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TOM TAT: M6 hinh hoc mdy tién tién voi phwong phdp phdn I6p ban gidm sat da thu hit sy quan tdm ciia nhiéu nha nghién citu,
mét vai nghién ciru di chi ra rang trong mét s6 truong hop cdc phwong phdp phan [6p ban giam sat thuc hién khong hiéu qua bang
cdac phwong phap phdn I6p ¢b giam sat, fr do lam giam d¢ tin cdy trong cac imng dung thic té. Véi mong muon phat trién mot
phirong phdp phdn I6p ban gidm st ¢6 tinh dén do an todn cia tdp div liéu hudn luyén dé thuc hién phan I6p t6t hon so véi phirong
phap c6 giam sét, bai bdo nay dé xudt mét gidi phap quan 1y diF liéu tham gia phan I6p doi véi mé hinh hoc ban giam sat bang cach
kiém sodt sw can bang giita phan I6p ban gidm st va phdn 16p ¢6 gidm sdt khi ¢6 sie tham gia ciia cdc dit liéu khong gan nhén trong
viéc phan I6p. Céc két qua thue nghiém cho thdy hiéu sudt tong thé ciia gidi phdp chiing 16i dé xudt c6 kha nang canh tranh dé dp
dung voi mé hinh hoc ban giam sat.

Tir khoa: Semi-supervised classification; Semi-supervised improvement; Manifold; Clustering; least-square support vector machine
(LS-SVM).

I. GIOI THIEU

Ngay nay, hau hét moi nganh cong nghiép dang lam viéc v6i ham luong 16n dir liéu va déu nhan ra tam quan
trong cua cong nghé hoc may, hoc may gy nén con sOt cong nghé trén toan thé gidi trong vai thap nién gan day. Trong
linh vuc hoc may c¢6 2 huéng tiép can dugc chip nhan rong rii d6 1a hoc co giam sat va hoc khong giam sat, nhung
ciing c6 nhitng hudng tiép can khac nhu hoc ban giam sat, hoc ting cudng. Trong d6 mé hinh hoc c6 giam sat thi cac
dir liéu dung dé hudn luyén bt budc phai dugc gan nhin trude, ddy chinh 1a mot trong nhitng nhuoc diém cta phuong
phap nay, béi vi khong phai luc nao viéc gan nhan chinh xac cho dit liéu ciing dé dang. Con véi mo hinh hoc khong co
giam sat thi nguoc lai, cac dit liéu hudn luyén khong dugc gan nhén, do do két qua thu dwoc co do chinh xac khong
cao. Cong viéc gan nhan cho dir lidu s& tén nhiéu cong strc va thoi gian, viée tao ra nhan cho nhimg dir li¢u doi hoi su
nd luc 1én cua con nguoi. Hoc ban giam sat da khéc phuc duoc cac nhuge diém va phét huy dugc uu diém cua hoc c6
giam sat va hoc khong co giam sat, bang cach két hop giita hoc c6 giam sat va hoc khong co giam sat, véi mot lugng
l6n dir liéu chua gan nhan va mot lugng han ché nhirng dir liéu d& dugc gan nhan, béng cac giai thuat hoc ban giam sat
s& thu dugc két qua vira c6 do chinh xac cao vira mat it thoi gian va cong sire. Do d6, hoc ban giam sat 1a mot phuong
phap hoc dat dugc hiéu qua tdt trong linh vuc hoc may va la phuong phap hoc thu hiit sy quan tim nghién ciru manh
mé trong sudt cac thap ky qua.

Cac phuong phap phén 16p ban gidm sat ¢b géng khai thac cac thong tin phan phéi dit liéu ndi tai duge dua ra
boi cac dir liéu khong gan nhan. Hau hét cac phuong phap ap dung mét hodc hai gia dinh pho bicn la gia dinh cum
(cluster) va cac gia dinh da dang (manifold) [7, 8, 11, 15] d€ khai thac cac dit liéu khong gan nhan.

Mot vai nghién ctru chi ra riang, ¢6 phuong phap phan 16p ban giam sat mang lai hiéu suét thuc hién kém hon
khi phat trién ttr phuong phap phan 16p c6 giam sat béng cach sur dung dir liéu khong c6 gan nhan [9,12,13], nhu trong
[13] d4 phat trién S3VM _us tir S3VM vd&i giai phap phan cip cum bang viée lwa chon cac dir llcu khong gan nhan co
d tin cay cao dugc TSVM du béo va phﬁn con lai dugce dy bao voi SVM tham gia vao tap huén luyén cho viéc phan
16p. Con trong [12] da phat trién phuong phap S4VM tir S3VM, két qua cudi cing thi S4VM c6 tinh canh tranh cao so
v6i TSVM va khong bao gio thip hon dang ké so véi SVM. Ca 2 phuong phap S3VM_us va S4VM thuc sy duge cai
thién dua trén quy nap S3VM. Trong nghién ciru [14] tic gia da dua ra gia thuyét sira d6i phan cum bang cach chia sé
cac thanh vién 16p tuong ty hon 1a mot nhan 16p rd rang, tir d6 da phat trién mot phuong phap phan 16p ban giam sat
moi dya trén cac thanh vién 16p.

Trong phan tiép theo cua bai bao nay, ching t6i tap trung vao mot sb6 phuong phap phan 16p ban giam sat da
dugc phat trién trong sudt cac thap ky qua [7, 8, 10, 11] va d& xuat mot co ché quan 1y dit liéu tham gia phan 16p bang
cach kiém soat sy can bang gitra phan 16p ban giam sat va phan 16p c6 giam sat khi c6 sy tham gia cia cac dit lidu
khong gan nhan trong vié¢c phan 16p.

Phén con lai ctia bai bao nay duge cu trac nhu sau: Phan 11 gi6i thiéu phuong phdp phan 16p ban gidm sat dua
vao thanh vién 16p. Phan 11l d& xuét giai phap quan 1y dit liéu tham gia phan 16p trong mo hinh hoc ban giam sat dya
vao thanh vién 16p. Phan IV trinh bay cac két qua thuc nghiém va danh gia két qua. Cudi cung la phan két luan va
hudng phat trién.
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Il. PHUONG PHAP PHAN LOP BAN GIAM SAT DUA VAO THANH VIEN LOP

Gia thiét phan cum gia dinh 1a cac truong hop tuong tu nén chia sé¢ nhin cing 16p, didu nay ngam gia dinh rang
mdi trudng hop nén ¢é nhin rd rang. Tuy nhién, trong thyc t& c6 mot s6 trudng hop khéd gan nhian cho mot 16p don, vi
du nhu cac trudng hop nam & bién. Trong nhiing truong hop nhu thé nay thi gia thiét cum khong thé phan anh day du
phan bd dir liéu thyuc va s& dan dén du dodn khong hiéu qua trong phan 16p ban giam sat. Do d6, trong nghién ctru [14]
tac gia da dua ra gia thiét sira d6i phan cum bang cach chia sé cac thanh vién 16p tuong tu hon 13 mot nhan 16p rd rang.
Dbi voi mdi truong hop, cac thanh vién 16p dugc bicu dién nhu mot vector, gia tri ciia timg yéu té thé hién kha ning
clia cac trudng hop lién quan thude vé 16p.

Ap dung thong qua gia thiét sira d6i cum ciing nhu nguyén tic hoc dia phuong (han ché mdi truong hop va
trong sO dia phuong cia no 1a chia sé cac vector thanh vién cing mét nhan), [14] da phat trién mdt phuong phap phan
16p ban giam sat mai goi 1a phan 16p ban giam sat dya vao thanh vién 16p.

Cu thé nhu sau: Cho tap dit liéu gan nhin X; = {x;}*, v6i cac nhin trong tng Y = {y;}, va tap dir liéu khong
gan nhan X, = {xj}janl, trong d6 x; € RY,y; € RC cho phan 16p 16p C va n, = n — n,. V&i ham quyét dinh f(x) va

mot ham thanh vién nhén v(x), thi phuong phap phan 16p ban giam sat dua trén thanh vién 16p dugc xay dung nhu sau:

min an(xo will + 2, an(x) yl||2+z Z 0 () I Co) = mell” + 2 Z Z v G’ @) = nell* + 20FlE (1)

k=1 j=n;+1 k=1 j=n;+1
véirangbudc: Yo (%) =1, 0<v(x)<Lk=1..Cj=n+1..n

Trong d6 || 113 1a mot chuan trong khong gian Hilbert nhan ty sinh, {r,}S_, 1a kiéu ma héa cho cac 16p C,
y; € RC Vé Iy € RC dugc ma hoa bdi mot trong nhung luat C, tic 1a yéu t6 k cia y; 1a 1 va yéu t con lai 1a 0 néu x;
thude vé 16p k, yéu t6 k cua ry 14 1 va cac yéu t con lai 120, f(x;) € RC va v(x;) € R cho mdi x;, VA vi(x;) thé hién
xéc sudt cua x; thudc 16p k, %; 1a gia tri trung binh trong sO dia phuwong cua x; duoc xac dinh boi:
Ex]-eNe(xi) SijXj

a

X; =

2
YxjeNe(x)) Sij )
Trong d6 Ne(x;) 1a k 1ang giéng gan nhét ciia x; duoc do bang khoang cach Euclide va Sij 1a mot dai luong ti 1€
nghich véi khoang cach gitta x; vax;vk =1..C,i=1..n.

Trong phén 16p ban giam sat dya vao thanh vién 16p thi moi truong hop c6 thé thudc da 16p véi cac thanh vién
16p tuong Ung, ngoai ra moi truong hop va gia tri trung binh trong s0 dia phuong ctia n6 chia s¢ cung mdt vector thanh
vién nhan. Van dé t6i wu c6 thé dugc giai quyét hiéu qua bang chién lugc lap di lap lai luan phién, trong do6 moi bude
tao ra mot phuong phap giai ¢6 nghiém kin. Sy hdi tu ciia qua trinh giai dwoc ldp di ldp lai co thé dwoc dam bao vé& mat
1y thuyét. Cu01 cung, phuong phéap phan 16p ban gidm sat dya trén thanh vién 16p dat dugc gia tri cuc dai canh tranh so
v6i mot sd phuong phap phéan 16p ban giam sat tién tién nhu TSVM, LapSVM va S3VM.

Ciing gidng nhu cic phuong phap phén 16p ban giam sat khac, phuong phap phan 16p ban giam sat dya trén
thanh vién 16p c6 thé mang lai hiéu sudt kém hon so v&i phuong phap c6 giam sat LS-SVM. Vi vay, trong bai bao nay,
chiing tdi thao luan va dé xuit mot giai phap quan 1y cac thanh vién tham gia phén l6p d6i voi phuong phap phan 16p
ban gidm sat dya trén thanh vién 16p. Tuy nhién, trong tinh toan cta mdi gia tri trung binh trong s6 dia phuong c6 rui
ro tiém 4n [2] ring cac truong hop tir 16p nguoc lai ¢6 thé lya chon trong k lang giéng gin nhat va do do gia tri trung
binh trong s dia phuong thu dugc c6 thé roi vao 16p nguoc lai. Dé tranh rui ro nhu vy ngay tir diu ciia md hinh ma
chung t6i dua ra, chung toi loai bo cac sb hang lién quan dén gia tri nay tir (1) va don gian héa van dé t6i vu cia
phuong phép phan 16p ban giam sat dya trén thanh vién 16p nhu sau:

. 2
mlnf,vk(x]-)”f”%{ + 0 DG — will? + R Des Yin 41 Vk(Xj)ZHf(Xj) — 1| 3)

véirang bude: Yo vi(x) =1,0 < vi(x) <L, k=1..Cj=m+1..n

III. GIAI PHAP QUAN LY DU LIEU THAM GIA PHAN LOP

Trong phdn nay, chung t6i dé xuit giai phap quan Iy dir liéu tham gia phan 16p (goi 12 OPTMEM), bao gdm: Téi
uu thuat todn va gia tri cta tham so A.

Két qua ma chung t6i dé xuat s& c6 du bao cudi cung 1a sy két hop giira phuong phép phan 16p ban giam sat dya
trén thanh vién 16p khi cac dir liéu khong gan nhén 1a ¢6 loi cho viée hoc va gan véi du bao cua LS-SVM khi dir lieu
khéng c6 gan nhan khéng cd lgi cho viéc hoc. Bé sir dung cac du béo cua LS-SVM, ching tdi goi ham quyét dinh cua
LS-SVM la g(x), sau d6 véi ham quyét dinh £(x) va ham nhan thanh vién v(x) thi thiét 1ap d6i véi OPTMEM nhur
sau:
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1 n
mmnmﬂ+h§)ﬂm>}wt+b§]§]w@>waa—m| (G-1) D ) -9l @

Foi(x)) =1j=n;+1 j=ng+1

véi rang bude: Y5, vk(xj) =1,0< vk(xj) <lLk=1..C,j=n+1..n

Ba s6 hang dau tién trong ham muc tiéu (4) la tim kiém ham quyét dinh f(x) va ham nhan thanh vién v(x),
ddng thoi khai thac ca dir liéu c6 gn nhan va dir liéu khong gan nhan nhu phuong phap dua vao thanh vién 16p thuc
hién, trong khi d6 ) hang cudi cung dugc sur dung dé kiém soat sy khac biét cua cac dy bao (khi str dung dir li¢u
khong gan nhin) dua ra véi LS-SVM tuong tng. Piéu ndy dan dén dy béo cua (4) dua ra tro thanh can bang giira
nhitng du bao cua (3) va LS-SVM tuong tng. Gié tri tham sé A dugc diéu chinh trong khoang [0,1] theo cac dit liéu
khéng c6 gan nhan c6 sin, khi gia tri 2 gan dén 0 dé gia tri 1/2 1a vo cuc thi du béo cua (4) s& suy bién ciing nhu dy
bao cua LS-SVM, va khi A gan dén 1 thi du bao cua (4) sé suy bién nhu dy béo cua (3). Do d6, gia tri ciia tham s A 1a
quan trong trong viéc kiém soat sy can bang cia OPTMEM, chung t6i s& thao luan viéc xac dinh tham s6 A nhu thé
nao? trong phan tiép theo.

Trong OPTMEM, vén d& t6i wu 1a hai mét 16i trong (f, v) va chung toi st dung giai phap 1dp di 13p lai xen k& ¢6
dam bao hoi tu [3]. Mdi budc lap t6i wu mang lai mot giai phap cé hinh thirc dong cho ca f(x) va v(x).

Dé ¢b dinh v(x), vin dé t6i uu cia OPTMEM c6 thé dugc viét lai nhu sau:

min ||f||ﬁ+x12||f(x>—y1n2+ xZZ z v iC) ~ vl + (5 - 1) Z lfe) -gepl”

() k=1 j=nj+1 j=m+1
Theo [5] thi cuc tiéu cua (5) ¢6 dang f(x) = ¥, a; K (x;,x), trong 46 a; € RE**
Tir d6 (5) c6 thé duge viét lai nhu sau:
mingM, = tr(aKa™) + Aytr((ak, — V) (@K, — Y)T) + A, X5_, tr ((aKu — L)V (aK, — Lk)T) + G - 1) tr((ak, — apK,)(ak, — apk,)T) (6)
Trong d6 a = [aq, @y, ..., @, ]ERC*™ 12 ma tran nhan ti Lagrange va a, la ma tran nhan tt Lagrange cho LS-
SVM. K = [K/K, [Kul 11((:;] la ma tran Kernel, trong d6 Ky = ($(X), 6(X))ser Kiy = (X)), p(X)ge VA

= (p(Xy), ¢(Xu))}[ Ly 1amatran € x n,, véi dong thir k 1a mot vector tat ca déu bang 1 va nhimng dong con lai 1a
cac vector bang 0. Cho V, 1a vector nhan thanh vién twong ng véi 16p thir k, va 7, duoc dinh nghia 1a mot ma tran
duong chéo véi cac thanh phan trén duong chéo 1a cac gia tri binh phuong cua cac phan tir trong V.
Bay gid, cho dao ham ctua M; bang 0 d6i véi a, ching ta c6 nhu sau:
aM;

2% = ak + M@k, — VKT + 23 56, (@K — LV + (3= 1) (@K, — 2ok, )K]) = 0 @)

Tir d6 dwa dén giai phap sau:
- 1 o 1 -1
o= (lelTY + 24, X6 Ky Vil + (X - 1) aOKuKE) X (M(]TKl + 2, XS K VKT + K + (X - 1) KuKE) (8)
bé cb dinh f(x), thi van d t6i wvu cia OPTMEM duoc ghi lai nhu sau:
: 2 2
ming, () Xis Bjongea ve(25) " [1F (1) =il ©
vé6i rang bude: Y&, vk(xj) =1vao0 < vk(xj) <lLk=1..Cj=n+1.n

Str dung phuong phap nhan tir Lagrange, chung ta dinh nghia nhu sau:

My = 2y e v () 1 () = 7ell” = 4 (Zca v () = 1) (10)
Twong ty nhu vy, cho dao ham M, bang 0 v6i mdi vk(xj), Vk=1..C,j =1..ny, chung ta c6 nhu sau:
a 2
sy = 2FG) =nill =4 =0 (1)
Vi vay vk(xj) = Aj/2||f(xj) - rk||2 (12)

Hon nita, két hop céc rang bude Yf_; v (x;) = 1

2
ching ta c6 nhu sau: vk(xj) = % trongdok € {1..C}ie{l..n} (13)

Vi vay, déi voi mdi phién ban x tiy y
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1/IIf o) =1 lI?

m tI'OIlg do ke {1 C} (14)

v (%) =

Nhu trong phurong phap phan 16p dua trén thanh vién 16p, du bao cho méi phién ban da cho trong OPTMEM c6
thé duoc thuc hién khdng chi bai ham quyét dinh £ (x), ma con ham thanh vién 16p v(x), phan anh cac kha ning co thé
xay ra ctia phién ban d6 dén cac 16p ca nhan. Nhu chung ta thidy & ménh d¢ sau ddy, khic véi cac du bao khong nhét
quan c6 thé duoc dan ra bai 2 ham f(x), v(x) nhu thé trong phuong phap phén 16p dua trén thanh vién 16p, 2 du bao
trong OPTMEM luén lu6n nhat quan.

Ménh dé: Cac du bao cho mdi miu dugc cho bai ham quyét dinh va ham thanh vién 16p ludn lubén nhit quan [14].

Chirng minh: Cho phién ban x; tiy ¥, nhin 16p ciia n6 do ham quyét dinh du béo 1a 9; = max,—;,_fi(x;), do
do x; € X, c6 nghia la fi (x;) > fj(x;),Vj = 1...C,j # k, trong d6 X, 1a tap hop cac phién ban phu thudc vao cum thir
k. Trong khi d6 nhén 16p cta nd do ham thanh vién 16p du béo ¥; = max,_; v (x;), vi vy tir (14), x; € X, c¢6 nghia
a1 () = 7iell? < || f (xo) —rj||2, thi f(x;)"r. > f(x;)"r;, hodc 1a twong dwong fi (x;) > fj(x;),Vj =1..C,j # k.
Do dé, cac diéu kién du bao cho x; € X, boi ca hai f(x) va v(x) 1a twong duwong, vi vdy hai du bao 1a khong mau
thuin nhau.

111.1 Mé ta thudt todn

Vén dé t6i wu cia OPTMEM theo chién lugc luan phién lap di 1ap lai. Cac gia tri ban ddu dbi v6i cac thanh vién
nhin cua cac phién ban khong co gan nhin trong OPTMEM c6 thé dat dwoc boi mot s6 chién lugc nhu gan ngau nhién,
mot sb ky thuat phan cum mo nhu FCM, hodc don gian 1a thiét 1ap tat ca ching bang 0. Su lap di lap lai két thic khi
My, — My_,| < eMy_,, trong d6 M, 1a gia tri ham muc tiéu tai lan 1ap k va & 1a ngudng xéac dinh trudc. Thuat toan cu
thé cia OPTMEM duoc trinh bay nhu sau.

Input:
X;: tap dir liéu dugc gan nhin
Y;: nhén cua X;
X,,: tap dir liéu chua gan nhan
A, A4, Ay tham s6 chinh téc
&: tham sb budc lap
o tham s kernel
Maxiter: s6 lwong lan lap t6i da
Output:
£(x): ham quyét dinh
v(x): ham nhan thanh vién
Method:
Khai tao cac nhan thanh vién cho di li¢u khong c6 nhan.
Thiét lap gia tri ham muyc tiéu ban d4u dén vo cuc, nghia la: My = INF
For k= 1...Maxiter
Cap nhat a bang cong thic (8), va f (x) boi dinh 1y va nhan duoc
Cép nhat v(x) boi (14);
Cap nhat gia tri ham muyc tiéu M,
Néu |My, = Ji—a| < eMye_4
Dimng, tra vé gia tri £ (x) va v(x)
End if
End for.

Qua trinh 1dp lai ludn phién dat t6i vu cia OPTMEM dugc dam bao vé mit ly thuyét dé hoi tu va minh chung
chi tiét trong [14].
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1.2 Gia trf A.

Gida tri A trong OPTMEM diéu khién du béo giita nhitng dy bao boi phuong phép thanh vién 16p va LS-SVM
tuong tmg. Tiép theo sau ddy, ching ta lya chon gi tri ctia n6 tir [0, 1], thuc sy day 1a mot bai toan phu thudc dir lidu.
Khi ¢6 @i cac phién ban co gan nhan, thi ching ta ¢ thé chap nhan cac chién lugc lya chon tham sé dién hinh nhu
kiém ching chéo. Khi khong co dii cac phién ban c6 gan nhan thi kiém ching chéo d6 khong hop 18 [11, 12, 13, 14] va
vi vy ching ta chap nhan chién luoc tap h(_rp nhu trong [16]. Cu thé, bai toan lya chon A c¢6 thé don gian hoa bang
cach chon gid tri tot nhat ciia n6 tir {A;, 1, ..., A}, trong d6 A; = 0 va A,,, = 1 hoic tuwong dwong, chon lya ham quyét
dinh tét nhat f tir {f,, f5, ... , fm}, trong d6 f; va f, 1a cac ham quyét dinh dat dugc tuong tmg tir LS-SVM va phuong
phap thanh vién 16p. Tir chién lugc tap hop d6i v6i hoc ban giam sat [4, 16], toi uu hoa f duge biéu dién nhu mot két
hop tuyén tinh ctia cic ham co ban {ﬁ ®,nghiala f=>" wf;, Xk, 0; =1, w;20,i=1..m. Cudi clng, cho
{/1 37, chung ta c¢6 thé dat duge {f;}, tuong mg, sau d6 bai toan dugc chuyén ddi dé tim kiém tap hop céac trong s6
két hop {wy, Wy, ..., Wy}, nhu sau:

. 1 -
min,, ;TI(FRw)TL(FRw) - 1Z(Y,FR,) (15)
véi rang budc: ole=1, o =0

Trong d6 @ = [wy, Wy, ..., wy,]",e € R™T 12 mot vector véi cac  thanh  phan  bang 1.
F=[f X7, f2X)7, .., fmX)7] € RCEm va Fy = [FL(X)T, F2X)T, oo, f™(X)T] € RXCEX™) 13 ma trén dy béo
cho toan thé tap dir lidu va toan thé tap dit liéu c6 gan nhén tuvong Gmg. ¥; € RE*! 1 ma tran nhin ddi véi dir lidu c6 gan
nhan. R = [R'R? ...R™]" € R(©>*™>*m mgi R¥ € R™*trong d6 hang k 12 mot vector ma tit ca bang 1 va cac hang con
lai 1a cac vector bang 0. TC € R voi cac yéu t6 phéan tir bang 1. L 14 cong thirc d6 thi Laplace khi L = D — W, trong
dow = [a)”] 1a ma tran trong s trén dd thi va D 12 ma trdn chéo v6i myc chéo conila D;; = ;‘ 1 Wij, n la tham
s6 chinh tic.

S6 hang dau tién trong ham muc tiéu (15) dam bao thong sudt trén dd thi Laplace [5] va sb hang thir 2 dam bao
céc du bao dung d6i v6i dir liu c¢6 gan nhan. Ti wu hoa ciia (15) 1a mot bai toan phuong trinh bac 2, ¢6 thé duoc giai
hiéu qua bing bt ky phuong trinh bac 2 nao. Thong qua viéc chap nhan chién luoc tap hop, bai toan thiét lap A dugc
chuyén doi dé toi uu hé s6 két hop tuyén tinh {w,, w,, ..., w,} ddi voi tap hop cac ham biét thuc {f;}7, dbi véi
4372, ma phﬁn nao tuong tu véi hoc nhiéu kernel [6], trong d6 lua chon cho cac tham sb tdi wu cua mot kernel don
dugc phan bd dén lwa chon cac hé sb két hop tuyén tinh cta nhiéu kernel.

IV. THU'C NGHIEM

Trong phan thuc nghiém, ching t6i minh hoa cho OPTMEM dbi voi phan 16p ban giam sat 1a nhu thé nao va
ching t6i tién hanh danh gia hiéu suat chaa OPTMEM trén nhi¢u bo dir liéu thuc véi phuong phap co giam sat LS-
SVM, TSVM va cac phuong phap c6 san nhu S3VM_us [13] va S4VMs [12].

Dbi voi phuong phap dua vao thanh vién 16p, chung tdi sir dung (3) dé tién hanh so sanh tryc tiép. Con dbi véi
S4VM, chung tdi ap dung cac phién ban véi mau dai dién dat hiéu qua tinh toan hon [12]. Phuong phap ban giam sat
ma ching t6i d€ xuat c6 the dy dodn tot cac dir 1iéu khong gan nhan boi cac ham quyet dinh. Vi vay, khi tién hanh thuc
nghiém dé so sanh v&i cac phuong phap truyén dan S3VM_us va S4VM_us, thi chung 61 thyc hién theo ki€u truyén
dan, nghia 1a s& hoc trén ca dir liéu gan nhin, khdng gan nhan va sau d6 s€ du doan trén nhiing dir liéu khéng gan nhin
nhat dinh.

IV.1 D liéu thuc nghié¢m
Chung t6i thuc hién danh gia trén ca 2 bd dir liéu 1a UCI va bo dir liéu chuin, dugc thé hién trong bang sau:

Bang 1. Céc tap dir liéu cho thuc nghiém

STT Tap dit liéu Sb méu (n) S chiéu (d)
1 House 232 16
2 Heart 270 9
3 Vehicle 435 16
4 WDBC 569 14
5 Isolet 600 51
6 Austra 690 15
7 Optdigits 1143 42
8 BCI 400 117
9 Digitl 1500 241

10 USPS 1500 241

Trong d6, mdi b dir liéu UCT dwoc chia ngdu nhién thanh 2 phan, mot phan danh cho viéc huén luyén va phan
con dung dé thur nghiém, trong phan danh cho vi¢c huan luyén chi c6 100 trudng hop dugc gan nhan va phan con lai
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khong gan nhan. Qua trinh nay cung véi viéc hoc phéan 16p dugc tién hanh lap di lap lai 30 lan, sau d6 léy gia tri trung
binh dé kiém tra va 1ap bao cdo. Ca hai ham Linear Kernel va Gauss Kernel déu duoc sir dung & day, cac tham sb chinh
tiac C; va C, duoc thiét lap cd dinh 1a 1 va 0.1, twong tmg nhu vay cac gia tri 1;, A, va n ¢6 gia tri ¢ dinh lan luot 12
100,1 va 1, gia tri £ 1a 1073, thong s6 chiéu rong o trong Gauss kernel dugc thiét 1ap 1a khoang cach trung binh giita
cac cap thyc thé.,

Con ddi v6i cac b dir liu chuén, chiing t6i ldy ra tir cac thuc nghi¢m trong [7] va [14]. Hon nita, dbi véi mdi
bo dir liéu va mdi thiét 1ap, co 15 tap con cua dir liéu dugc dan nhén va cudi cung gia tri thyc hién trung binh trén cac
dir liéu khong gan nhan duge ding dé bao cdo. Cac tham sb chinh tic C; va C, trong cac phuong phap so sanh dua ra
dugc thiét 1ap gia tri tir 100 va 0.1, cac gia tri A;, A, Van ¢6 gia tri ¢d dinh 12 100, 0.1 va 1, gia tri € ciing duoc thiét lap
14 1073. Ca hai ham Linear Kernel va Gauss Kernel déu duoc sir dung ¢ day, thong s chiéu rong o trong Gauss kernel
dugc thiét 1ap 1a khoang cach trung binh gitra cac cap thuc thé va 100 truong hop dugc gan nhan thi ky hiéu la § va Iya
chon chéo 5 gid tri {0.25,0.5,1,2,4} cho & trén céac dit liéu gan nhin ding dé huan luyén.

Ngoai ra, cac gia tri cua A dwoc chon thdng nhat tir khoang [0,1] v6i khoang cach 14 0.2, tirc 13 gia tri A nhu sau:
[0,0.2,0.4,0.6,0.8,1].

IV.2 Pdnh gid két qud thwe nghi¢m

Bang 2 va Bang 3 thé hién viéc thuc hién 100 trudng hop c6 gan nhan thong qua cac ham Linear Kernel va
GaussKernel.

Bang 2. So sanh hiéu sut v6i ham Linear Kernel

STT Tap dit liéu LS-SVM TSVM S3VM_us S4AVM_s OPTMEM
1 House 731 715 716 715 76.8
2 Heart 85.8 85.1 85.1 85.5 86.2
3 Vehicle 83.8 81.9 82.9 82.0 84.7
4 WDBC 58.5 57.7 59.1 59.3 58.4
5 Isolet 88.9 86.7 89.6 90.6 89.5
6 Austra 76.3 80.0 75.0 75.2 75.6
7 Optdigits 91.4 87.3 91.7 91.4 93.3
8 BCI 63.5 58.2 69.5 70.1 70.3
9 Digitl 95.7 83.6 95.6 94.9 96.0
10 USPS 738 70.6 73.6 74.8 77.1
Hiéu suat trung binh 79.08 76.26 79.37 79.53 80.79

Bang 3. So sanh hiéu suat v6i ham Gauss Kernel
STT Tap dit lidu LS-SVM TSVM S3VM_us S4AVM_us OPTMEM
1 House 96.7 96.6 96.4 96.6 97.0
2 Heart 87.8 81.4 85.7 85.9 87.6
3 Vehicle 84.7 80.0 79.4 80.5 86.9
4 WDBC 65.3 66.5 66.0 66.7 65.9
5 Isolet 91.9 81.6 89.6 90.7 92.2
6 Austra 68.6 65.8 67.2 67.2 69.8
7 Optdigits 94.1 88.2 925 91.9 94.5
8 BCI 87.2 87.5 875 87.2 89.2
9 Digitl 95.1 89.8 94.9 94.8 96.5
10 USPS 75.1 71.2 726 734 75.2
Hi¢u suat trung binh 84.65 80.86 83.18 83.49 85.48

Tir Bang 2 va Bang 3, chiing ta ¢6 thé c¢6 mot sb quan sat khi tinh hiéu suét trung binh trén cac bo dit lidu kiém
tra nhu sau:

a) Céc trinh dién tdng thé ciia LS-SVM va TSVM la ¢6 thé so sanh dugc. Tuy nhién, cac trinh dién tdng thé cua
LS-SVM tét hon c4c trinh dién ciia TSVM (dya trén SVM), vi gia dinh phan cum duoc thay dbi c6 thé thu nap lai phan
phdi dir liéu thuc t6t hon gia dinh phan cum. P6 ciing chinh 13 1y do ching t6i dé xuét giai phap quan 1y thanh vién
tham gia phan 16p trong phuong phap phéan 16p ban gidm sat dua trén thanh vién 16p, mac du co ché nhu vay ciing ¢
thé dugc ap dung tuong tw voi cac phuong phap phan 16p ban giam sat khac nhu TSVM.

b) Co hoi thyc hién suy bién trong S3VM_us nho hon nhiéu so véi TSVM. Pdng thoi, hiéu suat téng thé cua
S4VM co tinh canh tranh cao so v6i cac hiu suat tong thé cia TSVM. Do d6, S3VM_us va S4VM_us c6 thé dugc ap
dung cho phan 16p ban giam sat c6 tinh dén giai phap quén 1y cc thanh vién tham gia phan 16p.



500 MOT GIAI PHAP QUAN LY DU LIEU THAM GIA PHAN LOP TRONG MO HINH HOC BAN GIAM SAT

¢) Du kién cac phuong phap ban gidm sét c6 tinh giai phap quan 1y cac thanh vién tham gia phan 16p c6 thé thuc
hién khong kém hon cédc phuong phap c6 gidm sat va dong thoi thuc hién khong kém hon cac phuong phap ban giam
sat ban dau.

d) Hiéu sudt tong thé cuia giai phap chiing toi dé xudt tot hon higu sudt tong thé cia ca SIVM_us va S4VM_us,
cho thay kha nang canh tranh cao cua gidi phap nay d¢ phan 16p ban giam sat c6 tinh dén giai phap quan ly cac thanh
vién tham gia phan 16p.

V.KET LUAN

Trong mdt s6 truong hop, phuong phap phan 16p ban giam sat co thé mang lai hiéu suat kém hon phuwong phap
phan 16p c6 giam sat khi s dung cdc dir liéu khong c6 nhan. Do d6, s€ lam giam d¢ tin cdy khi 4p dung cac phuong
phap phén 16p ban giam sat vao thuc té. Dé giai quyét van dé nay ma khong lam giam hi¢u suat khi sir dung phuong
phép phén 16p ban giam sat, ching t6i da dé xudt mot giai phap quan ly cAc dit lidu tham gia phan 16p bang cach kiém
soat su can bang c6 kha ning thich nghi gitta hoc c6 giam sat va hoc ban giam sat 601 v6i dir liéu c6 san khong cod
nhén. Cudi cing, két qua thuc nghiém trén nhiéu bo dit liéu thuc cho thdy hiéu suét tong thé cta giai phap nay khong
kém hon hon hiéu suat tong thé cua cac phuong phap dua ra danh gia. Dong thoi, hidu qua tinh toan cta giai phap nay
canh tranh so véi cac phuong phap phan 16p ban giam sat c6 san.

Gia tri cua tham sd A 1a mot van dé quan trong trong giai phap quan 1y cac dir liéu tham gia phan 16p giita
phuong phap hoc ¢ giam sat va phuong phap hoc ban giam sat. Trong bai bao nay, n6 ¢6 thé duoc lwa chon bang cach
xéac nhan chéo khi c6 dii dir liéu co gan nhin. Tuy nhién, tim kiém céc gia trj tdi uu cho cac tham sé trong phwong phap
hoc ban giam sat van con 1a mot van dé mo dang nghién ctru va d6 1a van dé hoan toan can thiét dé tiép tuc nghién ctru
trong tuong lai.
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A SOLUTION MANAGING CLASSIFICATION PARTICIPATION DATA
IN SEMI-SUPERVISED LEARNING MODELS

Pham Anh Phuong, Quach Hai Tho

ABSTRACT: Advanced machine learning model with semi-supervised classification has attracted the attention of many
researchers. Some studies have shown that in some cases semi-supervised classification methods have performed not as effectively
as those of supervised classification methods when using unlabeled data, which reduces reliability in practical applications. With
the idea of developing a method that does not reduce its performance when applying the semi-supervised classification method, this
paper proposes a solution managing classification participation data for semi-supervised learning models by controlling the
balance having adaptability between semi-supervised and supervised subclassification involving unlabeled data in classification.
The empirical results show that the overall performance of our proposed solution is competitive to apply to the semi-supervised
learning model.

Keywords: Semi-supervised classification; Semi-supervised improvement; Manifold; Clustering; least-square support vector
machine (LS-SVM).



