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SÈ$�

é?¿ü��þx , x ′ ∈ Rn§·�^x · x ′ L«�ö�SÈ§=

x · x ′ =
n∑

k=1

x (k)x ′(k),

ùpx = (x (1), x (2), · · · , x (n))T�x ′ = (x ′(1), x ′(2), · · · , x ′(n))T .

�5�.

y = w · x + b,Ù¥ w = (w1,w2, . . . ,wn)
T ∈ RnÚb ∈ R�

ëê.
y = w+ · x+,Ù¥
w+ = (w1,w2, . . . ,wn,b)T , x+ = (x (1), x (2), · · · , x (n),1)T
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Ôö��8

D = {(xi , yi)}Ni=1§Ù¥xi ∈ X = Rn§yi ∈ Y = {+1,−1}.
XJyi = +1§K¡xi��~§ÄK¡xi�K~, 1 ≤ i ≤ N.

D�5�©
XJéD5`§�3A��mX = Rn¥��²¡ H:

w · x + b = 0

U
òÔö���(©a§=é?�(xi , yi) ∈ D,
e yi = +1§Kw · xi + b > 0¶
e yi = −1§Kw · xi + b < 0"

K·�¡D´�5�©�"
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Figure: �5�©�©l�²¡

e�²¡ H���(/òD¥��K��y©m§·�¡Ù
�©l�²¡.
éu�²¡H: w · x + b = 05`§w�Ù{�þ§ b � 
�§�:�T�²¡�ål�

|b|
‖w‖ .

·�^(w ,b)L«�²¡H.
5¿�²¡H¿����©l�²¡.
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XÛÀJ��/�`0©l�²¡Qº

e�²¡(w ,b)òÔö���(©a§Ké?� (xi , yi) ∈ D
5`§Ñk

yi(w · xi + b) > 0.

-γ̂ = min
1≤i≤N

yi(w · xi + b),K

yi(w · xi + b) ≥ γ̂ > 0.

?��k 6= 05`§ (w ,b)Ú(kw , kb)´Ó��²¡§Ïd�
ÀJÜ·�(w ,b)¦�é?�(xi , yi) ∈ D5`§Ñk

yi(w · xi + b) ≥ 1.
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AO/§é÷v

yi(w · xi + b) = 1

���:5`§

eyi = +1§Kxiá3�²¡ H1: w · x + b = 1þ¶
e yi = −1§Kxiá3�²¡ H2: w · x + b = −1þ.

§�´ål©l�²¡(w ,b)�C���:§§�
�(w ,b)�AÛål´ 1

‖w‖ .

�²¡H1ÚH2þ�©l�²¡H²1,��ål©?H �ü
ý.
·�rH1ÚH2�m�ål

2
‖w‖¡�m�.
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��m�©l�²¡

��:�©l�²¡�ål�x
éT��:©aýÿ�(

&§Ý.
��:�©l�²¡��áål 1

‖w‖�x
éÔö��:©

aýÿ���(&Ý.
��zéÔö��:©aýÿ���(&ÝÒ´��zm

�.
�`©l�²¡Ø=�©a�(§��¦�m���z§=

max
w ,b

1
‖w‖

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.
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��m�©l�²¡

max
w ,b

1
‖w‖

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.
(1)

��z 1
‖w‖Ú��z

1
2 ‖ w ‖2´�d�§Ïdª( 1)�±�¤X

e�à�g5y¯Kµ

min
w ,b

1
2 ‖ w ‖2

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.

eD´�5�©�§Kþãà�g5y¯K�)�3���.
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��m�©l�²¡

·�¡

ù�à�g5y¯K

min
w ,b

1
2 ‖ w ‖2

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.

�)éA�©l�²¡(w ,b)���m�©l�²¡;
éA�©aûü¼ê

f (x) = sign(w · x + b)

��5�©|±�þÅ§ùp

sign(x) =
{

+1, x > 0
−1, x ≤ 0

´ÎÒ¼ê"
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æ^.�KF¦f{5¦)à�g5y¯K:

min
w ,b

1
2 ‖ w ‖2

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.
(2)

·�éþª¥�z^�åÚ?��.�KF¦fαi ≥ 0§�E.
�KF¼êXeµ

L(w ,b, α) =
1
2
‖ w ‖2 +

N∑
i=1

αi −
N∑

i=1

αiyi(w · xi + b), (3)

Ù¥α = (α1, α2, · · · , αN)
T�.�KF¦f�þ"
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L(w ,b, α) =
1
2
‖ w ‖2 +

N∑
i=1

αi −
N∑

i=1

αiyi(w · xi + b),

©O-L(w ,b, α)éwÚb� ��0���

w =
N∑

i=1

αiyixi , (4)

N∑
i=1

αiyi = 0. (5)
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òª( 4)�\( 3)§��

L(w ,b, α) =
1
2
‖

N∑
i=1

αiyixi ‖2 −
N∑

i=1

N∑
j=1

αiαjyiyjxi · xj (6)

−
N∑

i=1

αiyib +
N∑

i=1

αi

|^( 5)��å§��

L(w ,b, α) =
N∑

i=1

αi −
1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj . (7)
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ª (2)

min
w ,b

1
2 ‖ w ‖2

s.t . yi(w · xi + b) ≥ 1, i = 1,2, · · · ,N.

�éó¯K�

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj

s.t .
N∑

i=1
αiyi = 0,

αi ≥ 0, i = 1,2, · · · ,N.

(8)
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�α = (α1, α2, · · · , αN)
T �ª( 8)�)§(w ,b)�ª (2)�)§K

dKKT^���

w =
N∑

i=1

αiyixi , (9)

αi(yi(w · xi + b)− 1) = 0, i = 1,2, · · · ,N (10)
yi(w · xi + b)− 1 ≥ 0, i = 1,2, · · · ,N. (11)

αi ≥ 0, i = 1,2, · · · ,N. (12)

dª( 4)��αiØU��0§Ø��αj > 0§K

yj(w · xj + b) = 1. (13)
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òª( 13)ü>¦±yj§���

b = yj − w · xj = yj −
N∑

i=1

αiyixi · xj . (14)

3��éó¯K�)��§·��±d( 9)Ú( 14)���A�©
aûü¼ê

f (x) = sign

(
N∑

i=1

αiyixi · x + b

)
. (15)
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éª( 14)ü>¦±αjyj 2¦Ú��

N∑
j=1

αjyjb =
N∑

j=1

αjy2
j −

N∑
j=1

N∑
i=1

αiαjyiyjxi · xj .

=
N∑

j=1

αj− ‖ w ‖2 .

|^�å( 5)§�±��
N∑

j=1

αj =‖ w ‖2 . (16)

dd��m��XeL«µ

2
‖ w ‖

=
2√∑N
j=1 αj

. (17)
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d

w =
N∑

i=1

αiyixi ,

��§�kai > 0��~(xi , yi)âé�.��ïå�^.
d£ 13¤��§ai > 0���~:ÚK~:�Ð©Oá3
m�>.

H1 : w · x + b = 1

Ú

H2 : w · x + b = −1

þ§·�¡ù��¢~:xi�|±�þ"
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�5�©Ôö��¤ÆS����m�©l�²¡!m�!m�

>.±9|±�þ�m�'X:

Figure:|±�þ�m�
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|±�þÅ�.�3�Ø�

½Â|±�þÅÆS�{3Dþ�3�Ø��

R̂loo =
1
N

N∑
i=1

I(fD−i (xi) 6= yi), (18)

Ù¥fD−i�lÔö8D − {xi}¥ÆSÑ�|±�þÅ�..
K

R̂loo ≤
NSV (f )

N
(19)

Ù¥NSV (f )L«dDÆSÑ�|±�þÅf�|±�þ�ê.
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�¦D = {(xi , yi)}Ni=1´�5�©k
î�.
3éõA^|µ¥§DÙ¢´�5Ø�©�§=

é?Û���²¡(w ,b)5`§�½�3�(w ,b)�©�¢~
:xi¦�

yi(w · xi + b) < 0. (20)

ØØ©a:	§á3±�²¡(w ,b)�¥%§±H1ÚH2�>

.��/«�¥�Ù§��:¦+� (w ,b)�(©a§�

0 < yi(w · xi + b) < 1.

�e���:ÒU��²¡(w ,b)��5�©�/����
©l.
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üÑ:ÏLN=ù
:é�å yi(w · xi + b) ≥ 1���§5
�y�²¡(w ,b)Ur�õê��:��5�©�/���
�©l.
8IØ2´��Äm���z§���ÄÀJ��²¡¦

�Ø÷v�å

yi(w · xi + b) ≥ 1

���:¦�U�.
éz�¢~:xiÚ\��tµCþξi ≥ 0§±¦�xi÷v�

°±���å

yi(w · xi + b) + ξi ≥ 1. (21)
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éuU�H : w · x + b = 0�(©a�÷v�å

yi(w · xi + b) ≥ 1.

�¢~:xi5`§tµCþξi = 0=�÷vþ¡�°��å.
éuU�H�(©a,�

0 < yi(w · xi + b) < 1,

�¢~:xi5`§0 < ξi < 1=�÷vþ¡�°��å.
÷vyi(w · xi + b) = 0�¢~:xi�Ðá3�²¡Hþ§éA
�tµCþξi = 1=�÷v�°��å.
é��²¡H�Ø©a�¢~:xi5`§�÷v�°��

å§éA�tµCþξi > 1â�±.
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rξi 6= 0¤éA�¢~:xiÀ�AÉ:(Outliers).
3�ÑKAÉ:��¹e§Ù¦Ôö��êâ��K¢~:

�>.�m�ål�Ð�´ 2
‖w‖ .

�
Ú�5�©��¹�«©§·�¡ù��m�(kAÉ
:)�^m�§�5�©�¹e�m��Mm�.
Q��Äm���z§���ÄAÉ:��ê¦�U�§�

ùü�8IÏ~´�pÀâ�.
'�y¢�üÑ´é�ö?1�ï§�EXe�`z¯Kµ

min
w ,b

1
2
‖ w ‖2 +C

N∑
i=1

I(ξi 6= 0) (22)
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Ü���¼ê
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?�Ú,·��Ä^éù
AÉ:�o�tµ§Ý5O�AÉ:
��ê§ÏLXe�`z¯K5�x�5Ø�©�/��`©l

�²¡µ

min
w ,b,ξ

1
2 ‖ w ‖2 +C

N∑
i=1

ξi

s.t . yi(w · xi + b) ≥ 1− ξi , i = 1,2, · · · ,N.
ξi ≥ 0, i = 1,2, · · · ,N.

(23)

ùpξ = (ξ1, ξ2, · · · , ξN)
T´tµCþ�þ§ C > 0´¨vëê§

^u�ïéAÉ:�o�tµ§ÝÚm�.
�C�'���§éAÉ:�tµÌÝ¨v'��.
äN C�Ï~ÏLk -ò���y��{5(½.
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ª£ 23¤E,´��à�g5y¯K.
éu�½DÚ�A�¨vXêC§¦)^m���z¯Kª
£ 23¤�)(w ,b)§��©l�²¡

w · x + b = 0

9Ù�A�©aûü¼ê

f (x) = sign(w · x + b).

·�¡ù��©a�.�Ôö���5Ø�©�����555|||

±±±���þþþÅÅÅ.
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��±æ^
N∑

i=1
ξp

i (Ù¥p ≥ 1)5��o�tµÌÝ�Ýþ§=

min
w ,b,ξ

1
2 ‖ w ‖2 +C

N∑
i=1

ξp
i

s.t . yi(w · xi + b) ≥ 1− ξi , i = 1,2, · · · ,N.
ξi ≥ 0, i = 1,2, · · · ,N.
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£�Ú?tµCþ�Ð©:
ξi = 0éA���:xiÑ÷v�å yi(w · xi + b) ≥ 1.
éAÉ:xi 5`§ξi ≥ 1− yi(w · xi + b).
�Ä�8I¼êp¡tµ�oÌÝ�¦�U�§éAÉ:xi
·�ùpØ��

ξi = 1− yi(w · xi + b).

·�Ú?Ü���¼ê

h(z) = max(0,1− z),

Kξi�±^Ü���¼êL«�:

ξi = h (yi(w · xi + b)) .
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w,§ù��ξiÑ÷v�°��å.

min
w ,b,ξ

1
2 ‖ w ‖2 +C

N∑
i=1

ξi

s.t . yi(w · xi + b) ≥ 1− ξi , i = 1,2, · · · ,N.
ξi ≥ 0, i = 1,2, · · · ,N.

·����þª(ª( 23))�d��`z¯K:

min
w ,b

1
2
‖ w ‖2 +C

N∑
i=1

h (yi(w · xi + b)) .
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�( 23)�d��`z¯K:

min
w ,b

1
2
‖ w ‖2 +C

N∑
i=1

h (yi(w · xi + b)) .

?�Ú�du

min
w ,b

N∑
i=1

h (yi(w · xi + b)) +
1

2C
‖ w ‖2 .

ùÙ¢éAu��¼ê�Ü�����(�ºx��züÑ.
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�

min
w ,b

1
2
‖ w ‖2 +C

N∑
i=1

I(ξi 6= 0)

�'§

min
w ,b

N∑
i=1

h (yi(w · xi + b)) +
1

2C
‖ w ‖2 .

��u·�æ^0-1��¼ê���O���¼êÜ���¼ê
5O�0-1��¼ê.
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Figure:Ü�����gÜ���¼ê

·���±æ^0-1��¼ê�Ù¦��O�¼ê§'X�±æ
^�gÜ���¼êXeµ

min
w ,b

N∑
i=1

h2 (yi(w · xi + b)) +
1

2C
‖ w ‖2 .
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min
w,b,ξ

1
2 ‖ w ‖2 +C

N∑
i=1

ξi

s.t . yi(w · xi + b) ≥ 1− ξi , i = 1,2, · · · ,N.
ξi ≥ 0, i = 1,2, · · · ,N.

éz^�åyi(w · xi + b) ≥ 1− ξiÚ?��.�KF¦

fαi ≥ 0§
éz^�åξi ≥ 0Ú?��.�KF¦fβi ≥ 0

�E.�KF¼êXeµ

L(w ,b, ξ, α, β)

= 1
2 ‖ w ‖2 +C

N∑
i=1

ξi −
N∑

i=1
αi [yi(w · xi + b)− 1 + ξi ]−

N∑
i=1

βiξi ,

Ù¥α = (α1, α2, · · · , αN)
TÚβ = (β1, β2, · · · , βN)

T�.�KF¦

f�þ.
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-L(w ,b, ξ, α, β)éw!bÚz�ξi� ��0���

∇wL = w −
N∑

i=1

αiyixi = 0, =⇒ w =
N∑

i=1

αiyixi , (24)

∇bL = −
N∑

i=1

αiyi = 0, =⇒
N∑

i=1

αiyi = 0. (25)

∇ξi L = C − αi − βi = 0, =⇒ αi + βi = C. (26)
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òª( 24)�\.�KF¼ê§¿|^( 25)Ú( 26)��å§��

L(w ,b, ξ, α, β) =
N∑

i=1

αi −
1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj .

@oª ( 23)�éó¯K�

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj

s.t .
N∑

i=1
αiyi = 0,

αi ≥ 0 ∧ βi ≥ 0 ∧ αi + βi = C, i = 1,2, · · · ,N.

(27)
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?�Ú|^�åαi + βi = C��βi§��Xeéó¯Kµ

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj

s.t .
N∑

i=1
αiyi = 0,

0 ≤ αi ≤ C, i = 1,2, · · · ,N.

(28)

ÚD�5�©��/�'§
éó¯K�8I¼ê����.
�åÜ©�´O\
�åαi ≤ C.
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�α = (α1, α2, · · · , αN)
T �éó¯K�)§

dª( 24)���©¯K�)wE,�±L«�Ôö��
:xi��5|Ü§=

w =
N∑

i=1

αiyixi .

E,¡αi > 0���:xi�|±�þ.
�é�5Ø�©��/5`§¿�¤k�|±�þÑá3m

�>.

w · x + b = ±1

þ.

111���ùùù|||±±±���þþþÅÅÅ



�5�©|±�þÅ

�5|±�þÅ

SMO�{
Ø�{���5|±�þÅ
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�ÄKKT^�µ

αi(yi(w · xi + b)− 1 + ξi) = 0, i = 1,2, · · · ,N
yi(w · xi + b)− 1 + ξi ≥ 0, i = 1,2, · · · ,N.

βiξi = 0, i = 1,2, · · · ,N.
αi ≥ 0, i = 1,2, · · · ,N.
βi ≥ 0, i = 1,2, · · · ,N.

Kαi > 0���:xi5`§

yi(w · xi + b) = 1− ξi .

?�Ú§XJ0 < αi < C§K βi > 0§dKKT^���ξi = 0"
Ïd§ yi(w · xi + b) = 1. ù¿�Xé0 < αi < C���:xiE,

á3m�>.H1½H2þ"

111���ùùù|||±±±���þþþÅÅÅ



�5�©|±�þÅ

�5|±�þÅ

SMO�{
Ø�{���5|±�þÅ

^m���z

Ü���¼ê

éó�{

?�Ú§òªyi(w · xi + b) = 1.ü>¦±yi§���

b = yi − w · xi = yi −
N∑

j=1

αjyjxj · xi .

Ïd§3��éó¯K�)��§·��±���`©l�²¡

N∑
i=1

αiyixi · x + b = 0

Ú�A�©aûü¼ê

f (x) = sign

(
N∑

i=1

αiyixi · x + b

)

�`©l�²¡�{�þ��§� �Ø�½��.
Ï~3äN¦)�{¥^eZ�Xþ¦�� ��þ���

�`�²¡� ���O�.
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αi = C5`§ξi > 0�|±�þÑ´AÉ::
xi�¤áaO�>.�²¡�ål�

ξi
‖w‖ .

XJ0 < ξi < 1§Kxiá3>.Ú©l�²¡�m§E,�

�(©a.
XJξi = 1§Kxi�Ðá3©l�²¡þ.
XJξi > 1§Kxi�©l�²¡�Ø©a.

Figure:^m��|±�þ
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VVV���

1 �5�©|±�þÅ

��m�©l�²¡

éó�{

2 �5|±�þÅ

^m���z

Ü���¼ê

éó�{

3 SMO�{
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£�éó¯K

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjxi · xj

s.t .
N∑

i=1
αiyi = 0,

0 ≤ αi ≤ C, i = 1,2, · · · ,N.

ëê��ê�Ôö��NþN.
�N'���§XÛp�/¦)éó¯K?

dPlattJÑ�S����`z�{(Sequential Minimal
Optimization§{¡SMO)Ò´�éù�à�g5y¯K��«
¯�¢y�{.
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SMO�{�Ì�g�:
òëê£.�KF¦f¤�ê'�õ�à�g5y¯K�~

��X�=�9ü�.�KF�f��5���g5y¯

K;
��9ü�.�KF¦f��g5y¯K�±ÏL)Û�{

¦)§l\�|±�þÅ�ÔöL§.
SMO�{�Ø%¯K:

XÛ(½��#�ü�.�KF¦f;
3��#�.�KF¦f(½��XÛ¦)��9ùü�C

þ��g5y¯K.
·�k0�¦)��9ü�.�KF¦f��g5y¯K�)Û

�{"
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��cÀJ�I��#�.�KF¦f�α1Úα2§Ù¦.�K

F¦fαi (3 ≤ i ≤ N)3�Óëê�#¥�±ØC.d�

å
N∑

i=1
αiyi = 0��

α1y1 + α2y2 +
N∑

i=3

αiyi = 0.

þªü>¦±y1��

α1 + α2y1y2 +
N∑

i=3

αiy1yi = 0.

-γ = −
N∑

i=3
αiy1yi§s = y1y2 ∈ {−1,+1},K

α1 + sα2 = γ.
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-Kij = xi · xj � vi =
N∑

j=3
αjyjKij (i = 1,2)§Kòéó¯K=z�

e¡'u.�KF¦fα1 Úα1�`z¯Kµ

max
α1,α2

W1(α1, α2),

s.t . 0 ≤ α1, α2 ≤ C,
α1 + sα2 = γ.

Ù¥

W1(α1, α2) = α1 + α2 −
1
2

K11α
2
1 −

1
2

K22α
2
2 (29)

−sK12α1α2 − y1α1v1 − y2α2v2.
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d�åα1 + sα2 = γ��

α1 = γ − sα2.

òÙ�\W1(α1, α2)§¿-

W2(α2) = W1(γ − sα2, α2). (30)

-W2(α2)éα2��ê�0§�±��

α2 =
s(K11 − K12)γ + y2(v1 − v2)− s + 1

η
, (31)

Ù¥

η = K11 + K22 − 2K12. (32)
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?�Ú§-α∗i��c£=m©�#α1Úα2�c¤�αi��,½Â

f (x) =
N∑

i=1

α∗i yixi · x + b∗, (33)

K

v1 − v2 = f (x1)− f (x2) + α∗2y2η − sy2γ(K11 − K12). (34)

dd·��±���²}6��α2��`)µ

α2 = α∗2 + y2
(y2 − f (x2))− (y1 − f (x1))

η
, (35)

5¿��å0 ≤ α1, α2 ≤ C§·�I�éα2?1}6"
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duα1 + sα2 = γ,
es = −1,K½Âα2 �e.�L = max{0,−γ}§þ.
�H = min{C,C − γ}.
es = +1,K½Âα2�e.�L = max{0, γ − C}§þ.
�H = min{C, γ}.

Figure: α2�þe.
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K²}6±��α2�)�µ

αclip
2 =


α2 if L < α2 < H
L if α2 ≤ L
H if α2 ≥ H

(36)

�A/§α1��`)�

α1 = α∗1 + s(α∗2 − α
clip
2 ). (37)

3zg�¤ü�Cþ��#�§ÑI�#O�b��"X
J0 < αi < C, i = 1½2§K�ÏL¦)

N∑
j=1

αjyjKij + b = yi (38)

5O�b"
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SMO�{XÛÀJI��#�.�KF¦fα1Úα2Qº

À��c��KKT^�§Ý�î�Cþ����Cþ§
1��CþAÀJ��¦�8I¼ê�O��¯�Cþ.
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1 �5�©|±�þÅ

��m�©l�²¡

éó�{

2 �5|±�þÅ

^m���z

Ü���¼ê

éó�{

3 SMO�{

4 Ø�{���5|±�þÅ
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3éõ¢SÆS?Ö¥§�Ka�m�y©>.�U´��5

�§'XÍ¶�É½¯K:

Figure:É½¯K

'�g,��{´ò��l�©A��mXN�����p��
A��m£Hilbert�m¤Z§¦���3#�A��m´�5Ø
�©£�©¤�"
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b�U
���ïù��N�φ : X 7→ Z,K�±��3#��
p�A��mZ¥�ï�A��5|±�þÅ�.Xe:

min
w ,b,ξ

1
2 ‖ w ‖2 +C

N∑
i=1

ξi

s.t . yi(w · φ(xi) + b) ≥ 1− ξi , i = 1,2, · · · ,N.
ξi ≥ 0, i = 1,2, · · · ,N.

Ùéó¯K´

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjφ(xi) · φ(xj)

s.t .
N∑

i=1
αiyi = 0,

0 ≤ αi ≤ C, i = 1,2, · · · ,N.

ùpφ(xi) · φ(xj)´Z�m¥φ(xi)Úφ(xj)�SÈ"
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XJα´éó¯K�)§K·��±���A�©aûü¼ê�

f (x) = sign(
N∑

i=1

αiyiφ(xi) · φ(x) + b)

¯K:
3¢SÆS?Ö¥φ�éJ�ïÑ5§��O�φ(xi) · φ(xj)'�
(J.

No�?
·�Ú?ØE|5)ûù�¯K!
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Ø�{

Ø��½ÂZÚ�A�N�φ§´ÏLÚ?��¦�é?
¿�xi , xj ∈ X§

K (xi , xj) = φ(xi) · φ(xj)

¤á�Xþ�¤¢Ø¼êK (xi , xj)5Ûª/L«§�.
�A�éó¯K�±L«¤

max
α

N∑
i=1

αi − 1
2

N∑
i=1

N∑
j=1

αiαjyiyjK (xi , xj)

s.t .
N∑

i=1
αiyi = 0,

0 ≤ αi ≤ C, i = 1,2, · · · ,N.
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¦�éó¯K�)α§K���A�©aûü¼ê�

f (x) = sign(
N∑

i=1

αiyiK (xi , x) + b),

ùp b = yi −
N∑

j=1
αjyjK (xj , xi)§Ù¥xiéA�αi÷

v0 < αi < C"
·�¡þã©aûü¼ê���5|±�þÅ.
w,�5|±�þÅ´��5|±�þÅ¥Ø¼ê

K (xi , xj) = xi · xj �AÏ�/.
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Ø¼ê

�½é¡Ø¼ê

Xþ�¼êK : X × X → R�¡��½é¡Ø¼êXJé?¿�
{x1, x2, · · · , xm} ⊆ X ,ØÝ
½GramÝ
[K (xi , xj)]m×m´é¡

��½Ý
.

~^��½é¡Ø¼êkµ

õ�ªØ¼ê: K (x , x ′) = (x · x ′ + c)d ,Ù¥d ∈ N�õ�ª
�gê§c > 0�~ê"
pdØ¼ê : K (x , x ′) = exp

(
−‖x

′−x‖2

2σ2

)
,Ù¥σ > 0"

Ø¼êÀJ�´|±�þÅ�.ÆS����:
Ø¼ê=´Ûª/½Â
p�A��m;
Ó�Ø¼êó§�UéA�eZl�©A��m�ØÓp

�A��m�N�.
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��m�©l�²¡

éó�{

�5|±�þÅ

tµCþ�^m���z

Ü���¼ê

éó�{

SMO�{
��5|±�þÅ�Ø�{
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