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TaTSMCT0P^O1O5RUT
t*M_P1Z5�1m£XYm�lbXYM_j�]�QaRU�y�

ÀÉÕC��k\m`R³]?N�M_TaR�eCR
Z1RUTa]_j*QSRUWnx^Z1XY±bP1RC�

������������������������������������������
������������������������������������������

Train error

T
es

t e
rr

or

O
ne

 V
io

la
tio

n

One Violation

No Violation

�j�����#�S���: �¡� E¢¤£c¥�¦�¥�¦�§�¨2©A§�ªc£Z©�«�ª4©�«�¦m«�¬'­�¥�¬�¨�­�£c«>©�«K®K«�¯u­�¥�°#¬Z©�«u±¨#¥�°#¬³²´°�©)§>¯�°�µ�¶�¥�¬c«¸·¹¶e°#ºc¬»·¼¶»§2¦m«¸·³ºcªe°#¬³¶e°�­�£M¶e°#ºc¬»·4¦¤¶e«�¥�¬�¨½ ¥�°�¾�§¿­�«¸·HÀÁ¢¤£�«�µM§¿©�Â.«¸·�©�«�¨�¥�°#¬p¥�¦�­�£�«�¾�°¸ÃÄªc©�°�¶»§2¶�¥�¾�¥�­WÅÆ« ½ «u¬:­�¦·c¥�¦�§�¾�¾�°¸Ã¤«¸·0À

Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�ÇÇ�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç�Ç
È�È�È�È�È�È�È�È�È�È�È�È�ÈÈ�È�È�È�È�È�È�È�È�È�È�È�ÈÈ�È�È�È�È�È�È�È�È�È�È�È�ÈÈ�È�È�È�È�È�È�È�È�È�È�È�ÈÈ�È�È�È�È�È�È�È�È�È�È�È�ÈÈ�È�È�È�È�È�È�È�È�È�È�È�ÈÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�ÉÉ�É�É

Ê�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�ÊÊ�Ê�Ê

Ë�Ë�ËË�Ë�ËË�Ë�ËË�Ë�ËË�Ë�ËË�Ë�Ë
Ì�Ì�ÌÌ�Ì�ÌÌ�Ì�ÌÌ�Ì�ÌÌ�Ì�ÌÌ�Ì�Ì

Train error

T
es

t e
rr

or

O
ne

 V
io

la
tio

n
One Violation

No Violation

�j�����#�S���:  �: E¢¤£c¥�¦�¥�¦�§�¨2©A§�ªc£Z©�«�ª4©�«�¦m«�¬'­�¥�¬�¨�­�£c«>©�«K®K«�¯u­�¥�°#¬Z©�«u±¨#¥�°#¬M²´°2©Q§
¯u°#µ�¶c¥�¬�«¸·¹¶e°�º�¬»·¹¶�§�¦m«¸·¼ºcªe°#¬M«�¥Í­�£�«u©7¶e°#ºc¬»·¼¶e«�¥�¬�¨½ ¥�°�¾�§¿­�«¸·HÀ�ÎÏ°�­�«Q­�£»§¿­�­�£c«)Ð�ÃQ¥�·4­�£4Ñ)°�²H­�£�«Q°�¬�« ½ ¥�°�¾�§¿­�¥�°#¬�§2©�«¸§h¥�¦¦mµM§�¾�¾�«u©Q­�£»§�¬d¥�¬³Ò»¨�ºc©�«
Ó:À�Ô�À¤¢¤£c¥�¦�°'¯�¯�º4©�¦Q¶e«�¯¸§�ºc¦m«h­�£�«�ª4©�°#¶»§¿±¶�¥�¾�¥�­WÅ³µM§�¦m¦Q°�²j­�£c«�©�«K®Õ«u¯u­�¥�°#¬d©�«�¨�¥�°#¬Æ¦Õ­A§�Å4¦�¯u°#¬�¦Õ­A§2¬'­¸À
s3XYe_P1TaR�}>�Yz�TSRUO1TSR|m`RUZbQam � R|Wnx1Z1X�±bP1R�Àpz|��lvX�m`P5]djYjDoC�
� x^R¤RUmam`RUZbQSX�]djHO1TaM_t^jDRUN � XDQSxÃQaRUWnx1Z1X�±bP1R À`z|��X�m³Qax^]�Q�Qax1R
TaRUmSP1jDQSXYZ1e�QSTaP1R�R
TaTaM_T�t5MCP1Z^��X�m�QSx1R×Ö Ð2ØcÙ ÖdÚeÖ À�N�XYZvP^m�]
mSN�]djYj^]dN�MCP1ZbQn�,Md�*QSx1R t*M_P^Z^�1mHt5]_mSRU��P1O5MCZ�t5M_QSx?QSx1R�QSRUm`Q
mSR�Q�]dZ^��QSx^R QSTn]dXYZ1XYZ1e�m`R
QU�)5�XDlCR
Z?QSx5]�Q���R��>M_Z�Û QHQaTSP5mpQHQax1R
QaTa]_XDZ^XDZ1e³mSR�QHt^]Cm`R|��t*M_P^Z^�?QSM³]djY�£]9ovm3t*R£QSXYe_xbQUcC�0R R
´>O5R|W¨Q
Qax1X�m�W�MCN�t1XYZ^]�QaXDMCZ�Z^MdQ t5RUx^]9l_R���R
jYjÔ�
� RUWnx^Z1XY±bP1R�ÀÒ}_�£W
]_Z�t*R�mSR
R
Z�lvXYmSP^]_jDjYo¤XYZ�s3XYe_P1TaR�}>� }>�
� RUWnx^Z1XY±bP1R�ÀÔ}C�y��M_Ta¶vmKN�Mv�1R
Tn]�QSRUjDo���R
jYjÔ�3g�]�Qax1R
N�]dQSX�W
]djYjYo_c
��R W
]_Z�WU]dj�W�P1j�]�QaR�QSx1R N�XYZ1XDN�P1N�M_�5Qax1R£Qp��M�RUTSTaM_T�t*M_P1Z5�1m
]_Z^�º]_�1�Á].mSN�]_jDj�]_N�M_P1ZbQU� � x^XYm�]_O1O1TaMC]CWnx»XYm�Z1RU]_TSjYo
R|±bP1XDl�]_jDRUZCQ?QSM�Qn]d¶vXDZ^e�]�P1Z1XYM_ZÄt5MCP1Z^�y�Ä�.x1XYjDR�Qax1XYm�]_O>f
O^TSMb]_Wnx�]djYjYM���mKP^m,QaM�W
M_N�t^XDZ1R�QSx1R�t*M_P1Z^�^m
cdXDQ��>MvRUm3Z1MdQ�jYR�Q
P5m ]_Wnx1XYR
lCR\]dZ�XDN�O1TaM�l_RUN�R
ZbQ�M�lCR
T�R
XDQSx1RUT£t5MCP1Z^��XDZ^�1XDlvX��vf
P5]djYjDoC� � x1X�m O1TaM_O*R
TSQpo�X�m XYZbQSP1XDQSXYl_RUjDo�O5MbmSmSXYt1jDRC� L0RUT`Qn]dXYZ1jYo_c
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Violation

�j�����#�S���:  �' E¢¤£c¥�¦�¥�¦�§d¨2©A§�ª�£p©�«�ªc©�«u¦m«�¬'­�¥�¬c¨g§³ªe°#¦m¦m¥�¶�¾�«¹©�«K®K«�¯u±­�¥�°�¬d©�«�¨�¥�°�¬d²´°2©Á¦m°�µ¼«�°�­�£c«u©�¯�°#µ>¶�¥�¬�«�·³¶e°�º�¬»·0À
XD����R�P^mSR�Qp��M�QaRUm`Q�mSR�Qnm
c5QSx1R�W�MCZ>²5�>RUZ^W�R�XDZbQaR
Tal9]_j,mSx1M_P^jY�
XYN�O1TaM�l_R_�
u%t*R�Q`QaR
T�]_O1O1TaMC]_Wnx�X�m�O5MbmSmSXDt^jDRC�³��R?�0MCP1j���jYXD¶CR�QSM�W�MCZ>f
m`QSTaP^W�Q�]\W�M_N�t1XYZ1RU�³t*M_P^Z^��� XDQSx�QSx1R0��M_TaNºe_XYl_R
Z�XDZ?s,XYe_P^TSR
}1� Õ^�
V>P^Wnxi]�TaRpÖpR|W¨QaXDMCZ�TaR
eCXDMCZ�x^]Cm�Qp�0M�XYN?O*M_TSQa]_ZbQ£O^TSMCO5RUT`QaXDR|m
�

Àpz|��Å6�yM_Z^R�t5MCP1Z^��X�mHjYMvMCmSR_cbX�Q��>MvRUmHZ^MdQ0eCTSR|]�QajDo�x^]dTaN
Qax1R�²^Z^]_jAQSTaP1R³R
TaTSMCT0t*M_P^Z^�y�

ÀÔ}_� � x1R�²^Z^]dj1QSTaP1R�R
TaTaM_T�t*M_P1Z^��WU]dZ�t*R QSXYe_xbQaR
T�Qax^]dZ
RUX�Qax1R
T XYZ^�>XYlvXY�>P5]djyQaTSP1R�RUTSTaM_T£t*M_P1Z^�!�

V>x1M�� XDZ^e£QSx^]dQKQSR|Wnx1Z1X�±bP1RGÀÔ}C�A��M_Ta¶vm!XYm1ÖpP^mpQ�]dZ�]_O1O1jYXYWU]�QSXYM_Z
M_�\Qax1R�P1Z^XDMCZ.t5MCP1Z^�y�_5�XDlCR
Z.]dZvo¥Qp�0MÃt*M_P1Z5�1m�M_Z�Qax1R
QaTSP^RGR
TaTaM_THTn]�QaR_cb�0R�W
]dZ�]dO1O*M_TSQSXYM_Z���?W�MCZ>²5�>RUZ^W�RGQSM�RU]_Wnx
t*M_P^Z^�y� � x1R
Z�t*MdQax?t*M_P^Z^�1m�� XYjDj^x1M_j��?� X�Qax?O^TSMCt^]dt1XYjYX�Qpo��
� x^XYWnx�XDN�O1jYXDR|m�QSx^]dQ£QSx1R�N�XDZ^XDN�P1N«Md�,QSx1R�Qp��M�QaTSP^R\RUTSTaM_T
t*M_P^Z^�1m�ÀÉ�0MCTamSR
Z1R|�¤tvo�Qax1R�m`P^t^mpQaX�QaP>QSXYM_Z��¼F �� ��x1M_j��1mU�
È\Z^R³XDZbQSRUTSR|mpQaXDZ^e�O5MbmSmSXDt^XDjYX�Qpo�QSM¤W
M_Z^mSX��>R
T�X�m£Qax1R�TaRpÖpR|W¨QSXYM_Z
TaR
eCXDMCZ\M_�vQp�0M£QaRUm`Q,m`R
QKt^]Cm`R|��t5MCP1Z^�y� � x1R��¨¿ Ð ½�� Ð � ��TaRpÖpR|W¨f
QaXDMCZ�TaR
eCXDMCZ���M_T0QSx1R³W�MCN�t1XYZ^]dQSXYM_Z�Md�KQp�0M�QSRUm`Q m`R
Q�t*M_P1Z5�1m
� XYjYj5t*RG]��>X�]deCM_Z^]_j1M_TSQSx^M_e_MCZ^]djvQaM³QSx^RGX��>R
ZbQSXDQpo�]_mHXYZ�s3XYedf
P^TSR\}1� !5�3u»t5MCP1Z^��t^]Cm`R|�?P1O5MCZ¤]³TaRpÖpRUW�QSXYM_Z�TaR
eCXDMCZ?M_�AQSx1X�m
��MCTSNºX�m��>RUmSXDTn]dt^jDR0t5R|W
]dP5m`R0X�Q�W
]_Z�TaRUmSP1j�Q3XDZ?m`XYe_Z^X�²5WU]dZbQ,XYN?f
O^TSM�lCR
N�R
ZbQamU� � x1R�W�MCN�t1XYZ1R|��t5MCP1Z^�Ã��R��>RUl_R
jYM_O�N�XD´vR|m
Qax1R�O*MCmam`XYt1jYR�XDN�O1TaM�l_RUN?RUZbQ�M_�£s3XYe_P1TaR¤}>� !�� XDQSx�Qax1R¤mSMd�§Q
N�XYZ1XYN�P1NÂMd�K}>� }>� � x1R�mSMd�§Q�N�XYZ1XYN�P1NÂXYm�Z1RUW
RUmamS]_TSo³XYZ�M_TSf
�1R
T,QSM�O1TSM_QSR|W¨Q3]_eC]_XDZ^m`QKQax1R�ÀÉmSM_N�R�QaXDN�RUm,j�]dTae_R|�!O5R|mSmSXYN?X�mSN
M_�,QaTa]_XDZ^XDZ1e�mSR�Q�t^]Cm`R|��t*M_P1Z5�1m
�

���´�#"q� + � 79/%$'& ��� 7�(5/)(9) �+* 4Ò(57-,�(�.0/ " + � 8�1?( � +,8 *
V>x1M�� XDZ^e�QSx5]�Q�]¥N�M_TaR e_RUZ1R
Tn]djGQSR|Wnx1Z1X�±CP^R ��M_Ta¶vm�N�P^m`Q
m`Qa]_T`Q�� X�Qax�]?�>X�mSW
P^mSmSXYM_Z¤M_�KW�M_Z1²5�>R
Z5W�R�XDZbQSRUTSl�]_jYmU�3s^P1Z^�1]df
N�RUZCQn]djYjDoCcb]�t5MCP1Z^�¤WU]dZ¤t*RGlvXYR
��RU�¤]Cm�]�m`R
Q0Md�!MCP>QaW
M_N�RUmU�
2 R�Q�(Æt*R�]�m`O^]CW�R\Md�!M_P1QaW�MCN�RUmUcCQax1R
Z�]�t*M_P1Z5�4305 (ÆX�m
]�mSP1t^mSR�Q|� � x1R³O1TaM_t^]_t1XDjYXDQpo�QSx^]dQ QSx1X�m e_RUZ1R
Tn]djYXYÇ
RU��t5MCP1Z^�
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Test Error 1

No Violation

Violation

�j�����#�S���:  9: ¹¢¤£c¥�¦~¥�¦�§Ï¨2©A§�ªc£>¦m£c°¿ÃQ¥�¬c¨Á­�£�«�¶e°#º�¬�·
¯u°#¬�¦Õ­m©�ºc¯u­�«¸·¶:Åo¯u°#µ�¶c¥�¬�¥�¬�¨³­KÃ¤°-:%§�¦ÕÅ4µ¼µ¼«u­m©�¥�¯¸§�¾�¾ÍÅo¦m¥<;�«¸·>=�­�«u¦Õ­>¦m«S­�¦�À@?4¥�¬�¯�«­�£�«)­�°�­A§2¾»¬:º�µ�¶e«S©�°�²H«u©m©�°�©�¦�¥�¦¤§�¦mºBA¹¯�¥�«�¬'­7¦Õ­A§¿­�¥�¦Õ­�¥�¯�²´°�©7¶e°#ºc¬»·¯¸§�¾�¯�ºc¾�§¿­�¥�°#¬�¦DC:­�£c«�¶e°�º�¬�·�§2©mÅ�°�²0­�£�«�¶e°#ºc¬»· ½ ¥�°#¾�§¿­�¥�°�¬³©�«u¨#¥�°#¬M¥�¦§2­>§d¯�°�¬�¦Õ­A§�¬'­
¬:º�µ>¶e«u©�°2²Q«u©m©�°�©�¦hÃQ£�¥�¯A£E¥�¦�ªe«u©�ªe«�¬»·4¥�¯�º�¾�§2©�­�°­�£�«�¥�·c«u¬:­�¥Í­WÅ'À
X�m£lvXDMCjY]dQSR|�¤��MCT�m`MCN?R³�>X�m`QSTaXDt1P1QSXYM_Z�E X�m e_XYl_RUZ�tvoA�N�PR.VGF =�?IHJ3jB\GMdQaRGQax^]�Q0QSx1R�TSR`ÖpRUW�QSXYM_Z¤TaR
eCXDMCZ43�W
]_Z¤t5R�O^]_Ta]_N?R
QSRUTSXYÇ
R|�
tvo¤t*MdQax�QSx1R��>X�m`QSTaXDt1P1QSXYM_Z�E�]_Z^��W�M_Z1²5�>R
Z5W�RK��QaM�e_R�Q|�N�PR.VGF =�?�H�3�F�=L�:BAB��M�
��R�W
]dZ�R�´>O^]_Z^�ÃQax1R��1R�²^Z1XDQSXYM_Z�Md�\]�t*M_P1Z^��QSM�XDZ5W�jYP^�>R
] �aÐ ½��C¾'Ö ÙONQP � TaRpÖpR|W¨QaXDMCZ TaR
eCXDMCZ!� ÅhZ¹O^]_T`QaXYW
P1j�]dT|c jYR�Q
3�F�=SRM/T�:B�mS]dQSX�mp��oA�

U R DONQPR#VVF =%?�HI3�F�=WR³/T�:BABh�M�
� x^R
Z!c>Qax1R���M_jYjYM�� XDZ1e�m`Qa]�QaR
N�R
ZbQ�x1MCjY�^m
�N�P

X VGYQT R#VVF =%?IH�3 F =WRM/Z�:BAB��[�
ÅhZ��É]CW¨QUc^�0R³W
]_Z�N�]_¶_R³]�mpQaTSMCZ1e_RUT�m`Qa]dQSR
N�RUZCQ|��Å6�
ÀÒ}>�Yz|� \ X VGY NQPR.VGF =%?IH�3 F =WRM/Z�:BAB��]�
Qax1R
Z
ÀÒ}>� }_� N�P

X VGYQT R#VVF =%?IH�3�F�=WRM/Z�:BAB��[�
�
^ ]dZ^�>MCN�XDÇURU�.W�MCZ>²5�>RUZ^W�R XDZbQSRUTSl�]_jYm¤]_TSR P^m`R
��P1jGx^R
TaR�t5R
f
WU]dP^mSR��0R³WU]dZ�TSRUeC]_Ta��Qax1R��>Tn]9�»M_�,Qax1R · QaRUm`Qp¸³m`R
QG]_m W�MCZ>f
m`QSTaP^W�QSXYZ1e?]�Tn]dZ^�>MCN�XDÇURU��XYZbQSR
Tal�]dj5��M_T�QSx^R · QSTn]dXYZv¸\mSR�Q|��u\m
jYM_Z^e�]Cm³W�MCZ^mpQaTa]_XDZbQ�}>�Yz�XYm�MCt5RUo_RU�!c!QSx^R�t5MCP1Z^��� XDjYjHx1MCjY�
� XDQSx�O1TaM_t^]_t1XYjDXDQpo?]dQ�jYRU]CmpQ��v����R³WU]dZ¤Qax1R
Z�Qa]_¶_R\]?mSP1O1TaR�f
N�P1N{M�l_RUTH]djYj5W�j�]_mamSX�²5WU]�QaXDMCZ?O^TSMCt1jDRUN�m�&«]_Z^�?QSx1R\t5MCP1Z^�
� XYjYjyQSx1RUZ�obXYR
j���QSx1R���MCjDjYM�� XDZ^e�Qax1R
MCTSRUN��
_ ) � (57 � . �~�W�L�a`Sb ØvÐdc ¿y¿ P �¨¿ Ð ½���¿ �SÐ:Ù ½g�n¾'Ú>½e�Dfhg P ¿%3 J =L�:B� P?Ð ½jip�a¾:Ú>½��k� Ð ¿ Ù �WlDi Ù ½+mBn

U & U �po - N�P^ V J � =W6MH�3 J =S�:BSB��[�



g P ¿��¤=W6��������nB³� P�Ð ½%i l�Ú>½ c ¿ Ù ¾�½0� Ð ¿ Ù �WlDi Ù ½+mBn
\ ^	��
���� V J � �

���� N�P^ V JQ� =W6[HI3 J =��¤=K6 ������� B�� �:BSBÁ�M�

¿%� P ½�n N�P^ T ^	��
���� V J ���4� ��
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QUc£M_P^T¤e_Mb]dj X�m�QSM�jYRU]_TSZ.]�xvovO5M_QSx1R|m`X�mC�]dZ5�¥]�x^XDeCx>fÒO^TSMCt^]dt1XYjYX�Qpo�P1O1O*R
T�t*M_P1Z^�¥M_ZÃQax1R���P>QSP1TaR
RUTSTaM_T³Tn]�QaR�Md�£QSx5]�Q�xvovO5M_QSx1R|m`X�mU����R¤� X�m`x�QaMi²^Z^�Ã]ixvobf
O*MdQax1RUmSX�m�� XDQSx¼Qax1R�mSN�]djYjDR|mpQ O*MCmamSXDt1jYR�x1XYe_x1fÒO1TaM_t5]dt1XYjDXDQpo

P^O1O5RUT³t5MCP1Z^�y�?s1MCT�MCP1T�O1P1TaO5Mbm`R|m
cAQax1R
TaR�]dTaR?Õ�l�]dTaXDR
QSXYRUm
M_�Ht5MCP1Z^�1mU� � Tn]dXYZ1XYZ1e�mSR�Q�t5MCP1Z^�1mUc*QSRUm`Q�mSR�Q�t5MCP1Z^�1mUcA]dZ^�
W
M_N�t1XDZ^RU�iQaTa]_XDZ^XDZ1e�]dZ5�iQSR|mpQaXDZ^e�mSR�Q³t^]Cm`R|�it5MCP1Z^�1mU����R
� XYjYjKW�MCN?O5]dTaRGQax1RUmSR³t5MCP1Z^�1m£XYZiÕ?��]9o>mU�

Àpz|� � RUm`Q\mSR�QGt*M_P1Z5�1m�À�²^e_P1TaR�Õ1� }_��� � Tn]dXYZ�MCZ !4-#"{Md�
Qax1R¤�1]�Qn]�QSx1RUZ�P^m`R�Qax1R¤TaR
N�]dXYZ1XYZ1e $:-#"$��M_T³Qax1R
QaRUm`QGm`R
Q£t*M_P^Z^�y�

ÀÔ}_� � Ta]_XDZ^XDZ1e�m`R
Q\t*M_P1Z^�^m�À�²^e_P1TaR�Õ^� Õb�¨� � Tn]dXYZiM_Z Ð�Ñ§Ñ
Qax1R��1]�Qn]Ã]dZ^��Qax1R
Z»WU]dj�W�P1j�]�QaR�Qax1RiQaTa]_XDZ1XYZ1eÃmSR�Q
t^]Cm`R|��t*M_P^Z^�y�

ÀÉÕC� � Ta]_XDZ�]dZ^� � R|mpQ³t*M_P1Z5�1m�À§²^eCP1TSR�Õ1� !b��� � Tn]dXYZ�M_Z
!c-�"�M_�\Qax1R �1]dQa]�Qax1R
Z»WU]dj�W�P1j�]�QaR�]Ãt5MCP1Z^�ÄP^m`f
XYZ1e�O5RUT`��MCTSN�]_Z^W�R�M_Z�t*MdQax�Qax1R³QaTa]_XDZ1XYZ1e�]dZ5��Qax1R
QaRUm`QSXYZ1e�m`R
QamU�

��R£Wnx1MvMCmSRHQSx^XYm�W�MCN�O^]dTaXYmSM_Z³t*RUWU]dP^mSR�XDQ�XYm3TaRU]djYX�mpQaXYW_�Ku�Zvobf
MCZ1R�]dQ`QaR
N�O>QSXYZ1e�QSM�]dO1O1jYo�N�]_Wnx1XYZ1R�jYRU]_TSZ^XDZ1e¤QSRUWnx^Z1XY±bP1R|m
�É]CW�R|m\]�Wnx1M_X�W�R�M_�HQSTn]dXYZ mSR�Q�Ó|QSR|mpQ�m`R
Q\R
´>]_N�O1jDR?]djYjDM>WU]�QSXYM_Z
]_Z^��QSx1R�Wnx1MCXYW
RUm£N�]_�1R�x^R
TaR�]_TSR�Z1M_Q P1Z^W�MCN�N?MCZ!�
� x^R�QSTn]dXYZ1XDZ^e?mSR�Q�t^]Cm`R|��t*M_P^Z^�1m�]_TSR\QSx1R���MCjDjYM�� XYZ1e^�

Àpz|� � x1R0�>XYmaW�TaR�QaRHxvovO5M_QSx1R|m`X�m!t*M_P1Z5��m`P5Wnx�]_mK]_O1O*RU]dTnm
XYZ�Ë %�Í���MCTSN�R|� tvo mSXDN�O1jYo W
M_P1ZbQSXYZ1e�QSx^R?ZvP1N�t5RUT
M_�3�>R|W�X�m`XYM_Z�QSTaR
R|m
�

ÀÔ}_� � x1R�g�XYW
TSM>Wnx1MCXYW
R0t*M_P1Z5�iÀ§²^TnmpQ�XYZbQSTaMv�1P^W�R|��XYZ�Ë !_Í
t1P1Q�m`RUR.Ë }�Í���MCT�XDN�O1TaM�l_RUN�R
ZbQamn�¨� � x1R�giX�W�TaMdf
Wnx1MCXYW
Rit5MCP1Z^�.WU]dZ ÀÉ]_jDN�MbmpQ¨��t5R QSx1MCP1e_xbQ�M_��]_m
]�O^]dTSQSX�W�P^jY]_T£Wnx^M_X�W�R�Md���>RUmaW�TaXDO1QSXYM_Z�j�]dZ^e_P^]_e_R\��M_T
Qax1R�È�W
WU]dNEÛ m ^ ]_Ç
MCT�t*M_P^Z^��ËDz
ÍÒ�

ÀÉÕC� � x1R�Vvx1R
jYjbt5MCP1Z^�¤Ë q|ÍyÀpË }9Íb��M_T,XDN�O1TaM�l_RUN?RUZbQamn�A]dZ^�
Qax1R�V1]dN�O1jYRU��Vvx^R
jYj*t*M_P^Z^��Ë }|Í6� � x1R\mSx1R
jYjAt5MCP1Z^�
X�m�]���P1Z^W¨QaXDMCZ^]dj XYN�O1TaM�l_R
N�RUZCQ�M_Z�QSx^R�È�WUW
]_NqÛ m
^ ]_Ç
MCT�m`QpovjDR?t5MCP1Z^�1m�� x^XYWnx�TSR|±bP1XDTaRUm�mSXDeCZ1X�²*W
]dZbQ
W
M_N�O1P>Qn]�QSXYM_Z�XYZ�MCTa�1R
T�QSM�R
l�]_jDP^]dQSRC�

��R¥MCZ1jYoÁP5m`R¥QSx1R�x1M_j��>M_P1Q�t*M_P1Z^�$ÀÉmSR
R¢Ë }|Í�Wnx^]_O>QSRUT�}
��MCT��>R
Qa]dXYj�ma����MCT�QaRUm`Q�m`R
Qam�t5R|W
]dP5m`R�M_QSx1RUT³QSR|mpQ�m`R
Q�t^]_mSRU�
t*M_P^Z^�1mHj�]_Wn¶�]�mSM_jYXY��]_Z^]djYo>m`X�m�MCZ¤�>RUW
XYmSXDMCZ?QSTaR
RUmU����R\]dj�m`M
W
M_N�O^]_TSR\Qp�0M�W
M_N�t^XDZ1R|��t*M_P^Z^�1mU�

Àpz|��u W
M_N�t1XDZ^RU��QSTn]dXYZ1XYZ1e¤]dZ^��QaRUm`QSXYZ1e�t*M_P1Z^��P5m`XYZ1e
Qax1R³x1M_j��>MCP>Q t5MCP1Z^��]dZ^��N�XYW
TSM>Wnx1MCXYW
R\t*M_P^Z^�y�

ÀÔ}_��u W
M_N�t1XDZ^RU��QSTn]dXYZ1XYZ1e¤]dZ^��QaRUm`QSXYZ1e�t*M_P1Z^��P5m`XYZ1e
Qax1R�x1MCjY�1M_P>Q?t5MCP1Z^��]_Z^��QSx1R�ÀÉm`QSM>Wnx^]CmpQaXYW|�³mSx1R
jYj
t*M_P1Z5�y�

� x^R£�^]�Qa]Cm`R
Qam£ÀÉmSR
R�²^eCP1TaR£Õ^�Dz0��M_T�mSXDÇURUmn�3W�M_Z5m`X�mpQ�M_�,zUÕ�k�L0Å
�^]�Qa]_t^]_mSR¤�>X�mSW
TSR
QSR��^]�Qa]Cm`R
Qam�� x1XYWnx�]dO1O*RU]_TSR|��R|]_mSXDR|mpQ�QSM
P5m`R�� X�Qax�]��1RUW�X�mSXDMCZ�QSTaR
R_��Å6Q�XYm\XDN�O*M_TSQa]_ZCQ\QSM�Z1MdQaR�QSx5]�Q
Qax1R³O1TaM_t1jYR
N�m���R
TaR\Z1M_Q�Wnx1MCmSR
Z�t5R|W
]_P^m`R�Qax1R
o¤MCO>QSXYN�XDÇURU�
O5]dTSQSX�W�P1j�]dT�t*M_P1Z5�1m¤��R
jYjÔc Z^M_T���R
TaR�]dZvo¥M_��Qax1R�t*M_P1Z5�1m
· QSP^Z1RU�b¸�QSM¤�>M�t*R�QSQSR
TGM_Z�]dZvo¤Md�3QSx^RUmSR��^]�Qa]Cm`R
QamU�
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Learning Problem

Examples per Learning Problem
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Learning Problem

Holdout bound

bound
error

�j�����#�S���'  �: g¢¤£c¥�¦Q¥�¦Q§>¨2©A§�ªc£d°�²X­�£�«�¯�°�¬cÒ»·c«�¬c¯�«Á¥�¬'­�«u© ½ §�¾�¦)¥�µ¹±ª�¾�¥�«¸· ¶'Å ­�£c«Æ£�°�¾�·4°#º4­d¶e°�º�¬»·[:S?4«�«g­�£c«Æ¥�¬'­m©�°:·4º�¯u­�¥�°#¬ °2²
	 Ó��²´°�©h·c«u­A§2¥�¾�¦ =SÀ�
W¬Æ­�£�¥�¦ÏÒ�¨#ºc©�«�:%§�¬�·o§�¾�¾~°�­�£c«u©�¦ =�Ã¤«>º�¦m«����������¶e°#º�¬�·c¦�²´°�©�«�§�¯A£Z­A§�¥�¾�¦m°M­�£�«�¯u°#¬cÒ»·c«�¬c¯�«
¥�¬'­�«u© ½ §�¾�¦h£c°#¾�·oÃQ¥Í­�£ªc©�°#¶�§�¶c¥�¾�¥Í­KÅ���� �>° ½ «u©¤­�£c«Á·c§2­A§
¦m«u­¸À�ÎÁ°2­�«Ï­�£»§¿­)§2¬�«�¦Õ­�¥�µM§¿­�«Á°�²­�£�«
¦m¥ ;u«>°2²¤§¹­�£�«
£�°�¾�·c°#º4­Á¦m«S­h¯¸§�¬o¶e«�¥�¬c² «u©m©�«¸·o¶:Å�­�£�«hÃQ¥�·4­�£°�²j­�£c«h¯�°#¬4Òe·c«u¬�¯�«�¥�¬'­�«u© ½ §�¾nÀ
s^M_T�]djYj�t5MCP1Z^�1mUcy�0R?P^mSR?]�O1TaM_t^]_t1XYjDXDQpo�Md�H�É]_XDjYP1TaR�Md� �Æ9-���1C� � x1R�R
´1]_W¨QG�^]�Qa]�eCR
Z1RUTa]dQSXYZ1e�s,XYe_P^TSR�Õ^� Õ�]_Z^��s,XYe_P^TSR
Õ^� !�]_TSR�jDX�m`QSRU��XYZ�QSx1R�]_O1O5RUZ^�>XD´y�

#��´���q"S* ( � *Q*�" (5+
Å6Q�XYm��>X�Ï¤W
P1j�Q QSM¡]_Z^m`��R
T�Qax1R¥±bP1R|mpQaXDMCZ · � x1X�Wnx¼t5MCP1Z^�
X�m�QSXYe_xbQSRUT���¸"XDZ�] QSx1RUM_TaR�QSX�W
]_j£��]9oC�ÃÅhZ¥�É]CW¨QUc�]djYj£Md�GQax1R
QaTa]_XDZ^XDZ1e�m`R
Q�t5]_mSRU��t*M_P^Z^�1m��0R?P^mSR c ¾:Ú Ñ �it*R?QSx1R · t*RUm`Qp¸
�1R
O*R
Z^�>XYZ1e�M_Z¥QSx1R�R
´>]CW¨Q�jDR|]dTaZ1XYZ1e�O^TSMCt1jDRUN�ÀÉ]_Z^��]_jDeCMdf
TaXDQSx1N¤�¨��s^M_T\R�´1]dN�O1jYR_c^QSx1R�g�XYW
TSM>Wnx1MCXYW
R³t5MCP1Z^�iX�m���M_Tnm`R
Qax^]dZ�Qax1R�VvXYN�O1jYR�t5MCP1Z^�.� x^R
Z�QSx^R�xvobO*MdQax1RUmSX�m¤Wnx1MCmSR
Z
x5]dO1O*R
Z^mHQSM�t5R�MCZ1R�M_�*Qax1R · j�]_m`Qp¸ xbovO*MdQax1RUmSRUm�� X�Qax�]³jYM_Z1e
�1RUmaW�TaXDO>QaXDMCZ¢jYR
Z^edQSxK� � x^RÃTSR|m`P1jDQam�XYZ¼s3XDeCP1TSR�Õ1� Õ�m`x^M��
Qax1R
TaRHX�myZ1M QaMdQn]dj_MCTa�1R
TaXDZ1e ]_N?MCZ1eCm`QyQSx^RHt5MCP1Z^�1m,]djDQSx1MCP1e_x
Qax1R
TaR�XYmG]�Z^MdQSX�W�R|]dt1jYR�TSMCP1e_x�M_Tn�>R
TaXYZ1e^�
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Learning Problem

Training set bounds

�j�����#�S���'  �'  ¢¤£�¥�¦s¨2©A§�ª�£ ¯�°�µ¼ª»§¿©�«�¦�ºcª�ªe«u©�¶e°#ºc¬»·4¦�¶�§�¦m«¸·º�ªe°#¬ ­�£c«³­m©A§2¥�¬c¥�¬�¨p¦m«u­¸À×¢¤£�«³¾�«u² ­¹¯�°#¾�º�µ¼¬×¥�¦¼§o·c¥�¦m¯u©�«S­�«d£'Å:±ªe°�­�£�«u¦m¥�¦~¶e°�º�¬�·%C¿­�£�«�µ¼¥�·c·c¾�«�¯�°#¾�º�µ¼¬�¥�¦�§Ïµ¼¥�¯u©�°'¯A£�°�¥�¯�«¤¶e°#ºc¬»·)C§�¬»·d­�£c«h©�¥�¨�£'­Á¯�°�¾�º�µ¼¬g¥�¦�§¼¦m£c«�¾�¾X¶e°#ºc¬»·0À�¢¤£�«�«��4¥�¦Õ­�«�¬�¯�«
°�²�§·�§�¦m£c«¸·d¾�¥�¬�«�¥�µ¼ª�¾�¥�«�¦�§�¬Æ§2ª�ª4©�°��4¥�µM§2­�«h¯�§�¾�¯�º�¾�§¿­�¥�°�¬o°�²~­�£�«h¦Õ­�°2±¯S£�§�¦Õ­�¥�¯h¦m£�«�¾�¾L¶e°#º�¬�·HÀ
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Learning Problem

Test and Train Bounds

�j�����#�S���'  9: +¢¤£c¥�¦ ¨�©A§�ªc£�¯u°#µ¼ª»§¿©�«�¦q­�£c«�­m©�º�«�«u©m©�°�©×ºcª�ªe«u©¶e°#º�¬�·¹²´°�©)­�«u¦Õ­)¦m«u­�:n¾�«u²�­)¯�°#¾�ºcµ¼¬ =�§2¬»·¼­KÃ7°>¯�°�µ�¶c¥�¬c«¸·¼¶e°#ºc¬»·c¦¶»§�¦m«�·�º�ªe°�¬ �d¥�¯u©�°'¯A£�°�¥�¯u«�!Á£�°�¾�·4°#º4­M:nµ¼¥�·�·4¾�«s¯�°�¾�ºcµ¼¬ =q§2¬»·
?4£�«u¾�¾"!Á£c°#¾�·c°�ºc­[:´©�¥�¨�£'­�¯u°#¾�º�µ¼¬+= ¶e°�º�¬�·c¦�À$#Á¬c¯�« §�¨#§�¥�¬jCp§·�§�¦m£c«¸·�¾�¥�¬�«h¥�µ¼ªc¾�¥�«�¦�§2¬Æ§�ªcªc©�°%�4¥�µM§¿­�«�¯¸§2¾�¯uº�¾�§2­�¥�°#¬HÀ

VvXYN�O1jDR D�giX�W�TaM>Wnx1M_X�W�R D.Vvx1RUjDj'&»ÎGM_j��>M_P>Q
� x^XYm³MCTa�1R
TaXDZ1e�X�m³]dO1O1TaM9´>XDN�]dQSR
jYo�]_m�R
´>O5R|W¨QSR|��t^]_mSRU��M_Z
Qax1R
MCTSR
QSX�W
]_j¤W�M_Z5m`X��>R
Tn]�QaXDMCZ^mU� � x^R¢VvXYN?O^jDR.t*M_P1Z5� W
]dZ
Z^R
l_RUTit5R�N�P^Wnxºt5R
Q`QSRUTiQSx5]dZºgiXYW
TSM>Wnx1MCXYW
R�t*M_P^Z^�º]dZ^�
Qax1R³giX�W�TaMvWnx^M_X�W�RGt*M_P^Z^��WU]dZ�t*R³]dTat1XDQSTn]dTaXDjYo�QaXDeCxbQSR
T�Qax^]dZ
Qax1R¤VvXYN?O^jDR�t*M_P1Z^�!��u{m`XYN�XDj�]dT�m`Qa]�QaR
N�R
ZbQ³x1MCjY�1m\��MCT\Qax1R
g�XYW
TSM>Wnx1MCXYW
RZr�M_P1Z5��]_Z^��Qax1R�Vvx1RUjDj t*M_P1Z5�y� � x^RiV>x1R
jYj
t*M_P^Z^��XYmGZ1MdQ�]djY��]9o>m�QSx^R�t5R|mpQ|c5t^P>QGXDQ��>MvRUm�t5RUx^]9l_R³��R
jYj
XYZ�W�M_N�O^]_TSX�mSM_Z³QaMGQax1R£N?MCTSR£m`Qa]dZ5�1]dTn��x1MCjY�1M_P>Q�]dO1O^TSMb]_Wnx!�
¦�N?O^XDTaXYWU]djYjDoCcU��R�WU]dZ�M_t^mSR
Tal_R�]£lCR
Tao�Z1MdQaXYW
RU]_t1jDR�t*R
x5]9lbXYM_T|�
s^M_THO^TSMCt1jDRUN�m�� X�Qax¤jYRUmam�QSx^]_Z 1�-c-�R�´1]dN�O1jYRUm�Qax1R QaTa]_XDZ1XYZ1e
mSR�Q�t5]_mSRU��t5MCP1Z^�1m�]_TSR�mSP1O5RUTSXYM_T�QaM�QSx1R�x1MCjY�1M_P>Q�t*M_P1Z5�y�r�R
Qp�0RUR
Zq1�-4-�]_Z^�q1�-4-c-GR
´1]dN�O1jYRUmUc�QSx1RGt5RUx^]9lvXDMCTHWnx^]dZ1eCRUm



� XDQSx¥QSx1R�x1MCjY�>MCP>Q�t*M_P^Z^��eCR
Z1RUTa]_jDjYo�� XYZ1Z1XYZ1e5c�]djDQSx1MCP1e_x
Z^MdQ�Z1RUW
RUmamS]_TSXYjDo�tvoÃN�P^Wnx!��u�t*M�l_R�1�-c-4-iR
´>]_N�O1jDR|m
c�Qax1R
x^M_j��>M_P>Q�t5MCP1Z^��XYm£mSXDeCZ1X�²*W
]dZbQajDo�]dZ^��W�MCZ^m`X�m`QSR
ZbQajDo?QSXYe_xbQaR
T
Qax^]dZ QSx1R�QSTn]dXYZ1XYZ1e�mSR�Q�t^]Cm`R|��t*M_P1Z^�^m
� � x1X�m�t5RUx^]9lvXDMCTGX�m
R
´>O5R|W¨QSR|��t5R|W
]_P^m`R�QSx1RiQaTa]_XDZ^XDZ1e�mSR�Q�t^]_mSRU�Ät*M_P1Z5�1m�]_TSR
QpovO1X�W
]_jDjYo�jYMvMCmSR_�.ÅhZ�O^]dTSQSX�W�P^jY]_TUc�QSx1RiO1TaM_t^jDRUN Md�³W�MCTSTaR�f
j�]�QaRU��xvovO5M_QSx1R|m`R|m�x^]Cm¤o_R
Q¤QSM¥t5R mSM_jYl_R|�ÄXDZ¡]ÃW
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