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Tém tit. Trong bai béo nay viéc tu dong héa khoi phuc ddu cho van ban duge mé hinh héa nhu
mot bai toan dich may thong ké dya trén cit phap véi dau vao 1a cac van ban khong dau va dau ra
la céc van ban c6 dau clia cing mot ngon ngit. Ky thuat suy dién van pham ABL trong [2] dugc
mé rong dé xay dyung van pham phi ngit cainh dong bo xac suat tit ngit licu chi chita cac cau phing
(plain text) c¢6 dau. Viéc khoi phuc dau cho van ban chinh 1a viéc phan tich c phap cho céc cau ctia
van ban bing phién ban xac suat clia thuat toan phan tich ct phap CKY trén vin pham nhan dugc.
Phuong phap dude thit nghiem trén tiéng Viet va cho két qua tot. Do tinh doc 1ap ngén ngit cao nén
hé théng c6 thé ap dung cho cac ngon ngit khac.

T khéa. Khoi phuc dau ty dong, dich may dya trén ct phap, suy dién van pham, vin pham phi
ngit canh dong bo, thuat toan phan tich ci phap CKY.

Abstract. In this paper, the automatic diacritization of a language is modeled as a statistical syntax-
based machine translation problem with the source undiacritized text and the target diacritized text
of the same languaget. The grammatical inference technique ABL proposed in [2] is extended for
learning a probabilistic synchronous context-free grammar from training corpus containing plain
diacritized sentences only. The diacritization is to parse input sentences by the probabilistic CKY
parsing algorithm for received grammar. This method is applied to Vietnamese with high quality
result. As language independent building way, it can be applied to the other languages.

Key words. Automatic diacritization, syntax-based machine translation, grammatical inference,
synchronous context-free grammar, CKY parsing algorithm.

1. GIOI THIEU

Trén thé gidi c6 rat nhiéu ngon ngit ¢6 st dung dau trong he théng chinh ta [9]. D6i véi
mot s6 ngon ngit, do nhiéu nguyén nhan (lich sit, ma héa, cong cu soan théo, hicu qué cong
viéc...) nén nhiéu tai ligu thuong duge luu trit dusi dang khong dau. Cac van ban khong dau
khong chi gay nén nham 1an cho con ngudi (phat am, ngit nghia, chiic ndng...) ma viéc loai bo
dau nhu vay sé lam mat mat nhiéu thong tin vé tit vimg, hinh thai, ngit am... rat can thiét
trong nhiéu linh vic tng dung cong nghé ngon ngit. Béi vay, viec khoi phuc dau cho cic van
ban khong dau sé mang lai nhiéu gia tri trong viéc xay dung ngit lieu ngon ngit néi rieng va
trong cong nghé ngdn nglt néi chung.

D4 c6 nhiéu dé xuat cac phuong phap tu dong khoi phuc dau cho van ban khong dau ctia
cac ngon ngtt khac nhau c¢6 st dung dau trong hé thong chinh ta [3-9]. Nhung cho dén nay
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cac phuong phép da duge dé xuat déu c6 nhuge diém chung la chi sit dung thong tin cuc bo
ma bo qua cdc moéi phu thuoc mang tinh toan cuc rang budc sy dong xuat hién clia cac tu
ciing nhu tit loai ctia ching trong cau & nhitng khoang cach xa. Vi dy, ta xét mot doan vin
ban khong dau trong tiéng Viét

“Cho me cho cho con canh cong cho”. (1)

Trong cau d6 c¢6 4 am tiét khong dau “cho” xuat hién & cac vi tri khac nhau. Am tiét
khong dau nay cé thé tng véi nhiéu am tiét/tit c6 dau clia tiéng Viet. Ta liet ké mot s6 bién
thé khac nhau ctia né nhu: “cho” (dong tir), “ch6” danh tit chi dong vat, dong tir “chd”, danh
tur “chg”...

Quay trd lai v6i cau (1), ta ¢ thé c6 cac cau tiéng Viet c6 dau tuong ting nhu sau

“Ché me chd ché con canh cong chg”. (2)

Néu biét cau (1) c¢6 cau tric ngit phap: (subj) chd (obj) (adv) véi (subj)=“Ché me”,
(obj)=“ch6 con” va (adv)=“canh cong chg”

“Cho6 me cho ché con canh cong chg” (3)
néu biét cau (1) ¢6 cau trac ngit phép: (subj) cho (obj) (verb phrase) véi (subj)=“Cho
me”, {obj)=(ch6 con) v& (verb phrase)=“canh cong chg”.

Céc cau (2) va (3) cho thay viéc them dau cho céc am tiét 3 (“cho”) va 6 (“canh”) ciing
nhu ngit nghia clia cau phu thudc vao cau tric ct phap nao dude ap vao cau (1). Day cing
chinh la van dé dat ra dé gidi quyét trong bai nay.

Phan tiép theo ctia bai bido dude cau tric nhu sau: Muc 2 trinh bay mot s6 khai niem co
ban vé van pham phi ngit canh xac suat, van pham phi ngit canh dong bo xac suat ciing nhu
mo6 hinh co sd ctia mot hé dich may théng ké dya trén ci phap; Muc 3 trinh bay bai toan tu
dong khoi phuc dau van ban cho céc ngon ngit ¢ sit dung dau trong hé thong chinh ta va de
xuat mo hinh hé théng tu dong khoi phuc dau tong quat bing cach tiép can dich méy théng
ké dya trén ct phap; Muc 4 trinh bay van dé cai dat va thi nghiem heé thong trén cac van
ban tieng Viet va Muc 5 1a mot vai két luan.

2. MO HINH HE DICH MAY THONG KE DUA TREN CU PHAP

Trong muc nay sé dua ra mot sd khai niem co ban duge st dung trong 1y thuyét dich may
thong ké dua trén ct phap va mo hinh co sé ctia mot bo dich.

2.1. Mot s6 khai niém co ban

Dinh nghia 1. (PCFG) Van pham phi ngit canh x4c suat & mot bo 4
G = (N,S,T,R)
trong d6 N la tap cac ky hiéu khong két thtc clia van pham, S € N 1a ky hiéu khéi dau, T
1a tap ti vung (hay cac ky hi¢u két thic), R la tap cac quy tac san xuat clia vim pham.
Madi quy tic san xuat clia R c¢6 dang

X = (a,w) (4)
trong d6 X € N 1a mot ky hieu khong két thic, a € (NUT)*, w 1a xac suat ap dung ciia quy
tac va thoa man véi mdi X Z

w=1.

a:X—(a,w)ER
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Vé phai cia (4) duge goi 1a mot dang cau.

Dinh nghia 2. Gid st r 1a mot quy tac san xuat X, — (., w,). Khi d6 két qua clia viéc 4p

dung quy tic r vao mot dang cau (aX,3,w) sé la dang cau (aa, 3, ww,) va ta viét
(aX,B,w) - (aa, B, ww,).

Mot cach tong quat néu ta ap dung lién tiép nhu trén mot s6 hitu han hosic dém dugc céc quy

tdc vio mot dang cau (o, w) dé dugec mot dang cau mdi (ay,w1), ta sé viet

(o, w) = (a1, wr).

Dinh nghia 3. Mot dang cau duge dan xuat tit dang cau ban dau (S, 1) va khong chita ky
hieu két thic duge goi 1a mot cau dude sinh ra béi van pham. Ngon ngit ctia vin pham phi
ngit canh xéac suat G, ky hieu L(G), 1a tap tat cd cac cau duge sinh ra bdi van pham G

L(G) = {(&,w) € T* x [0,1]{S, 1) — (£, w)}.

Dinh nghia 4. Bac cia vin pham phi ngit xdc suat 1a s6 cuc dai cac ky kiéu khong két thic
c6 thé c6 trong a clia cac quy tac san suat X — (o, w).

Dinh nghia 5. (PSCFG) Van pham phi ngit canh dong bo xac suat 1a bo 5
G = (N,S,T,,T,,R)

trong d6 N la tap cac ky hieu khong két thic clia van pham, S € N 1a ky hieu khéi dau, T,
va T, 1a cac tap tit vung (hay cac ky hiéu két thic) ctia ngdon ngit nguon va ngon ngit dich
tuong ting, R 13 tap cic quy tic sdn xuat clia vim pham.

Mbi quy téc sdn xuat clia R c6 dang:
X = (o, B, ~ w) (5)

trong d6 X € N 1a mot ky hieu khong két thic, a € (N UT,)*, 8 € (NUT,)*, ~ la mot
tuong ting 1-1 gitta cac ky hi¢u khong két thic ctia « va 8 (quy ude sit dung cing mot ky higu
khong két thtic cho mdi cap ky hiéu khong két thic tuong ting va nhu vay ~ sé 1a mot tap cac
ky hieu khong két thic xuat hien dong thoi trong ca a va 3), w 1a xac suat 4p dung ctia quy
tac va théa man véi moi X
Z w=1.
o,B: X —(a,B,~w)ER
Céac biéu dién nhu vé phéi ctia (5) dugde goi 1a mot dang cau.
Dinh nghia 6. Gia stt r 1a mot quy tac san xuat X, — (a;, 6y, ~p wy) va X, €~ . Khi

d6 két qua cia viec ap dung quy tac r vao mot dang cau (aX,3,8X,p, ~,w) sé la dang cau
<OZOL7~B, 00,y ~ U~y —{X},wwr) va ta viét

(X, 3,0 X0, ~, W) — (a3, 06,0, ~ U ~p —{ X}, ww,).

Mot céach tong quéat néu ta ap dung lién tiép nhu trén mot s6 hitu han hodc dém duge céc
quy tac vao mot dang cau (a, 8, ~,w) dé duge mot dang cau méi (ay, B, ~1,w1), ta sé viét

<Oé, 67 N7w> L> <a15ﬁ17 N17w1>-
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Dinh nghia 7. Mot dang cau duge dan xuat tit dang cau ban dau (S, S, {S},1) va khong
chita ky hieu khong két thic (tuong duong véi ~= ¢) duge goi la mot cau sinh ra béi van
pham. Ngon ngit ctia vin pham phi ngit canh dong bo xac suat G, ky hieu L(G), 1a tap tat
ca cac cau dugce sinh ra béi van pham G

L(G) = {(§,& d,w) € T; x T} x ¢ x [0,1] : (S, 5, {8}, 1) = (£, & ¢, w)}.

Dinh nghia 8. Bac clia mdi quy téc san suat 1a lyc lugng clia anh xa trong quy téc | ~ |.
Bac ctia vin pham phi ngit cdnh dong bo xac suat 1a bac cyc dai ciia cadc quy tac. N6i cach
khéc bac cia mot ngon ngt PSCFG la

E=max{| ~|: X — (o, 8, ~,w)}
trong do | ~ | chi lyc lugng cia tap ~ .

Dinh nghia 9. Hai ngon ngit G va G’ duge goi la tuong duong khi va chi khi L(G) = L(G).

2.2. MBO5 hinh co sé hé dich may théng ké dua trén cii phap

Gia st ta da ¢6 mot van pham phi ngit canh dong bo xac suat G véi ngon ngit L(G) nhu
Dinh nghia trong 2.1. Khi d6, v6i mdi xau két thic f trén Ty, ban dich clia né theo vin pham
G la xau céac ky tu két thic e* trén T sao cho (S, S,{S},1) == (f,e*, ¢,w) va w dat cyc
dai. N6i cach khéc, bai toan dich may dugc hinh thic héa nhu sau

e* = arg max w. (6)
e:(S,5,{S},1)—=(f,e*,¢,w)

Nhu vay dé c6 duge mot hé thong dich may thong ke dua trén ci phap (hay dé co thé giai
bai todn (6)), chiing ta can c6 mot mo hinh ngon ngi phi ngit canh dong bo xac suat G va
mot bo phan tich ci phap Pg tuong tng véi vian pham cho phép tinh xac suat sinh ra moi
cau ctia ngon ngt L(G).

3. MO HINH HE THONG KHOI PHUC DAU VAN BAN BANG CACH
TIEP CAN DICH MAY THONG KE DUA TREN CU PHAP

Vi du dua ra trong phan gi6i thigu cho thay, viéc khoi phuc dau cho méi cau trong van
ban khong dau phu thuoc nhic¢u vao cau tric ci phap ctia cau. Néu ta c6 thé xac dinh duge
cau tric ci phap clia cau phit hop véi cau tric ci phap clia cau nguyén thuy, thi viec khoi
phuc dau cho né tré nén hiéu qua va chinh xac hon.

Trude hét ta c6 nhan xét rang néu = € T* 1a mot cau c¢6 dau trong ngon ngit va T 1a bién
thé khong dau ctia x thi thit ty tuyet dbi ctia mdi am tiét/tit trong @ tring véi thit tu tuyet
ddi ctia bién thé khong dau ctia no trong Z.

Thit hai, ta ciing c6 thé khang dinh ring viéc hinh thanh vian ban khong dau hoan toan
tuan theo nhitng rang budc ct phap an trong tu duy ctia ngudi soan thao — nhitng rang buoc
duge ngusi d6 diing khi soan van ban cé dau dé dién dat noi dung can trinh bay.

Tit nhitng quan sat do, ta di dén dé xuat cach st dung cac thong tin ci phap chia trong
cac van ban c6 dau dé xac dinh cau tric ci phap an trong vin ban khong dau phuc vu viéc
gidi quyét bai toan dat ra.
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3.1. M5 hinh hé théng

Nhu da duge phan tich trong muc 2.2, viéc xay dung mo hinh dich méy théng ké diya trén
c phap dé giai bai toan tu dong khoi phuc dau cho vin ban dong nghia véi viec xay dung
mot van pham PSCFG cho ngon ngit duge quan tam va mot bo phan tich ci phap tuong ting
v6i n6. Sau day ching ta lan lugt dua ra gidi phap cho titng van deé.
3.1.1. Mo hinh van pham ngit phi ngit cinh dong bo xdc sudt

Gia stt ta da ¢6 mot vin pham phi ngit canh xac suat G = (N, S, T, R) sinh ra cac cau clia
mot ngdn ngit ¢6 st dung dau trong he thong chinh ta duge quan tam L(G).

Ta sé xay dung mot van pham PSCFG G = (N, S, T, T, R) dya trén van pham G nhu sau:
- Tap cac ky hiéu khong két thic ctia G ciing chinh 1a tap cac ky hiéu khong két thic N cta
G.
- Ky hiéu khéi dau ctia G ciing chinh 1a ky hieu khéi dau S cta G.
- T 1a tap nhan dugc tir tap tit vung T ctia G biang cach bé di dau clia cac am tiét/tit trong
T.
- Tap cac quy tic san xuat R dugc hinh thanh nhu sau: Vi méi quy téc

X — <x1A1x2A2...Anxn+1,w> €ER

trong d6 x; € T, i = 1,n + 1, cac x; c6 thé 1a cac xau rdng e, A; € N, i = 1,n ta dua vao R
quy tac san xuat sau

X — <T1A1£L’2A2...Anl'n+1, A1:L‘2A2...Anl‘n+1, 1, w) (7)

v6i T; € T 1a bién thé khong dau tuong tng ctia z; va I = {A;, ..., A,} 1a anh xa don diéu
theo thi tu gita cac cip ky hiéu khong két thic. Do moi quy tac déu chita anh xa don diéu
tren cac ky hieu két thic nén ta c6 thé bo qua ma khong s¢ bi lam 1an va tit nay vé sau ta
viét gon cac quy tic ctia R thanh

X — (.1'711411‘2142...14”1'”4,1,AleAQ...Anxn+1,w> (8)

Dinh ly 1. G la mot van pham phi ngit cinh dong bo xdc suat. Hon nita thit ty tuyét doi
cia cac am iiét/tﬁ va cdc bién thé khong dau cia ching trong moi dang cau (va cau cia
ngon ngit L(G)) dugc bio ton.

Chiing minh: VGi cach xay dung tap céc quy tdc san xudt nhu (7), dé thay réng trong moi
quy tic X — (o, B,w) € R, s0 cic ky higu khong két thic trong a va 8 1a bang nhau va ching
dugc tuong ting véi nhau bang mot anh xa don diéu tang theo vi tri tuyet déi ctia ching trong
a va 8. Do d6 van pham G 14 mot PSCFEFG.

Déi v6i khang dinh thit 2, ta ching minh bang quy nap theo s6 lugng cac quy tic ding
dé sinh ra dang cau hodc cau. Xuat phat tit dang cau (S, S, 1) va khong ap dung quy tic nao,
ta 6 (S,5,1) -2 (S, 8,1) va khing dinh 1a déng.

Gia stt khang dinh da ding véi tat c cac day suy dién v6i do dai m va dang cau nhan
duge ¢6 biéu dién B

aXp,aXf,w
titc 1a cAc am tiét/tlt va cdc bién thé khong dau ctia chiing trong cac cap (@, ), (8, 8) c¢6 thit
tu tuyet doi trong dang cau la tring nhau.
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Néu ap dung quy tac san suat
X — <T1A1Anm, CC1A1JJ2A2...An$n+1, w’)
vao dang cau trén, ta nhan dugc dang cau méi
<047.CL‘1A1...A”.’L‘”+16, axlAleAQ...Anxm_lﬁ, w, w’>.

Trong dang cau méi nay, thit ty tuyet doi clia am tiét/tit ciing nhu cic bién thé khong
dau trong cip (@, a) khong thay doi, thit tu tuyét déi cia am tiét/tit trong cap (5, 8) dugce
tinh tién mot khoang bang do dai [(T1Ay...AnTni1) = l(x1A129A5.. . Apxyyy), thit tu tuyét
d6i ctia cac am tiét/ti trong cac cap (T, z;) 1a thi ty tuyét déi ctia ching trong quy tac san
xuat duge tinh tién mot khoang bang I(a) + I(Z1A:...T;_1A;) v6i quy dinh [(TgAg) = 0. T
d6 ta suy ra tinh ding dén cta khing dinh.

Dinh nghia 10. Van pham phi ngit cdnh xac suat trai ctia van pham phi ngit cdnh dong bo
xac suat G = (N, S, T, T, R), ky hi¢u G; 1a vin pham

ﬁt: (N7S7T7E)

Ry 1 tap cac quy tac san xuat dugce xay dung nhu sau

X — (a, B,~,w) € R khi va chi khi X — (a,w) € Ry. 9)

Néu ta gan cuing mot nhan cho cdc quy tac san xuat lien quan dén nhau trong (7), (8),
(9) va r 1a mot chudi ¢6 thi tu cdc nhén, ta c¢6 dinh 1y sau.

Dinh 1y 2. Cho zauz € T* vaT € T la bién thé khong déu cia x. Khi dé néu (S,1) ?

(x,w) thi
(S,8,1) = (T, z,w); (S,1) = (T,w).
G Gt
Hay néi cich khdc T c6 cung cdu tric cii phdp vdi x. (cac ky hieu G, G va Gy bén dudi dau
dan xuat ding dé chi chudi dan xuat duge thuc hién bing céc quy téc san xuat clia vin pham
tuong ng).

Chitng manh: dé rang suy ra truc tiép tit moi lien quan clia cac quy téc san xuat duge xay
dung cho cac van pham G, G va G.
Tit d6 bai toan khoi phuc dau cho ngon ngit L(G) c6 thé duge phét biéu lai nhu sau:
Gia stz e T 1a mot bién thé khong ddu ctia mot cau chua biét € T* thuoc ngon ngi
L(G). Khi d6 ban gbc c6 dau véi do tin cay 16n nhat ctia T c6 thé coi la nghiem cua bai toan:

x* = arg max w. (10)
x:(8,8,1) == (F,z,w)
G

3.1.2. Bo phan tich ci phdp

Dé lam bo phan tich ct phép cho cac vin pham PSCFG, ngudi ta sit dung bién thé mé
rong cua thuat toan CKY — thuat toan phan tich ct phap bottom-up st dung phuong phap
quy hoach dong véi do phic tap tinh toadn cta cac thuat toan la ham mi theo bac cia vin
pham cfing nhu Iye lugng clia tap cdc quy tac san xuat [1]. Dé c6 thé tang hieu qua cho thuat
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toan, ngudi ta thuong tim cach bién déi van pham ban dau thanh mot van pham tuong duong
& dang chuan Chomsky — dang chuan ma cic xau trong vé phai clia cac quy tdc san xuat
chita toi da 2 ky higu khong két thic (dang nhi phan). Tuy nhién, khong phéi moi van pham
PSCFG déu c6 thé dua duge vé dang chuan Chomsky.
Dinh 1y 3. Van pham G vdi cic quy tdac sin zudt cé dang (8) cé thé dua duge vé dang chuan
Chomsky tuong duong bang mot thi tuc cé thoi gian tuyén tinh.
Chitng minh: Quéa trinh nhi phan héa 1a qua trinh tach cic quy tic san xuat thanh mot tap
cac quy tac san xuat tuong duong, trong dé mdéi quy tac nhan dude c6 khong qua 2 ky hieu
khong két thic.

Gia st ta c6 quy tac:

X — <$71A1...Aml‘m+1, $1A1$2A2...Am$m+1, w)
ta sé bién ddi quy tic do thanh 2 quy tic:
X — <Y1‘73A3...Am$m+1, Y$3A3...Amxm+1, 1) (11)

Y — <:L'71A133‘72A2, 1}11411’2142, w} (12)
v6i Y 1a mot ky hieu khong két thic bo xung.

Ap dung phuong phap trén mot cach dé quy vao moi quy tic san xuat cia G dé nhan
duge mot tap cac quy tac san xuat mdi ¢ dang nhi phan. Thay tap quy tac san xuat trong G
bing tap cac quy tdc mdi dé tao ra vin pham mdéi G. Do cach xay G nén qua trinh trén la
thuc hién duge va sau nhiéu nhat k — 1 budc, ta c6 thé bién doi mdi quy tic vé cac quy tac
dang nhi phan véi k la bac ctia van pham. Va nhu vay thoi gian bién doi G vé dang chuan
Chomsky G la tuyén tinh véi s6 lugng quy tac ban dau clia vin pham.

Dé chitng minh L(G) = L(G) ta s& quy nap theo bac k ciia van pham G.

Véi k = 2, ta c6 G = G. Do d6 khing dinh la diing.

Gia stt khang dinh da ding v6i moi van pham T ¢6 bac k(m véi céc quy tac san xuat dang
(8). Ta sé chitng minh khang dinh ciing ding véi cac van pham cé bac m.

Gia st G la van pham bac m c6 cac quy tac dang (8). Ta thyc hién xay dung mot van
pham T" bac m — 1 ciing ¢6 cac quy tac dang (8) nhu sau:

- Dua tat ca cac quy tic c6 bac nho hon m tit G sang van pham T.

- Véi mdi quy téc c6 bac m trong G

X — <$71A1...Amll,‘m+1, 1'1A1:E2A2...Aml‘m+1, w)
ta dua vao vin pham mdi 2 quy téc:
X — <Y$73A3...Am$m+1, Y:C3A3...Am.%'m+1, 1)

Y — (1417342, 11 A102 A2, W)
v6i Y 1a ky hiéu két thic méi trong van pham I'. Nhu vay I' ¢6 bac m — 1.
Gia st r = (rq,...,7¢) 1a mot diy cac quy tac sdn xuat trong G dé sinh ra mot cau thuoc

L(G). Khi d6 ¢6 2 trusng hop xay ra:
- TAt ca cac quy tac trong r déu c6 bac nho hon m. Trong truong hop nay diy cic quy
tac san xuat tuong ting trong I' cling sinh ra cau nhu vay trong L(T).
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- Trong day r c6 quy tac san xuat ndo dé c6 bac m. Trong trudng hgp nay ta sé 1ap mot
day cac quy tac san xuat trong I' bang cach tai moi vi tri clia r chita quy tac san xuat bac m
ta thay quy tiac d6 bang 2 quy tic tuong ting theo (11) va (12). Ré rang diy quy téac san xuat
nhan dugc chi chia céc quy tac ctia I' dong thoi déy quy téc do6 sinh ra cau dang xét trong
L(T).. Tit day ta ¢6 L(T) C L(T).

Ngugc lai gid st r 1a mot diy cac quy tac sdn xuét trong (') sinh ra mot cau trong L(T).
Ciing ¢6 2 truong hgp xay ra:

- Trong cac quy téc clia r khong c6 quy tic nao chita cac ky hicu khong két thic méi so
véi G. Khi d6 day quy téc tuong tng trong G ciing sinh ra cau dang xét trong G.

- Trong cac quy tac clia 7 ¢6 quy tac chiia ky hiéu khong két thic mdi Y nao dé. Do céac
tao quy tac sdn xuat cia (T'), ky hiéu khong két thic nay xuat hién chi trong 1 cip quy tac
dang (11) va (12). Vi day quy tac san xuat sinh ta cau ctia ngon ngit nén cgp d6 phai dong
thoi nam trong day r. Thay cip quy tac nay bang quy tic sinh ra ching tit G dé nhan dugc
day quy tdc méi. Dé rang chi ra day quy tdc méi ciing sinh ra cau dang xét trong G. N6i cach
khac L(T) C L(T).

Tit d6 ta c6 L(T') = L(T). Dinh 1y dugc chitng minh. [ |

Dinh 1y 3 cho thay réng ta c6 thé dung bién thé CKY cho PSCFG lam bo phan tich ct
phap trong mo hinh ctia ching ta sau khi da nhi phan héa G dé nhan dugc van pham G. Khi
d6 do phiic tap clia thuat toan CKY la O(n?) véi n 1a do dai ciia xau dau vao 7.

3.2. Phuong phap huin luyén mé hinh

Trong Muc 3.1, da gid st ¢6 mot van pham phi ngit cdnh x4c suat G = (N, S, T, R) sinh
ra cac cau ctia mot ngon ngtt L(G).

Dé hoan thién mo hinh, ta st dung phuong phap hoc khong giam sat dua trén giéng hang
(Alignment-based learning - ABL) ctia Menno M. van Zaanen [2] dé xay dung van pham phi
ngit canh xac suat G tit thong tin dau vao la tap cdc cau phang (plain sentences) ciia ngon
ngit ¢6 sit dung dau trong hé théng chinh ta ma ta quan tam. Do khuon kho han ché ctia bai
béo, nén khong trinh bay chi tiét vé phuong phap ABL. Doc gid quan tam c6 thé tham khao
[2].

Dua trén van pham phi ngit canh xdc suat nhan duge G, ching ta tién hanh thi tuc xay
dung vin pham phi ngit cdnh dong bo xac suat bac 2 G nhu dé xuat Muc 3.1.

4. CAI DAT VA THU NGHIEM

4.1. Cai dat

Dé cai dat he thong, ta mé rong go6i phan mém nguon mé ABL4J clia tac gia [2] bang viéc
b6 xung thi tuc sinh van pham phi ngit canh dong bo xac suat nhu trong muc 3.1.1 va thi
tuc bién ddi vé dang chuan Chomsky nhu trong muc 3.1.2. Modul nay sinh ra vin pham phi
ngit canh dong bo xac suat bac 2 G cho mé hinh tit tap ngit licu dau vio gom céc cau c6 dau
cia ngon ngtt quan tam. Modul hoat dong doc lap va c6 thé 4p dung cho céc ngon ngit khéac
nhau dé c¢6 dugc cac van pham PSCFG & dang chuan Chomsky tuong ting.

Phién ban xéc suit ciia bo phan tich ci phap CKY nhan G lam tham sb. Thong qua bo
phan tich ct phap nay, mot van ban khong dau dau vao cia ngon ngit quan tam sé duge tu
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dong khoi phuc dau.

4.2. Thu thap d@ liéu va thi nghiém

Dé danh gia hiéu quéa ctia phuong phap, ta lia chon khoi phuc dau cho tiéng Viet, mot
ngon ngi sit dung tap dau chinh ta kha phong phi. Ngit lieu duge thu thap gom 450 bai bao
thuoc cac chti dé khac nhau trén cac trang bao dién tit nhu Dan tri, Vietnamnet, Vnexpress...

Ngit lieu nay dude tién xit Iy nhu bién chit cai viét hoa thanh chit cai viét thuong, tach cau
theo dau cham cau, loai bé cac cau tring nhau... dé nhan dugc mot tap ngt liéu méi chita
14558 cau tiéng Viet va dua vao dé huan luyén mo hinh.

V6i mo hinh nhan dudc, ta tién hanh viéc thit nghiém nhu sau: Thu thap mot sd van ban
tiéng Viet méi va ding tool ctia Unikey dé loai bé dau. Sau dé dua cac van ban khong dau
vao he thong dé thyc hién vige khoi phuc dau theo timg cau (tu dong tach cau theo dau cham
cau). Van ban khoi phuc dau duge dbi sanh véi vian ban gde dé danh gia mitc do chinh xic ciia
phuong phap bang ty 1é cia s6 am tiét /tit giong nhau trong hai van ban chia cho s6 lugng am
tiét/tlt c6 trong van ban. Két qua cho thay do chinh xac ctia phuong phap giao dong quanh
t§ 1o 98%.

5. KET LUAN

Trong bai nay, viéc khoi phuc dau cho vin ban duge hinh thitc héa toan hoc mot cach chat
ché bang mot mo hinh dich may thong ké dua trén ci phap.

Két qua thit nghiém cho thay viéc sit dung thong tin ¢t phap trong bai toan ty dong khoi
phuc dau cho vin ban gitp nang cao dang ké do chinh xac clia két qua.

Tuy nhién trong qué trinh thit nghiém ciing xuat hién mot s6 truong hop xau dau vao
khong thé nhan biét duge béi van pham do hé théng sinh ra tit tap ngit licu huédn luyen vi
trong xau xuat hi¢n cdc am tict/tir méi (OOV). Trude mat trong nhiing truong hop nay ching
to1 chon giai phap chép lai toan bo xau vao van ban két qué. Trong tuong lai c6 thé khic phuc
hién tugng dé bang st két hop véi phuong phap khoi phuc dau 6 mic ky t.

Hé théng c6 tinh doc lap ngon ngit cao nén hoan toan cé thé ap dung cho cac ngon ngit
c6 stt dung dau khéac.
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