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TOM T4 T: Xéc dinh tu dong chinh xéc tir loai cho céc tir trong vén ban cia ngbn ngit
tw nhién 12 mdt van d€ quan trong. Vigc xéc dinh chinh xéc tir loai s& hd trg cho viéc phén tich
ct phdp céc van ban, gop phan giéi quyet tinh da nghia cua tir, trg gip truy xudt thong tin
huéng deén ngir nghia, v.v.... Vi vdy thoi gian xac dinh tir loai cho céc tir trong van ban (nhat
1a nhitng vén ban c6 s6 lugng tir 16n) ludn duge quan tim. Bai bdo nay trinh bay ky thuat
prgning dé xac dinh chuoi tir loai thich hgp cho céac tir trong vdn ban ctia ngdn ngit tu
nhién — giai thudt Viterbi [4]. Giai thudt Viterbi sir dung k¥ thuét pruning dugc thir nghién'q
trén tap ng lidu 1,000,000 tir dugc rat trich tir kho ngit liéu “Phd Udn” [8]. '

1. GIOI THIEU
1.1. Mé& dau

“Tagging” 1a thuét ngi tiéng Anh dé biéu thi cho viéc xac dinh (hay goi la gén) tir loai
(ma tir loai) thich hop cho céc tir trong vén ban cia ngdn ngit tu nhién. X4c dinh tir loai thich
hop cho céc tir 1a mdt cdng viéc quan trong trong xur ly ngdn ngit tu nhién. Hién nay da ton tai
mdt s6 phuong phap gén tir loai [6]:

- Hé théng luat sinh (hé théng TAGGIT).
- Phuong phép xac suét dya trén md hinh Markov an.

- Phuong phép két hop giita tap luat sinh va sinh tu dong tir loai d& gfn ma tir loai
chinh x4c hon véi su rang budc gifra ludt sinh va thong ké [9].

Cac phuong phép nay déu c6 dd chinh xéc kha cao tir 95% dén 97% [4]. '

Tuy nhién dé thuc hién gén tir loai cho céc tir trong céc van ban 16n thi thoi gian 1a yéu
10 rét quan trong. Vi vdy céc tac gia bai béo thir nghiém st dung k¥ thuat pruning dé tang tbe
dd xir 1y cho qua trinh gén tir loai céc tir trong giai thudt Viterbi [4]. Giai thuat Viterbi nguyén
thay c6 d phirc tap la O(K?* *T); trong d6 K 12 s6 nut trang thai ciia mé hinh va T la chicu dai
ctia chudi nhap. Khi K c6 kich thudc 16n thi giai thudt tré nén cham. Thi dy, xét md hinh
Markov dé gén nhin ma tir loai Trigram, v6i sO ma tir loai 1a 40, nén ching ta c6 40 ( bing
1.600 trang thai va 41 trang thai khoi tao). Do d6 dé tinh ddy dui cho mdt trang thai ké tiép
gii thuat can tinh 40° (bing 64.000) kha nang. Vi vy ngudi ta da tim céch giam thiéu so lan
tinh to4n nay trong cac cai dat thyc t€ - céc k¥ thuét giam thiéu nay con dugc goi la céc ky
thudt pruning.

1.2. Céic K§ thuit Pruning hién tai [11][10][1]

Thuét ngit “Pruning” thuc chét 1a phuong phéap nhénh cén, n6 cét bd mot ph?«.‘m khong
gian tim kiém, dé gitip qué trinh tim kiém duoc nhanh hon, phan bj loai bé nay duoc xem la
khong quan trong va khong chira giai phap t4i wu ma chung ta dang tim kiém. Truéc khi khao
sat cac k§ thuat Pruning hién tai chung ta xem lai so luoc vé md hinh Markov 4n.

1.2.1. M6 hinh Markov dn

Dﬁu thé ky 20 Andrei Andreyevich Markov da dua ra mdt mo hinh toén hoc, dé mo ta
su thay ddi tir nguyén 4m sang phu 4m va nguoc lai cua 20.000 tir trong mot v& kich cta
Puskin. V& sau mé hinh nay phat trién va dugc tmg dung trong nhiéu linh vuc nhu: Vién
thong, tin hoc, vét ly, sinh hoc, y hoc, kinh té,... va dugc mang tén 1a qué trinh Markov.
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Chudi Markov 12 trudng hop riéng cua qua trinh Markov (khi ta ¢ thé danh sé dwoc cac
trang thai).

Pé xé4c dinh tinh Markov clia mot hé, ngudi ta nghlen ciru sy tién trién theo thoi gian
ciia mdt h¢ nao do. Ky hiéu X(t) 1a vi tri cia he tai thoi diém t trong khong gian trang thai S.
Tap hop céc vi tri ¢ thé c6 cta hé duoc goi 1a khong gian trang thai. Gia sir trude thoi diém s
hé & trang thai nao d6, con & thoi diém s h¢ & trang thai i. Ta can blet tai thoi diém t trong
tuorng la1(t>s) h¢ & trang théi j voi xac suat 14 bao nhiéu? Néu xéc suit nay chi phu thudc vao
s,t,i,j thi diéu nay c6 nghia 12 : Sy tién trién ctia hé trong tuomg lai chi phu thudc vao hién tqi
va doc lgp voi qua khie [5]. Do lé tinh Markov, hé c6 tinh chit nay duoge £oi 12 qua trinh
Markov (hay mé hinh Markov). V& phuong dién toan hoc, tinh Markov c6 thé dinh nghia nhu
sau: Gia st S = {S¢ ,S, , .. -» Sn } 12 céc trang thai cia hé & cac thoi diém 0,1,2..,n. Ta noi rang
S, ¢6 tinh Markov néu xac suat P(Si.1| Sp) =P(So Si ...Se1 | Sy).

Mb hinh Markov an (HMM — Hidden Markov Models) dugc dinh nghia 1a mot cap qua
trinh xir Iy (S, O). Qua trinh S theo tinh chét ctia chudi Markov (tuong lai chi phu thudc hién
tai), va khong quan sat truc tiép dwoc, trong khi qué trinh O 12 mot chudi bién ngiu nhién lay
gia tri trong khong gian trang thédi hodc quan sat. Hai gia thuyet chinh cia HMM duoc 4p
dung trong POS la fwong lai chi phu thugc hién tai va gia thuyét doc lap cho céc trang thai.
Trong bai toan gan nhan t loai thi S 12 nhén can gin va O 14 tir. Véi gia thiét ring chiing ta
chi c6 thé quan sat dugc chum tir va khong quan sat dugc chudi nhan (fag). Nén trong md
hinh Markov an (HMM) céc bién nhén 14 4n; két qua dat duoc né khong quan sat dugce. [6]

Vi du: M hinh Markov &n v&i xé4c suét bigram & H.1

0,13

H 1: Mb hinh Markov 4n [4, tr.200]
Tu “4n” & ddy c6 nghia 12 v6i mot chudi tir cho trude khong thé biét ring mo hinh

Markov tuong tmg dang & trang thdi thai ndo (s¢ dugc gdn nhitng nhan nao). Vi du chum tir
trong tiéng Anh: Flies like a flower, tix flies néu & trang théi 1a danh tir (N) thi c6 xdc sudt 12
0,25, nhung néu & trang thai 1a dong tir (V) thi cé xéc sudt 1a 0,76 [4, tr.199]. Nhu vy xac
suét cua chudi: flies like the flower v6i céc tir loai khic nhau s& khac nhau.

1.2.2. Beam Search pruning

Y tuéng don gian nhét 1a phan loai theo xé4c suét cac nit trude, va chi mo rong khong
gian tim kiém trén nhimg nit ¢é kha nang nhdt. K§ thuat ndy goi la Beam search prunmg
Qua trinh pruning dugc 1am tai mdi nut (khi x4c dinh x4c suét cuia nd) cho téi nut cudi cung.
Khi ap dung k¥ thuét nay vao giai thuét Viterbi nguyen thity ngudi ta goi no 1a Viterbi-Beam
Search. Trong gxal thudt Viterbi nguyén thity mo6i mét tir (Wy) trong chudi nhap déu phai tinh
1ap di lap lai véi K* phép toén & xéc dinh x4c sut ciia n6, cu thé 1a xac sudt 3,(i) dugc tinh:

8(i) = Max j=1n (3:1(G) * P(Ci| C))* P(W¢| Ci) (1)

Trong d6 : _
- W, tir thir ¢ trong chudi nhap
- C;:madtir loai thir i ctia tir
- &(i): x4c suét cia tir loai thir f c6 ma tir loai 1a C;
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- P(G;i| C)): xéc suat cia mi tir loai C; trong ngit canh ma tir loai C;
- P(W| Cy): xac sudt tir W, trong ngit canh ma tir loai Ci.

Beam Search cit b6t nhitng trang thai khong cé nhiéu trién vong tai m3i budc, chi dé
lai nhitng nit duge cho 1a tdt nhét dé sir dung tinh toan cho céc trang thai ké tiép. Thi du, tai
nut B. Luan phién, ching ta lya chon mét vai hé sb h, va x6a b tat ca céc trang thai c6 xac
suit nhé hon M*h. O ddy M la x4c suit 16n nhét clia céc trang thai & bude true bude dang
xét. Nhu vdy biéu thirc (1) duoc viét lai 1a:

81(i) = Max e Beame1) (811) * P(Ci] C)* P(W | C) @

Khi d6 chiing ta c6 thé tinh Beam(t) bing c4ch tim gia tri 16m nhét M, tai thoi diém t,
va x6a bd céc trang thdi nho hon ngudng M, * h. Véi chién luogc nay chung ta thu giam sb
phép toan phai thuc hién trong vong lap xudng con B*K, trong dé B 1a s6 trung binh cic trang
thai trong ngudng tir M;t6i M, * h.

Thi du, thiét 14p cac kha ning c6 thé c6 cta chudi Flies like a flower, v6i mbi tir c6
nhidu nhit 1a 4 kha nang tir loai 1a V, N, P, ART. Theo giai thuit vét can ching ta co

TX=4* =256 kha niing két hop dé tinh x4c sut khi gén nhan.

Flies/V a/V Flower/V
Flies/N a/N Flower/N
NULL
<Start>
Flies/P Like/P a/P Flower/P
Flies/ARTK Like/ART a/AR *lowerfART

H 2: M héa 256 chudi kha ning két hop cho chudi Flies like a flower

Véi gia thuyét Markov, Viterbi da thu giam sé kha nang cén tinh toan xuéng con
K2 *T = 64 kha niing cho chudi Flies like a flower, va gii thudt tinh todn nay dugc goi la giai

* thuéat Viterbi.

ART N \4 P
Flies 7,1 ¢’ 722 ¢° 7,59 * 1,00 ¢®
like 4,93 " 1,11¢° 3,10¢* 2,16 ¢
A 725 ¢* 9,76 ® 4,48 ¢ 4,95 ¢
flower 71,25 g 4,56 e’ 2.10¢” 3,27 e’

H 3: Search Viterbi ddy dii cho chudi Flies like a flower

ART N \% P
Flies 7.1 ¢ (i X o
like 3,10 ¢ 2,16 ¢*
a 7,25 ¢*
flower

H 4: Viterbi Beam Search sir dung hé s6 h = 0,1 cho chudi Flies like a flower
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Céch cit bo don gian nhét 1a tai mdi bude nguoi ta ¢6 dinh D trang thai 1én duoc giir lai.

ART N V P
Flies 7,13 722 ¢’ 7,59 e 1,00 ¢*
like 1,11 ¢° 3,10¢* 2,16 ¢*
A 725 ¢”

flower

H5. Viterbi Beam Search c6 dinh D =2 cho chudi Flies like a flower

Ngay nay Viterbi beam search voi sy trg giip cua cac ky thuat pruning hi€u qua la
phuong phép thich hop cho tit ca cac tac vu (task) ciia nhan dang tiéng néi (SR: Speech
Recognition). Ky thuat Pruning khong nhimg dwgc 4p dung trong nhimg bai toan veé nhan
dang tiéng néi, ma con dugc 4p dung trong dich may théng ké (SMT: Statistical Machine
Translation).

1.2.3. Pruning trong dich mdy thong ké [1]
Trong nghién ciru ctia minh Tillmann va Ney dua ra 4 loai nguéng @ pruning :
- Ngudng pruning mirc do bao phu tc,
_ Ngudng biéu d6 mitc d§ bao pht nc,
- Ngudng pruning tap hop t..
- Ngudng biéu db tap hop ne,
Céc tac gia tong hop lai va dua ra ba loai pruning la:
1) Pruning dich dua theo xéc suit dich:
Qie (6,C) < tc * Qi (C)
Va: Qe (@CH<t*Qi(c)
Cong thikc tinh xdc sudt ting phan tot nhat:
Qie (6,C,j) = Qe (e,.C,j) * [TP1() ,j €Ci ; 3)
Trong dé:
-C1 = {1,...,J}/ C (logi trir cAc phén tir thudc C).
- Cén bao tren P, (f) 14y tich x4c suét ciia md hinh ngén ngit va md hinh dich:

Py(f) = max {p(c|¢’, €”) * p(f] €)} (4)
Cong thirc xdc sudt tirng phin Q. (e,Cyj) dwp‘c tinh nhwr sau:
Qe (e,C,j) =P(fj| e) * max {P(j |j’, ) *P (e|e’, ") * Qe (e’, C/{j}, i)}  (5)
C={ by |k=1,...i}, b=}, s=&, viey;=¢
- b; : Dbi sanh ngucc i —->]
- e, f : twong Umg la c4c cAu tiéng Anh va tiéng Phap
- Q1 (C) = max Qe (e,C,j) : (Coverage pruning)
- Qi (c) max Q) (C) : (Cardinality pruning)
2) Pruning biéu do:

- N(C)> nc ;N(c)> n.

—  N(C) : Toan bd sb phén tir ctia tap phu C

—  N(c) : Toan bd sb phan tir ciia tap con c, khong vuot qua sb di cho
3) Pruning quan sat: P(f| e)* Puai(e)

—  P(f] e): 1a x4c suét dich tir ngdn ngit ngudn f sang ngdn ngir dich e

—  Pui(e) : 12 xc sut unigram cia tir ngdn ngir dich e.

2. PE XUAT GIAI PHAP PRUNING

Viéc loai bo cac dudng dAn trén nhing tiéu chuén don gian (Hé sb A, c¢b dinh sb D) ¢6
thé dan dén lam mat 1o giai, va d6 l1a nhuoc diém cua céc phuong phép tim kiém sir dung
heuristic (thuc té it khi xay ra), nhung sb trang thai thim do khi tim kiém dugc giam dang ké.
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Hon nira bing cach thay dbi cac mic nguorng de tim giai phap thoa hlep gifta d§ chinh xac
cin dat duge va téc do tinh todn nhanh cd thé tim dugc mot hé s phu hop. Tiéu chuan
pruning dua trén co s¢ so sanh giira xéac sudt clia trang thai hién _dang tinh v6i xac suét cua
trang thai t&t nhit, Beam Search tré nén kém hi¢u qua khi hdu hét cac trang théi c6 xdc suat
gin bang véi Xac sudt cia trang thai tdt nhat. Lam thé nao tim dugc beam tdt 1a mot vén dé -
hay xem mdt sb wru khuyét diém cia céc phuong phép pruning trong SR. [10]

Phuong phép Pruning Uu diém Nhuge diém
Beam Search Khéng can sip xép Fuzzy scores = chidu rong
Chiéu rong beam tu dong beam
; Chiéu réng Beam = ?
Gidi han s0 trang thai D CS dinh chiéu rong beam | Can sip xép
doc lap vai dit liéu

H 6: Bang so sanh wu nhwoe diém cia 2 phwong phip pruniﬁg

Trong bidu thirc (2) cac k¥ thuét pruning beam search chi tép trung vao thanh phin
3:1(j) va xac dinh mirc ngudng theo thuc nghiém. Péng gbp quan trong cta giai phap nay la
xdy dung céng thikc tinh mikc ngudng cho tich 6.,() * P(C;i| C) trong bai todn xéc dinh tur
loai. Cdc mirc ngudng sé dugc tinh chinh xdc trong cdc budc thuc hién cia giai thudt cho

chudi nhdp bdt kp. Bai bdo da sir dung md hiui ivlarkov n trong qué trinh tinh todn ctia minh.
2.1. Bai todn xdc dinh tir loai
2.1.1. Tir va tit logi

Céu trong ngdn ngit tir nhién duoc tao nén tir cac tir. Céc tr trong cau dugc sip xép &
céc vi tri theo mot céu tric hop 1€, duoc goi 1a ciu tric ct phap. Céc tlr trong céu triic cdu s&

cd nhung vai trd nhu danh tir, ddng tir, tinh tir, trang tir, hinh thai tu Vai trd cua tir trong céu
duoc goi 1a tir loai cua tir.

Vidul: - Tir “cua” c6 tir loai 12 danh tir (ky hiéu 14 N) trong céu: Cdi cua nay cil qud.

- Tir “cua”c6 tir loai la dong tir (V) trong céu: 70i cua miéng gb ra lam nhiéu manh.
Vi du 2: T “can” trong tiéng Anh c6 thé c6 ba tir loai: dong tir (V), danh tir (N), tro dong tir
(AUX) trong ciu sau: The large can can hold the warter.

Khi xir Iy ngdn ngit ty nhién méy tinh thudng xir ly cac chudi tir dua trén tir logi cua
ching. Viéc xac dinh tir loai nio cua tir trong céu 12 thich hop 12 mdt bai toan da c6 nhiéu giai

thuat. Mot giai thuat hidu qua la gidi thuft Viterbi, dua trén md hinh Markov 4n (Hidden
Markov Model [4], tr.200).

2.1.2. Xdc dinh tir logi cho tir trong cdu [4]

- Goi Oe T * 12 chudi da biét cua tap ky hiéu quan sat duge, S € Q * 1a chudi chua
biét ciia cac trang thai trong O, dugc sinh ra.

- Chudi S c6 x4c suat 16n nhat, ky hiéu max Pr (S | O) (6)
Theo cbng thirc Bayes: Pr (S | 0) =Pr (O | S) * Pr (S) / Pr (O) 0

- Chudi S c6 x4c suét 1én nhat khi: Pr (O | S) * Pr (S) 16n nhit, vi Pr (O) 1a xéc suét
cla cac tin hiéu quan sat dugc (da biét).

- X4c dinh tir loai (Part_of _speech: POS) dugc thuc hién nhu sau:

Tap cac ky hiéu quan sat a céc tir cua cdu. Trang théi 1a cac tir loai ciia céc tir trong
cAu. Nhiém vu xé4c dinh tir loai 12 tim x4c sudt 16n nhét cta chudi tir trong ciu & céc trang théi
(tir loai) twong ung.

Ap dung cong thitc (7) vao viée x4c dinh tir loai:

Pr(S|O)= Pr(O|S)* Pr(S)/Pr(O)

Suy tir (7): max Pr (S | O) = max (Pr (O | S) * Pr (S)) : (8)

Véi O lacaucd T tir; Wy, Wa,....Wrla cdc tir cia O,
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S la chudi tir loai Cy, ...,Cr tuong tmg v6i Wy, ..., Wr.
Thay (8) bang max P = max Pr (C,C,...Ct| W, W>...Wr)
= max (Pr (W;...Wt|C;...Cy) * Pr (C,...Cr) €)]
Xéc dinh tir loai 12 tim xac suat P & (9) 16n nhét.
Khong thé tinh chinh xac biéu thic (9), bdi vi khdng cé Kkhong gnan mdu du 16n (tht ca
cac cdu trong qua khir, hién tai va twong lai), tuy nhién c6 thé tinh gan ding bang gia thzer

dgc ldp va phu thugc xac sudt. Céc gia thiét nay tuy chua thuc su hop 1y, nhung van cho két
qué kha tbt trong thuc té (95 % - 97%) [4].

- Vé6i thanh phin thi hai trong biéu thirc (9): Pr(C,;, ..;; Cp), €6 thé tinh gén ding boi gia
thiét ring, xdc sudt ciia mot tix logi chi phu thugc vao mét hay hai tit logi ditng trude né. Xe
suat Bigram la xéac suat c6 dieu kién khi sy xuat hién tir loai C, chi phy thudc vao tir loai C,_,
duoc ky hi¢u la PriC, | C,;)- T}Icmg tw, xé4c suit Trigram dugc ky hiédu la Pr(C s | Cpg Gy ) B
xac suét co diéu kién khi su xuat hién tir loai C; phu thudc vao su xuét hién cta 2 tir loai dimg
trude nb. Dé don gian, cdc tde gia bai béo chi sir dung xdc sudt Bigram (Bigram cho do chinh
X4ac 96,28% so voi 96,58% cua Trigram trén dit li¢u Penn Treebank [2]).

Vi gia thiét trén, cé cong thic:

A
PriC,, ..,.C) = [ PrcCilci=1)
I=

Ky hiéu: ART, V, N, P la cacl tir loai. Néu ching ta c¢6 chudi tir losi ARTN VN
tuong img véi C, C, C, C, cia mot cdu c6 cic tr W, W, W; W, nao do, thi:

Pr (ART N V N) = Pr (ART | <Start>) * Pr(N | ART)*Pr (V| N)*(N | V), véi gia thiét
tir loai ding trude cua C, 12 <Start> (dugc g01 1a tir loai réng).

- Véi thanh phan thir nhét trong biéu thic (9), Pr(W p o W | Cp oy Loy 06 thé tinh
ghn dung boi gia thiét ddc 14p (Sw xudt hién cia tir ¢d tir logi 1 déc ldp véi tir dimg trudce
hodc sau nd). Nén cong thire:  *

Pr(W, ..Wy|C, ..., Cp) = ]_[Pr(Wt |Ci)

Cubi cing cong thirc xap xi lé.

- ‘
Pr(C,...CQ* Pr (W, ..,Wy|C, ... Cp = HPr(Ci |Ci-D)*Pr(Wi|Ci)  (10)
Nhu vay xac dinh tir loai cho céc tir trong céu la di tim Max cua (10):

Max HPr(Clez—l)*Pr(W)ICI) (11)
i=1

2.1.3. Gidi thudt Viterbi [4]

Cho mét chudi céc tir W,, ..., Wy, tir loai Cy» - Cn » X4 sudt Pr (W; | C;) va x4c sudt
Bigram Pr (C; | C;), tim chusi tir loai Cj,...,Ct phit hop nhét cho chudi tir Wy,..., Wr.

Bueée khdi tao: :
fori=1toK do /*K 1a sb lugng tir loai; <Start>: tlr loai rong */
SeqScore(i,1) = Pr(C; | <Start>)* Pr(W, | Cj)

BACKPTR(i,1) =0;
Budc lap: :
fort=2to T do /* T 1a s6 lugng tir trong cédu cho trudce */
fori=1toKdo
SeqScore (i,t) = Max (SeqScore (j,t -1)* Pr (Ci | Cj))* Pr (W | C), v6ij=1,.K
BACKPTR(,t) = Chi sd j cho gia tri Max & trén.
Buée xdc dinh chubi tir loai:
C(T) =i la Max cta SeqScore(i,t)
fori=T-1to1do
C(i) = BACKPTR(C(i+1),i+1)
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2.2. Ap dung k¥ thuit pruning vao gidi thuit Viterbi

Thoi gian chay chuong trinh phy thuge vao nhidu yéu t6 nhu: chit luong ma cua
chwong trinh dich, trang théi va toc d6 céc 1énh may, dir liéu cho chwong trinh, dd phirc tap
thoi gian cia giai thuat. Trong muc nay, bai bdo s€ trinh bay phan tich dit liéu va gidi thudt dé
tim ra cach pruning phit hop nhim cai thién thoi gian thyc thi ctia giai thuat Viterbi.

2.2.1. Phén tich dit liéu

Bai b4o sir dung mét phan bd swu tép dit liéu khoang 1.000.000 tir da gan tir loai cha
du 4n Penn TreeBank. T4p tir loai chira 46 tir loai khac nhau. Vi 36, 5% s0 tir trong suu tap la
¢6 nhiéu hon mot tix loai va trung binh 14 2, 44 tir loai/tlr. Tinh téng thé 13 1,47 tir loai/tlr cho
1.000.000 tir [3]. V&i dit liéu nhur trén thi da s6 céc tir c6 mot tir loai (chiém téi 63,5%). '

1.000.000 lugt tir trong khong gian xac suat 12 khong nhiéu. D& khéc phyc tinh trang
dit liéu thua trong thuc nghiém, c6 thé tinh xdc suét theo ky thust ELE (Expected Likelihood
Estimator) [4, tr.195] nghia la cdng them 0,5 cho nhiing tir ¢6 tir loai bﬁng 0 trude khi tinh xéc
sudt Pr(W, | C), va cho Pr(C;| Cij= 10’ véi nhitng x4c suét Pr(C; | Cy=

2.2.2. Phan tich giai thudt

Qua xem xét giéi thuat Viterbi nguyén thuy, nhan thay rang & mdi bude t (t=2,...T),
gidi thuat can tinh xac sudt ciia mdi tir loai dé 14y ra tich s6 16n nhét.

SeqScore(i,t) = Max(SeqScore(j,t -1)* Pr(C;| C))* Pr(W,| Cy, véij = 1.K.
Ky hiéu: P = Max(SeqScore(j,t -1)* Pr(C;| C)), véij = 1.K.

Két qua cua biéu thirc P s& phu thudc vao hai thanh phin SeqScore(j;t -1) va Pr(C; |
C)), c6 nghia la cln fim kiém hai sé SeqScore(j,t -1) va Pr(C;| C;) dé tich SeqScore(j,t -1)*
Pr(Ci| Cy la 1ém nhat Giai thuat Breadth—First—Search [7] v&i heurtsuc hop 1y s€ cho két qua
tim kiém nhanh nhét cho thanh phan SegScore(j,t -1). Nhung van d& o day 1a thanh phén
Pr(Ci| Cj) chua hén da do 16n dé tao nén két qua SegScore(j,t -1)* Pr(C; | Cy) la 16n nhét.

2.2.3. He $6 cdm canh

Tuy khong biét trude duoc két qua SegScore(j,t -1)* Pr(C | Cy khi nao 1a 16n nhat,
nhung dua trén d&c tinh cia dit lleu va qué trinh xir ly c6 thé biét duoc khi nao c6 thé dimg
qua trinh tinh gia trj P. Théng sb dé kidm so4t qua trinh nay duoc goi la hé s6 cdm canh. Gia
thiét ring: tai m&i budc tinh toan # ludn tao ra dwoc két qua:

SeqScore(j,t -1) >= SeqScore(j+1,t -1). (Bang cdch sdp xép)

Goi Pruax(Ci | C;) 12 gia tri 16m nhét trong c4c Pr(C; | C;), véij,i = 1,..K.

Xét biéu thirc: P = Max (SeqScore(j,t -1)* Pr(Ci | Cy), véij = 1,..K. Nhan thdy: néu &
buéc thir j ndo d6 ma biét duge SegScore(j,t -1)*Pr(C; |Cy) >= SeqScore(j+1,t -1)*Prypax(Cil
Cjy, thi co6 the két thic viéc tinh P vi SeqScore(r,t -1) < SeqScore(j+1,t -1), v6i r = j+2...K
(theo gid thiér). D& giam s6 phép tinh nhan trong gii thuat, c6 thé bién dbi bt ding thirc:

SeqScore(j,t -1)* Pr(C; | C;) >= SeqScore(j+1,t -1)* Prmax(Ci | C;) (12)
thanh: SeqScore(j,t -1)* Pr(C; | C;) / Prmax(Ci | C;) >= SeqScore(j+1,t -1) (13)
bit dBeam = Pr(C; | C;) / Prmax(Ci | Cj), (14

Beam c6 thé tinh trudc khi chay chuong trinh va hé sb nay chung t5i goi 14 hé 56 cdm
canh. Ngodi ra chiing t8i thém mét bién dé xép hang cho cac cip Pr(C;i | C;) goi 12 iBack.

2.2.4.Giai thudt Viterbi sir dung ky thudt pruning
1) Giai doan 1: Chuén bi dit liéu
- Sap xép bang x4c sudt cap Pr(W¢ | Ci) theo thir tyr gia tri glam dan, cdng viéc

nay gilp cho viéc tao heap nhanh hon, vi khong can thém thao téc dbi chd (theo chién lugce
t6i uru héa timg phén cua giai thuét [7]).

—  Tinh hang va hé 56 cdm canh cho céc thanh phin trong bang Pr(C; | C).

Trang 20



TAP CHi PHAT TRIEN KH&CN, TAP 8, S{ 11-2005

2) Giai doan 2: Phan sir dung k¥ thuét pruning trong giai dogn Idip cia giai thuit
Viterbi.

(i) fort=2toTdo
(ii) fori=1toK do
begin.
(1) Chuyén SeqScore(t —1,K-i) thinh mot heap; //O(logK)
(2) PMax = SeqScore(i,t -1)* Pr(C; | C));
(3) max=1;
(4) if (hang cuaPr(C; | C,)>1) and
(SeqScore (0,t -1)* Pr(C; | Co).dBeam < SeqScore(1,t-1)))
then
(iii) for j=2 to K do
begin
5 if (SeqScore(j,t -1)* Pr(C; | C;).dBeam >= SeqScore (j+1,t -1))
then
thoét khoi vong for cé bién j;
(6) A = SeqScore(j,t -1)* Pr(C; | C));
(7 if (A>PMax) then
begin
(8) PMax=A;
®) max = j;
end;
end;
(10) SeqScore(i,t) = PMax* Pr(W, | C);
(11) BackPtr(i,t) = max;
end;

3) Nhén xét: Thai gian chay chucmg trinh chi ¢6 thé khéac nhau trong giai doan 13p

cta giai thuat. Giai doan lap cua ca hai giai thut (Vlterbl nguyén thiy va Viterbi sir dung ky
thudt pruning) khac nhau & mét sb 14n thue hién cau 1¢nh Jf hodc khong ¢ If. Ngoai ra trong
giai thuat sir dung k¥ thuét pruning cé két hop v6i gidi thudt tao Heap dé 14y phan tir 16n nhat
trong day SeqScore(t,K) sao cho nhanh nht.

Dung phuorng phép thong ké dé so sénh thdi gian thuc thi (théng qua viéc dém sb cau
Iénh) gitra giai thuat Viterbi nguyén thiy va giai thuét Viterbi c6 sir dung ky thudt pruning.
Trong giai thuat sir dung k¥ thuat prunmg, dém tit ca cac cau 1énh tir 1 dén 11 khi thuc thi. O
g1a1 thuat Viterbi nguyén thity loai bo céc cau Iénh 1,4,5. Két qua duoc thong ké & muc “Déanh
gia két qua”.

3. PANH GIA KET QUA

Liy ngau nhién 3000 céu c6 chiéu dai khac nhau trong bd swu tép tap chi “Phé Uén”
va gin céc blen dé dém s6 1an thue hlen céc cdu Iénh gdn va cdu lénh if trong gxéu thudt khi
két hop cac to hop hang (iBack) va hé s6 cAm canh (dBeam). Gia thiét rang thoi gian thye thi
mbt phét bidu gan, phét biéu if va tao heap 14 nhu nhau.

Dit trudong hop:

A: C6 iBack va dBeam,

B: Khong c6 iBack, c6 dBeam,

C: Co iBack, khong c6 dBeam,

D: Khéng c6 iBack va khong cé dBeam,

E: S6 lan thuc hién tao Heap. ( T*K*logK: )

Két qua so sénh cac truong hop thé hién & H7.

Stt | So tir S6 T*K*logK Két qua Ty sb
trong | lurgng (E) A B C D D/(A+E)
ciu ciu (Heap)
1 3 250 189750 285241 1140456 398843 2071326 4,36
2 5 250 316250 676012 2159305 1153451 4168350 4,20
3 8 250 506000 1063105 3534163 1993250 7263122 4,63
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4 10 250 632500 2743247 5042016 5077515 10468054 3,10
3 16 250 1012000 2704276 7120150 5124199 15570318 4,19
6 20 350 1771007 4545821 12835032 | 80905650 | 27589426 4,37
4 24 250 1518000 4287091 11584866 | 7862927 24988512 4,30
8 32 250 2024000 5352826 | 14153251 | 13044250 | 32290542 4,39
9 38 250 2403500 11679096 | 19414311 | 21777512 | 37841566 2,68
10 40 250 2530000 8336102 | 19731752 | 16142521 | 40692570 3,75
11 53 250 3352250 9784750 | 25789183 | 18259751 | 57221084 4,36
12 62 150 2352975 7537491 17847771 | 14254069 | 38719195 3,90
Tong so: 3600 | 18608232 58995058 298884065 3,85

H 7: Bing théng ké so ciu 1¢nh cin thye thi

Vi giai thuat Viterbi nguyén thiy thi d§ phire tap cua giai thudt 13 Torigin = O(T*K*K).

O day:

Tgorigin : thoi gian chay chuong trinh cia giai thuét Viterbi nguyén thuy,
Tgpruning: thoi gian thyc thi chuong trinh theo giai thuat Viterbi vé6i k§ thuét pruning
T: 1a sb tir trong cAu, K: s6 tir loai.

Dit liéu cua Penn TreeBank: K = 46.

T8origin / T&pruning = 3.85

Déng gop ban dau cua bai bdo ndy 1a da dua ra dugc cdng thic tinh ngudng beam.
Ngudng nay dugc tinh dya trén ca hai thanh phan xac suit 8.;()) * P(C;| C) thay vi phai chon
cac mirc ngudng tir thue nghiém théng qua &.1(j). Tuy nhién @& c6 nhimg khao sat ddy da vé
hiéu qua va tdc dd trong tinh toan, bai béo can thuc nghiém tiép, khi lya chon dugc cic ngén
hang dit iiéu v& gin nhan tir loai (TreeBank) khac thich hop trong tuong lai (ngoai ngdn ngit

tiéng Anh).

THE USE OF PRUNING TECHNIQUES FOR THE PART-OF-SPEECH
TAGGING PROBLEM

Nguyen Chi Hieu, Phan Thi Tuoi®, Nguyen Xuan Dung®, Nguyen Quang Chau®”

ABSTRACT: The exact and automatic tagging the words in the texts of natural
language is a very important problem. It will support a parsing for the texts, contribute to
solve the polysemantic of the word, and help to access a semantic information, etc. Therefore,
time tagging words in a text is always an essential problem, especially in the large document.
This paper will present the pruning techniques for tagging the texts of a natural language —
the Viterbi algorithm [4]. The Viterbi pruning algorithm was tested with 1.000.000 words on
the tag of the Wall Street Journal corpus [8].

[1].

(1) Ho Chi Minh University of Industry
(2) University of Technology, Vietnam National Univers

ity of HCM City

(3) Ho Chi Minh City Institute of Information Technology

TAI LIEU THAM KHAO

Christoph Tillmann,

Hermann Ney,

Word Reordering and a Dynamic
Programming Beam Search Algorithm for Statistical Machine Translation, IBM
T. J. Watson Research Center, 2003.

Trang 22




TAP CHi PRAT TRIEN KH&CH, TAP 8, S0 11-2005

(2].
[3].
[4].

[5].
[6].

Pk

8].
(9.

Ferran Pla And Antonio Molina, Part-of-Speech Tagging with Lexicalized
HMM, {fpla,amolina}@dsic.upv.es, 2001.

Ferran Pla, Antonio Molina And Natividad Prieto, Tagging and Chunking with
Bigram, {fpla,amolina,nprieto}@dsic.upv.es, 2000.

James Allen, Natural Language Understanding, The Benjamin/Cummings
Publishing Company, Inc, ndm 1995.

Nguyén Duy Tién, Vii Viét Yén, Ly thuyét xdc sudt, NXB Gido duc, 2003.

Ruslan Mitkov, Computational Linguistics, The Oxford University Press, First
Published, 2003.

Thomas H. Cormen, Charles E. Leiserson & Ronald L. Rivest, Introduction to
Algorithms, The MIT Press, ndm 1990.

The Penn TreeBank Project - ftp.cis.upenn.edu/pub/treebank/doc/update.cd2

Padro, A hybrid environment for syntax-semantic tagging. Ph.D. thesis,

Departament de Llenguatges i Sistemes Informatics, Universitat Politecnica de
Catalunya, Barcelona, 1997.

[10]. http://www.cs.toronto.edu/~gpenn/csc2518/lecture8.pdf
[11]. www.cs.rochester.edu/u/james/CSC248/Lec9.pdf

Trang 23






