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2.1

É

¸ (probability)

¸ ᵒ ᵆ (maximum likelihood estimation)

¸ ᴌ (conditional probability)

¸Ὴ ῎ (full probability)

¸ ” (Bayesian decision theory)

¸ ∑(Bayesô theorem) 

¸ԑ ⅎ (binomial distribution)

¸ (expectation)

¸ (variance)
ҲЇװ ҿ ᵣ

҅ Ẑ ԓ ╦ Ὶ Ї
ⅎ ᵒ ԑ ⅎ ɼ
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2.2 Ḫ

É (entropy)

῾( Claude Elwood Shannon)ԍ1940 MIT

ᵝ ᵝ ̆ԍ1941 ⱴ῀

ԅ ̆ ᵬԅ15 Ȃ1948 6

10 ̆ ₮ ȇ Ȉ

ԅ ῾ ȇ Ȉ̆

ԅ ῾Ḥ Ȃ

Ḥ Ҭ Ȃ
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2.2 Ḫ

X ѿҩ ̆ῒ № ҹ̔

p(x) = P(X = x)̆xÍXȂX H(X) ҹ̔

)(log)()( 2 xpxpXH
Xx

ä
Í

-=

ῒҬ̆ 0log 0 = 0Ȃ

H(X) Ӟ Ώҹץ H(p)Ȃ ᵝҹԋ └ᵝ

(bit)Ȃ

(1)
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2.2 Ḫ

ҹ Ḥ (self-information)̆ Ḥ

X ѿҩ (Ҍ ָӇ ) ᶫ

Ḥ Ȃ Ӟ ץ ҹ ѿҩ

Ҍ Ȃѿҩ ̆

Ҍ Ȃ Ӈ̆ ᵀ ῒṿ

Ȃ Ҍ

Ḥ ץ ῒṿȂ
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2.2 Ḫ

W G B V K X J Q Z

0.012 0.011 0.0105 0.008 0.003 0.002 0.001 0.001 0.001

H D L C F U M P Y

0.047 0.035 0.029 0.023 0.0225 0.0225 0.021 0.0175 0.012

E T O A N I R S

0.1956 0.105 0.072 0.0654 0.063 0.059 0.055 0.054 0.052

ᶡ2- 3Е Ґ∆ҩ ‟Ґ (26ү 1ү Ї
ΐ27ү )Ḫ Е(1)Ẑ 27ү ₴ Ж
(2)Ẑ ⅎ ҐЕ
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2.2 Ḫ

̔̂1̃ ₮ ’̔

)(log)()( 2 xpxpXH
Xx

ä
Í

-=

2 2

1 1
27 { log } log 27 4.75

27 27
= ³ - = = (bits/letter)

̂2̃ ’̔
27

2

1

( ) ( ) log ( ) 4.02i i

i

H X p x p x
=

=- =ä (bits/letter)

Е ԅ ₮ ̆

Ḥ Ҍ ̆ ᵬ

₮ Ḥ Ҍ Ȃ
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2.2 Ḫ

ȁ ≠ ȁ ȁ ȁḇ
[– ᴯ̆1989]̔

(bits)

3.98

≠ 4.00

4.01

4.03

ḇ 4.35 ҿ10 
bitsɼ
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2.2 Ḫ

1970 ף – ᴯ ᾢ ԅ

Ḥ ̆ ₃
̆ ᴆҊ ԅ Ḥ
ҹ9.65 (bit)Ȃ1980 ף ̆↔

ԅ Ḥ ҹ9.71 ̆ ҹ
11.46 Ȃ

ҹ2.5ҩ Ȃ
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2.2 Ḫ

֤ȁ ȁ ҈ [Tsou,2003]

֪5 5 5 ֪ɻ ɻ 5

A1     A2 B1     B2 C1    C2 D1       D2

11.45    11.11 11.69    11.36 11.96    11.64 11.96       11.60

ῒҬ̆A1, B1, C1 №≢ LIVAC׆ Ҭ ֤ȁ ȁ ҈
5 1000҆ Ҭ ̕A2, B2, C2 ҹ҈
╧ Ғ ӊ ȂD1, D2№≢ҹ҈ ӊ

╧ Ғ ╠ Ȃ

Ҙ Ӏ Еָ ɻ ɻ Ї
ᵩ(named entity)ɼ
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2.2 Ḫ

É (joint entropy)

X, Y ѿ X, Y ~ p(x, y)̆
X, Y H(X, Y) ҹ̔

),(log),(),( 2 yxpyxpYXH
Xx Yy

ää
Í Í

-=

ҏ ҅
Ḫ ɼ

(2)
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2.2 Ḫ

É ᴌ (conditional entropy)

X ’Ҋ̆ Y ᴆ

ӈҹ̔

)|()()|( xXYHxpXYH
Xx

==ä
Í

2( )[ ( | ) log ( | )]
x X y Y

p x p y x p y x
Í Í

= -ä ä

2( , ) log ( | )
x X y Y

p x y p y x
Í Í

=-ää (3)
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ää ää
Í Í Í Í

--=
Xx Yy Xx Yy

xypyxpxpyxp )|(log),()(log),(

2.2 Ḫ

(2) ̔

),(log2 yxp Ὲ ̔

ää
Í Í

-=
Xx Yy

xypxpyxpYXH )]|()(log[),(),(

ää
Í Í

+-=
Xx Yy

xypxpyxp )]|(log)()[log,(

äää
Í ÍÍ

-
Xx YyXx

xypyxpxpxp )|(log),()(log)(̗̇

)|()( XYHXH += (4)   ( ∑)

),(log),(),( 2 yxpyxpYXH
Xx Yy

ää
Í Í

-= Ҭ
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2.2 Ḫ

Y X 1 2 3 4

1 1/8 1/16 1/32 1/32

2 1/16 1/8 1/32 1/32

3 1/16 1/16 1/16 1/16

4 1/4 0 0 0

H(X)ȁH(Y) ȁH(X|Y)ȁ H(Y|X) H(X, Y) 

̙

ᶡ2- 4ЕẐ (X, Y) ה Ґ ⅎ Е


