


•

•

•

2



3



•

–

𝑘 𝑘

–

•

–

–

–

4

𝑎𝐴𝐵 = 0.7
𝑒𝐴 𝐻 = 0.5
𝑒𝐴 𝑇 = 0.5

𝑒𝐴 𝐻 = 0.7
𝑒𝐴 𝑇 = 0.3

𝑎𝐵𝐵 = 0.4

𝑎𝐵𝐴 = 0.6

𝑎𝐴𝐴 = 0.3

𝑎𝐴𝐴 = 0.3

𝑎𝐵𝐴 = 0.6

𝑎𝐵𝐵 = 0.4

𝑎𝐴𝐵 = 0.7



•

– 𝑥

–

•

– 𝑥

–

•

– 𝑥

–

5



• 𝑥

• 𝑀 𝜋
𝑥

𝑎𝑟𝑔𝑚𝑎𝑥𝜋 𝑃 𝑥 𝑀𝐻𝑀𝑀, 𝜋]

• 𝑃[𝑥|𝑀𝐻𝑀𝑀, 𝜋] 𝜋

– 𝜋

•

–

• 𝑗 𝑖
𝑗 − 1.

–

𝑉 𝑖, 𝑗 = max
𝑘
( 𝑉 𝑘, 𝑗 − 1 × 𝑎𝑘𝑖 × 𝑒𝑖 𝑥𝑗 )

6



• 𝑥

• 𝑀 𝑃 𝑥 𝑀𝐻𝑀𝑀]
𝑥

• 𝑃 𝑂 𝑀𝐻𝑀𝑀, 𝜋]

𝑃 𝑥 𝑀𝐻𝑀𝑀] = 

𝜋

𝑃 𝑥 𝑀𝐻𝑀𝑀, 𝜋 𝑃[𝜋]

•

–

• 𝑗 𝑖
𝑗 − 1

–

𝐹 𝑖, 𝑗 = 

𝑘

𝐹(𝑘, 𝑗 − 1) × 𝑎𝑘𝑖 × 𝑒𝑖(𝑥𝑗)

7



• 𝑥

• 𝑥
𝑒 𝑎 𝐿 𝑒, 𝑎 𝑥).

•

𝑥

• 𝑒𝑘(𝑏) 𝑏
𝑘

𝑒𝑘 𝑏 =
𝐸𝑘(𝑏)

σ𝑏′ 𝐸𝑘(𝑏
′)

• 𝑏 𝑘

• 𝑎𝑘𝑙

𝑎𝑘𝑙 =
𝐴𝑘𝑙

σ𝑙′ 𝐴𝑘𝑙′

8



•

•

• 𝑘 𝑙 𝐴𝑘𝑙

𝐴𝑘𝑙 =
σ𝑖 𝐹 𝑘, 𝑖 𝑎𝑘𝑙𝑒𝑙 𝑥𝑖+1 𝐵(𝑙, 𝑖 + 1)

𝑃(𝑥)

• 𝐹 𝑘, 𝑖 𝑎𝑘𝑙𝑒𝑙 𝑥𝑖+1 𝐵(𝑙, 𝑖 + 1)

9

𝑘

𝑙

𝑘 𝑙 𝑖 𝑖 + 1

𝑖 𝑖 + 1
𝐹(𝑘, 𝑖)

𝐵(𝑙, 𝑖 + 1)

𝑎𝑘𝑙

𝑒𝑙(𝑥𝑖+1)



• 𝑏 𝑘 𝐸𝑘(𝑏)

𝐸𝑘(𝑏) =
σ𝑖 𝑠.𝑡. 𝑥𝑖=𝑏

𝐹 𝑘, 𝑖 𝐵(𝑘, 𝑖)

𝑃(𝑥)

• 𝐴𝑘𝑙 𝐸𝑘(𝑏)

𝑎𝑘𝑙 =
𝐴𝑘𝑙

σ𝑙′ 𝐴𝑘𝑙′

𝑒𝑘 𝑏 =
𝐸𝑘(𝑏)

σ𝑏′ 𝐸𝑘(𝑏
′)

•

– 𝐴𝑘𝑙 𝐸𝑘(𝑏)

– 𝑎 𝑒

10

https://archive.org/details/statisticalanaly00litt/page/n145/mode/2up
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•

•
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13

•

•

A Q V K G H G K K V A D A L T N A V A H
P K V K A H G K K V L G A F S D G L A H
E D L K K H G V T V L T A L G A I L K K
A P F E T H A N R I V G F F S K I I G E
A D V R W H A E R I I N A V N D A V A S
P E L Q A H A G K V F K L V Y E A A I Q
P G V A A L G A K V L A Q I G V A V S H



•

–

–

•
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•

–

•

• 𝑖 𝑖 𝐿 𝑁𝑠𝑒𝑞
𝑎

𝑓𝑖,𝑎 =
𝑛𝑖,𝑎

𝑁𝑠𝑒𝑞
,

• 𝑛𝑖,𝑎 𝑎 𝑖

• 𝑓 𝑓𝑖,𝑎
𝑖 𝑎

15



• 𝑓𝑖,𝑏 𝑥

𝑃 𝑥 𝑀 = ෑ

𝑖=1

𝐿

𝑓𝑖,𝑥𝑖

•
𝑥

– 𝑀

• 𝑥
𝑅 𝑃 𝑥 𝑅

– 𝑅 𝑥

𝑆 𝑥 = log
𝑃(𝑥|𝑀)

𝑃(𝑥|𝑅)
=

𝑖=1

𝐿

log
𝑓𝑖,𝑥𝑖
𝑞𝑥𝑖

• 𝑚𝑖,𝑎 = log
𝑓𝑖,𝑎

𝑞𝑎
𝑚

16



•

•

• 𝑚 𝑚𝑖,𝑎

𝑚𝑖,𝑎 = 

𝑏 ∈ 𝐴𝐴

𝑓𝑖,𝑏 × 𝑠(𝑎, 𝑏) ,

𝐴𝐴

• 𝑥



𝑖=1

𝐿

𝑚𝑖,𝑥𝑖

17



18

A Q V K G H G K K V A D A L T N A V A H
P K V K A H G K K V L G A F S D G L A H
E D L K K H G V T V L T A L G A I L K K
A P F E T H A N R I V G F F S K I I G E
A D V R W H A E R I I N A V N D A V A S
P E L Q A H A G K V F K L V Y E A A I Q
P G V A A L G A K V L A Q I G V A V S H

P Q W K W H G K K V L D A L Y N A V A H

•

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

0 1 2

𝑚3,𝑊 = 𝑓3,𝑉 × 𝑠 𝑊, 𝑉 + 𝑓3,𝐿 × 𝑠 𝑊, 𝐿 + 𝑓3,𝐹 × 𝑠 𝑊, 𝐹 =
4

7
× −3 +

2

7
× −2 +

1

7
× 1 = −

15

7



A Q V K G H G K K V A D A L T N A V A H
P K V K A H G K K V L G A F S D G L A H
E D L K K H G V T V L T A L G A I L K K
A P F E T H A N R I V G F F S K I I G E
A D V R W H A E R I I N A V N D A V A S
P E L Q A H A G K V F K L V Y E A A I Q
P G V A A L G A K V L A Q I G V A V S H

𝑚3,𝑊 = −
15

7



20

P Q W K W H G K K V L D A L Y N A V A H
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0
0 1 2

•



•

21



•

•

–

→

•

•

22



•

–

–

→

•

23

K G H G K -
K K H G V T
E T - A N -
R W H A E R
Q A H A G K
A A L G A K

K G ?



24

K G H G K -
K K H G V T
E T - A N -
R W H A E R
Q A H A G K
A A L G A K

K G H



25

K G - H G K
K K - H G V
E T - - A N
R W - H A E
Q A - H A G
A A - L G A

K G W



26

K G H G K -
K K H G V T
E T - A N -
R W H A E R
Q A H A G K
A A L G A K

K G - G



27

𝑀𝑖−2 𝑀𝑖−1 𝑀𝑖 𝑀𝑖+1 𝑀𝑖+2 𝑀𝑖+3

•

✓ 𝑀𝑖



28

𝑀𝑖−2

𝐼𝑖−2

𝑀𝑖−1

𝐼𝑖−1

𝑀𝑖

𝐼𝑖

𝑀𝑖+1

𝐼𝑖+1

𝑀𝑖+2

𝐼𝑖+2

𝑀𝑖+3

•

✓ 𝐼𝑖
✓

✓ 𝐼𝑖 𝐼𝑖+1



𝐷𝑖−2

𝑀𝑖−2

𝐼𝑖−2

𝐷𝑖−1

𝑀𝑖−1

𝐼𝑖−1

𝐷𝑖

𝑀𝑖

𝐼𝑖

𝐷𝑖+1

𝑀𝑖+1

𝐼𝑖+1

𝐷𝑖+2

𝑀𝑖+2

𝐼𝑖+2

𝐷𝑖+3

𝑀𝑖+3

•

✓ 𝐷𝑖
✓



30

𝐷1

𝑀1

𝐼1

𝐷2

𝑀2

𝐼2

𝐷3

𝑀3

𝐼3

𝐷4

𝑀4

𝐼4𝐼0



31

𝐷1

𝑀1

𝐼1

𝐷2

𝑀2

𝐼2

𝐷3

𝑀3

𝐼3

𝐷4

𝑀4

𝐼4𝐼0

𝐷1

𝑀1

𝐼1

𝐷2

𝑀2

𝐼2

𝐷3

𝑀3

𝐼3

𝐷4

𝑀4

𝐼4𝐼0

K G H G
K K H G
E T - A
R W H A
Q A H A
A A L G

K G H G
K K H G
E T - A
R W H A
Q A H A
A A L G

K A H G K A H -T



•

– 𝑥

–

•

– 𝑥

–

•

– 𝑆

–

•

•
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•

– 𝑥

–

•

– 𝑥

–

•

– 𝑆

–

•

•

33



•

– 𝑎𝑘𝑙 𝑘 𝑙

– 𝑒𝑘(𝑎) 𝑎 𝑘

•

•

–

–

•

–
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35

A Q V K G H G K K V A D A L T N A V A H
P - V K - H G K K V L G A - - D G L A H
E - L K - H G V T V L T A L G A - L K K
A P F E - H A N R - V - F - - K I I G E
A - V R - H A E R I I - - - N D A V A -
P - L Q - H A G K V F - L V Y E A A I Q
P - V A - L G A K V L A Q - G V A V S H

•

–

–

M I M M I M M M M M M M M I M M M M M M



•

–

36

A Q V K G H G K K V A D A L T N A V A H
M I M M I M M M M M M M M I M M M M M M

P - V K - H G K K V L G A - - D G L A H
M - M M - M M M M M M M M - D M M M M M

E - L K - H G V T V L T A L G A - L K K
M - M M - M M M M M M M M I M M D M M M

M I M M I M M M M M M M M I M M M M M M



•

–

–

𝑎𝑘𝑙 =
𝐴𝑘𝑙

σ𝑙′ 𝐴𝑘𝑙′

𝑒𝑘(𝑎) =
𝐸𝑘(𝑎)

σ𝑎′ 𝐸𝑘(𝑎
′)

37

𝑘

𝑘 𝑙

𝑘

𝑎 𝑘



• 𝑥

– 𝑥

•

𝑉𝑗
𝑀(𝑖) 𝑉𝑗

𝐼(𝑖) 𝑉𝑗
𝐷(𝑖)

•

𝑉𝑗
𝑀 𝑖 = log

𝑒𝑀𝑗
(𝑥𝑖)

𝑞𝑥𝑖
+𝑚𝑎𝑥

𝑉𝑗−1
𝑀 𝑖 − 1 + log𝑎𝑀𝑗−1𝑀𝑗

𝑉𝑗−1
𝐼 𝑖 − 1 + log𝑎𝐼𝑗−1𝑀𝑗

𝑉𝑗−1
𝐷 𝑖 − 1 + 𝑙𝑜𝑔𝑎𝐷𝑗−1𝑀𝑗

𝑉𝑗
𝐼 𝑖 = log

𝑒𝐼𝑗(𝑥𝑖)

𝑞𝑥𝑖
+𝑚𝑎𝑥

𝑉𝑗
𝑀 𝑖 − 1 + log𝑎𝑀𝑗𝐼𝑗

𝑉𝑗
𝐼 𝑖 − 1 + log𝑎𝐼𝑗𝐼𝑗

𝑉𝑗
𝐷 𝑖 − 1 + 𝑙𝑜𝑔𝑎𝐷𝑗𝐼𝑗

𝑉𝑗
𝐷 𝑖 = 𝑚𝑎𝑥

𝑉𝑗−1
𝑀 𝑖 + log𝑎𝑀𝑗−1𝐷𝑗

𝑉𝑗−1
𝐼 𝑖 + log𝑎𝐼𝑗−1𝐷𝑗

𝑉𝑗−1
𝐷 𝑖 + 𝑙𝑜𝑔𝑎𝐷𝑗−1𝐷𝑗

38

𝐷1

𝑀1

𝐼1

𝐷2

𝑀2

𝐼2

𝐷3

𝑀3

𝐼3

𝐷4

𝑀4

𝐼4𝐼0



• 𝑥

• 𝐹𝑗
𝑀(𝑖) 𝐹𝑗

𝐼(𝑖) 𝐹𝑗
𝐷(𝑖)

•

𝐹𝑗
𝑀 𝑖

= log
𝑒𝑀𝑗

(𝑥𝑖)

𝑞𝑥𝑖

+ log[𝑎𝑀𝑗−1𝑀𝑗
exp(𝐹𝑗−1

𝑀 𝑖 − 1 ) + 𝑎𝐼𝑗−1𝑀𝑗
exp 𝐹𝑗−1

𝐼 𝑖 − 1 + 𝑎𝐷𝑗−1𝑀𝑗
exp(𝐹𝑗−1

𝐷 𝑖 − 1 )]

𝐹𝑗
𝐼 𝑖

= log
𝑒𝐼𝑗(𝑥𝑖)

𝑞𝑥𝑖
+ log[𝑎𝑀𝑗𝐼𝑗 exp 𝐹𝑗

𝑀 𝑖 − 1 + 𝑎𝐼𝑗𝐼𝑗exp 𝐹𝑗
𝐼 𝑖 − 1 + 𝑎𝐷𝑗𝐼𝑗 exp 𝐹𝑗

𝐷 𝑖 − 1 ]

𝐹𝑗
𝐷 𝑖 = log[𝑎𝑀𝑗−1𝐷𝑗

exp 𝐹𝑗−1
𝑀 𝑖 + 𝑎𝐼𝑗−1𝐷𝑗 exp 𝐹𝑗−1

𝐼 𝑖 + 𝑎𝐷𝑗−1𝐷𝑗exp(𝐹𝑗−1
𝐷 𝑖 )]

39



•

•

•

• 𝑎𝑘𝑙 𝑒𝑘(𝑎)

40



41


