BO GIAO DUC VIEN HAN LAM KHOA HOC
VA PAO TAO VA CONG NGHE VIET NAM
HOC VIEN KHOA HOC VA CONG NGHE

Nguyén Thanh Son

NGHIEN CUU PHAT TRIEN MOT SO MO
HINH PHAN CUM BAN GIAM SAT DUA
TREN MANG NORON MIN-MAX MO

LUAN AN TIEN ST MAY TINH

Ha Néi - 2026




BO GIAO DUC VIEN HAN LAM KHOA HOC
VA PAO TAO VA CONG NGHE VIET NAM
HOC VIEN KHOA HOC VA CONG NGHE

Nguyén Thanh Son

NGHIEN CUU PHAT TRIEN MOT SO MO HINH PHAN CUM
BAN GIAM SAT DUA TREN MANG NORON MIN-MAX MO

LUAN AN TIEN ST MAY TiNH
Nganh: Hé thong thong tin
Ma s6: 9 48 01 04

Xac nhan caa Hoc vién Nguoi huéng dan 1 Nguoi huéng dan 2
Khoa hoc va Cong nghé

PGS.TS Lé Ba Dung TS. Vi Pinh Minh

Ha N¢gi - 2026




i

LOI CAM POAN

Toi xin cam doan luan 4n: “Nghién cttu phat trién mot s6 mé hinh phan
cum ban giam sat dua trén mang noron min-max mo” la céng trinh nghién ciu
ctia chinh minh dudi su huéng dan khoa hoc clia tip thé hudng dan. Luan 4n st dung
thong tin trich din tif nhiéu ngudn tham khao khac nhau va cac thong tin trich din
dudc ghi rd ngudn gbc. Cac két qua nghién ciiu cla tdi duge cong bd chung véi cac
tac gia khac da dudc su nhat tri ciia dong tac gid khi dua vao luin an. Céc s6 liéu, két
qua dudc trinh bay trong luan 4n 13 hoan toan trung thuc va chua titng dudc cong bd
trong bat ky mot cong trinh nao khac ngoai cdc cong trinh cong bd clia tac gid. Luin
an dudc hoan thanh trong thoi gian to6i lam nghién cttu sinh tai Hoc vién Khoa hoc va

Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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sinh trong qua trinh thuc hién Luan an nay.

Nghién cifu sinh chan thanh cdm on Ban Gidm dbc, Phong Pao tao, Hoc vién
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nhi€ém vu nghién cuu.
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MG DAU
1. Ly do chon dé tai

Trong nhitng nim gan day, phan cum ban gidm sit da thu hiit su quan tim ngay
cang 16n ctia cong dong nghién ctiu, xuit phat tif nhu cau khai thac hiéu qué cac tap
dit liéu c6 quy mo 16n, do phiic tap cao trong bdi canh thong tin nhan thudng khan
hiém va chi phi gan nhan ngay cang dat d6. Viéc két hop dong thoi dit liéu c6 nhan
va khong c6 nhan cho phép ciac md hinh hoc tan dung tot hon ciu tric tiém 4n ctia
dit liéu, tir d6 cai thién chat lugng phan cum so véi cac phuong phap khong gidm sat
thuan tdy [1, 2, 3, 4]. Trén co s d6, nhiéu hudng tiép can phan cum ban gidm sét
da dugc dé xuit, bao gdm céac phuong phap dua trén rang budc cip, cac mo hinh lan
truyén nhén trén do thi, cdc phuong phap phan cum phd ban giam sat, cling nhu cac
md hinh hoc sau ban giam sat cho phan cum [1, 2, 3, 5, 6, 7]. Méc du dat dudc nhiing
két qua tich cuc, cdc phuong phap nay thudng gip han ché khi dit liéu c6 nhiéu, phan
bd khong dong déu hoic khi yéu cau kha ning dién gii ciia mo hinh 12 yéu té quan
trong, dic biét trong cac bai toan hd tro ra quyét dinh va y sinh[4, 8].

Trong nhiéu bai todn thuc t, ranh gidi gitta cdc cum thudng khong 16 rang, dit
liéu c6 thé bi chdng 14n hoic chiu anh hudng ctia nhidu va su méit cin bing phan bb.
Do dé, cic phuong phap phan cum md, cho phép méi ddi tudng thudc vé nhiéu cum
v6i cac muc d khac nhau thong qua gia tri dd thude, duge xem la phu hgp hon so véi
cc phuong phap phan cum 16 [9, 10, 11, 12]. Khi két hop véi hoc ban giam sat, phan
cum md cho phép khai thac hiéu qua thong tin gidm sat han ché nham dinh huéng qua
trinh phan hoach, dong thdi vin bio toan dudc tinh linh hoat can thiét d€ mo hinh héa
cdc vung dit liéu khong chic chan [13, 14].

Trong s6 cdc md hinh phan cum va phan 16p md, mang no-ron Min-Max md
(Fuzzy Min-Max Neural Network - FMN) tiép tuc dugc quan tAm nhd kha ning biéu
dién di liéu bang cac siéu hop md, xt 1y hiéu qua tinh khong chic chan va dic biét 1a
kha ning két xuét cac luat quyét dinh dang if..then c6 tinh dién gidi cao [8, 15, 16].
Gan day, mot s6 cong trinh da md rong FMN theo huéng hoc ban gidm sat nham khai
thac thong tin nhan han ché dé cai thién chat luong hoc [17, 18, 19, 20, 21]. C6 thé
ké dén cac mo hinh nhu SCFMN va MSCFMN, trong d6 thong tin gidm st dudc tich
hop truc tiép vao qua trinh hinh thanh va diéu chinh siéu hdp, qua d6 niang cao kha
ning phan biét gilta cac 16p, dic biét trong cac vung dif liéu chong 14n [20, 21].

Dang chd y, Liu [17] da dé xuit md hinh SSL-FMM cho bai todn phan 16p ban
giam sat, trong d6 cdc mau c6 nhan dugc st dung d€ khéi tao va dan dit qua trinh

hoc, con cdc mau chua gan nhin dugc tich hdp dan thong qua co ché diéu chinh siéu
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hop. Két qua thuc nghiém cho thAy mo hinh nay cai thién do chinh xac so vdi cac bién
thé FMN khong gidm sat va mot sd phuong phap ban giam st truyén thdng, qua d6
khang dinh tiém ning ctia FMN trong bbi canh hoc ban giam sat.

Tuy nhién, mic du dat dudc nhiing két qua tich cuc, cic mo hinh FMN bén
giam sat hién c6 van con ton tai mot s6 han ché dang ké [17, 18, 19, 20, 21]. Cu thé:

- Thi nhét, qua trinh phan cum con phu thudc nhiéu vao chat luong cla cic mau
hoic siéu hop mang nhin ban dau. Tuy nhién, cic ddi tuong niy chua dudc
danh gid ddy di vé mic do dai dién va do tin cdy. Do d6, néu ching nim &
viing bién, viing chong 14n hodc khong phan 4nh ding cAu tric cum, qua trinh
lan truyén nhin c6 thé bi sai 1éch va lam giam chat lugng phan cum [1].

- Thi 2, co ché suy luan nhin chii yéu dua trén quan hé 1an cin (dd thuoc) gitta
cac siéu hop, trong khi chua xem xét day da do thuan nhit, mat do phan bd va
vai trd dai dién ctia siéu hop trong tiing cum. Viéc st dung céc siéu hop c6 chat
lugng thip 1am nguon lan truyén nhin c6 thé 1am gia ting nguy co lan truyén
16i [17, 18, 19], dic biét v6i dit liéu c6 mat do khong dong déu, cum mat can
bing hoic ranh gidi phiic tap.

- Céc md hinh hién c6 chua xi Iy hiéu qua dit liéu nhiéu va dif liéu nam tai ving
bién gifta cdc cum. Pay 1a nhiing diém dif liéu c6 d6 khong chic chan cao, dé
gy nhap nhing trong qud trinh md rong siéu hop, suy luan nhin va hinh thanh
céu tric cum [9, 10, 11, 12].

Xuét phét tif cac van dé néu trén, luin 4n tip trung nghién ciu cic hudng tiép can méi
cho bai toan phan cum ban giam sat dua trén mang no-ron Min—-Max md, v6i muc
tiéu cdi thién co ché suy luan nhan, gidm thiéu lan truyén 16i va nang cao chit lugng

phan cum trong diéu kién thong tin gidm sat han ché.
2. Muc tiéu nghién ciu

Xuat phat tif cac khodng trdng nghién ctfu néu trén, muc tiéu téng quat cla
luan 4n 14 dé xuit va phat trién cdc mo hinh phan cum ban gidm sat dya trén mang
nd-ron Min—-Max md nham ning cao do tin cdy cia qua trinh suy luan nhan, han ché
lan truyén 15i va cai thién chit lugng phan cum trong diéu kién thong tin gidm sit han
ché.

D¢ dat dudc muc tiéu tdng qudt ndy, ludn 4n tap trung vao cac muc tiéu cu thé
sau:

— Nghién cifu co ché danh gia chat lugng clia cdc mau hoic siéu hdop mang nhin
ban dau, tif d6 Iva chon cac dbi tugng c6 miic d6 dai dién va do tin ciy cao dé
lam nguodn thong tin gidm sat cho qua trinh phan cum ban giam sét.

— Dé xuit co ché suy luan nhin méi cho cac siéu hop chua biét nhin, trong dé
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qua trinh gan nhan khong chi dya trén quan hé 1an can hoac do thudc gitra cac
siéu hop, ma con xem xét thém céc yéu td nhu do thuan nhit, mat do phan b
di liéu va vai tro dai dién cua si€u hop trong ting cum.

— Xay dung cdc chién ludc bd phiéu nhan dua trén mau va/hoic siéu hdp nhim
ting do 6n dinh ctia quyét dinh gan nhan, dic biét trong cac trudng hop dit liéu
c6 mat do khong ddong déu, cum mat cin bang hoic ranh giéi cum phic tap.

— Nghién cifu cd ché nhan biét va xt 1y cac diém dit liéu nhiéu hoic dif liéu nam
tai viing bién gilia cdc cum, qua d6 gidm anh hudng clia cic di€ém c6 do khong
chic chin cao dén qud trinh mé rong siéu hop va lan truyén nhan.

— Thuc nghiém va danh gia cac md hinh dé xut trén cic tap dit liéu chuén va dit
liéu thuc té, st dung cdc chi sd danh gia phu hop dé€ chiing minh hiéu qua cia

cdc cai tién vé do chinh xdc, do dn dinh va kha ning ing dung ctia mo hinh.
3. Noi dung nghién ciru

Déi tuong nghién citu ctia luin 4n 1a cdc phuong phdp phan cum ban giam sat
dua trén mang no-ron FMN, véi trong tAm 12 (i) co ché hinh thanh va hiéu chinh siéu
hdp md trong qud trinh hoc, (ii) co ché suy luan/lan truyén nhin trong diéu kién nhan
khan hiém, va (iii) chién ludc lua chon hat gidng nham dan dat qud trinh hoc ban
giam sat. Pham vi d4nh gia tap trung trén cic tap dif liéu benchmark phé bién, tap dit
liéu chi s6 xét nghiém mau va cic kich ban dit liéu c6 nhiéu, chong 14n hodc phan bd
khong dong déu.

Bén canh viéc nghién cttu cdc mo6 hinh va thuat toan trén phuong di€n phuong
phdp, luan 4n con tap trung kiém ching kha ning dng dung ctia cac md hinh dé xuat
trén nhiéu kich ban dit liéu khac nhau. Cu thé, pham vi danh gia khong chi bao gom
cac tap dit liéu benchmark phd bién diing dé d6i sanh khach quan véi cac phuong phap
lién quan, ma con mé rong sang bd dit lidu y té thuc t& vé chi s6 xét nghiém mau. Viéc
dua bo dit liéu chi s6 xét nghiém mau vao thuc nghiém cho phép danh gid rd hon kha
ning thich nghi ctia cdc mo6 hinh FMN ban giam sat trong diéu kién dit liéu thuc ¢

nhiéu, cu tric phic tap, chong 14n giiia cac 16p va ty 1& mau c6 nhin han ché.
4. Cd s6 khoa hoc va thue tién cua de tai

Vé co s khoa hoc, dé tai dudc xay dung trén nén tang ly thuyét ctia phan cum
md, hoc ban gidm sat va mang no-ron Min-Max md (FMN). Trong huéng tiép cin
nay, dif liéu dugc biéu dién bdi céac siéu hdop md, qua dé cho phép md hinh héa linh
hoat ranh gidi gitta cic nhém di liéu, xit 1y tinh khong chic chan va hd trg co ché hoc
gia ting. DAy la co s6 1y thuyét quan trong d€ 4p dung FMN cho céc bai toan phan

cum va phan 16p trong diéu kién dit liéu phiic tap, thiéu nhin hoic c6 mic dd chdng
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lan cao [13, 17, 15, 18, 19].

Bén canh d6, cic nghién ctiu vé phan cum ban giam st cho thiy viéc két hop
thong tin giam sat han ché véi cau triic noi tai ctia dif liéu 12 mot hudng tiép can hiéu
qua. Céc dang tri thiic gidam sat nhu rang budc cip diém, hat gidng ban dau hay co ché
hoc cht dong da dudc st dung dé cai thién chat luong phan cum va lam ting tinh dinh
huéng cho qua trinh hoc [1, 5, 6, 7]. Cac cong trinh tdng quan gan day ciing khang
dinh phan cum ban gidm sat tiép tuc 12 mot huéng nghién cu quan trong, dic biét
trong bdi canh dit liéu 16n, di liéu khong dong nhét va dit liéu c6 it nhan [2, 3].

Déi véi riéng khung md hinh FMN, c4c nghién cttu di chi ra tiém ning 16n ctia
phuong phdp nay trong hoc ban gidm sat, song dong thdi ciing boc 16 mot s6 han ché
nhu: do tin cdy clia qua trinh suy luan va lan truyén nhin con phu thudc nhiéu vao ciu
tric siéu hop; viéc xit 1y dit liéu chong 1an, dit liéu nhiéu va di liéu phan bd khong
déu van con khoé khiin; chit luong ctia tap hat gidng ban dau anh hudng manh dén két
qua cudi cling; va cd ché khai thic dif liéu chua gan nhan chua that su 6n dinh trong
moi tinh hudng [17, 18, 20, 21]. Nhitng khoang tréng d6 tao nén co sé khoa hoc truc
tiép d€ nghién ctiu cac gidi phdp nang cao chit lugng mo hinh FMN theo huéng &n
dinh hon, linh hoat hon va phu hgp hon véi bai toan phan cum ban giam sat.

Vé miit thuc tién, trong nhiéu bai todn hién nay, s6 lugng dit liéu chua gan nhin
thuong rat 16n, trong khi dit liéu ¢6 nhan lai han ché do chi phi thu thap cao, phu thudc
vao chuyén gia va mit nhiéu thdi gian xit ly. Thuc trang nay xuit hién phd bién trong
céc linh vuc nhu y t€, nhan dang, hd tr¢ chian dodn va phan tich dit liéu thong minh,
lam cho cac phuong phap hoc ban giam sat tr§ thanh Iya chon phu hgp hon so véi hoc
c6 giam sat thuan tdy [2, 3, 4].

Ngoai ra, dif liéu thuc té thuong khong thuan nhit ma c6 thé chia nhiéu, thiéu
gia tri, chdng 14n manh giita cic nhoém va phan bd khong can bang. Trong nhiing diéu
kién nhu vay, hiéu qua ctia md hinh phu thudc nhiéu vao kha ning biu dién linh hoat
cAu triic dit liéu, vao chat luong ctia hat giéng ciing nhu vao cd ché suy luin nhin. Cac
nghién cifu vé seeding va active learning trong phan cum md cho thiy viéc Iua chon
cac diém dai dién t6t va khai thac thong tin phan hdi mot cach hop 1y c6 thé cai thién
dang ké chit luong phan cum [nguyen2019active, zhang2020activefuzzy, 1, 7]. Pay
12 co s thuc tién quan trong dé€ dé tai xem xét cic co ché lua chon hat gidng va ting
cuong do tin cy cho qua trinh phan cum ban giam sat dya trén FMN.

Miit khéc, tinh thuc tién cta dé tai con dudc thé hién & kha ning kiém chiing
trén cac bo dit liéu chuin va céc kich ban dit liéu khac nhau. Viéc st dung cic ngudn
dit liéu phd bién nhu UCI va CS [22, 23], cling v6i viéc xem xét anh hudng clia dit
liéu thiéu hoic dif liéu phiic tap, cho phép danh gi4 khach quan tinh ding din, do 6n
dinh va kha ning ng dung ctia cic md hinh dé xuét [22, 23, 24]. Diéu nay cho thy
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dé tai khong chi c6 y nghia vé mit 1y thuyét ma con c6 gia tri thuc tién trong céc
bai todn phan tich va khai pha di liéu hién nay. Bén canh cdc bd dit liéu chuan, tinh
thuc tién clia dé tai con dugc thé hién thong qua viéc kiém chiing trén bd dit liéu y té
ILPD. Pay 1a bo dit liéu vé céc chi s6 xét nghiém mau dung d€ danh gia va phan loai
bénh gan trén ngudi. Viéc nay, dit ra nhiéu thach thic d6i v6i cac mo hinh hoc ban
giam sat nhu nhiéu thuc té, cAu trdc dit lidu phic tap, chong lan giita cdc nhém va ty
1¢ dit liéu c6 nhin han ché. Viéc st dung bo dit liéu chi s6 xét nghiém mau trong thuc
nghiém cho phép kiém ching khong chi hiéu ning ctia cic mo hinh dé xuét trén di
liéu chuin, ma con ddnh gid kha ning thich nghi, do 6n dinh va tinh tng dung cta
chiing trén dit liéu y té thuc, noi yéu cau vé d tin ciy cta suy luan nhin va kha niing
xt ly cac vung dit liéu khong chic chan c6 y nghia dic biét quan trong.

Tit nhitng phan tich trén c6 thé khang dinh ring dé tai c6 co sd khoa hoc o
rang va cd sd thuc tién viing chic. Vé khoa hoc, dé tai dua trén nén tang ctia phan cum
md, hoc ban giam sat vd mang no-ron Min—-Max md. Vé thuc tién, dé tai xuit phat
tif nhu cau x{ ly céc tap dit liéu it nhan, nhiéu, chong 14n va phan b phiic tap trong
nhiéu bai todn ing dung. Pay Ia tién dé can thiét d€ trién khai cdc ndi dung nghién
ctiu cua ludn an theo huéng vira c6 gia tri hoc thudt, vira ¢6 kha nang tng dung trong
thuc té.

5. Nhirng dong gop méi cua ludn an

Luén an co cac dong gop chinh sau:

— Pé xuit md hinh FMN-Voting cho phan cum ban gidm sit dua trén mang FMN
véi co ché bo phiéu da sd nham ting dd 6n dinh suy luan nhan.

— Pé xuit mo hinh FMN-SAL véi chién luge bé phiéu dua trén &£ miu mang nhin
lan can, giam 4nh hudng cia céac siéu hop mit can bang/do 1éch tim 16n/chi sb
st dung thip trong qua trinh lan truyén nhan.

— Pé xuit md hinh FA-Seed v6i chién ludc lua chon hat gidng chi dong/thich
nghi dua trén phan hoach siéu hop va danh gia do tin ciy, nang cao chét luong
tap hat gidng va cai thién hiéu qua hoc ban giam sat khi nhan han ché.

— Thiét ké va thuc hién thuc nghiém trén céc tap dif liéu Benchmark va bo di
liu y té thuc té vé cac chi sb sinh héa mau nham danh gid toan dién hiéu ning,
dd on dinh, kha ning khai thic di liéu it nhan va chi phi tinh toan clia cic md
hinh dé xut.
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CHUONG 1

TONG QUAN VE PHAN CUM BAN GIAM SAT SU DUNG
MANG NORON MIN-MAX MO

No6i dung Chuong 1 cung cip nén tang ly thuyét lién quan dén phan cum béan
gidam sat md va mo hinh mang noron FMN. Thi nhét, trinh bay tdng quan vé phan
cum dif liéu, nhiing han ché cta phan cum truyén théng va dong luc xuat hién ctia
huéng tiép cin ban gidm sat. Thi hai, trinh bay vé cdc phuong phap phan cum bén
giam sat mgJ, 1am rd uu diém, nhugc diém va céc thich thic trong thuc té. Phan cudi
ctia chuong gidi thiéu khai quat vé FMN, bao gébm nguyén Iy hoat dong, co ché hinh
thanh siéu hop, ham d6 thudc ma, thuit toan hoc. Su tdng hop nay nham cung cép ci
nhin toan dién vé cic vin dé nghién ctiu hién tai, chi ra khoang trong nghién ctiu va

dit nén méng cho céc cai tién va thuat toan mdi dudc trinh bay trong Chuong 2.
1.1. Tong quan ve bai toan phan cum du liéu va i@ng dung

Phan cum la mét ky thuat quan trong trong khai pha du liéu, thuéc nhém
phuong phap hoc khong giam sat trong hoc may [25, 26, 27]. Muc ti€u cua phan cum
1a nhém céc d6i tuong tuong dong vao cliing mot cum [15, 28]. Tuy nhién, viéc lva
chon phuong phdp phan cum phu thudc vao dic di€m di liéu, muc tiéu bai toan va su
danh ddi gitta chat luong cum va chi phi tinh toan. Do d6, khong ton tai mot ky thuat
hay tiéu chi d4anh gia duy nhat phit hop cho moi bai toan phan cum.

Hinh 1.1 minh hoa dif liéu trong khong gian hai chiéu c6 thé dudc phan thanh
hai hodc ba cum tuy theo quan diém phéan tich. Piéu nay cho thy két qua phan cum
khong hoan toan duy nhit ma phu thudc vao tiéu chuin phan cum dudgc Iva chon.

Trong thuc té, phan cum thudng dudc chia thanh hai nhém chinh: phan cum
10 [29, 30, 31, 32] va phan cum md [33, 9, 34, 35]. Phan cum ro gin moi diém dit
liéu vao duy nhit mot cum, trong khi phan cum md cho phép mot diém thudc nhiéu
cum thong qua céc gia tri dd thudc trong khoang [0, 1]. Nho d6, phan cum md phu hgp
hon véi céc bai todn c6 ranh gidi cum khdng rd rang hodc ¢6 hién tuong chdng lan dit
liéu [10, 11, 12]. Nhiéu thuat todn phan cum md da dugc dé xuit nhu FCM, e-FCM,
FPCM, song da s6 doi héi x4c dinh trudc s6 cum, 13 tham s6 anh hudng 16n dén két

qua.
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Hinh 1.1: Minh hoa phdn cum dit liéu

Phan cum ban gidm sat md (SSC) 1 su md rong ciia phan cum md bang cach
khai thac mdt phin thong tin biét tridc d€ dinh huéng qua trinh phan cum, tit d6 nang
cao chét luong va d6 6n dinh ctia két qua [2, 3, 14]. Pedrycz da chi ra rang ngay ca mot
ty 1& nho dit liéu dugce gan nhan cling c6 thé cai thién dang ké hiéu qua phan cum [13].
Céc thong tin bo trg thudng dudc biéu dién dudi dang rang budc must-link/cannot-
link, nhan hodc d6 thudc xac dinh trudc [8, 36, 37]. Mot s6 mé hinh tiéu biéu cia
huéng tiép can nay gém eSFCM [38], SSSFEC [39], GSOM [40] va GFMM [15].

Phan cum ban giam sat md két hdp kha ning biéu dién tinh khong chac chan
cia phan cum md véi mot lugng nho thong tin giam sat nham cai thién két qua hoc
[41, 42]. Mot s6 hudng tiép can tiéu biéu: (1) Phan cum ban gidm sit mo dua trén
mau hat giéng; (2) Phan cum ban gidm sat md dya trén rang budc cip; (3) Phan cum
ban gidm sat md dua trén mo hinh nguyén mau; va (4) Phan cum ban gidm sat md dua
trén mang ndron ma.

Céc phuong phdp dua trén mau hat giéng st dung mot tip nhd cac mau da gan
nhan dé€ dinh huéng qua trinh phan cum [43, 44, 45]. Trong phan cum md, thong tin
nay thudng dugc tich hop bing cach cb dinh hoic vu tién gid tri do thudc clia cic mau
hat giéng vao cum tuong dng [46, 47, 48]. Cach tiép cn nay gitip giam phu thudc vao
khdi tao ngau nhién va cai thién do 6n dinh.

Nhiing nghién cifu nén tang cho hudng nay c6 thé ké dén Bensaid va cong su
[49] va Pedrycz [13]. Trén co s& d6, nhiéu bién thé nhu Fuzzy C-Means khdi tao bing
hat giéng (SFCM) [50, 51] hay FMC ban giam sat [52, 14, 53] da dugc phat trién.
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Gan day, cic phuong phéap nay con dugc md rong theo huéng chii dong dé Iua chon
hat giéng c6 gia tri thong tin cao hon [42, 54, 55]. Tuy nhién, hiéu qua ctia chiing vin
phu thuéc manh vao chét lugng, sd luong va tinh dai dién cta tap hat gidng [56, 57,
58].

Hudng tiép can dua trén rang budc st dung cic rang buodc cip dit licu duéi
dang must-link/cannot-link thay vi yéu cau nhin cu thé cho ting mau [14, 59, 60].
Trong cdc mo hinh md, cic rang budc dudc tich hgp vio ham muc tiéu nhu cic diéu
khoan phat mém nhim cén bang giita théa man rang budc va bio toan ciu tric di
liéu [61, 62, 63, 64]. Uu diém ctia cich tiép can nay 1a linh hoat va phu hop khi khé
thu thap nhin day dd, nhung van d6i mit véi cic thach thiic vé chi phi xay dung rang
budc, tinh khong nhét quan va kha ning md rong.

Trong cac phuong phdp dua trén nguyén mau, moi cum dudc biéu dién boi
mot hodc nhidu nguyén mau nhu tAm cum hoic dai dién hinh hoc [65, 66]. Thong tin
ban giam sat dudc tich hgp thong qua viéc rang budc vi tri hodc membership cia cac
nguyén mau dua trén dit liéu da biét [67, 68, 69]. Nhém phuong phap nay ¢ uu diém
vé kha niing giai thich va gidm do nhay véi nhiéu, song hiéu qua phu thudc 16n vao co
ché x4c dinh, cip nhit va rang budc nguyén mau.

Céc m6 hinh dua trén mang noron md, dic biét 1a cAu triic siéu hop, cung cip
mdt cach bi€u dién hinh hoc truc quan cho phan cum ban gidm sét [58, 43]. Trong do,
mdi cum hodc ving dit liéu dudc biéu dién bdi mot hoic nhiéu siéu hop, con do thude
dudc xdc dinh dua trén vi tri tuong dbi cta diém dit lidu v6i cac siéu hop. Thong tin
giam st c6 thé dugc tich hop thong qua gan nhan siéu hdp, rang budc md rong/chong
1ap hoiic diéu chinh ham membership [70, 71, 72]. Cdc md hinh nay dic biét phu hop
véi dit liéu chong 1an va c6 nhiéu [73, 74], nhung van gip kho khin trong viéc ki€ém
soat sd luong siéu hop va xii ly chong 14p phiic tap.

Nhin chung, cic hudng tiép cin phian cum ban giam sit mo déu khai thac mot
luong nhé thong tin giam sat d€ cai thién chit luong phan cum [2, 3]. C4c phuong
phap dua trén hat gidng c6 uu diém dinh huéng t6t qua trinh hoc nhung phu thudc
manh vao chit luong hat gidng [1, 13, 50, 59, 58, 52]. Cac phuong phap dua trén rang
budc cip linh hoat hon trong khai thac thong tin giam sat, song gip kho khin vé chi
phi va tinh nhit quéan ctia rang buoc [3, 6, 7, 60, 36, 37]. Trong khi d6, cidc phuong
phap nguyén mau c6 kha ning giai thich t6t nhung phu thudc vao chit luong biéu dién
clia nguyén mau [753, 65, 66].

So véi cac huéng tiép can trén, FMN 12 mot lua chon phit hop hon cho bai toan
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ctia luan 4n [15, 16, 76, 19, 17, 18]. FMN biéu dién dit liéu bing cic siéu hop md,

cho phép md hinh héa linh hoat c4c viing 16i, viing bién va viing chong 14n; dong thoi
c6 co ché hoc gia ting, hd trg cip nhat truc tuyén ma khong can huin luyén lai toan
bo md hinh [15, 16, 76]. Ngoai ra, do tri thiic dudc bi€u dién qua siéu hop md, FMN
cling c6 khé ning dién gidi tot trong cac bai toan hd trg quyét dinh [8, 20, 21, 77].

Tuy nhién, céc nghién ciu hién c6 cho thly FMN van ton tai nhiing han ché
nhu phu thudc vao ciu triic siéu hop, nguy co lan truyén 18i nhan trong viing chong
14n va su phu thudc manh vao chat luong tap hat gidng ban dau [19, 17, 18]. Pay
chinh 13 khoang trng nghién ctfu dé luan 4n lya chon FMN lam nén tang phat trién
cidc md hinh FMN-Voting, FMN-SAL va FA-Seed theo huéng nang cao do 6n dinh
suy luin nhan, gidm lan truyén 16i va cai thién chit lugng hoc ban gidm sat trong diéu
kién nhin han ché.

Mot phan noi dung téng quan, phan tich cic huéng tiép cin phan cum ban
gidm st md va co sé lua chon mang noron Min-Max md& 1am nén tang nghién ctiu

ctia luan 4n da dugc tac gia cong bd trong cong trinh [CT1].
1.2. Phan cum ban giam sat dua trén mang noron Min-Max mo
1.2.1. Gidi thiéu vé mang noron Min-Max md

Mb hinh FMN do Patrick K. Simpson dé xuit cho bai to4an phan 16p vao nim
1992 [16] va dudc m& rong cho phan cum vao nam 1993 [76]. FMN dudc phat trién
dua trén cac nguyén ly cua FART (Fuzzy Adaptive Resonance Theory) [78] va ly
thuyét cong hudng thich nghi ART (Adaptive Resonance Theory) [79], cho phép md
hinh vita hoc dn dinh vira thich nghi véi dit liéu mdi.

FMN 12 mot mo6 hinh mang noron hoc gia ting, két hdp logic md, mang ndron
nhén tao va ly thuyét min—-max md nham gii quyét hiéu qua cic bai todn phan 16p va
phan cum. Tri thiic trong FMN dudc bi€u dién du6i dang cdc siéu hop md, moi siéu
hop xac dinh mot vung con trong khdng gian dic trung thong qua hai vector bién min
va max. Mdi mau di liéu dudc phan 16p hoic phan cum dua trén miic do thudc cla
n6 ddi véi cac siéu hop tuong ing, nhd d6 FMN cung cip cdc quyét dinh mém thay vi
ranh gidi cing. Hinh 1.2 minh hoa vé FMN phan dit liéu thanh hai cum dua trén phan
hoach khong gian du liéu thanh céc si€u hop.

Thuét toan hoc cia FMN dua trén hai thao tac chinh 1a mé rdng va co lai cac
siéu hop dé€ bao phii dit liéu huin luyén, dong thdi han ché su chong lan gitia cac siéu

hop thudc cac 16p hodc cum khac nhau. Nho co ché hoc gia ting, FMN dic biét phu
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hop v6i cac bd di liéu quy md 16n va cac bai toan du liéu dong, trong d6 mo hinh cé

thé cap nhit tri thiic tiing budc ma khong can huin luyén lai toan bd.

Hinh 1.2: B6 hoa minh hoa vé khéng gian siéu hop vdi hai cum

FMN c6 cu triic va co ché hoat dong tuong ddi don gian, khong yéu cau xac
dinh trudc sd luong cum, chi can diéu chinh mot sd it tham sé nhu kich thudc tbi
da ctia siéu hop va tham sd6 md. Pong thdi, FMN 1a mot phuong phap phan cum phi
tuyén, c6 kha niing phat hién cic cum vé6i hinh dang va kich thudc khac nhau trong
khong gian ddc trung.

1.2.2. Ham thudc siéu hop mo
1.2.2.1. Siéu hop mo

Ly thuyét Min-Max m& (Fuzzy Min-Max - FMM) mé hinh héa mién quyét
dinh bing cac siéu hop md trong khong gian dic trung R™. Mbi siéu hop mo dudc dic
trung bdi cip vector bién (ky hiéu 1a V va W) x4c dinh mién [V, W] bao phii mot phan
du liéu thude cung mot khai ni€ém/16p/cum.

Cho B 1a tap céc siéu hop mo dudce dinh nghia theo cong thuc (1.1), khi dé siéu
hop md B; (B; € B) dudc dinh nghia theo cong thic (1.2):

B={Bj}jt, (V6i K =|B]|) (1.1)
Bj={z e R" |vj; <z <wji, Vi=1,...,n},
Vi=(vj1,...,v5n), Wj=(wj1,...,wjn), (1.2)
vi; <wj, Vi=1,...,n.

Hinh 1.3 12 mot vi du minh hoa vé mot siéu hop m& B; trong khong gian 3D.
Siéu hop B; dugc bi€u dién bdi hai vector can dudi va cén trén, V; = (vj1,vj2,v3) va
W; = (wj1,wj2, wj3), trong d6 vj; vd wj; 1an lugt 1a can dudi va can trén cla siéu hdp

j trén chiéu dic trung thy 7.
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W; = (wj1, wj2, wj3)

B; = (V;,W;)

Vj = (Ujl,vjzavj:;)
Hinh 1.3: Siéu hop B; trong khong gian 3D vdi hai dinh V; va W
MBbi siéu hop md B; duge gan mdt nhan 16p ¢(B;) € {ec1,...,cc}, trong d6
{(B;) = ¢}, cho biét siéu hop B; thudc vé 16p thi k.
1.2.2.2. D6 thudéc mo

Gia st tap dit liu X ¢6 M di€m dit liéu (X = {z,}M,, x, € R"), vi mdi di€ém
, ¢6 th€ dnh xa vao C cum dif liéu. Thay vi gan nhan ctiing, FMM stt dung ham thanh
vién mo (hay ham thudc md) danh gid muc do thudc ctia diém z,. vao siéu hop mo B,
ky hiéu la y(z,, B;), dugc dinh nghia theo Cong thuc (1.3):

n

p(xr, Bj) = - > 1= fl@rs = wji, ) = F(vji = 20i,7)] (1.3)

s
trong do:

- f(-,-) 12 ham hai tham s6 dung d€ diéu chinh muc suy gidm cta gid tri do thuoc
11; dya trén mbi quan hé gitia di€m di liéu x va bién cia siéu hop B;, dugc dinh
nghia theo cong thuc (1.4);

- 7 la tham s6 nhay dung d€ diéu chinh tdc do suy gidm cla gia trj ham thudc p;
khi mot diém dit liéu ndm ngoai siéu hop; gid tri v cang 16n thi do thudc suy
gidm cang nhanh, khién mo hinh phan ting nhay hon déi véi cac vi pham ranh
gi6i. Hinh 1.4 minh hoa sy bién ddi ctia y; khi thay d6i , Hinh 1.5 minh hoa

sy bién ddi clia 1; khi mAu rdi xa siéu hop [15].

1, s5.2 > 1,
f(s,2) = Q52 0<sz2<1, (1.4)
0, s.z < 0.

Kich thudc cua siéu hop B; (ky hiéu 1a dp,) 1a mot dai lugng thudc khoang
[0,1], phan 4nh miic dd m& rong trung binh cia siéu hdp trén cdc chiéu dic trung,

dudc tinh theo Cong thuc (1.5):
1
5Bj = —Z(wji _Uji) (15)
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Hinh 1.5: D6 hoa minh hoa vé sy bién thién cia ju(x,, B;)

1.2.2.3. Phdn hoach dit liéu voi cdc siéu hop mo

Dé dam bdo khé ning thich nghi ciia m6 hinh FMM, céc thao téc co ban dudc
st dung trong qua trinh huin luyén siéu hop md bao gdm (1) md rong, (2) kiém tra
chong 14n, va (3) diéu chinh chong 14an (co lai) siéu hop.

M6 rong 1a hoat dong cip nhat bién ctia siéu hop md nham bao pht thém mot
diém dif liéu. Hinh 1.6a va Hinh 1.6b la dd hoa minh hoa vé hoat dong mé rong siéu
hop B;. Cu thé véi diém di liéu 2, € R, v6i mbi chiéu dic trung i, bién dudi va bién
trén cua siéu hop B; = (V;, W;) dudc cap nhat theo cong thic (1.6) va (1.7):

vj; <= min(vj;, Trq), (1.6)
wj; — max(wjs, ;). (1.7)
Phép mé rong chi dugc chip nhan néu siéu hdp sau md rong van thdéa min

rang budc kich thudc (dudc tinh toan theo cong thifc (1.8) hoic (1.9)) nhiam tranh tao
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ra cac si€u hop qua 16n lam giam kha nang phan biét cia mo hinh.

m?X(wji — i) <M (1.8)
1
E E (wji - Uji) S o, (19)
1
xr\
Xr W_new
. ol /
w,o b i J
5 Wi B E Wi
Vi Vi
B By
12 Vi
(@) (b)
W_I'I(?W old
W, -1
J 1
Viing !
chéng lan B ! W,
B/ Wi V/ [ i
Vi E B
Id '
B Vko *- Jnew
Vi k
(c) (d)

Hinh 1.6: Vi dy vé hoat dong md rong va diéu chinh chong ldn siéu hop.

Hoat dong md rong c6 thé giy ra hién tuong chong 14n gitta cic siéu hop (thudc
16p khac nhau). Kiém tra chdng 14n nham x4c dinh xem siéu hop viia dudc md rong
Bj ¢6 giao vo1 mot siéu hop khac 16p By, (¢(B;) # ¢(By)) hay khong . Trong FMN,
chong 1an dugc xét theo tliing chiéu dic trung: trén chiéu i, néu hai khoang [vj;, wj;] va
[V, wi;] giao nhau (théa man (1.10)),

max(vj;, Vi) < min(wj;, w;), (1.10)
thi chiéu d6 dudc xem la giy chong 14n. Hinh 1.6a va Hinh 1.6b 14 d6 hoa minh hoa
vé hoat dong mé rong siéu hop B; khi tiép nhan diém dit liéu z, da tao ra viing chong
14n. Néu ton tai it nhit mot chiéu gay chong 14n, mé hinh xac dinh c4c phuong 4n diéu
chinh chdng 14n (cit bét bién) nhiam loai bd phan giao nhau v6i mic thay ddi nhd
nhat. Budc loai bd chong 1an dudc thuc hién khi hai siéu hop B; va By, thudc hai 16p
khac nhau. FMN m t4 vé bbn dang chong 14n cd béan gitta B; va By, nhu sau:

- Trudng hop 1: bién trén cda B; chong lan véi bién dudi clia By:

ving chong lan

Bj Z Bi
Vji Vii Wii Wi
Hinh 1.7: Chéng ldn giiia bién trén ciia B; vdi bién dudi ciia By,
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Vji < Vg < Wjg < Wiy
- Trudng hop 2: bién dudi clia B; chong lan véi bién trén cla By:

vitng chong lan

By
k v Bj
Vii Vi Wi Wii
Hinh 1.8: Chéng ldn giiia bién trén cia By, vdi bién dudi ciia B,

Vs < Vji < Wy < Wyis-
- Truong hogp 3: si€u hop By, bi bao (co lai) trong B;:

viing chéng lan

|
Bj )z B

Vi Vii Wk Wji

Hinh 1.9: Chéng ldn dang siéu hdp By, bi bao (co lai) trong B;

Vi < Vg < Wy < Wi
- Truong hop 4: siéu hop B; bi bao (co lai) trong By;:

viing chong lan

|
B v

B,
Vii Vii Wi Wgi

Hinh 1.10: Chong ldn dang siéu hop Bj bi bao (co lai) trong By,

Vgi < Ui < Wi < Wi

(1.11)

(1.12)

(1.13)

(1.14)

Diéu chinh chdong 14n nhiam loai bd phan giao nhau, qua d6 khoi phuc ranh

gi6i phan tach giita cac 16p. Hinh 1.6¢ va Hinh 1.6d 13 d6 hoa minh hoa vé hoat dong

diéu chinh chong lan gitta hai siéu hdp c6 chong 1an. Khi hai siéu hop B, va By, xay

ra chong 14n trén chiéu i, bdn trudng hop chong 14n dudc xem xét dén nhu sau:

- Trudng hgp 1. Bién trén cla siéu hop B; chong 14n v4i bién dudi cia siéu hop

By: diéu chinh bién dudi clia By, va bién trén cta B; theo (1.15) va (1.16):

old old
new  Vki T Wi

Ykin =TT
old old
V.o W,
k
wnew = —Z JZ

J 2

(1.15)

(1.16)
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- Trudng hgp 2. Bién dudi cla siéu hdp B, chong 14n véi bién trén cia siéu hop

By: diéu chinh bién dudi clia B; va bién trén clia By, theo (1.17) va (1.18):

Uql_d + wOI.d
new __ J? ki
A e (L.17)
pOld 4 q0ld
Wi = o (1.18)
- Truong hop 3. Siéu hop By, bi bao hoan toan trong si€u hop B;:
+ Néu thoa man diéu kién (1.19):
Wi — Vi < Wiy — Vi, (1.19)
thi diéu chinh bién duéi cia B; theo (1.20):
vie = wdd, (1.20)
+ Nguoc lai, néu théa man (1.21):
Wy — Vi > Wi — Vi, (1.21)
thi diéu chinh bién trén cia Bj theo (1.22):
Wit = ol (1.22)

- Trudng hgp 4. Siéu hop B; bi bao hoan toan trong siéu hdp By, néu thda man
cong thuc (1.14):
+ Néu thoa man diéu kién (1.23):
Whi — Vji < Wji — Uk, (1.23)
thi diéu chinh bién trén ctia By, theo (1.24):
W™ = v, (1.24)
+ Nguoc lai, néu théa man diéu kién rang budc (1.25):
Wj; — Vg > Wi — Vji, (1.25)
thi diéu chinh bién duéi cta By theo (1.26):
Ve = wh. (1.26)
Nho dic trung hinh hoc nay, FMM c6 thé hoc truc tuyén, cAp nhat gia ting ma
khong can huin luyén lai, dong thdi biéu dién tu nhién cdc ranh giéi mo hod va ving
chuyén tiép giiia cac 16p/cum.
1.2.2.4. Phdn hoach va gdn mdu thich nghi véi cdc siéu hop mo
Cho tap B, mau dii liéu = € X, lya chon siéu hop B; € B c6 do thudc 16n nhit
dbi v6i =, u(z, B;) dudc tinh theo Cong thic (1.3)). Khong gian céc siéu hop sau do

dudc cap nhat theo cdc quy tic sau:
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(1) Quy tac bao chita: Néu ton tai B; sao cho z ¢6 do thude diy di vao B; thi
gan tryc tiép x cho Bj, trong d6 tinh duy nhit dugc ddm bao béi diéu kién khong giao
nhau. Siéu hop B; va si€u hop Bj, dudc goi la khong giao nhau néu B; N B, = & voi
Vi # k, ky hiéu la:

Q(Bj, Br) <0,V01Vj # k. (1.27)

Quy tic bao chia dudc st dung d€ gan truc tiép mot mau dit liéu z cho siéu
hop mo B; néu do thudc ctia mau ddi vé6i siéu hop nay dat gid tri cuc dai, tdc 1a:

pi(x, Bj) = 1. (1.28)
p(z, Bj) = 1 th€ hién rang = nam hoan toan bén trong siéu hdp md B trén tt ca cac
chiéu dic trung, hay véi Vi Vi; < x; < W;;. Diéu nay cho thiy miu = nim hoan toan
bén trong bién cua B; va khong can thuc hién cédc thao tdc md rong hay tao siéu hop
mo mdi.

Tinh duy nhét ctia phép gan dudc ddm bio bdi diéu kién (1.27). Theo do, céac
siéu hop md khong chdng 1an nhau trong khong gian déc trung, tic B; N By, = &. Nhd
vy, mbi mau dit liéu chi c6 thé dudc bao chifa hoan toan bdi duy nhit mot siéu hop
mo, tif d6 dam bao tinh nhit quan va 6n dinh ctia md hinh.

(2) Quy tic mé rong: Thuc hién md rong tam thdi siéu hop chién thing Bj-,
viéc mé rong B;- dugc thuc hién dua trén viéc tinh todn lai cic di€ém min va max cla
si€u hop Bj- theo cong thiic (1.29):

B = (min(Vj,x),max(Wj,x)). (1.29)

Viéc mé rong dudc chip nhan néu Bj~ théa man rang budc (1.30) va (1.27) voi
Vj#k:

§(z, Bj) < o™, (1.30)

Kich thuéce siéu hop sau md rong dudc tinh bdi:

§(z, Bj) = % Z \/} max(z;, wj;) — min(z;, vj;)
i=1

k (1.31)
Néu mé rong dudc chip nhan, mau = dudc gan cho Bj~ da cap nhat.
(3) Quy tic tao mdi siéu hop: Néu viéc mé rong siéu hop khong dudce chip
nhan, mot si€u hdp méi duge khdi tao theo (1.32):
Bhew = (7, 7). (1.32)
(4) Quy tac khoi tao siéu hop: Trong mang noron FMN, si€u hop ma la don

vi bi€u dién co ban clia dif liéu trong khong gian dic trung. Viéc khéi tao siéu hdp
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dong vai tro khéi dau cho qud trinh hoc, tao nén ting cho cac thao tic md rong, kiém
tra va diéu chinh siéu hop & cac budc tiép theo. Mot cach khdi tao hop ly gitip dam
b4o tinh nhit quan cta bi€u dién ban dau va han ché cic rang budc khong can thiét
trong qua trinh phan hoach khong gian du li€u. V6i si€u hop mé B; € U, cac vector
bién dudi va bién trén dudc khdi tao theo (1.33):

Vi=1n,  W;=0, (1.33)
trong d6 1,, va 0,, 1an ludt 1 cac vector n chiéu c6 tat ca phan ti bang 1 va 0.
1.2.3. Céu triic mang noron FMN

Mang noron Min-Max md FMN 12 mot mé hinh Neuro-Fuzzy két hop gitta ly
thuyét siéu hop md trong FMM va kién triic ciia mang noron md FNN, nham khai
thac vu diém ciia ca hai huéng tiép can [80]. FMN vira ké thita kha ning biéu dién tri
thiic duéi dang cdc mién quyét dinh md, vira tin dung ciu tric mang noron dé thuc
hién qu4 trinh hoc va suy dién mot cach hiéu qua. Kién triic mang noron FMN trong
bai todn hoc khong gidm sat dugc md ta trén Hinh 1.11 [76]. Mang goém hai 16p chinh,
16p vao F4 bao gdm n noron, mdi noron tuong ting véi mot thudc tinh ctia di liéu dau
vao; 16p ra F bao gdm ¢ noron, trong d6 mdi noron dai dién cho mot siéu hop mo,
tuong ung v6i mot cum di li€u dugc hinh thanh trong qua trinh hoc. Trong trudng
hdp nay, qu4 trinh hoc tap trung vao viéc phat hién cu tric cum ma khong can thong

tin nhan 16p.

Hinh 1.11: Cdu triic mang noron FMN vdi hoc khong gidm sdt.

Pb6i véi bai toan hoc c6 gidm sat, kién triic mang FMN gdm ba 16p, nhu minh
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hoa trong Hinh 1.12 [16]. Cu thé, 16p vao F4 bao gdm n ndron tuong ting véi cac
thudc tinh dau vao; 16p Fz gdm ¢ noron, mdi noron tucng ing véi mot siéu hop mo
dudgc hinh thanh trong qu4 trinh hoc; 16p ra Fx gdm K noron, trong d6 mdi noron dai
dién cho mot 16p, v6i K 1a tdng sd 16p dudc xac dinh trude. Trong kién tric nay, cic
siéu hop md dong vai tro trung gian két ndi gitta khong gian dic trung va khong gian
nhan 16p.

Mai noron thi j trong 16p F dudc két ndi véi cac noron dau vao thdng qua
mot bo trong s6 kép, tuong tng véi hai vectd V; va W; (minh hoa trén Hinh 1.13).
Cu thé, két ndi gitta noron thi j trong 16p F va noron thi i trong 16p F4 dudc dic
trung bdi hai trong s6 vj; va wj;, 1an lugt biéu dién gid tri bién dudi va bién trén cta
siéu hop md trén chiéu dic trung thi 7. Do d6, cdc bién ctia siéu hop md B; dugc bi€u
dién dudi dang hai vectd V; va W; (dugc dinh nghia 1an luot theo Cong thiic (1.34)
va (1.35)). Céc vectd nay khong chi dong vai tro 1a trong s6 clia mang ndron, ma con
mang y nghia hinh hoc rd rang, xac dinh truc tiép hinh dang va vi tri ctia siéu hop mo
trong khong gian dac trung.
(1.34)
(1.35)

Hinh 1.12: Cdu triic mang noron FMN véi hoc c6 gidm sdt.
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Hinh 1.13: Pé hoa minh hoa cdu tao ciia noron bj.

Trong kién triic mang noron FMN véi hoc c6 giam sat, két nbi gitta mbi noron
trong 16p siéu hdp Fp va cic ndron trong 16p phan 16p F dudc bi€u dién béi mot ma
trin trong s6 nhi phan U. M&i phan tt u;, € U phan 4nh mbi lién hé gitta siéu hop mo
B; va 16p g, dong thdi cho biét siéu hop d6 c6 thudc vé 16p tudng tng hay khong. Gid
tri cia uj, dudc xdc dinh theo cong thic (1.36):

wjg = Lobiely (1.36)

0, b; &Cy,
trong do b; 1a noron thu j trong 16p Fp (tuong ung vdi si€u hdp mo Bj), va ¢, 1a noron
thi ¢ trong 16p F, dai dién cho 16p thd g trong bai toan phan 16p. Ma tran U do do
dong vai trd nhu mot co ché anh xa tit khong gian siéu hop sang khong gian nhan 16p.

Pau ra ctia mdi noron trong 16p Fr biéu thi mic dd phu hop ctia mau dit liéu
dau vao z dbi véi 16p tuong ting. Cu thé, gia tri kich hoat ctia ndron 16p ¢ dudc xac
dinh dua trén cdc miic do kich hoat clia cic siéu hop ma lién két véi 16p d6. Ham

truyén ctia noron trong 16p F dudc dinh nghia theo cong thiic (1.37):

Cg = max (1 ujq) (1.37)
J=1,...,q

trong d6 ; 12 gid tri dau ra (d9 thudc) cua siéu hop mo B; d6i v6i miu di liéu A.
Todn t& max(-) ddm bdo rang mic do phit hop ctia mau dbi véi 16p k dudc xdc dinh
bdi siéu hop md c6 do kich hoat 16n nhét trong s6 cac siéu hdp thudc vé 16p do.

Tap md xac dinh 16p g, ky hiéu 1a C,, dugc hinh thanh nhu hgp cta tht ca cac
siéu hop mo thudc vé 16p tuong ting. Cu thé, tip md nay dugc dinh nghia theo cong
thuc (1.38):

¢ =B, (1.38)

jEG
trong d6 G 12 tap chi s6 ciia cic siéu hdop md ducc gan cho 16p ¢. Pinh nghia nay cho
thdy mbi 16p trong md hinh FMN dudc biéu dién bdi mot mién quyét dinh md, hinh

thanh tir sy két hop ctia nhiéu siéu hop md, qua d6 cho phép mod hinh mo ta linh hoat
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cdc cAu triic dit liéu phiic tap trong khong gian dic trung.
1.2.4. Thudt toan hoc FMN

Céc thuat toan hoc ctia mang noron FMN dugc phat trién theo cdc cd ché gidm
sat khac nhau. Ddi véi hoc ¢6 giam sat, thuat toan FMN dudc trinh bay trong Thuit
toan 1.1 [16], nhiam xay dung tip céc siéu hop md dai dién cho céc 16p dit liéu thong
qua cd ché hoc gia ting. Trén co sé d6, thuit toan hoc khong gidm sat ctia FMN dudc
trinh bay trong Thuat toan 1.2 [76], cho phép hinh thanh cac siéu hop md ma khong
can thong tin nhin 16p ban dau. M rong theo hudng két hop mot phan thong tin gidm
sat, thuat toan hoc ban giam sat trong mang noron FMN dudc trinh bay trong Thuat
toan 1.3 [19], nhiam khai thdc dong thdi dif liéu c6 nhin va chua gan nhin dé niang cao
hiéu qua hoc va suy luan nhan.

Thuat toan 1.1 Thuit toan hoc FMN c6 giam st

Input: X (M = |X]), v, §™ma*
Output: B, U

1. B+~ O

2: for (z,,0,,) € X do

3:  Tim tap cac siéu hdp B; € B sao cho {(B;) = {,,

4. if 3B; € B théa man yu(z,, Bj) theo (1.39) va d(z,, B;) < 6™ then
5: MG rong B; d€ bao phi x, theo (1.6) va (1.7)

6: if phat hién chong 14n gitta B; va By v6i ((B;) # ((B;) then
7: Thuyc hién thao tac co lai si€u hdp B; va B,

8: end if

9: else
10: Tao siéu hop mbi Bpew VOi View = 77, Whew = Ty
11: {(Bnew) < la,
12: B+ B U {Buew}
13:  endif
14: end for

15: Cap nhat ma trdn U duva trén tdp B (v0i v, dude xac dinh theo (1.36))
16: return B.U
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Thuat toan 1.2 Thuét toan hoc FMN khong giam sat

Input: X = {z,}M  ~, §max

Output: B
1: Khdi tao tap U, véi cdc di€m min va di€ém max cta U; (VU; € U) theo (1.33);
2: for z, € X do
3:  if B # @ then

4: if 3 B; € B théa man y(z,, B;) theo (1.39) va i(x,, B;) < 6™** then
5: M@ rong B; d€ bao phil z, theo (1.6) va (1.7);
6: if 3B, € B, k # j sao cho Q(Bj, By) > 0 then
7: Co lai céac siéu hop B; va By;

8: end if

9: else
10: Tao Biew bi“mg cach chuyén tir U; € U vao B;
11: Khdi tao Bpew V01 Vaew = Ty, Whew = Zr;
12: end if
13:  else
14: Tao Biew b?lng céach chuyén tr U ; € U vao B;

15: Khdi tao Bpew V01 Vaew = T, Whew = Zr;
16: end if
17: end for

18: return B;

Thuat toan 1.3 Thuét toan hoc ban giam sat trong FMN

Input: X = {(z,,0,,)},, 7, 6", 3
Output: B

1: repeat

2:  Chon du liéu vao (z,,4;.) € X;

3:  if 3B; € Bthoa man p(x,, B;) = maxp,ep pu(z,, Bi) va o(z,, Bj) < 0™ then
4: Diéu chinh B; theo (1.6) va (1.7); X + X \ {(zr,£z,)};

5: if phat hién chong 14n gitia B; va By, v6i ((B;) # ((B}) then

6: Diéu chinh chdng 14n gitta cc siéu hdp B; va By;

7: end if

8: else

9: if ((z,) # 0 then
10: Tao si€u hdop mGi Brew; {(Brew) < lz,; B < B U {Bpew}
11: else
12: if 3B; € B sao cho u(x,, g(B;)) > [ then
13: Tao siéu hop m6i Buew; {(Bnew) < ¢(Bj); B <= B U {Buew};
14: end if

by, = K(Bj);

15: end if
16:  end if

17: until X = &
18: return B, {(z,, ()},
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pw(zy, Bj) = max{u(z,, Bj) | j=1,...,k}. (1.39)
Vi + W;
o(By) = = (1.40)

1.2.5. Mot s6 van dé can tiép tuc nghién citu dé nding cao chdt luong FMN cho
phdn cum du liéu
1.2.5.1. Mot s6 nghién citu cdi tién FMN goc

Nho viéc dudc xay dung dua trén su két hop gitta logic md, mang noron nhan
tao va ly thuyét min-max md, mo hinh FMN la mdt mo hinh hoc gia ting, cho phép
xt 1y hiéu qua céc tap di liéu quy md 16n [81]. Co ché hoc gia ting giip mo hinh
cAp nhat va bd sung tri thic chi v6i mot 1an duyét dit lidu, dong thdi vin bio toan
thong tin da hoc truéc do6 [82]. FMN thuc hién phan 16p/phan cum dua trén muc do
thudc cia mau dit liéu dbi véi cac siéu hdp tuong dng. Qua trinh hoc bao gdm hai
budc chinh: mé rong siéu hop dé€ bao phii mau mdi va co hep (néu can) nham xi ly
hién tugng chong 14n gitta cac 16p. Nhd céu tric va co ché hoat dong don gian [76],
FMN c6 nhiéu uu diém ndi bat nhu: (i) khdng can x4c dinh trude s6 lugng cum; (i)
dé dang md rong va diéu chinh cum thong qua phép so sdnh va cip nhat bién; (iii)
cung cip quyét dinh mém thdng qua ham thudc; (iv) chi yéu cau diéu chinh mot sb it
tham s6, chu yéu 1a kich thudc siéu hop tdi da va tham sd md; va (v) c6 kha ning hoc
truc tuyén, thich hop cho céc bai todn c¢6 ranh gidi 16p phi tuyén véi hinh dang va kich
thudc da dang.

Miic du s6 hitu nhiéu vu diém, FMN van tdn tai mot s6 han ché 4nh hudng dén
hiéu qua va kha ning ting dung thuc tién. Mot trong nhitng vin dé dang chd y 1a co
ché co hep siéu hop nhiam xit Iy chong 14n c6 thé 1am suy gidm hiéu suét phan loai ctia
mang [83]. Khi tham sb gi6i han kich thudc siéu hop dugc dit nhd, thuat toan cé xu
hudng tao ra s6 lugng 16n siéu hop, din dén cau tric mang phic tap va nguy cd qua
khép (overfitting). Ngudc lai, néu gidi han kich thuéc dudce chon 16n hon dé giam sb
lugng siéu hop, viing chdng 14n giita cac 16p c6 thé gia ting, tir d6 1am gidm do chinh
x4c ctia md hinh [83]. Bén canh dé, viéc Iua chon ciu tric va tham s6 mang thudng
phéi thuc hién thong qua qud trinh thii-sai nhiéu lan [76], giy tén kém thdi gian va
cong suc.

Trudc nhitng han ché trén, nhiéu huéng cai tién FMN da dudc dé xuat. Céc
nghién ctiu chii yéu tap trung vao viéc diéu chinh ciu tric mang, tdi vu héa tham sb,

cai tién ham thudc, gidm sd lugng siéu hop, hoan thién thuit toan hoc hodc két hop
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véi cac phuong phap khac nhiam nang cao hiéu ning tdng thé.

Theo huéng cai tién cau triic, c6 thé ké dén mo6 hinh FMCN do Nandedkar dé
xuat nim 2007 [84], md hinh DCFMN ctia Zhang nim 2011 [85], va mo hinh da ting
MLF dudc dé xuét nim 2014 [83]. O hudng cai tién thuit toan hoc, dang chd y 1a mo
hinh GFMM ctia Gabrys niam 2000 [15] va bién thé RFMN do Nandedkar cai tién
nam 2008 [18].

Ngoai ra, nhiéu cong trinh tip trung nang cao hiéu suit thong qua cic chién
lugce diéu chinh cu thé. Ma dé& xuit phuong phap xic dinh linh hoat gii han kich
thudc siéu hop tdi da nim 2012 [86]. Mohammed va cdng su nim 2015 [87] cuing cdc
nghién ctiu tiép theo nim 2016 [19] b3 sung céc luat kiém tra va diéu chinh chong 14n
trong FMN. Shinde [88], Quteishat [89] va Jin Wang [8] dé xuit loai bo cac siéu hdp
c6 dd tin cay thap nham tinh gon md hinh. Niim 2017, Mohammed tiép tuc nghién
ctfu giam sinh siéu hop & viing bién [90] va co ché Iua chon siéu hop chién thang [91].
Hou phat trién mo6 hinh CFMN dua trén hé s6 dong gép cum nim 2018 [92]. Liu nim
2017 dé xuét st dung hé s6 HE d€ danh gia hiéu qua siéu hop trong qua trinh co hep
[93]. Sonule xay dung mo hinh EFMN t6i wu héa thudc tinh theo nhém mau va sinh
luat quyét dinh nim 2017 [94]. Seera phit trién mo6 hinh cdy phan cum ECT nhim
ning cao hiéu quéa phan cum tryc tuyén nim 2018 [95].

Nim 2020, Dehariya va nhém nghién ctiu dé xuit ting dung ctia thuat todn tbi
uu héa MFO va mang noron FMN dé€ phat trién hé théng phan loai dit liéu y té [96].
Thuat toan MFO xem xét phan 16n cdc dic trung tir tap dif liéu bénh tat va tao ra tip
hop cic dic trung dudc tdi uu héa dua trén ham danh gia do phu hop. MFO c¢6 kha
ning tranh dudc van dé cuc ti€u cuc bd va diy 1a nguyén nhan chinh tao ra tap hop
cac dic trung tbi uu. Cac dic trung dudc t6i vu héa sau dé dudc chuyén dén FMMNN
d€ phan loai cac trudng hop 4c tinh va lanh tinh.

Nim 2024, Tao Hou cung nhém nghién ctfu ctia minh da dé xuat mo hinh
QFMMNet [97] cho phan tich mang Iu6i nao dong da khung nhin trong chin doéan
bénh tam than phan liét thuc té.

Bén canh do, trong bdi canh thuc té, dit liéu c6 nhan thudng khan hiém va chi
phi gan nhan cao. Do d6, caic mo6 hinh nhu GFMM [15], RFMN (Reflex FMN) [18],
SSI-FMM [98, 17], SS-FMM [19], SCEMN [20], MSCFMN [21] dudc dé xuit nham
két hop hoc c6 giam sat va khong gidm sat trong cing mot khung hoc. Hudng tiép can
v6i hoc ban giam sat gidp tang kha nang khai thac thong tin tu dit liéu chua nhan.

Ngay tif nhitng nghién ctiu nén tdng, mé hinh GFMM [15] dudc phét trién
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nhim thong nhét hai bai todn phan 16p va phan cum trong cling mdt kién tric [15].
GFMM cho phép xu ly linh hoat ca di liéu c6 nhan va khong cé nhan thong qua viéc
xay dung cic siéu hop md dai dién cho cau triic dif liéu, trong khi thong tin nhan (néu
ton tai) dudc st dung dé cap nhat ma tran lién két gitta siéu hop va 16p. Céch tiép can
nay dudc xem la tién dé quan trong cho hoc ban gidm st trong FMN, mic da GFMM
chua dua ra co ché ro rang dé€ ki€ém sodt 4nh hudng ctia dif liéu chua nhan dén chit
lugng phén 16p.

Tiép néi huéng nghién cifu nay, moé hinh RFMN, tip trung truc tiép vao bai
toan hoc ban giam sat [18]. RFMN gidi thiéu co ché “phan xa”, cho phép mé hinh tu
diéu chinh khi tiép nhin cic miu chua gin nhin, qua d6 khai thac tot hon ciu tric
tiém 4n ctia dit liéu. So v6i GFMM, RFMN nh4n manh vai trd ctia dif liéu chua nhan
trong qua trinh hoc, ddng thdi ¢b ging giam su phu thudc vao sb lugng mau c6 nhan.
Tuy nhién, md hinh nay vin d6i mit v6i nguy co lan truyén 16i khi cdc siéu hop hinh
thanh tir dif li€éu chua nhan khong du tin cay.

Céc nghién ctiu sau d6 tap trung nhiéu hon vao bai todn phan cum béan gidm
sat trong FMN. Vu va cong su (2016) dé xuit mo hinh SS-FMM cho phan cum ban
giam sat dua trén FMN, trong d6 thong tin nhin han ché dugc st dung dé dan dat qua
trinh hinh thanh cum [19]. Thuat todn cho phép ciac mau chua nhin tham gia truc tiép
vao viéc tao siéu hop, dong thdi st dung co ché lan truyén nhin dé gan nhin cho cac
siéu hop tuong dng. Cach tiép cin nay nhan manh viéc hoc ciu triic dit lidu trudc, sau
d6 khai thac nhan nhu mot ngudn thong tin bd trg, pht hop véi cac bai toan phan cum
co hinh dang du liéu phtic tap.

Trén co s6 d6, nim 2019, Tran cling v6i nhém nghién cifu cia minh dé xuit mo
hinh SCFMN két hgp FMN véi hoc ban giam sat nham giai quyét bai todn hd trg chin
dodn bénh gan. SCFMN cho thay kha ning ting dung thuc t& cia FMN bén giam sat,
khi dit liéu y sinh thuong khan hiém nhan va chifa nhiéu nhiéu. Viéc tich hop thong
tin chua nhan gitip céi thién hiéu qua chan doan so vdi cac md hinh hoc c6 gidm sat
thuan tdy.

Nim 2020, Liu va cong su d& xuit md hinh SSL-FMM (Semi-supervised
FMN), trong dé dit liéu chua nhin dudc khai thac c6 hé théng trong qud trinh xay
dung va mé rong siéu hdop mo [17]. SSL-FMM cho phép céc siéu hdp md rong bao
pht ca dif liéu c6 nhin va chua nhén, dong thdi sit dung chién lugc gan nhin gian tiép
dua trén muiic do phi hop. Céch tiép cin nay gitip cai thién bién phan 16p va giam hién

tugng qua khép khi s6 Iugng miu c6 nhan han ché. Tuong tu, mo hinh SSL-FMM
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trong [98] da két hop mo hinh hoc hai giai doan trong FMN véi co ché Iua chon va
danh gia nhan 16p dua trén thuét toan KNN (k-nearest neighbor).

Nim 2022, Minh cling nhém nghién ciu tiép tuc mé rong FMN theo hudng
két hop phan cum va hoc ban giam sat nham trich xuét luit va ho trg chidn doan, goi
1a MSCFMN. Coéng trinh nay nhin manh vai trd ctia viéc tich hop céc ky thuat phan
cum v6i FMN d€ nang cao chét luong hoc trong céc kich ban dif liéu phtc tap.

Mic du da c6 nhidu nghién cifu nham nang cao chit lugng ctia mang noron
FMN, cac phuong phap hién c6 van con ton tai mot s6 han ché dang chu y:

- Thit nhét, phin 16n cic md hinh FMN gia dinh ring cdc siéu hop md dong
vai tro tuong duong trong qua trinh hoc, trong khi trén thuc t& chat luong va do on
dinh clia cdc siéu hdp c6 thé khic nhau dang ké.

+ Mot s6 siéu hop c6 thé dai dién t6t cho ciu triic dif liéu, trong khi cac siéu hop
khéc lai dé bi anh hudng bdi nhiéu hoic nim gan bién phan 16p.

+ Viéc khong phan biét vai tro clia cac siéu hop nay c6 thé lam suy giam hiéu
qua hoc, dic biét trong bdi canh dit liéu phtc tap.

- Tha hai, mic du cac mo hinh nhu General FMN (GFMM) da mé rong FMN
cho bai toan hoc ban giam sat, qua trinh khai thac di li€u chua gan nhan trong céc
phuong phép nay van mang tinh thu dong va thiéu co ché kiém soat.

+ Cu thé, cdc siéu hop chua dudc gan nhin hoidc c¢é dd tin ciy thip van c6 thé
tham gia vao qud trinh lan truyén nhin, din dén nguy co khuéch dai sai 1éch
nhin trong qua trinh hu4n luyén.

+ Hién tugng nay dac biét nghiém trong trong cac bai toan co ty 1€ du liéu dudc
gan nhan rat thap.

- Thi¥ ba, co ché xi ly chdng 14n trong FMN chi yéu dua trén cic quy tic
heuristic, chang han nhu c4c trudng hdp co lai dudc dé xuét trong mo hinh FMN gbc.

+ Céc quy tac nay thudng dudc ap dung ddng déu cho moi siéu hop, ma chua xét
dén muc do &n dinh hodc tAm quan trong cla tiing siéu hop.

+ Do do, viéc co lai c6 thé 1am phd vd cau triic cum da dudc hinh thanh &n dinh,
dic biét trong céc tap dit liéu c6 phan bd phiic tap hoic nhiéu nhiéu.

- Cudi ciing, hiu hét cdc mo hinh FMN hién nay chua tach bach rd rang giita
qua trinh hoc cAu trdc dit liéu va qud trinh hoc nhén.

+ Viéc dong thdi vita xay dung siéu hop vira gan nhéin trong subt qua trinh huin
luyén khién mo hinh phu thudéc manh vao nhan.

+ Dbiéu nay lam giam hiéu qua trong céc kich ban dit liéu khan hiém nhan, von 14
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tinh hudng phé bién trong nhiéu bai todn thuc té.
Nhin chung, mang noron min-max md dudc xem 12 mot hudng tiép can hiéu
qua trong nhiéu bai todn khai phd dit liéu [99]. Mot uu diém quan trong ctia FMN Ia
kha ning trich xult cic luat quyét dinh dang “if-then” mot cach truc quan; moi siéu

hop c6 thé dudc chuyén doi thanh mot luat dua trén cac gid tri bién min—-max clia né.
1.3. Han ché, van dé dat ra va dinh huéng nghién ciru

Ti tdng quan cac hudng nghién ciiu c6 thé thiy rang, mic du FMN va céac bién
thé da dat dugc nhiéu cii tién dang ké, van con ton tai mot sd van dé can tiép tuc gii
quyét. Trudc hét, viéc xay dung co ché hoc hiéu qua trong diéu kién ty 1é mau c6 nhan
thap van 1a mot thach thic quan trong, dic biét trong bdi canh hoc ban gidm sat. Bén
canh d6, s6 luong siéu hop sinh ra trong qua trinh huin luyén c6 thé ting nhanh khi
gi6i han kich thudc bi thu hep hoic khi dif liéu c¢6 mitc do chong 1an cao, dan dén ciu
triic mang phtc tap va sb luong luit quyét dinh 16n. Ngoai ra, phan 16n cic phuong
phdp hién tai chi yéu diéu chinh hinh hoc siéu hop ma chua xem xét day di phan bd
ndi tai ca dit liéu bén trong, diéu nay c6 thé 1am léch tAm cum va suy gidm khi ning
khdi quat héa. Trong trudng hop dif liéu c6 chong 1an manh, cu triic mang ciing dé
trd nén thiéu &n dinh do su gia ting s6 luong siéu hdp hodic noron bu.

Nhiing han ché trén cho thiy can mot huéng tiép can mdi vita bao toan vu diém
hoc gia ting ctia FMN, vira giam phu thudc vao tham sb va ty 1& nhan, dong thdi phan
dnh chinh x4ac hon ciu triic phan bd dit liéu thuc té. Mot dinh huéng tiém ning 12 danh
gia chit luong va dd tin cdy clia cic siéu hop md, tir d6 lua chon nhiing siéu hop c6
tinh dai dién cao tham gia vio qud trinh lan truyén nhan, nham han ché anh hudng ctia
siéu hop nhiéu va giam thiéu lan truyén sai léch. Pong thdi, viéc thiét ké co ché hoc
ban giam sat ¢ ki€m sodt, trong d6 miic dd tham gia clia dit liéu chua gdn nhan dudc
diéu chinh theo d6 tin cdy ctia siéu hdp, c6 thé gitp ting tinh 6n dinh va do chinh xic
ctia mo hinh. Bén canh d6, cic chién lugc xi 1y chong 14n thich nghi, cho phép diéu
chinh hodc tri hoan qua trinh co hep dua trén trang thai hoi tu cta si€u hop, cling 1a
huéng nghién ctiu hita hen nham bao toan ciu tric cum da hoc. Cubi cling, viéc tach
biét giai doan hoc cau tric dit liéu vé6i giai doan hoc nhan c6 thé gitp khai thac hiéu
qua hon thong tin tit dif liéu chua gan nhan. Trén cd s d6, luan 4n tip trung dé xuit
mot phuong phap FMN bén giam sat nham nang cao chét lugng hoc thong qua co ché
dénh gia do tin cdy cla siéu hop va kiém sodt qua trinh lan truyén nhan trong huin

luyén.



37

1.4. Két luan chuong 1

Chuong 1 da trinh bay co s6 ly thuyét va cac hudng tiép can lién quan dén bai
toan phan cum ban giam sat md, véi trong tam la mang noron FMN. Chuong da lam
1o su khdc biét gitta phan cum rd va phan cum md, dong thdi chi ra han ché cia cac
phuong phap truyén théng khi xt 1y dit liéu nhiéu, phan b phtic tap va ranh gi6i cum
khong r6 rang. Trén co s& d6, phan cum ban gidm sat md dudc xac dinh 13 hudng tiép
can phit hgp nham khai thac ddng thdi ciu tric noi tai cta dif liéu va mot lugng thong
tin giam sat han ché. Chuong ciing da téng hop ciac nhém phuong phap tiéu bi€u nhu
phuong phédp dua trén hat gibng, rang budc, mo hinh nguyén miu va mang noron.
Phan trong tAm cta chuong tip trung trinh bay vé FMN, bao gom co ché biéu dién
bing siéu hop md, ham thudc, ciu tric mang va cac thuit toan hoc tuong tng. Thong
qua viéc tdng hop céc nghién ctiu tit GFMM, RFMN dén ciac mo hinh FMN bdn gidm
sat hién dai, chuong da chi ra nhitng han ché con ton tai trong khai thac dit liéu chua
gan nhan, danh gia do tin cdy va kiém so4t lan truyén 16i nhan. Mot phan noi dung
ctia Chuong 1 da dugc cong bd trong ky yéu Mot sé vdn dé chon loc ciia Cong nghé
thong tin va Truyén thong, Hoi thido Qudce gia 1an thd XXV, Nha xuét ban Khoa hoc
va Ky thuat, nam 2022 [CT1]. Tir d6, Chuong 1 da xdc dinh khoang tréng nghién ctiu
va dit nén tang 1y thuyét cho Chuong 2 vé md hinh va phuong phap dé xuat.
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CHUONG 2

PHAN CUM BAN GIAM SAT DUA TREN MANG NORON
MIN-MAX MO VGI BO PHIEU DA SO

Trén co s6 cac phan tich va nhan dinh trong Chuong 1, chuong nay tap trung
nghién ctiu va dé xuat cdc mo hinh phan cum ban giam sét dua trén mang noron FMN
nham khac phuc nhitng han ché ctia cac bién thé FMN hién c6. Chuong bat dau bang
viéc trinh bay cac nguyén ly hoc ban giam sat trong FMN va vai tro ctia thong tin
giam st han ché trong qua trinh hinh thanh va diéu chinh cic siéu hop md.

Tiép theo, cdc md hinh FMN-Voting, FMN-SAL dudc gi6i thiéu 1an ludt, cling
v6i céc thuat todn hoc tuong ting. Trong tim ctia chuong 1a cic co ché suy luin nhan
c6 kiém sodt, chién ludc bd phiéu va lya chon hat giéng thich nghi nham nang cao do
on dinh va do tin ciy ctia qua trinh lan truyén nhan. Bén canh d6, chuong ciing trinh
bay céc phan tich vé do phiic tap tinh todn va cac lap luan chiing minh tinh diing dan

clia cac thuit toan dé xuat.
2.1. Hoc ban giam sat dua trén siéu hop mo
2.1.1. Phdn hoach khong gian dit liéu bang FMN

Khéc v6i cdc phuong phap phan cum truyén thong, FMN thuc hién phan hoach
khong gian dif liéu thong qua tip céc siéu hop md. Céch tiép can niy cho phép md
hinh biéu dién mot cum dit liéu bﬁng mot hoidic nhiéu viing con, tity thudc vao do phiic
tap clia phan bd di liéu. Do d6, FMN c6 khd ning mo hinh héa cac cum khong 1,
cic cum c6 hinh dang bat ky va cdc cum c6 mat do khong dong déu. Vi du vé kha
niang mo hinh héa cic cum khong 16i, cic cum c6 hinh dang bat ky va cic cum cé
mat d6 khong dong déu cia FMN dudc minh hoa trén Hinh 2.1. Hinh 2.1a biéu dién
nguyén mau dit liéu, Hinh 2.1b bi€u dién khong gian cac siéu hdp dudgc phan hoach
bdi mang ndron FMN.
2.1.2. Ddnh gid siéu hép dua trén mdt dé va phdn phéi dit liéu trong siéu hop

Trong mang noron FMN, viéc dic trung vi tri dai dién ctia mot siéu hop 1a can
thiét nham danh gia mic do phu hdp ctia siéu hop dbi véi cac mau dit liéu ma né bao
pht. D4i v6i méi siéu hop B;, mat do va phan phdi di liéu trong siéu hdp dnh hudng
t6i dic trung vi tri dai dién. D€ danh gid mat do va phan phdi dit lidu trong siéu hop

Bj, cac chi s6 do 1énh tam, ky hiéu 12 e(B;) (dugc tinh toan theo Cong thuc (2.1)), va
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chi s6 danh gia hiéu suit st dung siéu hop, ky hiéu 1a ¢( B;) (dugc tinh toan theo Cong
thic (2.4) [8]).
e(Bj) = llg(Bj) = d(Bj)ll, - 2.1
trong d6, ¢(B;) la tam hinh hoc cta siéu hop, dudc tinh todn theo Cong thic (1.40);

d(Bj) 1a tam dit liu cua siéu hop, dudc tinh toan theo Cong thic (2.2)
1
d(B;) = T > (2.2)

""""""""

(a) Phdn bé dit liéu (b) Phdn hoach siéu hop
Hinh 2.1: Khong gian siéu hdp dugc phdn hoach trén tdp dit liéu Aggregation

Gid tri e(B;) cang nhd cho thiy di liéu phan bd cang can dbi trong siéu hop.
Trong thuc t&, mot ngudng > 0 thudng dudc sit dung dé rang budc do léch tam cia
siéu hop B;. ¢ 1a tham s6 ngudng do ngudi dung xdc dinh d€ danh gid mdc do "thudn
khiét" clia siéu hop B;. Mot siéu hop mS B; dugc xem 1a thuan khiét néu do 1éch tdm
ctia né thoa man diéu kién rang buoc (2.3):
e(Bj) <, e >0, (2.3)
o(Bj) =(1=9)Uj+ ¢ Aj, (2.4)
trong do, U; 1a ti s6 gitta cdc mAu thudc siéu hop B; trén tdng s6 cac mau thudc nhém
chia B;. A; 1a ti 0 gitta s6 lugng cdc mau dugc phan loai chinh xac bdi siéu hop B;
trén tong s6 mau dudc phan loai chinh x4c trong cling mot nhdm tuong ting.
2.1.3. Co ché gidm st bdn gidm sdt dua trén siéu hop
Trong hoc ban gidm sét truyén thdng, tip hat giébng thudng 12 mdt tip con céc
mau da dugc gan nhan, trong d6 moi diém di liéu dong vai tro khéi phat cho qua trinh
lan truyén nhan sang cdc mau chua gan nhan. Céach tiép can nay gia dinh rang mdi

di€m mang nhan 1a mot thuc thé doc 1ap va c6 kha ning dai dién cuc bd cho ving lan
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can ctia né. Trong FMN, siéu hdp 1a don vi biéu dién co ban, tuong ting v6i mot viing
con ¢6 ¥y nghia hinh hoc trong khong gian dic trung. Cac diém dit liéu ndm hoan toan
trong cling mot siéu hop c6 do thudc diy di va dude xem 1a tuong duong vé mic do
tuong dong. Vi vy, siéu hop khong chi phan hoach khong gian di liéu ma con thuc
hién chiic ning khai quat héa, gom nhém cic diém gan nhau thanh mot ciu tric &n
dinh.

Do d6, trong FMN, hat giéng khong con gin véi tiing diém dif liéu riéng 18
ma gan vdi tiing siéu hop md. Khi mot diém dai dién trong siéu hdp dude gan nhén,
nhin nay dudc lan truyén nhét quan tdi toan bo cac di€ém cé do thudc diy di véi
siéu hop tuong ting. Khi d6, co ché gidam sit dugc nang ti miic diém di liéu 1én miic
cAu tric khong gian, trong d6 mdi siéu hop déng vai tro nhu mot don vi mang nhan

(Hinh (2.2a), Hinh (2.2b)).

+ b,k N
+ ***ﬁi***** . s Jar b .
+ B = — + 5
> *Zﬁ* ***: ‘%*;** N :‘\*1** **1 {; . iLL_+
MRV A Froer + e Y Fra bt
LR GRS o A e oxt y PR R bt 1
LIRS TR wisd . % 4 oAt RN s 4t
o tee PSSR L A wtas 4T, RPN A
AR DS LR HEE Bl ek CRYEAC
T TS CERNCUN R F YR S SN B A Wi
AR ¥ LRI TN W S AT I + LI T Sk
T T vt ot by e o LAPERELEE AuE rud
tﬂ*.*-r-*:#f - 4&++H€***n A ***iéf i T'i *f*”*jﬂ**
1 +* TEE e LA Ry ** — i**;
+ : . N
diém mang nhan % don vi mang nhén 1
4 g ¥ (mai siéu hop 1a 1 don vi) i
KA + + ;-t- REEA +
4447 4 * # gt r——— t ity
FET 4o # % R 5 B 1
+ A - + + P
T S PR T s P ¥4 L A 4y
+ * + T g + -
¥4 % SR + 41t + ¥ +
LA TN DA N LA ¥+t Yo LR %
¥ * v EEaes = 4 T i+ 4+
**L**ff{* o 'ﬁ# ﬂ**“ i“ﬂgr TR +*+**#“* * IR it
oy AP y*#i***}* + ‘ o4 ® L 5 L t *y 4,,“,*# R T
4ok g et i AL + ¥
LR T TV L0 T B S B " Tk o e A TR R
R ST N shed h AR PIRIBNS BRI
e bty by B A AIHM I sl pa o +ort
***“;*** LA Voagts s T T et Ty T Pt
+ % + * 1# FY + ) + s 4y N R XL ¥ ¥ g
+ 1 + " AR # 4 RRA F A AR U + T
AR LW A T AV R AT IRAAN WO s4y
+ + W - + ittt
£ LA S 1+ *&ﬁ* **ﬁk RO
~ A o A7 ~ s A A A N A . ~
(a) Nhan dua trén diém dir liéu (b) Siéu hop la mét don vi nhan

Hinh 2.2: Minh hoa vé diém dit liéu mang nhdn va don vi nhdn

Nhu minh hoa trong Hinh (2.2a), ciac phuong phdp gdn nhan dua trén diém
thuc hién gidm sat ¢ mic mau, trong d6 moi di€ém mang nhan dudc xem 1a mot thuc
thé doc 1ap. Qua trinh lan truyén nhin vi vy thudng dién ra tiing budc gitta cac diém
lan can, d& bi 4nh hudng bdi nhiéu cuc bd va cic di€ém bién c6 do khong chic chan
cao. Khi nhiin ban dau khong di dai dién cho ciu tric toan cuc cta dif liéu, cic sai
léch nhé & muc diém c6 thé bi tich iy va khuéch dai trong sudt qua trinh lan truyén.

Nguoc lai, nhu thé hién trong Hinh (2.2b), FMN thuc hién giam sat § mtc siéu
hop, trong d6 mbi siéu hop dai dién cho mot ving di lidu tuong dong va dong vai trd
12 don vi mang nhan. Khi mot diém dai dién bén trong siéu hop dudc gan nhan, toan
bo céc diém dit liéu thudc siéu hdp do sé cung chia sé nhan tuong ting. Nhd vy, qua

trinh lan truyén nhan dudc thuc hién & miic cAu tric 6n dinh hon, phan 4nh truc tiép
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quan hé hinh hoc trong khong gian dic trung thay vi phu thudc vao cdc mdi quan hé
cuc bo giiia tiing di€ém dit liéu riéng 1¢.

Su khéc biét gilta hai co ché gidm sat nay mang lai nhiéu 1¢i ich quan trong.
Viéc gan nhan & mic siéu hop gidp giam chi phi gan nhan vi chi can mot sd diém dai
dién, dong thdi han ché anh hudng ctia nhiéu va cic diém bién khong chic chan do
quyét dinh dudc dua ra trén mot ving dit liéu thay vi tiing diém don 18.

Trong FMN, céc diém c6 nhan chi dong vai tro kich hoat thong tin giam sat
ban dau, con siéu hdp mdi 1a don vi thuc su tham gia vao qua trinh hoc va lan truyén
nhan. Céch t6 chiic ndy khong chi nang cao hiéu qua hoc bin giam sat ma con tang
kha niing dién gidi ciia mo hinh.

Péi v6i FMN ban giam sat, mdi siéu hop md can gan v6i mot hat gibng dai
dién dé€ khdi tao nhin va lién két thong tin tif cac diém dit liéu c6 nhin trong hodic gan
siéu hop. Khi si€u hdp dugc xac dinh la dang tin cdy, no tao thanh mdt vung nhan cuc
bd 6n dinh cho qua trinh lan truyén nhan tiép theo.

Theo cach tiép cin nay, hat giébng gan lién véi cu tric siéu hop thay vi ton tai
nhu mot diém don 18. Nha d6, siéu hop c6 thé tdng hop thong tin nhin tif nhiéu mau
dit liéu, gidm phu thudc vio mot nhan don 18 va han ché nguy cd lan truyén 16i, dic
biét trong céc tap dif liéu c6 nhan hiém hoic phan bb khong dong déu.

Hon nita, viéc lua chon hat gidng & miic siéu hop cho phép lan truyén nhin
dién ra 6 mic céu tric thong qua cac quan hé hinh hoc nhu chdng 14n, 1an cn va miic
do bao phu. Vi vay, bai todn Iva chon hat giéng trong FMN ban gidm sit can dudc
tiép can & mtc siéu hop, két hop ca thong tin nhin, dic trung hinh hoc, dd 6n dinh va
kha nang dai dién cua siéu hop trong khong gian dit liéu.

2.2. Hoc ban giam sat dua trén bo phiéu da s6 trong FMN
2.2.1. Gidi thiéu vé phuong phdp bé phiéu da sé

Phuong phap bé phiéu da s dua trén mau 1a mot trong nhiing co ché ra quyét
dinh don gian nhung hi€u qua, dudc st dung rong rai trong cac bai toan phan 16p va
phan cum, dac biét trong cac mo hinh hoc dua trén khoang cach nhu kNN (k-nearest
neighbors) [100]. Y tudng ctia phucng phdp nay 1a gia dinh ring cidc mau dit liéu nam
gan nhau trong khong gian dic trung c6 xu huéng thudc cing mot 16p hoic cing mot
cAu tric ngit nghia. Do d6, nhan cia mot miu chua biét c6 thé dugc suy luan thong
qua viéc khéo sat tip cdc mau da biét gin nhét va thuc hién bd phiéu dé chon nhan

chiém wu thé.
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V6i mot mau truy van = chua c6 nhan, thuat toan kNN xac dinh tdp £ mau huin

luyén gan nhat:

Ni(x) ={x1,29,..., 21}, (2.5)
dua trén mot ham khodng cdch x4c dinh truée (c6 thé theo Euclid (2.6) hoic Manhat-
tan (L1-norm) (2.7)).

drac(%,y) = IIx = yll2 = y| D (@i —9:)? (2.6)
=1
d
duan(%,y) =[x = ylli =D |2 — wil. 2.7)

i=1
Méi mau z; trong tip lan cin nay mang mdt nhan 16p y; € C, trong d6 C la

tap céac 16p kha di. Quy tic bé phiéu da sd dudc dp dung bing cich dém tan suit xuét

hién ctia tiing nhin trong Ay (z) va gan cho = nhan ¢6 s6 phiéu cao nhét:

§ = arg max I(y; = ¢), (2.8)
ceC
trong d6 I(-) 12 ham dém sd 1an xuét hién ctia tiing nhin 16p ¢ € C trong tap lan cin

Uu diém ctia phuong phap bd phiéu da s6 dua trén mau nam & tinh truc quan,
dé trién khai va kha ning thich nghi t6t v6i cac phan bd dit lidu phiic tap, phi tuyén.
Do khong ap dit gia thiét vé dang bién quyét dinh, phuong phéap nay c6 thé tin dung
truc tiép ciu tric cuc bo cia dit liéu. Diéu nay dic biét hitu ich trong cdc bai todn ma
ranh gidi gitta c4c 16p khong rd rang hodc bi chdng 14n. Ngoai ra, co ché bd phiéu con
cho phép mé rong tu nhién sang cac bién thé mém, chang han nhu bo phiéu c6 trong
s6, trong d6 dong gép ciia mdi mau 1an cin dudc diéu chinh theo khoang cach dén
mau truy van.

Trong cic thuit todn hoc ban gidm sat dva trén nhan mau, b phiéu da s6 dua
trén mau thudng dugc st dung nhu mot co ché suy luin nhan tam thoi. Khi s6 luong
mau c6 nhin ban dau han ché, nhin ctia cic mau chua gan nhin c6 thé dudc uée luong
dua trén tap 14n cin gdm céc mau di biét nhan, tif d6 md rong tp huin luyén.

Tuy nhién, k§ thuit bd phiéu da s6 dua trén mau ciing ton tai nhiéu han ché:

- Thd nhét, hiéu qua ctia phuong phap phu thudc manh vao chit lugng va su

phan bd ciia dit liéu huén luyén. Trong trudng hop dit liéu nhiéu hoic cé mat
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do khong dong déu, cic mau 1an cin dudc chon c6 thé khdng mang tinh dai
dién, din dén hién tuong lan truyén sai nhan;

- Thi hai, viéc Iva chon tham sb & c6 anh hudng truc tiép dén két qua: gia tri k
nhd khién mo hinh nhay cAm vdi nhiéu, trong khi & 16n ¢6 thé 1am md céu tric
cuc bd va thién 1éch vé céc 16p chiém uu thé;

- Thi ba, viéc 4p dung bd phiéu da s6 truc tiép trén ciac mau diém riéng 18 c6
thé thiéu 6n dinh, dic biét khi dif liéu ¢ cAu triic hinh hoc phic tap hoic ton
tai cac viing chong 1an 16n giita cac cum;

- Ngoai ra, chi phi tinh todn trong giai doan suy luin tang nhanh theo kich thuéc
tap dit liéu, do can tinh khoang cach tdi toan bd cdc mau huan luyén.

2.2.2. Ky thudt bé phiéu da sé trong mang noron FMN

Trong mang noron FMN, dit liéu dugc biéu dién thanh cdc siéu hop md, véi
mdi siéu hdp dai dién cho mot ving khong gian dic trung ¢ ciing nhén 16p hoic cuing
cAu tric ngit nghia. Do d6, co ché bé phiéu da s6 trong FMN khong chi c6 thé dudc
x4y dung dua trén cac mau di liéu riéng 1€, ma con c6 thé dudc dinh nghia dua trén:
(1) cac dai dién hinh hoc cta siéu hop, hoic (2) ciu tric cia siéu hop. Pay 1a cac
hudng tiép can gitip danh gia cac nhin 16p dua trén cac diém dif liéu 1an cin mang
nhan.

Trong huéng tiép can thi nhat, nghién ciu sinh di dé xuat mo hinh FMN-
Voting nham két hdp chién lugc chon hat gidng trong hoc ban gidm sat véi phuong
phap bd phiéu da s6 [CT1]. FMN-Voting thuc hién 14y phiéu tif cac diém tdm hinh hoc
clia siéu hop théa man diéu kién nhan phiéu. M hinh FMN-Voting dugc phat trién tit
ky thuat ban giam sat MSCFMN [21].

Trong huéng tiép can thi hai, nghién cifu sinh da dé xuit moé hinh FMN-SAL
v6i bd phiéu da sb st dung chién ludc chon diém ldy phiéu tif cac mau dit lidu 1an
cin mang nhan [CT2]. M6 hinh FMN-SAL dugc phat trién va ké thira tir k§ thuat ban
giam sat SS-FMM [19] .

2.3. M6 hinh FMN-Voting

2.3.1. Y tudng ciia FMN-Voting

Nhu da trinh bay trong muc 1.3, caic md hinh hoc ban giam sat dua trén mang
noron FMN hién nay van ton tai nhiéu han ché c4 vé yéu cau dit liéu gan nhan 1an chi
phi tinh todn va kha ning thich nghi véi cau tric dit liéu phic tap.

Cac md hinh FMN c¢& dién va bién thé nhu GFMM [15], REMN [18] va SSL-
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FMM [17] doi héi ty 1é mau huin luyén c6 nhin tuong dbi cao dé€ dat dugc chét luong
phan cum ch4p nhan dugc. Diéu ny 1am gidm tinh kha thi cia cdc mo hinh trong cic
bai todn thuc té, noi dif liéu gan nhan thudng khan hiém hoic chi phi 16n.

Mb hinh SS-FMM [19] va cdc phuong phap ké thira nhu SCFMN [20] di mé
rong FMN sang b6i canh hoc ban gidam sat thong qua viéc sit dung ngudng dam bao
chét luong (3 d€ kiém soat qua trinh lan truyén nhan. Tuy nhién, cdc mo hinh nay phai
thuc hién nhiéu vong duyét trén tip dif liéu huin luyén nhim thda méan rang budc vé
3, dAn dén chi phi tinh todn 16n va kha ning md rong kém khi kich thuée dit liéu ting.
Mic da MSCFMN [21] da cai thién dang ké hiéu qua tinh todn so v6i SCFMN nhdg
co ché lan truyén nhin dua trén siéu hdp, chit lugng phan cum ctia m6 hinh nay van
phu thudc vao ngudng ddm bao chat luong 3. V6i ngudng 5 nhod, dan téi dé thdéa man
nhin ctia siéu hop 1an cin khi lan truyén nhan. Vi ngudng £ 16n, din téi thuit toan
hoc can nhiéu 1an duyét hon d€ lan truyén nhan t6i céc siéu hdp chua dudc gan nhan.

Xuat phat tif cdc han ché néu trén, y tuéng ctia FMN-Voting dugc dé xuat 1a
thay d6i cach thiic din dit qua trinh gan nhan trong hoc ban giam sat trong mang
noron MSCFMN, tif viéc phu thudc chd yéu vao ngudng chit lugng toan cuc 3 sang
mot co ché suy luan nhin cuc bo, dua trén bd phiéu da s gitta cac dai dién hinh hoc
cua siéu hop.

FMN-Voting xem modi siéu hop nhu mot thuc thé dai dién cho mot viung khong
gian dic trung da dudc hoc, va khai thac mbi quan hé hinh hoc gitta cac siéu hop dé
suy luan nhan cho cac siéu hdp chua dugc gan nhan.

Cu thé, FMN-Voting st dung tAm hinh hoc ctia siéu hop nhu mot dai dién cho
toan bd vung dif liéu ma siéu hop bao phii. Pbi v6i mot siéu hdp chua c6 nhan, nhin
clia n6 khdng dugc quyét dinh truc tiép dua trén mdt tidu chi ngudng ciing, ma dudc
suy luan thong qua bd phiéu da sb tir cac siéu hop 1an can di cé nhin, dua trén do
thudc gitta cdc tAm siéu hop trong khong gian dic trung. Cach tiép can nay cho phép
FMN-Voting khai thac cAu tric phan hoach khong gian da dudc hinh thanh trong qua
trinh hoc FMN, dong thdi gidm dang ké su phu thudc vao gia thiét vé hinh dang hoic
kich thudc cum. Pong thdi, co ché b phiéu da sb gitip han ché lan truyén sai nhén,
do nhin cudi ciing dudgc quyét dinh bdi su dong thuin ctia nhiéu dai dién 14n can, thay
vi phu thudc vio mot siéu hdp don 1é. Nho d6, FMN-Voting c6 kha ning xt 1y tot hon
cdc tap dif liéu c6 phan bd phiic tap, cum khong can bang hoic chong 1an manh, trong
khi vin duy tri chi phi tinh todn thip va phut hop véi kich ban hoc ban gidm sit véi sb

lugng mau gan nhan han ché.
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Thuat todn hoc trong FMN-Voting gdm 2 giai doan chinh:

Giai doan 1. Xay dung tap hat gidng: tinh todn thong tin b trg cho cdc mau
dit liéu trong tap dit liéu huan luyén;

Giai doan 2. Huin luyén ban giam sat v6i bo phiéu da sb dua trén siéu hop.
Thuat toan hoc thuc hién lan truyén nhin tif cdc mau c6 nhan va thuc hién bd phiéu
da s6 dua trén céc siéu hop 1an can (siéu hop cé do thudc cao nhit) v6i cac mau dit
liéu chua c6 nhan.
2.3.2. Kién triic mang noron FMN-Voting

Kién tric mang noron FMN-Voting dudc xiy dung trén nén ting FMN, gom
ba 16p chinh 1a F4, Fiy va Fr, dong thdi b6 sung co ché b6 phiéu da s6 nham ting do

on dinh va do tin ciy trong suy luan nhin. Hinh 2.3 minh hoa ciu tric tdng thé clia

mo hinh.
Lép vao F,4 gdbm n noron ai, as, . . ., a,, mdi noron tuong dng véi mot thudc
tinh cia mau dau vao z, = (Tp1, Tr2, . .., Tpy). LOp nay chi thuc hién chic nang tiép

nhén va truyén dit liéu.

L4p siéu hop Fy 1a tang biéu dién trung tam, trong d6 mdi noron biéu dién
mot siéu hop md trong khdng gian dic trung. Céc siéu hop dudc td chic thanh céc tap
con {by,...,bg}, {l1,...,l;} va {u1,...,u,}, tuong ing v6i cac nhom si€u hop da co
nhan, trung gian va chua dudc gan nhian. Moi siéu hdp dudc xéac dinh bdi hai véc-to
V; va W;, lan lugt bi€u dién bién duéi va bién trén. V6i mdt mau =, mbi siéu hop H;
tao ra do thudc yu(z,, H;) € [0, 1], phdn dnh mic do phu hgp cla mau véi vang khong
gian ma siéu hop biéu dién.

Lép Fo gdm g noron ¢, o, . . . , ¢4, mOi noron dai dién cho mot cum muc tiéu.
Céc siéu hop & 16p Fy dudc ndi véi F- thong qua cac lién két U, bi€u dién mbi quan
hé gitta siéu hop va cum. Khic véi FMN phan 16p truyén thong, trong FMN-Voting
khong ton tai 4nh xa ciing mot-mot gitta siéu hop va nhan 16p; thay vao d6, moi nhan
c¢6 thé nhan kich hoat tif nhiéu siéu hdp khac nhau. Céc tin hiéu ny dudc téng hop
thong qua niit (+) va dudc diing 1am co s& cho quyét dinh phan cum cudi ciing.

Trong FMN-Voting, co ché bd phiéu da sb khong 4p dung truc tiép & miic mau
di liéu ma dugc st dung dé xdc dinh nhan cho cac siéu hdp chua nhan thudc tap U.
Cu thé, mdi siéu hop U; € U dudc gén nhan dua trén mdi quan hé hinh hoc va do
thudc mo ddi vé6i cac siéu hop da c6 nhan trong tap L.

V6i mdi U;, md hinh xéc dinh tap 1an can Ny, 1(U;) gdm 2g + 1 siéu hop trong

L ¢6 do thudc cao nhit d6i v6i U;. Mi siéu hop L; € Nagy1(U;) dong gép mot phiéu
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cho nhén ctia n6 véi trong s6 (U;, L;). Nhan cta U; duge xac dinh theo Quy tac (2.9):

UUj) =argmax Yy u(U;, L) [(ULi) = o), (2.9)
Li€Nag+1(Uy)

trong d6 ¢(L;) 1a nhan cua si€u hop L; va I(-) 1a ham chi thi.

=
to

X

n

Hinh 2.3: Kién triic mang noron FMN-Voting

Nhu vay, trong FMN-Voting, nhan cia mdt si€u hdp méi khong phu thudc vao
mot siéu hop dan dit don 16 ma dudc suy luin tif mot tap cac siéu hop da gan nhian
trong £. Cach tiép can nay gitip khai thac tét hon cAu tric cuc bo ctia khdng gian siéu
hop va ting tinh nhit quan cta qua trinh suy luan nhin.

2.3.3. Thudt todn hoc trong FMN-Voting
2.3.3.1. Giai doan 1: Xdy dung tdp hat giong
Giai doan dau tién ctia thuat todn hoc x4c dinh cic hat gidng dua trén viéc phan

hoach khong gian dit liéu thanh cic siéu hop md. Cac hat gibng dudc gan nhin gia
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dua trén tap siéu hop md. Cac mau dit liéu c6 do thudc diy di sé mang nhin clia siéu

hop tuong ting.

Thuit toan 2.1 Huén luyén dif lidu dau vao dé€ xay dung cic siéu hop
Input: X = {x,}, M = |X|, 6", ~, 3
Output: B; X = {(z,, 0, )} ;
1: Thuc hién giai doan huin luyén khong gidm sat theo Thut toan 1.2 trén tap dit
liéu X, thu dudc tap si€u hop B
2: for z, € X do

3:  if 3B; € B sao cho u(z,, Bj) = 1 then
4 fxr — K(Bj);

5: X' XY u{(z, b))

6 else

7 Ly, < 0;

8: X2 — X2U{(zr,0:)};

9: endif

10: end for

1: X « X'ux?
12: return B;X = {(z, 0, )M ;

Ménh dé 2.1. Thudt todn 2.1 cé dé phiic tap thoi gian la
T = O(MK), (2.10)
trong do M la sé mdu hudn luyén, n la s6 ddc trung cia méi mdu va K la s siéu hdp

mo dugc tao ra trong qud trinh hudn luyén.

Chiing minh. Xét Thuat toan 2.1, v6i M = | X/, n 1a s dic trung va K = |B| la sb
siéu hdp mo.

Budc 1. Thuit todn huin luyén khong giam sat d€ xay dung tap siéu hop ban
dau B. V6i mdi miu z, € X, can tinh ham thuoc véi t6i da K siéu hop, mdi phép tinh
c6 do phiic tap O(n). Do do, chi phi cia budc nay la

O(MKn). (2.11)

Budc 2. Thuat toan tiép tuc duyét toan bd tip X dé x4c dinh cdc miu théa min
diéu kién p(z,, B;) = 1. Trong trudng hgp xAu nhét, mdi mau ciing can kiém tra v6i
toi da K siéu hop, nén do phiic tap 1a

O(MKn). (2.12)

Budc 3. Viéc xdy dung lai tap dif liéu bang cach tach cac miu da gan nhan tam

thdi va chua gan nhan chi can duyét qua M mau, nén c6 do phic tap

O(M). (2.13)
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Vi vy, tong do phiic tap thdi gian clia thuat todn 1a

T) = O(MKn) + O(MKn) + O(M). (2.14)

Bd qua céc hang ti bac thip, suy ra

T) = O(nMK). (2.15)
0

2.3.3.2. Giai doan 2: Hudn luyén bdn gidm sdt vdi bo phiéu da sé duwa trén siéu hop

Giai doan 2 cua thuat toan FMN-Voting tap trung vao viéc suy luan va gan

nhan cho céc siéu hop cling nhu cdc mau dit liéu chua dugc gan nhan thdng qua co

ché bé phiéu da s6. Dua trén tap siéu hdp da dudc xdy dung & Giai doan 1, thuit toan

dong thai khai thac thong tin ciu tric hinh hoc clia cic siéu hop va thong tin gidm sat

san c6 tif cdc mau mang nhin nham thuc hién qua trinh lan truyén nhian mot cach c6
kiém soat. Qua trinh nay dudc thuc hién thong qua cac budc chinh sau:

(1) Xay dung tap siéu hop c6 nhan £ tif cdc mau dit liéu da dugc gan nhan (z, €

X1

(2) bbi véi cac siéu hop dugc hinh thanh tif cic miu chua gan nhin, nhin cla

siéu hop dudc suy luin thdng qua co ché bo phiéu da sb dua trén do thudc

ctia n6 dbi v6i k siéu hop 1an cén trong tp £, v6i k = 2¢ + 1, trong d6 ¢ 12 s6

cum dau vao.

N(w;) = argtop {u(wy, Lj)| Lj € L, p(xr, Lj) > B}. (2.16)
min(2c+1, |£])

v6i N (x,.) 12 tAp 2¢+ 1 1an cén véi diém dit lidu z, dugc x4c dinh bang cach lua
chon 2¢ + 1 si€u hop da c6 nhan L; € £ ({(L;) # L) co gia tri do thudc ma p(z,, Lj)
16n nhit d6i v6i mau truy van z,.
NoCj = }: I(¢(L;) = 0), (=1,...,c (2.17)
LijeNscq1(zr)
v6i NoC, 1a s phiéu (s6 siéu hop) c6 nhin 16p 1a ¢;

U(Lyew) = arg max NoCy (2.18)
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Thuét toan 2.2 Huén luyén ban giam sét v6i bd phiéu da s dua trén siéu hop
Input: X = {(z,,0;, )}, 602, 4, 8, X1, X2
Output: £, X = {(v,, 0}, U,
1: repeat

2:  Chon dut liéu vao (x,,4;,.) € X;
3: if3L; € £ sao cho p(z,, L;) = 1 then
4: if 7, # 0 then
5 by 0(Lj); XE = XPU{(, b))} X = X\ {(20, 02 s
6: end if
7. else
8: if 3L; € £ sao cho p(x,, Lj) = maxy, ez p(xr, L) va é(z,, Lj) < 65 then
9: if 7, # 0 then
10: g, < U(Lj); XP = XL U {(2p,00) 15 X = X\ {(2r, 00) )
11: end if
12: M6 rong L;
13: forall L, € £Ldo
14: if Q(Lj, L) > 0and g(L]‘) # ((Ly) then
15: Diéu chinh chong 14n gilta L; va Ly;
16: end if
17: end for
18: else
19: Xac dinh tap 1an can N (z,) theo (2.16)
20: if [N (z,)| = 2c + 1 then
21: Tao m&i Lyew; Tinh s6 phiéu cho tiing nhan 16p L; € N (z,) theo (2.17);
Gan nhan cho /(Lyey) theo (2.18); L <+ L U {Lpew}; X' < X' U
{(@r, ) s X = X\ {(2r, le,) 15
22: end if
23: end if
24:  end if
25: until (X = @) hodc (8 < 0.8)
26: X + X!

27: Cap nhat ma tran lién két 16p U dua trén tap £ (v6i u;, dude xac dinh theo Cong
thiic (1.36))
28: return L£; X; U;

Ménh dé 2.2. Thudt todn 2.2 ¢6 dé phiic tap thoi gian la
Ty — O(MK), (2.19)
trong do M la s6 mdu dit liéu chua gdn nhan, n la sé ddc trung ciia mdi mdu va K la

0 siéu hop duogc tao ra trong qud trinh hoc.

Chitng minh. Xét Thuat toan 2.2, véi M = | X[, n 1a s dic trung va K = |C| 12 s6 siéu
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hop.

V6i mdi miu z, € X, thuit todn can thuc hién mot trong cic thao tac sau: kiém
tra diéu kién ton tai siéu hop L; sao cho pu(z,, L;) = 1, tim siéu hop c6 do thudc 16n
nhét va kiém tra kha ning mé rong, kiém tra chong 14n sau khi mé rong, hoic xic
dinh tap 1an cin d€ thuc hién bd phiéu da s6. Trong tt ca cac trudng hop ndy, mau z,
phai dugc so sanh véi t6i da K siéu hop, vi mdi phép tinh ham do thudc hay kiém tra
lién quan déu c6 dd phiic tap O(n). Vi vay, chi phi xt Iy cho mbi mau bi chin trén béi

O(nkK). (2.20)

Do mdi mau chi dudc xi Iy mot 1an roi bi loai khéi tap X, tdng do phic tap

thoi gian cua thudt toan la
Ty — O(MnK) = O(nMK). 2.21)
L]

2.3.4. Dé phiic tap tinh todn cua FMN-Voting

Thuat toan hoc trong FMN-Voting dudc chia thanh hai giai doan chinh.

Giai doan 1: xay dung tap hat giéng, v6i chi phi tinh todn 12 7} = O(nMK); va
giai doan 2: Huén luyén ban gidm sat v6i bd phiéu da s6 dua trén siéu hdp véi chi phi
tinh todnTy = O(MnK). Tong chi phi tinh toan ciia FMN-Voting dudc xac dinh bing
tong chi phi clia Giai doan 1 va Giai doan 2;

T=T1+T,=0nMK)+ O(MnK) (2.22)
2.4. M6 hinh FMN-SAL
2.4.1. Y tuéng ciia FMN-SAL

Trong md hinh FMN-Voting, nhin ctia miu chua gan nhin dudc suy luin bing
co ché bo phiéu da s6 tir cac siéu hop 1an can c6 do thudc cao. Céch tiép can nay ngam
gia dinh ring céac siéu hop lan can déu c6 mic do dai dién tuong duong. Tuy nhién,
gi4 dinh nay khong luén ding, dic biét khi dit liéu bén trong siéu hop phan bd khong
déu hoic bi anh hudng bdi nhiéu.

Trong qué trinh hoc FMN, mdt siéu hop c¢6 th€ dugc md rong dé€ bao phu cac
mau phan b 1éch vé mot phia cia khong gian dic trung. Khi d6, tam hinh hoc cia
siéu hop c6 thé sai khic dang k€ so véi thm dit liéu thuc, lam gidm dd tin cy cia siéu
hop khi tham gia bd phiéu. Vi viy, viéc xem céc siéu hop c6 dd thudc cao nhu nhiing
ngudn bd phiéu ngang nhau c6 thé din dén suy luin nhan thiéu chinh xac, nhit 12 tai

cdc ving bién hoic chong 14n giita cac cum.
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Nhu minh hoa trén Hinh 2.4, siéu hop B; c6 phan bb dit liéu 1éch nén do thudc
cao khdng dong nghia vdi tinh dai dién cao; siéu hdop B, phan anh tdt cAu tric cuc bd
ctia dif liéu; trong khi B3 c6 chi s6 st dung thip nén mic do dai dién kém.

P& khac phuc han ché nay, md hinh FMN-SAL dudc dé xuat véi chién ludc bd
phiéu duya trén cac miu mang nhan 1an can thay vi cac siéu hop 1an can. Cach tiép can
nay gitip gidm dnh hudng clia cac siéu hop mét can bang hoic léch tim 16n, dong thoi
phan anh chinh x4c hon ciu tric cuc bo ciia dit lidu trong qud trinh lan truyén nhan.
FMN-SAL dugc phat trién trén co s& ké thita y tudng tir SS-FMM va tich hdp véi biéu

dién siéu hop md ctia mang FMN.

O
—O
o 90
O loNe)
o o
OO (f o OO?* o
oO © O o° ©
By e
B,
e °®
e x]" C xl’
(a) Phdn bé dit liéu khong déu (b) Phdn bé dit lidu déu

Hinh 2.4: B, mdt cdn bdng, By cdn bang va c6 chi sé sit dung ¢(Bs) cao, Bs c6 chi
s0 sit dung thdp

2.4.2. Kién triic mang noron FMN-SAL

Kién tric mang noron FMN-SAL dudc minh hoa trong Hinh 2.5, gdm ba
16p chinh: 16p vao Fy, 16p siéu hdp Fp va 16p ra Fo. Lép vao F4 gdm n noron
ai,as,...,an, tWong ung véi n thudc tinh ctia mau dit lidu dau vao z, = (Tr1, Tr2y - ooy Tpp)-
Lép F gém céac noron biéu dién cic siéu hop md dudc hinh thanh trong qua trinh
hoc, trong d6 c6 thé chia thanh hai nhém: nhém céc siéu hdp da dudc gan nhan, ky
hiéu b1, by, ..., b,;, va nhom céac si€u hdp chua gan nhan hoac can suy luan nhan, ky
hiéu uy, ug, . . ., u,. Cdc két ndi tt Fy dén Fp duge xdc dinh bdi hai ma trgn V va W,
1an luot biéu dién can dudi va can trén ciia cic siéu hop trong khong gian dic trung.
Lép ra F gdm ¢ noron cq, ca, . .. , ¢g, dai dién cho cac 16p hodc cum dau ra; quan hé
gitita c4c siéu hop trong Fip va cdc noron 16p ra trong F dudc biéu dién thong qua ma
tran U. Nhu vy, trong kién tric FMN-SAL, céc siéu hop md déng vai tro trung gian
4nh xa dit liéu tir khong gian dic trung sang khong gian nhin, dong thsi hd tro qua
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trinh suy ludn nhan cho céac si€u hdp chua dudc xac dinh 16p.

FA _— FB _— FC
Hinh 2.5: Kién triic mang noron FMN-SAL

2.4.3. Thudt todan hoc trong FMN-SAL

Thuat toan hoc ban giam sat trong FMN-SAL dudc trinh bay trong Thuat
toan 2.3. Qua trinh hoc ban giam sat trong FMN-SAL dua trén viéc xac dinh cac
mau 14n cin c6 nhin, tdng hop sb6 phiéu theo tiing 16p va suy luin nhin cho siéu
hop méi. Cu thé, v6i mau di liéu z,, tp 1an can N (z,) dudc xdc dinh theo Cong
thuc (2.23):

N(z,) = argtop {,u(xr,a:i) ‘ v € X', (., x;) > B} (2.23)
min(k, | X'])

v6i N () 1a tap gdm k 1an cén véi diém dif liéu z, dudc xdc dinh bang cach lua chon
k miu da c6 nhin z; € X' (¢, # X') 6 gia tri d6 thudec md yu(x,, z;) 16n nhét dbi véi
mau truy van z,.
NoCr= > Ity =10, (=1,..c (2.24)
zi€Nacr1(2r)

v6i NoCy 1a sb phiéu (s mau dit liéu) c6 nhan 16p 1a ¢.

{(Bpew) = arg max NoCy (2.25)
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Thuat toan 2.3 Thuét toan hoc ban giam sat FMN-SAL

Input: X = {(x,, 0, )}, o™ax, 3

Output: B, X = {(z,, 4, )}

r=1°

U

r=1°

1: Khdi tao tap ¢ gém p siéu hop theo Cong thiic (1.33)

2: repeat
3:  Chon du liéu vao (z,, ;) € X;
4:  if 3B; € B sao cho u(z,, Bj) = maxp,cp pu(zr, By) va d(x,, Bj) < 0™ then
5: Piéu chinh B;j theo (1.6) va (1.7)
6: if /;, = 0 then
7: Uy, f(Bj);
8: end if
9: X'« X' U{(xp, b))} X — X\ {(zr,0,) };
10: if phat hién chong 14n gitia B; va By, v6i ((B;) # ¢(B;) then
11: Diéu chinh chdng 14n gitia cic siéu hdp B; va By
12: end if
13:  else
14: if ((z,) # 0 then
15: Tao siéu hop m6i Bhew; ((Bnew) < lo,; B < B U {Bnew}; X' + X' U
{(:Br,fmr)}; XX \ {(m""?gl‘r)};
16: else
17: Xac dinh tap 1an can N (z,) theo (2.23)
18: if [NV (x,)| = k then
19: Tao siéu hop méi Bpey; Tinh sd phiéu cho tiing nhin 16p ctia cic mau
r; € N(z,) theo (2.24); Gan nhan cho /(Bpew) theo (2.25); (,, <+
{(Bnew); X < X\ {(zr, le,)};
20: end if
21: end if
22:  end if
23: until X = &
24: X + X'
25: Cép nhat U duva trén tp B (v0i v, dude xac dinh theo (1.36));
26: return B, X, U;

Ménh dé 2.3. Thudt todn 2.3 ¢6 do phiic tap thoi gian trong truong hop xdu nhdt la

Tsar = O(nMK +nM?) = O(nM(K + M)), (2.26)

trong do M la so mdu ddu vao, n la so chiéu ddc trung va K la so siéu hop mo dugc

tao ra trong qud trinh hudn luyén.

Chitng minh. Xét Thuat todn 2.3 véi M = | X|, n 1a s6 dic trung va K = |B| 12 s siéu

hop dudc tao ra.
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V6i mbi miu 2, € X, thudt todn can tim siéu hop phi hgp nhat va kiém tra
diéu kién md rong. Trong trudng hop xAu nhit, mau =, phii dugc so sanh véi tdi da
K siéu hop, mdi phép tinh ham thudc hodc kich thude ¢6 do phic tap O(n). Vi vay,
chi phi cia budc nay la
OMME). (2.27)
Néu mot siéu hop dugc md rong, thuat todn tiép tuc kiém tra va diéu chinh
chdng 14n véi céc siéu hop con lai. Trong trudng hdp xAu nhat, thao tic ny ciing can
so sanh v&i t6i da K siéu hop, nén cé do phiic tap bi chin trén béi
OMME). (2.28)
Khi khong thé mé rong siéu hop cho mot mau chua gan nhan, thuit todn xdc
dinh tap 1an cAn gdm c4c mau c6 nhan dua trén do thudc. V6i cach cai dit truc tiép,
mbi 1an truy vén c6 chi phi O(nL) v6i L < M, va trong trudng hop x4u nhit tdng chi
phi cua buéc nay la
O(nM?). (2.29)
Do d6, dd phiic tap thdi gian clia thuit toan trong trudng hop xAu nhat 14
TsaL = O(nMK) + O(nMK) + O(nM?) = O(nM K +nM?).
Suy ra (2.26). L]

2.5. Thuc nghiém va danh gia
2.5.1. Thiét lap thuc nghiém
2.5.1.1. Muc tiéu thuc nghiém

Muc ti€u cua céc bai thyc nghiém la danh gia hiéu nang cia FMN-Voting va
FMN-SAL trén cac tap dit liéu Benchmark phd bién dudgc 14y tit kho dit liéu hoc mdy
UCI [22], CS [23]. Thong qua cac thuc nghi€ém, nghién ctu sinh hudng t6i viéc phan
tich kha niing hoc ban giam sat cta tiing mo hinh trong diéu kién s6 lugng mau mang
nhan han ché, cling nhu muc d6 khai thac thong tin cu tric dif liéu dé lan truyén nhan
mot cdch hiéu qua va 6n dinh.

Cu thé, cic thi nghiém dugc thiét ké nhiam:

(i) So sanh hiéu niing phan cum/phan loai ctia cic md hinh dé xuit (FMN-Voting,
FMN-SAL) véi cac bién thé FMN truyén thdng va cac phuong phap hoc ban
giam sat lién quan trén cung tap dit liéu Benchmark;

(ii) P4anh gia tic dong clia cic chién ludc suy luan nhin khac nhau, bao gom bd

phiéu dua trén siéu hop FMN-Voting va bd phiéu dua trén cidc mau di liéu 1an



55

can FMN-SAL;

(iii) Phan tich miic do bén viing clia cic mo hinh trudc su phan bd dit liéu khong
dong déu, nhiéu va hién tuong chdng lan giiia cac cum;

(iv) Khdo sat 4nh hudng ctia cdc tham s hoc quan trong, bao gdm ngudng md rong
dmax noudng do thudc 3, hé s6 diéu khién do doc 4 va cac tham sb lién quan
khdc, dén hiéu ning va do 6n dinh ctia cac mo hinh dé xuit;

(v) Panh gia chi phi tinh toan va kha nang md rdng cuia cac mo hinh khi ap dung
trén cac tap du liéu co6 kich thuée va do phuc tap khac nhau.

Céc bai thyc nghiém khong chi nham chiing minh hiéu qué ctia ting mo hinh
dé xuit, ma con 1am rd vai tro clia tiing co ché cai tién trong viéc ning cao chit lugng
hoc ban giam sat cua mang noron FMN.

2.5.1.2. Phuong phdp thuc nghiém

D& ddm bdo tinh khach quan va do tin cdy ctia két qua d4nh gid, c4c thi nghiém
dudc thuc hién theo phuong phép kiém tra chéo k-fold cross-validation véi k = 10.
Cu thé, quy trinh thuc nghiém dudc tién hanh nhu sau:

- Tap dit liéu ban dau dudc chia ngdu nhién thanh 10 tp con khong giao nhau
(k-fold) c6 kich thudc x4p xi nhau;

- Tai mbi lan ldp, mot tap con dudc st dung 1am tip kiém thii, trong khi 9 tap
con con lai dudc diing 1am tap huén luyén;

- Pbi v6i m6 hinh hoc ban giam sat dua trén mau, trong mdi tap huin luyén, mot
ty 1& nho cac miu dugc gitt lai 1am tip mAu mang nhin ban du, cic miu con
lai dudc coi la chua gan nhan;

- Céc tham sb ctia md hinh dudc gilt ¢d dinh trong ting thi nghiém va dugc thay
ddi c6 kiém soat khi thuc hién phan tich anh hudng tham sd;

- Qud trinh trén dugc 1dp lai 10 14n, sao cho mdi tap con déng vai tro tap ki€ém
thtt diing mot 1an.

Két qua ddnh gid cubi cing dudc tinh bang gid tri trung binh ctia cac chi sb do
ludng trén 10 1an thuc nghiém, nham giam thiéu anh hudng ctia viéc phan chia di liéu
ngau nhién va phan 4anh chinh x4c hon hiéu ning tong thé clia cdc mo hinh dugc dé
XuAt.

2.5.1.3. Thiét Idp tham s thuc nghiém

Trong cac bai thuc nghiém, cic tham s6 ctia md hinh dugc thiét 1ap dua trén

khuyén nghi tif cdc nghién citu FMN tru6e day, dong thdi dudc diéu chinh thong qua

thuc nghiém nham dam bao hiéu niang On dinh trén cac tip dif liéu benchmark khéc
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nhau. Trit khi c6 néu rd khdc di, cing mot tap tham sb dudc st dung cho tit ca cac
mo hinh d€ ddm bio tinh cong bing trong so sanh.

Péi v6i mang noron FMN, ngudng mé rong siéu hop 6™ (bao gom ;™ va
5™%) dudc st dung dé€ kiém sodt kich thudc tdi da ciia siéu hop trong qua trinh hoc.
Tham s nay dudc Iya chon trong mot khoang gid tri xdc dinh trude va dudc gitt cd
dinh khi so sanh cdc mo hinh, dong thdi dudc thay d6i c6 ki€ém sodt trong cic thi
nghiém phan tich 4nh hudng tham s6. Hé s v dudc st dung dé diéu khién do dbc cia
ham do thudc, anh hudng truc tiép dén miic do suy giam d6 thudc khi miu nim xa
bién cta siéu hop. Ngudng do thudc 8 dude st dung nham loai bod cic siéu hop hoic
mau dit liéu c6 miic anh hudng thip trong qud trinh suy luan nhan. S6 luong phan ti
lan can dudc lua chon theo nguyén tic da sb tuyét ddi, véi k = 2¢ + 1, trong d6 ¢ 1a
s6 cum dau vao. Thiét 1ap nay nham dam bio két qua bo phiéu phan anh xu hudng
chiém uu thé trong 14n c4n clia mau truy van.

Trong cic thi nghiém phan tich 4nh huéng tham s, tiing tham s6 dugc thay
ddi doc 1ap trong khi cdc tham s6 con lai dugc gitt ¢b dinh & gia tri mic dinh. Cach
thiét 14p nay cho phép danh gid 1o rang mdi quan hé giita tiing tham s6 hoc va hiéu
ning ciia md hinh, dong thdi 1am ré mic dd nhay cam cta cac md hinh dé xuit db6i
véi su thay ddi clia cac tham sb.

Trong d6, mot s6 tham sd dugc lua chon trong thuc nghiém bao gdm: tham s
md v = 10, ngudng ban dau 8 = 0.99 va hé s6 giam ngudng ¢ = 0.9.

Viéc chon v = 10 xuét phat tif cin bang thuc nghiém gitta hai yéu ciu mau
thuan:

- Khong qua nho:
+ Néu v nhd, do thudc suy gidm cham;
+ Nhiéu miu & xa van c6 gia tri do thudc p cao;
+ Ranh gidi mS trd nén qua “phang”, d& gy nhiéu trong qua trinh suy
luan nhan.
- Khoéng qua 16n:
+ Néu ~ qua 16n, d6 thudc suy giam rat nhanh;
+ Chi cdc mAu nam sat bién siéu hop méi c6 > 0;
+ Hanh vi tién gan t6i phan loai ciing, 1am mét y nghia ctia mo hinh mo.
nhu d6 hoa minh hoa trén Hinh 1.4. Thuc nghiém trong nhiéu nghién ctiu vé FMN
cho thdy v ~ 10 tao ra do doc vita da dé phan biét tot cac vung 1an can, dong thdi van

duy tri dugc tinh md can thiét. Do d6, v = 10 dudc lua chon nhu mot gid tri mic dinh



57

mang tinh kinh nghiém trong cac mé hinh FMN.

Ngudng do thudc 3 dudc st dung nham kiém soat mic do tin ciy cia céc siéu
hop hodc mau dit liéu tham gia vao qua trinh suy luin nhan. Trong cdc thi nghiém, gia
tri ban dau ctia ngudng dudc thiét 1ap 1a 8 = 0.99, phan dnh yéu ciu khit khe vé miic
do phu hop gitta mau truy van va clu tric dai dién (siéu hop hodc mau dit liéu mang
nhan). Trong qu4 trinh hoc, ngudng 3 dudc diéu chinh gidm dan theo hé s suy gidm
¢ = 0.9 d€ ting dan s6 lugng phan ti 1an cAn dugc xem xét khi can thiét. Tuy nhién,
gia tri clia 8 khong dudc phép gidm xudng dudi mot ngudng tdi thiu. Trong ludn an
nay, Bmin dudc thiét 1ap khong nhd hon 0.8. Ly do ctia lua chon nay xuét phat tit quan
sat rang khi 4 qua nhd, cac ving c6 do thudc thip van dudc chdp nhin tham gia suy
luan nhén, dan dén viéc dua vao cac siéu hop hodc mau dit liéu c6 mic do dai dién
kém. Nhu minh hoa trén Hinh 2.6, cdc viing tuong ing véi gia tri x(B;) nhd nim xa
16i ctia siéu hop, noi do tin cdy clia do thudc suy gidm 16 rét, dic biét trong bbi canh
hoc khong gidm sat hodc dit liéu c6 nhiéu. Do do, viéc duy tri 5 > 0.8 gidp ddm bao
rang chi cdc phan ti 14n cin c6 mifc d6 phu hop di cao méi duge st dung trong qua
trinh lan truyén nhén, tif d6 nang cao d6 dn dinh va do tin ciy ctia két qua hoc.

YA\
11

u(;)>0.5

1(.)>0.6

=W

0 Vix Wy 1

Hinh 2.6: D6 hoa minh hoa mitc dp thuéc mu(x, Bj)trong khong gian ddc trung va
dnh hudng dén do tin cdy suy ludn
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2.5.1.4. Moi truong thuc nghiém

Céc thi nghiém dugc trién khai trong moi trudng MATLAB R2014a phién bén
64-bit. CAu hinh phan ciing st dung bd xit ly Intel Core i5-6300HQ vé6i bon 16i xi 1y
vat 1y, khong ho trg cong nghé Hyper-Threading; bd nhé RAM 16GB. Toan bd qua
trinh thuc nghiém dugc thuc hién trén nén tang CPU, khong st dung ting tdc phan
cung GPU.
2.5.1.5. Tdp dit liéu thuc nghiém

Dé danh gia hiéu ning clia thuat toan dé xuét, nghién ctiu sinh tién hanh thuc
nghiém trén cac tap di liéu chuin (Benchmark) dudc lay tit kho dit liéu hoc mdy
UCI [22] va CS [23]. Bén canh d6, nghién ctiu con st dung tap du liéu /ILPD, bao
gdm céc chi sb xét nghiém sinh héa va huyét hoc nham phuc vu bai todn phan ting
nguy cd x0 héa gan dua trén cic thang diém 1am sang. Tap di liéu nay phan dnh dic
trung dit liéu y sinh thuc té véi tinh chit nhidu, mit can bang 16p va tuong quan dic
trung phiic tap, qua d6 cho phép ddnh gia kha ning tong quat héa ctia mé hinh trong
bdi canh dng dung y té.

Cac tap du liéu tu CS bao gém: Aggregation, Flame, Spiral, Jain, R15, Path-
based, Thyroidnew.

Céc tap dit liéu tit UCI bao gdm: Iris, Wine, PID (Pima Indian Diabetes), Thy-
roid, Sonar, ILPD. Thong tin chi tiét clia cac tap dit liéu dugc trinh bay trong Bang 2.1.
D6 hoa trén Hinh 2.7 minh hoa phan b6 khong gian dit lidu trén cic tap dif liéu thuc

nghiém.
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Bang 2.1: Thong tin cdc tdp dit liéu thuc nghiém Benchmark

TT | Tap dit liéu | S6 mau | S6 thudc tinh | S6 nhém
1 | Aggregation | 788 2 7
2 | Flame 240 2 2
3 | Iris 150 4 3
4 | Jain 373 2 2
5 | RI15 600 2 15
6 | Spiral 312 2 3
7 | Sonar 208 60 2
8 | Pathbased 317 2 3
9 | PID 768 2
10 | Thyroid 7200 21 3
11 | Thyroidnew 215 5 3
12 | Wine 178 13 3
13 | ILPD 583 10 2

B6 du li€éu bénh nhan gan An b6 (Indian Liver Patient Dataset - 1LPD) la
mdt bo dit lidu chuin dudc cong bd cong khai trén Kho luu trit Hoc may UCI (UCI
Machine Learning Repository) va dugc phat hanh theo gidy phép CC BY 4.0). Dii liéu
dugc thu thap tif cdc bénh nhan tai khu vuc Pong Bic bang Andhra Pradesh, An bo,
nham phuc vu viéc xay dung, huin luyén va danh gia cic phuong phap hoc may hd
tr¢ chan doan bénh gan.

ILPD gdm tdng cong 583 hod so bénh nhan, trong d6 c6 416 trudng hop mic
bénh gan va 167 trudng hop khong mic bénh gan. Mbi mau dit liéu dugec mo ta bdi
10 thudc tinh 1am sang va sinh héa, bao gom:

- Tudi (Age): Tudi ctia bénh nhén tai thai diém thu thap di liéu, dudc biéu dién
bing sd nam. Pay 1a thudc tinh nhan khiu hoc cé thé lién quan dén su thay
d6i chiic ning gan va nguy co mac bénh theo do tudi. Trong bd dit liéu ILPD,
nhiing bénh nhan trén 89 tudi dugc quy uéc ghi nhan 1a 90 tudi.

- Giéi tinh (Gender): Thudc tinh nhan khiu hoc cho biét gi6i tinh ctia bénh
nhan, gdm hai gid tri nam va nii. Thuoc tinh nay dudc st dung dé€ xem xét su
khéc biét vé dic diém sinh hoc, chi sb xét nghiém va kha nang mac bénh gan
gitta cac nhom gidi tinh.

- Bilirubin toan phan (Total Bilirubin - TB): Chi sb biéu thi tdng lugng biliru-

bin trong mau, bao gdm bilirubin truc tiép va bilirubin gidn tiép. Bilirubin 14
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san phdm dugc tao ra trong qua trinh phan hdy hdng cau va dudc gan xir 1y
trudc khi dao thai qua dudng mat. Gia tri bilirubin toan phan bat thudng c6 thé
lién quan dén rdi loan chic ning gan, tic nghén dudng mat hodc su gia ting
phan hity hong cau.

- Bilirubin truc tiép (Direct Bilirubin - DB): Phan bilirubin da dudc gan lién
hop dé€ c6 thé hoa tan trong nudc va bai tiét vao dich mat. Chi s6 nay thuong
dugc xem xét cling bilirubin toan phan nhim hé trg danh gi4 kha niing chuyén
héa va bai tiét bilirubin ctia gan. Su gia ting bilirubin truc tiép c¢6 thé lién quan
dén t6n thuong té bao gan hoic can trd luu thong mat.

- Phosphatase kiém (Alkaline Phosphatase - Alkphos): Enzyme hién dié€n chu
yéu & gan, dudng mat va xuong. Trong danh gid chiic ning gan, chi s6 nay
thudng dudc st dung dé hd trg phat hién cac bét thudng lién quan dén dudng
mat hoic tinh trang ¢ mat. Tuy nhién, do phosphatase kiém ciing c6 ngudn goc
tif xuong va mot s6 mo khdc, két qua can dudc xem xét két hop vdi cac chi sd
x€t nghi€ém lién quan.

- Alanine aminotransferase (Alanine Aminotransferase - ALT/SGPT): Enzyme
tap trung chi yéu trong té bao gan, con dudc goi theo tén cii 1a serum glutamic-
pyruvic transaminase (SGPT). Khi té bao gan bi t6n thuong, enzyme nay cd
thé dudc gidi phong vao mau, lam ting ndng do ALT. Vi c¢6 mifc do dic hiéu
ddi v6i gan tuong d6i cao, ALT thudng dudc st dung dé hd trg danh gid tén
thuong té bao gan.

- Aspartate aminotransferase (Aspartate Aminotransferase - AST/SGOT): En-
zyme c6 trong gan, tim, cd, than v mot s6 md khac, con dudc goi theo tén cii 1a
serum glutamic-oxaloacetic transaminase (SGOT). Nong do AST c6 thé ting
khi cdc té bao tai nhiing co quan nay bi t6n thuong. Do AST khong dic hiéu
hoan toan cho gan, chi s6 nay thudng dudc phan tich két hop véi ALT va céc
xét nghiém chiic nang gan khac.

- Protein toan phan (Total Proteins - TP): Chi s& phan 4nh tSng lugng protein
trong huyét thanh, chd yéu bao gdm albumin va globulin. Protein toan phan
cung cip thong tin lién quan dén kha ning tdng hop protein clia gan, tinh trang
dinh dudng, chifc ning than va hoat dong ctia hé mién dich. Gia tri bat thudng
c6 thé xuét hién trong cdc bénh ly gan, than hoic tinh trang thiéu hut dinh
dudng.

- Albumin (Albumin - ALB): Protein chiém ty 1& 16n trong huyét tuong va ducc
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tong hop chi yéu tai gan. Albumin c6 vai trd duy tri 4p luc keo clia mau,

van chuyén nhiéu chit trong co thé va phan 4nh mot phan kha ning téng hop

protein ctia gan. Nong do albumin thip c6 thé lién quan dén suy gidm chic
ning tong hgp clia gan, bénh than, tinh trang viém hodc suy dinh dudng.

- Ty 1& albumin/globulin (Albumin/Globulin Ratio - A/G Ratio): Ty sb giita
nong do albumin va globulin trong huyét thanh. Chi sd nay thé hién su can
bing giita hai nhém protein chinh trong mau va thudng dudc phan tich cling
protein toan phan va albumin. Ty 1& A/G bt thudng c6 thé lién quan dén nhiing
thay doi trong chiic ndng gan, chic ning than, tinh trang dinh dudng hodc hoat
dong cua hé mién dich.

P4y 14 nhiing chi s6 thuong dudc st dung dé phan anh chic ning gan va hd trg
danh gid tinh trang ton thuong gan.

Thudc tinh muc tiéu ctia bd dit liéu "Selector” cho biét mdi dbi tuong thudc
nhém méc bénh gan hay nhém khong mic bénh gan. Do c6 ciu triic dif liéu 16 rang,
s6 luong mau phu hop va bao gdm nhiéu chi sd xét nghiém lién quan dén chiic ning
gan, ILPD da dugc st dung rong rai nhu mot bo dit liéu chuén trong céc nghién citu
vé du doan bénh gan. Bo dit liéu nay thudng dudc dung dé danh gid va so sanh hiéu
qua cua cac phuong phap hoc may, khai pha dit liéu, phan loai va hoc ban giam sat.

ILPD dudc cung chp cong khai thong qua Kho Ivu trit Hoc may UCI va dugc
phat hanh theo gidy phép Creative Commons Attribution 4.0 International (CC BY
4.0).
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Hinh 2.7: D6 hoa phdn bo khong gian div liéu thue té ciia cdc tdp dit liéu thuc nghiém
Céc tap dit liéu thuc nghiém dudc chuin héa trudc khi tién hanh huin luyén.
Vi céc tap dit liéu bi thiéu thong tin (missing values), cac gid tri thiéu dudc xi ly
tuong tu nhu trong nghién cifu ctia Batista [24]. Cu thé, cac thudc tinh bi thiéu dugc
thay thé bing gi4 tri trung binh ctia thudc tinh tuong ting theo cdng thiic (2.30):

LM
i =2 ) i, (2.30)
=1
trong d6 x,; 1a dic trung thd i ciia mau vao thi r, va M 1a tdng s6 mau trong tap di
liéu.
2.5.1.6. Bé do va tiéu chi danh gid két qud
Dé danh gia hiéu ning cla cac thuit todn va so sanh chit luong két qua gom

cum gitta cac phuong phap khac nhau, nghién ctiu st dung tip hop céc chi s6 danh
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gi4 phd bién, bao gém cac chi s6 dua trén nhin thuc va cic chi s6 phan anh mifc do
bao toan ciu tric dit lidu.

Ccéc chi s6 dudc st dung gdm Accuracy, Rand Index (RI), ARI (Adjusted
Rand Index), va N M I (Normalized Mutual Information).

Do do Accuracy phan anh mic do trung khép gitta nhan du doan va nhan thuc
clia cac mau dif lidu. Gia tri Accuracy cang 16n thi két qua phan cum hoic phan 16p
cang chinh xac. Gia st x; 1a mau di liéu, ; 12 nhan thuc clia z; va 3; 1a nhan du doan

cua x;, Accuracy dudc xac dinh theo Cong thic (2.31):
1 n
A = — H(y; = v;), 2.31
ceuracy = — El (yi = Ui) (2.31)

trong d6 H(-) 1a ham chi thi, H(y; = 7;) = 1 néu hai nhin trung nhau va bang 0 trong
trudng hop ngudc lai, n 12 tdng s6 mau trong tap di lidu kiém tra.

Chi sb RI do ludng mic dd nhit quan ciip doi gitta phan hoach thu dudc va
phan hoach thuc. RI ddnh gid xem cdc cdp mau ¢ dudc gan cung cum hodc khac cum
mot cach nhit quan hay khong. Gid tri RI cang gan 1 thi chit lugng gom cum cang

tot. RI dugc xac dinh theo cdng thiic:

a-+b
= e a (2.32)

trong d6 a 1a s6 cip maiu dudc gom cling cum trong ca hai phan hoach, b 1a s cip
mau dudc gom khac cum trong ca hai phan hoach, ¢ va d 1an ludt 12 s6 cip mau khong
nhat quén gitta hai phan hoach.

Chi s6 ARI 1a bién thé hiéu chinh ctia RI, dudc dé xuit nham loai bd anh
hudng cua su trung khdp ngau nhién gitta cac phan hoach. ARI c6 gid tri trong khoang
[—1,1], trong d6 gid tri cang gan 1 thé hién miic do tuong dong cang cao gitta két qua
gom cum va nhén thuc; gid tri gan 0 tuong dng v6i mifc trung khép ngau nhién, trong
khi gia tri am cho thdy mic do tuong dong thap hon ngiu nhién. ARI dudc st dung
rong rai trong cac bai toan danh gia phan cum trén cac tap du liéu Benchmark.

Gia st U = {Uy,...,U,} la phan hoach thu dugc tu thudt todn gom cum va
V = {Vi,...,V;} 1a phan hoach chuén (nhan thyc). Ky hiéu n;; = |U; N V;| 12 6 mau
chung gilta cum U; va 16p Vj, a; = Y- nij va by = Y ny;. Khi d6, chi s6 ARI dugc

xac dinh theo cong thuc:

5 (n£]> iy (%253; (%)

ARI = b (2.33)
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trong d6 n 1a tong s6 mau dit liéu va (,) 1a todn ti t6 hop.
NMI dudc st dung d€ danh gia miic do tuong dong gitta két qua phan cum va

nhan 16p thuc té. NMI dudc xac dinh nhu sau:

2I(U; V)
HU)+H(V)
trong d6 I(U; V) 1a lugng thong tin tuong hd gitra hai phan hoach:

1U;V) =3 pijlog ( ;;) : (2.35)
— iV

NMI(U, V) = (2.34)

v6i
pij = —%, pi=—, pj=—2. (2.36)
n n n
Entropy cua hai phan hoach dugc xac dinh bdi:
H(U) ==Y pilogp;, (2.37)
i=1
va
HV)=— Z p;logpj. (2.38)
j=1

Trong do, n;; 1a s6 miu dong thdi thude 16p thyc t€ U; va cum Vj; n;. 1a tdng 0
mau thudc 16p U;; va n.; 1a tdng s6 mau thudc cum V;. Gid tri NMI ndm trong khoang
[0,1]; gi4 tri cang 16n thé hién mic do6 tuong dong cang cao giita két qua phan cum va
nhén 16p thuc té.

Viéc két hop cac chi s6 dua trén nhan thuc (Accuracy, RI, ARI, NMI) cho
phép danh gia toan dién ca do chinh xdc clia két qua gom cum 1an miic do bao toan
céu tric hinh hoc cta dit lidu.

V6i tap di liéu bénh gan, hi€éu nang phan loai dudc danh gia thong qua cac
chi s6 Accuracy, Precision, Recall, Fl-score, Specificity, RI, ARI, va NMI. Chi sb
Accuracy dudc st dung trong c4 hai nhém tiéu chi nham dam bao tinh nhat quan va
kha nang so sanh gitta cac phuong phap.

Viéc lua chon cdc chi sb trén trong ddnh gia hiéu ning 1a cAn thiét nham phan
dnh diy di cdc khia canh khic nhau ctia md hinh trong bbi canh dit liéu thuc té. Cu
thé, mic dit Accuracy cung cp cdi nhin téng quat vé ty 1& du doan ding, chi sd nay
c6 thé bi anh hudng dang ké khi dit liéu mat can bang, von la dic trung phd bién trong
cac bai todn y sinh nhu phat hién ndt phéi.

Do do6, Precision dudc st dung d€ danh gia mic do chinh xdc ctia cac du doan
duong, gidip han ché cic truong hop duong gia (FP), trong khi Recall phan anh kha
ning phat hién day di cac mau duong, diic biét quan trong nham giam thiéu cac trudng

hop am gia (FN) c6 thé giy bd sot bénh. F1-score dong vai tro 1a thue do tdng hop,



65
can bang giita Precision va Recall, qua d6 cung cip danh gia 6n dinh hon trong cic
tinh hubng di liéu khong cn bang.

Bén canh d6, nham danh gia kha niang nhan dién chinh xdc cdc mau am, chi sb
Specificity dudc dua vao d€ do ludng ty 1& du doan dung céc trudng hop khong thudc
16p quan tdm, gép phan giam thiéu cdc canh bdo sai. Dong thdi, NPV phén 4nh do tin
ciy clia cac du doan 4m, ddm bdo ring cac mau dugc phan loai 1a khong cé bénh thuc
su ¢ do chinh xac cao.

Nhu vay, viéc két hop cdc chi sb trén khong chi cho phép ddnh gia toan dién
hiéu nang ciia mo hinh trén ca hai 16p di liéu, ma con dic biét phu hgp véi cac bai
to4an phan cum ban gidm sit trong linh vuc y sinh, noi yéu cau dong thsi kha ning
phat hién chinh x4c ddi tuong quan tAm va han ché t6i da cdc sai 1éch trong du dodn.

Céc chi s6 danh gia dudc tinh todn theo cic cong thic tir (2.39) dén (2.43):

TP+TN
Accuracy = TP+ TN+ FP LN (2.39)
TP
Precision = ———— 2.4
recision = 7P (2.40)
TP
Recall = m—m (241)

Precision x Recall
Fl-Score =2 x Precision + Recall (2.42)

TN

TN+ FP (2.43)
Cac gia tri du doan TP (True Positive), TN (True Negative), F'P (False Posi-

tive), F'N (False Negative) dugc dinh nghia nhu sau:

Speci ficity =

TP (True Positive — Duong that): Du doan dung la duong
TN (True Negative — Am that): Du dodn ding 12 4m

F P (False Positive — Duong gia): Du doan sai 1a duong

FN (False Negative — Am gia): Du dodn sai 12 Am
2.5.2. Két qud thuc nghiém va ddnh gid

Céc két qua thuc nghiém thé hién trong cac hinh tit Hinh 2.8 dén Hinh 2.17 va
trén cic Bang 2.3 va Bang 2.2 cho thdy tham s6 §™** c¢6 anh hudng o rét dén chat
lugng phan cum cua phuong phap FMN-Voting trén cac tap di li€éu benchmark. Nhin
chung, khi §™** dugc thiét 14p 6 mic nhd hodc trung binh thip, mo hinh thuong dat
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gid tri Accuracy cao hon va 6n dinh hon. Ngudc lai, khi 6™ ting Ién, do chinh xac c6
xu huéng suy gidm, dong thdi do dao dong két qua giita cac 1an thuc nghiém ciing 16n
hon, thé hién qua c4c thanh sai s6 mé rong hon & ving gid tri 16n ctia tham s6 nay. Xu
hudéng d6 cho thiy viéc cho phép siéu hop md rong qua mic dé 1am ma ranh gidi cum,
dic biét dbi v6i cac tap dif liéu c6 phan bd khong déu, cum kéo dai, cum phi 16i hoic
ton tai nhiéu va viing chong 1an cuc bd. Khi d6, co ché bd phiéu ctia FMN-Voting khé

duy tri dugc tinh phan biét gita cdc cum, dan dén suy gidm hiéu ning.
Bang 2.2: Gid tri do do Accuracy cua FMN-Voting va FMN-SAL.

Dataset | FMN-Voting | FMN-SAL
Flame 0.9622 0.9798
Iris 0.9588 0.9685
R15 0.9780 0.9980
Wine 0.9356 0.9450
Jain N/A 0.9879
Spiral N/A 0.9969
Pathbased N/A 0.9781
PID N/A 0.7072
Thyroid N/A 0.9675
Aggregation N/A 0.9911

Trén tap du liéu Flame (Hinh 2.8), ca hai m6 hinh FMN-SAL va FMN-Voting
déu dat Accuracy cao khi tham s6 6™2* nhd, dic biét trong khoang tir 0.02 dén 0.2.
Diéu nay cho thiy khi kich thudc siéu hdp dudc gii han chit ché, md hinh c6 kha
ning biéu dién t6t ciu tric cuc bo clia di liéu va duy tri ranh gidi phan cum tuong db6i
on dinh. Tuy nhién, khi 6™* ting, hiéu ning ctia ca hai md hinh déu suy gidm ro rét.
Nguyén nhan 1a do céc siéu hop dudc phép md rong 16n hon, din dén nguy co bao
phti dong thdi nhiéu viing dif liéu thudc cac cum khéic nhau, dic biét trong trudng hop
Flame c6 cAu tric phi tuyén va ving tiép gidp gitta cdc cum tuong d6i phtc tap.

C6 thé quan sit raing FMN-SAL duy tri do chinh xdc cao hon trong giai doan
dau khi 6™2* con nho, nhung sau d6 ciing giam manh khi tham s6 nay vugt qua ngudng
phit hop. Xu huéng tuong tu xuat hién & FMN-Voting, tuy nhién do dao dong c6 phan
16n hon & cac gid tri §™2* cao, thé hién qua khodng sai s6 md rong. Két qua nay cho

thiy tap Flame kha nhay vé6i co ché mé rong siéu hop: céc siéu hop nhd gitip mé hinh
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nam bat tdt hon ciu triic cuc bo, trong khi céc siéu hop qua 16n dé 1am md ranh gidi
cum, ting anh hudng cta nhiéu va lam gidm chit luong suy luan nhin. Do dé, viéc
lya chon §™2% phu hdp ¢6 vai trd quan trong dbi v6i hiéu ning phan cum clia cac md

hinh FMN trén tip du liéu nay.
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Hinh 2.8: Hiéu ndng phdn cum theo chi sé Accuracy trén tdp dit liéu Flame.

Trén tap dit liéu Iris (Hinh 2.9), ca hai md hinh FMN-SAL va FMN-Voting déu
dat Accuracy cao khi 6™* ndm trong ving gia tri nho. Diéu nay phu hop véi dic diém
ctia tap Iris, trong d6 dit liéu c¢6 cau triic tuong d6i rd rang va cac 16p nhin chung kha
gon. Khi kich thudc siéu hop dudc ki€m soat ¢ mifc nhd, md hinh c6 kha ning bi€u
dién tot cac vung dit liéu cuc b, tit d6 han ché hién tuong bao phu sai sang cac 16p
lIan can.

Tuy nhién, khi 6™** tang, do chinh xac cua ca hai m6 hinh c6 xu huéng giam

dan. Nguyén nhén 1a do céc siéu hop dudc phép mé rong 16n hon, 1am ting kha ning
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chdng 14n giita cac vung dit liéu thudc cac 16p khac nhau. Diéu nay dic biét anh hudng
dén tap Iris, do mot s6 16p c6 dic trung gan nhau va khong hoan toan tach biét trong
khong gian thudc tinh. Két qua trén cho thiy viéc lua chon 6™# phu hop c6 vai tro
quan trong trong viéc duy tri ranh gi6i gitta cac 16p, dong thdi bao ddm chét lugng

suy luan nhan cia cac mo hinh FMN.

1.0
0.9
20.8
g
=
3
< 0.7
0.6
0.5
0.02  0.04 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Smax
(a) FMN-SAL
1.0
0.9
20.8
g
=
3
<07
0.6
0.5
0.02 0.04 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
amﬁx
(b) FMN-Voting

Hinh 2.9: Hiéu ndng phdn cum theo chi sé6 Accuracy trén tdp dit liéu Iris.

Trén tap Wine (Hinh 2.10), FMN-Voting duy tri Accuracy cao trong mot khoang
§™2x rong hon. Két qua nay cho thiy cAu tric phan bd clia dit liéu tuong d6i thuan 1gi
cho biéu dién bing siéu hdp va it bi anh hudng bdi nhiéu hoic chong 14n & viing tham

s6 trung binh.
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Hinh 2.10: Hiéu ndng phdn cum theo chi sé Accuracy trén tdp dit liéu Wine.

Déi v6i tap R15 (Hinh 2.11), hai md hinh dat Accuracy tot khi §™* nhd. Tuy
nhién, khi tham s ting 1én, hiéu niing gidm nhanh, cho thiy mic dui cdc cum tach biét
tot, mo hinh van nhay vé6i viéc mé rong siéu hop qua miic, dic biét & cac viung thua

hodc gan bién cum.
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Hinh 2.11: Hiéu ndng phdn cum theo Accuracy trén tdp dit liéu R15.

Trén tap Aggregation (Hinh 2.12), FMN-SAL cho thy hiéu ning t6t & ving
6™2% nho va trung binh thap. Diéu nay cho thiy viéc giil siéu hdp di nhd gitip md hinh
bam sét ciu tric cuc bd ctia dif liéu va han ché nham 14n gitta cac cum c6 hinh dang
phuc tap. Khi §™#* tang, d0 chinh xac c¢6 xu huéng dao dong va suy giam, dac biét
§ cac gid tri 16n. Nguyén nhan 1a do cac siéu hop dugc mé rong qua miic c6 thé bao
pht sang ving di liéu 1an cin, 1am md ranh gidi gitta cidc cum. Véi dic trung gom
nhiéu cum c6 mat do va hinh dang khac nhau, tip Aggregation yéu cau md hinh phai
kiém sodt tot kich thudc siéu hop. Két qua nay cho thiy 6™ 1a tham sb quan trong
anh hudng truc tiép dén chit lugng phan cum ciia FMN-SAL trén dit liéu c6 cau triic
khong dong nhit.
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Hinh 2.12: Hié¢u ndang phdn cum dat duoc boi FMN-SAL trén tdp dit liéu Aggregation.

Trén tap Thyroid (Hinh 2.13), d6 chinh x4dc giam tuong dbi déu khi 6™ ting.
Két qua nay phan 4nh diic diém dit liéu c6 phan b phic tap, mat do khong dong déu

va dé chiu tac dong clia nhiéu hoic cac di€ém bién.
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Hinh 2.13: Hiéu nang phdn cum dat dugc bdi FMN-SAL trén tdp dit liéu Thyroid.

V6i tap PID (Hinh 2.14), hiéu niing ctia FMN-SAL thap hon so véi cac tap dif
liéu c6 cau tric cum 1o rang va c6 xu hudng gidm dan khi 6™ ting. Piéu nay cho
thay dit liéu PID c6 muic do chong 14n 16n, cdc cum kém tach biét va anh hudng cia
nhi€u 16 hon so véi céc tap di liéu khac. Khi siéu hop dugc mS rong qua miic, mo
hinh dé bao pht dong thdi cdc miu thudc cic viing phan bd khac nhau, 1am gidm kha
ndng suy ludn nhan.

Déi v6i tap Spiral (Hinh 2.15), hiéu ning cia FMN-SAL suy gidm rat manh
khi 6™#* ting. Nguyén nhan 12 dif liéu c6 céu tric phi tuyén va dan xen, nén cac siéu
hop 16n khé bam theo hinh dang cum thuc. Khi §™#* nho, cac si€u hdp c6 kha nang
mo ta tét hon cdc ving cuc bd trén tiing nhanh xoan. Ngudc lai, khi siéu hop dudc mé

rong qua miic, ching dé bao phii sang cic nhanh 1an can, 1am ting chong 14n giiia cac
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cum va dan dén suy giam ding k& do chinh xac phan cum.
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Hinh 2.14: Hiéu ndng phdn cum dat dugc boi FMN-SAL trén tdp dit liéu PID.
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Hinh 2.15: Hiéu ndng phdn cum dat dugc boi FMN-SAL trén tdp dit liéu Spiral.
Trén tap Jain (Hinh 2.16), FMN-SAL giit dugc hiéu ning t6t trong mot khoing
6™ax kha rong. Tuy vdy, & ving 6™#* 16n, do chinh xdc van giam do siéu hop bat dau

bao phu vugt qua ranh gidi cum thuc.

Trén tdp Pathbased (Hinh 2.17), m6 hinh dat hiéu nang cao khi §™#* nhd,

nhung giam khi tham sd ting. Két qua nay cho thay viéc ki€ém soat kich thudc siéu

hop 1a can thiét d€ bao toan cau triic cum phi 16i va han ché lan truyén nhan sai.
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Hinh 2.16: Hiéu ndng phdn cum trung binh theo chi s6 Accuracy dat dugc bdi FMN-
SAL trén tdp dut liéu Jain.
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Hinh 2.17: Hiéu ndng phdn cum dat duoc bdi FMN-SAL trén tdp dit liéu Pathbased.

Bang 2.3 va d6 thi truc quan trén Hinh 2.18 cho thiy 4nh hudng rd rét clia
tham s6 6™ dén s6 luong siéu hop hinh thanh trong FMN-SAL. Nhin chung, khi
§™maT ting, s6 luong siéu hop gidm trén tit ca cac tap dif lidu thuc nghiém. Nguyén
nhan 1a do 6™ quy dinh gi6i han m& rong cla siéu hop; khi gid tri nay nhd, moi
siéu hop chi c6 thé bao phi mot viing dit liéu hep, buéc mo hinh phai tao ra nhiéu
siéu hdp nho dé biéu dién dit liéu. Ngugc lai, khi 6% 16n hon, céc siéu hop c6 kha
ning md rong va bao phii nhiéu mau hon, tir d6 1am gidm s6 lugng siéu hop can thiét.
Xu huéng nay dic biét rd & cac tap dif liéu c6 sd lugng mau 16n hoic ciu tric phan
bd phiic tap nhu PID, Aggregation, J15 va Jain. Chang han, trén tp Aggregation, sd
luong siéu hop gidm tir 423.1 tai 6™ = 0.01 xudng con 13.3 tai 6" = 0.80; trén tap
PID, gia tri ndy giam tit 688.0 xubéng con 151.1. Hinh 2.18 truc quan héa xu huéng

trén, trong d6 cac dudng biéu dién déu gidm manh & viing 6™ nho, dic biét trong
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khoéng tlr 0.01 dén 0.05, sau d6 gidm cham dan khi 6™ tiép tuc ting. Piéu nay cho

thiy viéc ting nhe 6% & giai doan dau di giip mo hinh hop nhit ding k€ cac viing

dit liéu cuc bo, nhung khi 6™* du 16n, toc do giam sb luong siéu hop bi gi6i han béi

cAu tric phan bd dif liéu, ranh gidi 16p va diéu kién tranh chong 1ap. Do d6, 6% 1a

tham s6 quan trong, chi phdi truc tiép mic do khai quat héa, do phiic tap cu tric va
kha ndng bi€u dién di liéu ciia FMN-SAL.
Bdng 2.3: Anh hudng ciia ™ dén sé luong siéu hop hinh thanh ciia FMN-SAL

omaer | TIris | Thyroid | Wine | PID | Spiral | Flame | Jain | J15 | Pathbased | Aggregation
0.01 | 132.6 179.2 | 160.3 | 688.0 | 163.0 | 126.2 | 205.5 | 340.6 174.4 423.1
0.02 | 132.6 127.5 | 157.1 | 666.5 | 101.4 69.5 | 127.0 | 220.5 106.3 241.7
0.03 | 129.3 102.0 | 139.0 | 602.6 | 76.1 46.0 | 89.9|161.4 77.1 160.2
0.04 | 129.3 80.6 | 115.6 | 530.7 | 62.0 33.3| 68.8|1223 61.5 115.2
0.05 | 126.1 67.3 | 949 | 458.1 53.0 248 | 540| 979 53.4 88.8
0.10 | 99.2 57.1| 83.7|407.6| 464 203 | 436 | 814 47.8 72.0
0.15| 78.8 48.1 | 74.0 |364.6 | 405 162 | 352 | 67.7 41.6 58.4
0.20 | 644 394 | 6493295 37.0 139 | 314 | 55.0 37.7 48.7
025 | 543 355 | 59.4 3028 32.1 11.8| 27.0| 46.7 333 41.1
0.30 | 47.7 320 | 52.7 12829 | 283 10.0| 23.5| 389 28.7 36.2
0.35 | 404 27.7| 48.71263.0| 253 82| 21.1| 341 25.9 30.7
040 | 36.7 25.0 | 41.6|243.1 224 79| 182 295 23.5 27.5
045 | 30.7 229 | 39.31228.6| 20.6 7.6 165| 239 21.9 24.9
0.50 | 27.8 209 | 3532123 18.2 7.1 155 24.1 20.2 22.7
0.55| 24.6 18.3| 31.8|201.4 18.6 6.1 145] 220 17.5 19.4
0.60 | 22.6 16.6 | 29.2|190.0 16.0 50| 138 19.7 16.1 16.5
0.65 | 20.8 14.6 | 262 |177.7 14.6 49| 11.8| 193 15.2 15.1
0.70 | 17.6 143 | 24.0 | 167.8 13.0 50| 11.5] 182 13.4 14.8
075 | 16.2 129 | 21.3|157.8 12.2 44| 11.1| 17.0 13.0 13.8
0.80 | 14.5 129 | 194 | 151.1 10.7 39| 10.7] 16.6 11.5 13.3
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Hinh 2.18: Anh hudng ciia 5™ t6i siéu hop trong mang FMN-SAL.

Nhin chung, cic két qua trén cho thiy 6™ Ia tham s6 quan trong dbi vé6i ca
FMN-SAL va FMN-Voting. Gid tri nhé hoic trung binh thip thudng phi hgp hon vi
gidp siéu hop bam sat ciu triic phan bd clia dit liéu, han ché anh hudng cia nhiéu va
b4o toan t6t hon ranh gidi gitta cac cum. Ngudc lai, khi 6™ qua 16n, siéu hop dé mat
tinh dic trung cuc bod, din dén suy gidm ca dd chinh x4c 1an tinh &n dinh ctia phuong
phap.

Béng 2.4 cho thiy phuong phdp dé xuat dat hiéu ning rit canh tranh trén bén
tap dit liéu chuén. Cu thé, trén tip Aggregation, GCAE dat gia tri cao nhit 12 0.992,
trong khi FMN-SAL dat 0.991139241, cho thdy két qua ctia phuong phap dé xuit gan
tuong duong v6i mo hinh tot nhét. Trén tap Jain, GCAE dat gia tri toi uu tuyét dbi 1a
1.0, con FMN-SAL dat 0.987856, tiép tuc cho thdy kha ning phan cum rit tt. Pang
chi y, trén hai tap dit liéu R15 va Flame, FMN-SAL lan lugt dat 0.998 va 0.979817,
12 céc gi4 tri cao nhat trong toan bo cac phuong phap dudc so sanh. Két qua nay cho
thiy phuong phap dé xuat c6 uu thé 16 rét trén cac tap dit liéu c6 clu tric cum rd rang
nhung van tiém 4n su phiic tap vé hinh dang hodc phan bb diém dit liéu.

Xét mot cach tdng thé, FMN-SAL duy tri hiéu ning &n dinh va nim trong nhém
t6t nhat trén ca bon tap di liéu, trong khi FMN-Voting ciing cho két qua kh4 quan trén
RI15 va Flame. So v6i cdc thuat todn phan cum c6 di€n nhu K-Means, Hierarchical,
Clique hay DPC, cdc phuong phép dua trén FMN cho thiy kha ning thich nghi tot
hon dbi v6i céu tric dif liéu phi tuyén va ranh gidi cum phiic tap. Nhan xét nay ciing

phil hgp vé6i xu huéng duge bao cdo trong tai lidu [28], noi cdc phuong phép ci tién
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theo huéng thich nghi va khai thac thong tin 1an cén hoac gia nhan thuong cho hiéu
qua cao hon trén cac tap di liéu c6 hinh dang cum phtic tap, dac biét la cac bo dit liéu
téng hop nhu Pathbased hodc Spiral. Tai liéu dinh kém ciing cho thiy cdc phuong
phdp cai tién dua trén co ché bo phiéu va tdi wu thich nghi dat két qua t6t hon cac
thuat todn ddi sanh trén phan 16n tap dif liéu thuc nghiém, dic biét véi céc tap dit liéu
tong hop c6 cau tric cum khong 16i hoidc phiic tap.

Nhu vay, c6 thé khang dinh ring FMN-SAL khong chi dat do chinh xic cao
ma con thé hién tinh 6n dinh va kha ning khai qut t6t trén nhiéu dang dit liéu khac
nhau. Py 14 co s quan trong dé khang dinh tinh hiéu qua ctia hudng tiép can dé xuét

trong bai toan phan cum ban giam sat.
Bang 2.4: Gid tri djé do ARI cuia cdc thudt todn trén cdc tdp dit liéu thuc nghiém
[101].

Algorithm | Aggregation Jain R15 Flame
GCAE 0.992 1 0.9928 | 0.9501
Clique 0.7623 0.4508 | 0.4984 | 0.5143
K-Means 0.7281 0.5528 | 09188 | 0.4148
Hierarchical 0.7568 0.5146 | 0.9893 | 0.2889
DBSCAN 0.9664 0.9382 | 0.9375 | 0.9388
DPC 0.732 0.6438 | 0.9928 | 0.9015
HDBSCAN 0.8759 0.9605 | 0.9572 | 0.6275
FMN-Voting - - 0.97804 | 0.96218
FMN-SAL | 0.991139241 | 0.987856 | 0.998 | 0.979817

Bang 2.5 trinh bay gia tri d6 do Accuracy cua ba mo hinh SCFMN, MSCFMN
va FMN-SAL trén cdc tap dit liéu chuan véi cdc gid tri ngudng mé rong siéu hop 5™max
khic nhau. Két qui cho thdy md hinh FMN-SAL dat hiéu suit vuot troi trén phan
16n céc tap dit liéu, dic biét 1a cac tap dit liéu c6 clu tric hinh hoc phic tap nhu
Spiral, Flame, Jain va R15. Trong d6, do chinh xac cia FMN-SAL trén tap Spiral dat
t6i 99.43%, cho thiy kha ning khai thac hiéu qua ciu tric khong gian cta dif lidu.
Ngudc lai, trén cac tap dit liéu PID va Sonar, mé hinh SCFMN cho két qua t6t hon
doi chiit so v6i FMN-SAL. Piéu nay cho thiy trong mot sb trudng hop dit liéu c6
nhiéu cao hoidc phan bd chdng 14n manh, co ché bd phiéu chua phat huy tbi da hiéu
qua. Nhin chung, cic két qua thuc nghiém khang dinh ring viéc tich hdp co ché bd
phiéu trong mang noron Min-Max md gitip ning cao ddng ké do chinh xdc va tinh &n
dinh ctia md hinh so vé6i cac bién thé FMN truyén thong.

Két qua thuc nghiém ctia md hinh FMN-SAL trén tap dit liéu ILPD dudc danh
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Bang 2.5: Gid tri Accuracy ciia ba mé hinh trén cdc tdp dit liéu

Tép dit liéu | ™2 | SCFMN | MSCFMN | FMN-SAL
Tris 0.06 | 94.12 94.67 96.85
Thyroid 007 | 92.65 92.63 96.43
Wine 0.06 | 93.33 93.86 96.78
PID 0.06 | 70.57 70.12 70.04
Sonar 0.06 | 73.91 73.54 73.58
Spiral 0.06 | 61.05 63.43 99.43
Flame 0.05 | 97.93 97.95 97.98
Jain 0.05 | 98.72 98.54 98.78
RIS 0.05 | 99.50 99.64 99.84

gid thong qua kha ning nhan dién cdc mau bénh gan va phan loai nhém bénh ctia mo
hinh. Trong do, 16p bénh gan dudc xac dinh la I6p duong, con 16p khong bénh gan la
16p am.

Bang 2.6 va Hinh 2.19 trinh bay két qua danh gid kh4 ning nhan dién 16p
bénh gan clia md hinh FMN-SAL trén tap di liéu ILPD. Két qua trén Bang 2.6 cho
thiy anh hudng ctia tham s6 0™ dén hiéu qua ctia mo6 hinh thdng qua cic do do
Accuracy, Recall, Specificity, FP Rate, Precision va F1-Score. Khi 6™#* tang tu 0.01
dén 0.08, hau hét cac do do déu dudc cai thién va mod hinh dat két qua tot nhit tai
Jmax = (.08. Tai gia tri nay, Accuracy dat 0.9039, Recall dat 0.9423, Specificity dat
0.8084, Precision dat 0.9245 va F1-Score dat 0.9333, trong khi FP Rate gidm xudng
0.1916.

Xét theo muc tiéu nhan dién cac mau bénh gan, Recall dat 0.9423 cho thiy mo
hinh c6 kha ning phat hién diing phan 16n ciac mau thuc su thudc 16p bénh gan, trong
khi Precision dat 0.9245 cho thiy phan 16n cdc mau dudc md hinh nhan dién 13 bénh
gan thuc su thudc 16p nay. Gia tri F1-Score cao cho thiy su can bang tot gitta kha
ning phat hién mau bénh gan va do chinh xéc cia cic du doan thudc 16p bénh.

Khi §™#* > (.08, cac do do Recall, Specificity, Precision va F1-Score c6 xu
huéng giam, trong khi FP Rate tang; muc suy giam tr§ nén rd rét hon khi 6™ > 0.5.
Diéu nay cho thiy viéc cho phép cic siéu hop md rong qua miic c6 thé 1am gidm kha
niang phan biét gilta cic mau bénh gan va khong bénh gan. Do do6, §™** = 0.08 dudc
lya chon la gia tri phu hgp cho m6 hinh FMN-SAL trén tap di liéu ILPD.

Két qua minh hoa trong Hinh 2.19 cho thiy cdc d6 do c6 mic dao dong tuong
ddi nho gitta cac 1an thuc nghiém. Recall dao dong trong khoang 0.9255 - 0.9423,
Precision trong khoang 0.8966 - 0.9059 va F1-Score trong khoang 0.9151 - 0.9224,
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trong khi Specificity dao dong trong khoang 0.7305 - 0.7605.
Bdng 2.6: Két qud ddnh gid trén I0p bénh gan ciia mé hinh FMN-SAL.

Omax | Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.01 | 0.8199 |0.8846 | 0.6587 0.3413 0.8659 0.8751
0.02 | 0.8456 |0.9014 | 0.7066 0.2934 0.8844 0.8929
0.04 | 0.8662 |0.9183| 0.7365 0.2635 0.8967 0.9074
0.06 | 0.8902 | 0.9351 0.7784 0.2216 0.9131 0.9240
0.08 | 0.9039 |0.9423 | 0.8084 0.1916 0.9245 0.9333
0.10 | 0.8799 |0.9255| 0.7665 0.2335 0.9080 0.9167
0.20 | 0.8593 |0.9087 | 0.7365 0.2635 0.8957 0.9021
0.30 | 0.8233 |0.8702 | 0.7066 0.2934 0.8808 0.8755
040 | 0.7890 |0.8293 | 0.6886 0.3114 0.8690 0.8487
0.50 | 0.7204 |0.7572 | 0.6287 0.3713 0.8355 0.7945
0.60 | 0.6861 |0.7163 | 0.6108 0.3892 0.8209 0.7651
0.70 | 0.6432 | 0.6659 | 0.5868 0.4132 0.8006 0.7270
0.80 | 0.5695 |0.5769 | 0.5509 0.4491 0.7619 0.6566
090 | 0.5111 |0.5288 | 0.4671 0.5329 0.7120 0.6069
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Hinh 2.19: Ddnh gid do do trén 10p bénh gan cia FMN-SAL.

Bén canh kha niing nhan dién 16p bénh gan, chit luong phan cum ctia md hinh
FMN-SAL trén tap dit liéu ILPD ciing dudc danh gia. Trudc hét, anh hudng ctia tham
s6 omax dugc khao sat thong qua cac do do Accuracy, Specificity, Precision va F1-
Score, dong thoi sit dung céc chi sé RI, ARI va NMI d€ danh gia mic do tuong dong
gitta cAu triic phan cum thu dugc va phan hoach theo nhén thuc té.

Két qua trong Bang 2.7 cho thly FMN-SAL phu thudc vao gid tri 6™, Khi
o™X ting tir 0.01 dén 0.08, ciac do do Accuracy, Specificity, Precision va F1-Score
déu dudgc cai thién. Tai §™2* = (.08, md hinh dat két qua t6t nhét véi Accuracy bing
0.9039, Specificity bang 0.8467, Precision bang 0.9029 va F1-Score bang 0.9032.
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Bdng 2.7: Chi s6 ddnh gid phdn cum ciia mé hinh FMN-SAL khi thay doi 6™ trén
tap dir liéu ILPD.
dmax | Accuracy | Specificity | Precision | F1-Score | RI ARI NMI
0.01 | 0.8199 0.7234 0.8173 0.8184 | 0.7042 | 0.3851 | 0.2454
0.02 | 0.8456 0.7624 0.8437 0.8445 | 0.7385 | 0.4567 | 0.3087
0.04 | 0.8662 0.7886 0.8643 0.8649 | 0.7678 | 0.5172 | 0.3647
0.06 | 0.8902 0.8233 0.8888 0.8892 | 0.8042 | 0.5928 | 0.4395
0.08 | 0.9039 0.8467 0.9029 0.9032 | 0.8260 | 0.6387 | 0.4872
0.10 | 0.8799 0.8120 0.8785 0.8790 | 0.7883 | 0.5603 | 0.4069
0.20 | 0.8593 0.7858 0.8580 0.8586 | 0.7578 | 0.4976 | 0.3468
0.30 | 0.8233 0.7535 0.8250 0.8241 | 0.7086 | 0.3990 | 0.2618
0.40 | 0.7890 0.7289 0.7972 0.7922 | 0.6665 | 0.3170 | 0.1999
0.50 | 0.7204 0.6655 0.7422 0.7282 | 0.5965 | 0.1804 | 0.1042
0.60 | 0.6861 0.6410 0.7186 0.6969 | 0.5685 | 0.1278 | 0.0725
0.70 | 0.6432 0.6095 0.6897 0.6577 | 0.5402 | 0.0749 | 0.0420
0.80 | 0.5695 0.5584 0.6420 0.5897 | 0.5088 | 0.0168 | 0.0104
090 | 0.5111 0.4848 0.5896 0.5344 | 0.4994 | -0.0016 | 0.0000
D6ng thoi, cac chi s RI, ARI va NMI cling dat gia tri cao nhat, 1an lugt 1a 0.8260,
0.6387 va 0.4872. Két qua nay cho thy tai 6™ = 0.08, FMN-SAL khong chi dat

hiéu qua phan loai t6ng thé t6t ma ciu tric phan cum dugc hinh thanh cling c6 miic

do tuong dong cao nhat véi phan hoach theo nhin bénh gan va khong bénh gan trong
cac gia tri tham sd ducc khao sat.

Khi 0™ > 0.08, c4 cac do do phan loai va cdc chi s6 danh gid phan cum déu
c6 xu huéng giam. Miuc suy giam tré nén ro rét hon tai cac gia tri 6™?* 16n, dac biét tu
0.5 dén 0.9. Tai 6™ = 0.90, Accuracy gidm xubng 0.5111, RI chi con 0.4994, ARI
dat —0.0016 va NMI xép xi 0. Diéu nay cho thiy khi kich thudc siéu hdp dugc mé rong
qua mtc, kha niing phan biét cic 16p suy gidm va cu triic dugc hinh thanh gan nhu
khong con tuong dong dang k€ véi phan hoach theo nhan thuc t€. Vi vay, 6™ = (.08
dudc lya chon cho m6 hinh FMN-SAL trén tap di liéu ILPD.
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Hinh 2.20: Gid tri d6 do cua mé hinh FMN-SAL trén tdp dit liéu ILPD.
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Hinh 2.21: Gid tri dé do ciia moé hinh FMN-SAL trén tdp dit liéu ILPD.

V6i Oax = 0.08 duge lua chon, Hinh 2.20 va Hinh 2.21 cho thiy két qua ctia mo

hinh FMN-SAL c6 mtc bién dong tuong d6i nhd qua cac 1an thuc nghiém. Accuracy
dao dong trong khoang 0.8765 - 0.8868, Precision trong khoang 0.8742 - 0.8848 va
F1-Score trong khoang 0.8746 - 0.8848. RI dao dong trong khoang 0.7831 - 0.7989,
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ARI trong khoang 0.5473 - 0.5797 va NMI trong khoang 0.3943 - 0.4274. Két qua

cho thiy hiéu qua phan loai ctia m6 hinh dugc duy tri 8n dinh gitta cac 1an chay.

Két qua trong Bang 2.8 cho thdy kha ning nhén dién ciac miu bénh gan clia
mo hinh FMN-Voting chiu 4nh hudng ro rét bsi tham s6 62, Khi §™2* ting tir 0.01
dén 0.08, cac do do danh gia nhin chung dudc cai thién. Tai 6™ = (.08, md hinh
dat két qua t6t nhit v6i Accuracy bang 0.8576, Recall bang 0.9135, Specificity bang
0.7186, Precision bing 0.8899 va F1-Score bang 0.9015; dong thoi FP Rate giam
xudng 0.2814.

Xét theo muc tiéu nhan dién bénh gan, Recall dat 0.913 cho thdy mo hinh c6
kha ning phat hién ding phan 16n cac mau thuc su thudc 16p bénh gan. Precision dat
0.889 cho thiy phan 16n cac mau dudc md hinh nhan dién 1 bénh gan thuc su thudc
16p bénh. Bén canh d6, Specificity dat 0.718 cho thiy kh4 niing nhan dién cic miu
khong bénh & miic tuong dbi, trong khi FP Rate bang 0.2814 phan dnh van con mot ty
1& nhét dinh cac miu khong bénh bi nhan dién nhim thanh bénh. F1-Score dat 0.901
cho thiy su can bang giita Recall va Precision trong kha ning nhéan dién 16p bénh gan.

Khi 6™2* tang vuot qua 0.08, Recall, Specificity, Precision va F1-Score c6 xu
huéng giam, trong khi FP Rate tang. Mtc suy giam tré nén ro hon khi 6™ dat cac
gia tri 16n. Piéu nay cho thiy viéc mé rong céc siéu hop qua miic c6 thé 1am giam kha
ning phan biét gitta hai 16p. Do d6, 6™ = .08 dudc Iwa chon la gid tri phi hop dbi
v6i mo6 hinh FMN-Voting trén tip du liéu ILPD.

Két qua trong Bang 2.9 cho thiy §™* c6 anh hudng dang ké dén chat luong
ctia FMN-Voting. Khi §™#* ting tir 0.01 dén 0.08, Accuracy ting tir 0.7581 1én 0.8576,
Specificity tang tu 0.6628 1&€n 0.7744, Precision tang ti 0.7613 1én 0.8554 va F1-Score
tdng tir 0.7596 1én 0.8561. RI, ARI va NMI dat gid tri cao nhit, 1an lugt 1a 0.7554,
0.4910 va 0.3399. Biéu nay cho thiy tai gia tri §™2% ndy, ciu tric dugc hinh thanh bdi
FMN-Voting c6 mtc dd tuong dong cao nhét v6i phan hoach theo nhan bénh gan va
khong bénh gan trong sb céc ciu hinh dugc khio sét.

Khi 6™#* > .08, cdc chi s6 RI, ARI, NMI c6 xu huéng giam. Tai 6™ = 0.90,
Accuracy chi con 0.5146, ARI gidm xudng —0.0011 va NMI x4p xi 0. Két qua nay cho
thiy khi kich thuéc siéu hdp qud 16n, ciu tric cum dudc hinh thanh gan nhu khong
con tuong ddng dang ké v6i phan hoach theo nhan thuc té.

Két qua trén Hinh 2.22 cho thiy kh4 ning nhan dién 16p bénh gan cia FMN-
Voting c¢6 su bién dong nhat dinh gifta cac lan thuc nghiém. Recall, Precision va

F1-Score duy tri 6 muc cao hon Specificity. Recall dao dong trong khoang 0.8413 -
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Bang 2.8: Pdnh gid khd ndang nhdn dién ldp bénh gan ciia mé hinh FMN-Voting.

omax | Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.01 | 0.7581 | 0.8221 0.5988 0.4012 0.8362 0.8291
0.02 | 0.7925 |0.8510| 0.6467 0.3533 0.8571 0.8540
0.04 | 0.8130 | 0.8750| 0.6587 0.3413 0.8646 0.8698
0.06 | 0.8319 | 0.8894 | 0.6886 0.3114 0.8768 0.8831
0.08 | 0.8576 | 0.9135 0.7186 0.2814 0.8899 0.9015
0.10 | 0.8233 | 0.8774 | 0.6886 0.3114 0.8753 0.8764
0.20 | 0.7890 | 0.8534 | 0.6287 0.3713 0.8513 0.8523
0.30 | 0.7581 | 0.8221 0.5988 0.4012 0.8362 0.8291
0.40 | 0.7410 |0.8029 | 0.5868 0.4132 0.8288 0.8156
0.50 | 0.7136 | 0.7716 | 0.5689 0.4311 0.8168 0.7936
0.60 | 0.6707 |0.7212 | 0.5449 0.4551 0.7979 0.7576
0.70 | 0.6089 | 0.6490 | 0.5090 0.4910 0.7670 0.7031
0.80 | 0.5540 | 0.5769 0.4970 0.5030 0.7407 0.6486
0.90 | 0.5146 | 0.5288 0.4790 0.5210 0.7166 0.6086

0.9135, Precision trong khoang 0.8294 - 0.8899 va F1-Score trong khoang 0.8353 -
0.9015. Trong khi d6, Specificity dao dong trong khoang 0.5689 - 0.7186.
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Hinh 2.22: Ddnh gid cdc do do nhdn dién [op bénh gan ciia mé hinh FMN-Voting.

Két qua trén Hinh 2.23 cho thiy cdc do do danh gia cia FMN-Voting c6 mic

bién dong tuong ddi rd. Accuracy dao dong trong khoang 0.7633 - 0.8576, Precision
trong khoang 0.7608 - 0.8554 va F1-Score trong khoang 0.7620 - 0.8561.
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Bdng 2.9: Két qud cdc chi sé ddnh gid mé hinh FMN-Voting khi thay déi 6yax.

omax | Accuracy | Specificity | Precision | F1-Score | RI ARI NMI
0.01 | 0.7581 0.6628 0.7613 0.7596 | 0.6327 | 0.2432 | 0.1366
0.02 | 0.7925 0.7052 0.7936 0.7930 | 0.6705 | 0.3198 | 0.1948
0.04 | 0.8130 0.7206 0.8114 0.8122 | 0.6955 | 0.3685 | 0.2323
0.06 | 0.8319 0.7461 0.8302 0.8310 | 0.7198 | 0.4187 | 0.2752
0.08 | 0.8576 0.7744 0.8554 0.8561 | 0.7554 | 0.4910 | 0.3399
0.10 | 0.8233 0.7427 0.8230 0.8232 | 0.7086 | 0.3971 | 0.2578
0.20 | 0.7890 0.6931 0.7886 0.7888 | 0.6665 | 0.3100 | 0.1856
0.30 | 0.7581 0.6628 0.7613 0.7596 | 0.6327 | 0.2432 | 0.1366
0.40 | 0.7410 0.6487 0.7473 0.7438 | 0.6155 | 0.2103 | 0.1145
0.50 | 0.7136 0.6269 0.7260 0.7187 | 0.5905 | 0.1629 | 0.0846
0.60 | 0.6707 0.5954 0.6952 0.6800 | 0.5575 | 0.1016 | 0.0493
0.70 | 0.6089 0.5491 0.6527 0.6241 | 0.5229 | 0.0386 | 0.0166
0.80 | 0.5540 0.5199 0.6204 0.5745 | 0.5050 | 0.0081 | 0.0035
0.90 | 0.5146 0.4933 0.5944 0.5377 | 0.4996 | -0.0011 | 0.0000
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Hinh 2.23: Sy bién dong gid tri dé do ciia mé hinh FMN-Voting.

Dé& danh gia hiéu qua clia cdc mo hinh dé xuat, két qué thuc nghiém ctia FMN-
SAL va FMN-Voting dudc so sanh véi cac phuong phap phan cum K-means++, EM
va DBSCAN dudc thuc hién trén Weka, dong thdi dbi sanh v6i mo hinh SCFMN.
Viéc so sanh dugc thuc hién trén cting tap dit liéu ILPD va xem xét & ba miic gom 16p
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bénh gan, 16p khong bénh gan va két qua trung binh c6 trong s6. Bén canh cic do do
phan loai, cic chi s6 RI, ARI va NMI dudc sit dung dé danh gid miic do tuong dong

gitta cAu triic phan cum thu dugc va phan hoach theo nhén thuc té.
1
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Hinh 2.24: Gid tri dé do RI, ARI, NMI cua mé hinh FMN-Voting.

Két qua trong Bang 2.10 va truc quan trén Hinh 2.25 cho thdy FMN-SAL
dat hiéu qua tot nhat trén 16p bénh gan trong sb cic phuong phap dudc so sanh.
Mo hinh dat Accuracy bing 0.8806 + 0.0043, Recall bing 0.9346 + 0.0062, Precision
bang 0.9017 4 0.0041 va F1-Score bing 0.9178 4+ 0.0031. Pdng thdi, Specificity dat
0.7461 £ 0.0124 va FP Rate 6 muc 0.2539 =+ 0.0124.

FMN-Voting ciing dat két qua cao hon cac phuong phap phan cum truyén thong
trén hau hét cac do do, v6i Accuracy bang 0.804540.0366, Recall bang 0.872640.0289,
Precision bang 0.8560 + 0.0232 va F1-Score bang 0.8642 + 0.0258. So véi SCFMN, c4
FMN-SAL va FMN-Voting déu cai thién kha ning nhin dién cidc miu bénh gan.

Déi v6i cac phuong phép thuc hién trén Weka, K-means++ va DBSCAN dat
Recall tuong ddi cao, 1an luct 1 0.7452 va 0.7831, nhung Specificity chi dat 0.3263 va
0.2996, kéo theo FP Rate & mtic cao. Diéu nay cho thiy hai phuong phap c6 kha niing
nhan dién mot ty 1& dang ké cac mau bénh gan nhung dong thdi dé nhan dién nham
cic mau khong bénh thanh bénh. Ngugc lai, EM dat Specificity va Precision cao, 1an
lugt 12 0.8496 va 0.9112, nhung Recall chi dat 0.4503, cho thiy nhiéu miu bénh gan
chua dudc nhan dién dung.

Nhin chung, FMN-SAL thé hién su can bang t6t hon giita Recall, Specificity,
Precision va F1-Score, trong khi FMN-Voting ciing cho két qua cai thién rd rét so véi

cdc phuong phap phan cum truyén thong.
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Bdng 2.10: Két qud nhdn dién 16p bénh gan ciia FMN-SAL, FMN-Voting va cdc
phuong phdp déi sdnh.

M0o6 hinh Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.7452 0.3263 0.6737 0.7366 0.7376
K-means++
+0.0222 | £0.0855 | +£0.1628 | +£0.1628 | + 0.0256 | + 0.0303
EM 0.5647 0.4503 0.8496 0.1504 0.9112 0.5860
+ 0.0351 | £0.1452 | +£0.2402 | £0.2402 | £0.0702 | £ 0.0721
0.6416 0.7831 0.2996 0.7004 0.7299 0.7556
DBSCAN
+ 0.0022 | £0.0058 | £+ 0.0006 | £+ 0.0006 | +0.0045 | £ 0.0018
SCEMN 0.7780 0.8678 0.5545 0.4455 0.8293 0.8479
+0.0184 | £0.0231 | +£0.0478 | £0.0478 | £0.0143 | £0.0134
0.8806 0.9346 0.7461 0.2539 0.9017 0.9178
FMN-SAL
+ 0.0043 | +£0.0062 | +0.0124 | +£0.0124 | £ 0.0041 | £ 0.0031
) 0.8045 0.8726 0.6347 0.3653 0.8560 0.8642
FMN-Voting
+ 0.0366 | £0.0289 | +£0.0576 | +£0.0576 | £0.0232 | £ 0.0258
10 u K-meansfi UEM I_)__BSCAN SCFMN o FMN-S{&L B FMN-Voting
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Chi s6 danh gia
Hinh 2.25: So sdnh ca’(;’ do do ddnh gid trén lop bénh gan ciia FMN-SAL, FMN-Voting
va cdc phuong phdp doi sanh.

Bang 2.11 trinh bay kha nang nhan di€n 16p khong bénh gan cia cac phuong
phéap. FMN-SAL tiép tuc dat két qua tot v6i Recall bang 0.7461 & 0.0124, Specificity
bing 0.9346+0.0062, Precision bang 0.8210+0.0130 va F1-Score bing 0.7817+0.0077.
Dong thai, FP Rate ctia md hinh chi & mifc 0.0654 + 0.0062.

FMN-Voting dat Recall bang 0.634740.0576 va F1-Score bang 0.6506+0.0631,
cao hon SCFMN va céc phuong phap K-means++, EM, DBSCAN vé kha ning danh
gia téng hop trén 16p khong bénh. SCFMN dat Specificity tuong dbi cao nhung Recall
va F1-Score van thip hon hai m6 hinh FMN-SAL va FMN-Voting.

DPang chii y, K-means++ vi DBSCAN c¢6 Recall trén 16p khong bénh kh4 thap,
1an Iuot 13 0.3263 va 0.2996. Két qua nay phu hop véi Specificity thap ctia hai phuong
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Bdng 2.11: So sdnh két qud nhdn dién 16p khong bénh gan ciia FMN-SAL, FMN-
Voting véi cdc phwong phdp doi sdnh.

Phuong phap | Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.3263 0.7452 0.2548 0.3114 0.3112
K-means++
+0.0222 | £0.1628 | 4+ 0.0855 | +0.0855 | +0.0945 | £ 0.1311
EM 0.5647 0.8496 0.4503 0.5497 0.3794 0.5122
+0.0351 | £0.2402 | +0.1452 | +£0.1452 | +£0.0151 | £ 0.0949
0.6416 0.2996 0.7831 0.2169 0.3638 0.3285
DBSCAN
+0.0022 | +£0.0006 | + 0.0058 | +0.0058 | +0.0129 | + 0.0054
0.7780 0.5545 0.8678 0.1322 0.6286 0.5882
SCFMN
+0.0184 | £0.0478 | +0.0231 | +0.0231 | +0.0386 | 4+ 0.0365
0.8806 0.7461 0.9346 0.0654 0.8210 0.7817
FMN-SAL
+0.0043 | £0.0124 | +0.0062 | +0.0062 | +0.0130 | + 0.0077
) 0.8045 0.6347 0.8726 0.1274 0.6676 0.6506
FMN-Voting
+ 0.0366 | +£0.0576 | +0.0289 | +0.0289 | +0.0702 | £+ 0.0631

phap khi 16p bénh gan dugc xem 12 16p duong, cho thiy kha ning phan biét hai 16p
con han ché. EM c6 Recall cao trén 16p khong bénh nhung Precision chi dat 0.3794,
do d6 F1-Score chi dat 0.5122.

Nhu vay, FMN-SAL khong chi duy tri kha nidng phat hién miu bénh gan tdt
ma con cai thién ddng k€ kha ning nhin dién cac miu khong bénh, cho thiy mic do
can bang tot hon gitta hai 16p.

Bang 2.12 cho thdy FMN-SAL dat hiéu qua tong thé cao véi Accuracy bing
0.8806 =+ 0.0043, Specificity bang 0.8001 & 0.0082, Precision bang 0.8786 4 0.0044 va
F1-Score b?mg 0.8788 + 0.0043. Bén canh gia tri trung binh cao, do 1éch chuian nho
cho thiy két qua ctia FMN-SAL c6 tinh 6n dinh cao qua céc 1an thuc nghiém.

FMN-Voting dat Accuracy bang 0.8045 + 0.0366 va F1-Score bang 0.8030 +
0.0364, cao hon SCFMN véi Accuracy bang 0.7780+0.0184 va F1-Score bang 0.7736+
0.0186. C4c phuong phap K-means++, EM va DBSCAN cé Accuracy chi nim trong
khoang tlt 0.5647 dén 0.6416, thAp hon céc phuong phép dua trén FMN.

Céc két qua nay cho thiy viéc khai thac ciu triic siéu hop két hop véi thong tin
giam st trong FMN-SAL va FMN-Voting gép phan céi thién hiéu qué phan loai trén
tap du liéu ILPD.

Bén canh cic do do danh gi4 kha ning phan loai, mic do phu hop gitta ciu
triic phan cum dudc hinh thanh bdi cac phuong phap va phan hoach theo nhén thuc té
ciing dugc danh gia thong qua cac chi s& RI, ARI va NMI. Két qua chi tiét dudc trinh
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Bdng 2.12: So sdnh két qud ciia FMN-SAL, FMN-Voting va cdc phuong phdp dbi

sdanh.
M0o6 hinh Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.6252 0.4463 0.5537 0.6148 0.6154
K-means++
+0.0222 | £0.0222 | +£0.0932 | £0.0932 | +£0.0437 | + 0.0240
EM 0.5647 0.5647 0.7353 0.2647 0.7589 0.5648
+ 0.0351 | £0.0351 | +£0.1299 | £0.1299 | +0.0544 | + 0.0249
0.6416 0.6416 0.4411 0.5589 0.6229 0.6306
DBSCAN
+ 0.0022 | £0.0022 | +0.0048 | +£0.0048 | +0.0021 | £ 0.0019
0.7780 0.7780 0.6442 0.3558 0.7718 0.7736
SCFMN
+0.0184 | £0.0184 | +0.0330 | +£0.0330 | £ 0.0185 | £ 0.0186
0.8806 0.8806 0.8001 0.1999 0.8786 0.8788
FMN-SAL
+ 0.0043 | £0.0043 | +0.0082 | +0.0082 | +0.0044 | + 0.0043
) 0.8045 0.8045 0.7029 0.2971 0.8021 0.8030
FMN-Voting
+ 0.0366 | +£0.0366 | +0.0490 | +0.0490 | +0.0365 | + 0.0364

bay trong Bang 2.13, dong thdi dudc minh hoa tryc quan trong Hinh 2.26.

Két qua trong Bang 2.13 va Hinh 2.26 cho thay su khac biét rd rét giita cac
phuong phap vé miic do tuong dong gilta cAu tric phan cum thu dudc va phan hoach
theo nhan thuc té. Trong d6, FMN-SAL dat két qua cao nhét trén ca ba chi s v6i RI
bing 0.7894 + 0.0066, ARI biang 0.5606 & 0.0135 va NMI bang 0.4077 4 0.0137. Bén
canh céc gia tri trung binh cao, do 1éch chuin nhd cho thiy két qua phan cum ctia
FMN-SAL c6 tinh 6n dinh t6t qua cé4c 1an thuc nghiém.

FMN-Voting dat RI bang 0.6870 & 0.0458, ARI bang 0.3499 + 0.0942 va NMI
bing 0.218940.0793. C4c gid tri nay thip hon FMN-SAL nhung van cao hon SCFMN
va cdc phuong phép phan cum K-means++, EM va DBSCAN trén phan 16n céc chi s6.
SCEFMN dat RI, ARI va NMI lan lugt 1a 0.6546 + 0.0208, 0.2772 4+ 0.0432 va 0.1570 +
0.0334, cho thiy viéc khai thac cAu triic siéu hop gitip ting mic do tuong dong gitia
két qua phan cum va nhan thuc té so v6i cac phuong phdp phan cum truyén thong.

Déi véi cac phuong phap thuc hién trén Weka, K-means++ vi DBSCAN c6 RI
x4p xi 0.53 nhung ARI va NMI déu & miic rat thip. Diéu nay cho thiy mic du vin
ton tai mot ty 1& nhat dinh cdc cip miu dugc phan nhém phit hop, ciu triic phan cum
tong thé ctia hai phuong phap chua tuong ing tot véi hai 16p bénh gan va khong bénh
gan. EM dat NMI bang 0.0926 + 0.0343, cao hon K-means++ va DBSCAN, tuy nhién
ARI c¢6 gia tri trung binh 4m nhe (—0.0130 £ 0.0144), cho thidy mic do phi hop gitta

phan hoach do EM tao ra va nhan thuc té x4p xi mdc ky vong ngau nhién.
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Nhin chung, két qué ctia RI, ARI va NMI cho thdy cidc mé hinh dua trén FMN

tao ra cAu triic phan cum phu hop hon véi phan hoach bénh gan va khong bénh gan
so v6i cac phuong phap phan cum truyén théng. Trong nhém so sanh, FMN-SAL thé
hién két qua ndi bat nhat, trong khi FMN-Voting ciing cho thiy su cai thién dang ké

so v6i SCFMN va cac phuong phap dudc thuc hién trén Weka.
Bdng 2.13: Két qud so sdanh FMN-SAL, FMN-Voting véi cdc phuwong phdp khdc.

Model RI ARI NMI

K-means++ | 0.5314 £0.0111 | 0.0189 £ 0.0336 | 0.0107 £ 0.0110
EM 0.5097 £ 0.0146 | —0.0130 £ 0.0144 | 0.0926 £ 0.0343
DBSCAN 0.5393 £ 0.0013 | 0.0347 £ 0.0030 | 0.0066 £ 0.0011
SCFMN 0.6546 £ 0.0208 | 0.2772 £ 0.0432 | 0.1570 £ 0.0334
FMN-SAL 0.7894 4+ 0.0066 | 0.5606 £ 0.0135 | 0.4077 = 0.0137
FMN-Voting | 0.6870 £ 0.0458 | 0.3499 + 0.0942 | 0.2189 £ 0.0793

Hinh 2.26 cho thay su khac biét vé miic do tuong dong giita két qua phan cum
clia cdc phuong phap va phan hoach theo nhan thuc té. FMN-SAL dat cac gid tri RI,
ARI va NMI cao nhat trong nhom so sanh, lan luot Xﬁp x1 0.7894, 0.5606 va 0.4077.
FMN-Voting dat cac gia tri tuong ing khoang 0.6870, 0.3499 va 0.2189, cao hon cac
phuong phdp phan cum truyén thng trén Weka.

SCFMN dat RI khoang 0.6546, ARI khoang 0.2772 va NMI khoang 0.1570,
cho thay viéc khai thac clu tric siéu hop di cai thién mic do tuong dong v6i nhan
thuc té so v6i K-means++ va DBSCAN. Trong khi d6, K-means++ va DBSCAN c¢6
ARI va NMI rét thip, phan anh cu tric cum dudc hinh thanh chua tuong ting t6t véi
hai 16p bénh gan va khong bénh gan.

1.0
B K-meanst++ ODBSCAN
° 0.8 SCEFMN FMN-SAL
w0 .
e = FMN-V
S 0.6 = =| oting
= =
= —
o 04 % ?
= 7
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00 — —_ e
NMI

Chi s6 danh gia

Hinh 2.26: Két qud so sanh FMN-SAL, FMN-Voting vdi cdc phuong phdp khdc.
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Két luan chuong 2

Chuong 2 da trinh bay hé thdng co s3 ly thuyét va cdc md hinh phan cum béan
giam sit ducdc dé xuat dua trén FMN. Trén co s& phan tich nhitng han ché cia céic
phuong phap dua FMN truyén théng trong bbi canh dif liéu c6 phan bd phic tap va
s6 luong mau mang nhin han ché, mo hinh FMN-Voting vdi FMN-SAL da dudc xay
dung véi cic co ché hoc cdi tién nhiam nang cao chét lugng phan cum.

Cu thé&, md hinh FMN-Voting khai thac c¢d ché bo phiéu dua trén siéu hop, qua
d6 han ché anh hudng ctia nhiéu va sai 1éch cuc bo trong qua trinh hoc. Trong khi do,
md hinh FMN-SAL st dung chién luge suy luan nhin dua trén cac mau di liéu, cho
phép tan dung thong tin ciu tric khong gian cta dif liéu nham cai thién kha ning lan
truyén nhin va ting do tin cdy trong cac ving dif liéu c6 mat do khong dong déu hoic
chong 14n. Cac thuat todn hoc tuong ting vdi titng md hinh di dugc mo t chi tiét, kém
theo phan tich do phiic tap tinh toan, cho thiy cac phuong phap dé xuat phu hop véi
bai toan thuc té.

Bén canh d6, chuong ciing di xay dung thuc nghiém nham danh gi4 hiéu ning
cia cdc mo hinh trén nhiéu tip di liéu vé6i dic diém phan bd da dang. Két qua thuc
nghiém cho thiy ca FMN-Voting va FMN-SAL déu cai thién d4ang ké chat luong phan
cum so vdi cdc md hinh dua trén FMN. FMN-Voting thé hién vu thé trong viéc ning
cao do 6n dinh két qui thong qua co ché tdng hop quyét dinh, trong khi FMN-SAL
cho thiy kha ning thich ting v6i cdc tap dif liéu c6 céu tric phic tap nho khai thac
hiéu qua thong tin lan cén.

Mot phan két qua nghién citu trong Chuong 2 da dudc cong bd trong cic cong
trinh [CT2], [CT3],[CT4] va [CT8]. Trong d6, [CT2], [CT3] va [CT4] cong bb tai ky
yéu Advances in Infor mation and Communication Technology, thudc chudi Lecture
Notes in Networks and Systems ctia Springer, tuong ng véi cac hdi nghi qubc té
ICTA 2023, ICTA 2024 va ICTA 2025. Cong trinh [CT8] dudc cong bb trén Tap chi
Tin hoc va Diéu khién hoc (Journal of Computer Science and Cybernetics), 12 su md
rong va hoan thién cdc két qua nghién ctiu thong qua viée tich hop co ché hoc chi
dong, lan truyén nhin c6 kiém sodt.

Nhiing két qua dat dudc trong chuong 2 khang dinh tinh hop Iy ctia cic md
hinh dé xuét vé mit 1y thuyét va hiéu qua thong qua thuc nghiém. Pay 1a co s& dé
trién khai cdc nghién ctiu md rong va danh gid chuyén sau hon trong cic chuong tiép
theo, dic biét 12 viéc so sanh vdi cdc phuong phéap hién dai va phan tich chi tiét anh

hudng cua cac tham so hoc dén hiéu nang cia mo hinh.
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CHUONG 3

HOC BAN GIAM SAT TRONG MANG NORON FMN
VOI CHIEN LUGC CHON HAT GIONG CHU PONG

Trong Chuong 2, ludn an da trinh bay hai mo hinh phan cum ban giam sat
dua trén mang FMN 1a FMN-Voting va FMN-SAL, véi co ché suy luan nhin biang bd
phiéu nham giam su phu thudc vao cic siéu hdp hodc mau don 1é. Tuy nhién, hiéu qua
clia qu4 trinh hoc van phu thudc ddng k& vao chit lugng clia cac hat giébng ban dau.

Trong khong gian dit liéu phuc tap, khong phadi moi mau hodc siéu hop mang
nhan déu c6 miic d6 dai dién va do tin cdy nhu nhau. C4c hat gidng kém chét luong,
dic biét & viing bién cum hoic viing nhiéu, c¢6 thé 1am lan truyén 15i nhan va 1am giam
chat luong phan cum. Vi vay, viéc lua chon hat gibng mot cach phu hop 14 yéu cau
quan trong trong hoc ban giam sat.

Xuét phét tit d6, chuong nay dé xuit mo hinh FA-Seed, mdt mo hinh hoc ban
giam sit dua trén mang noron FMN véi chién lugc Iwa chon hat gidng chii dong. Muc
tiéu 1a Iva chon cac hat gidng c6 chét lugng cao d€ din dat qua trinh hoc, qua d6 ning
cao do 6n dinh, han ché lan truyén 16i va cai thién hiéu ning phan cum trong diéu

kién nhan khan hiém.
3.1. Gi6i thiéu vé mé hinh FA-Seed

Phan cum béan gidm sat md dua trén mau hat gidng 13 mot k¥ thuat phd bién,
trong d6 mot tAp nhd cac maiu da gan nhan duge st dung d€ dinh hudéng qua trinh
phan cum. Céc hat giébng thudng dugc chon sao cho c6 tinh dai dién va do tin ciy cao,
chflng han cdc diém gan tAm cum hoic dudc chuyén gia xdc nhan.

Tuy nhién, nhiéu phuong phap SSC truyén théng van phu thudc manh vao chét
lugng hat gidng ban dau. Trong nhiéu trudng hop, hat gidng dudc chon ngiu nhién
hoic theo tiéu chi don gian, nén khong bao dam phan anh ding ciu tric tdng thé cia
dit liéu. Khi thiéu co ché ddnh gid do tin cy, cac hat giébng kém chét lugng van c6 thé
tham gia lan truyén nhén, tif d6 1am giam chat lugng phan cum. Bén canh d6, néu qua
trinh lan truyén nhin khong dudc kiém soat chit ché, sai 1éch ban dau dé bi khuéch
dai va gay lan truyén 1i.

Trong bdi canh d6, mang noron FMN 12 mdt mo hinh phi hgp cho bai toan hoc
ban giam sat nhd kha ning biéu dién dit lidu bang céc siéu hdop md, md hinh héa tu

nhién cdc viing chong 1an va thich nghi linh hoat vé6i dit liéu mdi. Trén nén ting nay,
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md hinh GFMM [15] va RFMN [18] cho phép khai thdc thong tin nhan d€ gidm sét
mot phan qua trinh phan cum. Tuy nhién, khi mot siéu hdp mdi dudc tao ra tir dit liéu
khong nhén, siéu hop d6 c6 thé khdng dudc gan nhan trong sudt qua trinh huin luyén,
dic biét khi dif liéu c¢6 nhin khan hiém hoic phan bb khong dong déu. Piéu nay 1am
giam kha ning dién giai va c6 thé anh hudng dén cac bude hoc tiép theo.

Mo hinh SS-FMM [19] dugc dé xuét d€ khic phuc han ché nay bang cach xi
ly trudc cdc miu c6 nhan va st dung ching d€ lan truyén nhin sang cac siéu hop hinh
thanh tir dii liéu chua nhan. Céch tiép cin nay gitp gidm sd lugng siéu hdp khong
nhan, nhung van coi cdc mau c¢6 nhan nhu cic seed mic dinh va chua danh gia miic
do dai dién hay do tin cdy cua chung. Tuong tu, SSL-FMM [17] khai thac di liéu
chua gan nhan hiéu qua hon d€ cai thién bién quyét dinh, song co ché lua chon seed
va lan truyén nhin vin mang tinh toan cuc, chua gan véi chit luong tling siéu hop.

Khéc véi cac mo hinh trén, SCFMN [20], MSCFMN [21], va SSL-FMM [98]
tap trung vao lua chon hat gibng dua trén thong tin dic trung cta dit liéu. Trong
SCFMN va MSCFMN, céic diém nam & ving mat do cao hoic c6 kha ning dai dién
tot cho trung tAm cum dudc uu tién chon 1am hat gidng, qua d6 gitp giam phu thudc
vao thd ty mau va ting do 6n dinh ctia két qua. MSCFMN con mé rong theo hudng
da hat giéng, cho phép mo ta tét hon cdc cum c6 hinh dang phiic tap hoic nhiéu viing
mat do khac nhau.

Mic du vy, cac mo hinh nay van gan vé6i gia dinh phai xdc dinh truée s6 cum
va xem mdi siéu hop nhu dai dién cho mot cum dit liéu. Gia dinh nay phu hop véi céc
cum c6 hinh dang tuong dbi don gian, nhung trd nén han ché khi di liéu c6 cau triic
khong 16i, mat do khong dong déu hoic kich thuée cum khdc biét 16n. Khi do, viée
ép mdi siéu hop tuong ting véi mdt cum c6 thé 1am mét di ciu triic hinh hoc thuc clia
dit liéu va lam giam chit lugng phan cum.

Tt nhitng han ché trén, nghién cifu sinh d& xuit md hinh FA-Seed nhiam két
hop chién lugc lua chon hat giéng chiit dong véi kha ning phan hoach thich nghi cia
FMN. Mb hinh nay cho phép biéu dién cum bang nhiéu siéu hop md, khong bi rang
budc bdi giad dinh cum hinh cau hay kich thudc can bang. FA-Seed thuc hién phan
viing dit liéu thanh cdc siéu hop, danh gia do tin cdy clia hat giéng thong qua cac phép
do mat do thanh vién va lan truyén nhan. Nhiing dong gép chinh ctia FA-Seed gom:
(1) tu dong lua chon hat gidng ting vién, (2) mé rong cum dong khong can huan luyén
lai, (3) phat hién cdc vung c6 ciu triic phic tap dua trén dic trung cum, va (4) nam

bat tot cau tric cum ngay ca khi cac cum khac nhau vé méat do va hinh dang.
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3.2. M6 hinh FA-Seed: Lwa chon hat giong chi dong dua trén
FMN
3.2.1. Mo ta bai todn
Gid st ta c6 tap dit liéu X gobm M maiu di lidu (X = {z,}M, c R"). trong d6
mbi z, € X c6 thé dugc dnh xa vao G cum. Tap chi sb {1,..., M} dugc phan hoach
thanh hai tap con: tap c6 nhan L va tap chua c6 nhan U, sao cho
LuU=A{1,...,M}, LNU =g, (3.1
trong d6 su phan chia nay dudc hinh thanh thdng qua viéc phan hoach khong gian dau
vao thanh céc si€u hdp mao. Tap si€u hop md B dudc dinh nghia theo cong thic (1.1)
(K = |B|), siéu hop B; (B; € B) dugc dinh nghia theo cong thuc (1.2).
Céc tap siéu hop con c6 nhin va chua c6 nhan 1an ludt dugc ky hiéu 1a By, va
By, théa man
B= By By s {0 = E (32)
Bian N Bynl = 9.
MBoi siéu hop B; duge gan véi mot nhan 16p ¢; € {1,...,C} trong qua trinh
hoc. Pbi vé6i i € £, nhdn 16p y; € {1,...,C} la da biét; trong khi do, d6i vé6i i € U,
nhan du doan dudc ky hiéu 1a g;.
Goi z 12 mdt miu Ung vién (z € X), do thudc clia z dbi véi siéu hop Bj, ky
hiéu 1a y1;(z, Bj), dugc tinh toan theo cong thuc (1.3) (1;(z, Bj) € [0, 1]).
Vi tap B = {B;}I,, mau x ¢6 mic do phit hgp cao nhat doi véi B; dugc xdc
dinh dua trén gia tri d§ thudc dudc xac dinh theo cong thiic (3.3).
jt= arg_wmax, (x, Bj), (3.3)
trong do:

- j* 1a chi s0 ctia siéu hdop md ¢6 gid tri dd thudc 16n nhat doi v6i mau x;

arg max 12 toan tif xac dinh gid tri cla j tai d6 ham dat gia tri 16n nhat;

je{1,..., K} 1atap chi s6 clia cac siéu hop hién c6, v6i K 1a tdng s6 siéu hop;

- uj(z, Bj) € [0,1] 1a do thudc cia mau = ddi véi siéu hop m3 By;

Bj 1a siéu hop md thu j trong tap cac siéu hop B5;

12 diém dit liéu dng vién cin dudc gan nhin hodc phan 16p.

Trén co s6 cac dinh nghia trén, bai toan trong md hinh FA-Seed 1a phan cum
ban giam sat khi dif liéu huin luyén ban dau hau nhu chua c6 nhan, trong d6 viéc xay
dung tip hat gidng giif vai trd quyét dinh d6i v6i chit lugng hoc. Khac véi cach gia

dinh tap hat giéng dugc cho truc hodc chon ngiu nhién, FA-Seed xem viéc x4c dinh
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va md rong hat gidong 12 mot phan clia qud trinh hoc.

Cu thé, tir tap dit liéu chua nhan X, FA-Seed han hoach khong gian dir liéu
thanh cic siéu hdp d€ nam bat ciu triic phan bd cuc bd. Trén co sé d6, md hinh xic
dinh tap hat gidng muc tiéu Srep C X ¢06 kich thudc nhd nhung mang tinh dai dién
cao, thong qua danh gid ting vién va truy vin chd dong y kién chuyén gia.

Tir tap hat gidng muc tiéu da dudc xac nhan, FA-Seed tiép tuc md rong c6 kiém
sodt d€ xay dung tap hat gidng md rong Sexp, trong d6 chi cdc mau cé do thude cao
ddi véi siéu hop tuong tng méi dudc bs sung. Tap nay sau dé dugc sit dung dé dan
dit qua trinh hun luyén ban gidm sit ciia mang FMN.

Do d6, bai toan cua FA-Seed khong chi 1a gan nhan hoac phan cum cho toan
bd tap dif liéu X, ma con huéng t6i ba muc tiéu: (i) lya chon tip hat gidng c6 chat
lugng va tinh dai dién cao, (ii) gidm sb lugng truy van chuyén gia, va (iii) lan truyén
nhan c6 ki€ém sodt nhiam ning cao chit lugng phan cum trén toan bo tap dit lidu.

3.2.2. Y tuéng ciia FA-Seed

Nhu d trinh bay, véi k¥ thuét hoc ban giam sat dua trén hat giéng, hiéu qua
ctia SSC phu thudc 16n vao chit luong seed. Cac hat gibng kém chit luong dé 1am lan
truyén sai 1&ch, trong khi cic hat gidbng ddng tin cdy gitip gidm chi phi gdn nhan va
nang cao do chinh x4c phan cum. Tuy nhién, viéc lua chon seed chit lugng cao trong
thuc té khong don gidn do nhiéu dit liéu, chdng lan gitta cdc cum va lugng thong tin
giam sat han ché. Cac mo hinh ban gidm sat dua trén FMN hién c6 thudng hoiic chon
hat giéng ngau nhién [15, 19, 17], hoic x4c dinh seed dua trén siéu hop véi gia thiét
“moi siéu hop dai dién cho mot cum™ [20, 21].

V6i chién ludc chon ngiu nhién, seed thudng thiéu tinh dai dién va d6 6n dinh:
chiing c6 thé rai vao viing bién hoiic viing chdng lan, khién nhin giam sit ban dau tré
nén mo hod va dé kéo 1éch qud trinh lan truyén. Pong thdi, cach chon nay khong bao
dam d6 phii cum, nén mot sd cum c6 thé khong c6 seed hoic cé qua it seed, 1am suy
giam kha niing phat hién ciu tric cum that.

Céc hinh tit Hinh 3.1 dén Hinh 3.3 minh hoa r6 han ché cda gia thiét “mdi siéu
hop dai dién cho mot cum”. Cach tiép cin nay chi phit hop khi cic cum gin cau va cé
kich thudc tuong d6i dong déu. Véi cac tap dif liéu c6 cAu tric hinh hoc phiic tap nhu
Aggregation, Flame va Pathbased, siéu hdp thudng phai mé rong dé bao phii toan bo
vung dit liéu, dan dén chong 14n nhiéu cum hoic bao phi cac ving bién mat do thap,

lam giam tinh thuan nhat cda si€u hop.
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(a) Phdn bo dit liéu (b) Khong gian siéu hop
S . A s A A A A ~ * A . ?
.
Hinh 3.1: Minh hoa phdn hoach siéu hop trén tdp dir liéu Aggregation cua FMN
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(@) Phdn bé dit liéu ciia tdp Flame (b) Phdn hoach khong gian siéu hop

Hinh 3.2: Khong gian siéu hop trén tdp dit liéu Flame cua FMN
Cu thé, trén tip Aggregation, nhiéu siéu hop dong thdi bao phi cic vung dif
liéu thudc cac cum khac nhau, nén seed dugc chon tu cac si€éu hop do khong con dai
dién ro cho mot cum duy nhét. Tinh trang tucng tu xay ra véi tap Flame, noi ciac cum
kéo dai va phan bd khong dbi xiing, khién mot siéu hdp khé mo ta chinh xac toan bd
hinh dang cum. Véi tap Pathbased, cdc cum c6 cau triic phi cau va udn cong, nén viéc

ép mdi cum vao mot siéu hdop 1am mat thong tin hinh hoc cuc bd va khién cac seed
dudc chon kém tin cay.
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(a) Phdn bé dit liéu (b) Phdn hoach siéu hop

Hinh 3.3: Sy phdn hoach siéu hop trén tdp dit liéu Pathbased bang FMN

D€ khac phuc cdc han ché trén, md hinh FA-Seed [CT6] dudc dé xuét bing
cach két hop phan hoach siéu hdp, truy van chii dong va chién Iudc hoc vdi s6 lugng
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hat giébng han ché. Khac v6i cac md hinh trude, & giai doan xdc dinh hat gidng, FA-
Seed st dung gidi han kich thu6c siéu hop nhd hon, i d6 tao ra nhiéu siéu hop hon
trong khong gian dit liéu. Cac hinh tit Hinh 3.4 dén Hinh 3.6 cho thiy ro dic diém
nay: trén tap Aggregation mo hinh tao 41 siéu hop, trén tap Flame tao 11 siéu hop, va

trén tap Pathbased tao 19 siéu hop.
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cua tdp Aggrega- (b) Phdn hoach khong gian dit liéu
tion thanh 41 siéu hop
Hinh 3.4: Minh hoa phdn hoach siéu hop trén tdap dir liéu Aggregation
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(@) Phdn bé dit liéu ciia tdp Flame (b) Phdn hoach khong gian dit liéu
thanh 11 siéu hop
Hinh 3.5: Minh hoa phdn hoach siéu hop trén tdp dit liéu Flame
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(a) Phdn bé dit liéu ciia tdp Path- (b) Phdn hoach khong gian dit liéu
based thanh 19 siéu hop
Hinh 3.6: D6 hoa minh hoa vé sy phdn hoach cdc siéu hdp trén tdp dit liéu Pathbased
FA-Seed x4c dinh hat giéng trén cd sé phan ving siéu hdp sau khi danh gid

cac siéu hop dng vién theo mat do va phan bd dit lidu, tit d6 Iua chon céc siéu hop
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chita mAu mang nhiéu thong tin va x4c nhin cac diém dit liéu giau thong tin véi sy hd
trg ctia chuyén gia. Kién triic cia mo hinh géom hai giai doan chinh: (i) xdy dung tap
hat gidng chii dong va (ii) hun luyén ban giam st ¢ dan dat (Hinh 3.7).

Kién tric minh hoa trén Hinh 3.7 cho thiy, § giai doan thi nhét, dit liéu ducc
dua vao qua trinh huin luyén khong giam sat FMN d€ hinh thanh tap siéu hop biéu
dién cu triic phan bd. Tir d6, mot tap siéu hop ting vién dudc danh gid dua trén dic
trung mat do va phan phéi di liéu, sau d6 dugc truy van chuyén gia d€ xdc nhan nhan.
Két qua 1a mo hinh tao dugc mot tip hat giébng dai dién, nhd nhung c6 do tin cdy cao,

roi tiép tuc md rong c6 kiém sodt dé€ thu dugc tip hat gibng mé rong.
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Hinh 3.7: Kién triic mé hinh phdn cum bdn gidm sdt mo vdi hoc chii dong FA-Seed.

Trong giai doan thi hai, tap hat gibng mé rong dudc dung dé€ dan dit qud trinh
huén luyén ban gidm sat ctia mang FMN. Céc hat giéng nay cung cip thong tin gidm
sat dang tin cdy cho viéc md rong, diéu chinh va tinh chinh siéu hop, dong thdi hd tro
khai thac hiéu qua cdc mau chua gdn nhan con lai. Nhd d6, md hinh gidm chi phi gin
nhan, han ché lan truyén sai léch va nang cao chit lugng phan cum.

Hinh 3.8 minh hoa qua trinh sinh hat giéng véi su hd trg clia chuyén gia trén tap

dit liéu Aggregation. Hinh 3.8a thé hién phan bd dif liéu gbc gdbm 7 cum; Hinh 3.8b
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minh hoa phan hoach dit liéu thanh 25 siéu hop; Hinh 3.8c cho thdy qué trinh dénh

gia cac siéu hop ung vién; va Hinh 3.8d minh hoa buéc lua chon si€u hdp ting vién
dé€ sinh hat giéng vé6i su hd trg ctia chuyén gia. Trong vi du nay, 15 trong sd 25 siéu
hop dudc chon d€ sinh hat gidng, va cac diém dit liéu thudc cac siéu hdp d6 dugc gan
nhan dé phuc vu giai doan hoc ban gidm st tiép theo.

Trong do, viéc ap dat gi6i han kich thudc siéu hop 6”** nhd hon giti vai tro
quan trong trong ca hai giai doan cia FA-Seed. Rang budc nay budc md hinh phan
hoach khong gian dit liéu thanh cic ving cuc b chi tiét hon, thay vi tao ra cic siéu
hop 16n bao phi nhiéu diém dit liéu. Nho vay, cac bién dong cuc bo vé mat dd va clu
triic phan bd dit liéu dudc phan dnh rd hon, 1am ndi bat cc diém gan ranh gidi cum
hoic tai ving khong chic chan, von 1a nhitng mau chida nhiéu thong tin d€ lya chon
lam hat gidng.

Bén canh d9, gidi han kich thudc si€u hop nhd con gitp cai thién kha ning
nhan dién ving bién gitta cdc cum va phat hién nhiéu. Nhing siéu hop kho md rong
do rang buoc kich thudc thudng tuong ting v6i cac ving chong 14n, viing bién hoic
diém bat thuong, tir d6 cung cép tin hiéu hitu ich cho viéc danh gia siéu hop ng vién
va lya chon hat giéng. Nho co ché nay, FA-Seed nang cao chit luong tip hat gibéng,

dong thdi han ché lan truyén sai 1éch trong giai doan huin luyén ban giam sat, qua d6
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(c) Ddnh gid cdc siéu hop vng vién (d) Lua chon cdc siéu hop ving vién
Hinh 3.8: Su phdn hoach cdc siéu hop, ddanh gid va lua chon cdc siéu hop vung vién
sinh hat gidng trén tdp dit liéu Aggregation
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3.2.3. Kién triic mang noron FA-Seed

F

4 —> F B — >
Hinh 3.9: Kién triic mang noron FA-Seed

Trong do:

- Lép dau vao F4: Lép nay bao gdm n nit, mdi nit biéu dién mot thudc tinh dau
vao. Mot diém dit liéu =, = (2,1, 2,2, . . ., vy, ) dUdc dnh xa vao cdc siéu hop tai
16p Fp thong qua cic véc-to bién nhd nhit (min) v va 16n nhit (max) w.

- L6p déanh gia siéu hdp Fp: Lép nay bao gdm K niit (tuong dng véi K siéu hop)
dugc tao ra 6 Giai doan 1, moi niit b; trong 16p Fp tudng ting v6i mot siéu hop
md B; = (V;,W;) € B. Cic siéu hop nay dudc xdy dung theo cdch ting dan
nham nam bat ciu tric cuc bd cia dif liéu trong khong gian diu vao. Miic kich
hoat ctia siéu hop B; dbi v6i miu =z, dugc xac dinh bdi ham do thudc tinh todn
theo cong thuc (3.4):

by(ar) = iy (v, Bj) € [0,1]. (3.4)

- L6p dénh gid va lan truyén nhan Fy: Cac niit siéu hop trong 16p nay dugc chia
thanh hai tap: tap si€u hop da gan nhan By, (c6 kich thude Kj,;,) va tap siéu
hop chua gan nhan By, (c6 kich thude Ky ). Lép nay ap dung cic co ché cong
(gates) va quy tac ké thita nhian dé€ chuyén céc siéu hop tlf By sang Biay. Khi
thuat toan két thiic, By, = @, hay tuong duong K, = 0.

- L6p dau ra Fo: Lép nay bao gdm G niit, méi niit biéu dién mot cum dau ra.

Mbi quan hé nhi phén gitta cdc siéu hdp L; € Fy va cac 16p ¢, € F¢ duge biéu
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dién théng qua ma trdn U = {u;,}, voi:
wiy = I, n€ul; € ¢y, (3.5)
0, ngudc lai.
Diém do thudc ctia mot mau dbi véi 16p ¢, dugc tinh nhu sau:
cg = max [ - ujg, (3.6)
trong d6 /; 1a muc kich hoat cua siéu hop thi j. Tap cdc siéu hop xdc dinh 16p
g dudc cho bdi:
Cy=J L, (3.7)
) jea
v6i G la tap chi so cua cac siéu hop dugce gan cho 16p g.
3.2.4. Thudt todn hoc ciia mé hinh FA-Seed
3.2.4.1. Giai doan xdy dung tdp hat giong véi hudn luyén chii dong
Giai doan dau tién cia thuat todn hoc x4c dinh cac hat gidng dua trén viéc phan
hoach khong gian dit liéu thanh céc siéu hop md. Céc hat gidng tng vién dugc déanh
gia dua trén mat do dit liéu, do 1éch clia trong tim va miic do khong chac chin (cic
cong thiic (2.2), (1.40), va (3.8)), sau do cic hat gibng dang tin cly S sé dudc gan
nhan trong cac si€u hop mo tuong tng (dinh nghia theo (3.9)). Thuat toan hoc cho
giai doan nay dugc trinh bay trong Thuét toan 3.1.

e(Bj) = ll9(Bj) = d(B))ll, (3.8)

S=J{ar e X | e, By) > 7}, T e0,1] (3.9)
J€Jq
Trong do:

- Tam dit liéu d(B;) cia siéu hop mo B; dudc tinh bang trung binh cdc miu
trong tap 161 7}.

- Ty la tap 151 dugce st dung dé€ tinh tdm dit liéu d(B;) cta siéu hop ms B, T;
gdm céc diém dif liéu dudc dinh nghia theo (3.10)):

Ty ={r| pj(wr, Bj) > 7}, (3.10)

- 7 € [0,1] la ngudong dd thudc do ngudi dung xac dinh (thuong chon 7=1 véi y
nghia x, ¢6 do thudc day da vao B; ).

- Tam hinh hoc ¢(B;) cua siéu hop mo B; dudc xac dinh dya trén hai dinh cia
siéu hop V; va IW;.

- V; va W 1an lugt 1 cdc dinh nho nhét va 16n nhét cla siéu hop B;.

- b6 1éch tim e(B;) dudc xdc dinh 1a khoang cach Euclid gitta tdm hinh hoc
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g(Bj) va tam di liéu d(B;) cua siéu hop B;.

- ¢ la tham s6 ngudng do ngudi dung xac dinh d€ danh gia muc do "thudn khiét"
cla siéu hop B;. Mot siéu hop md B; duge xem la thuan khiét néu do 1éch tam
ctia n6 thda man diéu kién (2.3):

- Jo tap chi s6 cac siéu hop md thuan khiét, dudc xac dinh bdi:

Jo=A{J|BjeB, e(Bj) <e}. (3.11)

- Tap ting vién hat giébng @ dudc hinh thanh tif cdc tam dif liéu tuong dng véi

cic siéu hop md thuan khiét gdm cac di€ém dugc dinh nghia bdi (3.12):
Q={d(Bj)|jeJq} (3.12)

- S la tp cac miu dudc bao phii hoan toan bdi cac siéu hop md thuan khiét.

Thuét toan 3.1 Xay dung tap hat gidng v6i hun luyén chii dong
Input: X (M = [X|); Omax; €
Output: Tap dit lidu da sap xép lai X, tip siéu hop B
: Budc 1: Sinh tap siéu hop B
. Duyét mot 1an qua tip X dé xay dung tap siéu hop md B dua trén §™2%;
. Budc 2: Loc siéu hdp (xac dinh céic diém dir liéu can truy vén)

1
2
3
4: for mdi siéu hop B, € B do
5. Goi X; C X la tap cdc mau dugc gan cho B;.
6:  V;, W, € R" lan lugt 1a cdc dinh min va max cta Bj;
7. Tinh tdm dit liéu cua B; theo Cong thiic (2.2);
8 Tinh tdm hinh hoc cia B; theo Cong thic (1.40);
9:  if diéu kién (2.3) khong dudc théa man then
10: Loai bo siéu hop B;: B <+ B\ {B;}

11: end if
12: end for

13: Bude 3: Xay dung tip hat gibng, phan hoach va sip xép lai dif liéu;

14: Xay dung tap hat gidng @ dugc hinh thanh tif cic tAm dit liéu tuong dng vdi cic
siéu hop mJ thuan khiét B; (B; € B) gdm cac di€ém dugc dinh nghia bdi (3.12)
va truy van nhén tif chuyén gia.

15: XAy dung tap hat gidng S tif cic mau dit liéu nam hoan toan trong it nhat mot siéu
hop thuan khiét B; (B; € B), theo Cong thiic (3.9);

16: Xay dung mot hodn vi 7 clia {1,..., M} sao cho cdc phan ti cta S dudc xép
trudc, tip S’ (cac mau khong thudce hoan toan vao bat ky siéu hdp nao) dudc xép
sau (S’ = X \ S). Hai tap S va S’ tao thanh mdt phan hoach cuia tap X;

17: Tao tap du liéu da sa“ip xép lai:

X' = (Xr1), - X (an));
18: return B (tip siéu hop con ton tai), X’ (tap dit liéu da se“ip xép lai)
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Ménh dé 3.1. Thudt todn 3.1 ¢6 do phiic tap thoi gian la
T\ = O(MK). (3.13)
trong dé M la tong s6 mdu trong tdp dit liéu hudn luyén, n la so ddc tinh ciia méi mdu

dit liéu, va K la tong sé siéu hop mo duoc tao ra trong qud trinh hudn luyén.

Chitng minh. Xét Thuat toan 3.1, véi M = |X| 1a s6 mau dif liéu, n 12 s6 chiéu dic
trung va K = |B| 14 sb siéu hop md dudgc tao ra.
Budc 1. Thuat todn duyét toan bo tap dit liéu X d€ xiy dung tap siéu hop md
B. V6i mdi miu z, € X, can tinh do thudc ddi véi tdi da K siéu hop, mdi phép tinh
c6 do phuc tap O(n). Do do, bude nay c6 do phuc tap
O(MKn). (3.14)
Budc 2. Thuat toan duyét qua tap siéu hdp B dé xac dinh cdc siéu hdp tng vién
sinh hat giébng. V6i mdi siéu hop, cac phép tinh tam di liéu, tAm hinh hoc va do 1éch
tam c6 do phuc tap O(n), nén budc nay cé do phtic tap
O(Kn). (3.15)
Budc 3. Thuat todn xdy dung tip hat gidng va sip xép lai tap dif liéu. Qud trinh
nay yéu cau duyét qua toan bd X, trong d6 mdi mau c6 thé can ki€m tra véi tdi da K
siéu hdp, nén c6 do phuc tap
O(MK). (3.16)
Vi vay, tong do phiic tap thoi gian cta Thuat todn 3.1 1a
Ty =0(MKn)+O(Kn)+ O(MK). (3.17)
Bd qua céc hang bac thap, suy ra
Ty = O(nMK). (3.18)
O]

3.2.4.2. Giai doan hudn luyén bdn gidm sdt cé ddn ddt

Giai doan thif hai ctia thuit toan hoc mo ta qua trinh lan truyén nhén tif tip hat
gibng di dugc xdc thuc sang cac mau dit liéu chua c6 nhan, nhim dam béo tinh nhét
quén va do chinh xé4c giita cac cum. Bing cdch khai thac ciu tric siéu hop mo, giai
doan nay giam thiéu viéc lan truyén nhan sai va chi dong truy vin ciac mau khong

chic chan. Thuit todn cho giai doan nay dudgc trinh bay trong Thuét toan 3.2.
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Thuét toan 3.2 Huin luyén ban giam sat c6 dan dat

Input: X; B; 3; 65"
Output: B; U; X;

1:
2:
3:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:

A A

By = &5 By =
for mbi z, € X do
V6i By € By, U By, chi 6 j* duge xéc dinh theo (3.19);
if . C B;- then
MG rong siéu hop Bj- theo Cong thuc (3.21);
if (B, c6 chong 14n v6i By) v6i ((B;-) # ¢(B;) then
Diéu chinh Bj« va By, theo cdc cdng thiic (1.15) dén (1.26);
end if
else
Tao Buew, khéi tao cac diém Ve, Whew b6 2,
if (¢;, # @) then
U(Bnew) = La,s Biab = Blab U {Bnew}3
else
Bunl = Bunl U {Bnew};
end if
end if
end for
repeat
for mdi B; € B, do
Tinh trong tim ¢(B;) theo Cong thuc (1.40)
if (3k* v6i By~ € By, thoa man (3.22)) then
U(Bj) = L(Bg+); Biab = Biap U{Bj}; Bunt = Buni \ {Bj};
end if
end for
Giam g;
until (B,,,; = &) or (f < nguong tin cay);
if B, # @ then
for moi Bj € By do
Tinh trong tim ¢(B;) theo Cong thuc (1.40);
bat k* < argmaxy, u(g(Bj), Bx) V01 By, € Biap; {(Bj) = {(By-);
end for
end if
B = Blab U Bunl
return B

jt = arg max (e, Bj),  Bj € Bigp U Buni, (3.19)
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v6i
J={je{l,....K}|d(xy, Bj) <™}, (K = [Bap| + |Bunil)- (3.20)
trong do, Biap, Va Byy 1an ludt 12 tAp céc siéu hdop md da ¢6 nhin va chua cé nhan, thda
man (3.2):
B = Biap W By, |B| = K.

B}* = (min(Vj*,x), max(Wj*,a:)). 3.21)
k" = argmax u(g(B;), Bx), Bk € Biap (3.22)
keJ
véi
J=Ake{l,....K} | ulg(By), Br) = B}, (K =|Ba). (3.23)

Ménh dé 3.2. Thudt todn 3.2 ¢é dé phiic tap thoi gian la
Ty — OMMK). (3.24)
trong do M la tong sé mdu trong tdp dit liéu hudn luyén, n la s6 ddc tinh cia méi mdu

dit liéu, va K la tong sé siéu hop mo duoc tao ra trong qud trinh hudn luyén.

Chiing minh. Xét Thuat toan 3.2, v6i M = |X| 1a s6 miu dif liéu, n 1a sb chiéu dic
trung va K 12 s6 siéu hop md dudc tao ra trong qua trinh huin luyén ban gidm sat.
Giai doan 1. Thuat toan duyét qua toan bo tap di liéu X’. V6i mdi mau z,. €
X', can xdc dinh chi s j* theo cong thiic (3.19), tic 1a tim siéu hop c6 do thudc 16n
nhat théa man rang budc kich thudc. Trong trudng hop xiu nhit, mdi mau phai so
sanh véi téi da K siéu hop, mobi phép tinh c6 do phic tap O(n). Do do, chi phi clia
giai doan nay la
O(MKn). (3.25)
Giai doan 2. Sau khi xac dinh j*, thudt toan thuc hi€én md rong siéu hop hoac
khdi tao siéu hop mdi. Cac phép cap nhat bién, kiém tra rang budc kich thudc va diéu
kién chong 14n déu c6 do phic tap O(n) cho mbi siéu hop, nén khong lam thay ddi
bac do phiic tap tong thé.
Giai doan 3. Thuat todn tiép tuc diéu chinh trén tap céc siéu hop chua nhan.
Trong mdi vong 1dp, cdc phép tinh trong tdm va danh gia do thudc dugc thuc hién trén
t6i da K siéu hop, v6i do phiic tap O(Kn). Hang nay khong chi phdi so véi chi phi
duyét toan bd di li€u.
Vi vay, do phuc tap thdi gian cua Thuat toan 3.2 1a
Ty = O(MKn)+ O(Kn) = O(nMK). (3.26)
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3.2.4.3. Do phiic tap tinh todn cua FA-Seed

Thuat todn hoc trong FA-Seed gdm hai giai doan chinh.

Giai doan 1 xay dung tip hat gidbng thong qua co ché hoc chii dong. Véi mdi
mau dif liéu, md hinh danh gia miic do dai dién va do khong chic chan dya trén cic
siéu hop hién c6. Chi phi tinh toan clia giai doan nay ti 1& véi s6 mau n, sb chiéu dic
trung M va s6 siéu hop K:

Ty = O(nMK).

Ngoai ra, FA-Seed phat sinh chi phi truy vin nhan cho ¢ miu dudc chon trong
hoc chu dong:

Cy = 0(9q).

Do ¢ < n, chi phi nay khong lam thay d6i bac do phuc tap tong thé.

Giai doan 2 thyc hién huin luyén ban gidm sit c6 din dit dua trén tap hat
gibng da xac dinh. Qua4 trinh ny bao gdbm md rong, ki€ém tra chong 14n va diéu chinh
cac siéu hop, véi chi phi tinh toan:

Ty = O(nMK).

Vi vdy, tong chi phi tinh todn ctia thuat todn FA-Seed 1a

T=T1+T,=0nMK)+O(nMK)=0(nMK). (3.27)

Trong thuc té, s6 siéu hop K thudng nhd hon nhiéu so véi sé6 mau, dong thdi
s6 truy vAn nhan ¢ dugc giit & miic thip. Do d6, FA-Seed khong chi gidm chi phi gan
nhin ma con c6 kha ning mé rong tot trén cac tap dit liéu 16n.
3.3. Thuc nghiém va danh gia
3.3.1. Thiét lap thuc nghiém

Céc két qua thuc nghiém dudgc trinh biy trong chuong nay déu dudc thuc hién
trén co sd thiét 14p thuc nghiém da mo ta chi tiét & Chuong 2. Cu thé, toan bd cic thi
nghiém tuin theo cling mot quy trinh vé dif liéu, phuong phép danh gid, moi trudng
thuc thi, co ché kiém tra chéo, cach thiét 1ap tham s6 va cac budc tién xt ly. Cach tiép
cin nay nham bao dam tinh nhit quan trong thuc nghiém, dong thdi tao co sé cho viéc
danh gia khach quan va so sanh cong bang hiéu ning giita cic mo hinh dé xuét va cic

phuong phap d6i sanh.
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3.3.2. Két qua thuc nghiém va ddnh gid
D6 thi trong Hinh 3.10 va Hinh 3.11 minh hoa su so sanh hiéu ning phan cum

gitta phuong phdp dé xuit FA-Seed va phuong phap FC2 [102] dua trén chi s6 RI khi

ty 1& dii liéu dudc gan nhan thay doi.
1.0

09 +

RI

08

—-FA-Seed ——FC2
0.7 I f I I I I I I I
0 10 20 30 40 50 60 70 80 90
Ti 1& mau c6 nhan (%)
Hinh 3.10: Hiéu ndng phdn cum theo chi sé RI dat dugc bdi phuong phdp dé xudt
FA-Seed va FC2 trén tdp dit liéu Iris.
1.0

0.8 +

RI

0.7 +

-O—FA-Seed -—FC2
0.5 I I I f I I I I I
0 10 20 30 40 50 60 70 80 90
Ti 1 mau co6 nhan (%)
Hinh 3.11: Hiéu ndng phdn cum theo chi sé RI dat dugc béi phuwong phdp dé xudt
FA-Seed va FC2 trén tdp dit lieu Wine.

Trén c4 hai tap dif lidu Iris va Wine, FA-Seed thé hién uu thé trong cac thiét 1ap
c6 ty 1& dit liéu gan nhan thap. Cu thé, tai cdc miic nhan ban dau thap (dudi khoang
20%), FA-Seed dat gid tri RI trung binh cao hon déng k€ so véi FC2, dong thdi c6
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bién do dao dong nhd hon. Ngugc lai, FC2 cho thiy su bién dong 16n clia RI gitta
cac 1an chay, dic biét § cac mic nhan rat thip, dugc phan anh qua céc error bar rong.
Diéu nay cho thiy chién ludc lua chon hat gidng dai dién ctia FA-Seed gitp khai thac
hiéu qua thong tin giam sat han ché, dong thdi gidm do nhay ctia mo hinh dbi vé6i khoi
tao ngau nhién.

Khi ty 1€ di liéu dugc gan nhan ting lén, gid tri RI trung binh cua ca hai
phuong phap déu dudc cai thién va mifc do bién dong gidm dan. Trén tap Iris, FA-
Seed tiép tuc duy tri hiéu niing RI trung binh tuong duong hoic nhinh hon FC2 trong
hau hét cdc mic ty 1& nhan, cung v6i miic dao dong thap va 6n dinh. Trong khi do,
trén tdp Wine, FC2 c6 xu huéng dat gia tri RI trung binh cao hon & cac muc ty 1€
nhan trung binh va cao; tuy nhién, su khac biét nay di kém véi mic bién dong nho,
cho théy khi thong tin giam sat ting, 1gi thé ctia chién ludc Iva chon hat gidng dan suy
gidm va céc phuong phap c6 xu hudng hoi tu vé hiéu ning tuong duong.

Céc két qua thuc nghiém cho thdy FA-Seed khong chi cai thién chi s6 RI v6i
di liéu thiéu nhan, ma con 1am giam dang ké phuong sai hiéu ning gitta cac 1an chay,
qua d6 nang cao do tin cdy va tinh bén viing ctia md hinh phan cum ban gidm sat.

Hinh 3.12 minh hoa truc quan su so sanh vé s6 lugng hat gidng thu dudc gitia
cdc phuong phap khi st dung cling mot sb luong truy van. Két qua cho thay, tai cling
modt mitc NoQ, FA-Seed ludn thu dudc sd lugng seed cao hon so véi SCFMN [21].
Pang chu y, FA-Seed van dat dudc ty 1 seed cao ngay ca khi s luong truy van thap.
Pay 1a mot vu di€ém quan trong, vi né gidp gidm déng ké chi phi gan nhan. Bén
canh d6, ty 1¢ hat gidng cao con truc tiép gop phan nang cao hiéu ning ctia md hinh.
Nguyén nhan chinh khién FA-Seed dat dudc s6 lugng hat gidng 16n hon 13 do co ché
phén hoach siéu hop tinh hon so véi MSCFMN, cho phép mé hinh tiép c4n ranh gidi
cum mot cach sat hon, tit d6 khai thac hiéu qua hon céc diém dif liéu tiém ning cho
viéc gan nhan.

Hinh 3.13 trinh bay két qua so sanh giita FA-Seed va cac phuong phap SSGC,
SSDBSCAN, SSK-Means, K-Means va MSCFMN [103, 21], trong d6 chi s6 RI dudc
st dung dé€ ddnh gid chét lugng phan cum. Trong méi l1an chay, cdc hat gidng duogc lua
chon ngiu nhién va qua trinh dugc ldp lai 10 1an, véi gia tri RI trung binh dugc ghi

nhan dé€ phuc vu so sanh.
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Hinh 3.12: So sdnh gid tri NoS giita FA-Seed va cdc thudt todn co sd trén cdc tdp dit
liéu: (a) Ecoli, (b) Iris, (c) Soybean, (d) Thyroid, (e) Yeast, (f) Zoo.

Tit két qua truc quan c6 thé nhan thiy ring FA-Seed nhin chung dat hiéu ning

tot hon hoic it nhét 13 tuong duong vé6i cac phuong phéap con lai trén hau hét cac tap

dit liéu. Ddi v6i cac tap dit liéu c6 ciu triic cum rd rang nhu Soybean, Zoo va Iris,

FA-Seed dat dudc cac gia tri RI gan nhu hoan hao va thé hién do 6n dinh cao hon so

v6i cac phuong phap khac. Piéu nay cho thiy kha niing khai thac hiéu qua thong tin

hat giéng ctia FA-Seed nham gan nhan chinh xac ngay tif giai doan ban dau.
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Hinh 3.13: So sdnh gid tri RI giita FA-Seed va cdc thudt todn co sé trén cdc tdp dit
liéu: (a) Ecoli, (b) Iris, (c) Soybean, (d) Thyroid, (e) Yeast, (f) Zoo.

Hinh 3.14 minh hoa su so sdnh chi s6 Accuracy gitta FA-Seed va MSCFMN.
Két qua cho thdy FA-Seed tuong duong hoic cao hon MSCFMN trén hau hét cac tap
dit liéu, vi nhiing cai thién dang ké trén céc tip dit liéu c6 phan bd 16p mét can bing
(nhu tap Thyroid, Pathbased, Zoo). Diéu nay ching t4 rang cd ché lua chon hat gidng
chat luong cao ctia FA-Seed c6 kha niing ning cao hiéu ning phan cum ngay c4 trong

cac diéu kién du li€u kho khan.
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Hinh 3.14: Biéu doé so sdnh truc quan chi sé Accuracy gitta FA-Seed va MSCFMN.

Hinh 3.15 va Hinh 3.16 so sanh thai gian chay gitta FA-Seed va cac thuat toan
c0 sd trén cac tap di liéu chuidn. Nhu c6 thé quan sat, FA-Seed chiém 1oi thé so véi
cic phuong phép con lai. Xét vé do phic tap tinh todn, FA-Seed c6 chi phi tinh toan
1a O(nMK) (Cong thic (3.27)), trong d6 M = |X| 1a s6 lugng mau dit liéu, n 12 sb
thudc tinh (s6 chiéu dit liéu), va K = |B| 1a s6 luong siéu hop (HXs). Trong thuc té,
K thudng nhd hon dang ké so v6i M, cho phép FA-Seed mé rong hiéu qua khi kich
thudce tap du liéu tang 1én.

Ngudc lai, SSGC c6 dd phic tap O(n?) do yéu cau xay dung do thi k-lang giéng
gan nhét va thuc hién lan truyén nhan, khién chi phi tinh todn tré nén 16n ddi véi cac
tap du liéu quy mo 16n [103]. SSDBSCAN dat do phuc tap trung binh O(n logn) khi
st dung céc ciu tric dit lidu t6i vu, nhung trong trudng hop xau nhit vin c6 thé dat
t6i O(n?).
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Hinh 3.15: So sdnh thoi gian chay (s) gitta FA-Seed va cdc thudt todn co sd trén cdc
tap dit liéu thuc nghiém.
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Hinh 3.16: So sdnh thoi gian chay (s) gitta FA-Seed va cdc thudt todn co sd trén cdc
tap dit liéu thuc nghiém.

Két qué thuc nghiém ctia md hinh FA-Seed trén tap dit liéu ILPD dudc danh gia
nhim xem xét kha niing nhan dién cidc mau bénh gan, hiéu qua tong thé va chit luong
phan cum ctia m6 hinh. Tru6c hét, anh hudng cta tham sd 6™ dén kha ning nhin
dién 16p bénh gan dudc khao sat thong qua cac do do Accuracy, Recall, Specificity,
FP Rate, Precision va F1-Score. Két qua dudgc trinh bay trong Bang 3.1.

Két qué trong Béng 3.1 cho thiy kha ning nhan dién cdc mau bénh gan ctia mo
hinh FA-Seed chiu 4nh hudng 16 rét bi tham sd ™%, Tai §™2% = (.08, m6 hinh dat
Accuracy bang 0.9211, Recall bang 0.9567 va F1-Score bing 0.9454, 12 céc gid tri cao
nhét tuong ng trong cdc ciu hinh dugc khio sét. Precision dat 0.9343 va Specificity
dat 0.8323, trong khi FP Rate ¢ muc 0.1677.

Xét theo muc tiéu nhan dién bénh gan, Recall dat 0.9567 cho thiy FA-Seed c6
kha ning phat hién diing phan 16n cac mau thuc su thudc 16p bénh gan. Precision dat
0.9343 cho thay phan I16n cdc mau dugc mo hinh nhan dién 1a bénh gan thuc su thudc
16p nay. Pong thdi, Specificity dat 0.8323 cho thdy md hinh van duy tri kha ning
nhén dién cidc mau khong bénh & miic tuong dbi tot. Tai 6™ = 0.06, Specificity va
Precision dat gia tri cao hon mot chuit, 1an ludt 12 0.8383 va 0.9360, dong thdi FP Rate
thip nhét & miic 0.1617. Tuy nhién, §™2* = (.08 dat Accuracy, Recall va F1-Score cao
hon, cho thiy su can bing tdng thé tot hon dbi v6i muc tiéu nhan dién 16p bénh gan.

Khi §™#* tdng vuot qua 0.08, cac do do Accuracy, Recall, Specificity, Precision
va F1-Score nhin chung c6 xu huéng giam, trong khi FP Rate tang. Su suy giam tr¢
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nén ro rét hon tai cdc gid tri 0™ 16n, dic biét tir 0.5 dén 0.9. Tai 6™ = 0.90, Accuracy
chi con 0.5317, Recall dat 0.5529 va F1-Score dat 0.6276. Két qua nay cho thiy viéc
md rong kich thudce siéu hdp qud mic lam gidm kha nidng phan biét gitta cac mau
bénh gan va khong bénh gan. Tir két qua khao sat, 6™ = (.08 dudc lua chon dé tiép
tuc danh gia mo hinh FA-Seed trén tap du liéu ILPD.

Badng 3.1: Ddnh gid trén Idp bénh gan ciia mé hinh FA-Seed khi thay déi 5™,

omax 1 Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.01 | 0.8491 | 0.9014 0.7186 0.2814 0.8886 0.8950
0.02 | 0.8679 | 0.9135 0.7545 0.2455 0.9026 0.9080
0.04 | 0.8937 | 0.9399 0.7784 0.2216 0.9136 0.9265
0.06 | 09177 | 0.9495 0.8383 0.1617 0.9360 0.9427
0.08 | 0.9211 | 0.9567 0.8323 0.1677 0.9343 0.9454
0.10 | 0.8885 | 0.9327 0.7784 0.2216 0.9129 0.9227
0.20 | 0.8679 | 0.9135 0.7545 0.2455 0.9026 0.9080
0.30 | 0.8370 | 0.8846 0.7186 0.2814 0.8867 0.8857
0.40 | 0.7976 | 0.8413 0.6886 0.3114 0.8706 0.8557
0.50 | 0.7650 | 0.7933 0.6946 0.3054 0.8661 0.8281
0.60 | 0.7118 | 0.7452 0.6287 0.3713 0.8333 0.7868
0.70 | 0.6690 | 0.6971 0.5988 0.4012 0.8123 0.7503
0.80 | 0.5918 | 0.6010 0.5689 0.4311 0.7764 0.6775
0.90 | 0.5317 | 0.5529 0.4790 0.5210 0.7256 0.6276
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Hinh 3.17: Ddnh gid khd ndng nhdn dién lop bénh gan cua FA-Seed.

Hinh 3.17 cho thiy cic do do ctia FA-Seed duy tri tuong ddi 6n dinh. Recall
ludn dat gia tri cao trong nhom cac do do, trong khi Precision va F1-Score cling dugc

duy tri & miic cao va c6 xu huéng bién dong tuong dong. Accuracy chi dao dong trong
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mot khodng tuong ddi hep gitta cac 1an chay. Specificity c6 gia tri thAp hon cac do
do con lai va thé hién mic bién dong 16n hon, cho thiy kha ning nhan dién cidc mau
khong bénh chua 6n dinh bing kha ning phat hién cdc mau bénh gan.

Sau khi danh gia kh4 ning nhan dién riéng ddi véi 16p bénh gan, hiéu qua tong
thé ctia mo hinh FA-Seed trén tap di liéu ILPD tiép tuc dudc xem xét thong qua cic
dd do Accuracy, Specificity, Precision va F1-Score. Trong do, Specificity, Precision
va F1-Score dugc tinh theo trung binh trén hai 16p, con Accuracy phan anh ty 1€ du
dodn dung trén toan bo tip dit liéu. Anh hudng ciia tham s6 ™2 dén cac do do nay
dugc trinh bay trong Bang 3.2 va dudgc minh hoa truc quan trong cac Hinh 3.18 - 3.21.

Két qua trong Bang 3.2 va cac Hinh 3.18 - 3.21 cho thdy hiéu qua ctia md hinh
FA-Seed phu thudc vao ™%, Khi 6™ ting tir 0.01 dén khoang 0.06 - 0.08, cic do
do Accuracy, Specificity, Precision va F1-Score nhin chung déu dudc ci thién. Diéu
nay cho thiy viéc ting gidi han kich thudc siéu hdp trong khoang phu hop gitip mo
hinh biéu dién t6t hon cAu triic cta dit liéu va niang cao kha ning phan biét giita hai
16p bénh gan va khong bénh gan.

Tai §™2% = (.08, mo hinh dat Accuracy cao nhit bang 0.921140.0170, Precision
trung binh c6 trong s6 cao nhét bang 0.9203 + 0.0173 va F1-Score trung binh cé trong
s6 cao nhét bing 0.9203+0.0169. Specificity dat 0.8680+0.0182, thap hon khong dang
ké 5o v4i gid tri cao nhat 0.8702 4 0.0182 tai 6™ = 0.06. Nhu vy, mic di §™** = (.06
cho Specificity cao hon mot mifc nho, §™2% = (.08 tao ra su cin bang tot hon vé hiéu
qua tdng thé khi dong thoi dat cac gia tri cao nhat vé Accuracy, Precision va F1-Score.

Khi 6™2% ting vugt qua 0.08, cac do do bat diu giam. Miic suy giam trd nén rd
hon khi ™2 ting tir 0.40 dén 0.90. Xu hudng thé hién trong cac Hinh 3.18 - 3.21 cho
thiy cic do do déu ting dén viung cuc dai tai 6™ = 0.06 hodc 0.08, sau d6 giam dan
khi tham s6 tiép tuc ting.

Két qua nay cho thay néu 6™** qua nhd, céc siéu hop c6 thé chua bao phi day
dd cAu tric phan bd ctia dif liéu. Ngudc lai, khi §™2% qua 16n, céc siéu hop c6 thé md
rong qua miic va bao phii cic mau thudc nhiing 16p khac nhau, lam gidm kha ning
phéan biét gitta I6p bénh gan va 16p khong bénh gan. Do do, §™** = 0.08 dudc lua chon
la gid tri phit hgp dé€ tiép tuc ddnh gid mo hinh FA-Seed trén tap di liéu ILPD.
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Bdng 3.2: Két qud ddnh gid mé hinh FA-Seed khi thay d6i 6™ trén tdp dit liéu ILPD.

6max

Accuracy

Specificity

Precision

F1-Score

0.01

0.8491 £ 0.0190

0.7709 £ 0.0204

0.8476 £ 0.0194

0.8482 £ 0.0190

0.02

0.8679 £ 0.0190

0.8000 =+ 0.0200

0.8669 £ 0.0195

0.8673 £ 0.0192

0.04

0.8937 £ 0.0180

0.8247 4+ 0.0210

0.8921 £ 0.0193

0.8924 £ 0.0184

0.06

0.9177 £ 0.0170

0.8702 £ 0.0182

0.9170 £ 0.0176

0.9172 £ 0.0173

0.08

0.9211 £ 0.0170

0.8680 £ 0.0182

0.9203 £ 0.0173

0.9203 £ 0.0169

0.10

0.8885 £ 0.0190

0.8226 4+ 0.0198

0.8871 £ 0.0194

0.8876 = 0.0191

0.20

0.8679 £ 0.0180

0.8000 £ 0.0211

0.8669 £ 0.0194

0.8673 £ 0.0185

0.30

0.8370 £ 0.0210

0.7661 + 0.0228

0.8373 £ 0.0220

0.8372 £ 0.0217

0.40

0.7976 £ 0.0230

0.7324 £ 0.0248

0.8032 = 0.0236

0.7999 £ 0.0231

0.50

0.7650 £ 0.0230

0.7229 £ 0.0246

0.7825 £ 0.0240

0.7710 £ 0.0237

0.60

0.7118 £ 0.0240

0.6621 £ 0.0287

0.7372 £ 0.0263

0.7206 £ 0.0251

0.70

0.6690 =+ 0.0250

0.6270 £ 0.0262

0.7064 £ 0.0254

0.6812 £ 0.0249

0.80

0.5918 £ 0.0250

0.5781 £ 0.0274

0.6583 £ 0.0261

0.6106 £ 0.0255

0.90

0.5317 £ 0.0290

0.5002 £ 0.0299

0.6039 £ 0.0292

0.5536 £ 0.0289

Hinh 3.19: Sy bién dong Precision ciia mé hinh FA-Seed khi thay doi gid tri §™%*.
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Hinh 3.18: Sy bién dong Accuracy ciia mé hinh FA-Seed khi thay déi gid tri 6™,
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Hinh 3.20: Sy bién dong Specificity ciia mé hinh FA-Seed khi thay doi gid tri 5™
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Hinh 3.21: Sy bién dong F1-Score ciia mé hinh FA-Seed khi thay déi gid tri 5™,
Hinh 3.22 cho thiy cdc do do ctia mo hinh FA-Seed duy tri & miic tuong dbi
cao qua c4c 1an thuc nghiém. Accuracy, Precision va F1-Score ¢ xu huéng bién dong
tuong dong, cac dudng biéu dién nam tuong dbi gan nhau va chi dao dong trong mot
khoang hep. Két qua nay cho thiy su nhit quan gitta ty 1¢ du doan ding tdng thé, do

chinh xé4c ctia cdc du dodn va su can bang giita Precision v6i Recall ctia m6 hinh.

Specificity c6 gia tri thap hon Accuracy, Precision va F1-Score, dong thdi thé
hién miic dao dong rd hon gitta cic 1an thuc nghiém. Diéu nay cho thiy kha ning
nhén dién cdc mau khong bénh gan ctia FA-Seed chua 6n dinh bing hiéu qua tdng thé
va khé ning nhén dién 16p bénh gan. Tuy nhién, Specificity van dudc duy tri § miic
tuong d6i cao trong phan 16n céc 1an chay, cho thiy mo hinh khong chi tap trung vao

16p bénh gan ma van c6 kha ning phan biét cic mau khong bénh.



115

1.0

o 0.9

w0

:8.

5 0.8

=

Q0.7 —&— Accuracy —O- - Specificity

--&--Precision -/~ F1-Score
0‘6 i i i i i i i i i i
1 2 3 4 5 6 7 8 9 10

Lan thye nghiém
Hinh 3.22: Su bién déng ciia Accuracy, Precision va F1-Score ciia mé hinh FA-Seed.
Bén canh cic d6 do ddnh gia kha ning nhan dién 16p va chit lugng phan cum
ctia mo hinh FA-Seed trén tip dif liéu ILPD dugc danh gia thong qua cac chi sb RI,
ARI va NMI. Anh hudng ctia tham s ™2 dén cac chi sb nay dudc trinh bay chi tiét
trong Bang 3.3 va dugc minh hoa truc quan trong Hinh 3.23. Sau khi lya chon gia tri

§™2X phii hop, su bién dong ciia cic chi s6 qua cac 1an thuc nghiém (Hinh 3.24).
Bdng 3.3: Két qud ddnh gid phdn cum ciia mé hinh FA-Seed khi thay doi 6™

(Smax

RI

ARI

NMI

0.01

0.7432 £ 0.0280

0.4673 £ 0.0560

0.3187 £ 0.0591

0.02

0.7703 £ 0.0270

0.5238 £ 0.0567

0.3718 £ 0.0609

0.04

0.8096 + 0.0260

0.6036 £ 0.0494

0.4507 £ 0.0626

0.06

0.8486 £ 0.0265

0.6859 £ 0.0477

0.5384 £ 0.0644

0.08

0.8544 + 0.0263

0.6972 £ 0.0549

0.5516 £ 0.0577

0.10

0.8015 + 0.0216

0.5875 £ 0.0432

0.4341 £+ 0.0432

0.20

0.7703 £ 0.0243

0.5238 = 0.0510

0.3718 £ 0.0510

0.30

0.7267 £ 0.0275

0.4353 £ 0.0591

0.2919 £ 0.0591

0.40

0.6766 £ 0.0277

0.3361 £ 0.0609

0.2129 £ 0.0609

0.50

0.6398 £ 0.0278

0.2674 £ 0.0626

0.1694 +£ 0.0626

0.60

0.5890 + 0.0280

0.1668 + 0.0644

0.0967 £ 0.0644

0.70

0.5563 £ 0.0284

0.1047 £ 0.0667

0.0587 £ 0.0567

0.80

0.5160 £ 0.0287

0.0304 £ 0.0689

0.0185 £ 0.0567

0.90

0.5012 £+ 0.0285

0.0012 £ 0.0693

0.0007 £ 0.0494

Két qua trong Bang 3.3 va Hinh 3.23 cho thiy chit luong phan cum ctia mo
hinh FA-Seed phu thudc 1o rét vao gid tri 6™%, Khi ™2 ting tir 0.01 dén 0.08, ca
ba chi s6 RI, ARI va NMI déu c6 xu huéng ting. Tai 6™ = 0.08, mo hinh dat két
qua cao nhit v6i RI bang 0.8544 + 0.0263, ARI bang 0.6972 + 0.0549 va NMI bing
0.5516 =+ 0.0577. Cac két qua nay cho thiy cAu triic phan cum do FA-Seed hinh thanh
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tai gid tri tham s6 nay c6 miic do tuong dong tuong ddi cao véi phan hoach theo nhan
bénh gan va khong bénh gan.

Tai 6™2% = 0.06, cdc chi s6 RI, ARI va NMI ciing dat gi4 tri cao, 1an ludt 1a
0.8486 4+ 0.0265, 0.6859 + 0.0477 va 0.5384 + 0.0644. Tuy nhién, khi tang §™#* 1&€n 0.08,
ca ba chi s6 tiép tuc dudc cai thién. Két qua nay phu hdp véi cac do do phan loai, qua
d6 cling cb viéc lua chon ™% = 0.08 cho md hinh FA-Seed trén tap dit liéu ILPD.

Khi 6™#* ting vudt quéa 0.08, RI, ARI va NMI déu gidm dan. Mdc suy gidm
trd nén ro rét hon tai cac gia tri 6™ 16n. Tai §™** = 0.90, RI chi con 0.5012 + 0.0285,
ARI bang 0.0012 + 0.0693 va NMI bzng 0.0007 & 0.0494. Gia tri ARI va NMI x4p xi 0
cho thiy cAu tric phan cum dugc hinh thanh gan nhu khong con tuong dong dang ké
v6i phan hoach theo nhén thuc té. Nguyén nhan c6 thé 1a khi 6™#* qud 16n, cic siéu
hop dugec md rong qua miic va c6 kha ning bao phu cdc miu thudc nhiing 16p khac

nhau, tu d6 lam giam kha nang phan tach gitta 16p bénh gan va 16p khong bénh gan.
1.0

0.8

S
=

Gia tri do do
o
F=9

=
[

0.0 L . L . . . . L . L . s pu o
0.01 002 004 006 008 0.10 020 030 040 050 060 0.70 0.80 090

51 nax

Hinh 3.23: Sy bién dong cia cdc do do mé hinh FA-Seed khi thay doi gid tri 6™,

Hinh 3.24 cho thiy céc chi s6 RI, ARI va NMI c6 su bién dong nhét dinh trong
cdc lan thuc nghiém. RI dao dong trong khoang 0.7831 - 0.8544, ARI trong khoing
0.5485 - 0.6972 va NMI trong khoang 0.3950 - 0.5516. Trong d6, RI duy tri § mic
cao nhit, con ARI va NMI c¢6 mtic dao dong rd hon do hai chi sd nay ddnh gid chit

ché hon mifc do tuong dong gitta két qua phan cum va phan hoach theo nhén thuc té.
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# Thuc nghiém
Hinh 3.24: Sy bién dong do do mé hinh FA-Seed qua cdc ldan thuc nghiém.

Dé ddnh gia hiéu qua ctia mo hinh FA-Seed trén tap dit liéu ILPD, két qua
thuc nghiém cua mo hinh dudc so sanh véi MSCFMN va cac phuong phap phan cum
K-means++, EM, DBSCAN dudc thuc hién trén Weka. Viéc so sanh dudc tién hanh
trén 16p bénh gan, 16p khong bénh gan va két qua trung binh c6 trong sb trén hai 16p.
Bén canh cic dd do dua trén ma tran nham 14n, céc chi s6 RI, ARI va NMI ciing dudc
st dung dé danh gid miic do tuong ddng gitta cAu tric phan cum thu dudc va phan

hoach theo nhan thuc té.
Bang 3.4: So sdnh nhdn dién 1dp bénh gan ciia FA-Seed vdi cdc phuwong phdp khdc.

Mo hinh | Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.7452 0.3263 0.6737 0.7366 0.7376
K-means++
+0.0222 | £0.0855 | +0.1628 | +0.1628 | +0.0256 | + 0.0303
EM 0.5647 0.4503 0.8496 0.1504 0.9112 0.5860
+0.0351 | £0.1452 | +0.2402 | +0.2402 | +0.0702 | + 0.0721
0.6416 0.7831 0.2996 0.7004 0.7299 0.7556
DBSCAN
+0.0022 | £ 0.0058 | £+ 0.0006 | £+ 0.0006 | +0.0045 | £ 0.0018
0.7976 0.8798 0.5928 0.4072 0.8432 0.8610
MSCFMN
+0.0332 | £0.0334 | +0.0444 | +0.0444 | +0.0179 | £+ 0.0240
FA-Seed 0.9009 0.9442 0.7928 0.2072 0.9191 0.9315
-See
+0.0165 | £0.0107 | +£0.0316 | +£0.0316 | +0.0121 | £ 0.0113

Két qua trong Bang 3.4 va Hinh 3.25 cho thiy FA-Seed dat hiéu qué t6t trong

nhan dién 16p bénh gan xét trén phan 16n ciac dd do. Cu thé, mo hinh dat Accuracy
bang 0.9009 + 0.0165, Recall bang 0.9442 4 0.0107, Precision bang 0.9191 & 0.0121 va
F1-Score bang 0.9315 4 0.0113. Cac gi4 tri nay déu cao hon MSCFMN va c4c phuong
phap phin cum dudc thuc hién trén Weka.

Recall dat 0.9442 cho thiy FA-Seed c6 kha ning phat hién diing phan 16n céc
mau thuc su thudc 16p bénh gan. Precision dat 0.9191 cho thiy phan 16n ciac mau dugc
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md hinh nhén dién 12 bénh gan thuc su thudc 16p nay. F1-Score dat 0.9315 thé hién su
can bing t6t gitta kha ning phat hién mau bénh gan va do chinh xic cia cac du doan
thudc 16p bénh.

So v6i FA-Seed, MSCFMN dat Recall tuong d6i cao, bang 0.8798 + 0.0334,
nhung Specificity chi dat 0.5928 + 0.0444, d4n dén FP Rate & muic 0.4072 + 0.0444.
Diéu nay cho thAy MSCFMN van con nhan dién nhim mot ty 1& dang ké cac maiu
khong bénh thanh bénh. FA-Seed cai thién dong thdi Recall, Specificity, Precision va
F1-Score, qua d6 tao ra su cin bang tot hon giita kha niing nhan dién hai 16p.

Dé6i v6i cac phuong phap trén Weka, K-means++ va DBSCAN dat Recall 1an
lugt 1a 0.7452 + 0.0855 va 0.7831 + 0.0058, nhung Specificity chi dat 0.3263 + 0.1628
va 0.2996 + 0.0006. FP Rate cua hai phuong phap tuong tng 1én t6i 0.6737 va 0.7004,
cho thiy chiing c6 xu huéng gan nhiéu mau vao 16p bénh gan va nhan dién nhAm phan
16n cdc mau khong bénh.

Ngudc lai, EM dat Specificity cao nhét, bing 0.8496 & 0.2402, va FP Rate thp
nhét, bang 0.1504 + 0.2402. Tuy nhién, Recall cia EM chi dat 0.4503 + 0.1452, cho
thy phuong phdp bo s6t nhiéu mau bénh gan. Vi vdy, mic du EM dat Precision cao,
F1-Score chi bang 0.5860 + 0.0721. Nhin chung, FA-Seed thé hién su cin bang t6t hon
gitra Recall va Specificity so vGi cac phuong phap trén Weka.

Két qua trong Bang 3.5 cho thdy FA-Seed tiép tuc dat hiéu qui tot trong nhan
dién 16p khong bénh gan. M6 hinh dat Recall bang 0.7928 + 0.0316, Specificity bing
0.9442 + 0.0107, Precision bang 0.8508 & 0.0291 va F1-Score bang 0.8208 + 0.0302.
Pong thai, FP Rate chi ¢ mic 0.0558 4+ 0.0107, thip nhat trong sb cac phuong phap
dudc so sanh.

So v6i MSCFMN, FA-Seed cai thién Recall tir 0.5928 4+ 0.0444 1én 0.7928 +
0.0316, Precision tu 0.6676 + 0.0735 1én 0.8508 +0.0291 va F1-Score tu 0.6273 + 0.0540
1én 0.8208 + 0.0302. K&t qua nay cho thiy FA-Seed khong chi phat hién tot cic mau
bénh gan ma con nang cao kha ning nhan dién ding cdc mau khong bénh gan.

K-means++ vd DBSCAN c6 Recall trén 16p khdng bénh thip, 1an luot 12 0.3263+
0.1628 va 0.2996 + 0.0006. Piéu nay phi hop véi két qua trén 16p bénh gan, khi hai
phuong phép c¢6 xu huéng gan nhiéu miu vao 16p bénh. EM dat Recall cao nhét trén
16p khong bénh, bing 0.8496 + 0.2402, nhung Precision chi dat 0.3794 + 0.0151. Do
do, F1-Score ctia EM chi dat 0.5122 + 0.0949, thap hon dang ké so v6i FA-Seed.

Nhu vay, FA-Seed duy tri hiéu qua tuong dbi cin bang trén ca 16p bénh gan va
16p khong bénh gan, trong khi cdc phuong phdp trén Weka thuong thé hién su chénh
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1&ch ro rét gitta kha nang nhan dién hai 16p.
Bang 3.5: So sdnh nhdn dién ldp khong bénh ciua FA-Seed vdi cdc phuong phdp khdc.

M6 hinh Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.3263 0.7452 0.2548 0.3114 0.3112
K-means++
+0.0222 | £0.1628 | +0.0855 | +0.0855 | +0.0945 | +0.1311
EM 0.5647 0.8496 0.4503 0.5497 0.3794 0.5122
+0.0351 | £0.2402 | +0.1452 | +0.1452 | £ 0.0151 | 4 0.0949
0.6416 0.2996 0.7831 0.2169 0.3638 0.3285
DBSCAN
+0.0022 | +0.0006 | + 0.0058 | +0.0058 | +0.0129 | £+ 0.0054
0.7976 0.5928 0.8798 0.1202 0.6676 0.6273
MSCFMN
+0.0332 | £0.0444 | +0.0334 | +0.0334 | +0.0735 | £+ 0.0540
FA_Seed 0.9009 0.7928 0.9442 0.0558 0.8508 0.8208
-See
+0.0165 | £0.0316 | +0.0107 | +0.0107 | +0.0291 | + 0.0302

Két qua trong Bang 3.6 cho thiy FA-Seed dat hiéu qua tot nhém phuong phap
dugc so sanh. M6 hinh dat Accuracy bang 0.9009 + 0.0165, Specificity bang 0.8362 +
0.0255, Precision 0.8995 + 0.0169 va F1-Score bing 0.8998 + 0.0167.

So v6i MSCFMN, FA-Seed cai thién Accuracy tu 0.7976 + 0.0332 1én 0.9009 +
0.0165 va F1-Score tir 0.7941 + 0.0323 1én 0.8998 4 0.0167. Dong thoi, FP Rate giam tit
0.3250 & 0.0383 xudng 0.1638 4 0.0255. Cac két qua nay cho thiy co ché lua chon tap
hat gidng ctia FA-Seed gép phan nang cao kha ning huéng din qua trinh phan cum
va han ché viéc lan truyén thong tin nhan khong phu hop.

Céc phuong phip K-means++, EM va DBSCAN dat Accuracy lan lugt 1a
0.6252, 0.5647 va 0.6416, thip hon dang ké so v6i FA-Seed. Mic du EM dat Speci-
ficity va Precision tuong ddi cao, F1-Score chi dat 0.5648 4 0.0249 do su mit cin bang
16n gitta két qua trén hai 16p. K-means++ vi DBSCAN ciing c6 Specificity thap va FP
Rate cao, cho thdy kha ning phan biét tdng thé giita 16p bénh gan va khong bénh gan
con han ché.

Nhin chung, két qua trung binh c6 trong sb khiflng dinh FA-Seed dat su can
bang tot hon gitta hai 16p va c¢6 hiéu qua tdng thé cao hon MSCFMN ciing nhu cic
phuong phap phan cum trén Weka.

Bang 3.7 va Hinh 3.26 trinh bay két qua so sanh miic do tuong dong gitta cAu
triic phan cum thu dugc va phan hoach theo nhan thuc té. FA-Seed dat két qué cao
nhét trén cé ba chi sb v6i RI biang 0.8215 + 0.0263, ARI bang 0.6285 + 0.0549 va NMI
bing 0.4779 +0.0577. K&t qua nay cho thiy ciu triic phan cum do FA-Seed hinh thanh
c6 muc do phi hop tuong dbi cao véi hai 16p bénh gan va khong bénh gan.
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Bang 3.6: So sdnh FA-Seed véi MSCFMN va cdc phuong phdp phdn cum trén Weka.

Method Accuracy | Recall | Specificity | FP Rate | Precision | F1-Score
0.6252 0.6252 0.4463 0.5537 0.6148 0.6154
K-means++
+0.0222 | £0.0222 | +£0.0932 | +£0.0932 | +0.0437 | +0.0240
EM 0.5647 0.5647 0.7353 0.2647 0.7589 0.5648
+0.0351 | £0.0351 | +£0.1299 | +0.1299 | + 0.0544 | 4+ 0.0249
0.6416 0.6416 0.4411 0.5589 0.6229 0.6306
DBSCAN
+0.0022 | £0.0022 | +£0.0048 | £0.0048 | +£0.0021 | +0.0019
0.7976 0.7976 0.6750 0.3250 0.7929 0.7941
MSCFMN
+0.0332 | £0.0332 | +£0.0383 | +£0.0383 | +£0.0329 | +0.0323
FA-Seed 0.9009 0.9009 0.8362 0.1638 0.8995 0.8998
-See
+0.0165 | £0.0165 | +£0.0255 | £0.0255 | £0.0169 | +0.0167

MSCFMN dat RI bing 0.6783+0.0402, ARI bang 0.3279+0.0812 va NMI bang
0.1993 + 0.0665. Mic di cao hon céc phuong phap trén Weka, cac chi s6 ny van thp

hon déng k€ so v6i FA-Seed. Diéu d6 cho thiy viéc xay dung tap hat gibng phi hop

da hd trg qua trinh phan cum ban gidm sat dat dudc phan hoach gan véi nhan thuc té.

Déi v6i cac phuong phép trén Weka, K-means++ va DBSCAN c6 RI xap xi
0.53, nhung ARI va NMI déu & mic rét thip. K-means++ chi dat ARI bang 0.0189 +
0.0336 va NMI bing 0.010740.0110, trong khi DBSCAN dat ARI bing 0.0347-£0.0030
va NMI bing 0.0066 + 0.0011. Diéu nay cho thdy cAu tric cum do hai phuong phap

tao ra chua tuong ting t6t véi phan hoach theo nhan bénh gan va khong bénh gan.
EM dat RI bang 0.5097 & 0.0146 va NMI bing 0.0926 + 0.0343, trong khi ARI
c6 gid tri am nhe, bang —0.0130 + 0.0144. Gia tri ARI gin 0 va am cho thy miic do

tuong dong da hiéu chinh giita phan hoach do EM tao ra va nhan thuc té khong cao

hon muc ky vong do ngiu nhién.
Bang 3.7: So sdnh FA-Seed voi MSCFMN va cdc phiwong phdp phdn cum trén Weka.

M6 hinh RI ARI NMI

K-means++ | 0.5314 +£0.0111 | 0.0189 £ 0.0336 | 0.0107 £ 0.0110
EM 0.5097 £ 0.0146 | —0.0130 £ 0.0144 | 0.0926 £ 0.0343
DBSCAN | 0.5393 £0.0013 | 0.0347 £0.0030 | 0.0066 + 0.0011
MSCFMN | 0.6783 +0.0402 | 0.3279 £ 0.0812 | 0.1993 4 0.0665
FA-Seed 0.8215 £ 0.0263 | 0.6285 £ 0.0549 | 0.4779 £ 0.0577
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Hinh 3.25: So sdnh cdc do do ddnh gid khd ndang nhdn dién lop bénh gan cua FA-
Seed voi MSCFMN va cdc phuong phdp phdn cum trén Weka.
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Hinh 3.26: So sdnh cdc chi sé RI, ARI va NMI ciia FA-Seed véi MSCFMN va cdc
phuong phdp phdn cum trén Weka.

Két luan chuong 3

Chuong 3 da trinh bay mo hinh FA-Seed cho phan cum ban giam sat, trong do
trong tam la chién ludc lua chon hat gidng chii dong nhiam nang cao chét lugng va do
6n dinh ctia qua trinh hoc. Md hinh FA-Seed khong gia dinh ring moi hat giéng déu
c6 vai tro tuong duong, ma xem xét dong thdi mic do dai dién va do tin ciy clia tiing
hat gidng trong khong gian dif liéu. Viéc lya chon hat giéng theo hudng thich nghi
gidp giam nguy cd lan truyén 16i nhan, dic biét trong cac vung di liéu chong lan,
nhiéu hodic phan bb khong dong déu. Bén canh dé, phan tich do phic tap tinh todn
cling cho thiy FA-Seed vin bdo dim tinh kha thi va kha ning md rong khi 4p dung
cho céc tap dif liéu c6 kich thudc va mic do phic tap khac nhau. Céch tiép cin nay
cho phép md hinh uu tién cac hat gidng c6 kha ning din dat qua trinh lan truyén nhin
tot hon, dong thdi han ché anh hudng clia cac mau hoic siéu hop khong &n dinh.

Céc thyc nghiém gitp kiém chiing co ché hoat dong ctia FA-Seed. Cac két qua

thu dudgc cho thiy chién lugc lua chon hat giébng cht dong c6 tiém ning cai thién chat
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lugng phan cum, dong thdi cling ¢ co s& thuc nghiém cho céc phan tich ly thuyét da
trinh bay. Ti cac két qua trén, c6 thé khang dinh FA-Seed 1a mot hudng tiép can phu
hop d€ nang cao hiéu ndng phan cum ban gidm sét trong mang noron Min-Max mg.

Mot phan két qua nghién ciiu trong Chuong 3 da dudc cong bd trong cic cong
trinh [CT5], [CT6] va [CT7]. Trong d6, [CT5] dudc cong bd trong ky yéu Intelligent
Systems and Data Science, thudc chudi Communications in Computer and Informa-
tion Science clia Springer; [CT6] dudgc cong bd trén tap chi Information; va [CT7]
dudc cong bd trong ky yéu Mot sé vin dé chon loc ciia Cong nghé thong tin va Truyén
théng, Hoi thao Qudc gia lan thit XXIV, Nha xuit ban Khoa hoc va Ky thuat.
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KET LUAN

Luin an tap trung nghién ctu bai todn phan cum ban giam sat trong mang no-
ron FMN, trong bdi canh dit liéu ngly cang gia ting vé quy md, do phiic tap va tinh
khong chic chan, trong khi thong tin giam sat thudng khan hiém va tén kém chi phi
thu thap. Xuét phat tif nhitng han ché con ton tai ctia cdc mo hinh FMN truyén thong
va cdc bién thé ban gidm sat hién c6, luan an hudng t6i viéc nang cao do 6n dinh, do
tin cay va hiéu ning hoc thong qua viéc khai thac hiéu qua thong tin nhin han ché két
hop véi ciu triic siéu hdp mo.

Trén co s nghién ciiu téng quan c6 hé thdng vé mang no-ron FMN va céc
huéng cai tién trong phan cum ban gidm sat, ludn an da chi ra rang nhiéu mo hinh
FMN bén giam sat hién nay van gip kh6 khin trong cic tinh hudng dit liéu phan b
khong dong déu, chong 14n manh hoic nhiéu, dic biét khi qua trinh suy ludn va lan
truyén nhan phu thudc vao mdt sb thuc thé don 1é nhu mot siéu hop hoic mot mau dai
dién. Bén canh d6, su sai léch gitta tim hinh hoc ctia siéu hop va phan bd thuc cta dit
liéu bén trong ciing c6 thé anh hudng tiéu cuc dén chét lugng suy luan nhan va lam
gia ting nguy cd lan truyén 16i trong qua trinh hoc.

Dé& gidi quyét cac vAn dé trén, luan an da dé xuit va phat trién ba md hinh
hoc ban gidgm sit méi trong khuon khé mang no-ron FMN, bao gom FMN-Voting,
FMN-SAL va FA-Seed. Trong d6, md hinh FMN-Voting st dung co ché bé phiéu da
s6 dua trén céc siéu hop lan cin nham suy ludn va gan nhan mot cach 6n dinh hon
cho céc siéu hop va mau dit liéu chua gan nhan. M6 hinh FMN-SAL tiép tuc md rong
huéng tiép cin nay bang cach chuyén trong tim bd phiéu tir siéu hdp sang cac mau
dit liéu mang nhan 1an c4n, qua d6 gidm anh hudng clia cac siéu hop c6 phan bd 1éch
tam hodc chi s6 st dung thip. M6 hinh FA-Seed dudc dé xuat nhu mot chién luge Iva
chon hat giéng thich nghi, cho phép danh gid va chon loc céc hat gidng dai dién c6 do
tin ciy cao nham dan dat qu4 trinh lan truyén nhan va hinh thanh siéu hop mot cach
c6 ki€m sodt.

Cac mo hinh dé xuat khong chi dudc trinh bay chi tiét vé mit ly thuyét, ma con
dugc phan tich vé do phiic tap tinh todn va tinh ding din cla thuat toan. Két qua phan
tich cho thiy c4c thuit todn dé xuit c6 do phiic tap phi hop vdi cac bién thé FMN
hién c6, dong thdi duy tri kha ning mé rong khi 4p dung cho céac tap dit liéu c6 kich
thudc va do phuc tap khac nhau.

Phan thuc nghiém cta luin 4n dudc thiét ké mot cach c6 hé théng nham danh
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gi4 toan dién hiéu ning clia cic mod hinh dé xuét trén cic tap dif liéu Benchmark phd
bién tir kho dit liéu UCI va CS. Cé4c thi nghiém dugc tién hanh trong diéu kién sd
luong miu mang nhan han ché, v6i nhiéu kich ban khac nhau vé ty 1& nhin, mifc do
nhiéu va phan bd dif liéu. Két qua thuc nghiém cho thiy cdc moé hinh FMN-Voting,
FMN-SAL va FA-Seed déu dat dugc hiéu niing t6t hon so vé6i cac bién thé FMN truyén
théng va mot sb phuong phap ban giam sat lién quan, dic biét vé do &n dinh va kha
ning chdong lan truyén 16i nhan. Ngoai ra, luin 4dn cling da khio sat 4nh hudng clia cac
tham s6 hoc quan trong nhu ngudng md rong 6™, ngudng do thudc 5 va hé s diéu
khién v, qua d6 cung cip cac gdi y thuc tién cho viéc thiét 1ap tham sb khi trién khai
mo hinh.

Miic du da dat dudc nhitng két qua nhit dinh, luin 4n van con mot sé han ché.
Cu thé, cac md hinh dé xuit hién méi dudc danh gia chi yéu trén dif liéu dang bang;
viéc mé rong sang cic dang dit liéu phuc tap hon nhu dit liéu chudi thai gian, dit liéu
4nh hoic dit liéu da phuong thifc van 1a mdt thach thifc. Bén canh d6, cic chién ludc
suy luan nhan va lya chon hat giéng hién tai vin dua trén mot s6 gia thiét nhét dinh
vé cAu tric dif liéu, do d6 can dudc tiép tuc hoan thién dé€ thich nghi t6t hon véi cac
kich ban dit liéu dong hoic cuc ky mit can bang.

Kién nghi vé hudng nghién citu tiép theo:

Trong cic huéng nghién citu tiép theo, luan 4dn dinh huéng mé rong ciac mod
hinh FMN bdn giam sét theo cdc hudng: (i) két hop véi cdc mo hinh hoc siu hoic
bi€u dién dic trung dé€ x1 1y dit lidu c6 ciu tric phiic tap; (i) phét trién cac co ché suy
luan nhan thich nghi hon dua trén do tin cdy va dong hoc cua si€u hop; (iii) nghién
cttu cdc chién ludc song song va phan tan nham nang cao kha ning md rong ctia mod
hinh trén céc tap di liéu 16n; va (iv) tiép tuc khai thac kha ning két xuat luat mo dé
tdng cudng tinh dién gidi va kha niang ting dung ciia mang né-ron Min—-Max m& trong
cac hé thdng hd tro ra quyét dinh thuc té.

Luan 4n da déng gép mot sd két qua méi ca vé phuong phdp va ting dung cho
bai todn phan cum ban giam sat trong mang no-ron FMN, gép phan md rong hudng
nghién ctiu FMN theo huéng 6n dinh hon, tin ciy hon va phu hdp hon véi cdc bai toan

dit liéu thuc té trong diéu kién nhin han ché.
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