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Tém tit: Trong mot s6 ung dung phén loai ty ddng, bén canh cac dir li¢u dang vector con cé dir
lidu lién két thé hién quan hé giita cdc d6i tugng nhu: trang web dugc ndi boi cdc siéu lién két, bai
béo khoa hoc duoc lién két boi céc tai liéu tham khao, cdc nit mang dwoc két nbi vat Iy .v.v. Yéu
cdu dit ra voi thudt todn phén loai 12 tin dung va két hop dir lidu lién két véi cdc thong tin khic dé
cho két qua dy doan chinh x4c hon. Nhiéu nghién ciru trude diy da giai quyét van dé nay bang
cich sir dung cdc thuat todn dua trén dd thi ma tiéu biéu 1a b phan 16p Gaussian-field, cic mang
Hopfield va by phan 16p quan hé lang giéng.v.v. Trong bai bdo nay, chiing toi dé xuat giai quyét
van dé két hop thong tin lién két vai cac dir liéu khac bang céch sir dung k¥ thuat dong huin luyén,
trong d6 céc lién két dugc coi 1a mot gbc nhin (view) khac cua dit liéu. Phuong phiap dugc thu
nghiém trén bo dit lieu WebKB. Két qua thir nghiém va so sanh cho thay phuong phép dé xuét cho

két qua phén loai chinh xdc hon phuwong phap két hop dit liéu lién két dya trén do thi.

Tir khéa: Dong huan luyén,dit liéu lién két

1. Giéi thigu

Phan loai hay phan 16p la ky thuat khai pha
dr liéu dugc nghién cou va st dung rong rai.
Pay 1a phan quan trong trong cic dang {mng
dung nhu phan loai van ban, nhan dang chiv
viét, giong néi, phan loai protein v.v.

Trén thyuc té ton tai mot s6 bai todn trong d6
gifta céc ddi tugng can phén 16p c6 cdc lien két
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voi nhau. Ching han, khi phan loai trang web,
ngoai ndi dung trang c6 thé sir dung nhu cic
dic trung ding dé phan loai, trong céc trang lai
c6 céc siéu lién két. Hay khi phan loai protein,
céc protein thuong cé céc lién két twong tng
v6i quan hé tuong tac gitta chiing. Cac quan hé
lién két ciing 12 dang dit liéu tiéu biéu vdi cic
g dung cho mang mdy tinh. Tl thyc té nay,
mot van dé dit ra 1 tan dung dit liéu c6 lién két
dé tang hi€u qua va d¢ chinh xac cho thuat toan
phéan 16p.
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Nguyén tic chung ctia viéc phan 16p dit liéu
c6 lién két 1a tao ra cdc rang budc, theo d6
nhitng dbi twong dugc lién két v6i nhau can c6
nhan phan 16p tuong tu nhau. Dya trén nguyén
tdc chung nay, nhidu thuat toan va k¥ thuat cu
thé da duoc phit trién va tng dung.

Mot trong nhitng tiép can som nhét chi y
t6i mdi quan hé gitta cic dbi tugng dugc dé
xuét béi Chakrabarti va cong su [1]. Ho dé xuit
mot md hinh xdc suit cho phan loai trang web
bang cdch sir dung két hop gita ndi dung cua
trang da phén 16p, nhan phan 16p cua cédc trang
lién két va noi dung cua céc trang lién két.
Ciing thoi gian nay, Blum va Mitchell [2] dua
ra k¥ thuat Co-training véi thir nghiém phén 16p
cho dir li€u WebKB. Tuy nhién 2 tdp con dic
trung déu dudi dang text va 2 bd phan 16p duoc
sir dung déu 12 loai truyén thong - Naive Bayes.
Gan day, Macskassy va Provost [3] da thir
nghiém phan 16p tap hop cho dir liéu lién két
bang cédch két hgp mot bo phan 16p lién két véi
mot phuong thitc suy luén tdp hop (collective
inferencing). Sen va cdng sy [4] so sdnh bdn
phuong phap phén loai tap hop cho dit liéu c6
lién két. Bén canh cic phuong phdp phan loai
tap hop, mot hudng tiép can dugc sir dung rong
rdi khac la phuong phdp hoc bian gidm sat
(semi-supervised learning) dwa trén dd thi,
trong d6 tiéu biéu phai ké dén phuong phap
Gaussian random field [5], phwong phap nht
quéan dia phuong va toan cuc (Local and global
consistency) [6].

Trong bai bdo nay, chiing toi dé xuét giai
quyét vin d& phéan 16p cho dir liu c6 lién két
bang cdch két hop mot bo phan 16p lién két
(relation classifier) véi mot by phan 16p truyén
théng (non-relation hay local classifier). Hai bg
phan 16p nay s& hoc dong thoi trén hai tap dic
trung con dugc trich chon tu tap dit licu géc.
Phuong phdp dong huin luyén (co-training) s&

duogc sir dung dé gin két 2 bo phan 16p ndi trén.
Hi¢u qua cua thuat toan dugc thir nghi€ém va so
sanh voi mot s6 phuwong phép khéc trén bo dit
liéu WebKB. Day 14 bd dit licu thuong dugc st
dung dé ddnh gid cdc thuat toan phan loai cho
dir lidu c6 lién két. Két qua thir nghiém cho
thdy hiéu qua ctia phuong phap d& xuat.

2. Bai toan phan 16p cho dir liéu c6 lién két

Dt liéu c6 lién Kkét, duoc goi la Networked
data hay Linked data, la truong hop dac biét cua
dit liéu quan hé khi ma cdc phan tir trong d6 c6
cdc két ndi v6éi nhau. Vi dyu, cdc
trang web duogc két ndi véi nhau bang céc siéu
lién két, tai liéu duoc két ndi bang cac trich dan,
tham khao v.v. Cdc phuong phip phan 16p cho
dit liéu lién két vé& co ban dua trén gia thiét vé
Homophily (nguyén ly dong dang): “cdc doi
twong lién quan voi nhau c6é xu hwong thudc
cung mot lop”. Pay la mét nguyén ly dua trén
cdc nghién cfru va phan tich trén mang xa hoi
cho rang: sy giao tiép giita cdc ddi tuong gidng
nhau xdy ra voi ti 1é cao hon so vdi giao tiép
gita cdc ddi twong khong giéng nhau. Cac dbi
tuong thudng tim kiém, Iya chon va Kkét ban voi
nhitng ngudi giéng véi ho, c6 thé 1a vé gisi
tinh, vé tudi tc, vé dia vi xa hoi, vé tang 16p, vé
dic diém hanh vi cd nhan, vé& niém tin, ly
tudng.v.v.

So voi phan 16p truyén thong, mot trong
nhitng van d¢ chinh can luu y khi phan 16p dir
liéu c6 lién két xuét phat tir ban chét quan hé tu
nhién cia cua dit liéu. Vi vay, viéc phan 16p cla
mot nit ¢6 thé c6 anh huong dén cdc ndt lién
quan, va ngugc lai. Dé khic phuc vin dé nay,
mot k¥ thudt da dugc cong nhéan rong rii 1a: cac
nit can dugc wdc tinh va suy ra ciing mot lic
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thay vi tung nit mét. Ky thudt nay duogc goi 1a
phan 16p tap hop (collective classification).

Bai to4n phan 16p cho dit liéu c6 lién két
dugc phat biéu nhu sau: Cho d6 thi G = (V, E,
X) trong d6: V 1a tap nit (dinh) gdm # niit twong
tmg véi n dbi tuong; E 1a tap cdc canh:
e ;€ E biéu thi mot canh ndi giita 2 nit v; va

v;; X; 1a thudc tinh phén 16p cua nit v; ¢6 thé
nhan gid tri ¢ € X. Cho trudc cic giad tri x;
thugc X; cho tap con V¥e V. Khi d6, phan 16p
tap hop 1a mot tién trinh két hop mot thuét todn
phan 16p lién két voi mot phép suy luan tap hop
dé suy luan dong thoi cdc gid tri x; thudc X; cho
céc dinh con lai, V/=V- V~.

Nhu vay, bai todn phan 16p tap hgp cho dix
liéu lién Kkét duoc thuc hién nho hai thu tuc.
Thit tyc thtr nhat 12 phan 16p lién két (relational
classification), theo d6 nhédn phan 16p dugc xac
dinh dua trén cic hang x6m. Mot $6 thuat toan
tiéu biéu cho budc nay bao gdm: Weighted-Vote
Relational Neighbor Classifier (wvRN), Class-
Distribution Relational Neighbor Classifier
(cdRN), Network-Only Bayes Classifier (nBC)
hay Network-Only Link-Base Classifier ( nLB)
[71[4]. Thu tyc tht hai la suy luan tap hop
(collective inference). Ban chét ctia budc nay la
xédc dinh nhin phan 16p dong thoi cho cic niit
trén mang. Mot $6 thudt todn suy luan tap hop
bao gém: Iterative Classification (IC), Gibbs
Sampling (GS) hay Relaxation Labeling (RL) [7].

Trong bai nay, ching t6i Iya chon va su
dung bd phan 16p lién két wvRN va phuong
phédp suy luan tap hop RL do tinh don gian va
hiéu qua phan 16p da dwoc danh gid 1a tot ddi
véi dang bai todn phan loai trang web. Ching
t6i xin trinh bay tém tit hai thuat todn nay.

B0 phan 16p lién két wvRN uéc tinh xac
suat dbi tuong thudc mot 16p dua trén 2 gia
dinh: (i) nhan cia mot nit chi phu thudc vao
hang x6m truc tiép cua né va (ii) su ton tai cua
Homophily.

Thuit toan wyRN:

Cho mdt nidt i va mdt tdp cdc ndt hang xém
N. B phan 16p wvRN tinh xdc sudt nit i thudc
16p ¢ bang trung binh trong s cdc x4c suét cua
tat ca cdc nit hang xém.

P(x, =C|Ni)=%2wi’j.P(xj =dN,) (D
jeN

Trong d6 w,; 1a trong sO gifta i va j,
thuong tinh bang sé luong lién két xuét hién
gifta 2 niit; Z 1a h¢ s6 chuan héa dé dam bao gia
tri nam trong khoang [0,1], va dugc tinh béng
sO lugng céc lién két xuat hién giita i v6i céc
nut da duoc ddan nhan.

Vi day 1a mot dinh nghia dé quy (cho dd thi
vO huéng, v, € N, < v, € N;) nén by phan

16p s€ st dung udce tinh “hién tai” cho x4c sudt
P(x; = C‘N ;)

Phuong phdp suy luén tap hop RL ding dé
luu gilt cdc nhan tam thoi , theo doi cdc udce
tinh xdc sudt “hién tai” cho xY . Hon nita, thay
vi woéc tinh mdi 1an mot nit va ghi gid tri ngay
vao dd thi, RL “d6ng bang” udc tinh “hién tai”
sao cho tai budc r+1, tAt ca cdc dinh s& duoc
cédp nhat dya trén udc tinh tir budce ¢. Tuy nhién,
lam nhu vay sé dan téi sy dao dong giita cic
trang thdi. C6 thé sir dung mot phwong phép
tiép can cua giai thudt luyén kim (Simulated
Annealing — SA) dé giai quyét van d¢ nay. Sau
mdi budc lap, trong s6 cho nit hién tai s& dugc
tang 1én va anh hudng cua céc nit ling giéng s&
bi giam xudng.

Suy luin tip hop RL dwgc dinh nghia
nhw sau:

e = BV wvRN(vi") + (1= ) .27 (2)
Trong d6 ¢; 1a vector cdc xéc suét (phan bd
xdc suat) biéu dién uéc tinh cia P(x,|N,) tai

budc t va wvRN (v\"”)biéu thi 4p dung wvRN
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v6i moi wde tinh tir thoi diém budc £. Ngudi ta
xac dinh cdc tham s6 cua giai thuét luyén kim
nhu sau:

p =k
IB(HI):ﬁ(f).a,

V6i k 1a hang s6 gitra 0 va 1 thuong dugc
chon 1a 1; & 1a hé sb suy giam thuong dugc
chon gitra 0.9 va 0.99.

Céc bo phan 16p lién két chi quan tim t&i
cAu trdc lién két cua mot nut. Néu tét ca céc nit
trong tap kiém tra dugc két ndi toi it nhat mot
nt trong tap huén luyén thi khdéng c6 van dé gi,
nhung trén thyc té c6 rat nhiéu dir liéu khong
thoa man diéu kién nay. Khi d6, bo phan 16p
lién két s& khong thé phan 16p cho nhimg nit
khong c6 niit hang xém trong tdp huan luyén.
Dé bl dap nhitng thiéu hut nay, bo phan 16p tap
hop c6 thé két hgp mot bo phan 16p lién két véi
mot bd phan 16p truyén thdng nhim cb ging
tang d6 chinh x4c khi phan 16p. Vi ciach su
dung bd phan 16p truyén thdng trong budc lap
dau tién (t=1), b0 phan 16p tap hgp bao dam
rang tit ca cdc niit s& c6 xdc suat phan 16p ban
dau. Bo suy luan tap hop sau d6 s€ st dung bo
phan 16p lién két va dya vao cdc xdc sudt ban
dau d6 dé tiép tuc phan 16p.

3. Phan I6p di li¢u lién két dwa trén k§ thuat
dong huan luyén

Trong phan nay, chiing tdi trinh bay phuong
phdp dé xuat, trong d6 van dé phan 16p cho dit
liéu lién két dugc thyc hién theo nguyén ly
ddng huan luyén. Dé tién cho viéc trinh bay,
trude hét chiing t6i tém tat nguyén ly dong huan
luyén, sau d6 s& mo ta chi tiét cch sir dung k¥
thudt nay cho phan loai tap hop ddi véi dit liéu
lién két.

3.1. Béng hudn luyén

Dong huan luyén 12 ky thuat hoc ban gidm
sat dugc giéi thiéu lan diu boi Blum va
Mitchell vao nam 1998 [2]. Muc dich ctua déng
huén luyén 1a cung cép kha ning phan loai mot
cich chinh x4c va hiéu qua mot tap 16n dir li¢u
khong gan nhin dya vao mét tip nho ban dau
céc dit liéu gan nhan. Trong k¥ thuat ddng huan
luyén, gia st rang (i) cdc dic trung c6 thé phan
chia thanh hai tdp riéng biét; (ii) mdi tap dac
trung con 1a du dé huan luyén mot by phan 16p
tbt; (iii) hai tap con phai thoa mén tinh chat doc
1ap c6 didu kién khi cho trudc 16p. Ban dau, hai
bd phan 16p duoc hoc voi cac dir liu da gan
nhan trén hai tip dic trung twong tng. Mdi bd
phén 16p sau d6 lai phan 16p dit liéu chua gin
nhan rdi chon cac nhin du doidn ma ndé cam
thdy c6 do tin cdy cao nhat dé dua thém vao tip
huén luyén. Tiép theo, mdi bd phan 16p hoc lai
trén tap huédn luyén vira duoc bd sung bdi bd
phén 1op con lai. Qua trinh dugc 1ap lai cho toi
khi hét dir lieu khong gan nhan hodc sau mot $6
budc thiét 1ap trude.

3.2. Phan Iop cho dit liéu lién két theo phirong
phdp dong huan luyén

Chiing t6i chia dit liéu gbc thanh 2 tap dic
trung goi la Content va Link. Tap Content chira
thong tin vé cdc dic trung ndi dung cia timg
dbi twong. Vi du, trong truong hop ddi twong
can phan 16p 1a trang web, thong tin ndi dung s&
la cdc tir xuat hién trong trang. Dbi voi dbi
tuong 1a protein, thong tin ndi dung c6 thé 1a
mirc d9 biéu hién gen tuwong g véi protein dé.
Tap Link chira thong tin vé lién két giira cdc ddi
tuong. Vi duy, thong tin lién két dugc tao thanh
tir céc siéu lién két trong trang ddi véi dit liéu
web hay thong tin twong tdc gitta protein trong
truong hgp phan 16p protein.
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Mot bo phan 16p truyén théng sir dung
vector dic trung s€ dugc huén luyén trén dac
trung ndi dung cta phan Content. Trong thuc
nghiém & day, chiing t6i sit dung bo phan 16p
Naive Bayes [8] dé phan 16p trén dit lidu noi
dung. Pay 1a phuong phap phan loai dugc st
dung rdng rai cho dir liéu van ban.

Mot bo phan 16p lién két dugc sir dung dé
du dodn trén dit liéu lién két cua phan Link.
Trong nghién clru nay, chiing t6i st dung bo
phan 16p lién két wvRN ciing phuong thirc suy

luan tap hop RL d& hoc va phan 16p trén tap
Link.

Hai bo phan 16p néi trén s€ dugc st dung
cling nhau theo kiéu dong huan luyén. Tai mdi
budce, ting bo phan loai dugc huén luyén trén
dir liéu c6 nhan hién c6, sau dé du doan nhin
cho nhitng nit con lai. Cic dy doan c6 d¢ tin
cdy cao nhét ciia mdi phuong phdp dugc thém
vao tap nhan huan luyén ciia phuong phap kia.
Thuét todn 1ap lai cho t&i khi toan by cdc nut
dugc gan nhan.

Thuét todn dé xuét duoc thé hién trén Hinh 1.

Input:
F;1a tap Content, F, 1a tap Link;

n 12 s6 nhin phan loai méi sau mdi budc
Output:
Tép nhan cho toan bd cic mau

Thuit toan:

Lap cho dén khi U:@:

=  C;thém n mau di chon vao L

»  (;loai bo n mau di chon khoi U

L: Tap cidc mau di gan nhan, U: Tép cidc mau chua gin nhén;

C; 1a by phan 16p Naive Bayes, C, 1a b0 phan 16p wvRNg,.

Hoc bo phan 16p C; bang dit liéu L trén tap F,
Hoc bd phéan lop C, béng dir liéu L trén tap F,
Vi moi bd phan 16p C; (i = 1,2): thyc hién:

* C; dy dodn nhin cho cdc mau trong tap U

»  C; chon n mau c6 db tin cay cao nhat trong U

Hinh 1. Thuat todn ddng huin luyén 4p dung cho bai todn phén 16p dit liéu lién két

Trong thudt todn & Hinh 1, tai moi budc,
thuat toan lya chon va thém »n nhian méi du
doén vao tap L. Cic nhan dugc chon la nhan cé
d6 tin cdy phan 16p cao nhat. Trong ca hai
truong hop phan loai Naive Bayes va wvRN, do

tin cdy dugc xdc dinh bé‘ing xdc sudt hau
nghiém, vi duy, xéc sut P (x; = cl N;) trong
truong hop wvRN. Cu thé, thuit todn sap xép
cac nhian méi dy dodn theo thir ty giam dan cua
x4c suét hau nghiém, sau d6 lya chon n nhin
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dirng dau danh séch. S6 lugng n dugc lya chon
cb dinh va 1a tham s6 cua thuat todn.

4. Thyc nghiém va két qua
4.1. Dir liéu

Dit li¢u thyc nghiém la bo dit li€u dugc su
dung rong rai WebKB
(http://www.cs.cmu.edu/~WebKB/). B{ nay
bao gdm hon 8000 trang web lay tur 4
website b0 mon Khoa hoc mdy tinh cua céc
truong dai hoc: Cornell, Texas, Washington
va Wisconsin. Mdi trang web dugc luu vio
mot t€p tin dang .Arml véi tén chinh 1a URL
thuc cua trang web d6. Nguoi ta da thyc hién
viéc phan 16p thu cong cho tung trang web vao
1 trong 7 16p: course, department, faculty,

project, staff, student, other b?ing céch chia vao
céc thu muyc c6 tén tuong tmg. Dé tuong thich
va tién so sanh voi cdc két qua nghién ctu
trudc day, ching toi loai bd cac trang web
trong 16p other va thyc hién viéc phan chia
dir liéu vao 6 16p con lai.

4.2. Cong cu

Trong qud trinh thyc nghiém hoc va phén
16p, chiing t6i st dung 2 bd céng cu mi ngudn
mo:

- Network Learning Toolkit (Netkit-SRL
http://sourceforge.net/projects/netkit-srl/). Day
12 mét trong sb rat it cong cu ma ngudn méd c6
khé ndng thuc hién céc thuat todn phan 16p cho
dit liéu lién két nhu: WVRN, CDRN, NBC, NLB.
MG&i thuét todn phén 16p lai c6 thé két hop véi mot
phuong thirc suy luan tép hop nhu: GS, RL, IC.

- Waikato Environment for Knowledge
Analysis: WEKA. Pay 1a cong cuy rat tién dung
trong xay dung cdc mo hinh khai phd dir liéu.
WEKA trién khai hau hét cic k¥ thuat khai phd

dir liéu nhu Classification, Clustering,
Association Rule,.. Trong mdi k¥ thuat, WEKA
trién khai rt nhidu thuat toan cho phép lua
chon thuat toan phit hop véi yéu ciu va dit liéu
trong viéc khai pha dit liéu.

4.3. Phuong phdp thuc nghiém

Chiing t6i st dung cong cu WEKA véi b
phan 16p Naive Bayes dé tién hanh hoc va phén
16p trén dir li€u Content. BO cdng cu Netkit-
SRL v6i bo phan 16p wvRN két hop véi phuong
thirc suy luan tap hop RL s& dugc ding dé hoc
va phan 16p trén di liéu Link. Phuong phép
dong huan luyén nhu mé ta trong Hinh 1 s&
dugc sir dung dé két hop hai b phéan 16p trén.

Khi c6 két qua phan 16p 4p dung phuong
phap Pdng hudn luyén, ching toi s& danh gid va
so sanh véi hai phuong phép phén 16p ban dau
cling nhu so sdnh véi phuong phdp phan 16p tap
hop két hop bo phan 16p lién két véi bo phan
16p truyén thong.

4.4. Qud trinh va két quad thuwc nghiém

4.4.1. Xay dung va trich chon cdc dac trung

Dau tién, chiing t6i tién hanh trich chon dic
trung cua cdc trang web va chia thanh 2 tip
chura cidc dac trung riéng biét. Pac trung thi
nhit cla trang web chinh 1a cic tir xuét hién
trong trang web d6. Mdi trang web s& duoc biéu
dién dudi dang vector theo md hinh khong gian
vector (Vector Space Model). Mdi thanh phan
cua vector 1a mét tr khoa ri€ng biét xuét hién
trong website va dugc gin mot giad tri goi la
ham f chi mat do Xuét hién cua tu khoa dé.
Chiing t61 goi tdp Content 1a tdp chtra céc
vector nay.

Mot déc trung nita cua trang web la céc siéu
lién két c6 trong mdi trang. Chiing toi xay dung
mdt tap tén 1a Link chira cdc thong tin bao gdm:
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[T BT L)

X7,y
trong d6 x, y 1a 2 trang web c6 lién két v6i nhau

va “Trong so6 lién ket gitta x va y”;

va cling nam trong mot website.

Thong tin si€u lién két lai dugc chia lam 2
loai 1a Direct Link va Cocite. Direct Link Ia
kiéu lién két tryc tiép giita 2 trang web (x c6
chtra siéu lién két t6i y). Khi d6, trong sb lién
két dang Direct Link gifta 2 trang x va y 12 téng
sO 1an xuat hiéu siéu lién két tir trang x ti trang
y. Cocite 12 mot kiéu lién két khac. Hai trang x
va y goi la lién két dang Cocite (theo z) khi x
lién két truc tiép v6i z va y ciing lién két truc
tiép téi z. Dé tinh trong sd lién két kiéu Cocite
gifta x va y, ta ldy tong s6 lan xuat hién siéu lién

két tir trang x t&i trang z r0i nhan voi téng s 1an
xudt hién siéu lién két tir trang y toi trang z.

4.4.2. Tién hanh phan 16p

Tru6c khi tién hanh phan 16p bang phuong
phap ddng huan luyén, ching tdi thyc hién phan
16p trén 2 bd dir liéu va 2 bd phan 16p riéng 1€
dé kiém tra viéc tién xu 1y dit liéu va danh gid
d6 chinh xac cua cac bg phan lop.

Dau tién, ching t6i st dung phan mém
WEKA dé tién hanh hoc va phan 16p trén tap
Content. Bang 1 biéu dién két qua phan 16p dua
trén Content voi b phan 16p Naive Bayes, tuy
chon thtr nghiém Ia 5 fold cross validation.

Béng 1. Ty I¢ chinh xac khi phan 16p dua trén tdp Content va bg phan 16p Naive Bayes

Cornell Texas Washington Wisconsin

Course 0.649 0.795 0.781 0.792
Department 0 0 0 0

Faculty 0.444 0.615 0.406 0.54
Project 0.12 0.2 0.125 0.421
Staff 0.417 0.057 0.04 0.061
Student 0.757 0.811 0.664 0.78
Trung binh 0.612 0.714 0.599 0.694

Duya vao két qua ¢ Bang 1 ta thdy d6 chinh

x4c cua by phin 16p Naive Bayes 1a & muc tin
cay duoc vdi do chinh xac trung binh cao nhat

1én téi 71.4% va thap nhét 12 61.2%.

Tiép theo, ching t6i st dung phin mém

Netkit-SRL dé hoc va phan 16p trén tap Link-
Cocite. Trong qud trinh tién xir Iy dir liéu ching
toi phat hién ra vi¢c dung dir liéu dang Direct

link trong bai todn phan loai trang web sé& cho
két qua kém chinh xdc hon nhiéu so véi viéc sir
dung dir liéu dang Cocite. Chinh vi vay trong
céc phan tiép theo ching toi chi sir dung dit liéu
lién két dang Cocite. Bang 2 chira két qua phan
16p dua trén Link-Cocite v6i thudt todn phan
16p quan hé wvRN va phuong thirc suy luan tap
hop RL.

Béng 2. Ty 1¢ chinh x4c khi phan 16p dua trén tap Link-Cocite va b phan 16p wvRNgp

Cornell Texas Washington Wisconsin

Course 0.37621 0.53169 0.7538 0.83226
Department 0.15254 0.35204 0.09302 0.61446
Faculty 0.34564 0.48413 0.24038 0.09412
Project 0.37786 0.0979 0.06742 0.2459
Staff 0 0.17647 0 0.08
Student 0.87263 0.96415 0.87762 0.99003
Trung binh 0.56057 0.65976 0.61379 0.70845
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Két qua phan 16p & Bang 2 cho ta thay do
chinh cta bo phan 16p wvRN véi dang dir ligu
Cocite & muc ch?ip nhan dugc vdi d6 chinh xac
trung binh trong khoang 56.057% dén 70.845%.
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Tiép d6 ching t6i ding phin mém Netkit-
SRL dé phan 16p tap hop két hop bo phan 16p
lién két wvRNg, v6i bd phan 16p truyén thong

Naive Bayes.

Béng 3. Ty 1¢ chinh x4c khi phan 16p tap hop wvRNg, +Naive Bayes

Cornell Texas Washington Wisconsin
Course 0.48438 0.56881 0.73143 0.77652
Department 0.23913 0.42697 0.03704 0.72222
Faculty 0.26562 0.55682 0.26872 0.03175
Project 0.51786 0.22642 0.06349 0.18487
Staff 0 0.33333 0 0.03922
Student 0.86232 0.96319 0.88446 0.99619
Trung binh 0.57571 0.70588 0.62673 0.72825

Cubi cing, ching toi thir nghiém hoc va
phan 16p bang phwong phdp dong huin luyén.
Céc budce thyc hién phén 16p theo phwong phdp
nay dia dugc mo ta tai Hinh 1 véi cac tham $6
cho mo hinh dugce thiét lap nhu sau :

= L: chira 20% sé trang dugc chon ngiu

nhién trén moi website ;
= n=10% s0 mau ban dau trong U

Béng 4. Ty 1 chinh xéc khi phan 16p bang phuong phap ddng huan luyén

Cornell Texas Washington Wisconsin
Course 0.53846 0.5641 0.77709 0.79755
Department 0.30189 0.58571 0.11905 0.66667
Faculty 0.41129 0.53 0.36538 0.02817
Project 0.43011 0.12727 0.08642 0.20455
Staff 0 0.26667 0 0
Student 0.87584 0.95046 0.88312 1
Trung binh 0.61571 0.70294 0.65862 0.73662
0.75 —
0.7 -
[ @ Naive Bayes (Content)
0.65 =
B wWvRN.RL (Cocite)
0.6 4 || O Naive Bayes + wvRN.RL
' 0O Co-Training
0.55 A
0.5 T T T
Cornell Texas Washington Wisconsin  Trung binh

Hinh 2. Biéu db so sanh d6 chinh xdc cua 4 bd phén 16p.
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Két qua trong Bdang 4 va Hinh 2 cho théy,
vé tong thé, trong 4 phuong phdp phan 16p thi
d6 chinh xdc cta phuong phap dong huan luyén
1a cao hon ca. Trong phan 1én céc truong hop,
d6 chinh x4c cta phuong phap dong huan luyén
1a cao nhét. Khong c6 truong hop nio phuong
phap ddng hudn luyén cho két qua kém nht.

5. Két luan

Thong qua viéc dé xuat va thir nghiém
phuong phdp dong huin luyén dé phan 16p cho
dir lidu c6 lién két, ching t6i mudn kiém chiig
ddng thoi hai van dé. Thu nhat, viéc tan dung
thong tin ctia cdc dbi tuong lién quan trong dir
liéu lién két s& gitip ndng cao hiéu sudt phan
16p. Thir hai, chiing t6i mudn kiém tra va ciing
cb tinh ding din cua phuong phdp dong huin
luyén khi 4p dung cho mét kiéu dir liéu méi.
Két qua thir nghiém da cho thdy tinh ding din
va uu viét cua phuong phdp nay khi d4p dung
cho dang dit liéu c6 lién két.
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Abstract: In some automatic classification applications, data points can be represented not only by
vectors but also by linked structures or linked data describing the relationship among objects such as:
Hyperlinks-linked websites, references-cited scientific papers, physical networks and so on. A critical
requirement for classification methods is to employ and combine linked data with other information to
achieve more accurate prediction results. To solve this problem, graph-based methods have been
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proposed such as the Gaussian-field classifier, Hopfield networks, neighbor-based classifiers and so
on. In the paper, we propose a co-training method to solve the problem of combining linked data with
other information. In the proposed method, links are considered as another view of data. The
proposed method was tested on the WebKB dataset. Experimental results and the comparative
evaluation shown that the proposed method achieves the better results and higher accuracy than graph-
based methods when tested on linked datasets.

Keywords: Networked data, linked data, co-training.



