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ACB�DFEHGJILK MFN�O-PRQTS%U=V
WYX8Z\[^]`_ba�cdZeX8f`gbhJikjl[eZehJj2[^iFhJmn[oap_qiF_qgqjrZs[^Xl[^]`htXrm`hu_bmwv=]Yjrcx[^hJZzyt_qmF[^]`h{[^h�|x[=}ojra
h�|dc?hJ~�[^h��@�

� y�c?X8_qmn[���X8Zo[e]`h�c`ZeXrf`gqh�i
� y�c?X8_qmn[���X8Zo[e]`h�c4h�Zp��X8Zpi�j2m`~JhLiFh�jrap�`Zeh
� y�c?X8_qmn[���X8Zo[e]`hL[�jrZp�8h�[����dm`~�[e_qX8m
� y�c?X8_qmn[���X8Zo[e]`hL[�jrZp�8h�[����dm`~�[e_qX8m"Zeh�c`Zeh�aeh�m�[^j2[^_bX8m
� yuc4X8_bmn[=��X8Z�c4X8_bmn[^_qmd�TX8�d[�[^]`hz[^Z^j2�`hJXr�4a����d������XrZ�[^Zejr�`h�Xr�/a=_qm����dm`~�[e_qX8mwZphJcx�ZphJaphJmn[�j2[e_qX8m/�Yi�X8a�[�Xr�;�rX8�"��jr_qgbhJ�w[^X�iFhJmn[^_bX8mw[^]Yj2[zj�gq_bm`h�jrZ=ZehJcdZehJaphJmn[�j6[^_qXrm
iF_q�r]�[of4hL[^X�X�Zeh�ap[eZe_q~�[^_��8h����
����X8m`h�Xr� [^]dh�j2aec?hJ~�[ea{}=jra�m`Xr[{~�gqh�j2Z���[^X�X8¡�c4X8_bmn[^a�jr~�~JX8Zp�`_qm`�rgb�8�

ACB�DFEHGJILK O"N�O
¢�]`h�ap�`~J~�hJaeap_qX8m%Xr�;f?X8�`md�YjrZe_bhJa�_baJ£
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¤ ¥\¦¨§ª©`«^©`«�©`«�©`«�©`«�©¬
®�¥�¦¨§z¯8«�¯8«�¯8«�¯8«�¯8«�¯l¬
¤/°o¦¨§²± �`m`mn� «p³ jrZpi «�´ _b�8] «�± [^ZeXrm`� « v=X�X8g « v=]Yjrmd�8h ¬
®l°=¦t®�¥
¤/µo¦L¤/°
®lµ=¦�¶�§²± �`mdm�� «�¯8«�¯8«�¯8«�¯8«�¯�¬l«J§u¯8«e³ jrZpi «�¯8«�¯8«�¯8«�¯8«�¯l¬�«�§z¯8«�¯8«�¯8«�¯8« v=X�Xx� «�¯l¬L·
¤4¸�¦¨§²± �`m`mn� «p³ jrZpi «�´ _b�8] «�± [^ZeXrm`� «�¯8«�¯l¬
®�¸o¦�¶�§²± �`mdm�� «�¯8«�¯8«�¯8«�¯8«�¯�¬l«J§u¯8«e³ jrZpi «�¯8«�¯8«�¯8«�¯8«�¯l¬L·
¤/¹o¦¨§²± �`m`mn� «p³ jrZpi «�¯8«�± [^ZpX8m`� «�¯8«�¯l¬
®l¹=¦t®�¸

¢�]`h-a^jriFh%¡�_qmd�ºXr�LZph�jrapX8m`_bm`�»j2a�_qm¼[^]`h"[^h�|�[�~�j2m½f4h¾�`aphJ�½[^Xw¿p�`ap[e_b�À�Á[e]`_qa
apX8gq�d[e_qX8m/�

���\jrgbgÂ[^]`h�c4X8ap_b[e_b�8h�h�|`j2i�c`gbhJaujrZehl~JX8mdae_q�dhJZeh��ÄÃYZea�[u[e]`h ® f?X8�`m`�Yj2Zp�¾Zeh�i�jr_bm`a
®¥ ��[^]dhLi�X8a�[��8hJmdhJZ^j2g@f4Xr�`m`�YjrZ��d��j2m`�w[^]`h ¤ f4X8�dm`�YjrZ���f?hJ~JXri�h�a ¤/¹ �À[^]`h ¤ aeh�[
~�X8mn[�jr_bm`a jrgqgr[e]`h\[^_qiFh�X8m`g��LX8m`hÅhJgbhJiFhJmn[��������x[^]`hÅX8m`g��Lm`h��nj2[^_��8hÅ~�jraph�_ba�~JX8m`ap_q�`h�Zeh��
j2�À[ehJZ�}ojrZp�`a ® f4h�~JX8iFhJa ®�¸ ��[e]Yj2[l]YjraTÆ"h�gqh�i�h�m�[ea��t}�_b[e]`X8�d[l�8X8_bm`�w[^]`ZpX8�`�8] ®�µ
�À[^]Yj2[�]`jralÇ"h�gqh�i�h�m�[ea���� [e]��da�[e]`h�ae_bÈJh�Xr�Å[^]`h��8h�Zeap_qX8mÉaecYj2~JhF_qa�ÇwX8Z�gqh�aealjrgqg [^]`h
[e_qiFhr�
Ê�Ë6Ì`Í�Î�Ï Ð�ÑÓÒ c?X8_qmn[^a���X8Z�[e]`h{Ã`Zeap[�cYjrZ�[��s�;ae�`fd[eZ^jr~�[^h��Äy8�Ô��c?X8_qmn[ea\��XrZÅhJjr~�]�Xr�4[^]`h
�-�d_b�4hJZeh�mn[aeh�[^a_bm»[^]dh�jrf?X��8h�aphJÕ��`hJmd~JhÖ� ¤/° � ®lµ � ¤4¸ � ®L¸ � ¤/¹ ��jrmd�Á�d�Ô�¾��X8Zl_qm`_�[^_×j2g
ap_b[^�`j2[^_bX8mÉ� ¤ ¥ � ®¥ ���\¢�]`hlg×j2ap[�cYjrZ�[�}oj2a{}�X8Zp[e]ÄÆ�c?X8_qmn[^al�Øyl��XrZ�jF�8X�X��wX8Ze�`h�Ze_bm`�`�
yL��X8Z�apX8i�h=¿p�`a�[^_�ÃY~�j2[e_qX8mY���

ACB�DFEHGJILK O"N�ÙÉPÂM�Q�S%U=V
´ �xc?Xr[e]`hJaphJaljrZeh�Zeh�~�[�j2m`�8gqh�aJ�/[e]`hwÚ�Û�ZphJgqj2[^_bX8m%_baz[^]dh�_qm`~�gq�`ap_qX8m-ZehJgqj2[^_bX8m%XrmHZehJ~�[p�
jrmd�8gqh�aJ�

Ü=Ý
¢�]`h�Zeh�_qalX8m`gb�ÞXrm`h�]n��c4X2[^]`h�aehJaT_qmÖ[e]`h ± f4Xr�`m`�YjrZ��?£¾��ßÉÚkà²Úkád�âÇÖÚkãÁÚä�r���
å{Xr[^hL[^]`j2[�[^]`_ba�ZehJ~�[�jrmd�8gqhL_ba{_bm`~Jgb�`�`h��¾_bm¾jrgqg/[e]`h�Zeh�~�[�j2m`�8gqh�a�[^]Yj2[{_bm`~Jgb�`�`h�jrgbg/[^]`h

Æ
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G boundary

S boundaryNegative examples

Positive examples

P2

P1

W;_q�8�dZehy8£�¢�]dh ± jrm`�-æçf?X8�`m`�`jrZe_bhJa���X8Z�c`ZpX8f`gqh�i�Æx�èß

Ç



c?X8ae_�[^_��8hL~�j2aehJaT��apX�_qao[^]dhliFX8a�[�aec?hJ~J_�ÃY~lX8m`h����
Ê�Ë6Ì`Í�Î�Ï Ð�Ñ ¢�]d_qa�cYjrZ�[�_qalÇwc4X8_bmn[^aJ���z�`ae�Yj2gqgb�Hjr~J~�hJcd[ehJ�»apX8gq�x[^_qXrm`at}�_b[e]`X8�d[�h�|��
c`gqjrmYj2[e_qX8mH��_qao[e]`h�X8�d[ec`�d[{Xr��~�jrm`�d_q�Yj2[eh���hJgq_bi�_bmYj2[e_qX8mR���
é Ý
¢�]`h�ZphJ~�[^jrm`�8gbhJa�_bm¾æçjrZph�jra�f`_q�jra�c4Xraeae_bf`gqh2�`~JXrm�[^jr_qm"j2gqg4[e]`hLc?X8ae_�[^_b�rht~�j2aehJa{jrmd�
�`Xrm@êè[�~JXrm�[^jr_qmºjrmn�¼m`hJ�nj6[^_b�rh-~Jjraeh2�ìë�X�X8¡�_qmd�»j2[�W;_b�8�`ZehÞy-_qaFh�jra��¼[eX»aphJh-[e]Yj2[
ZphJ~�[^jrm`�8gbhJa"�'ÆíÚ�à+Ú Ò ��ÆíÚ�ãºÚî�r��jrm`�ì��ÇÁÚäàïÚ Ò �ÔÆíÚäãºÚîðr��]Yj��8h�[e]`_qa
c`ZpX8c?hJZp[ñ�r�RjrZeh�m`X2[�ZehJgqj2[^h��"f��ÞÚ�ÛtZphJgqj2[^_bX8mwaeXFjrZph�[e]`h�Zeh�~�[�j2m`�8gqh�a�_qm¾æ��
Ê�Ë6Ì`Í�Î�Ï Ð�Ñ ÆTc?X8_bm�[eao��X8Z�h�j2~�]-Xr� [^]dh�[ñ}�XFhJgqh�i�h�mn[^a�_qm ® �����;Xrm`hL}ojra�iF_qapae_qmd��
[eXxX8¡�Xr�sÆ�c?X8_bm�[ea

ò;Ý
���Â[e]`huÕ��`h�Zp��_baojrmn��}�]`h�ZehLf?h�[ñ}�hJhJmw[e]`huh�gqhJiFhJmn[=_qm�[e]`h ¤ f?X8�`m`�wj2m`�"jrmn��X2�@[^]`h
[ñ}�X�hJgqh�i�h�mn[^a{��aej��"�)���Ôán�;� [^]Yj2mF_��Y[^]`h�gqjrf?hJg�_qasc?X8ae_�[^_��8h=[e]`h ¤ f?X8�`md�F]`jra;[^XL�rZeX�}
[eX�_bm`~JX8Zpc4XrZ^j2[eh�[e]Yj2[{c?X8_qmn[��R_��;_bazm`h��nj2[e_b�8h�X8mdh�X8Z{f?Xr[^]¾Zeh�~�[�j2m`�8gqh�az_bm ® ]Yj��rh�[^X
ap]`Ze_bm`¡�[^X�j��8Xr_q��[e]`huc?X8_qmn[J�xapXT[^]`hu�`_qiFhJm`ap_qX8mFXr�Â[e]`hz�rhJZeap_qX8mwapcYjr~�h���[e]`hum��`if?hJZ
Xr�@]���c?Xr[^]dhJaeh�a�_qmF[^]`h��8h�Zeae_bX8mwaec`jr~Jh��Å_qaÅZeh��`�`~�hJ�wae_bm`~Jhuj2[�gqh�j2ap[�X8m`huiFX��`_bÃY~Jj2[^_bX8m
_ba�i�jr�dhF�'j2[�gbh�jra�[{jF]n��c4X2[^]`h�ae_qa�_ba�h�|x~Jgb�`�`hJ�Y���

���u[e]`h"Õ��`hJZ��ó_qa�_qmdae_q�dh�[^]`h ¤ f?X8�`md�¼[e]`hJm¼_b[�}�_bgqg=gbh�j��8hw[e]`hw�8hJZpae_bX8môapcYjr~�h
�`md~�]Yjrm`�8h��Þ_b��_bauc?X8ae_�[^_b�rhr�4f`�d[t}�_bgqg ZehJ�d�`~JhT[e]`h�8h�Zeap_qX8mHapcYjr~Jh�[^X�[^]dhhJiFcd[ñ�-aeh�[
��aeX�[^]dh�ae_qÈ�h�8X�hJat�dXõ}�mH[eX"�n�z_b�\_batm`h��nj2[^_��8h2� ± _qiF_qg×j2Zegb��_b��[^]dhÕ��`hJZ��H_qatXr�d[^ap_q�`h
[e]`h ® f?X8�`md�@�@_b��[e]`h�g×j2f4h�g�_baum`h��nj2[^_��8h�j2m���[e]`_qm`�wa�[�j���aL[^]`haejriFhr�@_��\_qauc?X8ap_b[^_��8h
[e]`hL�Yj2[eht_qao_bm`~JXrm`ae_bap[^h�mn[{jrm`��[^]dht�8hJZpae_bX8m"aecYjr~�h�_qaoh�i�cd[ñ�H�'�ap_qÈJh����Åö-Xrap[�Xr���8Xr�
m`X2[^_q~�hJ�H[^]dhÃYZea�[�c`jrZp[�Xr�Å[^]dh�Zeh�j2aeX8m`_bm`�"f`�d[���jr_bgqhJ�-[^X"X8f`aphJZp�rhF[e]Yj2[L[e]`h�ae_qÈ�h�_qa
ap]`Ze�`md¡���X8Z�ae�`~�]%j�Õ��dhJZp�¾j2gqaeX-��f4h�~JX8iFhJa{�n���

± X"[^]`h�Zeh�_qaLmdX¾c?X8_bm�[L[e]Yj2[�gbh�j��8h�al[e]`h��8hJZpae_bX8mÖapcYjr~�h��`md~�]Yjrm`�8h��»m`X"i�j2[e[ehJZ
}�]Yj6[zgqjrf?hJgq_bm`�T_�[�]Yjra��
Ê�Ë6Ì`Í�Î�Ï Ð�Ñ ÆÉc4X8_bmn[^a���X8Z�jíc4Xr_qmn[�[e]Yj2[�gbh�j��8h�a"jrmn��[^]`_bm`�Á�`m`~�]Yj2m`�8hJ�/�LÆÖc?X8_qmn[
��X8ZFX8m`h¾[^]Yj6[�¡rh�hJc`a�[e]`_qmd�8aF[e]`h%aejriFhr�ì�[^X�X8¡óXr��yÄc?X8_qmn[�_qmôh�jr~�]½c`jrZp[�_b�Lm`X
h�|dcdg×jrmYj6[^_qXrm"}=jrazc`ZeX���_q�`h��Äjrmd�Ä�d�Ô��c?X8_bm�[ea�_b�;�rX8�-��j2_qgqh��w[^X�Xrf`aeh�Zp�8h��%[^]`j2[z��XrZzj
c?X8_qmn[�_bm ¤ ��X8Z�Xr�d[^ap_q�`h ® �=[^]`hL�8h�Zeap_qX8m¾aecYj2~Jhlae]`Zp_qm`¡�a{jrgqapX`�

ß



÷ Ý
��ßÉc?X8_bm�[ea���¢�]dh-�8X8jrg=_ba[^XÞ]Yj��8h"X8m`g��íX8mdh¾]n��c?Xr[^]`h�ae_baF_bmÁf4X2[^] ¤ jrmd� ® [e]Yj2[
c?hJZ���hJ~�[egb�"�`h�ae~�Ze_qf?hJa�[^]dhT~JXrm`~Jh�cd[���Ç�Ú²àÞÚ+�x�ÔÆFÚìã"Úïø8����ù�g×j2~J_qmd��[ñ}�X�c?X8ap_b[^_��8h
h�|`j2i�c`gbhJa�j2[%��Çd��Ær�jrm`�ú�)�x�âøn�Th�m`ae�`ZphJaF[^]Yj2[Fj2m��ó]n��c?Xr[^]`h�ae_baFiT�`ap[F_qmd~Jgq�d�`h�[^]`h
ZphJ~�[^jrm`�8gbhF�'Ç�ÚªàÄÚì�x�ÔÆÚªã�Ú²øn��jrm`� ¤ ~�X8mn[�jr_bm`a�X8m`g���[e]`_qa�]n��c4X2[^]`h�ae_qa��

¢�]`h�]���c?Xr[^]dhJae_baz_bm ® ap]`X8�`gb�%_bm`~Jgb�`�`hlÇ�ÚªàÞÚï�x��Æ�Ú²ã¾Úìød��¢�X�hJm`ap�`Zehl[^]Yj
® ~JX8mn[^jr_qm`auX8m`gb�"[e]`_qazZehJ~�[�jrmd�8gqhl}=h~JjrmHc`gqjr~Jh�m`hJ�nj6[^_b�rhh�|djriFc`gbhJa���hJgbhJiFhJmn[^atX2�
® ae]dX8�`gq�Öm`Xr[�_qm`~�gq�`�dhFmdhJ�nj2[e_b�rh�h�|`j2i�c`gbhJa^�L[eX%�8h�[�[e]`h��`h�ae_bZ^jrf`gbh ® �¾ûtm`h�}oj��
[eX¾�dX¾[e]`_qaL_ba�[eX"c`g×jr~�h�ß¾mdhJ�nj2[e_b�rhFc?X8_bm�[ea�jra�_qmH[^]dh�W;_b�8�`Zph�Æx�d¿p�`ap[lX8�x[^ae_b�`h�[^]`h
h��`�8hJa�X2�uZphJ~�[^jrm`�8gbhwÇóÚäà+Úü�x�ÔÆóÚ�ã½Úîød� ± _bm`~Jh"jrmn�»hJgqh�i�h�mn[�Xr� ® ae]dX8�`gq�
~�X8mn[�jr_bmÞ[e]`hFhJgqh�i�h�mn[�_bm ¤ jrm`�Ém`X8m`hFXr�Å[^]`hFm`h��nj2[^_��8h�c?X8_qmn[^a�� ® ~JX8mn[�j2_qm`a�X8m`g��
ZphJ~�[^jrm`�8gbh�Ç�Ú½àÄÚú�x�ÔÆ�Úªã�Ú²ø��À[^]`_ba�Zeh�~�[�j2m`�8gqh�~Jjrm`m`X2[\f4h�h�|�[ehJm`�`h���_bm�jrmn�}oj��
}�_�[^]`X8�x[�j��8X8_b�`_qmd��jTm`h��nj2[^_��8htc?X8_bm�[����s��� X8mdhtXr�Â[^]dhLc4X8_bmn[^a=_bm�[^]d_qa=~�X8mdÃY�r�`Z^j2[e_qX8m
_ba;iF_qaeap_qm`�d�2ap�`~�]Fjrmh�|xcYj2m`ae_bX8m�_qa�c4X8apae_bf`gqh�aeXLhJgbhJiFhJmn[^a;Xr� ® j2Zeh=mdXr[�i�j6|x_qi�jrg)��apX
[e]`h���j2Zeh�m`Xr[\h�gqhJiFhJmn[eaÅX2� ® ��aeX8iFh�Xr[e]`hJZ\Zeh�~�[^jrm`�8gbh�i�X8Zph��8hJmdhJZ^j2g)�n_)�èhr��_qm`~�gq�`�d_qm`�
[e]`_qa�X8mdhr�Y_qa�_bm ® ���

± X�[^]`hÅjrmdap}�hJZ;_ba@[^]Yj6[ �rX8�TmdhJhJ�Tá�c4X8_bmn[^a��)Æ�c4Xrae_b[e_b�rhr�õßzmdhJ�nj2[e_b�rh��/[^X�c?hJZp��h�~�[egb�
gbh�jrZpm"[e]`h�~JX8md~JhJcx[��

± X8iFh"Xr�u�rX8�¼ae�`�8�rhJap[ehJ�º[e]Yj2[Fc`gqjr~J_bm`��¿p�`ap[�[ñ}�X»m`h��nj2[^_��8h¾h�|djriFc`gqh�a�_qmÁ[^]`h
X8�x[^ae_b�`hÅ~JX8Zpm`hJZpa;Xr�x[^]`h�ZehJ~�[�jrmd�8gqh�}�h�}=jrmn[;[^XzgqhJjrZemlaeX8g��8h�a�[^]dh�c`ZpX8f`gbhJik��[eZe_qjrm`�8gbhJa
_bm�[^]`htÃY�r�`Zeh�����¢�]`_ba�_qaom`X2[o[^]`hL~Jjraeh�ap_qm`~�h ®ý¦ �'��Úì� « Æ�Úýy��n� « ��Ç�Úýy�� « ��Ú²øn�
m`X2[�[^]`h�Zeh�Õ��`_qZphJ�¾ZehJ~�[�jrmd�8gqh2�Å�\[^X�X8¡�Xr�É�d�Ô��c?X8_bm�[eao��X8Zo[^]d_qa�aeXrgq�d[e_qX8m@�

þ m¾Xr[e]`hJZo}�ZpX8m`�FaeX8gb�d[^_bX8m�_qao[eX�c`g×jr~�hLß�m`hJ�nj6[^_b�rh�h�|djriFc`gqh�a�¿p�`ap[{X8�d[eae_b�`ht[^]`h
~�X8Zem`h�ZeaÂXr��[^]dh�ZehJ~�[�jrmd�8gqh2��¢�]`_ba@�`X�hJapm@êè[�}�X8Ze¡zhJ_�[^]`h�ZÂae_qmd~Jh ®ÿ¦ ���FÚýy�� « ÆÚ²øn� « �'Ç�Úì� « ��Úýy��n���
WYX8Zo[e]`_qa�~Jjraeh���[eXxXr¡��d�Ô�c4X8_bmn[^a�Xr�ÞjrgbaeX`�

���s[e]`h�apX8gq�x[^_qXrm"}=jra{m`X8mx��X8cd[e_qi�jrg@�=[eXxX8¡��d����c?X8_qmn[^a�Xr���o����[^]`h�aeX8gb�d[^_bX8mw}ojra
}�ZpX8m`�-��f`�x[zmdXr[{_qm�[^]dhlap�`fd[egqhL}oj��"�`h�ae~�Ze_qf?hJ�¾f?h���X8Zph��o��[eXxX8¡-y�c4X8_bmn[�Xr�;�

�u�8j��rhwÆwc4Xr_qmn[^at��X8Z�h�|dcdg×jr_bm`_qm`�w}�]Yj6[�_ba�]Yjrc`c?hJm`_bm`�¾_qmÞaeX8iFh��`h�[^jr_qg{�À[^]`_bm`�8a
jrZpht��jrZo��ZeXri�[^Zp_b��_×jrg4aeXFjrm¾h�|xc`gqjrmYj2[e_qX8mw_ba�ZehJÕ��`_bZeh��R���

± X8iFh¾Xr�L�8X8�ô[^X8gb�ºiFh¾}�]`h�ZehÄ[eX»c`�d[�[^]`h-c4Xr_qmn[^a�f`�d[��d_q�`m@ê [�i�h�m�[e_qX8m¼[^]`h
gqjrf4h�gq_bm`�aeX��Å[^X�X8¡%ylc4Xr_qmn[�Xr���

�
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Positive examples

Negative examples

Negative examples for the
wrong solution
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