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r®s]jme]W�hk�Uc{zms]W,WCc]c]W��9e]hpz}l;e�jXe]SiW�cfe]s�qU��e]qis�W�z}�U�"��qi�~�¤e]hkjm��jm��zmlxl¬lkhk 9hk�in���W�lklkc{zm�U�� bhxs�qUc]WAcA¨tR�SiW�a�z}s�W
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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%)��jms?hx�~cve�z}�U��Wmº2hx�§©[W"��jO�Uc]hk�dWAs�e�SiW��ihkc]qilx£~�dW�g~jO�U� g6W�ev©[W�WA�Õ��adcfe]WAhx�iWCc�º�e�SiW"�Kzm�¤e?e]S~z�eX©�SiW�� z
��adcve�W�hk�iW�z}VXhk�ij�zm��hk��hpc{|Us]WCcfWA�Oe¡z�ew|6jOc]h�e�hxjO�
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e�SiW�s�W�c]SijmqUlk��g6W��iWC��WAc�c�z}s�hxlka"zm�ij}e�SiW�sw��adcve�W�hk�iW�z�e

|6jOc]hxe]hkjm�
j
%��ijms�zml�e�W�s��Uz�e�hx OW�|Uz�e�SUcX¯K�dhpcKuvqi�U�¤e�hxjO�°j� OW�s§V?jOs]W�e]SUzm��jO�iW�|6jOc]hxe]hkjm�~²§��zm��g6W�s�W�|is�W��

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
zm�U��nOj9jd��|6W�s]��jms�V�z}�U��WAc®jm�"zmsfe�h�£6��hpz}l~�Uz�e�zU¨2R�SiW§�bqiV�g~WAsNjm�×�iWAWA�dWC���iz�e�z�V�z4aXg~W¡s�WA�dqU��WA��©�hxe]S
e�SiWwSUW�lk|�j}� e]SUW,D®¥,_d± SiWAqis�hkcfe]hp�{©�Sihp��S�SUzOct©[jm�Xe]SUW + gUgUzm�dhk�inOj���jOV?|6W�e�h�e�hxjO�¬ºbcve�hxlkl~jO��z}s]e]hx£~��hpz}l
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L← * &+��,-�/.'�0�/����� (S) .
cfWC�¤e�hxjO���i¨x�

1 ¸ � ´ �i�2� � - �
∈ L

¹ ¸
� - �
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cfWC�¤e�hxjO� " ¨x�
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¹ ¸
A.
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p = 〈f1, f2〉
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s
z}�U�GlkW��Un}e]S

l
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(f1, f2)
hpc�c�z}hp� ��6 ��� 1	��7 )
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f
hx� I

w(f, f1) + w(f, f2) ≥ w(f1, f2)
¨ +
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p
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p
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p
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σS(p)
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SupportS(p)
zOcNe]SiW

c]W�e�jm��c]WAo9qiWA�U��WCc�hx�U��lxq~�dWA��hk�
S
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p
¨
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S
hpc'e]SiW��KzmVXhxlka�j}�6|is�j}e]WAhx�~c�º

σS(p)
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p
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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 |
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X
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P (X)
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N
I

P (X) = |X|
|S|+|N |
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�Az}�U�ihk�iz}e]W,VXW�s�nmWCc�¨

�UT S � k��!h#k'q?k'\<b a8b Y��Bk iUh#a-ZBflk'\<b#q
±�W�s�nmhk�inGe]SUWG_#��r z}lklkj�©{c�e]j)hp�dW��9e]hx��a SijmeXc]|~jme�c�I"c]W�e�c�jm�§��jO�Oe�hxnOqijmq~c�|6jOc]h�e�hxjO�Uc�©�SiW�s�W+lkj}e�c�jm�
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zm�U� � ��¨ �ijOs{WAzO��S�lxWCz4 mW��¢jm�UW��¢jmqde��iz�e�zmc]W�e�c�ºUc]W� OW�s�z}l¬zmqde]jOVXz}e�zL%+s�z}�inOhx�Un���s�jmV!cfSUjms]ewz}qde�jmV�z�e�z
¯Klxh (mW�hx��e]SiW?|is�W� bhxjOqUc{|~z}s�z}nms�z}|US~²®e]j+lpz}s�nmWAswz}qie]jmV�z}e�z+��S~z}s�zm�¤e�W�s�hx�Ahx�UnXzmlxVXj9cve,z}lkl¬e]SUW�lkW��inme]S�jm�
e�SiW�±GZ«r e]jO|~jOlxjOnma�%�©[W�s�W¡jOgde�zmhx�UWA�"g9a+qUcfhk�in�z}��hk�U��s�WAzOcfhk�in?�9qUV�g6W�s{jm��_ �'r�¨OD®zO��S�zmqde]jOV�z�e]jO�
©�zmc�e�SiW��?W� �z}lkqUz}e]WA�?zm�A��jOs��dhk�inwe]j¡e]SiW��dhpcfe�z}�~��W[��jmstzO����WA|de�z}e]hkjm��j}�Ue�SiW�|~j9cfhxe]hk mW�c]WAo9qiWA�U��W[lxW�� etjmqde
w+

ºbe�SiW,�iW�n9z�e�hx OW¡c]WAo9qiWA�U��W¡lxW�� e{jmqde
w−

ºizm�U�"zmlkc]j?j}�×e�SiW���lkjOc]WAcfe�c]WAo9qiWA�U��W
c
hx�"e]SiW���jm�9e]s�jml c]W�e
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Z«��e]SiW¡lkz}efe�W�s���zmc]Wmºme]SiW,��lkjOc]WAcfeN��jmqi�9e]WAsf�¢W59izmV?|UlxWw�ihkcfe�zm�U��Ww��s]jOV e�SiW§zmqde]jOV�z�e�z�©[zOc2e�z�(mWA�+zmc®e]SiW
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 �zms]hpz�e�hxjO�+©[jmqilp�+g6W¡e]jXqUc]W¡e]SiW�lkWAzms]�iWC�+zmqde]jOVXz}e�z?zmc[e�SiW�qi�U�dWAs]lkabhx�Un?cfe]s�qU�¤e�qis�W¡jm��|is�jmg~z}gihklxhpcfe]hp�
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c]WAo9qiWA�U��WCc�ºdgUqde�e]Sihpc�SUzOc�cve�hxlkl;e]j�g6W�hkV?|UlxWAV?WA�9e]WA��zm�U��e�WAcfe]WC� ¨
7NjOVX|Uz}s�WA��e]j���lpzmc�c]hk�Az}l�|is�j}e]WAhx�)r2z�e]e]W�s�� �dhpc]��j� mW�s�aGz}lknmjOs]hxe]SiV�cAº¬jmqUs�z}|i|is�jOzO��S�hk�9e]s�jb�iqU��WCc�cfWA O�
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