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• P(·)L«���Å¯���U5§=¯�u)�VÇ

I P(��lÀ�,å)µ”��lÀ�,å”ù�¯��U5
I P(A = B)µ”A=B”ù�¯��U5

• XJrAw���(lÑ)Cþ§aw�CþA�����
I P(A)�¡�A�VÇ¼ê
I P(A = a)�¡�A = a�VÇ�§{P�P(a)
I ���KKK555µ∀x, P(x) ≥ 0¶8�5µ

∑
x P(x) = 1

I éééÜÜÜVVVÇÇÇµü�¯�AÚBÓ�Ñy�VÇ§P�P(AB)
I ^̂̂���VVVÇÇÇµ¯�AÑy�cJeÚBÑy�VÇ§P
�P(B|A)
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• ����(tóu)f£1-6¤§\Ù��êi§Ø¥�\I

1 2 3 4 5 6

·`µ
I éJI§8�¡§\�UØ��¡
I �UI§Ø�\�$í4Ð

• Ø+
§�BØ��êi§'Xµ1"�30g§(JXÛ

2 3 4 4 5 4 4

5 6 4 4 3 2 4 5

4 2 2 3 4 5 3 4

·¥7/30 > 1/6 �Ø�
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• ����(tóu)f£1-6¤§\Ù��êi§Ø¥�\I

1 2 3 4 5 6
·`µ
I éJI§8�¡§\�UØ��¡
I �UI§Ø�\�$í4Ð

• Ø+
§�BØ��êi§'Xµ1"�30g§(JXÛ

2 3 1 4 4 1 5 1 4 4

5 6 4 4 3 2 1 4 5 1

4 2 2 3 4 1 5 1 3 4

·¥7/30 > 1/6 �Ø�



1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 10/36

www������¢¢¢~~~µµµ���������:::��� - ���fffiiiZZZ
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���fffiiiZZZ - ïïï���

• q�\��|�U5
u$í
• no! no! no! ”�BÀ��êi”��Ò´��VÇ�.§
§é�f�8�¡�
þ!©Ù�b�

P(”1”) = P(”2”) = ... = P(”5”) = P(”6”) = 1/6

• wÑ¯K5
§·��±^�«�\”h²”��ª5½
Â��#�.§½Â�f�z�¡Ñ±�½�VÇÑy
£Ø�½´þ!©Ù¤

P(”1”) = θ1

P(”2”) = θ2

P(”3”) = θ3

P(”4”) = θ4

P(”5”) = θ5

P(”6”) = 1−
∑

1≤i≤5
θi C8�5

¯KµXÛ¼�θi��º
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���fffiiiZZZ - ���...ÆÆÆSSS

• ·��±l�þ�¢~¥ÆS�.ëê"'X§k¢�
5��éõg(Xg)§uy”1”ÑyX1g!”2”Ñ
yX2g...

• b�iÑlõ�ª©Ù§@o�«VÇ�4�q,�O�

P(”i”) =
Xi

X

5¿µXv
��{§Xi

X
�±Ã�%CP(”i”)�ý¢�

Û�õ�ª©ÙºÛ�4�q,�O??? - gC��Ö

• ­#5�g§·�3�ªm©ck�30g

3 4 2 3 4 5 1 4 4 3

2 1 4 5 4 4 4 3 1 4

4 3 2 6 1 2 3 4 4 1



1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 12/36

���fffiiiZZZ - ���...ÆÆÆSSS

• ·��±l�þ�¢~¥ÆS�.ëê"'X§k¢�
5��éõg(Xg)§uy”1”ÑyX1g!”2”Ñ
yX2g...

• b�iÑlõ�ª©Ù§@o�«VÇ�4�q,�O�

P(”i”) =
Xi

X

5¿µXv
��{§Xi

X
�±Ã�%CP(”i”)�ý¢�

Û�õ�ª©ÙºÛ�4�q,�O??? - gC��Ö

• ­#5�g§·�3�ªm©ck�30g

3 4 2 3 4 5 1 4 4 3

2 1 4 5 4 4 4 3 1 4

4 3 2 6 1 2 3 4 4 1



1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 12/36

���fffiiiZZZ - ���...ÆÆÆSSS

• ·��±l�þ�¢~¥ÆS�.ëê"'X§k¢�
5��éõg(Xg)§uy”1”ÑyX1g!”2”Ñ
yX2g...

• b�iÑlõ�ª©Ù§@o�«VÇ�4�q,�O�

P(”i”) =
Xi

X

5¿µXv
��{§Xi

X
�±Ã�%CP(”i”)�ý¢�

Û�õ�ª©ÙºÛ�4�q,�O??? - gC��Ö

• ­#5�g§·�3�ªm©ck�30g

3 4 2 3 4 5 1 4 4 3

2 1 4 5 4 4 4 3 1 4

4 3 2 6 1 2 3 4 4 1



1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 13/36

���fffiiiZZZµµµ333###���ÓÓÓiiiZZZþþþ¢¢¢���
• ·�����k��5��.(a model with a bias)

1 1 1 1 1 P(”1”) = 5/30

2 2 2 2 P(”2”) = 4/30

3 3 3 3 3 3 P(”3”) = 6/30

4 4 4 4 4 4 4 4 4 4 4 4 P(”4”) = 12/30

5 5 P(”5”) = 2/30

6 P(”6”) = 1/30

• @·�ÀJ��êi£w,´4¤§,�m©�ª�iZ

3 1 5 1 3 2 2

6 2 2 3 1

6 3 2 1 2
ùg���(J´ 13/30 - �~Ø�!
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���fffiiiZZZ vs. ©©©ccc

b�·�k®²<ó©Ðc�éf£¡����½ê
â¤§Ù¥z�üc�ÑyÒÐ'Ý���ã��f

• �fkéõ�¡§z�¡�L��üc
• �f´Øþ!�§k
¡¬Ñy'�õg

...

...

...

ocêµ6 + 8 + 5 = 20

P(′é′) = 1/20 = 0.05

P(′"′) = 3/20 = 0.15

P(′(¢
′
) = 1/20 = 0.05

�õêâ-ocê:100K ∼ 1M

P(′é′) = 0.000010

P(′"′) = 0.001812

P(′(¢
′
) = 0.000001
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ýýý������©©©cccLLL§§§

• ÏLþã�’ÆS’§·���
z�cÑy�VÇ"
y
3�¯K´XÛO��é©c(J�VÇ
P(’(¢/y3/êâ/é/õ’) =?

• ùp·��Är�é�©�VÇ=z�c�VÇ§No
�º
I Õá5b�P(AB) = P(A)P(B)µz�cÑ´�pÕá�
I �w1w2...wmL«��dücw1,w2,...,wm|¤��©(J

P(w1w2...wm) = P(w1) · P(w2) · ... · P(wm)

P(’(¢/y3/êâ/é/õ’)

= P(’(¢’) · P(’y3’) · P(’êâ’) · P(’é’) · P(’ õ’)

= 0.000001× 0.000022× 0.000009× 0.000010× 0.000078

= 1.5444× 10−25

ØØØ%%%ggg���µµµÏÏÏLLLÕÕÕááá555bbb���ééé¯̄̄KKK???111’���KKK������’
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I ��¤©SÜ/	Ü�'Xµ¿�!0U!ëÄ

� c ÷ � ä þ � 

½� Ì� ¢� U�(� ) Ö�

• ��%�:��½Â

é{©Û(parsing½syntactic parsing)

3g,�ó½öO�Å�ó¥§é{©Û´|^/ªz
�©{5Ké��ÎÒG?1©Û�L§

—�Äz�(È©)

I ÎÒGµ�±n)�c¡`�ücG
I ©{µ'u�ó(��/ªz½Â§d5K|¤
I ©Ûµ|^©{)ºéf(�

• ±þù
Vg�ÐUP4§ØLq�Úc¡x�ä��
ØþB� ¢Sþ§é{äÒ´é{©Û��«/�L«
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• /ª©{´é{©Û¥�Ø%SN"�´§��´�~
E,��@nØ§ùpØ��\?Ø"í���Ø��
0� http://en.wikipedia.org/wiki/Formal_grammar

• ���<Ú�ùp�0��e�~^�þe©Ã'©{

þe©Ã'©{(context-free grammar)

��þe©Ã'©{�±�À���XÚ
G =< N,Σ, R, S >§Ù¥

I N����ª(Î8Ü

I Σ���ª(Î8Ü

I R���5K(�)ª)8Ü§z^5K r ∈ R�/ª
�X → Y1Y2...Yn§Ù¥X ∈ N , Yi ∈ N ∪ Σ

I S���å©ÎÒ8Ü�S ⊆ N

http://en.wikipedia.org/wiki/Formal_grammar


1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 23/36

þþþeee©©©ÃÃÃ'''©©©{{{

• /ª©{´é{©Û¥�Ø%SN"�´§��´�~
E,��@nØ§ùpØ��\?Ø"í���Ø��
0� http://en.wikipedia.org/wiki/Formal_grammar

• ���<Ú�ùp�0��e�~^�þe©Ã'©{

þe©Ã'©{(context-free grammar)

��þe©Ã'©{�±�À���XÚ
G =< N,Σ, R, S >§Ù¥

I N����ª(Î8Ü

I Σ���ª(Î8Ü

I R���5K(�)ª)8Ü§z^5K r ∈ R�/ª
�X → Y1Y2...Yn§Ù¥X ∈ N , Yi ∈ N ∪ Σ

I S���å©ÎÒ8Ü�S ⊆ N

http://en.wikipedia.org/wiki/Formal_grammar


1�Ù c{!�{9VÇg�Ä: �Ð&Á½Å August 8, 2019 24/36

þþþeee©©©ÃÃÃ'''©©©{{{µµµ¢¢¢~~~

• r�ª(Î½Â�ØÓ�é{IP
N = {NN,VV,NP,VP, IP}
5¿§c5µNN-¶c§VV-Äc
á�(�µNP-¶cá�§VP-Äcá�§IP-üé

• rª(Î½Â�ØÓ�üc
Σ = {c,U�,¯,~}

• rå©�ª(Î½Â��é�m© S = {IP}

• 5K8�éþãé{(��|C(ri�5K�?Ò)

r1: NN → c r2: VV → U�
r3: VV → ¯ r4: NN → ~
r5: NP → NN r6: VP → VV NN

r7: VP → VV VP r8: IP → NP VP

r1: NN → c r2: VV → U�
r3: VV → ¯ r4: NN → ~
r5: NP → NN r6: VP → VV NN

r7: VP → VV VP r8: IP → NP VP

r1, r2, r3, r4 �)¤ücc5�5K
r5 �üCþ5K§§òc5NN?�ÚÄ��¶cá�NP

r6, r7, r8 �é{(�5K§'Xr8L«
Ì(NP)+¢(VP)(�
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Σ = {c,U�,¯,~}

• rå©�ª(Î½Â��é�m© S = {IP}
• 5K8�éþãé{(��|C(ri�5K�?Ò)

r1: NN → c r2: VV → U�
r3: VV → ¯ r4: NN → ~
r5: NP → NN r6: VP → VV NN

r7: VP → VV VP r8: IP → NP VP

r1: NN → c r2: VV → U�
r3: VV → ¯ r4: NN → ~
r5: NP → NN r6: VP → VV NN

r7: VP → VV VP r8: IP → NP VP

r1, r2, r3, r4 �)¤ücc5�5K
r5 �üCþ5K§§òc5NN?�ÚÄ��¶cá�NP

r6, r7, r8 �é{(�5K§'Xr8L«
Ì(NP)+¢(VP)(�
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¢Sþ§·��±l��å©�ª(Î§Øä/¦^5
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��)¤L§"

IP
r8⇒ NP VP
r5⇒ NN VP
r1⇒ c VP
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þþþeee©©©ÃÃÃ'''©©©{{{µµµííí��� - vvvkkkããã���������

í�

�½��©{G =< N,Σ, R, S >§éu��iÎGS
�s0, s1, ..., snÚ5KS�r1, r2, ..., rn§÷v

s0
r1⇒ s1

r2⇒ s2
r3⇒ ...

rn⇒ sn

�

• ∀i ∈ [0, n], si ∈ (N ∪ Σ)∗ C si�Ü{�iÎG

• ∀j ∈ [1, n], rj ∈ R C rj�G�5K

• s0 ∈ S C s0�å©�ª(Î

• sn ∈ Σ∗ C sn�ª(ÎS�

Ks0
r1⇒ s1

r2⇒ s2
r3⇒ ...

rn⇒ sn���í�(derivation)

Ï~·��rí�{P�d = r1 ◦ r2 ◦ ... ◦ rn§Ù¥◦L«5
K�|Ü
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ÜÜÜÂÂÂ1µµµ���ÓÓÓ���äääéééAAAØØØÓÓÓ���ííí���

)¤Ó��é{ä§·��±¦^ØÓ�5KS�§=§
ØÓ�í��ª¬���Ó�é{ä

• )û�{µ5K¦^ÑÑl��`k�K
• ù����í��¡���`kí�§ÃÜÂ
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ííí���1
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r8⇒ NP VP
r5⇒ NN VP
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r7⇒ c VV VP
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r6⇒ c U� VV NN
r3⇒ c U� ¯ NN
r4⇒ c U� ¯ ~

ííí���2

- NO

IP
r8⇒ NP VP
r7⇒ NP VV VP
r2⇒ NP U� VP
r6⇒ NP U� VV NN
r4⇒ NP U� VV ~
r5⇒ NN U� VV ~
r3⇒ NN U� ¯ ~
r1⇒ c U� ¯ ~
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©Ûì: P=0.2 P=0.6 P=0.1

• é{©Û?Ö��þÒ´l¤k�U�í�£é{ä¤
¥ÀJ�`(J"
I <µ(½�(J - é or �
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• ·�y3��§3�½þe©Ã'©{(CFG)��¹e:
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d =CFGé{©Ûä
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P(d)=?

• 3þe©Ã'©{¥§z^5K�m�¦^´�pÕá
�§Ïd�±rP(d)©)�5KVÇ�¦È

P(d) = P(r1 ◦ r2 ◦ ... ◦ rn)

≡ P(r1) · P(r2) · ... · P(rn)

5¿µþe©Ã'©{��Ò�¹5K¦^�Õá5b
�§Ïdþª3CFGµee¿Ø´Cq
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d = r1 ◦ r2 ◦ ... ◦ rn§ÑUÏLP(d)=

∏n
i=1 P(ri)O�ÙVÇ�
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P(d1) = P(IP→ NP VP) · P(NP→ NN) · P(NN→c) · P(VP→ VP VV)·
P(VV→U�) · P(VP→ NN VV) · P(VV→¯) · P(NN→~)

=0.0004

P(d1) =
∏

ri∈d1 P(ri)

=0.0004

P(d2) =
∏

ri∈d2 P(ri)

=0.0128

P(d3) =
∏

ri∈d3 P(ri)

=0.0002
no yes no
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I TAG(ä��©{)!TSG(äO�©{)� - Ø´��§­:

• ééé{{{©©©ÛÛÛ���{{{µµµXÛp�/|¢�`) - ùpv`
I �ïé{©Ûì�­��Ü©§�Åì�È)è¯K�'
I �~­�§3�¡ÚOÅì�È)è¥�k�'�{0�
I g.�þ!A∗��{

• ÚÚÚOOOÆÆÆSSSµµµXÛÆSé{©Û�.
I ÅìÆS¥�Ä:¯K§é{©Û�±w�´�«A^
I google�eparsing supervised unsupervised learning

• ééé{{{(äää)LLLyyy///ªªªµµµá�(�ä vs. ��ä
I ��§±á�(�ä�Ä: - �´ùü«(�3ÚOÅì
�È¥Ñk¦^

I 'u��©Û§google�edependency parsing

• ...
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