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Algorithm 1 (Basic gradient descent)

0=K,(.),criterion,ainitializebegin.1

+1KKdo.2

3. a  a – (K) J(a)<)a(J)k(until.4

areturn.5
end.6

 .
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(k) .(k) .(k)

 . .
a(k) .

)13(J(a)  J(a(k)) + ( ) + ( ( )) ( ( ))
HHessianJ/ ai aja(k) .

a(k+1)1213:
J(a(k ))  J(a(k)) + (k) + ( )

J(a(k+1)) :
)14(K =
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J(a)H

k .12a(k+1)
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Algorithm 2 (Newton descent)

criterion,ainitializebegin.1
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end.6

5-10 .
 .HessianH

 .HO(d3)

.(k)

(k)) .1(
5-5-
5-5-1-

atyi > .
J(a; y , ..., yn)a .

 . .
)16(

Clic
k t

o buy N
OW!

PDF-XChange

w
ww.docu-track.com Clic

k t
o buy N

OW!
PDF-XChange

w
ww.docu-track.com



15

5-10 :
 . .
 .Hessian

 .
Y(a)a) .Y

Jp (.aty 0yJp(a) .
aa .Jp(a)

 .5-11Jp

 .
)17(= ( )

:
)18(a(k+1) = a(k) + (k)

Yka(k) . :

Clic
k t

o buy N
OW!

PDF-XChange

w
ww.docu-track.com Clic

k t
o buy N

OW!
PDF-XChange

w
ww.docu-track.com



16

Algorithm 3 (Batch Pereceptron)

(. ), , =,abegin initialize.1 +kkdo.2

3.           a  a+ (k) <)k(until.4

areturn.5

end.6
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Algorithm4 (Fixed – increment single – sample Perceptron)

0=k,ainitializebegin.1

modn)1+k(kdo.2

-ais misclassified by a then a aif.3

all patterns properly classifieduntil.4

areturn.5

end.6

- .
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ykatyk = 0 .yka(k)

 .at(k+1)ykat(k)yk y 2.
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.
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 . .

(k)abat(k)yk

 .
)27(a(1)                                  arbitrary

a(k + 1) = a(k) + (k)yk

k 1,

at(k)yk  bk .n:

Algorithm 5 (Variable increment Perceptron with margin)

, , (. ), =criterion,abegin initialize.1

1+kkdo.2 + < 0 < ( )if.3 +until.4

areturn.5

end.6
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a(k)aiatyi > b .
(k)(k)1/k .
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k 1
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Algorithm 6 (Batch variable increment Pereceptron)

(. ), =,abegin initialize.1 +kkdo.2

3.  = {}

4. j =0

1+jjdo.5

toif.6

n=juntil.7

8.a   a + (k)

9.until  = {}

areturn.10

end.11

) .5 .(

 .

 .(k)28-30Jp( )
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at(k)yk > b .y 2=(k) .
(k) byk .

  .Winnow
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ai (i  = 0, ...d)Winnow2sinh[ai] .

Winnow .a+a-

 .
1.2

.
Algorithm 7 (Balanced winnow)

, > 1(. ),,-a,+abegin initialize.1 ] ( )[signif.2

for all i;then1+=ifthen.3

for all i;then1-=ifthen.4

-a,+areturn.5

end.6

Winnow .
""
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 .
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Jp.a .
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)32(J(a) = (a y)2

Y(a)aJp, Jq

 . .Jp

 .Jq .) .5-11 .(Jq

 .
a=0 .Jq.

 :
)33(y

Y(a)aty  b .Jr(a)

aty  b .Jr :J = 2 y
)34(a(1)                                       arbitrary

a(k + 1) = a(k) + (k) 2 y
k 1
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Algorithm 8 (Batch relaxation with margin)

0=k,(.),ainitializebegin.1

1+kkdo.2

3.  = {}

4.  j =0

1+jjdo.5
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n=juntil.7

8.  a  a+ (k)

{}=until.9

areturn.10

end.11

. :
 .(k) =  .

y1, y2, ... .
)35(a(1)                                       arbitrary

a(k + 1) = a(k) + ( )
2 y

k 1
kat(k)yk  b .

Algorithm 9 (Single – sample relaxation with margin)

0=k,(.),ainitializebegin.1

1+kkdo.2

)k(+a    athenis misclassifiedif.3

all patterns properly classifieduntil.4

areturn.5

end.6
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)40(

0 <  < 2a(k) aa(k + 1) a .
a(1),a(2),….a .k a(k) ar(a) .ka(k) ar(a) .a

a(k) .
 .ar(a)

 .a a = a aa .
(d 1)ad

Clic
k t

o buy N
OW!

PDF-XChange

w
ww.docu-track.com Clic

k t
o buy N

OW!
PDF-XChange

w
ww.docu-track.com



29

) . :atyi > 0i=1, … , ndv(a+

v)ty > 0i=1, … , n  ++(a(k)a .
 .

. .

5-7-

 .-
 .

 .
 .
 .2d .

 .
 .

 .– .
–

.
 . .

 .
 .

 .
 .

.
– .

.(k)(k)

k .(k) .
 .(k)

 .(k)

 .(k)(k) = (1)/k .
 .

Clic
k t

o buy N
OW!

PDF-XChange

w
ww.docu-track.com Clic

k t
o buy N

OW!
PDF-XChange

w
ww.docu-track.com



30

 .

5-8-
5-8-1-Pseudoinverse

 .
 .aatyi

atyi = bibi .

 . .Yn-

by- d iybb = (b1, ..., bn)t. .
a:

)41(Y10 Y11 … Y1Y20 Y21 … Y2Y 0 Y … Y
0
1 = 1

2
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)46(a = (YtY) 1Ytb= Y†b d-by-n.
)47(Y†  (YtY) 1Yt

pseudoinverseY .Ypseudoinverse

 .Y† Y = I,YY† I .
 .Y†:

)48(Y
a = Y†bYa=b .

bb

 .b
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pseudoinverse :

a 1x1x2
= 0apseudoinverse .

 .b = (1, 1, 1, 1)t

 a = Y†b = (11/3 4/3 2/3)t, .b

 .

5-8-2-
baty

 . .
nd x1, ..., xn, n1D11n2

D22 .yx
x0 = 1 .2
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Y=
11 x1
12 x2

1iniXini-by-di

 .a b:
a = 0w

b= 1 1

2 2

bMSE .)47 (
 .

)49(

:
)50(

)51(

)49 (:

0w:
)52(

m . :
)53(( 1 2)( 1 2)1 2w :

 .)53 (:
)54(W= 1( 1 2)
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w ( m) > 012 .

5-8-3-
MSE=
 .

)55(
 .

.
)56(

yMSE( ) =y=y(x) .
 :

)57(
2= .

12 .:
)58(( ) = ( 1)2 + ( 1)2 =21[ 1 1

1
( 1)2 + 2 1

2
( + 1)2

21 .
n(1 ) ( ).

)59(
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)55 ( :
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a .2

g(x) .5-16
 .

5-6 :2 .
 .MSE g(x)

)7( . . g(x)

0(x) .
MSE .0(x)

1|| = (1 + 0)/22|| = (1 0)/2 .(x)
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0(x) = 0.
.MSE .

0(x) .
5-8-4-Widrow-Ho( ) = || ||2 . pseudoinverse :
1-Y
2-.

roundo .= 2 (Ya b)
 :

a(1)    arbitrary

a(k+1) = a(k) + ( ) (Ya b)
24( ) = (1)(1)

a  .

Y . Y .
LMS , Widrow-Ho .

)61(a(1)    arbitrary

a(k+1) = a(k) + ( )(b a(k) y )y
LMS :

[1]  Begin   initialize,b ,  criterion , ( ), =
[2] Do   k = k+1
[3] = + ( )( )
[4]        Until ( ) <
[5] Return    a
[6] End

 . a(k) yb . ( )k .( ) = (1) .Widrow-
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 .MSE

 . ( )x( | ) .x

.=x1x2

.( , 1), ( 2, 2), … ( 3, 3), …. .
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)62(| [ ] = ( | ) = 1|| 2|| = 0(x)

0(x):g(x) = = 1 ( )
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( ) .
 .

)63(
20(x).

5-8-32

 .
)64(

:
)65(

closed-form:
)66([ ] [ ])66 (MSE

 .( ) .
2( )  :

)67(a(k+1) = a(k) + ( )( a (k)y y
Widrow-Hoff[ ]( ) :

)68(lim ( ) = +
1

)69(lim ( ) < +
1

a(k) :
)70(lim [|| ( ) ||2 ] = 0 ( ).

 . . ( ) = (1).( ) .

 :

)15  (:
a(k+1) = a(k) + [ ] 1 [( ) ]
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  :
)71(a(k+1) = a(k) + 1 ( ( ) ) ]
)72(1

1 = 1 +
 :

)73(
1 = ( )

1 +
 .

 .

 .E[f(a, x)]

 .
Kiefer-WolfowitzRobbins-

Monro .
 .

 .

5-9-Ho-Kashyap

5-9-1-
 .

 . .MSE

)5-17 .(b

MSE||2||Ya b .
 :

Y = > ,

> 0.=MSE

 .. .
MSEab .

a b:
)74(
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a.
 . a :

)75(
b:

)76(
b:

)77(= 0a . b

 b > 0bb > 0 .
 .

|V|V

 :
)78(

)76 ()77 (Ho-Kashyap( , ) .
)79(b(1)>0

b(k+1) = a(k) + 2 ( ) ( )
e(k)

)80(e(k) = Ya(k) – b(k) ( )
)81(

)82(a(k) = b(k)

Abs[e]e :
Algorithm 11 (Ho-Kashyap)

[1] Begin   initialize , , ( ) < 1 , , ,
[2] Do   k = k+1
[3]        e= Ya-b
[4] = ( + [ ])
[5] =
[6] If  Abs[e] then return   a,b   and exit
[7] Until =
[8] Print No SOLLUTION FOUND
[9] End
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Algorithm 12 (Ho-Kashyap)
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[2] Do   k = k+1
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[7] If  Abs[e] then return   a,b   and exit
[10] Until =
[11] Print No SOLLUTION FOUND
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