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:<;�=?>@;BADCFEG;BHJILK3M#NL>O=?EGP�Q3R�=?PG>S=?C@HUTV;XWZYG=[EGA@HJNLE
\ RG=[PG>S=]CSHUTV;XW/Y�=[EGA^HUNLE�_

`�acb�dfeZg h#i1dkj NLILHJA^C@HUT amlonqpBrsh�r!nutvrwh8x r nup x h x nqp x h8xx nqpBr x h�rsh x i
yzKG;|{�N[CSH~}?=?CSHJNLE�HUA�IL;�NL{�;�CS>D�#_��OKGH j ; l�n�p�rsh�r�n�p x h x d�� PZ;�CS;�>@{�HUEG;�A�= j HJEG;[� l�nkpBrsh�r1nkt�r�h x r n
p x h x n�t x h xx n�p�r x h�r�h x d�� PG;�CS;�>@{�HUEG;�AV=[E�; jUj HJYGA@;?�oy�;BT�KGEZHUT�= jUj �[�#C@KG;�A@Q3R�=?>@;BP�C@;B>@{�A�= j NLEG;�ILHJ}[;�=[E; jUj HUYGA^;[�,CSKG;�TB>^NLA@AOCS;�>@{ h�rsh x = jJj Nv�OA�CSKZ;�; jUj HUYGA^;�CSN�>@N[CS=?CS;?�
�  )�#$����m��.�-,�#$ HUA�=�A@H~CSR�=]CSHUN[E��OKG;�>@;�Q3R�=?PG>S=?C@HUTF;�W/Y�=[EZA@HUN[E'HUA�EG;B;�PG;BP����wC�N[��CS;�E'N,TBTBRZ>@A��OKZ;BE'CS>D�,HUEGI
CSN�A@;�Y�=[>@=?CS;�=�A@{�= jJj T j =[A^A���>@NL{�=�{�NL>^;�PGH~}L;B>^A@;�T j =[A@A��1yzKG;�A@{�= jUj T j =[A@AzA^HJC@Az;BE�CSHJ>@; j ���OH~CSKGHJE|CSKZ;�MZHUIT j =?A@AB� j HU ?;VA@NG_
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\ RG=[PG>S=]CSHUT¡;XWZYG=[EGA@HJNLE�ILH~}L;�A'=¢A^E3RGI£; jJj HJYGA@;
=[>^NLRGEGPuCSKG;�TB;BE�C@;B>|T j =[A^AB�k:<;B=[>@;�A^CD¤�EG;�HUILK3M)NL>�I[HJ}L;�A'=A@HU{�H j =[>B�3MGR/C<MZRG{�YZHU;B>��GM)NLRGEGP�=?>^�L�
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¥o=[EGP/�O>@HJC^CS;�E�PGHJILHJC�>@;�TBNLILEZHJCSHJNLE
¦ T�K�= jUj ;BEGI[HUEGI'T j =[A^A@H~§�T�=?C@HUNLE¨YG>@NLM j ;B{
�©�OKGHJT�KªHUAVTB>^RGTBHU= j C@N«CSKG;�NLY);B>@=?CSHJNLE�N[��Y);BE/¤wM�=[A@;�PªK�=[EGPGKZ; j PTBNL{�YGRZC@;B>@A��GHUA�>@;�TBNLILEZHU¬BHJEGI�K�=?EGPZ�O>@H~C@C@;BE j ;�C@CS;�>@A�� ¦ A�C@KG;VY#;�E«{�Nv}[;BAzNv}L;�>�CSKG;�CS=[M j ;�C��/=�A@;�Q,RZ;BEGT�;�N[�
a�h!SbZi Y)NLHUE�C@A�HUA®>@;BT�NL>@PZ;BP��1y�NVT j =[A@A^HJ����CSKG;zA^;BQ3RG;�EGTB;?�/H~C�KG; j YGA�C@No§�>@ADC�>@;�PGRGTB;zH~C�C@N�=�A@{�= jUj E3RG{�M);B>�N[�
j =[EGPZ{|=[>^ 3AB�¯��E
C@KG;���N jUj Nv�OHJEGI�P�=?CS=[A@;�C��8;�=?T�K¨Y);BE¨ADCS>^NL [;���=?Ao>@;�PGRGT�;BP�C@N|° j =?EGPG{�=[>@ �Y#NLHJE�CSAz�OKGHUT�K;BQ3R�= jJj �
PGHJ},HJPG;�CSKZ;�PGHUADC�=[EZTB;�C@K�=?C�C@KG;�Y#;�E�CS>@=v}[; j ;BP���:<N?CS;�CSKG=?CoC@KGHUA�HJA�EGN[C<CSKG;�A@=[{�;�=[AV=[E�;�Q3R�= jPGHJ},HUA^HUNLE«HJE«CSHU{�;[�ZA@HUEZTB;VCSKG;�Y);BE
{|=��«T�K�=?EGIL;�A@Y);B;�P¨PGRG>^HUEGI�=�A^C@>@NL ?;[��±�=[T�K�A^C@>@NL ?;�HJA�CSK3RGAF>@;BPZRGTB;�P
CSN ev² E3RG{�M);B>@A����OKGHUT�K¡��NL>@{�=�>@Nv�³N[�®CSKG;�P�=]C�=���>S=[{�;[�

´©µ ¶©µ·´/¸k¶/¸�´,¹k¶/¹ ´,º ¶,º»´/¼k¶/¼ ´/½k¶/½ ´,¾ ¶,¾»´,¿�¶,¿»À8ÁÃÂ)ÁvÄ
º/¾�µÃÅ,Å»¸�¾Æ¿)µq¼�¾»¹,¾ ¸,½ Å ÅÆ¸�¹ ¼3½Æ¼�¹�µÃÅ3Å Ç3Åkº/ÅkÇ�¿ ¿
º/¿ Ç,½»½3¸Æ½3¼k¿3¿Æ¸3¾ ¸)µ Åk¸8µq¹3¹ ¾,ÇÆ½�¾�µÃÅ3Å�µÃÅ3Å Å�¿,¼ ¿
Å ¼3¾»¹)µÈ½�¿»¾,¸»Ç,ÅfµÃÅ,ÅfµÃÅ,Åk¾,½»¾,¼ ¼3ÅÆ¼8µ ¸�¿ ¸3¼�µÃ½ Å µ
ÅfµÃÅ,Å ¾³Ç3¸ ¼k½3¿ µ]Ç ºZ¼k¿,½»¹�ºÉµÃÅ3Åkº/¼ ¾�º ¸�¹³½�¾ Å º
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Ì NLEGA@HJPG;B>OCSKZ;�C���N?¤wT j =?A@AFYG>@NLM j ;B{�N[��T j =[A^A@HJ���,HJEGI�=�PGHJILHJCF=?AFÍL°[Í�N[>FÍ[EGN[C<°[ÍG��Î�;?Ï jJj RGA@;�ÐLÐ � >@Nv�OAO��NL>CS>S=?HUEGHJEGI�=[EGP¡CSKZ;�>^;BADC a Nv}L;B> ev� � �L�L� >^Nv�OA i ��NL>�CS;�A^CSHJEGIG�
y�>S=?HUEGHJEGI�;B>^>@NL> y®;�A^C<;B>^>@NL>

Ñ%NLILHJA^CSHJT�>@;�IL>@;�A@A^HUNLE ÒZ�ÓÐLÔ ÒZ�ÓÐLÔ
y®>^;B; e Ô ÒZ�ÓÐLÔ

:F;�=[>^;BA^CFEG;�HUILK3M)NL> � Ô � �ÕÒ�Ô\ RG=[PG>S=]CSHUTo;�W/Y�=[EGA^HUNLE � Ô e � e Ô
:<;�=?>@;BADCFEG;BHJILK3M#NL>zHJAORGEGHUQ3RG; j �|A@RGH~CS;BP¡CSN�C@KGHUAzYG>^NLM j ;B{ÖM);BTB=[RGA@;?_

× ¦ jJj YG>@;�PGHUT�CSNL>^A�=[>^;<;�Q3R�= jUj ��HU{�Y#N[>^C�=?E3CB��Ø,HU{�H j =?>�A^C@>@NL ?;BA�A^KGNLR j P'=[I[>@;B;FHUE�= jJj�j =[EGPZ{|=[>^ �Y)NLHUE�CSA��
× ¦ jJj YG>@;�PGHUT�CSNL>^AzK�=�}L;�A@HJ{�H j =[>�=[{�N[RGE�CSAzN[��}?=[>@HU=?CSHJNLE��
× yzKG;B>^;'=[>^;�PZHUA^C@HUEGT�C j ��PGHJÙ#;B>^;BE�C���=��,A�N[���O>^HJCSHJEGI«CSKG;�AS=[{�;�PGHUILH~C��«Ú�NL>�;XWG=?{�Y j ;[��Í�°[Í�T�=[E¢M#;PG>S=��OE�T j N,T� ��OHUA@;¯NL>�TBNLRZE3C@;B>^T j N,T� ��OHUA^;[�1:F;�=[>^;BA^C�EG;BHJILK3M#N[>®TB=[E�>^;BYG>^;BA@;�E�C1;�=[T�K�Y#NLA^A@HJMGH j HJC��o�OH~CSK=�A@HUEZI j ;V;XWG=?{�Y j ;[�

Û<EZ��NL>DCSRGEG=?CS; j �L��CSN�T j =?A@A@H~���Ü=�A^HUEGI j ;�ADCS>^NL [;?��ÐLÐ � TBNL{�Y�=[>^HUA@N[EGA�EZ;B;BP£C@N¨M);|{�=[PG;?�
y�N¨T j =[A^A@H~����CSKG;;BE�CSHJ>@;VCS;�A^CFA@;�C��)ÐLÐ �3Ý3ev�[ÞLÞ Ë d Ð/�Óß�{�H jUj HJNLE�TBNL{�Y�=[>^HUA@N[EGAO=[>@;�EG;�;BPG;�P��
:<;�=?>@;BADC^¤wEG;BHJILK3M#NL>�HUA�;BA@Y);BT�Hà= jJj ��A@;�EGA@H~CSH~}L;oC@N�HU>^>@; j ;�}?=[E�C�YG>@;�PGHUT�CSNL>^AB��=[EZP'PGN,;BA@E©ÏáCzY);B>D��NL>@{â��; jUj �OKG;�EA@NL{�;<YZ>@;BPZHUT�C@NL>@A�=[>@;<{�N[>@;FHU{�Y#NL>DC�=[E�C�CSKG=[E'N[C@KG;B>^AB�1yzKGHJA�HUA�CSKZ;�NLYGY)NLA@H~CS;FN[� j NLILHUADCSHJTz>@;BI[>@;BA^A@HJNLE«=[EGPT j =?A@A@H~§�T�=]CSHUN[E'CS>@;�;BA��8�OKZHUT�K
PG; j HUM);B>S=]CS; j �';XWZT j RGPZ;�HJ>@>@; j ;�}[=?E3C�YG>@;�PGHUT�CSNL>^AB�¯yzKGHUAOYG>^NLM j ;�{�TB=[E�N[E j �|M#;§ZW/;BP¨M��«T�KG=[EGILHJEGI�CSKG;�PGHJA^C�=?EGTB;�{�;�=[A^RG>@;VCSN�PGNv�OE���;BHUI[K3C<TB;�>^CS=[HUE
YG>@;�PGHUT�CSNL>^AB�
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Î�K3�'PGN/;�A@E�ÏãC j NLI[HUA^C@HUTF>@;�IL>@;�A@A@HJNLE¡��NL>^ |��NL>�C@KG;�PGHUI[HJCSASä
��EZ��N[>@{�=?CSH~}L;�YG>^N]å^;BT�CSHJNLE a K�=?EGPGNLRZC ev�Li ILHJ}[;BACSKG;�=[EGAD��;�>B_
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yzKG;�M)NLRGEGPG=[>^��M);�C���;B;BE�C@KG;�T j =[A^A@;�A�HUA�TBRZ>^}L;�P��1:F;�=[>^;BA^C�EG;BHJILK3M#NL>!TB=[E�K�=[EZP j ;�CSKGHJAB�?MGRZC®EGN[C®NL>@PGHJE�=[>D�
j NLILHJA^C@HUTo>^;BIL>^;BA^A@HUN[E�� ¦ PGPGHJEGI�Q3R�=[PG>@=?CSHJT�CS;B>^{�AzC@N�C@KG;�>@;�IL>@;�A@A@HJNLE
KG; j YGAB�
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¦ EGN[C@KG;B>���=���CSN<PGHà=[I[EGNLA@;�YG>@N[M j ;�{�A!�OHJC@K j N[ILHUADCSHUT1>^;BIL>^;BA^A@HUN[E�HUA�CSN j N/N[ �PGHU>^;BT�C j ��=?C�CSKZ;�T j =[A@A^HJ§�TB=?CSHJNLEM#NLRZEGP�=[>D��HJC�HUA�RGA^HUEGIZ��:<N?CSHUT�;�CSK�=]C�CSKG;�=?>@ILRG{�;BE�CVC@N'CSKG; j N[ILHUADCSHUT���RGEGT�CSHJNLE�HUA�='YG>^N]å^;BT�CSHJNLEªN[��CSKG;P�=?C�=¡NLE�CSN�NLEG;�PGHU{�;BEGA^HUNLE3æ�T�= jUj H~CVç µ �¡è��ÜT�KGN,NLA^HUEGI�=�A^;BTBN[EGP£YG>^N]å^;BT�CSHUN[E�PGHJ{�;�EGA@HJNLE��!;[�áIG�«RGA^HUEGINLEG;�N?��CSKG;�HUE/��NL>@{�=?CSH~}L;�TB>^HJC@;B>@HU= a {'éÃ}Gé]{�} i ����;�T�=[E¨A@;B;�KGNv�êCSKG;�P�=?CS=�HUAFPGHJA^CS>^HUMGR/CS;BP¨=[>@N[RGEGP¨C@K�=?C
M#NLRZEGP�=[>D�L�
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:<N[C@HUTB;VKZNÃ�»CSKG;�>@;�=[>@;�C���N�T j RZ{�YGA���TBNL>^>@;�A@Y)NLEGPGHJEGI�CSN�CSKG;VC���N���=��/AFN[�®PG>S=��OHJEGI�=[E�ë^°[ÍG�
Î�KG;BEG;�}L;�>'��;�T j =[A^A@H~���·NLEG;�PGHJILHJC�}[;B>@A^RGA'CSKZ;¨>@;�A^CB�O��;�A^KGNLR j PÈ;�W/Y);BT�C«CSKG;�>@;�C@N£M);¨TBN[E3CS=[HUEZ{�;�E3CB�ì C@KG;B>¯;�WZ=[{�Y j ;BA�=?>@;O�c=[TB;<PG;�C@;BT�C@HUNLE a T j =[A^A@HJ���,HJEGI��c=?TB;FHU{�=[IL;BA1}[;B>@A^RGAO= jJj N[CSKG;�>�HJ{|=[I[;BA i =[EZP|A@Y);�=? [;B>PG;�C@;BT�C@HUNLE a T j =?A@A@H~���,HUEGI�A^NLRGEGPGAFN[�®=�Y#;�>@A^NLE�ÏáAF}[NLHUT�;�}[;B>^A@RGA<= jUj N[CSKZ;B>OA@NLRZEGPGA i ���wC<PZN/;�A@E�ÏãCFK�=[YGY);BE¡A@N{�RGT�Kª�OHJCSKªPGN,TBRZ{�;�E3C�T j =[A^A@H~§�T�=?C@HUNLE©��M#;�T�=[RZA@;�RGA@R�= jUj �
CSKZ;B>@;�=[>^;�='��;�����NL>^PGAV�OKGHUT�KÜT�K�=[>@=[T�C@;B>@HJ¬B;
CSKG;VC�=?>@IL;�COT j =?A@AF=[EGP
EGNLEG;�N[C@KG;B>^AB�
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yzKG;�EG;�W,C¡P�=]C�=[A^;�C¡HUA�A@Y);B;�T�K»>^;BTBN[ILEGHJC@HUNLE©�ê:<HUEZ;�Y#;�NLY j ;¨��;�>@;ª=[A^ [;�PkC@NíYG>@NLEZNLRGEGT�; eLe PGH~Ù©;�>@;BE�C}LNv��; j A��ÜyzKZ;«A@Y);B;BT�KuHUA�>@;�YG>@;�A@;BE�C@;BPuM3��;BEG;�>@I[��HUE�}?=[>^HUNLRZA���>@;�Q3RG;BEGT��íM�=[EZPGAB�ªÚ�NL>�A@HU{�Y j HUTBH~C��L����;��=[E�C�CSN�>@;BT�NLILEGHJ¬B;�CSKZ;�}LNv��; j ë^KGHJPGÍ
}[;B>^A@RGA�N?CSKG;�>�}[Nv��; j AB�'Î�KZHUT�K�T j =[A^A@H~§�;B>�A@KGN[R j Pª��;�;�W/Y);BT�C�CSN��NL>^ 'M);BA^C�ä
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yzKGHUA�PG=?C�=[A^;�CzHJA�>@=[P�=[>�>^;�C@RG>@EGA��1Î�;o��=[E�C�C@N�A@;BYG=[>S=?C@;¡ëSîVN/N,PGÍ�>@;�C@RG>@EZAB�GA^KGNv�OHUEGI�A^Y#;�TBHà= j A^C@>@RGT�CSRG>^;[���>@NL{ï>S=[EGPZNL{ ë@è�=?PGÍ�>@;�C@RG>@EZAB�1Î�KGHUT�K
T j =[A@A^HJ§�;�>OA@KGNLR j P«��;�;�W/Y);BT�C<C@N���NL>^ 'M#;�A^C�ä

−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0

−1
.5

−1
.0

−0
.5

0.
0

0.
5

1.
0

1.
5

2.
0

h1

h2

bad good
Class

−2 −1 0 1

−1
.5

−1
.0

−0
.5

0.
0

0.
5

1.
0

1.
5

h1

h2

bad good
Class

²



yzKGHUAOP�=?CS=[A@;�CFHUA���NL{�;�E
C@;BADCS;BP¡��NL>zPGHU=[M);�CS;�AB�1Î�KGHJT�K�T j =[A^A@HJ§G;B>zA@KZNLR j P¡��;�;XW/Y#;�T�CFCSN���N[>@ «M);BA^C�ä
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