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zmVXhx�ij"zm��hp����SUzmhx�~c�e]S~z�e¡��jmlp�Ghx�9e�j�e]SUs]WAW��«�dhxVXWA�Ucfhkjm�~z}l�cfe]s�qU��e]qis�WAcA¨w±Gj9cve¡j}�2e]SUW�e�hxVXWAcAº;jm�ilka�e]SiW
zmVXhx�ij�zO��hp�+��SUzmhx�&%+z?c]WAo9qiWA�U��W,j� OW�s��}�?lxW�efe�W�s�c�WAzm��S"s]WA|is�WAc]W��9e]hk�in?jm�iW�z}VXhk�ij�zm��hk�'%Xhpc)(b�ij�©��¬¨
¥§W�e�W�s�VXhx�Uz}e]hkjm��jm� e]SiW¡cve�s]q~�¤e]qUs]W{jOste�SiWw��qU�U�¤e�hxjO��j}�¬|is�j}e�W�hk�Uc2��s�jmV e�SiW�hks[c]WAo9qiWA�U��WCcthpc®jO�iWwjm� e]SiW
V�z}uvjms���SUz}lklkW��inOWAcNhx��VXjmlkWA��qUlkzms[gUhxjOlxjOnmam¨2R�Sihpc��dW�e]W�s�VXhx�~z�e]hkjm����zm�"g6W��djm�iW,gba�W09b|6W�s�hkV?WA�9e�c[giqde
�UW�WA�Uc2VXjms�W{z}�U�XVXjms�W�e]j�g6W§zOc]c]hpcve�WA�?gba � 2*� � ( � ��1 VXW�e�Sijd�ic2e�j,�Kzm��W{e]SiW{s�z}|Uhk�dlka�nOs]j�©�hk�in,z}VXjmqU�Oe
jm�;z4 �zmhxlpz}gilkW�cfWCo9qiW��U��WAc2hk�?e]SiW§�iz�e�z}gUzOcfWCc�º}|Us]jd�dqU��WA��hx��|~z}s]e]hp��qilpz}s2gba�¥ �,+ cfWCoOqUW��U��hx�in�|Us]jmuvWA�¤e�c�¨
\§�UW?jm�®e�SiWXV?j9cve�c]qU����WAc�cv��qUltz}|i|is�jOzO��SiWAc§hpc¡e]jG�dW�£~�iW�cfhknm�~z�e]qUs]WCcwjm��(b�ij�©��.- + ��� ( � )/� j}�[gihkjmlkjmn}�
hp��zmlxlka s]WAlkz}e]WA� |is�j}e�W�hk�Uc�¯�evab|ihk�Az}lklxa z�e+e]SiWG��qU�U�¤e�hxjO�Uz}l¡jms+cfe]s�qU��e]qis�z}l§lxWA mW�l ²¤¨ + s]WA|is]WCcfWA�9e�z�e�hx OW
W09iz}VX|ilkW�j}�'e]Sihpcwzm|i|is�jOzm��S"hkc{e]SiW�©NWAlxlx��(b�ij�©���rts�jOc]h�e�W��iz�e�z}gUzOcfW10 243¢ºUnOz}e]SiWAs]hk�in�c]hxnO�Uz�e�qis]WCc[��jmswz
lpz}s�nmW,�bqiV�g~WAswj}�2|is�j}e�W�hk���Kz}VXhklxhkWAcA¨�Z«�Grts]j9cfhxe]WOº~c]hxnO�Uz�e�qis�WAc{zms]W�c]qigd�¢s]WAnmqilpz}s�W09b|Us]WCc]c]hxjO�Uc{�dW�£U�iWC�
WCc]c]W��9e�hkzmlxlka�gba�W09d|~WAsfe�c�¨ + qie]jmV�z}e]hp�{�dhpc]��j� mW�s�a�jm�;c]qU��S�VXj}e�h��Kc§¯�r2z�e]e]W�s���¥§hkc���j� OW�s�ad²'hpc®z��ia9�~z}VXhk�
s�WAc]WAzms���S¦£~W�lp�50k��6dº®�	3w�dhks]WC�¤e]WC� e�j�©[zms��ic?�dW�e]WA��e]hkjm� j}�§��jm�Uc]W�s� mWC� c]WAo9qiW��~��WAcA¨87NjO�Uc]W�s� 4z}e]hkjm� jm�
c]WAo9qiWA�U��WCc�hpc�nOW��iWAs�zmlxlka)hxVX|6jms]e�z}�9e���jms�e]SiW+��qi�U�¤e�hxjO� jm�{|is]jme]WAhx�Uc?z}�~��94jOs���jms�e]SiW�V�z}hk�9e]W��~z}�U��W
jm�2e]SiWAhxs¡e�Sis]WAW��«�dhkV?WA�Uc]hxjO�Uz}l'cve�s]qU��e]qis�Wm¨�:tz}s�hkjmqUcwevab|~WCcwjm�®|Uz�e]e]WAs]�Uc§SUz4 OW�g~WAW��°qUcfWC�Ge�j"�dWCc]��s]hkg~W
e�SiWGcfW�e?jm�¡��jm�Uc]W�s� mWC� cfWCo9qiW��U��WAc�hx� lkWAz}s��ihk�in¦z}lknmjms�hxe]SiV�c*0x�/3¢¨ +  �z}hklkzmgilkW"VXW�e�Sijd�icXs�z}�inOW���s�jmV
e�SiW?hk�dWA�9e]hx£~��z}e]hkjm��jm�[c]hx�UnmlkW�c]Sijms]e,c]WAo9qiWA�U��WCc{e�jGcfqig;��lpzmc�c]WAc§j}�®s�W�nOqilkzms§W09d|is]WCc]c]hkjm�UcAº~WCzm��S�W09izm�¤e
|~z�efe�W�s��XSUz4 bhx�in,hxe�c2|Us]jOgUz}gihklkhkcfe]hp����jmqU�Oe�W�s�|Uz}s]eA¨ + VXjm�Un,e]SiW{cfe�z}e]W��¢j}� �Pe]SUW��«z}s]e�zmlxnOjms�h�e�SiV�c�lxWCz}s��ihx�Un
W09d|is]WCc]c]hk mW�|Uz}efe]WAs]�~c�º~rts�z}efe�0 6�3�¯=��SijOc]W���e�j�g~W�e]SiW?�dW��Kzmqilxe§|Uz}efe]WAs]�°�dhkc���j� OW�s�a�e]jbjOl�|is�jm|6jOc]WA��jO�
e�SiW�rts�jOc]h�e�W�©NWAgGcfhxe]W4²¤º~R�W�hks�WAc]hkzOc;0k��2<3×jOsw_b|ilpzmc]S�0 " 3�SUz4 OW,g~WAW���c]qU����WAc�cv��qilklka+�dWAc]hknm�iWC�+e�j�nmWA�iW�s�z�e�W
r®s]j9cfhxe]W��Plkh=(OW�W09dzO�¤e¡|Uz�e]e]W�s��Uc¡©�SihklxWOº¬��jO�U��WAs]�ihk�in�cve�jb��S~zmcfe]hp��VXjd�dW�lpc�º;e�SiWX��jms�s�WAc]|~jO�U�dhk�in+cfe�z�e�W�jm�
e�SiW�z}s]e�©NjOqilp� g6W�e]s�z}hk�ihk�in°|Us]jm£UlxW�Sihp�i�dWA� ±�z}s�(mj� ¦VXjd�dW�lpc�¯�©�SUhk��S z}s�WGz°|~z}s]e]hp��qilpz}s1(bhx�~�Õjm�
lkW�� e]�Ps�hknmS9e�Sihk�U�dW�� ±�zms>(Oj� )VXjd�dWAlkc?��jd��q~cfhk�in¦jm� cfjm�¢�Az}lklxWC�@?fV�z�e���SBA�|6jOc]h�e�hxjO�Uc�z}�U� z}lklkj�©�hx�in°e]j
S~z}�U�dlkW��dWAlxW�e]hkjm�Ucwjms{hk�Uc]W�s]e]hkjm�Uc{j}�tcfabV�g~jOlkc�²�zmc{hx��e�SiW���jmVXVXjm�ilka+qUc]WA��e�jbjmlpcwc]qU��SGzmc,C§±�± D®y
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c]W��9e�WA� ºd©�SiWAs]WCzmc[hxew��jmqUlk��g6W��djm�iW,hk��e]s�qilxa+s]WAnmqilpz}s�W59d|is�WAc�c]hxjO�Uc[jms{z}qie]jmV�z}e�zi¨
� W�zO�i�ds�WAc�c�hx��e�Sihkcw|Uz}|6W�s{e]SiW�e�zmc>(+jm��lkWAzms]�Uhx�in +-6�7 1 � +-7 + ��jOs�e]SUW���SUz}s�zm��e]WAs]hk�Az}e]hkjm�+jm�2|is]jme]WAhx�Uc
�KzmVXhxlkhxWCc�e]j¡j� mW�s���jOVXW2e]SiW���qis]s�W��9e'|~j9cfhxe]hkjm�d�«c]|~WC��hx£~�®lkhkV?hxe�z}e]hkjm�?j}�Ur2z}efe]WAs]�?¥whpc���j� mWAs]aO¨KJ¡s�z}VXV�z�ef�
hp��zml hx�i��W�s�W��U��W���jm�~cfhp�dW�s�c[e]SUW�|is]jOgilkW�V jm�'lkWAzms]�ihk�inXnms�z}VXV�z}s�cN��s]jOV�e]SUW�jms�W�e�hk�Az}l¬zm�U��z}lknmjms�hxe]SiVXhp�
|6jmhk�9e�c�jm�� bhxWA©�¨®_bhk�U��W,hxe{hkc[e�SiW�lxWCzmcfe[W09d|is]WCc]c]hk mW,��lpzmc�cNjm��nOs�zmV?V�zms�cNhx��e�SiWL7NSijmV�c>(ba�SihxWAs�zms���SbaOº
hk�d��WAs]WA�U��WXj}��s�W�nmqUlkzms¡nOs�zmVXVXzms�c§SUz4 OW�g6W�WA�)©�hp�dWAlxa)cve�qU�dhkWA� º��ij}e�z}gilka�gba�qUc]hk�in�£U�ihxe]W�cfe�z�e�W�z}qd�
e�jmV�z�e�zws�W�|Us]WCcfWA�Oe�z�e�hxjO��z}�~��cfe�z}e]W�VXW�s�nmhk�inwe�WA��Si�Uhko9qiWCc�¨�R�SiW�VXjms�W[s�W�|Us]WCcfWA�Oe�z�e�hx OWNcfe�z�e�W�V?WAs]nOhx�Un
zmlxnOjms�h�e�SiVªhpc[��W�s]e�zmhx�Ulxa?y�r � Z,0x���9ºU�4�<3Pºb©�Sihp��S�SUzOctg6W�W��"cfSij�©��Xe�j�SUz4 OW{hk�iW��9e]hx£~��z}e]hkjm��|is�jm|6W�s]e]hkWAc
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�«��SUz}hk��s]WAnmhkjm�UcA¨

\§qUs"V�z}hk� ��jm�9e]s�hxgUqde]hkjm� hk� e�Sihpc�zmsfe�hk��lxW°hkc+e]SUW°|is�jm|6jOc]hxe]hkjm� j}�?z �iWA© SiW�qUs]hpcve�hk�°z}|i|Us]j9zm��S hk�
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e�jmV�z�e�z§��jms�e]SUW{��SUz}s�zm��e]W�s�hk�Az�e�hxjO��j}�;|is�j}e�W�hk�Uc�¨'R�SiW{z}|U|is]j9zm��S¬º�c>(mW�e���SiWC��hk� + lknmjms�hxe]SiV �OºO��jm�Uc]hkcfe�c
jm�Uev©[j,VXzmhx��cfe�zmnmWAc�I £Us�cfe2z �G� +���+��07 );� ��
 +37 � 132 cve�z}nOWmº}hk�9e]s�jb�iqU��WC��hk��cfWC�¤e]hkjm���dºO�dW�e�WA�¤e�ctz}�~��jOs��iW�s�c
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�Az}�U�ihk�iz}e]W,��s�z}nOV?WA�9e�|~z}hks�c[e�j�hk�dWA�9e]hx��a"nOlxjOgUz}lklxa"��jm�~cfWAs] OWA�+zms]WCzmc�zm�U��|iSbabc]hp��j}�«��SiWAV?hp��zml;|is]jO|~WAsf�
e�hxWCc�¨ � W,|is]WCcfWA�9e[z�£Us�cfe� 4zmlxhp�iz}e]hkjm�+jm�×jmqUs�zm|i|is�jOzO��S�jm�"z�s�WAz}l~e�zOc (�jm�×|is�j}e�W�hk�"��SUzms�zO�¤e]WAs]hk�Az}e]hkjm�
hk�GcfWC�¤e�hxjO� � ¨
��<� ¸ ���K������� _bhknm�ihx£~��zm�9e]lka"_bhkV?hklpz}s��is�z}nOVXW��9e[r2zmhxs�c�±GW�s�nmhk�in + |i|Us]j9zm��S
� � ¸ � ´ ¹���� ´����������! #"%$'&)('$F¯ S I2cfW�e[jm��cfWCo9qiW��U��WAcAº q I2o9qijms�qiV�º G I�c]W�e�j}�'z}VXhx�Uj?zO��hp��nms�jmqi|~c�º
λG
º
λΣ

I2lkh (mW�lkhkSijbjb�+e]WCcve�c�e]SUs]WCcfSijOlk�Uc�²
.
7NS~z}s�zm�¤e�W�s�hx�Cz�e�hxjO�+cve�z}nOW

L← * &+��,-�/.'�0�/����� (S) .
cfWC�¤e�hxjO���i¨x�

1 ¸ � ´ �i�2� � - �
∈ L

¹ ¸
� - �

.score←
"� #�#"� 3�� #(�,54�,%&768&9,;:<�� �6=4 *?> 4�,�&+.'( ( � - � , S) .

cfWC�¤e]hkjm�G�d¨Å�

L.
��.@"5,8��A3:B�/�DC%.'"� 

(
²

.
J¡W��UW�s�z}lkhx�Cz�e]hkjm��cve�z}nOW

A← E 4'F'&)� > �/�HGI4'('.@(	&+C;4 * ��J > ,	.'�I4�,=4 (S) .
cfWC�¤e�hxjO� " ¨x�

1 ¸ � ´ �i�2� � - �
∈ L

¹ ¸
A.
�I #"%$@ ���&)�0�K4'L'�!&+����&)A *  ( � - � )

A.
$	4@���/$' 3(	 #"%4 * &+M�4�,�&+.'( (q) .

cfWC�¤e�hxjO� " ¨ �
A.
&)(	�5.@"���4�,�&76@ ����;.@��&9,�&+.'('�

(G, λG, λΣ) .
c]WA�¤e�hxjO� " ¨ "

� ´ � �×��N
A

O P %"	�
'	�$®����
��RQ[	,����#��
SUTWV XUY[ZB\!Y^]`_%a-\<b#c^deXUYWfgYWcWa-hjiUh#a-ZBflk'\<bnmoapY[h3q
DNzm��S z}VXhk�ij zm��hp� SUzmc�V�qilxe]hx�Kzm��W�e]WC� |is�jm|6W�s]e]hkWAc?e]S~z�e+z}s�W�s]WCcf|6jm�~cfhkgilkW���jmsXe]SUW�cf|6WA��h�£6��hxevaÕz}�~�
�ihx OW�s�cfhxeva�j}�;|is�j}e]WAhx�Xcfe]s�qU�¤e�qis]W�zm�U����qU�U�¤e�hxjO��¯=cfWAW[��jms2hk�Ucve�z}�U��W�e]SiW�|is�hk�U��hk|Uz}lU|is]jO|~WAsfe�hxWCc'j}� z}VXhx�Uj

r+s Ô r)t
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zO��hp�ic�c]Sij�©�� hk�n�'hknU¨ " ²¤¨ + ����jms��dhx�UnGe]j�e]SiWAhxsXcfS~z}s�WA�¦|is�jm|6W�s]e]hkWAcAº2cfjOV?W�z}VXhk�ij°zO��hp�ic�V�z4a¦g~W
VXjOs]W�WAzmc]hklxa�cfqUgUcve�h�e�qde]WC��WCzm��S�zm�ij}e�SiW�s§qi�U�dWAs¡e]SiW?|is�WAc�cfqis�W�jm�®�Uz�e�qis�z}l�cfWAlxWC�¤e]hkjm�×¨,_bqUgUcve�h�e�qde]hkjm�
V�z}e]s�hk��WAcAºOlkh=(OWwr + ± z}�U�+Y
'�\,_��w± ºO|is�j� bhk�iW�e]SiW¡|is�jmgUzmgihklxhxeva�¯KjmsNjb�U�ic�²®j}�×��S~z}�inOhx�in�jm�iW¡z}VXhx�Uj
zO��hp�Ghk�Oe�j�zm�ij}e�SiW�sC¨�_bqU��S�V�z}e]s�hk��WAcwzmlxlkj�©/e]j�s�W�£U�iW�e]SiW?�ijme]hkjm��jm�N��jO�UcfWAs] �z}e]hkjm�GgbaGhx�9e�s]jd�dqU��hx�Un
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w(s, l)
s�W�lpz�e]WC�)e]j
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l
©�hxe]S z�c]��jms�W�z�e�lkWAzOcve�zmc¡lpz}s�nmWXzmc

se�z�(bhk�in�hk�Oe�j°zO����jOqi�9e�e]SUW+lkW��inme]SUc�j}��e�SiW+|is�j}e�W�hk� c]WAo9qiW��~��WAc�²¤¨°Z«� ¥§Z + '¬Z J � �dº�e�SiWAc]W�_ �'r z}s�W
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��jm�Uc]hpcve�W��U��aX��jm�Ucfe]s�z}hk�9e�cA¨�Z«�"jmqis�z}|U|is]j9zm��S¬ºme]Sihpc�cfW�e[jm�'_ �'r hkc[��jO�Ucfhp�dWAs]WC��zmc[z�£~s�cfe�c]W�lkWA��e]hkjm��jm�
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hpc§gUzmc]WA��jm�ilka�jm��c]WAo9qiWA�U��W��=e�j}�«cfWCoOqUW��U��W���jOV?|~z}s�hkc]jm�¬¨ � W?©�hklxl2c]W�W?hx��e]SiW?�iW59be�cfWC�¤e�hxjO��Sij�©/e]j
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SUT S �jh��Ik	h3Y \�Z X YWfgY c[a-hjiUh#a-ZBflk'\<bnmoapY[h3q
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w(f1, f2)
hk�Ucve�WAzO�+jm�

w(s, l)
e]j��dWCcfhknm�~z�e]W

e�SiWX¥wZ + '¬Z J � ��©NWAhxnOS9e§j}�®z���s�zmnmVXW��9e¡|Uz}hks
p = 〈f1, f2〉

SUz4 bhk�in+c]hxVXhklkzms]hxeva�c]��jms�W
s
z}�U�GlkW��Un}e]S

l
¨ + _ �'r

(f1, f2)
hpc�c�z}hp� ��6 ��� 1	��7 )
	 gba�z"��s�z}nmVXWA�Oe

f
hx� I

w(f, f1) + w(f, f2) ≥ w(f1, f2)
¨ +

_#��r hpc[c�z}hp��e�jXg~W�c]qi|i|6jms]e]WA�+gba�z�c]WAo9qiWA�U��W¡h��'h�e�hpc�cfqi|U|~jOsfe�WA��gba�z}e�lkWAzOcve�jm�UWw��s�z}nOV?WA�9eNj}��e]SiW
c]WAo9qiWA�U��WO¨ '¬W�e

p
g~W�zX_ �'r�¨ � W��dW�£U�iW¡e]SiW ��6 ��� 1	��7 jm�

p
hk��z�c]W�e�j}��cfWCoOqUW��U��WAc

S
zOcte�SiW,�9qUV�g6W�s

jm��c]WAo9qiW��~��WAc[c]qi|i|6jms]e]hk�in
p
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S
ºd�dW��Uj}e]WC��gba

σS(p)
¨ CwW�s�WAz�� e�W�sCºb©NW,�dW��Uj}e]W

SupportS(p)
zOcNe]SiW

c]W�e�jm��c]WAo9qiWA�U��WCc�hx�U��lxq~�dWA��hk�
S
c]qi|i|6jms]e]hk�in

p
¨

� SUW��
S
hpc'e]SiW��KzmVXhxlka�j}�6|is�j}e]WAhx�~c�º

σS(p)
V�z4a�g~W�q~cfWC��e�j¡WA �z}lkqUz�e�WNSij�©ÕWAzO��S

p
hkc�s�W�|Us]WCcfWA�Oe�z�e�hx OW
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σS

©�hxlklUg6Wws�W���WAs]WC�
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ι(p)
I

ι(p) =
−P (SupportN (p)) + P (SupportS(p))× P (N)

√

P (SupportS(p))× |N |)

©�SUW�s�W
|X |

�dWA�ij}e�WAc[e]SUW���z}s��dhk�Uz}lkhxeva�j}�'zXc]W�e
X
zm�U�

P (X)
�dW��Uj}e]WCc�h�e�c�|is�jm|6jms]e]hkjm�"©�h�e�S"s�WAc]|~WC�¤e

e�j
S
z}�~�

N
I

P (X) = |X|
|S|+|N |

¨?R�Sihkc¡��jOs]V�qilpz+WA 4zmlxq~z�e]WCc¡Sij�©�e]SUWXc]qi|i|6jms]e,j}�®e�SiW�_ �'r/hx�°e]SiW
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��S~z}s�zm�¤e�W�s�hkcfe]hp��VXjd�dW�lpc,¯ ��jms���lpzmc�c]h�£~�Az�e�hxjO�Xe�zmc>(dc�²2e]j�V?jOs]W¡�dW�e�z}hklxWC�+zm�U��W59d|ilpz}�~z�e]jOs]a?VXjd�dW�lpc§¯���jms
VXjd�dWAlxhk�in?e]SiW,�KzmVXhxlka+jm�'c]WAo9qiW��~��WAc�²¤¨
+ cw|Us]j� OWA��gba�|6W�s]��jms�V�z}�U��W�hk��lxWCz4 mW��PjO�iW��¢jmqde{��s]j9c]cf�P �zmlxhp�iz�e�hxjO�¬ºie�SiW�VXjOs]W�c]|6WA��hx£~��V?jd�dWAlkc§SUz4 OW
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