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{)p;qe�kq+m[�;� b w�q�sv�;n�okp;q�m[� ¯ w��;wÆ{)m[okp¶�kqenk�&qe}eo=okr § �6­2� ¸ T § W m~n=�;m[Ç·qe�kqe��oymNsv�;u~q©sv�;�ÈyÉ?Ê;ËÍÌ�Î z Ä)T § W ¨ ¸CÏ T § Wyh
Ð p;qe�6zJsv�coyqe�)m~�g�?qe�kokm[�C� Ä)T § W zSr?�;q°r?�;otsvm~�;n

Ã TaÄ)W ¨3§ TaÄXWtÄ ± ¸ Y § TaÄ)W�`�] TyÑ?W
{)p;m[}ip+m[n\svu~nyr�}er?���?qeÒ�z?�6svw�qeu~��z Ã Ï Ï TaÄXW ³ Á �
­2o¦m~n°�;nkqe���;u�oyr��;q ¯ �;q�okp;q�Ó��6sv��okm[o2��Ô T § W ¨ ¸ T § WyÕÖT § ± À?W z�{)p;m[}ip�m~n°}er?�;nko1sv��o¦��r?�=sw�r?�;r?���tsv}eotsvu2z-sv�;�6z;m~���?qe�;qe�tsvuNzC�;qe}e�kq�svnyqen¦{)m~oyp § � Ð p;q�w�r?nko^m~w=�·r?�kotsv�go)��svu~�;qen^r?� §sv�kq §�¨ ÁS]×À �1Ø)o §�¨ Á zÖ{xq/pHsy�?q Ã TaÄ » W ¨ Ô TkÁ?W ¨ ± ¸ TyÁ?W �;¥�m[�;}eq Ã Ï TaÄ » W ¨3§�¨ Á zÖokp;qnkqeo7r?���·r?m[��oknx{Xm~okp,qeÒg�·r?�;qe��o Ä » p6svnxokp;q¦u2sv�k�?qenkox���tsv}eotsvu·�;m[w�qe�;nkm~r?�6� ¼ r?�xnkqeu[���4nkm~w=m~uNsv�w��;u~okm[�c�1sv}eotsvu~ntz&okp;m~n��;svu[�;q�qeÓ��6svu~n�okp;q=���tsv}eotsvu|�Cm[w�qe�;nkm~r?�Ur?�xoypCq�Ù ÌyÚ?ÛyÜgÝ2Ì�Þ Û=ÛyÜÍß?ßgÉ?Ývà z{)p;m[}ip�m~n7oypCq^nkw�svu~u~qenyox}eu~r?nkqe�,nkqeoxnk�;}vp,okp6svo¾m[okn7}er?w��;u[qew�qe��o�p6svnx�eqe�kr�w�q�svnk�;�kq�� Ð p;q��svu~�;q §�¨ À �?m~�?qen¦okp;q�Ù ÌyÚ?ÛiÜ�Ý2Ì�Þ Û�á?â Ù ÌÍÊ;Ûyâ�É?Ê Ô TkÀ?W zC��r?�=s°��svu~�;q\r?� Ä f ¨ Ä)TkÀ?W nk�;}vpokp6svo Ä f ¨ Ã TaÄ f W ¨ Ô TkÀ?W � Ð p;qX}er?�k�kqenk�·r?�;�;m~�;�°nym~�;�?�;uNsv�km[oN��nkqeo|�;q ¯ �;qen�okp;q�Ù ÌyÚ?ÛiÜ�Ý2Ì�Þ ÛÈyÉ?Ê;ÈiÌÍÊ;à4Ý2Ú?à4Ì z�okp6svo6m~ntz1oypCqXnkqeo¾r?�Coynkm~�;q7r?��{XpCm[}ip=okp;q7w�q�svnk�;�kqXm~n¾qenknkqe��oymNsvu~u[���;qe�?u~m[�?m~�;u~q��ã r?okq\okp6svo Ã Ï TaÄ f W ¨ä§ TaÄ f W ¨ À sv�;�#}er?���?qeÒ�m[o2��r?� Ã T4Ä)W m~w��;u~� Ã TaÄ)WXåæÄ ��r?�=sv�g� ÄT {Xm~okp,qeÓ��6svu[m~o2��svo Ä f W �Ð p;q¦w#svoypCqew�svokm~}�svu��;q ¯ �;m~okm[r?�«r?� § �4w�r?w�qe�gokn7�;�kr1��m~�;qe�����«okp;q¦m~��oyqe�?�tsvu�r?�7ç&Óg�6svokm~r?�Tkj?W w#sk���;r?o��·q�}er?���?qe�;m[qe��o°��r?�\}�svu~}e�;uNsvokm[r?�;nt����q��Cnyq«m[�Cnyokq�sv� ÈyÉÍÚ?ÝvÛyÌ Ù Ü�èéà4â êkÝ2Ú?ÈÍà4Ú?èÚ?Ê;Ú?èéëtÛiâ�Û Y~À?Ái`NÂ {xq��;�Co,sv�ªìy�½w�qenkpUr?�x}e�;�·qen\m~�Uokp;q�okr?o1svu6�?r?u~�;w�q T {Xp;m~}vpUm~n�m[oknkqeu[��suNsv�y�?q¦}e�C�&q W sv�;�+}er?�;nkm~�;qe�7okp;q�w#svnkn)m[�;nkm~�;q°q�sv}vp+}e�;�·q�� Ð p;qe��{xq°�;q ¯ �Cq

l b T ì W ¨!í1î R bî ] Tyï?W

{)p;qe�kq�oypCq�nk�;wðm[n�r1�?qe�^�Cr?�;�4qew=�Co2��}e�;�·qen1� T�Ð pCm[n°w�qeokp;rg�#r?��}�svu~}e�;u2svokm~�;��w�r?w�qe��oynp6svnX�&qeqe�*�;nkqe�*m[��}er?nkw�r?u[r?�?�«�;�;�;qe�XoypCq��6svw�q�r?��ñ½}er?�;�goknk�4m[�C�½}eqeu~u~nyò&� W ��q\u~qeo¦ì�ó Á
okr��;q ¯ �;q�okp;q°���;�;}eokm~r?� ¸ T § W sv}e}er?�k�;m~�;��okr*ç-Ó��6svokm[r?� T   W z&sv��okqe�)�kqe�;uNsv}em~�;� _ {Xm~okp�ìÖ�

�v  j
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­2��oypCq�p6svu[r+w�r��;qeuNz-okp;q����;u~u¾�6sv����w#svokoyqe�°�;m~nkok�ym~�;�;okm~r?��m~n�}er?w��·r?nkqe��r?��m~�k�yqe�?�Cu2sv�ku~��;m~nkok�ym~�;�;okqe�+p6svu~r?n/{)p;m~}vp�p6sk�?q�s¦nkw�rgr?okp;qe�)m[�C�;qe�/�;m~nkok�ym~�;�;okm~r?�6� Ð p;q�p6svu[r�w�r��;qeu��kqe�u~m[qentzJokr�nkr?w=q=qeÒ�oyqe��otz-r?�Uokp;q=�yqenk�;u~okn�r?�7}er?nkw�r?u[r?�?m~}�svu|���4�·r��;��nkm[w\�;u2svokm~r?�;nt�·­N�)okp;qnkm~w��;uNsvoyqe�\}er?nyw�r?u~r?�?m[}�svu ã qe{)okr?��qeÓg�Hsvoym~r?�;n�p6sy�?q�s��;���6svw�m~}�svu�svokok�tsv}eoyr?�tzem[o�w��;nko��·qnk}�svu~q\m~�g�;sv�ymNsv��o1z�qeÒg}eqe�;o/oypHsvo^p;r?w�r?�?qe�;qem~o2��w��Cnyo¦�·q��kqe}ert�?qe�yqe��r?�*u2sv�k�?q�ny}�svu~qen=sv�;�okp6svo|oypCqe�yq/m[n�s èéÉ��|ÌÍÝ°ÈÍÜgà4É�� okr\nk}�svu~m[�C�&� Ð p;m~nxu~r1{xqe��}e�;okr?Çªsv�C�&q�sv�kn�m~��oN{xr���r?�kw�n Â svnw#svnkn á?â�ÛyÈ�ÝNÌ�à4ÌÍÊ;ÌÍÛyÛ zC}er?�k�kqenk�&r?�C�;m[�C�\okr�okp;q ¯ �Cm[okq^���;w��·qe�xr?�J�Hsv�yokm~}eu[qentz·sv�;��svn�s ÛiÉvê�à��ÌÍÊ;â�Ê�� r?��okp;q��?�tsy��m[otsvokm[r?�Hsvu���r?�k}eq�zC{Xp;m~}vp�m~�;�;�;}eqen/nyw�r�r?okp;�;qenkn/r?��nkw#svu[u�nk}�svu~qent� Ð pCqqeÇ·qe}eokm[�?q¦u~r1{xqe�x}e�Coyr?Ç�m~n7oypCq¦u2sv�k�?qe�xr?��okp;q¦o2{xr&zÖ�;r?�kw#svu~u[��zÖokp;q¦u~m[�;q�sv�7nkm~�eq¦r?��okp;q â�Ê;â��à4â�Ú?è �?r?u~�;w�q\�·qe�^�Hsv�yokm~}eu[q T m[�;m~okm2svu~u~��zgokp;q��6sv�kokm[}eu~qen�sv�kq�p;r?w�r?�?qe�;qer?�;nku[���;m[nkok�km[�C�;okqe� W �Ø^n�okp;q�qeÒgm~nkoyqe�C}eq=r?�xpHsvu[r?n��;�kq�s��gn°nk}�svu~q=m~����sv�km2sv�C}eq�z&p6svu~r?n°}�sv�;�;r?o°�·q«w��C}vpUuNsv�y�?qe�okp6sv��okp;m~n¦�6svnkm[}��?r?u[�;w�q��;r?�*oypCq\r?okp;qe�^p6sv�C�6zCokp;qe�kq\m~n¦�;r��kq�svnkr?�#okr«}er?�;nkm[�;qe�/oypCqewnkw#svu[u~qe�tzÖ�&qe}�sv�Cnyq°{xq¦{�sv��oxokp;qew¿oyr�pHsy�?q�svn7w#sv�g���6sv�kokm~}eu[qen�svn7�·r?nynkm~�;u~q��S­2�«}er?�;}eu~�;�nkm~r?�6z6s��6svok�;�tsvuH�;q ¯ �Cm[okm~r?�*r?�|p6svu~r?n^m[�#}er?nkw=r?u~r?�?m~}�svu�nkm[w��Cu2svokm~r?�;n/m~n¦okrUsvnknkm[�?�#oypCqewokp;q�nkm[�eq�r?�6oypCm[n^�Hsvnym~}��?r?u[�;w�q�� �x��}er?�;�knkq�z�svn/u~r?�;�#svn/okp;q�qe�?r?u~�;okm[r?�+m~n/u~m[�Cq�sv�1z�oypCqe�yqm~n¦sv�·r?�;o|r?�;qX�Hsv�yokm~}eu[q)�·qe�¾�6svnkm~}X�?r?u~�;w�q T �����;q ¯ �;m[okm~r?� W z;sv�;��p6svu~r?n|r?�Cu[��sv�km~nkqXm~�«okp;q�;r?�Cu[m~�;q�sv�\nkotsv�?q�z)svn�oypCqe�U}er?�;}eqe�gok�tsvokq«�Hsv�yokm~}eu[qen��c�yr?w r?oypCqe���kqe�?m[r?�;n\oypHsvo\�·qe}er?w�qËÍÉ?â�á?Û �
���¶nk}�svu[qen=uNsv�y�?qe��okp6sv�!okp;q�p6svu~rUnkm[�eq�z¾nk}�svu~q�m[����sv�kmNsv�;}eq,p;r?u~�;ntz¾nkr©okp;q�}er?�k�kqeu2svokm~r?����C�;}eokm[r?�;n\r?�/p6svu~r?n�sv�kq��·r1{xqe�\u2sk{Xnt�J��q+nkp6svu~uxnkqeq+oypHsvo�r?��okp;qenkq,nk}�svu~qen�okp;q,w#svnkn�;m~nkok�ym~�;�;okm~r?��m[n¦w��Cu[okm~���tsv}eo1svuN� Ð p;qe�kqe��r?�kq�z;{xq�}�sv��m~�;qe��oym~���+p6svu~r?n^{)m[okp#w�svnkn^}er?�C}eqe�;�ok�tsvokm[r?�;n\m[� s=w��;u~oym~���tsv}eotsvu2� Ð p��;ntz|qe�?qe�k��p6svu~r��·r?�;�;uNsvokm[r?�©��r?�kw�qe�3���ªqeÓg�6svu)w#svnknp6svu~r?n�m~n�s)���tsv}eotsvuNz�svu[okp;r?�;�?p��;m~Ç·qe�kqe�go��·r?�;�Cu2svokm~r?�;n¾w��CnyoxpHsy�?q/�Cm[Ç·qe�kqe�go¾�;m[w�qe�;nkm~r?�;nt���q\}�sv�#�;qenk}e�km~�&q\oypCm[n^�Cm[Ç·qe�kqe�;}eq\�·qeo2{xqeqe�#�·r?�;�;uNsvoym~r?�;n\svn�s���m~�;�#r?� < â�Ú?Û z�svu~�&qem~o^r?�Ê;É?Ê��Nèéâ�Ê;ÌyÚ?Ý o2�g�·q��
!#"%$ &('#)+*-,/.10 23.
465#7%8�2�,/7%9#:#237%;=<#8>;=*?'#.
4%;=8>7%<@.BAB:#4%237%*-,/.10 23.
4
��q7p6sk�?q°sv�;�;u~m~qe��}er&sv�knyq¾w��;u~oym~���tsv}eotsvu&sv�6svu~�gnkm~n�okr^okp;q7�kqe�;nkp;m~��oDC ¨ Á �&r?nkm~okm[r?�;nHr?��okp;qE�FHG ¤ £x­ ¼ � nkm[w\�;u2svokm~r?�6z1{)m[okp   Á?ÁJI �6sv�kokm~}eu[qenxm~�Us/�?r?u~�;w�q/r?� TkÀ?À?ÁLK dCf ¤��·} WMI sv�;���r?�k}eqe�4nkr?��okqe�;m~�;�°u[qe�;�?okp ï1K dCf=N �&}�zÖ���kr?w oypCq�O^m~�k�?r F r?�;nkr?�kokm[�Cw TQP3R3RTS�U%V�VXW�W3WHYMZ�S\[T]
^ [�_\`aPcb
d ^ YMZ�S ^ Yfe3g�Vihjba_ ^�k VTe�[lRm[ e k W3dmn k [�eoY�P�R�Zjn�p3q/ris3tSW �?¥tm[�C}eq/okp;q/pHsvu[r�nkm[�eq^w\�;nko�·q�uNsv�k�?qe�Jokp6sv��oypCq��?r?u[�Cw=q��·qe�H�6sv�kokm[}eu~q¦sv�;��{xq�r?�·qe�tsvokq|{)m[okp��&rt{xqe�kn�r?�goN{xr&zÍ{xq|o1s��?qm~oXokr��·q�ìJu ¨ � Å?Ñ dCf T m~�+�&rtÒg�4u~qe�;�?okp,�;�;m~okn W � Ð pCqe�6z�{xq�}eu2svnknkm~����okp;q°p6svu~r?n�sv}e}er?�k�;m~�;�okr\okp;qem~�xw#svnknyqen T qeÓ��;m[�;svu[qe��o¾okr�oypCqem[�xqeÒ��·r?�;qe�gokn W �1��q¦}�sv���Cm[�kqe}eoku[��okqenkoxm[�Jq�sv}vp=p6svu[r�·r?�;�;uNsvokm[r?�«m[n\s^���tsv}eotsvu-����}�svu~}e�;uNsvoym~�;��m~okn/���;w��·qe�7�tsv�;m[�CnX�kqeuNsvoym~r?�,� Ta_;W �Ð p;q¦nkok�;�;��r?�J���tsv}eotsvu·�;m~nyok�km~�;�;okm[r?�Cn�r?��qeÓ��6svu·w�svnknxp6svu~r?nxnkqe�k�?qen)oN{xr��;�;�k�·r?nkqen Â ¯ �knkotzokr��?m~�?q=s¦�C�yr�r?��r?�Hw��Cu[okm~���tsv}eo1svu~m~o2�*sv�;�6zSnyqe}er?�C�6z�okr��;�kr1��m~�;q¦okp;q°p;r?w�r?�?qe�;qem[oN��ny}�svu~q��
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2 4 6 8 10 12 14
15 + log r

5

10

15

20

log N

2 4 6 8 10 12 14
15 + log r

5

10

15

20

25

30
log N

¼ m~�?�;�kq j?Â�ã �;w��·qe�k�4�1sv�Cm[�;n/�yqeuNsvokm[r?�Cn^��r?�¦o2{xr«p6svu[r«�·r?�;�;uNsvoym~r?�;nX���kr?w oypCq�£7­ ¼ � ���4�·r��;�nym~w��;uNsvokm[r?� Â p;q�sy���«pHsvu[r�qenX{)m~oyp ï?Å?Á oyr À?Á?Á?Á �Hsv�yokm~}eu[qen�sv�;��u[m~�?pgo7p6svu~r�qenX{)m[okp À?Á?Á okr À?Å?Á�6sv�koym~}eu~qen1� Ð p;qem~�^���tsv}eotsvuH�;m~w=qe�Cnym~r?�;n�sv�kq+Ô ¨ ÀShEÀ sv�C�¶Ô ¨ ÀShwv zC�kqenk�·qe}eokm[�?qeu~��z6sv�;�#�·r?okpp6sy�?q�sXok�1sv�Cnym~okm[r?�=okr\p;r?w�r?�?qe�;qem~o2��svo¦sv�&r?�Co�okp;q^ntsvw�q^nk}�svu[q T u~r?�&sv�ym~okp;w�n^sv�kq^okr��Hsvnyqyx �sv�;�+okp;q°oyr?otsvu&nkm[�eq°m~n/�;r?�kw#svu[m~�eqe�,okr��;�;m~o2� W �

Ø^}eok�6svu~u[��z×{xq��;qeqe��s6�tsv�;�?q�r?�Sw�svnknkqen�m~�°q�sv}vp°�·r?�;�;uNsvoym~r?�¦okrXpHsy�?q/s6nk�;¬�}em~qe�go-�g�;w\�&qe�r?��p6svu~r?nt� z�qe�;}eq�z�{xq°}vpCrgr?nkq¦o2{xr�nkqe�6sv�tsvokqe���tsv�;�?qentz?{Xm~okp ï?Å?Á okr À?Á?Á?Á �6sv�kokm[}eu~qen�sv�;�{)m[okp À?Á?Á okr À?Å?Á �6sv�kokm[}eu~qentzÖ�;q ¯ �;m~�;��o2{xr\�·r?�;�;uNsvokm[r?�Cn¾}er?�;nkm~nyokm~�;��r?� � Å?Á�{ sv�;� � Å¾Å?Å?Ñw�qew��·qe�kn1z×�kqenk�·qe}eoym~�?qeu~����|�qenk�;u~oynJr?�gokp;q^sv�6svu[��nkm[n�sv�;�·q�sv�Jm~� ¼ m~�?�;�kq j z×�6svw�qeu~��zeokp;q|u[r?�?�u~r?���;u[r?oknXr?�HoypCq����;w��·qe�k�4�1sv�Cm[�;n7���C�;}eokm[r?�;n)��r?�)okp;q��kqenk�·qe}eokm[�?q°nk�6svokm2svu-�;m~nyok�km~�;�;okm[r?�Cn1�Ð p;qe�!p6sk�?q*nk}�svu~m[�C�©�tsv�;�?qen=}er?�k�kqeny�·r?�;�Cm[�;�Uokr©Óg�Cm[okq��;m~Ç&qe�kqe��o����tsv}eotsvu/�Cm[w�qe�;nkm~r?�;ntz�6svw�qeu~��z\Ô f ¨ ÀSh~À sv�;� Ô � ¨ ÀSh}v � Ð p;q�nk}�svu~q#r?��ok�tsv�;nkm[okm~r?�¶oyr©p;r?w�r?�?qe�;qem~o2��z¾m~nì »�~ ÀSÕ   T � ï1K dCf ¤��·} W �
!#"�� ��:#4%237%*-,/.10 23.
4�8���)�0 23,�:�A
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