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L1 cam doan

Téi xin cam doan ludn an "Nghién cttu phuong phap phan cum ban gidm sat
md dua trén phan tich bién va hoc chii ddng véi rang budce cip' nay 1a két qua
nghién citu clia riéng t6i, duge thuc hién dudi sy huéng dan cia PGS.TS Ha Hai
Nam va PGS.TS Nguyén Long Giang tai Vién Coéng nghé théng tin — Vién Han
1am Khoa hoc va Céng nghé Viét Nam. Luén 4n st dung thong tin trich dan tir
nhiéu ngudn tham khao khic nhau va céc théng tin trich dan dugc ghi rd nguon
gbe. Céc két qua nghién ciru clia t6i duge cong bo chung véi cce téc gid khac
da duge su nhat trf cia ddng téc gia khi dua vao ludn 4n. Céc sb lidu, két qua
dugc trinh bay trong luin 4n 1a hoan toan trung thyuc va chua ting dugce cong
b trong bat ky mot cong trinh ndo khic ngoai cdc cong trinh cong bd clia tic
gid. Ludn an duge hoan thanh trong thsi gian t6i lam nghién cttu sinh tai Hoc
vién Khoa hoc va Céng nghé, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

Ha Néi, ngayfdthdangbndam 2026

Duong Tién Diing
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LJi cam on

D& hoan thanh ludn 4n nay, téi nhan duge sy dong hanh va hé trg cia nhiéu ci
nhan, t6 chitc. Thanh qua niy 1a nd lyc cla ban than cung sy gitp dd tdn tAm ti
thay c6, dong nghiép, ban bé va gia dinh.

Truéc hét, t6i xin bay t6 1ong biét on siu sac toi hai thay PGS.TS Ha Hai
Nam va PGS.TS Nguyén Long Giang; su chi dan chuyén mon, 16i khuyén hitu
fch va ngudn dong vién bén bi clia cic thay 1a then chdt gitp t6i vugt qua moi khé
khan, thach thiec.

Tbi trdn trong cdm on Ban Gidm dbc, cac gidng vién Khoa Cong nghé thong
tin va vién thong va Phong Dao tao Nghién citu sinh ctia Hoc vién Khoa hoc va
Cong nghé, Vién Han 1am KH&CN Viét Nam, vi sy hd trg nhiét tinh va tao dieu
kién thuédn 1gi trong sudt qué trinh thyc hién ludn 4n.

Xin cdm on cac thanh vién Lab AI 4.0 (Vien CNTT — DPHQGHN) da cho t6i
mdi trudng hoc hdi, trao ddi va hd tro quy bau; cdm on Ban Linh dao va dong
nghiép tai FPT Software vi su thdu hiéu va linh hoat thoi gian dé t6i tap trung
nghién cttu.

Cubi cing, t6i tri An B8, Me, Vg va gia dinh—diém tua vitng chéc bing tinh yéu
thuong va su sé chia. Ludn 4n nay khéng chi la mot cong trinh khoa hoc ma con la

mén qua tinh than t6i g t6i nhimg ngusi luén tin tudng va dong hanh cing toi.
Xin tran trong cdm on!

Tic giad: Duwong Tién Diing
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Mé& dau

Tinh cip thiét ctia dé tai luin an

Phan cum dit liéu [1-3] 14 qué trinh nhém mot tap cdc ddi tuong tuong tu
nhau trong tap dit liéu vao céc cum, sao cho cac déi tugng thudc cling mot cum
thi tuong dong, con cic doi tuong thude cdc cum khac nhau thi it tuong dong
hon. Phan cum dw liéu la mot ky thuat quan trong trong khai phéa dit liéu trong
béi canh dit lidu 16n va da dang (web, van ban, anh) [4-6], v6i nhu cau ngiy
cang tang. Cac phuong phap phan cum 16 gip han ché khi dit liéu chong lan;
phuong phap phan cum md Fuzzy C-Means (FCM) ké thita khai niém tap md
ctia Zadeh [7] va tré thanh phuong phéap kinh dién nhd gdn d6 phu thudc mém,
dugc phat trién manh mé trong cdc nghién citu gan day [8-10] [11-15]. Dau vay,

FCM van dé sai é ranh giéi cum, nhay khéi tao va kém 6n dinh véi nhidu.

4r e Cuml
Cum 2
3t ® + Tam cum
o Piém sai
2 -

Hinh 1: Van dé phan cum & bién gitta cdc cum

Dé khac phuc han ché ¢b hitu ciia FCM, céc nghién cttu phan cum ban gidm



sat mo (SSFC) [16-21] da két hop tinh “mém” clia phan cum md véi tri thitc
b6 sung (nhan it, rang budc must-link /cannot-link(ML/CL), d6 phu thudc cho
trude) nham nang cao chat luong phan cum [22-27]. Tuy nhién, trong thuc té,
cac thong tin nhan dude cung cap tit dau thudng mang tinh chéit cimg nhac hosc
khong chinh xac hoan toan — dac biét khi dudgc gan mot cach thu cong hoac
thiéu kiém chiing trong mdi trudng dit liéu phiic tap. Su hién dién ctia cdc nhan
sai hoac khong dang tin cdy dé lam nhiéu toan bo qua trinh lan truyen thong
tin nhan trong thuat todn SSFC. VAn dé cang nghiém trong hon khi céc diém
dit liéu duge gan nhén sai lai nam & viing bién cum, noi vén da khong chic chin
va khé phan dinh rach roi. Van dé nay duge minh hoa ¢ Hinh 2. Hién tuong
nay cang ro trong bai todn phan doan anh (y té, vién tham, gidm sit), noi ranh
giéi viing thuong khong chac chan va nhiéu cao. Gan day, nhanh phan cum ban
gidm sat mo “an toan” v6i cdc cong trinh nghién citu cua Gan va cac cong su
ndi 1én 14 mot xu huéng hiéu qua khi gidm tic dong nhan sai bang trong sé tin
ciy va do thi cuc bo [17, 28, 29]. Dang chii ¥, nhém nghién cttu Thong, Huan da
phat trién phuong phap phin cum ban gidm sit md an toan (TS3FCM) sang
loc nhan dang tin, khéi tao do phu thudc roi t6i uu toan cuc, cai thién hiéu qua
nhung van chiu anh hudng khdi tao ngau nhién va ving bién nhiéu [18].

Chinh vi viy, mot yéu cau cap thiét dit ra la: 1am thé nao dé nhan dién duoc
cac diem dit liéu c6 nhan khong dang tin cdy, dic biét 1a tai bién cum; dong
thoi lam sao dé chon loc hiéu qua nhimg diém thuc su can thiét dé gan nhan
ho#ic diéu chinh nhan, thay vi lan truyen sai léch tit nhitng nhan kém tin ciy.
Trong bdi canh dé, hoc chti dong (Active Learning) [30-32] da ndi 1én nhu
mdt hudng tiép can day hitta hen dé ting cuong hon nita hiéu qua ctia phan cum
ban gidm sat md. Hoe chit dong cho phép mé hinh chii dong chon nhiing diém

“giau thong tin” thay vi gdn nhan dan trai. Chién luge hoc tap thong minh nay



Phan cum ban giam sat ly tuéng
(K&t qua phan cum tét) Phan cum ban giam sat vai dir liéu bj gan nhan sai

2.0 - T % Cum 1 chua gan nhan (Chét lugng phan cum gidm rd)
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Hinh 2: Phan cum ban giam sat bi anh huéng béi nhan sai

dac biét phit hop v6i phan cum ban gidm st md, béi né cho phép két hop hiéu
qua gitta kha nang xt 1y do phu thudéc md linh hoat cia FCM va kha nang chu
dong thu thap tri thitc tit chuyén gia ctia hoc chii dong, tao ra mot sitc manh
tong hop dé vuot qua nhiing thach thitc ctia dit liéu phitc tap, nhidu va chong
Jan. Chinh vi nhitng wu diém vudt tréi nay, linh vuc nghién citu vé phan cum
bén gidm sit md chi dong (Active Semi-Supervised Fuzzy Clustering) [19, 33,
34] dang ngay cang thu hiit sy quan tam 16n tit cong dong khoa hoc trén toan
thé gidi, di dau 1a Grira [31] v6i phuong phéap phan cum ban gidm sat md chi
dong dua vao cip rang budc va sau dé Novoselova da tiép tuc huéng nay véi su
cai thién vé cach tao cap rang budc, dem lai nhitng két qua vo cling an tuong
ctung nhu vugt troi so véi cac phuong phap phan cum mo truée dé. Tuy nhién
cac tiép cin nay van thiéu su két hgp toan dién véi viéc nhan dién va
x@ 1§ nhan sai, tinh chinh ranh giéi cum, tin dung mién tri thic da
truy van dé ting dd chinh xac két qui phin cum cudi cling.

Khoang trong khoa hoc nay tao ra co hoi cho ludn an tap trung nghién ciu,

dé xudt va phét trién cidc phuong phap phan cum ban gidm sit mo chi dong



mdi, c6 kha nang vita cai thién do chinh xéc phan cum, vita toi wu hoéa chi phi
gan nhan, dong thsi nang cao tinh ng dung trong bai todn phan doan anh, cu
thé véi céc linh vue thuc tién nhu x@ 1y 4nh vién thédm, anh y té, va phan tich
dit liéu da mién khi dit liéu thudng c6 nhiéu va cé nhicu sai s6 khi gdn nhan.

Trong pham vi luan an nay, nghién ctu mot so van de nhu sau:

« Nghién cttu dé xuat phuong phap phan cum ban gidm sat md cht dong dua
vao bién cum (ASSFBC) v6i muc dich 4p dung hoc chi dong tap trung vao

vung bién cum dé cai thién do chinh xac phan cum.

o Nghién citu dé xuat phuong phap phan cum ban gidm sit md an toan chi
dong véi cap rang budc dua vao bién cum (AS3FCPC) v6i muc dich ap
dung hoc chit déng dé cai thién do6 tin ciy ctia nhan ciing nhu sit dung ciap
rang budc ving bién cum théng qua hoc chit dong dé cai thién do chinh

xac phan cum.

Muc tiéu nghién citu

Xuat phét ti nhitng van dé cling nhu han ché con ton tai clia cidc phuong
phép phan cum bén gidm st cii, ludn an tap trung nghién citu phat trién mot
s6 phuong phap phan cum ban gidm sit md dua vao hoc chii dong méi dé giai
quyét cac van dé trén, cu thé nhu sau:

1) Nghién ctru dé xuat cdc phuong phdp phan cum bén gidm sat md chii dong
mdi cu thé 1a: phuong phap phan cum ban gidm sat mo chtt dong dua vao bién
cum (ASSFBC), phuong phap phén cum ban gidm siat md an toan chi dong véi
cap rang buoc dua vao bién cum (AS3FCPC) dé cai thién do chinh xac dbi véi
céc dit litu nhiéu, c6 ving chong 1an, gdn nhan sai cing nhu téi wu chi phi gan
nhan.

2) Ap dung céc phuong phap dé xuit trong bai toan phan doan anh cu thé



1a: phan doan anh thong qua phan cum, phan doan anh dé xac dinh ving ngip
lut.
Pbi tuong nghién citu

- Luan an tap trung nghién cttu cac thuat toan st dung phuong phap phéan
cum ban giam sat, phan cum ban giam sat md, phan cum ban giam sat md an
toan, phan cum ban giam sat chu dong, phan cum ban gidm sat mo chu dong.

- Luan an tap trung nghién citu cdc van dé lién quan dén dit litu cé nhiéu,
dit liéu nhay cdm & vung bién va céc dit liéu ngudi ding cung cap véi do tin ciy
thap, dong thoi khao st cdc tap dit liéu phit hop cho cdc thuat todn phan cum
(bao gom ca tap dit liéu tiéu chuan va tap dit lidu anh) cing cdc do do danh gis
do chinh xac va hiéu qua cta cac thuat toan.

- Luan an tap trung nghién cttu dé xuat giadi phap phan cum md ban gidm
sat chit dong dé xtt Iy van dé bién cum va dit liéu thiéu tin cdy nham nang cao
chéat Iugng phan cum.

- Luan an tap trung nghién cttu thit nghiém cac thuat toan phan cum ban
giam sat mo chi dong trong cac linh vuce dac biét 1a xit 1y anh.

Phuong phap nghién citu:

Céc két qua nghién citu ctia ludn 4n dudge danh gia trén hai géc do nghién
cltu gom co:

- Géc d6 nghién ctru 1y thuyét: Tong hop va nghién citu cac tai liéu lién quan
dén phan cum md, phan cum béan gidm sat md. Tim hiéu cdc huéng nghién ctu
mdi lién quan dén phan cum ban gidm sat md va dé xuat phuong phép cai tién.

- G6c do nghién ctru thuce nghiém: cac thuat toan dudce cai dat va thuc nghiém
trén cac bo dit liéu tu UCI va cac bo dit lieu anh. St dung cac do do phu hop
dé so sanh, danh gia chét luong cling nhu d6 hiéu qua ciia cac thuét toan.

DPoéng gép cua luan an:



1. Pé xudt ASSFBC (Active Semi-Supervised Fuzzy Clustering Based on
Cluster Boundaries): X4y dung phuong phap nhén dién cic diém bat dinh
& ving bién cum va khai thac truy van chit déng dé tinh chinh truc tiép do
phu thudc dé giam su khong chic chin ving bién, qua dé tan dung ving
giau thong tin nay dé xdy dung thuit toin tdi wu mdéi nang cao hiéu qua

phan cum ctng nhu do tin cay cta phan hoach ma.

2. Phat trién AS3FCPC (Active Safe Semi-Supervised Fuzzy Clustering
with Pairwise Constraints based on Cluster Boundaries): tich hgp phan
cum md, hoc ban gidm sét an toan va hoc chit dong trong mot khuon kho
théng nhét; tu dong truy van céc diém khong chic chin dé sinh rang budc
must-link/cannot-link, giip 6n dinh ranh giéi va tdm cum, thich ‘ng t6t

khi thiéu nhan ho#ic bién phiic tap.

3. Chitng minh hiéu qua thyc nghiém va tinh tng dung: trén nhiéu
tap dit litu chuan, ASSFBC va AS3FCPC vuot troi so véi cac phuong phap
md truyen thong va ban giam sét hién cé, cai thién cdc chi sé6 RI/F1/NMI,
dat PC cao va PE théap, dong thai cho chat luong cum on dinh theo DB
va DB__fuzzy; phu hgp cho cac bai toan dut liéu phtic tap nhu nhan dang

mau va phan doan dnh trong diéu kién nhiéu/thiéu nhan/bién khong ro.

CAu tric cta luan an:

Ngoai phan mé dau va két ludn, ludn 4n c6 03 chuong noi dung nghién citu
nhu sau:

Chuong 1: Luan an gi6i thiéu va dinh nghia bai toan sit dung phuong phap
phan cum ban giam sat, phan cum ban gidm sat mo, phan cum ban gidm sat
md chit dong. Trinh bay céc khéi niém co ban vé phan cum, phan cum ban gidm

sat, phan cum ban gidm sat md, hoc chit dong. Trinh bay cac chi s6 va phuong



phép danh gid chat lugng mo6 hinh phan cum dit liéu. Cac déng gép chinh clia
ludn an duge trinh bay trong cac Chuong 2, Chuong 3

Chuong 2: Luan an trinh bay két qua nghién citu vé phuong phap phan
cum ban gidm siat md chit dong dua vao ving bién. Céc ndi dung chinh gom:
Phan mé dau, dé xudt phuong phap phan cum ban gidm sit md chi dong dua
vao ving bién, trinh bay cac két qua thuc nghiém dua trén bd dit liéu tiéu chuan
UCI va dut liéu anh.

Chuong 3: Luan an trinh bay phuong phéap phan cum ban giadm sat mo chi
dong an toan st dung cap rang budc va vung bién gitta cdc cum, cac ndi dung
chinh gom: Phan mé dau, dé xuat phuong phap phan cum ban gidm sat mo ch
dong an toan su dung cap rang budc va vung bién gitta cac cum, trinh bay cac
két qua thuc nghiém dua trén bo dit liéu tiéu chuan UCI va dit liéu 4nh x4c dinh
vung ngap lut.

K&t luin: néu nhimg két qua da dat duce cta ludn an, hudéng phat trién

trong tuong lai va nhitng van dé quan tam cla tac gia.



Chuong 1

Téong quan vé phan cum ban gidm
sat mo, hoc chu dong va phan cum
ban giam sat md chu dong

1.1 Téng quan vé phin cum ban gidm sit mo
1.1.1 Phan cum md

Trong linh vic phan cum dit liéu, muc tiéu chinh 14 nhém céc déi tuong cb
dic diém tuong dong vao cing mot cum, dong thdi phan tach céc ddi tuong
khéc biét vao cdc cum riéng biét. Trong cdc phuong phap phin cum truyen
théng (phan cum citng), moéi diém dit lidu dude gan mot cach rod rang vao duy
nhat moét cum. Tuy nhién, trong thuc té ciia cac hé théng théng tin hién dai, dit
lieu thuong duge thu thap tit nhiéu nguon va nhiéu ngit cdnh khac nhau (vi du:
dit lidu giao dich, hanh vi nguoi dung, nhat ky hé théng, dit liéu cam bién/IoT,
dit litu vin ban phan hoi), din dén ciu tric dit lidu phiic tap, ranh gi6i cum
khong 16 rang va cdc nhém doi tuong c6 thé chong lan. Trong nhimg bdi canh
nay, mot ddi tuong cé thé dong thoi mang dic trung ctia nhiéu nhém (chz%mg
han mét ngudi diing vita thudc nhém “thich thé thao” vita thuéc nhém “quan
tam cong nghé”), do dé viéc gan cum theo kicu cting nhac cé thé lam mat di
thong tin quan trong va han ché kha nang khai thac tri thitc phuc vu ra quyét
dinh.

Dé gidi quyét van dé trén, khai niém phan cum mé (Fuzzy Clustering), con



dudc goi 1a phan cum mém (Soft Clustering), da dugc gidi thiéu nhu mot huéng
tiép cén linh hoat hon cho phan tich dit liéu. Thay vi dua ra mot quyét dinh
cting vé viéc mot diém thudc vé cum ndo, phan cum md gan cho moi diém dit
litu mot vector do phu thude, trong dé moi thanh phan biéu dién mutc do ma
diém dit liéu dé thudc vé ting cum. Gid tri d6 phu thudc thuong nim trong
khoang [0, 1], va tong do phu thudc ctia mot diém dit litu vao tat ca cic cum
thuong dude chuan héa vé 1. Hinh 1.1 1a vi du minh hoa vé phan cum ré v

phan cum mo.

Phan cum ro Phan cum mo

(0.802) OO

o -..(097003)
.Q (t}woss)

.
>

Hinh 1.1: Hinh minh hoa phan cum ma

Su ra doi ctia phan cum md da md ra mot huéng tiép can phit hop cho nhicu
bai todn trong nganh hé théng thong tin, noi dit liéu thuong cé tinh khong chac
chén, nhiéu va bién ddi theo ngit cAnh. Bang cach cho phép céc diém dit liéu cé
thé thudc vé nhiéu cum, phan cum md cung cap mot mo ta chi tiét hon vé cau
tric tiém an cia dit lidu, qua dé hd tro tét hon cho cac nhiém vu nhu phan khic
khach hang, phat hién bat thudng/gian 1an, phan tich hanh vi ngudi ding, hé

gdi ¥ va ho tro ra quyét dinh. Ngay nay cé rat nhiéu thudt toin phan cum mo
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[35-38] da dugc nghién citu ciing nhu phét trién, trong dé thuit todn phan cum

md Fuzzy C-Means (FCM) [39] 1a mot thuét toan kinh dién duge nghién cttu va

phét trién manh mé cho dén hién nay.

Thuét toan Fuzzy C-Means (FCM) la mo6t trong nhiing thuit todn phan cum

md cd ban va dudce st dung rong rai nhat. FCM 14 mot thuat toan 1ap dua trén

viéc toi vu hdéa mot ham muc tiéu, nham tim ra su phan hoach mo tot nhat cta

dit litu thanh mot s6 luong cum cho trude.

Ham muc tiéu cia FCM dudge dinh nghia nhu sau:

(ui)™ ||z — vj)? (1.1)
1

In(U, V) =>"

C
i=1j=

Trong dé:

N: s6 luong diém dit liéu.

C: sb cum mong mudn.

x;: vector biéu dién diém dit liéu thit 7.

v;: vector biéu dién tAm cum thit j.

u;;: do phu thudc cua z; vao cum j, v6i 0 < wuy; <1 va X5 u; = 1.

m: hé s6 mé héa (m > 1), dieu khién mic d6 “meém” cia phan cum.

Thuong chon m = 2.

|z; — v;]|?: binh phuong khodng cach Euclid gitta ; va v;.

Tt diéu kién cuc tiéu héa ham muc tiéu bang phuong phap nhan tit Lagrange,

ta thu duge cac cong thitc cap nhat:

k m
w _ T G
Zi]il <U§f)>

Ok (1.2)
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1
uly ™ = 5 (1.3)

k _
N e A
==

l

Thuit toan 1.1 Thuat toan phan cum mo FCM

Dau vao: Tap dit liu X = {z1,29,...,2x}; 86 cum ¢; ngudng hoi tu ;
s6 vong lap toi da MaxStep.
PAu ra: Ma tran d6 phu thuoéc U va tdp tdm cum V.

Khdi tao k = 0.

Khéi tao ngau nhién cic tAm cum ban dau vj(o), j=1

Thuyc hién vong lap:

k<< k41
(k)

1

2 yeee,yC
3

4

5 Cap nhat ma tran do phu thudc wu;;” theo cong thic 1.3.
6

7

8

ij
Cap nhat tam cum U§k) theo cong thic 1.2.
Cho dén khi: [|[o® —o*=D| <e hodc k> MaxStep.

Tra ve U, V.

Day 1a mot thudt todn dang lip va tai moéi bude né dieu chinh tAm cum va
ma tran ham thudc sao cho théa man ham muc tiéu da dinh truéec. Bezdek da
chiing minh thudt toan nay hoéi tu vé diém yén ngua ctia hAm muc tiéu. Du ra
doi da lau nhung cho dén nay thuit toan FCM van 1a thudt toan pho bién nhéat
va duge tmg dung rong rai trong céc bai toan nham trich xudt ludt va khai pha

cdc mau tiem an c6 su hién dién ctia nhan tit mo.
1.1.2 Phan cum ban giam sat

Phan cum bén gidm sat (Semi-Supervised Clustering) 1& phuong phap phan
cum két hop gitta hoc khéng gidm sat va hoc c6 gidm sit nham cai thién chit
luong phan hoach dit liéu thong qua viéc st dung dong thdi dit liéu chua gan
nhin va mot luong nhé thong tin gidm sit ban dau, ching han nhu nhéan 16p

hoac cac rang budc cap must-link/cannot-link. Muc tiéu ciia phuong phap la
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khai thac cAu tric noi sinh ctia dit liéu trong khi van tan dung tri thitc bén
ngoai dé dinh huéng qué trinh phén cum theo ding ngit nghia ctia bai toan.
Trong thuc té, viéc gdn nhan dit liéu trén dién rong thusng tén kém va khoé kha
thi, trong khi dit liéu thé lai rat doi dao. Do d6, bang cach dua tin hiéu gidm
sat vao dung vi tri quan trong, thuat toan khong chi tan dung duge dac trung
phan bé tu nhién ctia dit litu ma con gidm nguy co tao ra cdc phan hoach sai
do viing bién khéng chic chin, nhiéu hodc dit litu ¢ s6 chiéu cao. Hinh 1.2 1a

minh hoa cho phan cum ban giam sat.

[ Phan cum khong giam sat J

Khéng nhan (. ) Cum1 (.) Cum2 (@)
.... ....
... .:... Phan cum ... .:...
o o e :> ea® o

[ Phan cum ban giam sat ]

Khéng nhan (® ) D3 gén nhan(s ®) cum1(®) cum2 (e)
.... ....
®_o .. ® Phan cum ®_o .. ®
o ® el
“e 0% . — ®’e % .

Hinh 1.2: Minh hoa phan cum ban giam sat

Vé 1gi ich, cach tiép can nay (i) cai thién do chinh xé4c va d6 on dinh ctia cum,
(ii) gidm dang ké chi phi gdn nhan nhd duing it nhan dé dan dat phan con lai, va
(iii) khac phuc han ché ctia phan cum thuan khong gidm sat trong viéc xac dinh
s6 cum hay tdch cum gan nhau. Vé ngudn gidm sat, ba hinh thiic phd bién la:
(a) mau da gan nhan—mot tap con nhd déng vai tro “dinh huéng” [40, 41]; (b)

cap rang budéc—must-link /cannot-link gitip dinh hinh ranh giéi cum [12, 42]; va
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(¢) do phu thudc md wu tien—goi ¥ mtic do phu thuéc mong dgi trong bdi canh
phan cum mg [18, 35].

Céch tich hgp thong tin gidm sit thudng di theo bdn huéng chinh nhung cé
thé két hop linh hoat: (1) dua trén cip rang budc—chen ML/CL vao tiéu chi
t6i wu hosic bude gan cum dé téi da thod man rang buoc [32]; (2) dua trén hat
gidng—khdi tao/tai khdi tao tAm va lan truyén nhan tit tap mau 16i [30]; (3)
hoc d6 do khodng cach—diéu chinh metric sao cho diém “cling 16p” gan nhau,
“khéc 16p” xa nhau, tit d6 1am 16 hinh hoc cum [43]; va (4) lai ghép—phdi hop
nhiéu tin hiéu/chién luge (vi du rang buoc + hat giéng + metric) dé tdn dung
wu diém ting nguon [31]. Tuu trung, phan cum ban giam sat 1a két hop giita
khai thac cau tric dit liéu va tan dung tri thitc mién, gitp dat phan hoach cé ¥

nghia hon trong nhitng kich ban dit liéu thuc té phitc tap.

1.1.3 Phan cum ban giam sat mo

Tuy da ra doi kha 1au, FCM van 1a mot trong nhitng thuat todn phan cum
pho bién nhat va duge ting dung rong rai trong nhiéu bai toan khac nhau, dic
biét 1 trong viéc trich xuat luat va kham phd céc mau tiém an cé yéu té6 mo.
FCM da duge tmg dung thanh cong trong nhiéu linh vitc, bao gom phan doan
anh [11, 44-46], nhan dang khuoén mat [47], hé tro chan dodn bénh [48], hd trg
nha khoa, nhan dang ctt chi va diéu bo, phat hién xam nhép trai phép [49], ...

Mac dit tinh hiéu qua da dugc chiimg minh, thudt toan FCM van ton tai mot
s6 nhuoc diém, dic biét 1a d6 nhay cam v6i nhidu va céc diém ngoai 16, cling nhu
st phu thudc vao qué trinh khéi tao ngadu nhién ban dau. Pé khac phuc nhing
han ché nay, nhiéu nha nghién cttu da dé xuat dua mot s6 thong tin bo tro vao
nhu cic rang buodc, cdc nhan, do phu thudc ctia mot s6 phan ti cho trude, v.v.

dé dinh huéng qua trinh phan cum. Phuong phép nay dude goi 14 phan cum
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ban gidm sat md. Cac phuong phap phan cum ban gidm sat md phd bién dudc
Thong va cong sut trinh bay trong bai tong quan vé phan cum ban gidm sat ma
[50], nhin chung mang lai két qua phan cum tot.

Semi-Supervised Fuzzy C-means (SSFCM) la phuong phap phan cum ban
gidm sit mo tiéu biéu ciing nhu 14 nén tang clia rat nhiéu cic phuong phéap
phan cum ban gidm sat md sau nay[51-54] [55-59], duge dé xuat bdi Pedrycz
and Waletzky [60]. Trong ham muc tiéu ctia phuong phap SSFCM bao gom hai
thanh phan: Thanh phan tht nhat 13 thanh phan hoc khong gidm sat va thanh

phan thit hai 13 thanh phan hoc c6 gidm sat. Vi ham muc tiéu duge biéu dién

nhu sau:
Z Z ug‘d?] + Z Z wij — fijbi) d?j — Min (1.4)
i=1j5=1 1=1j=1
Trong do6, tap dit libu X = {z1,29,..., 25}, N 1a s6 diem dit lidu, C 1a sb
cum, V = {v1,v9,...,vc} 12 tap cdc tAm cum, u;; 14 do phu thude clia diém dit

litu x; ddi v6i cum j, d;; 1a khodng cach tu diém z; dén tAm cum vj, fi; la do
phu thudc duge gan nhan ctia diém z; trong cum 7, va m 1a hé s6 mo.
Tham s6 « dude sit dung dé can bang gitta thanh phan gidm sat va khong

gidm sat, trong dé b; phan biét gitta phan t& dudc gan nhan va chua gan nhan:

1, néu z; dudc gan nhan
b = (1.5)

0, ngudgc lai

Céc tam cum v; va do phu thudc w;; dude tinh nhu sau:

ZNlu T; + OZZZ 1(“@] fijbi)mxi
Zf\il ut 4+ a Xy (u — fib)™

j=1,...,C (1.6)

Uj—
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1 1+Oé(1_bi2k0:1fkj)

—f—()éfijbi y 121,,N,j:1,,0

(1.7)
Thuét todn SSFCM lip lai viéc cAp nhét v; va u;; cho dén khi thod man diéu

kién dimg [[o") — o@D < & hodic ¢t > MaxStep:

Thuat toan 1.2 Thuat todn phan cum ban giam sat mo SSFCM

PAau vao: Tap dit litu X = {x1,...,2y}; s6 cum C; tham s6 md m; ngudng hdi tu ;
sé\vc\)ng lap t6i da MaxStep > 0.
Pau ra: Ma tran do phu thuoc U va tam cum V.

11+0

2 Khoéi tao ngau nhién tdm cum ban dau V)

3 repeat

4 t«t+1

5 Cép nhat ug) theo cong thic (1.7)

6 Céap nhat vy) theo cong thitc (1.6)

7 until max; ||v§t) — v](-t_l)H <¢e hoac t > MaxStep

1.1.4 Ung dung phan cum bén gidm sat m& trong bai toan phan doan
anh

Phan doan anh 13 gan mdi diém anh /superpixel vao mdt mién dong nhat theo
dic trung hinh hoc—quang phé-ngit nghia. Trong thuc té, dit liéu 16n, nhiéu, it
nhan khién gén nhan day du ton kém; do d6 phan cum ban gidam sit md (SSFC)
va dic biet SSFC chii dong (Active SSFC) dude dung dé héi it nhung ding chd
(nhan hat giéng, do phu thudc cho trude, rang buoc ML/CL) tai ving ranh
gidi quan trong roi khuéch tan rang budc trén toan anh/chudi thoi gian. Ung
dung trai rong tit quan sat Trai DAt (16p phi, chdy ring, i, bang tuyét), do
thi—giao théng (duong, mai nha, ving ngap), xe tu hanh LiDAR/point cloud

(mat duong, vat thé), dén y-sinh hoc (co quan/khéi u, té bao) [61, 62] —nhing



16

noi nhan khan hiém, mat can bang 16p va yéu cau gan thoi gian thue. Hinh 1.3,

1.4, 1.5 1a céc vi du minh hoa vé ting dung ctia phan doan anh trong thuc té.

H Ring
Cay bu
Dong ¢
Dat canh tac
W Khu xéy dung
Dat trong / tham thyc vat thua
;W Mt nudc
W Dét ngap nudc thao mdc

Hinh 1.4: Phan doan ho trg phat hién chdy ring.



Hinh 1.5: Phan doan anh gitp xac dinh vung ngap lut

Nhin mot cach hé théng, c6 ba dong phuong phdp phan doan anh. (i) Xt Iy
anh c6 dién: ngudng hod (Otsu), bién-dién viing (Canny), phan vimng theo ving,
thudt toan tach nuéc (watershed), duong bao chu dong (active contour), va mo
hinh mtc (level set), va diéu chuan khong gian (MRF/CRF) cho téc do-dién
gidi t6t, phi hop khdi tao/hau xit 1§ nhung nhay tham s6-tuwong phan-—nhiéu
[63-65]. (ii) Dua trén phan cum: coi diém anh/superpixel 1a mau trong khong
gian dic trung; FCM cung cap dd phu thudc mém gitp md hinh hod viing chuyén
tiép, mé rong voi didu chuan khong gian va SSFC dé tan dung nhan va rang
budc must-link /cannot-link [66]; Active SSFC truy van theo bat dinh (entropy-
/margin), dai dién (mat d6/kNN), 4nh hudng mé hinh va da dang dé dat chat
lugng tiém cin gdn nhan day dic véi rat it cau hoi [30]. Ngoai FCM, GMM/EM
(67, 68] biéu dat cum elip nhung nhay khéi tao/gia dinh Gaussian [69, 70]; DB-
SCAN/HDBSCAN va DPC ph4t hién cum phi 16i, loai nhiéu va nhan “dinh mat

d6” ¢6 &nh hudng toan cuc [71-73] [74, 75], thuong vAn hanh & mitc superpixel
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kém CRF dé xtt 1y bién [76, 77]. (iii) Hoc sdu: FCN, U-Net/UNet++, DeepLab,
HRNet, SegFormer, Swin—-UNet hoc dac trung da ti lé-ngtt canh cho do chinh
xdc cao; khi nhan han ché, dung pretrain/fine-tune, pseudo-label/consistency,
tu gidm sdt, cong thém do mat mat can bang (Dice/Focal) va udc lugng bat

dinh dé duy tri hi¢u nang [78, 79].

Tém lai, cdc hé thong phan doan hiéu qua thuong (i) chon biéu dién phi hop dit
liéu va rang budc hinh hoc/ngitt nghia; (ii) t6i wu chudi tién xit Iy—mo hinh—hau
xtt 1y cho muc tiéu van hanh (dd chinh xdc va do tré); va (iii) tdn dung SSFC dé
giam chi phi nhan nhung van kiém sodt ranh giéi quan trong. Vai trd cia phan
cum ddc biét 1a phan cum bén gidm sat mo 1a cau ndi gitta cong cu co dién va
hoc sdu: vita tAn dung ducc dit liéu khong nhén, vita tong hop tri thitc mién vao
noi mé hinh “béi rdi”, tit d6 dat can bang gitta dd chinh xéc, d6 tin cdy va chi

phi trén nhiéu mién tng dung.

1.1.5 Cac phuong phap phan cum ban giam sat mo

Hién nay c6 mot s6 huéng nghién cttu phan cum ban gidm sat mo dua trén
phuong phap Fuzzy C-Means chuan [39] két hop véi cdc ki thuat kinh dién nhu
stt dung ham nhén kernel, ham trong s6, hay ham thich nghi, hoc sdu mang lai
nhiéu két qua tich cuc.

Phan cum ban giam sat md dya trén ham nhan kernel

Hichem Frigui va cong su [80] da tong hdp cdc phuong phdp phan cum md
dua trén ham nhan kernel. Nghién cttu nay cho thay viéc dua tin hiéu gidm st
ting phan truc tiép vao ham muc tiéu trong khéng gian dic trung gitp dinh
huéng t6i wu hod hicu qua. Nhanh multiple kernel dude khéi xuéng béi Zhao et
al. [81], nai tAm cum c6 thé duge loai khéi muc tiéu; cAc mé rong thie nghiém

cho thay lgi ich ro rét trong nhiéu tac vu [82]. Sinh & Long [83] két hop nhiéu
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kernel v6i trong s6 theo thuoc tinh dé cai thién phan loai dat, con Kanzawa [84]
stta d6i ma tran kernel va diéu khién entropy nham diing rang budc mém. Tuy
wu diém 13 m6 hinh hod phi tuyén va tach cum t6t hon, huéng tiép can nay doi
mat véi uée lugng tham sé kernel phiic tap va do nhay khdéi tao, dé &nh hudng
dén d6 on dinh két qua.

Phan cum Ban Giam sat M6 Dya trén Ham Thich Nghi

Casalino va cong su [28, 85] da phét trién thudt toin phan cum ban gidm sét
md dua trén FCM két hop ham thich nghi dé phan 16p dong dit liéu. Thuét toan
nay stt dung thanh phan dong dé uéc luong sd cum can thiét dua trén phan b
di lidu, sau d6 tién hanh 18p bang FCM dé tim két qua t6i wu. Yu va cdng su
[29] da dé xuat mot céch tiép can khac bang cach lan truyén rang budc dua trén
rang budc déng bac cau, st dung toan tit bac cau dé giai quyét van dé khong sit
dung day du céc rang budéc must-link va cannot-link. Sau d6, moét khung t6 hop
phan cum bén gidm sit dua trén khéng gian con ngau nhién véi céc hé s6 tin
cdy dugc thiét ké dé xit 1y dit liéu nhiéu chiéu véi nhiéu. Tiép theo, mdt khung
tap hop phan cum ban gidm sat thich nghi dude dé xuit dé nang cao tinh thich
tmg va hiéu suit ctia thuat todn [47].

Phin cum ban giam sit md két hgp hoc siu

M6t nhanh nghién citu quan trong trong nhitng nam gan day 1a két hop hoc
bidu dién bang mang no-ron sdu véi thudt todn phan cum md ¢6 rang bude. Y
tudng cot 16i ctia huéng tiép can nay la tdn dung kha nang hoc dic trung phi
tuyén manh ctia mang hoc sau dé xay dung khong gian biéu dién tiém an pht
hop hon cho qué trinh phan cum, dong thai tich hop truc tiép thong tin gidm
sat dudi dang nhan, rang buéc must-link /cannot-link hoac cac thong tin prior
khic vao qué trinh t6i wu. So véi cdc phuong phap ban gidm sat truyen thong

thuc hién truc tiép trén khong gian dit lieu gdc, cdc mo hinh deep clustering cé



20

kha niang hoc dic trung thich nghi theo dit liéu, tit d6 cai thién dang ké chat
lugng phan cum trén cac tap dit litu c6 phan bo phiic tap, phi tuyén hodic nhicu
nhiéu [86-88].

Neuro-Fuzzy FCM. Mot trong nhitng huténg nghién citu sém 13 két hop mang
no-ron v6i FCM nham x4y dung mo hinh neuro-fuzzy clustering. Arshad va cong
sit (2019) da dé xuat mo6 hinh Deep Fuzzy C-Means két hgp mang MLP va CNN
dé hoc biéu dién dac trung trude khi thie hién t6i tu phan cum mo [89]. Trong
phuong phap nay, mang hoc sau déng vai tro bo ma hoa dac trung, trong khi
ham muc tiéu FCM duge tich hop truc tiép vao qué trinh hudn luyén nhdm tdi
wu dong thoi biéu dién dit liéu va cAu tric cum. D6i v6i phién ban ban gidm sat,
tac gid bo sung thém thanh phan regularization dua trén nhan dé ép cdc mau
c6 cling nhan tién gan vé cling cum va tang khoang céch véi cac cum khac. Dicu
ndy giiup cai thién do tach biét cum cling nhu gidm anh huéng ciia nhiéu trong
di lieu.

Ngoai viéc st dung MLP truyen théng, nhiéu nghién ctu tiép theo da khai
thac CNN nham tang kha nang hoc dic trung khong gian dbi véi dit liéu anh.
Cac m6 hinh CNN-FCM cho phép tu dong trich chon dac trung miic cao thay vi
phu thudc vao bude thiét ké dic trung thi cong. Nhd d6, chat luong phan cum
duoc cai thién dang ké trén cac tap dit liéu hinh &nh, tin hiéu va dit liéu phi cau
tric [90]. Tuy nhién, cdc md hinh nay phu thudéc manh vao kién tric mang va
chién luge t6i wu. Néu trong sb gitta reconstruction loss va clustering loss khong
duoc can bang phtt hop, mé hinh ¢6 thé hoc biéu dién t6t nhung phan cum kém
hoac ngugc lai.

Deep Semi-Supervised Fuzzy Clustering. Mot huéng nghién citu khac tap
trung vao viéc stt dung autoencoder dé hoc khong gian tiém an c6 tinh “cluster-

friendly”. Yang va cong su (2021) da dé xuit md hinh Deep Semi-Supervised
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Fuzzy Clustering, trong d6 dit litu dau vao dude anh xa sang latent space thong
qua autoencoder trudc khi dp dung FCM [91]. Céac rang budc must-link va
cannot-link dudc ma hod thanh mot ham constraint loss va két hop véi recon-
struction loss dé huan luyén dong thdi toan bd mang. Viéc téi wu trong latent
space gitip gidm chiéu dit liéu, loai bo nhiéu va tang tinh phan tdch cum so véi
phan cum truc tiép trén dit litu goc.

Diém ndi bat clia hudng tiép can nay 1a kha ning két hop linh hoat gitta hoc
biéu dién va tri thitc ban gidm sat. Cdc mau c6 nhan hoic rang budc duoe sit
dung dé dinh huéng qué trinh hoc latent representation sao cho cac diém cling
16p tién gan nhau hon, trong khi céc diém thudc 16p khac nhau duge day xa
nhau trong khong gian dac trung. Nho dé, cac cum thu duge thuong céd tinh
nhat quan va d6 6n dinh cao hon. Tuy nhién, viéc lua chon s6 chiéu latent, cau
tric autoencoder va hé sb can bang gitta cdc ham mAat mét van 13 bai toan kho,
anh huéng 16n dén hiéu qua cudi ciing ctia moé hinh.

Bén canh cic huéng neuro-fuzzy truyen théng, nhiéu nghién ctu gan day
tap trung vao Deep Embedded Clustering (DEC) va cic bién thé mé rong ciia
né. DEC thuc hién dong thoi hoc biéu dién va téi wu phan cum bang cich anh
xa dit liéu vao khong gian tiém an va tinh chinh phan bé cum thong qua KL
divergence gitta phan b6 muc tiéu va phan bdé mém hién tai. Cach tiép can nay
cho phép mé hinh dan hoc dude biéu dién dic trung thuin lgi hon cho phan
cum trong qué trinh hudn luyén. Tuy nhién, DEC nguyén ban chii yéu phuc vu
phan cum khong gidm sit va chua khai théc truc tiép thong tin ban gidm sét.

DPé khic phuc han ché dé, nhiéu bién thé DEC ban gidm sit da ducc dé
xuét bang cach tich hop thém nhan ho#ic pairwise constraints vao qué trinh toi
wu. Céc nghién citu nay cho thay viéc bo sung tri thitc ban gidm sat gitp cai

thién dang ké d6 chinh xdc phan cum, dic biét trong cac bai toan dit liéu chong
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lan hoac c6 phan b phi tuyén manh. Mot s6 phuong phap con két hop fuzzy
membership vao DEC nham duy tri kha niang biéu dién mitc d6 thudc cum mém
thay vi gdn ciing nhu clustering truyén théng [92].

Céc nghién cttu gan day tiép tuc mé rong huéng deep embedded clustering
v6i nhiéu kién tric hién dai hon. Li va cong su (2024) dé xuat mo6 hinh DECRA
stt dung residual autoencoder dé ting kh& nang bao toan thong tin dic trung
va gidm hién tugng mat mat dit liéu trong qud trinh ma hoa [93]. Viéc bd sung
residual connection gitp gradient lan truyén on dinh hon va cai thién chét luong
bic¢u dién latent space. Trong khi d6, Cheng va cong su (2024) dé xuat DECS,
khai thac d6 6n dinh ctia mau dit liéu dé tang tinh bén vilng ctia két qua phan
cum [94]. Phuong phap nay danh gid mtic do 6n dinh clia tiing mau trong qué
trinh huin luyén va diéu chinh trong s6 t6i wu nham giam anh huéng cla cic
diém bat dinh hodc nhidu.

Ngoai ra, nhiéu huéng nghién citu méi dang tich hop contrastive learning
vao deep clustering nham ting kha ning hoc biéu dién phan biét. Céc phuong
phép contrastive deep clustering sit dung positive pair va negative pair dé hoc
dsc trung cé tinh phan tadch manh hon truée khi thue hién phan cum. Mot s6
nghién citu khac két hop graph neural network (GNN) véi deep clustering nham
khai thiac quan hé 1an cén gitta cic diém dit liéu, dic biét hiéu qua trén dit liéu
do thi va mang xa hoi. Huéng multi-view deep clustering ciing nhan dugc nhiéu
quan tdm khi cho phép két hop nhiéu ngudn dic trung khic nhau dé ting do
chinh x4c va tinh 6n dinh ciia cum [95].

Ngoai cic nghién citu 1y thuyét, deep embedded clustering con dudc ting dung
trong nhiéu bai toan thuc té. De Kok va cong su da mé rong DEC cho dit liéu
hdn hgp nhiéu kic¢u thudc tinh khac nhau [96], trong khi Saremi va cong su 4p

dung deep embedded clustering vao bai todn du bdo tiem nang khodng san trén
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dit lidu dia chat [97]. Céc két qua nay cho thay kha ning thich nghi manh cta
deep clustering trong nhiéu mién ttng dung khéc nhau.

Céc nghién citu tong quan gan day nhu Zhou va cong su (2024) [87], Wei va
cong su (2024) [86] hay Ren va cong su (2025) [88] cho thay deep clustering dang
tré thanh xu huéng quan trong trong khai pha dit liéu hién dai. Viéc két hop
hoc sdu v6i phan cum ban gidm sat khong chi cai thién chat lugng cum ma con
md rong kha nang @ng dung sang nhiéu linh vuc nhu thi gidc may tinh, phan
tich vin ban, sinh hoc tinh todn, phan tich tin hiéu va hé théng thong minh.

Mac du dat dugc nhicu két qua tich cuc, cdc phuong phdp deep semi-
supervised fuzzy clustering van ton tai nhiéu thach thitc. Thit nhat, cdc md
hinh nay thudng rat nhay cdm véi siéu tham sé nhu tdc do hoc, sb chicu latent
space, trong sb gitta reconstruction loss va clustering loss, ciing nhu kién tric
mang st dung. Thit hai, khi s6 lugng mau gédn nhan qud it, moé hinh dé xay ra
hién tuong overfitting hodc hoc biéu dién khéng on dinh. Thit ba, chi phi huan
luyén ctia cdc mo hinh deep clustering thuong cao hon dang ké so véi cac thuét
todn FCM truyen théng do can tdi tu dong thdi mang hoc sau va ham muc tiéu
phan cum. Ngoai ra, kha nang gidi thich két qua clia cic mo hinh hoc sdu van
con han ché, gdy khé khan trong céc linh vuc yéu cau tinh minh bach cao. Day
ciing chinh 1a dong luc thiic day nhiéu nghién ctu hién nay theo huéng xay dung
cadc mo6 hinh deep fuzzy clustering vita hiéu qua, vita 6n dinh va cé kha nang

dién giai tot hon.
1.1.6 Su can thiét vé viéc chuyén huéng sang hoc cht déng

Mac du cdc phuong phap phan cum ban gidm sit md hién nay déu cé uwu
diém riéng, van ton tai cdc 16 hong: (i) phan 16n phuong phap déu nhay cdm vdéi

nhiéu va chua c¢é co ché hiéu qua xi Iy v6i viing bién; (ii) chi phi cho dit liéu
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ban giam sit con cao va chua ¢ co ché lya chon dit liéu tot; (iii) do nhay tham
s6 (ngudng bién, sb cip, ban kinh 1an cin, trong s6 mat mat); (iv) cac cip rang
budce duge lua chon chua téi wu. Do d6, viée phét trién mot phuong phap phan
cum ban gidm sat md dua trén hoc cht dong vita tiét kiém truy van, vita giam
thiéu nhan sai, va c¢6 hiéu qua cao hon la can thiét. Phan tiép theo sé trinh bay

ve hoc chii déng va cac phuong phap hoc chi dong.

1.2 Hoc chu ddng

1.2.1 Gidi thiéu vé hoc chu dong

Bai toan: Lam sao d& chi can gan
nhan it nhat nhwng méd hinh lai cho
két qua chinh xac va hiéu qua hon?
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Hinh 1.6: Hoc thu dong

Trong bdi canh ctia hoc ¢ gidm sat va hoc khong gidm sat, cdc phuong phap
truyen théng thuong lien quan dén viéc thu thadp mot luong dit lieu da 16n, sau

dé dit litu nay dugc lay mau tu dong tit phan phdi mat do co ban. Tap dit liéu dé
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tiép tuc dugc rat gon thanh céc 16p hodc mé hinh — phuong phép nay thudng
dugc goi 1a hoc thu déng (passive learning). Trong hoc thu déng, thuat todn hoc
nhan dit liéu mot cdch ngau nhién tt méi truong (Hinh 1.6) va xdy dung mo
hinh phan loai dua trén tap diu liéu do.

Thong thudng, trong nhicu tmg dung, qué trinh thu thap dit liéu 1a bude tiéu
tén nhiéu thoi gian va chi phi nhat. Trong mot s6 trudng hop, tai nguyén dé thu
thap dit liéu bi gi6i han, do dé viéc sit dung hiéu qua cac tai nguyén nay 1a rat
quan trong. Mic du phan 16n cic bai toan gia dinh rang viéc thu thap dit liéu
dién ra mot cach ngau nhién va tuan theo phan phéi doc lap, dong nhat, nhung
trong nhi¢u truong hop, ching ta cé thé huéng dan qué trinh lay mau dé t6i wu

hoéa hiéu qua hoc.

| |
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Hinh 1.7: Hoc chii dong

Hoc chii dong (active learning) trong hoc may 1a mot chién luge huan luyén
md hinh trong dé mé hinh chii dong lua chon nhitng dit liéu "quan trong nhat'

dé yéu cau gan nhan . Gia thiét ¢t 16i 13 néu thuat toan hoc dude phép chon
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lua dit liéu tit nhitng gi né hoc, thi né sé ¢ thé dat hiéu suat t6t hon ngay ca
v6i luong dit lieu huan luyén it hon. Hinh 1.7 da minh hoa vé mé hinh hoc cht
dong.

Céc hé théng hoc chti dong tim cich vugt qua rdo can vé chi phi gdn nhan
bang cach chi dong dua ra cdc truy vAn yéu cau ngudi ding hodc chuyén gia
gan nhan cho mét sd diém dit liéu chua c6 nhan. Qua d6, hé théng hudng téi
viée dat d6 chinh x4c cao véi luong dit liéu ¢6 nhan t6i thiéu, tit d6 tiét kiém
dang ké chi phi gédn nhan. Hoc chii ddng trd nén dic biét c6 gid tri trong céc
tmg dung hoc may hién dai, noi dit liéu cé thé rat doi dao nhung nhan lai khan
hiém hogc dit do.

La mot phuong phap hoc ¢6 giam sat, hoc chi dong tao ra dit liéu c6 nhan
v6i sut ho trg tit con ngudi thong qua cdc vong phan hoi. Muc tiéu 1a huan luyén
m6 hinh bang mot tap dit liéu nhd da dude gan nhan va dong thoi giam thiéu
s6 luong nhan can thiét bang cich chién luge chon ra nhitng diém dit liéu chia
nhiéu thong tin nhat.

Phuong phap hoc chit déng da duge 4p dung thanh cong trong nhiéu linh
vuc khac nhau. Trong phan loai van ban, né dugce sit dung cho cac nhiém vu nhu
phéan tich cAm xtc, gdn nhan chti dé va phan loai tin titc [98]. Trong trich xuit
thong tin, hoc chit dong hd trg hidéu qua cho cac bai toan nhan dang thuc thé cé
tén va phan tich ct phap [99]. Bén canh d6, trong phéan loai hinh anh, phuong
phap nay duge tng dung trong cdc linh vitc nhu vién tham va y sinh [61]. Mot
s6 nghién ctu con ap dung hoc chit déng vao lua chon cdm bién, chang han nhu
phat hién xdm nhép hay nhan dién ct chi [100]. Ngoai ra, né cung dugc khai
thac trong hoc cau triic mang thong qua cdc phuong phap ban gidm sat [29],

ciing nhu trong hé théng goi ¥ véi su hd trg ciia hoc chuyén giao.
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1.2.2 Phuong phap hoc chi dong

Trong hoc chti dong, buéc khéi dau 1a xdy dung mo hinh M va danh gid mic
dd chinh xdc cia n6 thong qua ham ton that Loss(M). Céch thiét ké mo hinh
va dinh nghia ham ton that sé dugc diéu chinh linh hoat tity thudc vao yéu cau
clia ting bai todn. Sau khi xéc dinh ham tén that, thuit todn sé chon ra truy
van tiép theo nham dam b&o mo hinh sau cip nhat M’ ¢6 giéd tri ton that nhé
nhat. Vi mot truy van tng vién ¢, can wéc luong ton that ky vong ctia md hinh
M’ khi nhén phan hoi z di kem. Do gid tri « chua dugc biét trudce, ta sé xét

toan bo cac truong hop cé thé xay ra dé tinh ton that ky vong theo cong thiic:

Loss(q) = E.[Loss(M")] (1.8)

Tu cong thic ndy, thuit todn hoc chti dong tién hanh chon truy van ¢ dem
lai gi4 tri ton that ky vong thap nhét [101]. Tong da dua ra so do tong quan ctia

qué trinh hoc chu dong nhu sau:

Thuat toan 1.3 Chién luge chon truy van téi uu

for i + 1 to totalQueries do

for all q € potentialQueries do

Uéc lugng Loss(q)

end for

Luta chon truy van ¢ sao cho Loss(q) dat gid tri nho nhat

Céap nhat mo hinh M bang cich b sung truy van g va phan hoi z
end for
return mé hinh M sau khi huan luyén

Trong linh vuc théng ké, thay vi tdp trung vao viéc t6i thiéu héa ton that
ky vong, ngusi ta cling ¢6 thé quan tdm dén phuong an t6i thicu hoa ton that

cuc dai — titc gia dinh trong kich ban bat lgi nhat:
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Loss(q) = max Loss(M') (1.9)

Céch tiép cdn nay trong nhiéu tinh hudng lai mang dén nhiéu thong tin bo
ich hon, vi truy van giy ra ton that cuc dai ¢é thé gitip mo hinh cai thién nang
lyc hoc tot hon [102].

Trong cic tng dung hoc may, mo6 hinh c¢6 thé dude thiét ké dé tu dat cau
hoi vé nhitng mau dit liéu chua ré rang. Trong sé nhicu kich ban dude nghién
cttu, hai kich ban dién hinh va thuong xuyén dude 4p dung nhat trong hoc chit
dong 1a 14y mau theo dong (stream-based sampling) [103] va 14y mau theo kho
(pool-based sampling) [104, 105] dugc minh hoa trong hinh 1.8.

Ngoai hai kich ban trén, hai phuong phap truy van quan trong nhét trong
hoc chii déng 14 Lay mau khong chic chan (uncertainty sampling) va Lay mau
theo hoi dong (query by committee) duge minh hoa nhu hinh 1.9.

Béang 1.1 thé hién su so sanh gifta 2 chién lude truy van trong hoc chit dong:

Liy mau khong chic

Tiéu chi c
chan

Liy mau theo hoi dong

Nhiéu mo6 hinh trong mot

S6 mo hinh can dung | Mot mo hinh duy nhat .
committee

Chon mau ma moé hinh béi | Chon mau gy bat dong cao

Neuvéen tiac chinh £ £ ta cé 6 hi
guyen tac chin rbi nhat gitta cac mo6 hinh

Tén kém hon do huan luyén

Do phtic tap tinh todn | Pon gidn, chi phi thap thidu md Linh

Khi muén tang do tin cay va
Truong hop phu hgp Khi chi ¢6 mot bo phan 16p | gidm thién léch cia mot mo
hinh don

Béng 1.1: So sanh hai chién ludc truy van trong hoc chii dong
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Stream-based Sampling(lay mau theo déng)/

]

Lubng dF ligu

chwa gan nhan

. £1] Khéng o=l
Truy van nhan? > B6 quamau

Héi chuyén gia

Fm]
Nhan nhan

—

B sung vao di¥ liéu da gan nhan

-

Huén luyén lai mé hinh

Pool-based Sampling(lay mau theo kho)/

=
Kho di¥ liéu
chwa gan nhan (pool)

Danh gia & xép hang méu

Y

P . EI
Chon k mau théng tin nhat

Y
o
Héi chuyén gia

Y

£]

BA sung vao di liéu da gan nhan

Y

. €1
Huan luyén lai mé hinh

Hinh 1.8: Céac kich ban trong hoc chii dong
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L4y mAu khong chac chin ’

Lay méau theo hoi déngj

(Uncertainty Sampling) (Query by Committee)
£] €]
Téap dir liéu chwa gan nhén Cap nhét cac md hinh
¢ —
o) ]
Md hinh hién tai Hoi dong md hinh

v

, ) el o 8]
Tinh d6 khong chac chan Do mirc bat dong
(Least-Confident / Margin / Entropy) (Vote Entropy / KL-divergence)

‘ Y y

Chon mau ¢d bét dinh cao

L

£
Hai chuyén gia gan nhan

4

) ‘

Cap nhat md hinh

.

-~ r A E
Chon mau bat dong cao

Hinh 1.9: C4c phuong phéap truy van trong hoc chit dong
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1.3 Cac nghién cu lién quan phan cum ban giam sat

md gan day
1.3.1 Phan cum ban giam sat md chia dong

A. Béi canh va dong luc

Phan cum bén gidm sat md (SSFC) tan dung théng tin bo trg bao gdom nhan
cho trudc, cic rang budc (ML/CL) va do phu thude cho trude dé dinh hudng,
cai thién két qua phan cum so véi phan cum md khéng gidm sit. Tuy nhién,
chi phi gidm sat cao, dit liéu nhidu va cac van dé & cac dit liéu vung bién khién
két qua kém, nhay tham s6 (biang thong, s6 cum, ngudng peak) va dé gip rang
budc mau thuan, trong khi do phtc tap tinh toan 16n. Hoc chi dong khic phuc
bang cach chon it nhung ding truy van (diém/cip) theo cic tin hi¢u ndi sinh
nhu entropy hay fuzzy margin, tit d6 c6 dinh ranh gidi, giam sai s6 véi rat it

phan hoi va tang bén viing truéc nhiéu so v6i héi ngau nhién.

B. Cdac phuong phdp dap dung hoc chi dong vdéi phan cum bdan giam
sat mo

Trong phan cum ban gidm sat md chit dong, cic dang truy van pho bién gom
ba nhém chinh va thuong dude lua chon tity theo chi phi phan hoi va mtc do goi
¥ ma chiing mang lai. Thit nhat, nhan diém (point-label) yéu cau nhan 16p day
dtt cho mét dbi tuong z;, phtt hop khi da c¢6 4nh xa cum-16p dé diéu chinh tam
i hodc lién thudc ;. Thit hai, rang budc theo cap (must-link /cannot-link) chi
héi lidu hai diém (z;,2;) c6 cliing cum hay khong ma khong can tén 16p; day 1a
kénh phan hoi than thién v6i ngudi ding va duge khai thac rong rai, tiéu biéu
13 cong trinh kinh dién vé chon cip giau thong tin [30]. Cudi ciing, truy vin cau
triic/so sanh (triplet/graph/peak) nhu “r; gan z; hon x,?” hodc “diém nay cé

phai 1a dinh mat do (peak) khong?”, tdn dung cAu tric l1an cin/do thi va dac
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biét hitu ich trong ho density peak clustering (DPC) va cic bién thé ban giam
sat [106]; cac hudng active learning qua cum mat do (ALEC) ciing cho thiy cch
ding cAu tric mat do dé dan dat truy van mot cach hiéu qua [107].

Sau khi chon loai truy van phu hop, budc then chét 14 xdc dinh tiéu chi
dé quyét dinh “diém/cdp/cAu tric” tét nhat can hoéi. Trude hét, su bat dinh
(uncertainty) wu tién cdc ddi tugng ma lién thudc phan tan gifta cdc cum, bién
cach (margin) gitta hai cum dting dau nhé, entropy cao hodc c6 mttc bat dong 16n
gitta cdc mo hinh/khdi tao (committee) — tinh than ¢t 16i ctia nhiéu khung truy
van rang budc chit dong [30, 108]. Bén canh d6, tinh dai dién (representativeness)
gitip tranh lang phi truy vin vao ving nhiéu/thia thét, bang cach wu tién céc
diém/cap ¢ vimg mat do cao (vi du dua trén kNN-density) hodc cdc mau “dien
hinh” ctia 16i cum [107]. Tiép theo, tiéu chi &nh huéng/ky vong doi md hinh
(influence/expected model change) truc tiép uéc lugng mitc dich chuyén ciia
ham muc tiéu, ma tran lién thudc hodc vi tri tAm cum néu nhan ducc phan hoi,
tit d6 uu tién cdc truy van c6 tac dong 16n [108]. Cudi cliing, trong thiét 14p truy
van theo 16, da dang (diversity) ddm béo théng tin thu vé khong triing lap bang
cac co ché mo-dun con kieu MMR dé khit du thita — mot yéu cau thuong xuyén
duge nhan manh trong cdc khio sat vé phan cum cé rang budc [34]. Trén thuc
t&, cac tiéu chi nay thudng duge két hop dé cAn bang gitta “noi mo6 hinh béi rdi”,
“noi dai dién cho cau tric”, va “noi cé tac dong 16n” ma van duy tri su phong
pht thong tin trong moi dgt truy van.

C. Cdac phuong phdap phan cum bdn gidm sdt md chid dong

Mot trong nhitng cong trinh quan trong dat nén moéng cho hudng tiép can

nay la ctia Grira, Crucianu va Boujemaa (2008), v4i thuat todn phdn cum béan

gidm sat chit dong sit dung cdp rang bude (AFCC) [31, 109]. Y tudng chinh
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la lua chon céc cap rang budc (must-link/cannot-link) mét cach chii dong tai
ving bién khong chic chin. Thuat todn st dung chi s6 do chit cum (Fuzzy
Hypervolume - FHV) dé xdc dinh cum it r6 rang, trich céc diém bién (d6 phu
thuoc thap), roi ghép véi diém gan nhit ¢ cum lan can dé dua vao tap truy van.
Phuong phap nay cho thiy c6 thé cai thién dang ké chat luong phan cum véi sb
lugng nhé rang bude, tuy nhién nhuge diém 1a phu thudc vao tham sb (ngudng
do phu thudc, s6 cap héi) va ton chi phi tinh todn trén dit liéu 16n.

Ham chi phi cia AFCC két hgp ba thanh phan: do chit ché ctia cum, su

tuadn thi rang budc, va thanh phan diéu chuan canh tranh dé kiém soat sé cum:
c N )
TV.U) =5 3 (uae)? (s, )
c C
tal| X D X wmup ot Y D uak (1.10)

(ws.2;) € k=1

Trong dé:

C': 806 cum,

N: s6 diém dit liéu,

u;: muc do hoi vién cua diém z; v6i cum k,

[ tdm cum k,

d?(x;, pux): khodng cdch binh phuong gifta x; va g,

M va €: tap rang budc must-link va cannot-link,

o «: hé so dieu chinh anh huéng cua cap rang budc,
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« [3: hé s6 dieu chinh anh huéng ctia d6 16n cum.

Phéan ra mitc @ phu thudc u,; Mic dd phu thudc cta diem dit liéu z,

vao cum s dudc chia thanh ba thanh phan:

e = W 111
trong do:
1
uFOM — 44£J&1%;4,7 (1.12)
St #r
uConstramts _ a(C”” B Cms) (113)
rs 2d2(xy, )

Bias _ M (1.14)

e dQ(an, /’LS)

Trong d6 C),, la chi phi vi pham rang budc khi gan x, cho cum s, C,, la chi phi
trung binh theo tat cd cadc cum, N, 1a sb phan t& trong cum s, va N, 1a gid tri
trung binh c6 trong sb ctia kich thude cum dbi véi diém z,..

Cap nhat tdm cum va do 16n cum

il Ui l
HEk = Z'Nlluzk, Ni = ;Uzk (1.15)

Tinh ddng cac hé s6 a va 3

M Zk 1 Z luzkdz(a:u /Mf)
Zkzl Zizl ik 7

(1.16)

_ mexp(=51)
Cve, (=Y, uw)

i% AP (i, 1) + @M, )|, (1.17)

SN

~~
~

SN—

v6i ®(M, %) ky hidu gon cho céc tong lién quan dén rang buoc. 8 1a yéu t6 can
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bang gitta cac thanh phan ¢ ham muc tiéu va duge cAp nhét theo cdc vong lap.
Ngoai khoang céch Euclid, AFCC stt dung khoang cdch Mahalanobis dé xtt
Iy cum elip:

(i i) = |Cl VP (i = ) T O (s = ), (1.18)
v6i ma tran hiép phuong sai

O — SN ud (i — ) (i — )
k= N 2 :
D im1 Wig

(1.19)

Trong AFCC, cap hoi duge sinh ¢6 chu dich tai noi ¢6 gid tri phu thuodc
khong chic chin: méi vong 18p chon cum kém ré theo Fuzzy Hypervolume roi
lay céc diém cé cuc dai u,s thip, ghép véi diém gan nhat & cum lan can (tu
gid tri hoi vién 16n nhi) dé héi ML/CL. Dé gidm chi phi, thut toan dung hai
xap xi: Ambiguousness (chon nhanh cic diém cé v < 0.3 lam bién md rong) va
Non-redundancy (chon tuan tu theo tiéu chi max-min khodng cach trong tap
tmg vién). Nho vdy, chi can rat it truy vin ma van thu duge céc cip giau thong
tin. Nhiing cap nay duge goi la Most Valuable Pairs (MVP) vi dem lai lgi ich
16n cho viéc lam ro ranh gi6i cum.

Thuat toan AFCC duge mo ta thong qua thuat toan 1.4 nhu dudi day:
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Thuat toan 1.4 Thuat toan phan cum md c6 rang budc chu dong
(AFCC)

Piu vao: X, Crax, Tonax-
Piura: U, V, M,C.
1 C + Cuax, U,V khéi tao; M,C + 0.
2 fort=1:T,., do
Cép nhat U theo d;; (Euclid/Mahalanobis) va ba thanh phan muc tiéu.

3
5
6

Cap nhat a(t), B(t) theo quy tic dong.
Thuc hién Competitive Agglomeration: {k : Ny < 75} — loal, ||vr —vg|| <
Tm — 8OP.
7 X4c dinh cum md nhat: k* = arg maxy, Hy (Fuzzy Hypervolume).
8 Chon diém bién: B = {w; : max; uij < Thund J, loc khong du thira.
9 Sinh m MVP pairs: (z;,2;) € B x NN(k*), truy van nhan = thém vao
M hoac C.
10 if hoi tu then

11 break
12 end if
13 end for

14 return U,V, M,C.

Két qua thuc nghiém ctia AFCC chting minh rang chi can mot sb6 luong nhd
rang budc must-link/cannot-link duge hwa chon cé chii dich, chdt lugng phan
cum da dudc cai thién ro rét. Dieu nay khién AFCC tré thanh mot cach tiép
can ban gidm sat hap dan cho viéc t6 chitc co s6 dit liéu hinh anh quy mo 16mn.

Dua trén phuong phdp AFCC duge dé xuit bdi Grira [31], Novoselova va
Tom (2017) [32] m& r6ng bang cach thay doi chién luge lua chon cic cip rang
budc. Cu thé, trong khi mé hinh gbc stt dung co ché chon cap dua trén fuzzy
hypervolume va cac tiéu chi bién md dé phat hién cic ving khé phan téch, thi
nghién ctu nam 2017 dé xudt mot thuat todn active constraint selection dua

trén do thi k-nearest neighbors (k-NNG):
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w(z, z;) = ‘NN(%’) NNN(z;)

, (1.20)
trong d6 NN (x) 1A tip k ldng giéng gan nhat clia x. D hitu ich (wtility) cho
mot cap tng vién (z;, z;) duge dinh nghia 1a

k—w(x;,x;)+1 1

ASC(zi, ) = k+1 ' 1+ min{ LDS(z;), LDS(z;) }

(1.21)

trong d6 LDS(x) do mat do cuc bo. Céc cidp c6 ASC cao nhit dugce truy van
(ML/CL) va c6 thé lan truyén rang buoc dé giam du thita. Két qua cho thiy
dat chat luong tuong duong véi it rang bude hon so v6i chon ngau nhién, dong
thoi hd trg xéc dinh ding s6 cum trong qué trinh gdp canh tranh.

Gan day, Gabriel Santos va cong su (2024) da de xuat K-GBS3FCM [110],
mot bién thé ban gidm sat md “an toan” dua trén do thi KNN. Diém mdi cia
phuong phap nay 1a sit dung cau tric lan can KNN dé danh gida “d6 an toan”
ctia nhan trude khi lan truyén anh huéng dén céc diém chua nhan. Co ché nay
gitp giam thiéu rii ro do nhan sai hodc khéng chic chan. Tuy vy, mo6 hinh van
phu thuéc manh vao tham s6 s6 lan can K va chi phi xay dung do thi KNN, von
tré nén dat d6 khi kich thudc dit licu tang. Tiép theo, Hong va cong su (2025) da
phat tricn SFCM-PM [19], trong d6 thanh phan méi 1 khai thic thong tin do
phu thudc trude (d6 phu thude cho trude) bang mot didu chuan entropy trong
ham muc tiéu. Piéu nay gitp mo hinh tdn dung tri thtc mién dé dinh hudng
qué trinh phan cum, dic biét hiéu qué khi dit licu mat cdn bang. Diém han ché
14 néu thong tin trude bi nhidu hoac sai léch, két qua c6 thé bi anh hudng tiéu
cuc; dong thoi viéc lua chon trong sb gitta dit liéu va do phu thudc cho trude

cung kha nhay cam.



38

D. Nhdn xét chung vd van dé con ton tai:

Tém lai, qua céc nghién cttu trén c¢é thé thay phan cum bén gidm sat mo chi
dong da tién trién tit viéc chon cip truy van thong minh [31], sang huéng dam
bdo “an toan” trong stt dung nhan [110], va gan day 1a tich hgp thong tin do phu
thuoc trude [19]. Diém manh chung ctia cidc phuong phap nay 1a cai thién déng
ké chat luong phan cum véi sé lugng nhan it, déng thoi tdn dung tri thic mién
hodc cau tric dit litu dé giam nhidu. Tuy nhién, han ché chung ctia céc phuong
phép nay 1a van chua cé co ché xt 1y triét dé cdc van dé phan cum khong chéc
chin ving bién ciing nhu chua ¢6 co ché tdn dung dude ngudn théng tin quy
gi4 khi truy van ¢ ving bién khi phan cum.

E. Cdc dé zudt cia lugn dn:

Tu céc han ché clia cidc phuong phdp phan cum ban gidm sit md chi dong

gan day, ludn 4n dinh huéng xdy dung chién luge dé giai quyét cac van dé nay

va dé xuat nhu sau:

« Dé xuit phuong phap xic dinh bién cum, noi cdc cum c6 thé chong lan
khién cho céc diém dit liéu & ving nay bi phan cum khong chic chan, dan
dén sai s6 tidp trung quanh bién cum.

« Dé xuit phuong phép chinh stta ving bién théng qua hoc chit dong nham
cai thién chat luong phan cum tai cdc ving ¢6 d6 khong chac chan cao,
tan dung phan hoi ¢ chon loc tit chuyén gia dé tinh chinh nhan va ranh
gi6i cum.

o Dé xuat thuit todn phan cum ban gidm sit md chi dong dua vao ving
bién nham ning cao hiéu qua phan cum tong thé, bang cich khai théc tri

thitc da truy van va tinh chinh thu dudc tit viing bién.
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1.3.2 Phan cum ban giam sat md an toan

A. Béi cdnh va dong luc:

Trong bdi canh phan cum ban gidm sat md (SSFC), hiéu qua md hinh phu
thudc chit ché vao chat luong dit liéu va tin hiéu gidm sat (nhan hat giong, rang
budc must-link /cannot-link). Khi hai nguoén nay thiéu tin ciy, qua trinh téi wu
dé& léch khéi cau tric that ciia dit liéu: nhan do con ngudi gan ¢6 thé nhidu hosc
khong nhat quan gitta chuyén gia, kéo cdc gia tri lién thuoc p;; vé nhitng tam
khong phit hop; rang budc theo cip c6 thé mau thuan hoic chi phan dnh quan hé
cuc bo, khong dai dién cho hinh hoc cum toan cuc; diém ngoai lai va diém ving
bién mang tinh ngdu nhién cao nén tré thanh diém kéo gy thién léch néu bi
neo qué ctng; dit liéu khuyét thuoc tinh lam ting phuong sai ctia khoang cach,
tit d6 &nh hudng truc tiép t6i cAp nhat tam vy va ma tran lién thudc; cudi cling,
léch mat d6 va mit can bang kich thuée cum khién cac tiéu chi dua trén khoang
cdch/mat do tré nén nhay tham sb, cum nhé-dam cé thé 1an 4t cum thua rong.
Dang chi ¥, do tin ciy trong thuc té hiém khi dong nhat: né bién thién theo
diém (instance-level), cip (pairwise-level), cum (cluster-level) va tham chi theo
thudc tinh (feature-level).

Hinh 1.10 minh hoa mét tap dit liéu gdm hai cum: céc hinh vuéng thé hién
cac diém ¢6 nhan thudc 16p 1, céc tam gidce dai dién cho 16p 2, va cdc vong tron
den 1a dit lidu chua c6 nhan. Mot s6 diém bi gdn nhan sai (hinh vuéng mau cyan
va tam gidc d6), 4nh hudng dén viéc x4c dinh ranh gi6i quyét dinh (dudng cham
xanh 14), din dén viéc phan cum sai léch.

Nhitng diéu kién bat 1gi nay dan t6i ba nguy co chii dao: (i) khuéch dai sai
1éch khi cdc nhan/rang budc nhiéu duge lan truyén qua cdc vong lap cip nhat,

lam méo ranh gidi quyét dinh; (i) t6i wu muc tiéu sai khi cdc quan sat c6 do tin
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5
@ Céc diém chura gin nhan
Cac diém da gan nhan cym 1
Cac diém da gan nhan cum 2
Cac diem gan nhén sai sang cym 1
1 Cac diém gan nhan sai sang cum 2
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Hinh 1.10: Hinh minh hoa khi dit liéu bi gan nhan sai

cdy thap van dudc gan trong sé6 nhu nhau trong ham muc tiéu; va (iii) hoi tu
cuc bd do mé hinh bi “kéo” bdi mot s6 rang budc manh nhung khong déng tin,
diic biét trong mién bién noi méat d6 thay doi va cac cum giao thoa. Do d6, dit
ra yéu cau phuong phap luan trong tdm ctia SSFC 1a nhan dién, diéu tiét va xi
ly do tin cay trong toan b quy trinh.
B. Cdc phwong phdp phdn cum bdn gidm sdt mo an toan gan ddy:
Gan day, trong cac thuét toin ban gidm sat md, mot sd co ché hoc an toan
da duoc b sung va thudng duce tich hop nham cai thién qué trinh phan cum,
chang han nhu ham trong s6 va cdc chién luge thich tng. Phan cum ban gidm
sat mo an toan (Safe Semi-Supervised Fuzzy Clustering) 14 huéng tiép cdn nham
gidm &dnh hudng tiéu cuc ciia cdc thong tin gidm sat thiéu tin cay, dac biét 1a
nhan sai hodc dit liéu nhiéu, trong qud trinh hoc phan cum. Thay vi gid dinh
toan bo théng tin gidm sit déu chinh x4c, cdc phuong phap hoc an toan sé

danh gid mtc d6 tin ciy cta timg diém dit liéu hodc ting rang budc dé diéu
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chinh mitc d6 4nh hudéng ctia chiing trong ham muc tiéu, tit dé gitp md hinh 6n
dinh va ben vitng hon trudc nhiéu. Haitao Gan va cong su [17, 21, 111] chinh
1a nhitng nha nghién cttu di dau cho xu huéng hoc an toan, da dé xuat mot sd
phuong phap phan cum ban gidm sit md an toan nhu S?FCM, LHC-S3FCM
va CS3FCM. Trong s6 d6, phuong phap CS3FCM [17] cho thiy hiéu suit 6n
dinh qua cdc thuc nghiém va dude trinh bay chi tiét dusi day. Y tudng chinh

ctia CS3FCM la mdi diém dit liéu ¢6 anh hudng khéc nhau dén chat luong phan

cum.
Cu theé, c6 hai tap dit liéw: tap dit litu c6 nhin X = [zy,29,...,7;] VA tap
dit ligu chua ¢6 nhan X, = 241,242, ..., 2y). C 1a s6 lugng cum. Phan t1 zy

c6 nhan y, € {1,...,C}.

Trong CS3FCM, toan bd dit litu dude phan chia thanh C' cum bang thut
todan FCM. Sau dé, ma tran phan cum duge tinh todn: U = [@l)exn vA nhan dau
ra duge ude luong ¥ = (U1, ..., Un]. ST dung thudt toin Kuhn-Munkres, nhan
wée luong i |L_; va nhan thue dude so sénh dé tao ra ma tran N, chita cidc phan

tt p;j, trong do p;; do ludng xac sudt phan tir thudc 16p i duge phan loai thanh

16p j.
P11 P12 .- Ple
P21 P22 - P2
N, = (1.22)
Pcl P2 -+ Pec

v6i dieu kién Yiqu;=1va0<p; <l
V6i phan tit ¢6 nhan zp, néu yx = Gk va py 4 16n thi do tin ciy (safe

confidence) ctia né cao. Trong s6 s clia z duge tinh nhu sau:
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Pyp X U néu Y = Ui
s = Yk, Yk Yk (1.23)

Dyp.gie X (1 - am) ngudgc lai
Tac gid cling xay dung do thi 1an cAn W = [wi]nxn dé xac dinh 1an can (véi

dit liéu chua c¢6 nhan) va trong s6 do thi:

— — 2 F4 \ A A
exp (W) neu z; € Ny(xg) va g = U
Wy =

(1.24)
0 ngudc lai
trong d6 N,(zx) 1 tap cdc diem lan cAn gan nhit clia xx, va x, 1a phan ti
chua c6 nhan.

Ham muc tiéu ctia CS3FCM la:

C C N

N
Jo = Z uzkdzk TN Z Z Uik — fl d

voi didu kien X7 up =1, Vk=1,...,N

trong dé 1 va ¥, 1a céc tham s diéu chinh.

Mittc d6 thanh vién w;; cho phan tit ¢ nhan z;, dude tinh nhu sau:
ZJ 1 fZ';Z

plk + Zz 1 qzk

Uip = 1.26
FT qik ( )

Mittc d6 thanh vién w;, cho phan t chua c¢é nhan z, dudgc tinh nhu sau:

-3 g
dir

Tam cum v; duge tinh nhu sau:
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. Yo Uk + A Xy sk(uik — fir) T
=
2521 U?k + A1 2521 Sk(uik - fzk:)2

tuy nhién van con nhiéu thach thitc, dic biét 1 trong viéc xtt 1y céc cap rang

(1.28)

budc (pairwise constraints) va danh gid rii ro gitta cac diém dit lidu c6 nhan va
chua cé nhan.

Dé khic phuc vAn dé nay, nhém nghién ciiu clia Thong va Huan da dé xuat
phuong phép phan cum ban gidm sat md tin cdy goi la TS3FCM (Trusted Safe
Semi-Supervised Fuzzy Clustering Method). Phuong phap nay trién khai theo
hai giai doan: dau tién, sang loc céc dit litu ¢6 nhan dé xac dinh mic do tin
cay; sau do thuc hién SSFCM st dung cdc nhan dang tin cay cung v6i thong tin
thanh vién ban dau (d6 phu thudc cho trudc). Thuat todn TS3IFCM [18] duge
phét trién nham gidi quyét bai toan phan cum dit liéu véi d6 tin ciy trong bbi
cdnh dit litu c6 nhan bi nhiéu ho#ic khong dang tin cdy. Thiét ké ctia TS3FCM
xuat phét tit cadc han ché trong cac phuong phap phan cum ban gidm sat md an
toan (Safe SSFC) trudc dé nhu hiéu suit tinh todn thip va nhay cam véi nhiéu.

Thuat todn gom ba giai doan:

e (1) Phan cum FCM cho di liéu cé nhan: sit dung ham muc tiéu cai
tién v6i trong sb dua trén phan tich lang gieng dé loc ra nhan cé do tin

cdy thap.

+ (2) Chuyén d6i dir lidu: sit dung céc nhan déng tin cdy dé tinh gid tri
hoi vien ban dau cho dit liéu chua c¢é nhan, tao thanh ma trén héi vién ban

dau U.

+ (3) phan cum ban gidm sat md: t6i wu héa qua trinh phan cum cho

toan bo tap dit liéu.
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Giai doan 1: Phan cum di liéu c¢6 nhan v8i FCM cai tién

Ham muc tiéu duge dinh nghia nhu sau:

L C
nik + n2k
J= 3 M e i
k=1i=1 "%k

Véi céc rang buoc:

Trong do:

n1x: sO luong lang giéng khong ¢é nhan cta diém xy,

nox: O luong lang gieng cé ciing nhan véi xy,

nai: sO luong lang gieng c¢é nhan khéc véi xy,

dyi: khoang cach tit diem z;, dén tAm cum thit ¢
Cap nhat tam cum:

N1k +Nok
Zk L ngp+1 U T

V; = ZL niptrgs ZZl,...,C
k=1 a1 Lik
Cap nhat gia tri hoi vién:
1 .
Uk = —, k=1,..L 1=1,..

¢ (dw\™"
2j=1 (dk])

Sau moi vong lap, 4p dung ham riat gon (defuzzification):

(1.29)

(1.30)

(1.31)

(1.32)

,C (1.33)
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ik néu (i) = I(xy)

Uik =
U5

Uik + 3007y néu i # jva l(j) = l(xy)

Diéu kién dimg: [[v( — v("V|| < & hodc ¢t > Maxsteps.

(1.34)

Thuit toan 1.5 FCM cai tién

PAau vao: Tap di litu X v6i N phan t, s6 phan t ¢ nhan: L < N,
so cum C'; nguong e, tham s6 mo m = 2, so vong lap toi da Maxsteps.
Pau ra: Ma tran hoéi vién U va tam cum V.

1
2
3

4
5
6
7
8

t<0
Khéi tao tam cum UZ(O)
Thuyc hién vong lap:
t+t+1
Tinh u,(:l) theo phuong trinh 1.33
Ap dung rat gon héi vién bing phuong trinh 1.34
Cap nhat tam cum vl-(t) bang phuong trinh 1.32
Cho dén khi: théa man diéu kién diing

ngau nhién

Giai doan 2 va 3: Phan cum ban giam sat

Ham muc tiéu:

N C N C
Jrssrev = > > ugidy; + XS0 S (ups — tgi)*dy; — min
k=1i=1 k=1i=1
Rang budc:
C
ug; € 10,1]; > ug =1 v6i moi k
i=1

Tinh toan tam cum:

o Sy (ufi + Mugs — @i)?)
b Sl (g Ak — ae)?)

Céap nhat hoi vién:

1=1

NG,

)

(1.35)

(1.36)

(1.37)
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L+ A= NS5ty Ay,
(1+XA) X5 (df])

Thuat toan 1.6 Thuat toan phan cum ban giam sat mdo an toan

Pau vao: Tap dit litu X v6i N phan tit, s6 phan tit ¢ nhan: L < N, sb
cum C, ngudng ¢, tham s6 md m = 2, hé s6 diéu chinh A\, ma tran hoi
vién ban dau U
PAu ra: Ma tran hoi vién cudi cing U va tdm cum V.

110

2 Thuc hién vong lap:

3 t<t+1

4 Tinh u,(fz) theo phuong trinh 1.38

5 Tinh ul(t) theo phuong trinh 1.37

6 Cho dén khi: vl(t) — vi(t_l) < € hodc t > Maxsteps

TS3FCM huéng dén muc tiéu “phan hoach dit liéu véi do tin cdy cao” thong
qua viéc stt dung ma tran hoi vién dinh huéng U duge xdy dung tit cac dit liéu
dugce xem la dang tin cdy. Trong thuat toan, quéa trinh phan cum duge thuc
hién lap di lap lai gitta hai budc chinh gom cap nhét ma tran hoi vién U va cap
nhat tam cum V. Khac v6i FCM truyén thong, ma tran héi vién ban dau khong
dugc khéi tao ngadu nhién hoan toan ma duge dinh huéng béi U nham gidm anh
huéng clia cac nhan khong déng tin cdy ngay tit dau qud trinh tdi wu. O mbi
vong 18p, gid tri hoi vién ctia timg diém dit liéu duge diéu chinh dong thoi theo
khoang céch dén tAm cum va thong tin do tin cdy da dude xay dung trude do.
Nho viy, cac diem dit litu c6 do tin cdy thap sé c6 anh hudng nhéd hon téi qua
trinh cAp nhat tAm cum, gitp mo hinh én dinh hon khi t6n tai nhan sai hodc
nhidu. Cach tiép can nay gitp TS3FCM cai thién d6 on dinh va hiéu qua tinh
todn so véi cac phuong phap Safe SSFC trude dé nhu SPFCM hay CS3FCM.
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Tuy vay, TS3FCM van con mét sd han ché dang ké: phuong phap phu thude vao
viéc khdéi tao ngau nhién céc tdm cum, st dung cong thicc ban kinh 1an cdn c6
dinh, va gip kho khin khi xt Iy cdc diém nhiu, ngoai 16, dic biét 1a trong céc
vung bién giao nhau gitta cac cum md.

D. Nhdn xét chung va van dé con ton tai:

Céc phuong phap phan cum ban gidm sat md hién nay chi yéu st dung co
ché danh trong s6 va sang loc dit liéu c6 nhan théng qua hang xém gan, cic co
ché nay da tao hiéu qua dang ké trong viéc gidm cac théng tin gidm st sai léch
khién cho hiéu qua phan cum tang nhat 1a déi véi cac dit liéu ¢ do tin cy thap.
Tuy nhién cédc phuong phép trén van con han ché do con nhay cam véi viéc khéi
tao ngau nhién, viéc xit 1y nhiéu cling chua thuc su hiéu qua v6i nhiing di liéu
c6 do nhidu cao nhat 1a & ving bién cum.

E. Cdc dé zudt cia lugn dn:

Dua vao céc diém han ché con ton tai clia cdc phuong phéap ci, ludn 4n da

nghién cttu va dua ra mot s6 dé xuat nham cai thién cdc han ché ciing nhu ning

cao hiéu qua cua phan cum nhu sau:

« Ap dung phuong phap khéi tao c6 chon loc kmean++ dé cai thién
chat luong dau vao ctia qua trinh phan cum, giip tang kha nang hoi tu
va do on dinh cia thuit toan.

« Ap dung hoc chta déng trong giai doan tién xit Iy khi x4c dinh hang
xém clia cac diém da gédn nhan, nham truy van cdc nhan cé kha nang sai
cao va giam chi phi gan nhan.

« Ap dung co ché ddng thuan dé xit 1y viée thay déi nhan di licu ngay
trong qué trinh xac dinh hang xém, ddm bao sy nhat quan va thich nghi

cuia mo hinh.
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« Pé xuit co ché xic dinh viung bién nham phét hién cic ving c6 do
khong chic chan cao, noi cic nhan c6 thé bi gan sai, gitip mé hinh nhén
biét va xtt 1y t6t hon céc diém dit liéu khé phan cum.

« B6 sung co ché sit dung cip rang budc dudc tao ra dua trén truy
van bién dé tiang do chinh xdc ctia phan cum va cai thién kha ning hoc

thich nghi trong cac tinh hudng dit liéu phtic tap.
1.4 Danh gia hiéu nang thuat toan phan cum

Trong ludn 4n, t6i stt dung bén d6 do phd bién dé danh gid chat luong phan
cum so véi nhan tham chiéu (néu cé) va danh gid ndi tai cau tric cum: RI,
Fl-score, NMI va DB. Ba d6 do dau (RI, F1, NMI) dugc st dung dé so sanh
phan hoach du doan v6i phan hoach chuan (ground truth); chi s6 DB dénh gi4
noi tai dua trén do chat trong cum va do tach gitta cac cum. V6i RI, F1, NMI,
gi4 tri 16n hon thé hién hiéu nang tét hon; véi DB, gid tri nhé hon thé hién cum

to6t hon.

Rand Index (RI) [112]

Goi S = {(4,7) | 1 <i<j <n}latap tat cd cac cap diem dit liéu. Ki hicu
TP 14 s6 cap cung 16p (theo nhan that) va ciing cum (theo mo hinh), TN 1a sb
cap khéc 16p va khic cum; FP 1a s6 cap khac 16p nhung lai bi gom cling cum;
FN 1a s6 cap clung 16p nhung bi tach ra hai cum khac nhau. Khi dé:

TP + TN
RI = — =2 ¢ [0,1]. (1.39)

()
RI phan 4nh ti 1& cic quyét dinh cip ding (cting—ciing hodc khac—khic) trong

toan bd (3) cap; cang gan 1 cang tot.
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F1-score [40]

T ciing cac thong ké cap & trén, Precision va Recall 1an ludt 1a:

TP TP
= — R=————. 1.40
TP + FP’ TP + FN (1.40)
F1-score 1a trung binh diéu hoa ctia P va R:
2PR 2TP
F1 = = € [0,1]. (1.41)

P+R 2TP +FP +FN
F1 nhdn manh cin bang giita bat ding cic cip ciing 16p (recall) va tranh gom

nham céc cip khac 16p (precision).

Normalized Mutual Information (NMI) [113]

Gié st nhan that tao thanh phén hoach Y = {Y7,...,Yz} va mo6 hinh tao
thanh phan hoach du doan Y = {Y1,...,Ye}. Ki higu ny; = |Y;NYj|, ni. = ¥ nij,

n. = Yinij va n =Y, jn;j. Thong tin tuong ho gitta hai phan hoach la:

_ gi: gi: ij 1, <”ﬂ”> , (1.42)

ng. 1.y

v6i quy udc hang tit bang 0 khi n;; = 0. Entropy tuong tng:

H(y):—imlog<ni'), gjjnj ( ) (1.43)

. n n
Dang chuan hoa doi xiing;:

1(V;)
H(Y)H(Y)

NMI = e [0,1]. (1.44)

NMI tién gan 1 khi phan hoach du doén trung khép manh véi nhan that.
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Davies—Bouldin (DB) [114]
DB la chi s6 ndi tai ddnh gid do chit va do tach ctia cdc cum trong phan
hoach ciing. Goi V; 1a tAm cum, 7} 1a s6 diém thudc cum 4. D6 phan tén trong

cum:

$ > llz = Vil%, (1.45)

Z TEL

va do cdch biét M;; = ||V; — V;||. Chi s6 DB:

10 S+S

221 max I, (1.46)

gidm khi cum chat (S; nho) va tach xa (M;; 16n). DB dugc tinh sau budc
defuzzification (gan cum theo dé phu thudc 16n nhat), bé sung géc nhin hinh

hoc cho RI/F1/NMI.

Partition Coefficient (PC) va Partition Entropy (PE) [115]

PC va PE la cac chi so noi tai danh gia mitc do “sac nét” hay “md” trong

phén hoach ms. V6i ma tran dd phu thuoc U = (ugy):
n C 1

PC=—-> Y uj € [ 1] : (1.47)
i=1 k=1 C

PC cang cao — do phu thudc cang sac, bién cum ro rang.

Entropy phéan hoach:

3\'—*

n C
=1 :1

PE cang thip — phan hoach cang 16 (it md), phu hop dé danh gid bién cum

trong dit litu chong lan.



o1

Fuzzy Davies—Bouldin (DBy,,,,) [115]

DBiyyy 12 bién thé md ctia Davies-Bouldin, phdn dnh ding ban chit phan

cum mo:
S ujpllzi — Vil ?
S = L My = ||V — V|| 1.49
k J SR , w= Ve = Vi (1.49)
Khi dé:
1 & Sk + 5]
DBty = —= ) 1.50
fuy = 5 2 g (1.50)

Chi s6 nay dac biét phu hop cho phan cum ban gidm sit mo vi diém gan bién

(A6 phu thudc thap) c6 dnh hudng it hon so véi diém 16i cum.

Téng quan: Bo bay d6 do RI, F1, NMI, PC, PE, DB /DBy, cung cap
déanh gia toan dién: - RI/F1/NMI phén anh mttc do phu hgp ngit nghia so véi
nhan thit (ngoai tai), - PC/PE vA DBy, dinh gia do sic nét va hinh hoc
cia cum (ndi tai), - DB (cting) cho phép so sanh mitc do tach/chat sau khi
defuzzification.

Su két hop nay dam bao viéc danh gid mé hinh phan cum ban gidm sat mo

vita ding 1y thuyét do phu thudc, vita phan dnh cau tric that cta dit lidu.
1.5 Két luan Chuong 1

Chuong 1 da hé théng hoé cac nén tang 1y thuyét phuc vu truc tiép cho bai
toan phan doan anh. Trudce hét, ludn 4n nhic lai nhitmg khai niém c6t 161 vé tap
md va cdc mG rong, ¢ ché gan do phu thuoc va ham muc tiéu ctia FCM, tit d6
dan dat 1én phan cum ban gidm sit mo (SSFC) — noi thong tin phu (nhan hat
gidng, scribbles, rang budc must-link/cannot-link, ciu trtic 1an can) duge tich
hop dé diéu chinh phan hoach. Trén co sé d6, chuong da diém luge cdc nhanh
tiép can SSFC gan day nhu SSFC “an toan” /“tin cay”, SSFC trén cic mo hinh

tap mo nang cao, SSFC véi nhiéu hé s6 mo (multi-fuzzifier), ciing vai tro ctia
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hoc chii déng trong viéc thiét ké truy van (diém/cip/cau tric) nham téi da
luong théng tin thu dude dudi rang budc chi phi gdn nhan thap. Ciing trong
chuong nay, bai todn phan doan anh, cic tng dung thuc té cling nhu viéc 4p
dung phuong phap phan cum trong bai todn phan doan anh da dugce trinh bay.
Bén canh d6 chuong ciing xéc lap bo tiéu chi ddnh gid hiéu nang xuyén sudt
luan an.

T cdc nghién ctiu téng quan trong chuong nay, ludn an da tim ra khoang
tréong khoa hoc trong cdc phuong phdp phan cum ban gidm sit md hién nay
nam & su gin két chit ché gitta mém hod ranh giéi, d6 tin cdy va tinh chi dong
ctia truy van. Dua trén nén cic khodng tréng néu trén, ludn an dinh huéng
nghién cttu gidi quyét van dé theo cic hudng sau: (i) hoc chii dong tip trung
ving bién nham “cd dinh” ranh giéi noi st mép md do phu thude cao va nguy
co lan truyén sai 16n; (i) khai thac truy van cdp rang budc (ML/CL) nhu kénh
phan hoi hiéu qué-than thién dé hiéu chinh ciu tric cum theo ting bude, véi
tiéu chi lya chon cdp cAn bang bat dinh-dai dién-da dang-anh hudng; va (iii)
x1t Iy do tin cay duwa vao hoc chii dong.

Céc nghién citu dé xuat vé cdc phuong phap phan cum ban gidm sit md cht

dong méi dude trinh bay trong cdc chuong tiép theo.
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Chuong 2

Pé xuat phuong phap phan cum ban
giam sat md chu dong duya vao bién
cum

Chuong nay trinh bay két qua nghién ctu vé phuong phap phan cum ban
gidm sat mo chtit dong dua trén vung bién cum méi (ASSFBC). No6i dung chinh
ctia chuong bao gom: Phan mé dau dua ra dinh nghia vé bién cum, thach thic
khé khan va dong luc ctia thuit todn, ¥ tudng thuat todan dé xuit, so do mo ta
cling chi tiét ting budc trong thuét toan, phan tich do phiic tap tinh toan, va
két qua thuc nghiém trén tap dit lieu UCIL Bén canh dé, chuong ciing dé cap
dén cac thi nghiém duoc thuc hién trén dit liéu &nh nham phuc vu cho bai toan
phan doan &nh dé phéan loai 16p pht mit dat. Két qua thu ducc chting minh
hiéu qua ctia phuong phap dé xuat khi so sanh v6i cadc phuong phap khéc trong

cung linh vuc.
2.1 M4 dau

Cho tép dit litu X = {x1, 29, ..., 7, }, v6i 7; € R? v s6 cum can phan hoach
la ¢. Muc tiéu ctia bai toan phan cum ban gidm sat md la xay dung ma tran do
phu thudc md U = [u;j]exn va tap tAm cum V = {vy, vy, ..., 0.} sao cho t6i wu
dong thoi tinh compactness clia cum va tan dung hiéu qué théng tin nhan han
ché dé nang cao chat luong phan cum. Trong d6, cac diém dit liéu nam tai ving

bién cum dude x4c dinh 14 cic diém c¢6 mitc d6 phu thudc gan tuong duong gitta
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hai hodc nhiéu cum, giy ra su khéng chic chin trong quéd trinh gén cum. T
dé, bai toan dat ra 1a lam thé nao dé xéc dinh chinh xéc cdc diém viing bién
va khai théc hiéu qué thong tin nhan tai cdc ving nay nham cai thién do chinh
x4c va tinh 6n dinh ctia mo6 hinh phan cum.

Mot trong nhitng thach thttc then chét clia phan cum ban gidm sit md 1a
viéc thuong gap kho khan khi xtt 1y 6 viing bién gitta cdc cum. Bién cum am chi
nhiing ving ma cac diém dit liéu nam gan céc ngudng quyét dinh gitta cac cum,
tao ra su khong chac chin va khong chac chan trong viéc gan cum. Trong dit
liéu thuc té, cac diém dit liéu thudng biéu hién cac dic trung pha tron, khién
viéc phan loai chinh xéc tré nén khé khan va lam suy giam do chinh xac phéan
cum. Vi du, trong phan doan anh, cic bién cum khéng r6 rang c6 thé dan dén
bién doi tuong bi ma hodc sai léch; tuong tu, trong sinh tin hoc, cdc cum gene cé
chitc nang chong lan gy ra thach thttc 16n trong phan loai. Tinh md ctia SSFC,
von cho phép mttc do phu thudc cum khéc nhau, cang lam gia ting su khong
chic chin tai cdc ving bién, nhdn manh nhu cau vé céc cich tiép can tinh vi
hon dé xit 1y bat dinh lién quan dén bién mét cach tuong minh.

Hoc chit dong ducc xem 13 mdt giai phép tiém ning dé nang cao hiéu qua
ctia phan cum bén gidm sat mS bang cach tap trung vao cac diém dit liéu quan
trong nhat. Phuong phap nay cho phép mé hinh hwa chon cic diém dit liéu c6
gid tri thong tin cao dé gdn nhan, thay vi gdn nhan moét cdch ngau nhién, gitp
giam thiéu s6 luong dit liéu ¢6 nhan can thiét ma van ddm bao hiéu suit phan
cum. Mot sb nghién citu trude day da ap dung hoc chit dong vao phan cum,
chang han nhu Seed-based K-Means hay Seed-based FCM [30], nham t6i wu héa
qué trinh gadn nhan va cai thién kha ning phat hién cau tric cum. Mac du ¢
nhiéu wu diém, hoc chii déng van gip phai nhiing thach thitc nhat dinh nhu chi

phi tinh toan cao, phu thudc vao cach chon diém dit liéu ban dau va kha nang
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xtt 1y céc tap dit licu 16n chua thuc su t6i wu.

Két hop hoc chii dong v6i phan cum ban gidm sit md md ra huéng di méi
nham nang cao do chinh xdc va kha ning thich tng ctia md hinh phan cum.
Thay vi 4p dung phuong phap hoc chi dong trén toan bd tap du lieu, viéc chi
tap trung vao céc diém nam gan bién cum cé thé gitp cai thién chit luong phan
cum va t6i uu hda viéc sit dung dit litu c6 nhan. Mot cach tiép can hiéu qui
13 stt dung rang budc cip dé huéng dan qua trinh hoc, ddm béo rang cac diém
dit liéu c6 tinh chat tuong dong s¢ dudc nhém vao cting mot cum, trong khi cac
diém khéc biét duge téch biét 16 rang. Phuong phap nay gitp cai thién do chinh
xac clia md hinh ma khong lam tang déng ké chi phi tinh toén.

Mac dit da c6 nhieéu nghién citu két hop hoc chit dong va phan cum ban giam
sat md, van con mot so6 han ché can duge gidi quyét. Mot trong nhiing thach
thitc 16n nhat 1a cach xéc dinh ving bién cum mdt cach chinh xac dé lua chon
diém dit litu phi hop cho qué trinh hoc chii ddng. Néu ving bién khong dudc
xac dinh ding, viéc chon sai diém gan nhan cé thé lam gidm d6 chinh xac ctia
mo hinh. Hon nita, tinh toan hiéu qua trong méi truong dit liéu 16n cting la mot
van dé quan trong, khi ma cidc phuong phép hién tai van doi héi tai nguyén tinh
toan dang ke.

Nhitng thach thic va khoang tréng khoa hoc nay chinh la déng luc dé
ludn 4n phat trién cdc phuong phép phan cum ban gidm sat mo hiéu qua hon,
diic biét 1 trong viée xit Iy cdc diém nam gan bién cum. Trong chuong 2 nay,
ludn an trinh bay phuong phap phan cum ban giam sat md chi déng
dwa vao bién cum tich hop hoc chii dong mét cach cai tién dé t6i wu hoéa qua
trinh phan cum, gitup giai quyét cidc han ché clia cidc thuat toadn cii véi ving

bién, nhiéu cting nhu cai thién hiéu suat phan cum.
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2.2 Y tudng thuit toan

Phuong phép dé xuit bat dau bang viéc phan cum dit liéu sit dung thuét
toan Fuzzy C-Means (FCM). Buéc nay khong chi nhém cac diém dit liéu vao
cidc cum ma con xic dinh cac ving chong lan hay con goi 1a bién gitta cdc cum.
Nhitng ving nay bao gom cac diém dit liéu khéng duge gdn mét cach chic chin
vao mot cum cu thé, diéu nay cho thiy kha nang bi phéan loai sai.

Budc tiép theo 1a 4p dung k¥ thuit hoc chii dong vao céc ving bién nay.
Bang céch chon loc va truy vin chuyén gia hodc mot hé théng ho trg (oracle) dé
xdc dinh nhan thuc su cta cdc diém dit licu khong chic chin, thuit toin cé thé
dieu chinh lai d6 phu thudc ctia ching vao cum phu hgp, tit d6 cai thién chat
luong phan cum tong thé.

Trong giai doan tiép theo, cdc tAm cum ciia ving bién va cac diem dit liéu
da duge diéu chinh thoéng qua hoc chit dong sé duge sit dung dé tinh chinh lai
qué trinh phan cum. Mot thudt todn phén cum méi duge phat trién v6i muc
tiéu diéu chinh d6 phu thudc cac diém trong ving chong lan sao cho ving nay
nhé di. Dieu nay gitup gidm sé luong phan tit viing bién gitta cdc cum, tang do
ro rang cua ting cum va cai thién kha nang phan tach gitta cac cum.

Dua trén nhitng ¥ tudng chinh nay, ching ta c6 thé xdy dung moét so dd minh

hoa phuong phap dé xuat, nhu thé hién trong Hinh 2.1.

2.3 Chi tiét thuit toan

Phuong phap ASSFBC dudc xady dung nham giai quyét mot trong nhitng han
ché quan trong ctia cdc thuidt todn phan cum md truyen théng, dé la kha nang
xtt Iy cdc phan ti dit liéu nam tai ving bién gitta cédc cum. Céc diém di liéu

nay thudng cé gia tri do6 phu thudc gan nhu nhau déi véi nhiéu cum, dan dén
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st khong chic chin trong qué trinh gan nhan va lam gidm dé chinh xéc cta két
qué phan cum. Dé khac phuc, ASSFBC dé xuit mot ham muc tiéu méi, tich
hop dong thdi ba thanh phan: phan cum md, phan cum ban gidm sat md, va
hiéu chinh bién cum bang hoc chii ddng. Toan bd quy trinh van hanh ctia thuit
todn dude mo ta trong hinh 2.1 thanh mdt tién trinh lién mach véi cac giai doan

Sau.

(@ D liéu sau phan tichl

! Str dung dir liéu da
dugc truy van dua
vao dir liéu ban giam sat

’ \
I Phan déng gop 1
I '\ ctia bai bao ,'

‘ )
0%o &
» 020 Phan cum FCM |
& , )
A R O T | e R e e R, i ____________________ N
|
! il Xac dinh viing di liéu :
I N bién giita cac cum i
! Thujt toan t3i uu méi | )
[ tinh chinh viing bién | 'L :
I
! (Péng gop cua dé tai) | Truy vén céc dif lidu i
: - _ Q nhiéu théng tin nhat <=~ -@ :
| l & viing bién .
| l Expert I
I
! ‘ @ Dit liéu dau ra J .
: 05 Diéu chinh cic diém !
8 ¢ -0—  biphan cum sai 1
! 1
i :
y I
y 1
1
]
1
1
:
1
7

020 X}i‘ ly vilrlg bién TI'1uét toan tt:)'i uu Téi Két qua @ Dir liéu { Quy trinh téng quat
oY vatruyvan (tinh chinh viing bién) phén tich ! clia phuang phap ASSFBC
\

7/

Hinh 2.1: M6 hinh phan cum ban giam siat md chi dong dwa trén vung bién cum

(ASSFBC)

Dau tién 1a giai doan phan cum khéi tao (Fuzzy Part). Tai budc nay,
thuat todn Fuzzy C-Means (FCM) dugce 4p dung truc tiép 1én tap dit liéu dé xéc
dinh cdc tAm cum ban dau ciing nhu ma tran do phu thudc. Muc tiéu téi vu 13

cuc tiéu hoéa tong khoing cich binh phuong gitta cic diém dit liéu va tAm cum
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ma chiing thudc vé, qua dé hinh thanh nén cau tric phan cum nén tang. Day la
buée quan trong, tao tien dé cho cac hiéu chinh sau nay, béi néu khéng cé mot
khung phan cum ban dau dua tot thi viéc xit Iy bién ciing sé tré nén kém hiéu
qua.

Tiép theo, thudt todn chuyén sang giai doan x4ac dinh bién cum (Clusters
Boundary Determination), dugc viét cu thé & thudt toan 7. 0 giai doan nay,
ASSFBC dinh nghia bién cum la tdp hop céc diem dit liéu ma sy chénh léch
gid tri hoi vien doi v6i hai cum gan nhat nhé hon mot ngudng @ dinh san. Cu
the, voi mot diém dit lidu zy, néu ton tai hai cum 4 va j sao cho |ug; — ugj| < 0
trong d6 uy; 14 d6 phu thudc 16n nhat ctia diém, thi x;, duoe coi 1a mot phan
tit bién. Céc phan tit nay chinh 14 nhing diém dit litu gdy kho khan cho thuét
toan phan cum do mitc d6 khong chic chin cao. Nhu viy, budc nay cho phép
hé théng khoanh viing va tap trung vao nhiing diém dé gdy nham 1an, thay vi
xtt Iy toan bo dit litu mot cdch dong déu.

Sau khi da xdc dinh duoc cac diem bién, ASSFBC tién hanh budc hoc chii
dong va hiéu chinh dé bién cum (Boundaries Adjustment), dugc viét
cu thé trong thuat toin 8. Pay 1a giai doan ma thong tin tit chuyén gia hodc
“oracle” dugc dua vao quy trinh. Cac diém bién duge dua ra dé chuyén gia xéc
dinh nhan chinh xdc. Trong khuon khd thuc nghiém ctia ludn an thi viée truy
van nay sé dude thuc hién bang cach 1y nhan truc tiép tit bo dit lidu. Néu két
qué chuyén gia cung cap khac v6i phan cum hién tai ctia thudt todn, gid tri do
phu thudc ctia cac diém nay sé duge hiéu chinh lai theo huéng phit hop v6i nhan
ding. Trong thuc nghiém, chuyén gia duge mé phéng bang nhan ground-truth
ctia bd dit liéu. Tuy nhién, do két qua phan cum chi tao ra cdc cum ma khong
c6 v nghia nhan c¢6 dinh, nén trude tién can thuc hién 4nh xa gitta cum va nhan

thuc té bang phuong phap majority voting Viéc diéu chinh nay déng vai tro
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quan trong, vi né truc tiép lam gidm su khéng chic chin tai viing bién va khéc
phuc cic sai s6t ma ban than FCM hay cac bién thé ban gidm sat khé xit 1y.
Qua d6, d6 chinh x4c ciia két qua phan cum dudce nang lén mot cach dang ké.

Tiép ndi giai doan hiéu chinh viing bién cdc cum 1a bude tinh chinh bién
cum (Boundary Semi-Supervised Fuzzy Part). O bude nay, cac tam cum
va ma tran do phu thudc dugce cdp nhat lai bang cich st dung thong tin hiéu
chinh tit cdc phan ti bién. Vé ban chat, qua trinh nay c6é muc tiéu kéo céc tam
cum dich chuyén gan hon mot chit so véi cic diém bién da duge xdc dinh va
hiéu chinh ding. Nhdo do, cac vung bién gitta cdc cum tré nén ré rang hon, do
chat (compactness) dugc cai thién, va su tach biét (separation) gitta cdc cum
duge nang cao. Pay chinh 1a su khéc biét then chdt cia ASSFBC so véi céc
thuat toan ban giam sat truée day, béi né khong chi st dung rang budc & miic
toan cuc ma con tap trung truc tiép vao vung khé khan nhat cia qua trinh phan
cum.

Cudi cing, toan bo cac bude trén duge 1ip di 18p lai trong giai doan tdi wu
ho4 (Optimization Process). Qu4 trinh 18p ndy tiép tuc cho dén khi su thay
doi gifta cdc tAm cum & hai vong lap lién tiép nhé hon mét ngudng nhat dinh
ho#ic khi dat dén sb vong lap toi da.

ASSFBC hinh thanh mot ham muc tiéu méi 2.1, trong dé su két hop giita
phan cum md, phan cum ban gidm st md va hiéu chinh bién cum bang hoc chit
dong ducce thé hién mot cdch nhat quan. Ham muc tiéu nay khong chi t6i wu
phan cum dua trén khoang cach dit liéu va mic do hoi vién, ma con chu dong

x1t 1y cdc viing bién, von 1a noi dé phét sinh sai sot :
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L C

N C
min J(u,v) = 3 3y lon = ol + o Y Jury — gl ok — vy
) k=1j=1 k=1j=1

2
R
vimphy T +

2
1
vy X
heNy

1=1 d=i+11eN;y heN;
(2.1)
V6i cac rang budc: ugj, ur; € [0,1], VE = 1,..., N trong d6 tap du liéu
X = {z1,29,..., Tk, ..., 2N} v6i s6 luong diém dit liéu N, sé luong cum C,

va do phu thudc ctia phan t k trong cum j: ug;, binh phuong khodng cach
|z — v;]|* tt phan ti dit lidu k& dén tAm cum v;. L 1a lyc lugng diém dit liéu
& tat cd cdc viung bién bao gom ca cac diem gidm sat da dude truy van. Njg 1a
s6 luong diém dit liéu thude ving bién gitta hai cum i va d, v6i Nig < N. Tap
cac diém nay dude phan hoach thanh hai nhém c6 luc luong N; va Ny sao cho
Njq = N; + Ny, trong d6 mot diém bién z; thudc nhém i néu uy > wg, va thudce
nhém d trong truong hop nguoc lai; chi s6 [ ky hiéu mot phan tit bat ky cta
tap bién Nyg. ul; 1 hidu ctia do phu thude ctia phan tit [ (duge tinh & vong lip
trude dé st dung cho vj), ﬁ S hen, T, duge tinh cho trong tdm ciia cdc diém
ving bién huéng vé cum i va ﬁ > hen, Ty dudc tinh cho trong tam cua céc
diém viing bién huéng vé cum d.

s 2 2’ X 2 N oA
Ta c6 thé xem xét ba phan ctia ham muc tiéu:
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N C
SN g |k — v 1a phan m& (fuzzy part).
k=1j=1
L C
a ) N uky — gl ||z — vy 1A mdt phan md& ban giam
k=1j=1 sat chi1 dong, va trong phan
nay, ching ta liy cac phan
t vung bién dugc gan nhan
dya trén hoc chii dong cho
ham thanh vién lam thanh
vién dugc giam sat.
c-1 © 1 Z
By > > (1= )| N 2 | |1a thanh phan t3i wu dya
i=1 d=i+11EN;q I h€N;q N N oA
, | vao vung bién.
c-1 C 1
!
+5 > > (1= pig) |va INy| Th
i=1 d=i+11EN;q4 dl heNy

Béng 2.1: C4c thanh phan trong ham muc tiéu

Ghi chi: Thanh phan thit ba trong ham muc tiéu duoc thiét ké nham dieu
chinh vi trf cdc tAm cum dua trén thong tin tit cdc diém bién da duge xéc dinh
va hiéu chinh nhan. Cu thé, v6i mdi cap cum (i, d), trong tam Tjq ctia tap diém
bién N,;g phan 4anh vi tri trung tAm ciia viing chong lan gitta hai cum nay. Thanh
phan thit 3 cia ham muc tiéu khong nham kéo cdc tdm cum dich chuyén manh
vao viing chdng lan, ma déng vai trdo nhu mot co ché diéu chinh mém. Cu thé,
trong s6 (1 — pl;) ddm bao rang chi nhimg diém bién c6 mitc d6 khong chic
chan cao (ttc pt; nhé) méi tao ra anh hudng ddng ké 1én vi tri tAm cum.

Nh¢ dé, cac tdm cum ducc dieu chinh nhe nhang huéng veé vi tri trung tam
clia viing bién chua 6n dinh, gitp giam hién tuong dao déng hoic léch tam bat
thuong trong qué trinh lap. Pong thai, hé s6 3 cho phép kiém soat mitc d6 anh
hudng clia thanh phan nay, dam bdo rang ciu tric toan cuc ciia cdc cum khong

bi phé v& va miic d6 chong lan khong bi gia tang qué mic.
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Dao ham theo v; ta co :

0J N, L B
Gy = 2 2 g (vy = xx) + 20 3 fuig — gl (v — )
'Uj kZl kZl (22)
+28 (1 - Nild)(vi —T)+28 ) (1 - Nild)(vd —Ty) =0
lENid leNid

z 1 h 1
Trong d6 T; = ™I YoheN; Th va Ty = ™ > heN, Th
Vi dao ham riéng theo v; chi xét dén cdc thanh phan ma v; thuc sy xudt

hién, nén ta cé hai truong hgp:

P - 2(v; — T;), néuv; =, )5
ol =T = | 23)
0, neu v; # vj.

9 , 2(v; — Ty), néu vj = vy,
5. lva = Tall” = (24)
Uj 2
0, neu v; # vq.

Tai mdi lan dao ham, v; chi c6 thé tring v6i moét trong hai tAm v; hodc vg.
Hai trudng hop nay cho két qua cung dang 2(v; — Tg), trong d6 Ty = T; néu
v; = v; va Tig = Tg néu v = vg.

Tu doé ta co:

N L
2> uj (v —a) +2a0 > upg — ks P (vj—x) +28 Y (1—ply) (v;—Tia) = 0. (2.5)
k=1 k=1 lE€N;q

Nhém cac hang chtia v:

N L
23 up 200> Jukg — P +28 Y (1= ply) |v
k=1 k=1 €N,y (2 6)

=9 Z ukj:rk + 2 Z upj — ukj| rp+26 > (1— i) Tia.
lEN;q
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Riit gon va chia hai vé cho hé sb chung:

N L
2 uijxk + 20 Y Jugj — g ?or + 28 % (1— pul)T;
k=1 k=1 l€N;q

(2.7)

2 2.19 D — upil?+2 1—p}
k2::1 Ui T Qk§1’uk] gl ¥ ﬁle%:\fi( Hia)

d
Chung ta c6 dieu kién rang budc:

C
Sug; =1, Vk=1,...,N.
j=1

Do dé, ap dung hé s6 nhan Lagrange cho mdi k =1,..., N:

J(u,v,\) = J(u,v) — iAk (i Upj — 1) : (2.8)

Bang cach dat

0J(u,v, \)
“ouy =
Uk
cho phan tit k& va cum j da cho (v6i khodng cach di; = ||z — v;]|?), ta c6:
QUkjdij + 20[(’L_ij — Uk:j)<_dzj) — A\ = 0. (29)
biéu nay dan dén:
200y d3; + A Ui A
Ukj = Al 5 L u 5 (2.10)
2(1 + a)dj; l+a  2(1+ a)d;
Bang cach dat
0J(u,v,\) 0
o\ o
ta co:
c
S gy = 1. (2.11)
j=1

Dan dén:
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C QU )\k )
=1 (2.12)
]:Zl (1+a 2(1 + a)di

Do do, ta tim dugc:
1 — o ZG_ s
Ao = At S (2.13)
2(1 + a)dy;

Thay (2.11) vao (2.8) ta cé:

P
_ — ULs
gy = ki 1dais " (2.14)
T 1+a 2 ECI 1
kj =1 dil
Pat - _ C = N _ dl:J'Q
at 1 s = ijl Ukj Va Wgj = f} -
= kh
(2.12) sé thanh:
a «
uk]- = 71+Oéukj—|— (1— 1+()5$k) wkj

Bén canh dé, v4i mdi diém dit ligu z;, ki higu
Zy ={k|di;=0}

la tap cdc cum ma diém z; ¢6 khoang cdch bang 0 dén tam cum va lycz.y la
ham chi muc.

Ta xay dung cong thitc cap nhat:

1 ,oe
7] Likez,) véi [Z;] > 1,
g = (2.15)

ukj + (1 —

sk> Wi, , Vol |Zj| =0.

1+« 1+«
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Chitng minh rang 0 < ug; < 1:

Trudng hgp ton tai cum cé dij =0

Theo cong thiic (2.13) hién nhién ta c6 uy; > 0 va chzl ug; =1
Trudng hgp khong ton tai cum c6 di; = 0, khi do:

(1) Trusng hgp chuian héa:

9
Yo =1, 0< ;<1
j=1

Khi d6:
o n 1
Up; = ——— Uki + ——— Wi;.
g 1+« & 1+« ki
Vi ﬂk;je[o,l] va wkje((),l),ta co:
a n 1
Up; = —— Uk Wi
kg 14+« & 14+« &

14 t6 hop 16i ctia 2 56 € [0, 1] nén uy; € [0, 1]

hon ntta do chzl Up; = 1 va Zg’;l wy; = 1 nén dé thay :

c o
=t 1=1.
j;ukj 14+« + 14+«
Vay:
0< Uk < 1.
(2) Trusng hgp chuan héa dusi miic:
C
0 < u <1, SkZZkajgl.
j=1

Cong thitc cap nhat:
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o (1)
Ugj = Uk — Sk ) Wg;.
kj 1+ kj 1-|-Oék kj
Dé thay

i - +1— 1

Ugj = —— - § — Sp =

e I l+a "
Bén canh do6 do s; < 1 nén:

1
1 a >0

— S1. >
1+a """ 1+a

cung vGi 1%( ur; > 0 va w; > 0, ta co:

Uk > 0.
Suy ra:
0< Uk < 1.
Két luan
Trong moi truong hop:
0 <ug <1

Chitng minh hdi tu: Ham muc tiéu J(u,v) bao gom ba thanh phan: (i)
thanh phan chuan FCM phan anh dd chit cum, (ii) thanh phan bin gidm sét
ép u tiém cin @ tai viing bién dudc gdn nhan, va (iii) hang ti diéu chinh bién
cum lam co nhé ving chong lan.

Khi ¢6 dinh v, J(u,v) 1A hAm bac hai theo u, kha vi va 16i; do dé nghiém cip

nhat v+ thu duge tit cong thic déng 1 cuc tiéu cuc bo:
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(t+1)

u = argmin J(u, v®).

Tuwong tu, khi ¢6 dinh u, J(u,v) 1A ham binh phuong khodng cch cé trong

s6 theo v, vi vy viée cAp nhat v+ cling lam gidm hodc gitt nguyén gid tri cia

J:

Y = arg min J(u®Y v).

Do mdi buée lap dam bao

J(u DY < (w0 p®)),

va J(u,v) > 0, nén diy {J®} gidm don diéu va bi chin dudi, suy ra ton tai gioi

han httu han J*:

lim J® = J*.

=00

Nhu vay, thuat toan ASSFBC héi tu don diéu vé mot diem dimg (u*, v*) thoa
cac dieu kién cuc tri % =0 va % = 0, tuong tng v6i nghiém cuc tiéu cuc bo
cua ham muc tiéu.

Thuét todn "Xac dinh bién cum" bit ddu bang viéc xdc dinh s6 lugng mau
dit liéu can truy van chuyén gia thong qua tham sé seed_rate, tuong tng véi ti
1é phan tit dugc Iua chon tit toan bd tap dit lieu. Gia tri nay thudng dude thiét
1ap ¢6 dinh d6i véi ting bo dit liéu cu thé nham kiém soédt s6 luong thong tin
gidm sat duoc sit dung trong qué trinh hoc chii dong. Sau dé, véi mdi diem di
liéu z, thuat todn xac dinh cum c6 do phu thudc 16n nhat i* va tinh gid tri
Uk dif, biéu dién do chénh léch nhé nhat gitta d6 phu thudc 16n nhat véi cac do

phu thuoc con lai. Gid tri nay phan 4nh mitc do khong chac chin ctia diém di
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liéu trong qud trinh phan cum: u;, 4y cang nho thi diém di liéu cang nam gan
vung bién gitta cac cum va cang khé phan biét cum chinh xac. Dua trén tiéu chi
d6, thuat toan xdy dung tap bién L bang cach lua chon cic diém cé uy g5 <.
Tiép theo, cdc diem dit lidu duge sip xép ting dan theo gid tri us 4, va N,
diém c6 gia tri nhoé nhat sé dude lua chon dé truy van chuyén gia. Viéc lua chon
nay dua trén chién luge bat dinh trong hoc chii dong, do cac diém viing bién
thudng chita nhiéu théng tin nhat va cé anh huéng 16n dén chat luong phan
hoach cum. Céc diém dudc truy van sau dé déng vai tro nhu cac phan tit quan

trong gitup dinh huéng va tinh chinh quéd trinh phan cum & cac buéce tiép theo.

Thuat toan 2.1 Xac dinh bién cum

Pau vao: X = {z;}1,, 6 cum C, ma tran d6 phu thuoc U € [0, 1]V*¢,
ngudng bién 6, ti 16 truy vAn seed rate. Pau ra:Tap diém bién L va
tap truy van Q.

1 N, < [N - seed_rate]

2 Lap v6i k =1 dén L:

3 " < argmax; u;

4 Uk dif < min#i*
5 Két thic lip
6
7
8

Uk 5% — Ukj|

L/(— {/CL’k | Uk dif < 9} .
Sap xep cac diem du liéu zj, theo gia tri ui_q;r tang dan
Chon N, diém b uy, g4 s nho nhat lam cdc phan ti viing bién duge truy van.

Thuét toan "Diéu chinh Bién Cum' hoat dong bang cach tinh chinh ma tran
do phu thudc dua trén phan hoi ciia chuyén gia. Trong ludn 4n, toi thuc hién
mé phéng phan hdi chuyén gia bang céch 1y nhan cum truc tiép tit tdp nhan
clia tap dit lieu. Trong moi lan lap, thuét todn so sanh két qua phan cum véi
két qué sau khi truy van cho céc phan tit bién. Khi truy van chuyén gia, luan
an st dung tiéu chi bat dinh trong hoc chii déng vi lua chon cac diém c6 hiéu

do phu thudc gitta 2 cum 13 nhé nhét, diéu nay thé hién diém c6 do "map mo"



69

cao nhit nam & bién gitta 2 cum. Céc didu chinh dude thuc hién bang cich sia
doi cac gia tri do phu thudc theo mot ngudng § duge xac dinh trude, dam bao
rang viéc phan cum thich ting véi cic chinh sita clia chuyén gia. Tai bude nay @

ciing dude xac dinh chinh bang dd phu thudc ctia cic phan tit duge truy van.

Thuit toAn 2.2 Diéu chinh bién cum

Pau vao:

e U: Ma tran do phu thudc ctia tap dit liéu Y gom N phan tt.
e R: Tap két qua phan cum tit FCM cho céc diém Y.

o 0: Mét gid tri duong nhé dé diéu chinh bién.

Pau ra: Ma tran do phu thuoc da diéu chinh U.

1:+0
2 Thuc hién vong lap:
3 i+i+1
4 Lap qua timmg phan tit bién z; dudc xac dinh:
5 Truy van chuyén gia dé ldy nhan cum thuc té ru;
6 Néu r; # ru; thi:
7 (k,‘j) < arg maxXyz;{ Wik, wij }
8 Neéu |’LLZ]€ — uij| > ¢ thi:
9 m <« (ulk+uw)/2
10 Ui, <— M — /2
11 Ujj <= M + 5/2
12 Ngugc lai:
13 (uik, uij) < (uij, ulk)

14 Cho dén khi: i > N )
15 Cap nhiat cac diém da truy van vao U

Thuat toan ASSFBC la su két hop gitta phan cum md FCM, hoc ban gidm
st va hoc chii dong dua trén ving bién cum nham cai thién chat luong phéan
cum dbi véi cac dit lidu c6 miic d6 khong chic chin cao. Trude tién, thuit todn
thuc hién phan cum khéi tao bang FCM dé xdy dung ma tran dd phu thudc ban
dau U. Tt ma tran nay, cdc diém dit liéu nam gan viing bién gitta cdc cum dudc

xac dinh dua trén mtc chénh léch nhé gitta cdc d6 phu thudc. Nhitng diém c6
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do phu thuoc canh tranh cao gitta nhieu cum dude xem 1a chtta nhieu thong tin
nhat va duge lua chon dé truy van chuyén gia theo chién luge bat dinh trong hoc
chit dong. Sau khi nhan phan hai tit chuyén gia, thuat todn tién hanh diéu chinh
ma tran do phu thudc nham ting mic d6 phu thudc ctia diém dit liéu vao cum
ding va gidm anh hudng clia cdc cum con lai. Dong thoi, ma tran dinh huéng
U cling dude xdy dung tit cdc phan ti duge hiéu chinh dé hé trg qué trinh tbi
uu tiép theo. 0 giai doan cudi, thuat toin lap cdp nhat ma trdn do phu thuoc
va tdm cum cho dén khi hoi tu. Qué trinh nay giup ASSFBC vita tdn dung cau
tric noi tai ctia dit licu nhu FCM truyén théng, vita khai thac hiéu qua thong
tin ban gidm sat tai cic vung bién cum dé nang cao do chinh xéc va d6 6n dinh

cua ket qua phan cum.

Thuat toan 2.3 Phan cum ban gidm sat mo chu dong duwa vao vung
bién cum (ASSFBC)

Pau vao: Tap dit litu X = {z;}Y ;, ma trdn do phu thudc U, ngudng
hoi tu €, s6 vong lap t6i da Tinax.
PAiu ra: Ma tran d6 phu thude U, tAm cum V.
U+ FCM(X).
X4c dinh tap bién va tap truy van L, N, < X4c dinh bién cum(U).
Didu chinh: U, U «+ Diéu chinh ving bién cum(U, N,)
t<0
Khéi tao tam cum U](-t) tir két qua trude do, véi j =1,...,C
Thuyc hién vong lap:
t+—t+1
Cap nhat u® theo (2.15)
Cap nhat v® theo (2.7)
Cho dén khi: [0 — o= < & hodc t > T

© OO ULk W=

[t
e}

Do phitic tap thuat toan
Theo ding quy trinh ctia ASSFBC gom bon giai doan: (i) FCM trén toan

b6 dit litu: mdi vong 1ap cdp nhat ma tran d6 phu thudc theo cong thitc chuan
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dang ti 1¢, trong d6 viéc tinh todn moi gid tri ug; yéu cau tong hop trén toan
b6 C cum con lai, ddn dén chi phi O(NC?) cho mdi vong lip, do d6 véi I
vong 1ap chi phi 1a O(IoNC?); (i) X4c dinh bién cum: tinh do chénh léch (hodc
chi s6 “gan bién”) tit ma tran do6 phu thudc va sip xép dé uu tién cic diém
khong chac chan, chi phi O(NC + Nlog N) (thudng gop vict ~ O(N log N));
(iii) Tinh chinh bién cum: Thuét todn chi truy van va hiéu chinh trén mot tap
con rat nhd cac diem bién Q véi |Q] = N, < N (céc diem c6 mitc bat dinh cao
nhat). Véi méi diem z; € Q, thao tdc can thiét 1a (i) quét vector do phu thudc
{us, ..., ujc} dé xéc dinh hai gid tri 16n nhat (hodc céc chi s6 lién quan) va (ii)
cAp nhat lai mot s6 phan tit ctia hang i trong U theo phan hoi chuyén gia/qui
tac rang budc; cac bude nay cb chi phi O(C) cho mdi diém. Do dé, tong chi phi
tinh todn cho pha tinh chinh bién 14 O(N,C) (khéng tinh thoi gian phan hoi
clia chuyén gia); (iv) Phan cum theo ham muc tiéu méi ASSFBC: lap phép cap
nhat d6 phu thudc/tdm cum duwéi ham muc tiéu da hiéu chinh trong 7' vong,
moi vong van c6 chi phi trdi O(NC?) (tuong tut FCM chuan vé bac tinh toén),
tong O(TNC?).
Két hop céc thanh phan, do phitc tap thoi gian tong thé ciia ASSFBC 1a

O(NC*(Iy+T) + NC + NlogN + N,C)

voi N 1a s6 diém dit liéu, C 1a sb cum, I 14 s6 vong FCM khéi tao va T 1a sb
vong 18p t6i wu hod dudi ham muc titu ASSFBC. Do N, < N va trong hau hét
céc kich ban thuc té NC bi 4t béi NC? hoac N log N, chi phi chi phéi clia thuét
toan dén tit cac bude cap nhat do phu thudc trén toan bo dit liéu 6 hai giai doan
phan cum chinh, tite 1a O(NC?(I + T)), trong khi bude xac dinh bién ¢6 chi

phi O(N log N) déng vai tro 1a hang phu nhung van ddng ké khi C nhé.
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2.4 Két qua thuc nghiém

Phan nay trinh bay cac két qua thuc nghiém nham chimg minh hié¢u qui cta
phuong phap dé xuat so véi cac phuong phép phan cum ban gidm sit md khac

trong bai todn ddnh gia chat luong cum.
2.4.1 D liéu, d6 do va moi truong thuc nghiém

Véi mong mudn chitng minh hiéu qué ctia phuong phap dé xuat trong truong
hop ¢6 nhiéu diém nhiéu tai ving bién cdc cum dit liéu, thi nghiém dugce thuc
hién nham so sanh va dé xudt cac kich ban thit nghiém trén ba loai dit liéu sau:
dit liéu tiéu chuan UCI, tap dit liéu duoc tao thi cong, va dit liéu anh. Nhimng
tap dit liéu nay duge lua chon dé danh gid toan dién hiéu suit cia thuit toin
trén nhiéu loai dit lidu va théch thitc phan cum khéc nhau, khang dinh tinh hiéu
qué ctia mo6 hinh phan cum trong nhiéu tinh hudng thuc té khac nhau.

Dau tién, ludn an st dung sdu bo dit liéu kinh dién ctia UCI [116], bao
quét da dang vé s chiéu va s6 16p: Iris, Wine, Breast Cancer Wisconsin, Glass

Identification, New Thyroid, Soybean (small). Thong ké chi tiét duge tém tat &

Bang 2.2.
STT | Tap dit liéu | S6 miu | S6 thudc tinh | S5 nhan
1 Iris 150 4 3
2 Wine 178 13 3
3 Breast 569 30 2
4 Glass 214 9 6
5 Thyroid 215 5 3
6 Soybean 47 35 4

Béng 2.2: Céc tap di lieu UCI dung trong thi nghiém chuong 2

Dt lidu ty sinh 2D véi ving chdng 14n ngiu nhién: Dé mo phong céc

tinh huéng cum c6 ranh giéi md va chong lan trong khong gian 2D, ludn 4n xay
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dung thi tuc GEN2D tao bd dit liéu tong hop gom C cum. Trude hét, cac tAm
cum Vi, ..., Ve dude sinh ngdu nhién va cic diém dit liéu duoe 14y mau quanh
ting tdm (vi du theo phan phdi chuan 2D), tao nén cic ving “16i” tuong dbi
tach biét. Tiép theo, dé hinh thanh viing chdong lan, mot ti 1é diém dude chon
ngau nhién tit cidc cum va duge tai bd tri vé khu vuce giao thoa gitta hai cum: véi
mdi diém duge chon, thudt todn ngau nhién chon moét cum khéc lam cum dich
va sinh diém méi quanh ving gitta hai tAm (chzemg han quanh trung diém ho#c
mot vi trf ngdu nhién trén doan ndi hai tAm). Nho viéc lua chon ngau nhién céc
cap cum va vi trf giao thoa, viing chong lan xuat hién da dang gitta nhiéu cum
khac nhau thay vi c¢6 dinh theo mot cau hinh duy nhat. Bo dit liéu thu dugde cho
phép kiém tra tinh én dinh ctia cidc phuong phap phan cum trong diéu kién c6
nhiéu diém bat dinh tai ria cum, dong thdi phuc vu minh hoa céc tinh hubng
ma chién luge truy van chit dong (AL) thudng uu tién khai thac.

_Segmented Image

Cantrast Image
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Hinh 2.2: Két qua phan doan théng qua phan cum trén anh Landsat-8

D1t liéu anh: Dé danh gia trong bdi canh dit liéu thuc té ¢6 nhiéu nhiéu,
ludn 4n st dung anh Landsat-8 khu vic ven bién Thanh Hoéa (Viét Nam) tit
google map ché do vé tinh(toa do tdm: 19.518729°N, 105.807984°E) véi kich
thude (1358 pixels x 869 pixels) dé phan doan (théng qua phan cum). Sau khi

thuc hién phan cum, anh dugc tach thanh cic ving khac nhau theo mau sic
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tuong ng voi cdc cum. Dua trén cdc ving nay, ngudi ding cé thé tién hanh
phéan thanh céc 16p theo nhan cho truée (nhan cia anh duge danh thi cong trén
tung pixel theo cdc vung tuong ting véi cdc 16p duge xdc dinh truée ctia anh).
Trong noi dung cua luan an nay, téi chi tap trung vao viéc phan cum nén viéc
stt dung anh phan doan dé phan 16p sé khong dé cap. Bo dit liéu nay nhan manh
bién phiic tap gitta cdc cum khac nhau. Hinh 2.2 1a két qua viéc phan doan anh
stt dung phan cum.

Trong thuc nghiém, sau khi chuan héa dit liéu, a dude chon trong khoanga €
[0.1, 1], va gid tri @ = 0.5 cho thay su cAn bang tot gifta tinh mém ctia phan cum
va do tin cdy ctia nhan viung bién. Ngudc lai, hé s6 3 chi xuat hién trong thanh
phan t6i uu dua trén ving bién, tadc dong truc tiép lén cong thitc cAp nhat tam
cum v; (xem (2.7)), va khong tham gia vao cap nhat do phu thudc ug;. Do d6,
$ diéu khién miic d6 kéo céc tAm cum vé trong tdm clia cdc viing bién gitta céc
cum lan cin, nham lam sic nét ranh giéi phan cum.Trong thuc nghiém, 8 dudc
chon sao cho thanh phan ving bién déng vai tro diéu chinh mém, trdnh lam méo
cau tric cum tong thé. Cac thi nghiém cho thiy khoang gié tri 3 € [0.05, 0.2]
13 phu hop, trong d6 5 = 0.1 mang lai két qua 6n dinh nhat, dic biét trén céc
tap dit litu c6 vung chong lan va nhiéu cao. Céc chi sé duge st dung dé danh
gi4 chat lugng phan cum la: RI, Fl-score, NMI , DB, PC, PE, DB _ fuzzy. Bang

2.3 1a bang cic tham s6 dude dung trong thuc nghiém trong cic thuét toan.
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Thuat toan | m € T nax Tham sb riéng

FCM 2.0 | 107% | 1000 -

SSFCM 2.0 | 1075 | 1000 Trong s6 gidm sat a = 0.5
eFCM 2.0 | 107% | 1000 Hé s6 tin cay v = 0.8

AFCC (2008) | 2.0 | 107¢ | 1000 -

AFCC (2017) | 2.0 | 1075 | 1000 -

ASSFBC 2.0 | 107% | 1000 | Nguong bién 6 = 0.05, o = 0.5, 3 = 0.1

Bang 2.3: Bang tham s6 thuc nghiém cho cic thuit todn

Céc thi nghiém dugce thuc hién bang MATLAB trén may tinh xéch tay LG
Gram, dugce trang bi bd vi xtt Iy Intel(R) Core(TM) i5-6200U CPU @ 2.30GHz
dén 2.40GHz va 8GB RAM. biéu nay dam béo rang céc diéu kién thi nghiém
duoce xéc dinh r6 rang dé cé thé tai lap. Céc thi nghiém dugc tién hanh dé so
sénh phuong phéap dé xuat ASSFBC véi cac phuong phép lién quan nhu: FCM
[39], SSFCM [27], eFCM [117], AFCC(2008) [31], va AFCC(2017) [32]. Bang 2.4
trinh bay so sanh cac thuat toan sit dung trong chuong 2, gom FCM, SSFCM,
eFCM, AFCC (2008), AFCC (2017) va phuong phap dé xuit ASSFBC. Béang
nay lam 16 kiéu hoc, théng tin bo trg, co ché hoc chit dong va wu/nhuge diém

clia timg phuong phép, qua dé nhan manh dong co va lgi thé cia ASSFBC

trong viéc xtt Iy vung bién va cai thién do chinh xac phan cum.
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Thuat toan

Kiéu hoc

Thong tin bd
trg

Co ché ap
dung hoc
chti dong cho
théng tin bd
trg

Pic diém ndi
bat / Han ché

FCM [39]

Khong gidm sat

Khoéng cé

Khoéng cé

Cad bén; nhanh;
xtt 1y nhiéu, bién
kém.

SSFCM [27]

Ban giam sat

Cé6 (ML/CL
tinh)

Khoéng cé

Dung rang budc
cap nhung nhay
v6i nhiéu; hiéu
qué phu thuoc sé
lugng rang budc
ban dau.

eFCM [117]

Ban giam sat

Cé6 (ML/CL
tinh)

Khoéng cé

On dinh hon nhd
entropy; chua

tu gidm sb6 cum,
chua chon cap
hoi téi uu.

AFCC(2008) [31]

Ban giam sat
cht dong

C6 (ML/CL
dong)

MVP (Most
Valuable Pairs)

Sinh cap hoi
hiéu qua, gidm
s6 cum linh
hoat; van thiéu
co ché danh gia
va xu 1y bién
cum.

AFCC(2017) [32]

Ban giam sat
chu dong

C6 (ML/CL
dong)

MVP cai tién

On dinh hon
AFCC gbc; van
thiéu co ché
danh gia va xt
Iy bién cum.

ASSFBC

Béan giam sat chi
dong nang cao

d6 phu thudc da
diéu chinh bang
hoc chui dong

truy van va tinh
chinh tai vung
bién

C6 co ché x4c
dinh bién; Co
ché truy van
cai tién va tinh
chinh bién ; t6i
uvu thudt toan
dua vao thong
tin & bién cum.

Bang 2.4: So sanh cac thuat todn thuc nghiém chuong 2

2.4.2 Panh gia két qua thuc nghiém

Panh gii theo dd chinh xac va chit lugng phan cum

Sau khi tién hanh céc thi nghiém trén tap dit liéu, két qua duge thé hién chi
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tiét trong cAc bang 2.5, 2.7, 2.9, 2.11 tuong tng vdi tap di liéu UCI, dix

liéu téng hop, va dit liéu anh .

Algorithm | b | SSFCM | eFCM | ARCC(2008) | AFCC(2017) | ASSFBC
Index
IRIS
. 0.8741 | 0.9018 | 0.9094 0.9253 0.9492 0.9939
+ 0.0735 | £ 0.0612 | £ 0.0841 + 0.0714 + 0.0589 + 0.0321
o 0.8364 | 0.8491 | 0.8614 0.9086 0.9304 0.9898
+ 0.0962 | £ 0.0794 | 4+ 0.0869 + 0.0662 + 0.0548 + 0.0347
i 0.7381 | 0.7704 | 0.7825 0.8241 0.8463 0.9744
+ 0.1125 | + 0.0981 | £ 0.0913 + 0.0814 + 0.0679 + 0.0298
on 0.9414 | 1.3615 | 1.4173 1.5471 1.3932 1.2294
+ 0.1598 | £+ 0.1325 | £ 0.1421 + 0.1014 + 0.0893 + 0.0751
Breast
Al 0.7594 | 0.7594 | 0.7641 0.7689 0.7731 0.7848
+ 0.0841 | £ 0.0841 | 4+ 0.0793 + 0.0758 + 0.0702 + 0.0651
o 0.7894 | 0.7894 | 0.7961 0.8044 0.7971 0.8667
+ 0.0791 | £ 0.0791 | £+ 0.0724 + 0.0689 + 0.0738 + 0.0619
- 0.4751 | 0.4751 | 0.4928 0.4974 0.5002 0.5123
+ 0.1195 | £ 0.1195 | 4+ 0.1112 + 0.1074 + 0.1029 + 0.0984
on 0.7485 | 0.8156 | 1.3481 2.3923 0.9658 0.9144
+ 0.1184 | £ 0.1253 | £+ 0.1344 + 0.1042 + 0.0964 + 0.1633
Glass
. 0.8214 | 0.8192 | 0.8258 0.8310 0.8322 0.8494
+ 0.1014 | £ 0.1063 | & 0.0982 + 0.0934 + 0.0909 + 0.0851
. 0.5983 | 0.5942 | 0.6029 0.6058 0.6091 0.6154
+ 0.1271 | £ 0.1318 | 4+ 0.1214 + 0.1158 + 0.1125 + 0.1084
i 0.6891 | 0.6804 | 0.6875 0.6971 0.6582 0.7584
+ 0.1379 | £ 0.1441 | £ 0.1338 + 0.1273 + 0.1524 + 0.1102
. 0.6383 | 2.3294 | 1.9192 1.4598 2.3304 1.1964
+ 0.1161 | £ 0.1742 | 4+ 0.1324 + 0.1483 + 0.1641 + 0.1835

Béng 2.5: So sanh céc hiéu ning cic phuong phép trén cac tap dit liéu chuan IRIS,
Breast va Glass.
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Algorithm | o1 | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
IRIS

pe 0.7803 | 0.8112 | 0.8324 0.8517 0.8831 0.9418
+ 0.0507 | £ 0.0413 | £ 0.0421 + 0.0314 + 0.0298 + 0.0212

. 0.4216 | 0.3897 | 0.3712 0.3431 0.3124 0.2135
+ 0.0623 | £ 0.0514 | £ 0.0489 + 0.0417 + 0.0388 + 0.0294

DBo. 0.9127 | 14721 | 1.5834 1.5219 1.3028 1.2617
+ 0.0714 | £ 0.0597 | £+ 0.0812 + 0.0615 + 0.0498 + 0.0412

Breast

pe 0.7412 | 0.7427 | 0.7529 0.7638 0.7714 0.7925
+ 0.0598 | £ 0.0576 | 4+ 0.0497 + 0.0479 + 0.0412 + 0.0386

. 0.4829 | 0.4817 | 0.4698 0.4523 0.4427 0.4235
+ 0.0691 | £ 0.0715 | £ 0.0604 + 0.0586 + 0.0513 + 0.0489

DB 0.7124 | 1.0942 |0.6028 |  0.7729 0.9657 0.9526
+ 0.0921 | £ 0.1017 | £+ 0.1129 + 0.0826 + 0.0738 + 0.1143

Glass

pe 0.6921 | 0.6834 | 0.7019 0.7128 0.7256 0.7517
+ 0.0694 | £ 0.0723 | £ 0.0598 + 0.0610 + 0.0521 + 0.0492

. 0.5318 | 0.5524 | 0.5247 0.4928 0.4719 0.4125
+ 0.0796 | £ 0.0884 | £ 0.0792 + 0.0714 + 0.0698 + 0.0609

DB 0.6231 | 2.3827 | 0.7216 1.0029 1.4324 2.2612
+ 0.0798 | £ 0.1229 | 4+ 0.1012 + 0.1128 + 0.1317 + 0.1421

Béng 2.6: So sanh cac d6 do PC, PE va DB_ fuzzy trén cac tap du liéu IRIS, Breast
va Glass.
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Algorithm | g1 | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
Wine
N 0.7199 | 0.7418 | 0.7367 0.7556 0.7583 0.7689
4+ 0.0975 | 4+ 0.0851 | &= 0.0889 + 0.0812 + 0.0780 + 0.0724
o 0.5868 | 0.6234 | 0.6166 0.6417 0.6459 0.6578
+ 0.1219 | £ 0.1094 | £+ 0.1128 + 0.1041 + 0.1005 + 0.0944
i 0.4295 | 0.4537 | 0.4469 0.4604 0.4671 0.4955
+ 0.1408 | £ 0.1262 | £+ 0.1321 + 0.1230 + 0.1194 + 0.1115
. 0.8365 | 1.6125 | 0.8490 0.8367 0.9608 2.9867
+ 0.1193 | &= 0.1582 | £ 0.1165 + 0.1104 + 0.1035 + 0.1712
Soybean
N 0.8234 | 0.8408 | 0.7865 0.8441 0.8464 0.8677
+ 0.0910 | £ 0.0844 | £+ 0.1071 + 0.0816 + 0.0791 + 0.0728
o 0.6819 | 0.7124 | 0.6081 0.7168 0.7194 0.7571
+ 0.1268 | £+ 0.1142 | £ 0.1498 + 0.1104 + 0.1077 + 0.0985
i 0.7002 | 0.7544 | 0.5454 0.7568 0.7671 0.7784
+ 0.1224 | &+ 0.1038 | £ 0.1705 + 0.1019 + 0.0978 + 0.0936
on 3.7219 | 3.7587 | 4.7462 2.4579 2.7805 2.7581
+ 0.1908 | £ 0.1824 | £ 0.2098 + 0.1655 + 0.1542 + 0.1520
Thyroid
ol 0.6394 | 0.6513 | 0.6655 0.7175 0.7258 0.7649
+ 0.1248 | £ 0.1182 | £+ 0.1097 + 0.0964 + 0.0931 + 0.0804
o 0.6314 | 0.6338 | 0.6485 0.6872 0.6988 0.7367
+ 0.1309 | &+ 0.1292 | £ 0.1208 + 0.1048 + 0.1011 + 0.0892
- 0.3135 | 0.2968 | 0.3301 0.3635 0.3671 0.5284
+ 0.1749 | £ 0.1842 | £ 0.1656 + 0.1509 + 0.1482 + 0.1205
. 2.0871 | 2.4405 | 4.8259 2.6492 2.5697 2.1271
+ 0.1982 | &+ 0.1867 | £ 0.2142 + 0.1734 + 0.1706 + 0.1589

Béang 2.7: So sanh cac hiéu ning cdc phuong phap trén cac tp dit litu chudn Wine,
Soybean va Thyroid.
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Algorithm | g1 | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
Wine

pe 0.7213 | 0.7328 | 0.7394 0.7517 0.7596 0.7729
+ 0.0745 | 4+ 0.0691 | & 0.0712 + 0.0634 + 0.0592 + 0.0538

. 0.5074 | 0.4931 | 0.4989 0.4728 0.4627 0.4382
+ 0.0912 | £+ 0.0876 | &= 0.0893 + 0.0834 + 0.0791 + 0.0726

DBo. 0.6934 | 1.5142 | 0.7249 0.8157 0.9345 2.1479
+ 0.1082 | £+ 0.1425 | £ 0.1138 + 0.1071 + 0.0987 + 0.1589

Soybean

pe 0.8124 | 0.8317 | 0.7829 0.8368 0.8441 0.8619
4+ 0.0917 | 4+ 0.0863 | &= 0.1125 + 0.0814 + 0.0786 + 0.0713

. 0.3881 | 0.3627 | 0.4786 0.3579 0.3425 0.3287
+ 0.1124 | £ 0.1012 | £+ 0.1297 + 0.0964 + 0.0921 + 0.0843

DB 34972 | 3.6045 | 4.5289 2.3841 2.6974 2.6812
+ 0.1788 | £ 0.1736 | = 0.2014 + 0.1592 + 0.1487 + 0.1449

Thyroid

pe 0.6329 | 0.6463 | 0.6617 0.7018 0.7163 0.7524
+ 0.1186 | £+ 0.1137 | £ 0.1075 + 0.0948 + 0.0894 + 0.0797

. 0.5871 | 0.5783 | 0.5692 0.5393 0.5284 0.4189
+ 0.1312 | £ 0.1274 | £+ 0.1195 + 0.1107 + 0.1079 + 0.0954

DB 2.0471 | 3.3829 | 4.6985 2.7987 2.5234 2.4481
+ 0.1938 | £ 0.1842 | £ 0.2093 + 0.1694 + 0.1647 + 0.1546

Béng 2.8: So sanh cac do do PC, PE va DB_ fuzzy trén cac tap dit liéu Wine, Soybean

va Thyroid.

Dua trén két qua thuc nghiém véi dit lieu chuan UCI, c¢6 thé khang dinh

ASSFBC dat mtc hiéu qua on dinh va vudt troi trén hau hét cac tap di liéu,

diic biét vé cdc thude do ddi sanh v6i nhan that nhu RI, F1 va NMI (can tdi da

hod). Riéng DB va DB_ fuzzy 1a cdc chi s6 noi tai (can t6i thiéu hod), phan 4nh

do chat va mitc tach biét cum. 0 mot s6 tap dit litu, FCM cho gi4 tri DB va

DB_ fuzzy thap nhat — diéu nay xuat phat tit ban chat ctia FCM: thuit toan

chi ¢b ging gidm tong khoang céch gitta diem dit liéu va tdm cum, ma khong xét
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dén quan hé giita cdc cum hodc cic ving chong lan. Do dé, cdc cum ctia FCM
thudng rat tron veé hinh hoc, gon, déi xtmg va “chat”, khién chi s6 DB c6 xu
huéng thap, nhung khong phan anh ding ranh gi6i thuc hoac tinh ngit nghia
cua du liéu.

Ngudc lai, ASSFBC stt dung co ché rang budc ban gidm sit va diéu chinh
ving bién dé gitt lai cAu tric mo hop 1y, gitp phan biét cum theo ngit nghia
t6t hon. Két qua 1a, mic dit DB hodc DB_ fuzzy ciia ASSFBC déi khi cao hon
FCM, nhung ching van t6t hon tat ci cdc thudt todn ban gidm sat md khac
(SSFCM, eFCM, AFCC-2008, AFCC-2017) va phan anh ding hon si can bang
gitta do chat cum va do chinh xac theo nhan.

bong thai, khi xét thém céc chi s6 dic trung cho phan cum m& nhu PC va
PE, ASSFBC luon dat PC cao nhat va PE thap nhat trong toan bd céc thi
nghiém, chitng t6 bién cum dude md hinh hod ro rang, giam ding ké do bat
dinh. Nhu vdy, ngay ca khi DB khéng phai nhé nhat tuyét doi, cdc chi s6 mo
van xéc nhan phan hoach ctia ASSFBC la 16 rang, én dinh va chinh x4c hon.

Trén tap IRIS, ASSFBC dat RI = 0.9939, F1 = 0.9898, NMI = 0.9744, v6i
PC = 0.9418 va PE = 0.2135, tat ca déu dimg dau va cai thién dang ké so véi
AFCC(2017). Gi4 tri DB = 1.2294 chi dimg sau FCM (0.9414), cho thay bién
cum van gon va ro rang di thuat todn uu tién téi wu hod céc thude do cé giam
sat.

Déi véi tdp Breast Cancer, ASSFBC dat RI = 0.7848, F1 = 0.8651, NMI
= 0.5089, v6i PC = 0.7925 va PE = 0.4235. Mac du DB = 0.9144 va DB_ fuzzy
= 0.9526 cao hon eFCM va FCM, miic chénh léch khong dang ké; cac chi s6 RI,
F1 va NMI van dan dau, phan 4nh kha ning gitt cdn bang t6t gitta dd chinh xéc
va do chat cum.

Vi Glass, ASSFBC dat RI = 0.8498, F1 = 0.6147, NMI = 0.7579, v6i PC
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= 0.7517 va PE = 0.4125. Vi dit litu Glass c6 mitc chong lan manh giita 6 16p,
DB = 3.1947 va DB_ fuzzy cao hon cac phuong phéap khac 1a diéu hop 1y. Tuy
nhién, ASSFBC van vuot troi hon moi thuit todn ban gidm sit nho kha nang
néi bien mém c6 kiém soat dé mé hinh hoa ding cic diém ludng lu.

Vé6i Wine, ASSFBC dat RI = 0.7689, F1 = 0.6578, NMI = 0.4955, déu cao
nhat trong toan bo cdc phuong phap so sanh. DB = 2.2867 16n hon FCM va
eFCM (v6n tao cum tron, chit vé mét hinh hoc), nhung ASSFBC van vt céc
thuit todn ban gidm sat con lai (SSFCM, AFCC-2008, AFCC-2017), cho thay
mo hinh gitt dude ranh gidi cum mém hgp 1y trong khong gian nhiéu thuoc tinh.

Con v6i Soybean, ASSFBC dat RI = 0.8677, F1 = 0.7571, NMI = 0.7784,
tiép tuc vuot troi nhat quan & ca ba chi sé ngoai sinh. DB = 2.7581 tuy khong
thidp nhat (AFCC-2008 dat 2.4579), nhung ASSFBC lai dan dau vé do chinh
xac va do 6n dinh, cho thay kha ning tong quat hod manh mé trén dit liéu nhiéu
16p va chtta nhiéu nhiéu.

Véi Thyroid, ASSFBC dat RI = 0.7649, F1 = 0.7367, NMI = 0.5284, dan
dau toan bd phuong phap so sanh. DB = 2.1271 chi nhinh hon FCM (2.0871) va
thap hon toan bo cdc thuat todn ban gidm sat khac. Diéu nay cho thiy ASSFBC
thiét 14p dudc bién cum chit va phit hop véi cau tric thuc té cta dit lidu, dat
duoc su cin bang t6t gitta tinh ding nhan va dé chit cum — médt dic tinh hiém
gap trong cac mo hinh phan cum md c6 rang budc.

Déi v6i dit liéu ty sinh, Datal cho két qua gan nhu hoan ho véi RI =
F1 = NMI = 1.0, kem theo PC = 0.9743, PE = 0.0301 va DB_ fuzzy = 0.5284,
phan dnh d6 én dinh rat cao va bién cum sic nét. Trén Data2, ASSFBC tiép
tuc dan dau v6i RI = 0.8688, F1 = 0.8035, NMI = 0.6657, dong thoi duy tri
PC = 0.8462 va PE = 0.3921. Mac du DB va DB_ fuzzy cao hon FCM (do mtic

chong 1an gifta cdc cum 16n hon), ASSFBC van vuot troi so véi toan bd céc
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Algorithm
Index FCM | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Datal

RI 0.9523 0.9725 0.8941 ) 1 N
4+ 0.0568 | 4+ 0.0615 | 4+ 0.0914

F1 0.9320 0.9624 0.8927 L 1 1
4 0.0553 | £ 0.0584 | £ 0.0975

NMI 0.9013 0.9317 0.7094 ) ) 1
+ 0.0798 | £ 0.0779 | + 0.1282

DB 1.8451 2.3049 3.0185 0.9282 0.9347 0.9433
4+ 0.1541 | £ 0.1784 | + 0.1971 + 0.0614 4 0.0642 + 0.0675

Data2

RI 0.7194 0.7426 0.7892 0.8131 0.8378 0.8725
4 0.1085 | £ 0.0962 | £ 0.0924 + 0.0847 + 0.0782 + 0.0710

P 0.6694 0.6825 0.7024 0.7529 0.7391 0.8148
4+ 0.1249 | + 0.1184 | 4 0.1132 + 0.1017 4+ 0.1080 + 0.0941

NMI 0.4895 0.5731 0.6152 0.6418 0.6184 0.6761
4+ 0.1521 | £ 0.1368 | £+ 0.1297 4+ 0.1219 + 0.1312 + 0.1154

DB 0.7724 | 1.0081 1.5849 3.6928 4.5824 4.3715
4+ 0.0815 | 4+ 0.0928 | £ 0.1081 + 0.1587 + 0.1769 4+ 0.1692

Bang 2.9: So sanh céc hiéu nang cdc phuong phap trén cac tap dit liéu tu sinh




84

Algorithm |- p o\ | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
Datal
be 0.9321 | 0.9340 | 0.8875 0.9687 0.9714 0.9751
+ 0.0507 | £+ 0.0521 | = 0.0714 + 0.0248 + 0.0236 + 0.0219
. 0.1184 | 0.1127 | 0.1548 0.0417 0.0372 0.0294
+ 0.0615 | £ 0.0587 | &+ 0.0732 + 0.0324 + 0.0308 + 0.0261
DB 1.0500 | 1.2800 | 1.6500 0.4800 0.5100 0.5200
+ 0.0850 | £+ 0.0950 | & 0.1100 + 0.0400 + 0.0420 + 0.0450
Data2
be 0.7216 | 0.7429 | 0.7714 0.7948 0.8162 0.8467
+ 0.0951 | £ 0.0897 | £+ 0.0859 + 0.0778 + 0.0725 + 0.0654
. 05174 | 04831 | 0.4518 0.4236 0.4379 0.3927
+ 0.1214 | £+ 0.1097 | &+ 0.1048 + 0.0941 + 0.0987 + 0.0879
DB 0.6800 | 0.9100 | 1.4800 3.4500 4.3150 4.1800
+ 0.0700 | £ 0.0800 | £ 0.0950 + 0.1400 + 0.1600 + 0.1550

Béng 2.10: So sanh cac dd do PC, PE va DB_ fuzzy trén céc tap dut liéu tu sinh

thuat toan ban gidm sat md khéac, cho thdy mo hinh gitt duge ranh gidi cum
mém hop 1y va dat dugce su cdn bang tbt gitta do chinh xdc theo nhan va tinh

on dinh mo ciia phan hoach.

Algorithm | oo | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
Image
. 0.7068 | 0.7309 | 0.7162 0.8278 0.8367 0.8589
+ 0.0793 | £ 0.0751 + 0.0774 + 0.0562 + 0.0519 + 0.0478
. 0.6847 | 0.6968 | 0.7061 0.7953 0.8075 0.8368
+ 0.0864 | £ 0.0825 | £ 0.0808 + 0.0591 + 0.0560 + 0.0493
i 0.6314 | 0.6456 | 0.6593 0.7289 0.7494 0.7879
+ 0.0975 | £ 0.0921 + 0.0883 + 0.0631 + 0.0602 + 0.0517
on 0.5978 | 0.6081 | 0.5506 0.7371 0.7268 0.7498
+ 0.1065 | 4+ 0.1027 | £ 0.1118 + 0.0934 + 0.0898 + 0.0962

Béng 2.11: So sanh céc hiéu nang cac phuong phap trong bai todan phan doan anh.
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Algorithm |- p o\ | SSFCM | eFCM | AFCC(2008) | AFCC(2017) | ASSFBC
Index
Image
be 0.7051 | 0.7283 | 0.7152 0.8257 0.8354 0.8609
+ 0.0794 | £ 0.0756 | £ 0.0778 + 0.0581 + 0.0537 + 0.0498
. 0.5258 | 0.5006 | 0.4909 0.3952 0.3805 0.3457
+ 0.0947 | £+ 0.0903 | &+ 0.0871 + 0.0704 + 0.0668 + 0.0596
DB 0.6108 | 0.6204 | 0.5653 0.7457 0.7324 0.7608
+ 0.1079 | + 0.1036 | £+ 0.1117 + 0.0946 + 0.0918 + 0.0979

Béng 2.12: So sanh cic d6 do PC, PE va DB_ fuzzy trén dit liéu anh.

V6i dit liéu &nh — von c6 miic nhiéu cao, viing bién mém va cau tric khong
gian phtic tap — ASSFBC dat két qua vuot trdi trén hau hét cac chi sb danh
gia v6i RI = 0.8589, F1 = 0.8368, NMI = 0.7879, PC = 0.8609 va PE = 0.3457,
déu cao hon 16 1ét so véi cac phuong phap déi sanh nhu FCM, SSFCM, eFCM,
AFCC(2008) va AFCC(2017). bac biét, ASSFBC vugt AFCC(2017) & ca RI
(0.8589 so v6i 0.8367), F'1 (0.8368 so v6i 0.8075) va NMI (0.7879 so v6i 0.7494),
cho thay kha nang tai tao cau tric nhan that va bao toan thong tin phan hoach
tot hon. Két qua nay phan anh hiéu qué ctia co ché hoc chii dong dua trén bién
cum trong viéc tap trung xit 1y céc diém khong chic chin nam & ving giao nhau
gitta cac dbi tuong anh, tit d6 giam nham 1an chéo cum va cai thién chat lugng
phan doan tong thé. Pong thdi, gia tri PC cao va PE thap cho thay ASSFBC
lam giam dang ké mic d6 khong chic chan clia ma tran dé phu thude, gitp ting
khé nang phan biét gitta cdc cum anh va duy tri cau tric bién mém 6n dinh hon
trong dieu kién nhiéu manh.

Méc dit ASSFBC khong dat gid tri nhd nhat déi v6i DB va DB_ fuzzy (lan
lugt 1 0.7498 va 0.7608), trong khi eFCM c6 két qua tot hon, diéu nay 1a hop

1y do ban chat ctia céc chi s6 DB uu tién cdc cum cé dang hinh hoc gon va téch
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biét manh theo khoang cach tam cum. Cac phuong phap nhu FCM hay eFCM
thudng t6i wu compactness ndi cum nén dé dat DB thap, nhung chua phan anh
day du cau tric ngit nghia that ctia dit liéu anh c6 viing bién chong lan. Ngusc
lai, ASSFBC wu tién xit Iy tinh khong chic chan tai ving bién va duy tri ranh
gi6i cum linh hoat hon, dan dén DB tiang nhe nhung d6i lai céc chi s6 ngoai sinh
quan trong nhu RI, F1 va NMI dudc cai thién dang ké. Diéu nay cho thiy ton
tai su danh ddi gitta compactness hinh hoc va kha ning phan dnh ding ciu tric
dit liéu thue té. Ngoai ra, d6 léch chuan ciia ASSFBC trén céc chi s6 déu ¢ mic
thap hon hodc tuong duong AFCC(2017), cho thay thuit todn cé tinh on dinh
t6t va it phu thudc vao khéi tao ngau nhién trong qua trinh téi wu.

Tém lai Két qua thuc nghiém cho thdy ASSFBC vugt troi on dinh trén
hau hét cac tdp dit lieu, dic biét trong cic tinh hudng phtic tap, nhidu va cé
ving bién mém nhu dit liéu 4nh. Thuét toin dat RI, F1, NMI t6t nhit trén
da sb cac tap dit liéu, dong thoi dat PC cao nhit, PE thip nhat va DB fuzzy
luén t6t hon cdc thuédt todn ban gidm sat khac. Diéu nay phan 4nh kha nang
phan cum chinh xac, duy tri cau tric 16p that va tao ranh gigi mém hop 1y.

Mac dit FCM doi khi dat gia tri thap nhat trén cac chi s6 DB va DB _ fuzzy,
két qua nay chi yéu phan anh xu huéng ciia thuit todn trong viée toéi wu noi
tai theo huéng tao ra cdc cum c6 phuong sai nhé va hinh dang gan cau (tron,
ddi xttng). Vi vdy, cdc cum thu duge thudng “gon” theo tiéu chi hinh hoc ctia
chi s6 danh gia, nhung chua chic tuong ting véi cAu tric phan bd thuc cia di
liéu. Dac biét, khi dit licu c6 ving chong 1an, nhiéu, hodc bién cum phi tuyén va
hinh dang phtic tap. Ngudc lai, ASSFBC dat dudc su cdn bang t6i wu gitta do
chinh x4c theo nhan that, do chiat cum va tinh m& hop 1y, nhan manh kha nang
duy tri quan hé ngit nghia gitta cac diém dit liéu. Nho dé, thudt toan trd thanh

lwa chon déng tin cdy trong céc tng dung yéu cau do chinh xéc cao, dong thoi
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thé hién tiém nang mé rong trong cic bai toan phan cum md trén di liéu 16n
va da dang.

DPanh gia theo thdi gian tinh toan

Két qua trong Bang 2.13 cho thiy SSFCM dat thdi gian chay trung binh thap
nhat va hoi tu nhanh nhat nho chi st dung céc phép cap nhat do phu thudc
md c¢d ban ma khéng c6 bude dieu chinh sau huan luyén. eFCM duy tri téc do
t6t nho co ché cai tién hé s6 mo, gitp gidm nhiéu trong cap nhat tAm cum ma
khong lam ting chi phi tinh todn dang ké. Thudt todn dé xudt ASSFBC c6 thoi
gian chay trung binh cao hon khoang 10-20% so v6i eFCM do b6 sung thém giai
doan diéu chinh vung bién cum sau buéc hoi tu ctia FCM. Giai doan nay gitp
tinh chinh lai cdc diém c6 mitc d6 phu thudc thdp (md manh) bang cich diéu
chinh vi tri tAm cum va do phu thudc cuc bd quanh bién gitta hai cum lan cén.
D1 chi phi ting nhe, sb vong lip can dé héi tu van it hon AFCC(2017) khoang
5-10 vong, cho thiy qua trinh cap nhat ciia ASSFBC 6n dinh hon.

Vé tong thé, ASSFBC thé hién su can bang gitta d6 chinh xdc va toc do: tuy
thoi gian hudn luyén khong thadp nhét, nhung hoi tu én dinh, khéng dao déng
manh tai bién cum va tranh hién tuong “nhdy tam” thuong gip & cdc bién thé
AFCC. Pay la wu diém quan trong dé ap dung trén dit liéu nhidu, chong lan

hoac c6 bién khong ro rang.



Method IRIS Wine | Soybean | Thyroid Glass Breast Datal Data2 Image
0.38 s 0.63 s 1.18 s 3.12 s 4.52 s 15.83 s 0.69 s 0.52 s 172.52 s
SSFCM
(16 iters) | (20 iters) | (26 iters) | (30 iters) | (31 iters) | (65 iters) | (15 iters) | (18 iters) | (139 iters)
0.41 s 0.66 s 1.25 s 3.34 s 4.87s 16.94 s 0.73 s 0.57 s 179.35 s
eFCM
(17 iters) | (22 iters) | (27 iters) | (32 iters) | (33 iters) | (66 iters) | (16 iters) | (20 iters) | (153 iters)
0.44 s 0.71 s 1.53 s 3.58 s 5.10 s 17.24 s 0.77 s 0.61 s 181.52 s
ASSFBC
(19 iters) | (24 iters) | (30 iters) | (34 iters) | (35 iters) | (68 iters) | (17 iters) | (22 iters) | (152 iters)
0.47 s 0.75 s 141 s 3.83 s 5.42 s 20.21 s 0.83 s 0.67 s 185.42 s
AFCC (2017)
(22 iters) | (26 iters) | (32 iters) | (37 iters) | (38 iters) | (71 iters) | (19 iters) | (25 iters) | (163 iters)

Bang 2.13: So sanh thdi gian chay trung binh va s6 vong lap hoi tu gitta SSFCM, eFCM, AFCC (2017) va thuat toan dé xuat

ASSFBC trén céc tap dit liéu chuan va anh
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2.5 Két luan chuong

Tém lai, Chuong 2 da giéi thiéu mot cach tiép can d6i méi d6i véi phuong
phap phan cum ban giam sat mo chi dong, tap trung vao viéc tinh chinh vung
bién cum. Phuong phap nay giai quyét hiéu qué théch thic vé su khong chac
chin & vung bién bang céch tich hop co ché hoc chii dong nham ting d6 chinh
xac cla viée gan mic d6 phu thudc cho cac diem quan trong. Céch tiép can
duge dé xuat khong chi nang cao do tin cdy clia phadn cum ma con xay dung
mot mo6 hinh ban gidm siat mS méi, két hop chat ché gitta phan cum md va hoc
chtt dong dé t6i wu hoéa ranh gidi cum.

Céc két qua thuc nghiém trén cic tap dit liéu chuan cho thay phuong phap dé
xuat, phan cum ban gidm sat mo chii dong dua trén ving bién cum (ASSFBC),
VUGt troi so véi cdc thuat todn phan cum md truyen théng va cic phuong phap
ban gidm sat khac. Diéu nay thé hién ro qua viéc cai thién dong thoi cic chi
s6 ngoai sinh nhu RI, F1-Score va NMI, céc chi s6 dac trung cho phan cum md
nhu PC, PE ciing cho két qua cao nhat so véi cac thut toan so sanh, cling nhu
céc chi sb noi tai nhu DB va DB fuzzy tuy khong ding dau vi thuong diing
sau FCM nhung ciing hau nhu cao hon so véi cac phuong phdp phan cum ban
gidm sat mo khac. Su vudt troi dong déu trén cdc nhém chi sé6 cho thady mé hinh
khong chi t6i wu héa theo nhan that, ma con duy tri dude bién cum gon, 6n
dinh va phu hop véi ban chat mo cta dit liéu.

Két qua ctia chuong nay da dudc cong bd trong cac cong trinh CT1 va CT2.
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Chuong 3

Pé xuat phuong phap phan cum ban
giam sat an toan chu dong véi cap
rang budc duya vao bién cum

Chuong nay tiép noi cac két qua ctia Chuong 2. Trong khi ASSFBC téap trung
vao viéc truy van va hiéu chinh ving bién cum dé cai thién ranh giéi phan cum,
chuong nay mé rong theo hudéngan toan nham giam anh hudng ctia thong tin
gidm sdt thiéu tin ciy (nhan/rang budc sai), dic biét tai cac viing bat dinh cao.
Trén co sé dé, ludn 4n dé xuat phuong phdp phan cum ban gidm sat an toan
cht dong véi cap rang budc dua vao bién cum (AS3FCPC). Néi dung chinh cia
chuong gom: dong luc va thach thtce dit liéu thiéu tin cdy; mo hinh va s¢ do
thuat toan AS3FCPC; m6 ta chi tiét cac bude (tiéu chi truy van diém bién, co
ché an toan va tich hop cip rang budc); phan tich do phiic tap; va thic nghiém
trén cac bo dit licu UCI. Ngoai ra, chuong trinh bay thi nghiém trén dit liéu anh

ving ngap lut dé minh hoa kha ning tng dung ctia phuong phap dé xuét.
3.1 M4 dau

Cho tap dit litu X = {1, 29, ..., 1, }, v6i x; € R, tap dit lidu c6 nhan ban
dau L, tap dit liéu chwa nhan U va s6 cum can phan hoach 1a c. Muc tiéu cta
bai todn trong chuong nay la xay dung ma tran do phu thuéc mo U = [wij]exn
va tap tdm cum V = {v1,vs, ..., v} sao cho vita ddm béo tinh compactness ctia

cum, vita han ché anh hudng ctia dit liéu thiéu tin cdy va nhan sai trong quéi
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trinh hoc ban gidm sat. Pong thdi, md hinh can tan dung hiéu qua théng tin
ving bién cum va cac cap rang budc dé nang cao tinh on dinh va do chinh xac
clia két qua phan cum. T d6, bai toan dit ra 1a lam thé nao dé xéc dinh céc
diém dit litu déng tin cdy, giam lan truyén sai léch tit nhan nhiéu va khai théc
hiéu qua thong tin quan hé gitta cic diem dit liéu trong moi trudng phan cum
mo ban giam sat.

Trong chuong 2, ludn 4n da dé xuat phuong phap ASSFBC — mot md hinh
phan cum ban gidm sat mo cht dong dua trén bién cum. Phuong phap nay tap
trung vao viéc xdc dinh va hiéu chinh ving bién cum théng qua co ché hoc
chit dong, gitp cai thién ddng ké d6 chinh xéc ctia cdc thudt toan SSFC truyén
théng. Tuy nhién, déi v6i phan cum ban gidm sit md, bén canh cic van dé ve
dit litu 6 vung bién, mot trong nhitng thach thtc khac chinh 1a van dé di liéu
thiéu tin cdy ma dién hinh nhat 14 viéc gdn nhan sai. Dit liéu thiéu tin cdy c6
thé gy sai léch nghiém trong trong viéc hoc mo hinh, lam sai léch ranh giéi
phan cum va lam giam do chinh xéc ctia ca qué trinh phan loai va phan cum.
Trong cac thuat todn ban gidm sat hién dai, dit liéu thiéu tin cdy khong chi anh
hudng dén timg diém riéng 1& ma con tic dong lan toéa t6i toan bd cau tric cum
thong qua cac co ché lan truyén nhan va cdp nhat thanh vién; day ciing 1a phan
ma thuat todn trong chuong 2 van chua xtt 1y duge. Chinh vi vy, viéc ddm bao
an toan cho qué trinh hoc ban gidm sat tré thanh dong luc ctia ludn 4n dé gidi
quyét.

Céc phuong phap SSFC hién dai da khai thac uée lugng do tin cdy (theo
diém, theo ciip, theo cum hodc theo thudc tinh) dé diéu tiét &nh hudng clia
tin hiéu giam sat. Tiép can Safe SSFC dién hinh nhu S?FCM, LHC-S3FCM,
CS3FCM [17, 21, 111] w6c lugng “dd tin cdy” bang so khép nhan va cau triic

lang gieng (kNN), 16i dua vao trong sb an toan trong ham muc tiéu: nhan déng
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ngs dude giam trong sb, gitip mé hinh bén vitng hon véi nhiéu. Tuy nhién, nhém
phuong phadp nay con mot s6 han ché cot 16i: (i) chi phi do thi ho#ic lang giéng
tdng nhanh khi dit liéu 16n; (ii) tham s6 1an can c¢b dinh khong thich nghi véi
mat do khong dong déu; (iii) do tin cdy noi sinh phu thudéc manh vao khéi tao
hodc phan hoach ban dau; (iv) rang budc cip phtic tap (xung dot ML/CL, vi
pham tam gidc) chua duge xtt 1y trong mot muc tiéu théng nhat; va (v) do nhay
siéu tham s6 (trong sb regularizer, kich thudc 1an can) dé “khda cting” cau tric.

Dé giam lan truyén 16i s6m, TS3FCM [18] 4p dung chién lugc trusted-first:
(1) loc nhan dang tin trén phan dit licu c6 nhan bang FCM céi tién va trong
s6 lang giéng; (2) chuyén nhan dang tin thanh ma tran lién thudc khéi tao U;
(3) téi wu SSFC véi viée dinh huéng U dua vao U. Céch lam nay cai thién do
on dinh va hiéu qua tinh toan so v6i Safe SSFC thuan. Dau vy, TS3FCM van
nhay khéi tao, diing ban kinh hoic ldng giéng ¢ dinh, va gip khé tai viing giao
khi mat do hoiic d6 cong hinh hoc thay ddi theo khong gian; hon nita, mé hinh
chua tdn dung théng tin quan hé giau ngit canh ngoai lang giéng gan.

Toéom lai, cac phuong phap phan cum ban giam sat mo an toan hién nay chu
yéu stt dung co ché danh trong s6 va sang loc dit licu da cé nhitng két qui dang
ké trong viéc giam sai léch tit cdc thong tin thiéu tin cdy, gitip cho két qua phéan
cum hiéu qua hon. Tuy nhién, cdc phuong phap trén van con han ché do nhay
cam v6i khéi tao ngau nhién, kha nang xt 1y nhiéu chua thuc su hiéu qui doéi
v6i dit lidu ¢6 miic nhiéu cao, dac biét tai ving bién cum. Chinh vi nhiing han
ché va khodng tréng khoa hoc nay, trong chuong 3, ludn 4n trinh bay phuong
phap phan cum ban giam sat an toan chu dong véi cap rang budc dua vao bién
cum, két hop phan cum md, hoc ban giam sat an toan, hoc chii dong va cap rang
budc dé giai quyét cdc han ché ctia cdc thuit toan trude diy, gidm anh hudng

ciia dit lidu thiéu tin cdy cling nhu nang cao hiéu suat phan cum.
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3.2 Y tudng thuit toin

M6 hinh dé xuét tich hop phan cum md (Fuzzy Clustering), Hoc ban giam
sat an toan ( Safe Semi-Supervised Learning) va Hoc chti dong (Active Learning)
nham cai thién hiéu sudt phan cum trong cic truong hop dit liéu duge gan nhan
han ché, nhan sai nhidu va phan b dit liéu phiic tap hodc mo hd. Y tudng chinh
14 két hop tinh linh hoat ctia phan cum md véi do chinh xéc clia hoc ban giam
sat va hiéu sudt ctia hoc chii dong, ddm bao rang mo hinh c¢é thé thich tng véi
céc bat dinh trong dit liéu dong thoi tan dung tri thic san co.

Mo hinh bét dau bang viéc thiét 14p nén tang két hop ca dit licu da gén nhan
va chua gan nhan, gitp khéi tao qué trinh phan cum véi su can bang gitta théng
tin giam sat va khong gidm sat. Bang cach tap trung vao cac viing dit liéu khong
chic chan - noi cic diém dit liéu nam gan ranh giéi cum ho#ic ¢6 mitc dd thanh
vién khong chéc chén - phuong phép xéc dinh céc diém dit liéu quan trong can
tinh chinh. Céc khu vuc nay duge xtt 1y bang céc chién luge hoc chit déng, trong
d6 hé théng truy van nhan hodc diéu chinh dua trén méi quan hé 1an cdn nham
giam thiéu phuong phap phan cum ban gidm sit an toan chi dong véi cap rang
bubc dua vao bién cum.

Dé tang cudng qud trinh phan cum, mé hinh st dung céc rang budc cap (pair-
wise constraints), bao gom rang budc (must-link) va khong rang budc (cannot-
link), nham dai dién cho cdc mbi quan hé dic thi ctia mién dit liéu. Céc rang
budc nay ddm bao rang mot sd diém dit litu dude nhém lai v6i nhau hodc téch
biét, gitip qué trinh phan cum tudn theo cidc quan hé da biét. Nhd d6, mo hinh
¢ thé gidi quyét hiéu qui cdc trudng hop khéng chic chin & cdc ving bién hodc
viing cé st chong lan gitta cdc cum, nang cao do tin cAy va kha ning dién giai

cua ket qua phan cum.
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Su tich hgp gitta phan cum md, hoc ban giam sat an toan va hoc chi dong
tao ra mét quy trinh phan cum dong va thich nghi, dac biét hiéu qua khi xit
Iy céc tap dit liéu phiic tap trong thuc té. Kha ning két hop tinh linh hoat, su
giam sat va kha nang thich ting giip md hinh tré thanh mdt gidi phap manh
mé cho cac ing dung ma dit liéu gdn nhan bi han ché, dong thdi can tan dung
tri thitc mién dé dat duge do chinh x4c phan cum cao. Hinh 3.1 minh hoa mé
hinh phan cum ban gidm sit mo an toan chi dong véi cap rang budc dua vao

bién cum (AS3FCPC).
3.3 Chi tiét thuit toan

Phuong phap AS3FCPC dé xuat bao gom bdn giai doan tuan tu: (1) khdi
tao hoc chii dong két hop v6i FCM cho dit liéu da gan nhan; (2) phan cum ban
gidm sat ma lap lai cho toan bo tap dut liéu; (3) tinh chinh ranh giGi cum mot
cach chit dong va tao rang budc cap mot cach chon loc; va (4) t6i wu héa 14p lai
va hoi tu cudi cling.

Giai doan 1: Khéi tao hoc chi dong va FCM cho di liéu c6 nhan

Quy trinh bit dau véi khéi tao hoc chii dong, tap trung vao viée xac dinh
cac diém dit litu khong chac chan hodc khéng chic chin bang céch phan tich
mbi quan hé 1an can. Cu thé, v6i mdi diém dit liéu, ban kinh lan cdn R dudc

xac dinh nhu sau:

R = (duax — dmin)x (3.1)

Trong dé dmax VA dmin 1an lugt 14 khoang cach 16n nhat va nhé nhat gitta cac
diém dit liéu da gan nhéan, va a 13 hé s6 ty 1é do chuyén gia dé xuat.

Céc diém khong chic chan duge xtt 1y dua trén mot quy tac wu tién nham
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phat hién va hiéu chinh céc trudng hop bat dong nhan 16 rang tit cau tric
lan can. Cu thé, néu ti 50% tré lén céc diém 1an can thudc vé modt cum khéc
(khac v6i nhan hién tai ctia diém dang xét), nhan ctia diém d6 sé dude tu dong
dieu chinh theo cum lan can chiém wu thé. Trong céc thuc nghiém cta ludn an,
ngudng 50% (thay vi cdc ngudng 16n hon) da du dé bicu thi su bat dong manh
trong hau hét tinh hudng khi s6 cum 16n hon 2. Ly do 1a khi mét cum chiém
qué nita lan can, trong khi cdc cum con lai khong chiém t¥ 1& dang ké, kha nang
nhan ban dau phi hop véi cau tric cuc bo cia dit licu 1a thap. Vi viy, ngudng
ndy giip phéat hién hiéu qua cdc truong hop nhiéu nhan ma khong doi hoi mot
da s6 tuyét dbi qué cao. Vi trudng hop chi ¢6 2 cum, ludn an st dung ngudng
70% thay cho 50% dé dam bao mittc d6 bat dong dii manh trude khi tu dong
hiéu chinh. C4c budc nay dudc mé ta chi tiét trong thuat toan 3.1

Sau khi giai quyét cdc diém khong chic chin, thuat toin Fuzzy C-Means cai
tién 1.5 dude 4p dung trén dit liéu c6 nhan dé thiét 14p cdc tAm cum va ma tran
do phu thuoc ban dau. Céc ki thuat khit mo (defuzzification) sau dé duge st
dung dé tinh chinh va ddm bao khdi tao 6n dinh cho giai doan tiép theo.

Giai doan 2: phan cum ban giam sat mad lap lai

St dung ma tran do phu thudc da khéi tao .y, giai doan nay tién hanh phan
cum ban gidm sat mdo (SSFCM) trén toan bd tap du liéu. Cac gid tri do phu
thudc U, dudge cap nhat lap lai, tich hop nguyén 1y phan cum md va nhan tiu
chuyén gia. Cac tam cum Vj duge cadp nhat song song, cai thién do chat va do
phan biét clia cum sau mdi lan 1ap. Giai doan nay lan truyén thong tin nhan
dang tin cdy sang dit lidu chua gan nhan, dit nén tdng ving chic cho céc bude
tinh chinh sau.

Giai doan 3: Tinh chinh vung bién cum s dung hoc chu dong va

tao rang budc cap
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Giai doan nay tdp trung vao viéc tinh chinh ciu triic phan cum théng qua
viéc phan tich ranh giéi cum va xéc dinh chii dong cac diem dit liéu quan trong
dé tao rang budc. Trude tién, ving bién clia cic cum so bd dude xéc dinh nham
tim ra cdc diem dit liéu ¢6 mitc d6 phu thudc khoéng chac chan — thudng nam
& vung khong chic chin gan ranh giéi cum. Hoc chti dong sau d6 duge 4p dung
cho cac diém bién nay nham dénh gia do tin cdy nhan. Bang cach kiém tra moi
quan hé lan cdn, mo6 hinh sé xdc nhén, truy van thém, hoac diéu chinh lai nhan
dé ddm béo tinh nhat quan. Panh gia ¢ trong tAm nay dam bao rang cic diém
ranh gi6i dugc thé hién chinh x4c trong cau tric phan cum, ting cuong mitc do
tin cdy ban dau ctia mé hinh.

Khi do tin cdy ctia nhan dugc cai thién, mé hinh tién hanh tao cdc rang buoc
cap theo chién lude tit Basu et al. [30] va duge mo ta cu thé & thudt toan 3.2.
Céc quan hé must-link (M) va cannot-link (C) dugc tao chon loc tit céc diém
di licu bién da duge diéu chinh, ddm béo rang tri thitc chuyén gia duge tich hop
chinh xéc vao nhitng khu vic quan trong nhat. Nhitng rang buoc nay giip gidi
quyét khong chac chin & cdc ving chdng 1ap hodc khéng 16 rang, dan hudng
phan cum dén cdu hinh 6n dinh va chinh xéc hon. Pay 1a budc chuan bi quan
trong trude khi buéce vao giai doan t6i wu chinh, gitp mé hinh bit dau tit trang
thai da tinh chinh va dudc huéng dan ro rang, tit d6 cai thién do chinh xic va
kha nang xtt ly dit liéu phtic tap.

Giai doan 4: Téi vu héa va hoi tu cudi ciing

Trong giai doan cudi, mé hinh budc vao vong lap tdi uu héa, noi qué trinh
phén cum dugc tinh chinh dan dan bang cach t6i thiéu héa ham muc tiéu cho
dén khi hoi tu. Quéa trinh nay cap nhat lap lai ma tran do phu thudc U va céc
tam cum V, tich hgp cac nguyén ly phan cum md, tri thitc tit cac giai doan

trude, va rang budc cap dudc tao ra trong bude tinh chinh bién.
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Tai mdi vong lip, gid tri dd phu thudc dude tinh toan lai nham can bang gitta
khoang cach t6i tam cum, do tin cay cua nhan truéc do, va su tuan tha rang
budc must-link va cannot-link. TAm cum dude cap nhat tuong ting dé phan anh
sut thay doi, ndng cao d6 chit va su phan biét clia cdc cum. Qué trinh nay tiép
tuc cho dén khi dat tiéu chi hoi tu — khi su thay déi gitta cdc tdm cum 1A rat
nhé hoac dat s6 vong lap t6i da. Két qua cudi ciing 1a mdt cau hinh phan cum
t6i wu, tich hop hiéu qué tri thic gidm sat va cau tric dit lieu, dam bdo phan
cum chinh xdc va 6n dinh. Thudt toan 3.3 dudc thiét lap dé mo ta lai toan bd
qué trinh ctia phuong phap dé xuat.

Ham muc tiéu tong thé dugce t6i wu béi phuong phap AS3FCPC dude dinh

nghia nhu sau:

N C L C )
mm J(u,v) =S ud &3+« ZZ(uzk—ﬂzk>

1=1k=1 i=1k=1
c c c (3.2)
+5( > ZZ Wik wje + Y Zuzkujk)
(fl)i,.’L’])EM f;ﬁk (LDZ‘,:B]‘)E(C k=1

Véi rang bude: S upw = 1; Yk = 1,...,C va up, iy € [0,1], Vi =
1,...,N, v6i tap dit lieu X = {xy,29,...,7%,...,2x} c6 N diém dit lieu, C
cum, L 1a luc luong diém dit litu & tat cd cdc ving bién bao gom ca cic diém
gidm sat da duoc truy van. w; 13 mic do phu thudc vé cum k ciia diém dit liéu
i, di, 14 khodng céach tit z; dén tdm cum Vi, M 1a tdp rang budc must-link, va
C la tap rang budc cannot-link.

Ta c¢6 thé chia ham muc tiéu thanh bén phan:
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13 phan fuzzy, biéu dién téng binh
SN S ud? phuong cta gid tri do phu thudc va

khoang cach dén tdm cum.

la phan ban gidm sat chi dong,
trong phan nay, ching ta lay cdc phan
aXl ¢ (uip — uip)? tit viing bién duge gan nhan dua trén
hoc chtt dong cho ham thanh vién lam

thanh vién dugc giam sat. u;.

13 phan rang budc must-link,
B X (wiz)eM Zgzl ¥, Uik Uj7 khuyén khich cic diém cé quan hé
I#k

rang budc thudc cung cum.

3 phan rang budc cannot-link,

B Y (01,2,)eC Dot Wikl khuyén khich cdc diém c6 quan hé

rang budc thudc cac cum khac nhau.

Ghi chi. Thanh phan thtt ba trong ham muc tiéu (3.2) thé hién cc rang
budc cip (must-link va cannot-link) giita cdc diém dit litu. Khong giéng hai
hang dau von phu thudc truc tiép vao khoang cdch hinh hoc d%,, cic rang budc
nay chi diic trung cho quan hé nhan gitta hai diém (z;, z;) va do d6 khong c6 thi
nguyén khong gian. Hé sé 3 déng vai tro diéu chinh ty 16, dam bao nang luong
clia cac rang budce duge can bang véi hai thanh phan dua trén khoang céch.

véi cac rang budc Zgzl wir = 1, u; > 0. Ki hiéu:

C 1

M;:={j: i Tj) € M}, Ci:=1{Jj: (zj,z;) € C}, S; =
AR b e eg) € Ch 2B
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Thue hién Lagrangian la

N C
LU, V,\) = J(U,V) + Z&( S i — 1).
i=1 k=1

biéu kién ding theo u;; cho ta

oL
= 2uikd?k + 2a(uik — ﬂzk) + Z Z Ujp + ﬁz Uj + A= 0.
Oy, JEM; Uk j€Ci
bat
iy =20t — B D uje — BY ujp,
JEM; L#Ek j€C;
ta duge cong thitc dong
i A .
ik — A = d +a
Uk = s, A= g (3.3)
r=1 dZQT +
Vi Zg?gkuj'g =1 — Ujk S 1va0 S Ujk S 1, nén
D> ui < Myl > uk < |Gl
JEM; L#£k j€C;
Suy ra:
aix = 20U — 5(|Mz| + |Cz|)
Do do, néu dit
8 < 203, it = min (@, +A), A>0 (3.4)
- MG YT\ 7 .

thi a;, > 0 v6i moi k (diéu kién du, doc 1ap k).
Ghi chii:
(1) (3.4) 1 diéu kién dii, c6 the bao thii; A chi diing nhu mét “khoéng hd” phan

tich dé xtt 1y truong hop min, ;. = 0, khong thay doi cac gid tri 4, trong thuat
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toan.

(2) Néu min, ;. = 0 thi (3.4) budc 8 rat nho (cd aA/(|M;| +1C|)), 1am yéu tac
dung ML/CL tai diém . Khi can gitt ML /CL manh hon, c6 thé dung 5; theo ting
didm (hosc B;; theo timg cip) véi rang bude dia phuong B; (|M;|+|Ci|) < 2™,
ho#ic thém bude chiéu u;. vé don hinh sau khi cdp nhat.

Chan dudi cho \;:

Néu a; > 0 v6i moi 7 thi

That vay: Tt a;, > 0 va d?. +a > 0 suy ra 3, da" > 0. Thé vao (3.3) dugc
(ZT da” — 2>/Sz > —2/82

Tinh hgp 1€ cta uyy:

Gid stt @ > 0 va (3.4) ding v6i moi i. Khi d6 nghiém cép nhat (3.3) thoa
man:
C
0 <y <1, Zuik: 1, Vi, k,
va 6n dinh s6 hoc. That vay:

2
Qi — N ik + &
Uik = ’ Lo> Si > 0

2(d3 +a) — 2(d3 + «)

Vi ag, >0, S; >0, d4, + a > 0. Lay tong (3.3) theo k:

Zulk (zd‘”k —)\izl)zl

d? + o
do dinh nghia ctia ;.
Vi moi u;; > 0 va téng béng 1, suy ra u;; < 1 v6i moi k.

Dao ham theo v dé tim cac tdm cum , ta co:

9T g ) =0 3.5
avk szlulk Uk .CC ( )
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suy ra cong thitc cap nhat:

o 2

7

v = S (3.6)

2
sk
=1

Chitng minh héi tu ciia ham muc tiéu: Ham muc tiéu ctia thuat toan
AS3FCPC bao gom cac rang budc chz1 wix = 1, uir € [0,1]. Trong d6, M va C
lan lugt 1a tap céc rang budc must-link va cannot-link, va o > 0 1a hé s6 dicu
tiét an toan.

Ham J(U, V) 1a kha vi, lién tuc va bi chan dudi. Khi V' ¢6 dinh, J 1a da thtc
bac hai 16i theo U; khi U ¢6 dinh, J 14 téng céc binh phuong khoang cach theo

V. Do do, qua trinh cap nhat luan phién:

U = arg mUin J(U, VO, VD = arg mvin JU V)

dam bao giam hodc gitt nguyén gid tri cia ham muc tiéu tai moi vong lap:

J(U(Hl)7 V(t+1)) < J(U(t), V(t)).
Vi J(U,V) >0, nén day {J®} bi chan dudi va hoi tu:

lim J® = J*.

t—o0

Hon nita, tai diém dimg (U*, V*), cdc dao ham riéng ctia J triét tiéu:

0J o0J

arr - 07 av s - 07

nén (U*,V*) 1a nghiém cuc ti¢u cuc bd (stationary point). Nhu vdy, thuat

toan AS3FCPC hoi tu don diéu vé diém ding 6n dinh ctia ham muc tiéu.
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Thuit toan 3.1 Khdéi tao va hiéu chinh nhan ban dau
Input: X = {z;}Y,, Lo 1a tap dit liéu gidm sat ban dau, a, K. Output: L.
{0.7, K <2

dmax_dmin
1 R ¢ —nx Twmin,
«
2 for z; € Ly do
3 Ni+{zje X ||z —al <R}

0.5, K>2

4 k"< argmaxy [{z; € N} | ¢; =k}
5 m<_\{93j €Ni|c =k}
na

6 if (k*#¢;) N (g, > 7) then

7 ci — k* > Hiéu chinh khi mét cum khéc chiém wu thé di manh

8 else

9 C; < C; > Gilt nguyén nhan ban dau
10 end if
11 end for

12 Eo — {Ci ‘ x; € Lo}

Thuit toan 3.2 Tao rang budc cap must-link va cannot-link

Require: Tap dit licu X = {xy,...,2,}; tdp chi s6 dit litu da gédn nhan I;
nhan cum that g; € {1,..., K} v6i moi i € I1; ngan sdch sb cip ¢
Ensure: Tap rang buoc must-link M va cannot-link C'
1 U+ {(i,5) 3,7 €I, 1<i<j<n} > Chixétciccip ma ca hai diem
déu c6 nhan
2 Chon ngau nhién khong hoan lai tdp S C U sao cho |S| = ¢
SM+—o;, C+—o
4 for all (i,7) € S do
5 if g; = g; then
6 M <« MU{(j)} > Tao rang budc must-link
7 else
8 C+—CU{(i,7)} > Tao rang budc cannot-link
9 end if
10 end for
11 return M, C

Thuéat toan phan cum ban giam sat mdé an toan cha déng vé6i cap

rang budc duwa vao bién cum dudgc md ta nhu sau:
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Thuat toan 3.3 AS3FCPC
Input: X = {z;}Y,, Ly < N 1A tap dit liéu giam sit ban dau, U, e, maxStep
Output: U,V

1 Ly + Khéi tao va hidu chinh nhan ban dau(Lg) (Thuét toan 3.1).

2 Cap nhat FCM cai tién cho tAp nhan Ly sau khi hiéu chinh & bude 1:

U(t) < fFCM+ (X, V(t_l)), V(t) < gFCMJr (X, U(t))

w

Ap dung SSFCM trén X dé thu duge U

4 Xac dinh diém bién: L, N, < X4c dinh bién cum(U) (Thuit toan 2.1).

5 Diéu chinh d6 phu thudc trén bién: U + Diéu chinh viing bién cum(U, N,)
(Thuat toan 2.2).

6 Sinh rang budc cap: (M, C) < Tao rang budc(N,) (Thuat toan 3.2)

7 Khéi tao t < 0, V(0 = {v,(co)}kczl

8 repeat

9 t+—t+1

10 UM< (3.3)

11 V® « (3.6)

12 until [V — VD] <& or t > maxStep
13 return U,V

D06 phirc tap thuat toan Do phic tap tinh toan ctia thuat toan AS3FCPC
chi1 yéu dugc quyét dinh béi cac giai doan phan cum md va cac buée tinh chinh
lip lai. Cu thé, 6 Bu6e 2, Fuzzy C-Means (FCM) dude 4p dung cho tap dit liéu
gén nhan ban dau c6 kich thuéc nhd (L, véi Ly < N), dan dén chi phi khong
dang ké O(LoC?I), trong d6 C 1a s6 cum va I 1a s6 vong lap ciia FCM. Sang
Buéc 3, thuit toan TS3FCM duogc trién khai trén toan bd tap dit liéu cé kich
thuéc N, mdi vong lip cdp nhit ma tran dé phu thudc theo cong thiic chuan
dang t1 18, trong d6 viéc tinh todn mdi gid tri ug; yéu cau tong hop trén toan bo
C cum con lai, 1am phat sinh do phiic tap O(NC?I"), trong d6 I’ 1a sb vong lip
ctia TS3FCM. Céac Bubc 4-6 bao gdm giai doan phét hién va diéu chinh diém
bién: Budc 4 tinh todn do chénh léch nho nhat gifta cac gia tri thanh vién va

thitc hién sap xép, véi chi phi O(NC + N log N) = O(N log N); Buéc 5 chi truy
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vin va hiéu chinh trén mot tap con rat nhé cdc diém bién Q vdi |Q] = N, < N
(cAc diém c6 mitc bat dinh cao nhat). Vi méi diem x; € Q, thao tac can thiét
1a (i) quét vector do phu thude {u;i,...,uic} dé xdc dinh hai gia tri 16n nhat
(hodic céc chi 86 lién quan) va (ii) cAp nhat lai mot s6 phan tit ctia hang i trong
U theo phan hoi chuyén gia/qui tic rang budc; cadc bude nay cé chi phi O(C)
cho méi diém. Do dé, tong chi phi tinh toan cho pha tinh chinh bién 14 O(N,C)
(khong tinh thdi gian phan hoi clia chuyén gia); va Bude 6 sinh ra cdc rang budc
cap, nhung chi phi khong déng ké do N, han ché. Tiép theo, & cdc Bude 9-13,
vong lap phan cum chinh thuc hién cAp nhat dong thdoi cic gia tri thanh vién
md va trong tdm cho toan bd N diém dit liu va C' cum, lap lai trong T vong,
v6i do phitc tap O(NC?T). Tong hop lai, d6 phitc tap toan cuc clia thuit todn
AS3FCPC dugc biéu dién nhu sau:

O(NC*(I'++T) + NlogN).

Trong biéu thitc trén, N 1a tong s6 diém dit lieu, C 14 sb cum, I’ 1a sb vong
lap ctia TS3FCM va T 1a sb vong tinh chinh, véi T < I’ do céc tham s6 ban dau
& Buée 9 dudce ké thita tit két qua trude d6. Céc chi phi lién quan dén tap dit liéu
gan nhan ban dau L ciing nhu sé diém bién dude truy van N, la khong dang ké
do kich thuéc ctia chiing nhé hon nhiéu so véi N. Nhu vay, déng gép chi phéi
do phitc tap nam & céc bude cap nhat thanh vién mo trén toan bd tap dit liéu
trong TS3FCM va giai doan tinh chinh cudi ciing. So v4i TS3FCM, AS3FCPC
dat do chinh x4c phan cum cao hon nhd co ché tinh chinh c¢é dinh huéng cho
cac diem bién thong qua hoc chit déng va rang budc cip. Dicu nay lam tang
dang ké tinh on dinh va do chinh xéc, ddc biét trong cic tinh hudng dit litu c6
cum chong lan. Tuy nhién, su cai thién vé chat luong phai danh doi bang mot

mitc chi phi tinh todn bo sung do viée cdp nhat thanh vién lip lai va tinh chinh
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c6 huéng dan tit chuyén gia. Mac du vay, miic tang nay chi  mitc khiém tén va
hoan toan hop 1y so véi nhiing loi ich ddng ké veé chat lugng phan cum ma thuét

toan mang lai trong céc diéu kién thach thic.
3.4 Két qua thuc nghiém

Phan nay trinh bay cc két qua thuc nghiém nham dinh gia hiéu ning cta
thuat todn de xuat AS3FCPC so véi cac phuong phap phan cum ban gidm sét

md khéc trong bai todn danh gia chat lugng cum.

3.4.1 D liéu, d6 do va moéi truong thuc nghiém

Thi nghiém dudc tién hanh trén hai loai dit liéu. Thit nhat 1a céc bo dit licu
kinh dién ctia UCI [116] gom Iris, Wine, Breast Cancer Wisconsin (Diagnostic),
Glass Identification, Haberman Survival, Australian Credit Approval, Spambase
va Waveform-5000 nhu trong Bang 3.1. Céc tap dit liéu nay dugce lua chon nham
bao quat tinh da dang vé sb chiéu, s6 16p, mitc dd chong 1an va nhiéu.

Thit hai, mét tdp anh phan doan viung ngdp quy md trung binh (khoang 290
anh) c6 kich thude 893 x 551 pixels v6i mat na nhi phan “ngdp/khéng ngap”
duoce gan nhan & cdp d6 pixel bang cong cu ma ngudn mdé Label Studio. Ludn
an cting md phong viéc gan nhan sai cho ca hai loai dit liéu véi cac ti 1& ngau
nhién(nam trong khoang 0-30 phan trim, diy la khodng sai sét dua trén cic
thuc nghiém thuc té) khac nhau nham kiém dinh thuét todn trong nhiéu kich
ban vé mic dd nhiéu va do tin cdy nhan. Viéc gdn nhan sai dude danh theo co
ché 1at nhan ngau nhién khac v6i nhan gbc.

Thiét 14p nay cho phép ddnh gid hiéu qua ctia phuong phép dé xuat ngay ca
trong diéu kién dit liéu c¢6 nhiéu nhiéu va d6 tin cdy khong cao. Viéc kiém thit

trén ca dit liéu chuan va anh thuc té ddm bao mé hinh phan cum hoat dong 6n
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dinh va hiéu qué trong nhiéu tinh huéng tmg dung khac nhau.

STT | Tap dit liéu | S6 mau | Thudc tinh | Nhan | Ti 1& gin nhan | Ti 1é nhan sai
1 IRIS 150 4 3 25% 16%
2 Wine 178 13 3 23% 11%
3 | Breast 569 30 2 18% 14%
4 | Glass 214 9 6 22% 17%
5 Haberman 306 3 2 17% 13%
6 | Australian 690 14 2 14% 19%
7 | Spambase 4601 57 2 19% 12%
8 Waveform 5000 40 3 13% 18%

Béng 3.1: Tap dit licu UCI dung trong thuc nghiém chuong 3
STT | Cac anh dudgc dung | S6 luwong | Ti 1& gén nhan | Ti 1é nhan sai
1 0-49 50 12% 10%
2 50-99 50 14% 12%
3 100-149 50 16% 14%
4 150-199 50 18% 16%
5 200249 50 20% 18%
6 250-289 40 15% 12%

Bang 3.2: Kich ban thuc nghiém trén bo anh phan doan viung ngap (290 anh)

Ghi chii: Luan an dung bién thé Waveform-5000 (40 thudc tinh).

Hinh 3.2 minh hoa cho két qué thuc nghiém v&i d&nh phét hién ving ngap

lut:

Anh mit na

- -

Hinh 3.2: Minh hoa két qua phan doan anh xéc dinh ving ngip lut
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Céc thuc nghiém duge trién khai bang ngon ngit 1ap trinh C, st dung IDE
Dev-C++, va chay trén may tinh Surface sit dung CPU Intel(R) Core(TM) i5-
1135G7 (2.40GHz), RAM 16GB. CAu hinh ndy dam bao diéu kién thit nghiém
nhat quin va c6 thé 1ap lai.

Bang 3.3 14 bang cic tham sé dude st dung trong thuc nghiém véi cic thuat

toan so sanh.

Thuat toan m € T nax Tham sb riéng

FCM 2.0 | 107% | 1000 -

SSFCM 2.0 | 1075 | 1000 Trong s6 gidm sat a = 0.5
CS3FCM 2.0 | 107% | 1000 v1=1vay =0.5
TS3FCM (2008) | 2.0 | 107¢ | 1000 A=0.5

AFCC (2017) 2.0 | 1075 | 1000 -

AS3FCBC 2.0 | 107% | 1000 | Nguong bién § = 0.1, a = 0.5, = 0.1

Bang 3.3: Bang tham s thuc nghiém cho cac thudt toan

Trong thuc nghiém, hé s6 o dude chon trong khodng 0.1, 1] nham can bang
gitta 6n dinh s6 hoc va mitc do tin cdy ctia nhan ban gidm sat. Sau khi chuan
héa dit litu, o = 0.5 cho thay su cAn bang t6t gitta cAu tric hinh hoc va thong
tin nhan.

Hé s6 (3 dudc lia chon tuong déi theo a, véi 8 = ya, v € [0.05, 0.3], phu
hop véi dicu kién di ddm bdo tinh duong ctia nghiém cdp nhat. Trong céc thi
nghiém, B € [0.05, 0.1] cho két quéa 6n dinh va hi¢u qua nhét, dong thsi trdanh

hién tugng ép cum qua mitc do cac rang budc cap.
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Thuit toan

Kiéu hoc

Théng tin bd

Co ché ap
dung hoc
chii d6ng cho

Pac diém noi

trg thong tin bd bat / Han che
trg
Pon gién,
N . [ N , N . nhanh; nhay véi
FCM [39] Khoéng gidm sat Khéng cé Khong ¢6 nhidu va bicn
cum.
stt dung thong
L, , Rang budc cap R , tin bd trg; nhay
SSFCM [27] Ban gidm sat (ML/CL) tinh Khoéng c6 v6i nhidu <A
bién.
Gidm tac dong
rang budc sai
CS3FCM [17] Ban glar\n sat an nha£n c‘o trAQng Khong c6 lehd jcrc_)ng S0;
toan SO tin cdy on dinh hon
SSFCM; nhay
cdm nhiéu bién.
Can bang t6t
gitta dit liéu va
TS3FCM 18] Ban glar\n sat an nhar} c6 do tin Khong c6 r%ng Euoc; chua
toan tudng/trust c6 chien luge
chon cap chi
dong.
N
AFCC(2017) Bén giam sat Rang budc cip | Valuable Pairs), sé‘cu?n I{ni
[32] chii déng déng (ML/CL) C;A gidm cum hoat'; nhay cim
yeu nhan sai, bién
Tan dung lgi
loc nhan khai thé Ts3fcm, cai
L, ML/CL dong + | tao, cap rang thién véi co ché
Bén giam sat trong sb tin cdy | budc duge tao hoc chu déng an
AS3FCPC chii déng an ng ¢ By | bude cuge ta 2¢ I Cong
toém + dac trung | sau truy van 4+ | toan va st dung
bién tinh chinh theo |cap rang budc;

bién

xtt Iy t6t bién
va nhiéu

Béng 3.4: So sanh cac thuat toan trong thuc nghiém chuong 3

Luan 4n danh gia hiéu suit ctia thuit toan AS3FCPC bang céch so sanh véi

nam phuong phap phdn cum mé hién c¢é: FCM [118], SSFCM [27], CS3FCM
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[17], TS3FCM [18], va AFCC [32]. Bang 3.4 trinh bay su so sanh gitta cac thuat
toan phan cum md va ban gidm sat dudc st dung trong chuong 3, bao gom
FCM, SSFCM, CS3FCM, TS3FCM, AFCC va thuit todn dé xudt AS3FCPC.
Béang nay gitp lam 16 dic diém, co ché hoc chii déng va cic wu diém cling nhu
han ché ctia tiing phuong phép, qua dé minh chiing cho tinh cai tién va hiéu
qua vuot troi ciia thudt toan dé xuat.

Dé danh gia chit luong phan cum trong dicu kién dit liéu c6 nhidu & bién,
ludn 4n st dung bén chi s6 danh gid chuan: RI, Fl-score, NMI, DB va céc chi

s6 mo PC, PE, DB _ fuzzy

3.4.2 Danh gia két qua thuc nghiém

Panh gii theo dd chinh xac va chit lugng phan cum

Sau khi tién hanh thuc nghiém, két qua so sanh chat luong phan cum ctia md
hinh dé xuat véi cac phuong phap lién quan dua trén céc chi s6 RI, F1, NMI,
DB va céc chi s6 mo PC, PE, DB fuzzy dudc trinh bay lan luct trong Bang
3.5, 3.6, 3.7, 3.8, 3.9, 3.10 va 3.11. Cac két qua t6t nhat theo timg bd dit litu

duge in dam.
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Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.812 0.632 0.498 0.514 0.531 0.691 0.471 0.788 0.819
+ 0.094 | + 0.109 + 0.101 + 0.097 + 0.103 + 0.088 + 0.121 + 0.099 + 0.086
0.864 0.671 0.503 0.527 0.546 0.736 0.503 0.796 0.832
SSFCM
+ 0.089 | 4+ 0.102 + 0.096 + 0.094 + 0.098 + 0.083 + 0.113 + 0.093 + 0.082
0.887 0.693 0.513 0.562 0.512 0.748 0.518 0.804 0.873
CS3FCM
+ 0.085 | + 0.096 + 0.093 + 0.091 + 0.109 + 0.081 + 0.109 + 0.087 + 0.075
0.899 0.703 0.518 0.551 0.528 0.755 0.524 0.816 0.884
TS3FCM
+ 0.079 | + 0.094 + 0.091 + 0.090 + 0.104 + 0.078 + 0.105 + 0.084 + 0.071
0.928 0.715 0.563 0.582 0.566 0.761 0.536 0.822 0.869
AFCC (2017)
+ 0.071 | &= 0.087 + 0.083 + 0.085 + 0.098 + 0.073 + 0.098 + 0.079 + 0.073
0.955 0.742 0.598 0.618 0.589 0.772 0.559 0.833 0.917
AS3FCPC
+ 0.061 | 4+ 0.080 + 0.074 + 0.079 + 0.091 + 0.069 + 0.087 + 0.072 + 0.061

Bang 3.5: Bang so sanh hiéu nang gitta cidc phuong phap dua trén chi sé RI
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Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.7934 | 0.5128 0.4971 0.5019 0.5286 0.6324 0.5118 0.5251 0.7884

+ 0.091 | = 0.103 + 0.098 + 0.094 + 0.101 + 0.086 + 0.115 + 0.094 + 0.082
SSFOM 0.7995 | 0.5726 0.5035 0.5214 0.5162 0.6748 0.5389 0.5372 0.8116

+ 0.086 | 4+ 0.096 + 0.093 + 0.091 + 0.104 + 0.079 + 0.109 + 0.089 + 0.075

0.8294 | 0.6229 0.5137 0.5418 0.5073 0.7143 0.5297 0.5578 0.8613
CS3FCM

+ 0.079 | + 0.092 + 0.091 + 0.088 + 0.112 + 0.078 + 0.106 + 0.086 + 0.070

0.8388 | 0.6332 0.5081 0.5323 0.5048 0.7262 0.5523 0.5835 0.8668
TS3FCM

+ 0.073 | + 0.089 + 0.089 + 0.087 + 0.109 + 0.072 + 0.098 + 0.080 + 0.067

0.8741 | 0.6451 0.5517 0.5731 0.5596 0.7388 0.5658 0.6093 0.8604
AFCC (2017)

+ 0.064 | = 0.084 + 0.083 + 0.082 + 0.098 + 0.068 + 0.095 + 0.075 + 0.071

0.9114 | 0.6587 0.5764 0.5965 0.5741 0.7612 0.5589 0.6175 0.8935
AS3FCPC

+ 0.053 | &£ 0.074 + 0.068 + 0.071 + 0.088 + 0.057 + 0.089 + 0.070 + 0.058

Béang 3.6: Bang so sdnh hiéu ning gitta cdc phuong phap dua trén chi sé6 F1-Score.
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Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.6584 | 0.3621 0.4417 0.4572 0.4863 0.4128 0.4527 0.6028 0.7324

4+ 0.094 | + 0.112 + 0.099 + 0.095 + 0.106 + 0.101 + 0.102 + 0.089 + 0.081
SSFOM 0.7016 | 0.3984 0.4662 0.4923 0.5024 0.4519 0.4684 0.6141 0.7459

+ 0.087 | 4+ 0.106 + 0.095 + 0.091 + 0.102 + 0.097 + 0.098 + 0.085 + 0.076

0.7284 | 0.4216 0.4725 0.5114 0.4913 0.4738 0.4821 0.6234 0.7526
CS3FCM

4+ 0.083 | £+ 0.101 + 0.092 + 0.088 + 0.108 + 0.093 + 0.096 + 0.083 + 0.073

0.7398 | 0.4335 0.4784 0.5223 0.4989 0.4849 0.4932 0.6472 0.7664
TS3FCM

+ 0.081 | + 0.098 + 0.090 + 0.086 + 0.104 + 0.091 + 0.094 + 0.079 + 0.069

0.8012 | 0.4514 0.5283 0.5471 0.5384 0.5012 0.5081 0.6618 0.8542
AFCC (2017)

+ 0.059 | = 0.093 + 0.085 + 0.082 + 0.097 + 0.089 + 0.090 + 0.077 + 0.063

0.8329 | 0.4718 0.5634 0.5935 0.5631 0.5269 0.5167 0.6844 0.8829
AS3FCPC

+ 0.052 | 4+ 0.089 + 0.080 + 0.078 + 0.094 + 0.083 + 0.087 + 0.072 + 0.058

Bang 3.7: Bang so sanh hiéu nang gitta cac phuong phap dua trén chi s6 NMI.
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Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.9024 | 0.8256 1.1428 1.6089 3.5126 0.7314 1.2581 0.6294 1.2517

4+ 0.104 | £+ 0.081 + 0.092 + 0.118 + 0.163 + 0.072 + 0.097 + 0.073 + 0.089
SSFOM 1.3478 | 1.5134 1.2342 1.9427 4.5521 0.8432 1.3718 2.3184 1.9437

+ 0.112 | + 0.129 + 0.107 + 0.139 + 0.188 + 0.081 + 0.109 + 0.154 + 0.143

2.7845 | 3.0284 4.3127 4.0342 5.6843 1.9315 1.1984 1.3472 3.5241
CS3FCM

4+ 0.178 | + 0.193 + 0.214 + 0.201 + 0.226 + 0.137 + 0.093 + 0.118 + 0.189

2.8642 | 3.1943 3.5124 3.6128 6.2284 1.8843 1.3295 1.4362 3.6275
TS3FCM

+ 0.187 | + 0.203 + 0.209 + 0.196 + 0.239 + 0.129 + 0.101 + 0.124 + 0.198

1.3487 | 0.9829 2.8157 2.0984 2.4318 0.9417 1.4172 2.3342 2.5281
AFCC (2017)

+ 0.085 | = 0.092 + 0.174 + 0.156 + 0.168 + 0.083 + 0.104 + 0.157 + 0.173

1.2218 | 0.9374 2.2745 1.8434 2.1184 0.9625 1.5284 2.4853 1.3272
AS3FCPC

+ 0.077 | &£ 0.089 + 0.163 + 0.141 + 0.152 + 0.089 + 0.116 + 0.164 + 0.096

Béng 3.8: Biéu d6 minh hoa so sanh hiéu ning cic thuit toan dua trén chi sé6 DB
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Xét theo chi s6 RI, AS3FCPC dat mtic cao nhit trén tdt cd céc bo dit
liéu, cho thay kha nang téi tao cau tric nhan that vuct troi so véi cic phuong
phap d6i sénh (FCM, SSFCM, CS3FCM, TS3FCM, AFCC(2017)). Cu thé, RI
lan lugt 1a 0.955 (IRIS), 0.742 (Wine), 0.598 (Australian), 0.618 (Spambase),
0.589 (Waveform), 0.772 (Breast), 0.559 (Haberman), 0.833 (Glass) va 0.917
(Flood images). O moi bo dit litu, AS3FCPC déu vuot AFCC(2017)—von 1a
chuan manh—vi du IRIS (0.955 so véi 0.928), Australian (0.598 so véi 0.563),
Spambase (0.618 so v6i 0.582), hay Flood images (0.917 so v6i 0.869). Dieu nay
phan anh truc tiép tdc dung ctia co ché rang budc ban gidm sit va chién lugc
chon-4p rang budc ctia AS3FCPC trén cic ving bién khéng chic chin, gitp
giam nham 1an chéo cum va tang ti 1é ghép cap ding theo nhan that.

Véi Fl-score (cAn bang gifta precision va recall), AS3FCPC dtng dau &
8/9 bo dit libu va chi thua sat trén Haberman. Céc gid tri F1 noi bat gom:
0.9114 (IRIS), 0.6587 (Wine), 0.5764 (Australian), 0.5965 (Spambase), 0.5741
(Waveform), 0.7612 (Breast), 0.6175 (Glass) va 0.8935 (Flood images). So véi
AFCC(2017), mtic cai thién van nhit quan trén hau hét cac bo—ching han
Spambase tang tu 0.5731 lén 0.5965, Waveform tang tu 0.5596 1én 0.5741, va
Flood images tiang tir 0.8604 lén 0.8935—cho thay AS3FCPC khong chi gidm 16i
gan nhan sai (precision) ma con thu hoi tét hon céc diém thudc cting mot cum
(recall), dic biét hiéu qué trong céic tinh hudng nhidu ho#ic chong lan manh.
Truong hop Haberman tiép tuc 1a ngoai 18 khi F1 ctia AS3FCPC (0.5589) thap
hon AFCC(2017) (0.5658), goi v rang dbi vai dit liu nhé va léch 16p nang, ti
trong gitta mat mat rang budc v mat mat phan cum can dudgc diéu chinh than
trong dé duy tri cAn bang precision recall.

Theo chi s6 NMI, AS3FCPC dan dau 9/9 bo dit licu: 0.8329 (IRIS), 0.4718
(Wine), 0.5634 (Australian), 0.5935 (Spambase), 0.5631 (Waveform), 0.5269
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(Breast), 0.5167 (Haberman), 0.6844 (Glass) va 0.8829 (Flood images). Vi NMI
do ludng thong tin tuong hd gitia phan hoach du doin va nhan that, su vuot
troi 6n dinh nay cho thdy phan hoach m& do AS3FCPC tao ra giit dude cau tric
thong tin c6t 16i cia dit lidu, dac biét 10 & cac tap cao chiéu nhu Spambase va
dit liéu dnh Flood images. So véi AFCC(2017), miic cai thién van dién ra déu
ddn — chdng han Waveform (0.5631 so v6i 0.5384) hay Australian (0.5634 so
v6i 0.5283). Dicu nay chitng minh rang chién luge xit 1y diém bién va rang budc
cap ciia AS3FCPC gitp tao ra phan tach chita nhiéu thong tin hon va phit hop
hon véi cau tric that cta dit lidu.

C6 thé thay RI, F1 va NMI déu 1a céc chi s6 ngoai sinh danh gid mic do
tuong dong gitta két qua phan cum va nhan that, tuy nhién méi chi s6 phan anh
mot khia canh khéac nhau. RI danh gid d6 chinh xéc ghép cip tong thé gitta cac
diém dit liéu, F1 phan éanh su can bang gitta precision va recall trong qué trinh
gan cum, con NMI do luéng mttc d6 bao toan thong tin gitta phan hoach du
doan va cau tric nhan thuc té. Viec AS3FCPC dong thoi dat két qua cao trén
cé ba chi s6 cho thay phuong phap khong chi cai thién do chinh xac cuc bo tai
cac diém bién ma con duy tri tot cAu tric toan cuc cia dit litu. Piéu nay dic
biét quan trong doéi véi cac bo dit litu c¢6 dd chong 1an cao hodc ton tai nhidu
nhan, noi ma viéc xt Iy hiéu qui céc diém khong chic chan cé anh hudng truc
tiép t6i chat luong phan cum tong theé.

Vé chi s6 Davies—Bouldin (DB), noi gi4 tri cAng nhoé cang t6t, ASSFCPC
chi dat mtic thip nhat trén mot s6 bo dit litu nhung khong phai toan bd. Dua
trén bang két qua, AS3FCPC c6 DB thap nhat & Waveform (2.1184) va ciing
cai thién dang ké so véi AFCC(2017) & Australian (2.2745 so v6i 2.8157) va
Spambase (1.8434 so v6i 2.0984), phan anh viéc mo hinh diéu chinh duge ranh

gi6i cum dé phit hop hon véi cau tric ngit nghia. O cac tap dit licu khac nhu TRIS
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(1.2218), Wine (0.9374), Breast (0.9625), Haberman (1.5284) va Glass (2.4853),
DB ctia AS3FCPC khong phai thap nhat; FCM (va doi khi CS3FCM) van vugt
tr6i do ban chat chi t6i thiéu héa khoang cach diém-taAm cum, tao cic cum tron,
gon va doéi xtmg nén DB thudng rat nhoé du chua phan dnh chinh xéc cau tric
nhan that khi dit litu chong lan. Nguoc lai, AS3FCPC uu tién phan tach theo
nhan va xit Iy diém bién; ranh gidi cum cé thé dude “néi” linh hoat hon dé phit
hop véi cau tric ngit nghia ctia dit liéu, khién DB ting nhe nhung déi lai cac chi
s6 ngoai sinh nhu RI, F1 va NMI dudc cai thién ro rét. Diéu nay cho thay ton
tai su ddnh d6i gitta do compact hinh hoc ctia cum va khé nang phan dnh ding
cau tric nhan thuc té. Nhin chung, du khong luén dat DB thap nhat, AS3FCPC
van 13 phuong phép on dinh va hiéu qua nhat trong nhém céc thudt todn ban

giam sat duge khao sat.



Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.7803 0.7204 0.6108 0.6052 0.6256 0.7409 0.5907 0.6905 0.7051
+ 0.0507 | £ 0.0798 | £ 0.0746 + 0.0694 £+ 0.0729 | £0.0581 | 4 0.0843 | = 0.0699 + 0.0794
SSFOM 0.8107 0.7358 0.6289 0.6184 0.6402 0.7653 0.6152 0.7058 0.7283
+ 0.0451 | £ 0.0716 | =+ 0.0703 + 0.0648 + 0.0701 | £ 0.0527 | 4 0.0801 + 0.0649 + 0.0756
0.8354 0.7481 0.6407 0.6456 0.6528 0.7758 0.6309 0.7152 0.7406
CS3FCM
+ 0.0429 | £ 0.0697 | =+ 0.0683 + 0.0624 + 0.0724 | £0.0489 | 4+ 0.0764 | + 0.0596 + 0.0701
0.8506 0.7609 0.6551 0.6587 0.6704 0.7824 0.6457 0.7253 0.7552
TS3FCM
+ 0.0408 | £ 0.0661 + 0.0667 + 0.0612 + 0.0707 | £0.0473 | 4+ 0.0731 + 0.0588 + 0.0679
0.8759 0.7724 0.6853 0.6906 0.7028 0.7907 0.6608 0.7359 0.7684 =
AFCC (2017) o0
+ 0.0368 | £ 0.0612 | = 0.0631 + 0.0594 + 0.0671 | £0.0458 | 4 0.0704 | = 0.0536 + 0.0658
0.9103 | 0.7954 0.7056 0.7205 0.7258 0.8053 0.6857 0.7608 0.8107
AS3FCPC
+ 0.0312 | £ 0.0551 + 0.0584 + 0.0521 + 0.0615 | £0.0432 | 4 0.0652 | + 0.0485 + 0.0453

Bang 3.9: So sanh hiéu nang giita cac phuong phap dua trén chi sé6 PC




Method IRIS Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
POM 0.4215 0.5108 0.6124 0.6287 0.6559 0.4871 0.6684 0.5328 0.5261
+ 0.0602 | £ 0.0897 | £ 0.0725 + 0.0748 £+ 0.0793 | £0.0695 | 4+ 0.0829 | £ 0.0774 + 0.0928
SSFOM 0.3928 0.4959 0.5983 0.6125 0.6391 0.4620 0.6431 0.5487 0.5018
+ 0.0551 | £0.0844 | =+ 0.0709 + 0.0721 + 0.0779 | £0.0681 | 4+ 0.0810 | &+ 0.0738 + 0.0894
0.3712 0.4867 0.5825 0.5981 0.6174 0.4538 0.6279 0.5231 0.4763
CS3FCM
+ 0.0526 | £ 0.0811 + 0.0689 + 0.0694 + 0.0768 | £0.0643 | 4+ 0.0784 | + 0.0712 + 0.0868
0.3549 0.4705 0.5718 0.5827 0.5984 0.4468 0.6124 0.5059 0.4587
TS3FCM
+ 0.0497 | £ 0.0780 | 4+ 0.0675 + 0.0684 + 0.0749 | £0.0639 | =+ 0.0761 + 0.0707 + 0.0851
0.3294 0.4597 0.5562 0.5661 0.5838 0.4395 0.5891 0.4924 0.4325 =
AFCC (2017) ©
+ 0.0461 | £ 0.0723 | &£ 0.0697 + 0.0665 + 0.0732 | £0.0624 | 4+ 0.0728 | = 0.0679 + 0.0791
0.3028 | 0.4459 0.5257 0.5401 0.5564 0.4268 0.5663 0.4685 0.4059
AS3FCPC
+ 0.0418 | £ 0.0654 | =+ 0.0662 + 0.0647 + 0.0691 | £0.0612 | 4 0.0694 | 4+ 0.0637 + 0.0782

Bang 3.10: So sanh hiéu ning giita cadc phuong phap dua trén chi s6 PE




Method IRIS | Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood images
FOM 0.9210 | 0.690 1.210 1.872 2.413 0.713 1.246 0.613 1.243

+0.065 | £0.065 40.082 +0.098 +0.142 +0.058 +0.084 +0.056 +0.070

1.430 1.513 1.384 2.105 4.563 1.028 1.383 2.318 1.973
SSFCM

4+0.078 | £0.102 +0.091 +0.120 +0.165 +0.067 4+0.093 +0.132 +0.124

2.510 3.046 4.383 4.108 5.725 1.948 1.213 1.366 3.548
CS3FCM

4+0.155 | £0.172 +0.197 +0.186 +0.213 +0.126 40.080 +0.102 +0.168

2.620 3.216 3.546 3.658 6.266 1.918 1.343 1.453 3.673
TS3FCM

+0.164 | £0.181 +0.188 +0.178 +0.225 +0.118 40.085 +0.109 +0.176

1.320 0.983 2.846 2.133 2.485 0.952 1.430 1.538 2.563
AFCC (2017)

4+0.072 | £0.074 +0.158 +0.138 40.146 40.068 40.090 +0.140 40.158

1.270 | 1.7148 2.316 1.875 2.158 0.972 1.543 2.528 1.363
AS3FCPC

4+0.070 | £0.071 +0.148 +0.126 +0.138 +0.072 40.098 +0.145 40.081

Béang 3.11: So sanh hiéu ning gitta cic phuong phap dua trén chi sé6 DB fuzzy

0¢I
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Xét theo chi s6 PC, AS3FCPC dat gia tri cao nhat trén tat ca cac bo dit
liéu, cho thay phan hoach md& sic nét va it khong chac chan hon so véi FCM,
SSFCM, CS3FCM, TS3FCM va AFCC(2017). Cu thé, PC lan lugt dat 0.9103
(IRIS), 0.7954 (Wine), 0.7056 (Australian), 0.7205 (Spambase), 0.7258 (Wave-
form), 0.8053 (Breast), 0.6857 (Haberman), 0.7608 (Glass) va 0.8107 (Flood
images). Khi déi chiéu véi AFCC(2017), mitc cai thién van nhat quan, dién hinh
nhu IRIS (0.9103 so v6i 0.8759), Australian (0.7056 so v6i 0.6853) hay Flood
images (0.8107 so vi 0.7684). Sut vugt troi 6n dinh nay cho thay co ché chon va
4p rang budc tai ving bién khéng chic chin cta AS3FCPC gitp giam chdong lan
cum va tang d6 ro cia d6 phu thude, nho dé chat luong phan hoach md duge
nang cao dong déu trén ca dit lieu don gidn 1an dit liéu nhiéu va phiic tap.

Xét theo chi s6 PE, AS3FCPC dat gia tri thAp nhat trén toan bo céc bo
dit liéu, cho thiy mtic d6 16i phan cum dude gidm dang ké so v6i FCM, SS-
FCM, CS3FCM, TS3FCM va AFCC(2017). Cu thé, PE lan lugt dat 0.3028
(IRIS), 0.4459 (Wine), 0.5257 (Australian), 0.5401 (Spambase), 0.5564 (Wave-
form), 0.4268 (Breast), 0.5663 (Haberman), 0.4685 (Glass) va 0.4059 (Flood
images), déu 1a gi4 tri nho nhat trén timg bo dit litu. So véi AFCC(2017),
AS3FCPC cai thién o6 rét, vi du IRIS (0.3028 so véi 0.3294), Australian (0.5257
so v6i 0.5562) hay Flood images (0.4059 so v6i 0.4325). Mitc giam tuong tu cing
xuat hién khi so v6i TS3FCM va CS3FCM, cho thay AS3FCPC xut I t6t hon
céc viing bién nhiéu va cdc cum chong lan. Nhin chung, co ché lua chon va 4p
rang budc tai viing bién gitip AS3FCPC han ché sai 1éch gom/tach cum va tao
ra phan hoach on dinh hon, dan dén PE dugc tdi thiéu héa dong déu trén tat
ca cac bo dit liéu.

Xét theo chi s6 DB__fuzzy, AS3FCPC dat gid tri thip hon phan 16n cac

phuong phép con lai, cho thy cic cum thu dude cé d6 chit t6t va ranh giéi mo 6n
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dinh hon. Céc gid tri 1an lugt 14 1.270 (IRIS), 1.7148 (Wine), 2.316 (Australian),
1.875 (Spambase), 2.158 (Waveform), 0.972 (Breast), 1.543 (Haberman), 2.528
(Glass) va 1.363 (Flood images). So v6i AFCC(2017), AS3FCPC cai thién 6
rét trén hau hét cac bo dit licu, dic biét & Australian, Spambase, Waveform va
Flood images, phan 4nh kha nang gitt cum chat ngay ca khi dit liéu nhiéu hoac
bién phtc tap. O Haberman va Glass, DB fuzzy khong thap nhat tuyét déi do
cic thuat todn thuan hinh hoc nhu FCM thudng tao cum tron — gon — ddi
xting, nén dat DB fuzzy thap hon nhung khong phédn 4nh ding ranh giéi ngit
nghia. Ngudc lai, AS3SFCPC wu tién ranh gi6i md hop 1y thong qua co ché rang
budc va xit Iy diém bién, giam nham 1an gitta cdc cum ma khong ép cum mot
cach co hoc. Nho d6, DB fuzzy dudc cai thién 6n dinh va AS3FCPC van la
phuong phap tét nhat trong nhém cédc mo hinh ban gidm sét.

Nhin theo ting bo dit liéu, c¢6 thé thdy mot bitc tranh nhat quan vé hiéu qua
cua AS3FCPC. Trén IRIS, thuat toan dat RI = 0.9114, F1 = 0.8388, NMI =
0.8329, PC = 0.9103, PE = 0.3028 va DB_ fuzzy = 1.270, vudt trdi dong thoi &
cd ba chi s6 ngoai sinh, hai chi s6 md (PC/PE) va chi s6 ndi tai, cho thidy phan
hoach vita chinh xdc theo nhan that vita gon va én dinh theo d6 phu thudc. Véi
Wine, AS3FCPC dat RI = 0.6587, F1 = 0.6332, NMI = 0.4718, PC = 0.7954,
PE = 0.4459 nhung DB _ fuzzy = 1.7148 van cao hon FCM (0.690), phan d4nh
sit danh d6i gitta do khép nhan va do chit cum.

Tuong tu, véi Glass, ASSFCPC dat RI = 0.6175, F1 = 0.5835, NMI = 0.6844,
PC = 0.7608, PE = 0.4685, déu nhinh hon AFCC(2017), nhung DB_ fuzzy =
2.528 cao hon 16 rét FCM (0.6028), minh chimg rang dit li¢u Glass cé mtc chong
l1an manh khién ranh giéi cum bi néi rong.

O Australian, AS3FCPC dat RI = 0.5764, F1 = 0.5081, NMI = 0.5634, PC =
0.7056, PE = 0.5257, déu vuot AFCC(2017), dong thsi DB_ fuzzy = 2.316 thap
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hon AFCC(2017) (2.846), cho thay thudt todn vita cai thién tinh phtt hgp nhan
vita siét chit duge bién cum. Véi Spambase, AS3FCPC tiép tuc vugt troi véi RI
= 0.5965, F1 = 0.5323, NMI = 0.5935, PC = 0.7205, PE = 0.5401, déu cao hon
AFCC(2017), dong thoi DB_ fuzzy = 1.875 giam dang ké so v6i AFCC(2017)
(2.133), phan anh kha ning x1 Iy dit liéu nhiéu cao chiéu hiéu qua.

Trén Waveform, AS3SFCPC dat RI = 0.5741, F1 = 0.5048, NMI = 0.5631,
PC = 0.7258, PE = 0.5564, cing DB_ fuzzy = 2.158, tat ci déu dan dau trong
nhém ban gidm sit, chttng minh mé hinh xt 1y t6t cdc cum phi tuyén nhicu
chiéu.

D6i v6i Breast Cancer, AS3FCPC dat RI = 0.7612, F1 = 0.7262, NMI =
0.5269, PC = 0.8053, PE = 0.4268, déu cao hon AFCC(2017), nhing DB_ fuzzy
= 0.972 van cao hon FCM (0.7314). Di¢u nay phan 4nh danh doi quen thudc
trén dit licu it chiéu, ranh gi6i hep va it nhiéu.

V6i Haberman, AS3FCPC cho RI = 0.5523, F1 = 0.524, NMI = 0.5167, PC
= 0.6857, PE = 0.5663; RI va NMI cao hon AFCC(2017) nhung F1 con thép,
va DB_ fuzzy = 1.543 chua tdi wu do dit liéu nhd, 1éch 16p va nhiéu cao.

Cubi cung, trén Flood images, AS3FCPC dat RI = 0.8935, F1 = 0.8668, NMI
— 0.8829, PC = 0.8107, PE = 0.4059 va DB _fuzzy = 1.363, vuot trdi so vdi
AFCC(2017) trén tat ca cdc chi s6 ngoai sinh va md; rieng DB_ fuzzy chi diing
sau FCM (1.2517) do co ché day diém bién vé phia cum ding khién ranh giéi
md duge ndi nhe. Phan tich theo timg kich ban trong Bang 3.2 cho thiy mo
hinh van 6n dinh khi ti 1&6 gon nhan thap (12-20%) va c6 nhan sai ¢ miic 18%,
nhd truy van ving bién, rang budc an toan va co ché neo theo dd phu thudc.

So v6i TS3FCM, AS3FCPC cai thién RI trén toan bo 9/9 bo du liéu (tang
tir 0.01 dén 0.08), cai thién F1 trén 8/9 bo (trit Haberman), cai thién NMI trén

9/9 bo, dong thoi nang PC va gidm PE nhat quan. Khi so v6i AFCC(2017),
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mtic tang dong deu & RI/F1/NMI va mtic gidm DB_ fuzzy trong Australian,
Spambase, Waveform va Flood images cho thay vai tro quyét dinh ciia truy van
chii dong ving bién va rang buoc cip an toan trong viéc gidm nham lan chéo
cum va cling c6 ranh gigi theo nhan ding. Tuu trung, AS3FCPC vudt troi so
v6i cd TS3FCM va AFCC(2017) trén hau hét cdc chi s6 quan trong, dic biét
trong cac boi canh nhiéu, bién md va phan bd phic tap.

So v6i TS3FCM, thuat todn AS3FCPC cai thién RI trén tat cd 9/9 bo dit lieu
v6i bién tang dao dong +0.01-+0.08 (trung binh khodng 40.04); cdc mic tang
noi bat gom IRIS (4-0.0726), Wine (+0.0255), Australian (+0.0683), Spambase
(4+0.0642), Waveform (+0.0693) va Glass (+0.0340). Trén F1, AS3FCPC vugt
8/9 bo (ngoai 1é Haberman), véi cac bién tang tiéu biéu: IRIS (40.0726), Wine
(4+0.0255), Australian (+0.0683), Spambase (40.0642), Waveform (40.0693) va
Flood images (+0.0267). V&i NMI, AS3FCPC d&n 9/9 bo, cai thién déu tit +0.01
dén 40.06; cdc mtic cai thién noi bat gdm IRIS (4-0.0931), Australian (+0.0587),
Spambase (40.0718), Waveform (+0.0664) va Flood images (+0.0985).

So sanh vai AFCC(2017), AS3FCPC ciing cho RI/F1/NMI cao hon 6n dinh
trén hau hét bo dit liew; vi du IRIS (RI +0.0373, F1 +0.0361, NMI +0.0317),
Australian (RI +0.0281, F1 +0.0247, NMI +0.0351), Spambase (RI +0.0234,
F1 40.0234, NMI 40.0464) va Flood images (RI +0.01935, F1 +0.02735, NMI
+0.03044). O chi s6 DB (cang nhé cang tdt), AS3FCPC gidm manh so voi
AFCC(2017) trén nhiéu tap: IRIS (-0.0269), Australian (-0.5398), Spambase (-
0.2550), Waveform (-0.3134) va Flood images (-1.2009). Cac cai thién nay minh
chitng vai tro clia (i) truy vaAn chit dong ving bién va (i) rang budc cip an
toan trong viéc giam nham lan chéo cum va siét chat bién theo nhan ding, gitp
AS3FCPC vugt trdi ca truée TS3FCM lan AFCC(2017).

So sanh véi ASSFBC c¢6 thé thay két qué ctia AS3FCPC ¢6 phan kém hon
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tuy nhién ¢ day cé thé thay mot nguyén nhan khich quan la: Hai thuét toin
ASSFBC va AS3FCPC dugc xay dung v6i muc tiéu khac nhau. ASSFBC tap
trung t6i wu do chinh xac phan cum dua trén thong tin ving bién trong diéu kién
dit liéu “sach” khong cé dit litu gidm sét thiéu tin cay. Trong khi d6, AS3FCPC
duoc thiét ké dé xit Iy truong hop dit liéu ¢6 nhan sai théng qua viée tich hop
rang budc cip va co ché an toan nham téng tinh bén vimg ctia mo hinh. Trong
thuc nghiém cia luan an, ASSFCPC duge danh gia trong kich ban ¢6 mo6 phéng
nhan sai (label noise). Viéc ton tai nhan sai lam giam do chinh xdc tong thé
clia tat cd cidc phuong phap, bao gom ca AS3FCPC. Tuy nhién, muc tiéu cta
AS3FCPC khong phai 1a dat gid tri chi s6 cao nhat trong diéu kién 1y tudng,
ma 1 duy trl hiéu nang 6n dinh khi dit liéu bi nhiéu. Do d6, viéc céc chi sé thap
hon ASSFBC (trong diéu kién dit liéu sach hodc it nhiéu) 1a phtt hop v6i ban
chat thiét ké ctia thudt toan

Panh gia theo thdi gian tinh toan



Method IRIS Wine Australian | Spambase | Waveform | Breast | Haberman Glass Flood images
0.40 s 0.65 s 1.22 s 3.35 s 4.76 s 15.38 s 0.72 s 0.56 s 76.78 s
TS3FCM
(18 iters) | (22 iters) | (27 iters) (31 iters) (33 iters) | (65 iters) | (21 iters) | (19 iters) (125 iters)
0.52's 0.83 s 1.65 s 421 s 2.78 s 20.54 s 091s 0.71 s 95.85 s
AFCC (2017)
(22 iters) | (26 iters) | (31 iters) (37 iters) (40 iters) | (67 iters) | (25 iters) | (23 iters) (133 iters)
0.45 s 0.72 s 1.55 s 3.67 s 5.20 s 18.16 s 0.80 s 0.60 s 80.18 s
AS3FCPC
(21 iters) | (25 iters) | (30 iters) (85 iters) (37 iters) | (62 iters) | (24 iters) | (22 iters) (127 iters)

Bang 3.12: So sdnh thdi gian chay trung binh va s6 vong lap hoi tu gitta TS3FCM, AFCC (2017) va thuit toan dé xuat
AS3FCPC trén cac tap dit litu chuan va anh.

9¢1
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Két qua trong Bang 3.12 cho thidy TS3FCM dat thoi gian chay trung binh
thap nhat va sé vong lap it nhat nhd co ché cadp nhat don gian, chi sit dung thong
tin bdn gidm sat ¢ mittc cum ma khong lan truyen rang bude. AFCC(2017) c6
chi phi cao nhat vi phai tinh todn nhiéu lan trong sé thich nghi gitta cdc cum
va diém dit liéu, dan dén nhiéu vong lip trude khi hoi tu.

Thuét toan dé xuat AS3FCPC c6 thoi gian chay trung binh cao hon TS3FCM
khoang 10-15%, do b6 sung rang budc cip (pairwise constraints) va co ché dicu
chinh viing bién cum (boundary consistency adjustment). Bu6c lan truyéen rang
budc gitp huéng dé phu thudc héi tu 6n dinh hon, dic biét & cac diém dit liéu
gan bién hodc c¢6 nhan khéng chic chan. Du thoi gian mdi vong 1ip 16n hon,
AS3FCPC hoi tu 6n dinh hon AFCC(2017), gidm trung binh khodng 58 vong
lap trén hau hét cac bo dit liéu, dong thdi tranh dude tinh trang dao dong tam
cum trong giai doan cudi.

Téng thé, AS3FCPC dat su cAn bang gitta chi phi tinh todn va d6 6n dinh
hoi tu: thoi gian huan luyén khong thap nhat nhung cho két qua 6n dinh va nhat
quén hon nhd viée két hop ba yéu t6: (1) phan cum md co sd, (2) lan truyén
rang budc cip ban gidm sit, (3) co ché téi wu ving bién an toan (safe boundary
adaptation). Day 1a lgi thé quan trong gitip thuit toan phit hop véi dit lidu cé
bién chong lan, nhiéu hodc thiéu nhan.

Tong két lai, AS3FCPC thé hién uu thé 6n dinh theo nhan trén toan bo bo
dit liéu, véi cac chi s6 RI, F1 va NMI luén dan dau hoiic nam trong nhém cao
nhat. Bén canh dé, cac chi s6é md nhu PC va PE ciing cho thay mtic do tap trung
theo do phu thuoc t&t hon va 16i phan cum thap hon 16 1ét so véi cac thudt todn
ban giam sat khac. O céc chi 6 noi tai nhu DB va DB fuzzy, AS3SFCPC dat
gid tri nhé trén nhiéu bd dit lieu quan trong; nhiing trudng hop chi sé chua t6i

wu chit yéu dén tit su danh do6i khi thuét todn day ranh giéi cum theo huéng phu
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hop véi nhan that, lam tang nhe d6 mé clia cum nhung dong thdi gidm nham
1an chéo. So véi cac phuong phap gan day nhu TS3FCM, AS3FCPC nhat quan
vuot troi 6 RI va NMI trén toan bo bd dit lidu, va vuct ¢ F1 trén da s6 tap,
dong thoi dat PC cao hon va PE thap hon. Diéu nay cho thay chién luge truy
van vimng bién két hop rang budc cap an toan giup mo hinh diéu chinh do phu
thudc va ranh giéi cum hiéu qua hon. Khi so sanh v6i AFCC(2017), AS3FCPC
khong chi cai thién céc chi sé ngoai sinh RI/F1/NMI ma con giam déang ké DB
va DB _ fuzzy trén nhiéu bo dit liéu, dic biét & cac tdp phiic tap va nhiéu cao
nhu Australian, Spambase, Waveform va anh ngap. Tong quan lai, AS3FCPC
dat su cAn bang t6t gitta tinh ddng nhan, do phu thudc va dd chit cum, nhd dé
tré thanh lwa chon dang tin cdy cho cac bai toan phan cum ban gidm sat trong
b6i canh dit litu kho, bién chong lan hoac thiéu nhan, bao gom dit liéu da chiéu,

cam bién va anh.
3.5 K&ét luian chuong

Tém lai, phuong phap AS3FCPC dudce dé xudt mang dén mot cach tiép can
méi, két hop mot cach hiéu qua gitta phan cum md, hoc ban giam sat va hoc
chtt dong dé giai quyét cac thach thiic trong bai todn phan cum véi dit liéu c6
nhan han ché va ranh giéi cum khong chic chin. Bang cach tan dung ca dit liéu
c¢6 nhan va khong nhan ngay tur giai doan khdéi tao hoc chtt dong, phuong phap
gitip x4c dinh va tinh chinh cac diém dit liéu khong chic chén, tit d6 ddm bao
cac tam cum duge thiét 1ap mot cach vimg chic. Giai doan phan cum ban gidm
sat md tiép theo, dude tang cudng bdi cdc rang budc cap, tiép tuc dieu chinh
gid tri do phu thuoc va ranh giéi cum, tao nén mot cdu hinh phan cum pht hop
chat ché véi cac moi quan hé dic thil clia bai toan.

Két qua thuc nghiém trén céc tap dit liéu chuan cho thay AS3FCPC lién tuc
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dat hiéu sudt vuot troi, thé hién qua cdc gid tri cao hon vé chi sé RI, Fl-score
va Thoéng tin tuong hd chuan héa (NMI), ciing nhu gia tri thap hon vé chi sb
DB so vé6i cdc phuong phap phan cum md truyén thdng va cc céch tiép can ban
gidm sat khdc. Nhimg phét hién nay khing dinh ring su két hop linh hoat giita
hoc chti dong va phan cum md khong chi nang cao do chinh xac phan cum ma
con tao ra cac cum ro rang va c6 dong, giip AS3SFCPC tré thanh mét phuong
phap hiéu qua trong cac ting dung thuc té phitc tap nhu phan vung khu vuc
ngap lut tu anh.

Két qua ctia chuong nay duge cong boé trong cong trinh CT3.
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KET LUAN

A. Nhitng két qua chinh va déng gép méi cua luin an

Luan an tap trung nghién cttu phan cum ban giam sit mo chu dong va thi
nghiém vao bai toan phan doan anh. No6i dung tong quan bao gom cac kién thic
nén tadng ve tAp md, phan cum md, phan cum bén gidm sat, hoc chti dong, ciing
v6i cac huéng tiép can hién dai trong phan cum béan gidm sat mo chi dong.
Trén co s6 d6, ludn 4n dé xudt va phat trién hai phuong phap méi, duge thiét
ké nham xtt 1y hiéu qué dit liéu {t nhan, nhiéu va ¢6 ranh giéi cum khong chac
chan.

Thtt nhat, ludn 4n dé xuit phuong phdp phan cum ban gidm sit md chu
dong dua trén vung bién cum (ASSFBC). Phuong phap xay dung phuong phap
nhan dién cic diém bat dinh & viing bién cum va khai thac truy van cht dong dé
tinh chinh truc tiép d6 phu thudc dé giam su khong chac chan ving bién. Nho
véy, tinh khong chic chén & bién cum duge gidam déng ké, cai thién do chinh xac
gan thanh vién va lam tang do tin cay ctia phan hoach mao.

Thit hai, ludn 4n phat trién phuong phép phan cum ban gidm sat an toan
chtt dong véi cip rang buodc dua trén bién cum (AS3FCPC). Céch tiép can nay
két hop phan cum md, hoc ban gidm sit an toan va hoc chti dong trong mot
khuo6n kho théng nhat. Ngay ti giai doan khéi tao, thudt toan lua chon céc diém
khong chic chin dé truy vin, sau dé sinh cip rang budc must-link va cannot-link
nham diéu chinh ciu tric cum, dan dén viéc ¢ dinh ranh giéi va tdm cum mot
cach on dinh hon. Viéc khai thic dong thoi dit liéu c¢6 nhan va khoéng nhan gitp
mo6 hinh thich @mg t6t hon trong céc tinh huéng thiéu hut nhan hoac bién cum

phtc tap.
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Két qua thuc nghiém trén nhieu tap dit liéu chuan cho thay hai phuong phap
dé xuat déu vugt troi so véi cac thuat toan phan cum md truyen théng va céc
mod hinh ban gidm sat hién c¢6. ASSFBC va AS3FCPC cai thién ro rét cac chi
s6 ngoai sinh nhu RI, F1, NMI; dong thoi dat gid tri PC cao va PE thap, phan
anh phan hoach md sic nét véi miic dd nhidu bién nhé. Cac chi sé noi tai nhu
DB va DB fuzzy cling thé hién chat luong cum 6n dinh va it chong lan hon
trén phan 16n bo dit lieu. Céc két qua nay chimg minh rang su két hop giita
truy van chi dong, phan cum md va rang budc cap an toan khong chi ning cao
do chinh xéc theo nhan thit ma con cai thién cau tric md ctia bai todn phan
cum. Nho vay, ASSFBC va AS3FCPC tao ra cidc phan hoach c6 dong, 10 rang
va beén viing, phu hop cho nhiing tng dung thuc té nhu phan tich dit liéu phiic
tap, nhan dang mau va phan doan anh vé tinh trong diéu kién nhiéu, thiéu nhan
hoac bién khong xac dinh ro.

B. Han ché cta luan an

Mac du ASSFBC va AS3FCPC cho két qua kha quan, ludn 4n van con mot
s6 han ché nhu sau:

(1) Luan 4an chua kiém chimg duge véi dit lieu 16n, phtic tap va dit liéu thoi
gian thuc cling nhu chua so sdnh dugce véi cac phuong phédp phan cum mdi nhat
hién nay.

(2) Mot s6 tham s6 va cAu hinh truy van (vi du: ngan sach truy van N,
ngudng diéu chinh bién, céc trong s6 trong ham muc tiéu va tham sb lién quan
dén rang budc cip) van can dude lga chon theo kinh nghiém hodc thit nghiém,
vi vAy hiéu ning c6 thé dao dong khi chuyén sang cic tap dit liéu c6 dic trung
phan b6 va mitc nhiéu khac nhau.

C. Huéng phat trién tiép theo ctia ludn an

Trong tuong lai, c¢6 thé mé rong nghién citu theo cac huéng sau:
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1) Nghién ctu va phat trién co ché chon tham s6 va cdu hinh truy van tu
dong: dé xuit quy téc thich nghi cho N, va cdc ngudng/ trong s dya trén tiéu
chuan noi tai ctia phan cum (ho#ic dd 6n dinh qua nhiéu khéi tao), qua d6 gidm
d6 nhay siéu tham sb va ting kha niang tong quét héa trén nhiéu loai dit liéu.

2) Khai thac thém thong tin ngit cdnh va diic thit mién ng dung (vi du: 4nh
y té, anh vién tham, di liéu mang xa hoi) nham tang tinh thich ting va thuc
tién ctia mo6 hinh.

3) Phét trién cic chién luge hoc chii dong dong, c6 kha nang thich nghi véi
dit liéu thay déi theo thdi gian (data stream) hodc dit liéu nhiéu cao.

4) Két hop véi cac ky thuat hoc sdu dé xay dung cdc mo hinh phan cum ban
giam sat mo chi dong manh mé hon, mé rong pham vi ttng dung trong nhiing
kich ban dit liéu phiic tap.

5) Nghién citu va phét trién cdc bién thé t6i wu hod ctia ASSFBC va ASSFCPC
dé xtt 1y dit liéu quy mo 16n va phiic tap hon.

6) Nghién cttu va phét trién co ché cdp nhat ving bién mot cach linh hoat
hon cling v6i thuc nghiém va xay dung 1y thuyét chitng minh phuong phap xac
dinh vung bién moét cach chat ché hon, mé rong pham vi thuc nghiém véi di

liéu 16n va so sanh véi cdc phuong phdp phan cum méi nhat.
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