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TOM TAT

Trong nghién ciru nay, thudt toan phan tich chiim mo ty dong cho
di liéu diém da dwoc dé xudt dya trén sw két hop ciia phirong phap
khuyu tay va mé hinh hon hop Gauss. Trong thudt todn ndy, tong
binh phuong sai 6 trong chiim nhw ham muc tiéu da dwgc siv dung
dé xac dinh 6 chivm thich hop dua trén phwong phap khuyu tay.
Sau do, $6 chim nayduoc sir dung lam dau vio dé xac dinh xdc
sudt thuéc vao chim ciia cde phan tir qua mé hinh hon hop Gauss.
Théng qua viée két hop cdc phwong phap nay, mot thudt toan phdan
tich chivm hiéu qua dwoc thiét ldp. Tir viéc thuce nghiém trén mot so
tGp dir liéu doi chimg, mé hinh dé nghi cho két qua tot, vieot qua
nhiéu mé hinh néi tiéng, duwoe sir dung phé bién hién nay. M6 hinh
de nghi co thé duoc ap dung thudn loi cho dir liéu thuc boi mot
chirong trinh Matlab dwoc thiét lip.

Tir khéa: Dir liéu diém, hon hop Gauss, phdn tich chim mo,
phuwong phap khuyu tay
ABSTRACT

This study proposes an automatic fuzzy clustering algorithm for
point data based on the combination of the elbow method and the
Gaussian Mixture Model. In this algorithm, the within-cluster sum
of squared errors is employed as the objective function to
determine the appropriate number of clusters using the elbow
method. This number of clusters is then used as input to estimate
the cluster membership probabilities of the elements through the
Gaussian Mixture Model. By combining these methods, an effective
clustering algorithm is established. Experiments on several
benchmark datasets show that the proposed model achieves
superior performance compared to many well-known and widely
used models. Furthermore, the proposed model can be
conveniently applied to real-world data through an implemented
Matlab program.

Keywords: Elbow method, fuzzy cluster analysis, Gaussian mixture
model, point data

149



Tap chi Khoa hoc Dai hoc Can Tho

1. GIOI THIEU

Phan tich chum la viéc chia dir liéu thanh cac
chim sao cho nhiing phan tir trong cing mét chum
c6 su twong ty nhau theo nhiing ti€u chi nao d6
nhiéu hon nhitng phan tir bén ngoai ciia n6 (Hung et
al., 2015). Véi dir liéu d6 so va téc do phat trién
manh m€ nhu hién nay, phan tich chum dugc xem 1a
nén tang khong thé thiéu cho cac tmg dung lién quan
dén khoa hoc dir liéu. Do do, phan tich chum da va
dang nhan dugc sy quan tim rat 16n tir cac nha thong
ké va khoa hoc dir liéu (Chen & Shiu, 2007; Shiu &
Chen, 2016).

Phan tich chum c6 thé thuc hién cho dit liéu diém
(Vovan et al., 2023), dit liéu khoang (Hung et al.,
2016) va dir liéu ham mat do xac suit (Chen &
Hung, 2015); trong do, phan tich chum cho dir liéu
diém dugc xem 1a nén tang (Vovan et al., 2023) véi
mot tap dir liéu cho trude, mot phan tich chum dwgc
thyuc hién, ta phai giai quyét 3 van dé quan trong. D6
1a viéc xac dinh s6 chum thich hop, nhitng phan tir
cu thé trong mdi chum va xéac suat thudc vao chum
clia cac phan tir. Mot thuat toan chi giai quyét dugc
hai nhiém vu dau tién duoc goi la phén tich chum
khong mo. Néu mot thuét toan giai quyét duoc ca 3
nhiém vu thi dugc goi l1a thuat toan phan tich chum
mo. Trong phén tich chim khong md, mdi phan tir
chi dwoc gan vao duy nhit mot chim, trong khi phan
tich chim m& mot phan tir co thé dugc gan vao
nhiéu chiim véi nhimng xac suat cu thé. Do do, phan
tich chum mo dugc xem 1a sy mo rong cua phan tich
chum khong mo (Hung & Yang, 2015).

Trong phan tich chum, viéc xac dinh s6 luong
chum la mot bude quan trong va c6 anh huong quyet
dinh dén chat lugng cua két qua phan chum. Néu sd
chum khéng duoc lwa chon hop 1y, mé hinh ¢6 thé
dan dén hién tuong phan chim qua muc hoic khong
dh chum, gdy ra sai 1éch trong qua trinh phan tich dit
liéu (Jain, 2010). Trong xac dinh s§ chum, phwong
phap tu cap nhat chum cta Chen and Shiu (2007)
duoc sir dung phd bién. Trong phwong phap nay, su
hoi tu ciing nhu két qua phan tich chim phu thudc
vao mot hang s6 dugc cd dinh cho toan bo dir liéu.
Tt nam 2015, phuong phap tu cap nhét chum duge
phat trién manh m& voi nhiéu cai tién lién quan den
ban kinh 1an can. Chen and Hung (2015) d4 dé xuét
cach xac dinh ban kinh 1an can duya trén gia tri trung
binh cua cac khoang cach va phuong phap nay dugc
ap dung cho dit liéu ham m¢ ciing nhu dir liéu dang
cau (Hung & Yang, 2015). Cach tiép can nay cho
phép thich ung tdt hon véi cac tap dir liéu co dac
tinh da dang trong thuc té; tuy nhién, trong nhiéu
truong hop van chua dam bao két qua phan tich
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chum t6i vu. Nhim khic phuc han ché nay, Shiu and
Chen (2016) da d& xuat mo hinh tinh va dong ap
dung & mdi 1an lap, gitp thuat toan thich tng linh
hoat hon véi dit liéu va thu duoc két qua tbt trén
nhiéu tap dit liéu. Tuy vay, cac tham sb trong thuét
toan cta Shiu and Chen (2016) vé ban chét véan 1a
cac hing sb; do do, nguoi dung khi ap dung phai
thiét 1ap trudc ba tham s6, gdm ban kinh lan can,
tham s6 hoi tu va ham hat nhan.

V& viée xac dinh x4c sut thudc vao chum, ¢6 3
phuong phap duoc xem la quan trong, dugc sir dung
pho bién hién nay. D6 1a phuong phap Fuzzy C-
means (FCM) (Devi & Devi, 2013), chum thur bac
(Kuchaki et al., 2012) va mo hinh Gauss hon hop
(Xuetong et al., 2024). FCM hoat dong bang cach
lap lai qua trinh tinh toan tdm chum dya trén trung
binh c6 trong s6 va cap nhat ma trdn mirc d¢ thanh
vién cho dén khi hoi tu. FCM linh hoat hon so véi
K-means (Kodinariya & Makwana, 2013) trong xt
ly dit liéu giao thoa, nhung lai nhay cam vé&i nhidu
va can xac dinh trudc sé chim. Phuong phap FCM
ban dau chi thuc hién cho dit liéu diém, sau d6 duoc
cai tién cho dit liéu khoang va ham mat d¢ xac suit.
FCM la mot huéng mo rong cua phan chum phan
cap truyén théng, nhiam cho phép mdi ddi tuong co
thé tham gia vao nhiéu chum vdi cac murc d6 thanh
khac nhau. Thay vi xdy dung cdy phan cap v6i ranh
gidi “clmg”, phuong phap nay gan xac suét hoic
muirc d§ mo cho ting dbi tuong tai mdi mirc phan
cép. Phuong phap hon hop Gauss trong phan tich
chum 1a mét k¥ thuat dua trén moé hinh xac suét,
trong d6 dir li€u dugc gia dinh sinh ra tir sy Kkét hop
ctia nhidu phan phdi chuin khac nhau. M&i chum
duge mé ta boi mot phan phdi chuan véi cac tham
s0 trung binh va ma tran hiép phuong sai. Viéc gan
mot diém dit liéu vao chim nao duogc xac dinh bai
xac suat hau nghiém thay vi rang budc cing, nghia
1a mdi diém c6 thé thudc vé nhidu chum véi cdc mie
d06 khac nhau. Thuat toan thuong st dung 1a cuc dai
hoé ky vong nhim uéc lugng tham s6 va cap nhat
phan bd chum cho dén khi hoi tu. Tuy nhién, phuong
phap nay c6 nhuoc diém 16n vi can biét trude s6
chum, nhay cam véi gia tri khoi tao va co thé hoi tu
vao cuc tiéu cuc bo.

Trong nghién cru nay, chung i st dung
phuong phap khuyu tay dé xac dinh s6 chum
(Syakur etal., 2018). Phuong phap nay dya trén viéc
quan sat tong binh phwong sai sO trong chum
(Within-Cluster Sum of Squares — WCSS) khi sb
chum £ ting dan. Khi biéu dién WCSS theo £, diém
tai d6 WCSS bét diu giam cham lai va tao thanh mot
“goc khuyu tay” duge xem 14 s6 chum t6i wu. Mic
du don gian, phuong phap WCSS van la mot cach
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tiép can hiéu qua dé kham pha cau triic chum trong
dir liéu (Kodinariya & Makwana, 2013). Két qua tir
phuong phap khuyu tay duoc st dung lam dir liéu
dau vao cho mo hinh hén hop Gauss (Gaussian
Mixture Model - GMM). Céch lam nay di khic
phuc dugc yéu diém vé thong tin s chum va diém
khéi tao von ¢6 cia mé hinh GMM.

2. PANH GIA KET QUA PHAN TIiCH
CHUM
2.1. Trong phan tich chum khong m¢

Trong phan tich chum khong mo, dé so sanh va
danh gia hiu qua cua cac thuat toan, ta c6 thé dua
vao nhiéu tham s thong ké. Trong nghién ctru nay,
tham s duoc sir dung 1a ARI (Adjusted Rand Index)
(Hubert & Arabie, 1985) dugc sir dung. Tham sb
nay dugc xac dinh nhu sau:

AR/ =
3L
1iy-[9 ~ (b, _Al2)E 2
DR e
2
Trong d6:

n: téng ) phﬁn tu trong tap dir licu,

k=1,...,c: s6 cham do thuat toan du doén,

ni: sd diém dir liéu nim ddng thoi trong chum
that j va chum dy doan £,

a,= E ny : tong s6 phan tir trong chum thyc
. "
té thu J,

b, = Z Ny tong s6 phan tir trong chum thtr k
J
cua thuat toan,

(g) s6 t6 hop chap hai cta n, biéu thi tdng s6
cip mau.

Tham s6 ARI nhan gi tri trong khoang [—1 1]
Khi AR/ cang 16m, chat lwong phén chum cang tot.
Gia tri ARI bang 1 neq két qua phén chum hoan toan
trung khép voi thuce té va bang -1 néu hoan toan trai
nguoc. Gia tri AR/ bang 0 néu viéc phan chum twong
duong véi phan b6 ngau nhién cac doi tuong vao
chum.
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2.2. Trong phan tich chim m&

Cho n phan tir dugc chia thanh & chum. Goi H; 1a
xac suat dé gan phan tir thir j vao chum thu i, voij =
1,2,....,nvai=1,2, oo k. Trong phan tich chum
khong md, ;=1 khi phan tir thir i thude vao chum
tha j va w; = 0 doi véi truong hop nguoc lai. Trong
phén tich chum m& thi 0 < p;; < 1. Khi d6, U =
[Mjj]ken duge goi 1a ma trén phan ving cua n phan
tur.

Trong nghién ciru nay, dé danh gia higu qua cua
cac thuat toan phan tich chum mo, hai tham s6 sau
duoc xem xét:

o Heé s6 phan chia (Partition Coefficient):

PC= ZZ%

11]1

e Nang lugng phan chia (Partition Entropy):

PC = ——ZZILLU log(,uu)

lljl

Tham s6 PC va PE do ludng mirc d6 hdn
loan hoac tinh khoéng chac chan trong thuat toan
phan tich chum mo. Tham s6 PC cé gia tri trong

khoang [%, 1], trong khi PE c6 gia tri [0;1]. Trong
phan tich chum m, tham s6 PC cang 16n thi thuét
toan cang tot, trong khi tham so PE thi cang nho
cang tot.

3. THUAT TOAN DPE NGHI

Cho tap dir ligu X = {x1, x2, ..., ‘xn}, thur;flt toan
phéan tich chum m¢ tu dong cho X dé nghi gébm hai
giai doan sau:

e Giai doan 1. Xdc dinh sé chium thich hgp

Buéc 1. Chon s6 chium £, (2 < k < n — 1) mot
cach ngau nhién. Ap dung thuat todn k-means dé
nhan duoc k chum {C), 5, ..., Ci} va tdm chum my,.

Budrc 2. Tinh tong binh phuong khoang cach noi
bd cac chum theo cong thirc sau:

SSE = Z Z [d(xl,mk)]

i=1 xeC,

trong d6 d (xl.,mk) la khoang cach Euclide

gitta diém dir li€u x;va trong tdm chum m,.
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Khi s6 chim ting 1én, SSE giam, nhung dén mot
diém nhét dinh, viéc gia ting s6 chum khéng mang
lai sy cai thién dang ké trong sy phan tan cia cac
diém trong chum. Diém khuyu tay 1a vi tri SSE giam
cham lai, cho thdy k di dat t6i wu

Buwéc 3. Cho k thay dbi, d6 thi SSE dugc vé theo
k (truc hoanh 1a & va tryc tung la SSE), tim diém
khuyu tay cho SSE. S6 chum thich hop chinh 14 gia
tri k tmg v6i diém khuyu tay cia SSE. Goi m 1a sd
chum thich hop dugc tim sau khi két thacbude 3.

e Giai doan 2: Phdn tich chum mo

Buéc 4. Khéi tao ngdu nhién trong tAm g, ma
tran hi¢p phuong sai Si va trong so m;, cho cac chum.

Buée 5. Tinh xac suit diém dit lidu x; thude vé
chum theo cong thirc sau:

T, N(x |yk,2 ) Q).
Z”h N(X [T )
trong d6, ham mat d chuan nhiéu chiéu c6 dang:

%)=

Yie =

N(xi

————exp
(202 [f (
3)

Buwéce 6. Cap nhat trong tdm, ma tran hiép
phuong sai va trong so theo nguyén tac sau:

o Trong s6: 1) = 32’[‘ 1Vik- “4)
e Trong tdm chum: y;, = M (5)
z:L:1 Vik
e Ma tran hi¢p phuong sai:
Y = Tiea Vi (=) (= Mk)T 6)

Zl 1Yik

Bude 7. Tinh log-likelihood téng quat theo cong
thure:

logL:ilog izk.N(xiLuk,Ek) (7)
i=1 k=1

Néu log-likelihood thay ddi dudi ngudng & thi
dung thuat toan. Khi giai doan 2 dung, chung ta
nhén dugc cac trong tdm chum p;, va xac sut thudc
vao chim ctia mdi phan tr yy, i = 1,2,...,n; k =
1,2,...,m

4. AP DUNG

Trong phan nay, hai ap dung duoc thuc hién dé
minh hoa cac budc cla thuat toan dé nghi cling nhu
thé hién hi¢u qua cua nd.

ECRID DINCEVS B &
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4.1. Ap dung1

Trong ap dung nay, tap dit litu mo phong da
dugc st dung gdm 200 phan tir, dwoc sinh tir bén
phan phéi chuan hai chiéu véi cac tham s da dugc
thiét lap trudc. Cu thé 200 diém dir liéu hai chiéu
dugc tao ra tir bdn phan phdi Gauss vdi vector trung
binh va ma tran hi€p phuong sai dugc cho nhu sau:

Chim 1: iy = (7). 21 (3700

Chum 2: g1, = (2), 5 (35, %),
Chum 3: 3 = (3). B (%0 05 %%).
Chum 4: py = (3). 24( 301_00011)

M&i chum ¢6 50 phéan tir dwoc minh hoa trong
Hinh 1.

o ®g00
25 oy R o: o
8 ©
° © ° o..n‘ °
2 Q}é)gog ® Tes o o
° ® ° e’
o 5@ d P
& ° .’ e
15 o & o
o ® ® Chim1
A4 @ chum2
©  Chim3
o @ Chim4
° °
] @
0.5 '& :!l
® sesfe ° O.'.' e ©
°
0 e® °Fn o &
.. @' L] '
8° ° (X *
05 ° ° 0@
[ ] e
1 0.5 0 0.5 1 15 2 25 3

Hinh 1. Do thi phan tin 200 phin tir ciia 4 chum

Két qua minh hoa tir viéc 4p dung giai doan 1
dugc trinh bay trong Hinh 2.

450

400

350

300 [

250

200

Téng khoang cach ndi cum (SSE)

0 L L L L L T el
0 2 4 6 8 10 12 14
S6 lugng cum (k)

16 18 20

Hinh 2. Gia tri SSE twong wng véi s6 chim ciia
200 phan tir
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Dua trén Hinh 2, ¢6 thé quan sat théy mot diém
gap khuc 16 rét tai k = 4, dugc xem la “khuyu tay”
trong biéu d6. Piéu nay cho thiy viéc phan chum dit
li¢u thanh 4 nhoém 1a phu hop.

Véng l&p EM: 1

Tdp 62, S6 44 (2026): 149-156

Sau khi thyc hién giai doan 2, thudt toan dung
sau 42 vong 1ap va dugc minh hoa boi Hinh 3.

Voéng ldp EM: 2

3
. .
. .
251 25 . .
o o
2 LK R N .
. -
® Chum1 . .
15| ® Chim2 15 ‘
Chum 3 ® Chom1
e chuma ® Chim2
1| % Tamcham 1 Chum3
® Chim4
oslh 05 %X Tam chim A
N
of o % °
-
. .
05 05
4 1
1 05 0 05 1 5 2 25 4 05 0 05 1 15 2 25 3
\ < \ <
a) Vong lap 1 b) Vong lap 2
N Voéng lap EM: 41 5 Vong ldp EM: 41
. .
. .
25 S ] 25} LI L
°e o 8 *s o 8
. c e . - Ly .
) - . . 5L X . .
. 3 L - . . T o\ -
L L4 ® Cham1 . LI b4
8 * L e crumi " 15 o chum? R .
e o | ® chum2 . Chim 3 o . *
1 Chum 3 1| ® Chim4
e chuma X Tam chim
X Tamcn L ¢
os am chum e 05l e o
. < . L] < .
. . . .
05 . o 05t . e
o .
1 B
-1 05 0 05 1 15 2 25 3 1 05 0 05 1 15 2 25
\ < N <
a) Vong lap 41 b) Vong lap 42

Hinh 3. Minh hga mét sé vong lip ciia Giai doan 2

Sau khi giai doan 2 hdi ty, thuat toan cho két qua

cac trong tdm chum nhu sau: 1 Qe t
05
M= (0’0386’ 1’9103)’ % 20 40 60 20 o0 i w0 e @0 2o
y Cluster 2 .
1, = (2,0275; —0,0130),
05
— . 0 : - - -
- ) H
Uz (0 0865, 0,1088) 0 2 40 60 80 100 120 140 160 180 200
; Cluster 3
e = (2,0223; 2,0658) mlmlmllmmm
A A A : X ‘A o : y X ; ’ : ; .
va ma tran phan Chla duoc the hl@n trong 0 20 40 60 80 100 120 140 160 180 200
* ; Cluster 4
Hinh 4. T
05
% 20 w0 60 2 w0 w0 0 1m0 20

Hinh 4. X4c suit thudc vao 4 chum ciia 200
phan tir

Dé danh gia hidu qua cua thuat toan dé nghi, n6
dugc so sanh voi cac thuat toan dugc sit dung pho
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bién ngay nay bao gbm thuét toan md va khong mo.
Cu thé:

e Thuat toan khong mo: Hierarchical
Clustering (HC) (Johnson, 1967), k-Medoids
(Kaufman & Rousseeuw, 1990) va k-means. Ddi véi
thuét toan khong mo, tham s6 duoc so sanh 1a ARI.

e Thuat toan mo: FCM (Bezdek, 1981) va
phan chum mo ty dong cua Chen (2016).

Két qua ciia cac thuat toan dugc trinh bay trong
Béang 1.

Bang 1. So sanh cac tham s6 ciia thuit toan dwgc
dé nghi vai cac thuit toan khac

Phuong phip PC PE ARI
k-means - - 1,0
HC - - 0,9732
k-medoids - - 1,0
Chen (2016)  0,9615 0,1007 1,0
FCM 0,8245 0,3846 0,9715
D& nghi 0,9966 0,0063 1,0

Béng 1 cho thiy thuat toan dé nghi t6t hon hai
thuat toan phan tich chum md FCM va Chen (2016)
vi gia tri PC 16n hon va PE nho hon cé y nghia.
Thuét toan dé nghi c6 gia tri t8i wu ARI =1, trong
khi thuat toan HC c6 gia tri 1a 0,9732. Tuy nhién hai
thuat toan phan tich chum khong mo k-means va k-
medoids ciing c6 gia tri bang 1. Vi dit liéu mé phong
nay co su tach biét twong dbi rd rang ctia 4 chum nén
chung ta chua nhan thay dugc wu diém cua thuét
toan dé nghi so v6i hai thuét toan k-means va k-
medoids. Hiéu qua cta thuat toan dé nghi dugc minh
chung trong nhimg tap dir liéu phtrc tap hon, cu thé
o ap dung 2.

4.2. Ap dung2

Ap dung nay dugc thuc hién cho tap dit li€éu Hoa
Iris (https://archive.ics.uci.edu/dataset/53/iris), mot
tap dir liéu dbi ching ndi tiéng trong linh vuc hoc
may dé kiém tra hiéu qua cia bai toan phan tich
chum va phan loai.

Hoa Iris gdm c6 3 loai bao gdm Setosa,
Versicolor va Virginica dugc phan biét véi nhau boi
4 bién x,= chiéu dai hoa, x» = chiéu rong hoa (sepal
width), x3 = chiéu dai canh hoa (petal length) va x4
= chiéu rong canh hoa (petal width). Minh hoa cho
3 loai hoa Iris dugc trinh bay trong Hinh 5.
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25
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®
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3 ~ 6
~ 5
x2 4 X1

Hinh 5. Minh hoa 3 loai hoa Iris

Tap dir liéu vé hoa Iris 1an dau tién duoc trinh
bay bai Fisher (1936) gdm 150 phén tir v6i 50 phan
tir cho mdi loai. Trong ap dung nay, két qua giai
doan 1 va giai doan 2 cua thuat toan dé nghi ciing
duogc trinh bay. Bén canh d6, viéc so sanh thuat toan
dé nghi v&i cac thuat toan khac nhu trong ap dung 1
cling da dugc thuc hién.

Két qua giai doan 1 cua thuat toan dé nghi dugc
trinh bay trong Hinh 6.

700

SE)
3
o

(
@
=]
=]

N
=)
=]

Téng khodng cach ndi cum

et ha <
14 16 18

0 2 4 6 8 10 12
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Hinh 6. Gia trj SSE twong {mg v6i s6 chiim ciia
150 phan tir

Dua trén Hinh 6, phuong phap khuyu tay cho
thdy diém gay rd rét tai k = 3, thé hién su giam dang
ké ctia SSE so v&i cac gia tri k khac. Do do, giai doan
1 két thiic v6i s6 chum thich hop 1a 3. Pay 1a mot
két qua chia chum dung cia tap dir lidu.

Viéc ap dung giai doan 2 cho 150 phan tir, thuat
toan dung lai sau 38 vong ldp. Khi do, ta nhan dugc
ma tran phan chia véi xac suat thudc vao 3 chum cua
150 phan tir duoc biéu dién ¢ Hinh 7.
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Cluster 1
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Cluster 2

Cluster 3

Hinh 7. X4c suit thudc vao 3 chum cia 150
phan tir

Hinh 7 cho thiy x4c suét phan ding vao chum 1
(Setosa) va chum 3 (Virginica) cta cac phan tir hau
nhu bang 1. C6 sy nhim lan trong phan chum cho
mot s it phan tir ctia hoa Versicolor khi xép vao
chum 1.

Tir viéce so sanh thuat toan dé nghi vai cac thudt
toan khac qua cac tham s6 PC, PE va ARI ung véi
cac thuat todn phan tich chum m¢ va khong mo, ta
c6 Bang 2.

Bang 2. Tham s6 danh gia ciia cic thuit toan
trong ap dung 2

Phwong phap PC PE ARI
K-Means - - 0,7302
HC - - 0,7312
k-medoids - - 0,7302
C-Means 0,7832  0,3959 0,7294
Chen (2016) 0,9103 0.1237 0,8798
D& nghi 0,9833  0,0324 0,9039

Bang 2 cho thiy gia tri ARI cta thuat toan dé
nghi nhd nhat va nhé hon rat nhiéu so véi cac thuat
toan duoc so sanh. Khi so sanh véi 2 thuat toan mo,
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Tép dit liéu trong ap dung 2 dugc danh gia phiic
tap hon trong ap dung 1. Vi tap dir liéu nay, thuat
toan dé nghi da thé hién o vu diém so voi 2 thuat
toan phan tich chum mo ciing nhu 3 thuat toan phan
tich chum khong mo dugc so sanh.

5. KET LUAN

Trong nghién ctru nay, mot thuat toan phan tich
chum mo ty dong cho dit liéu diém da duoc dé xuat,
két hop gitra phuong phap khuyu tay va GMM.
Thuét toan dé nghi khong chi gitp tu dong xac dinh
s6 chim phi hop, ma con khai thac dugc dic diém
phan phdi xé4c suét cia dit liéu nham ting do chinh
xac va linh hoat trong viéc gan phan tir vao cac
chum. Cac két qua thuc ‘nghiém trén hai tap dir liéu
cho thiy phuong phap dé xuit c6 hiéu qua cao, thuan
loi hon so v6i cac thuat toan phan chum ndi tleng
dugc sir dung phd bién. Thuat toan dé nghi c6 thé ap
dung thuén lgi cho dir liéu thuc bdi mot chuong
trinh dugc thiét 1ap trén phan mém Matlab. Trong
tuong lai, thuat toan dé nghi ¢6 thé dugc mo rong
tich hop vai tri tu¢ nhan tao va cac mé hinh hoc sau
dé ap dung dugc cho dit liéu anh mét cach hiéu qua.

Mac du phuong phap khuyu tay duge s dung
hiéu qua de xéc dinh s6 chum trong nghién ctru ndy;
can luu rang, phuong phap vén ton tai mot s6 han
ché, bao gdm tinh chii quan trong viéc xac dinh diém
gdy va kha nang kém hi€u qua d6i voi cac tap dir
lidu ¢6 céu trac phic tap hodc khong thé hién rd dac
trung khuyu tay. Do do, trong cac nghién ciru tiép
theo, c¢6 thé xem xét viéc két hop phuong phap
khuyu tay v6i cac tiéu chi danh gia khac nhiam nang
cao tinh khach quan va d6 6n dinh trong xac dinh
s6 chum.
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