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MO PAU
1. Ly do chon dé tai

Trong nhiing nim gan day, phan cum ban giam sat thu hat sy quan
tam ngay cang 16n ciia cong dong nghién ciru, xuét phat tir nhu cau khai
thac hiéu qua cac tap dit liéu c6 quy md 16n, d6 phirc tap cao trong bdi canh
thong tin nhan khan hiém va chi phi gan nhan ngay cang dat do. Viéc két
hop ddng thoi dit lidu c6 nhén va chwa c6 nhin cho phép mé hinh tan dung
tdt hon cAu tric tiém an cia dit lidu, tir d6 cai thién chét luong phan cum so
v6i cac phuong phap khong giam sat thuan tay. Tuy nhién, cac phuong
phap hién c6 thuong gip han ché khi dit liéu c6 nhidu, phan bé khong dong
déu, ranh giéi cum khong rd rang hodc khi kha niang dién giai ciia mo6 hinh
1a yéu cau quan trong, dic biét trong cac bai toan hd trg ra quyét dinh va y
sinh.

Phan cum mo cho phép mdi ddi tuong thudc vé nhiéu cum véi céc
mirc d6 khac nhau, nén phu hop véi dir liéu ¢6 ving chong l4n va ranh giéi
mo ho. Trong sd cac md hinh md, mang noron Min-Max md (Fuzzy Min-
Max Neural Network - FMN) duoc quan tim nho kha ning biéu dién dir
lidu bang cac siéu hop mo, hoc gia ting va két xuét luat IF-THEN co tinh
din giai cao. Mot sb6 cong trinh di mod rong FMN theo hudng hoc ban
giam sat nhu GFMM, RFMN, SS-FMM, SSL-FMM, SCFMN va
MSCFMN. Mac du vay, cac mo6 hinh FMN ban giam sat hién c6 van con ba
han ché chinh:

- Tht nhat, qua trinh phan cum phuy thudc nhidu vao chat luong cia
cic mau hodc siéu hop mang nhan ban dau, trong khi cic dbi tuong nay
chua duoc danh gia ddy du vé mirc d6 dai dién va do tin cay.

- Thir hai, co ché suy luan nhin chu yéu dya trén quan hé 1an can (d6
thudc) gitra cac siéu hdp, chua xem xét dﬁy dua 6 thuan nhat, mat do phan
bd va vai tro dai dién cua siéu hop, dan dén nguy co lan truyén 16i nhan.

- Thir ba, cac mo hinh con gip kho khin véi cac miu & ving bién hoiic
ving chong 1an, noi mirc d9 khong chic chin cao anh huéng dén qua trinh
suy luan va lan truyén nhn.

Xuat phat tir cac van dé trén, luan 4n nghién ctru cac hudng tiép can
mdi cho bai toan phan cym ban giam sat dya trén mang noron Min-Max



mo, nham cai thién co ché suy luan nhan, giam lan truyén 16i va nang cao
chat lugng phan cum trong diéu kién thong tin giam sat han ché.
2. Muc tiéu nghién ctru

Muc tiéu tong quat cia luan an 1a dé xuit va phat trién cic mo hinh
phan cum ban giam sat dua trén mang noron Min-Max md nham nang cao
do tin cdy ciia qua trinh suy luan nhan, han ché lan truyén 15i va cai thién
chat lugng phan cum khi thong tin gidm sat han ché. Cac muyc tiéu cu thé
gom:

- Nghién ctru co ché danh gia chat luong cua cac mau hodc siéu hop
mang nhan ban dau, tir d6 lya chon cac ddi tuong c6 muc do dai dién va do
tin cdy cao lam ngudn thong tin giam sat.

- D& xuét co ché suy luén nhan méi cho cac siéu hop chua biét nhan,
xem xét thém d6 thuan nhit, mat do phan bd dir liéu va vai tro dai dién cua
siéu hop trong tirng cum.

- Xay dung cac chién lugc bo phiéu nhén dya trén mau va/hodc siéu
hép nham tang do on dinh cua quyét dinh gan nhan khi dir liéu c6 mat do
khong dong déu, cum mat can bang hodc ranh gidi phic tap.

- Thyc nghiém va danh gia cac mo hinh dé xuét trén cac tap dir liéu
chuan va dit liéu thuc té bang cac chi s6 danh gia phu hop.

3. P6i twong, pham vi va ndi dung nghién ciru

Pbi twong nghién ciru 1 cac phuong phap phan cum ban giam sat dwa
trén mang noron FMN, v&i trong tim 1 (i) co ché hinh thanh va hiéu chinh
siéu hop mo trong qua trinh hoc, (ii) co ché suy luan/lan truyén nhén trong
diéu kién nhin khan hiém, va (iii) chién lugc Iya chon hat gidng nham dén
dat qua trinh hoc ban giam sat. Luan 4n tap trung vao ba ndi dung: co ché
suy luan nhin dia trén bo phiéu tir cac siéu hop lan can (FMN-Voting); co
ché suy luan nhan dya trén cic mau mang nhan lan can (FMN-SAL); va
chién lugc lwa chon hat gidng chi dong/thich nghi (FA-Seed). Pham vi
danh gia gdm cac tip dit liéu chuin (benchmark) tir UCI va CS, va bo dit
lidu y té ILPD vé chan doan bénh gan.

4. Phwong phap nghién ciru

Luan 4n str dung phuong phap nghién ctru 1y thuyét két hop voi thuc
nghiém. Trén co s khao sat, phan tich cac nghién ctru vé phan cum ban
giam sat va mang noron Min-Max mo, luan 4n dé xudt cac cai tién vé co



ché suy luan nhan va lya chon hat giéng; cac mo hinh dé xuét duoc cai dat,
thuc nghiém va danh gia trén cac tip di li€u dugc lya chon thong qua cac
do do phu hop.

5. Y nghia khoa hoc va thye tién

Vé khoa hoc, luan an bd sung cac co ché danh gia va sir dung thong tin
cAu triic cia siéu hop vao qua trinh suy luén nhan va lgya chon hat giéng cla
FMN ban giam sat. Vé thyuc tién, viéc kiém chimg trén b dir lidu xét
nghiém mau ILPD cho thiy kha ning 4p dung cac md hinh trong bai toan
hd tro chan doan khi dit ligu 6 nhan han ché.

6. Nhirng dong gop moi ciia luidn an

- Pé xuit mé hinh FMN-Voting cho phan cum ban giam sat dua trén
mang FMN véi co ché bo phiéu da s6 nham tang do 6n dinh suy luan nhan.

- B¢ xuat mo hinh FMN-SAL véi chién luoc bo phiéu dua trén k mau
mang nhan l4n cin, giam anh hudng cia cac siéu hop mat can bang/do 1éch
tam 16n/chi s6 str dung thap trong qua trinh lan truyén nhan.

- D& xuit md hinh FA-Seed voi chién lugce lua chon hat giéng chu
dong/thich nghi dua trén phan hoach siéu hop va danh gia d¢ tin cay, nang
cao chit lugng tap hat giéng va cai thién hi€u qua hoc ban giam sat khi
nhén han ché.

- Thiét ké va thuc hién thuc nghiém trén cac tap dit liéu benchmark va
b6 dit lidu y t& vé cac chi sd sinh hoa mau nham danh gia hiéu ning, do 6n
dinh, kha nang khai thac dir li€u it nhan va chi phi tinh todn cia cac mo
hinh dé xuét.

7. Bo cuc ciia ludn dn

Ngoai phan M& dau va Két luan, ludn 4n gdm ba chwong. Chuong 1
trinh bay tong quan vé phan cum ban giam sat va mang noron Min-Max
mo, phan tich cac van dé& con ton tai va xac dinh hudng nghién ciru.
Chuong 2 trinh bay hai mé hinh FMN-Voting vd FMN-SAL, gom thuat
toan, phan tich d¢ phuc tap va danh gia thuc nghi€ém. Chuong 3 trinh bay
md hinh FA-Seed vai chién lugc lya chon hat gidng dua trén ciu tric siéu
hop, két hop thong tin phan hoi tir chuyén gia, cing cac thuc nghiém dénh
gia.
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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 toin phin cum dir liéu va ing dung

Phan cum la k¥ thudt quan trong trong khai pha dir li¢u, thugc nhom
hoc khong giam sat, nham nhom cac ddi tuong twong ddng vao cing mot
cum. Phan cym & gan mdi diém vao duy nhét mot cum, con phan cum mo
cho phép mét diém thudc nhidu cum qua gia tri d6 thudc trong khoang [0,
1], nén phu hop hon véi dir liéu c¢6 ranh gidi khong 16 rang hoic chong lan.
Phén cum ban giam sat m& mo rong phan cum md bang cach khai thac mot
phan thong tin biét trudc (nhin, rang budc must-link/cannot-link hoic do
thudc xac dinh trudce) dé dinh huéng qua trinh phan cum.

Céc huéng tiép can tiéu biéu gdm: (1) phan cum ban giam sat mo dya
trén mau hat gidng; (2) dua trén rang budc cdp; (3) dwa trén md hinh
nguyén mau; va (4) dya trén mang noron md. Phuong phap dya trén hat
giéng dinh hudng tbt qua trinh hoc nhung phu thuéc manh vao chét luong
hat gidng; phuong phap rang budc linh hoat nhung gip khoé khin vé chi phi
va tinh nhat quan cua rang budc; phuong phap nguyén mau cé kha ning
giai thich nhung phu thudc vao chit luong nguyén mau. So véi cac hudng
trén, FMN biéu dién dit liéu béng cac siéu hop mo, mo hinh hoa linh hoat
cac vung 18i, viing bién va ving chdng 14n, co co ché hoc gia ting va kha
nang dién giai tot; vi vy ludn an lya chon FMN lam nén tang phat trién cac
m6 hinh FMN-Voting, FMN-SAL va FA-Seed.

1.2. Phin cum ban giam sat dwa trén mang noron Min-Max mo
1.2.1. Siéu hdp mo va ham thudc

Mo hinh FMN do Simpson dé xuit cho phan 16p (1992) va mé rong
cho phan cum (1993). Tri thirc trong FMN duogc biéu dién bang céc siéu
hop mo; mdi siéu hop B;j duoc xac dinh boi cdp vecto bién dudi V; va bién
trén Wi

Bj={zeR" |vj; <x; <wjy, Yi=1,...,n} (1.2)

Mt do thude cta diém dit liéu X, vao siéu hop Bj duoc tinh theo ham
thudc:

n

1
wlan, Bj) = — > 1= flan — wiiny) = F (i — 224,7)]
i1 (L.3)



trong d6 y 1a tham s6 mo diéu chinh téc do suy giam d6 thudc khi
diém nam ngoai siéu hop va f(-,-) 1a ham hai tham s6:

1, sz>1,
f(s,2) =152z, 0<sz<1,
0, sz<0. (L4)

1.2.2. Phdn hoach dir li¢u voi cdc siéu hgp mo

Qua trinh huén luyén gém ba thao tac co ban: mé rong, kiém tra chéng
lan va diéu chinh chong 1an (co lai). Khi mo rong B; dé bao phu x,, cac bién
duoc cap nhat vji «— min(Vj;, Xq), Wji «— max(Wji, X;); phép mé rong chi duoc
chap nhén khi kich thudc siéu hop khong vuot qua 8™ Néu hai siéu hop
khac 16p chong 1dn, FMN xét bon truong hop chong 1an co ban va diéu
chinh bién trén chiéu gy chong lan véi muc thay d6i nho nhét. Viéc gan
mAu tuén theo cac quy tic bao chtra (u(X, Bj) = 1), m¢ rong va tao moi siéu
hop Brew = (X, X).
1.2.3. Ciiu trisc mang va thugt todn hoc FUN

Vé6i hoc khong giam sat, mang FMN gdm hai 16p: 16p vao Fa (n
noron) va 16p siéu hop Fg. Véi hoc c6 giam sat, mang gom ba 16p Fa, Fg
va 16p ra Fc; lién két gitra Fg va Fc 1a ma tran nhi phan U véi Uy = 1 néu
0(Bj) = g va bang 0 trong trudng hop nguoc lai, dau ra 16p g 1a ¢, =
max;(bjujg). Luan an trinh bay ba thudt toan hoc FMN: c6 gidm sat, khong
giam sat va ban giam sat; trong d6 thuét toan ban gidm sat gan nhan cho
siéu hop mai tao tir mau chua nhan duya trén siéu hop gan nhit thoa méan
ngudng f.
1.2.4. Mt s6 vin dé can tiép tuc nghién ciru

Nhiéu hudng cai tién FMN da duoc dé xuit vé ciu trac mang, thuat
toan hoc, xtr Iy chong 14n, loai bo siéu hop c6 d tin cdy thip, ciing cac md
hinh ban gidm sat GFMM, RFMN, SS-FMM, SSL-FMM, SCFMN va
MSCFMN. Tuy vdy, cac phuong phap hién c6 con han ché: (i) xem cac
siéu hop co vai tro twong dwong du chat lugng khac nhau; (ii) siéu hop co
d6 tin cay thap van tham gia lan truyén nhin; (iii) xir Iy chong lan dya trén
quy téc heuristic 4p dung déng déu; (iv) chua tach bach hoc ciu tric di liéu
va hoc nhan.



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

Twr do, luén an dinh hudng: danh gia chét lugng va dg tin cdy cuia siéu
hop dé lua chon cac siéu hdp c6 tinh dai dién cao tham gia lan truyén nhén;
thiét ké co ché hoc ban giam sat c6 kiém soat; va tach biét giai doan hoc
cAu trac dir liéu véi giai doan hoc nhan.
1.4. Két luan chwong 1

Chuong 1 d trinh bay co so 1y thuyét vé phan cum ban giam sat mo
vdi trong tdm 1a mang noron FMN (si€éu hop mo, ham thudc, clu trac
mang, thuit todn hoc), téng hop céc nghién ctru tr GFMM, RFMN dén cac
mo hinh FMN ban giam sat hién dai va chi ra nhitng han ché trong khai
thac dir lidu chua gan nhan, ddnh gia do tin ciy va kiém soat lan truyén 15i
nhan. Mot phan ndi dung chwong da dugc cong bd trong cong trinh [CT1].

CHUONG 2. PHAN CUM BAN GIAM SAT DUA TREN MANG
NORON MIN-MAX MO VOI BO PHIEU PA SO

2.1. Hoc ban giam sat dua trén siéu hop mo
FMN phan hoach khong gian dir li€u thong qua tap si€u hop mo, cho
phép biéu dién mot cum bﬁng mét hodc nhiéu vung con, do d6 md hinh hoa
duge cac cum khong 16i, co hinh dang bat ky va mat d6 khong dong déu.
bé danh gia mat d¢ va phan phéi di liéu trong si€u hdp, luan an st dung do
1éch tam e(B;) gitra tdm hinh hoc g(B;) va tam dir liéu d(B;):
e(Bj) = llg(B;) — d(B;)
o(By) = S (B = o S
ety (2.1)-(2.2)
Siéu hop duogc xem la thuan khiét néu do l1éch tam thoa man diéu kién
(2.3); chi sb st dung ¢(Bj) phan anh muc d¢ siéu hop dugc khai thac khi
biéu dién va phan loai dit liéu (2.4), trong d6 U; 1a ty 1€ miu thudc B; trong
nhém chira né va A, 1a ty 1& mau duge phan loai chinh xac boi B;:
e(Bj)<e, >0 (2.3)
c(Bj) =(1—p)Uj +p A (2.4)
Trong FMN, siéu hop 1a don vi biéu dién co ban: cac diém nam hoan
toan trong mot siéu hop cé do thudc day du va duge xem la tuong duong.
Vi vy, co ché giam sat dugc nang tuor muc diém dit liéu 1én muc siéu hop:

I



khi mot diém dai dién duogc gan nhan, nhan dugc lan truyén nhét quan téi
toan b cac diém co do thuoc diy du véi siéu hop d6. Cach td chic nay
gitip giam chi phi gan nhén, han ché anh huéng cua nhiéu va cac diém bién,
ddng thoi ting kha nang dién giai. Mdi siéu hop co nhin Bj = (V}, W)) voi
(B;) = ¢ c6 thé chuyén truc tiép thanh luat R;: IF x; € [vj;, wj] AND ...
AND X, € [Vjs, Wjn] THEN y = c, v6i d6 tin cdy dugc danh gid qua s6 mau
bao phit [Tj|, 6 léch tam e(B;) va chi s6 sir dung ¢(B;).
2.2. Hoc ban giam st duwa trén bo phiéu da s6 trong FMN

Phuong phap bo phiéu da sé dua trén miu (nhu kNN) gia dinh céc
mau gﬁn nhau c6 xu huéng cung 16p; nhin ciia mau chua biét dugc chon 1a
nhan chiém uu thé trong k 1an c4n gan nhat. K§ thuat nay truc quan va thich
nghi tét voi phan bd phi tuyén, nhung phu thudc manh vao chét luong dit
lidu, nhay véi tham sé k va kém 6n dinh khi bo phiéu truc tiép trén cac
diém riéng 1¢ ¢ ving chong lan. Trong FMN, co ché bo phiéu c¢6 thé duoc
dinh nghia dua trén (1) cac dai dién hinh hoc cua si€u hdp - hudng tiép can
cia FMN-Voting [CT3], phat trién tt MSCFMN; hoic (2) cic mau dir liéu
lan can mang nhén - hudng tiép can cia FMN-SAL [CT2], ké thira tir SS-
FMM.
2.3. M6 hinh FMN-Voting
2.3.1. Mo td bai todn va y twong

Cho tap dit liéu voi thong tin nhan han ché va tap siéu hop duge hinh
thanh boi FMN, bai toan dit ra 14 khai thac cu tric siéu hop dé tu xac dinh
thong tin bo trg, sau d6 dung thong tin nay dé lan truyén nhan t6i cac ving
chua xac dinh nhan. Cac m6 hinh SS-FMM, SCFMN, MSCFMN phu thugc
vao ngudng chat lugng toan cuc P va can nhiéu vong duyét dé lan truyén
nhan. Y tuong cia FMN-Voting 14 chuyén sang co ché suy luan nhan cuc
bd: nhan cia siéu hop mai khong duge quyét dinh boi mot siéu hop dan dat
don 16 ma bai bo phiéu da sd tir cac siéu hop l4n can di c6 nhén, dua trén
d6 thudc. Thuat toan gdbm hai giai doan: (1) xdy dung tap hat giéng - hoc
khong giam sat dé tao tap siéu hop va gan nhan bo trg cho cac mau co do
thuoc day du; (2) huan luyén ban giam sat véi bo phiéu da sb dua trén siéu
hop.



2.3.2. Kién triic mang noron FMN-Voting
Kién triic gom ba 16p Fa, Fu, Fc (Hinh 2.3). Lép siéu hop Fy duoc t6
chuc thanh cac nhom siéu hop da c6 nhan, trung gian va chua gan nhan; 16p
Fc gém g noron dai dién cho cac cum, tin hi¢u tur nhiéu siéu hop duoc téng
hop qua nat (+). V&i mau chua c6 nhan x, khong thé dugc bao phit hoic mé
rong boi siéu hop phi hop, mé hinh xéc dinh tap 1an can N(x,) gdm cac siéu
hop cé nhan c6 do thude cao nhét va théa mén ngudng f3; mdi siéu hop
trong tap 1an can dong gop mot phiéu:
{(x;) = arg miax Z I(¢(L;) = ¢)
LieN(zv) (2.9)

F‘A “ FH FC

Hinh 2.3: Kién triic mang noron FMN-Voting

2.3.3. Thudt todn hoc trong FMN-\/oting

Giai doan 1 (Thuit toan 2.1) thuc hién hoc khong giam sat dé xay
dung tap siéu hop B, sau d6 gan nhin bo trg cho cic miu c6 do thudc day
du d6i v6i mot siéu hop; do phuc tap T, = O(NMK). Giai doan 2 (Thuét toan
2.2) xay dyng tap siéu hop c6 nhin L rdi suy luan nhan bang bo phiéu da sb
trén k = 2C + 1 siéu hop 1an céan, trong d6 C 1a sé 16p/cum; K 14 s6 1¢, 16n



hon 2C dé tao tap 1an can du 16n va han ché quyét dinh phu thudc vao qua
it siéu hop. Khi s6 siéu hop c6 nhian kha dung nhé hon 2C + 1, md hinh
dung s6 1an can thuc té:
N(z;)= argtop {p(z,, L) |L;jeL,
min(2C+1, |£])
wzr, Lj) > B} (2.17)

NoCe= Y I(UL;)=1), {=1,...,C;
Lj EN(CC;»-)
U(Lpew) = argmax NoCy
‘ (2.18)-(2.19)
Thuit toan 2.2 Huén luyén bin gidam st véi bo phiéu da s6 dya trén siéu hop
Input: B; X = {(x,, £, )} 15 859% 41 85 Ripax:
Output: £; X = {(z,, 0 )M, U;
I L {B; e BIUB;)#0}; X e @ir 0;
2: repeat

3:  Chon dii liéu vio (z,,£,,) € X;

4 it 3dL; € L sao cho p(x,, L;) = 1 then

5 if £, # 0 then

6: Lo — 0L X = X U (2, o) X — X\ (2, 00,0 1

7 end if

8 else

9 if3L; € L: p(x,, L) = maxy, e plar, L) va é(z,, L) < 65 then

10: if 7. # 0 then

11: Loy = UL XY = XU {(2, o ) 1 X X\ {(2r, L) s

12: end if

13: M& rong Lj; diéu chinh chdng lén gita L; va moi L, € L ¢6

Ly, L) > 0, £(Ly) # HLy);

14 else

15: Xdc dinh tdp 14n cin N(z,) theo (2.17);

16: if [N (z,)| > 1 then

17: Tao méi Lyey chifa ,.; tinh s6 phiéu theo (2.18); gdn nhan #(Lyew)
theo (2.19); £ + LU {Lpew}; X' « X' U {(z, )} X
X\ Az, £2,) )

18: end if

19: end if

20:  end if

210 ré—r+1;

22 until X = @ or r = Ryax

23: X + X cap nhat ma trin lién két 16p U dua trén £ theo (1.36);
24: return L; X; U,
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Ménh d& 2.2 chi ra Thuat toan 2.2 c¢6 d6 phic tap To = O(RmaxNMK),

V61 Riax 12 86 luot duyét toi da ciia vong lap repeat-until. Tong chi phi cta
FMN-Voting la:

T=T+T1T=0nMK) + O(RnaxMnK) = O(RypaxnM K) (2.22)

FMN-Voting phui hop khi cac siéu hop co nhin lan can phan anh t6t
phan bd cuc bo. Tuy nhién, mo6 hinh xem céc siéu hop lan can la cac nguén
b6 phiéu tuong dwong; khi dir liéu phan bd khong déu bén trong siéu hop,
tam hinh hoc c¢6 thé 1éch so voi tim phan bé thyc, lam giam db tin cdy cua
bo phiéu. Ngoai ra, voi dit liéu c6 cum khéng hinh clu, qua trinh hinh
thanh siéu hop c6 thé nhay véi thir ty mau huan luyén.

2.4. M6 hinh FMN-SAL
2.4.1. Mo td bai todn va y twong

FMN-SAL khai thac truc tiép thong tin tir cAc mau da c6 nhin trong
tap huén luyén dé xéac dinh nhén cho cac siéu hdp, hinh thanh tap siéu hop
¢6 nhan lam ngudn gidm sat ban dau, rdi lan truyén nhin toi cac siéu hop
va mau chua c6 nhin bang co ché bo phiéu. Gia dinh cac siéu hop lan can
c6 muc dai dién twong duong cia FMN-Voting khong luén ding: siéu hop
c6 thé bi md rong vé mot phia (mit cin bang), ¢6 tam hinh hoc 1éch so véi
tam dir liéu, hodc co chi sb str dung thap. Vi vy, FMN-SAL giit muc tiéu
suy luan nhin nhung thay d6i ngudn bé phiéu: thay vi cac siéu hop 1an cén,
c4c mau mang nhin 14n cén duoc dung 1am don vi bo phiéu, giam su phu
thudc vao tdm hinh hoc va mirc d¢ dai dién cua tirng siéu hop.

2.4.2. Kién tritc va thudt todn hoc trong FMN-SAL

Kién traic FMN-SAL gdm 16p vao Fa, 16p siéu hop Fg (g0m céc siéu
hop da gan nhan by, ..., by va cac siéu hop can suy luan nhan uy, ..., Up) Va
16p ra Fc. Vi miu X, tap 1an can gdm k mau c6 nhan c6 do thudc 16n nhat
duge xac dinh theo (2.23), s6 phiéu va nhin cia siéu hop mai theo (2.24)-
(2.25):

N(z,) = argtop {,u(:vr, xi) | @i € X', plar, xi) > ﬁ}
min(k, | X'|) (223)
NoCy = Z H(tlffii - E); {(Bnew) = arg 1'11?)( NoCy
2iEN(zr) ' (2.24)-(2.25)

Ménh dé 2.3: Thudt toan 2.3 c¢6 d6 phuc tap thoi gian trong trudng hop

xau nhat I3
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Tsas = O(nMK +nM?2) = O(nM(K + M)) (2.26)

FMN-SAL giam sy phu thudc vao muc do dai dién cia si€éu hdp
nhung phu thudc nhidu hon vao chat lugng va phan bd cia cac mau mang
nhin; do d6 mé hinh khéng mic nhién cho két qua tot hon trén moi tap dir
liu.

Thuit toan 2.3 Thuit todn hoc ban giam sit FMN-SAL
Input: X = {(z,,¢;,) ﬂil, gmax -3
Output: B, X = {(z,, 0, )}M,, U
I: Khdi tao tap U gdm p siéu hop theo (1.33); B + @; X' « @&;
2: Tao méi siéu hdp Breyw theo (1.32); B + B U {Buew }:
3: repeat
Chon dit liéu vao (z,,{,, ) € X;
5. if3AB; € B: pu(xy, Bj) = maxp,eg (e, B) va d(x,, B;) < ™ then
6 biéu chinh Bj theo (1.6), (1.7);if £,, = O then £, « {(B;);
7: X = XU {(zp, b ) 1 X X\ {2, 0, |
8
9

=

Diéu chinh chdng lin gifia B; va By néu £(B;) # £(By):
else
0: if £, # 0 then
11 Tao Bpew: £(Bhew) ¢ €o,3 B+ BU{Bpew }: X'+ X' U {(z,,0,,.)}:
X« X\ {(zr, b))

12: else

13: Xdc dinh tdp 14n cin N(z,) theo (2.23);

14: if |[N(x,)| =k then

15: Ta0 Bpew; tinh sb phidu theo (2.24); gin nhin £( By, ) theo (2.25);
by, 4+ U Bpew); B+ BU{Buew}: X'« X' U{(2, 0, )} X +
X\ {(z, 02) )

16: end if

17: end if

18:  end if

19: until X = &

20: X 4 X'; céip nhat U dua trén B theo (1.36);

21: return B, X, U;
2.5. Thue nghiém va danh gia
2.5.1. Thiét Igp thuwe nghi¢m

Thuc nghiém nhim danh gia hiéu ning cia FMN-Voting va FMN-

SAL so v6i cac bién thé FMN va cac phuong phap lién quan, phén tich tac
dong ctia cac chién lugc suy luan nhan, anh hudng ciia tham sé (3™, B, y)
va chi phi tinh toan. Cac thi nghiém dung kiém tra chéo 10-fold; trong mdi
fold, tap kiém tra chi ding dé danh gi sau khi huén luyén va chon tham s6
hoan tt, cac tham so tién xir 1y (ké ca gid tri trung binh thay thé gia tri



12

thiéu) duoc xac dinh chi tir tdp huan luyén. Két qua bao céo dudi dang
trung binh va d¢ léch chuén; luan an chua thyc hién kiém dinh gia thuyét
thdng ké nén chénh léch duoc dung dé mé ta xu huéng. Tham sb chinh: y =
10, B ban dau 0,99, hé s6 giam ¢ = 0,9 va Pmin > 0,8. Mbi truong:
MATLAB R2014a 64-bit, Intel Core i5-6300HQ, RAM 16GB.

Thyc nghiém st dung 13 tép dir liéu (Bang 2.1 cta luan an) coé tur 150
dén 7200 miu, 2 dén 60 thudc tinh va 2 dén 15 nhom. Cac tap Aggregation,
Flame, Spiral, Jain, R15, Pathbased, Thyroidnew léy tir kho CS; Iris, Wine,
PID, Thyroid, Sonar, ILPD lay tir kho UCIL ILPD gdém 583 hd so bénh
nhan (416 méc bénh gan, 167 khong miac bénh) véi 10 thudc tinh 1am sang
va sinh héa mau. Vi cdc mo hinh thyc hién phan cum ban giam sat, nhan
cum duoc anh xa sang nhin 16p chi trong giai doan danh gia theo 16p xuat
hién nhiéu nhat trong cum (2.32); cac d6 do st dung gém Accuracy,
Precision, Recall, F1-Score, Specificity, RIl, ARl va NMI.

m(G)) = arg max Z (yi =c¢)
i€, (2.32)
2.5.2. Két qud trén cdc tap die ligu chudn
Tham s 8™ anh huong 13 rét dén chit lwong phan cum: khi 8™ nho
hodc trung binh thép, md hinh thuong dat Accuracy cao va on dinh hon; khi
8™ tang, siéu hop m¢ rong qua mirc 1am mo ranh giGéi cum va gidm do
chinh xac. S6 luong siéu hop ciia FMN- SAL giam khi 8™ tang, vi du trén
Aggregation giam tir 423,1 (Smax 0,01) xudng 13,3 (3™ = 0,80). Bang 2.2
cho thdy trén cic tp c6 két qua clia ca hai md hinh, FMN-SAL dat
Accuracy cao hon FMN-Voting; ky hi¢u "-" 1a truong hop FMN-Voting
bién dong manh theo thu ty mau huin luyén, Accuracy thép hon 0,5 nén
khdng bao cao gia tri dai dién.
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Bing 2.2: Gia tri d do Accuracy cia FMN-Voting va FMN-SAL

Tap dir liu FMN-Voting FMN-SAL
Flame 0,9622 0,9798
Iris 0,9588 0,9685
R15 0,9780 0,9984
Wine 0,9356 0,9450
Jain - 0,9879
Spiral - 0,9943
Pathbased - 0,9781
PID - 0,7004
Thyroid - 0,9675
Aggregation - 0,9911

So sanh voi cac phuong phap trong tai liéu [101] theo chi sé ARI
(Bang 2.4 cua luan an), FMN-SAL dat 0,9984 trén R15 va 0,9798 trén
Flame, 13 cac gia tri cao nhat trong nhom so sanh; trén Aggregation va Jain,
FMN-SAL (0,9911 va 0,9879) gan véi GCAE (0,9920 va 1,0000). Do két
qua cta cac phuong phap ddi sanh dugc ké thira tir [101], khong thuc
nghiém lai véi cing quy trinh, cic s liéu nay chu yéu dung lam tham

chiéu.

Bang 2.5 so sanh Accuracy (%) cia SCFMN, MSCFMN va FMN-
SAL. FMN-SAL dat gié trj cao hon trén phan 16n cac tap, dang chu y trén
Spiral dat 99,43%. Trén PID va Sonar, SCFMN dat 70,57% va 73,91%, cao
hon nhe so véi 70,04% va 73,58% ciua FMN-SAL; diéu nay cho thiy lgi

ich cuia co ché bo phiéu dua trén mau phu thudc vao dic diém dir lidu.

Bdng 2.5: Gia tri Accuracy (%) cua ba mé hinh trén cdc tap div liéu

Tép dir liéu o SCFMN MSCFMN FMN-SAL
Iris 0,06 94,12 94,67 96,85
Thyroid 0,07 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
R15 0,05 99,50 99,64 99,84
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2.5.3. Két qud trén tdp dit ligu bénh gan ILPD

Trén ILPD (16p bénh gan la 16p duong), ca FMN-SAL va FMN-
Voting dat két qua t6t nhat tai 8™ = 0,08. Tai gia tri nay, FMN-SAL dat
Accuracy 0,9039, Recall 0,9423, Specificity 0,8084, Precision 0,9245 va
F1-Score 0,9333 trén 16p bénh gan; FMN-Voting dat Accuracy 0,8576,
Recall 0,9135, Specificity 0,7186, Precision 0,8899 va F1-Score 0,9015.
Khi 8™ qua 16n (0,90), Accuracy giam con khoang 0,51 va ARI, NMI xap
xi 0.

Béng 2.12 va Bang 2.13 so sanh cac mo hinh dé xuit véi K-means++,
EM, DBSCAN (thuc hi¢n trén Weka) va SCFMN. Precision, Recall va F1-
Score duoc tong hop theo trung binh c6 trong s theo sé mau cua timg 16p;
vGi bai toan hai 16p don nhin, Recall trung binh c6 trong sb bang
Accuracy.

Bing 2.12: Két qua ddnh gid tong thé trén tdp dit liéu ILPD (trich)

M6 hinh Accuracy Specificity Precision F1-Score
K-means++ 0,6252 + 0,0222 | 0,4463 +0,0932 | 0,6148 +0,0437 | 0,6154 + 0,0240
EM 0,5647 £ 0,0351 | 0,7353+0,1299 | 0,7589 +0,0544 | 0,5648 + 0,0249
DBSCAN 0,6416 + 00,0022 | 0,4411+0,0048 | 0,6229 +0,0021 | 0,6306 + 0,0019
SCFMN 0,7780 £ 0,0184 | 0,6442 +0,0330 | 0,7718 +0,0185 | 0,7736 + 0,0186
FMN-SAL 0,8806 + 0,0043 | 0,8001 +0,0082 | 0,8786 +0,0044 | 0,8788 + 0,0043
FMN-Voting | 0,8045+0,0366 | 0,7029 +0,0490 | 0,8021 +0,0365 | 0,8030 + 0,0364

Recall trung binh ¢é trong s6 tring véi Accuracy nén khéng Idp lai.

Bing 2.13: So sénh FMN-SAL, FMN-Voting vdi cac phwong phdp khdc trén ILPD

Mb 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
SCFMN 0,6546 + 0,0208 0,2772 £0,0432 0,1570 £ 0,0334
FMN-SAL 0,7894 + 0,0066 0,5606 + 0,0135 0,4077 +0,0137
FMN-Voting 0,6870 + 0,0458 0,3499 + 0,0942 0,2189 +0,0793

Két qua cho thdy FMN-SAL dat Accuracy 0,8806 + 0,0043 va RI,
ARI, NMI cao nhat trong nhom so sanh, voi do 1é€ch chuan nho; FMN-
Voting cao hon SCFMN va cic phuong phép trén Weka trén phan 16n cac
chi s6. Cac phuong phap K-means++ va DBSCAN c¢6 RI x4p xi 0,53 nhung
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ARI, NMI rat thap, cho thay cau tric cum chua tuong (mg tot véi hai 16p
bénh gan va khong bénh gan.
2.6. Két luan chuwong 2

Chuong 2 di d& xuit hai m6 hinh FMN-Voting va FMN-SAL. FMN-
Voting khai thac bd phiéu dua trén cac siéu hop lan can, han ché su phu
thudc vao mot siéu hdp don 1¢; FMN-SAL suy luén nhan dya trén cac mau
mang nhan lan cén, giam phuy thudc vao tam hinh hoc va mic d6 dai dién
cua siéu hop. Thuat toan hoc dugc trinh bay kém phéan tich d§ phuc tap.
Thuc nghiém cho thay hai mé hinh dat két qua canh tranh va cai thién hiéu
nang trén nhiéu tap dir liéu, tuy mirc cai thién phu thudc vao dic diém ting
tap; két qua trén PID va Sonar cho thay khong c6 co ché suy luan nhin duy
nhat chiém uu thé trén moi tap dit lidu. Két qua ciia chuong da duoc cong
b trong cac cong trinh [CT2], [CT3], [CT4] va [CT5].

CHUONG 3. HOC BAN GIAM SAT TRONG MANG NORON FMN
VOI CHIEN LUQC CHON HAT GIONG CHU PONG

3.1. Gi6i thi¢u vé mé hinh FA-Seed

Hiéu qua cua cac md hinh & Chuong 2 van phu thudc vio chat luong
clia cac hat gidng ban dau. Trong luan an, hat gidng (seed) 1a mau dir liéu
dai dién dugc lua chon va xac dinh nhan dé cung cép thong tin giam sat ban
dau; do tin cdy ctia mot siéu hop phan anh mirc do co thé diung siéu hop d6
lam ngudn thong tin dé chon hat gidng, duoc xem xét qua mat do dir liéu,
do léch gitra tAm hinh hoc va tim dir liéu, va do thudc cua cac mau bén
trong; tinh dai dién phan 4nh muc do siéu hop hodc mau dic trung cho
phan bd cuc bd ciia ving dit liéu nd bao phu.

Cac md hinh FMN ban giam sat hién co hodc chon hat gidng ngiu
nhién (GFMM, SSL-FMM, SS-FMM), hoic chon hat gidng dya trén siéu
hop voi gia thiét "mdi siéu hop dai dién cho mot cum" (SCFMN,
MSCFMN). Gia thiét nay chi phi hop khi cum gin ciu va kich thuéc
tuong dbi dong déu; véi cac tap cd cdu trac phirc tap nhu Aggregation,
Flame, Pathbased, siéu hdp phai mo rong dé bao phii ca cum, din dén
chdng 14n nhiéu cum va giam tinh thudn nhat. Tir d6, luan an dé xuit mo
hinh FA-Seed [CT6] két hop chién luge lya chon hat gidng chi dong voi
kha ning phan hoach thich nghi ciia FMN: biéu dién mot cum bang nhiéu
siéu hop, danh gia do tin cdy cia hat gidng va lan truyén nhén c6 kiém soat.
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3.2. M6 hinh FA-Seed: Lura chon hat gidng chii dong dwa trén FMN
3.2.1. Mo td bai todn

Cho tap dir liéu X gdm M mau, mdi X, c6 thé duoc anh xa vao C cum;
tap siéu hop B =L W U gdm tap siéu hop c6 nhin L va chua c6 nhin U. Bai
toan ctia FA-Seed 1a phan cum ban giam sat khi dir liéu huan luyén ban dau
hau nhu chua c6 nhin, hudng téi ba muc tiéu: (i) lya chon tip hat giéng co
chat lugng va tinh dai dién cao; (ii) giam sb luong truy vin chuyén gia; va
(iii) lan truyén nhan c6 kiém soat nham nang cao chat lugng phan cum. Tir
tap dir liéu chua gan nhan, FA-Seed xac dinh tap hat giéng muc tiéu nho
nhung c6 tinh dai dién cao thong qua danh gia tng vién va truy van cha
dong chuyén gia, sau d6 md rong c6 kiém soat thanh tap hat giéng mo rong
dé dan dat qué trinh huan luyén ban giam sat.
3.2.2. Y twong va kién trirc ciia FA-Seed

O giai doan xac dinh hat giéng, FA-Seed st dung gidi han kich thudc
siéu hop nho hon dé phan hoach khong gian dit liéu thanh céc ving cuc bd
chi tiét hon (vi du 41 siéu hop trén Aggregation, 11 trén Flame va 19 trén
Pathbased). Rang budc nay lam ndi bat bién dong cuc bo vé mat do, giup
nhan dién ving bién, ving chong lan va diém bét thuong. Kién tric md
hinh gém hai giai doan (Hinh 3.7): (i) xdy dung tap hat giéng chu dong -
huén luyén khong giam sat FMN, danh gia cac siéu hdp mg vién theo mat
d6 va phan phéi dit liéu, truy van chuyén gia dé xac nhin nhdn va mé rong
¢6 kiém soat; (ii) hudn luyén ban giam sat c6 dan dat bang tap hat giong mo
rong. Trong vi du trén tap Aggregation, 15 trong sé 25 siéu hop dugc chon
dé sinh hat gidng.
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Hinh 3.7: Kién triic mé hinh phén cum béan gidm sat mo véi hoc chii dong FA-Seed

Mang noron FA-Seed gdm 16p dau vao Fa; 16p danh gia siéu hop Fg
gom K nut ing véi K siéu hop tao ra & Giai doan 1; 16p danh gia va lan
truyén nhin Fy chia thanh tap siéu hop di gan nhin va chwa gan nhan, ap
dung co ché cong va quy tic ké thira nhin dé chuyén dan cac siéu hop sang
tap c6 nhan; va 16p dau ra Fc gdm cac nat cum.

3.2.3. Thudt todn hoc ciia mé hinh FA-Seed

Giai doan xdy dung tdp hat giong voi hudn luyén chii déng: md hinh
chu dong chon mot sé miu co tinh dai dién tir cac siéu hop thoa min tiéu
chi dé chuyén gia cung cap nhan. Cac siéu hop duge danh gia theo do léch
tam (2.1); cé4c siéu hop khong thuan khiét bi loai; tip ing vién hat gidng va
tap hat giéng duoc xac dinh boi:

§=J {&r € X | plar, By) = 7},
icdg

Jo=A{i|B;eB, e(Bj)<c}, Q={d(B))|je o} (3.9)-(3.12)
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Thuit todn 3.1 Xay dung tap hat gidng vdi hudn luyén chi déng

Input: X (M = |X|); 6™ ¢

Output: Tip dif liéu da sip xép lai X, tip siéu hop B

I: Bude 1: Sinh tap siéu hop B

: Duyét mét 1an qua tip X d€ xdy dung tip siéu hop m& B dua trén

: Budc 2: Loc siéu hép (xdc dinh céc diém dit liéu cAn truy vin)

: for mdi siéu hop B; € Bdo

Goi T} 1a tip cac miu dude gin cho B; (3.10); V;, W; Ia céc dinh min, max

cia Bj;

6 Tinh tim di liéu d(B;) theo (2.2) va tam hinh hoc g(B;) theo (1.40);

7. if didu kién (2.3) khong duge thoa man then

8: Loai bé siéu hop Bj: B « B\ {B;};

9:  endif

10: end for

11: Buée 3: Xay dung tip hat gidng, phin hoach va sip xép lai dit liéu

12: Xay dung tip hat giéng  tif tim di liéu ctia cdc siéu hdp thudn khiét theo (3.12)
va truy van nhan tif chuyén gia;

13: Xay dung tap hat gidng S tif cic mAu ndm hoan toan trong it nhit mét siéu hp
thuén khiét theo (3.9);

14: Xiy dung hodn vi 7 clia {1,..., M} sao cho cic phin tit clia S dugc xép trudc,
tip §' = X \ § dugc xép sau;

15: Tao tap dif liéu da sip xép lai X' = (Xrq1), - Xn(an)s

16: return B (tdp siéu hop con ton tai), X’ (tap du liéu da sftp xép lai)

Jmax :

woE W

Cac mau thudc cac siéu hop bi loai khong duogc bao phu bai siéu hop
thuan khiét nén thudc tap S’ va dugc xu ly & giai doan sau. Thuat toan 3.1
c6 do phuec tap T; = O(NMK).

Giai doan hudn luyén ban gidm sdt ¢é dan ddt: tap hat gidng da duoc
xac dinh nhan dugc dung lam thong tin giam sat ban dau dé dinh hudéng
qua trinh hinh thanh siéu hop va lan truyén nhan; viéc lan truyén duoc kiém
soat boi rang budc kich thudc si€u hop va ngudng do thude p:

P - . N . . cImnax
it =argmaxp(zr, By), T ={j|d(zr, Bj) < &5} (3.19)-(3.20)
(3.22)-(3.23)

Thuat toan 3.2 ¢6 do phuc tap T, = O(NMK). Ngoai ra, FA-Seed phét
sinh chi phi truy van nhan O(q) cho q mau dwoc chon, v&i g nhé nén khong
1am thay ddi bac do phirc tap. Téng chi phi tinh toan ctiia FA-Seed Ia:

T=T1+T,=0nMK)+OnMK) =0(nMK) (3.27)

B — argféajxp(g(Bj),Bk): Jr = {k| n(9(B;), Bx) > B}
Ji,
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Thuit toan 3.2 Huén luyén bdn gidm sat c6 din dit
Input: X'; 3; §5pax
Output: B

I L=, U=,

2: for mdi z, € X' do

3:  Xéc dinh tap 7 theo (3.20);

4 if J # @ then

5: Xdc dinh j* theo (3.19); md rong ;- theo (3.21);

6: Diéu chinh B;+ vd By, theo (1.15)~(1.26) néu chdng l1in véi ¢(B;+) #
£(By);

7. else

8: Tao Bew VO View = Wihew = 2

9: if £, # @ then {(Bpeyw) = €y s £ = LU {Bpey} elseld = U U {Byew }:

10:  endif

11: end for

12: repeat

13: for mdi B; € U do

14: Tinh trong tim g(B;) theo (1.40);

15: if 3k* véi By~ € L thda man (3.22) then

16: U(Bj)=0By); L=LU{B;};d =U\{B;};

17: end if

18:  end for

19:  Giam 3,

20: until (4 = @) or ([ < ngudng tin ciy)

21: if U # @ va L # & then

22: V8imdi By € U: k* + argmax;. u(g(B;), By), Br € £; {(B;) = {(By);
23: end if

4 B=LUU

25: return B

3.3. Thuc nghiém va danh gia

Thue nghiém tudn theo cung thiét 1ap & Chuong 2; ngoai cac tip &
Bang 2.1, chuong nay str dung thém céc tap Ecoli, Soybean va Zoo tir kho
UCL. Trén cac tap Iris va Wine, so voi phuong phap FC2 & cac muc ty 1¢
nhin thap (dudi khoang 20%), FA-Seed dat RI trung binh cao hon va bién
d6 dao dong nho hon; khi ty 1€ nhan tang, hi€u nang cua hai phuong phap
dan twong duong. Tai cung s6 lugng truy van, FA-Seed thu dugc sb lugng
hat giéng cao hon MSCEMN nh¢ phan hoach siéu hop tinh hon. So véi
SSGC, SSDBSCAN, SSK-Means, K-Means va MSCFMN theo chi s6 RI,
FA-Seed nhin chung tot hon hodc tuong duong trén hau hét cac tap; trén
Soybean, Zoo va Iris dat RI gan nhu hoan hao. V& Accuracy, FA-Seed
tuong dwong hodc cao hon MSCFMN trén hau hét cac tap, voi muc cai
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thién o hon trén cac tap co6 phan bd 16p mat cin bang nhu Thyroid,
Pathbased, Zoo.

Trén tap ILPD, FA-Seed dat két qua tSt nhat tai 3™ = 0,08 véi
Accuracy 0,9211, Recall 0,9567 va F1-Score 0,9454 trén 16p bénh gan; RI,
ARI, NMI tuong tng 1a 0,8544 + 0,0263, 0,6972 + 0,0549 va 0,5516 +
0,0577. So sanh v6i MSCFMN va cac phuong phap trén Weka (Bang 3.6,
Bang 3.7), FA-Seed cai thién Accuracy tr 0,7976 + 0,0332 1én 0,9009 +
0,0165, F1-Score tir 0,7941 + 0,0323 1én 0,8998 + 0,0167, dong thoi FP
Rate giam tir 0,3250 £ 0,0383 xuéng 0,1638 + 0,0255.

Bing 3.6: So sanh FA-Seed véi MSCEMN va cdc phuwong phap trén Weka (trich)

M6 hinh Accuracy Specificity Precision F1-Score
K-means++ 0,6252 +0,0222 | 0,4463 +0,0932 | 0,6148 +0,0437 | 0,6154 + 0,0240
EM 0,5647 +0,0351 | 0,7353+0,1299 | 0,7589 +0,0544 | 0,5648 + 0,0249
DBSCAN 0,6416 + 00,0022 | 0,4411+0,0048 | 0,6229 +0,0021 | 0,6306 + 0,0019
MSCFMN 0,7976 + 00,0332 | 0,6750+ 0,0383 | 0,7929 +0,0329 | 0,7941 + 0,0323
FA-Seed 0,9009 + 0,0165 | 0,8362 +0,0255 | 0,8995 +0,0169 | 0,8998 + 0,0167

Recall trung binh c6 trong sé trimg voi Accuracy nén khéng lap lai.

Bing 3.7: So sanh FA-Seed voi MSCFMN va cdc phuong phép trén Weka: R,

ARI, NMI
M4 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 + 0,0665
FA-Seed 0,8215 + 0,0263 0,6285 + 0,0549 0,4779 £ 0,0577

Vé chi phi tinh toan, FA-Seed c¢6 do phirc tap O(NMK); khi K nh6 hon
nhiéu so v6i M, chi phi ting gan tuyén tinh theo s6 mau, trong khi SSGC c6
dd phuc tap O(nz). Phan tich d6 phirc tap va thoi gian thyc thi hién tai moi
cho thiy tiém ning v& hiéu qua tinh toan, chwa du co s¢ dé khiang dinh kha
nang mo rong trén dir liéu quy mo 1on.

3.4. Két luan chwong 3

Chuong 3 da trinh bay m6 hinh FA-Seed voi chién lurgc Iva chon hat
giéng chu dong, xem xét déng thoi muc d6 dai dién va d¢ tin cay cua tirng
hat gidng, gitip giam nguy co lan truyén 16i nhin & ving chong lan, nhidu
hodc phan bd khong dong déu, véi chi phi tinh toan phu hop. Cac thuc
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nghiém cho thiy chién lugc niy c6 tiém nang cai thién chat luong phan
cum. Két qua cua chuong dd dwoc cong bd trong cac cong trinh [CT6],
[CT7] va[CT8].

KET LUAN
1. Két qua dat dwoc

Ludn an nghién ctru bai todn phan cum ban gidm sat dua trén mang
noron min-max mo trong diéu kién thong tin nhan han ché, tap trung vao
hai van dé: do tin cdy cua qua trinh suy luan va lan truyén nhén, va chat
luong ciia tap hat gidng ban dau.

2. Nhirng dong gép mdi ciia luin an

(1) Bé xuat mo hinh FMN-Voting, trong d6 nhan ciia mau va siéu hop
moéi duoc suy luén bing bo phiéu da sé tir k = 2C + 1 siéu hdp ¢ nhén lan
can thay vi mot si€u hop dan dit don 1é; xay dung thuat todn hoc hai giai
doan va phan tich d6 phtc tap O(RnaxNMK). Két qua di duoc cong bd trong
cbng trinh [CT3].

(2) Bé xuat mo hinh FMN-SAL, chuyén ngudn bé phiéu tir siéu hop
sang cac mau mang nhin 1an can nhim giam anh huéng cta cac siéu hop
1éch tam hodc c6 chi sé str dung thap. Trén 7/9 tap dit liéu chuin, FMN-
SAL dat Accuracy cao hon SCFMN va MSCFMN (Béang 2.5); trén tap
ILPD, FMN-SAL dat Accuracy 0,8806 + 0,0043 va cac chi s6 RI, AR,
NMI cao nhit trong nhom so sanh. Két qua da duoc cong bd trong cac cong
trinh [CT2], [CT4] va [CT5].

(3) P& xuat mo hinh FA-Seed véi chién lugc lwa chon hat giéng chii
dong dua trén phan hoach siéu hdp véi gidi han kich thudc nhd, danh gia
siéu hop theo do 1€ch tdm va truy van chuyén gia cho cac mau dai dién, sau
d6 huin luyén ban giam sat c6 dan dat. Trén tap ILPD, FA-Seed dat
Accuracy 0,9009 = 0,0165 va RI 0,8215 + 0,0263, so voi 0,7976 + 0,0332
va 0,6783 £ 0,0402 ciia MSCFMN. Két qua di dugc cong bd trong cac
cong trinh [CT6], [CT7] va [CT8].

3. Y nghia khoa hoc va thye tién

Luan 4n b sung cac co ché danh gia va sir dung thong tin ciu tric caa
siéu hop (46 1éch tam, chi sé sir dung, do thudc) vao suy luan nhan va lya
chon hat giéng, kém phan tich d6 phtic tap; cic md hinh dugc kiém chimg
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trén dir liéu bénh gan ILPD va céu tric siéu hop cho phép két xuét cac luat
IF-THEN c6 thé dién giai.
4. Han ché va hwéng nghién ctru tiép theo

Luan 4n con mdt s6 han ché: (i) cac chénh 1éch két qua méi duge bao
cdo dudi dang trung binh va dd 1éch chuan, chua duge kiém dinh y nghia
théng ké; trén PID va Sonar, FMN-SAL chua vugt SCFMN; (ii) FMN-
Voting chua cho két qua 6n dinh trén mot sb tap dir li€u co cAu trac cum
khong hinh cau do phy thudc vao thir tyr mau hudn luyén; (iii) hiéu ning cac
mo hinh phu thudc vao giGi han kich thudc siéu hop 8™; (iv) thuc nghiém
moi tién hanh trén dir liéu dang bang véi tap 16n nhit 7200 mau, chwa ddi
sdnh voi cac phuong phap phan cum ban gidm sat dua trén hoc sau; (v) FA-
Seed can sy tham gia ciia chuyén gia & giai doan truy vin nhan.

Hudng nghién ctru tiép theo: (i) két hop voi cac mé hinh hoc sau hodc
biéu dién dic trung dé xir 1y dir liéu co ciu triic phirc tap; (ii) phat trién co
ché suy luan nhan thich nghi hon dya trén d¢ tin cay va dong hoc cua siéu
hop; (iii) nghién ctru chién lugc song song va phan tan dé nang cao kha
ning mé rong; (iv) tiép tuc khai thac kha nang két xuat luat mo dé ting tinh
dién giai trong cac hé thong hd tro ra quyét dinh; va (v) kiém dinh ¥ nghia
thdng ké cac két qua so sanh va danh gia trén cac tap dir liéu c6 quy mo 16n
hon.
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