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MO DAU
1. Tinh cAp thiét ciia dé tai

Su gia tang nhanh chong cua dir li¢u vé quy mo, sb chiéu va muc do phic
tap dat ra yéu cau phat trién cac phuong phap khai pha dir liéu c6 kha néng hoc
tir luong thong tin giam sat han ché. Trong nhiéu bai toan thuc té, dit liéu chua
gan nhan c6 thé thu thap vai s6 lugng 16n, trong khi qué trinh gan nhan thudng
t6n thoi gian, chi phi va can kién thtrc chuyén gia. Phan cum ban giam sat vi vay
tré thanh hudng tiép can phu hop khi két hop cdu trac noi tai cia dit lidu chua
gan nhan voi mot lugng nho thong tin giam sat. [1, 2]

Mang noron Min-Max m¢ (FMN) ¢6 uu diém hoc gia tang, biéu dién dir liéu
bang cac siéu hop md va khong yéu ciu xac dinh trude sé lugng cum. Tuy nhién,
cac md hinh FMN ban giam sat van giap kho khan khi dir liéu phén bd khong
ddng déu, chong 1an hodc nhidu; dic biét, suy ludn va lan truyen nhén co thé phu
thudc qua nhiéu vao mot siéu hop hodc mot mau dai dién. Néu ngudn thong tin
nay c6 do tin ciy thap, 156i nhan c6 thé duoc khuéch dai trong qua trinh hoc. [15,
16,17, 18, 19, 21]

Tir cac han ché d6, luan an tip trung phat trién cac mo hinh phan cum ban
giam sat dya trén FMN theo hai hudng: nang cao d¢ tin cdy cia suy luan nhan
bang co ché bo phiéu da sb va cai thién chit lwong tap hat gidng bang chién lugc
lya chon chu dong. Cac m6 hinh FMN-Voting, FMN-SAL va FA-Seed dugc xay
dung dé cy thé hoa cac huéng nghién ctru nay.

2. Muc tiéu nghién ciru

Muc tiéu tong quat cta luan an 1 nghién ciru, phat trién cac md hinh phén
cum ban giam sat dura trén mang noron Min-Max md nhdm nang cao d6 6n dinh,
d6 tin cdy va hi¢u nang hoc trong diéu kién thong tin nhan han ché.

Céc muc tiéu cy thé tap trung vao: (i) nghién ctru co ché khai thac cAu trac
siéu hop va thong tin 1an can dé suy luan nhin tin cay hon; (ii) phat trién co ché
bo phiéu da s6 dua trén siéu hop va dua trén cidc mau c6 nhin 1an can; (iii) xay
dung chién lugc lya chon hat giéng chu dong, cod xét dén muc d6 dai dién va do
tin cay; va (iv) thuc nghiém, so sanh cac mo hinh dé xudt trén dir liéu chuan va
dit ligu thyc té.

3. P6i twong va pham vi nghién ctru

bPéi tugng nghién ctru 1a cadc mo hinh phan cum ban giam sat duya trén FMN,
tap trung vao biéu dién dir liéu bang siéu hop, co ché suy luan va lan truyén
nhén, bo phiéu da s6 va lwa chon hat giéng. Pham vi thyc nghiém gém cac tap
dit liéu chudn c6 ciu trac cum khac nhau va dir liéu thyc té vé bénh gan, véi cac
chi s6 danh gia phan cum va phan loai phu hop.

4. Phuwong phap nghién ciru
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Luan 4n st dung phuong phap nghién ctru 1y thuyét két hop thuc nghiém. Trén
co s6 tong quan FMN va phan cum ban giam sat, cac han ché duoc phan tich dé
xay dung mé hinh, cong thirc va thudt toan cai tién. Cac mé hinh dugc phan tich
d6 phirc tap tinh toan va danh gia thyc nghiém thong qua cac chi sé Accuracy,
Precision, Recall, Specificity, F1-Score, RI, ARI va NMI.

5. Nhitng dong gop moi ciia luidn an

Tha nhat, luan 4n dé xuit mo hinh FMN-Voting, st dung co ché bo phiéu da
s tlr céc siéu hop lan can nham giam sy phu thudc vao mot si€u hdp don 1é trong
suy luén nhan.

Thir hai, luan 4an d& xuit FMN-SAL, chuyén ngudn bo phiéu tir cic siéu hop
sang cac mau c6 nhan lan can, qua d6 han ché anh hudng cua cac siéu hop co
mirc d6 dai dién khong dong déu hodc bi nhiéu.

Tha ba, luan an dé xudt FA-Seed, mot chién luge lua chon hat giéng chu
dong dua trén FMN, xem xét déng thoi tinh dai dién va d6 tin cay dé nang cao
chat luong tap hat giéng va han ché lan truyén 15i nhan.

6. CAu truc cia lun an

Ngoai Mo du va Két ludn, luan an gdm ba chuong.

Chuong 1 trinh bay tdng quan vé phan cum ban giam sat va FMN.

Chuong 2 trinh bay FMN-Voting va FMN-SAL.

Chuong 3 trinh bay m6 hinh FA-Seed va danh gia thuyc nghiém.
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) ‘ CHUONG 1
TONG QUAN VE PHAN CUM BAN GIAM SAT SU DUNG
MANG NORON MIN-MAX MO
1.1. Tong quan vé bai toan phan cum dir liéu va wng dung

Phén cum 13 k§ thut hoc khong gidm sat nhim nhom cac dbi twong tuong
ddng vao cing mot cum va tach cac d6i twong khac biét sang cac cum khéac nhau.
Trong phan cum 19, mdi doi tuong thude duy nhit mot cum; trong phan cum mo,
mot dbi twong c6 thé thudc nhidu cum véi cac mire do thudc khac nhau. Phan
cum ban giam sat mo két hop kha nang biéu dién tinh khong chéc chin cia phan
cum mo voi mot lugng nho thong tin giam sat. [41, 42]

Céc hudng tiép can tiéu b1eu gbdm phan cum dua trén mau hat gidng, rang
bugc cap, md hinh nguyén mau va mang noron mo. Cac phuong phap dua trén
hat giong sir dung mot tdp nhé mau da gan nhan dé dinh hudng qua trinh phan
cum, gitp giam phu thudc vao khoi tao ngau nhién va cai thién do on dinh. [43,
44, 45,46, 47, 48]

1.2. Phian cum ban giam siat dua trén mang noron Min-Max m&
1.2.1. Gi6i thiéu vé mang noron Min-Max mé

FMN biéu dién dit liéu bang cic siéu hop mo trong khong gian dic trung.

Mbi siéu hop Bj duoc xac dinh boi hai vector dinh min V_/. va dinh max W_/. .

Céu tric nay cho phép mé hinh hoc gia tang, mo rong si€u hop dé bao phu miu
mai va tao siéu hdp moi khi khong thé mo rong cac si€u hdp hién co. [15, 16,
76]

WJ = (wjlswjmwj.%)

B; = (V;,W;)

Vj = (vjlsvj‘lvvj:l)
Hinh 1.3: Siéuhop B, trong khong gian 3D v6i hai dinh V, va W,
1.2.2. Ham thugc siéu h¢p mo
Mic do thude cua mau x, vao siéu hdp B, ky hiéu u(x,,B;), phan dnh

mirc twong thich gitra mau va Vung khong gian do si€u hop biéu dién. Tham sb
mo y diéu khién tdc d6 suy giam do thudc khi mau nam ngoai bién siéu hop.



/Ll(‘xr’Bj) :%i[l_f(xri _Wji’y)_f(vji _‘xri’]/):l (1.3)

1, s-z>1,
f(s,z)=4s-z, 0<s-z<], (1.4
0, s-z<0.

Kich thudc siéu hop duge kiém soat boi gidi han 5. Khi mot mau méi
dugc xét, mo hinh tim siéu hdp phu hop, kiém tra diéu kién mo rong, cap nhat
cac dinh va sau do kiém tra chong lan.

1.2.3. Chu tric mang noron FMN

Kién trac FMN gom 16p dau vao, 16p siéu hop va 16p dau ra. Lop siéu hop
thuc hién biéu dién cac vung dit liéu va tinh d6 thudc; 16p daura téng hop thong
tin tur cac siéu hop dé xéac dinh 16p hoac cum. Trong hoc c6 giam sat, lién Kkét
gitra siéu hop va 16p dugc biéu dién bdi ma tran nhi phan.

Hinh 1.12: Cdu triic mang noron FMN véi hoc ¢é gidm sat.

1.2.4. Thuat toan hgc FMN

Céc thuat toan hoc FMN gdm hoc c¢6 giam sat, khong giam sat va ban giam
sat. Qua trinh hoc dua trén cac thao tac: lua chon si€u hop, kiém tra diéu kién
mo rong, cap nhéat dinh, kiém tra chéng l4n va diéu chinh chéng lan. Trong hoc
ban giam sat, dit liéu c6 nhin va chua gan nhin duoc khai thac dong thoi. [15,
16, 19]

V&i mdi miu, néu ton tai siéu hop phu hop va diéu kién kich thude duoc thoa
man thi siéu hop duoc mé rong. Néu khong thé mé rong, mot siéu hop mai duogce
tao. Co ché hoc gia ting giup FMN thich nghi véi dit liéu méi ma khong can
huén luyén lai toan by mang.



Thuit toan 1.3 Thuit todn hoc ban giam sit trong FMN
Input: X = {(z,, £, )} ., ~, 6", 3

Output: B
1: repeat
2: Chon ditf liéu vao (., f:,) € X
3. if 3B; € B thoa man p(x,, B;) = maxg,ep p(x,, By) va §(x,. B;) < 6™ then
4 Dicu chinh B; theo (1.6) va (1.7); X « X\ {(zr. L, .-)}
5 if phat hién chdng lin gilta B; va B vdi £(B;) # ¢(B;) then
6: Diéu chinh chdng lin gitta cdc siéu hdp B; va By;
7 end if
8 else
9: if {(z,) # 0 then
10: Tao siéu hop mdi Bey: £(Bew) ¢+ s B+ BU{Byew}
11: else
12: if 3B; € B sao cho j(zr, g(Bj)) = 5 then
13: Tao siéu hop mdi Byey: £(Buew) + ((B;); B+ BU {Byew 1
14: end if
fe, = ((B;):
15: end if
16:  end if

17: until X = @
18: return B, {(z,, ()},

1.2.5. Mot s6 van dé can tiép tuc nghién ctru dé ning cao chit lwrong FMN
cho phan cum dir li€u

Chat lugng FMN phy thudc vao cdu triic va kich thudce siéu hop. Khi 6"
nho, sb luong siéu hop ting; khi ™ 16n, chong lan c6 thé ting va lam giam
kha nang phan bi¢t. Cac si€u hop ciing c6 muc d dai dién va dd tin cdy khac
nhau, nhung nhiéu mé hinh vin xem chung cé vai trd twong duong trong lan
truyén nhan. [17, 18, 19]

Trong diéu kién nhan han ché, viéc lua chon hat gidng va nguon suy luén
nhan tr¢ nén dac biét quan trong. Hat gidng & vung bién hodc nhiéu c6 thé lam
lan truyen sai nhan; tuong tu, mdt siéu hdp khong on dinh cod thé tro thanh nguon
giam sat kém tin cay.

1.3. Han ché, vin dé dit ra va dinh hwéng nghién ciru

Téng quan cho thiy cac mé hinh FMN ban giam sat con ba van d& chinh.
Thir nhat, suy luan nhén duya trén mot thuc thé don 1é c6 thé thiéu on dinh. Thir
hai, chat luong cuia cac siéu hop lan cén khong dong déu, do dé bo phiéu truc
tiép tir siéu hop van c6 thé chiu anh huéng ctia nhiu va phan bd dir liéu khong
déu. Thir ba, lya chon ngau nhién hodc khong thich nghi cac hat gidng khong
bao dam tinh dai dién trong diéu kién ngan sach nhan han ché. [17, 18,19, 21]
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Tir d6, luéin 4n dinh hudng: (i) xay dung co ché bo phiéu da s tir nhiéu siéu
hop dé ting do 6n dinh cua suy luan nhén; (i) phat trién co ché bo phiéu dwa
trén cac mau c6 nhin lan can nham giam anh hudng ciia cu tric siéu hop kém
dai dién; va (iii) lya chon hat giéng chu dong dya trén cAu trac FMN, ¢6 xét dén
tinh dai dién va d¢ tin cay.

1.4. Két luan chwong 1

Chuong 1 da hé théng héa co so 1y thuyét ciia phan cum ban giam sat va
FMN, lam r3 biéu dién siéu hop, ham thudc, cAu tric mang va co ché hoc. Céc
han ché duoc xéac dinh 12 co s& truc tiép cho FMN-Voting, FMN-SAL va FA-
Seed & cac chwong tiép theo.

Mot phan ndi dung Chuong 1 dugc cong b trong cong trinh [CT1].
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CHUONG 2
PHAN CUM BAN GIAM SAT DUA TREN MANG NORON
MIN-MAX MO VOI BO PHIEU DA SO

2.1. Hoc ban giam sat dwa trén siéu hop mo
2.1.1. Phén hoach khéng gian dir liéu bang FMN

FMN phan hoach khong gian dit li¢u thanh céac siéu hop. Cac si€u hop vira
dong vai tro don vi biéu dién ciu trac dit liéu vira 13 co s dé suy ludn nhan.
Céch biéu dién nay giam s6 luong ddi trong can xtr Iy so véi thao tac tryc tiép
trén toan bo mau. [15, 16, 76]

o

(@) Phén bé diF liéu (b) Phan hoach siéu hop
Hinh 2.1: Khong gian siéu hop dwoc phdn hoach trén tdp dir liéu Aggregation

2.1.2. Panh gia siéu hdp dwa trén mat do va phéan phdi dir liéu trong siéu
hop

Khéng phai moi siéu hop déu cd chat lugng nhu nhau. Mat d6 va phan phéi
cac mau bén trong siéu hgp cung cap thong tin ve miurc d6 dai dién va d6 on dinh.
Viéc danh gia siéu hop 1a co so dé kiém soat ngudn thong tin dugc sir dung trong
hoc ban giam sat.
2.1.3. Co ché giam sat ban giam sat dua trén siéu hop

Thong tin nhan cua cac si€u hdp c6 nhan duge st dung dé hd trg gan nhan
cho cac d6i twong chua biét nhan. Tuy nhién, néu quyét dinh chi dwa vao mot
siéu hop, sai 1éch ctia siéu hop d6 c6 thé anh hudng truc tiép dén két qua. Pay 1a
dong luc dé dwa co ché bo phiéu da sé vao FMN. [19, 21]
2.2. Hoc ban giam sat dwa trén bo phiéu da s trong FMN
2.2.1. Giéi thi¢u vé phwong phap bé phiéu da s6

Bo phleu da sb tong hop quyét dinh cua nhiéu dbi twong thay vi phu thudc
vao mot ngudn duy nhat. Trong FMN, cac d6i twong tham gia bo phiéu co thé 1a
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cac siéu hop 1an can hodc cac mau cé nhin 1an can. Nhin cé $6 phiéu cao nhét
dugc uu tién gan cho dbi tuong chua biét nhan. [21]
2.2.2. K¥ thuit bé phiéu da s6 trong mang noron FMN

K§ thuat bé phiéu dugce tich hop vao qua trinh hoc ban giam sat sau khi cdu
tric si€u hop da dugc hinh thanh. Viéc lya chon tap 1an can dya trén d6 thudc
hodc quan hé khoang céach, sau dé tong hop nhin cua cac dbi tugng lan can dé
dua ra quyét dinh.
2.3. M6 hinh FMN-Voting
2.3.1. Y twdng ciia FMN-Voting

FMN-Voting suy ludn nhin ciia miu chwa gan nhan bang co ché bo phiéu da
s tir cac siéu hop 1an cén c¢6 do thudc cao. Thay vi st dung mot si€u hop duy
nhit, mé hinh khai thic ddng thoi nhiéu siéu hop, nhd d6 ting tinh 6n dinh cua
quyét dinh trong cac ving dif liéu c6 chong 14n hodc khong chic chén. [21]
2.3.2. Kién tric mang noron FMN-Voting

F

Hinh 2.3: Kién triic mang noron FMN-Voting

2.3.3. Thuit todn hoc trong FMN-Voting
Thuét toan hoc FMN-Voting gom hai giai doan:
Giai doan 1 - Xdy dung tdp siéu hop hat giong.
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Tir tap mau c6 nhan X . » FMN x4y dung tip si€u hgp mang nhéan

K X L ~ .
B:B].].:1 . Voi moi x € X, , Lua chon Bj c6 cung nhdn va:

u(x,,B,)= max u(x,,B,) , dong thoi thoa man: 5(x,, B;)<o™. Néu thoa

man, B, dwgc mo rong; nguoc lai tao siéu hop méi B, =(x,,x,) va gin
((B,
cho giai doan 2.
Giai dogn 2 - Hoc ban giam sdat bang bo phiéu da so.

Véi mdi mau chura gan nhan X, € X,,,xacdinh tdp k siéu hop lan can

)=1L(x.). Két qua thu dugc tap siéu hop hat giéng co nhin lam du vao

ew

c6 do thude p(x,,B;) lon nhat. Nhan cta x. dugc suy luan theo nguyén tic
b6 phiéu da sb:
14 (x.)=arg max Z 1 (f (B)= c), trong do N, (x,) la tap k siéu hop
BjeN, (x,)
lan cén cua x, . Sau khi xac dinh Z’(xr) , mau dugc sir dung dé mo rong siéu
hoép phu hgp hoac tao si€u hop mdi néu khong théa man diéu kién
max
o(x,B j) <o™.
Nhu vay, Giai doan 1 tao tép siéu hop hat giéng tr X, ; Giai doan 2 st dung
céc siéu hop mang nhan dé bo phiéu, suy luan nhan va hoc tir X, > qua d6 mo
rong dan thong tin giam sat trong FMN.
2.3.4. Do phirc tap tinh toan cia FMN-Voting
Vé6i M =| X | 1a sb mau, n 1a sb thudc tinh va K =| B| 1a s6 siéu hop, chi
phi xir Iy mdi mau bi chan trén boi O(nK) . Tong chi phi ctia giai doan huén
luyén ban giam sat 1d O(nMK) . Do ca hai giai doan chinh déu c¢é cling bac do
phtc tap, tong chi phi FMN-Voting van & bic O(nMK).
T=T 1+T 2=0(nMK)+ OMnK) (2.22)

2.4. M6 hinh FMN-SAL
2.4.1. Y twdng ciia FMN-SAL

FMN-Voting gia dinh cac siéu hop l1an cén c6 mic do dai dién twong duong.
Gia dinh nay khong ludn ding khi dit liéu trong siéu hop phan bd khong déu
hodc bi nhidu. FMN-SAL khic phuc bang cach khai thac truc tiép cic mau c6
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nhan 1an can dé bo phiéu, giam phu thudc vao chét Iuwong hinh hoc cua tung si€u
hop. [19, 21].
2.4.2. Kién tric mang noron FMN-SAL

FMN-SAL ké thira co ché phan hoach siéu hop cia FMN nhung thay dbi
ngudn thong tin dung cho suy ludn nhin. Tap cac mau c6 nhén lan cin dugc st
dung dé xac dinh nhén theo da s6, qua d6 tang kha nang khai thac thong tin cuc
bo. [19]

F; — B — « Fo
Hinh 2.5: Kién triic mang noron FMN-SAL

2.4.3. Thuit toan hoc trong FMN-SAL

Thuat toan thyc hién phan hoach dir liéu bang FMN, duy tri cic mau mang
nhan va khi can suy luan cho ddi tugng chua gan nhan s€ xac dinh tap 1an can
pht hop, sau d6 bo phiéu dya trén nhin cua cac mau lan can. Co ché nay nham
han ché anh hudng cua céc siéu hop mét can bang hodc khong dai dién tét cho
phéan bd dir liéu. Thuét toan FMN-SAL thuc hién hoc ban giam sat trén tap
X=(x,0 . )erl theo hai truong hop chinh. Vi mdi mau x, , thuat toan chon

siéu hép B ; ¢6 d6 thude 16n nhat va thoa man diéu kién mé rong:
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M(x,,B;)=max, , u(x,,B,), o(x,,B,) <™. Néu ton tai B, phu
hop, siéu hop duoc diéu chinh theo (1.6), (1.7); véi mau chua gan nhan . =0
, miu duoc gin tam nhan cua siéu hop, (. < ((B ). Sau do, céc siéu hop khic

nhin bi chdng 1an duoc kiém tra va diéu chinh. Néu khong ton tai siéu hop phu
hop, v6i ((x,) # 0, thuat toan tao siéu hop méi B, va gan ((B,, )< (, .

Nguoc lai, voi mau chua gan nhin, thuat toan xac dinh tap 1an can N (x.) theo
(2.23) va thuc hién bé phiéu trén cac mau c6 nhan lan can. Khi | N(x,) |=k
nhan chiém da s dugc gancho B, theo (2.25).

Qua trinh lap dén khi X = ; sau d6 cap nhat X <— X' va cap nhat U dwa
trén tap siéu hop B theo (1.36). Ban chit cia FMN-SAL la st dung cac miu c6
nhin 1an c4n thay cho cac siéu hop lan can dé bo phiéu suy luan nhin, qua d6
giam anh hudng cua cac siéu hop co mirc d6 dai dién khong ddng déu.

2.5. Thuc nghiém va danh gia

2.5.1. Thiét 1ap thwe nghiém

Muc ti€u thye nghiém. Thyc nghiém dugc thuc hién nham danh gia hiéu qua ctia
hai mé hinh dé xuat FMN- -Voting va FMN-SAL, tép trung vao kha nang phén
cum khi ty 18 dir liéu c6 nhén thap, mic d6 6n dinh khi thay d6i tham sb va so
sanh véi cac phuong phap ddi sanh trén cac tap dit liéu ¢6 cau triic khac nhau.
Phuong phép thuc nghiém. Cac mé hinh dugc danh gia trén cac tap dit liéu chuén
Aggregation, Jain, R15, Flame va cac tip dit li€u phan loai Ecoli, Soybean, Zoo,
Yeast, déng thoi thye nghiém trén dit li¢u ILPD. Chét luong mé hinh dugc danh
gia béng cac chi s6 RI, ARI, NMI dbi voi phan cum va Accuracy, Precision,
Recall, Specificity, F1-Score d6i voi bai toan ¢ nhan. Két qua cia FMN-Voting
va FMN-SAL duoc so sanh voi cac mé hinh FMN va cac phuong phap ddi sanh
duoc st dung trong ludn an.

Thiét 1ap tham s6. Céc tham sd chinh gf”)m hé s6 mo ¥, kich thudce si€u hop cuc

dai 6™, ngudng tin cdy B va sb lugng ddi tuong lan can k phuc vu bo phiéu.
Thuyc nghiém thay d6i 8™ va ty 1¢ mau c6 nhan dé khao sat anh huong dén s6

lwong siéu hop va chit luong phan cum; cac tham sé con lai duoc thiét 1ap theo
tung kich ban thuc nghi¢m nhu quy dinh trong luén én.

2.5.2. Két qua thwe nghié¢m va danh gia ) i
Trén cac tap dir liéu chuan, FMN-SAL cho két qua ARI cao va 6n dinh.
Chang han, trén Aggregation, Jain, R15 va Flame, ARI cia FMN-SAL lan luot
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dat khoang 0.9911; 0.9879; 0.9980 va 0.9798. Cac két qua cho thiy co ché khai
thac mau c6 nhan lan cén phu hop véi cac tap dir liéu c6 cau triic cum phure tap.
Bang tom tat két qua ARI ti€u bieu (trich Bang 2.4 clia ludn an)

Méb hinh Aggregation Jain RIS Flame
GCAE 0.992 1 0.9928 0.9501
DBSCAN 0.9664 0.9382 0.9375 0.9388
FMN-Voting - - 0.97804 0.96218
FMN-SAL 0.991139 0.987856 0.998 0.979817

Trén dir liéu ILPD, FMN-SAL dat Accuracy 0.8806+0.0043,
Specificity 0.8001%0.0082, Precision 0.8786+0.0044 va F1-Score
0.8788 £0.0043. FMN-Voting dat Accuracy 0.8045+0.0366, cao hon
SCFMN; cac phuong phap K-means++, EM va DBSCAN c6 Accuracy thap
hon cac mé hinh FMN d¢é xuat.

Bing 2.12: So sanh ket qua cua FMN-SAL, FMN-Voting va cac phwong phap

doi sanh.

™Mo hinh Accuracy | Recall Specificity | FP Rate | Precision| F1-Score
| 06252 0.6252 | 0.4463 0.5537 | 0.6148 | 0.6154
Kemeanst+1 60000 | +00222] 00932 | =00932| +0.0437| +0.0240
EM 0.5647 0.5647 | 0.7353 02647 | 07589 | 0.5648
+£0.0351 | +£0.0351 | £0.1299 | £0.1299 | +£0.0544 | +£0.0249
0.6416 06416 | 0.4411 0.5589 | 0.6229 | 0.6306
DBSCAN | | 50022 | +00022| =00048 | +00048| =0.0021| = 0.0019
SCEMN 0.7780 0.7780 | 0.6442 03558 | 0.7718 | 0.7736
+£0.0184 | +0.0184| £0.0330 | +0.0330| +0.0185| +0.0186
EMN.SAL 0.8806 0.8806 | 0.8001 0.1999 | 0.8786 | 0.8788
MN- +£0.0043 | +£0.0043| +0.0082 | +0.0082| +0.0044| +0.0043
FMN- 0.8045 0.8045 | 0.7029 02971 | 0.8021 | 0.8030
Voting +£0.0366 | +0.0366| +0.0490 | +0.0490| +0.0365| = 0.0364

Két luan chuwong 2

Chuong 2 da phat trién hai mo hinh FMN-Voting va FMN-SAL theo hudng
tang do tin cdy ciia suy luan nhin bang bo phiéu. FMN-Voting tong hop nhin tir
cac siéu hop lan can; FMN-SAL khai thac cac mau c6 nhan lan can dé giam anh
hudng cta si€u hop kém dai dién. Két qua thuc nghiém cho théy hai md hinh cai
thién chat luong phan cum va phan loai, trong d6 FMN-SAL thé hién d6 6n dinh
va kha niang khai quat tt trén nhiéu dang dir liéu.
Mot phéan két qua Chwong 2 dugc cong bd trong [CT2], [CT3], [CT4] va [CTS].
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CHUONG 3
HQC BAN GIAM SAT TRONG MANG NORON FMN VOI
CHIEN LUQC CHON HAT GIONG CHU PONG
3.1. Gi6i thiéu vé mé hinh FA-Seed

FMN-Voting va FMN-SAL cai thién suy luan nhan nhung hiéu qua cua qua
trinh hoc van phu thudc dang ké vao chét lwong hat gidng ban dau. Trong khong
gian dit lidu phirc tap, cac hat gibng khong c6 vai tro twong dwong; cac mau &
vung bién, ving nhiu hodc ving chdng l4n c6 thé lam lan truyén 16i nhan.

FA-Seed dugc xdy dung theo huéng lya chon hat giéng chu dong va linh
hoat, wu tién cac doi tugng cd tinh dai dién va do tin cdy cao. Muc tiéu la sir
dung hiéu qua ngén sach nhan han ché va tao tap hat giéng c6 kha ning dan dét
t6t qua trinh phan cum ban giam sat. [102]

3.2. M6 hinh FA-Seed: Lwra chon hat giéng chii dong dya trén FMN
3.2.1. Mo ta bai toan

Cho tap dir lidu X gém cac mau trong khong gian 7 chiéu, trong d6 chi
mot phén nhé c6 thé duoc truy Vén/gén nhan. Bai toan dit ra 12 lya chon cac mau
hoic siéu hop phu hop dé hinh thanh tap hat giéng, sau d6 sir dung tap hat giéng
nay cho qua trinh hoc ban gidm séat.

3.2.2. Y twong ciia FA-Seed

FA-Seed str dung ciu tric siéu hop FMN dé t6 chire dir liéu va danh gia cac
ting vién hat gidng. Thay vi lya chon ngau nhién, m6 hinh xem xét mic dg dai
dién va do tin cay cua tung hat glong Cach tlep can thich nghi giup vu tién cac
vung dir liéu c6 kha nang cung cap thong tin tbt, dong thoi han ché cac dbi tugng
khong 6n dinh.

Qua trinh Iya chon dugc g'fm véi co ché hoc chu dong: mo hinh xac dinh cac
g vién co gia tri thong tin, truy van nhén trong gidi han ngan sach va cap nhat
tap hat giéng. Sau do, thong tin tir cac hat gidng duoc sir dung dé dan dat qua
trinh lan truyén nhan va hinh thanh cum. [102]

D9 Igch tim ciia siéu hop: e(B,) = Hg(Bj) —d(B, )H2 (3.8)

Trong d6 g(B,) 1a tim hinh hoc, con d(B;) 1a tam dit liéu cta siéu hop. Gia
tri e(B ;) cang nho thi phan b dir lidu trong siéu hop cang can ddi.

Tép hat giong mé réng tir cac siéu hfp dwgce lwa chon:

S=U{x eXl ux,.B)zz},  zel0.]1] (3.9)

JjeJo

Tép Ioi cia sieu hap B;: T, ={H u,(x,.B))>7} (3.10)
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Véi r =1, tip TJ gdm cac mau c6 do thudc diy di vao B ;-

Tép chi sb cic siéu hop thudn khiét: J, ={/l B, € B,e(B,)< | (.11)
Pay la diéu kién liwa chon siéu hop tmg vién quan trong nhét: chi nhirng siéu hop
c6 do 1&ch tam khong vugt qua ngudng & mdi dugc xem la da thuan khiét de
tham gia sinh hat giéng.

Tap tng vién hat gidng: Q:{d(Bj)I i eJQ} (3.12)
Trong d6 mdi phén tir cia O 13 tim diliéu d(B,) clia mot siéu hop thuan khiét

va dugce sir dung lam ddi twong truy van nhan tir chuyén gia.
3.2.3. Kién tric mang noron FA-Seed ‘

Kién trac FA-Seed ké thira 16p biéu dién siéu hop cia FMN va b sung co
ché danh gia, lya chon hat giéng dé phuc vu hoc ban gidm sat. Sy tach biét gilra
xdy dung ciu trac siéu hop va lua chon ngudn gidm sat gitip mé hinh kiém soat
t6t hon chit lugng thong tin nhan.

X,n \ [’.”2

Hinh 3.9: Kién triic mang novon FA-Seed

3.2.4. Thuét toan hoc ciia mé hinh FA-Seed

Thuat toan FA-Seed gf”)m cac budc chinh: phan hoach dir liéu bﬁng FMN;
danh gia cac siéu hop/ting vién; lya chon chu dong cac hat giéng theo tiéu chi
dai dién va d9 tin cdy; truy vén hodc tiép nhan nhan; sau d6 thyuc hién hoc ban
giam sat va cap nhat cdu tric md hinh. Co ché thich nghi cho phép mé hinh diéu
chinh tap hat gidng theo trang thai ctia dit liéu thay vi ¢6 dinh ngay tir dau.

Thuit toan 3.2. Huén luyén ban giam sat c6 din dit

Input: X;B; ;0™
Output: B; U ; X
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1. B,=9;B,, =

2: for mdi x, eX do

3 Ve¢i B, €B,YB,, chi sb j" dugc xac dinh theo (3.19);
4: if x Bj, then

5: MG rong siéu hop B ; theo Cong thirc (3.21);

6: if(Bj* c6 chong lan véi B, ) véi K(Bj*) # ((B,) then

7: Diéu chinh B . va B, theo cac cong thirc (1.15) dén (1.26);
8: end if

9: else

10: Tao B, , khoi tao cac diém vV..,Ww,, boix

11: if C # (0 then

12: K( new) € /ab Blab o Bnew;

13: else

14: B, =B, UB, ;

15: end 1f

16: end if

17: end for

18: repeat

19: for moi B eB, do

20: Tinh trong tam g(B;) theo Cong thirc (1.40);

21: if (3B, voi B, € B, thoa min (3.22)) then

22: K(Bj) = K(Bk)’ Blab Blab UB B unl \B
23: end if

24 end for

25: Giam S ;

26: until (B,, =) or (S <ngu’ng tin c?y);
27: if B, #O then

28:  formdi B, € B, do
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29: Tinh trong tam g(B;) theo Cong thirc (1.40);
30: Pat k° «argmax,, 1(g(B,),B,) véi B, € B, ;
U(B;)=L(B.);

31: end for

32: endif

33: B= Blab UB, ;
34: return B.

Do phuc tap tinh toan cua FA-Seed dugc xac dinh la:

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

Trong d6 M =| X | 1a s6 miu, n 1a sb thudc tinh va K =| B| 1a s siéu
hop. Trong thue té, K thuong nho hon dang ké so véi M , nhd d6 FA-Seed c6
kha nang mé rong khi kich thudce dir liu tang.
3.3. Thuc nghiém va danh gia
3.3.1. Thiét 1ap thwe nghiém

FA-Seed dugc danh gia trén cac tap dir liéu chuan va dir liéu bénh gan, dong
thoi so sanh véi MSCFMN va cac phuong phdp phin cum khac. Céc thi nghi¢m
xem xét anh huong cia 6™, kha nang nhan dién timg 16p, chat luong phan
hoach va thoi gian chay. [102]
3.3.2. Két qua thue nghiém va danh gia

Két qua cho thay chién lugc Iya chon hat gidng chu dong gitip FA-Seed cai
thién chat luong phan cum so vé&i cac phuong phap dbi sanh trong nhiéu kich
ban. M6 hinh khong chi hudng t61 d§ chinh xac ma con chu trong do on dinh
cua nguf)n thong tin giam sat, dic biét khi dir liéu c6 nhiéu, chéng lan hodc phéan
b khong dong déu.

Trén dit liéu bénh gan, FA-Seed dat cac chi s6 phan hoach cao hon rd rét so
véi MSCFMN va cac phuong phap K-means++, EM, DBSCAN. Bang sau gitt
lai két qua tiéu biéu tir Bang 3.7 ciia ludn an.

M6 hinh RI ARI NMI
K-means++ 0.5314 0.0189 0.0107
+0.0111 +0.0336 +£0.0110
EM 0.5097 —0.0130 0.0926
+0.0146 +0.0144 +0.0343
DBSCAN 0.5393 0.0347 0.0066
+0.0013 +0.0030 +0.0011
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MSCFMN 0.6783 0.3279 0.1993
+0.0402 +0.0812 +0.0665
FA-Seed 0.8215 0.6285 0.4779
+0.0263 + 0.0549 +0.0577

FA-Seed dat RI 0.8215+0.0263 , ARI 0.6285+0.0549 va NMI
0.4779+0.0577 , cao hon MSCFMN va cac phuong phap trén Weka. Két qua
cho thay tap hat‘giéng duoc lya chon phu hop da hd trg qua trinh phan cum tao
ra phan hoach gan véi nhan thyc t€ hon.

Phén tich thoi gian chay cho thdy FA-Seed c6 lgi thé so véi cac phuwong phap
co 80 trong cac thi nghiém duge béo cdo. Vai do phite tap O(nMK '), mo hinh
tan dung thuc té s6 siéu hop K thuong nho hon sé mau M . Trong khi d6, cac
phuong phép dya trén do thi c6 thé phat sinh chi phi I6n khi xdy dung quan hé
lang giéng trén dit liéu quy mo 16n. [103]

1
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Hinh 3.14: Biéu do so sanh truc quan chi sé Accuracy giita FA-Seed va
MSCFMN.
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Hinh 3.15: So sanh thoi gian chay (s) gitta FA-Seed va cac thudt toan co so
trén cdc tap dir liéu thyc nghiém

Céc két qua thuc nghiém cung ¢ nhan dinh ring chét luong hat gidng 1a
thanh phin quan trong ciia hoc ban giam sat. Khi vu tién cac hat gidng c6 murc
d6 dai dién va do tin cay tdt, nguy co lan tmyen 16i nhan duoc giam va chét
lugng phan cym dugc cai thién.

Két ludn chwong 3

Chuong 3 da trinh bay FA-Seed voi trong tam 1a lya chon hat gidng chu dong.
Mo hinh khéng gia dinh moi hat gidng c6 vai tro twong duong ma xem xét dong
thoi mirc 46 dai dién va d6 tin cay. Viéc lya chon thich nghi giup giam nguy co
lan truyén 18i nhan trong viing chong 14n, nhiéu hogc phan bd khong dong déu.

Phan tich d6 phirc tap va thuc nghiém cho thiy FA-Seed bao dam tinh kha
thi va c6 tiém ning cai thién chét lwong phan cum. Mot phan két qua Chwong 3
da duoc cong bd trong [CT5], [CT6] va [CTT].
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KET LUAN

A. Nhing két qua chinh ciia luin 4n

Luén an tap trung nghién ctru phan cum ban giam sat trong mang noron FMN
trong bdi canh dit liéu ngay cang 16n va phuec tap, trong khi thong tin giam sat
khan hiém. Trén co s& téng quan c6 hé théng, luan an x4c dinh han ché cua cc
moé hinh FMN ban giam sat khi suy luan va lan truyén nhin phu thudc vao cac
thuc thé don 1é hodc khi chét lugng hat giéng khong duoc kiém soat.

Két qua thir nhat 1a mo hinh FMN-Voting, dua co ché bo phiéu da sb dua
trén céc si€u hop lan cén vao qua trinh suy luén nhén. Co ché nay lam giam sy
phu thudc vao mét siéu hop don 1€ va tang do on dinh cua quyét dinh.

Két qua thir hai 1a FMN-SAL, khai thac truc tiép cic miu mang nhén lan cén
dé bo phiéu. Cach tiép can nay giam anh hudng cua cac siéu hop co chat lwong
hodc muc do dai dién khong déng déu va cho két qua tbt trén nhiéu tap dir liu.

Két qua thir ba 1a FA-Seed, phat trién chién luoc lya chon hat gidng chii dong
dua trén cau tric FMN, c6 xét dén mirc do dai dién va do tin cay. FA-Seed gitip
hinh thanh tap hat giéng phii hop hon va han ché nguy co lan truyén 15i nhén.
B. Nhirng dong gép méi ciia luin an

Cac dong gop cua ludn an mo rong FMN bén gidm sat theo hudng 6 6n dinh
va tin cdy hon: tur tong hop thong tin cua nhiéu siéu hop, chuyén sang khai thac
tryc tiép mau c6 nhan lan can, va cu01 cung chit dong kiém soat chit luong ngudn
giam sat thong qua lya chon hat gidng.

C. Han ché va hwéng nghién ciru tiép theo

Mic du cidc mo hinh dé xuat dat két qua tich cyce, viéc xu ly dir liéu co cdu
trac dic trung phic tap va dir liéu quy mo rat 16n van can tiép tuc nghién ciru.
Hiéu qua ctia mé hinh ciing con phu thudc vao biéu dién dic trung, ciu tric siéu
hop va co ché suy luén nhén.

Céc huéng nghién ciru tiép theo cua luan an gom: (i) két hop FMN bén giam
sat v6i cac mo hinh hoc sau hodc biéu dién dic trung dé xur 1y dit liéu c6 ciu trac
phuc tap; (ii) phat trién co ché suy luan nhan thich nghi hon dya trén d¢ tin cdy
va dong hoc ctia siéu hop; (iii) nghién ctru chién lugc song song va phén tan dé
nang cao kha ning mo rong trén tap dir liéu 16n; va (iv) tiép tuc khai thac kha
nang két xuit luat md nhiam ting tinh dién giai va kha ning tng dung trong cac
hé thdng hd tro ra quyét dinh.

Nhin chung, luan 4n déng gop cac két qua mai vé phuong phép va img dung
cho bai toan phén cum ban giam sat trong FMN, gop phan phat trién hudng
nghién ciru nay theo hudng 6n dinh hon, tin cay hon va phi hop hon véi dir lidu
thuc té trong diéu kién nhan han ché.
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