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❑ !7N./01OPQRS@TUV;<=>WXM
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#$%()*+,-)./

❑ !����𝑐+)*+��./01�w��+LE��
�JL���

𝑔!(𝐱), 𝑖 = 1, . . . , 𝑐
K.𝐱w67)f���M𝐱��+L���^�)JL�
�PE�

�𝑔! 𝐱 > 𝑔" 𝐱 , ∀𝑗 ≠ 𝑖,(𝐱+��JEw𝜔!M

❑ !$%&^g��PQ.�
𝑔! 𝐱 = −𝑅(𝛼!|𝐱)

❑ !$%&^g��<*+.�
𝑔! 𝐱 = 𝑃(𝜔!|𝐱)



❑ ����𝑐+)*+���f�� *¡𝑐�JP¢
£𝑅#, . . . , 𝑅$�

�𝑔! 𝐱 > 𝑔" 𝐱 , ∀𝑗 ≠ 𝑖,(𝐱 ∈ 𝑅!
𝑅!x¤!f�� .𝐱�¥¦+�𝜔!)¢£M
JP¢£§ )RS¨wJPRS©JE[M

❑ ª*+«¬�ª*+­®¯°�JL��/±w
𝑔# 𝐱 ²𝑔% 𝐱 M³´/µ�E���¶�)JL�
��

𝑔 𝐱 ≡ 𝑔# 𝐱 − 𝑔% 𝐱
·¸𝑔(𝐱) > 0/(Jw𝜔#¹º(Jw𝜔%M
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!")*+,

❑ YZJL����𝐱)»*�YZ¼s@¡)JL��
𝑔 𝐱 = 𝐰&𝐱 + 𝑤'

K.𝐰a½��/@𝑤'w¾¿M

❑ ª+YZ*+­23¦hJEÀ(�
·¸𝑔 𝐱 > 0(JEw𝜔#/·¸𝑔 𝐱 < 0(JEw𝜔%M
⇔·¸𝐰&𝐱 > −𝑤'(JEw𝜔#/·¸𝐰&𝐱 < −𝑤'(JE
w𝜔%M
·¸𝑔(𝐱) = 0/ÁÂ𝐱�¦�ÃÄ�Å�+M

³´/,Æ𝑔(𝐱) = 0E�Ç��JE[/ÈÉÃ+#𝜔#
)ÊËÃ+#𝜔%)Ê*Ì8M�#𝑔(𝐱)aYZ)/ÍJ
E[a��ÎÏ[M
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!")*+,

!JE[Ð�
𝐰&𝐱# +𝑤' = 𝐰&𝐱% +𝑤' = 0

⇒ 𝐰&(𝐱# − 𝐱%) = 0
⇒ 𝐰²JE[ÑÒÓÔ�𝑅#Õ



❑ YZJL��𝑔(𝐱)af�� .𝐱ÄJE[Ö×)�ØÙ
�>��
𝐱 = 𝐱( + 𝑟 ⋅

𝐰
𝐰 (k𝐰Ë𝐱 − 𝐱(ÏÚ)

𝑔 𝐱 = 𝐰&𝐱 + 𝑤' = 𝐰&𝐱( + 𝑟 ⋅
𝐰!𝐰
𝐰 +𝑤'

= 𝑔(𝐱() + 𝑟 𝐰 = 𝑟 𝐰
k³𝑟 = *(𝐱)

𝐰 = 𝑑(𝐱, 𝐻)

fLÛ/𝑑(𝑂,𝐻) = ."
𝐰
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!")*+,

❑ Ü+«¬

Ý E�𝑐�YZJL���
𝑔! 𝐱 = 𝐰!&𝐱 + 𝑤!' 𝑖 = 1, . . . , 𝑐

·¸𝑔!(𝐱) > 𝑔"(𝐱)/∀𝑗 ≠ 𝑖/(É𝐱*w𝜔!+¹·¸
𝑔! 𝐱 = 𝑔"(𝐱)/(+LiEM
Ý Í*+­�f�� *w𝑐�JP¢£𝑅#, . . . , 𝑅$M
Ý ®#°�Þß)JP¢£𝑅!²𝑅"/È1)*S[a�h
àE�)ÎÏ[𝐻!")�á*�
𝑔!(𝐱) − 𝑔"(𝐱) = (𝐰! −𝐰")&𝐱 + (𝑤!' −𝑤"') = 0
𝐰! −𝐰"Ë𝐻!"ÑÒ/â�

𝑑(𝐱, 𝐻!") =
𝑔!(𝐱) − 𝑔"(𝐱)
𝐰! −𝐰"
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❑ YZ*+­)JP¢£aã)/äåæÇ*+­)ç¯Z
²èéZM
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!")*+,

❑ h[êëìíª*+)«¬MÜ*+�îw®ª*+)ï

ðM

❑ wxy,e/ñWh[)òðóà�

𝑔 𝐱 = 𝐰&𝐱 + 𝑤' =C
!/#

0

𝑤! 𝑥! +𝑤' ⋅ 1 = 𝐚&𝐲

𝐚 =

𝑤'
𝑤#
⋮
𝑤0

𝐲 =

1
𝑥#
⋮
𝑥0

K.𝐲wòðf���/𝐚wòð½��M
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!")*+,

❑ "#ÍJL��)*+ô(w�

Ý ®#��67𝐲/·¸õ𝐚&𝐲 > 0ö�K*+w𝜔#
Ý ·¸õ𝐚&𝐲 < 0ö�K*+w𝜔%

❑ DEYZJL��)óà𝑔 𝐱 = 𝐚&𝐲/!��*+­)÷
ø��./01)ù�a3�¼úõ+�)4567éE
JL��.)½��𝐚M

❑ �õ𝑛�4567𝐲!, 𝑖 = 1,⋯ , 𝑛/(K.��𝐲!û�®½
��𝐚pq��üý/2Kþ#ÿ�*+ÎÏ[)�!M

❑ ·¸"#)$��%!/(K]þ# 𝑛�&� )Ò'¢M
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!")*+,

wxy,e/��òð
f���?ÚÃ()�
·¸𝐲!�#𝜔%/(�𝐲!*
+w−𝐲!/O@»456
7®½��𝐚)üý�À
()w� 𝐚&𝐲! > 0

𝜔%

𝜔#



!")*+,

❑ ®#YZ�*)45,/�#!�õ4567Ð-./0
üý)½��%!/A123�Ø34��*)4567
®½��?Ú5Ñ)6��75Ñ8_)Q9M

❑ :@®#;~.)*+��/67||<TYZ�*/k
³!�õ4567Ð-./0üý)½��11i%!M
G=AB6��75Ñ8BÆ>?½��)BÆ@A#i
zBC)DEM

❑ 01?@ìí�ØFG�õ4567/@iHHa��*
67)45Q9/¦I½��zJEBCM

❑ K.)�ØÙxZ,-a^gÏ,�K-�>?L�z-
.𝐚&𝐲! = 𝑏!)½��𝐚/K.𝑏!aÑ)1�M
Ý k³01ö�YZiMàI$)��N+wüývO/
`µvP@c$)��/QYZ,Æ¼)I$M
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0123456

❑ ^gÏ,�KËRS
®#À())4567𝐲!, 𝑖 = 1,⋯ , 𝑛/01TU?Ä��
½��𝐚/2V®�ÅDE)�WÑ)1�𝑏!/õ�

𝐚&𝐲! = 𝑏!, 𝑖 = 1,⋯ , 𝑛
X¡YZóàQw�

𝑦#' 𝑦## . . . 𝑦#0
𝑦%' 𝑦%# . . . 𝑦%0
⋮ ⋮ ⋮
𝑦1' 𝑦1# . . . 𝑦10

𝑎'
𝑎#
⋮
𝑎0

=

𝑏#
𝑏%
⋮
𝑏1

⇔ 𝐘𝐚 = 𝐛

❑ [,Æ�Ü#\\�´/𝐚aÎE)M
❑ 01E����K���

𝐞 = 𝐘𝐚 − 𝐛
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❑ !"#$%&'()*+,-./012𝐚3

𝐽!(𝐚) = 𝐘𝐚 − 𝐛 " = 𝐞 " =*
#$%

&

(𝐚'𝐲# − 𝑏#)"

❑ 456789:3

𝛻𝐽! =*
#$%

&

2(𝐚'𝐲# − 𝑏#)𝐲# = 2𝐘'(𝐘𝐚 − 𝐛)

❑ ;9:<𝟎=>?3
𝐘'𝐘𝐚 = 𝐘'𝐛

❑ @A𝐘'𝐘BCDE/3
𝐚 = (𝐘'𝐘)(%𝐘'𝐛 = 𝐘)𝐛

FG/HI𝐘)B𝐘/JKHIL
❑ MN3OPQRS/𝐛=TU%&*+()VW?/XYZS
[\]^_`ab=cd]^Bef>a/L

17



0123456

❑ ]�3RSYZ^_YZ*+­

ω1: (1,2)T and (2,0)T
ω2: (3,1)T and (2,3)T

Sample matrix

Pseudoinverse

𝐘! =

!"#$𝑏"%&'
𝐛 = 1,1,1,1 #

()%*+,
𝐚 = 𝐘!𝐛 =
(11/3,−4/3,−2/3)T

18

𝐚!
1
𝑥"
𝑥#

= 0



0123456

❑ !"#$%&'()*+,

- "./0123(456789:;<=𝐛 =
𝟏(>?@AB'CDEFGH;IJ".K0
12+,LMN$%&'O

𝑔)(𝐱) = 𝑃(𝜔*|𝐱) − 𝑃(𝜔+|𝐱)

- PQRS;".TUV&'𝐽,(𝐚)WXY".T
JZ&'

𝜀+ = / 𝐚-𝐲 − 𝑔)(𝐱) +𝑝(𝐱)𝑑𝐱

19



0123456

❑ `abcÝd7eÝff©^gg,Óhijkl7mijn7kopjcibqrstuÕB
Æ

Ý v3w>hx-8^g)𝐽7(𝐚)y

𝛻𝐽7 =C
!/#

1

2(𝐚&𝐲! − 𝑏!)𝐲! = 2𝐘& 𝐘𝐚 − 𝐛

𝐚(𝑘 + 1) = 𝐚(𝑘) − 𝜂(𝑘)𝛻𝐽7
𝜂(𝑘) = 𝜂(1)/𝑘
𝐚(1) : �Å

Ý _Ê�z{|}~Ç𝐘&𝐘a��YZ�ú8)��¹Ó�Õ
}~Ç�YZ)S�CM

Ý AB�67���W<v�𝐚/�?��t��</�
³�V·h)`abcÝd7eÝffBÆ/µ¨w^gg,BÆ�
𝐚(𝑘 + 1) = 𝐚(𝑘) − 𝜂(𝑘) 𝐚&𝐲8 − 𝑏8 𝐲8

20



0123456

❑ stuC-\]BC#*+ÎÏ[/Q2ä�Ï[%!M

𝑥#

𝑥%

21
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!")*#7

❑ [\]^_`a;bHc9$%defghijklm
c9$%denoU(pqrstYd_($%
90Du$%9(vwDxyz0D{n

❑ |}~�s7�𝑛8𝑑���AB𝐱*, 𝐱+, … , 𝐱( ,I
�d�Y^8��_%no��x𝑛*(AB��
𝐷*�Y_%𝜔*;�x𝑛+(AB��𝐷+�Y_%𝜔+n
��𝐱.��dx(c9��O𝑦. = 𝐰-𝐱.n

❑ !�(𝑛8�=�𝑦*, 𝑦+, … , 𝑦(}���d�Y��
𝑌*, 𝑌+n<= 𝐰 = 1;��𝑦.�p�𝐱.D𝐰0D
yz(�=;~���yz�(𝑦.stYd_n

23



!")*#7

�=.)��,�2V��H)Ê��RvP@*ÌM

24



❑ ·�éE^�)��,�𝐰/¦yÄôé)*+�
❑ �Ø�z)���3°��,��H67g�)K���
��¸)*×Æ>M

❑ ·¸𝐦!w�,𝐷!, 𝑖 = 1,2/
)𝑑�67g��

❑ (��H)67g�w�

❑ ù��^�)��HÊ)67g�§K�

Ý %!���\ìí»+67*�/JLZ�zi.M

!")*#7

25



❑ YZJL*��E�+Lw𝜔!)��H67+���·h�

❑ YZ�*ô(ëI!��𝑦 = 𝐰&𝐱h/^�)ô(���

❑ ¨w��67)�+���M

❑ wÇÉ𝐽(𝐰)X¡�#𝐰)xyà/E�+���YZ𝐒!²
�+���YZ𝐒9·h�

!")*#7

26



❑ (01õ�

❑ â�

!")*#7

27



❑ ��,[�

❑ K.�

❑ 𝐽(𝐰)�¦��Xwy

!")*#7

-./012

28



❑ 2Vô(��𝐽(𝐰)^�))𝐰] -.

❑ ·¸𝐒9aT��)/(

❑ kw𝐒:𝐰�aþ#𝐦# −𝐦%),�Ð/@𝐰)l¡õ~¢

�£/01�¦VÄ�

❑ ä601öVÄÇ¤ak¥ic�*ZJ4h)𝐰/ä�𝐰2V

+ ��²+���)��yÄ^�M

!")*#7

29



89)*#7

❑ ®#𝑐+��/�¤ak¥icYZJLïð�pq𝑐 − 1�JL
Z��,�Mµöa¦/§ëO𝑑�� �𝑐 − 1�� �
�M

❑ ³´/+���w�

𝐒9 =C
!/#

$

𝐒!

K.

𝐒! = C
𝐱∈<#

(𝐱 −𝐦!)(𝐱 −𝐦!)&

𝐦! =
1
𝑛!
C
𝐱∈<#

𝐱

30



89)*#7

31

❑ g/hi12<3

𝐦 =
1
𝑛
*
𝐱∈,

𝐱

❑ gjkHI3

𝐒- =*
𝐱∈,

(𝐱 −𝐦)(𝐱 −𝐦)'

=*
#$%

.

*
𝐱∈,$

(𝐱 −𝐦# +𝐦# −𝐦)(𝐱 −𝐦# +𝐦# −𝐦)'

=*
#$%

.

*
𝐱∈,$

(𝐱 −𝐦#)(𝐱 −𝐦#)' +*
#$%

.

*
𝐱∈,$

(𝐦# −𝐦)(𝐦# −𝐦)'

= 𝐒/ +*
#$%

.

𝑛# (𝐦# −𝐦)(𝐦# −𝐦)'



89)*#7

32

❑ ��

𝐒/ ==
01*

2

𝑛0 (𝐦0 −𝐦)(𝐦0 −𝐦)-

❑ ?
𝐒3 = 𝐒4 + 𝐒/

❑ ��Z�(𝑐 − 18$%&' ��AB¡𝑑�¢
£D𝑐 − 1�¢£yzO

𝑦0 = 𝐰0
-𝐱, 𝑖 = 1, . . . , 𝑐 − 1

o�𝑦0¤J¥¦p78𝑐 − 1�Dx𝐲(dxn



89)*#7

33

❑ 𝐰#>lmnBZo𝑑×(𝑐 − 1)HI𝐖/p12L.
𝐲 = 𝐖'𝐱

❑ Oqr]^𝐱%, … , 𝐱&stuvw=?xZyz/𝑐 − 1{]^
𝐲%, … , 𝐲&LF|z]^^}~������/hi123

=𝐦# =
1
𝑛#
*
𝐲∈1$

𝐲 = 𝐖'𝐦# , =𝐦 =
1
𝑛
*
𝐲∈1

𝐲 = 𝐖'𝐦

,jkHI3

>𝐒/ =*
#$%

.

*
2∈1$

(𝐲 − =𝐦#)(𝐲 − =𝐦#)' = 𝐖'𝐒/𝐖

>𝐒3 =*
#$%

.

𝑛#( =𝐦# − =𝐦)( =𝐦# − =𝐦)' = 𝐖'𝐒3𝐖



89)*#7

34

❑ §¨©ª(«�¬po§¨­®(VxT®xn

❑ ~���r¯78°±©ª𝐖;²³´µ°±
uyz{�_£§¨¶_·§¨(«�¬¸¹"
ºO

𝐽(𝐖) =
D𝐒/
D𝐒4

=
𝐖-𝐒/𝐖
𝐖-𝐒4𝐖

❑ "#©ª𝐖(��DxpZ�0­�"º(𝑐 − 1
8Bw¹!�(BwDxO

𝐒/𝐰0 = 𝜆0𝐒4𝐰0



89)*#7

35

❑ <=𝐒4p»¼½(;?O
𝐒45*𝐒/𝐰0 = 𝜆0𝐰0

¾p78¿À(Bw¹ÁÂn��oÃÄÅ�0
Æn

❑ ~�[��Ç4GÈ¬(ÉÊÇ4Bw¹O
𝐒/ − 𝜆0𝐒4 = 0

Å*7Ë��0­
𝐒/ − 𝜆0𝐒4 𝐰0 = 𝟎

Ç4𝐰0n



!.#$%/0123

36



:;<=>

❑ ÷øË¨I��^g)�"#©­÷ø)*+­§ëOõ

å)4567.÷øJL��𝑔(𝐱)/ä�ù��ªAB^
g)ÿ+�K��/�·45,Ð)¨I��/8yÄ�

𝑅=>( 𝐰,𝑤' =
1
𝑛
C
8/#

1

𝑧8 − 𝑔 𝐱8; 𝐰,𝑤' %

K.+�«

𝑧8 = \+1, ·¸𝐱8 ∈ 𝜔#
−1, ·¸𝐱8 ∈ 𝜔%

37



:;<=>

B1

B2

¬�$v­�

38

❑ `a®¯)!45�4Ð^g)¨I��),-®�)F
G�4°)Zzi��

Ý �z%!±Üi²)��/ûz³­Û´µ45�4,

Ý ¶¦éE¬���z^�·¸�4*�)¹~�^



:;<=>

39

❑ ¯:÷ø.)P�²º»�

Ý lmP�¼½K®DE�4,)¾*z{¹

Ý wÇé¿°)�K)ÐS/] Àælm)P�M

❑ !¯:÷ø./ºjÁnaÂ7»¥icÃÝninÂak zº»|�a^13)
lmP�>�MÈ¼½Ç��,)÷øz{/º»�Ä�(
÷ø©­P�Ä�M

Ý º»�öaÿlm®¯)*+­,szÅÆÇ)^Ü67
�/Q^�)*+z{¹

Ý ÆÇÿ�67,öa¦zxyÍ67,)�õ�z®*M



:;<=>

40

❑ d¶��,)º»�~]

❑ YZÔ¤��z𝑑 = 2|�%!�¦�ÆÇ)È�Ê/`?i
Ää6)É�ÊM
⇒ º»� ÊrÈM�ª«¬h/Kº»� Êr𝑑 + 1



:;<=>

41

❑ �^)��^g)�-.¦hUV)��Ëõ­)°)Z
{Ì¨I��g
�Ìº»�Í

❑ ¹~��<Ë¨I��<�Î�h[)iMà¦;<1 −
𝛿¡Ï

𝑒𝑟𝑟?@A= ≤ 𝑒𝑟𝑟?@B!1 +
VC(log( 2𝑛/VC) + 1) − log( 𝛿/4)

𝑛
K.𝑛w4567P�M
zºjÁnaÂqÐulcpÑlpcjhrÒakÂrtanamaÓjlaÝnrÔcanÑaÁhiÐqr
{ÕÕÖÌ|

❑ *× ×Ë^_ÎÏ[�

Ý ºjÁnaÂØÙÇ^�)+ )*× ×MÚ#^g)º»�

Ý ^_ÎÏ[QwËõ^�+ *× ×)*+[



:;<=>

42

❑ *× ×ËÛÜ��

Ý *× ×��PQRSÄ^µ)4567ÓÛÜ��Õ
)Ö×E�)�Ý¢£

Ý ÛÜ���E�^_*+ÎÏ[)4567/®¯#^
¶�*+)67



:;<=>

B1

B2

B1

B2

b11

b12

b21
b22

margin

43

❑ 45ÛÜ��©)ù�a?Ä��Ëõ+ ^� ×)*
+ÎÏ[M ×Ä�/*+­)°)ZµÄ­M

❑ K45ù�MÚ#I$ËõYZüý)ªÞÀ¾��M

❑ K"7óàaª*+/`�¦ßà¡Ü+M



:;<=>

44

❑ áìí�*«¬h)YZÛÜ��©�23·h)YZJ
L��

𝑔 𝐱 = 𝐰&𝐱 + 𝑤'
JPô(�·¸𝑔 𝐱 > 0/(�𝐱Jw𝜔#+/·¸𝑔 𝐱 <
0/(�𝐱Jw𝜔%+M

❑ DE4567𝐱8)+�«�

𝑧8 = \+1 ·¸𝐱8 ∈ 𝜔#
−1 ·¸𝐱8 ∈ 𝜔%

❑ 45´/*+lmüýUV)Àâ)óà�
𝑧8𝑔 𝐱8 > 0

Q
𝑧8 𝐰&𝐱8 +𝑤' > 0

K.𝑘 = 1,2, . . . , 𝑛M



:;<=>

❑ Ì𝐱.ÍÎd_Ï/Ð(ÍÎ�ÑÒÓJZÔÕO
𝑧.𝑔(𝐱.)

𝐰
≥ 𝑏, 𝑏 > 0

❑ Ö×ØÙÚ79ÛÜ
𝑏 𝐰 = 1

❑ ÝÞÔÕßà°ÖÛ
𝑧.𝑔(𝐱.)

𝐰
≥ 𝑏 =

1
𝐰

⇒ 𝑧.𝑔(𝐱.) ≥ 1

45



:;<=>

^�) ×�

2
||𝐰||

��{�min
𝐰

#
% 𝐰 %

𝑠. 𝑡. 𝑧8(𝐰&𝐱8 +𝑤') ≥ 1, 𝑘 = 1,2, . . . , 𝑛

ªÞÀ¾��ã
46

𝐰!𝐱% + 𝑤& > 1

𝐰!𝐱% + 𝑤&

𝐰!𝐱% + 𝑤& = 1

𝐰!𝐱% + 𝑤& = 0

𝐰!𝐱% + 𝑤& = −1

< −1



:;<=>

❑ 23ä#åæ_)�

𝐿 𝐰,𝑤', 𝛌 =
1
2
𝐰 % −C

8/#

1

𝜆8 𝑧8 𝐰&𝐱8 +𝑤' − 1 ,

𝜆8 ≥ 0
❑ w�Vmin

𝐰,."
max
𝛌
𝐿/𝐿®𝐰²𝑤')w>¯Ía𝟎�

𝐰 = ∑8/#1 𝜆8𝑧8𝐱8 â ∑8/#1 𝜆8𝑧8 = 0
❑ ÉÈ1ÙWä#åæóà/01�¦VÄ��vP@$P
)®ç��Ó���Õ�

max
𝛌

C
8/#

1

𝜆8 −
1
2
C
8,"/#

1

𝜆8𝜆" 𝑧8𝑧"𝐱"&𝐱8

s. t. C
8/#

1

𝑧8𝜆8 = 0, 𝜆8 ≥ 0, 𝑘 = 1,2, . . . , 𝑛
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:;<=>

❑ 34èèézèjcpk¥êèp¥nêépÑÂic|UVq01\ë�
𝜆8 𝑧8(𝐰&𝐱8 +𝑤') − 1 = 0

k³/·¸𝐱8iaÛÜ��/ÁÂ𝜆8 = 0/Q��)$ì
í�ÛÜ��PEM

❑ ��)$�¦hà�Dî�

𝐰 = C
8/#

1

𝜆8𝑧8 𝐱8

𝑤' = 𝑧8 −𝐰&𝐱8 Ó®¯𝜆8 ≠ 0)𝐱8Õ

𝑔(𝐱) = C
8/#

1

𝜆8𝑧8(𝐱8&𝐱) + 𝑤'
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:;<=>

❑ YZÛÜ��©�i�*
«¬

34 +1
34 -1

ñWïðN�𝜓8/¦ñ
±á*ò¶©úóô)4
5�4��*M

𝑧8(𝐰&𝐱8 +𝑤') ≥ 1 − 𝜓8,
𝑘 = 1,2, . . . , 𝑛

49

x1

x2

wT x
+ w 0

= 0

wT x
+ w 0

= -1wT x
+ w 0

= 1 𝜓!

𝜓!



:;<=>

��È�

min
𝐰,𝛙

1
2 𝐰 % + 𝑐C

8/#

1

𝜓8

𝑠. 𝑡. 𝑧8 𝐰&𝐱8 +𝑤' ≥ 1 − 𝜓8,
𝜓8 ≥ 0, 𝑘 = 1,2, . . . , 𝑛

lKù�a!^�)�*67 
×)²´/^g)��𝜓8§
²M

lõ�𝑐wÑ()Î�/Àæl
mno>Ë45�K§ )ö
.M
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❑ 01�¦���È÷+w¦h)^�)��Ó®ç��Õ�

K.�KN�𝜓8)ø3a�ä#åæÎ�𝜆8åæ!0Ä𝑐
§ M

❑ èèéUV�
𝜆8 𝑧8(𝐰&𝐱8 +𝑤') − 1 + 𝜓8 = 0
𝑐 − 𝜆8 𝜓8 = 0

❑ Ë�*«ó+ù/®¯Tú𝜆8)𝐱8�¨wÛÜ��M

:;<=>

��4�max
𝛌

C
8/#

1

𝜆8 −
1
2
C
8,"/#

1

𝜆8𝜆"𝑧8𝑧"𝐱"&𝐱8

𝑠. 𝑡. C
8/#

1

𝑧8𝜆8 = 0, 0 ≤ 𝜆8 ≤ 𝑐, 𝑘 = 1,2, . . . , 𝑛
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:;<=>

52

❑ °Ø«¬

Ý 0 < 𝜆8 < 𝑐
❖𝜓8 = 0�ÛÜ��Ä^_*+ÎÏ[Ö×w 1/ 𝐰 /
¨wRS��M

Ý 𝜆8 = 𝑐
❖𝜓8 > 1��*67
❖0 < 𝜓8 ≤ 1�Ñé*+/`aÄ^_*+ÎÏ[)
Ö×g#1/ 𝐰

❖𝜓8 = 0�RS��Óûõ«¬Õ
❑ ü9^H)ûõ«¬qr01��õ𝜆8 = 𝑐)ÛÜ��îw
%!��M

❑ �õiaÛÜ��)67û�Ñé*+<þ# ×ú§ýM

𝜆" 𝑧"(𝐰#𝐱" + 𝑤$) − 1 + 𝜓" = 0
𝑐 − 𝜆" 𝜓" = 0



!4#$%5&'$6
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?@!")*+,

❑ ;~��.)*+RS11aTYZ)/d¶)YZJL
��izxy;~.)no«¬M

❑ ��YZJL��ïðwv�ª)ð�YZJL���
𝑔 𝐱 = 𝑎#𝑓# 𝐱 + 𝑎%𝑓% 𝐱 +⋯+ 𝑎O𝑓O 𝐱 + 𝑎OP#

K.𝑓# 𝐱 , 1 ≤ 𝑖 ≤ 𝑁, alà��𝐱)����M
❑ ñW𝑓OP# 𝐱 = 1/01VÄ�

𝑔 𝐱 = C
!/#

OP#

𝑎!𝑓! 𝐱 = 𝐚&𝐲

K.𝐚 = [𝑎#, 𝑎%, . . . , 𝑎O, 𝑎OP#]&
𝐲 = 𝑓#(𝐱), 𝑓%(𝐱), . . . , 𝑓O(𝐱), 𝑓OP#(𝐱) &

𝑔(𝐱))H�ØóàÅþÿ��ð�YZJL���îw𝑁
+ 1�� .)YZ��M
Ý 𝑔(𝐱)!𝑅0.¿ÜKTYZfZM



❑ ð�YZJL��!N+� .v3¨B'Ê)ÎÏ[8
?Ú67*+M

❑ ]��
𝑔(𝑥) = −1 + 𝑥 + 2𝑥% = 𝐚&𝐲

o �!Y½"w#�� .)$%Y

o Ï[z𝐻�𝐲� *¡°�JP¢£ {𝑅#² {𝑅%
Ý @'&𝑥� .Þ¯)JP£𝑅#²𝑅%Td¶'A

55

?@!")*+,

𝐚 =
−1
1
2

, 𝐲 =
1
𝑥
𝑥%

Q𝐻 : 𝐚#𝐲 = 0
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?@!")*+,

❑ ^13)ð�YZJL��wÜ(àJL��/Q𝑓!(𝐱)(1

≤ 𝑖 ≤ 𝑁)w�#𝐱.»*�)Ü(àM

Ý �·ª�f�� .)ªÞJL���

𝑔(𝐱) = 𝑎#𝑥#% + 𝑎%𝑥#𝑥% + 𝑎U𝑥%% + 𝑎V𝑥# + 𝑎W𝑥% + 𝑎X
K.�𝐚 = [𝑎#, 𝑎%, . . . , 𝑎X]&

𝐲 = [𝑥#%, 𝑥#𝑥%, 𝑥%%, 𝑥#, 𝑥%, 1]&
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'!":;<=>

❑ 01µ�¦v3TYZ½"))*®YZÛÜ��©?Ú
ïð�

𝐱8 → 𝜑 𝐱8
K.𝜑 ⋅ w±E)TYZ½"��M
Ý ABç[)TYZ½"𝜑 ⋅ ��4½"Ä.Å��)�
 ./°+�4�a�¦���ÎÏ[*ÌM
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'!":;<=>

❑ bH;"#Ï/Ð(áâ&'ÖO

𝑔 𝐱 = =
.∈SV

𝜆.𝑧. 𝜑- 𝐱. 𝜑 𝐱 + 𝑤)

o�ãäåæçèDxéê�n

❑ áâë?ìbí��O

- <=𝑔 𝐱 > 0 ? 𝐱î_Ö𝜔*;ï?î_Ö𝜔+n

❑ ¾ðñòóô(õÌp¤²ºö÷øÃÄxn
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'!":;<=>

❑ ]���©��z+,Ò|a^d¶)TYZ�*��§�
1,1 Ë −1,−1 �#𝜔#
1,−1 Ë −1,1 �#𝜔%



!"#$%&'()*+,-./0%&12

𝐲 = 𝜑 𝐱 =

𝑥!"

2 𝑥!
2 𝑥!𝑥"
2 𝑥"
𝑥""
1

34567𝐱#%&89:;<=>?2

𝐲! = 𝜑 𝐱! =

1
2
2
2
1
1

𝐲$= 𝜑 𝐱$ =

1
− 2
2

− 2
1
1

𝐲" = 𝜑 𝐱" =

1
2

− 2
− 2
1
1

𝐲%= 𝜑 𝐱% =

1
− 2
− 2
2
1
1
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'!":;<=>

1
1

−1
−1

1
−1

−1
1
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'!":;<=>

01>I^�)�

C
8/#

V

𝜆8 −
1
2
C
8,"/#

V

𝜆8𝜆"𝑧8𝑧"𝜑&(𝐱")𝜑(𝐱8)

𝑠. 𝑡. C
8/#

V

𝑧8𝜆8 = 0, 𝜆8 ≥ 0, 𝑘 = 1,2, . . , 4

®ÐàI$V�

𝜆# = 𝜆% = 𝜆U = 𝜆V =
1
8

�#�õ𝜆8 ≠ 0/k³�õ)𝐱8ûaÛÜ��M
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'!":;<=>

h[:C𝐰�

𝐰 = ∑"%&' 𝜆"𝑧"𝜑(𝐱") =
&
(

1
2
2
2
1
1

2
&
(

1
2

− 2
− 2
1
1

34
&
(

1
− 2
2

− 2
1
1

2
&
(

1
− 2
− 2
2
1
1

54
&
!

0
0
2
0
0
0

𝑤')$�¦v3�Å��ÛÜ��IV/]·𝐱𝟏�
𝐰&𝜑 𝐱# +𝑤' = 𝑧# ©- 𝑤' = 𝑧# −𝐰&𝜑 𝐱# = 0

𝜑 𝐱$ =

1
2
2
2
1
1
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'!":;<=>

5678+,
𝑔 𝐱 = 𝐰#𝜑 𝐱 + 𝑤% = 𝑥$𝑥&

'9𝑔 𝐱 > 0:𝐱;-+𝜔$%'9𝑔 𝐱 < 0:𝐱;-+𝜔&<

.=>?𝑏+,

𝑏 =
1
𝐰

= 2

𝜑 𝐱 =

𝑥$&

2 𝑥$
2 𝑥$𝑥&
2 𝑥&
𝑥&&
1
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:;<=>ABCDE

❑ /0TYZÛÜ��©)JL������ .)f
����.PE�

𝑔(𝐱) = C
8∈SV

𝜆8𝑧8 𝜑&(𝐱8)𝜑(𝐱) + 𝑤'

❑ �ñW/��xyÍ�.�
𝐾(𝐱, 𝐲) = 𝜑&(𝐱)𝜑(𝐲)

❑ /��_0�

Ý i§\ë𝜑 ⋅ /�}~!1���C
Ý JLàd)w�

𝑔(𝐱) = C
8∈SV

𝜆8𝑧8𝐾(𝐱, 𝐱8) + 𝑤'

𝜑 𝐱 =

𝑥$&

2 𝑥$
2 𝑥$𝑥&
2 𝑥&
𝑥&&
1

⇓
𝐾(𝐱, 𝐲) = 𝐱#𝐲 + 1 &
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:;<=>ABCDE

❑ �78/��YB�Z/3�@��

𝐱 ∈ 𝑅", 𝜑 𝐱 =
𝑥%"

2𝑥%𝑥"
𝑥""

∈ 𝑅4=.3𝐾 𝐱, 𝐲 = (𝐱'𝐲)"

�<3
𝜑'(𝐱)𝜑(𝐲) = 𝑥%"𝑦%" + 2𝑥%𝑥"𝑦%𝑦" + 𝑥""𝑦"" = (𝑥%𝑦% + 𝑥"𝑦")"
= (𝐱'𝐲)" = 𝐾 𝐱, 𝐲
��=������=�>l�����78L

❑ O�S�78=𝜑(⋅),�{����YB�Z/3

𝜑 𝐱 = %
"

(𝑥%" − 𝑥"")
2𝑥%𝑥"

(𝑥%" − 𝑥"")
∈ 𝑅4 ��𝜑 𝐱 =

𝑥%"
𝑥%𝑥"
𝑥%𝑥"
𝑥""

∈ 𝑅5

���o ¡78��O¢�78𝐾 𝐱, 𝐲 L
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:;<=>ABCDE

❑ AB��i²)/��/ÛÜ��©�~;i²)÷ø�
¸M13)�W/���·�
Ü(à�𝐾(𝐱, 𝐱8) = (𝐱&𝐱8)0
km���𝐾(𝐱, 𝐱8) = tanh( 𝑎(𝐱&𝐱8) + 𝑏)
�&�𝐾(𝐱, 𝐱8) = exp − 𝐱]𝐱$ %

%^%

❑ C-BÆ�

{Ì����/��

�Ì��ù���.)¨I�K½�𝑐
ÈÌI$ªÞÀ¾��Ó�v3;¡2V�Õ

ÉÌv3$î)ÛÜ��^_JL��
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:;<=>ABCDE

❑ çèDxù(7úvÌO

- ¤ûüýþ#T;ÿsþ!"#"

- ²s#$%&�¢£�(�'�ü(;6.�
�ABZs)*(+T9²"

- o,-®.áYçèDx(8';R�p°±
¢£�®"

- 9².áY/&'0o1'(23

❖/&'�²45���AB
❖<67!8�ÁÂ23"9/&':p78
;<ÁÂ


