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MO PAU
Mo hinh ngdn ngir 14 mot thanh phan quan trong trong cac tmg dung nhu
nhan dang tiéng noi, phan doan tir, dich thong ké, ... Va chung thuong duoc mo
hinh héa sir dung cac n-gram. Trén thé gi6i da co rat nhidu nude cong bd nghién
ciru v& md hinh ngdn ngit 4p dung cho ngdn ngit ciia ho nhung & Viét Nam, viéc
nghién ctru va xdy dung moét mé hinh ngdn ngit chudn cho tiéng Viét van con méi
mé va gip nhiéu khé khin. Chinh diéu nay d3 goi ¥ va thuc ddy chung t6i lya chon
va tip trung nghién ctru van dé nay dé co thé tao diéu kién cho viéc xtr Iy ngdn ngi

tiéng Viét von vo cing phong phu cta chung ta.
D6 an gém ¢6 3 chuong:

Chuong 1: Tdng quan vé mé hinh ngdn ngir: trinh bay khai quat 1y thuyét vé
mo hinh ngon ngit, cac kho khin con ton tai va phwong phap khic phuc, trong do

trong tdm nghién ctru cac phuong phap lam min,

Chuong 2: Ung dung ctia mé hinh ngén ngir trong dich may thong k&, 1a cac
gidi thiéu vé hé dich may théng ké va tmg dung ctia mé hinh ngdn ngit trong do,

Chuong 3 1a két qua thuc nghiém khi cai dit va si dung b cong cy ma
ngudn mé SRILIM dé xay duyng mé hinh ngdn ngir cho tiéng Viét va MOSES dé
dich may thong ke,

Cubi cung 1a phan két luan.
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CHUONG 1: TONG QUAN VE MO HINH NGON NGU

Mo hinh ngdn ngit (Language Model - LM) 13 cac phan phdi x4c sudt trén
mot ngit lidu don ngit, dugc sir dung trong nhiéu bai toan khac nhau cua xir 1y ngén
ngir tu nhién, vi du nhu: dich may bang phuong phéap théng ké, nhan dang giong
noi, nhan dang chir viét tay, stra 16i chinh ta, .... Thuc chat, LM 12 mot ham chire
ning c6 dau vao 1a mot chudi cac tir va dau ra 1a diém danh gia xac sudt mot nguoi
ban ngit ¢ thé nodi chudi d6. Chinh vi vay, mot mé hinh ngon ngir tot s& danh gia
cac cau ding ngit phap, troi chay cao hon mot chudi cac tir ¢o thir ty ngiu nhién,

nhu trong vi du sau:
P(“hom nay trdi nang”) > P(“troi nang nay hom”)

1.1 N-gram

Céch thong dung nhat duoc dung dé mé hinh héa ngdn ngir vao trong LM 1a
théng qua cac n-gram. Vi mo hinh n-gram, chiing ta coi mgt van ban, doan van
ban 1a chudi céc tir lién ké nhau, Wy, Wy, ..., Wn.g, Wy, va sau do phan tich xac suét
ctia chudi véi cong thire xac suat két hop:

P(WiWp...Wm) = P(Wq) * P(Walwy) * P(Wslwiwp) *...% P(Wm|WiWo.. . W.1)

va do vay mdi tir s& lién quan c6 diéu kién tGi toan bd cac tir trude no (ta s&
goi day 1a lich su cua sy kién hodc tur do).

Tuy nhién, viéc st dung toan b cac tur trudc do dé doan nhan tr tiép theo la
khong thé thuc hién dugc vi hai nguyén nhan sau. Pau tién 1a phuong phap nay
khong kha thi vé mat tinh toan do ton qué nhiéu thoi gian, tai nguyén hé thong cho
mdi 1an du doan. Hai 1, trong rat nhiéu truong hop, chi sau khi duyét vai tir trong
lich str, ta dd nhan thdy rang d6 1a mot cau chua timg gip trude day. Boi vay ké ca
khi d3 biét toan bd lich sir ciia mot tir, xac sudt ctia nd van co thé 1a khong biét.
Thay vao d6, cac mé hinh ngén ngir thuong wée lugng twong ddi xac suit dua trén
gia dinh Markov (hay mé hinh Markov an), rang tir tiép theo chi chiu anh hudng tir
mot vai tir trude d6. Mot md hinh Markov bac n gia dinh rang chi n tir trude d6 c6
lién h¢ ngir canh voi tor dang can xac dinh. Viéc quyét dinh bao nhiéu tur trudc do
ma LM quan tdm dugc goi 1a bac n (order) ciia LM, va thuong duogc goi 1a 1-gram
(unigram), 2-gram (bigram), 3-gram (trigram), 4-gram (fourgram) tuwong ung voi

cac mo hinh Markov bac mét, hai, ba, bon.
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Vi dy, néu chung ta mudn uéc luong xac suat 2-gram ctia mot tir wi véi md
hinh Markov béc 2 thi chung ta s€ dya trén hai tir trudc do:P(wq Wa,. .., w;i)=P(wi/w;.

2,Wi.1)

Hinh 1.1: M6 hinh Markov bac 2

Mot cach téng quat, Xac suét xudt hién ctia mot tir (Wm) dugc coi nhu chi phu

thudc vao n tir dung lién trude nd (Wm-nWhn+1---Wm-1) chtr khong phai phu thude vao
toan bd day tur dirng trude (WiWs...wn1). Nhu vay, cong thirc tinh xac suét van ban

dugc tinh lai theo cong thirc:

P(WiW,... W) = P(wy) * P(Wolwy) * P(Wslwiwp) *...% P(Wn1|Wmn-1Wm-n

e Wn2)* P(Win|Win-nWinone1. .- Win.1)

1.2 Xay dung mé6 hinh ngon ngir

Pé xay dung (hudn luyén) mot mo hinh ngdn ngi ta can mot ngi liéu don
ngir (corpus) co kich thudc tuong ddi va mét bd uée luong théng ké c6 nhiém vu
mo hinh hoa luong xéc suét cta ngir liéu. Cac bo udc lugng dugc ma LM sur dung,
theo nhiing cach khac nhau, déu can dén tan suét cta cac n-gram, do d6 chung ta
can phai dém s6 1an xuit hién ctia cac n-gram tir 1-gram cho dén s bac mé hinh

chung ta dang huin luyén.

1.2.1 Uéc lwgng cue dai héa kha nang (MLE)

Chung ta c6 thé sir dung két qua dém cac n-gram dé xdy dung mot mé hinh
ude lugng cuc dai hoa kha nang (Maximium Likelihood Estimation - MLE) voi tan
suat trong ddi cua cac n-gram trong ngi liéu. Véi MLE, x4c suit mot unigram nhat
dinh nao dé s& xuat hién tiép theo don gian 13 tan suit n6 xuit hién trong ngir lidu.

c(w,)

B ST

trong d6 c(w;) = |W;| chinh 13 s6 1an xuat hién cia tir w; trong ngit lidu.
Phuong phép nay duoc goi nhu vay béi vi nd cuc dai hoa gia tri dau ra @& mé hinh

hoa ngir 1i€u huan luyén. Vi dy, trong ngr liéu Brown, mét ngir 1i€u vo1 mot tricu
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tir, tir khoa “Chinese” xut hién 400 lan. Vay thi xac suat ma mot md hinh ngon ngir

.\ ~ s . - vy 13 _ 400
dung MLE s€ gan cho unigram “Chinese” 1a P, (Chinese) = 1000000 0004 .

Xac suat dieu kién ciia mot n-gram tong quat voi bac > 1 la:

1y CW )
i—n+l S T -1
g (“" :’—n+l

P az(w, |w

tirc 1a tan suat mot tr nao d6 thuong xuyén xuat hién sau lich st c6 bac n-1.

D¢ minh hoa, ta tiép tuc vi du trén, xac suat bigram “Chinese food” xuat hién la so6
lan tir “food” xuat hién sau tur “Chinese” chia cho ¢(Chinese) = 400. Trong ngit licu

Brown, cum tir “Chinese food” xuat hién 120 1an, nén: Py, e(food|Chinese) = 0.3

1.2.2 Céac phuong phap lam min

Tuy MLE 1a mot phuong phap dé hiéu, d& st dung dé udc luong xac suit
cho mé hinh, nhung trong thuc té ta gip phai van dé dir liéu thua (data sparseness
problem). Turc 13 tip ngit liéu dung dé xay dung LM du 16n dén may, ciing chi 1a tap
hitu han cac cau trong vo sb ciu c6 thé ciia mot ngdn ngit tu nhién. Do d6 mot LM
chi sir dung MLE s& gan x4c suit bang 0 cho nhiéu n-gram tot. D& giam thiéu van
dé nay, nguoi ta thuong khong str dung MLE ma thay vao d6 1a cac phuong phap
udc luong xéac sudt thong ké phire tap hon. Cac phuong phap nay duoc goi 1a lam
min (smoothing) hay trir hao (discounting), khi ma mot phan xac suét tir cac su kién
trong mo hinh s€ dugc danh cho nhitng su kién chua ting xuat hién. Viéc léy tur cai
gi va trr hao nhu thé nao 1a mot dé tai van dang duoc nghién ctru nhiéu. Vi du, cach
o dién nhat cta 1am min 1a phuong phap Add-one smoothing, trong phuong phap
nay, ta thém mot lugng 1<1 vao két qua dém s6 lan xuét hién ctia moi tir vung

trong ngir li¢u.

Hai khai niém quan trong dugc st dung trong qué trinh 1am min cac mo6 hinh
ngodn ngir 1a backoff va interpolation. Khi LM gip mot n-gram chua biét, viéc tinh
X4C suat s& str dung thong tin tir (n-1)-gram, néu sy kién (n-1)-gram ciing chua timg
xuét hién trong qua trinh huan luyén thi LM lai str dung thong tin xac suit tir (n-2)-
gram, ... Va co tiép tuc nhu vay cho dén khi tinh duoc xac suit cua n-gram. Qué

trinh nay dugc goi la backoff va dugc dinh nghia nhu sau:

1-1
i-n+

(-~ . . . -1 s -1 )
p e | o(w,_ )P, (W, Wi ife(w_, ,)=0
BO (“' i | Wit )

| Pryy (W) otherwise.
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Trong do 61a hé sb trir hao dua trén tan suat xuat hién cua Wina trong lich

sit va @ 13 tham s6 backoff. Khi s6 luong tir vung du 16n, ching ta c6 thé s& can
gan xac suat bang 0 cho mot sd tir ngoai tir dién (out of vocabulary - OOV) khi ¢
mirc unigram. Chang han khi ta ¢6 mot cuén tir dién chuyén nganh va khéng muén
chia sé lugng xac suat cua cac tir vung do (cac danh tir chung, cac sb thuc dic biét,
...) cho cac OOV. Mét cach khac la ching ta lam min LM va danh mdt luong xéc

suat nhd gan cho céc tir ngoai tur dién khi & mirc unigram.

Phuong phap Interpolation két hop thong tin thong ké n-gram qua tat ca céc

bac cia LM. Néu bac caa LM 1a n thi cong thirc dé quy interpolation nhu sau:
P(WilWi.n+1...Wi.1) = AP(WilWips1...Wig) + (1-A)P(Wi[Wipso...Wi.1)

Trong d6 4 1a trong s6 quyét dinh bac nao ctia LM c6 anh hudng 16n nhat
dén gia tri dau ra. Tong trong sb 4 duoc st dung cho tit ca cic bac n-gram bang
mot. C6 nhiéu cach dé xac dinh gia tri cho cac trong sé 4 nay, dbi véi phuong phap
interpolation don gian thi cac gia tri 4 nay giam theo sd bac n-gram. Tuy nhién
thuong thi chiing sé dugc tinh toan tiy theo diéu kién ngit canh cu thé, tirc 1a theo
tan suat ciia cac bac n-gram trong lich str. Cac trong s6 nay khong duoc tinh toan tir
dit liéu huin luyén, ma st dung tap dir liéu held-out riéng biét — tdp nay chi duoc
ding dé huan luyén cac tham sd, ma trong trudng hop nay 13 cac gid tri 4. Can phai
nhan thy rang sy khic biét co ban giita hai phuong phap nay 1a interpolation sir
dung thong tin tir cac bac thip hon ngay ca khi dir liéu x4c suat ctia n-gram can tinh
d3 khac 0; trong khi backoff thi lai chi tim kiém dén dit liéu khac 0 gan nhat.

Nhitng tiéu muyc tiép theo trong phan nay sé trinh bay vé mot s phuong phap

lam min phd bién nhat hién nay.

e Chiét khau (Discounting): giam (luong nhd) xic suit ctia cac cum
Ngram c6 xac sudt 16n hon 0 dé bu cho ciac cum Ngram khong xuét
hién trong tap huan luyén.

e Truy hoi (Back-off) : tinh todn xac sudt cac cum Ngram khong xuat
hién trong tap huan luyén dua vao cac cum Ngram ngén hon c6 xac

suét 16n hon 0

e Noi suy (Interpolation): tinh toan xdc sudt cta tit ca cac cum Ngram

dua vao x4c suat cua cdc cum Ngram ngan hon.
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1.2.2.1 Cac thuit toan chiét khau (Discounting)
Nguyén 1y ctia cac thudt toan chiét khau 1a giam x4c suét caa cac cum Ngram
6 x4c suat 16n hon 0 dé bu cho cac cum Ngram chua tirng xuat hién trong tap huan
luyén. Céc thudt toan nay s& truc tiép lam thay d6i tan s xuat hién cia tat ca cac
cum Ngram. O ddy dé cap dén 3 thuét toan chiét khau phd bién:
- Thuat toan Add-one

Phuong phap Iam min add-one cong thém 1 vao tan s6 xuat hién cua tat ca
cac cum N-gram r6i nhan voi phan s6 chuan hoa (d€ bao toan tong xac suat).

C(Win+a.. WiaW;j) + 1
C(Wins1...Wig) +V

P(WilWi.n+1...Wi.1) =

Trong d6 V 1a kich thude bo tir vung

Chung ta co thé thay thuat toan nay s& lam thay d6i dang ké xac suét cta cc
cum Ngram da xuét hién trong tap huén luyén néu kich thudc bd tir dién V 1a rat
16n. Trong thuc nghiém, mot vai cum Ngram c6 xac suat giam di gan 10 lan, do
kich thudc bo tir dién 1a 16n trong khi tin s6 xuét hién ciia cum Ngram d6 khong
cao. Pé thuat toan thém hiéu qua, ngudi ta sir dung cong thirc sau:

C(wWiws...Wp) + A
C(wWWs...Wp1) + MA

P(WiwW,...W,) =

Trong d6 A duoc chon trong khoang [0, 1], véi mot sd gia tri thong dung sau:
A = 0: khong Iam min (MLE)

A = 1: phuong phép add-one
A= %z duoc goi la phuong phap Jeffreys — Perks

Va M la cum N-gram c6 thé ¢6 bang V"
- Thuat toan Witten-Bell
Thuat toan Witten-Bell hoat dong dya trén nguyén tac:

Khi gap nhitng cum N-gram c¢ tan so 0, ta coi day l1a lan dau tién cum tir ndy
xuat hi¢n. Nhu vay, xdc suat cia cym N-gram c6 tan s bang 0 c6 thé tinh dya vao

xac suat gap mot cum N-gram lan dau tién.

Vi unigram, goi T 1a s0 cum unigram khac nhau da xuat hién, con M 1a tong

s0 cac cum unigram da thong ké, khi d6 tong so su kién sé 1a (T+M), va xac suat dé
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gap cum unigram lan dau tién (hay tong xac suat cua cadc cum unigram chua xuat

\ g T
hién lan na inh bang:
ién lan nao) dugc tinh bang T+M
Goi V 1a kich thudc bd tir vung, con Z 1a s cum unigram chua xuat hién lan
nao:Z=V-T

X4c suat xuat hién cua mdt cum unigram chua xuat hién 1an nao (c6 tan so
bang 0) dugc tinh bang:

T

* - 0000000
P = 2w

Va xéc suat xuat hién cua cac cum unigram c6 tan s6 khac 0 dugc tinh lai
theo cong thuc:

Cw) . A 1A Ay 1A o
P(w) = %I-_I\% v6i c(w) 1a s6 1an xuat hién cua cuym w
Ciing gidng thuat toan add-one, khi xét cac cum N-gram v4i N>1, thay M
bﬁng C(Win+1.--Wijq) thi xac Sudt cla cum Wineg...WiqW; voi C(Wins1.--Wiqw;) = 0
duogc tinh theo cong thirc sau:
T(Win+1...Wi1)
Z(Win+1.--Wi-1) (C(Wins1...Wi1) + T(Wins1...Wi-1))

P(WilWi+1...Wi.g) =

Véi C(Wips1...Wj1W;j) > 0, thi xac SUAt Cum Wine1...Wi(W; tinh béng cong thuec:

C(Wint1...WiaW;)
C(Win+1.--Wig) + T(Wins1...Wi1)

P(WilWins1...Wig) =

- Thuat toan Good-Turing

Thuét toan Good-Turing dya trén viéc tinh toan N, vdi N la s6 cum N-gram

xuat hién c lan. Nhu vay:
No la s6 cum n-gram c6 tan s6 0 (s6 cum N-gram khong xuat hién lan nao)

N; 1a s6 cum n-gram ¢ tan so 1 (s6 cum N-gram xuat hién 1 1an)

N co thé hiéu don gian 1a: No= = 1
w:count(w)=c

Khi d6, thuat toan Good-Turing s& thay thé tan sb ¢ bang mot tin sb méi c*

theo cong thuc:

Sinh vién: Lwu Van Son - CT1102



12

N
* — * N+l
c* =(c+l) N,

X4c suat cia mot cum N-gram vdi tan s6 1a ¢ duge tinh lai theo cong thire:

*

C » = = =
P(w) = vaN= Y Ni= X Ngc*= ZO Ncs1(C+1)
c= = =
Véi cong thirc cua Good-Turing dugc 4p dung nhu trén thi cac tan sb 16n s&
it c6 thay ddi, trong khi d6 cac tdn s6 nho hon s& co thay doi 1on. Ti 1& chénh léch
gifra tn s6 mé&i va tan s cii nay hop 1y hon céac thuat toan trudc, vi cic tan s6 nho
thudng 13 tan s nhidu, do vdy sy thay d6i cua chiing khong anh huong nhiéu t6i két

qua udc luong, dong thoi bao dam dugce sy 6n dinh cia céac tan s6 16n.

Trén thuc té, nguoi ta khong tinh toan va thay thé moi tan s6 ¢ boi mot tan sb
méi c*. Nguoi ta chon mot ngudng k nhit dinh, va chi thay thé tan s ¢ boi tan sb

moi ¢* khi ¢ nhd hon hodc bang k, con néu ¢ 16n hon k thi gilt nguyén tan so.

1.2.2.2 Phwong phap truy hoi (Back-off)

Trong céc phuong phap chiét khiu nhu Add-One hay Witten-Bell, néu cum
Wi_n+1.--Wj.1Wj khong xuét hién trong tap huén luyén, va cum Wi n41...Wj1 cling khong
xuét hién, thi xac sut ctia cum Wipsq...WiqW; sau khi 1am min van béng 0. Phuong
phap truy hoi tranh ric rdi trén bang cach udc lwong xac suat cac cum Ngram chua
xuat hién 1an nao dya vao xéac sudt cta cac cum Ngram ngan hon c6 xac suét khac
0.

Cu thé, x4&c suat cia cum wij.+1...Wj. W; dugc tinh lai theo cong thirc sau:

Pg(Wilw; Wig) = |:P(Wi|Wi-n+1...Wi-1) néu C(Wins1...Wi1W;) > 0
BA\Wi|Wi-n+1.--Wj-1 a* PB(Wi|Wi-n+2---Wi-1) néu C(Wi-n+1---Wi-1Wi) =0
Ap dung cho bigram, ta co:

_ [P(Wilwi1) néu C(wiyw;) >0
Pa(Wilwi) = [oc * P(w;) néu C(wi w;) =0
Cong thirc trén co thé viét lai thanh:

Pe(Wilwi.1) = P(Wilwi.g) + u(wiawi) * o0 * P(wj) v6i u(x) = [(1) E:E 88 i 8

Tuong tu, khi ap dung cho trigram ta co6:
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P(Wilwi.oWi.1) né:u C(wiowiqwi) >0
Pa(Wilwi. W)= | o1 * P(WilWi.g) néu C(Wiwiaw;i ) = 0 va C(wiqw; ) >0
oy * P(W,) néu C(Wi_ZWHWi ) =0va C(Wi_1Wi ) =0
Cong thirc trén ciing co thé viét lai thanh:

Pe(WilwiWi1) = P(WilwiaWig) + (Wi aWigWi) * o * P(Wilwi.g) + p(wigwq)*
o * P(w;)

Véi nguyén 1y thuc hién cua thuat toan truy hdi, nguoi ta co thé loai bo khoi
mé hinh ngén ngit nhitng cum n-gram cé xac sudt co thé tinh theo cong thic truy
hdi (véi sai s6 cho phép) dua vao cac cum khac, nhd vdy giam duoc kich thude cia

bd md hinh ngon ngir.

Sy chinh xdc ctia mo hinh truy hdi phu thudc vao cac tham sb ay va oy. CO
vai k¥ thuét giup lya chon duoc nhitng tham sb nay, tuy theo tap huin luyén va mo
hinh ngon ngtr.

Mot cach don gian, c6 thé chon o4 Va o, 13 cac hing sd. Tuy nhién rat khé c6
thé chon duogc hai hang s6 dé tong xac suat cua tat ca cic cum Ngram khong thay
d6i. Viéc chon hing s khong chinh xac, s& lam anh hudng 16n dén do chinh xac
cua cda mo hinh ngdén ngtr. Do do, ta co thé chon tham s6 o nhu mét ham cua
Ngram:

o = o (WigWi) Va ot = aip(Wi g W)

Tuy nhién, trong phuong phap truy hoi, tong xac suat cta tit ca cac cym
Ngram sé& ludn 16n hon 1, do xac suat ciia cac cum Ngram di xuat hién thi khong
thay d6i, trong khi x4c sut ciia cac cum Ngram chua xuat hién thi dugc tang lén.
Do d6, dé thuat toan chinh xac hon, thi ta can két hop n6 vo1 mot thuat toan chiét
khau nhu Witten-Bell hay Good-Turing dé lam giam xac suat cta cic cum Ngram
da xuat hién. Do do, trong thuc té, ching ta c6 cong thirc sau:

P’ (Wil oW 1) né:u C(WiaWiw;) >0
P(WilwioWi1) =| o * P’ (Wilwi.) néu C(wiowiw;) =0 va C(wiqw;) >0

o * P’(wj) néu C(wiwiw;) =0 va C(wiw;) =0
Trong d6 P’ chinh 1a xac sudt ctia cum Ngram khi ap dung thuit toan 1am

min chiét khau.

1.2.2.3 Phwong phap noi suy (Interpolation)
Thuat toan ndi suy c6 nguyén Iy tuong ty thuit toan truy hdi: “tinh xac suit

cua cac cum n-gram dya trén cdc cum ngan hon”. Bi€m khac biét chinh so véi thuat
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toan truy hi 1a thuat toan ndi suy dua ra cong thuc tinh lai xac suit ddi véi moi
cum n-gram, chtr khong chi riéng cic cum n-gram khong xuét hién..
Cong thirc tinh x4c suit theo phuong phap ndi suy nhu sau:
Pi(WilWiine1...Wi-1) = AP(Wi[Wine1...Wig) + (1-A)P(WilWins2...Wi-g)
Ap dung cho bigram va trigram ta co:

Pi(wilwi.g) = AP(Wilwi.g) + (1-1)P(w;)
Pi(WilWins1...Wi1) = AP(WilWiaWi.g) + AP (Wilwi.g) + AsP(w;) voi ? Ai=1

Trong cong thirc trén, tong cic hé s6 phai bang 1 dé dam bao tong xac suat
clia cac trigram khong doi (van bang 1).

Trong thuc té, cac tham sd trong cong thirc ndi suy khong phai 14 hang sb c6
dinh ma dugc thay bang ham tham sb @ng v6i cac n-gram. Cac ham tham sé dugc
lua chon dua trén bo dit liéu chon loc: chon ham tham sb sao cho két qua udc luong

dua trén bo dir liéu chon loc

Tuy nhién, cling c6 thé chon cac tham s6 A nhu 1a mot ham ctia Ngram:

A1 = A(WiWigWi), Ao = Ap(WigWi) va Az = Aa(W;)
1.2.2.4 Phwong phap lam min Kneser - Ney:

Thuat toan Kneser-Ney xdy dung theo hai mé hinh: truy hdi va ndi suy, tuy
nhién trong thuat toan nay khong can phai ap dung cac thuét toan chiét khau trudc
khi ap dung cong thirc truy hoi.

e M0 hinh truy hdi:

C(Wi.n+1...Wi) -D
PBKN(Wilwi—n+l--Wi—1) = C(Wi—n+1---Wi—1) )
OC(Wi-n+l---Wi-1)PBKN(Wi|Wi-n+2---Wi-1) néu C(Wi.n+1...Wi) =0

néu C(Wi_n+1...Wi) >0

Trong do:

N(vw;)-D .. A . . At hié :
: voi N(vw) 1a s6 lugng tir v khéc nhau xuat hién trude

> N(vw)

Pern(W;i) =

w trong tip huén luyén
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b C(Win+1..WigW) - D
W:C(Wi_n+1..Wj.1W)>0

1-
C(Win+1..Wi-1)

oU(Win+1..Wi-1) =

1- > Pakn(WIWin+2.. Wi 1)
W:C(Win+1..Wi.1W>0)

Nhu vay:

C(wiwiaw;) - D
Pakn(WilwiaWi.g) = C(WiWi.1) ’
~lone e DG (WilWi) néu C(wiowiqawg) =0

néu C(Wi_zwi_]_Wi) >0

C(wiqw;) -D
Pekn(Wilwia) = C(wia) i
a(Wi-1)Pein(Wi) néu C(wigw;) =0

néu C(Wi_lwi) >0

N(vw;) - D
EN(vw)
w

Pern(W;i) =

e Mo hinh ngi suy:

C(Wj.p+1..W;) - D
Pikn(WilWine1..Wig) = C(Z(Vlvr;il..\ll\)/i-l) + AM(Wi-ns1.-Wi1) Picn (WilWiine2..Wisg)
Trong do:
AWinsp Wig) = 2NWint: WitV) o e wiav) 1a s6 Tuong tir v Khéc

C(Win+1..Wi-g)

nhau xuét hién lién sau cum wi.ns..W; trong tap huan luyén

N(vw;) - D
>~ N(vw)
W

Pin(Wi) = + 1L voi N(vw) 1a s6 lugng tir v khac nhau xuét hién

lién trudc tir w trong tap huan luyén.

5 = D N(v)
> N(vw)
w

Nhu vay:

C(wiwiaw;j) - D
C(WioWi.1)

Pikn(WilWi Wi 1) = + MWiaWi.1) Pin(WilWi.1)

C Wi.1W;) - D

Pikn(Wilwi.y) = C(wi.1)

+ MWi-1)Pin (W)
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N(vw;) - D 1
Pikn(Wi) = | +7‘v
> N(vw)
w
Trong ca 2 mo hinh ndi suy va truy hdi, D duge chon: D = b
rong ca 2 mo hinh no1 suy va truy hoi, uoc chon: N1 + 2N,

1.2.2.5 Phwong phap 1am min Kneser - Ney cii tién béi Chen -
GoodMan:

Cong thirc tinh toan cua thuat toan Kneser-Ney cai tién bdi Chen va
GoodMan gidng cong thirc ciia thudt toan Kneser-Ney, tuy nhién hang s6 D bi thay
doi.

Chen va GoodMan chon D nhu sau:

0 néu ¢(Wjnsg..w;) = 0
D néu C(Wi-n+1-- Wi) =1

D= D, nef:u C(Wins1.. Wj) =2
D3 néu ¢(Wjns1.. W;) >=3

VOY=m, . Ny

D;=1-2Y m—i

D,=1-3Y m—z

Dy=1-4Y m—;‘

Trong do: Nj la s6 luong cum N-gram c6 so 1an xuat hi¢n bang 1

Chu y rang: v&i1 moi bac cia N-gram ta lai c6 mot bd 3 hang so trén. Dicu do

c6 nghia la: unigram, bigram, ... c6 cac hang so trén la khac nhau.

1.3 KY¥ thuat lam giam kich thwéc dir liéu

Khi kich thudc tap van ban huin luyén 16n, sb lugng cac cum Ngram va kich
thude cia mo hinh ngdn ngit ciing rat 16n. N6 khong nhiing gay khé khin trong viée
Iwu trit ma con lam toc d6 xir Iy ciia mo hinh ngdn ngit giam xudng do bo nhé cua
may tinh 13 han ché. Dé xiy dung mé hinh ngdn ngir hiéu qua, chung ta phai giam

kich thudc cia md hinh ngon nglr ma van dam bdo d6 chinh xac
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Céc ky thuat nay 1am giam kich thuéc cia mo hinh ngdn ngit. Mic du déu c6
chung mot muc tiéu, nhung moi ky thuat lai c6 hiéu qua khac nhau. Co ba k¥ thuat

chinh, bao gém:

e Pruning (loai bod): lam giam sé lwong cac cum Ngram trong mé hinh ngén

ngit bang cach loai bé cac cum Ngram khong quan trong

e Quantization (Iwong tir hoa): thay d6i ciu tric thong tin ciia méi cum

Ngram trong mo hinh ngon ngi.

e Compression (nén): nén cau truc dir liéu st dung trong viéc luu trit cac

cum Ngram trong mo hinh ngén ngir

1.3.1 Loai bé (pruning):

Sb luong cac cum Ngram xuat hién vai 1an trong tap huin luyén thudng l1a
16n so v&i tong s6 cac cum Ngram. Cac cum Ngram d6 thuong 13 16i ngit phap trong
tap huin luyén, hodc 1a mot sb dang dac bi¢t nhu: tén riéng, tur viét tat,. .. Nhitng
cum Ngram nay thuong rat it str dung trong thuc té, do d6 viée ton tai ctia chung c6
thé lam anh huong dén do chinh x4c ctia moé hinh ngon ngir. Chinh vi 1y do d6, k¥
thuat pruning tap trung vao viéc loai bé cac cum Ngram nhu vay. C6 2 phuong phap
chinh:

_ Cut-off (cat bo) : phuong phap nay tap trung vao viéc loai bo cac cum Ngram

c6 tan sb thap trong tap huan luyén

- Weighted difference : phuong phdp nay tap trung vao vi¢c danh gia va loai
b6 cac cum Ngram khong hiéu qua dya vao xac sudt cia cac cum Ngram

trudc va sau khi 1am min theo phwong phép truy hoi.

1.3.1.1 Cit bo (cut-off)
Phuong phép cut-off hoat dong nhu sau: Néu cum Ngram xut hién it hon k

lan trong tap van ban huan luyén thi cum Ngram d6 s€ bi loai bé ra khoi mo hinh
ngon ngilr. Khi tinh todn, néu gip lai cac cum Ngram nay, thi tan s6 va xac suat cua

chung s€ duogc tinh todn thong qua cac phuong phap lam min da trinh bay & trén.

Trong mdt md hinh ngén ngit, ching ta c6 thé sir dung cac tham sé k khac
nhau v6i cac cum Ngram c6 d§ dai khac nhau. Vi du: véi unigram thi st dung k =
10, v6i bigram thi k = 1, va trigram thi k =5

Nhu vay, viéc chon tham sé k cho phuong phap cut-off chinh 13 van dé chinh
ctia k¥ thuat ndy. Néu k qua 16n, ching ta s& bo sot thong tin vé mot sé cum Ngram,

hiéu suat cua (mg dung ciing bi giam. Nhung nguoc lai, néu k qua nho, thi kich
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thude ciia mo hinh ngdn ngir ciing giam khong dang ké. C6 2 cach dé chon k: chon
k theo phuong phap chay thir nhiéu 1an hodc chon k theo ti 1& phan trim s luong

cac cum Ngram.

Chon k theo phuong phap chay thir nhiéu 1an nghia 14 ta dung phuong phap
cut-off cho mé hinh ngdn ngit véi nhidu gia tri k khac nhau rdi danh gia d6 hon loan
thong tin(perplexity) ctia tp van ban dau vao sau khi str dung phuong phap cut-off.
Sau khi c6 két qua, ta s& chon tham sb k sao cho m6 hinh ngdn ngit 14 hiéu qua nhét
(46 hdn loan thong tin cua tap van ban huan luyén va kich thuéc mé hinh ngdn ngir
déu thap). K¥ thut nay giup ching ta chon dugc k phu hop, tuy nhién rat mat thoi
gian do phai chay thir v6i rat nhiéu gia tri cua k. Tuy nhién, dé dat dugc mot mo

hinh ngdn ngit hiéu qua thi day 1a mot phuong phap tét.

Phuong phép thir hai, chon k dya theo ty 1€ phén tram cua sb luong cac cym
Ngram phai bao dam riang s6 cum Ngram xuét hién khong qua k 1an chiém h% so
%! téng s6 cac cum Ngram. Vi dy: néu h=50, thi chon k sao cho sd lugng cac cum
Ngram xuat hién khong qué k 1an (s& bi loai bo) chiém 50% tong s6 cac cum Ngram
d3 thong ké. Phuong phap nay tuy nhanh hon nhung d6 chinh xac khong cao bang
phuong phap thir nhat di dé cap ¢ trén

1.3.1.2 Sw khac biét trong s6 (Weighted difference):

Phuong phap cut-off chi quan tdm dén viéc loai bo cac cum Ngram c6 tan s6
thip, trong khi phuong phap weighted difference (su khac biét trong sd) thi quan
tam dén nhiéu thong tin trong mo hinh ngdn ngit hon nhu méi quan hé giira cac cum
Ngram, xac suit cta timg cum Ngram,. .. Nhu d3 trinh bay & cac phan trén, néu mot
cum Ngram khong xudt hién trong tap huin luyén, thi xac suét ctia nd duge ude
luong thong qua xéac suit ctia cac cum Ngram ngin hon (phwong phap 1am min kiéu
truy héi) Do d6, néu xac suat thuc t& cia mot cum Ngram xép xi v&i Xac suét ¢
duogc theo cong thirc truy hoi, thi chung ta chang can luu trit cum Ngram d6 lam gi
nita. D6 chinh 14 y tudng cua phuong phap weighted difference. Su khac biét trong

sb6 cia mot cum Ngram dugc dinh nghia bé“lng:
w.d.factor = K * log((xé4c suat ban dau) - log(xéac sut truy hoi))

K chinh 1a tham sé st dung trong phuong phap lam min Good Turing. Dya
vao nhan té w.d.factor & trén, chung ta s¢€ biét nén gitr lai hay loai bd mot cum
Ngram. Néu w.d.factor nhé hon mot nguong nhét dinh, thi cum Ngram d6 s€ bi loai
b6 khoi mo hinh ngén ngir. Va ngudng nhat dinh d6 chiing ta c6 thé bang cach tim
theo phurong phap thir sai hoic dit nd bang mot gia tri hang so.
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Trong thuc té, phuong phap nay mat nhiéu thoi gian hon phuong phap cut-
off do phai tinh toan hé sb w.d.factor cho tit ca cac cum Ngram trong mé hinh ngon
ngir. Va sy khac biét 16n nhét giita 2 phwong phéap loai bé nay chinh 1 phuong phap
weighted different chi hoat dong trong mé hinh ngén ngir kiéu truy hdi, con phuwong
phap cut-off thi chi hoat dong trong mé hinh ngén ngit luu trir dit liéu dudi dang tan

A

SO.

1.3.2 Pong hoa (Quantization)
Thuat toan quantization (dong hoa) lam giam sé luong bit dung dé luu trix

cac bién trong mé hinh ngdn ngit. Thuit toan nay gdm hai budc chinh

Buégc thir nhat, 1iét ké va luu trit tat ca cac tan sd cua cac cum Ngram vao
mot bang. Sau d6, thay thé tan s ciia cac cum Ngram trong mo hinh ngon ngit bang
chi s6 cua tan sb trong bang. Nhu vdy, thay vi sit dung b = log,(tin s6 16n nhét) bit
dé luu trit tin sd ctia mot cum Ngram, thi chung ta chi can st dung b’ = log,(Kich
thude cua bang) bit cho mdi cum Ngram. Do kich thudc ctia bang nhé hon nhiéu so
v6i gia tri tan sd 10n nhit cua cac cum Ngram nén b’ < b, tirc 13 kich thudc mo hinh

ngon ngr da gidm so véi cach luu trit ban dau.

Tuy nhién, dé ting tinh hiéu qua, & budc thi hai, thuat toan nay dong hoa
mot s6 gid tri trong bang tan sd. Pidu d6 c6 nghia 1a, mot sé gia trj trong bang c6
gia tri gin véi nhau s& duogc thay thé bang mot con s chung. Sau budc nay, ching
ta s& thu dugc mot bang tan sé véi it gia tri hon, ciing tirc 13 dd 1am giam kich thuéde

cua mo hinh ngbén ngt di mdt lan nira.

1.3.3 Nén (Compression)

Mo hinh ngén ngit nao ciing ¢c6 mét cau tric dir liéu. Do d6 néu cau tric dir
lidu @6 duoc nén lai bang cac thuat toan nén, thi kich thude ciia mo hinh ngdn ngir
tat nhién 1a giam. Tuy nhién, khi mot mo6 hinh ngén ngir bi nén, thi d§ chinh xac va
tdc d6 cua md hinh ngdn ngir déu giam (do phai gidi nén, hoac bi mat dir liéu do
thut toan nén chua t6t). Do khong hiéu qua nén k¥ thuat nay hién nay khong con
phd bién nhu hai k¥ thuat trén, tuy van dugc st dung boi Microsoft (trong modul
kiém 13i chinh ta ciia Microsoft Office 2007).

1.4 Panh gia mé hinh ngon ngir
1.4.1 Entropy — D¢ do thong tin
Entropy 1a thudc do thong tin, c6 gia tri rat 1on trong xtr 1y ngdn ngir. N6 thé

hién mtc do thong tin trong nglr phap, thé hién su phu hop cua mét cau voi mot
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ngdn ngit, va du doan dugce tir tiép theo trong cum Ngram. Entropy ctia mot bién

ngau nhién X duogc tinh theo cong thirc:

HX)= - X p(x)logp(x)
Xxe X

Xét cac cau gdm hiru han m tir W = (Wy, W,,. .., Wyy) trong ngdn ngit L. Ta c6

cong thirc tinh entropy nhu sau:

H(W11 WZ!‘ Ty Wm) = - Z p(W]_, WZ" Ty Wm)IOQZp(WL WZ" Ty Wm)
€
Tir cong thire trén, ta co thé dua ra cong thirc tinh ti 1& entropy trén céac tir

nhu sau:

%H(Wl’ Wa,. ooy Wi) = - — Ze P(W1, Wa,. .., Win)log2p(Wy, Wa,. .., W)

Thuc té thi ti 16 entropy trén cac tir thuong dugc st dung vi gia tri ctia nd
khong phu thudc vao d6 dai cac cau. Tuy nhién, dé tinh duoc entropy ctia mot ngdn
ngit L theo cong thic trén thi ta phai xét téi cac cau dai vo han (tit ca cac ciu co thé
c6 trong ngdn ngir L), d6 1a diéu khong thé. Do d6, ta c6 thé tinh xap xi ti 16 entropy
trén cac tu theo cong thuc sau:

HIL) = - 1im = Hwy, Wa,. .., W)
m—>oom

.1
=- lim m E p(wy, Wa,. .., Wp)logop(wy, Way,. .., Wp)
m->o W e L

Dinh 1y Shannon-McMillan-Breiman da chi ra rang néu ngén ngit 6n dinh
(chtra cac ciu gdm cac tir véi cdu trac thong dung) thi cong thirc trén co thé bién doi
thanh:

H(L) = - lim %Iog pP(W1, Wa,. .., Wp)

Vi cong thirc trén, ta c6 thé sir dung cong thiic Bayes va xac suat clia cac n-
gram dé tinh p(W1, Wa,. .., Wp):

) 1
H(L) = - n!'[)nw m log [ P(Wn|WiW2..Wn.1) * P(Wneq|WoWs.. Wy) *. .o * p(Wp

|Wm_n+1. . .Wm_l) ]
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Cong thirc trén da duogc bién doi qua nhiéu budc véi cac xap xi gan ding, do
vy dé tang tinh chinh xac khi st dung d6 do entropy thi cau kiém tra can phai dua
dai va téng quat (phan tan rong) dé tranh tap trung vao cic xac suit 16n (chi chira

cac cum thong dung).

Céc budc bién ddi gan dang cong thirc trén khién gia tri H(L) tinh theo cong
thirc cudi cing s& 16n hon gia tri H(L) gbc. Do vy, khi tinh H(L) cta cac mé hinh
ngdn nglt khac nhau trén ngén ngir L, moé hinh nao cho H(L) nho hon thi mé hinh

ngdn ngir d6 thé hién chinh xac ngdn ngit L hon.

1.4.2 Perplexity — Do hén loan théng tin

Sau khi LM da dugc huan luyén, ching ta can phai danh gia chat luong cia
mo hinh. Céch danh gia chinh xac nhat mot mo hinh ngdn ngit 13 kiém tra trong
thuc té. Vi du trong nhan dang tiéng noi, chiing ta c6 thé so sanh hiéu qua cua hai
mo hinh ngdn ngit bang cach chay bo nhan dang ngon ngir hai 1an, mdi lan véi mot
m6 hinh va xem mé hinh nao cho két qua chinh xac hon. Nhung cach nay lai rat ton
thoi gian, vi thé, chung ta can mot cong cu ma co thé nhanh chéng danh gia hiéu
qua cia mdt mo hinh. Perplexity (PP) la thudc do thuong duge dung cho cong viéc
nay.

Perplexity thuc chat 1a mot dang bién doi cia entropy chéo (cross entropy)
cuia mo hinh. Entropy chéo 1a cén trén cua entropy. Entropy 1a mot khai niém co ban
trong thuyét thong tin, danh gia luong thong tin cta dit liéu bang do do su khong
chic chin. Néu mot bién ngiu nhién x ton tai trong khoang X cua thong tin dang
dugc danh gia v6i phan phdi xac suét 1a p, thi khi d6 entropy cta x duoc dinh nghia
la:

H(x)=—XZX] plog, p
Vi du khi tung mot d@)ng xu, X chi co thé 1a mat ngtra hodc mat sép va xac

sudt p=0.5 trong ca hai truong hop. Nhung khi tung mot hot xtGc xdc sdu mat,

5 s . J A 5 A 5 A \ ) ’ A \ 1 3 \ A
khoang gié tri c6 thé cua két qua rong hon, va cac xac suat la p= s Vi hanh dong
tung xuc xic c6 d6 do khong chic chan 16n hon, nén entropy ciia né ciing cao hon
hanh dong tung dong xu.

Entropy chéo ciia mdt mo hinh 1a d6 do thong tin gitta hai phan phdi xéac
suat. D6i véi mot phan phéi xac suat q nao d6 ma chiing ta str dung dé mo hinh héa

phan phdi xac suat p, entropy chéo duoc dinh nghia 1a:
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H(p.g)=-> plog,q

xeX
Dinh 1y Shannon-McMillan-Breiman chi ra rang ddi voi ca entropy va
entropy chéo chiing ta déu c6 thé bo di thanh phan p néu chudi gia tri x di dai. Néu

chung ta can tinh entropy cho timg tir thi chi viéc chia cho tong s tur:
1 1 .
H(p.0) =~ log, q(x) =~ log, a(x,)

Perplexity dugc dinh nghia 1a PP =2"(% Do entropy chéo 13 can trén cua
entropy, H(p,q)=H(p), chung ta sir dung entropy chéo trong Perplexity dé khong
bao gio danh gia thap entropy thuc su cia mo hinh. Perplexity ciia mot mé hinh
dugc danh gia trén tap kiém tra. Trong thuc té, Perplexity 1a thuéc do dau tién dé
danh gia mot mo hinh ngdn ngit, va cé thé duoc coi 13 ham ciia ca ca ngdn ngir va
mod hinh. Trén phuong dién 1a ham ciia md hinh, n6 danh gid mdt md hinh mo
phong ngodn ngir chinh xac dén mirc d6 nao. Con trén phuong dién 1a ham cta ngon

ngitt, nd do tinh phurc tap ctia ngén ngir.

1.4.3 MSE - Léi trung binh binh phwong

Céc m6 hinh LM c6 mét mat khong dam bao xac suét chinh xac vi n6 luu trix
dir liéu khong day du, do d6 1am bién dang phan phdi x4c suat thong thuong. Chinh
vi 1y do nay ma ta khong thé sitr dung cac phwong phap do dua trén Entropy nhu
Perplexity dé danh gia chat luong ctia md hinh. Tuy nhién ching ta van c6 thé st
dung mdt mé hinh dam bao phan phdi xac suat thong thuong 1am chudn muc dé so
sanh xem cac lossy LM khac biét nhu thé nao so v6i mo hinh nay. Diéu nay c6 thé
dugc thuc hién bang cach st dung Ldi trung binh binh phwong (Mean Square Error
- MSE) cua lossy LM va lossless LM, déu duogc huan luyén va kiém tra str dung cac

tap ngir liéu gidng nhau.
MSE = 3" (X, - X )2
n-1 i i i

trong d6 X la xac suat sy kién 1 trong lossless LM va X’ 1a x&c suat cua cung

su kién do trong lossy LM.
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CHUONG 2: UNG DUNG CUA MO HINH NGON NGU TRONG
DICH MAY THONG KE

2.1 Dich may

Dich may (Machine Translation - MT) 1a mot hudng phat trién c6 lich sir 1au
doi tir thap ky 50 va dugc phat trién manh mé tir thap ky 80 cho dén nay. Hién tai,
trén thé giéi c6 rat nhiéu hé dich may thuwong mai ndi tiéng trén thé gidi nhu
Systrans, Kant, ... hay nhiing hé¢ dich may m¢& tiéu biéu 1a hé dich cua Google, hd
trg hang chuc cdp ngdn ngit phd bién nhu Anh-Phéap, Anh-Trung, Anh-Nhat, Hoa-
Nhat, ...

Cac cach tiép can ¢ dién cho hé dich may: ba 16p chinh 1a dich truc tiép
(direct), dich dra trén lut chuyén ddi (transfer), dich lién ngi (interlingua), va hién

nay, tiép can dich dwa vao thong ké (statistical MT) dang duoc nghién ctru rong ri.

Interlingua

Conceptual
Generalion

Semantic
Structure

Caonceptual
Analysis

Semantic

Shallow Structure Semantic
Semantic Generation
Analysis

Syntactic
Structure

Syntactic

—_— Syntactic

Parsin ;
9 Generation

Marphological
Generation

Morphological
Analysis

Source Language Text Target Language Text

Hinh 2.1: Cac tiép can ¢b dién cho hé dich may
Phuong phap dich dya trén luat chuyén doi va dich lién ngit chu yéu dya vao
cl phap, da c6 thoi gian phat trién kha dai va van con dugc sit dung pho bién trong
nhiéu hé dich thuong mai. Cac hé dich may loai nay nay da dat duogc két qua kha tdt
v6i nhitng cip ngdn ngit twong dong nhau vé ¢l phap nhu Anh-Phép, Anh-Tay Ban
Nha,... nhung con gip nhiéu han ché dbi voi cac cip ngdn ngir co cl phap khac
nhau nhu Anh-Trung, Anh-Nhat,...
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O Viét Nam, dich Anh-Viét, Viét-Anh ciing vap phai nhitng khé khin tuong
tu do su khac biét vé mit cdu triic ngit phap va tinh nhip nhing cta ngit nghia. Céac
hé théng dich Anh-Viét dua trén luat chuyén ddi duoc thuong mai hoa dau tién &
Viét Nam la EVTran, MTD cua Lac Vi¢t. Hién nay, nhiéu nghién ctru véi mong
mubn tang chét luong dich van dang dugc thuc hién thich nghi véi dic diém cua

cac cap ngon ngir khac nhau.

2.2 Dich may thong ké
2.2.1 Gioi thiéu

Dich may bang phuong phép théng ké (Statistical Machine Translation) da
chtng t6 12 mot hudng tiép can day day tiém niang bdi nhitng uu diém vuot troi so
v6i cac phuong phap dich may dya trén ca phap truyén thong qua nhiéu thr nghiém
vé dich may. Thay vi xdy dung cac tir dién, cac luat chuyén d6i bang tay, hé dich
nay tu dong xay dung cac tir dién, cac quy luat dua trén két qua thong ké c6 duoc tir
dir liéu. Chinh vi vay, dich may dua vao théng ké co tinh kha chuyén cao, co6 kha
ning ap dung duoc cho cip ngdn ngit bat ky. Hé thong SMT duoc dé xuat 1an dau
tién boi Brown nim 1990 sir dung mé hinh kénh nhidu va da phat trién ap dao trong

nganh MT nhiéu nam tro lai day.

Trong phuong phéap dich tryc tiép, timg tir dugc dich tir ngdn ngit ngudn
sang ngon ngir dich. Trong dich dya trén luat chuyén ddi, dau tién ching ta can phai
phan tich cti phap cua cau vao, roi ap dung cac ludt chuyén doi dé bién doi cau trac
cAu nay & ngdn ngit ngudn sang cdu trac cua ngdn ngit dich; cudi cing ta méi dich
ra cau hoan chinh. Ddi voi dich lién ngir, cau vao dugc phan tich thanh mot dang
biéu dién triru twong hoa vé ngir nghia, dugc goi 1a “interlingua”, sau d6 ta tim cach
xay dung cau dich phu hop nhét véi “interlingua” nay. Dich may thdng ké c6 cach
tiép can hoan toan khéc, kha nang dich c6 dugc 1a dya trén cac mé hinh théng ké
dugc huin luyén tir cac ngir liéu song ngit. Kién tric chung ctia mot hé théng SMT

duoc thé hién trong hinh 2.3.

Mo hinh cta Brown (hay con goi 1a mé hinh IBM) biéu dién qué trinh dich
bang mot mo hinh kénh nhiu (noisy channel model) bao gdm ba thanh phan: mot
mo hinh dich (translation model), c6 nhiém vu li€n h¢ cac tir, cum tir tuong ing cia
cac ngon ngr khac nhau; m9ot mo hinh ngén ngir (LM), dai dién cho ngdn ngir dich;
mot bo giai mi (decoder), két hop mé hinh dich va mé hinh ngén ngit dé thuc hién

nhiém vu dich.
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Thudng thi LM duge gan trong sb cao hon cac thanh phan khac trong hé

thong dich, boi vi ngir liéu don ngit ding dé huan luyén LM 16n hon nhiéu ngit liéu

song ngit, do d6 c6 do tin cdy 16n hon. Ta thay riang viéc ting kich c¢& ctia LM cai
thién diém BLEU — tiéu chuan phd bién dé danh gia chat luong dich mdy. Hinh 2.2,
cho thiy su cai thién chat luong dich khi ting kich ¢& LM.

BLEU Score

51.9 52.3 231

45
40
35
30
25
20
15
10

5

0

75M 150M 300M 600M 1.2B 25B G5B 10B 18B +web
LM Size

Hinh 2.2 : Tang kich ¢& LM cai thién diém BLEU

Trong md hinh dau tién cua Brown, md hinh dich dya trén kiéu tir-thanh-tir

va chi cho phép anh xa mot tir trong ngdn ngit ngudn dén mot tir trong ngdn ngix

dich. Nhung trong thuc té, anh xa nay co thé 13 mot-mot, mot-nhiéu, nhidu-nhiéu

hodc mot-khong. Thé nén nhiéu nha nghién ctru di cai tién chat luong cia SMT
bang cach sir dung dich dua trén cum (phrase-based translation).
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Ngbn ngit ngudn ( f)

l

[ Tién xir ly }

v N Mo hinh ngon ngir P(e) }
B9 gidi ma B .
f=arg max P(v|f) |, r
J M5 hinh dich P(f | v) }

A\ 4

[ Hau xu 1y }

l

Ngon ngit dich (v)

Hinh 2.3 : Kién trGic ctia mot hé thong SMT

2.2.2 Nguyén Iy va cac thanh phan
Cho trudc cAu ngdn ngit ngudn f, muc tiéu ctia mo hinh dich may 1a tim ra

cau e cua ngdn ngir dich sao cho xac suat P(e[f) l1a cao nhat.

C6 nhiéu cach tiép can dé tinh duoc xac suat P(e[f), tuy nhién cach tiép can
tryc quan nhét 13 ap dung cong thirc Bayes:
P(e)P(fle
oy = PEPCER)
P(f)
Trong d6 P(fle) 13 x4c sudt cAu ngdn ngir ngudn 1a ban dich ciia cdu ngdn ngir
dich, con P(e) 13 x4c suat xuat hién cu e trong ngdn ngit. Viéc tim kiém cau e* phu

hop chinh 13 viéc tim kiém e* 1am cho gia tri P(e*)P(fle*) 13 16n nhat.

D¢ mo hinh dich 1a chinh x4c, thi cong viéc ti€p theo 1a phai tim ra tat ca cac
cau e* cd thé co trong ngdn ngilr dich tir cau ngdn ngtr ngudn f. Thyc hién cong viée
tim kiém hiéu qua chinh 1a nhiém vu cua bg gidi ma (decoder). Nhu vay, mot mo

hinh dich may bao gdm 3 thanh phén:
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e Mo hinh ngon ngir: Tinh toan dugc xac suat cia cau ngdn ngir nguodn.
Thanh phan nay chinh 1a m6 hinh ngén ngit da dugc mé ta & chuong 1
cua luan van

e MO hinh dich: Cho biét x4c suat ciia cau ngon ngit nguon la ban dich tur
cau ngdn ngtr dich.

e B0 giai ma: Tim kiém tat ca cac cau ngon ngr dich e co thé co tur cau
ngon ngr nguodn f.

Mo hinh dich tir tiéng Anh sang tiéng Viét c6 thé hinh dung thong qua biéu

d6 dudi day:
s gl Chu tiéng viét e sl
Céu titnganh = . — o6 tha o6 — = Céu tieng viét
M6 hinh dich MG hinh
P(v|e) ngon nglr P(v)
Bd giai ma e
I’ma pupil = argmax P(v) * Ple|v) = T0i la mét hoc sinh
v

Hinh 2.4 : M6 hinh dich may thong ké tir tiéng Anh sang tiéng Viét
M® hinh dich cia mé hinh ngén ngir da dugc trinh bay ¢ chuong trudc cua
luan van. O phﬁn nay, luan van chi dé cap dén hai thanh phén con lai ctia mo6 hinh

dich may thong ke.
2.2.3 Mo hinh dich
Mo hinh dich ¢6 3 huéng tiép can chinh:
e M0 hinh dich dua trén tir (word-based)
e MO hinh dich dya trén cum tir (phrase-based)
e MO hinh dich dua trén ct phap (syntax-based)

Ca 3 hudng tiép can trén déu dya trén mot tu tudng. D6 13 su tuong Gng gitra
hai cau (alignment)
2.2.3.1 Sw giong hang (alignment)

Tat ca cac mo hinh dich thdng ké déu dwa trén su trong tng cia tir. Su tuong
g cta tir & ddy chinh 1a mot 4nh xa giita mot hay nhiéu tir ciia ngdn ngit ngudn

vG1 mot hay nhiéu tir cua ngoén ngir dich trong tap hop cac cdu van ban song ngir.
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Theo nguyén tic, ching ta c6 thé c6 mdi lién hé tiy ¥ giita cac tir clia ngdn
ngir ngudn véi cac tir ciia ngdn ngit dich. Tuy nhién, dé cho don gian, mé hinh dich
may dua trén tir (word-based) dua ra mot gia dinh: mdi tir ciia ngoén ngir dich chi
turong tmg v6i mot tir ciia ngdn ngit ngudn. Néu ap dung gia dinh nay, chung ta c6
thé biéu dién mot sy twong Ung tir bang chi sd cua cac tir trong ngdn ngit ngudn
tuong tmg véi tir trong ngdn ngit dich. Nhu trong vi du & hinh 2.5 dudi day c6 thé
biéu dién mot twong Ung tir giita tiéng Phap va tiéng Anh béi mot diy cac chi sb
nhu sau: A=1,2, 3,4, 5, 6.

1 2 3 4 5 6
| And || the ||program|| has || been ||implemented |
T I ; A
Y a,= 2 a,= e f /’/// | -u,“_m‘\ 8= B
y v » P | “a
| Le | |prcngramma| | a | | été | | mis | |en| |applicatinn|
1 2 3 4 5 B 7

Hinh 2.5: Su tuong tng mot - mot gitta cau tiéng Anh va cau tiéng Phap
Trong thuc té, c6 rat nhiéu tir & ngdn ngit dich khong twong tng véi tir ndo
trong ngdn ngit ngudn. Dé cho tong quat, ta thém mot tir vo gia tri (null) vao dau
cAu ngdn ngit ngudn va nhitng tir & ngdn ngir dich khong twong tmg voi tir nao sé
duoc anh xa voi tir vo gia tri ¢6. Hinh 2.6 & dudi thé hién mot tuong Ung tir gitta hai
ciu tiéng Anh va tiéng TAy Ban Nha khi cho thém tir vo gid tri vao dau cau tiéng
Anh.

[Mary| | did |

not slap| the | green| | witch |

H,\M\

.

i s
|Maria| |no| | di | |una| | bofetada |a| Ia| |bruja | |verde |

Hinh 2.6: Su tuong tng gitta cau tiéng Anh Vi cau tiépg Tay Ban Nha khi
cho thém tur vo gié tri (null) vao dau cau tiéng Anh
Trong khi mé hinh dich dua trén tir (word-based) chi giai quyét truong hop
mot tir ciia ngdn ngit dich chi twong tmg boi mot tir ciia ngdn ngit ngudn, thi mod
hinh dich dya trén cum tir (pharse-based) c6 thé giai quyét ca hai trudng hop con lai
la: mot tir cia ngdn ngit ndy twong tmg véi nhidu tir cia ngdn ngir kia va nhidu tir
clia ngdn ngit nay twong tng véi nhiéu tir ciia ngdn ngit kia. Hinh 2.7 va 2.8 & dudi

minh hoa cac tuong ung nai trén.
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|The| |balance| [was| |the | |territory| the| [aboriginal| [people]
\l'\. / -~ ’ .___._..--""-

-
, { e i -
* ! - -
Y f - i -
N f i

| o |

|Le| |reste| |appa;ténait| | au:;c

Hinh 2.7 : Su twong tmg mét - nhiéu giira cau tiéng Anh vdi cau tiéng Phap

|[The| |poor| |[don't] |have| |any|| money |

|Les| |pauwes| |sont\ \ démunis \

Hinh 2.8 : Sy twong tmg nhiéu - nhiéu gifta cdu tiéng Anh véi ciu tiéng Phép.
2.2.3.2 M6 hinh dich dwa trén tir (Word-based)

Mo hinh dich dua trén tir 1a thé hé dau tién ctia mé hinh dich may thong ké
va duoc nghién ciru va phat trién boi IBM. Nhu da trinh bay ¢ phan trude, md hinh
dich nay dya trén sy tuong Uing cta cac tur theo tuong img mdt mot (mdt tur cua
ngdn ngir nay chi tuong ing voi mot tir ciia ngdn ngir kia va nguoc lai). Cu thé hon,
gia su cau ngdén ngl nguén 13 e1€,...6, va cau ngdn ngit dich 1a fif,...f,,, khi d6 mdi
tu fj chi twong Utmg v61 1 va chi 1 tr trong cau ngon ngir ngudn hoic 1a khong tuong
g v6i tir ndo. Do d6, mot su twong tng gitra cac tir clia cu ngdn ngir ngudn va
cAu ngdn ngir dich c6 thé biéu dién bang mot diy m sb: {ay, ay,. .. an} trong do aj la
chi s6 cua tir trong ngdn ngir ngudn twong tng véi tir fj cua ngbn nglr dich(a; nhan
cac gia trj tir 1 dén 1). V&i mo hinh IBM thir nhét, gia dinh ring mdi bién a; 1a doc

lap, khi d6 tuong tmg ti wu nhét chinh I

i=m

a= argariﬂax i1:'[l p(a)*p(filea)

Nhu vay, theo mé hinh IBM thir nhat, chung ta ¢ thé tinh xac suat P(fle)
theo cong thure sau:

i=m ai=n
P(fle)= IT 2= p(a)*p(filea)
i=1a=0
Tuy nhién trén thuc té, mo hinh IBM th{r nhét nay co chét lugng dich khong
cao. O cac md hinh IBM tiép theo, ngudi ta cai tién cac cong thic va dua ra nhiing
tuong Ung, ciing nhu tinh lai xac sut P(fle) mot cach t6t hon. Tuy nhién, do tiép

can theo hudng twong trng mot mot gitta cac tir, nén mo hinh dich dya trén tir no6i
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chung va cac mé hinh dich IBM néi riéng da khong con phd bién. Hi¢n nay, cac mo

hinh dich theo hudéng cum tir dugc st dung rong rai va dan tré nén phé bién hon.

2.2.3.3 M6 hinh dich dwa trén cum tir (Phrase-based)

That songwriter wrote many romanti sonas

Nhac si do da viét nhiéu bai hat ling man

Hinh 2.9: Minh hoa dich may théng ké dua vao cum tir

Trong dich dya trén cym, mdt chudi cac tir lién tiép (cum) duoc dich sang
ngdn ngit dich, v6i d6 dai cum ngdn ngit ngudn va dich c6 thé khac nhau. Hinh 2.9
minh hoa phuong phap dich cum: cau vao dugc chia thanh mdt s6 cum; tung cum
mot duogc dich sang ngdn ngir dich; va sau d6 cac cum dugc ddo trat tuy theo mdt
cach nao d6 rdi ghép v6i nhau. Cudi cliing ta thu duge cau dich trong ngon ngir dich.

Gia str ta goi ngdn ngit ngudn 1a f va ngdn ngit dich 13 e, chung ta s& cb ging
t6i da hoa xac suat Pr(f |e) v6i mong mudn cé duoc ban dich tt nhat. Thuc té 1a
tdn tai rat nhicu ban dich ding cho cung mot cau, muc dich cua ta 1a tim ra cau
ngdn ngir e phit hop nhat khi cho trudc cdu ngdn ngit ngudn f. Dich dya vao cum sir

dung mo hinh kénh nhiéu, ap dung cong thirc Bayes ta co:

agmax, P (e| f)= argmax, P (f|e)P (e)
P(f)

Do P(f) 1a khong do1 doi véi e, van dé trd thanh viée tim cau e nham t61 da

hoa P(fle)P(e). Viéc xay dung mé hinh ngdn ngir can sir dung mét ngit liu don ngir
16n, trong khi d6 mé hinh dich lai can dén ngir liéu song ngir tot. BO giai ma duoc
stt dung dé chia cau ngudn thanh cac cum va sinh ra cac kha ning dich c6 thé cho
mdi cum nho su tro giup cua bang cum tir (phrase table).
Dé sinh ra dugc cau dich, cdu ngudn dugc chia thanh I cum lién tiép f,'.
Chung ta gia st ring phan phdi xac sudt 13 nhu nhau d6i voi cac cum nay. Mdi cum
f. trong f,' dugc dich thanh cum twong Gng trong ngdn ngit dich e . Cac cum trong
ngdn ngit dich c6 thé dao vi tri cho nhau. Qua trinh dich cum dugc mé hinh héa boi

phan phdi xac suat ¢(f, |e,).
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Viéc dao vi tri (reodering) ctia cic cum dau ra duge mo hinh béi phan phdi
xé4c sudt d(a, —b, ,), trong d6 a; dai dién cho vi tri bat dau ctia cum trong cau ngudn
duoc dich thanh cum thu 1 trong cau dich, va bj 1a ky hi€u chi vi tri két thuc cua
cum trong cau ngudn duoc dich thanh cum (i-1) trong cau dich. O day ching ta st

dung mé hinh ddo cum rat don gian nhu sau:
d(a —-b,)= o
v6i gia tri thich hop cho tham sb o.

Pé xac dinh do dai thich hop cta cau dich, chung ta dua thém vao thira s6 ®
khi sinh ra cdu trong ngdn ngit dich. Thira sé nay s& dugc toi vu qua qué trinh tim
kiém cau dich t6i vu. Thira s6 nay cang 16n hon 1 thi 6 dai ctia ciu trong ngén ngit
dich cang dai.

Noi tom lai, cau dich t6t nhét epey duge sinh ra tir ciu nguén theo la:

e, =aigmax P (e| f)=argmax, P(f|e)P,(e) @™

o dayP(f\e) duogc phan tich thanh:

I
P(f el =TTe(fle) dic—b)
=1

2.2.3.4 M6 hinh dich dwa trén ca phap (Syntax-based)

Ca 2 md hinh dich dya trén tir va cum tir déu chi quan tam dén su tuong ung
va ngit nghia cua timg tlr trong cdu ngdn ngir ngudn va dich ma khong quan tim t6i
nglr phap, hinh théi cua ca hai cau. M6 hinh dich dya trén ci phap khong chi quan
tadm té1 nglr nghia cta tiung tor ma con chu trong tdi ¢ phap cua cau.

Véi mo hinh dich nay, mot cdu ngdn ngit ngudn e s& duoc phan tich thanh
ciy ch phap. Cay ct phap nay s& duoc sip xép lai dé phu hop véi ca phap cua cau
ngdn ngtr dich. Sau do, mdt 6 tr mai ¢ thé dugce chén vao cay hién tai cho phu
hop hon véi ¢t phap ctia ngdn ngit dich. Cudi cung, cac tir trong cdy ci phap cia
cAu ngdn ngit ngudn s& duoc dich sang ngdn ngit dich va ta thu dugc ciu ngdn ngi

dich tir cay cu phép trén.

Hinh 2.10 dudi day mo ta cac budce lam viéc ciia mot mo hinh dich dua trén

¢l phap tir tiéng Anh sang tiéng Nhat.
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VB Ve
‘ Reorder
FRP VB1 VB2 :Fp VB2 VE1 Inse
"] ’ |
[ T | i
'\]’B TO ™ VB
Sl Illi £ ""!; \le
e i NN TO
|
J | ! || ! PFP VB2 B1
e fiia v I [
1. Channel Input 2. Reordered ooy
fing
NN TO

Reading off Leaves ‘

3. Inserted
=‘|’QP VE2 -ulfm l

feeare Bt o chaignid desn Tfanslme

kare ha ongake wo ik no ga daisuld desu «

3. Channel Output

4. Translated

Hinh 2.10: M6 hinh dich dua trén cay ct phap
2.2.4 Bo gidi ma
Nhu di trinh bay & cic phan trén, nhiém vy cua b gidi ma chinh 1a: cho
trude cdu ngdn ngir ngudn f, im cdu ngdn ngir dich e tét nhat duoc dich tir f. Cau

ngodn ngit dich e t6t nhat chinh 13 cau 1am cho gia tri P(fle)*P(e) 12 16n nhat.

B6 giai ma dugc phat trién dau tién cho moé hinh dich cum tir dugc gidi thiéu
bdi Marcu va Wong, sir dung cac phuwong phap leo d6i. Do khong gian tim kiém 1a
rat 16n, nén bo giai ma trong moé hinh dich mdy thdng ké thuong ap dung cac thuat
toan tim kiém t4i uu.

Thuat toan ma bd giai ma thuong ap dung co tén la A*, 1a mot trong cac
phuong phap tim kiém tt nhat - dau tién.Giai thuat A* c6 thé tom tit nhu sau: tai
mdi budc mé rong khong gian tim kiém, ta st dung cac ham udc lugng, danh gia

trong sb dé két qua tim dugc ludn 1a tot nhat co thé va 1a két qua tim thay dau tién.
Ngir liéu sau khi qua 2 mé hinh ngon ngtr va mo hinh dich ta dugc bang xéc
sudt cho timg thong s tuong img. Van dé tim ra tich s6 P(e)P(v|e) 16n nhat.
C6 hai thuat gidi va mot thuat toan t6i wu cho md hinh tim kiém: thuét giai

tim kiém tham lam, thuat giai tim kiém duya trén ngan Xép, va thuat toan tim kiém
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theo chu trinh Hamilton t&i wu. Hai thuat giai c6 thoi gian nhanh xtr Iy nhanh hon

thuat toan nhung két qua thip hon thuat toan.

Bd giai ma thuc hién mdt cai tim kiém theo chum (beam search) tuong tu
cong viée cua Tillmann va Och. Bét dau bang viéc dinh nghia cic khai niém co ban
cta cac lua chon dich mé ta co ché hoat dong cua beam search va cac thanh phén
can thiét cua n6 va cac udc luong gid tri twong lai va cac khai niém vé sinh danh
sach n-best.

2.3 Cac phwong phap danh gia ban dich

banh gia do chinh xac cua hé théng dich may la mot nhi€ém vu rat vat va va
kho khan. Bé dénh gia do chinh xac ctia ban dich, ta c6 thé danh gia tryc tiép thong

qua ngudi diung hodc danh gia tu dong bang mdy tinh.
2.3.1 Panh gia truec tiép bang con nguoi

DPé danh gia do chinh xac ctuia h¢ théng dich may, ta co thé dé con nguoi truc
tiép danh gia. Ching ta c6 thé dua ra mot thude do cho do trdi chdy cua ban dich (vi
du tir 1 dén 5 hay tir 1 dén 10 tuy thudc vao do tréi chay ciia ban dich), sau dé cho
nhirg ngudi tham gia danh gia danh gia cac cau trong ban dich theo thang diém do.
Nhu vay, vin ban nao c6 diém trung binh cang cao, thi chat lugng ban dich d6 cang
t6t. Ngoai ra, ciing c6 thé danh gia do troi chay, do chinh xac cia ban dich thong
qua thoi gian ma nguoi doc doc hiéu duoc ban dich d6. RS rang, ban dich nao ma

nguoi doc doc hiéu cang nhanh, thi ban dich d6 cang chinh xac.

Phuong an danh gia ban dich bﬁng chinh con nguoi tuy rat d& thuc hién,
nhung chi phi thi rt 16n, va néu ban dich c6 kich thudc cang 16n thi phuong phap
nay cang kém hiéu qua. Ngay nay, cac md hinh dich may déu ap dung phuong phap
danh gia tu dong, chi phi thip nhung hiéu qua ciing kha 14 cao.

2.3.2 Danh gia ty dong: phwong phap BLEU

BLEU(Bilingual Evaluation Understudy) 1a mot thuat toan dé danh gia chat
luong vin ban da dugc may dich tir mot ngdn ngir tw nhién khéac. Y tudng chinh cia
phuong phap nay 1a so sanh két qua ban dich tu dong bang may véi cac ban dich
mAu clia con ngudi, ban dich may nao cang gidng véi ban dich miu ctia con ngudi
thi ban dich d6 cang chinh x4c. Vi¢c so sanh trén dugc thuc hién thong qua viéc
thong ké su trung khop cia cac tir trong hai ban dich c6 tinh dén thir ty ciia chiing
trong cau (phuong phap n-grams theo tr).
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Trong vi du nhu hinh 2.10, ¢6 hai ban dich biang méay dugc dem so sanh véi
ba ban dich mau cta con ngudi. C6 thé thiy rang, ban dich th may nhat c6 nhiéu
tr chung (déng khung) véi cac ban dich mau hon ban dich may tha hai, nén theo
phuong phap nay c6 thé két luan : ban dich mdy tht nhat chinh xac hon ban dich
may thu hai

Cand 1: [Itis][a guide to action|[which][ensures that the military][always| obeys [the J[commands]of the party]

Cand 2: to insure the troops forever hearing activity guidebook that party direct

Ref 1: [a guide to action|[that] [ensures that the military] will forever heed Party
Ref 2: the guiding principle guarantees the military forces being under command
Ref 3: the practical guide for the anﬂyto heed directions

Hinh 2.11: Sy trung khép ctia cac ban dich mdy vé6i ban dich mau

Vi mot ban dich may va ban dich miu tha n, phwong phap BLEU trude tién
thong ké s6 lan tbi thiéu cia cum Ngram xuat hién trong ting cip cau (cau dich
may va cau dich mau), sau d6 dem tong trén chia cho tong s6 cum Ngram trong
toan ban dich may. Ti 1é trung khép ctia mot ban dich may va ban dich mau thit n

duogc tinh theo cong thirc :

2 2 s6 lugng t61 thi€u cum w c6 trong ban mau
Sebandichmdy wes

2 2 sb luong cum n-gram w trong ban dich may
S e bandichmay wes

Trong d6 s 1a cac cau trong ban dich may, w 1a cdc cum ngram co trong cau

Piém BLEU danh gia mot ban dich may véi n ban dich mau dugc tinh theo
cong thtrc :
i=N

BLEU =BP* (% .21 log pi)

Trong do6 :

1 néu c>r
BP = [e(l—r/c) VG c<=

cua cac ban dich mau

. voi ¢ 1a do dai cua ban dich mdy, r 1a d§ dai 16n nhat

N la s6 luong céc ban dich mau
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Tir cong thire trén, c6 thé thdy gia tri BLEU nim trong khoang 0 dén 1. Ban
dich nao c6 diém BLEU cang cao, chimg t6 do trung khép giira ban dich may va

ban dich mau cang nhiéu, thi ban dich d6 cang chinh xac.
CHUONG 3: THUC NGHIEM

Dé thuc nghiém, dé tai da sir dung bd coéng cu mi ngudén md SRILM dé xay
dung md hinh ngén ngit cho tiéng Viét.va hé mad ngdn mé MOSES 14 bo cong cu
xay dung mo hinh dich may théng ké.

SRILM la bd cong cu dé xay dung va 4p dung cac md hinh ngon ngit théng
ké, chil yéu 1a dé sir dung trong nhan dang tiéng noi, gan thé théng ké va phan khuc,
va dich may thng ké.

Moses 1a mot hé théng dich mdy théng ké cho phép nguoi dung xay dung
cac mo hinh dich cho bat ky cip ngén ngit ndo véi dau vao 1a mot tap hop cac vin
ban song ngit, dugc nhiéu trudng dai hoc, nhém nghién ctru ndi tiéng vé xtr 1y ngdn
ngir ty nhién va dich may théng ké nhu Edinburg (Scotland), RWTH Aachen
(Germany),. .. tham gia phat trién. Pay 1a phan mém co6 chéat luong kha tot, kha
niang md rong cao duogc dung dé xdy dung nhiéu hé théng dich thir nghiém cho
nhiéu cap ngdn ngit nhu Anh-Czech, Anh-Trung, Anh-Phéap,. .. B6 cong cu Moses
cho phép nguoi ding tao ra mot hé thong dich mdy théng ké dua trén ciy ca phap

két hop vo1 cum tir mot cach kha don gian.

3.1 Cai dit hé thong
Pé cai dat duoc chuong trinh niy ching to6i dd mat rat nhiéu thoi gian. Sau

day toi xin tom tat qua trinh cai dat hé thong.

3.1.1 CAu hinh va hé diéu hanh.
- CPU Dual Core 1.73 GHz

- RAM 1G
- Hé diéu hanh Ubuntu 11.04
3.1.2 Cac cong cu str dung.
- Cong cu xay dung mo6 hinh ngén ngii: SRILM
- Cong cu giong hang tir: GIZA++
~ Hé dich may théng ké MOSES
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3.1.3 Cac buéc huén luyén dich va kiém tra.
- Chuan hoa dit liléu
- Xay dung mo hinh ngon ngit

Xay dung mo hinh dich

- Hiéu chinh trong )
- Dich may
~ Danh gia két qua dich
3.1.4 Chuén héa dit liéu.
- Tach tir
- Téch céu
_ Chuyén sang chit thuong
3.1.5 Xay dung mo hinh ngon ngir.

St dyung cong cu SRILM dé xiy dung mé hinh ngon ngir. Két qua sau khi
xay dung mo hinh ngdn ngir tri-gam:

\data\

ngram 1=18103
ngram 2=219098
ngram 3=144559

\1-grams:
-2.684004 ! -0.9555301
-3.619983 " -0.2499142

-4.59556 $ -0.1590119
3.1.6 Xy dung mé hinh dich.
~ St dung GIZA++ 1a cong cu dé giong hang dé xay dung mo hinh dich va

dung mkcls dé wéc luong gid tri cuc dai cho mdi mé hinh.
Két qua trong file extract

i ]]] toi ||| 0-0
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I have a sneaking suspicion ||| t6i nghi trong bung ||| 0-0 1-1 1-3 2-3 3-3 1-4

I have a sneaking suspicion that ||| t6i nghi trong bung la ||| 0-0 1-1 1-3 2-3
3-31-44-5

I have a sneaking suspicion that he ||| t6i nghi trong bung la né ||| 0-0 1-1 1-3
2-33-31-44-55-6

have a sneaking suspicion ||| nghi trong bung ||| 0-0 0-2 1-2 2-2 0-3

have a sneaking suspicion that ||| nghi trong bung la ||| 0-0 0-2 1-2 2-2 0-3 3-4
Két qua trong file phrase-table

L[ Y ]]] 0.00389105 4.20299¢-07 0.8 0.936597 2.718 ||| ||| 1028 5
LY []] 10.0343045 0.2 0.75592 2.718 ||| |]] 1 5

1)) 1] 0.00335852 4.21003e-07 0.8 0.972332 2.718 ||| ||| 1191 5

YU Y]] 10.0343619 0.2 0.784762 2.718 || |]] 1 5

I "indeed ? |||/ ' ' thdt khong ? ||| 1 1.09941e-05 1 0.000411042 2.718 ||| ||| 1 1
Hiéu chinh trong so.

Sau khi xay dung md hinh dich ta c6 dugc ban Binary Phrase Table.

Sau khi c6 dugc md hinh dich va trong bd $6 tuong Ung, tién hanh hiéu chinh

trong bo s6.Budc ndy mat rat nhidu thoi gian.

Dich may.

B dit liéu song nglt Anh-Viét.

Dich ciu tiéng Anh sang ciu tiéng Viét.

Panh gia két qua dich

Chi s6 BLEU.

Evaluation of any-to-en translation using:
src set "conversation" (1 docs, 672 segs)
ref set "conversation” (1 refs)
tst set "conversation™ (1 systems)

BLEU score = 0.1297 for system "ref"
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_ Chi s6 BLEU:La chi s6 danh gia cht luong dich cua may dich théng ké tur
ngdn ngit ndy sang ngdn ngir khac. Néu két qua gin giéng véi cach hiéu tu
nhién thi chat luong dich cang tét. Diém BLEU dugc tinh bang cach so sanh
nhitng ciu can dich v6i mot tap hop cac tham chiéu dich tét. Sau d6 14y ra gia
trj trung binh twrong tng diém sd riéng 1é nay. Chi s6 nay nim trong khoang 0
dén 1. Néu cang ganl thi chat lugng dich cang tdt (sat nghia).

3.2 B0 cong cu xay dung mé hinh ngon ngir - SRILM:

SRILM 12 b cong cu dé xay dung va ap dung cac md hinh ngdn ngit théng
ké, chil yéu 1a dé sir dung trong nhan dang tiéng noi, gan thé théng ké va phan khuc,
va dich may thong ké. Bo cong cu nay dugc phat trién bai “Phong thi nghiém va
nghién ctru cong nghé giong nodi SRI” tir ndm 1995, co thé chay trén nén tang Linux
cling nhu Windows.

SRILM bao gom céc thanh phan sau:

Mot tap hop cac thu vién C++ gitp cai dat mo hinh ngén ngit, hd tro ciu tric
dir li€u va céc chirc nang ti¢n ich nho.

- Mot tap hop céac chuong trinh thyc thi thyc hién nhiém vu xay dung moé hinh
ngdn ngit, dao tao va thir nghiém moé hinh ngdn ngir trén dit lidu, gin thé
hodc phan chia van ban,...

Bo cong cu SRILM cé rat nhidu chuong trinh con, dé xay duyng moé hinh

ngon ngtr ta sit dung 2 chuong trinh chinh sau:

3.2.1 Ngram-count:
Chuong trinh Ngram-count théng ké tan sd xuat hién cua cic cum Ngram.
Két qua cua viéc théng ké duoc ghi lai vao mot tép hodc s dung ching dé xay

dung mé hinh ngon ngir. Két qua cua viée théng ké duoc ghi lai theo dinh dang sau:
\data\
ngram 1=n1

ngram 2=n2

ngram N=nN
\1-grams:

P w [bow]
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\2-grams:

P wl w2 [bow]

\N-grams:

p wl. .. wN

\end\

Vin ban trén bit dau véi mot tiéu dé gidi1 thi¢u sb lugng cac cum Ngram voi
chiéu dai 13 1, 2,. ..n. Tiép theo, 12 timg doan chira thong tin vé cac cum Ngram c6
d6 dai tir 1 dén n, mbi doan bat dau bang tir khoa \N-grams: trong d6 N 1a d6 dai cta
cac cum Ngram dugc liét ké ¢ bén dudi. Mdi dong tiép theo cua ting doan bat dau
béng mét s thuc 1a logarit co sb6 10 x4c sudt ctia cum Ngram, tiép theo 1a n tir wl,
W2,. .. wn ctia cum Ngram dé, va cudi cung 1a trong s truy hdi ciia cum Ngram d6
(c6 thé co)

Chuong trinh Ngram-count c6 mét sé tiy chon chinh sau:

~ text textfile: théng ké tan sd cac cum Ngram tir tép vin ban dau vao textfile,
Tép van ban nay co thé chira mdi cau trén mot dong. Ki hidu két thiic va bat
dau dong méi s& duoc ty dong thém vao néu trong tép dau vao chua cé. Cac
dong trong trong tép nay ciing bi loai bo.

_ order n : thiét 1ap do dai 16n nhét cta cic cum Ngram s¢& théng ké béng n.
Gi4 trj mic dinh néu khong thiét 1ap tham s6 nay lan =3

~ memuse: hién thi théng tin bd nhd ma chuong trinh sir dung

~ Im Imfile: xay dung mo hinh ngdn ngit truy hoi tir cac tin s vira thong ké,
sau do ghi lai vao té€p Imfile theo dinh dang ¢ trén.

~ gtnmin count: v6i n nhan cac gia trila 1, 2, 3, 4, 5, 6, 7, 8, hodc 9. Tham s6
nay thiét lap gia tri tin s6 nho nhét véi cac cum Ngram c6 d6 dai 1a n. Tat ca
cac cum ngram c6 do dai 12 n, c¢6 tdn s6 nho hon count s& bi loai bo khoi mo

hinh ngon ngir
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Va dudi day 1a mot s tham sé thiét 1ap phuong phap lam min cho mé hinh
ngdn ngit. Néu khong tham sd nao dudi ddy duogc thiét 1ap thi chwong trinh s& st
dung phuong phap lam min Good-Turing.

- whdiscountn: véi n nhan cac gia trila 1, 2, 3, 4, 5, 6, 7, 8, hoac 9. Sur dung

phuong phap lam min Witten-Bell cho N-gram véi d6 dai l1a n.

- kndiscountn: v&i nnhan cac giatrila 1, 2, 3, 4, 5, 6, 7, 8, hodc 9. Sur dung
phuong phap lam min cta Kneser-Ney duoc thay doi boi Chen va GoodMan
cho N-gram véi d0 dai 1a n.

- ukndiscountn: véi n nhan cac giatrila 1, 2, 3,4, 5, 6, 7, 8, hodc 9. Str dung
phuong phap lam min ctia Kneser-Ney vo1 do dai 1a n.

- addsmoothn delta: véi n nhan cac giatrila 1, 2, 3,4, 5, 6, 7, 8, hoac 9. Lam
min bang cach thém mot luong delta vao tan s cua tit ca cac cum Ngram
voi 36 dai la n.

- interpolaten: v&i n nhan cac gia trila 1, 2, 3, 4, 5, 6, 7, 8, hoac 9. Tinh toan
tan sO cla cac cum Ngram c6 d¢ dai la n béng cach ndi suy tor cac cum

Ngram c6 d¢ dai nho hon.

3.2.2 Ngram:
Ngram 14 chuong trinh 4p dung mé hinh ngén ngit dé tinh xac suat ciia mot
cau, tinh toan do hon loan thong tin cua van ban, hay dung dé sinh cac cau tiép theo

clia mot van ban.
Chuong trinh Ngram c6 mot so tuy chon chinh sau:

~ -order n : thiét 1ap do dai 16n nhét cta cac cum Ngram s¢€ théng ké béng n.

Gid tri mic dinh néu khong thiét 1ap tham s6 nay lan =3
~ -memuse: hién thi thong tin bd nhd ma chuong trinh sir dung

~ -Im file: doc m6 hinh ngon ngit tir tép file. Tham sd nay 1a tham s6 bét budc,
trir khi tham sb -null dugc chon.

- -null: khong str dung mo hinh ngén nglr doc tir t&p, ma st dung mot mo hinh
ngdn ngit dit biét (xac sudt bang 1 cho tit ca cac tir). Tham sb ndy thudng
duoc st dung trong viéc gd 16i.

~ -ppl textfile: tinh toan diém(logarit co sé 10 cua xac sudt) va do hdn loan

thong tin clia tat ca cac cau trong tép textfile, mdi cau viét trén mot dong.

- -gen number: sinh ngau nhién number cau tir mé hinh ngdn ngir.
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3.3 Bo cong cu xdy dung mé hinh dich may thong ké — MOSES:

Moses 1a mot hé théng dich may théng ké cho phép nguoi dung xay dung
cac md hinh dich cho bét ky cap ngdn ngir nao voi dau vao 13 mot tap hop cac vin
ban song ngir, dwgc nhiéu trudong dai hoc, nhém nghién ctru ndi tiéng vé xtr 1y ngdn
ngir ty nhién va dich may théng ké nhu Edinburg (Scotland), RWTH Aachen
(Germany),. .. tham gia phat trién. DAy 1a phin mém co chét luong kha tdt, kha
ning mé rong cao duogc dung dé xdy dung nhiéu hé théng dich thtr nghiém cho
nhiéu cip ngdn ngit nhu Anh-Czech, Anh-Trung, Anh-Phép,. ..

Bo cong cu Moses cho phép ngudi dung tao ra mot hé thong dich may théng
ké dua trén ciy ct phap két hop voi cum tir mot cach kha don gian. Hé théng dich
may théng ké nay chira mot s6 thanh phan sau:

- tép phrase-table: tép nay chira cac cum song ngir theo dinh dang:
~ “cum tir & ngdn ngit dich | cum tir & ngdn ngir ngudn | xac suat”
Vi du:
I'""that khong ? ||| ! ' " indeed ? ||| 1 1.09941e-05 1 0.000411042 2.718 ||| ||| 1

"' that ||| ! indeed ||| 1 6.44854¢-05 1 0.000756693 2.718 ||| ||| 1 1

1''vé van Lho ||| 1" rot ! they ||| 1 5.64331e-05 1 0.0138612 2.718 | ||| 1 1
1"'vé van ![||!""rot! ||| 1 7.61009e-05 1 0.0228093 2.718 ||| ||| 1 1

1" vé van ||| ! rot ||| 1 7.96584¢-05 1 0.0234583 2.718 ||| ||| 1 1
LYl 10.00135419 1 0.633375 2.718 ||| || 5 5
1""Délamét!""it'sal] 19.97436e-07 1 0.00306515 2.718 ||| ||| 1 1

~ t8p moses.ini chtra cac tham s cho bd gidi mad nhu: dudng din dén tép
phrase-table, dudong din dén tép chira mé hinh ngdn ngit, sé luong tdi da

cum tur cia ngdn ngtr dich dugc dich bd1 mdt cum tir cua ngdn ngir nguodn,. ...

bé xay dung dugc md hinh dich théng ké, ta co thé st dung script: train-

model.perl vi mot s6 tham sé sau:
~ --root-dir -- cai dat thu muc gdc noi luu trit cac tép dau ra

~ --COrpus -- tén ctia tép van ban huan luyén (bao gdm ca 2 ngdn ngit ngudn va
dich)

- --€ -- du6i mo rong cua tép van ban huan luyén ngdn ngtr dich
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- --f -- qudéi mo rong cua tép van ban huan luyén ngén ngir nguon

~ --Im -- language model: <factor>:<order>:<filename> : thiét 1ap file cu
hinh mé hinh ngén ngit theo dinh dang da trinh bay trong phan 4.3.1

_ --max-phrase-length -- d6 dai 16n nhit cua cac cum tir luu trit trong tép
phrase-table

Vi duy, dé xdy dung mot mo hinh dich may thong ké c¢6 chira cac tép ciu hinh
tai thu muc hién tai, t€p van ban huin luyén tén la “corpus”, duéi mé rong cua t&p
ngodn ngit ngudn tiéng Anh 1a. en con dudi mo rong ciia tép ngdn ngir tiéng Viét 1a.
vn, tép chira cac thong sd ctia mo hinh ngdn ngir 1a tép “Im.txt”, ta c6 thé st dung

cau lénh sau:
train-model.perl --root-dir. --f en --e vn --corpus corpus -Im 0:3:Im.txt

Sau khi str dung script trén dé xay dung mé hinh dich, ta s& c6 duoc cac tép
céu hinh d4 trinh bay ¢ trén. Khi d6, dé dich mot cau tir ngdn ngit ngudn sang ngdn

ngir dich, ta co thé sur dung cau I¢nh nhu sau:
echo ‘ciu tiéng anh can dich” | moses -f moses.ini

Vi dy duéi diy minh hoa cau 1énh dung dé dich cau “i love you” tir tiéng
Anh sang tiéng Viét.

echo 'i love you' | moses -f moses.ini

Céau Iénh trén s€ cho ra output trén man hinh 1a: “t61 yéu ban”. Pé hién thi rd

viéc dich cdc cum tr, ta c6 thé thém tham sd -t vao cau lénh trén, cu thé:
echo “i love you' | moses -f moses.ini -t

Sau khi thuc hién ciu 1énh trén, man hinh s& hién thi dau ra cua qua trinh
dich 1a: “t6i |0-0| yéu |1-1|ban [2-2| . Két qua trén c6 thé hiéu 1a: cum tir “i” & vj tri
O(vi tri dau tién) trong cau duogc dich thanh cum tir “t6i”, cum tir “love” & vi tri 1
dugc dich thanh cum tor “yéu”, cum tur “you” & vi tri 2 dugc dich thanh cum tu

‘Gban”.

Mubn thue hién viéc dich cho tép van ban, ta co thé thém tham s -input-file
tén_file ddu vao dé thyc hién viéc dich tép van ban d6. Ngoai ra chuong trinh con
c6 rat nhiéu tham sé va chirc nang khac, nhung do gi6i han cta luan vin nén chua

dugc trinh bay ¢ day.
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3.4 Két qua thwe nghiém khi danh gia N-gram trong ing dung SMT

Sau khi xay dung dugc mo6 hinh Ngram véi cadc phuong phap 1am min khac
nhau, chung t6i st dung cac mo hinh Ngram d6 vao mé hinh dich méy théng ké
dich tir tiéng Anh sang tiéng Viét. Bang cach str dung cac mé hinh dich may thong
ké d6 dich mot doan van ban tiéng Anh sang tiéng Viét sau do tinh diém BLEU cho
ban dich, ching t6i biét dugc phuong phap 1am min nao 13 tot nhat khi 4p dung

trong md hinh dich may théng ké

Dit liéu huin luyén mé hinh st dung tdp vin ban song ngit Anh-Viét véi
54998 cau.

Dit lidu dung dé diéu chinh tham s6 st dung tap van ban song ngit Anh-Viét
véi 54998 cau.

Dit liéu dé kiém tra str dung tap vin ban song ngir Anh-Viét véi 672 cau.

Dit liéu dé huan luyén mo hinh ngdn ngit 13 tdp vin ban don ngir tiéng Viét

vO1 7464 cau.

Sau khi xay dung m6 hinh ng6n ngir ta thu duoc bang :

N-gram Thong ké cac cum N-gram
. Noi suy Truy hoi
Add-One Witten Go_od Kneser- Kneser-
Bell Turing
Ney Ney
1-gram 6773 6773 6773 6773 6773
2-gram 162284 162284 162284 162284 162284
3-gram 92846 92846 92846 92846 92846
Bang 3.1:Thdng ké cac cum N-gram véi cac phwong phap lam min
N-gram Do do BLEU trén cac phuong phap lam min
Witten Good Noi suy Truy hoi
Add-One Bell Turing | Kneser-Ney | Kneser-Ney
1-gram 0.0945 0.0957 0.0962 0.0965 0.0967
2-gram 0.0146 0.0159 0.0157 0.0158 0.0161
3-gram 0.0053 0.0063 0.0072 0.0075 0.0073

Bang 3.2: Két qua theo do do BLEU khi danh gia SMT véi cac mod hinh N-gram
khac nhau
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Tir két qua & bang 3.2 chiing ta c6 thé rut ra mot s6 nhan xét sau:

~ Ddi véi cac phuong phap chiét khiu st dung trong N-gram thi phuwong phap
Good-Turing cho két qua BLEU tdt nhit dbi v6i ca 1-gram, 2-gram, va 3-
gram. Phuong phap Witten-Bell cho két qua xp xi Good-Turing, va vuot troi
hin so véi Add-One.

_ Chung ta khong thiy su khac biét 16n ciia d6 do BLEU khi hé thong SMT sir
dung cac phuong phap N-gram d6i véi Good-Turing, Noi suy Kneser-Ney, va
Truy hoi Kneser-Ney. Tuy vdy ching ta ciing thdy két qua tot nhét dat duoc
v6i 3-gram va sir dung Noi suy Kneser-Ney. Diéu ndy phu hop véi cac thuc
nghiém N-gram doc lap rang Noi suy Kneser-Ney cho két qua t6t nhat.

~ Phuong phap 1am min GoodTuring 13 t&t nhat khi 4p dung cho mé hinh ngon
ngit st dung trong dich may thong ké.

€6 thé thiy rang cac két qua nay cho phép chung ta két lun cdc mo hinh N-
gram khac nhau c6 anh huéng khac nhau toi chat luong dich ctua hé SMT.
Trong d6 Good-Turing 14 phwong phép don gian nhung du t6t dé ap dung cho
SMT.
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KET LUAN
Trén day ching tdi di khao sat trén ca mat 1y thuyét va thyc nghiém dbi véi
xay dung mé hinh ngén ngit cho tiéng Viét. Luan vin hudng t6i muc tiéu xay dung
mod hinh ngdn ngit Ngram cho tiéng Viét. Trong khoang thoi gian nhit dinh danh
cho thuc hién dé tai, nén mot s6 van dé van chua hoan chinh. Tuy nhién, luan van

cling dat dugc mdt s6 két qua:

_ V& 1y thuyét: Tim hiéu, nghién ctru m6 hinh ngén ngit, tim hiéu cac kho khin
con ton tai va phuong phap khic phuc, trong d6 trong tdim nghién ciru cac

phuong phap l1am min.

_ Vé thyc nghiém: Str dung bd cong cu mi nguén mé SRILM dé xay dung mo
hinh ngon ngit cho tiéng Viét. Str dung cong cu Moses dé xay dung mo hinh
dich may thong ke.

Do thoi gian ¢6 han, nén hi¢n tai ludn van mai chi nghién ctru dugce do tin
ciy ctia cac phuong phap 1am min trong moé hinh ngén ngir khi ap dung cho tiéng
Viét va mo hinh dich may thdng ké tir tiéng Anh sang tiéng Viét. Trong tuwong lai,

chung t6i s& tiép tuc c6 nhing thong ké day du hon.
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