
���������	�
�����
���������������	��������������� �����"!��#��$�%����

&�'
(*),+�-#(*.0/213+�45#687#5:92;

<�=>1?( 5:@A5B;DC�E ' @ ' -#(*13+0FG=8HI= C ' .KJ
LNMPO = 6 .2+�- 6Q6 / C (*'
' C J�R�-#HTS,(*=8.,U#'NR�&WVYX:Z"[NJ]\"^

S @ 1�_`HI=81
( 5�@a5#;DC b 1 5 H
+ CaC*9Gced�d (A' @ '�-B(313+ b HI=>1?( 5:@A5B;DC�b 1 5 H d#f S @ 1

g,' S,( O -B(*hiVBj�J�VBk#k:k

lm' 13+,)�=81 - 6GE ' 9]5 ( C
<n/ EWo l EWo VBk:k#k o VBX

<�=>1?( 5:@A5B;DC�E ' @ '�-B(313+
<p=81
( 5�@a5#;DC R 5 ( 9�5 (3- C = 5 )
q ),'r<�=>1?( 5:@A5B;DCts -�h
E '�.2H 5 )�.GJ snu j#v:k:w:V

FG'�1 C O (A'x) 5#C ' @y;z5 (T-�1 5 O ( @ ' CA5 S�' C - O U#+ C - CrC +,'|{}) C ' (*.,= @ 1?= 9,6 =Q)�-#(Ah~R 5#686 ' U#'|VBk:k#k,J
M 4O ),),':J M '
(*Hx-B)
h#J,<n-B(313+�V#k#k#k b



���������	��
��

�������������������������� �!�#"�$��#%�&'� ()� �*�+&,�.-'/0�1"2&'"����1"����+&,343��+&'��(���(�5�"�$���-'���768��9�:*;

:!-,��"=<>����"�-'�=%�&,�2$���(�����6�&'(8�@?�����(���3A/B��&'"�9����C��:�&,������D

EGFIHIJLKMHIJLN

OQPSRUT	RWV,X7Y4Z\[L]^V�Y_X>`UaMb4cAdfehgji O

kml=i8c!X7RLnjRLofp�c!V,V,i�X7RrqSi8]�YsotR\njV,nuYsRwvxX>YtdyaMb4cAdfehgji8z {

|~}�`�e=i�X>eLgucAR\i���gucAz�z,nj�Li�X7z �

{ �4[\eLe=Y_X>V���i8]^V,YsX��@gucAz,z�n��hi�X7z �

���4[\eLe=Y_X>V���i8]^V,YsX�q�i8o_X7i8z,z�njYtR OsO

�~�0[\X>V,�Li�X���i��ti�guY_ehd�i8RWV,z O�{

�m� i�X>RLi8gjz O!�

�~qSi�eLX>i8z�i8RWV,njRLo��4nud�njguc!X7n�V�nji8z�njRUl�njRLi8c!X��4eLcA]�i8z O8�

�~a�b4c_dfeLgui8z@Ytv � i�X7R\i8gjz k�O

O!��qSi�eLX>i8z�i8RWV,c!V�njRLo���njz�z�njd�nugjc!X7n�V�nji8z�nuRwl�njRLi8c!X��4eLcA]�i8z ksk



� � H��4HIJ�� F��	��
 JhF���
������������'K

/ O 9�9]5�@ '���'N-B(*'`U:=��:'
)0'
H 9 =8(A=>1
- 6 .,- C -
�! #"%$'&("*)+$*,-,*,-$-�. 0/1$'&2/�)43�57698;: L2< , � L )

[�' (A':J C +,'�=2>%?A@%BDC 5 = @W@A5 HI'y) 5 )�'
H 92C h @ ' CWC +�- CWC +,'FEG@;HIHKJ*L+CNM  PO -B(*' C - 7 '
) ; ( 5 H�Q
C +�' &2O -B(*'P1 - 686 '�.SR�@2TUJ*RVM 5 (WHX@;LZY(J[HZM b

\�) 6 ' @*@Y@ C - C '�. 5BC +,'
(\�t= @ '#J�=8)�.2=>1?' @�] -B)�.	^_�t= 686 - 6 ��-�h @ S�' O )�.,'
( @ C*5�5 . C*5 ( O )
5 �#' ( C +,' C (*-#=Q),=8),U @ ' C J,= b ' bN] $ ^a` L $*,*,-,[$'b b

Z 5#C ' C +�- C ��'r+�-c�:'P) 5BC Hx-#.,'N-B)
h - @A@ O H 92C = 5 ) @t5 ) C +�'T. 5 Hx-#=Q) 5 5BC +,'
( C +�-#)
= C S]' =Q),U - @ ' C b {}) 5 (*.2' ( CA5p@aC O .,h C +,' 9 ( 5 S 6 '
H 5B;t6 '�-B(*),=8),U�Jd��'x),' ' . -#.�.2= C = 5 )�- 6
@aC ( O 1 C O (A' b {}) 6 ' -#(A)�=Q),U]JN��'W��-#) C"CA5 S�' -BS 6 ' C*5 YeJ*C0J*Lf@%RgB�hiJ C*5 O ) @ '
' )p.,- C - 9]5 =Q) C3@
b
{}) C +�'n1
- @ ' 5#;r9 - CAC '
(*) (*' 1 5 U#),= C = 5 )�J C +,= @ HI' -B) @xC +]- C U:=��:'
) @A5 HI'�),'*� 9 - CaC '
(*) j3k5 J4� 'l��-#) C C*5 9 (A'�.2=81 CIC +,'�1 5 (A(*' @A9�5 )�.2=8),U &�3m8;: L2< b &�h C +�= @ ��' HI'�-B)GJ
685�5�@ ' 6 h @A9 '�- 7 =8),U�J C +�- C � 'x13+ 5
5�@ ' & @ O 13+ C +�- C �. n$f&N) = @ =Q) @A5 HI' @ '
) @ ' @ =8HI= 6 -B( CA5
C +�' C (3-B=8),=Q)�U�'[o,-BH 9,6 ' @ b l 5 C +,= @ '
)].KJp��'I),'
'�. @ =8HI= 6 -B(*= C hpHI' - @ O (*' @ =8) 5 -B)�. =8)
8;: L2< b lW+,' 6 - CAC ' (�= @ ' - @ h:J�- @ C � 5NC -B(*U#' C ��- 6 O ' @ 1
-#) 5 ) 6 hxS�'P=8.2' ) C =>1
- 6 5 (�.2=�q '
(*'
) C b
g 5 ( C +,' ;z5 (AHI' ( Jr��'r(A'is O =Q(*'P- @ =QHI= 6 -#(A= C h|HI' - @ O (A'

t c 576�5 u v4$
�. n$f PwD)yxu t �. n$f PwD)+$ � V )

= b ' b J�- ; O )�1 C = 5 ) C +]- C J]U#=z�#' ) C � 5 '[o,-#H 9�6 ' @  -#)�.  w J](*' C O (*) @ -I(*' - 6 ) O HTS�'
(`13+]-B( o
-#1 C ' (A=z{
=8),U C +,' =Q( @ =8HI= 6 -B(*= C h b g 5 ( (A'�- @A5 ) @�C +�- C �t= 686 S�' 1 5 HI'"1 6 ' -#( 6 - C '
(�J C +,' ; O )]1 C = 5 )t = @ 1 - 686 '�. -�|eJ[L+C#J[R~} L X2J L J�vc� b

u C h 9 ' 5B; @ =QHI= 6 -#(A= C h�HI' - @ O (*' C +]- C = @`5B; 9 -B( C =>1 O 6 -B(PHx- C +,'
Hx- C =81 - 6 - 9�9 '�- 6 -B(*'
. 5#C 9 ( 5 . O 1 C3@
b g 5 (Y=Q) @aC -#)�1?':J U#=z�#' ) C � 5 �#' 1 CA5 ( @ b $ b w 3�v�� J C +,'01 -B) 5 ),=>1
- 6 . 5BC
9 ( 5 . O 1 C = @ .2'*��),' .�- @

� b��,b w ) c `
��
O�� "

� b )�OU� b w )'O', � X )

[�' (A':J � b ) O .2'
) 5BC ' @WC +�' ]�o	C +0'
) C (Ah 5#; b b
lW+,'xU#' 5 HI' C (A=>1
- 6 =8) C ' ( 9 (*' C - C = 5 ) 5B;�C +�= @ . 5#Cr9 ( 5 . O 1 C = @PC +�- C = C 1 5 H 9 O C ' @PC +,'

1 5�@ =8),' 5B;mC +,'r-B)�U 6 '`S�' C ��'
' ) C +,'W�#'�1 CA5 ( @ b -#)�. b w J 9 ( 5 �
=>.2' . C +,' hi-B(*'`) 5 (*HI- 6 =z{
'�.
CA5 6 '
),U C + L b < 5 (*' 5 �#' ( J�= C - 686Q5 � @ 1 5 H 9 O C - C = 5 ) 5B;"C +,' 6 ' ),U C + 5#; -9�#'�1 CA5 ( b - @� � b��	b ) J:-B)]. 5#;]C +,'".2= @aC -B)]1?'tS�' C ��'
'
) C � 5 �#' 1 CA5 ( @ - @�C +,' 6 '
)�U C + 5#;�C +,'�.2=�q�' (A' )�1?'
�#'�1 C*5 ( b lW+�'
(*' ;z5 (*'#J S�'
=8),U�-BS 6 ' C*5 1 5 H 9 O C 'Y. 5BCy9 ( 5 . O 1 C*@ -#H 5 O ) C*@"CA5 S]' =Q)�U0-#S 6 '
CA5 1 -B(*(Ah 5 O C - 6Q6 U#' 5 HI' C (*=>1
- 6 1 5 ) @ C ( O 1 C = 5 ) @PC +�- C 1
-B) S�' ;z5 (AH O 6 - C '�. =8) C ' (AH @r5#;
-B)�U 6 ' @ J 6 '
)�U#+ C*@ -#)�.�.2= @aC -#)�1?' @
b

Z 5#C '#J�+ 5 ��'*�:'
(�J C +�- C � 't+]-c�#'t) 5#C Hx-#.2' C +,'"- @*@ O H 92C = 5 ) C +]- C C +,' 9 - CaC ' (A) @ 6 =z�#'
=8)0-Y. 5BCt9 ( 5 . O 1 Ct@A9 -:1?' b {}) 5 (3.2'
( CA5 S�'r-BS 6 ' CA5 O @ 'P-I. 5#CW9 ( 5 . O 1 C - @ - @ =8HY= 6 -B(*= C h
HI' - @ O (*'#Je� ' C +,' (A' ;z5 (*'~��( @aC )�'
' . C*5 ' HTS�' . C +�'
H =Q) C*5 @A5 HI'�. 5BC�9 ( 5 . O 1 C @A9 -:1?'��IJ
�t+,=>13+ )�'
' .0) 5#C S]'r=>.2' ) C =81 - 6 C*5 v � b l 5IC +,= @ '
)�.GJN� ' O @ 'r-YHx- 9

� c 5 u �
 xu b , �.�()

L



lW+,' @A9 -#1
'�� = @ 1 - 686 '�.�-��[J\@%H�� L\JWMIEG@��UJ b l 5|@ O HYHx-#(A=z{
':J,'
H S]'�.,.2=8),U C +�'N.,- C -I=Q) CA5� +]- @�C +�(A' 'rS]' ),'[� C3@
b
L b { C�6 ' C3@ O @ .2'*��),'N- @ =QHI= 6 -#(A= C h|HI' - @ O (*' ; ( 5 H C +�'N. 5BC�9 ( 5 . O 1 C =8)��IJ

t �. p$' 0w ) c ` � b��'b wD) ` � � �. #) � � �! PwD)')[, � w )

V b { C - 686Q5 � @ O @ CA5 .2'�- 6 �t= C + C +,' 9 - CaC ' (A) @ U#' 5 HI' C (A=>1
- 6Q6 h#J#-#)�. C + O @ 6 ' C3@ O @ @ C O .2h
6 ' -#(A)�=Q),Ux- 6 U 5 (*= C +,H O @ =Q),U 6 =Q)�' -B(�- 6 U:'
S,(3-Y-B)�.�-B)]- 6 h C =81`U#' 5 HI' C (Ah b

X b lW+�' ; (*'
'�. 5 H C*5 13+ 5
5�@ ' C +,'�Hx- 9,9 =Q),U �m�t= 6Q6 ' )�-BS 6 ' O @ CA5 .2' @ =QU:) - 6 -#(AU:'��-#(A=8' C h 5B;,6 ' -#(A)�=Q),UP- 6 U 5 (A= C +,H @ b g 5 (m=8) @aC -#)�1?':JB1 5 ) @ =>.2'
(�- @ = C O - C = 5 )��t+,' (A' C +,'
=8) 9 O C*@ - 6 (*' -#.,h 6 =��:'"=8) - . 5BCW9 ( 5 . O 1 Ct@a9 -#1?' b {}) C +�- C 1 - @ '#J(� 'y1 5 O 6 .|.2=8(A'�1 CA6 h
.,'[��),'|- @ =QHI= 6 -#(A= C hpHI' - @ O (A'x- @PC +,'|. 5#Cy9 ( 5 . O 1 C b [ 5 � '-�#'
(�J ��'YHI=8U#+ CT@aC = 6Q6
13+ 5�5�@ ' CA5 ��( @ C - 9,9�6 h|- ) 5 ) 6 =8),' -#(WHI- 9 � C*5 13+]-B),U:' C +�'P(*' 9 (A' @ ' ) C - C = 5 )x=Q) CA5
5 ),' C +�- C = @ H 5 (A' @ O = C -BS 6 ' ;z5 (�-YU:=��:'
) 9 ( 5 S 6 '
H -#)�. 6 '�-B(*),=Q)�UY- 6 U 5 (*= C +,H b

s 'Y-B(*'r) 5 � =Q) C +,' 9�5:@ = C = 5 ) CA5 .,' @ 1?(*=QS�'T- 9 - CaC '
(*)�(A'�1 5 U:),= C = 5 ) 6 '�-B(*),=8),U|- 6 U 5#o
(*= C +,H C +]- C = @ -#(AU O -BS 6 h 5 ),' 5B;]C +,' @ =QH 9,6 ' @aC�9]5�@A@ =QS 6 ' b lW+,'WS�- @ =>1 =8.2'�-"= @mCA5 1 5 H 9 O C '
C +�'rHY'�-B) @W5#;�C +,' C � 5 1 6 - @A@ ' @ =8) ; '�- C O (A' @A9 -:1?'#J

] " ` L
b	" �

� O�� 	�
.�
� "��
b O $ ���e)

]�� ` L
b � �

� O�� 	 
 ��� "��
b O $ ���%)

�t+,' (A' b " -B)�. b � -#(A' C +,'t) O HTS�'
( 5#; '*o2-#H 9,6 ' @ �t= C + 9]5�@ = C =z�#'t-#)�.Y),'
U�- C =z�#' 6 -BS�' 6>@ J
(*' @A9 '�1 C =z�#' 6 h bms ' C +,' )0- @A@ =8U#)i-T),'*� 9]5 =Q) C b CA5 C +�'P1 6 - @A@ �t+ 5�@ '`HY'�-B) = @ 1 685:@ '
( CA5
= C b lW+,= @ U#' 5 HI' C (A=>1
- 6 1 5 ) @aC ( O 1 C = 5 )n1
-#)nS�' ;z5 (AH O 6 - C '�.�=8) C ' (AH @P5B; . 5BCy9 ( 5 . O 1 C3@
b
["- 6 ;Do �W-�hY=8)iS�' C ��'
' ) ] " -#)�. ] � 6 =8' @ C +,' 9�5 =8) C ] c ` � ] "�� ] � )�� V b�s 'y1 5 H 9 O C ' C +,'
1 6 - @*@�5B; b S
hi13+,'�1 7 =8),U1�t+,' C +,'
( C +,'W�#'�1 C*5 (W1 5 )�),' 1 C =8),U ] -B)�. b ' )�1 685:@ ' @ -B)�-B)�U 6 '
@ HI- 6Q6 '
( C +]-B)�� � V �t= C + C +,'1�#'�1 CA5 (�� c ` ] "! ]"� 1 5 ),),'�1 C =Q),U C +�'Y1 6 - @A@ HI' -B) @ J =8)
5BC +,'
( � 5 (3. @

& ` @ U#) �'� b  ] ) � � )
& ` @ U#) �'� b  � ] "#� ] � )�� V ) � � ] "  ] � )')

` @ U#) �'� bl��] " )� � b��,] � ) �%$ )+, � v )
[�' (A':J � 'y+�-c�:'r.2'[��)�' . C +,' 5 q @ ' C

$ c ` L
V'&�( ] � ( �  ( ] " ( �*) , � j )

{ C �t= 686 9 ( 5 �#'T=8) @aC ( O 1 C =��:' C*5 (*'*�t(*= C ' C +,= @ '[o 9 (*' @*@ = 5 )p=8) C '
(*H @P5B; C +,' 9 - CAC ' (A) @ PO =8) C +�'`=8) 9 O C . 5 Hx-B=8) 5 b l 5NC +�= @ '
)].KJ
) 5BC ' C +�- C � 'P. 5 ) 5BC +�-c�#'"- . 5BCW9 ( 5 . O 1 C
=8) 5 Jm- 686 ��'I+�-c�#'I= @PC +,' @ =8HY= 6 -B(*= C h�HI' - @ O (A' t � 1 ; b � w )') b lW+,'
(*' ;z5 (A':Jd� 'I),' ' . CA5

V



(*'*�t(*= C '�'*�:'
(*h C +,=8),Ur=Q) C '
(*H @ 5#;KC +,' 7 ' (A),' 6 t '-��- 6 O - C '�. 5 )x=8) 9 O C�9 - CaC '
(*) @
b l 5NC +�= @
'
)].KJ @ O S @aC = C O C ' ���e) -#)�. ���%) =8) CA5 � v ) CA5 U:' CWC +,' =eJ��[B M+B!>;C ��� C �*HIB!>;C

& ` @ U#)
�� L
b	" �

� O�� 	�
.� � "��
� bl�,b OI)  L

b � �
� O�� 	�
!��� "��

� bl�'b OI) �%$���
` @ U#)

�� L
b " �

� O�� 	�
.� � "��
t �! n$' O )� L

b � �
� O�� 	�
.��� "��

t �! n$' O ) � $ ��j, � L k )

/
=8HI= 6 -B( 6 h:J C +,' 5 q @ ' C S�' 1 5 HI' @

$ c ` L
V

�� L
b �� �

��� O	� 
���� 	�
.� 	�
f��� "�� t �. O $' 
 )� L
b � " �

��� O�� 
���� 	�
!�
	�
��
� "�� t �. O $f 
 )��� , � L#L )

FG' C O @ 1 5 ) @ =8.2' ( 5 ),' ��' 686Qo	7 ) 5 �t) @a9 ' 1
=8- 6 1
- @ ' 5B;�C +,= @yC h 9 ' 5B; 1 6 - @*@ =���'
( bxu"@*@ O HY'
C +]- CyC +,'|1 6 - @A@ HI'�-B) @ +�-c�:' C +,' @ -BHI'Y.,= @aC -#)�1?' CA5�C +,' 5 (*=QU:=Q) � +�'
)�1
' $ ` k ) J�-B)].
C +]- C t 1
-B)0S�'W��=8'*��' .0- @ -x.,'
) @ = C h:J2= b ' b = C = @W9]5�@ = C =z�#'N-#)�. +�- @ =8) C '
U:(*- 6 L J��� t �. n$f PwD)��e ` L ;z5 (�- 686  0w 3	5�, � L V )

{}) 5 (3.2'
( CA5 @aC - C ' C +,= @ - @A@ O H 92C = 5 )�J ��'0+]-c�#' CA5 (A'is O =Q(*' C +�- C � '�1
-#) .,'[��),'�-#)
=8) C '
U:(*- 6�5 ) 5 b

{ ; C +,'x-BS 5 �#'Y+ 5#6 . @`C ( O ':J C +,' ) � L k ) 1 5 (*(A' @a9�5 )]. @�C*50C +,' @A5Bo 1
- 6Q6 ' .p&W-�h:' @ .2' 1
= o
@ = 5 ) S 5 O )].,-B(*h @ ' 9 -#(*- C =8),U C +,' C � 5 1 6 - @*@ ' @ J @ O S�� ' 1 CrCA5�C +�'i- @*@ O H 9,C = 5 ) C +�- CNC +,'
C � 5 1 6 - @*@ ' @ ��'
(*'�U#' ),'
(3- C ' . ; ( 5 H C � 5N9 ( 5 S�-#S,= 6 = C hY.2= @aC (*=QS O C = 5 ) @ C +�- C -#(A'P1 5 (*(*' 1 C*6 h
' @aC =8Hx- C ' . S�h C +,'�� @;LfhiJ[C�� BDC0=e>���MN' @aC =8Hx- C*5 ( @ 5#;mC +,' C � 5 1 6 - @A@ ' @ J

� ";�. #) c ` L
b " �

� O�� 	 
 �
� "��
t �. p$' O ) � L X )

� � �. #) c ` L
b � �

� O�� 	�
.��� "��
t �. p$' O )[, � L �()

M =z�#'
) @A5 HI' 9]5 =Q) C  J C +,' 6 -BS�' 6 = @�C +�'
) @ =QH 9,6 h 1 5 H 9 O C ' .IS
hT13+,'�1 7 =8),U��t+,=>13+ 5B;�C +,'
C � 5 J � ";�! 0) 5 ( � � �! 0) J�= @G6 -B(*U#' ( J-�t+,=>13+N.2=Q(*' 1 CA6 h 6 ' -:. @KC*5 � L k ) b Z 5#C ' C +�- CmC +,= @ .2' 1
= @ = 5 )
= @ C +,'rS�' @aC ��'y1
-B)�. 5 = ; ��'`+�-c�:'`) 5 9 (*= 5 (W=Q) ;z5 (*HI- C = 5 )0-BS 5 O CWC +�' 9 ( 5 S�-BS,= 6 = C =Q' @ 5#;
C +�' C � 5 1 6 - @*@ ' @ b

lW+,'x1 6 - @*@ =���' ( � L k ) = @ s O = C 'x1 685:@ ' CA50C +,' C h 9 ' @y5B;W6 ' -B(*),=8),U0HI-:13+,=8),' @`C +]- C � '�t= 6Q6 S]'�=8) C ' (A' @ C ' .I=8) b { C = @ 6 =8),' -#( =8) C +,' ; ' - C O (*' @a9 -:1?':J2�t+,= 6 '"=Q) C +,'�=8) 9 O C . 5 Hx-B=8)GJ
= C = @ (*' 9 (*' @ '
) C ' . S�h - 7 '
(*),' 6 '*o 9 -B) @ = 5 ) b { C = @ '[o,-BH 9,6 ' o S�- @ ' .n=Q) C +,' @ ' ) @ ' C +�- C
C +�' 7 ' (A)�' 6>@ -B(*'"1
'
) C ' (A'�. 5 ) C +�' C (*-#=Q),=8),UN'*o,-BH 9,6 ' @ J:= b ' b:5 ),' 5#;KC +,' C � 5 -#(AU O HI'
) C*@
5B;WC +,' 7 '
(*),' 6>@ = @ - 6 �W-�h @ - C (3-B=8),=8),U�'[o,-BH 9,6 ' b lW+�'|Hx-B=8) 9]5 =Q) C �t+�'
(*' C +,' H 5 (*'
@A5#9 +,= @aC =>1
- C ' . C '�13+,),= s O ' @NCA5 S�'i.2= @ 1 O @*@ '�. 6 - C '
(��t= 686 .2'-�
=8- C ' ; ( 5 H � L k ) = @ =8) C +,'
@ ' 6 ' 1 C = 5 ) 5B;WC +�'|'[o,-BH 9,6 ' @NC +�- CNC +�' 7 ' (A)�' 6>@ -B(*'|1?' ) C '
(*' . 5 )GJ -B)�.~=8) C +,'�� ' =QU:+ C
C +]- C = @ 9 O C 5 ) C +�'"=8)�.2=z��=>. O - 6]7 '
(*),' 6>@ =8) C +,'`.2'�1?= @ = 5 ) ; O )�1 C = 5 ) b Z"-#HY' 6 h:J:= C �t= 686 ) 5

X



685 ),U:'
(rS�' C +,'i1 - @ ' C +�- C @;RDR C (3-B=8),=8),U�'[o,-BH 9,6 ' @ - 9,9 ' -B(r=8) C +,' 7 '
(*),' 6 '[o 9 -B) @ = 5 )GJ
-B)]. C +,'A� ' =QU:+ C3@P5B; C +,' 7 ' (A),' 68@ =8) C +,'I'[o 9 -#) @ = 5 )9�t= 686 ) 5�685 ),U:'
(yS]' O )�= ;z5 (AH b {})
C +�' ; ' - C O (*' @A9 -#1
'N(*' 9 (*' @ '
) C - C = 5 )GJ C +,= @`@aC - C ' HY' ) C 1 5 (A(*' @A9�5 )�. @tCA5i@ -�h
=Q),U C +�- C � '�t= 6Q6K@aC O .2hx- 6Q6 ) 5 (AHx- 6 �#'�1 CA5 ( @ � 5B; .2'�1?= @ = 5 ) +
h 9 '
( 9,6 -B),' @ C +�- C 1
-#)|S]'P(*' 9 (*' @ '
) C '�.
- @P6 =Q)�' -B(r1 5 HTS�=Q)�- C = 5 ) @`5B; C +,' C (*-#=Q),=8),U0'[o,-BH 9,6 ' @ b g 5 (y=Q) @ C -B)�1
'#Jd��' HI=8U#+ C ��-#) C
CA5 (A' H 5 �#' C +,'�=Q)�� O '
)�1
' 5#;�9 - CAC ' (A) @ C +�- C -B(*'��#' (Ah ; -#(Y-c�W-�h ; ( 5 H C +,'�.2' 1
= @ = 5 )
S 5 O )�.�-B(*h#J�' = C +,'
( @ =8)�1
'�� 'r'*o 9 '�1 C"C +�- C"C +,' h��t= 6Q6 ) 5#C =QH 9 ( 5 �#' C +,'NU:'
),' (*- 6 =z{ - C = 5 )
'
(*( 5 ( 5#;,C +,'W.2'�1?= @ = 5 ) ; O )�1 C = 5 )GJ 5 ( @ =8)�1
' ��' � 5 O 6 . 6 = 7 ' C*5 (*' . O 1?' C +,'W1 5 H 9 O C - C = 5 )�- 6
1 5�@ C�5B; '*��- 6 O - C =8),U C +,'t.2' 1
= @ = 5 ) ; O )�1 C = 5 ) � 1 ; b � L k )f) b lW+,'W+
h 9 '
( 9,6 -B),'4�t= 6Q6
C +,'
) 5 ) 6 h
.2' 9 ' )�. 5 )�- @ O S @ ' CW5#;mC (*-#=Q)�=Q),UI'*o2-#H 9,6 ' @ J,1 - 686 '�.	M �iEeEN>%L+H��;J��[HX>;LUM b
� � K��W� H��'H	��
 � J\JLK � H
� K 
CF��@H��+J��	FIH��%� F1� �����������'K#N

s = C + C +,'|-#S 5 �:' '*o,-BH 9,6 'Y=8) HY=8)�.KJ 6 ' C O @ ) 5 � 1 5 ) @ =>.2'
( C +,' 9 ( 5 S 6 '
H 5#; 9 - CaC '
(*)
(*' 1 5 U#),= C = 5 ) =Q)�-YH 5 (*' ;z5 (AHx- 6G@ ' CaC =8),U�} V � J�V#vc� J ;z5#686Q5 �t=8),U C +,'r=8) C ( 5 . O 1 C = 5 ) 5#; } L j;� b
{}) C � 5#o 1 6 - @A@ 9 - CaC ' (A)0(*' 1 5 U#),= C = 5 )�J � ' @ '
' 7|CA5 ' @aC =8Hx- C 'N- ; O )]1 C = 5 )

� c 5 u 8%: L%< � L w )
S�- @ '�. 5 ) =8) 9 O CAo	5 O CA9 O CNC (3-B=8),=8),U�.,- C - � L ) bxs '|- @A@ O HI' C +�- CrC +,'|.,- C -l��'
(*'YU:'
) o
'
(3- C ' . =Q)].2' 9 '
)�.,'
) CA6 h ; ( 5 H @A5 HI' O ) 7 ) 5 �t) � S O C �No2' . ) 9 ( 5 S�-#S,= 6 = C hn.2= @ C (A=8S O C = 5 )� �. p$'&N) b q O ( U 5 - 6 = @�CA5N6 ' -#(A)x- ; O )�1 C = 5 ) C +�- C �t= 686 1 5 (*(A'�1 C*6 hY1 6 - @*@ = ; h O ) @ ' '
)x'[o,-#H o
9,6 ' @ �. p$'&N) J�= b ' b ��'a�W-B) C � �. 0) ` & ;z5 (P'[o,-BH 9,6 ' @ �. p$'&N) C +�- C � ' (A'Y- 6>@a5 U#'
)�'
(3- C '�.
; ( 5 H�� �! n$'&N) b

{ ; � ' 9 O C ) 5 (*' @aC (*=81 C = 5 ) 5 ) C +,' 1 6 - @A@T5B;W; O )�1 C = 5 ) @TC +]- C ��'i13+ 5
5�@ ' 5 O (N' @ C = o
Hx- C ' � ; ( 5 H�J�+ 5 ��'*�#' ( Jm'*�:'
) - ; O )�1 C = 5 ) �t+,=>13+ . 5 ' @ � ' 6Q6 5 ) C +�' C (3-B=8),=8),Un.,- C -,J
' b U b S
h @ - C = @a; h
=Q)�U � �. O ) ` & O ;z5 ( - 6Q64] ` L $-,*,*,*$'b J ),'
'�. ) 5BC U#' ),'
(3- 6 =�{ ' � ' 6Q6 CA5
O ) @ '
' )~'[o,-BH 9,6 ' @ b l 5n@ '
' C +�= @ Jm) 5BC ' C +�- CN;z5 (N'�-#13+ ; O )�1 C = 5 ) � -B)�.~-#)�h C ' @ C @ ' C��� " $��& " )[$*,-,*,[$i��� ��/ $��&��/ )43�v�� 6F8%: L%< $ @ - C = @a; h�=8),U 8�� " $*,-,*,[$�� ��/ <�� 8- " $-,*,*,*$' / < ` 8 < J
C +�'
(*'T'[o2= @ C3@ -B) 5#C +,' ( ; O )�1 C = 5 ) � � @ O 13+ C +�- C � � �. POX) ` � �. 0OI) ;z5 (y- 686p] ` L $*,-,*,[$fb J
h#' C � � �!� POX)#"` � ��� POK) ;z5 (�- 6Q6n] ` L $*,-,*,[$$�b b u"@ ��'N-B(*' 5 ) 6 hiU#=z�#' ) C +,' C (3-B=8),=8),U|.,- C -,J��'N+�-c�#'T) 5 HI' -#) @"5#; @ ' 6 '�1 C =8),U��t+,=813+ 5B;�C +,' C � 5|; O )�1 C = 5 ) @ � -#)�.�+,' )�1?'��t+�=813+ 5#;
C +�'`1 5 H 9,6 ' C ' 6 hx.2=�q�' (A' ) C�@ ' C*@ 5B;KC ' @aC 6 -BS�' 6�9 (*' .2=>1 C = 5 ) @ ) = @ 9 (*' ; ' (*-#S 6 ' b ["'
)�1
'#J 5 ) 6 h
HI=Q)�=QHI=z{
=8),U C +,' C (*-#=Q)�=Q),UI' (A( 5 ( � 5 (�J[?�E0BDL+B��U@;R�L+B Mf| ) J

%'& /)( } � �0` L
b

/
�
O�� "

L
V�* � �! O )� 9& O * $ � L �e)

. 5 ' @ ) 5BC =8H 9,6 h - @ Hx- 686�C ' @aC '
(*( 5 ( � 1 - 686 '�. L+B M'| ) J�-c�:'
(3-BU#'�. 5 �:'
( C ' @aC '[o,-BH 9,6 ' @
.2(3-c�t) ; ( 5 H C +,' O )].2'
( 6 h
=8),Ux.2= @ C (A=8S O C = 5 )+� �! n$'&N) J

%A} � �0` � L
V�* � �! 0)� S& * � � �! n$f& )[, � L �%)

/ C - C = @aC =>1
- 626 ' -#(A)�=Q),U C +�' 5 (*h�} X L J
V � J:V#v2J:V#jc�	J 5 (�,`R � , - 9 )�= 7�o R +,'
(\� 5 ),'
) 7 = @ ) C +�' 5 (*h#J
@ + 5 � @rC +�- C = C = @ =8H 9 ' (*- C =z�#' C*5 (*' @aC (*=81 CTC +,' 1 6 - @A@ 5B;t; O )]1 C = 5 ) @TC +�- C � = @ 13+ 5�@ ' )

�



; ( 5 H C*5�5 ),' �t+�=813+ +�- @ - �U@\EG@��*BDH�� C +�- C = @T@ O = C -BS 6 ' ;z5 ( C +,'i-#H 5 O ) CN5B; -c��-B= 6 -#S 6 '
C (3-B=8),=8),Ux.,- C - b ,`R C +,' 5 (Ah 9 ( 5 �
=>.2' @ TU> � C0=cM 5 ) C +,' C ' @aC '
(*( 5 ( b lW+�'NHI=Q),=8HI=�{�- C = 5 )
5B; C +,' @ 'YS 5 O )�. @ J �t+,=>13+ .2' 9 ' )�. 5 )nS 5BC + C +,'I'
H 9 =8(A=>1
- 6 (*= @A7 -B)]. C +�'Y1 - 9 -:1?= C h 5#;
C +�' ; O )]1 C = 5 ) 1 6 - @*@ J 6 ' -:. @NC*5nC +,' 9 (A=8)�1
= 9,6 ' 5#; M+HZL � �*H�� Lf@;R L+B M'|9?1BDCGBD?1B�hi@;HIB!>;C } V � � b
lW+,'�S�' @aCao 7 ) 5 �t)|1
- 9 -#1
= C hY1 5 )�1?' 92C 5B; ,`R C +,' 5 (AhY= @ C +,'���� =;BD? J*CNM+B!>;C]J
.,'[��),'�.|- @
C +�' 6 -B(*U#' @ C ) O HTS�'
(�� 5B;m9�5 =8) C*@�C +�- C 1 -B)0S]' @ ' 9 -#(*- C '�.|=8)0- 6Q6G9�5:@*@ =QS 6 '���-�h @ O @ =Q),U
; O )�1 C = 5 ) @Y5#;�C +,'0U#=z�#' )�1 6 - @*@ b u )�'[o,-#H 9�6 ' 5B; - ,`R S 5 O )�. = @TC +�' ;z5:6Q685 �t=Q)�U c = ;�	� b = @WC +,' ,`R�.2=8HI'
) @ = 5 ) 5B;�C +,'N1 6 - @A@�5B;�; O )�1 C = 5 ) @WC +�- C"C +,' 6 ' -#(A)�=Q),UIHx-#13+�=Q),'
1
-#)x=QH 9,6 '
HI' ) C J C +,'
) ;z5 ( - 6Q6�; O )�1 C = 5 ) @ 5B; C +�- C 1 6 - @A@ J2�t= C +|- 9 ( 5 S�-BS,= 6 = C h 5B; - C 6 ' - @ C
L  �
 J C +,'rS 5 O )].

% �
��)�� % & /)(G�
��) ����� �b $ 685 U ��
N)b � � L v )
+ 5:6 . @ J �t+,' (A' C +�' �\>%C��4=2J*C �UJ�HXJ*L+? � = @ .2'[�]),' .�- @

� � �b $ 685 U �

N)b � `�� � & 685 U � /� � L )  685 U ��
 �c�r)
b , � L j )

lW=8U#+ C ' (`S 5 O )]. @ 1 -B) S]' ;z5 (*H O 6 - C ' .�=8) C '
(*H @`5#; 5BC +,'
(y1 5 )�1?' 92C*@ J @ O 13+n- @"C +,'�@;C��C0JU@%R�JU=���� J*CGHILf>\E�� 5 ( C +,' �~Lf> � H"! ��� C �*HZB!>%C b lW+,' @ 'T-B(*' O @ O - 686 h01 5 ) @ =>.2' (A'�. C*5 S]'
+�-#(*.2' ( CA5 '*��- 6 O - C '#J]S O C�C +,'
h 9,6 -�h - ; O )�.,-BHI' ) C - 6 ( 5:6 'r=8) C +,'Y1 5 )�1?' 92C O - 6�9 -#( C�5#;,`R C +,' 5 (*h } VBvc� b�u�6QC ' (A)�- C =z�#'i1 - 9 -:1?= C h 1 5 )�1
' 92C3@rC +]- C 1 -B)~S]' O @ ' . CA5p;z5 (*H O 6 - C '
S 5 O )�. @ =Q)�1 6 O .2' C +,'!�[@%H4M#!G@;HIHKJ*L+BDC(Yl=;BD? J*CNM+B!>;C } V;� b

lW+,'�S 5 O )�. � L v ) .2' @ '
(\�#' @Y@A5 HI' ; O ( C +,' (Y'*o 9,6 -#)�- C*5 (*h~(A' HI-#( 72@ b / O 9�9]5�@ 'l� '�W-B) C '�. CA5 6 '�-B(*) -%$A.,' 9 '
)�.2' )�1?h'&_�t+,'
(*' � �. p$'&N) ` � �. #) � � �!& ) J = b ' b �t+,' (A' C +,'
9 - CaC ' (A)  1 5 ) C -#=Q) @ ) 5 =8) ;z5 (AHx- C = 5 )T-BS 5 O C�C +�' 6 -BS�' 6 & J;�t= C + O ),= ;z5 (*H � �.&N) b M =��:'
)T-
C (3-B=8),=8),U @ -BH 9,6 ' 5B; �No2' . @ =z{
':J-��' 1
-#) C +,' ) @ O (A' 6 hP1 5 HY' O 9 �t= C +T- 6 ' -#(A),=8),UtHx-#13+�=Q),'
�t+,=>13+i-#13+�=Q'-�#' @ {
'
( 5rC (*-#=Q),=8),UN' (A( 5 ( � 9 ( 5 �
=8.2'�. ��'�+�-c�#'") 5 '*o2-#H 9,6 ' @ 1 5 ) C (3-#.2=>1 C =Q)�U
' -:13+ 5BC +,'
( ) b [ 5 ��'*�:'
(�J�=Q) 5 (3.2'
( CA5 (*' 9 ( 5 . O 1?' C +�'�(3-B)]. 5 H 6 -BS�' 686 =8),U @ J C +,= @ Hx-#13+�=Q),'
�t= 6Q6 ),' 1
' @*@ -#(A= 6 h (*'-s O =8(*'p- 6 -#(AU:'+,`R .2=8HI'
) @ = 5 )%� b lW+ O @ J C +,'n1 5 ) �].,'
)�1
' C '
(*H� L j ) J�=8)�1
(A'�- @ =Q),U�H 5 ) 5BC*5 ),=>1
- 6Q6 h9�t= C +(�GJ �t= 6Q6 S�' 6 -B(*U#'#J�-B)]. C +,' S 5 O )�. � L v ) �t= 6Q6C0>%H @ O 9�9]5 ( C�9]5�@A@ =8S 6 ' + 5:9 ' @0C +�- C . O ' C*5�C +,' @ Hx- 6Q6PC (3-B=8),=8),U '
(*( 5 ( J ��' @ + 5 O 6 .
'[o 9 ' 1 C - @ Hx- 6Q6tC ' @aC '
(*( 5 ( b lW+,= @ Hx- 7 ' @ = C O )�.,'
( @ C -B)�.,-#S 6 '�+ 5 � � L v ) 1
-#) + 5#6 .
=8)�.2' 9 '
)].2'
) C�5B; - @A@ O H 92C = 5 ) @ -#S 5 O CmC +,' O )�.2' ( 6 h
=Q),Uy.2= @ C (A=8S O C = 5 )�� �! n$'&N) c = C - 6 �W-�h @
+ 5:6 . @ � 9 ( 5 �
=>.2' . C +�- C �)� b�) J�S O C = C . 5 ' @ ) 5BC - 6 ��-�h @ Hx- 7 ' -") 5 ) C (*=z��=>- 6:9 (*' .2=>1 C = 5 )* -yS 5 O )]. 5 )|-B)I' (A( 5 (�(3- C 'tS�' 1 5 HI' @ � 5 =>.Y= ; = C = @ 6 -B(*U#'
( C +�-B) C +,'�Hx-;o2=8H O H '
(*( 5 (
(3- C ' b {}) 5 (*.2' ( C*5 U#' C ) 5 ) C (*=��
=>- 6G9 (*' .,=81 C = 5 ) @"; ( 5 H � L v ) J C +,' ; O )�1 C = 5 ) @A9 -:1?'NH O @ C
S�' (*' @aC (*=81 C '�. @ O 13+ C +]- CYC +,'�1
- 9 -#1
= C h � ' b U b ,`R .2=QHI' ) @ = 5 ) ) = @I@ Hx- 686 '
) 5 O U#+ � =8)
(*' 6 - C = 5 ) CA5IC +,'N-c��-B= 6 -#S 6 'y-BH 5 O ) CW5#; .�- C - ) b

+ , 
���K � ���*��H�K E �[��NLN �.- K � N

{}) C +,' 9 (*' @ '
) Cr@ '�1 C = 5 )�J � ' @ +]- 686 .,' @ 1?(*=QS�'x-i+
h 9 ' ( 9�6 -#),' 6 ' -#(A)�=Q),U0- 6 U 5 (A= C +,H C +�- C
1
-#) S�' 9 '
( ;z5 (*HI' . =8) - . 5BCI9 ( 5 . O 1 Cx@A9 -#1
' � @ O 13+�- @ C +,' ; ' - C O (*' @A9 -#1
' C +�- C � '
=8) C ( 5 . O 1?' . 9 (A'-�
= 5 O @a6 h ) b�u"@ .2' @ 1
(A=8S]'�.x=8) C +,' 9 (*'*�
= 5 O @ @ '�1 C = 5 )�J C*5 .2' @ =8U#) 6 '�-B(*),=Q)�U

w



- 6 U 5 (A= C +�H @ J 5 )�'N),'
'�. @WC*5 1 5 HY' O 9 �t= C +p-x1 6 - @*@t5B;�; O )]1 C = 5 ) @ �t+ 5�@ 'N1 - 9 -:1?= C hi1
-#)
S�'N1 5 H 9 O C ' . b} X�Vi�m-#)�. } X:kc��1 5 ) @ =>.2' (A'�. C +,'N1 6 - @*@W5B; +�h 9 '
( 9,6 -B),' @

� � �	b ) �%$ ` k � 3lv � $ $ 3 % $ � VBk )
1 5 (A(*' @A9�5 )�.2=8),U CA5 .2'�1?= @ = 5 ) ; O )�1 C = 5 ) @

� � b ) ` @ U:) �f� � �'b ) �%$ )[$ � V L )
-B)]. 9 ( 5:9]5�@ '�. - 6 ' -#(A),=8),U - 6 U 5 (A= C +�H ;z5 ( @ ' 9 -B(3-BS 6 ' 9 ( 5 S 6 ' H @ J C ' (AHI' . C +,' � J[C��J*Lf@;RgB�hiJU= � >%L+HZL\@;BDH	J ;z5 (I1 5 ) @aC ( O 1 C =Q),U � ; ( 5 H '
H 9 =8(*=81 - 6 .,- C - b { C = @ S�- @ '�. 5 ) C � 5
; -#1 C*@ b g�=8( @aC J�-#H 5 ),U�- 686 +�h 9 '
( 9,6 -B),' @P@ ' 9 -B(3- C =8),U C +,'x.,- C -�J C +,' (A'I'[o2= @ C3@ - O ),=zs O '
5 )�'Ph
=8' 6 .2=8),U C +,'rHx-;o2=8H O H Hx-B(*U#=8) 5B; @ ' 9 -#(*- C = 5 )iS�' C ��'
' ) C +,'N1 6 - @*@ ' @ J

Hx-;o� � � HI=Q) 8 ( b  b O ( c b 3lv � $-� � �'b ) �%$ ` k $ ] ` L $*,-,*,[$fb < , � V#V )

/
'�1 5 )].KJ C +,'N1 - 9 -:1?= C hi.2'�1?(*' - @ ' @ �t= C +�=8)�1?(*' - @ =8),UYHI-#(AU:=Q) b
l 5 1 5 ) @aC ( O 1 C�C +,= @�� E#HZBD? @;R�� �\EGJ[LIE#R�@;C#J � 1 ; b gm=8U O (A' L ) J 5 )�' @A5#6 �#' @mC +,' ;z5:6Q685 �t=Q)�U

5#9,C =8HY=z{ - C = 5 ) 9 ( 5 S 6 '
H c
HI=8),=QHI=z{
' � � � ) ` L

V#( � ( � � VBX )
@ O S�� '�1 CtC*5 & O � �'� � �	b O ) �%$ )�� L $ ] ` L $*,*,-,[$'bS, � V �()

lW+,= @ 1 5 ) @aC (3-B=8),' . 5#92C =QHI=z{ - C = 5 ) 9 ( 5 S 6 '
H = @ .,' - 6QC �t= C + S
hn=8) C ( 5 . O 1?=8),UpFm-BU#(3-B)�U#'
H O 6 C = 9,6 =8'
( @ � O � kI-B)�.0-IF�-#U#(3-B),U:=8-#)

	 � � $ $ $�
F) ` L
V ( � ( �  

/
�
O�� "
� O �!& O � �f� b O � � ) � $ )� L )#, � V#w )

lW+,'NFm-BU#(3-B)�U#=>-B)�	 +]- @WC*5 S]'NHI=8),=8HY=z{
'�.��t= C +�(A' @a9 ' 1 CtCA5IC +,'�E0L+BD? @;R �;@;L+B!@2T*R�J[M �
-B)]. $ -B)�.�Hx-%o
=8HI=�{ ' .��t= C +p(*' @A9 ' 1 C"CA5xC +,'l= �G@;R �c@%L+B!@2T*R�J+M ��O�� = b ' b - @ -:.,. 6 ' 9�5 =8) C
+�- @WCA5 S�' ;z5 O )]. ) b FG' C O @WC (Ah CA5 U#' C"@a5 HI'r=Q) C O = C = 5 ) ;z5 ( C +�= @ b { ; -x1 5 ) @aC (3-B=8) C � V �()
= @ ��= 5#6 - C ' .KJ C +,'
) &2O � �'� � �	b OK) �%$ )� L � k,J2=8)��t+,=>13+01 - @ '
	 1 -B)0S]'r=8)�1?(*' - @ '�.|S
h
=8)�1?(*' - @ =8),U C +�'"1 5 (A(*' @A9]5 )�.2=8),U ��O b u�C C +,' @ -BHI' C =QHI'#J � -B)�. $ �t= 686 +�-c�:' CA5 13+]-B),U:'
@ O 13+ C +�- C 	 .2'�1?(*' - @ ' @ b l 5�9 (*'*�:'
) C  ��OG�.&eO � �'� � �,b OI) �%$ )� L ) ; ( 5 H S�' 1 5 HI=Q),U
-B(*S,= C (3-B(*= 6 h 6 -#(AU:'#J C +�'W13+]-B),U:' =8) � -B)�. $ �t= 6Q6 ' ) @ O (A' C +]- C J 9 ( 5 �
=>.2' . C +,' 9 ( 5 S 6 ' H = @
@ ' 9 -#(*-#S 6 ':J C +,'Y1 5 ) @ C (*-#=Q) C �t= 6Q6 '*�#' ) C O - 6Q6 hiS�' @ - C = @ ��' . b /
=8HI= 6 -B( 6 h#J 5 ),'N1
-#) O )�.2' ( o
@aC -B)]. C +�- C`;z5 (P- 6Q6 1 5 ) @aC (3-B=8) C3@ �t+,=>13+n-#(A' ) 5BCP9 (A'�1?= @ ' 6 h�HI' C - @ '-s O - 6 = C =8' @ J = b ' b�;z5 (�t+,=>13+ & O � �f� � �1b O ) � $ )  L�� k�J C +,'"1 5 (A(*' @A9�5 )�.2=8),U � O H O @ C S�'"k cGC +�= @ = @ C +,' ��- 6 O '
5B; � O C +�- C Hx-;o2=QHI=z{
' @ 	 b lW+,' 6 - CaC '
( = @�C +�' @ C - C ' HI'
) C 5B;�C +,'�^r-#( O @ + o ^ O +,) o l O 1 7 ' (
1 5 H 9,6 ' HI'
) C -#(A= C h|1 5 )�.2= C = 5 ) @W5#;�5:92C =8HI=�{�- C = 5 ) C +�' 5 (*h_} � � b

lW+,'N1 5 )�.2= C = 5 ) C +]- C - CtC +,' @ -#.,. 6 ' 9�5 =8) C J C +�'N.2'
(*=���- C =z�#' @W5#; 	 �t= C +�(*' @A9 '�1 CWCA5
C +�' 9 (A=8Hx- 6 ��-B(*=>-BS 6 ' @ H O @ C ��-B)�= @ +GJ

�
� $ 	 � � $ $ $�
�) ` k $ �

� � 	 � � $ $ $�
�) ` k $ � V �e)
�



.
w

{x | (w  x) + b = 0}.

{x | (w  x) + b = −1}.
{x | (w  x) + b = +1}.

x2
x1

Note:

(w  x1) + b = +1
(w  x2) + b = −1

=>       (w  (x1−x2)) =   2

=> (x1−x2)   =
w

||w||( )

.

.

.

. 2
||w||

yi = −1

yi = +1❍
❍

❍

❍
❍

◆

◆

◆

◆

g�=QU O (*' L cIu S,=8)�-B(*h 1 6 - @A@ =��]1
- C = 5 ) CA5 h 9 ( 5 S 6 '
H c @ ' 9 -#(*- C 'xS�- 6Q6>@r; ( 5 H .2=>-BH 5 )]. @
b
lW+,'a>UE0HIBD?A@%R'!'�\ENJ*LIE0Rz@;C0JP= @ 5 ( C + 5 U 5 )�- 6�CA5rC +,' @ + 5 ( C ' @ C 6 =Q)�'"1 5 ),),' 1 C =8),U C +�'`1 5 )r�#'[o
+ O 6868@I5#;`C +,' C � 5 1 6 - @*@ ' @ � . 5#CaC ' . ) JW-#)�. =Q) C '
( @ '�1 C*@ = C +�- 6Q;Do ��-�h S�' C ��'
' ) C +,' C � 5
1 6 - @*@ ' @ b lW+,' 9 ( 5 S 6 ' H S]' =Q)�U @ ' 9 -B(3-BS 6 '#J C +,' (A'�'[o2= @ C3@ -S� ' =QU:+ C �:' 1 C*5 ( � -#)�. -
C +�(A' @ + 5:6 . $ @ O 13+ C +�- C & O � �'� � �>b O ) � $ ) � k � ] ` L $*,-,*,[$fb�) bPE ' @ 1 - 6 =Q)�U � -B)�. $
@ O 13+ C +�- CrC +,' 9�5 =8) C � @ ) 1 6Q5�@ ' @ CrC*5�C +,'x+
h 9 '
( 9,6 -#),' @ - C = @a; h * � � �7b OK) � $ * ` L Jp� '
5 S C -B=8)x- �U@;C0>%CGB��U@;R ;z5 (AH � � $ $ ) 5B; C +,'t+
h 9 '
( 9,6 -#),'#J @ - C = @ ; h
=8),U &2O � �'� � �ub OI) �'$ )�� L b
Z 5#C ' C +�- C =8) C +,= @ 1 - @ '#J C +,'W?A@%LZY2BDC�J�HY'�- @ O (*' . 9 ' ( 9 '
)�.,=81 O 6 -#( 6 h C*5yC +,'�+
h 9 '
( 9,6 -#),'#J
'-s O - 68@ V � ( � ( b lW+,= @ 1 -B) S]' @ '
' ) S
hn1 5 ) @ =8.,'
(*=Q),U C � 509�5 =8) C*@ b " $ b � 5 ) 5:9,9]5�@ = C '
@ =8.2' @ 5#;GC +�'`Hx-B(*U#=8)GJ�= b ' b � � ��b " ) � $ ` L $i� � ��b � ) � $ `  L J�-#)�. 9 ( 5 � ' 1 C =Q)�U C +�'
H
5 ) C*5 C +,'r+
h 9 ' ( 9,6 -B)�'`) 5 (AHx- 6 �#' 1 CA5 ( � � ( � ( b
6 ' -#. @�CA5 /

�
Oz� "
�pOZ&2O ` k � V �%)

-B)].
� `

/
�
Oz� "
� O & O b O , � VBv )

lW+,' @A5#6 O C = 5 )	�#'�1 CA5 ( C + O @ +�- @ -B)�'*o 9 -B) @ = 5 )�=8) C '
(*H @"5#; - @ O S @ ' C"5#; C +,' C (3-B=8),=Q)�U
9 - CaC ' (A) @ JG)]-BHI' 6 h C + 5:@ ' 9 - CaC '
(*) @ �t+ 5�@ ' � O = @ ) 5 ) o {
' ( 5 JG1
- 686 ' .�� �iE2EG>;L+H �PJ��[HX>;LUM b
&�h C +�'N^r-B( O @ + o ^ O +�) o l O 1 7 '
( 1 5 H 9,6 '
HI'
) C -B(*= C hi1 5 )�.,= C = 5 ) @��O � } &2O\�'� b O � � ) �%$ )� L �#` k $ ] ` L $*,*,-,[$'bS$ � VBj )
C +�'P/ O 9�9]5 ( C , ' 1 C*5 ( @ 6 =Q' 5 ) C +,'"Hx-B(*U#=8) � 1 ; b g�=8U O (*' L ) b u�686 (*'
Hx-#=Q),=8),UN'*o,-BH 9,6 ' @ 5#;
C +�' C (3-B=8),=8),U @ ' C -B(*'r=Q(*(*' 6 '*��-B) C c C +,' =Q("1 5 ) @aC (3-B=8) C � V �() . 5 ' @ ) 5BC"9�6 -�h0-I( 5:6 'r=8) C +,'
5#9,C =8HY=z{ - C = 5 )GJ�-B)]. C +,' hy. 5 ) 5BC - 9,9 ' -#(G=Q) C +,' '*o 9 -B) @ = 5 ) � V#v ) b lW+,= @ ),=>1?' 6 hy1
- 92C O (*' @
5 O (x=Q) C O = C = 5 ) 5#;"C +,' 9 ( 5 S 6 '
H c - @YC +,'�+
h 9 ' ( 9,6 -B)�' � 1 ; b g�=8U O (*' L ) = @ 1 5 H 9�6 ' C ' 6 h

�



.2' C '
(*HI=Q)�' .|S
h C +,' 9 - CAC '
(*) @ 1 6Q5�@ ' @ C CA5 = C J C +,' @A5#6 O C = 5 ) @ + 5 O 6 .|) 5#C .,' 9 '
)�. 5 ) C +,'
5BC +,'
(t'*o,-BH 9,6 ' @ b

&�h @ O S @ C = C O C =8),U � V �%) -B)�. � V#v ) =Q) C*5 	"J 5 ),'W' 6 =8HI=Q)�- C ' @�C +,' 9 (*=QHx- 6 ��-#(A=>-BS 6 ' @ -B)].
-B(*(*=��:' @ - C"C +�' s 5#6Q; 'Y. O - 6�5B; C +,' 5#92C =QHI=z{ - C = 5 ) 9 ( 5 S 6 '
H } ' b U b � � c ��)�.nH O 6QC = 9,6 =Q' ( @��O �t+,=813+

HI-%o2=QHI=z{
' � �
��) ` /
�
O�� "
� O  L

V
/
�
O	� 
f� " � O � 
 & O & 
 � b O �,b 
 ) � X#k )

@ O S�� '�1 CtC*5 �pO � k $ ] ` L $*,-,*,[$fb9$ -#)�.
/
�
O�� "
��O.&2O ` k , � X L )

lW+,'y+
h 9 ' ( 9,6 -B)�'y.,' 1?= @ = 5 ) ; O )]1 C = 5 )p1 -B) C + O @ S�'W�t(A= CaC '
)�- @

� � b ) ` @ U#)
� /�
Oz� "

& O � O � � b��'b O ) � $�� � X:V )

�t+,' (A' $ = @ 1 5 H 9 O C ' . O @ =Q),U � VBj ) b
lW+,' @ C ( O 1 C O (*' 5B;GC +,' 5#92C =QHI=z{ - C = 5 ) 9 ( 5 S 6 '
H 1 6Q5�@ ' 6 hI(*' @ '
H S 6 ' @ C + 5:@ ' C +�- C C h 92o

=>1
- 686 h~-#(A= @ 'i=8) F�-#U#(3-B),U:'�� @r;z5 (AH O 6 - C = 5 ) 5#; HI' 13+�-#),=>1 @ b~u"68@A5 C +,' (A':J 5B;DC '
) 5 ) 6 h~-
@ O S @ ' C 5B; C +,'"1 5 ) @aC (3-B=8) C3@ S�' 1 5 HI'�-#1 C =��:' b g 5 ( =Q) @ C -B)�1
'#J#= ; ��' 7 '
' 9 -rS�- 686 =8)|-yS 5 oKJ
C +�'
)|= C �t= 686�C h 9 =>1
- 6Q6 hI( 5:6Q6 =Q) CA5 5 ),' 5B;KC +�'P1 5 (*),'
( @
b lW+,'`1 5 ) @aC (3-B=8) C*@ 1 5 (*(*' @A9]5 )�.2=8),U
CA5�C +,'��W- 6868@ �t+,=813+ -#(A'I) 5#CNCA5 O 13+,'�. S
h C +,'|S]- 686 -B(*'x=8(A(*' 6 '*��-B) C J C +�'���- 6Q6>@ 1 5 O 6 .� O @aC - @ ��' 686 S]'r(*'
H 5 �:' . b

/
'
' ) =Q) C +,= @r6 =8U#+ C Jm= C = @ ) 5BCTCA5
5p@ O ( 9 (*= @ =8),U C +�- C = C = @N9]5�@A@ =QS 6 ' C*5 U#=z�#'x-�HI' o
13+�-#),=81 - 6 =Q) C ' ( 9 (A' C - C = 5 ) 5B;�5:92C =8Hx- 6 HI-#(AU:=Q) +
h 9 '
( 9,6 -#),' @ } j%� c { ; � 'i- @A@ O HI' C +�- C
' -:13+ @ O 9,9]5 ( C �#' 1 CA5 ( b O '*o2'
( C*@ - 9 ' ( 9 '
)].2=81 O 6 -B( ;z5 (*1
' 5B;"@ =z{
' ��O -#)�. @ =QU:) &2O 5 )
- @A5#6 =8. 9,6 -B)�' @ +�'
' C 6 h
=8),Un- 685 )�U C +,'|+
h 9 '
( 9,6 -#),'#J C +,'
) C +,' @A5#6 O C = 5 ) @ - C = @ ��' @NC +,'
(*'-s O =8(A' HY' ) C*@�5B; HY'�13+�-B)�=81 - 6G@aC -BS�= 6 = C h b lW+,'r1 5 ) @ C (*-#=Q) C � V �%) @ C - C ' @�C +]- CtC +�' ;z5 (31?' @
5 ) C +,' @ +,' ' CN@ O H CA5 {
' ( 5 Q�-B)]. � VBv ) =8H 9�6 =8' @yC +�- CyC +,' CA5 (Us O ' @ - 68@A50@ O H C*5 {
'
( 5 J�
=8-�� O b O 6l& O � O � � � ( � ( ` � 6 � � ( � ( ` k b

lW+,'
(*'N-B(*' C +�' 5 (*' C =81 - 6 -#(AU O HI'
) C*@t@ O 9,9�5 ( C =8),U C +�'NU 5
5 .0U#'
)�'
(3- 6 =�{�- C = 5 ) 9 ' ( ;z5 ( o
Hx-B)�1
' 5#;2C +,' 5#92C =QHx- 6 +
h 9 '
( 9,6 -#),' � } X L J#V � JBX:w
J � � ) b {})T-:.,.2= C = 5 )GJ�= C = @ 1 5 H 9 O C - C = 5 ) o
- 686 hI- CaC (*-:1 C =z�#':J @ =8)�1?'P= C 1 -B)iS�'y1 5 ) @ C ( O 1 C '�.|S
h @a5:6 �
=8),U -as O -#.2(3- C =81 9 ( 5 U#(3-BHIHI=8),U
9 ( 5 S 6 '
H b

� 	 ������F��LJ�
 K 
 JLFa� E �*��N\N�� - K � N

s '�) 5 � +�-c�:'�- 686tC +,' C*5
5#6>@ICA5 .2' @ 1
(A=8S�' @ O 9,9�5 ( C �#'�1 C*5 (xHx-#13+,=8),' @ } V#v2J L j2J�V � � b� �:'
(*h C +,=8),Ur=8) C +�' 6 - @aC�@ ' 1 C = 5 ) ��- @ ;z5 (AH O 6 - C '�.x=Q) -T. 5#C 9 ( 5 . O 1 CW@a9 -#1?' bms ' C +,=8) 7
5B;PC +�= @|@A9 -:1?'�- @YC +,' ; ' - C O (*' @a9 -#1?'�� .2' @ 1?(*=8S]'�.�=8) /
' 1 C = 5 ) L b l 5 '[o 9 (*' @*@YC +,'
;z5 (*H O 6 - @ =Q) C '
(*H @ 5B; C +,'"=8) 9 O C�9 - CAC ' (A) @ 6 =z�
=Q),UT=Q) 5 Je��' C + O @ ),'
'�. CA5 ' H 9,6Q5 h � w ) J�t+,=>13+~'[o 9 (*' @*@ ' @"C +,'i. 5#CN9 ( 5 . O 1 CN5#; S 5#6 . ; -#1?' ; '�- C O (A'A�:' 1 C*5 ( @ b $ b w =Q) C ' (AH @r5#;
C +�' 7 '
(*),' 6 t '-��- 6 O - C '�. 5 )�=Q) 9 O C�9 - CAC ' (A) @  p$' w J

t �. p$' PwD) ` � b��'b w )+, � X#X )

v



feature spaceinput space

Φ

◆

◆
◆

◆
❍

❍
❍

❍
❍

❍

g�=QU O (*'~V c lW+,' =>.2' - 5B; / , Hx-#13+,=8),' @ c Hx- 9 C +,' C (3-B=8),=Q)�U .,- C - =Q) C*5 - +,=8U#+,' ( o
.2=8HI'
) @ = 5 )�- 6 ; ' - C O (*' @A9 -#1
'��
=8- �`J�-#)�. 1 5 ) @aC ( O 1 C - @ ' 9 -B(3- C =Q)�Up+
h 9 '
( 9,6 -B),' �t= C +
Hx-;o2=8H O H Hx-#(AU:=Q) C +,' (A' b lW+,= @ h
=8' 6 . @ -n) 5 ) 6 =Q)�' -B(|.,' 1?= @ = 5 )�S 5 O )�.�-B(*h =Q) =8) 9 O C
@A9 -#1
' b & h C +�' O @ ' 5B; - 7 '
(*),' 62; O )�1 C = 5 ) � V ) J�= C = @ 9]5�@A@ =QS 6 ' C*5 1 5 H 9 O C ' C +,' @ ' 9 -B(3- CAo
=8),UI+�h 9 '
( 9,6 -B),'��t= C + 5 O C '[o 9,6 =81
= C*6 h01
-#(A(*h
=Q),U 5 O CtC +,'rHx- 9 =Q) C*5IC +,' ; '�- C O (A' @A9 -#1
' b

lW+,= @ 1
-#) S�'|. 5 ),' @ =8)�1
'I- 6Q6 ; ' - C O (*'1�:' 1 CA5 ( @P5 ) 6 h 5 1 1 O (*' . =Q) . 5#CN9 ( 5 . O 1 C3@
b lW+,'
��'
=8U#+ C �#' 1 CA5 ( � 1 ; b � V#v )') C +,'
)~S�' 1 5 HI' @ -#)~'[o 9 -B) @ = 5 ) =Q) ; '�- C O (A' @A9 -#1
'#J�-B)�.S�t= 6Q6
C + O @rC h 9 =81 - 686 h ) 5 H 5 (*'|1 5 (A(*' @A9]5 )�. CA5�C +�'|=QHx-#U#' 5B; - @ =Q)�U 6 ' �#' 1 CA5 ( ; ( 5 H =8) 9 O C
@A9 -#1
' b�s ' C + O @t5 S C -B=8)�.2' 1
= @ = 5 ) ; O )�1 C = 5 ) @t5B;mC +,'rH 5 (A'yU#' ),'
(3- 6�;z5 (AH � 1 ; b � X:V )')

� �. 0) ` @ U#)
� /�
Oz� "

&2O
��O � � � �. #) � � �! POX)') � $ �
` @ U#)

� /�
Oz� "

&2O
��O � t �. p$' POX) �%$ � $ � X �()

-B)]. C +,' ;z5#686Q5 �t=8),U s O -#.,(*- C =>1 9 ( 5 U:(*-#H � 1 ; b � X:k )') c

Hx-;o2=QHI=z{
' � �
��) ` /
�
Oz� "
� O  L

V
/
�
O�� 
f� " � O � 
 & O & 
 t �! O $' 
 ) � X:w )

@ O S�� ' 1 CtCA5 � O � k $ ] ` L $-,*,-,[$'bS$ -B)�.
/
�
Oz� "
� O & O ` k , � X �e)

{}) 9 (*-:1 C =81
'#J - @ ' 9 -#(*- C =8),U +
h 9 '
( 9,6 -#),'0HI-�h ) 5BC '[o2= @ C J ' b U b = ; -n+,=8U#+ ) 5 = @ ' 6 '-�#' 6
1
- O @ ' @ - 6 -B(*U#' 5 �#' ( 6 - 9 5B;�C +,' 1 6 - @*@ ' @
b l 5 - 68685 � ;z5 ( C +,' 9�5:@*@ =QS,= 6 = C h 5B; '[o,-BH 9,6 ' @�
= 5:6 - C =8),U � V �r) J 5 ),'y=Q) C ( 5 . O 1
' @t@A6 -:1 7 ��-B(*=8-#S 6 ' @ } L k2J�VBv,J]V#Vi�

� O � k $ ] ` L $-,*,*,*$'b � X �%)
=8) 5 (*.,'
( CA5 (*' 6 -;o C +,'N1 5 ) @ C (*-#=Q) C3@ C*5

& O � �f� � �'b O ) � $ )�� L  � O $ ] ` L $-,*,*,*$'bS, � X#v )
u 1 6 - @*@ = ��' (��t+,=813+IU:'
),' (*- 6 =z{
' @ ��' 686 = @�C +,' ) ;z5 O )�.YS
hT1 5 ) C ( 5#686 =8),UPS 5#C + C +�'�1 6 - @*@ =���'
(
1
- 9 -#1
= C h � �
=>- ( � ( ) -B)]. C +,' @ O H 5B;KC +�' @A6 -:1 7
@ � O � O b lW+,' 6 - CaC '
(�= @ . 5 )�'`- @ = C 1
-#)

j



g�=QU O (*'TX c � o,-BH 9,6 ' 5#; -i/ O 9,9�5 ( C , '�1 C*5 (`1 6 - @A@ =���'
( ;z5 O )�.�S
h O @ =Q)�Ui-x(3-#.2=>- 6 S�- @ = @
; O )�1 C = 5 ) 7 '
(*),' 6 t �! n$' w ) ` '*o 9 �  (   l w ( � ) b & 5#C +i1 5�5 (*.,=Q)�- C '"-%o2' @ (3-B)�U#' ; ( 5 H o L
CA5 � L b R =8(*1 6 ' @ -#)�.i.2= @A7
@ -#(A' C � 5 1 6 - @*@ ' @ 5#;GC (3-B=8),=8),UT'*o2-#H 9,6 ' @ Q C +,'`HI=>.,. 6 ' 6 =8),'P= @
C +�' .2'�1?= @ = 5 ) @ O ( ; -#1
'2Q C +�' 5 O C '
( 6 =Q),' @�9 (A'�1?= @ ' 6 hPHI'
' C�C +�' 1 5 ) @aC (3-B=8) C � V �r) b Z 5#C ' C +�- C
C +�'I/ O 9,9]5 ( C , ' 1 CA5 ( @";z5 O )].pS
h C +,'I- 6 U 5 (A= C +,H � Hx-#( 7 ' .�S
h�'[o C (*-|1
=Q(31 6 ' @ ) -#(A' ) 5BC
1?' ) C '
( @y5B; 1 6 O @aC '
( @ J�S O C '*o,-BH 9,6 ' @ �t+,=>13+ -B(*'I1
(A= C =>1
- 6�;z5 ( C +,'xU#=z�#' ) 1 6 - @A@ = ��1
- C = 5 )
C - @a7 b M (*'
h���- 6 O ' @ 1 5 .2' C +,'rH 5 . O 6 O @t5#;mC +,'N-B(*U O HY' ) C � /O�� " & O � O � t �. p$' O ) �%$ 5#;
C +�'N.2' 1
= @ = 5 ) ; O )�1 C = 5 ) � X �r) b )

S�' @ + 5 �t) C*5�9 ( 5 ��=>.2'|-#) O 9,9 ' (TS 5 O )]. 5 ) C +,'i) O HTS�'
( 5#;�C (*-#=Q)�=Q),U�' (A( 5 ( @ �t+,=>13+
6 ' -#. @�CA5 -I1 5 )r�:'[o 5:92C =8HI=�{�- C = 5 ) 9 ( 5 S 6 '
H b

q ),' 9]5�@A@ =QS 6 ' (A'�- 6 =�{�- C = 5 ) 5#; -WM*> �UHn? @;LZY2BDCx1 6 - @*@ =���'
(m= @ HI=8),=QHI=z{
=8),U C +,' 5 S�� '�1 C =��:'
; O )�1 C = 5 )

� � � $��G) ` L
V#( � ( � ���

/
�
Oz� " � O � X#j )

@ O S�� ' 1 C�CA5iC +,'Y1 5 ) @ C (*-#=Q) C3@ � X �%) -#)�. � X:v ) J ;z5 ( @A5 HI'���- 6 O ' 5#; C +,'Y1 5 ) @ C -B) C � � k
.2' C '
(*HI=Q)�=Q),U C +,' C (3-#.,' o 5 q b ["'
(*'p-B)�. S�' 685 �rJ ��' O @ '�S 5:6 . ; -:1?'�U:(A' ' 7 6 ' CaC '
( @ - @
- @ + 5 ( C +]-B)�. ;z5 (`1 5 (A(*' @A9�5 )�.2=8),U �:' 1 C*5 ( @ � ` � � ";$*,-,*,*$ � /�) b {})]1 5 ( 9�5 (3- C =8),U 7 '
(*),' 6>@ J
-B)].r(A'-�t(A= C =8),U`= C =Q) C ' (AH @�5B; Fm-BU:(*-#),U#' H O 6 C = 9�6 =8'
( @ J C +,= @ -#U:-#=Q) 6 ' -:. @�CA5�C +,' 9 ( 5 S 6 '
H
5B; Hx-;o2=QHI=z{
=8),U � X�w ) J @ O S�� ' 1 CWC*5IC +,'N1 5 ) @aC (3-B=8) C*@

k � �pO�� � $ ] ` L $*,*,-,[$'bS$ -B)].
/
�
Oz� "
�pOZ&2O ` k , �!� k )

lW+,' 5 ) 6 hn.,= q '
(*'
)�1
' ; ( 5 H C +�' @ ' 9 -B(3-BS 6 'Y1 - @ 'I= @PC +,' O 9,9 '
(rS 5 O )]. � 5 ) C +�'|F�- o
U#(3-B)�U#'�H O 6 C = 9�6 =8'
( @ ��O b lW+�= @ �W-�h#J C +,'P=Q) � O '
)]1?' 5B;KC +,'y=Q)�.,=��
=>. O - 6�9 - CaC ' (A) @ � �t+,=>13+

L k



x

x

x
x

x

x
xx

x

x
x

x

x

x

+ε−ε

x

ξ+ε

−ε
0

ξ

g�=QU O (*' � c {}) / , (*'
U:(A' @A@ = 5 )GJ - C O S�'��t= C + (*-:.2= O @�� = @ � CaC '�. C*5 C +,'p.,- C - b lW+,'
C (3-#.,' o 5 qnS�' C ��'
' )�H 5 .2' 6 1 5 H 9,6 '[o2= C h0-B)�. 9�5 =8) C*@"6 h
=8),U 5 O C3@ =>.2' 5#;�C +,' C O S�' � �t= C +
9�5:@ = C =��:' @A6 -#1 7 ��-B(*=8-#S 6 ' @ � ) = @ .2' C '
(*HY=8),'�. S
h|HI=8),=8HY=z{
=8),U �!�"�e) b
1 5 O 6 .xS]' 5 O CA6 =Q' ( @ ) U:' C*@ 6 =QHI= C ' . b u"@ -BS 5 �#':J C +�' @A5#6 O C = 5 ) C - 7 ' @ C +,' ;z5 (*H � X �() b lW+,'
C +�(A' @ + 5:6 . $ 1 -B)�S�'�1 5 H 9 O C '�.�S
h '[o 9,685 = C =8),U C +,' ; -:1 CIC +�- CI;z5 (x- 686 / , @  O �t= C +��O � � J C +,' @A6 -:1 7 ��-#(A=>-BS 6 ' � O = @ {
' ( 5 � C +,= @ -BU�-B=8) ;z5:6Q685 � @ ; ( 5 H C +,'N^r-#( O @ + o ^ O +,) o
l O 1 7 ' (W1 5 H 9,6 '
HI'
) C -B(*= C hi1 5 )�.,= C = 5 ) @ ) J,-B)�. +,' )�1?'

/
�
f� " & 
�� 
 � t �. 0O'$f �
i) �%$ ` &2Of, �!� L )

u ) 5#C +,' ( 9]5�@A@ =QS 6 ' (A'�- 6 =�{�- C = 5 ) 5#; - @A5B;DC Hx-B(*U#=8)	��-B(*=8-#) C`5B; C +,' 5#92C =QHx- 6 +
h 9 ' ( o
9,6 -B),' O @ ' @PC +,'�� o	9 -#(*-#HI' C (*=z{ - C = 5 ) } V#Vi� b {})~= C J C +,' 9 -B(3-BH C '
( � = @ (A' 9,6 -:1?'�. S
hn-
9 -#(*-#HY' C ' (�� 3 } k $ L �#�t+,=>13+ 1 -B)|S�' @ + 5 �t) CA5Y6Q5 ��'
(�-B)�. O 9,9 '
(WS 5 O )�. C +,'P) O HTS�'
(
5B; '[o,-BH 9,6 ' @ C +�- C �t= 6Q6 S�'N/ , @ -#)�. C +�- C �t= 6Q6 1 5 HI' CA5I6 =8' 5 ) C +,'W�t( 5 ),U @ =>.2' 5B;mC +,'
+
h 9 ' ( 9,6 -B)�'#JB(*' @A9 '�1 C =��:' 6 h b { C O @ ' @ - 9 (*=QHx- 625 S�� ' 1 C =z�#' ; O )]1 C = 5 )A�t= C + C +,'t'
(*( 5 ( C '
(*H"
� / � O � O  �� J]-B)�. @ ' 9 -B(3- C = 5 ) 1 5 ) @aC (3-B=8) C*@

& O � �'� � �,b O ) � $ )����  � O $ ] ` L $-,*,-,[$'bS, �!� V )
lW+,'xHx-B(*U#=8) 9 -B(3-BHI' C '
( � = @ -���-B(*=8-#S 6 ' 5#; C +,' 5#9,C =8HY=z{ - C = 5 ) 9 ( 5 S 6 '
H b lW+,'|. O - 6
1
-#)~S]' @ + 5 �t) C*5 1 5 ) @ = @ C 5B; HI-%o2=QHI=z{
=8),U C +�' s O -#.2(3- C =81 9 -B( CN5B; � X�w ) J @ O S�� ' 1 CNCA5
k �(� O � L � � � b�) J � O � O & O ` kI-B)�. C +�'N-#.,.2= C = 5 )]- 6 1 5 ) @aC (3-B=8) C � O � O ` L b

	 	 ������F��LJ�
 K 
 JLFa� � K ��� K�N\N��	FIH

lW+,' 1 5 )]1?' 9,C 5B;rC +,'nHx-#(AU:=Q) = @ @A9 ' 1?=��]1 CA5�9 - CaC '
(*) (*' 1 5 U#),= C = 5 ) b l 5 U#' ),'
(3- 6 =�{ '
C +�'�/ , - 6 U 5 (A= C +�H C*5 (*'
U:(A' @A@ = 5 )~' @aC =8HI- C = 5 ) } V#vc�	J -B)�-#)�- 685 U O ' 5B;"C +,'0Hx-B(*U#=8) = @
1 5 ) @aC ( O 1 C ' .I=8) C +�' @A9 -#1
' 5B;KC +,' C -B(*U#' C ��- 6 O ' @ &�� ) 5#C ' C +�- C =8)|(*'
U#(*' @*@ = 5 )GJ%��'"+�-c�:'
&�3�v ) S
h O @ =Q)�U , - 9 ),= 7 � @
��o =Q) @ ' ) @ = C =z�#' 685:@*@�; O )�1 C = 5 ) � g�=QU O (*' �()

* &  � � b ) * � c ` Hx-%o 8 k $ * &  � � b ) *  � < , �!� X )

L#L



l 5 ' @ C =QHx- C 'N- 6 =8),'�-B(t(*'
U#(*' @*@ = 5 )
� � b ) ` � � �	b ) �%$ �!�2�()

�t= C + 9 (*' 1?= @ = 5 ) � J 5 )�'PHI=8),=8HY=z{
' @
L
V ( � ( � ���

/
�
O�� " * &2O  � � b OK) * � , �!� w )

s (A= CaC '
)�- @ -I1 5 ) @aC (3-B=8),' . 5#92C =QHI=z{ - C = 5 ) 9 ( 5 S 6 '
H�J C +,= @ (*' -:. @
c

HI=8),=8HY=z{
' � � � $��d$�� � ) ` L
V ( � ( � ���

/
�
Oz� "

� � O � � �O ) �!�"�e)
@ O S�� ' 1 CtC*5 �f� � �'b OK) � $ )� 9&2O � � � � O �!� �%)

&2O
 �f� � �'b OK) � $ ) � � � � �O �!� v )
� Of$ � �O � k �!� j )

;z5 (�- 686r] ` L $*,-,*,[$fb b Z 5#C ' C +�- C -:1
1 5 (3.2=Q)�U CA5 �.� �%) -B)�. �.� v ) JB-#)�hy' (A( 5 ( @ Hx- 686 '
( C +�-#)
� . 5 ' @ ) 5BC (*'-s O =8(A'x-0) 5 )N{
' ( 5 � O 5 ( � �O J�-B)�. +,' )�1?'|. 5 ' @ ) 5BC ' ) C '
( C +,' 5 S�� '�1 C =��:'
; O )�1 C = 5 ) �.� �e) b

M '
),' (*- 6 =z{ - C = 5 ) CA507 '
(*),' 6 o S�- @ ' .p(A' U#(*' @*@ = 5 )p' @ C =QHx- C = 5 )n= @ 1
-#(A(*=8' . 5 O C =Q)~1 5 H o
9,6 ' C 'I-#)�- 685 U:h CA50C +,'x1 - @ ' 5#; 9 - CaC '
(*)n(*' 1 5 U#),= C = 5 ) b {}) C ( 5 . O 1?=8),U�F�-#U#(3-B),U:'TH O 6 C = o
9,6 =Q' ( @ J 5 )�' C + O @ -#(A(*=��:' @ - CtC +,' ;z5:6Q685 �t=Q)�U 5:92C =8HI=�{�- C = 5 ) 9 ( 5 S 6 ' H c�;z5 ( � � k $ � � k
13+ 5�@ ' ) - 9 (*= 5 (A=	J

Hx-;o2=8HI=�{ ' � � 
�$ 
 � ) `  �
/
�
Oz� "

�
� �O � ��OZ) � /
�
Oz� "

�
� �O  ��OI)�&2O
 L
V

/
�
O�� 
f� " �
� �O  � O )*�
� �
  � 
 ) t �. O $f 
 ) � wBk )

@ O S�� ' 1 CtCA5 k � �pOf$ � �O � � $ ] ` L $*,*,-,[$'bS$ -B)�.
/
�
Oz� "

�
��O  � �O ) ` k , � w L )

lW+,'y(*'
U#(*' @*@ = 5 )i' @aC =8Hx- C ' C - 7 ' @�C +�' ;z5 (*H

� �! 0) `
/
�
Oz� "

�
� �O  �pOK) t �. POf$' #) �%$ $ � w#V )

�t+,' (A' $ = @ 1 5 H 9 O C ' . O @ =8),U C +,' ; -#1 C�C +]- C �.� �2) S�' 1 5 HI' @ -B) '-s O - 6 = C h1�t= C + � O ` kT= ;
k � � O � � J�-B)�. �!� v ) S�' 1 5 HI' @ -#)0'is O - 6 = C h �t= C + � �O ` kY= ; k � � �O � � b

/
'*�:'
(3- 6 '[o C ' ) @ = 5 ) @N5B;tC +,= @ - 6 U 5 (*= C +,H -B(*' 9]5�@A@ =8S 6 ' b g,( 5 H -#)�-BS @aC (3-#1 CT9�5 =8) C
5B; �
=Q'-�rJG��' � O @aC ),' ' . @A5 HI' C -#(AU:' Ct; O )�1 C = 5 )	�t+�=813+�.2' 9 ' )�. @`5 ) C +,'��#' 1 CA5 ( � � $��P)� 1 ; b �!�"�()') b lW+,' (A'T-#(A'TH O 6QC = 9,6 'Y.2' U#(*'
' @t5B; ; (*'
'�. 5 H ;z5 (y1 5 ) @aC ( O 1 C =Q),Ui= C J�=8)�1 6 O .,=Q),U
@A5 HI' ; (*'
' . 5 H + 5 � CA5 9 ' )�- 6 =z{
'#J 5 (`(*'
U O 6 -#(A=z{
':J].2=�q '
(*'
) C`9 -#( C3@"5#; C +,'1�#'�1 C*5 (�J]-B)].
@A5 HI' ; (*'
'�. 5 H + 5 � C*5 O @ ' C +,' 7 ' (A),' 6"C (A=>1 7 b g 5 (0=8) @ C -B)�1
'#J`H 5 (A' U#' ),'
(3- 6P6Q5�@A@

L V



Σ

. . .

output    σ (Σ υi k (x,xi))

weightsυ1 υ2  υm

. . .

. . .

test vector x

support vectors x1 ... xn

mapped vectors Φ(xi), Φ(x)Φ(x) Φ(xn)

dot product (Φ(x).Φ(xi)) =  k (x,xi)( . ) ( . ) ( . )

Φ(x1) Φ(x2)
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