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THUAT TOAN PHAN LGP BAYES VA VAN DE XAC DINH
NGUONG PHAN LOP TRONG MAY TiM KIEM

PANG THANH HAI, NGUYEN HUONG GIANG, HA QUANG THUY

Trudong Pai hoc Cong nghé, Dai hoc Quéc gia Ha Noi

Abstract. The problem of integrating a classification algorithm into search engines is likely to
play an important role in the evolution to integrate web mining solutions into search engines. Some
typical classification algorithms, such as Bayes, k-NN, FOIL ... are useful and Bayes algorithms are
the most important. In this article, we propose a new mathematical formula which approximate to
the posterior probability in the first Bayes algorithm. Moreover, the problem of determining the
classification threshold is solved. By assuming that the classification threshold on Trebusep model,
an algorithm to determine the classification threshold is proposed. Effect of proposed solutions is
proved by experimental results, which are showed in this article.

Tém tAt. Tich hop thuit todn phan 16p vao may tim kiém 13 mot bai todn néi bat trong xu thé
tich hop khai phd Web vio cdc méy tim kiém. Mot s6 thuat todn phéan 16p dién hinh dwoc st dung
l1a Bayes, 5NN, FOIL, trong dé céc thuat todn Bayes c6 mot vi tri quan trong. Trong bdo cdo nay,
ching toi dé xuat mot cong thire tinh todn maéi xap xi xdc suat hau nghiém trong thuat todn phan
16p Bayes thir nhat. Mat khéc, bai todn xdc dinh nguwong phan 16p cling duoc phan tich va gidi
quyét. Trén co sd gid thiét nguwong phan 16p tuan theo moé hinh Trébusep, thuat todn xic dinh
ngudng phan 16p dugc de xuat. Céc két qua thir nghiém duogc trinh bay trong bdo cdo ching té
tinh hiéu qua cia cic gidi phdp duoc dé xuat.

1. GIOT THIEU

Tich hop giai phap khai phd Web vao may tim kiém da trd thanh linh vwe nghién ciru
noéi bat ve khai phé dir lieu trong nhitng nam gan day. Mot trong nhirng noéi dung dwoc de
cap dau tién la tich hop gidi phdp phan 16p vao may tim kiém ([2,4,5,6,8,-14]). Ngoai cdc
yéu té lién quan téi tir khéa, mdy tim kiém con cho phép ngudi ding dwa thém yéu to “16p”
vio cau héi tim kiém dé sau dé méy tim kiém sé& trad vé cho ngudi ding céc trang Web théa
man yéu cau cla ngudi ding, bao gom ca yéu t6 1ép trong yéu cau. Nhw da biét, trong nhieu
hé thong quan 1y van ban, mot s6 mé hinh phan 16p dién hinh nhw Bayes, cay quyét dinh,
k-NN, FOIL thuong duoc st dung ([2,4,5,6,9,13,14]).

Béo cdo nay dinh huéng téi viee bo sung thanh phan phan 16p Bayes vao may tim kiém
tiéng Viét Vinahoo [15,16]. Pau tién, chiing t6i nghién citu viéc cdi tién cong thirc tinh todn
x4c suat hau nghiém trong phuwong phip Naive Bayes. Sau dé ching toi nghién ciru viec de
xuat gidi phap diat nguong phan 16p trong thanh phan phan 16p ndéi trén. Céac két qua thuc
nghiém do ching to6i thi hanh trén may tim kiém Vinahoo da minh chirng dwoc tinh hiéu qua
ctia thanh phan phan 16p.
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Muc ngay tiép theo trinh bay két qua tir mot s6 cong trinh nghién ciru lién quan vé giai
phép phan 16p Naive Bayes. Chat lwong phan 16p dwoc ddnh gid qua hai thong s6 la do
chinh xdc va do hoi tudng ([2,4,9,10,13,14]). Muc 3 dé xuat mot cong thirc phan 16p trong
phuwong phép Naive Bayes. Két qua thue nghiém thi hanh trén may tim kiém Vinahoo chi ra
rang chat lwong phan 16p theo cong thitc méi 1 cao hon so véi cong thitc nguyeén thiy. Mot
bai toan quan trong trong phwong phap phan 16p Naive Bayes la bai toan xac dinh ngudng
phan 16p ([2,9]). Muc 4 trinh bay phwong phép xéc dinh ngwong phan 16p do chiing toi de
xuat va két qua thue nghiém thi hanh trén mdy tim kiém Vinahoo. Cudi cing 134 mot s6 ¥
kién ban luan va dinh hwéng phat trién nghién citu.

2. MOT SO CONG TRINH LIEN QUAN

Trong [2], Dunja Mladenic trinh bay nhirng néi dung quan trong trong linh vuc khai pha
text va khai pha Web. Cung véi cac phwong phap k-NN va FOIL, phuong phap phan 16p
Nave Bayes dwoc téc gid coi nhir mot phwong phap pho bién dé gidi quyét bai toan phan 16p
van ban. Phuwong phdp nay cing dwoc nhiéu tic gia de cap ([4,5,8,9,10,12,13]). Co s& Iy
thuyét cia phwong phéap 1a dinh 1y Bayes vé xéc sudt c¢é dieu kién. Quan hé gitra xdc suat
P(A|B) xuat hién bién c¢6 A theo diéu kién da xuat hién bién c6 B véi xdc sudat P(B|A) xudt
hién bién ¢6 B theo diéu kién da xuat hién bién ¢ A (gid thiét hai bién ¢ A, B 1a doc lap):

P(A|B) = P(B|A) x P(A)/P(B) (1)

duoc cu thé khi tinh gid tri xdc sudt P(e|d) phan tai lieu d vao 16p ¢ theo phuwong phap phan
16p van ban Naive Bayes la:

~ P(c) x P(d|c)
P(c|d) = zk: Pled) < Pldia) (2)

Theo hinh thitc biu dién vin ban théng qua su xuat hién cac tir khéa trong vin ban dé,
cong thire (2) dwoc Dunja Mladenic trinh bay dwéi dang:
P(e) x [T P(wjle)TFtes)

w;Ed

EkIP<ck) x [1 Plw;jlep)TFGa)

w;€d

P(c|d) = (3)

Trong cong thire (3), P(e) hoic P(ey) 1a xéc suat xuat hién 16p ¢ hodc 16p ¢; twong ting
(chi ¥y 1a Ek: P(cr) = 1); P(wj|e) hodc P(wj|ex) 1a xdc suat xuat hién tir khéa w; trong diéu

kién xuat hién 16p e hodc 16p ¢ twong tng; TF(w;) 1a s6 lan xuat hién cia tir khéa w; trong
van ban can phan 16p d (mot s8 truong hop, TF(w;) dwge chuan héa bang ty s6 gitta s6 lan
xudt hién tir khéa w; véi tong s6 lan xuat hién moi tir khéa trong d). Céc xdc suat P(e) hoic
P(er) vaxdc suat P(wjle) hoac P(wj|er) duoc tinh dwa theo mot tap cho trude céc van ban
v6i thuoe tinh 16p da duoc xéc dinh (tap vi du hoc). Céc cong trinh [2,4,5,8,9,10,12,13]
dwa ra mot s6 cong thie tinh todn cdc gid tri xdc sudt P(wjlex), ma da s6 trong d6 1a bién
thé cia cong thirc Iy thuyét. Theo Dunja Mladenic [2], bai todn xéc dinh ngudng phan 16p
14 bai toan khé, nhiéu truwong hop can c¢é kinh nghiém cia ngudi thi hanh hé théng phan
16p. Nhiéu cong trinh dé cap téi cdc phwong phap bieu dién trang Web theo tap tir khéa
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([3,4,9,11,13,14]). Sen Slattery [13] trinh bay bon phuwong phap biéu dién noéi dung trang
Web theo céc tir khéa. Gia tri xac suat phan 16p duoc tinh toan theo cong thirc (3).

Béo céo nay gidi quyét hai van dé khi tich hop thanh phan phan 1ép vao mdy tim kiém
Vinahoo ([15,16]). Pau tién, ching t6i dé xuidt mot cong thirc méi tinh todn xéc suat phan
16p nham nang cao chat lwong phan lép. Ching t6i tién hanh thir nghiém thi hanh thanh
phan phan 16p trén mdy tim kiém Vinahoo va cho chay trong moi trudmg Internet thuc.
Viéc danh giad két qua dua trén viéc xem xét hai théng s6 dién hinh 1a dé chinh x4dc macro
(macro-precision) va do hoi tudng macro (macro-recall) [13]. Van de thit hai la dé xuat mot
gidi phap xéc dinh ngudng phan 16p. Xuat phat tir gid tri tho ban dau, nguong phan 16p
dwoc xdc dinh qua viéc lam tinh dan theo hai thuat todn. Két qua cai dat gidi phdp xdc dinh
nguong trong may tim kiém Vinahoo cho thay giai phdp dwoc dé xuat 14 thue sw hiéu qua.

3. CONG THUC PHAN LOP NAIVE BAYES

bé y trong cong thitc (3), cic dai lwong P(w;le) va P(w;ler) thuong rat nhé, lai dwoc
tinh todn theo phép nhan va ham mi (céc gid tri TF(w;) thuong khé 16n) lam cho khéi lrong
tinh todn 16n dan dén khong chi tén thoi gian tinh todn ma con lam tang sai sét tinh toan
trong két qui cudi cing. Trong muc nay ching t6i phan tich va bién doi cong thic (2) dé
nhan dwoc mot cong thite tinh xdc suat hau nghiém cé chat lwong hon.

3.1. Cbéng thirc phan 16p Naive Bayes

Theo 1y thuyét xdc suiat Bayes, xuat phat tir cong thitc (2), cong thitc tinh todn gia tri
x4c suat hau nghiém dwa trén mo hinh tham s6 0 1a:

 P(e]0) x P(d]e,0)
P 0) = S~ 5ealo) x Pldles.0)° “

trong dé 0 1a mé hinh tham s6 can dwoc xay dung. Tir day tré di ngam dinh san mé hinh
tham s6 6, cho nén dé don gidn cac cong thike chiing ta khong chi dan mé hinh tham s6 0
na.

Theo mé hinh vecto bieu dién van ban ([2,3,4,8,10,13,14]), van ban d dwoc biéu dién
duéi dang {(w1,n1), (wa, n2), ..., (W)q, ) }- O day, {w;} 1a tap cdc tir khéa xudt hién trong
van ban d, con n; twong tng 14 s6 lan xuat hién tir khéa w; trong d. Nhuw vay, d dwoc xem
la su kien dwoc xdc dinh qua tap céc tir khéa xuat hién trong né cung véi s6 lwot xuat hién
twong tng cia moi tir khéa. Sw kién (vin ban) d dwoc mo t4 theo bo |d|+1 cdc s kién (tinh
chdt) nhu sau:

1. S6 lwgng tir khéa khéc nhau trong d 1a |d].

2. Tir khéa wy xuat hién ny lan.

3. Tl khéa wo xudt hién no lan.

|d| + 1. Tir khéa w|q xuat hién ng lan.
Goi X bién ngau nhién biéu dién s6 lwong tir khéa khéc nhau trong mot tai liéu, con w;
1 bién ngau nhién bicu dién s6 lwong tir khéa w; xuat hién trong mot tai liéu, ching ta cé:

P(d|c) = P{X = |d|, w1 = n1, we = ng, ey W) = n‘d‘}|c). (5)
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Thira nhan gid thiét 1 s6 lwong tir khéa xudt hién trong tai lieu 1a doc lap véi ngir nghia
cla tai liéu, ching ta co:

P(d|c) = P(X = |d| x P({w1 = n1, w2 = Na, ...,w|q = Myq| }]c). (6)

Trong céc hé thong phan 16p, cdc bién ¢6 wi,wa, ...,w)q thuwomg dwge coi la cdc bién ¢6
doc lap nhau tirng d6i mot, vi vay chung ta nhan dwoc:

P(d|c) = P(X = |d| x P({w1 = nilc) X P(wz = nalc) X -+ X P(w)q = nyqllc). (7)
\d|

bat N = Z n; 13 tong s6 lrot xuat hién cac tir khéa trong tai liéu d. Thuc hién lwoc do
i=1

xéac suat S ¢é dang nhuw sau:

+ Chon ngau nhién mot gid tri cho N.

+ Thuc hién N Tan phép thir ¢6 tinh chat 1a x4c suat xuat hién tir khéa w; trong mién
ngir nghia cia 16p ¢ 1a hang s6 (P(w;|e) = const) va xédc suat khong xuat hién tir khéa w;
twong tng la (1 — P(w;le)).

Thay rang lroc do S chinh 1 lroc d@6 Becnulli, vi vay chiing ta nhan dwoc:

Plwi = nile) = P(N) x O3 x (P(wile))™ x (1 Pluife)¥ ™ (®)

Tir cdc cong thite (2), (7) va (8), chiing ta cé:

|d| |d|
Pe)x POC= [dl)x (PO TT R x TTPGley™ x (1 Pl
P(c|d) = ‘d‘ ‘d‘
D Ple) < POC= > (POV) o TT G > TTOPoilen) (1 = Pl
k
la twong dwong véi
\d|
P(e) x [T Plale)s x (1= Plae))
P(c|d) = l:‘;
3 Pl x JI(PGala™ x (1= Pl

hay

o [T - Plule)™ x (o) )"

X — P(w;le X —P<wi|ck> .
2 Pl x 10 = Pludad™ <<1—P<wi|ck>>

D rang trong cong thirc (9) cic gid tri (1 — P(w;le)) va ﬁi—m nhin chung da khong

con qud nhd nhu ban than P(w;|c), song trong cong thirc nay van con phai tinh cdc luy thira
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clia ching, vi vay can lam gidm bét cée Iy thira nhu vay. Theo dang thitc cia cong thite
(9), chiing toi de xuat cong thirc bién thé né nhw dwéi day dé tinh xap xi gid tri xéc sudt hau
nghiém. Ap dung phép chuan héa 7\?:8(1 —0) + 0 dwa gia tri n; trong mién nguyén [0, V]
thanh mot gid tri trong mién thue [0, 1], ching ta nhan dwoc (& day, ) = %)

|d|

% [[0 - Plusge) x (i)

Pc|d) = ijld‘ : (10)

Plw;le "
ZPck XH (1 — P(wj|eg)) X <%>

Hon nira, néu mot tir khéa xuat hién trong nhiéu 16p thi ¥ nghia phan 16p cia tir khéa

dé sé bi “loang” di ¢6 nghia la gid tri déng gép cia tir khéa dé vao xdc suat hau nghiém phai
dugce gidm di. Goi CF(w;) 1a s6 lwong 16p ma mién ngtr nghia c6 chita tir khéa w; thi gia tri
CF(w;) 13 mot yéu t6 dnh huwdng t&i gid tri xdc suat dé tai lieu d thudc vao mot 16p vi vay
can dwoc tinh dén. Chiing t6i dua yéu t6 dé vao trong cong thirc (10) dudi dang bac Iy
thira d6i véi thanh phan twong trng véi w;. Khi dé, nhan dwoc cong thite:

- CF (w;)
(1= Pwle)) x <%> ]

(1 = P(wilex)) x <11_'*“’7|0k>>>n] CFwi) *

P(w;|ek

|d|

c)xH

P(eld) - =L

ZPck XH

Tuy doi hdi mot khdi lwong tinh todn bo sung, nhung cong thitc (11) cho phép dwa vio

(11)

moi quan hé gitra tir khéa véi cac 16p.

|d|

Addle) = T]

=1

(1= Plafe)) x (250 ) (12)

Cong thitc (11) c6 the viét lai duéi dang:

P(cld) =

(] CF(w;)

P(c) x Ad|c)
ZP(%) X A(dle;) -

Twong tu [2], chiing t6i dé nghi céc cong thire tinh xdc suat tien nghiém P(c) va P(w;|c)
(ky hiéu twong tng l1a 6, va 6,.;) trong mé6 hinh tham s6 6 nhu sau:

1+ > ngw
071+Mc va Q.L (13)
[ K+M Cy2 L+Zan7w
w dcc

Trong dé:

K 1a s6 16p tai lieu trong hé thong,

M 13 s6 lwong tai liéu trong tap hudn luyén,

M, 13 s6 lwong tai liéu trong tap huan luyén thude vao 16p c,
Ndw; (Nd,0) 1 86 lrot xudt hién tir khéa w; (w) trong tai liéu d.
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3.2, K&t qua thuc nghiém

Chiing t6i 1y ngau nhién tap dir liu gom 1722 trang Web tir trang chti http: / /vnexpress.net
thuoc 6 16p Vi tinh, Thé thao, Phap luat, Sttc khoe, Van héa, Xa hoi va chia tap nay thanh
tap hudn luyeén (véi 802 trang Web) va tap kiém tra (véi 920 trang web) c6 phan bé 16p nhw

trinh bay trong Béang 1.
Bdng 1. Tap dir liéu thit nghiém thit nhat

Tip Lop Vi tinh | Thé thao |Phap luat| Sttc khoé| Van héa | Xa hoi | Téng
Huén luyén| 261 108 57 69 157 150 802
Kiém tra 30 138 193 196 115 148 920
Téng so 391 246 250 265 272 298 1722

Sau khi tinh todn tham s6 mo6 hinh dwa trén tap huan luyén, tién hanh phan 16p tap dir
lieu kiém tra Ian lwot bang cdc bo phan 16p Naive Bayes dwra trén hai cong thitc (3) va (11).
Béng 2 va Bang 3 twong tmg trinh bay két qua kiém tra khi bé phan 16p sit dung cong thirc
(3) va cong thike (11).

Bdng 2. Két qua phan 16p theo cong thirc (3)

R P Vi tinh | Thé thao [Phap luat|Sitc khée | Van héa | Xa hoi
Vi tinh 130
Thé thao 85 53
Phap luat 193 0
Stic khoe 195 0 1
Van héa 3 112
X3 hoi 148 0 0
P, =(130/754 + 53/53 +0+0+112/113+0)/6=0,36
R,=(130/130+ 53/138+0/193+0/196+112/115+0/148)/6=0,39

Trong céc bang nay, chi s6 hang R dé chi nhan 16p thuc sw cia tai lieu, chi s6 cot P dé
chi nhan 16p do bo phan 16p gan cho tai lieu. Chang han, & Bang 2, s6 85 tai 6 giao cia cot
Vi tinh va hang Thé thao chi ra rang cé 85 tai liéu thure s thuoc loai Thé thao song bo phan
16p theo cong thite (3) da phan ching vao 16p Vi tinh.

Pé danh gia chdt lwong phan 16p, ching téi st dung cic théng sé macro-precision va
macro-recall [13]. Trong Bang 2, P, 1a gid tri macro-precision con R la gid tri macro-recall.
Twong tw, trong Bang 3, P 1a gid tri macro-precision con Rs 1a gid tri macro-recall.

Két qua thuc nghiém trén cho thay chat lwong cia bo phan 16p theo cong thite (11) tot
hon han chit lwrong bo phan 16p theo cong thire (3) (ca Py >> Py va Ry >> Ry). Tuy con
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han ché vé quy mo6 tinh todn thue nghiém do gip khé khin trong viéc chay Vinahoo trén moi
truwomg Internet thue, song tir tinh ngau nhién cia viéc chon tap dir lieu thir nghiém cho phép
ching toi tin tuwdng vao tinh hiéu qua clda cong thite (11).

Bdng 3. Két qua phan 16p theo cong thire (11)

R P Vi tinh | Thé thao 1 Stic khoe | Van héa | X3 hoi

Vi tinh 130

Thé thao 11 126 1

Phap luat 37 126 3 27

Stic khoe 12 103 77 4

Van héa 115

Xa hoi 3 145
P,=(130/190+126/126+126/126+103/103+115/199+145/176)/6=0,85
R,=(130/130+126/138+126/203+103/196+115/115+145/148)/6=0,84

4. GIAI PHAP XAC PINH NGUONG PHAN LGP

Véi tai lieu méi d can phan 16p, bo phan 16p Naive Bayes thue hién viéc tinh toan céc
gia tri P(e;|d) ddi véi tat cd cic 16p ¢; va sau dé phan tai lieu d vao 16p ¢; ¢6 gia tri P(e;|d)
curc dai. Dé tang dé mém déo cho bé phan 16p, ngudi ta bo sung tap gid tri ngudng phan
16p {CtgTsh;}, moi gia tri CtgT'sh; twong ting v&i moi 1ép ¢; [2,12,13]. Boé phan 16p phan
tai lieu d vao 16p ¢; néu nhu xdc suat hau nghiém P(e;|d) vot qua nguong CtgT'sh; twong
trng. Tuy nhién, bai todn xdc dinh cac gia tri nguwdng phan l6p CtgTsh; dé bo phan 16p hoat
dong hiéu qua lai 13 mot bai toan khé [2,13]. Dudi day 1a dé xuat cia ching toi vé gidi phap
gidi quyét van de nay.

4.1. Giai phap xac dinh ngudng phan 1ép

Goi Diearn 12 tap cdc tai lieu diing dé huan luyén bo phan 16p. Qud trinh x4c dinh ngudng
phéan 16p duoc chia thanh hai buée.

Budc thit nhat thuwe hién viéc xdc dinh gid tri tho cho ngwong, con buée thit hai thue
hién viéc tinh chinh ngudng. Gi4 tri the cho CtgT'sh; chinh la gid tri cuc tidu cia cdc gia tri
xac suat P(e;|d) ddi véi moi tai lieu d c6 trong Digarn ma thudce vao 16p ;.

Thuét todn 1 mo ta gidi phap xéc dinh gid tri cdc ngwdng. Trong thuat toan, dé don gidn
cong viéc tinh toan, chiing toi str dung gia tri A(d|c) thay cho P(d|c). Véi cdc giad thiét da
dit ra vé cdc bién ¢o lién quan thi cdc gia tri xdc suat P(e;|d) tuan theo phan bo xdc suat
Trébusep, vi vay gidl phdp tinh chinh ngudong phan 16p trong thuit todn Naive Bayes duoc
dinh hwéng theo phan bo xdc sudt nay. Noi dung tinh todn chi tiét dwoc trinh bay tai Buée
3 cia Thuat toan 1.
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Thuét toan 1
1. Xay dung mé hinh tham s6 6 (tinh céc gid tri theo cong thirc (13)) doi véi tap dir lieu
hudn luyen Diearn;
2. For moi tai lieu d € Diearn do
For moi tai lieu ¢ € C' do
{
Tinh P(c|d) theo cong thie (11);
Tinh A(d|c) theo cong thie (12);
}

3. For méi lép ¢ € C do

othres « 1;
For moi tai litu d € Digarn ¢6 nhan 1a ¢ do
{
Tinh gid tri P(c|d) theo cong thire (11);
if (P(c|d) < othres) then othres «— P(c|d);
}
tmp «— Z P(c|d) x A(d|c);
decadeDlearn
tmpv «— Z P%(¢|ld) x A(d|e);
decadeDlearn
tmpv — SQRT (tmpv — tmp?);
n «— 1;
while ((tmp —n X tmpv) > othres) do
{
CtgTsh, — tmp — n X tmpv;

n—n-+1;

Nhu da dugc chi ra trong [2,12,13], thuat toan phan 16p ¢ sit dung ngudng can mot s6
dieu chinh nhé so véi thuat toan khong sir dung ngudng dé dam bao tinh xdc dinh cia thudc
tinh 16p khi thue hién phan 16p. Khi ma ¢ qua mot 1ép dé cho xéc suat hau nghiém vwot
qué nguwong, ching toéi chon 16p lam cuc dai ty s6 gitra gid tri xdc sudt hau nghiém so vé&i
nguwong. Trong trudng hop ¢ qua mot 16p cé ty so dat gid tri cwre dai dé, ching t6i chon 16p
c6 chi s6 nhé nhat trong ching.

4.2. Két qua thuc nghiém

Trong thue nghiém thit hai, chiing t6i sit dung lai bo dir liéu huan luyén cia thue nghiém
thit nhat, con tap dir liéu kiém tra gom 2434 trang Web dwoc 14y ngau nhién ma phan bé
16p duoc trinh bay trong Bang 4.
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Bdng 4. Tap dir lieu thir nghiém thit hai

Tap Lap Vi tinh | Thé thao |Phdp luat| Siic khoé | Van héa | Xa hoi | Tdng
Huén luyén| 261 108 57 69 157 150 802

Kiém tra 352 500 173 409 500 500 2434
Téng s6 613 608 230 478 657 650 3236

Bdng 5. Két qua phan 16p theo cong thire (3) khong diéu chinh ngwong

R P Vi tinh | Thé thao |Phdp luat| Sttc khée | Vian héa | X3 hoi
Vi tinh 252 12 88
Thé thao 191 219 90
Phép luat 173
Sttc khoe 14 210 85
Vin héa 100 94 146 160
X4 hoi 130 100 60 210

P, =(252/443 + 219/475 +0/100+210/364+146/146+210/806)/6=048
R,=(252/352 + 219/500 +0/173+210/409+146/500+210/500)/6=0,40

Bdng 6. Két qua phan 16p theo cong thire (3) ¢6 diéu chinh ngudong

R P Vitinh Thé thao Phédp luat Bic khée [Vinhéa [Ka hoi
Vi tinh 263 21 68
Thé thao 182 | 218 30 70
Phip luat 86 87
Stic khée 22 293 94
Van héa 112 82 227 79
X4 hoi 83 60 4 353

P,=(263/445 + 218/456 +86/144+293/379+227/257+353/751)/6=0,63
R,=(263/352 + 218/500 +86/174+293/409+227/500+353/500)/6=0,59

Béang 5 va Bang 6 trinh bay két qua phan 16p cho tap kiém tra theo cong thirc (3) twong
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g véi cac truomg hop ngudng dieu chinh. Céc gid tri macro-precision va macro-recall trong
trueomg hop cé dieu chinh ngudng (Py = 0,63, Ry = 0,59) deu t6t hon dang ké so véi truomg
hop khong diéu chinh nguong (Ps = 0,48, Rz = 0,40).

5. BAN LUAN

bé tich hop dwoc thanh phan phan 16p Naive Bayes, ching téi da bé sung mot s6 bang
dir liéu, bo sung va thay doi mot s6 médun chwong trinh vao may tim kiém Vinahoo. Két quéa
nghién ctu cia ching téi cho thay tinh kha thi cia viéc phat trién mdy tim kiém Vinahoo
theo hwdng tich hop cdc yéu t6 khai phd Web néi chung va khai phé text tiéng Viét néi rieng.
Song song véi viéc tich hop bo phan 16p nhu trinh bay trén day, hién nay Vinahoo dang dwoc
ching t6i phét trién theo hwéng nang cdp thanh phan tinh hang trang Web va song song héa
thanh phan do tim. Ching t6i da dinh hwéng tich hop phwong phip bi€u dién trang Web
thé hién ngir nghia trang Web da ngon ngir [2,3,7,9, 14], bo sung chitc nang xir Iy web site
[4,8] vao Vinahoo nham xay dung mot may tim kiém tiéng Viét tién tién.
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