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TH�jR?myVa]W�¾�hnm	YZ�HR�]BeH[��WRUX�_a`�[qhjmsgi��VmZm\h»ªWR$��T�_{m\hjYZhnldRyR¥�^£
V[qTH�jR?m$�&|1RUXp`§_dX\[�Va]WgiRyg¥X\hjY\R?XZh�V*VXZRâg¥_{eWgZ�HR$��hj]�Y\RUX\[*m&_`
Y\�}R?m\Rq]^e}[��WR?XZm$¢	YZ�HR*YZXsV{�¬hnYZhj_{]WVa�cVdg?gieHXiV{gio�º:hj]WVTHT}X\_{T}X\h»£
VYZR&`§_{X,_deHX,]HR?R$�¬ms¿,hjmSg?Va��gieH��VYZR$��VmSíB¾?¾�ê ( î*)( î*+pî*,pî*) �
¨,�HR�hj]B`§_dX\[�VY\hj_d]B£ÁXZR?Y\XZhjR?l{V�1gi_d[*[�eH]}hnYpo�T}X\Ri`§RUX\m�Y\_�t _dX\�
t,hjY\�.-WàiÕsÔUÎ/�?Î��aÓH~10Ëê )+pî*) ~ÃVa]W�DàiÕiÔsÑaÒ�Ò«~32*ê ),pî*) �qfB_{[qRi£Y\hj[qR?m$~&Y\�HRÙ�{R?_d[*R?YZX\h�g�[*R$Va]O_`�Y\�HRËYpt�_Æ¯deWVa]^YZhjY\hjR?m�hjm
eHmZR$�=~ ë 0�ï$2B~$XZR$V{gZ�Hhj]H�&�Hhj�{�	l{V�jeHRUm1_{]}�no&h»`¬��_{YZ�yT}X\R$gihjmZhn_d]V]��*XZR$g?Va�n�1VaX\R��}hn�d��Va]W�qhn]qR$¯deHhj�jhn�}X\hjeH[Ê�¦rSYZ�HR?X	VeHYZ�H_{XZm
ºÁxzR?t,hjmâVa]W�54�Va�nRd~,u$Ä{ÄaÝ^¿	gi_d[��Hhj]HR�THX\RNgihjm\hj_{]�V]W�XZR$g?V�j�
hj]BY\_�Vq[*_{XZRyRU�¤Va�W_dXsVaY\R�`§eH]�giY\hj_{]Ëg?Va�n�jR$��Y\�}R�Âz£Á[qR$VmZeHX\Rd�

error rate on negatives

accuracy on
positives
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6 R?Y�V]}_{Y\�}R?X�eHm\R¥`§eH�,[*RNVm\e}X\R*hjm�YZ�HR*hj]B`§_dX\[�VY\hj_d]B£Á��Vm\RN�
giXZhnYZR?X\hj_d]ÞmZeH�{�dR?m\YZR$�OVa]W�DVa]WV�joBÜ?R$�÷�^o��&_{]H_d]HR?]H�d_ Va]W�7©XsVYZ�{_�ºiu$Ä{Ä}u$¿U�
fBt�R?Y\m&ºsuNÄ{ædæ{¿��BhjmigieHm\mZR?mSV4[*R$Vam\eHXZR,Y\�WVaY�X\R98�R$giY\m&Y\�HR·`ÁV{g¥Y
Y\��VY
l{R?XZoy_a`§Y\RU]yYZ�HRSgi��VmZm\h»ªWR?X gUV]��BR?�jhj�WR?XiVYZR?�joy��R,�Hh�VmZR$�
Y\_t,VXi�BmS_d]HR�_a`cYZ�HR�gi��Vm\mZR?m�V]W�qYZ�WVY&Y\�HR�Ri�HY\R?]BY	_`�YZ�Hhjm
�Hh�VmSgUV]��WR�gi_d]BY\X\_d�jR$�=¢�V{gUgieHXsVdgio�_{]�T�_{m\hjYZhnldRSRi�WVa[*TH�jR?mN~
í î ê ),pî*) ~ g?Va]��WR�hj]WgiXZR$VmZR$��VY�Y\�HR�gi_dm\Y�_`�V{g?g¥eHXsVdgio_{]�]HR?�^VaY\hjl{R4Ri�WV[*T}�nRUm$~Wí ð ê (( î*+ �S¨,�HR�X\RU�¤VaY\hj_{]�_`�Y\�HRYpt�_2¯deWVa]BY\hjY\hjR?m�g?Va]Ê��R*g?VT}Y\eHXZR$��Bo�t,�WVY	hjm�g?V�j�jR$��Y\�HR
ö,r	bØºÁö·R?��VY\hjldRyr&TWR?XiVYZhn]}��b��WVaXsV{g¥Y\R?XZhnmZY\h�gimi¿�gieHXZl{R{¢&Y\�HR
�H_dX\hjÜ?_{]BYiV�1VN�Hhjm�[*R$Vam\eHXZR?m,R?X\XZ_{X&XsVYZR	_{]�]HR?�BVY\hjldRSRi�WV[5£
TH�jR?m	t,�Hhj�jR�Y\�}R�l{R?XZY\h�g?V��V��¬hjm&[*R$Vam\eHXZR?m�V{g?gie}XsV{g¥oÊ_d]�Y\�HR
T�_{m\hjYZhnldR�Ri�WV[qTH�jR?m$� � ]Ri�WV[qTH�jR	hnm&m\�H_t,]hj]ÊÂ¦hj�{eHXZR�ud�
Ç ]B`§_dX\[�V�j�jo^~}Y\�HR�gieHX\ldR*mZ�H_t,myYZ_�t,�WVaY�Ri�HY\R?]BY�V{g?g¥eHXsVdgio
_{]qTW_dm\hjY\hjldR,Ri�WV[*T}�nRUm �BX\_dTHm�t,hnYZ�*XZR$�BeWgiRN�*RUX\X\_dX,XsVaY\RS_d]
]HR?�BVYZhnldR�Ri�WV[qTH�jR?m$�z¨,�HR���VXZ�{R?X¦Y\�HR VaX\R$V·�WRU�n_tËYZ�HR ö,r	b
gieHXZl{R{~dY\�}R,�Hhj�{�HR?X
YZ�HR�g¥�¤Vam\mZh«ª=g?VYZhn_d]yT�_{YZR?]BY\h�V�B_a`MYZ�HR,m\oBmp£
Y\RU[Ê�
Ç ]��&eH��VY$~�ñ,_d�nYZR{~HV]��*È�VaYpt,hn]�ºsuNÄ{Ä{òd¿
t�R�e}m\R$�qY\�}R��dR?_£
[*RUY\X\h�g�[qR$V]�_a`ÃY\�}R�V{gUgieHXsVdgihjR?mS[qR$VmZeHX\RN��m\RUTWVXiVY\RU�no�_d]
R$Vdg\�*g¥�¤Vam\mN¢1éyêLë í î ïNí ð ê;: (( î*+ ï ),pî*) �¦¨,�Hhjm
[*R$Vam\eHXZRX\RU�¤VaY\R?m�Y\_V�TW_dhj]^Y4_{]ËY\�}R*ö,r�bìgie}X\l{R�V]W�YZ�HR*h��BRNV�hjm
Y\_�[�VN�Hhj[�hjÜ?R�YZ�HR*V{g?g¥eHXsVdgioD_d]ÊR$VdgZ�D_`,Y\�}R*Ypt�_Êgi��VmZm\R?m
t,�Hhj�jRS�dR?R?THhj]H��YZ�HR?m\R�V{gUgieHXsVdgihjR?mâÐiÑaÒnÑÓ�ÔsÕiÖ<	�Â}_{X,hj]HmZYsVa]WgiR{~
V��Hhj�{��í î �Bo�V4�j_tÆí ð t,hj�j�=X\RUm\eH�jY,hj]�TW_B_{X,é��
¨,�Hhjm,[*RNVm\e}X\RSt,VmSg¥_{]HmZhnmZY\R?]BY&t,hnYZ�*YZ�HR	X\R$¯deHhjX\RU[*R?]BY\m&_`
Y\�}R gieHmZY\_{[qR?X1hj]	Y\�}R�_{hj�»£ÁmZTHhj�j�{�B_{[�Vhj]1�Wñ·_t RUl{R?XN~Y\�HR�gi_{]B£
giXZR?Y\R	g\�}_{h�giRS�B_BR?m�]}_{Y
m\R?RU[ÍYZ_	�WR,giX\hjYZh¤gUV�B`§_dX
Y\�HRSgi_d]Hm\h��d£
R?XiVY\hj_d]Hm,hj]�YZ�HR�mZR$¯deHR?�p~WVa]W�qt R���R?�jhjR?l{R	YZ�WVY,_dY\�HR?X&[*R?Yè£
X\h�gim5º§hp� R{�	[*R?YZX\h�gim	m\RU]Hm\hjY\hjldR�Y\_�Y\�HR�]HR?RN�Bmy_a` R$Vdg\�Ëgi��VmZms¿
gi_deH���O�B_DVmqt RU�n�p�¸Ûcm\T�R$gih�V�j�joDYZ�HR g¥X\hjY\R?XZhj_{]Æ�BhjmigieHm\mZR$�
VY��jR?]H�dY\�Ë�BoD�&_{]H_d]HR?]H�d_ÊV]W�=7�XiVYZ�{_Ùºsu$ÄdÄHuN¿��BR?mZR?X\ldR?m
VYZY\R?]BYZhn_d]q`§_{X�hjY\m,[�Va]Boâgi_d]Bl{R?]HhjR?]BY,THXZ_{T�R?X\YZhjR?m$�
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g?VaY\R?m&Y\�HR��jR$VaX\]HRUX$¡ m,YsVam\�
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O�Bo��B_�Va�HeH]W�}V]BY	]HR?�^VaY\hjl{RUmS�BeHX\Y � Â¦hj�{e}X\Ryãq_�=R?XZm®Va]
hj]BY\eHhjY\hj_d]OY\�WVaY�Ri�HTH��Vhj]Hm�Y\�HRË��R?�WVNlBhj_{X�_a`âYZ�HRË]HR$VaX\R?mZYp£
]HR?hj�d�^��_{X,XZeH�jR�ºsui£\�S�&¿�eH]W�BRUXSY\�}R?m\Ryg¥hnXigieH[qm\YsVa]WgiR?mN��¨,�HR
THh�giYZeHX\R�m\�}_t,mymZR?l{R?XiV�,T�_{mZhnYZhjl{R*R¥�}Va[*TH�jR?mN~1[�V]Bo�]HRU�^VN£
Y\hjldR�Ri�WV[*T}�nRUm$~1Va]W�ÊV��BRNgihjm\hj_{]ËmZeHXp`ÁVdgiR*YZ�WVY4hnm�V�T}X\hj_{XZh
eH]H�B]H_t,]qY\_�Y\�HR	�jR$VaX\]HR?XN��¨,�HR&X\R$Vd�BR?X	g?V]�m\RUR�YZ�WVY�R$Vdg\�
T�_{m\hjYZhnldR�Ri�WV[qTH�jR1�WVamÃV·]HR?�^VaY\hjl{R©]HR$VXZR?m\Y
]HRUhn�d�B�W_dX$�¦¨,�Hhjm
g?Va]Ê��Ry�dR?]HR?XiV�jhjÜ?R$�=¢�Vam	Y\�HR�]BeH[��WRUX�_a` ]HR?�BVYZhnldR�Ri�WV[5£
TH�jR?m,hj]*V4]H_{hjm\o*�¬_{[�Vahj]y�dX\_t,m	º§YZ�HR	]BeH[��WRUX�_`
TW_dm\hjY\hjl{RUm
��R?hj]H��gi_d]Hm\YiV]BYs¿U~�m\_��¬_^RUm�YZ�HR��nhj�dR?�jhn�}_^_H�5Y\�WVaYSY\�}Ry]HRNVXp£
R?mZYy]HRUhn�d�B�W_dX�_`âÑaÓHá�Ri�WV[qTH�jRyt,hj�j����R�]HR?�BVY\hjldR{��È�V]Bo
T�_{m\hjYZhnldR�Ri�WV[qTH�jR?m�t,hn�j�¦Y\�BeHmS��R�[qhnmigi��VmZm\h»ªWR$�=��OhjYZ��hj]B£
ªW]HhjYZR?�joÊ[�V]Bo�]HR?�^VaY\hjl{R�Ri�WV[qTH�jR?m�V]W�ËV�ªW]HhjY\R�]BeH[���R?X
_`=m\T�VX\mZRST�_{mZhnYZhjl{R�Ri�WV[*T}�nRUm$~YZ�HR�ui£\�S�Og¥�¤Vam\mZh«ª�R?X�Ri�HT�R?X\h»£
R?]Wg¥R?m í ð êØu$wdw{ä8V]W�	í î êÆwdä�~$t,�}h¤gZ�	hjm1eH]�V{g?giRUTHYsVa�H�jR{�
OhjY\��XZR$VmZ_{]WVa�H�jo�m\hjÜ?R$�qYZXsVhj]Hhj]H�4m\R?YZm$~HYZ�Hhjm mZhjY\eWVaY\hj_{]*g?Va]
��RSTWVaX\Y\h�Va�n�jo�XZR$giYZh«ª�R$���BoyYiV�Bhj]H����]HRNVX\RUm\YS]}R?hj�{�B�W_dX\m�hj]B£
m\YZR$V{�Ù_a`�V�mZhn]}�{�jR*_d]HR{�DfBYZhj�n�p~¦t,hjY\�DldR?X\oË��VaX\�{RqY\XiVhj]Hhj]H�
m\RUY\m�ºpV]W�Ùt,hjY\�Ùl{R?XZoD��VXZ�{R��Bhjm\T}X\_{T�_{XZY\hj_{]Ù�WRUYpt R?RU]OY\�HR
T�_{m\hjYZhnldR�V]W�5]HR?�^VaY\hjl{R	Ri�WVa[*TH�jR?mi¿?~BY\�}R���VX\[5`§eH��Ri�=R$giY	_`
Y\�}R�]}R?�^VaY\hjl{R	Ri�WV[qTH�jR?m�THX\R?l{Vahj�nmN�
fBhj[*hj��VX�gi_{]Wg¥�ne}m\hj_{]Hm�g?V]L�WR�hj]B`:R?X\XZR$��`:X\_{[ Y\�}R�THX\hj]Wg¥h«£
TH�jR?m�_a`�7�VNo{RUm\h�V]�gi��VmZm\h»ªWR?XZm$� Q&R?]}_{Y\R,�Bo��âº��	¿�V]�����º��S¿
Y\�}RâVqTHXZhn_dX\h
THXZ_{�WVa�Hhj�nhjYZhnRUmS_`�Y\�HR�TW_dm\hjY\hjldRâVa]W��]HR?�BVYZhnldR
gi��VmZm$~dX\R?mZTWRNgiY\hjl{RU�noB~BV]W���BRU]H_{YZR,�^o�0 î º§¼1¿�Va]W� 0 ð º:¼1¿
Y\�HRTHXZ_{�WVa�Hhj�nhjYpo��BR?]HmZhjYpo�`§eH]WgiYZhj_{]Hm©`§_{X�Y\�}R�T�_{mZhjY\hjl{R	V]W�5]HR?�£
VYZhjl{RSgi��VmZm VY©Y\�HR,T�_{hj]BY�¼��¦¨,�HRSTHe}X\R�7�VNo{R?mZh¤Va]*gi��VmZm\h»ªWR?X
º§hj�d]H_{XZhn]}��[*h�gi��VmZm\h»ªMg?VaY\hj_{]�gi_{mZY\ms¿®�¤Va�WRU�nm&¼DVm	V�T�_{m\hjYZhnldR
Ri�WV[qTH�jR�h»`���º���¿ 0 î º:¼1¿�����º��·¿ 0 ð º:¼1¿?��ñ,_t�R?l{RUX$~�Y\�HRhj]HR$¯deWVa�nhjYpo�g?V]O��VXs�¬�noÙR?l{RUX���RmsVYZhjmpªWR$�øhn]LY\�HR��jR$VaX\]B£
hj]H��YsVam\�Ê�BRUTHh�giY\R$�hj]ËÂ¦hn�deHX\R*ãq��R$g?VaeHm\R���º��S¿�����º��	¿
V]���_{]H�joqXsVXZR?�jo^~}h»`cRUl{R?XN~
0 î º§¼1¿�� 0 ð º§¼1¿U�S¨,�}R�_{]H�joqm\_£�jeHY\hj_d]�hjmSY\_�Va�n�j_dY,l{R?XZo��Hhj�{�ÞÔ9� �sô �,Y\_�T�_{m\hjYZhnldR�Ri�WV[qTH�jR?m
º� î ¿c�^o�VSmZ[�Va�n�Hgi_dm\Y Vam\mZ_¬g¥h¤VaY\R$��t,hjYZ�y]HRU�^VYZhjl{R,Ri�WV[qTH�jR?mº�! ð ¿?�Ø¨,�HRÊgi��Vam\m\h»ªWRUX�t�_{e}�¤�ÙYZ�HR?]�Vm\mZhj�{]OYZ�HR�T�_{m\hjYZhnldRgi��VmZm�t,�HR?]}R?l{R?X"��º���¿ 0 î º:¼1¿� î �#��º��S¿�0 ð º§¼1¿� ð Û
l{R?]
Y\�}R?]1~=YZ�HR*gi��VmZm\h»ªWR?X�g?Va]Ê�WVNldRyT}X\_{�}�nRU[*mSYZ_*THXZ_{T�R?X\�jo�RUmp£

Y\hj[�VY\R,V	mZ[*_B_{YZ�*�BR?]HmZhnYpo4`§eH]�giY\hj_{]q_`1YZ�HRST�_{mZhnYZhjl{RSgi��VmZm$�
È�_dX\R?_ldR?X$~
hjY�hjm�_a`§Y\R?]Ë]}_{Y�gi�jR$VX��}_tÍYZ_Ê�BR?YZR?X\[qhj]HR�Y\�HR
l{V�jeHRUm1_`$ î V]W�% ð �BeHXZhn]}�S�jR$VXZ]Hhj]H�,_{X
THXZhj_{X1YZ_S�jR$VaX\]Hhj]H���
Ç ]W�Be�giY\hj_{]�_a`®�BR$g¥hnmZhj_{]DYZX\R?RUm�t,hj�j��m\eB�=R?X�Vam�t RU�n�p�DQ&R$g¥h«£
m\hj_d]DY\XZR?R?m�VXZR��^]}_t,]DY\_��R�e}]Hhjl{R?XZmsV�	gi��VmZm\h»ªWR?XZm$¢�V]Bo
�Bh�gZ�H_{YZ_{[�oì_`DT�_{hj]BY\mLhn]å�dR?]HR?XiV�TW_dm\hjY\hj_d]åhn]åV]�&}£
�Bhj[*RU]Hm\hj_{]�V�Hgi_{]BYZhn]BeH_deHm
m\TWVdgiR�gUV]*��R,X\RNV�jhjÜ?R$���BoyV®m\eB`�£
ªMgihjR?]BYZ�no���VXZ�{RS�BR$g¥hnmZhj_{]*YZX\R?Rd� Ç ]�Y\�}R�g?Vam\R&`§X\_d[ÍÂ¦hj�{eHXZR�ã}~
R$Vdg\��T�_{mZhnYZhjl{R�Ri�WV[qTH�jR�t,hj�n��R?ldR?]BY\eWVa�n�jo�WR�XZR?THX\RUm\R?]BY\RN�
�Bo�_{]}R,�HXsVa]WgZ�*_`=Y\�}R,Y\X\RUR{�'OhjY\��m\e�(�g¥hnRU]^YZ�joy[�V]Bo	]HR?�£
VYZhjl{R�Ri�WV[*T}�nRUmcVa]W��m\T�VX\mZRST�_{mZhnYZhjl{R,Ri�WV[qTH�jR?m$~aY\�HR,T�_{mZh«£
Y\hjldRSX\RU�{hj_{]Hm�t,hj�j�W��R�VX\�}hnYZXsVaX\hj�joymZ[�V�j�p��¨,�HR	Y\XZR?R	_l{R?XèªWY\m
Y\�}R��HVaYsV·t,hnYZ�yV&m\hj[*hj��VX�Ri�=R$giY Vam1hj]�Y\�HR,g?VmZR _a`WY\�}R�u¥£è�&�
gi��VmZm\h»ªWR?XN�
|
XZeH]Hhj]H��Y\�HRqY\XZR?R*�B_BR?m�]H_{Y�V]}m\t�R?X�Y\�}R�[�Vhj]�T}X\_{�}�nRU[Ê�
� `:Y\R?XÙTHX\eH]}hn]}�W~�mZ_{[*R�XZR?�{hj_{]}mËt,hn�j�*gi_d]BYsVhj]ìRi�WV[qTH�jR?m
`§XZ_{[ ��_{YZ� g¥�¤Vam\mZR?m$� � gi_{[q[*_{]}TH��V{giR	T�_{�jh�gio�hjm	Y\_�VmZm\_£
gih�VYZRSt,hjY\�qR$V{gZ�q�nRNVN`ÃYZ�HRS��Va�WR?��_`
Y\�HR	gi��VmZm,Y\�WVaY �WVam [�VN£
�i_dX\hjYpoShj]	Y\�HR�gi_{XZX\R?mZTW_d]W�Bhj]H�SXZR?�{hj_d]1� Ç ]yVaTHTH�jh�g?VYZhn_d]Hm�t,hnYZ�
XsVaX\R�T�_{mZhjY\hjl{R	Ri�WV[qTH�jR?m$~}X\R?�dhj_{]HmSgi_d]BYsVhj]Hhj]H��[qh»�¬RN��T�_{mp£
hjY\hjl{RUm®Va]W�]HR?�BVYZhnldR?m	t,hj�n�
��R*��V��R?�jR$�Vm�]}R?�^VaY\hjl{R{~zt,hnYZ�
Y\�}RyT�_{YZR?]BY\h�V��R¥�MR$g¥Y�Y\�WVaY	]H_{]HR�_`�Y\�HR��HXiV]WgZ�HRUm�t,hj�n�¦�WR
�BR?RU[*R$�qT�_{m\hjYZhnldR	eH]H�jR?m\m	YZ�HRyV�j�d_{X\hjYZ�H[ìhnmSVaTHTHXZ_{THXZh¤VaY\R?�jo
[*_H�Bh»ªWRN�=�1r·`cgi_deHX\mZR{~BY\�}RSm\hjYZeWVYZhn_d]*g?V]���RShj[qTHX\_ldR$���Bo
[*RUY\h�gieH�j_{e}m\�joªW]W�Bhj]H�ËYZ�HR���R?m\Y�THXZeH]Hhj]H�Dgi_d]Hm\YiV]BY$~·msVNoB~
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