_a^iqa^iq�[4hPZ#b
uybXo#^W|$hT�TqwZ#`7��� ^i_Xf�sWuv�WZpt"t]�c|�ljZp_�^i��	 hc_a^Jqw^iq�[4hjZpb�qaecZ 	}¦�|"Zp`c^Wux`"fi{ysW^i_auxqaec| qwecZ#t©uxqaZp_afJqwZ#bXq�\�^
bnqaZphcb#d2¢Fu�¥ �g^W_�f9sWux�iZpt�fibnbauxsWtc|"Zpt�q·^i�2hP^iuyt�qwb§qa^z¢Bfilcb¤qw_afio#q�¥¡op{y�TbnqwZ#_ab f�tcZr\ hc_n^iqw^iq�[4hjZ½uyb§bnZp{yZ#o#qaZp`
��^W_�qaegfJq�o#{y�cb¤qwZ#_�l][�|$uxtcuy|"uy¹#uytcs9qaecZ!f��WZp_afisWZ!`cuxbnq�fJtcopZ9^i�XqaecZ�hc_n^iqw^iq�[4hjZ�qw^zfi{x{»Z#{yZp|"Zpt�qab�uyt�qweTZ
op{x�cbnqaZp_#kgfitc`ª¢�uyu ¥XsWux�iZpt,qaecZ�baZrq·^i�2hc_a^iqa^iq�[4hPZ#bpkchj^Wuxt]qab�fi_nZ�qwecZ#t�_aZ�fJbabauxsWtcZ#`�qa^9op{x�cbnqaZp_ab fio#op^W_n`cuytTs



qw^$qwecZ�tTZ�fi_nZpbnq�hc_a^iqa^iq�[4hPZJ�A~}^i_aZ)��^W_n|©fJ{y{x[ikg`cZptT^iqwZ�l�[��i¢ �9¥·qwecZ�¢Ffilcb¤qw_wfJo#q¼¥ op{y�TbnqwZ#_�^i�XbnegfihjZ �$k
Zi� sc�2_aZ#hc_aZ#baZpt�qaZp` l�[�bn^W|$Z"t]�c|�ljZp_ �]£�
�������
5 ��fitT` `cZptT^iqwZ,l�[ 	2¢��p¥�qwecZ©fibabn^;o#u�fJqaZp`�hT_a^iqa^iq�[4hPZJ�
¶�e]�cb·\¡Z�egf��WZ�f9op{�fJbab·|©fJh

� d�������� � � �]£�
�������
5 � ¢¤£?p]¥

fitc`}f9hc_a^Jqw^iq�[4hjZ�|$fih

	 d �]£�
������ 
5 � � � � ���	� ¢¤£ � ¥

�/Z#_aZJk
���/fitc`�� ��fi_aZ)ba^W|"Z�bn�clcbnZ#qwb�^J�
qwecZ�bnZ#q�^i��fi{y{�hj^iqwZ#t�qwu�fJ{2bnegfihjZpb��/�AÇ�� qaZpt7k
� ����� ��� ���
	z¿4|"Zp`c^iuy`cb�hc_n^;o#ZpZ#`cb/l�[�uvqwZ#_wfJqauytcs�q�\�^$b¤qwZ#hcbpd
£W�·sW_n^W�ch�����uxt�qw^9op{yfibabnZpb sWux�iZpt�qwecZ½o#{�fibnb�hc_a^iqa^iq�[4hPZ#b 	�¢��#¥rkgfitT`

¨;�·ux`cZpt�qwuv� [�f9_aZ#hc_aZ#baZ#t]qwfJqwuv�WZ�hc_a^iqa^iq�[4hPZ���^W_�Zpfio�ezop{�fJbab·sWux�iZpt�qwecZ½Z#{yZp|"Zpt�qab uxt,qwecZ½o#{y�cb¤qwZp_#�

m§fibnuyopfi{y{v[Wk?£i�cuyb�bn^W{x�iZp`zl][zfJbabauxsWtcuxtcs9Z�fio�e}baegfJhPZ � �����¡qw^9qwecZ½tcZpfi_aZ#bnq hc_n^iqw^iq�[4hjZikcqae4�Tb

�i¢ �9¥ � fi_ns�|"uyt� ��¢ � 
�	2¢� c¥a¥ � ¢¤£ � ¥

�g^W_
sWuv�WZpt!o#{�fibnbaZpb#k�uyt$¨;�WtTZ#\ hc_n^iqw^Jq�[;hjZpb�fi_nZ�baZ#{yZporqwZ#`©lgfibnZp`"^Wt!|$uxtcuy|$fi{]|"Z�fit!`cuxbabaux|$ux{�fi_nuxq�[ikGuB� ZJ�

	2¢  T¥ � fi_asX|"uyt
��	��


 �
��� � ������� � � � �

� ��¢ � 
�	j¥ � ¢¤£6�W¥

S;uxtcopZ½lj^iqwe�bnqaZphcb |"uytcux|$ux¹pZ·qwecZ½bwfJ|$Z½op^ibnq·���ctcorqwuy^it

� ¢�� 
�	j¥ � �
� 	����

� ¢ � 
�	)¢��J¢ ��¥a¥n¥ ¢¤£ ��¥

qweTZ�fJ{ysW^W_nuxqaec| tcZpo#Zpbabafi_aux{x[�o#^Wt��WZp_nsWZpb·qw^$fz¢F{x^;opfi{ ¥X|$uxtcuy|��T|}�
Z/b�\·uvqweª|$^Wb¤q½op{x�cbnqaZp_auxtcsz|$Zrqwec^4`cbpk7\·uvqwe  ]¦�|"Zp`T^Wuy`cb�^itcZ!|��cbnq�egf��iZ,f�bnqw_afJqwZ#si[���^W_½o�ec^4^Wb´¦

uytTs  P����Z©baZp{xZporq�qwecZ$t]�c|�ljZp_�^i�§hc_a^iqa^iq�[4hPZ#b9�cbauxtcs�f}sW_aZ#Zp`T[�bahc{xuxqnqwuytTs}b¤qw_wfGqwZpsJ[�b¤q�fi_¤qwuytTs}\·uxqae



0 2000 4000 6000 8000 10000
0

0.05

0.1

0.15

0.2

0.25

0.3

size of training set

te
st

 s
et

 e
rr

or
 r

at
e

SSD
SD 

10
3

10
4

0.01

0.02

0.03

0.04

0.05

0.06

size of training set

te
st

 s
et

 e
rr

or
 r

at
e

K=1
K=3
K=5

��� �����	�����������	��

��� ����������� ��� ��������������� ��� ������� �"!#�%$'&)(+*�,-�.�#�/�#01�2�23)4	�"56�278,9�20:�;01�2�<���=�>���>0?�	5@�BA"CD&)&
��E �#0:02� F����HGI02�J�#��*K*MLN���	�O*M!	�.P��QL)� 0:�:�.�#���QRS*TLVU<WX�Y�#0�G.�>�20Y3[Z\� ��!#�"7[L8�2�/���]E^�	5@P����_5����=W`���	������G.�_a	�b56���
*9!���P��cLd� 0:�:���	����eT�]�#��EfG	���]�I� ���20�G�E ��0d
X� �"!<�"�����J���J�#�b01�2�d02� g��20H�	5HAYhiefj�j�j'�.�#�'k�jiefj�j�j�3�Z9�20�G�E �l0X���>�m0�!	��

�
���<�;01��Wm�JE ����C=n�01�Y�.E �
5����porqts�uDviuDwx�	�Y���>�20:�`�#�	� ��!�y����z0Y3

^WtcZ!hc_n^iqw^Jq�[;hjZ"hPZ#_�opfJqwZ#sW^W_¤[W�7��Z$o�ec^4^WbnZ"qaecZ!op{y�TbnqwZ#_�qw^zbahc{xuxq½lgfibnZp`�^WtªqaecZ"fibabn^;o#u�fJqaZp`ª^��WZp_afi{y{
|"uybao#{�fibnbauvÄgo�fJqauy^WtªZp_n_a^W_#�»¶�eTuyb)o#^Wt�qwuxt4�TZpb9�ct�qwux{�qaecZ,^��WZ#_wfi{x{�|"uybnop{yfibabnuxÄgopfJqwux^Wt�Z#_a_n^W_)egfJb)`c_n^WhchjZp`
ljZp{y^�\ f!o#_auvqwZp_nuy^Wt�{xZ#�iZp{=�g¶�e]�cb·qweTZ�hT_a^iqa^iq�[4hPZ#b�fi_nZ�fi�Tqw^i|©fJqauyopfi{y{v["fi{y{x^;opfJqwZ#`,qw^9qwecZ�`cuv¸?Z#_aZpt�q ^Wl;¦
mnZporq op{�fJbabaZ#bpkcqae4�Tb ^ihTqwux|©fi{x{x[!�cbnuytcs"f��Jfiuy{yfilc{xZ�_aZ#ba^W�T_aopZ#bp� ¶�ecZ�fihchc{xuyopfJqwux^Wt©^i�2qweTuyb�hc_n^;o#Zp`c�c_nZ�qw^"f
baZrq ^i�»�4uxZ#\·b ^i�6_�R ^Wl]mnZpo#qab·uyb·Zr�;hc{x^W_aZ#`zuxtJS;Zporqwuy^it � � ¨9fitc`zuy{x{y�cb¤qw_wfGqwZp`©uyt �-uysT�?£+]T�

{ *Å�)&-� �,
6�����p��&

| ��� � � � �Ã� � � � � � � �Ã��� � �

� Zp_aZ9\�Z!hc_aZ#baZpt�q�_aZ#ba�c{vqwb�^Wt�qaecZ$~��/� S4¶ `gfGq�fibnZ#q�^i��egfitc`;\·_auxqnqwZ#tª`TuysWuvqwbpk \·ecuxo�eªo#^Wtcbnuybnqab�^i�
� ]Tk ]^]^]9qw_afiuytTuytcs"fitc`�£+]Tk ]^]^]9qwZ#bnq/`cuysWuvqwb � _�p � � ��t�qwecZ�Zr�;hjZp_nuy|"Zpt�qwb#kj\�Z)�cbnZp` £?]^]"hj^Wuxt]qab/bafi|"hc{yZ#`
��_a^i|�qweTZ©º§fJtct�[�Zp`csWZ#b�qa^�_aZphT_aZpbnZpt�q�Z�fio�e�`cuysWuvq�� �OecZpt�op^W|"hc�Tqauytcs,qaecZ $ � � 	 b½��^W_�qaecZ9lcuyhcfi_nqauxqwZ
|$fJqwo�ecuxtcsckc\�Z�uytTop{y�T`cZp`�f"qwZ#_a|Â_aZ#hc_aZ#baZ#t]qauytcs,qaecZ)`Tuybabnuy|"uy{yfi_auvq�[$^J�
{y^4o�fi{AqwfitcsWZ#t]q�fitcsW{xZpb#�DS4hPZ#opux��¦



uyopfi{y{v[Wk?\�Z,`cZrÄgtcZ#`�qwecZ$|©fGqwo�ecuxtcs}o#^Wbnq�fib $ � � � ¢´£<���»¥'$ � �� � ����$ � � �� � kA\·ecZp_nZ1$ � �� � uxb½qaecZ©bnegfihjZ
op^it]qaZr�4q op^Wb¤q�k $ � � �� � � ] � � ¢¤£���op^Wb�¢���� ��� �p¥n¥�|"Z�fibn�c_aZ#b·qwfitcsWZ#t�q fitcsW{xZ�`cuybnbaux|$ux{�fi_nuxq�[Wk]fJtc`�� � ] �x£W�
�g^W_�_aZ#op^Wsitcuxqauy^Wt7k4\¡Z½�cbnZp`�f 	z¿��b� op{yfibabnuxÄgZ#_§\·uxqwe}f9`cuyb¤q�fitTopZ����ctcorqwuy^it

� � £ � � �������$����� � ] � _�� ��� � ¢¤£+\�¥

¶�ecZ©\�ZpuxsWe�qwb�uyt ¢´£+\�¥�egf��WZ�ljZpZ#t ^WhTqauy|"uy¹pZ#`�l�[�f}{xZ�f��WZ�¿4^WtcZ�¿4^W�Tq)hc_a^4opZ#`c�c_aZ©^Wt fk_�]^]^]"- _^]^]�]

ba�TlcbaZrq�^i�2qweTZ½qa_wfiuxtcuytTs9`gfJq�f;�
Ç�t�qwecZ�~ �/� S;¶�`gfJq�fJbaZ#q�tTZ�fi_n{x['_�]�fi{ysW^i_auxqaec|"bPegf��iZ�ljZpZ#t�o#^W|"hgfi_aZ#`"¢Fe�qaqah7d � �G\�\�\½� _aZpbnZ�fi_no�e7� fJqaqp� o#^W| �

	 [�fitTt��JZr�;`cl��J|$tTuybnq��JuytT`cZr�P� e]qa|${�¥r�J¶�ecZ·{y^�\¡Z#bnqXqwZ#bnqXbnZ#q�Zp_n_a^W_(_afJqwZ�hT�clc{yuxbaecZ#`"fJq
qwecuxb-qwux|$Z¡uyb�] � � �
��^W_-f/lj^;^Wb¤qwZ#`!È�Z��/Zrqn¦ p/\·uxqwe�f/qw_afiuytcuxtcs baZ#q-^i� baux¹pZ � ] 
 ]^]^] -)£?] b¤[;t�qaecZ#qauyo�`cuxbnqw^i_nqwux^Wtcb2hPZ#_»qa_wfiuxtcuytcs
`cuxsWuxqp�7Ç��c_�Z#_a_n^W_�_wfGqwZ9�cbnuytcsz¨�];k ]^]�]$qw_afiuytcuxtcs,Z¼�cfJ|$hc{xZpb�fJtc` _G¦Y�b� uyb'] � � _ � �P¶�ecZ � _,Z#_a_a^i_ab½fi_nZ
baeT^6\·t}uyt �-uxsc� �T��


Z/b�|"Zpt�qauy^WtcZ#`9Z�fi_n{yuxZp_pkG\·egfJqX|$fJqaqaZp_nb
uyt9hc_afio#qauyo�fJ{cfihchT{yuyopfJqwux^Wtcb»^i�?tTZ�fi_nZpbnq�tcZ#uysWe]lj^W_(|"Z#qaec^;`Tb
uybPqwecZXhjZp_n��^i_a|$fitcopZ»��^W_7ba|$fi{x{ �-k�fitc`�qwecuxb7sWuv�WZpbA�Tb»f¡\¡f�[�qw^·o#^W|$hcfi_aZ(`Tux¸PZp_aZ#t�q�bauy|"uy{yfi_auvq�[ �J`cuyb¤q�fitTopZ
|"Z�fibn�c_aZ#bp�4��t��-uxsc�]�"¢F{yZr� q¼¥(^W�c_�baecfihPZ `cuxbnq�fJtcopZ uybXop^i|$hgfJ_aZp`"qw^uS S-R ¢�ba�c| ^J�Ab �]�gfi_nZp`,`Tux¸PZp_aZ#tcopZ#b
ljZ#q�\�ZpZpt hcuv�;Z#{�lc_auxsWe�qwtcZ#bab9�Jfi{y�cZ#b�¥¼�(��t��»uysc�(� ¢�_auxsWe�q¼¥�\�Z�op^W|"hgfi_nZ,qwecZ�op{yfibabnuxÄgopfJqwux^Wt _wfGqwZpb���^i_
`cuv¸?Z#_aZpt�q 	 �
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210: 9 → 7 448: 4 → 9 583: 8 → 3 692: 8 → 9 717: 1 → 7 948: 8 → 9 1034: 8 → 0 1113: 4 → 6 1227: 7 → 2

1248: 9 → 5 1300: 5 → 7 1320: 8 → 3 1531: 8 → 7 1682: 3 → 7 1710: 9 → 5 1791: 2 → 7 1879: 8 → 3 1902: 9 → 4

2041: 5 → 6 2074: 5 → 6 2099: 2 → 0 2131: 4 → 9 2183: 1 → 2 2238: 5 → 6 2448: 4 → 9 2463: 2 → 0 2583: 9 → 7

2598: 5 → 3 2655: 6 → 1 2772: 4 → 9 2940: 9 → 7 3063: 8 → 6 3074: 1 → 2 3251: 2 → 6 3423: 6 → 0 3476: 3 → 7

3559: 5 → 0 3822: 9 → 4 3851: 9 → 4 4094: 9 → 7 4164: 9 → 7 4202: 1 → 7 4370: 9 → 4 4498: 8 → 7 4506: 9 → 7

4663: 9 → 7 4732: 8 → 9 4762: 9 → 4 5736: 5 → 3 5938: 5 → 3 6555: 2 → 7 6572: 9 → 7 6577: 7 → 1 6598: 0 → 7

6884: 1 → 2 8066: 8 → 0 8280: 8 → 4 8317: 7 → 2 8528: 4 → 9 9506: 7 → 2 9643: 9 → 7 9730: 5 → 6 9851: 0 → 6
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Ç��c_�tcZ¼�4q�Zr�;hPZ#_aux|$Z#t]q�uxt��W^W{v�WZpb�qaecZ ¨�]Lo#^W|$|"^WtMec^i�cbaZ#ec^W{y`M^il4mnZporqwb���_a^W| qweTZ º�Ç��´È?¦´¨�]
`gfJqwfilgfibnZ � p ] � �W�Xfio�e9^Wl]mnZpo#q-\§fib-hc{�fio#Zp`�^it!f qw�T_at�q�filT{yZ�fitT`�hcec^iqa^WsW_afihcecZ#`�Z#�iZp_n[ ��� ��^W_-f/qw^iqwfi{]^i�
�W¨��4uyZ#\·b hjZp_·^Wl4mnZ#o#q��g��Z�hT_aZphcfi_aZ#`�^W�c_�qa_wfiuxtcuytcs9bnZ#qab/l�[�baZ#{yZ#o#qwuxtcs$f"t]�c|�ljZp_·^i�-Z��]�gfi{x{x[�bnhgfio#Zp`
�4uyZr\·b���^W_)Zpfio�e ^Wl4mnZporq!fitc` �TbauytTs�qwecZ,_nZp|$fiuytTuytcs��4uyZ#\·b���^i_�qwZ#bnqauytcsc�»¶�ecZ,|$fJqwo�eTuytcs�fJ{ysW^W_nuxqaec|
uyb C�� e/w�bfL
	 qaecZ�bwfJ|$Z�fib���^i_9`cuysWuvqwb#�-Æ·Zpopfi{y{¡qaegfJq�qaecZ}º§fitct�[ Z#`csWZ�`cZ#qaZporqw^W_9_nZpbahj^Wtc`Tb$lj^iqwe qa^
Zr�4qaZp_atcfi{Xfitc`ªuyt�qwZ#_atgfJ{(op^Wt�qa^W�c_ab#kAba^�qwecZ�£?]^]�bwfi|"hc{yZ)hP^Wuxt�qwb½fi_nZ9tc^iq½_aZ#bnqa_auyorqwZ#`ªqa^�qaecZ!Zr�4qwZ#_atgfJ{
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lj^W�ctc`gfJ_n[�^i�2qweTZ�bnuy{xec^W�cZrqaqwZJ�
�-uxsc� \ baec^�\·b}qaecZªhPZ#_n��^W_n|©fitTopZ��cbauxtcs £r¦Y�#� \·uvqweOqwecZª`cuyb¤q�fitTopZ����ctco#qauy^Wt � fib}siux�WZ#t uxt

� �]�gfJqwux^Wt�£?\�o#^W|$hcfi_aZ#`$qw^�f�b¤qw_afiuysWe�qn��^W_n\¡fi_a`"ba�T|+^J�Ab �]�gfi_nZp`,`Tux¸PZp_aZ#tcopZ#b�¢ S S-R½¥r�qS SqR hPZ#_n��^W_n|$b
�WZ#_n[$\¡Z#{y{j^Wt,qwecuxb¡Zpfibn[$`gfJqwfilgfibnZ�`c�cZ�qa^)qweTZ�{�fJo��$^i�?�ifJ_au�fGqwuy^it$uxt,{yuxsWe�qwuytTs � ¨yp � ¢B��º[Z mn�cb¤q§|$fi�iZ#b
uxq��FfJbnqwZ#_�¥¼�

¶�ecZ9hT_a^iqa^iq�[4hPZ�bnZp{xZpo#qauy^Wt�fi{ysW^i_auxqaec| uxb�uy{x{y�cb¤qw_afJqwZ#`}uxt �-uysT�2£?]T�PZ/b�baZ#Zpt7kj�4uyZ#\·b½fJ_aZ�fJ{y{y^4o�fGqwZp`
|$fiuytc{v[½��^W_
|$^i_aZ�op^i|$hc{xZr��o�fJqaZpsW^W_nuyZ#b(\·uxqwe"ecuxsWe�\·uxqaecuyt!op{yfibab(�Jfi_nu�filTuy{yuvq�[W�G¶�ecZ·op�c_¤�WZ |©fJ_a�iZ#` STº�¦
hc_n^iqw^9uxt �-uysc�q\�baeT^6\·b�qaecZ�uy|"hc_a^��iZp`�op{yfibabnuxÄgopfJqwux^Wt,hjZp_n��^i_a|$fitcopZ��cbauxtcs�qwecuxb§hc_n^iqw^iq�[4hjZ�baZ#{yZporqwux^Wt
bnqa_wfJqaZpsi[ uxtcbnqaZ�fi` ^i��Z��]�gfi{y{v[�¦�bahcfiopZ#` �4uyZr\·bp�,�/^iqaZzqaegfJq!\¡Z}^WlTqwfiuyt f ¨4� p � Zp_a_n^W_"_wfJqaZz\·uvqwe fit
f��WZ#_wfisWZ�^i� ^WtT{x[ p�q�\�^J¦Ã`cuy|"Zptcbnuy^Wtcfi{��4uxZ#\·b9��^W_�Zpfio�e qwec_nZpZr¦Ã`cuy|"ZptTbauy^itgfi{¡^il4mnZporq�k-qaegfitc�]b9qw^�qweTZ
ÀgZ¼�Tuxlcuy{xuxq�[$hc_a^��4uy`TZp`zl][©qwecZ½|$fJqwo�ecuxtcs"fi{ysi^W_auvqwec|z�
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Ç��c_�tTZr�4q�Zr�;hjZp_nuy|"Zpt�q�uyt��i^W{x�iZpb�qaecZ!~��X����¦´�©baegfJhPZ�bnuy{xec^W�cZrqaqwZ�`gfJqwfilgfibnZik?bnhPZ#opuvÄgo�fi{x{x[}º¡^W_nZ
�-�;hPZ#_auy|"Zpt�q9º§�(¦2S;egfihjZr¦w£,hgfi_¤q m�k�\·ecuxo�e |$Zpfiba�c_nZpb�hjZp_¤��^W_a|$fitco#Z©^i�§bauy|"uy{yfi_auvq�[�¦�lgfibnZp`�_aZrqw_nuyZ#�Jfi{
� ¨ ��� �4¶�eTZ�`gfJqwfilgfibnZ�o#^Wtcbauxbnqab¡^i�
£<p ]^]½uy|$fisWZpb#d4��]�bnegfihjZ/opfJqwZ#sW^W_nuyZpb#k;¨�]�ux|©fisiZpbXhPZ#_�opfJqwZ#sW^W_¤[W�4¶�ecZ
hjZp_n��^i_a|$fitcopZ�uxb·|$Zpfiba�c_nZp`z�cbauxtcs!qwecZ½ba^G¦�o�fJ{y{yZ#` 	nlc�c{x{ybaZr[WZ�qwZ#bnqpk:�"uyt�\·ecuxo�e}Zpfio�e�ux|©fisiZ�uyb·�cbnZp`�fJb
f �]�cZp_¤[zfitc`z^WtcZ½op^W�Tt]qab qaecZ½t]�c|�ljZp_·^i�»op^W_n_aZporq uy|$fisWZpb¡uyt�qwecZ�qa^Wh�p ]9|©fJqao�ecZpb#�

Z/b�qweTuyb�Zr�;hPZ#_aux|$Z#t]q)uyt��W^i{x�WZ#b)uxt]qa_auxo�fJqaZ"bnegfihjZpb�\¡Z$uytco#_aZ�fJbaZp`�qwecZ$t4�T|�lPZ#_)^i�¡bwfi|"hc{xZpb½��_a^W|
£+]^] qw^ _^]^];�J��t!ba^i|$Z§opfJqwZ#sW^W_nuyZpb»qwecZ§bnegfihjZpbXfihThPZpfi_(_a^Jq�fJqaZp`!fitc`�ÀcuyhchjZp`7kG\·ecuyo�e9\�Z·fi`c`c_nZpbnb
�cbauxtcs
f�|"^;`TuxÄgZ#`�`cuxbnq�fJtcopZ©���Ttco#qauy^Wt7�2¶�ecZ,`Tuybnqwfitco#Z,`cuyb¤q6¢�� 
 �)¥½lPZrq�\¡Z#Zpt f�_nZ#��Zp_nZptco#Z�baegfJhPZ��ÂfitT` f
�]�cZp_¤[�baegfJhPZ�� uyb�`TZ#ÄgtcZ#`�fib

`cuxbnq6¢ � 
��½¥ � |$uxt �6`Tuybnq�¢	� 
�� � ¥ 
w`cuxbnq�¢	� 
����´¥�
w`cuyb¤q6¢ � 
�� � ¥��
\·ecZ#_aZ	� � 
�� � fitc`
� � `cZ#tc^iqwZ�qaec_aZ#Z��WZ#_abaux^Wtcb�^i����d;�ctco�egfitTsWZp`7kc�iZp_¤qwuyopfi{y{v[!ÀguyhchjZp`?kcfitc`�eT^W_aux¹p^Wt;¦
q�fJ{y{x["ÀguxhchPZ#`7�

�Ouvqwe�qaecZpbnZ¡o�egfJtcsWZpb-uyt�hc{�fio#Z�lT�Tq-^JqwecZ#_n\·uybnZ¡�cbnuytcs qwecZ�bwfJ|$Z�fihchc_n^�fio�e)fib-uxt�qaecZ�~�� � S;¶ `cuxsWuxq
Zr�;hjZp_nuy|"Zpt�qwb#k4\�Z�^Wl;q�fiuxt$f�_aZrqw_auxZ#�Jfi{g_afJqwZ ^i�2� � � � £ � �4º¡�T_a_aZ#t�qw{x[!qaecZ/ljZpb¤q¡hT�clc{yuxbaecZ#`©hjZp_¤��^W_a|$fitco#Z
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uyb§fio�ecuyZr�WZ#`�l�[�È�fJqaZpo��]uAZ#q fi{B� � _^_ � kT\·uxqae�f9_aZ#qa_auxZ#�Jfi{?_afJqwZ�^J�(� � � p �G� k;��^W{x{y^�\¡Z#`�l�[z~}^W�]e�q�fi_nu�fit�Zrq
fi{B�cfJq�� � � p^p � �
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¶2_wfi`TZp|$fi_a�]b�fi_aZ!�4uyba�cfi{y{v[�^i� qaZptªlPZ#bnq�`TZpbao#_auxlPZ#`�l�[�qwecZ#uy_½baecfihPZ"uyt;��^W_a|$fJqwux^Wt7k?fitc`ªuytª|©fit�[
o�fJbaZpb�bnegfihjZ�hc_n^6�4ux`cZpb�qaecZ�^WtT{x[�ba^i�c_ao#Z9^i�XuytT��^i_a|$fJqwux^Wt7�c¶�ecZ�fi�Tqw^i|©fJqauyo�uy`cZ#t�qwuxÄco�fJqauy^Wtz^i�
qw_afi`cZ¼¦
|$fi_a�9uxtT��_auxtcsWZp|"Zpt�q�egfib�uyt�qwZ#_aZ#bnqwuxtcs)uxtc`c�cb¤qw_nu�fi{ fihThc{yuxo�fJqauy^Wtcb#kWbauxtcopZ \·uxqae$qweTZ�op�T_a_aZ#t�q�bnqwfJqwZ/^i�7qweTZ
fi_¤q)qw_afi`cZ#|©fi_n�]b�fi_nZ©lc_n^�fi`c{v[�o�fJqaZpsW^W_nuy¹#Zp` fio#op^W_n`cuytTs�qw^zqwecZ 	�uyZ#tctgf�o#^;`cZJk-fJtc`�qweTZpt |$fit]�gfi{y{v[
op{yfibabnuxÄgZ#`,fio#op^W_n`cuytTs�qa^�qaecZpux_�hjZp_nopZph;qw�gfi{jbaux|$ux{�fi_nuxq�[i�i�(�WZ#t©qweT^W�csWe$baegfihjZ�o#^Wt�qwZ¼�;q¡|©fGqwo�ecuxtcs½`c^;Z#b
tc^iq"hc_n^��;ux`cZzf����T{y{�ba^i{y�Tqauy^Wt qa^ªqaecZ�qw_wfJ`cZp|$fi_a��bauy|"uy{yfi_auvq�[ªhc_a^WlT{yZp| ¢F^iqaecZp_!hj^iqwZ#t]qau�fi{¡op�cZ#b,fi_nZ
qwZ¼�4q½fitc`�qaZr�4qw�T_aZ�¥¼k7uxq/bnqauy{x{2bnZp_¤�WZpb�\�Zp{x{»qw^©uy{y{x�cbnqa_wfJqaZ�qwecZ�opfihgfilTuy{yuvq�[�^i�X^W�T_�fihchT_a^�fio�e�qa^,o�fJhTqw�c_nZ
qweTZ"Z#babnZptco#Z©^i�¡baegfihjZ!baux|$ux{�fi_nuxq�[W� ��t �-uysT�(£6¨©\¡Z"`cZ#hcuyorq½_aZ#qa_auxZ#�Jfi{
_aZ#ba�c{vqwb���^W_½f�`gfJqwfilgfibnZ!^i� _^]�]
qw_afi`cZ#|©fi_n�]bp�4��t©qwecuxb�Z¼�;hPZ#_auy|"Zpt�qpk4\�Z�_nZp{yuxZp`$^Wt,fit,f��"tcZ/qa_wfitcb¤��^W_a|$fJqauy^Wt!|"^;`cZ#{jfib¡sWuv�WZ#t,l�[�¢!_�¥rk
fitc`}fib�uxt�qaecZ½hc_aZr�4uy^W�cb·opfibaZJk \�Z½�cbaZ#` _^]�]!bafi|"hc{yZ�hj^Wuyt�qabp�

��Z9Zr�;hjZp_aux|$Z#t�qwZp`�\·uvqwe�ZpuxsWe�q�`cuv¸?Z#_aZpt�q �]�cZ#_n[�qa_wfi`TZp|$fi_a�]b���^W_�Zpfio�e�^i�X\·ecuyo�e�qaecZ9`gfJqwfilgfibnZ
op^it]qwfiuytTZp` fGq�{xZ�fib¤q�^WtcZ"hP^iqaZpt�qwuyfi{
uyt;��_auytTsWZp|"Zpt�q��P��Z"`cZphTuyo#q�qweTZ"qa^Whª��^i�c_�eTuxqwb�fib½\�Zp{y{�fib�qaecZpux_



baux|$ux{�fi_nuxq�[}bao#^W_aZJ�»�Ãq)uyb�op{yZpfi_a{v[�baZ#Zpt qaegfJq�qwecZ$hP^iqaZpt�qwuyfi{XuytT��_nuytcsiZp|"Zpt�qwb�fi_aZ"Z�fJbauy{v[�`cZ#qaZporqwZp` fJtc`
fihchjZ�fJ_½fib�|$^ibnq½baux|$ux{�fi_ uyt�qaecZ9qw^Wh�_afitc�]b�`cZpbnhcuxqaZ!ba�clcb¤q�fit�qau�fi{(�Jfi_nu�fJqauy^Wt}^i��qaecZ"fio#qa�gfi{(bnegfihjZpb#�
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