Gan nhan ttr loai tiéng Viét dwa trén
cac phwong phap hoc may thong ké

Phan Xuan Hiéu', Lé Minh Hoéngz, Nguyén Cam T4’
(1) Truong Khoa hoc thong tin, Pai hoc Tohoku, Nhat Ban
(2) Pai hoc Su Pham Ha Noi
(3) Pai hoc Coéng ngh¢, Pai hoc Quéc gia Ha Noi

Tém tat
Trong nhirmg nam gan day, do nhu cau 16n vé tim kiém, khai pha va xu ly thong tin tleng
Viét, cac van d& xur 1y tiéng Viét ngay cang nhan dugc nhidu quan tdm tir cong dong
nghién ctru trong va ngoai nudc [Socbay, Bamboo, Xalo, VLSP, Biocaster, ...]. Gan
nhan tir loai la mot trong nhimg budc quan trong trong xu ly va khai pha dur heu tiéng
Viét. Bao cdo nay tong két mot s6 két qua nghién ciru vé gan nhan tiéng Viét trong nhiing
nam gan day. Bén canh do, bao cao con dua ra nhiing so sanh, danh gia chat lugng gan
nhan véi hai phuong phéap hoc may thdng ké 1a phuong phap cuc dai hoa entropy
(MaxEnt) va Conditional Random Fields. Nhimng két qua nay s& gop phan dinh huéng
cho viéc xay dung mot hé gan nhin tir loai hiéu qua cho cong dong khai phd théng tin
tiéng Viét noi chung va xir Iy tiéng Viét noi riéng.

Ttr khéa: Gan nhan tir loai, tiéng Viét, hoc may, Maximum Entropy, Conditional
Random Fields, POS Tagging

1) Giéi thiéu

Gan nhén tir loai 13 viéc x4c dinh cac chic ning ngit phép cua tir trong cau. Day 1a budc
co ban trude khi phan tich siu van pham hay cac van dé xt 1y ngdn ngit phirc tap khac.
Thong thuong, mot tir co thé co nhiéu chirc ning ngit phap, vi dy: trong cau “con ngya d4
da con ngua da”, cting mot tir “da” nhung tir thir nhat va thir ba giit chirc ning ngit phap
la danh tir, nhung ttr thr hai lai 14 dong tir trong cau.

Mot sb hudng tiép can chinh trong gian nhan tir loai tiéng Anh [Dinh Dién] bao gdm: gin
nhan dya trén mod hinh Markov an (HMM); ciac mé hinh dya trén b nhé (Daelemans,
1996) ; m6 hinh dua trén luat (Transformation Based Learning, Brill, 1995); Maximum
Entropy; céy quyét dinh (Schmid, 1994a); mang no-ron(Schmid, 1994b), v.v. Trong cac
hudng tiép can d6, phuong phap dua trén hoc may dwoc danh gia rat tot.

Van dé gan nhan tir loai tiéng Viét co nhiéu kho khan [Nguyén Huyen Vii Luong]. Ngoai
kho khin vé dic trung riéng vé ngdn ngit, gan nhan tir loai tleng Viét hién con rét thiéu
cac kho dit liéu chuan nhu Brown hay Penn Treebank trong tiéng Anh cho qua trinh so
sanh danh gia. Nghién ciru nay ciia nhom ching toi hudng tdi mot s muc dich chinh bao
gdm: (1) khao sét cac cong trinh gan nhén tir loai tiéng Viét lien quan; (2) danh gia kha
nang ap dung hudng tiép can gan nhén tir loai tleng Viét dya trén 2 phuong phap hoc may
thng ké (Maximum Entropy va CRFs) - huéng tiép can duoc danh gid rat tt trong tleng
Anh; va (3) danh gia muc d6 anh huéng ciia phan phdi cac nhin trong kho dir liéu dén
chat luong gan nhan.



Phan con lai cta bai bao duoc to chire nhu sau: phan 2 tong hop mét s6 cong trinh lien
quan dén gin nhan tir loai tiéng Viét; phan 3 trinh bay nhimg tu tudng chinh cia cac
phuong phap Maximum Entropy va CRFs; phan 4 1a mot sé thir nghiém va phan tich két
qua thir nghiém; mot sd két luan duoc rat ra trong phan 5 ciing 13 phan cudi cta bai bao.

2) Gan nhan tir loai tiéng Viét: cac céng trinh lién quan

Trong nghién ciru nay, ching t61 tap trung khdo sat hai cong trinh tach tir tiéu biéu: mot
ctia nhom Pinh Pién va cong sy; va hai 1a nhom Nguyen Huyén, Vil Luong va cong su.
Nhom thir nhit [Dinh Dién] xay dung hé thong gan nhan tur loai cho tiéng Viét dua trén
viéc chuyén doi va anh xa tir théng tin tir loai tir tiéng Anh. Co s& ctia hudng tiép can nay
nam & hai y: (1) gan nhin tir loai trong tiéng Anh da dat do chinh xéac cao (trén 97% cho
dd chinh xac & mirc tir) va (2) nhitng thanh cong gan diy cua cac phuong phap giong
hang tir (word alignment methods) gitra cdc cip ngon ngit. Cu thé, nhom nay di xay dung
mot tap nglr li€u song nglt Anh — Viét 1én dén 5 tridu tr (ca Anh 1an Viét). Sau d6 thuc
hién gin nhan tir loai cho bén tiéng Anh (dwa trén Transformation-based Learning — TBL
[Brill 1995]) va thuc hién giong hang gitra hai ngon ngir (d9 chinh xac khoang 87%) dé
chuyen chuyén thong tin vé nhin tir loai tir tiéng Anh sang tiéng Viét. Cudi cung, dir liéu
tleng Viét voi thong tin tir loai moi thu dugce s€ dugce hiéu chinh bang tay dé 1am dix liu
hudn luyén cho b gan nhan tir loai tiéng Viét. Uu diém cta phuong phap nay 1a tranh
duogc viée gin nhan tir loai bing tay nho tin dung thong tin tir loai 6 mot ngon ngtr khac.
Tuy vay mirc d thanh cong cua phuong phap nay con can phai xem xét k¥ cang hon. O
day, ching t6i néu ra vai nhan dinh chu quan vé nhitng kho khan ma phuong phap nay

gap phai.

1) Su khac biét vé tinh chit ngdn ngir giita tiéng Anh va tiéng Viét rit dang ké: su
khéc bi¢t veé cau tao tur, trat ty va chirc nang nglt phap cia tir trong cau lam cho
viéc giong hang tréd nén kho khan.

2) Ldi tich liiy qua hai giai doan: (a) gin nhin tir loai cho tiéng Anh va (b) giong
hang gitra hai ngén ngr: 16i tich liy ca hai giai doan nay s& anh huong dang ké
td1 do chinh xac cudi cung.

3) Tap nhin dugc chuyén doi truc tiép tir tiéng Anh sang tiéng Viét thiéu linh dong
va kho c6 thé 1a mot tap nhan dién hinh cho tir loai tiéng Viét: do tinh chat ngon
ngir khac nhau, viéc chuyén d6i nhén tir loai cua tiéng Anh sang tiéng Viét c6
phan ap dit va s& khong nhat quan hoan toan véi tap nhan dugc xay dung dua
trén tinh chat ngdn ngir cua tiéng Viét.

Do tac gia chi cong bd két qua dudi dang 4n pham khoa hoc va khong chia sé dir liéu cu
thé nén chung t6i khong thé tim hiéu k¥ hon ¢ phan ndi dung thuc hién va két qua dat
dugc. Day ciing 1a mot khé khan trong viéc hoc tap, thira ké 1an nhau, va di dén théng
nhat mot chuan chung, tao tién dé cho xir Iy tiéng Viét sau nay.

Nhom thtr hai [Nguyen Huyen, Vu Luong] t1ep can van dé nay dya trén nén tang va tinh
chat ngdn ngit cua tiéng Viét. Nhom nay dé xuat xay dung tap tir loai (tagset) cho tleng
Viét dya trén chuan mo ta kha tong quat ciia cac ngdn ngit Tay Au, MULTEXT, nhim



mo dun héa tdp nhdn & hai murc: (1) muc co ban/cdt 13i (kernel layer) va (2) muce tinh
chat riéng (private layer). Mtc co ban nham dic ta chung nhat cho cac ngdn ngir trong
khi mirc thir hai m¢ rong va chi tiét hoa cho mot ngdn ngir cu thé dua trén tinh chat ctia
ngdn ngit d6. Cu thé, muic co ban cua tir loai do nhom nay dé& xuit bao gdm: danh tir
(noun — N), dong tur (verb — V), tinh tir (adjective — A), dai tir (pronoun — P), mao tur
(determine — D), trang tir (adverb — R), tién-hau giéi tir (adposition — S), lién tir
(conjunction — C), sd tir (numeral — M), tinh thai tir (interjection — I), va tir ngoai Viét
(residual — X, nhu foreign words, ...). Mtc thir hai duogc trién khai tiy theo cac dang tir
loai trén nhu danh tir dém dugc/khong dém dwoc ddi v6i danh tir, gidng duc/cai ddi véi
dai tir, .v.v. Vi cach phan loai ndy, ching ta c6 thé co gidn hé phan loai tir & mirc chung
(co ban) hodc cu thé (chi tiét hoa) twong dbi d& dang.

Tuy vay, tdp nhin ma nhom tac gia thir hai dua ra van chua thuc su t6i wu cho ngén ngit
tiéng Viét. Hién nay, hai tic gia chinh cia nhom dang 14 thanh vién chinh trong viéc xay
dung VietTreeBank trong khudn kho di 4n VLSP. Qua trao doi véi nhom xay dung Viet
Treebank, chung toi duoc biét cac thanh vién cta nhom nay tiép tuc trao doi dé dua ra
mot thiét ké tdt hon, c6 hé thong hon véi su tham gia ctia nhiéu nhom lién quan. Nhitng
két qua thong nhit v& bo thé va dit liéu két hop véi nhitng nghién ciru vé phwong phap va
ngdn ngit s& 13 nén tang cho xtr Iy va khai pha dit liéu trén tiéng Viét.

3) Phwong phap Cwc dai héa Entropy (Maxent) va Conditional
Random Fields (CRFs)

a) Phwong phap Maximum Entropy

Tu tuwong chinh ciia Maximum Entropy 1a “ngodi viéc théa médn mét sé rang budc nao dé
thi mé hinh cang dong déu cang tot”. Dé rd hon vé van dé nay, ta hiy cing xem xét bai
toan phan 16p gom c6 4 16p. Rang budc duy nhat ma ching ta chi biét 13 trung binh 40%
cac tai lidu chira tir “professor” thi nam trong 16p faculty. Truc quan cho thay néu c6 mot
tai liéu chira tir “professor” chung ta c6 thé néi co 40% kha ning tai liéu nay thudc 16p
Saculty, va 20% kha nang cho cac kha nang con lai (thugc mot trong 3 16p con lai).

Mic di maximum entropy cé thé duoc dung dé ugng lugng bat ki mot phan phdi xac suat
nao, chiing ta xem xét kha ning maximum entropy cho viéc gan nhan dit liéu chudi. No6i
cach khac, ta tap trung vao viéc hoc ra phan phdi diéu kién cta chudi nhan tuong Gng véi
chudi (xau) dau vao cho trudc.

Cdc Rang bugc va Ddc trung

Trong maximum entropy, nguoi ta ding dir liéu huan luyén dé xac dinh céc rang budc
trén phan phoi di€u kién. Moi rang budc thé hi¢én mot dac trung nao do cua dir liéu huan
luyén. Moi ham thyc trén chuoi dau vao va chudi nhan c6 thé dugc xem nhu 1a dic
trung £, (o,s). Maximum Entropy cho phép chung ta giéi han cac phan phoi mo hinh ly
thuyét gan giéng nhat cac gia tri ki vong cho cac dic trung nay trong dit liéu huén luyén
D . Vi thé nguoi ta d@ mo hinh héa xac suat P(o|s) nhu sau (¢ day, o 1a chuoi dau vao
va s 1a chudi nhin dau ra)

P(o|s) = 2 exp(Zﬂ,fosj (2.1)



O day f (o,s) la mot dac trung, 4, 1a mot tham sO can phai wéc luong va Z (0) 1 thira s6
chuén héa don gian nhim dam bao tinh dung dén ciia dinh nghia xac suét (tong xac suat

trén toan bo khong gian bang 1) Z(o)= Zexp z/lifl. (0,5)

Mot s6 phuong phap huin luyén mé hinh tir dit liéu hoc bao gom: IIS (improved iterative
scaling), GIS, L-BFGS, and so forth.

b) Phwong phap Conditional Random Fields

CRFs 12 m6 hinh trang thai tuyén tinh v6 huéng (may trang thai hiru han duoc huan luyén
c¢6 diéu kién) va tuén theo tinh chat Markov thir nhat. CRFs dd dwoc ching minh rat
thanh cong cho cac bai toan gan nhin cho chudi nhu tach tir, gan nhin cym tur, xac dinh
thuc thé, gan nhan cum danh tur, etc.

Goi 0 = (01, 0, ..., o) 1a mot chudi dir licu quan sat can dugc gan nhan. Goi S 1a tap
trang thai, moi trang thai lién két v6i mot nhdn /el . Pats = (S1, $25-++, ST) 12 MOt chudi
trang thai nao d6, CRFs x4c dinh xac suat diéu kién ctia mot chudi trang thai khi biét
chudi quan sat nhu sau:

L 1)
Po(s|0)= Z(lo) eXp{Zzlkfk (S,_l,S,,O,f):| :

t=1

T
Goi Z(o):Zs.exp(ZZlkfk (s' s, ,o,t)j la thtra s6 chuan hoa trén toan bd cac
t=1 k
chudi nhin co thé. f; xac dinh mot ham dic trung va A, la trong sb lién két voi mdi dic
trung fi. Muc dich cua viéc hoc may voi CRFs 1 udc luong cac trong sd nay. O day, ta
c6 hai loai ddc trung f; : dac trung trang thai (per-state) va ddc trung chuyén (transition).

SO0 (o 1) = (s, )%, (0,1). ®

fk(transition) (St_l »S,, l‘) = 5(St—l N l)&(St ,l) . 3)

O day & 1a Kronecker- 8 . Mdi dic trung trang thai (2) két hop nhan / ctia trang thai hién
tai s, va mot vi tir nglr canh - mét ham nhi phan x(0,f) xac dinh cac nglt canh quan trong
clia quan sat o tai vi tri £. Mot dic trung chuyén (3) biéu dién su phu thudc chudi bang
cach két hop nhin [’ ciia trang thai trudc s.; va nhin / clia trang thai hién tai s,.

Nguoi ta thuong hudn luyén CRFs bang cach 1am cuc dai hoa ham likelihood theo dit
liéu hudn luyén str dung céac ki thuat t6i vu nhu L-BFGS. Viéc 1ap ludn (dua trén mo hinh
da hoc) 13 tim ra chudi nhin twong tng cuia mot chudi quan sat dau vao. Dbi vi CRFs,
nguoi ta thuong su dung thuat todn qui hoach dong dién hinh 1a Viterbi dé thuc hién lap
luan véi dir liéu méi.



4) Thor nghiém

a) Dw liéu thee nghiém

Pé xay dung cac hé thir nghiém prototype, ching toi sir dung cung mot tap dir liGu
duge sir dyng trong [Nguyen Huyen, Vu Luong]. Tép dir liéu nay gom khoang 6400 céu
va dugc gan nhan ¢ hai muc: muc 1 gbém 11 nhin co ban va muc 2 gobm tap nhén duoc
chi tiét hoa. Tur tap nhin chi tiét & mirc 2 ¢ thé thu gon vé tip nhan co ban & muc 1 dé
dang.

Cac nhan co ban bao gém: N — danh tir; A — tinh tr; V — dong tir; P — dai tur; Ce —
lién tir; Cm — gidi tu; J — phu tir (adverb); E — cam tur; I — tinh thai tir; Nn — sb tir; X —
khong duge phan loai. Ngoai ra con 11 nhin cho cac dau cau, ky tu ddc biét, cac ddu mo
dong ngodc duge gan nhén chinh 1a ky tu d6. Tap nhan mirc cu thé (muc 2) gdm 49 nhin
va 11 nhén cho cac diu cdu, ky tu dic biét nhu trén.

Pé thir nghiém va danh gia, chung toi chia tap dir liéu ra thanh 4 phan bang nhau (4
folds) va thuc hién huén luyén lan luot trén 3 phﬁn va kiém thir 6 chinh xac trén phén
con lai (thudt ngir goi la 4-fold cross validation test).

b) Lwa chon dac trwrng

Pé huin luyén cho céac h¢ théng phan loai, ching t6i trich chon céac dac trung tir dir liéu
nhu sau. Dé phan 16p tu loai cho mdi tir trong cau, ching t6i st dung mot cira ) truot
(sliding window) trai rong tir 2 tir di phia truéc dén 2 tir di phia sau cta tir hién tai. Va
trong cua s6 do, cac dac trung sau dugc lya chon:

—

Céc tir trong cua sO tir vi tri -2, -1, 0 (vi tri hién tai), +1, +2
Két hop cua hai tir phia trude tir hién tai: -2-1

Két hop cta hai tir phia sau tir hién tai: +1+2

Két hop tir phia trudc va tir hién tai: -10

Két hop cua tir hién tai va tir phia sau: 0+1

Tir hién tai c6 gdm toan chir sb hay khong?

Ttr hién tai c6 chira chit s6 hay khong?

Tt hién tai c6 chira ky tu “-* hay khong?

Ttr hién tai c6 dugc V1et hoa toan b hay khong?

10 Tir hién tai c6 dugc viét hoa ky tu dau tién hay khong?

11. Tur hién tai c¢6 phai 1a mot trong cac dau cau hay ky tu dic biét hay khong?
(nghia la cac ky tu .,1,2,;./,...)

R I

Tap dic trung trén diy con ¢ muc rat don gian do chung t6i méi bat dau qua trinh thir
nghiém. Pac biét 1a ching t61 hoan toan chua st dung dén thong tin tra ctru vé nhén tur
loai tir tir dién. Trong thoi gian t6i ching t6i s& thir nghiém nhiéu hon nham tim ra duoc
nhiing tap ddc trung kha di nhét.

c) Cdc thiét Iap thir nghiém
Nhom thir nghiém gan nhan tur loai s dung hai cong cu FlexCRF va Jmaxent. Véi moi
phuong phap (Maxent hay CRFs), chung t61 tién hanh 2 mirc thir nghiém: (1) gan nhén
murc 1 v6i 9 nhén tr vung tong quat (N, V, J, ...) va 10 nhan cho céc loai ki hi¢u; (2) gan
nhan murc 2 vi 48 nhan tir vung chi tiét (Nt, Vin, ...) va 10 nhan cho céc loai ki hi¢u.



Céc thiét 1ap tham s6 ddi v6i FlexCRF va Jmaxent dugc cho nhu trong bang sau:

FlexCRF

order =1

Thir nghiém trén CRF bac 1

f rare threshold=1

Bé cac dic trung voi tan xuat xuat hién nho hon 1

Cp _rare threshold=1

Bé cac ngit canh véi tan xuat nho hon 1

init lamda val=0.5

Khai tao cac tham sé mo hinh bang 0.5

Jmaxent

cpRareThreshold=3

B cac ngir canh voi tan xuat xuat hi¢én nho hon 2

fRareThreshold=2

B4 céc dac trung véi tan xuat nhd hon 3

d) Két qua va danh gia

Tong hop két qua thuc nghiém gan nhin tir vung v6i Maxent va CRF

Table 4.1. Két qua gan nhan tir vung mirc tng quat (11 nhin tir vung va 11 ddu cau) va muc cu thé (48

nhan tir vung va 11 déu cau)

F1-measure (téng quat) F1-measure (cu thé)
Maxent CRFs Maxent CRFs
Fold 1 91.33 91.55 83.82 84.21
Fold 2 91.18 91.56 83.82 84.12
Fold 3 90.22 91.98 82.04 84.01
Fold 4 91.00 91.59 83.70 83.84
Trung binh 90.93 91.67 83.35 84.05
Table 4.2. So sanh vé thoi gian gitra Maximum Entropy va Conditional Random Fields
Thaoi gian trung binh (s) Téi wu & vong lip thir
(trén mot vong lap) (trung binh)
Mikc tong quat Miic cu thé Mikc tong quat Mikc cu thé
Maxent ~3 ~8 ~35 ~40
CRFs ~48 ~353 ~36 ~40

Table 4.3. So sanh vé chat lugng gan nhan véi cac nhén tir loai khac nhau trong truong hop téng quat (thi
nghiém véi fold3, mirc téng quat va CRFs)

Nhan Do chinh xac D héi twéng F1-measure
Nn 98.41 97.01 97.7
N 93.09 94 93.54
P 96.48 95.48 95.98
\Y 89.13 88.74 88.94
Cc 93.59 93.2 93.4

Cm 87.97 90.01 88.98
A 81.09 78.15 79.59
J 92.44 90.22 91.32
E 30.77 70.59 42.98
I 67.07 67.07 67.07
X 81 66.94 73.3
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Hinh 1. So sanh vé chit lvong gan nhin véi cic nhan tir loai khac nhau trong truong hop téng quat (thir
nghiém véi fold3, mirc tong quat va CRFs)
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Hinh 2. So sanh chat luong gan nhén véi cac nhén tir loai trong trudng hop cu thé (thtr nghiém véi fold 1,
mirc cu thé véi CRFs)

e) Nhan xét

Thuc nghiém cho thay tinh kha quan cta cac hudng tiép can dya trén CRFs va Maxent
d6i v6i bai toan gan nhan tir vung trong tiéng Viét. Du CRFs mat nhiéu thoi gian hon cho
viéc huan luyén va gan nhian nhung n6 dem lai cai thién dang ké chét lugng gan nhan
(trung binh t6t hon Maxent 0.7%). Uu diém cua ca 2 phuong phap trén 1a ta 0 thé tich
hop rat nhiéu cac dic trung phong phu, hiru ich tir dir li¢u. Du chi véi mot s6 dic trung
don gian (chua tich hop tir dién tir vung, chua dung dén cac bleu thirc chinh qui, ...), két
qua dat dugc van rat dang cha ¥ (t6t nhat dat 91.98% véi mire tong quat va CRFs). Thuc
nghiém ciing khang dinh nhiing nhan xet trong [Nguyen Huyen, Vu Luong], do la viéc
gan nhan & mirc cu thé thuong khong t6t bang gan nhan & mire tong quat. Hinh 1, va 2 so
sanh chit luong gan nhin d6i voi cac nhin trong hai murc tong quat va cu thé. H1nh 1 cho
thdy viéc gan v6i cac nhan tir vung quan trong nhu N, V, P, A dat duoc két qua rét tdt so
v6i cac nhan it phd bién hon nhu E va I. Chung t6i tin ring voi viée xay dung mot kho dir



liéu c6 do phu 16n va can bang gilta cac nhan thi sy khac bi¢t nay c6 thé dugc cai thi¢n
dang keé.

5) Ket luan

Tuy chua thé t6i wu tp dic trung cho viéc gan nhin tir vung tiéng Viét dua trén hoc may.
Chung tdi thue sy hi vong nhirg nghién ctru nay s€ dem lai loi ich cho cong dbng Xt ly
ngon ngir tiéng Viét. ‘Nhiing dong gop cua chung t61 gdm 3 diém chinh: (1) tong hop lai
mot s6 cong trinh dién hinh vé gan nhén tir loai tiéng Viét; (2) khang dinh phuong phap
CRFs dem lai chat luong gin nhin t6t hon so véi Maxent; va (3) cac nhin co chat lugng
gin nhan thap thuong 1a cac nhan it phd bién trong tap dir lidu, tir d6 rit ra duge tam
quan trong ctia viéc xay dung mot kho dir lidu c6 d6 phu tdt va co phan phdi khong qua
1éch trén tat ca cac nhan tir vung.

L&i cam on

Nghién nay la mot phan cua dy an “Xdy dung cdc san phdm tiéu biéu va thlet yéu vé xir Iy
tiéng néi va vin ban tiéng Viéf” — mot dé tai nghién ctru khoa hoc va phat trién cong nghé
duogc dau tu boi Bo Khoa hoc & Cong nghé, Viét Nam. Chung t6i xin gui 161 cam on toi
chu nhiém du 4n, cac bén lién quan, va cac cap quan ly di hd tro va tao diéu kién cho
chung t61 thuc hién nghién ctru nay.
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