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TOM TAT - Vin dé hoc tich cuwe cho bdi todn phdn cum nita giam sat la mot trong nhitng chi dé dwoc quan tam nghién ciru
trong nhiing ndm gan day. Muc dich ctia bai bdo nay la dé xudt mét phwong Pphdp hoc tich cuc dé thu thap cdc nhén cho cdc diém
dir liéu nham lam tang chat lwong cua cdc thudt toan phdan cum nira gidm sat. Dé thuc hién muc tiéu nay, chung téi sur dung mot do
thi k-ldng giéng gan nhat dé biéu dién dit liéu dau vao dong thoi dp dung mot ham danh gid mdt dg dia phwong trén cdc dinh ciia do
thi; dwa vao danh gia mat do, cac diém nam trong vung dam ddc cua dir liéu sé duoc lya chon dé danh nhan béi cdc chuyén gia.
Két qud thuc nghiém cho thdy, thudt todn méi ciia chiing 16i cho két qua tot hon cdc thudt todn cing loai.

Tir khoa - Phdn cum, hoc tich cuc, phdn cum nita giam sat, seed.
I. GIOI THIEU
Trong khoang mudi nam tré lai day, thudt toan phan cum ntra giam sat da thu hat sy quan tim cta nhidu nha
nghién ctru trén thé gidi. Cac thuat toan phan cum ntra giam sat dang nay hodc (1) st dung cac dit liéu da gan nhén

(labeled data hay con goi 1a seed) (2) hodc str dung céc rang budc gitra cac diém dir liéu (must-link, cannot-link) nham
muc dich tang chat lugng cta qua trinh phan cum dit liéu [8,9]. Hinh 1 mo ta hai dang cua bai toan hoc nira giam sat.
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(a) Seed-based clustering (b) Constraint-based clustering

Hinh 1. (a) Cac diém tuong g v6i tap dit lidu ddu vao, cac seed (cac dir lidu di dugc gan nhén) twong ng 1a cac diém ky
hiéu boi cac déu cong, ddu nhan va déu sao. (b) cac rang bude (constraint) must-link (ML) va cannot-link (CL) duoc biéu din twong
ung béng cac doan thfmg nét lién va nét dat: ML(u,v) cho biét u va v thuge cung mét cum va CL(u,v) biéu thi u va v s& thudc vé hai
cum khac nhau [8].

Mot sb thudt toan phan cum nira giam sat da dwoc phat trién bao gdm Seed K-Means [2], Seed Fuzzy C-Means
[10], SSDBSCAN [11]. Cac thuat toan nay st dung cac seed nham trg giup qué trinh khoi tao dit lidu va tim kiém 1o
gidi (thuat toan Seed K-Means), dung trong khoi tao dit liéu va diéu khién kich thudc ciia cac cum (Seed Fuzzy C-
Means) hay ding dé udc lugng mat do va tinh toan tw dong tham s6 (SSDBSCAN). Tuy nhién cac nghién ctru trén méi
chi st dung cac seed duoc lya chon ngau nhién va rd rang két qua phan cum s& phy thudc vao mdi lan thyc hién cua
thuat toan.

Trong bai bao nay chung t6i tap trung phat trién thuat toan nham chon ra cac dir liéu duoc gan nhin boi nguoi
sir dung sao cho ting chat lugng phan cum va dong thoi giam thiéu s6 cau hoi dwa ra boi hé thong. Hinh 2 mé ta chirc
nang cua thudt toan hoc tich cuc. Xuét phat tir dir liéu déu vao, thuat toan hoc tich cuc s& chon cac di liéu dé gan nhan,
két qua s& thu duoc tap cac seed, cic seed niy s& sir dung cho cic thuit toan phan cum nira giam sat sir dung cac seed
(seed-based clustering). Muc dich cia thudt toan hoc tich ctrc 1a chon céc seed tdt 1am cai thién chat luong cua céc
thuat toan phan cum nira giam sat.
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Hinh 2. So d6 hoc tich cyc tmg dung cho bai todn phan cum nira gidm sat

Y tuong co ban cua thut toan d@é xuét 1a dya trén do thi nguoi lang giéng gan nhat. Dit liéu déau vao s€ duge
biéu dién boi dd thi va trong sb ciia cac canh trén do thi s& dugc tinh toan dya vao cac diém lang gleng ctia mdi dinh.
Chung t6i ciing sir dung mot ham danh gia mat d6 dia phuong ciia cac diém dir liéu va tir 6 c6 thé chon ra cac tng cir
vién t6t nhat dua ra gan nhan boi cac chuyén gia. Ching t6i ciing luu ¥ rang cac nghién ctru vé van dé hoc tich cuc ing
dung cho bai toan phan 16p nra giam sat (semi-supervised classification) dugc nghién ctru manh mé tir nhirng nam 90
cuia thé ky khong nam trong pham vi nghién ctru ciia bai bao nay [12].

Phan tiép theo cuia bai bao nay duoc trinh bay nhu sau: Muyc II trinh bay mét s6 nghién ctru da cong bd lién quan
dén bai bao; muc III trinh bay phwong phap thu thap cac seed; myc IV trinh bay cac két qua thuc nghiém va cudi cing
muc V trinh bay két luan va hudng phat trién cia dé tai.

II. CAC NGHIEN CUU DA CONG BO

Vén dé lya chon cac seed tbt trong bai toan phan cum da dugc nghién ciru cho thuat toan K-Means, tuy nhién
chi dirng lai viéc xay dung cac thudt toan nham tim cac chién lugc tot cho viéc lya chon cac di€ém trong tm trong pha
khéi tao chang han nhu trong cac nghién ctru [2 - 6].

Phan tiép theo chiing t6i trinh bay mot thuat toan hoc tich cwc nhim muc dich thu thip cac seed cho thuét toan
Seed K-Means dugc gi6i thiéu trong [7]. Phuong phap nay dua trén thudt toan Min-Max (ching toi s€ goi la thuat toan
SMM). Y tudng co ban cia thuat toan Min-Max la di xay dung tap cac seed sao cho phu déu tap dir li¢u dau vao.

V61 phuong phap Min-Max, dau tién s& chon ngau nhién mot diém trong tap dir liu X dem di danh nhan. Cac
bude tiép theo s& chon diém (ynew) nham cyc dai hoa cac khoang cach nho nhét tir cac diém chua co nhan dén cac
diém da gan nhan trong tap Y. Diém y,.,, duoc xac dinh theo cong thirc sau:

Yhew = argmaxxe X(min)'E Yd(XaY))

trong d0 Ynew bicu thi diém méi s& cap nhat vao tdp Y va d(.) 1a ham khoang cach (c6 thé 1a ham tinh khoang
céach theo O co lit hay Mahananobis,...)

Thuat toan SMM bao g6m mot qua trinh ldp va tai mi bude s& xac dinh duoc mot seed méi duge danh nhan
boi ngudi sir dung. Chiing t6i cling luu y ring trong tat ca cac hé thng hoc tich cyc ludn co gia thiét ring co cac
chuyén gia trong linh vuc bai toan can giai quyét dé danh nhén cho cac dit liéu ma hé théng yéu cau.

Cubi ctng, han ché cua phuong phap SMM 1a né chi pht hop cho céc thuat toan phan cum phéan hoach ching
han nhu K-Means hay Fuzzy C-Means. Hon nita, cic seed thu thap duoc d6i khi phu thudc vao viéc lwa chon ngau
nhién seed dau tién. Hinh 3 minh hoa mot vi du vé cac seed thu thap dugc boi thuét toan SMM.
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Hinh 3. Vi du v& céc diém dit liéu s& duoc dem di gan nhan (hinh tron dac) cua thudt toan SMM
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III. PHUONG PHAP HQC TiCH CUC DUA TREN PO THI
A. Dé thi k-ling giéng gan nhit

Pé phat trién phuong phap hoc tich cuc m6i, ching t6i s dung dd thi k-lang giéng gan nhét duoc gioi thiéu
trong [13]. M6t db thi k- lang giéng gan nhét 1a mot do thi vo hudng co trong s va tai moi dinh s€ c6 nhiéu nhat k canh
lién thudc voi nd. Trong s6 cua hai dinh x; va x; (ki hi¢u la o(x;, X;)) dugc dinh nghia la s& diém chung trong k-lang
giéng gan nhét cta u va v va dugc dinh nghia nhu sau:

o(Xj, Xj) = [NN(x;) N NN(x)|

trong do NN(v) ki hi€u cho tap k diém lang giéng gan nhit ciia v. Mot tinh chét rt quan trong cua viéc tinh toan
trong sO nay 1a n6 s€ khong phu thude vao mat d6 dia phuong gitra cac vung dir liéu (khac véi viée tinh trong sO dwa
trén khoang cich chang han nhu khoang cach O co lit). Hinh 5-10 minh hoa dir liéu va do thi k-lang giéng gan nhat
twong Ung véi cac gia tri khac nhau cua k.

B. Thudt toan LOF

 Thuat toan LOF [14] duoc dua ra nham danh gia cic diém trong tap dit liéu X & hai khia canh: diém ngoai lai va
diém binh thuong (di€ém thudc cum).

Pé xéac dinh va phéan loai cac diém theo tinh cht trén, céc tac gia da st dung khai niém do do mat do, dya trén
cong thirc danh gia mot diém co6 phai la diém ngoai lai hay khong.

Cho mét diém x € X (X 14 tap dit lidu trong khong gian n chiéu), chung ta dinh nghia cac diém hang x6m cia x
nhu sau:

N(x, mp) = {y € X[d(x, y) < d(X, Xmp)}

Trong d6 Xy la diém gan thi mp trong s6 cac hang x6m cia x; mp 1a mot tham sé ngudng cho trude. Nhu vay
N(x,mp) chira it nhat mp diém. Mat d6 ctua x dugc tinh nhu sau:

-1
ZyeN(x,mp)d(x’ y)

N(x,mp}

density (x,mp) =

Cong thirc trén co tinh chit sau: gia tri mat 6 cta x nho thi mat do cia x voi cac diém hang xom cta n6 1 16n.
Mat d¢ lién ket trung binh (ki hiéu 1a ard) ctia x dugc tinh bang ty 1€ gitta mat d6 cua x va mat do trung binh cua céac
hang x6m cua x nhu sau:

density (x, mp)
ZyeN(X,mp)denszty (y,mp)

|N(x,mp1

ard (x,mp )=

Cubi cung, gi4 tri LOF dugc tinh nhu sau :

LOF(x, mp) = ard(x, mp)’

Theo [14], mét diém thudc vé mdt cum nao do sé co gia tri LOF xép xi 1, nghia la mat d¢ cua n6 va mat do cua
cac hang x6m cua n6 1a twong tu nhau. Hinh 4 minh hoa dir li¢u dau vao va gia tri cia LOF cho cdc diém twong ung
cuia nd. Ham tinh LOF ¢6 thé coi nhu ham danh gia mat d¢ dia phuong cua cac diém s& duge dung dé phat trién thuét
toan hoc tich cuc ¢ phan ti€p theo.

b

Hinh 4. Minh hoa thuat toan LOF, gia tri LOF cua cac diém dit liéu bén trai duoc tinh va minh hoa béi dd thi bén phai [14]
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C. Thudt toan hoc tich cwc SKNN-LOF

Thuat toan méi ciia ching toi két hop giita d6 thi k-lang giéng gan nhét va thuat toan LOF (ki hiéu 1a SkKNN-

LOF) s€ sur dung céc dit liéu irng vién cho viéc gan nhan tir tap Candidate set sau:

Su dung Candidate_set, chung ta s¢ xdy dung tap cac thanh phan lién thong va sau dé ‘sép xép cac thanh phan
lién thong nay theo thr ty giam dan vE s0 lu'gng cac dinh. Tai moi budc lap cua thuét toan, mién lién th(}ng chua duoc
gan nhan s€ dugc lya chon mét dinh bat ky dé gan nhan boi cac chuyén gia. Thuat toan s€ dung lai khi hét cac ing vién

Candidate set= {p € X: LOF(x) =1}

hodc dung boi nguoi sir dung. Thudt toan SKNN-LOF dugc trinh bay trong Thudt toan 1.
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Thuét toan 1: SKNN-LOF

Input: Tap dit liéu X, s6 lugng lang giéng k
Output: Tap céac seed Y

Begin

Y =®;

Xay dung db thi k-lang giéng gan nhat KNN
C={ue X: LOF(u) = 1}

Xay dung tap cac thanh phan lién thong tir tap C:
CC= {Cl, Cz, N Cm}

Repeat

Chon ngau nhién u € C, sao cho |C,J=max._cclc|
Dit cau hoi v6i chuyén gia vé nhin cia u

Y=Yu{C}

CC=CC-{Cy}
Until (CC = &) or (User_stop = true)
End

Do phuc tap cua thuat toan SKNN-LOF phu thugce vao viéc tinh LOF va viéc xay dung do thi k-lang giéng gan
nhit. Tuy nhién ban chat viéc tinh gia tri cac LOF ciing chinh 1 dwa trén do thi k-lang giéng gan nhét vi vay do phirc
tap cua thudt toan tong thé phu thudc vao viéc xay dung do thi k- lang giéng gan nhat. Theo tac gia cua LOF [14], voi
dir liéu ¢ s6 chiéu nho, ching ta co thé dung phuong phap ludi dé xac dinh céc lang gleng gan nhit va do phuc tap sé
1a O(n); voi dir li€u co6 s6 chiéu trung binh chung ta cd thé st dung cac phuong phap biéu dién dir liéu nhu R-Tree va
d6 phirc tap tong thé s& 1a O(n.log(n)); véi dit lidu ¢6 s6 chiéu 16n thi dd phirc tap tong thé cia thuat toan 1a O(n?).

IV.KET QUA THU'C NGHIEM

Dé danh gia hidu qua cia thuat toan, ching t6i str dung 6 tap dit lidu lay tir trang Machine Learning Repository
[15]. Chi tiét vé cac tap dir liéu dwoc trinh bay trong bang 1. Chung t6i str dung d6 do Rand Index (Rand) [13], dé tinh
toan chét luong phan cum cho cac thuat toan. P& so sanh hiéu qua cua phuong phép lua chon cac seed, chung toi so
sanh 3 thuat toan gdm SKNN-LOF, SMM va S-Random (phuong phép Iya chon ngau nhién cic diém dé danh nhan).
Thuat toan phan cym nira giam sat chung toi sir dung 1a SSDBSCAN, mét phuong phap phan cum dya trén mat do. Két
qua thyc nghiém dugc cho bdi hinh 11.
Bang 1. Dir liéu dung trong thuc nghiém

ID | Tén bo dir liu N M K
1 Protein 115 20 6
2 | Iris 150 4 3
3 | Glass 214 6
4 | Thyroid 215 5 3
5 | LetterlJL 227 16 3
6 | Image 1200 19 7

Tir hinh 11, ching ta thdy rang phuong phap SKNN-LOF da thu thép dugc cac nhan t6t hon cac phuong phap
con lai 1a SMM va S-Random. Piéu nay duoc g1a1 thich rang viéc sir dung dd thi k-lang giéng gan nhét 1a phu hop dé
biéu dlen dir liéu, hon nita st dung ham danh gid mat d6 (ham LOF) dé xac dinh mat d6 cac diém nhim tim ra cac
diém t6t cho viéc danh nhéan va vi vay da tang dugc chét luong cua thuat toan phan cum.
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Hinh 11. Két qua phan cum cia SSDBSCAN véi cac seed duoc lya chon boi 3 phuong phap S-Random SMM, va SKNN-LOF
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V.KET LUAN
Trong bai bao nay, chiing t6i dé xuat mot thudt toan hoc tich cyc phﬁm thu thp céac seed cho bai toan phan cum
ntra giam sat. Thudt toan duge xay dung dua trén do thi k-lang giéng gan nhat va mot ham danh gia mat d6 cac dinh
cua do thi. Ket qua thuc nghiém cho théy, thl:lélt toan cua chung t6i cho k&t qua tot hon cac thuét toan dé, c6. Trong thoi
gian toi chung 61 ti€p tuc nghién ctru dé xuat cac thuét toan moi va ap dung vao cac ung dung thyc t€ trong cac linh
vuc nhu xu ly anh, xtr Iy tiéng noi.
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BOOSTING SEMI-SUPERVISED CLUSTERING BY ACTIVE LEARNING

Vu Viet Vu

ABSTRACT - The active learning problem for semi-supervised clustering is one of interesting topics in recent years. The purpose of
this paper is to develop a method that can collect the labeled data (called seed) to boost the quality of seed based clustering
algorithms and reduce the questions to experts. To do that, we use the k-nearest neighbor graph to present input data and apply a
local density function to evaluate the density of each data point. Then, the points that are in the dense regions will be chosen to get
label by experts. Experimental results show the benefits of our method when compared with Min-Max based method.



