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TOM TAT: Chiing t6i tiép tuc thiee hién bai todn tich tir con ton dong ¢ bai bdo trieée [5). Bai bdo dé xudt gidi phdp tach tiv diea
trén so khép dm tiét, sir dung kho ngit lidu cdu triic am tiét tiéng Khmer da xdy dung, sir dung két qua so khop dwoc thue hién Xay
dung do thi c¢6 hiréng khong cé trong s6 don nhdn tir vung. Tir d6 c6 diegce tt cd cdce cach phén tach cau. Hudng tiép cgn hoan todn
khd thi va cé két qua thir nghiém dat dg chinh xdc cao, nhdn dién tir méi & micc Gm tiét, nhdn dién cau cé nhdp nhang, gép phan gidi
quyét bai todn tach tir vmg dung hiéu qud trong xir Iy tiéng Khmer.

Tir khéa: do thi, tach tiv, kho ngit liéu cdu triic Gm tiét, nhdp nhang, tiéng Khmer.

I. GIOI THIEU

Bai toan tach tir cho ngdn ngir don 1ap da dat ra tir 1au, chu yéu dé giai quyét cho tiéng Trung Québc, tleng Nhat
[11] [12] [13] [15]. Cho dén hién nay thi c6 rat nhiéu ngén ngir dugc ap dung. Cac thudt toan tach tir co thé gdm hai
loai. Loai thu nhat Ia dua trén ludt nhu: Longest Matching, M6 hinh so khép t6i da [4] [6] [11] [14] (d6i v6i mo hinh
nay gém: so khép t6i da tién va so khép tdi da Iui), phuong phap nay hoan toan phu thudc vao tur dién. Loai thir hai 1a
dua trén thong ké: Phuong phdp nay dya vao ngilr canh xung quanh de dua ra quyét dinh thich hop [7] [8] [9], giai phap
ndy gom hai van dé chinh. Van dé thi nhit 1a d6 rong ngir canh, néu d6 rong ngit canh 16n thi thuat toan rat phuc tap.
Vén dé thir hai 1a cach 4p dung thong ké, giai phap nay phu thudc nhiéu vao ngit liéu huin luyén. Céc cach tach tir khac
thuong dya trén sy lai tao gitra cac mo hinh trén.

Tuy nhién trong xtr 1y tiéng Khmer, bai toan tach tir luon dat ra thach thuc, cho dén nay van chua dugc giai
quyét mot cach théa dang [4] [6] [10]. Vé mit ngén ngit, chinh ta tiéng Khmer rat phic tap, trong cau gdm nhiéu tir
cling nhu trong tir gdbm nhiéu am tiét viét 1ién nhau ma khong c6 ddu phan cach.

Bai béo sir dung céch tiép can tach tir tiéng Viét dé xay dung phuong phép tach tir twong tu cho tiéng Khmer.

Phuong phap tach tir tiéng Viét dugc mo ta chi tiét trong bai bao [16], kha gidng nhu truong hop cia tiéng
Khmer va dat duoc két qua kha cao. Chung t6i st dung phuong phép nay ap dung cho tiéng Khmer.

Bai bao d& xuit giai phap tach tur tiéng Khmer dya trén kho ngir lidu céu trac am tiét da dugc xay dyng. Xay
dung db thi c6 huéng khong trong s0 de phan tich cic phuwong an tach tir. Sau phan m¢ dau, bai bao gdm cac nodi dung
nhu sau: Ma hoa ngir liéu cau trac 4m tiét, md hinh Va phuong phap tach tir, trinh bay giai doan thir nghiém va danh gia
két qua. Phin cudi 1a két luan va hudéng phat trién tiép theo.

II. MA HOA DU LIEU KHO NGU LIEU AM TIET TU VUNG TIENG KHMER

A. Kho ngit ligu céu triic dm tiét tiv vieng tiéng Khmer

Chuing ti da xay dung kho ngit liéu cdu trac 4m tiét tiéng Khmer nhim phuc vy cho viée tach tir va kiém tra 13i
chinh ta ¢ pha sau, phuong phap xay dung kho ngit li€u cau tric am ti€t 1a dua vao cdc mé hinh dac trung am ti€t ctia
ngdn ngit Khmer [5]. Cau truc tir dién ma hoa theo cau tric am tiét 1a viée sdp x€p cac don vi muc tir theo trat tu dugc
xac dinh. Myc tir gom céc tu don, tir ghép, cum tir. Moi don vi muc tir ¢6 dau phan cach (space) giita cac am tiét.

Vi du: Kho ngtr liéu cAu triic 4m tiét cho cac tir nhu sau:

Bing 1. Kho ngir lidu cAu trac am tiét tiéng Khmer

Kho tir vung Kho ngir liéu cau tric am tiét Nghia tieng Viét
i it Vong deo co
AHtRIIEG fif T @ nR Déan quén
nasSAYY i 10 @ Agy Du kich

ARG ICE R Trung doan
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B. Md héa kho ngiv ligu theo céu triic dm tiét
Muc dich ma hda kho ngtt liéu cAu trac am tiét nhdm phuc vu cho viéc so khop theo tirng am tiét cua tir vung,
kho ngit liéu cau triic dm tiét dugc sap xép giam dan theo s6 luwgng am tiét cia tir vung trude khi ma hoa.

Duya vao cau trac dit liéu, chung t6i xdy dung Automat bang thuat toan dé ma hda luu trit kho ngi liéu ciu trac
am tiét cho viéc so khop am tiét. Kho ngir liéu cau trac am tiét gom co khoang 48947 tir vung da xdy dung, mdi am tiét
trong tir vung c¢6 déu phan cach boi khoang trang. Mdi cung cua Automat cé nhin 1a mot am tiét, cac cung di tir mot
trang thai xuong cac trang thai con ctia n6 phai mang cac nhan khéac nhau.

Vi du, v6i bon tir vung theo cau tric 4m tiét nhu: s (Vong deo b)), s w o ze (DAN QUAN), o s @ ags (DU Kich), sa «

ws o & (Trung doan).

Hinh 1. Xay dung Automat ma h6éa kho ngit liéu cdu tric am tiét tiéng Khmer
Trong Hinh 1:
(O Ky hiéu trang thai chua két thic.
QO Ky hiéu trang thai két thiic ctia mét ti.
[] Ky hiéu trang thai vira 1a két thic, vira 1a nut 14 cua tir.

Thuét toan xay dung Automat kho ngit liéu cdu trac am tiét

Input: kho ngit 1liéu clu truc am tiét.
Output: Automat kho nglt liéu clu trtc am tiét.
1. Lap trang thai khoi dau g
2. Vong ldp doc cho téi khi hét tép dit liéu, 14y ra tung muc tu word. Goi
cadc am tiét cla word 1la ag, ai, . , @n-1;
a. p := gp; 1 := 0;
b. Vong 1dp trong khi ( 1 £ n - 1)
Ly ra am tiét a;;
Tim trong cdc cung chuyén tl trang thdi p cung trén dé ghi am tiét a;.
Néu cé cung (p, g) thi i:=i+l; p:=qg;
Ngugc lai thi thoat khdéi vong ldp b.
3. Vong 1l3p voi j tw i d&n n - 1
Tao méi trang thdi g , ghi nh&n g 1a trang thai khéng két thuc;
Thém cung chuyén (p, g) trén dé ghi am tiét aj;
p/ := q; N 2 Z
4. Neu g cb6 tdn tai cung chuyén (p,q), ghi nhén g la trang thai két thuc;
Ngugc lai, ghi nhd&n g la trang thai vwua 1a két thuc, via 1a nut 14 cua
tu.

Sau khi d xdy dung xong Automat, ta luu vao tép dé dung trong budc phan tach tir vung va bét 15i chinh ta &
pha sau.

III. MO HINH VA GIAI PHAP TACH TU

A. Dé xudt mé hinh tich tir tiéng Khmer

Giai quyét bai toan dat ra la dau vao la mot van ban tiéng Khmer, hdy tich vin ban d6 thanh cac cau, trong mdi
cau tach thanh nhitng don vi tir vung (tir) hodc chi ra nhiing am tiét nao khdng cé trong tir dién (phat hién don vi tu
vung moi).

Trén co so tim hiéu chinh ta, nglt phap tiéng Khmer [1] [2] [3], ching t6i d& xudt mo hinh tach tir dya trén so
khép am tiét va kho ngit lidu ciu tric am tiét.
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Céu c6 it cung nhat | Vin ban

Danh sach cac cau

A 4

6P va0 (Van| Téch Ay | (4c cay don +——>| Xay dung d thi

ban tiéng N oaul Ak bR "l duoc tach
Khmer) phan tich cau duoc phan tich tach tur thanh tir
I

Kho ngftr liéu

Kho ngir li¢u (;?iu ;
am tiet

trdc am tiét tieng
Khmer dugc ma hoa

Hinh 2. M6 hinh tach tir tiéng Khmer

B. Gidi phdp tach tir tiéng Khmer

Chung t6i lan lugt xir Iy theo mo hinh tach tir tiéng Khmer cac budc sau:

1) Téchcéu

Hé théng doc van ban dau vao can tach cau, dya trén dau két thuc cAu dé ngat ciu ra thanh ting cau dé xur 1y.
Maoi cau s& duge xu 1y doc 1ap v6i nhau. Cac cau duge phan cach bai cac dau két thic cau gom: 2, 1,4, 4.

Phan tich van ban U gdm m cdu don U=wyW,...Wp,(m>1). Chling tdi st dung lai mé hinh ciu triic 4m tiét, tach
lan luot ting cau don thanh tirng am tiét riéng biét.

Moi cau don chira n 4m ti€t wy,= ag, ag, ..., an1.

2) Xay dung do thi phan tich cau

Y tuong phén tach tir vung 1a quy viéc phan tach cau vé viée tim dudng di trén mot d6 thi ¢ hudng, khong co
trong s6. Gia sir cau don ban dau 1a mot day gdm n am tiét ag, ay, ..., an.1. Xy dung mot dd thi c6 n+1 dinh o, G, -+ Gn-
Sap theo thur tu trén mot duong thang tir trai sang phai; Vi cac cung Ia céc tir trong cau, dinh 1a dudng nodi gitra hai tir
ké nhau, hudng thé hién cua céc tir trong cau.

Pé kiém tra c6 bao nhiéu tir vung dugc thanh 1ap do thyc hién so khdp 14n luot cac Am tiét trong cau theo thir ty
tir trdi sang phai, ta xét tir nit gbc ciia Automat va xét 1an luot cac 4m tiét trong cau, mdi khi xét qua cung chuyén ré
sang nhanh con theo cung c6 nhin twong (mg véi a; va néu qua trinh di chuyén gip trang thai két thuc hoic trang thai
nit 14 & mot trang thai ndo do6 trén Automat thi d6 1a tir cua cau, luu vao danh sach tir vung, ctr tiép tuc nhu vay cho
dén hét cau. Néu tai mot bude nao do viée chuyén xuéng nhanh con thét bai do khong tim dugc cung c6 nhédn tuong
ung thi khong la tir ctia cau, thoat khoi vong lap.

Dua vao danh sach tir vung vura thu dugc, thyc hién vé cac cung trén dd thi bat dau tai dinh dang xét. Sau do tim
tiép tuc nhu trén cho céc tir con lai, bat dau tir m tiét keé sau dinh dang xét, thuc hién cho dén khi hét cac tir trong cau.

Sau khi xay dung dd thi xong, budc tiép theo, liét ké tat ca cic cach phan tich cau dya trén do thi bang phuong
phap duyét theo chidu sau. Khi d6 mdi cach phédn tach cdu khac nhau twong ing v6i mot duong di trén do thi tir dinh
dau gy dén dinh cudi Gye;. Dua trén do thi phan tich cdu, chung t6i thong ké két qua bang thii cong, tap dir liéu thir
nghiém gdm 500 ciu vé linh vuc xa hoi, do truong Pai hoc Tra Vinh cung cap. Két qua dugc chia ra 1am hai nhém nhu
sau: Nhom 1 13 tap cdu c6 duy nhit mot dudng di ngén nhét, dung ¢ phap 16n hon 95% trén tong s6 cau, nhém 2 1a
cac cau con lai, dung ca phap khoang 5%. Nhan thdy cac cau c6 dudng di trén dd thi nhidu cung nhit déu sai ¢ phap.
Chung t6i quyét dinh tam thdi chon két qua phén tich cdu dung dan nhat tng véi dudng di qua it cung nhét trén do thi.

Trudng hop, ciu ¢6 nhidu hon mot duong di ngin nhat trén do thi, xac dinh cdu xay ra nhap nhiang. Liét ké tat
ca céc cach phan tich cau nhap nhang.

Trudng hop trong cau c6 am tiét khong c6 mat trong tir dién Am tiét, xac dinh mét don vi am tiét (tr vung) moi.
Am tiét mdi gom am ti€t bi sai 101 chinh ta hoac am tiét mai chua ton tai trong tir dién.

Vi du: Cau vin ban dau vao cia tiéng Khmer 1a: “s:iysgssingmpaga” (NNA bac gai ciia 16i & bén canh cho 16n méi)

sefing

Hinh 3. Xy dung db thi phan tich cau
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Két qua cac phuong dn dugc phan tich tir do thi:
Phuong an 1: s: | & | 5| & | sefing |sp | 5|8 4|

Phuong an 2:g: | & | 5 | 8 | st | dnr [ sp || 8] 1]
Phuong &n 3:g: | & | 58 | 8 [ set [y | s ap | 5] 8] 1]

Két qua duoc chon 1a phurong 4n 1, ¢6 it cung nhét.

IV. CHAY THU NGHIEM VA PANH GIA GIAI PHAP

Dé tién hanh thir nghiém, chiing t6i da sir dung kho tir vung am tiét tiéng Khmer c6 d¢ 16n nhu sau:

S6 luong céc tir don: 7278 tur
S6 lugng céc tir ghép: 17095 tur
Sé lugng céac cum tu: 24574 tir

Chung t61 da sir dung may tinh cd nhan cho cac van ban thudc linh vuc thong tin xa hdi, do truong Pai hoc Tra
Vinh cung cap, véi nam truong hop khac nhau veé d§ 1on van ban.

Két qua thir nghiém tach tir dwoc danh gia dua trén sy két hop gitra hai d6 doError! Reference source not
found.:

Do chinh xac (Precision) 1a ty 1é giira cac am tiét tach dung trén tong s6 am tiét tach dugc, Precision bang 100%
c6 nghia 1a tat ca cac am tiét déu phu hop.

S6 Am tiét tach ding

Precision = — YT
Tong s6 am tiét tach duoc

Do bao phu (Recall) 1a ty 1¢ giita cac tir tach dung trén tong sb tir can tach.
S6 tir tich dung

Recall = —; SR
Tong so tir can tach

Chi s6 F-score dugc sir dung dé danh gia hiéu qua tong thé ciia hé thong bang cach két hop hai chi sd Precision
va Recall.

2 x Precision x Recall

F — score =
Precision + Recall

Bang 2. Két qua thir nghiém phwong phap tach tir

Do 16n SO lugng So SO lugng F-score

van ban tir don tir ghép cum tu
<30KB 300 180 391 98%
>30 KB va <100 KB 620 257 598 97%
>100 KBva<150 KB | 735 486 702 94%
>150 KB va <250 KB | 852 591 758 92%
>250 KB va <5600 KB | 970 622 799 89%
Trung binh F-score 94%

Phuong phap tach tir tiéng Khmer ding kho ngit liéu cdu trac 4m tiét, xdy dyung do thi phén tich cau ciia ngdn
ngit Khmer da dat dugc do chinh xac trung binh F-score khoang 94%. Han ché cua phwong phap 1a chua nhan dién
dugc nhitng tir ghép sai 15i chinh ta. Mit khéc, kho tir vung chua du 16n nén gay ra nhiéu tir méi hay tir sai 1i chinh ta.
Chua giai quyét triét dé cau co nhap nhang.

Dé dat két qua hop 1y, chiing t6i nghién clru tiép theo xir Iy tir méi hay tir sai 16i chinh ta, dé ting d¢ chinh xac
cho vigc tach tir dong thoi giai quyet nhap nhang triét de.

V.KET LUAN

Giai phap dé xuat mo hinh phan tach tir str dung kho ngtr liéu am tiét tiéng Khmer, két hop kho ngit vung tur
dién. Xay dung dd thi phan tich ciu, hoan toan kha thi va c6 két qua thir nghiém dat do chinh xac cao so v6i mot s6
phuong phap tach tir truéec day. Phuong phdp nay nhan dién dugc nhan dang tir méi: 4m tiét méi (hay am tiét sai 15i
chinh td), chua giai quyét duoc tir ghép bi sai chinh ta.
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Hu(mg nghién ciru tiép theo cua chiing t6i 1 nhan dang céc tir c6 chira tir ghép bi sai 13i chinh ta, c6 thé tao
thém cac cung mo (ludi tir) trén do thi, goi ¥ cho nguoi dung céc tr dang chinh ta va nghién ctru phuong phap xu ly
nhap nhang trong cau triét dé. Dé chon phuong an dung nhét gitra nhidu phuong 4n, c6 thé dung cac qui tac cl phap do
chuyén gia ngoén ngir Khmer xay dyng. Tién hanh phén tich ct phap ciia ciu véi nhitng phuong an tach tir vung c6 thé,
tir d6 loai ra nhitng phuong an sai ct phap.

LOI CAM ON

Dé hoan thanh bai bao nay, cac tac gia chan thanh cam on Su Thach Qui va Su Keo Samane, chuyén gia ngon
ngtr Khmer dang theo hoc dai hoc nganh Cong nghé thong tin tai trudng Dai hoc Tra Vinh. Cam on trudng Dai hoc Tra
Vinh, dac biét 1a 6ng Tang Van Thon, giang vién giang day ngdn nglt Khmer, khoa Ngon ngit-Van hoa-Nghé thuat
Khmer Nam Bo, da tao diéu kién thuan loi cho viée cap nhat dir liéu van ban phuyc vu cho viéc chay thir nghiém.
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APPLICATIONS FOR THE GRAPH HAS DIRECTION
FOR THE PROBLEM OF KHMER WORD SEGMENTATION

Tran Van Nam, Son Phu Quy, Nguyen Thi Hue, Phan Huy Khanh

ABSTRACT: We continue to perform the word separation problem in the previous article. The paper proposes a solution for word
separation based on syllable matching, using a Khmer syllabus constructed using the result of a non-weighted directional mapping.
Take vocabulary From there all the sentences are separated. The approach is feasible and has high accuracy test results, new
vocabulary recognition at syllabic level, ambiguous sentence identification, contributes to solve the separation problem from the
problem of Khmer word segmentation.
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