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CAI TIEN MOT SO GIAI THUAT PHAN TiCH cU PHAP
TRONG XU’ LY NGON NGU' TU NHIEN

PHAN THI TUOI

Abstract. Earley and Chart algorithms are often used to parse natural language. However, these algorithms
are limited when they are used to work with large grammar. This paper presents some improvements for
Earley and top-down chart algorithms in natural language processing.

Tém tit. DE phan tich ct phép cho ngén ngit tu nhién, ngudi ta thuomg dung cdc gidi thuat nhu Earley
va biéu dé. Tuy nhién khi xit Iy cdc viin pham 16n thi cdc gidi thuat néu trén déu bi han ché. Bai bdo nay
s& trinh bay moét s6 cai thién cho gidi thuat Earley va biéu dd tir trén xudng trong xtt Iy ngén ngit tur nhién.

1. MO PAU

Vai tro cliia phan tich ct phap trong xir 1y ngén ngir tur nhién la v6 cling quan trong. Tuy nhién
khong phai tat cd cdc gidi thuat phan tich ct phdp cho ngon ngir 1ap trinh déu c6 thé dp dung cho
ngon ngtr tu nhién, bdi vi van pham cia ngon ngtr tu nhién 13 khong tuong minh. Ngay ca khi ta
dung cédc gidi thuat nhu Tomita [10], Earley [1] vA Chart [3], 14 nhirng gidi thuat phan tich ci phip
cho van pham khong tuong minh thi cling gip nhiéu khé khan khi 4p dung ching cho xir 1 ngon
nglt tu nhién, bdi vi mudn phan tich mot chudi nhap vao 1a cau hodc doan cau cia ngén ngir tur
nhién thi bé phan tich budc phai kiém tra tir vai chuéi dén hang chuc, hang tram chudi tir loai khéc
nhau (tir loai duoc hiéu nhur céc token trong ngon ngir 1ap trinh), diéu dé sé dan dén sur bing né t6
hop. Trong bai bdo niy chiinh t6i trinh bay viéc cdi thién gidi thuat Earley va gidi thuit biéu do tir
trén xudng (top down chart parsing) cho phan tich ¢t phdp cla ngon ngir tur nhién.

2. MOT SO GIAI THUAT EARLEY VA LR(k) CAI TIEN

Gidi thuat LR 13 gidi thuat phan tich ci phap tir dudi 1én con duoc goi 13 gidi thuat bang. Giai
thuat nay chi diing cho van pham phi ngir cdnh tudng minh, Tomita da céi tién gidi thuat nay dé
gidi quyét dung do bang viec mé phéng viée thuc thi song song clia bo phén tich LR dua trén nhiéu
ban sao chép cia stack trang thdi. Tuy nhién gidi thuat cia Tomita chi hiéu qué khi sy dung do it.
Con giadi thuat Earley lai cho phép lam viéc véi van pham khong tuong minh. Véi vian pham bat
k¥ thi thoi gian phan tich cia Earley 1a n3,n 14 chiéu dai ctiia chudi nhap, n? véi vin pham twong
minh va n véi hau hét ngdn nglr 1ap trinh. Gidi thuat LRE [8] 13 su két hop cia Earley va LR(k).
LRE giéng nhu Tomita, st dung badng nhung van gitt dwge nhitng vu diém cla gidi thudt Earley.
Céc gidi thuat cdi tién néu trén chi 1am viéc véi mot chuoi nhap.

3. SO LUQC VAN PHAM TIENG VIET

Truéce khi trinh bay viéc cai thién gidi thuat Earley va biéu db tir trén xudng t6i sé néu so lwoc
vé vian pham tiéng Viéet. Khi nghién cttu tiéng Viét ching ta phai nghién ctru hai thanh phan 14 tir
phép va ct phap. Tir phip chuyén nghién ciru cdc bién hinh cia tir va dic tinh ngtr phap cla cic
loai tir cling nhw su ciu tao cia tir , con ct phap nghién ciru cdch cau thanh cic tir va cau tir cac
nhém tit theo mét quy tiac nhat dinh.

3.1. T loai

Tir trong tiéng Viét duoc chia thanh céc loai: danh tir, dong tir, thoi vi tir, s6 tir, tinh tir, dai
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tir, phé tir, gigi tir, lién tir, tro tir va thén tir. Vi moi loai tir trén lai ¢6 thé dwoc chia nhéd hon,
mang nghia khac nhau tiy thudc vao nglt cdnh. Vi du: danh tir ¢é 27 loai, duoc ki hieu bat dau
bang chit N, nhu: N20, N51,... Déng tir ¢é 22 loai bit dau bang V: V45, V20,... Tinh tir c6 16 loai
duge bat dau bang A. Chi tiét vé chia tir loai dugc trinh bay & [5, 6].
3.2, Tir t8

Hai hay nhiéu hon hai thue thé & trong cdu c¢6 quan hé véi nhau vé ¥ nghia va ci phap thi
duoc goi 1a tir t6. Trong moi tir t6 bao gitr cling ¢é tir trung tam. Ty thudce tir trung tAm ma ta
phan tir t6 thanh tir t6 dong tir, tir t6 danh tir, tir t6 s6 tir, tir t6 thoi vi tir. Mbi loai tir t6 lai ¢b
tir mot dén nhidu dang khac nhau. Tir cau tric tir t6 ta c¢6 thé xdy dung vin pham dé kiém tra ct
phép cia ching.

4. CAI THIEN PHUONG PHAP EARLEY CHO XU LY NGON NGU' TU NHIEN

Khi bé phan tich cti phip muén xdc dinh xem chuéi nhap 1a cAu hoiic doan cau clia ngén ngit
tu nhién ¢é ding ci phap khong thi né phai phan tich cic chudi tir loai tirong tng cia cau, doan
cau. Trong trurdng hop x&u nhat bo phan tich phai kiém tra tat cad cdc chudi méi c6 thé két luan vé
ct phép cia cau nhap.

Vi du 1. Cau can phan tich: Cdn b6 céng chitc quy dinh tai phdp lénh nay la cong dan Viét Nam.

Cau trén dwroc bo phan tich tir vung xit 1§ va xuat ra cic chudi tir loai tirong ttng;

N20 N20 N61 1,22 N51 D71 H10 N20 N13
N20 N20 V48 1,22 N51 D71 H10 N20 N13

O day chi c¢é tir quy dinh 1& c¢6 hai tir loai: N61 va V48. Do dé viéc phan tich cid phdp cho cau
trén khong cé gi khé khan.

Vi du 2. Poan cau can phan tich: trong bién ché va hudng lwong tir ngan sdch.

Cé 12 chuoi tir loai dwroc xuat ra:

A11 N22 110 V43 N23 F10 N23 N50
A11 N22 110 V43 N23 F11 N23 N50
Al11 V40 L.10 V43 N23 F10 N23 N50
Al11 V40 L.10 V43 N23 F11 N23 N50
F10 N22 .10 V43 N23 F10 N23 N50
F10 N22 .10 V43 N23 F11 N23 N50
F10 V40 L10 V43 N23 F23 N23 N50
F10 V40 L.10 V43 N23 F10 N23 N50
F11 N22 .10 V43 N23 F10 N23 N50
F11 N22 .10 V43 V23 F11 N23 N50
F10 V40 L.10 V43 N23 F10 N23 N50
F10 V40 L.10 V43 N23 F11 N23 N50

Trudng hop xdu nhat bé phan tich phéi kiém tra hét 12 chudi tir loai. Mét s6 trirong hop khéc
c6 thé s6 chudi tir loai con nhiéu hon, bdi vi bo phéan tich kiém tra khong thanh cong & mét chudi
thi né budc phai kiém tra lai tir dau chudi tiép theo. Pé chinh 14 nguyén nhan lam cho gidi thuat
Earley bi han ché. Hinh 1 minh hoa qué trinh phan tich doan cau cia giai thuat Earley.
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Hinh 1. Kiém tra cii phép cho cau c¢6 nhiéu chudi tir loai biang gidi thuat Earley.
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Trong thure té cic chuoi tir loai déu cé cic chuoi con gidng nhau, ching han trong cdc vi du 1 va
Loi dung dic diém nay, chiing t6i da cai thién gidi thuat Earley nhir sau: néu bo phan tich that

bai khi dang kiém tra mét chudi, thi né sé so tring cdc chudi con lai véi doan vira kiém tra thanh
cong va sé tiép tuc quy trinh phéan tich & vi tri clia mot chudi khéc ¢ chudi con dai nhat tring véi
doan da phan tich. Qu4 trinh nay dwoc lap lai cho téi khi b6 phan tich “di” hét mét chudi nao dé.
Liic dé cau nhap durroc xac nhan 1a ding ci phip. Nguwoc lai khi di dén chudi cudi ciing ma van
khong phan tich thanh céng thi b6 phan tich sé két luan rang cau nhap vao khéng ding ci phép.
Qu4 trinh phan tich ci phdp cia gidi thuat Earley cai thién dwoc minh hoa & hinh 2.

[N N N N

Hinh 2. Qué trinh phan tich cia gidi thuat Earley cdi thién

Giai thuat Earley cai thién:

Nhép: Van pham phi ngtt cdnh G = (N, Y, P, S) va cdc chuoi tir loai ciia cau can phan tich cti phap:

Wi, W, ..., W,, € ¥*; Kich thuéc cic chudi bang kich thuéc cau nhap.

Xudt: Danh séch cdc tap thuc thé Io, I, ..., I,.
Phuong phdp: Thue hién phan tich tren Wy:

Truéce tien ta tao Iy:

(1) Néu S — a1 luat sinh thude P, thi thém [S — ea, 0] vao Iy. Tiép tuc buée 2 va 3 cho téi khi

khong con thue thé méi chwa cho vao Io.

(2) Néu [B — ~e,0] & trong Iy, thi thém vao Iy thue thé [A — aB e 3,0] cho tat ca cic thuc thé

c6 dang [A — e B3,0] & trong .

(3) Gid st [A — a e BB, 0] 1a thuc thé & trong Iy, thém vao Iy tat ca cic thuc thé [B — ev, 0], néu

ton tai céc luat sinh ¢6 dang B — ~ & trong P va cdc thuc thé dé chua cé & trong Ip.
Khot déng cdac tri: my == 1; mg:=1; l:=1;
Xay dung I;, khi da c6 cac Iy, I, ..., I;_1.

(4) Néu moi [B — aveaf3,i| trong I;_1, md a = a; thi thém [B — aa e 3,4] vao I; va thuc hién cdc

(5

(6)

c
d.
e
)

buée 5, 6 cho téi khi khong con thire thé méi nao chura ¢6 trong I Iz

Nguoc lgi, néu [B— aeapB, i trong I;_1 ma a # a;j thi thuc hién cdc budc sau:

Gan mo =7 — 1,

. So trung chudi Wi, = Gmi@mi11...Gma 061 cdc chudt Wi, Wiys, ..., W, aé tim mét chudi con
daz nhét trung véi chudt Wi, got la Wiy, thude chudi Wi,

. Goi !, la ky hiéu diing ngay bén phdi ky hiéu cudi day Wy, cia chuot Wy,

Gan mo :=7; my:=mg; :=h.

. Quay vé budc (4) @¢ tao I}, v61i ky hiéu nhap duoc doc la ay ¢ witrij cia chuoi Wi,

Gid st [A — «e,i] 12 thue thé & trong [}, kiém tra I; cho tat cd cic thuc thé ¢ dang

[B — a e AB, k] véi moi thuce thé tim thay ta thém [B — aA e 3, k] cho I;.

Gid str [A — a e 3, i] 1a thuc thé trong [;, véi tat ca cac luat sinh c6 dang B — « trong P, ta
thém [B — ey, j] vao I;. Chiing ta nhan thdy rang thuc thé nio c6 ky hiéu két thic & bén
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phéi clia dau e sé khong phai 1 thire thé méi trong buée 2, 3, 5, 6. Gidi thuat diwoc minh hoa
& hinh 2, gidi thuat nay dwoc thuce hién bang chwong trinh trong [5].

Luwu 9 cic dong in nghiéng 14 phan cai thién gidi thuat Earley cia chiing toi.

5. CAI THIEN PHUONG PHAP BIEU DO TRONG XU LY NGON NGU
TU NHIEN

Phan nay trinh bay viéc cdi thién gidi thuat phan tich ci phdp biéu dé tir trén xudng. Gidi
thuat nay hiéu qua hon so véi cdc giai thuat hién nay cho cdc van pham hop 1y. Né két hop uwu
diém cia hai gidi thuat phan tich ci phap biéu do tir dudi lén (bottom up chart parsing) va phan
tich tir trén xudng (top down parsing). Phuong phap nay khong bi quay lui va khong xét céc tir loai
ma ching khéng thé dung dé tao ra cdu ding.

Dé thudn loi cho viéc gidi thich § twdng cdi thién gidi thudt bidu do, ching t6i tém tat gidi
thuat biéu d6 [9] tir trén xuéng nhur sau.

5.1. Giai thuat trinh bay cung tir trén xudng

Dé thém mét cung S — C;... e C;...C,, vao cudi clia vi tri § thi véi méi luat sinh cla vin pham
c6 dang C; — X;...X}, ta thém vao moét cung méi C; — eX;... X mot cdch dé quy tir vi trf 7 dén 7.

5.2. Giai thuit phan tich so db tir trén xuéng

Bit dau véi moi luat sinh cia vian pham cé dang S — X;...Xz, thém vao mét cung cé tén
S — X1 X,... Xy bang gidi thuat trinh bay cung. Thirc hién cic buéc phan tich sau day cho téi khi
khong con k¥ hiéu nhap:
a. Néu bang rong, hay tim cdc tir loai cia ki hiéu nhap ké tiép va thém chiing vao bang.
b. Chon mot thanh phan tir bang (goi né 1 O).
c. Dung gidi thuat mé rong, két hop C véi ting cung hoat dong trén biéu d6. Mot thanh phan
méi duoc thém vao bang.
d. Véi bat k¥ mét cung méi ndo dwoc tao ra & bude ¢, hay thém chiing vao biéu dé bang gidi
thuat trinh bay cung.

5.3. Gidi thuit md réng d€ thém thanh phin C vao vi tri tir p; dén po

Thuc hién cédc buédc sau:

a. Thém C vao so do tir p; dén po.

b. Véi bat ki cung hoat dong c6 dang X — X;...e C.. X, tir vi trf po dén p;, thém cung méi
X, — X;..Ce .. X, tir py dén ps.

c. Véi bat ky cung hoat dong nao c¢é dang X — X;...X,, ¢ C tir vi tri po dén p;, thém mot thanh
phan méi ciia X tir pg dén ps vao trong bang.

Miic dit ru diém nhu vay nhung khi é4p dung phan tich ci phép cho van pham Ién (cé tir vai
nghin dén vai chuc nghin luat) thi gidi thuat nay ciing bi han ché vé toc do. Trong xir 1§ ngon ngir
tu nhién chiing ta thudng gip cdc van pham 16n, vi vay ching téi da thém vao mot sé xir 1y vé t6
chitc dir liéu khi thure hién gidi thuat nham khic phuc nhiroc diém trén.

1) S6 héa toan bo cic ky hieu két thic va khong két thiic cia van pham (dé tiét kiem bo nhé va
so tring nhanh).

2) Xay dung gidi thuat tim kiém theo phwong phap “bam” cho tirng tap thuc thé I;.

3) Tinh truéc cac thue thé do cic ky hiéu khong két thic tao nén.

4) Ghi nhé dia chi ctia cic thuc thé Iy, I, ..., I, (dwoc tao tir cdc hanh vi chuyén dich dau e vé bén
phai, qua céc k¥ hiéu van pham). Nho cdc tdc vu trén, nén b phan tich khong can luu chira
moét [an nira dir lieu da duoc tinh todn trude d6, ma chi cn luu dia chi cia tap thuc thé twong
tng, do dé tiét kiém duoc boé nhé déng ké va bdo ddm téc do phan tich. Vi du 3 s& minh hoa
qué trinh phan tich mét cau bang gidi thuat biéu dé tir trén xudng.

Vi du 3. Thuc hién phan tich ¢t phép cho cau: the large can can hold the water
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Cho van pham G véi tap luat sinh:

(1) S— NP VP (2) NP — art adj n
(3) NP — art n (4) NP - adj n
(5) VP — aux VP (6) VP — v NP
Hinh 3 1a cdc buéc phan tich véi céc I1, I, ..., Is & bén canh céc cung dé biéu dién cho dia chi

clia cac tap thuc theé.

S (rule 1)
VP (rule 5)
NP (rule 3) VP (rule 6)
n n NP (rule 2)
v v N v
art adj aux aux \ art n
1 The 2 large 3 can 4 can 5 hold 6 the 7 water 8
NP > art.n (I | VP > aux.VP (I5)
i NP — art.adjn (I11) { VP — v.NP (16) | :
i‘NP —> art adj.n (I2) N NP — art.n (I1)
' NP — art.adjn (I1)
| VP _s v.NP (I6) :
QNP yartadin(3) ________ > ‘ .
' ’ ’ ’ ; oNP — artn. (I3) >
®VP VNP (ule O (I7)_ _ _ _ _ >
. : : o VP2 VP quIeS)A8) _________ >
@S2 NP VP (ule ) @ceep) | __ _______________________ >

Hinp 3. Qua Trinn phan tich cau: the targe can can nowd the water
bang gidi thuat biéu db di xudng cai thién
Thuc hién theo budc b, ta cé:

Tap eS: S —eNP VP

Tap eNP: NP — e adjn
NP— e art n
NP— e art adj n

Tap ¢VP: VP— e aux VP

VP— e v NP
Theo gidi thuit ching ta tinh duoc cdc tap thuc thé:
Io (S) Il (art) IQ (adJ) Ig (n)
I5 (aux) 16 (V) I7 (NP) Ig (VP)

Luwu §: Vi du & trang théi 7, trién khai cung NP thi mdy tinh khong tinh lai cdc cung
NP — art n vd NP — art adj n ma né chi cin chi dén dia chi cda I;. Twong tu nhu vay cho

cac truong hop khac.

6. KET LUAN
Qua thue té khi thuc hién cdc dé tai nghién ctru trong linh vire xr 1§ ngoén ngtr tu nhién, ching
t61 thay ¢6 thé 4p dung céc gidi thuit da cb, song phai cai thién dé cic gidi thuat nay dép tng duoc
cic yéu cau de ra khi di sau vao thuc nghiém, nhimmg cdi thién nay gép phan lam cho céc gidi thuat
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kh& néi tiéng nhu Earley, LR, biéu dé cang hoan thién va hiéu qua hon trong xtr 1§ ngoén ngit tu
nhién.
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