
 







f(x) x ∈ RD
∇  f(x) =x 0

g(x) = 0

f(x, y) = x+ y

x +2
y =2 1

g(x, y) = x +2
y −2 1



f(x) : R →D R
g(x) = 0 g(x) : R →D R

∇  g(x)x

x x+ ε

g(x+ ε) ≈ g(x) + ε ∇  g(x)T
x

ε ∇  g(x) ≈T
x 0

∇  f(x)x

λ ∇  f =x λ∇  gx

∇  f −x λ∇  g =x 0
λ

λ = 0



f(x) : R →D R x

g(x) = 0 f g

∇  g(x) =x  0

λ ∈ R

L(x,λ) =def
f(x) − λg(x)

x λ

 =∂λ
∂L 0 g(x) = 0
∇  L =x 0 ∇  f −x λ∇  g =x 0



f(x) : R →D R x

g  (x) =1 0, … , g  (x) =m 0 f , g  , … , g  1 m

∇  g  (x), … , ∇  g  (x)x 1 x m

λ  ∈1 R, … ,λ  ∈m R

L(x,λ) =
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f(x) −  λ  g  (x)
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∑
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i i

x λ
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J [f ] H[⋅]

J [f ] =  g(x, f(x))dx,∫
a

b

f(x) g(x, y = f(x))

J f x

 =
∂y

∂g(x, y = f(x))
0.



R H[p] = −E  [log p(x)]x

H[p] = − p(x) log p(x) dx∫

H p

p(x) dx =∫ 1

E[x] = μ

σ
2 Var(x) = σ

2



L(p(x),x,λ;μ,σ )2

L = −H[p] − λ  ( p(x) dx−1 ∫ 1) − λ  (E[x] −2 μ)− λ  (Var(x) −3 σ ).2

  

L(p(x),x,λ;μ,σ ) =2 (p(x) log p(x) − λ  p(x) − λ  p(x)x− λ  p(x)(x− μ) ) dx∫ 1 2 3
2

+ λ  + μλ  + σ λ  .1 2
2

3

p(x)

0 = log p(x) + 1 − λ  −1 λ  x−2 λ  (x−3 μ) ,2

p(x) = exp(λ  +1 λ  x+2 λ  (x−3 μ) −2 1)



λ  =1 1 − log  2πσ2 λ  =2 0 λ  =3 −1/(2σ )2

  

p(x) = exp(λ  + λ  x+ λ  (x− μ) − 1)1 2 3
2

= exp 1 − log  + −1/(2σ )(x− μ) − 1( 2πσ2 2 2 )
=  exp −  

 2πσ2

1 (
2σ2

(x− μ)2 )
= N (x;μ,σ ).2



X = {(x  , t  ), (x  , t  ), … , (x  , t  )}1 1 2 2 N N K

x  ∈i RD t  ∈i {1, 2, … ,K}
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otherwise,
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F  1

relevant elements

selected elements

false positivestrue positives

false negatives true negatives
F  1

accuracy =  .
TP+ TN+ FP+ FN

TP+ TN



F  1
relevant elements

selected elements

false positivestrue positives

false negatives true negatives

Precision = Recall =

How many selected

items are relevant?

How many relevant

items are selected?

  

precision =

recall =

 ,
TP+ FP
TP

 .
TP+ FN
TP



F  1

F  1

  

F  =1

=

=

 

precision + recall−1 −1
2

 

precision + recall
2 ⋅ precision ⋅ recall

 .
TP+ FP+ TP+ FN
TP      +      TP



F  1

AM(p, r) =def
 .

2
p+ r

 

min(p, r) ≤ AM(p, r),

AM(p, r) ≤ max(p, r).

AM(1%, 100%) = 50.5%.



F  1

GM(p, r) =def
 .p ⋅ r

GM(1%, 100%) = 10%.



F  1

HM(p, r) =def
 .

 +  

p

1
r

1
2

HM

 

min(p, r) ≤ HM(p, r),

HM(p, r) ≤ max(p, r),

HM(p, r) ≤ 2 min(p, r).

HM(1%, 100%) ≈ 2%.



F  β

F  1 F  β β
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F  β
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precision + β ⋅ recall−1 2 −1
1 + β
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β ⋅ precision + recall2

(1 + β ) ⋅ precision ⋅ recall2

 .
TP+ FP+ β ⋅ (TP+ FN)2

TP      +      β ⋅ TP2
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