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Phan tich cl phap xac suat

Vién Cong nghé Théng tin va Truyén théng



Lam cach nao chon cay dung?

* Vi du:
| saw a man with a telescope.
« Khi s0 luat tadng, khd ndng nhap nhang tang
 Tap luat NYU: boé PTCP Apple pie : 20,000-30,000 luat
cho tieng Anh
 Lwa chon luat AD: V DT NN PP
(1) VP - V NP PP
NP — DT NN
(2) VP - V NP
NP — DT NN PP
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Két hop tir (bigrams pr)
Vi du:
Eat ice-cream (high freq)
Eat John (low, except on Survivor)

Nhwoc diém:

« P(John decided to bake a) c6 xac suat cao

o Xeét:
P(W3), = P(W3|W2W1):P(W3|W2)P(W2|W1),P(W1), ]

GiCé\éLhiét nay qua manh: chu nglr cé thé quyét dinh bd nglr trong
Clinton admires honesty

»str dung cau tric nglr phap dé dirng viéc lan truyén

« Xét Fred watered his mother’s small garden. Ttr garden co
anh hwong nhw thé nao? , ,

* Pr(garden|mother’s small) thap = mao hinh trigram khong tot

« Pr(garden | X la thanh phan chinh cta bé ngir cho déng ti to
water) cao hon

» s dung bigram + quan hé nglr phap
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Két hop tir (bigrams pr)

e \ c6 mdt s loai bd ngl¥ nhat dinh
= Verb-with-obj, verb-without-obj
e Su twong thich gilra cht ngl va bd ngi:
John admires honesty
Honesty admires John ???

Nhwoc diém:
® Kich thwoce tap nglr phap tang
e Cac bai bao cua tap chi Wall Street Journal trong 1 nam:

47,219 cau, Ao dai trung binh 23 tw, gan nhan bang tay: chi
c6 4.7% hay 2,232 cau co cung cau tric nglr phap

> Khdng thé dwa trén viéc tim cac cau trdc cd phap dung cho
ca cau. Phai xay dwng tap cac mau nglr phap nho

l :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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This apple pie looks good and 1s  a real treat
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Luat

NP—DT NN NN
NP—DT JJ NN
S—>NP VBX JJ CC VBX NP

. Nhom (NNS, NN) thanh NX; (NNP, NNPs)=NPX:
(VBP, VBZ, VBD)=VBX;

« Chon cac luat theo tan suat ciia né

W N
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Tinh xac suat

Xﬁ/\i’/\
1470

DUJNN = _ 0.1532
NP

/\ 9711
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, S — NP VP: 0.35
Tinh Pr NP — DT JJ NN: 0.1532
@}h\ VP — VBX NP: 0.302

QNP R

DT JJ NN VBX NP (3)

AteeZ T
The big quy DTTRN

the apple pie

Lugt ap dung Chuoi Pr

15 —>NP VP 0.35

>NP - DTJJNN 0.1532 x 0.35 = 0.0536
3VP - VBXNP  0.302 x 0.0536= 0.0162
4NP— DTJJNN 0.1532 x 0.0162=0.0025
Pr = 0.0025
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V&n pham phi nglr cadnh xac suat

« 1 van pham phi ngir cdnh xac suat (Probabilistic Context
Free Grammar) gbm cac phan théng thuwong cua CFG

. Tap ky hiéu két thuc {wk}, k=1, ...V
. Tap ky hidu khong két thic {N},i=1,...n
» Ky hiéu khoii dau N
- Tap luat {N — i}, ¢i 1a chubi cac ky hiéu két thuc va khong
két thuc
« Tap cac xac suat cua 1 luat Ia:
Vi% PN > g) = 1
« Xac suat cua 1 cay cu phap:
P(T) = IIi-;_, p(r(1))
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Cac gia thiét

« Péc I4p vi tri: Xac suat 1 cay con khdng phu thudc vao vi tri
cua cac tir cua cay con do & trong cau

vk, P(N;(k+c) —C) la giong nhau

« Péc I1dp ngi¥ cdnh: Xac suat 1 cay con khéng phu thudc vao
cac tw ngoai cay con do

P(N;—¢| cac tlr ngoai khoang k den I) = P(N,;—¢)

« Péc Iap to tién: Xac suat 1 cay con khéng phu thudc vao cac
nut ngoai cay con do

P(Nj—¢| cac nat ngoai cay con Ny ) = P(N;—&)

I :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
T 10 | Wy |
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Cac thuat toan

* CKY
 Beam search
* Agenda/chart-based search

! c'nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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CKY két hop xac suéat

e Cau truc dir liéu:
 Mang lap trinh dong =[i,j,a] lwu xac suat Ién nhat cda ky
hiéu khéng két thuc a trién khai thanh chudi i.. .

» Backptrs Iwu lién két dén cac thanh phan trén cay
« Ra: Xac suat I&n nhat cua cay

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tinh Pr dwa trén suy dién

» Trwdng hop co bén: chi co 1 tlr dau vao
Pr(tree) = pr(A— w))

» Trwrng hop dé qui: Dau vao la xau cac tw

A=w; if 3k: A— BC, B =w, ,C =w, i<k <.

p[1.)] = max(p(A— BC) x p[i.k] x p[k,]]).

A
B C
l - b ‘.-—.—_K—.——.‘-)-J
™ SG'CT VIEN CONG NGHE THQVE TIN VA TRUYEN THONG
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LJ?

function CY K(words, grammar) returns best_parse
Create and clear p|num_words,num_words,num_nonterminals]

# base case
for i =1 to num_words
for A = 1 to num_nonterminals
if A — w; 1s in grammar then
nli,i,A] = P(A — w;)

# recursive case
for j = 2 to num_words
for i = 1 to num_words-j+1
fork=1toj-1
for A =1 to num_nonterminals
for B =1 to num_nonterminals
for C = 1 to num_nonterminals
prob =T1li,k,B] x plit+k,j-k,C] x P(A—BC)
if (prob > 7t[i,j,A]) then
mt[i,j,A] = prob

B[lsjsA] — {kaAsB} 14



TInh xac suat Viterbi (thuat
toan CKY)

S— NPVP 1.0 NP — NP PP 0.4
PP - PNP 1.0 NP — astronomers 0.1
VP — VNP 0.7 NP — ears 0.18
VP — VP PP 0.3 NP — saw 0.04
P — with 1.0 NP — stars 0.18
V — saw 1.0 NP — telescopes 0.1
I |2 —3— |4 5
1 | OnNp= O.1 o= 0.0126 ~og = 0.0009072
> T 20.0504 \_}1
2 O:Np = 0.04 5vp)== 0.126 ________.———;&;p = 0.009072
Sy= 1.0—— | ot
3 Snp = 0.18 + ONp = 0.01296
1 p= 1.0 dpp= 0.18 ,
5 Snp= 0.18°
astronomers | saw stars with ears

I e W . .
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Vi du

«S > NPVP 0.80 * Det - the
* NP = Det N 0.30 « Det 2> a

* VP 2> V NP 0.20 * N 2 meal
*V 2 includes 0.05 N - flight

Dung thuat toan CYK phan tich cau vao:

“The flight includes a meal”

0.50
0.40
0.01
0.02
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Tinh Pr

1. S—>NPVP 1.0
2. VP—>VNPPP 04 S 7
3. VP>VNP 06 10 NP
4. NP—N 0.7 %
5. NP— NPP 0.3 o PP
6. PP—>PREPN 1.0 NP NP PPV N

0.7 0.7 1.0
7. N —a dog 0.3 1 -
8. N—a cat 0.5 PREP N
9. N —a_telescop 0.2 NO 3V1 0 N 5PT%P N
10. V — saw 1.0 ‘ ‘ ‘ ‘ ‘

11. PREP —»> with 1.0 :

a_dog saw a_cat with a_telescope
P=1.7.4"3".71.511".2=.00588
P.=1.7.6".3"3"1".5"1"1".2 = .00378

l » P, is chosen

== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tim kiém kiéu chum
e Tim kiém trong khdng gian trang thai

e MOi trang thai | mot ciy cu phap con véi 1 xac suat nhat dinh
o Tai moi thoi diém, chi gitr cac thanh phan cé diém cao nhat

Beam at Successors of

Eeam at
time i beam elements

time i+ 1

|

>
SEPPPPP

ST VIEN CONG NGHE THONG TIN VA TRUYEN THONG
SOICT ™ ;
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Xé&c suat trong va ngoai
Ni= Start
Outside oy(p,q)

g Inside B;(p,q)

Wi Wy Wy Wy Wy W

* N = ky hiéu khong két thac N tréi t vi tri p dén q trong

* o; = xac suat ngoai (outside)
» B,= xac suat trong (inside)

o J > ’ \ A J
NI phu cac tw Wy, ... Wq,neuN =*W, ... W,

n‘ a====  \IEN CONG NGHE THONG TIN VA TRUYEN THONG
il |
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Xac suat trong va ngoai
Ni= Start
Outside oy(p,q)

g Inside B;(p,q)

o4(P,A)=P(Wip.) + Npc/ Wigenyml G)
Bj(p’q):P(quleqj1 G)

ay(p,q) Bi(p.q) = P(N'=* w,,, , Nl=># W, | G)
= P(N=+ Wy, [G)e P(NI =% Wyg | Ni>x Wy, G)

p

D o=y VIEN CONG NGHE THONG TIN VA TRUYEN THONG
SCICT
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Tinh xac suat clia xau

o S dung thuat toan Inside, 1 thuat toan lap trinh déng dwa
trén xac suat inside

P(WlmlG) = P(Nl =¥ WlmlG) = I:)(\NlmlNlm , G) — Bl(l m)

 Trwrdng hop co ban:
Bi(k,K) = P(WyINy/J, G)=P(N! — w,|G)
« Suy dién:
Bi(p,a) = Z, sZgc(p.g1) P(N = N'NS) B(p,d) Bs(d+1,0)

I' :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Suy dién

Tinh B(p,q) v&i p < g — tinh trén tat ca cac diem j —
thwe hién t dudi [én

/\ | P(Ni —> N'NS)
/\/\

Wd Wd+1
,Br(p d) E ps(d+1, CI)

-nhan 3 thanh phan, tinh
tong theo j, 1,s.

l :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du

1. S—>NPVP 1.0 S o
2. VP>VNPPP 04 el NP
1.0 g
3. VP> VNP 0.6
03~

4. NP —> N 0.7 \ op
5. NP —> NPP 0.3 NP NP PPV N
6. PP—>PREPN 1.0 ‘ 0.7 0.7 A\ 1.0
7. N—a_dog 0.3 ' PREP

N V N PREP N
8. N—aca 05 0310 05,10 (0.2
9. N — a_telescope 0.2 ‘ ‘
10. V — saw 1.0
11. PREP — with 1.0 P(a_dog saw a_cat with a_telescope) =

1".7°.4°’3°.7"1"5"1"1".2+ ... ".6... ".3... =.00588 + .00378 = .00966

l'. :n"-- VIEN CONG NGHE THONG TIN VA TRUYéN THONG
T et ] | WY |
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Nhap nhang trong PTCP tiéng Viét

« 2 loai nhap nhang cu phap:
» CAu co6 thé hiéu theo nhiéu nghia khac nhau dan
dén céac cay cu phap khac nhau.
» /i du, cau “Téi nhin thdy anh Hai & téng har’

» Cau chi c6 mot nghia nhwng bd PTCP van tao ra
nhiéu cay cu phap, trong do chi cé mét cay dung.

* Vi du, cau “Hom nay troi muwa’

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Nhap nhang trong PTCP tiéng Viét

Cau

A /
/CaU\ Chu ngir
S A R Danh ngl Vi nalr
Trang ngtv  Changlr  Vingl g I ng

\ \ \ N \

. . . . Danh tw Danhtww Dong tw
Danh tw Danhtvr DOng tw

HOm nay trovi mua HOm nay trovi mua

(a) (b)

p'v :n"-- VIEN CONG NGHE THONG TIN VA TRUYéN THONG



Nhap nhang trong PTCP tiéng Viét

Hwéng gidi quyét:
Cach 1: Phan loai chi tiét hon cac nhan ti loai/ngl loai:
Thay vi luat
<Danh ngl*> —» <Danh tw><Danh tw>
ta dwa ra luat
<Danh ngr> — <Danh tw loai A><Danh tw loai B>.
Nhwoc diém:
« Chuwa thong nhat trong viéc dat tén cac nhéq tr loai/nglr loai
« Kich thudce tap luat cu phap tang [én dang keé.

« Phai xay dwng mét cach thu cong tap luat cu phap &ng voi
tap nhan tw loai méi — kho thwe hién

I :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Nhap nhang trong PTCP tiéng Viét

Hwéng gidi quyét:
Cach 2: dwa xac suat vao tap luat cu phap CFG
« XU ly dwoc cau “Téi nhin thay anh Hai & tang har’

» Chuva giai quyét nhap nhang lién quan dén tinh chat
cua cac tw cu thé.

» Vi du, danh ngi¥ “van dé trong phan truéc va phan
nay”

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Nhap nhang trong PTCP tiéng Viét
danh nglr

/\i(’):i ngly

g

l . A danh ng(r
van dé giol tw /]\

trong  danh ng®®  lién tv danh ngir
danhf“’ t'nlh tw va danhnglr daitl chi dinh

phan trwéc phan nay

SOCT VN CONG NGHE THONG TIN VA TRUYEN THONG
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Nhap nhang trong PTCP tiéng Viét

danh ng(r
Ay{ lién tor danh ngl¥
danlh tor A/gic'yi{ va danhty daitw chidinh
van dé gioitw danh ngi» phan nay
trong danh tw Tinh tw

| |

phan trwde

SOCT VN CONG NGHE THONG TIN VA TRUYEN THONG
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Céc tlr cu thé ddi khi anh hwéng
dén viéc PTCP

1. Dé giai quyét nhap nhang trong PTCP, déi khi can
th(“)ng tin vé tw cu thé. Vi du

«  “T6i &n” it khi dwoc chap nhan la mét cau hoan chinh do mang
Iuo’ng thdng tin nho.

«  “T6i dang &n” dé& dwoc chap nhan la cau hoan chinh hon.

> Phai dwa trén tinh chat cu thé cta tw gilr vai trd chinh
trong cau

2. Nhap nhang do lwgc bé quan hé ti. Vi du
« co thé néi ban téi, con téi:
« khong ndi con cho tbi, con meo toi.
» Tw cling co vai tro quan trong trong viéc PTCP

» duwa thong tin t vieng vao van pham (lam giau PCFG)

I' :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Lam giau PCFG

 PCFG tw vierng hoa : PLCFG (Probabilistic
Lexicalized CFG, Collins 1997: Charniak
1997)

« Gan tir virng v&i cac nut cua luat

» Cau tric Head
« M6i phan tlr cia parsed tree dwoc gan lién voi
mot lexical head
« Pé xac dinh head cua mét nut trong ta phai xac
dinh trong cac nut con, nut nao la head (xac dinh
head trong vé phai cua moét luat).

l' :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Lam giau PLCFG

VP(dumped) — VBD(dumped) NP(sacks) PP(into) 3*10-10
VP(dumped) — VBD(dumped) NP(cats) PP(into) 8*10-1

S{dumped)
M
NP(workers) VP{dumped)
NNS(workers) VBD{dumped) NP{sacks) PP{into)
M
NNS(sacks) P(into) NP(bin)
DTia)
workers dumped sacks o E|1

NN{bin)

Figure 12.12 A lexicalized tree from Collins (1999).
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Han ché clia PLCFG

VP ->VBD NP PP

VP(dumped) -> VBD(dumped) NP(sacks)
PP(into)

e Khdng cé mdt corpus du lon!

Thé hién hét cac trwdng hop cl phap, hét cac
trwrong hop doi voi tieng tw.
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Penn Treebank

* Penn Treebank: tap ngl liéu co6 chu giai nglr
phap, co 1 trieu tw, la ngudn ngr lieu quan
trong

 Tinh thwa:

» ¢6 965,000 mau, nhwng chi cé 66 mau WHADJP,
trong dé chi cé 6 mau khdng la how much hoac
how many

- Phan I&n cac phép xt ly théng minh phu
thudc vao cac thong ké moi quan hé tw virng
gitba 2 twr lién nhau:

I :nr-— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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A Penn Treebank tree

( (S (NP-SB] The move)
(VP followed
(NP (NP a round)
(PP of
(NP (NP similar increases)

(PP by
(NP other Tenders))

(PP against
(NP Arizona real estate loans)))))

(S-ADV  (NP-SBJ *)
(VP reflecting
(NP (NP a continuing decline)
(PP-LOC 1in
(NP that market))))))
)
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Panh gia d6 chinh xac cua PTCP

e DO chinh xac cga parser dwgc do qua vi,éc tinh xem c6 bao
nhiéu thanh phan nglr phap trong cay giong v&i cay chuan, goi la
gold-standard reference parses.

e DO chinh xac (Precision) =
% tredng hop hé gan dung
tdng sb trwdng hop hé gan

(% THgp hé tinh dung).

e DO phu (Recall) =
% soO trwéng hop hé gan dang
tdng sb trwdng hop dung
(% THop hé tinh dung so v&i con nguoi).

' =‘n|-—— VIEN CONG NGHE THONG TIN VA TRUYEN THONG
T 10 | Wy |
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Biéu dién cay theo cac thanh phan ngi
phap s B

B .k

N
Lo vER
the lawyer qunomd DT N
-hc witncss

[Label Start Point  End Point

NP 2
NP 4 5
VP 3 5
S ! 5

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Panh qia

Precision and Recall

Label  Start Point  End Point . . . .
- R - Label  Start Point  End Point
NP I 2
. _ NP I 2
NP - 5 )
. , NP 4 3
MNP + B
PP i &
PP i B -
. - NP 8
e : VP 3 %
VI 3 =) . a '
™ &
b | )
o & = number of constituents in gold standard
o = number in parse output = &
e = number correct = 6
A R . D R i
Recall = 100% » — = 1005% = — Precision = 100% =« — = 100% = —
(. T F (i

T
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Vidu 2

(a) ROOT
|
S
________ﬂ—— S—
NP VP NP ,
— I — | |
NNS NNS VBD VP NN .11
| | | 7 |
o Sales 1 executives » were  VBG NP PP yesterday 1o
3 examining DT NNS IN NP
|

4 the s figuresg with ]J] NN
| |

7 greal g cdre g

(b) Brackets in gold standard tree (a.):
S-(0:11), NP-(0:2), VP-(2:9), VP-(3:9), NP-(4:6), PP-(6-9), NP-(7,9), "NP-(9:10)

(c) Brackets in candidate parse:
S-(0:11), NP-(0:2), VP-(2:10), VP-(3:10), NP-(4:10), NP-(4:6), PP-(6-10), NP-(7,10)

(d) Precision: 3/8=37.5% Crossing Brackets: 0
Recall: 3/8 =37.5% Crossing Accuracy: 100%
Labeled Precision: 3/8 =37.5% Tagging Accuracy: 10/11 = 90.9%

Labeled Recall: 3/8 =37.5%
| 2 .

) | o g g \IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bai tap - tinh P, R
Cho két qué PTCP chuan:
« (S (NP (N Con)(N 1)) (VP(V cudn)(V qua) (NP (L nhirtng)(N phan)(N ngudi))) (. .))

* (S(NP(N Phan)(N nguoi) (PP(E &) (NP(Nn Rinh Sovn)YW\ )
=+ Con i cudn qua nhirng phan nguodi .

Két qué cta chuong trinh PTCP: s
= NP
=M
= Phan ngudi o Binh Son . L Can
i ¥
= e = P
— |"'-.| L 'I.I.l'
Phan cudn
=By = pp
ngudi_d =+ E
= Mp qua
Binh_Sdn =
- nhifng
=M
phan
=M



Cac hé thong PTCP tot nhat

« CFG (context free grammar):

Berkeley : http://nlp.cs.berkeley.edu/software.shtml
Charniak: http://bllip.cs.brown.edu/resources.shtml

« HPSG (Head-driven Phrase Structure Grammar)

Enju, deepNLP: https://mynlip.github.io/enju/

« Depedency grammar

asmem  \/IEN CONG NGHE THONG TIN VA TRUYEN THONG

SCICT

ClearNLP : http://clearnlp.wikispaces.com/depParser
Google SyntaxNet: open-source, str dung NN, cho cau dung ngir phap,
https://research.googleblog.com/2016/05/announcing-syntaxnet-worlds-

most.html

Netbase, cho ca cau twitter
https://www.codeproject.com/Articles/43372/NetBase-A-Minimal-NET-

Database-with-a-Small-SOL

Stanford : https://nlp.stanford.edu/software/lex-parser.shtml
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