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h(X)
h

Ξ = {X1, X2, . . . Xi, . . ., Xm}

Training Set:

X =

x1
.
.
.
xi
.
.
.
xn

h ∈ H
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%7V [ aI_ X � k � + l � a _ f c \ X�Z bDc ZR%7V Z `R% ] a _ �+] V Y Z `
5'6 �'6 ��� E ���3= �nFDCI= �+H @
�-X \ c aI` X7r2c \ b V YDX7U X c _ Y V YI[3r/X Z bI] e `Ie X _ V ^ X+f _ ] r�` ]-r2c Y j�e V |DX _ X Y Z7Z _ c e V Z V ] YI` TV Z `�Z X _ r#V YD] U ] [ j#V `J_ V f X)o3V Z b
` j YI] Y j r/` TDc YDe2o-X)o3V U U+d7X�aI` V Y [/r/] ` Z�] f-Z bDX rV Y/Z b V `-dD] ] WDk�%I] _3X p c r/g U X T Z bIX3V Y g aIZ+^ X \ Z ] _-V `-\ c U U X e#d j2cJ^ c _ V X Z j#] f7YIc r/X ` k� ] r2XJ] f'Z bDX ` XJc _ X + R Q %'� � � N � � $ P T2% O � � N P Q
� N � � $ P T � N O � � P N � N � � $ P T " O �&%�� N T+N � #O �&%�� N TIc YIe2R Q " � O Q�� N k-w-bIX�\ ] r#g7] YIX Y Z ` T � � T ] fDZ bIX-V Y g a Z-^ X \ Z ] _3c _ X-^ c _ V ] aD` U j\ c U U X e�� N O � � P N " T7O � � P R # � � N " T'R Q %'� � � O P R O # � N " TDc YIe*� $ � % $ QIN Q � " k
w-bDX7^ c U aIX `7] f Z bIX+\ ] r#g7] YIX Y Z ` \ c YJd7X'] f Z b _ X X7r2c V Y�Z j g7X ` k7w-bIX j�r#V [ b ZDd7X_ X c U z ^ c U aIX e#Y a r)dDX _ ` T e V ` \ _ X Z X z ^ c U aIX e)Y a r)dDX _ ` T ] _>� O � N S $ P R � O � � O � � N " k-lJ`3c YX p c r#g U X�V U U aI` Z _ c Z V Y [#\ c Z X [ ] _ V \ c U ^ c U aIX ` T V Y f ] _ r/c Z V ] Y/c d7] a Z-c#` Z aIe X Y Z-r#V [ b Zd7X3_ X g _ X ` X Y Z X eJd j#Z bIX3^ c U aIX `-] fDZ bIX�c Z Z _ V d a Z X `�� � O " " ���)O � $ P �2" N � �7O 
 � R " N P k-lgIc _ Z V \ aIU c _3` Z aIeIX Y Z-o3] a U e2Z bDX Y2d7X�_ X gI_ X ` X Y Z X e)d j2c)^ X \ Z ] _3` aD\ bnc ` + } ` ] g bI] zr/] _ X T b V ` Z ] _ j TDr/c U X TIb V [ [ V YI` ~ kJlJe e V Z V ] YDc U U j T7\ c Z X [ ] _ V \ c U7^ c U aIX `3r/c j2d7X8$ P #


 N P N 
t} c `3V Y
	 " �)O � � � �)N 
 R � ����� O P S N � ~�] _0� Q�$ P 
 N P N 
t} c `�V YtZ bDX�X p c r#gIU X3� aI` Z[ V ^ X Y7~ k , f+\ ] aI_ ` X T r/V p Z a _ X `+] f+c U UDZ bIX ` X�Z j g7X `-] f'^ c U aIX `-c _ X�g7] ` ` V d U X k
u Y
c U U+\ c ` X ` T V ZJV `�g7] ` ` V dIU X�Z ]#_ X gI_ X ` X Y Z3Z bDXJV Y g a ZJV Yta YD] _ e X _ X e/f ] _ r�d jU V ` Z V Y [2Z bDXJYIc r/X `�] f'Z bIX)c Z Z _ V d a Z X `-Z ] [ X Z bIX _3o3V Z bnZ bIX V _�^ c U aIX ` kJw-bIX�^ X \ Z ] _f ] _ r c ` ` a r/X `IZ bIc Z7Z bDX+c Z Z _ V d a Z X `Ic _ X+] _ e X _ X e�c YIe�[ V ^ X Y)V r/g U V \ V Z U jJd j�c3f ] _ rtklJ`'c Y/X p c r/g U X-] fDc YnO � � P R # � � N # � O � � N+_ X g _ X ` X Y Z c Z V ] Y'T o-X3r#V [ b Z'bIc ^ X + } r/c � ] _ +b V ` Z ] _ j T ` X p + r2c U X T \ U c ` ` + ` ] g bI] r/] _ X T c e ^ V ` X _ + b V [ [ V YI` T c [ X +-� � ~ k()
X3o3V U UId7XaI` V Y [#Z bDX3^ X \ Z ] _3f ] _ r�X p \ U aD` V ^ X U j k
l�Y)V r#g7] _ Z c Y Z7` gDX \ V c U V 	 c Z V ] YJaD` X `'�-] ] U X c Y�^ c U aDX ` T o3bIV \ b#\ c Y�d7X+_ X [ c _ e X ec `-c#` g7X \ V c UI\ c ` X�] f'X V Z bIX _-e V ` \ _ X Z X-Y a r)dDX _ `3} � T � ~'] _�] f'\ c Z X [ ] _ V \ c U ^ c _ V c d U X `

. / 0 1 2 3 4 5 0 6 2 /*0 287:9 5 ; 6 / <>=�< 9 1 / 6 / ?
@A*B C C D&E�F G H�I J�E�F G H H K L�J�M�G G�N F O P Q HRN S H S N T S U J



� � � ���(	���
���� ����� ��� � ��� � � ��� � ��� � �:�R��� � ��� �

} �IP � N T��DO � " N ~ k
5'6 �'6 ��� �3= � �-= @
w-bIX/] a Z gIa Z�r2c jndDX#c/_ X c U'Y a r)d7X _ TIV YBo3b V \ b
\ c ` X�Z bIX�gI_ ] \ X ` `�X r)dD] e j V Y [Z bIX�f a YI\ Z V ] Y7T��7T V `J\ c U U X e/c � � Q�� � R $ Q
N " � R �)O � $ P T7c YIe/Z bIX�] a Z g a Z-V `�\ c U U X enc Y
$ � � %'� � � O � �IN3] _)N " � R �)O � N k
l�U Z X _ YIc Z V ^ X U j T�Z bDXn] a Z g a Z/r/c jvd7XncB\ c Z X [ ] _ V \ c U3^ c U aDX T�V Y�o3b V \ b�\ c ` XZ bIX�g _ ] \ X ` `3X r�d7] e j V Y [(�nV `�^ c _ V ] aI` U jt\ c U U X enc*� � O " " R �-N P T'cnP N � $ S QIR � N P T+] _Jc

� O � N S $ P R � N P T+c YIe/Z bIX�] a Z g a Z�V Z ` X U f+V `J\ c U U X enc�� O # N � T'c�� � O " " TDc�� O � N S $ P $ T+] _Jc

 N � R " R $ Q k3x+U c ` ` V iIX _ `-bIc ^ XJc gIg U V \ c Z V ] Y/V Ync�Y a r)d7X _3] f7_ X \ ] [ Y V Z V ] Y/g _ ] dIU X r/` Tf ] _#X p c r#gIU X#V YBZ bIX)_ X \ ] [ YIV Z V ] Y
] f�bIc YDe z gI_ V Y Z X e
\ bDc _ c \ Z X _ ` knw-bIX/V Y gIa Z)V YZ bIc Z�\ c ` X�V `3` ] r/XJ` a V Z c d U X�_ X g _ X ` X Y Z c Z V ] Y/] f'Z bIX�g _ V Y Z X e2\ bIc _ c \ Z X _ T c YDe#Z bIX\ U c ` ` V iDX _3r/c gI`+Z b V `-V Y g a Z3V Y Z ])] YDX�] f T ` c j T 6 � \ c Z X [ ] _ V X ` k
�-X \ Z ] _ z ^ c U aIX e?] aIZ g aIZ `/c _ Xtc U ` ]vg7] ` ` V d U Xno3V Z b \ ] r#g7] YIX Y Z `)d7X V Y [v_ X c UY a r)d7X _ `+] _�\ c Z X [ ] _ V \ c U ^ c U aIX ` k
l�YBV r/gD] _ Z c Y Z�` g7X \ V c U3\ c ` X#V `#Z bIc Z#] fJ�-] ] U X c YB] a Z g a Z�^ c U aIX ` ktu YvZ bIc Z\ c ` X TIc#Z _ c V Y V Y [/gIc Z Z X _ Y/bIc ^ V Y [2^ c U aIX � V `J\ c U U X enc % $ " R � R � N#R Q " � O Q�� N T7c YDe2cZ _ c V YIV Y [�` c r#g U X'bIc ^ V Y [�^ c U aIX � V `7\ c U U X e�c�QIN S O � R � N�R Q " � O Q�� N k�)?bIX Y�Z bDX7V Y g a ZV `-c U ` ]��-] ] U X c Y'T Z bIX3\ U c ` ` V iIX _+V r#gIU X r/X Y Z `'c���$ $ � N O Q � � Q�� � R $ Q k�)
X�` Z aIe j�Z bIX�-] ] U X c Y#\ c ` X+V Y/` ] r/X3e X Z c V U d7X \ c aI` X+V Z3c U U ] o�`+aI`'Z ]Jr/c W X3V r#g7] _ Z c Y Z7[ X YIX _ c Ug7] V Y Z `JV Yvc2` V r#gIU V iIX eB` X Z Z V Y [Ik �+X c _ Y V YI[ncn�3] ] U X c Ytf a YI\ Z V ] Y
V `)` ] r/X Z V r/X `\ c U U X e*� $ Q�� N %��R� N O P Q R Q S TDc YIe/Z bIX3f a YD\ Z V ] Y/V `�\ c U U X e2c8� $ Q�� N %�� k

5'6 �'6 � ,)H <+> E�> E�K
	vF7K+> � FD@
w-bIX _ X3c _ X3` X ^ X _ c U o3c j `+V Y#o3b V \ b#Z bDX-Z _ c V Y V YI[�` X Z T )3T \ c Y#d7X-aI` X e)Z ]Jg _ ] e aI\ Xcnb j gD] Z bIX ` V 	 X etf a YI\ Z V ] Y7ktu YBZ bIX�# O � � �tr/X Z bD] eDT7Z bDX/X Y Z V _ X#Z _ c V Y V Y [
` X Z)V `c ^ c V U c d U Xnc YDeBaI` X eBc U U�c Z2] YI\ X#Z ]
\ ] r/g a Z X#Z bIX/f a YI\ Z V ] Y7T0�7k?l ^ c _ V c Z V ] Y] f'Z b V `�r/X Z bI] e#aI` X `3Z bIXJX Y Z V _ XJZ _ c V Y V Y [/` X Z�Z ])r/] e V f j/c/\ a _ _ X Y Z3b j g7] Z bDX ` V `V Z X _ c Z V ^ X U j2a Y Z V U+c Ync \ \ X gIZ c d U X�b j g7] Z bIX ` V `3V `J] d Z c V YIX eDk��+jt\ ] Y Z _ c ` Z T V YnZ bIXR Q�� P N �)N Q � O � r/X Z bI] e7T o3XJ` X U X \ Z3] YIX�r/X r)dDX _+c Z3c)Z V r/X3f _ ] r�Z bDX-Z _ c V Y V Y [#` X Zc YIe2aI` X�Z bIV `3V YI` Z c YI\ XJc U ] YIX�Z ])r/] e V f j/c#\ a _ _ X Y Z3b j g7] Z bIX ` V ` k-w-bIX Y2c YD] Z bIX _r/X r)d7X _�] f-Z bIX�Z _ c V Y V Y [t` X Z�V `)` X U X \ Z X e7TDc YDet` ]2] Y'k2w-bIX#` X U X \ Z V ] Ytr/X Z bD] e\ c Y/d7X�_ c YDe ] r } o3V Z b/_ X g U c \ X r/X Y Z ~'] _-V ZJ\ c Y2\ j \ U X�Z b _ ] a [ b#Z bIX3Z _ c V Y V Y [#` X ZV Z X _ c Z V ^ X U j knu f3Z bIX/X Y Z V _ X#Z _ c V Y V YI[n` X Z)d7X \ ] r2X `�c ^ c V U c d U X2] YIX)r2X r)d7X _Jc Z)cZ V r/X T Z bIX Y2o-X�r#V [ b Z�c U ` ]#aI` XJc Y2V YI\ _ X r/X Y Z c UDr/X Z bD] e �?` X U X \ Z V Y [)c YIe2aI` V Y [Z _ c V YIV Y [�` X Z'r/X r�d7X _ `Ic `7Z bIX j�c _ _ V ^ X k+} l3U Z X _ YDc Z V ^ X U j T c Z'c Y jJ` Z c [ X+c U U Z _ c V Y V Y [` X Z'r2X r)d7X _ `7` ]�f c _+c ^ c V U c dIU X�\ ] aIU e�dDX-aD` X e�V Y/c2m dDc Z \ bDq3g _ ] \ X ` ` k ~ ��` V Y [�Z bIXZ _ c V YIV Y [#` X Z-r2X r)d7X _ `+c `-Z bDX j/dDX \ ] r/X3c ^ c V U c d U X�V `3\ c U U X e/c Y $ Q � R QIN3r/X Z bI] eDk
. / 0 1 2 3 4 5 0 6 2 /*0 287:9 5 ; 6 / <>=�< 9 1 / 6 / ?
@A*B C C D&E�F G H�I J�E�F G H H K L�J�M�G G�N F O P Q HRN S H S N T S U J



� � ����������	�

� ����
�	���� ��� ����
�� 	��

, YIU V YIX'r/X Z bI] eI` r#V [ b Z7dDX7aD` X eDT f ] _7X p c r#gIU X T o3bIX Y�Z bIX7YIX p ZDZ _ c V YIV Y [-V YI` Z c YI\ XV `3` ] r/X3f a YI\ Z V ] Y#] f7Z bDX3\ a _ _ X Y Z+b j g7] Z bDX ` V `+c YIe)Z bIX3g _ X ^ V ] aD`'V YD` Z c YI\ X �?c `7V Zo3] a U e2dDXJo3bIX Y2c#\ U c ` ` V iIX _3V `3aI` X e#Z ]#e X \ V e XJ] Ync)_ ] dD] Z � `+YDX p Z3c \ Z V ] Y2[ V ^ X YV Z `+\ aI_ _ X Y Z+` X Z+] fD` X YI` ] _ jJV YIg a Z ` k'w-bIX-YIX p Z+` X Z+] fD` X YI` ] _ j�V Y g aIZ `'o3V U UDe X gDX YIe] Y2o3b V \ b2c \ Z V ] Y/o-c `�` X U X \ Z X e7k
5'6 �'6 ��� �+> @ F
� ] r2X Z V r/X `DZ bIX-^ X \ Z ] _ `7V Y/Z bIX-Z _ c V Y V YI[�` X Z+c _ X3\ ] _ _ aIg Z X e�d j#YI] V ` X k'w-bIX _ X3c _ XZ o3]#W V YIe `J] f+YI] V ` X k���� O " ")Q�$ R " N3_ c YIe ] r/U j2c U Z X _ `3Z bIXJ^ c U aIX)] f+Z bDXJf aIYI\ Z V ] Y��O � � P R # � � N/Q�$ R " N3_ c YIe ] r/U j2c U Z X _ `3Z bIX�^ c U aIX `�] f+Z bIX�\ ] r#g7] YIX Y Z `-] f+Z bDXJV Y g a Z^ X \ Z ] _ kDu Y2X V Z bIX _-\ c ` X T V Z+o3] a U e#d7X-V YIc gIg _ ] gI_ V c Z X'Z ]JV YI` V ` Z+Z bIc Z'Z bDX-b j g7] Z bDX z` V 	 X e)f a YI\ Z V ] Y#c [ _ X X-gI_ X \ V ` X U j�o3V Z b#Z bIX-^ c U aIX `+] fDZ bIX3` c r/g U X `'V Y#Z bIX-Z _ c V Y V Y [` X Z k
5'6 �'6 ���2FDH�� �+H���<+E�CDF	��
7< � �3<7=I> �-E
� ^ X Y�Z bI] aI[ bJZ bDX _ X'V `7YI]�\ ] _ _ X \ Z'c YI` o3X _DV Y)V YDe aI\ Z V ^ X'U X c _ Y V YI[IT V Z'V `7V r#g7] _ Z c Y ZZ ]2bIc ^ X/r/X Z bI] e `�Z ]nX ^ c U aIc Z X#Z bIX#_ X ` a U Z)] f3U X c _ Y V YI[Ik�)
X/o3V U U�e V ` \ aI` `JZ b V `r/c Z Z X _'V Y2r/] _ X3e X Z c V UIU c Z X _ T d a Z T d _ V X 9 j T V Y2` aIgDX _ ^ V ` X e�U X c _ Y V YI[�Z bIX3V YDe aI\ X ef a YI\ Z V ] Y�V `+aI` aDc U U j)X ^ c U aIc Z X e�] Y#cJ` X gDc _ c Z X'` X Z+] fIV Y g aIZ `'c YIe�f a YI\ Z V ] Y)^ c U aDX `f ] _7Z bIX r \ c U U X eJZ bIXR� N " � R Q S�" N �Ik'l
b j g7] Z bIX ` V 	 X e3f a YD\ Z V ] YJV `'` c V eJZ ]3S N QIN P O � R � No3bIX YnV ZJ[ aIX ` ` X `-o-X U U+] YtZ bIXJZ X ` Z V Y [/` X Z k��-] Z bnr/X c Y z ` y aIc _ X e z X _ _ ] _3c YIe/Z bIXZ ] Z c UIY a r)d7X _�] f'X _ _ ] _ `-c _ XJ\ ] r#r2] Y)r/X c ` a _ X ` k

!#" ��������*3&n4 &��
�����20t4 *��+����4 �'�
�'] YI[�dDX f ] _ X3YI] o?Z bIX�_ X c e X _-bIc `+a YDe ] a d Z X e U j)c ` W X e#o3b j#V `-U X c _ Y V Y [)c�f a YD\ zZ V ] Y#g7] ` ` V d U X3c Z-c U U -nx-X _ Z c V Y U j T f ] _3X p c r/g U X T Z bIX _ X3c _ X3c Y#a YI\ ] a Y Z c d U X+Y a r/zd7X _)] f3e V |DX _ X Y Z�f a YI\ Z V ] YI`�bDc ^ V Y [t^ c U aDX `�Z bIc Z�c [ _ X X)o3V Z b
Z bIX)f ] a _)` c r#g U X `` bI] o3YtV Y*%7V [Ik � k � k�)?b j2o3] a U etc/U X c _ YIV Y [#gI_ ] \ X e aI_ X�bIc g g7X Y2Z ]/` X U X \ Z3Z bIXy aIc e _ c Z V \-] YIX3` bI] o3Y/V Y#Z bIc Z+i [ a _ X -)u Y2] _ e X _'Z ]Jr/c W X-Z bIc Z+` X U X \ Z V ] Y)o3X-bDc ec ZJU X c ` ZJZ ]#U V r#V Z#O0%IP R $ P R'Z bIX)` X ZJ] f-b j g7] Z bDX ` X `-Z ]/y aIc e _ c Z V \Jf aIYI\ Z V ] YD`3c YDeZ bIX Y#Z ]�V YD` V ` Z3Z bDc Z+Z bIX�] YDX-o3XJ\ bD] ` X�gIc ` ` X e)Z bI_ ] a [ b2c U UDf ] aI_3` c r/g U X3g7] V Y Z ` kw-b V `'W V YIe/] f+O�%IP R $ P R V YIf ] _ r/c Z V ] Y)V `+\ c U U X e�# R O " T c YIe)aI` X f a UIU X c _ Y V Y [Jo3V Z bI] a Zd V c `-V `3V r#g7] ` ` V d U X k
)
X�\ c Y)[ c V Y)r/] _ X+V YD` V [ b Z+V Y Z ]JZ bIX-_ ] U X3] fId V c `'d j#\ ] YI` V e X _ V Y [JZ bIX3` g7X \ V c U\ c ` X�] fDU X c _ YIV Y [)c)�-] ] U X c Y)f a YI\ Z V ] Y#] f/"2e V r/X YI` V ] YI` k7w-bIX _ X3c _ X � ! e V |DX _ X Y Z�-] ] U X c YnV YIg a Z `�g7] ` ` V d U X k#� aIg g7] ` XJo3X)bIc enYI]/d V c ` �7Z bIc ZJV `+& V `�Z bIX#` X ZJ] fO � � � � � �-] ] U X c Y/f aIYI\ Z V ] YD` T c YIe/o-XJbDc ^ XJYD]�g _ X f X _ X YD\ X3c r2] Y [)Z bI] ` X3Z bIc Z3i Z

. / 0 1 2 3 4 5 0 6 2 /*0 287:9 5 ; 6 / <>=�< 9 1 / 6 / ?
@A*B C C D&E�F G H�I J�E�F G H H K L�J�M�G G�N F O P Q HRN S H S N T S U J



� � � ���(	���
���� ����
�	�� � � 
�	����R� ��� � �
Z bIX3` c r/g U X `'V Y#Z bIX-Z _ c V Y V Y [�` X Z k7u Y#Z b V `-\ c ` X T c f Z X _+d7X V Y [JgI_ X ` X Y Z X e�o3V Z b/] YIXr/X r)d7X _-] f7Z bIX�Z _ c V Y V YI[)` X Z3c YIe/V Z `+^ c U aIX�o3XJ\ c Y/_ aIU XJ] a Z3g _ X \ V ` X U j#] YIX z bIc U f] f7Z bIX�r/X r�d7X _ `-] f�&*�BZ bI] ` X3�3] ] U X c Y/f a YI\ Z V ] YI`+Z bIc Z-o-] a U e/r#V ` \ U c ` ` V f j#Z b V `U c d7X U X e2` c r#g U X k3w-bIX�_ X r/c V Y V Y [#f a YI\ Z V ] YI`3\ ] YI` Z V Z a Z X�o3bIc Z�V `J\ c U U X e2cBm ^ X _ z` V ] Yn` gIc \ X � q�o-X � U U+X p g U ] _ X�Z bIc Z�\ ] YI\ X g Z+V Y2r/] _ X�eIX Z c V UDU c Z X _ k-l�`-o3XJg _ X ` X Y Zr/] _ X�r/X r)d7X _ `-] f'Z bIXJZ _ c V Y V Y [/` X Z T Z bIXJ[ _ c gIb2] f+Z bIXJY a r)dDX _�] f'b j gD] Z bIX ` X `YI] Z'j X Z'_ a U X e�] a Z+c `'c�f a YI\ Z V ] Y)] f Z bDX'Y a r)d7X _+] fIe V |DX _ X Y Z'gIc Z Z X _ YI`Ig _ X ` X Y Z X eV `�c `�` bI] o3YtV Y %7V [Ik � k � k2l-Z�c Y jt` Z c [ X)] f-Z bDX�g _ ] \ X ` ` TIbIc U f�] f+Z bIX�_ X r/c V Y zV YI[2�-] ] U X c Ynf a YI\ Z V ] YI`3bIc ^ XJ^ c U aIX � c YIenbIc U f+bIc ^ X�^ c U aIX � f ] _)O Q $�Z _ c V Y V Y [gIc Z Z X _ Y)YI] Z3j X Z�` X X Y7k � ]J[ X YIX _ c U V 	 c Z V ] Y)V `-g7] ` ` V dIU X3V Y/Z b V `3\ c ` X3d7X \ c aI` X-Z bIXZ _ c V YIV Y [ngIc Z Z X _ YI`�[ V ^ X#YD]2\ U aIX/c dD] aIZJZ bDX)^ c U aIX#] f�c2gIc Z Z X _ YnYD] Z�j X Z)` X X Y'k
, YIU j/r/X r/] _ V 	 c Z V ] Y)V `3g7] ` ` V d U X3bIX _ X T o3b V \ b2V `�c�Z _ V ^ V c U'` ] _ Z3] f7U X c _ Y V YI[Ik

log2|Hv|

2n

2n

j = no. of labeled
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0
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2n − j
(generalization is not possible)
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