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TOM TAT

Thuét toan phén cum nira giam sat thu hat dwoc nhidu nghién ciru trong thoi gian gin ddy. Dua
trén mot sb thong tin cung cip bai nguoi st dung nhu mot s6 diém dir liéu da dwoc gan nhin sin
hodc mét s6 rang budc gitra cac cap dir liéu (must-link, cannot-link) dwoc tich hop vao céc thuat
toan phan cum nira giam sat s& lam cho chét luong clia qua trinh phan cum duoc cai tién. Bai bao
nay dé xuat mot phuong phép phan cum nira giam sat trong truong hop dit liéu trg gitp 1a khong
dﬁy du cho thuat toan phan cum K-Means, thuat toan méi dugce dat tén la K-Means*. Thuat toan
K-Means* duoc lai giita hai phuong phap gdm phuong phap phan cum nira giam sat va phuong
phap udc lugng cac trong tAm cta cac cum cho K-Means. Két qua thuc nghiém tir UCI chi ra hiéu

qué cua phuong phap dé xuat.

Tu khoa: thudt todn phdan cum K-Means, phdn cum mita gidm sat, dir liéu gdn nhan, phuong phdp

min-max, dir lieu UCI

GIOI THIEU

Phan cum dit liéu (clustering) 1a mot trong
nhing van dé co ban cia linh vuc hoc may va
khai pha dit liéu. Bai toan phin cym nhim
phan tich mot tap dir liéu gdm n phan tir
thanh k cum sao cho cic phan tir trong mdi
cum 13 twong tw nhau va cac phan tir nim
khac cum thi s khong twong ty nhau theo
mot nghia nao d6. Phan cym dir liéu thude 16p
bai toan hoc khong giam sat khac loai véi cac
thuat toan hoc co6 giam sat chéng han nhu
mang Noron hay phuong phép Support
Vector Machine [14]. Két qua cua qua trinh
phan cum s& cho chung ta biét cdu trac an
chtra bén trong cta toan bo tap dir liéu va mbi
lién hé gifta cic phan tir trong dit liéu. Pha
phan cum c6 thé dong vai tro lam céng doan
chinh trong mét ung dung chang han nhu
phan cum nguoi dung website, phan cum cac
trang thai cam xdac khudn mat,... hodc trong
cong doan tién xir Iy dir liéu nhu phan doan
anh, lam sach dir liéu.

Bai toan phan cum da duoc nghién ciru va dé
xut tir cach day hon ntra thé ky [14]: Thuat
toan K-Means 1957, thuat toan phan cum kiéu
phan ting nim 1967, thuat toan phan cum dya
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trén dd thi nam 1973, thuét toan phan cum mo
1981, thuat todn phan cum dua trén mo hinh
mat d6 (DBSCAN) nidm 1996 [6]. V&i mdi
loai thuat toan di dé xuét ludn ton tai nhitng
vu diém va nhugc diém riéng. Véi K-Means
d6 1a két qua phan cum phu thudc vao cac
diém trong tdm khdi tao ban dau, v6i thuat
toan DBSCAN va phuong phap phan cum tha
bac la d phuc tap cta thuét toan cao, ddi voi
phuong phap sir dung do thi 1a kho xac dinh
tham sd,... Trong s6 nhitng thudt toan co ban
néu trén, thuidt toan K-Means la thuat toan
duogc st dung nhiéu nhat [12].

Mot trong nhiing nghién ctru thu hat cac nha
nghién ctru trong nhitng nim gin day la
huéng nghién ctru vé thuit todn phan cum
nua giam sat [1], [2], [3], [4], [8], [10], [11],
[13]. Xuat phét tir nhitng thuat toan co ban ké
trén, gia thiét rang chung ta c6 thém mot sd
thong tin chang han nhu c6 mot s6 rang budc
gita cac phan tir trong tap dit liéu hay di co
trudc mot s6 phan tir dwoc gan nhin sin xac
dinh ching ¢ cum nao. Y tudng co ban la
phat trién cac thuat toan co thé tich hop cac
thong tin bd tro nham ting chat luong cia qua
trinh phan cum. Hang loat cac cong trinh
nghién ciru d3 duoc cong bd nhu d nhic dén
O trén.
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Muyc tiéu cuia bai bao ndy tdp trung vao
phuong phap K-Means. Dé cai tién chat
luong cua K- Means, nam 2002, Basu va cac
cong su dé xuat phuong phap Seed- Kmeans
v6i gia thiét néu duge cung cip ddy du mdi
cum mot vai cac phan tir da duoc gén nhan,
cac trong tam ban dau & budc khoi tao sé
duoc st dung boi chinh cac thong tin d6 va sé
lam cho chat lugng cta thudt toan ting lén
[1]. Nam 2009, M. A. Hasan va cic cOng su
dé xudt thuat toan ROBIN bing cach d& xuit
sir dung phuong phap min-max dé uéc luong
cac trong tam & budc khdi tao va ciling lam
cho chét lugng phan cum cua K-Means duoc
tang 1én [7]. Trong [15], Yoder va Priebe gidi
thiéu phuong phap phan cum nira giam sat
cho K-Means++, trong do6 tac gia da sir dung
phuong phap tim cac trong tdm theo thuat
toan Lloyd va két hop v6i mot sé dir lidu da
duoc gan nhan trudc. Dya trén y tudong cua
thuat toan nay, trong bai bao nay ching t6i dé
xuét phuong phap phan cum nira giam st cho
K-Means bang cach st dung két hop phwong
phap min-max voi mot s6 dit liéu da gan nhan
sdn ban dau; két qua thyc nghiém cho két qua
t6t khi so sanh véi cac phuong phap cung loai.
CAC NGHIEN CUU LIEN QUAN

Trong phan nay chdng tdi trinh bay ba nghién
ctru lién quan do 1a thuat todn K-Means, thuat
toan phan cum nira giam sat Seed K-Means
va thuat toan xac dinh cac diém khoi tao cho
c4c trong tim ban dau (thuat todn ROBIN).
Thuat toan K-Means

Thuéat todn K-Means la mét trong nhirng thuat
toan kinh dién cua linh vuc hoc may, thuat
toan nay duoc gidi thiéu vao nhitng nam 50
cua thé ky 20 va 1a mot trong 10 thuat toan
dugc st dung nhiéu nhit trong linh vuc khai
pha dir liéu va phat hién tri thirc [12]. Y tuong
cua thuat todn K-Means la dya trén k trong
tAm tai budc dau tién, thuat toan tién hanh
gan céc diém vao céc trong tam gan nhét va
lap lai qua trinh trén cho dén khi céc trong
tam khéng thay ddi dwoc nira.

Thuat toan K-Means thuc hién don gian va co
d6 phuec tap tinh toan la O(k x n). Hinh 1 trinh
bay cac budc co ban cua thuat todn K-Means.
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Thuat toan K-Means;

Input: Tap dir ligu X, ) lwong cum can phéan
tach k

Output: k cum cua X

+ Khéi tao cac trong tdm cho cic cum ngau
nhién.

Repeat

+ Géan cac diém cta X vao cum gan n6 nhat

+ Tinh toan lai trong tAm bang trung binh cong
cac diém trong moi cum tuong ing

Until (Cac trong tim khong thay ddi duoc nita)

Hinh 1. Thudt toan K-Means

Han ché co ban nhit cua thuét toan K-Means
1a n6 phu thuoc vao su lua chon cac trong tam
nén mdi lan chay c6 thé cho ra két qua khac
nhau (xem Hinh 2). Ngoai ra K-Means chi
phét hién dugc cac cum c6 dang hinh cau do
dya trén tinh chat vé khoang céch. Mét s6 cai
tién cua K-Means dd duoc nghién ciru nhu str
dung ham hat nhan, hoac chia nho tap di liéu
thanh cac cum nhoé va rdi lai tién hanh hoa
nhap ching lai & duoc cac cum c6 hinh dang
bt ky.

Hinh 2. Minh hoa thugt toan K-Means: Hai lan
thuc hién chuong trinh cé thé cho ra hai ket qud
khac nhau véi tdap dir liéu nhir trén
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Thuét toan Seed K-Means

Trong thuat todn Seed K-Means [1], tac gia
da sir dung mot sé phan tir dir liéu da duoc
gan nhan san (goi la cac seed) dé xay dung
thuat toan Seed K-Means nhiam vuot qua han
ché cua thuat toan K-Means trong van d& lya
chon céc trong tdm cua cac cum — thuat toan
K-Means thuong cé cac két qua khac nhau
sau mdi lan thuc hién vi chdng phu thudc
nhiéu vao van dé lya chon céac trong tam ngau
nhién dau tién. Y tudng co ban cua thuat toan
Seed K-Means la st dung cac seed vao ngay
budc khoi tao cac trong thm va vi vay thuat
toan s& cho ra két qua tét hon chi sau duy nhat
mat 1an thuc hién. Thuat toan Seed K-Means
y&u cau mdi cum phai c6 it nhat mot diém dir
liéu gan nhan san.

Thuit toan ROBIN

Tir khi K-Means ra doi, c6 rat nhidu phuong
phap tim kiém k trong tim dau tién. Chung t6i
trinh bay sau day thuat toan ROBIN duoc gidi
thiéu nim 2009 [7]. Y tudng chinh cia viéc
lya chon cac trong tim cho K-Means cua
thuat toan ROBIN la st dung phuong phap
min-max.

Cho tap dir liéu X, phuong phap min-max cho
phép xac dinh mét tap con Y cua X sao cho
cac diém trong Y 1a cach nhau xa nhit c6 thé.
Pé thyc hién didu ndy qua trinh xay dung tap
Y nhu sau: trude tién chon mot diém y bat ky
lam diém dau tién cho Y, tai mdi budc tiép
theo chung ta chon diém Yy, thoa min cong
thirc sau:

ynew = arg maxxex (mln yeY d (X’ y))

trong do d(.) 1a khoang cach Euclidean trong
khong gian n chiéu. Noi mot cach tong quat,
diém ypew duoc chon s& 1a diém co6 khoang
cach xa nhat c6 thé déi voi cic diém di co
trong .

Hinh 3 minh hoa thuét todan min-max véi tap
du liéu c6 5 cum. Ching ta co thé théy réng
cac trong tam sé duoc chon b::ing 5 diém xa
nhau nhét c6 thé. Bé dam béao cac diém chon
1a khong phai diém ngoai lai, trong thuat toan

ROBIN c¢6 sir dung thém ham LOF [5], dé
kiém tra xem mot diém dir lidu bat ky co 1a
diém ngoai lai hay khong. Thuat toan ROBIN
da chi ra dat chat lugng tdt so sanh véi cac
phuong phap cung loai
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Hinh 3. Minh hoa phuong phap min-max véi 5
diém khoi tao

Thuat toan K-Means*

Trong phan nay ching t6i dé& xuat viéc két
hop hai thuat todn Seed K-Means va thuat
todn min-max thanh thuit toan Seed K-
Means*. Thuat todn K-means* don gian chi la
giai quyét truong hop rat hay gap trong thuc
té d6 1a cac dir liéu gan nhén sén cho cac cum
d6i khi khong day du. Trong truong hop do,
thuat toan K-Means* s& sur dung phuong phap
min-max dé tiép tuc tim kiém cac trong tam
con lai. Thuat toan K-means* duoc trinh bay
trong hinh 4.

Thuat toan K-Means*;

Input: Tap dir liéu X, s6 lugng cum can phéan
tach k, tdp cdc nhan S={s1, S, ...,5.}.

Output: k cum cua X

+ Khdi tao céc trong tdm cho cac cum st dung
tap S.

+ Néu s lugng cac trong tdm nho hon k thi sir
dung phuong phap min-max dé tim du k trong
tam.

Repeat

+ Gén céac diém cua X vao cum gan nd nhat

+ Tinh toan lai trong tdm bang trung binh cong
cac diém trong moi cum tuong ung

Until (Cac trong tim khong thay dbi dugc nita)

Hinh 4. Thudt toan K-Means*
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Két qua thwe nghiém

Dé danh gia hiéu qua cua thuat toan ching toi
sir dung 7 tap dit liéu duoc lay tir website UCI
Machine Learning nhu trong bang 1, trong do
n, m, va k tuong ng la s6 phan tir trong moi
tap dir liéu, 30 chiéu cua mdi tap dir liéu, va
s cum caa mdi tap dix liéu [16].

Ching tdi sir dung d6 do Rand Index (RI) dé
danh gia d6 chinh xac cua cac thuat todn phéan
cum [9]. Thuat toan RI so sanh két qua phan
cum Véi gi4 tri that caa cac nhén trén thuc té.
Vi hai cach phan cum p; va p, cua tap dur
liéu X ¢ n phan tu trong d6 p, va p, chira cac
nhan cua cac phan tir tuong ng cua cac cum,
cong thirc tinh gia tri RI nhw sau:

2(a+b)
B n(n—1)

trong d6 a 1a tong cac cap xuat hién cuing mot
cum trong p; va cling cung mdt cum trong po;
b 1a tong cac cap xuét hién trong hai cum
khéac nhau trong p; va trong p,. RI cé gia tri
nam trong doan [0,1]. Gia tri cua RI cang lén
thi chat lwong phan cum cang cao.

Bang 1. Cdc tap dir liéu cho thuc nghiém

STT  Tap dirliéu n m k
1 Iris 150 4 3
2 Protein 116 6 6
3 Soybean 47 34 4
4 Thyroid 215 5 3
5 Haberman 306 3 2
6 Z00 101 16 7
7 Image 2100 19 7

Dé danh gia két qua, ching toi sir dung ba
thuat toan la min-max K-Means (MMKM)
trong d6 cac trong tdm cym dugc xac dinh
bang thuét toan ROBIN, thuat toan Seed K-
Means (SKM) va thuat toan K-Means*
(KM*). Két qua phan cum dugc trinh bay
trong bang 2, gia tri RI dugc chuyén sang
dang %. Vi mdi bo dir lidu, ching t6i da
thuc nghiém véi mot vai by seed khac nhau.
Két qua phan cum ciia mdi tap dir liéu duoc
lay trung binh sau 50 1an thuc hién cho mdi
thuét toan.

Tt bang 2 chung ta ¢6 cac nhan xét nhu sau:
Chat lugng phan cum cua thuat toan MMKM
la kém hon so voi thuat toan KM* va SKM.
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Diéu nay c6 thé giai thich rang véi viéc xac
dinh cac trong tam béng thudt toan min-max,
trong mot sd truong hop ching ta van khong
xac dinh dugc céc trong tdm tdt cho thuat
toan KM (xem Hinh 5).

Thuét toan KM* cho két qua twong di t6t so
sanh voi thuat toan SKM. Tham chi KM* con
cho két qua tét hon d6i v6i hai tap dir lidu 1a
Iris va Haberman. Tép dir liéu Haberman gém
hai 16p 1a mot tap dir lidu rat kho ddi véi cac
thuét toan phan cum (xem Hinh 6). Ching ta
thdy rang v6i SKM chét lugng chi dat 52,8%.
Dbi voi MMKM va KM* dat két qua cao hon
c6 thé giai thich rang khi sit dung phuong
phap min-max hai trong tdm ban dau duoc lua
chon xa nhau nhéat ¢6 thé.

Tom lai viéc két hop giita phuong phap min-
max va phucng phap str dung seed cho két
qua twong dbi tot va quan trong 1a c¢6 thé ap
dung trong thuc té ddi voi mot sb dang bai
toan chung ta khong thé tim du cac dit lidu da
gan nhan cho cac 16p ban dau.

Bang 2. Két qua thuc nghiém so sanh giita cdc
phuwong phap MMKM, KM*, va SKM

Dirlitu MMKM KM*[%Seed] SKM
. 87.9[33%]
Iris 87.5 87.9[66%] 87.6
76.8[48%]
Protein 75.9 77.7[64%] 79.9
78.1[80%]
83.3[25%]
Soybean 83.4 83.5[50%] 85.3
83.5[75%]
0,
Thyroid 69.9 69.9[33%] 715

70.1[66%]
61.6[50%]  52.8
91.6[28%]

Haberman 60.8

90.4[42%)]
Z00o 91.3 orgfsev] 937
92.7[70%]
82.5[33%]
Image 82.1 82.8[66%] 83.2
KET LUAN

Trong bai bao nay, ching téi da trinh bay
thudt toan K-Means*, mot phuong phéap lai
gitra hai thuat toan Seed-Kmean va phuong
phap xic dinh cac trong tdm bang phuong
phép min-max. Két qua thyc nghiém cho thiy
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tinh hiéu quéa trong viéc két hop hai phuong
phap dong thoi K-Means* hoan toan cé thé
mg dung trong thuc té trong truong hop dir
lidu trg gitip 1a khong day du. Trong thoi gian
téi cac thuét toan vé phan cum nira giadm sat
s& tiép tuc dugc nghién ciru va trién khai cing
v6i cac tmg dung thuc té.

2 "1 é é 1‘0 1‘2 1‘4 1‘5 1‘6 2ID
Hinh 5. Vi du vé dit lidu véi 3 cum ma thudt todn
min-max cho két qua khéng tot vé viéc xdac dinh
cdc trong tam: chung ta thay rang cum thir 3 ¢o 2

seed trong khi cum 1 khong co seed ndao

60
40

20 °

[CH " 100

80

60 40
Hinh 6. Tdp dit liéu Haberman dwoc hién thi
trong khong gian 3 chiéu; ching ta cé thé thdy div
liéu g&m 2 cum vé’iphdn tik cia cum nay xudt hién
dan xen vao cum kia nén rdt khé dé phan tach cdc
cum trong truong hop nay
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SUMMARY
K-MEANS* CLUSTERING ALGORITHM

Cao Ngoc Anh', Vu Viet Vu?, Phung Thi Thu Hien®*
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Recently, semi-supervised clustering has received a great deal of attention. By using backgrond
knowledge, either labeled data (seeds) or pairwise constraints (must-link or can-not link) between
data objects, semi-supervised clustering algorithms can improve the quality of clustering process.
This paper proposes an algorithm for semi-supervised K-Means clustering when the side
information is incomplete, namely K-Means*. K-Means* is the combination of seed based K-
Means clustering and min-max based initialization K-Means algorithm. Experimemt results on real
data sets from UCI show the effectiveness of our algorithm.

Key words: K-Means clustering, semi-supervised clustering, seeds, min-max method, UCI data.
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