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T
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φ ∈ [0, 1]

  

P (x)

E[x]

Var(x)

= φ (1 − φ)x 1−x

= φ

= φ(1 − φ)



K

p ∈ [0, 1]K  p  =∑
i=0
K−1

i 1

∈ {0, 1}K

x ∈ {0, 1, … ,K − 1}

1  x =def ([i = x])  =
i=0
K−1 (  , 1,  ).
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i
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I(x) =def − logP (x) = log  

P (x)
1



H(P ) =def E  [I(x)] =x∼P −E  [logP (x)]x∼P

P H(P ) = −  P (x) logP (x)∑
x

P H(P ) = − P (x) logP (x) dx∫

lim  x log x =x→0 0 P (x) = 0
P (x) logP (x)



H(P ,Q) =def −E  [logQ(x)]x∼P

H(P ,Q) ≥ H(P )
H(P ) = H(P ,Q) ⇔ P = Q

H(P ) − H(P ,Q) =  P (x) log  .∑
x P (x)

Q(x)

log x ≤ (x− 1) x = 1
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x

∑
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Q(x)

 P (x)  − 1 =
x
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Q(x) )  Q(x) −
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∑  P (x) =
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n H(P ) ≤ logn Q(x) = 1/n
H(P ) ≤ H(P ,Q) = −  P (x) logQ(x) =∑

x
logn.

H(P ,Q) = H(Q,P )



D  (P∥Q)KL =def
H(P ,Q) − H(P ) = E  [logP (x) −x∼P logQ(x)]

D  (P∥Q) ≥KL 0 D  (P∥Q) =KL 0 P = Q

D  (P∥Q) =KL  D  (Q∥P )KL
2 phototonasimetriha



or a

2hame p cham a co mi judenhopes a je neiblis tip distribuci



μ σ
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x
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X = {x  ,x  , … ,x  }1 2 N

p  data

  p̂data

  (x)p̂data =def
 .
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p  (x;w)model

p  (x;w)model

X

L(w) = p  (X;w) =model  p  (x  ;w)∏
i=1

N

model i
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X = {x  ,x  , … ,x  }1 2 N

p  data   p̂data p  (x;w)model

w
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w

arg max model   p (x ;w)
w
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arg min∑
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arg min x∼   p̂data model
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w  MLE =  p  (t∣X;w) =   p  (t  ∣x  ;w)
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arg min (x,t)∼   p̂data model
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arg min p̂data model

=  D  (   (t∣x)∥p  (t∣x;w)) + H(   (t∣x))
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H(   ) =p̂data E  [− log(   (t∣x;w))](x,t)∼   p̂data p̂data
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NLL negativeloglikelihood
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p(C  ∣x)1

  

p(C  ∣x)1

p(C  ∣x)0
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(0, 1)
 4

1
x = 0

σ(x) =  

1 + e−x
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σ (x) =′
σ(x)(1 − σ(x))



 (x;w) =ȳ x w,T

y(x;w) = σ(  (x;w)) =ȳ σ(x w).T
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y(x;w) C  1 p(C  ∣x)1

 (x;w)ȳ

p(C  ∣x) =1 σ(  (x;w)) =ȳ  ,
1 + e−  (x;w)ȳ

1

 (x;w) =ȳ log  =(
1 − p(C  ∣x)1

p(C  ∣x)1 ) log  ,(
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p(C  ∣x)1 )
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p(C  ∣x;w)1 y(x;w)

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

 

E(w) =   − log(p(C  ∣x  ;w)).
N
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∑ t  i i
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w ← 0 w

B
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i∈B w log (p(C  ∣x  ;w)))t  i i

w ← w− αg
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