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AP DUNG KY THUAT KHAI THAC PO THI
VAO BAI TOAN PHAN LOAI VAN BAN

NGUYEN HOANG TU ANH!, HOANG KIEM?

'Khoa CNTT - Trudng Pai hoc Khoa hoc Tu nhién, DHQG Tp. HCM
2Khoa KHMT - Trudong Pai hoc Cong Nghé Thong Tin, PHQG Tp. HOM

Abstract. Text classification is the problem of assigning predefined class labels to incoming, unclas-
sified documents. In this paper, we propose a graph based mining framework for text classification.
A graph based instead of traditional vector based model is used for document representation. The
system employs structural patterns (subgraphs) and the Dice similarity measure to identify a topic
of documents. The Manhattan measure is used to compare the performance of method. The results
show that it can outperform k-NN algorithm based on vector representation and classification using

the Manhattan measure.

Tém tdt. Phan loai van bdn 13 qué trinh gén van bdn vao mét hodc nhiéu chi dé da xdc dinh
trede. Bai bdo dé cap dén khung mé hinh phan loai van bdn dira trén phirong phap khai thac do
thi. Céc vin ban duoc biéu dién bang db thi thay cho mo hinh khéng gian vecto truyén théng. Dé
x4c dinh chi dé cho van bdn, hé théng stt dung cic dic trung cau tric dé thi con va do do tuwong
tu Dice. D6 do Manhattan duoc diing dé so sanh két qué phan loai. Két qué cho thiy sur vuot troi
cla hé thdng so v4i thuat todn k-NN(trén mo hinh vecto) va phuong phdp phan loai dung do do
Manhattan.

1. MO PAU

Véi s phat trién cia cong nghé thong tin, con ngudi dé dang chia sé dit liéu va tri thite
cho nhau trén toan thé giéi. Ta cé thé truy cap tic thoi vao nhitng kho dir liéu khéng 16
qua Internet. Piéu nay doi hoéi phai c¢é co ché xac dinh su lién quan gitra cac thong tin dang
dwoc truy cap. Mot trong cdc co ché dé 1a phuong phap phan loai van ban cho phép ngudi
diing truy van thong tin lién quan dén céc chid dé ma ho quan tam. Phan loai van ban 13
qué trinh gdn vin ban vao mot hodc nhiéu chi dé da xac dinh truéde. Phan loai tu dong vin
ban 14 mot linh vuwe nghién citu 1y thi, dwoc quan tam trong nhiéu nam qua do kha ning
rng dung rong rai. Rat nhiéu phwong phdp da duoc dé xuat [11] nhue Nave Bayes, cay quyét
dinh, k-lang giéng gan nhit (k-NN), mang noron, may vecto ho tro (SVM) va phuong phap
dua trén luat két hop. Trong s6 dé thi ca hai phwong phap SVM va k-NN deéu cho két qua
tot hon khi phan loai van ban [17].

M6 hinh khong gian vecto [14] 13 mo6 hinh biéu dién van ban phé bién. Trong mo hinh
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ban). Mic dit mo6 hinh don gidn nay cho két qua phan loai khé t6t, nhung né ciing ton tai
cac han ché. Mo hinh khéng gian vecto truyén thong chi tap trung vao tan suat xuét hién
cla tir va khong nam bat dwoc céc thong tin cau tric nhw thit tw, vi trf va sw dong hién cia
tir trong vin ban.

Gan day, mé hinh biéu dién van ban bang do thi da dwgc phat trién manh [12, 15]. Mo
hinh d6 thi c6 kha nang han ché nhwoc diém ctiia moé hinh khong gian vecto truyén thong khi
lru lai dwoc cdc thong tin cau tric cla van ban. Trong mo6 hinh nay, “thuat nglt” (c6 thé
I tir, tiéng, cum tir...) dai dién cho dinh. Céc canh lién két dinh cung cap cd noi dung lan
thong tin cau tric. Trén moé hinh do thi, c6 thé 4p dung thuat toan k-NN mé rong véi do do
twong tu gitra cdc do thi [12] hodac moé hinh lai két hop véi rit trich cdu tric con tir do thi
nhw cic dac trung cho van ban [6] dé phan loai vin ban trén web.

Trong bai bdo nay, ching t6i trinh bay moét khung mé hinh dung k¥ thuat khai thac do
thi dé phan loai vin ban. Chiing t6i khai thic cdc van ban thudc cing mot 16p/chi de dé
phét hién cidc mau dai dién va phé bién. Sau dé chiing t6i xay dung vecto chi deé duwa trén
tap mau phé bién hay tap do thi con phd bién. Vin ban méi sé dwoc biéu dién bang do
thi va chuyén thanh vecto véi cdc chiéu cia vecto 14 do thi con phé bién cia chi de. Do do
twong tu Dice dwgc ding dé xéc dinh khoang cdch gan nhat gitta vin ban méi va cic vecto
chi dé. Ngoai ra d6 do Manhattan cling dwoc diing dé so sanh két qua phan loai. Khung mé
hinh phéan loai nay c¢é thé 4p dung cho moi ngén ngit. Pé danh gid mo hinh, ching toi 4p
dung mo hinh phan loai nay vao bai toan phan loai vin ban tiéng Viet. Cdc két qua ban dau
cla tiép can nay da dwoc trinh bay trong [9)].

Nhitng khai niém co ban lién quan dén ky thuat khai thac do thi dwoc trinh bay & Muc
2. Muc 3 mo téa chi tiét khung moé hinh phan 16p vian ban. Muc 4 trinh bay két qua thuc
nghiém va so sanh véi thuat todn k-NN. Mot s6 van dé can tiép tuc nghién citu thém dwoc
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néu & phan cudi cia bai bdo.

2. KHAI THAC PO THI

Muc dich ctia qué trinh khai thac do thi Ia tim ra cdc mau hay do thi con 1y thd va pho
bién trong dir lieu ¢6 cau tric. Dieu quan trong hon 1a viéc biéu dién dir lieu dwéi dang do
thi bdo toan duwoc thong tin cau tric cia dir lieu ban dau, trong khi cdc thong tin nay cé
thé bi mat di khi chuyén ddi sang céc hinh thitc biu dién khac. Bai toan khai thac do thi
la linh vue nghién ciru s6i dong trong vai nam gan day. Cé hai huéng tiép can chinh doi véi
bai todn xéc dinh do thi con pho bién tir tap dir lieu do thi [18]:

e Khai thic do thi con pho bién trén mot do thi 1ém: thuat toan SUBDUE, GBI, PATH,
GREW, SIGRAM.

e Khai thic d6 thi con phé bién trén tap dit liéu gom nhieu do thi nhoé : thuat todn AGM,
FSG, gSpan, FFSM, Gaston.

Trong céc phwong phap tim do thi con phd bién trén tap dir liéu do thi, gSpan la thuat
toan nhanh, cho két qua on dinh va dé dang cai tién cho tap do thi c¢é huwéng. Thuat toan

gSpan nguyén thiy chi cé thé 4p dung trén do thi vo hwémg va do thi con nhéd nhat tim dwoc
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13 do thi gom hai dinh mot canh. Chiing t6i da cai tién thuat todn gSpan dé cé thé 4p dung
trén d6 thi ¢6 hwéng va nhan biét cac dinh don ¢é tan s6 xuat hién thoad ngudng phd bién
t6i thidu minsupp da cho.

Thuat toan gSpan (graph-based Substructure pattern) [16] 1a mét thuat todn khai théc
do thi con phd bién theo chieu sau. Dau vao cia thuit toan la tap do thi ¢ gan nhan va dau
ra la tat ca cac do thi con lién thong c¢é tan suat xudt hien khong nhd hon ngudng minsupp
da cho. Y tudng cia thuat toan 1 phét trién cdc mau truc tiép tir do thi don, tim lin lrot
tirng d6 thi con phé bién, tir nhitng do thi c¢é kich thudc nhé dén do thi cé kich thuéc 1ém.
gSpan str dung hé théng bi€u dién do thi chinh tic dé ho tro qua trinh tim kiém. Thuat toin
4nh xa mo6i mau vao nhan chinh tic duy nhat va gan moi do thi mét ma DFS (Depth-first
search) tdi tieu. Ma DFS la thit tw duyét cdc canh cia do thi theo chieu sau. Dua trén cic
nhan nay, quan hé thit tw day du giita cdc mau dwoc tao lap. Thit tw tir dién nay ciing dwoc
dung trong viéc thiét 1ap cay tim kiém phan cap (goi l1a cay DFS). Trong qud trinh duyét cay
theo chiéu sau, thuat toan gSpan chi mé rong tng vién trén céc canh/ nhanh nam bén phai
nhat cia cay DFS.

Van deé phitc tap nhéat trong bai toan khai thac do thi con phé bién la xac dinh ding cau
do6 thi con. Day 1a bai todn c¢é do phitc tap NP khi céc dinh trong do thi khong dwoc gan
nhan duy nhat (nhiéu dinh c¢é cing nhan nhu trong tap dir liéu vé hop chat héa hoc). Tuy
nhién, véi mé hinh biéu dién van ban thanh do thi ma moi dinh dwoc gan nhan duy nhét

(tén cia thuat ngir) thi do phite tap gidm xudng con O(n?) (n - s6 lwong do thi).
3. MO HINH PHAN LOAI VAN BAN

Hé thong TCG (Text Classification based on Graph) tu dong thuc hién viéc phan loai vin
ban. Mo hinh ching toi de xuat sit dung k¥ thuat khai thac do thi dé phan loai van ban vao
chi dé twong tng. Hinh 1 14 khung mo hinh phan loai TCG véi cdc thanh phan nhw trinh
bay duéi day.

3.1. Tién xit Iy vin ban

Vin ban
méi
=5 e
E;J’: O M6 hinh héa Rit trich dc
— B - in ba 3 - trung do thi
o7 = 3 4 >
&g (gSpan)
s B
= !
Xay dung tap
vecto dai dién
l6p

Hinh 1. So d6 hé théng TCG
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Céc van ban thudc cing mot 16p tao nén tap dit lieu hudn luyén dé xdc dinh cdc mau
phé bién va ly thd sau khi cdc hu tir bi loai. Viéc loai bé hw tir dwoc tién hanh khi tien
xit 1y cédc 16p ciing nhw thue hién trén van ban méi dé loai bo cdc tir khong cung cap thong
tin cé gid tri. Sau d6, tan suat xudt hién clia cdc “thuat nglt” trong vian ban (cé thé la tir,
tiéng, hay cum tir tiy theo kiéu do thi duwoc chon dé biéu dién van ban) duwoc tinh. Dé gidm
kich thuréc ciia do thi va thoi gian tinh todn do thi con phé bién, ching toi chi gitr lai f% s6
“thuat nglr” ¢ tan s6 xuat hién cao nhat. Chiing toi thong ké tan s6 xudt hién va tinh trong
s6 cia “thuat ngt” theo cong thitc TF-IDF (Term Frequency Invert Document Frequency)
[14]. Sau khi tinh trong s6 cho céc “thuat ngit”, ching toi sap xép chiing theo thit tu trong

s6 gidm dan tir cao xudng thap va ldy f% s6 “thuat ngi” deé tao lap do thi.
3.2. M6 hinh héa vin ban thanh dé thi

Uu di€m chinh cia mé hinh bi€u dién van ban bang do thi la mé hinh nay cé thé lru
gitt cdc thong tin ciu tric cia van ban ban dau. C6 nhiéu cach xay dung do thi tir van ban.
Téc gia [12] trinh bay mot s6 ki€u chinh: kiéu chuan, don gian, khoang cich n khodng cich n
don gidn va d6 thi tan s6. T4t ca céc kieu nay deu sir dung su lien ke cia thuat ngit” (term).
Chiing t6i chon mé hinh d6 thi don gidn [12] hay mo6 hinh do thi c¢é huéng dé biéu dién van
ban vi tin rang mé hinh nay c¢é thé 4p dung cho moi loai van ban. Trong mé hinh dé6 thi don
gidn, moi van ban la mot do thi. Pinh bieu dién “thuét ngi” trong van ban. Cac dinh dwoc
gdn nhan duy nhat la tén cia “thuat ngit”. Sau buéc tien xit 1y van ban, néu thuat ngr “a”
dirng ngay trudc thuat ngir “b” thi sé cé canh ndi tir dinh “a” dén dinh “b” (khong ké cic
treomg hop phan céch béi ddu cau). Mo hinh do thi 13 mé hinh doc 1ap ngon ngir: ¢é the ap
dung cho van ban trén ngon ngir bat ky.

Vidu: Ta ¢é van ban sau

“Microsoft sé€ gici thiéu hé diéu hanh Vista va trung bay cdc cong nghé b6 tro dwoc xdy

S~ .- A g N
dung dé cai tién hé diéu hanh’ .

hé didu hanh

Hinh 2. Vi du mé hinh d6 thi don gidn

“Thuat ngit” & day twong ing véi don vi tir cia van ban. Hinh 2 1a mé hinh bicu dién
van ban trén & dang do thi don gian khi da qua buéc loai bd hwr tir va céc tir ¢é trong s6
thap.

3.3. Rit trich dic trung db thi

K¥ thuat khai thac do thi dwoc dung dé rit trich cdc dic trung hay céc do thi con pho
bién. Trong tirng chi dé, ching ta thuwc hién viéc rit trich dac trung la cdc do thi con pho

R , N , ~ . . ) . ’ \ N
bién cé tan s6 xuat hién 16n hon ngwdng pho bién t6i thieu minsupp. Qué trinh nay dwoc
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thuc hién bang thuat todn gSpan da dwoc trinh bay & phan 2. Sau dé, ta tong hop cic do
thi con pho bién thu dwoc tir tit cd céc chi dé. Ching ta xay dung dwoc tap cic dac trung
tap do thi con pho bién. Pay 1a dau vao cho buéc xay dung vecto dai dién 16p/chi de tiép
theo.

3.4. Xay dung vecto dai dién chd dé

Chiing t6i xay dung vecto nhi phan dai dién cho tirng chi dé. Moi chi dé cho truéc duoc
bieu dién thanh mot vecto dic trung cé s6 chieu bang kich thwéce tap do thi con phé bién.
Dic trung nhan gid tri 1 néu do thi con phé bién twong ng xudt hién trong tap do thi con
phé bién cia chi dé va ngwoc lai. Két qua, ching ta thiét 1ap dwoc tap vecto dac trung nhi

phan dai dién cho céc chu de.

Gid str dau vao cia qud trinh huan luyén 13 tap van ban huan luyén D = {dy, ds, ..., d,}
¢6 gan nhan 16p va tap cic 16p C = {C1, Ca, ..., Crn}. Moi van ban d; € D; 1 < i < n chi
thudéce vé mot 16p C; € C; 1 < j < m. Khi dé, sau buéc moé hinh hod van ban ta thu duoc
tap do thi G = {G1,Ga, ..., G,,} twong ting véi cic van ban thudc tap D va dwoc phan chia
thanh m 16p phan biét. Sau khi 4p dung thuat todn gSpan lén tirng 16p trong G, ta to hop
do thi con phé bién tir tat ci céc 16p va thu dwoc tap dic trung F = {f1, f2, ..., fx}. Vecto
dai dién cho moi chi de/lép Ci; 1 < i < m la vecto B; = (Rj1, Rio, ..., Rig) ¢6 k chieu véi
gid tri R;; = 1 néu dac trung f; € F' 1a mot trong céc do thi con pho bién tim duwoc tir tap
do thi bieu dién van ban thudc 16p C; va ngwoc lai. Két qud, ching ta thiét lap m vecto nhi
phan {Ry, R, ..., Ry} véi R; 1a dai dién cho 16p C;.

3.5. Bo phan loai

bau tién, ching ta thure hién cdc buée tien xik Iy nhuw téch cau, loai bd hur tir va sit dung
tap cac “thuat ngtt” da lra chon trong qud trinh huan luyén dé xay dung do thi biéu dién cho
van ban méi. Sau dé, ta cin xdc dinh trong d6 thi bi€u dién vin ban méi ¢ chira nhirng dic
trung cia tap dac trung (hay cé chita cdc do thi con phd bién) va tir dé xay dung vecto nhi
phan c6 s6 chiéu twong tng véi kich thude cia tap dic trung. Gia tri cda tirng thanh phan
trong vecto biéu dién van ban méi thé hién sw ton tai hay khong cdc dic trung trong do thi
bi¢u dién van ban twong ttng. Tiép theo, ta tinh todn su twong tu gitta vecto biéu dién van
ban mé&i véi tat ca vecto dai dién cho cdc chu dé/lép. Ching toi sit dung do do Dice [1] vi
day 13 do do don gian nhuwng rat hiéu qua trong viéc xac dinh do twong twr gitra cdc vecto nhi
phan. Ngoai ra, do do Manhattan [1] ciing duoc ding dé so sdnh két qua phan loai.

Gid sir vecto vg biu dién van ban méi X va tap R = {Ry, R, ..., Rin} v6i R; la vecto
dai dién cho 16p C;. Khi dé cong thire tinh dé do Dice va Manhattan gitta vecto vy va vecto

R; dai dién cho 16p C; nhu sau:

o 2|’U0 A Rl|

Dice(wvo, R;) = ol F IR
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k

Manhattan(vo, Ri) = Z |(’Uoh - Rih)|: <2>
h=1

trong dé, |vo|, |R;| 1a tong s6 dac trung mang gid tri 1 cia vecto vg, R;; k - s6 chiéu cia
vecto.

Cudi cung, dwa trén cac do twong tu Dice ta gdn vin ban méi vao 1ép cho gia tri Dice
16n nhat. Con néu sir dung d6 do Manhattan thi 16p ¢ gid tri Manhattan nhd nhat dwoc

chon lam 16p cho van ban mdi.

4. KET QUA THU NGHIEM

DPé danh gia mo hinh phan loai dwa trén k¥ thuét khai thac do thi, ching téi thit nghiém
mo hinh ndy vao bai todn phan loai vin ban tiéng Viét. Nhirmg nghién citu gan day trén bai
todn phan loai van ban tiéng Viét da sir dung: 1y thuyét tap tho [10], tiép can st dung hoc
khong gidm sat [5], tiép can dwa trén luat két hop [3], Nave Bayes [8], thuat giai di truyén
[7] va& SVM [4]. Phan 16n céc cong trinh nay dwa trén mé6 hinh bidu dién van ban la mé hinh
tii tir hodc moé hinh khong gian vecto va phan nao bi phu thudc vao bod cong cu tach tir.

Dit liéu thit nghiém gom céc bai bdo 14y tir cdc t& bdo dién tit 16n va dwoc phan chia
thanh cdc nhém dua trén cdc chu dé da cé trén cdc trang truc tuyén nay. Ching toi thuc
hién viéc chon loc cdc chi dé chung tir céc trang web nay. Bo dir lieu thit nghiém bao gom
3900 tap tin vian ban dwoc chia thanh 7 chi dé nhu trong bang 1.Van ban ¢é kich thuéce tir
1KB dén 15KB.

Khi 4p dung mo hinh phan loai da dé xuat lén tiéng Viét, chiing toi chon lwa don vi tiéng”
twong tng véi khai niém “thuat ngtt” dé bieu dién dinh trong do thi. Sau khi tach cau, loai
bd hur tir, x4c dinh trong s6 cho tiéng va loai bd bét céc tiéng ¢é trong s6 thap, chiing toi thu
dwoc trung binh 40 dinh/do thi.

Bdng 1. Tap dir liéu thir nghiém

STT | Ten chu de S6 van ban

1 Khoa hoc 358
2 Kinh doanh | 654
3 Sttc khoé 315
4 The thao 759
5 Van héa 522
6 Vi tinh 457
7 Xa hoi 835

bé danh gia két qud, chiing t6i stt dung cic chi s6 do phi (recall), d6 chinh xdc (precision)
va chi s6 can bang giita 2 dé do trén - F1 [11]. Ching t6i sit dung phwong phap danh gia
chéo (k-fold validation ) dé chay thir nghiém. Két qua thir nghiém twong ting véi do do Dice
va do do Manhattan duoc trinh bay trong Bang 2. Thoi gian huin luyén trung binh 14 2,5
gidy/ van ban va thoi gian thue hién phan 16p tinh tir thoi diém tién xi 1y van ban méi cho

dén khi phan 16p hoan tat trung binh 1a 0,5 giay/van ban.
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M6 hinh phan 16p diung diung do do twong tu Dice cho két qua t6t hon mé hinh ding
do do Manhattan. 6 1a do ban chat cida do do Manhattan, dic biét trong cch tinh do do
nay. B6 do Manhattan tinh su khéc biét cua dic trung trong hai vecto, trong khi do do Dice
chi dém s6 lwrong dic trung mang gid tri 1 dong hién & ca hai vecto va chia cho tong s6 dac
trung nay cia ca hai vecto. Hinh 3 thé hién biéu do so sanh két qua phan loai theo céc do

do twong tu khac nhau.

Bdng 2. Két quéa thir nghiém phan loai (5-fold validation)

Do do twong tw Dice Do do twong tw Manhattan
Ténchudé | popha | Dochinhxic | Podo | Pophu | D chinhxic | Do do
(Recall) (Precision) Fl1 (Recall) (Precision) Fl1

Khoa hoc 0.887 0.722 0.796 0.6 0.515 0.544
Kinh doanh 0.931 0.787 0.853 0.866 0.813 0.839
Strc khoé 0.639 0.875 0.739 0.62 0.721 0.667
Thé thao 0.873 0.968 0.918 0.86 0.896 0.878
Vin héa 0.798 0.941 0.864 0.8 0.909 0.851
Vi tinh 0.717 0.865 0.784 0.615 0.767 0.683
X3 hoi 0.792 0.933 0.857 0.65 0.915 0.76

Trung binh 0.805 0.87 0.83 0.716 0.791 0.746

Recall
Precision

Khoa Knh SQrc Thé Vin Vitinh Xahoi Khoa Kinh Src Thé Vin Mitinh Xahoi
hoc doanh khoé thao hoa hoc doanh khoé thao hda
#Podo Dice Do do Manhattan EPodoDice %D doManhattan
a) So sanh theo d§ phu (Recall) b) So sanh theo d§ chinh xac (Precision)

Hinh 3. So sanh két qua phan loai theo do do twong tw Dice va Manhattan

Chuing to6i cai ddt thuat todn k-lang giéng gan nhat (k-NN) trén mo hinh khong gian vecto
véi do do Cosine [14]. O day, chiing toi sit dung bo cong cu tach tir tiéng Viét cia nhém téc
gid [2] dé xay dung céc vecto dic trung van ban. Phuwong phép trich chon dac trung dung
do lgi thong tin (information gain) duwgc éap dung cho mé hinh khong gian vecto nham nang
cao chat lwong phan loai. Bén canh dé, ching to6i ciing thir nghiém moé hinh lai cia téc gia
[6] v&i thudt toan k-NN va do do twong twr Manhattan. Mo hinh lai sir dung c& dang bieu
dién bang @6 thi va vecto. Bang 3 trinh bay két qua phan loai t&t nhat cia cdc phwong phap
khéc nhau theo d6 do F1.



50 NGUYEN HOANG TU ANH, HOANG KIEM

Bdng 3. So sanh két qua thir nghiém phan loai theo gid tri F1 trung binh

TT | Mo hinh bieu dien | Mb ta thuat todn Gia tri F1
van ban trung binh
1 M6 hinh vecto k-NN, d6 do tuong tu Cosine 0.708
2 Mo hinh lai k-NN, d6 do tuong tu Manhattan, | 0.716
“u” tao thanh dinh
4 Mo hinh TCG So khép véi do do Dice, 0.831
dinh tao tir don vi “tiéng”

Hinh 4 13 do thi so sanh két qua phan loai theo mo6 hinh d6 thi TCG, mé hinh lai va mo
hinh khong gian vecto trén cdc chi de theo do do F1. Két qua cia mo hinh da de xuiat TCG
véi phrong phép so khép ding do do Dice trén bo dir lieu nay cho két qua tot nhat.

® M6 hinh vecto Mo hinhlai ®TCG

10
09
08
0.7 -
06 -
05 1
04 -
03 1
02 4
0.1 1
0.0 -

Do do F1

Khoa hoc Kinhdoanh Strc khoé Thé thao  Vinhoa Vi tinh Xahoi

Hinh 4. So sanh két qua phan loai theo chi de

5. KET LUAN

Qua bai bdo nay, ching toi dé xuat khung mo hinh phéan loai van ban dwa trén ky thuat
khai thac do thi. Hé théng TCG stt dung bo phan 1ép dua trén phwong phép so khép véi
vecto dic trung chid dé dung do do Dice cho két qua tot hon do do Manhattan va vwot troi
so véi phwong phap sit dung moé hinh khong gian vecto, ciing nhw mo hinh lai. Két qua thi
nghiém cho thdy tinh hiéu qua cia ti€p can nay. Chiing téi tin rang ky thuat nay cé thé 4p
dung cho céc kiéu dit litu van ban khac nhwr van ban web hay email, cliing nhw ¢é thé 4p dung
cho céc ngon ngit khac nhau. Chiing t6i du dinh phét trién nghién ciru theo huwéng nay. Bén
canh dé, chiing t6i ciing s& nghién citu, cai tién qué trinh it trich dic trung - A6 thi con pho
bién nham nang cao hiéu qua va thoi gian phan loai. Pong thoi thit nghiém va so sanh véi
nhiéu phuwong phap phan loai truyén thong khéc dé danh gia sau hon tinh hiéu qua cia mo
hinh.

L&i cdm on. Nhém téc gid xin gii 101 cdm on dén TS. Pinh Pién vd nhém Vietnamese
Computational Linguistics (VCL) Khoa CNTT, Truomg PH Khoa hoc Tw nhién, PHQG Thp.
HCM da cung cap bo tach tir tiéng Viét.
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