Dependency Parsing

Vién CNTT-TT
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Cac noi dung chinh

1. Tong quan vé Dependency Parsing.
a. Binh nghia
b. Ung dung
c. Tinh chat

2. Cac phuwong phap giai quyét bai toan.
a. Transition-based
b. Graph-based
c. Céc cach tiép can hién nay

3. Cac két qua cai dat.



Tong quan vé Dependency Parsing

e Dinh nghia
e Cac trng dung cua Dependency Parsing
e (Cac tinh chat cua cay cu phap phu thudc



Dependency Parsing la gi

e Phan tich cu phap phu thudc

e Khong phan tich chu nglr, vi nglr, cac cum danh tir, cum doéng tt,... thay vi
do, phan tich quan hé phu thudc gilra cac tlr trong cau vaéi nhau.

e Thuwdng lién quan chat ché dén bai toan Gan nhan tir loai (Part Of Speech
Tagging)

e Duwoc bat dau quan tdm nhiéu tlr thap ky trwdc do sw giau théng tin ma kiéu
phan tich nay mang lai.



Dependency Parsing la gi
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Dependency Parsing la gi

Mot quan hé phu thubc thé hién béng 1 mi tén c6 huwdng, trong do:
< head: dau khéng cé miii tén, 14 tr dwoc bb nghia
< dependent: dau cé miii tén, 1a tir bd nghia
% label: quan hé phu thudc gilra 2 ttr nay.



Cac nhan phu thuéc

% Mbts

d

YYVYVYY

e

Seagame

6 nhan phu thudc:

obj (Direct object): tan ngir truc tiép

nsubj (Nominal subject): chd ngt¥, chi thé

nmod (Nominal modifier): danh tir bd nghia
amod (Adjectival modifier): tinh tir b0 nghta
nummod (Numeric modifier): s tr bo nghia
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Cac nhan phu thuéc

% Mot s6 nhan phu thudc:
> ccomp (Clausal component): M&nh dé thanh phan
> xcomp (Open clausal component): Ménh dé thanh phan mé rong
> aux (Auxiliary): phu tw, trgp dong tw

Xem thém: http://universaldependencies.org/u/dep/
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http://universaldependencies.org/u/dep/

Tong quan vé Dependency Parsing

e Dinh nghia
e Cac trng dung cua Dependency Parsing
e (Cac tinh chat cua cay cu phap phu thudc



Wng dung.

Xay dwng co s¢ tri thire dwa trén Trich rut quan hé (Relation Extraction)

nmod
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Toéng théng Obama da dén tham Van Miéu tai Ha Noi
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Ung dung.
Dich may (Machine Translation)

She has a gray cat
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Tong quan vé Dependency Parsing

e Dinh nghia
e Cac trng dung cua Dependency Parsing
e Cac tinh chat cua cay cu phap phu thuéc
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Cac tinh chat ciia cay cu phap phu thuéc

< Xét cay cu phap la 1 do thj va&i cac tir 1a cac dinh (node), cac quan hé 1a cac
canh (arc)

o Do thi cu phap phu thudc nay co6 4 tinh chat:
> Weakly Connected (Két ni yéu)
> Acyclic (Khdng c6 chu trinh)
> Single head (1 tir chi c6 duy nhat 1 head)
> Projective
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Cac tinh chat ciia cay cu phap phu thuéc

e Weakly Connected:

o Vé&i moi node i, ludn ton tai 1 node j sao cho ¢6 1 canh ndii->jhodcj->i

e Acycl

iC:

o Né&u tdn tai canh i -> j, thi khong thé tén tai 1 dwdng dij ->* i
e Single head:

o Néucdcanhi->j, thi sé khéng cé canh k -> j, v&i k I= |
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Cac tinh chat ciia cay cu phap phu thuéc

e Projective: (tinh chat nay khéng bat budc)
o Néu ton tai canh i -> j, thi véi moi k nam gitra i va j, ludn c6 dwdng di i ->* k
o M@t cach trwe quan, khdng cé canh chéo nhau khi vé cay cu phap tuan tw theo cau

Projective —____pund
nsubj dobj %{nmnd
Non-Projective ! — E B TN
TOI an com g nha an Bach Khna
punct
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Cac noi dung chinh

1. Tong quan vé Dependency Parsing.
a. Binh nghia
b. Ung dung
c. Tinh chat

2. Cac phwong phap giai quyét bai toan.

a. Transition-based
b. Graph-based
c. Cac cach tiép can hién nay

3. Cac két qua cai dat.
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Cac phwong phap giai quyeét.

e Transition-based
o Thuat toan Nivre

e Graph-based

e Cac cach tiép can hién nay
o Endto end learning
o Joint learning
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Transition-based

o Y twdng co ban cua noé la dwa trén cac Transition (SHIFT, REDUCE, LEFT-
ARC, RIGHT-ARC)

e Khi doc cau tir trai sang phai, mé hinh hoc may cda hé théng sé quyét dinh
thwe hién transition nao, day cac transition nay giup xac dinh dwgc quan hé
phu thudc gilra cac twr trong cau

e Viéc quyét dinh transition nao sé do 1 mé hinh hoc may (classifier) d@m nhan,
can huan luyén mé hinh nay
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Transition-based

e Thuat toan phan tich cu phap: Nivre, Covington, ...
e Phuong phap huan luyén Classifier: SVM, Neural network, ...
O phan nay, chang ta tim hiéu vé thuat toan Nivre
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Thuat toan Nivre

La thuat toan phan tich cu phap cho phwong phap Transition-based.

e Duwoc Joakim Nivre dé xuat tr nhirng nam 2003-2004

e La thuat toan phan tich phd bién nhat hién tai trong hwéng Transition-based,
va cling c6 nhiéu bién thé khac nhau.

e DO phue tap O(n)
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Thuat toan Nivre

e Cau hinh c: c = (X]s, b|B, A), gbm c6 3 phan
o 1 Stack X chwra cac tw tirng dwoc xét, va sé con duoc xét tiép.
o 1 Buffer B chira cac tlr chwa dwoc xét, hodc mai xét dén.
o 1tap A chwra cac quan hé phu thudéc da timra
o Thé hién trang thai hién tai ctia hé théng
e (Cac transition sé dwa trén cau hinh hién tai dé di dén cau hinh mai, cling sé

gdm 3 thanh phan nay.
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Thuat toan Nivre

e 4 transition dwoc dinh nghia nhuw sau:
O SHIFT[(Z, b|B, A)] = (Z|b, B, A)
O RIGHT, [(Z[s, b|B, A)] = (Z|s|b, B, A U {s, Ib, b})
O LEFT,[(Z|s, b|B, A)] = (Z, b|B, A U {b, Ib, s})
O REDUCE [(Z|s, B, A)] = (%, B, A)
e Co6 thé mé ta twong ng nhw sau:

©)

@)
@)
(@)

SHIFT: chuyén tir & dau buffer I1&n dinh cla stack, khéng thém quan hé

RIGHT: thém tlr & dau buffer vao dinh stack, thém quan hé phu thudc (s, Ib, b)
LEFT: bo tr & dinh stack ra, gitr nguyén buffer, thém quan hé phu thuéc (b, Ib, s)
REDUCE: bé tir & dinh Stack di, khong thém quan hé nao

22



Thuat toan Nivre

e CaudauvaolaW=w, w,, ...

, W,,. (w; [a ttr thr i trong céau)

e Cau hinh khéi tao: ¢, = (Z, B, A)

o X: chichtra ROOT
O B: B=w;,w,, .. W,
A: tap rong

hinh két thic: ¢, ing = (Z,
o X: chichtra ROOT
O B:rong
O A

O

e Cau

B, A)

: tap chira quan hé phu thudc.
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Thuat toan Nivre

Thuat toan dwoc thwe hién nhw sau:

Input: sentence W, parameter-vector w
c < INITIAL (W)

while not TERMINAL (c) do

1:

2
3
4.
5.
6

return A,

t, € arg max e gar g W * $(c, t)
c<t,(c)
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Minh hoa Nivre.

[Root] [TOI an com & Bach Khoa .]

Stack: Ngoac vubéng bén trai

Buffer: Ngoac vuéng bén phai.

A : tdp quan hé phu thudc dang réng
Active: Nut van dang con duwoc xét.
Deleted: Nut da xét xong, loai bo khoi Stack
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Minh hoa Nivre.
[Active|[Active] [Active] [Active] [Active] [Active]  [Active]

[Root T0|] [én com & Bach Khoa .]

SHIFT: chuyén 'Téi' tlr Buffer sang Stack
A ={}




Minh hoa Nivre.

bj
[Active) [DEISEEE "~ Active] [Active][Active] ([Active]  [Active]

[Root T0|] [an ccrm c Bach_Khoa .]

LEF | AOd 101 KNOl SWACK, Liern (drl, nsupj, 101) vdo ldp A

nsubj

A= {(an, nsubj, Toi)}
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Minh hoa Nivre.

root
-G““”b‘
et Active] [Active] [Active]  [Active]

[Root  Toi an] [ccm 4 Bach Khoa .]

A= {(an, nsubj, Téi), (Root, root, an)}



Minh hoa Nivre.

root
-/-‘—nsum\\'-” “°* active] (Active]  [Active]  [Active]

[Root T0| - an ccm] [cr Bach Khoa .]

uuwy)

A= {(an, nsubj, Tbi), (Root, root, an), (an, dobj, com) }
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Minh hoa Nivre.

root
-G"m-f""“"‘-- Active]

—— — — P t— = — ~
[Root TOi an com 0] [Bach Khoa
SHIF I: cnuyen O W pumer sang sStacCk o

A= {(an, nsubj, Tbi), (Root, root, an), (an, dobj, com) }

Active]
]

30



Minh hoa Nivre.

root
{ m-”d"b’”‘--"cm\- Active]

——

[Root Toi com 6] [Bach _Khoa .]

| - — Icase /\N\UU U IN\1T1VI ULCAUI\, reoriIl \IJCAUII I\rivaua, vadaowu, U/ vav LCAV I\

A= {(an, nsubj, Téi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case,

)}
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Minh hoa Nivre.

root
-/—"”S”b‘l’-f""b‘*— DEIEEEd " Active)  [Active]

[Root TDI dm G] [Bach Khoa .]
REDUCE: X6a 'com' khéi Stack

A= {(an, nsubj, Téi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case,

)}
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Minh hoa Nivre.

{ W =t
nsubj dobj case
~Deleted] [Deleted " ctive]

[Root Toi com 8 Bach Khoa] []

RIGHT,.q: Thém 'Bach_Khoa' tir buffer vao stack, thém (an, nmod,
Bach_Khoa) vao tap A

A= {(an, nsubj, Toi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case,
@), (an, nmod, Bach_Khoa) }
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Minh hoa Nivre.

Acive W =0
nsubj dob;—h— case
Deleted]” Active|

[Root TDI dm G Bach Khoa] [.]

REDUCE: Xdéa 'Bach_Khoa' khéi Stack

A= {(an, nsubj, Toi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case, &), (an,
nmod, Bach_Khoa) }
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Minh hoa Nivre.

punct
root nmod
-/—""5‘“” ob)~» e P P

Root TOI com Bach Khoa
K11 puncti I111eln . lU’ UUIIBI vVdO SLldCK, UIEeIT \dll pUIIbl ) vdo ldp/—\

A= {(an, nsubj, Tbi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case, @), (an,
nmod, Bach_Khoa), (an, punct, .) }
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Minh hoa Nivre.

punct
root nmod
-/—""S”b‘ ob)~» e <> \pE—

[Root Toi com Bach_Khoa
REDUCE: Xd6a ".' khoi Stack

A= {(an, nsubj, Téi), (Root, root, an), (an, dobj, com), (Bach_Khoa, case,

@), (an, nmod, Bach_Khoa), (an, punct, .) }
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Minh hoa Nivre.

punct
root nmod
(Active) [Delte@ """ """ beleted] \\‘—
Active ! [DEIEE Deleted]”

[Root  TOi an com 8 Bach Khoa
REDUCE: Xo6a 'an' khoi Stack

Hién tai da dén cau hinh cudi cung, Stack chi cé Root, Buffer rdng. Hé thong tra
lai tap quan hé phu thudc A.
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Minh hoa Nivre.

Két qua cudi cling

T0|

punct

nmod \
I'ISLID]'\ dﬂbjj case\‘

an com cr Bach_Khoa .
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Cac phwong phap giai quyeét.

e Transition-based
o Thuat toan Nivre

e Graph-based

e Cac cach tiép can hién nay
o Endto end learning
o Joint learning
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Graph-based

e Y twdng la dwa trén bai toan tim cay khung I&n nhat trong dd thj cd hwéng.
e Tl cau dau vao, xay dwng 1 do thi, ma & gitra 2 t& bat ky, ludn c6 cac canh
ndi vé&i nhau theo tat ca cac nhan phu thudc.
e Trong s6 cac canh nay sé do 1 mé hinh hoc may quyét dinh.
e Tim cay khung I&n nhat ctia do thj nay.
o Mot sb ky hidu:
o L:tap nhan phu thuéc ]
o n:do dai cau, tinh theo s6 lwong tw
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Graph-based

Thuat toan phan tich:
e Chu-Liu-Edmond:
o Cay tim duoc co thé khong thda man tinh chat projective
o Thuat toan la mét kiéu tim cay khung I&n nhat trén dé thi day da c6 hwdng
o D06 phtrc tap: |L| * n?
e Eisner:
o Cay tim dwoc ludn thda man tinh chét projective
o Thuat toan la 1 kiéu giai thuat quy hoach ddng, theo huéng bottom up. Xay dwng cay nhd
tridc, roi xay cay lon hon tir cac cay nhé & buwdc trwde, cho den khi thanh cay hoan chinh.
o D06 phtrc tap: n3
Thuat toan phan tich pho bién nhat hién nay cho hwéng Graph-based la Eisner
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Graph-based

e D& tinh trong s cho cac canh, ta can hoc ra 1 mé hinh tinh diém cho canh
nay
e Phuong phap hoc: SVM, Neural Network, ...
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Cac phwong phap giai quyeét.

e Transition-based
o Thuat toan Nivre

e Graph-based

e Cac cach tiép can hién nay
o Endto end learning
o Joint learning
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End-to-end Learning

I 1 Nhuwng  CC CC 8 «cc
e D liéu hoc: CoNLL Format. 2 cove _ RB RB _ 8 advmod .
; . 3 nhw _ IN IN _ 8 mark _
e (Cac théng tin dwgc cho: 4 rét_ RB RB _ 5 advmod _
. 5 nhiédu 3 13 _ 6 amod o
o id 6 ngubi _ NN NN _ 8 nsubj B
o tw 7 chuea ~ RB RB 8 neg
s . 8 biét VB VB @ ROOT B
o nhan t loai 9o v&  IN IN 10 case
o id cla head 18 ndm _ NN NN 8 nmod L
~ N ~ 11 Agaricus _ NNP NNP _ 16 nmed o
o nhan quan hé phu thugc 12 cing _ IN IN _ 13 case _  _
13 cong dung ~ NN NN 10 nmod _
14 wwot troi 33 JJ 13 amod B
15 tr  IN IN 16 case L
16 n6 _ PRPPRP _ 13 nmod
17 . _  PUNCT PUNCT 8 punct -
1 Nham  TO TO 2 mark
2 hudnging VB VB @ ROOT o
3 chuong trinh NN NN 2 dobj -
4 “ T PUNCT PUNCT 5 punct B
5 Hanh trinh NN NN 3 nmod _
6 d6 _ JJ JJ 5 amed
7 "  PUNCT PUNCT 5 punct
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End-to-end Learning

Lwa chon dac trwng thu coéng:
e Can chuyén gia trong linh vwc nay
e S lwong gia tri feature template
I&n do sy td hop cua cac feature
=> C6 thé xem la khau ton nguodn lwc
nhat khi gidi quyét bai toan nay

Basic Big-ram Features

p-word, p-pos, c-word, c-pos

p-pos, c-word, c-pos

p-word, c-word, c-pos

p-word, p-pos, c-pos

p-word, p-pos, c-word

p-word, c-word

pP-pos, C-pos

feature template: 1 t& hop sinh ra bang cach két hop cac dac trwng nguyén té (tlr, nhan tiv loai, ...)
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End-to-end Learning

e End to end learning gitp gidi quyét van dé nay:

e Tuw twdng cla no 1a huan luyén dong thdi 2 khdi 1a bd trich chon dac trung
(feature extractor) va b6 phan loai (classifier)

e Nhuw vay, khdng can quan tdm dén viéc phai lwa chon cac feature template
nhw thé nao nira, chi can dwa cac dac trwng nguyén to (tlr, nhan t loai), bd
trich chon dac trung sé tw hoc ra cach biéu dién tot nhat tlr cac dac trwng
nay.
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End-to-end Learning

Traditional Machine Learning

Manual Feature Extraction

N

Atomic Feature

End To End Learning

4

Unigram Features
Bigram Features
Other Feature
Templates

Classification

LN
—V

Machine
Learning

Neural Network

Atomic Feature

End to end Learning
Feature Learning + Classification

Arc

Label
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End-to-end

Score dobj
A A
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A A A A
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Joint Learning

e Hoc dong thoi nhiéu tac vu véi nhau:
o Cac tac vu hoc chung phai lién hé mat thiét véi nhau.
o Hoc chung mang lai nhiéu loi ich: phén chia sé chung chira théng tin cua nhiéu
tac vy, giam overfit mé hinh.
e Trong bai toan Dependency Parsing, hoc chung 2 tac vu la POS Tagging +
Dependency Parsing.
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Joint Learning

e Xem hinh bén:

o 2tacvu gan nhan tw loai va ‘phén tich
cg phap chia sé chung cac tang neural
dau vé’o ] ]

o Sau day, dau ra cua cac tang chia sé
chung nay duwoc dea vao cac tang
neural riéng cua moi tac vu.

e V@i cac nghién ctru gan day, tang
neural chia sé chung thudng la
cac mang BIiLSTM biéu dién dau
vao

POS Tagging

T

Dependency Parsing

T

T~

—

Cac tang
chia sé chung

Cac tang riéng cla
timg tac vu
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Joint Learning

VERB Score dobj
A A A
POS MLP Arc MLP Label MLP
A A A A A
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Joint Learning

O day:
e Mot mang RNN dong vai tro embedding ky tw
e M6t mang BiLSTM dong vai trd tao ra biéu dién dau vao cho cac mang MLP
dau ra cla cac tac vu POS Tagging va Dependency Parsing (tir vector chiva
théng tin cac dir liéu twv, ky tw, nhan tw loai).
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Joint Learning

Co6 3 tac vu dwoc hoc chung & day:
e Gan nhan tw loai.
e Tinh trong sb clia canh (quan hé phu thudc) ndi 2 tcr.
e Xac dinh nhan phu thubc cua 2 tir.

2 tac vu sau la cho bai toan phan tich cu phap phu thudc.
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Cac noi dung chinh

1. Tong quan vé Dependency Parsing.
a. Binh nghia
b. Ung dung
c. Tinh chat

2. Céc phwong phap giai quyét bai toan.

a. Transition-based
b. Graph-based
c. Cac cach tiép can hién nay

3. Cac két qua cai dat.
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b

Cac két qua cai

e Phan POS Tagging

e Phan Dependency Parsing
e D liéu va chi sb danh gia
e K&t qua danh gia

d

4

at.
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Phan POS Tagging.

e CRFSuite: Cong cu hoc may CRF, & day dung trong bai toan gan nhan tw
loai.

o jPTDP: cbng cu hoc joint learning, phwong phap Neural Network, hoc ca 2
phan POS Tagging va Dependency Parsing.
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Phan Dependency Parsing.

e Malt Parser (Transition based):
o Thuat toan phan tich: Nivre
o Phwong phap hoc: SVM

e Yara Parser (Transition based):
o Thuat toan phan tich: Nivre
o Phwong phap hoc: Neural Network
o Céc cai tién: Error Exploration, Beam Search

e BILSTM Transition-based:
o Thuat toan phan tich: Nivre
o Phwong phap hoc: Neural Network
o Endto end learning
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Phan Dependency Parsing.

e BILSTM Graph-based:

o Thuat toan phan tich: Eisner
o Phwong phap hoc: Neural Network
o Endto end learning
e |PTDP (Graph-based):
Thuat toan phan tich: Eisner
Phwong phap hoc: Neural Network
End to end learning

(@]
(@]
(@]
o Joint Learning POS Tagging + Dependency Parsing



Dir liéu va chi so danh gia

e D lieu: BK Treebank.
o 6908 cau dugc dinh dang theo CoNLL-U Format
o Chialam 4505 cau cho tap train, 1134 cau cho tap development, 1269 cau cho tap test
e Cac chi sb danh gia:
o POS Tagging: Accuracy.
o Dependency Parsing: UAS va LAS
m UAS: chi can dung quan hé ma khéng can dung nhan
m LAS: phai dung ca quan hé va ca nhan cua quan hé do
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Két qua danh gia

Phwong phap UAS

Két qua v&i bo di liéu da duoc gan nhan tw loai chinh xac

LAS
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Két qua danh gia

Phwong phap POS Accuracy

Két qua va&i bd dir liéu chwa dwoc gan nhan ti loai.

UAS

LAS

61



Két qua danh gia

Phwong phap POS Accuracy

Két qua va&i bd dir liéu chwa dwoc gan nhan ti loai.

UAS

LAS
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