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Tém tit: Trong thuc té hién nay, dif liéu da khung nhin ngay cang phd bién. Dit liéu da khung nhin (Multi-view data) dé
cap dén loai dif liéu bao gdm nhiéu quan diém hodc géc nhin vé mot ddi tugng. Dit liéu trong mdi khung nhin riéng 18
¢6 thudc tinh cu thé thuc hién nhiém vu kham pha tri thic riéng va cung cip cdc thong tin vé& cling mot van dé véi do
chinh x4c va d6 tin cdy khic nhau. Viéc két hop nhiéu loai thong tin tif cic khung nhin, c6 thé thu dudc biéu dién diy du
va chinh x4c hon vé cic dbi tugng, din dén viéc phan tich di liéu va ra quyét dinh dudc cai thién. Phan cum da khung
nhin 12 huéng nghién ctiu da thu hit dudc su quan tim cla cdc nha khoa hoc trong nhiéu nim gin day. Tuy nhién, chua
c6 nghién ctiu nao tip trung vao phin cum ban gidm sat md két hop thuit toan dong huin luyén dé danh gid do chinh
x4c va chét lugng phan cum trén tap dif liéu da khung nhin. Bai bdo niay d& xuit mot phuong phap mdi trong phan cum
ban gidm sit mo, st dung thuit toan dong huin luyén trén dif liéu da khung nhin thu thap tif mot ngudn di liéu. Dong
thoi, bai bdo ciing cung cip cic két qua thuc nghiém dé danh gi tinh hiéu qua va do chinh xdc clia thuat todn dé xuét.

T khéa: Di liéu da khung nhin, phdn cum da khung nhin, phdn cum bdn gidm sdt mo, thudt todn dong hudn luyén

Title: A Semi-Supervised Fuzzy Clustering Co-Training Approach on Multi-View Data

Abstract: In today’s practical reality, multi-view data is increasingly prevalent. Multi-view data refers to a type of data that
encompasses multiple perspectives or viewpoints of an object. Data within each individual view possesses specific
attributes dedicated to knowledge discovery and provides information on the same subject with varying degrees of
accuracy and reliability. Combining various types of information from different views can yield a more comprehensive
and accurate representation of objects, thereby improving data analysis and decision-making. Multi-view clustering has
emerged as a research direction that has garnered the interest of scientists in recent years. However, there has been no
research focusing on semi-supervised fuzzy clustering combined with co-training algorithms to assess the accuracy and
quality of clustering on multi-view datasets. This paper proposes a novel method in semi-supervised clustering, utilizing
co-training algorithms on multi-view data collected from a data source. Additionally, the paper provides experimental
results to evaluate the effectiveness and accuracy of the proposed algorithm.

Keywords:  Multi-view data, multi-view clustering, semi-supervised fuzzy clustering, co-training algorithm.

1. MG PAU trong ciing mot cum dudc tdi da héa va miic do tuong dong
gitfa cac phan tit khac cum dugc cuc ti€u héa [1]. Hau hét
Quad trinh phén cum di liéu dong vai tro quan trong trong céc thuat todn phan cum hién tai dugc thiét ké cho dit liéu
khai pha dit liéu nhdm tim kiém, phat hién cdc nhém dit =~ mdt khung nhin, trong khi céc bai toan thuc té hién nay
liéu theo dic trung d€ cung cép tri thic cho qua trinh ra  nhu ciu st dung dif liéu da khung nhin rit phd bién.
quyét dinh. Phan cum dif liéu 12 qua trinh phan chia céc
phan ti dif liéu vé cic cum dua trén mic do tuong dong Dii liéu da khung nhin (Multi-view data) d& cap dén loai
gitfa chiing, sao cho miic d6 tuong dong giita cdc phan ti  dit liéu bao gdbm nhiéu quan diém hoic géc nhin v& mot déi
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tugng. Trong d6, dif liéu dudc biéu dién dudi nhiéu khung
nhin khac nhau, mdi khung nhin cung cip cic thong tin va
thuoc tinh khic nhau vé dit liéu. D liéu trong cic khung
nhin dugc thu thap tif cdc phuong thiic, ngudn, cic dang
khac nhau hodc dugc quan sat tif cac géc nhin khac nhau
[2]. Dit liéu da khung nhin dudc 4p dung trong nhiéu bai
toan thuc t& nhu: hoc mdy, xit ly anh, kinh doanh, y té, hé
théng tu véan, khoa hoc dit liéu [3], v.v. Diéu nay thic day
su can thiét phat trién cdc phuong phap phan cum tién tién,
nhiam kham ph4 tri thiic tit cdc bo dif liéu da khung nhin.
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Hinh 1. Vi du v& dif liéu da khung nhin [4]

Phan cum da khung nhin (Multi-view Clustering - MvC)
la mot phuong phap phan cum di liéu dya trén viéc st
dung nhiéu khung nhin doc 1ap, nhim tim ra cdc nhém dit
liéu twong dong v6i nhau trong cic khung nhin. R& rang,
viéc tich hop thong tin tit nhiéu khung nhin va phat hién ra
tri thiic tiém 4n chung dugc chia sé bdi nhiéu khung nhin
mang lai Igi ich 16n cho viéc phan cum du liéu [5]. So
sanh véi cac phuong phap phan cum trén mot khung nhin
thi phan cum da khung nhin c6 mot s6 uu di€ém vuot troi
d6 1a nang cao chét lugng phan cum, gidm thi€u su phu
thudc vao khung nhin va xtt ly dit liéu phic tap [6]. Tuy
nhién, phan cum da khung nhin dang d6i dién véi nhiéu
thach thidc nhu doi hdi cic khung nhin doc lap, tén nhiéu
chi phi cho viéc thu thap, xi ly, luu trit di liéu tit nhiéu
khung nhin v khé khin trong viéc két hop cic phuong
phép phan cum khac nhau[6].

Trén thé gidi, nhiéu nha nghién cttu dang nd luc tim cach
gidi quyét nhitng khé khin da néu & trén. Vao nim 2004,
Bickel va Scheffer [7] tién phong trong nghién ctu phuong
phap phan cum da khung nhin. Ho da m& rong phuong phap
phan cum K-means va Expectation Maximization (EM) dé
phu hgp v6i moéi truong da khung nhin va xi ly di liéu
vin ban v6i hai khung nhin doc lap cé diéu kién. Nhiéu
phuong phidp phian cum da khung nhin di dugc dé xuét
dua trén nghién ctiu quan trong nay [8,9,10]. Phuong phap
phén cum ban giam sat sdu da khung nhin (DMSC - Deep
Multi-view Semi-supervised Clustering) [11] do Rui Chen
va cong su dé xuét, c thé ting hiéu suit ctia phan cum da
khung nhin mét c4ch hiéu qua bang cach lay thong tin dugc
giam sat yéu c6 trong cdc rang budc theo cip mau va bio
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v€ cac thugc tinh cda dit li€u da khung nhin. Trong mot
nghién cdu khac, Li B va cic cong su [12] da dua ra mot
phuong phap phan cum da khung nhin méi dya trén phan
tich ma tran phi tuyén, v6i muc tiéu tdi wu héa su gibng
nhau gitta cac khung nhin. Phuong phéap nay st dung mot
mo hinh ma tran phi tuyén héa khong am (NMF - Non-
negative matrix factorization) dé€ tich cac yéu td an chung
tu cac khung nhin khac nhau cia di liéu.

Hai nguyén tic quan trong dam bao sy thanh cong clia
thuat toan MvC chinh 1a nguyén tic bS sung va nguyén
tic dong thuan [6]. Nguyén tic bd sung khang dinh ring
nén st dung nhiéu khung nhin khic nhau dé mo ti céc
dbi tuong dif lieu mot cach toan dién va chinh xdc hon.
Mic du mdi khung nhin riéng 1é da cung cip dd thong tin
cho mot nhiém vu khdm pha tri thiic cu thé tuy nhién, cac
khung nhin khac nhau thudng chita cic théng tin bd sung
cin dugc khai thac. Nguyén tic dong thuin nhim muc dich
t6i da héa tinh nhit quan gitta nhiéu khung nhin. Hinh 2
minh hoa nguyén tic bd sung va nguyén tic dong thuin
[6]. Gia st mot dbi tugng dit liéu c6 hai khung nhin, dudc
dnh xa vao mot khong gian dif lidu 4n: (i) thanh phan A
va thanh phan C ton tai trong khung nhin riéng, phan A
trong khung nhin 1 va phan C trong khung nhin 2, thé hién
tinh bd sung cda hai khung nhin; (i) thanh phan B cta d6i
tugng dudc chia sé bsi ca hai khung nhin, thé hién su dong
thuédn gitta hai khung nhin.

Cne data object
Wienwe 1
Wiaw 2

A s c

Hinh 2. Minh hoa nguyén tic b3 sung va nguyén tic dong thuin

Thuit toan dong huin luyén, dugc gidi thiéu bdi Blum
va Mitchell vao nam 1998 [13], da trd thanh mot cong
nghé mang tinh ti€n phong va dudc coi la mot trong nhiing
phuong phap phd bién nhét trong linh vuc hoc da khung
nhin. Muc tiéu ctia phuong phap nay 1a t6i da hod su dong
thuan qua cic khung nhin dé€ dat dugc sy dong thuin rong
nhét va cai thién hiéu suét phan cum.

View 1 Trainer 1 ——> Knowledge,

Data Cooperation

Trainer 2 '—w: Knowledg&___’:
e

Hinh 3. Quy trinh chung ctia thuit toan ddng huén luyén [6]
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Mic du da c6 nhiéu nghién ciu trudc ddy tim cach giai
quyét cédc thich thiic cia phan cum da khung nhin, nhung
céc nghién cifu lai chii yéu tap trung st dung phuong phap
phan cum r6. Ma ddi véi céc loai dit liéu phic tap, khi cédc
diém dit liéu c6 thé cliing ldc thudc vao nhiéu cum véi trong
s6 khac nhau thi viéc 4p dung céc thuit todn phan cum 1
la hoan toan khong hiéu qua. Trong khi d6, phan cum ban
gidm sat md cho phép phan tich di liéu va phat hién cac
cum dif liéu khac nhau. Piéu nay hd trg trong viéc dua ra
quyét dinh vé phan tich di lidu, phat hién di liéu nhiéu
va tim kiém nhiing dic trung quan trong trong dit liéu. Vi
vdy, bai bdo nay nham lip diy khoang trdng nghién ciu
bing cich dé xuit mot phuong phap phian cum ban gidm
sat md st dung thuit todn dong huin luyén trén di liéu
da khung nhin c6 tén goi SSFCC (Semi Supervised Fuzzy
Multi-View Co-training Clustering).

Phan con lai cta bai bdo dudgc & chic nhu sau: Phan
II trinh bay mot sb phuong phdp tiép can vé phan cum
da khung nhin, phan cum dong hu4n luyén. Phan III trinh
bay phuong phdp dé xuét. Phan IV trinh bay két qué thuc
nghiém va phan tich, déi sanh. Mot s6 két luan va dinh
huéng nghién ctiu trong bai bdo tiép theo dugc dua ra trong
phan két luan.

II. MOT SO PHUONG PHAP TIEP CAN
1. Phan cum K-means da khung nhin

Thuat todn K-means 1a mot trong nhitng thuat todn phan
cum dif liéu phd bién nhit va cé kha ning xit ly tt cac
tdp diu li€u quy md I6n. K-means da dugc dp dung rOng
ri trong nhiéu linh vuc nhu: phan tich mang xa hoi, kinh
doanh, y t& v.v. Mic du né da dugc nghién cifu ky trong
nhiéu thap ky qua, nhung nhiéu bién thé ctia K-means lién
tuc dugc dua ra.

Ddi v6i cic bai todn phan cum da khung nhin, thuit toan
K-means dugc md rong nhu sau [14]:

Gia sit X = {XD, x@ . XV} e RY la tap dit liéu
tong quat clia tit cd V khung nhin. Him muc tiéu ctia K-
means da khung nhin c6 dang nhu sau:

\4
J= )l (1)
v=l

V6i céac rang budc:

Hy 20
Z\‘,/zl =1
y>1
Trong d6, u, 1a trong sb cta view thii v, y 12 s6 mi diéu

chinh y, , Jy tudéng ing v6i ham muc tiéu K-means cia
view thd v:
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Phuong phap phan cum K-means da khung nhin s dung
thong tin tif nhidu khung nhin dé céi thién qua trinh phan
cum. Bing céach két hop cdc khung nhin, thudt todn sé gan
cac diém dit liéu vao cing mdt cum, dam bao tinh nhét
quan trong qua trinh phin cum giltta cac khung nhin va

ting cudng hiéu suit phan cum.

2. Phan cum quang pho da khung nhin dﬁng huén
luyén

Phan cum quang phd da khung nhin cho phép kham pha
cdc clu tric cum tiém 4n bing cach két hop thong tin tit
nhiéu dd thi. Kumar va dong nghiép da dua ra mot phuong
phap phin cum quang phd da khung nhin st dung y tudng
ddng huin luyén [15]. Phuong phap nay tuin theo tinh nhét
quan cda viéc hoc da khung nhin, cho phép két hop thong
tin tif nhiéu khung nhin d€ céi thién qué trinh phan cum.
Trong d6, moéi khung nhin cung cip cic nhan giéng nhau
cho tit ci cdc mau dif liéu. Nho d6, phuong phap nay c6
thé st dung vector riéng ctia mot khung nhin dé€ "g4n nhan"
cho mot khung nhin khac va ngudc lai.

Thuit toan quang phS da khung nhin dong huin luyén
dudc trién khai thong qua cic budc nhu sau [15]:

Bude 1: St dung phan cum quang phd trén tiing khung
nhin, thu dudc céac vector riéng goi la U; va Us,.

Budc 2: Phan cum céc di€ém st dung U; va st dung phéan
cum nay dé diéu chinh ciu tric do thi trong khung nhin 2.
Budc 3: Phan cum céc di€ém st dung U, va st dung phéan
cum nay dé diéu chinh ciu tric do thi trong khung nhin 1.
Budc 4: Quay lai Budc 1 va lip lai mot sb vong Lip.

IIl. PHUONG PHAP PE XUAT

Bai bdo dé xuit mot giai phdp phan cum ban gidm sat
md da khung nhin st dung thuit todn déng huén luyén. N6
dugdc ap dung cho dir liéu da khung nhin dugc thu thap tu
mot ngudn cé nhiing dic diém sau: sd ludng ban ghi trén
mbi khung nhin 13 bang nhau, sb lugng thudc tinh trén moi
khung nhin c6 thé khic nhau va quan hé giita hai khung
nhin 1a anh xa mot — mot.

1. Y tudng thuat toan

Thuit todn SSFCC dudc dé xuit bao gdm 2 buéc cu thé
nhu sau:
Budc 1: Phan cum md cho dit liéu chua dude gan nhan trén
mdi khung nhin. Trong budc nay, thuit toan FCM (Fuzzy C-
Means) dudc st dung doc 1ap cho tiing khung nhin (viewA
va viewB) d€ chia cic diém dif liéu vao cac cum. Két qua



ctia bu6c ndy gdbm cdc tAm cum va do thuodc tuong ting trén
tung khung nhin. B9 thudc dugc ky hiéu la: ik (d6 thudce
cta diém dif liéu trén viewA so véi cdc tAm cum) va u? (do
thudc cta diém di liéu trén viewB so véi cdc tAm cum).
Bude 2: Phan cum bdn gidm sat md dong huén luyén da
khung nhin. Trong budc nay, két qua clia viewA dugc st
dung lam dit liéu huén luyén cho viewB va ngudc lai. Muc
tiéu 1a t6i da hoa su dong thuan chéo qua tit ci cac khung
nhin va dat dugc su dong thuin rong nhit. Pau vao cla
budc nay la cic thanh phan bin gidm sat t va u? thu
dugc tir Bude 1. Pau ra ctia budc nay la cic gia tri tim
cum cudi cling va gia tri do thudc tuong tng trén mdi khung
nhin.

2. Chi tiét thuat toan SSFCC

Dua trén y tudng da trinh bay & phan tru6c, phan nay sé
trinh bay mo hinh hod ctia phuong phap dé& xuit. Him muc
tiéu ctia phuong phap dugc biéu dién bdi ba thanh phan,
nhu sau:

b4
o

A2 A A2
Up s ||xk_ ]”

J(AABB)Z

k=1 j=1

B2
+ZZ% g =]l

l/l

Al12 B
+ZZ<uk, uB) (et = VAP + (g -

k=1 j=1

N ¢
+ZZ<uk, o) I -

B2 :
+ZZ(uk] ukj) ||xk—v || — Min

k=1 j=1

DI

A2
VAl

V6i cac rang budc:
c A _
ety = Zier gy =1

ugj € [0,1]

Chu thich:

. xf,xf : dai dién cho diém dif liéu thi & trén viewA
va viewB tuong ung
. vj‘, f dai dién cho tdm cum thd j trén viewA va
viewB tuong tng
A

Ui ufj : dai dién cho d6 thudc ctia diém dif liéu thi
k & cum tht j trén viewA va viewB tuong tGng

o g, UY; : dai dién cho do thudc cla diém dif liéu thi

k & cum thd j sau khi st dung thuit toan FCM trén

viewA va viewB tuong tng
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[bet =vA11% 1bxeg = vZ|I? : dai dién cho khoang cdch tit
diém di liéu thd & den tdm cum thu j trén viewA va

viewB tuong tng

Ham muc tiéu (3), thé hién r6 thanh phan ctia phan cum
md, phan cum dong huin luyén va phan cum ban gidm sit,
cu thé:

« Thanh phan thé hién phan cum md:

N ¢ )
A A A2
2 D uiy ke =il

k=1 j=1
va
N ¢ )
B B B2
2 2y Il =]l
k=1 j=1

« Thanh phan thé hién phan cum dong huén luyén:

N ¢
Al2 B
DU Gt = uB ) (= AP+ P -

k=1 j=1

B2
vill®)
« Thanh phan thé hién phan cum béan gidm sat:

N ¢
Al2
SN g~ T M = vl

k=1 j=1

N ¢

B2
SN Wk -wE) kB v
k=1

=1 j=I

Céc tAim cum va dd thudc cia bai todn t6i uu (3) dudc
tinh toan nhu sau:

Tam cum v} va v ¢6 cong thiic nhu sau:
N A2 A B \2 A _7AN2| A
) _Zkzl [ukj +(ukj—ukj) +(uk].—ukj) ].xk @
o N A2 A B2 A _=AY2
k=1 [ukj + (upy =i )? + (u; = Uij)
N B2 A B \2 B _+By2| B
; _Zkzl [ukj +(ukj—ukj) +(ukj—ukj) ].xk )

J N B2 2 2
Dt [u +(ukj —ukj) +(ukj —uk])

Phuong phap nhén tlt Lagrange dudc st dung dé€ x4c dinh

dd thudc u“} va u , dudc x4c dinh bing cong thic sau:
Aa A
A+ AL
A 2 kj
Up; = ——5——— 6)
kj 2 2
3d}" +dp
J J
Trong do:
A _ B gAZ B2y —A ;A2
Apj=ug(di; +di )+ dy;
Cve A
Aa =1 3qA%4aB?
2 3

1
i=l 3442, 4B?
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AB |, AB
5 7 +Akj

ukj =

(N

B2 A2
3dkj +dkj

Trong do:

B _ A A2 B2, ,-B ;B2
Akj_ukj(dkj +dy; ) +udy

B

_ c1 AL .
i= B2, JA

A 3dB +dp

2 c

i=1 B2, A2
3di; +d;

3. S¢ do thuat toan SSFCC

Hinh 4 duéi day mo ta so do cta thuét toin SSFCC.

p- -
l(x Bat dau )

|

,fl Bo dir ligu gEm hai view {
/ ViewA va ViewB /

FCM

N

L

v
Tinh v* theo Tinh v¥ theo
cong thirc 56 (4) cng thirc 58 (5)

L ]
> Tinh u® theo

cdng thire 58 (7)

Tinh u# theo
cdng thirc s6 (6)

Ca-trafaing

m%_h__w/
s
FALSE \;ji:'l‘é\u kléﬁ“‘\ - TRUE IIA,‘IIB,‘T.*A. 1)3
-~ y -~
~dimg- -
—
(h Két thic >

Hinh 4. So dd thuit toan
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4. Thuat toan SSFCC

Thuat toan 1 SSFCC
Input:
- Tap di¥ liédu X gdm hai view: viewA: X4
{xf/,x‘z“,x?, XA, viewB: X8 = {xf,xf,xf, coxBy
- SO lugng ban ghi trén viewA va viewB la bang nhau.
- Sb thudc tinh trén viewA va viewB c6 thé khiac nhau.
- 86 cum ¢
- S6 lan 1dp Maxstep
- Sai s6 cho phép €
Output: u4,u8,vA,vB
BEGIN
Budc 1: Phan cum mo cho dur li€éu chua duge gan
nhan trén méi khung nhin

1.1. Ap dung thuat toan FCM 1én viewA thu
A A

dugc u” va v
1.2. Ap dung thuét toan FCM 1én viewB thu dugc

B yavB

u
Buéce 2: Phan cum ban giam sat mo dong huén
luyén da khung nhin
2.1. Khgitao t = 0
Repeat
22.t=t+1
2.3. Cap nhat v4 theo cong thiic sb (4)
2.4. Cap nhat v8 theo cong thic sb (5)
2.5. Cap nhat u? theo cong thiic s6 (6)
2.6. Cap nhat u® theo cong thic sb (7)
Until
Max{||u®™" = ||, 1[uB"" —uB” ||} < € hode
t > Maxstep

END.

IV. KET QUA THUC NGHIEM VA PANH GIA
1. Céc diéu kién thuc nghiém

Nham kiém chiing hiéu suit ctia phuong phip dé xuit,
nhom nghién ciiu da tién hanh cai dit mo phong trén 9 bod
dit liéu lay tit kho dit liéu hoc may UCI [16]. Cac bd di liéu
bao g6m Australian, Balance-scale, Heart, Iris, Spambase,
Tae, Waweform, Wdbc, Wine.

Dbi v6i mbi bo dit liéu, ching tdi da chia thanh hai view
(viewA va viewB) va cdc thudc tinh trén mdi view dudc
lya chon ngiu nhién. Thong tin chi tiét vé cic bo di liéu
dudc trinh bay trong Bang I.

Viéc cai dat thyc nghiém dugc thuc hién trén mdy tinh
thuong hiéu Apple MacBook Air M1 2020 vé6i ciu hinh
8GB/256GB/7-core GPU, ngdn ngt 1ap trinh Python phién
ban 3.10.
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. Bang I
THONG TIN CHI TIET CAC BO DU LIEU DUNG CHO THUC NGHIEM

viewA

viewB

ST BS di ligu S6 Tuong mau | S6 thude tnh | SO Tuong mAu | S6 thuoe doh | 00 U™

1 Australian 690 7 690 7 2

2 Balance-scale 625 2 625 2 3

3 Heart 270 6 270 7 2

4 Iris 150 2 150 2 3

5 Spambase 4601 29 4601 28 2

6 Tae 151 2 151 2 3

7 Waweform 5000 20 5000 20 3

8 Wdbc 569 15 569 15 2

9 Wine 178 6 178 7 3

Bang II
BANG GIA TRI SO SANH HIEU NANG VE PO CHINH XAC PHAN CUM
Bo dit liéu _SSFCC : _MKC : _CEMSC :
j i Trung binh | Phuong sai | Trung binh | Phuong sai | Trung binh | Phuong sai
Australian 0.7109 0.0037 0.6227 0.0162 0.4644 0.0009
Balance-scale 0.5511 0.013 0.549 0.0305 0.4032 0.0038
Heart 0.4517 0.2376 0.5414 0.0194 0.1533 0.0516
Iris 0.8217 0.0373 0.6411 0.0175 0.1573 0.0339
Spambase 0.3645 0.0563 0.5144 0.0143 0.3972 0.0001
Tae 0.7785 0.0009 0.458 0.0181 0.3278 0.0001
Waweform 0.3619 0.0214 0.5711 0.0253 0.5885 0.0087
Wdbc 0.8493 0.0625 0.5683 0.0153 0.2425 0.0097
Wine 0.3401 0.0477 0.5889 0.0189 0.2303 0.0126
Bang IIT )
BANG GIA TRI SO SANH HIEU NANG VE CHAT LUONG PHAN CUM
B dit liéu _SSFCC : _MRC : _CMSC :
; i Trung binh | Phuong sai | Trung binh | Phuong sai | Trung binh | Phuong sai

Australian 1.9306 1.6895 2.2527 0.0377 3.5724 0.9613
Balance-scale 1.0102 0.0001 3.9196 0.1511 5.0247 0.6785
Heart 2.3391 0.0004 2.5519 0.9348 2.3409 0.3888
Iris 0.7246 2.8865 3.0464 0.0497 6.4878 09114
Spambase 1.5221 0.9296 2.7543 0.1186 2.2847 0.4525
Tae 2.8793 10.0895 2.8909 0.1649 6.3583 1.6738
Waweform 28.6892 0.0504 22.9106 1.937 2.0502 0.005
Wdbc 0.6525 0.0014 2.0328 0.0299 0.5745 0.0222
Wine 3.2525 2.4586 2.8765 0.0191 4.6377 1.8099

Dé danh gid hiéu sut, chiing t6i st dung cac tiéu chi sau:
i) Do chinh xac phan cum: ching tdi st dung do chinh xac
phén cum CA (Clustering Accuracy) [17]. P9 chinh xéac
phan cum do ludng muc do chinh xac cla viéc gan nhan
cho céc di€ém dit liéu trong tiing cum. Gia tri CA cang cao
cho thiy hiéu suit phan cum cang tét. ii). Chat lugng phan
cum: Chuing t6i stt dung d6 do DB (Davies—Bouldin index)
[18]. Chit lugng phan cum do ludng dd tach biét va dong
nhét giita cac cum. Gid tri DB cang nhd cho thy chét luong
phan cum cang tét.

2. Két qua thuc nghiém

Phuong phap SSFCC dugc so sanh véi hai phuong phap
khac 1a Multi-view K-means Clustering (MKC) [14] va Co-
trained Multi-view Spectral Clustering (CMSC) [15].
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a) Két qud thiee nghiém ddnh gid theo do chinh xdc phdn
cum

Két qua danh gia do chinh xdc phan cum cda phuong
phap dé xuit (SSFCC) da dudc so sanh v6i hai phuong
phdp MKC va CMSC trén 9 bd dit liéu dugc trinh bay
trong bang II.

Trong Béng II, phuong phdp dé xuit SSFCC da dat gia
tri tot nhit trong 5/9 trudng hop (Australian, Balance-scale,
Iris, Tae, Wdbc), trong khi phuong phap MKC chi c6 3/9
truong hop nhan gid tri tét nhit (Heart, Spambase, Wine)
va phuong phap CMSC chi ¢6 1/9 trudng hdp nhan gid tri
tot nhit (Waweform). Do viy, phuong phdp SSFCC cho két
qua tét hon phuong phap MKC va CMSC trong viéc dat
dugc do chinh xac phan cum.
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b) Két qud thic nghiém ddnh gid chdt lwong phdn cum

Két qua danh gia chit lugng phan cum ctia phuong phap
dé xuit (SSFCC) da dudc so sinh v6i hai phuong phap
MKC va CMSC trén 9 b6 du li€u dudgc trinh bay trong
bang III.

Trong Bang III, phuong phiap SSFCC da dat gia tri tot
nhét trong 6/9 trudng hdp (Autralian, Balance-scale, Heart,
Iris, Spambase, Tae), trong khi phuong phap MKC chi ¢6
1/9 trudng hgp nhan gia tri tot nhat (Wine) va phuong
phap CMSC chi c6 2/9 trudng hgp nhan gia tri tot nhét
(Waweform, Wdbc). Do vdy, chit lugng phan cum theo
phuong phap SSFCC tét hon phuong phap MKC va phuong
phép CMSC.

V. KET LUAN

Bai bdo nay dia d& xuit mot mo hinh méi c6 tén goi
SSFCC, d6 1a mot phuong phap phin cum ban giam sat
md da khung nhin dong huén luyén. M hinh nay 4p dung
cho dif liéu da khung nhin thu thap tif mot ngudn dif lidu
va mang dic trung cda dif lidu trén cing mot nguon. Két
qua thuc nghiém cho thiy phuong phap SSFCC vugt troi
hon so véi cac phuong phap MKC va CMSC khi danh gia
do chinh xdc va chit lugng cla viéc phan cum. Diéu nay
khuyén khich va thic ddy nhiéu nghién ctu tiép theo trong
linh vuc phan cum da khung nhin.

Mic du phuong phap SSFCC hiéu qua trong trudng hop
dit liéu trén hai khung nhin dudc thu thap tif mot nguodn dit
liéu, nhung né van con mot sé han ché. Mé hinh c6 nhiéu
tham sb, qud trinh dong huén luyén lip lai nhiéu lan din
dén thoi gian tinh todn cao va chua hiéu qua trong trudng
hop dit liéu dugc thu thap tif nhiéu ngudn dif liéu véi cac
dic diém: sb lugng ban ghi trén mdi khung nhin khéc nhau,
s6 lugng thudc tinh trén mdi khung nhin c6 thé khac nhau
va quan hé giita hai khung nhin 12 4nh xa nhiéu — nhiéu.

D€ giai quyét cac vin dé lién quan dén dif liéu da khung
nhin, dic biét 1a dif liéu thu thap tif nhiéu ngudn khic nhau,
can tiép tuc phat trién cdc thuat toan mdi trong cac nghién
ctu tiép theo.
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