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TOM TAT

May véc-to tua (SVM) la mot ki thuat phan 16p rat pho bién va duoc van dung vao
rdt nhiéu cac linh vuc khac nhau ctia doi séng. Nhan thdy day la mét van dé thiét
thuc nén chung t6i da lwa chon dé€ nghién ctu, nh3m muc tiéu im thém cac tng
dung thuc tién cua thuat todn va cac cai tién tdt hon. Mot vai cac cai tién tiéu biéu
nhu: mdy véc-to tya xdp xi (PSVM), may véc-to tua xdp xi thong qua tri riéng suy
rong (GEPSVM), may véc-to tya song sinh (TWSVM). SVM va TWSVM déu dugc
giai dwa vao bai todn d6i ngiu Lagrange nhung TWSVM dung hai siéu phiang dé
tach hai 16p dit liéu. Bai bdo nay nham trinh bay co so todn hoc ctia PSVM,
GEPSVM va TWSVM, bén canh d6 chiing t6i da cai dat thuat toan TWSVM béng
ngdn ngtt 1ap trinh Python d€ danh gia hiéu qua cia TWSVM so véi SVM tiéu

chuan.

Tt khoa: May véc-to tira, May véc-to tuira song sinh.

1. GIOI THIEU

Trong bai bao nay chung t6i dé cap dén nguon goc toan hoc ctuia cac cai tién cua
Support Vector Machine (SVM) [1, 2, 3, 9] la Proximal Support Vector Machine (PSVM)
[6], Multisurface proximal support vector classification via generalized eigenvalues
(GEPSVM) [4] va Twin Support Vector Machine (TWSVM) [5], trong d6 ddc biét chu
trong dén TWSVM. Nhu da biét, SVM tiéu chuan [3] cht trong dén viéc tdi da 1é gitra
hai 16p dit liéu va t6i thiéu 16i phan loai, bang cch giai bai toan tdi uu dang:

{f (x) - min
x € M.

Nghiém tim duwoc la mét siéu phéng tach hai 16p dir liéu voi [é 16n nhat.

TWSVM [5] tim hai siéu phang khong nhat thiét song song, cu thé ta giai hai bai
toan quy hoach toan phwong (Quadratic Programming (QP)), con trong SVM ta chi giai
mot bai toan QP. Diéu thu vi 6 chd, tuy giai hai bai toan QP nhung téc d6 cia TWSVM
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lai nhanh hon SVM tiéu chuan. D€ hiéu twong minh hon vé hiéu qua cia TWSVM so
véi SVM tiéu chuan doc gia nén tham khao vé cai dat thuat toan da duoc chung toi
dua lén https://github.com/makeho8/python/blob/master.

2. PANH GIA CAC NGHIEN CUU LIEN QUAN

C6 thé ké dén cac nghién ctru da duoc cong b tredec TWSVM [5] nhu: may véc-
to twa xap xi (PSVM) [6], mdy véc-to tira xdp xi thong qua tri riéng suy rong (GEPSVM)
[4]-

PSVM [6] tiép can twong tu nhu SVM tiéu thuan [3] bang cach tim siéu phang
tach véi [é 16n nhat, nhung PSVM cht trong t6i viéc tim hai siéu phang song song
twong tng véi hai 16p dir liéu sao cho cac diém trén mdi 16p di lidu tu tdp quanh no,
va hai siéu phang nay tao ra Ié 1én nhat c6 thé. Uu diém ctia PSVM la giai bai todn QP
16i cht voi rang budc dang thiec, digu nay tang tinh 6n dinh cua thuat toan. Tuy nhién
viéc tim hai siéu phang song song dan téi kha ning mo6 phong dit liéu ctia PSVM kém
hon TWSVM.

Tiép can bai toan phan loai hai 16p d@t liéu dwéi mot géc nhin khdc,
Mangasarian va Wild da tim hai siéu phiang khong nhat thiét song song ma mdi 16p dit
liéu 1a gan v6i mot trong hai siéu phang va xa 16p con lai nhat c6 thé (GEPSVM [4]).
Hai siéu phang nay tmg véi cac vector riéng clia cac tri riéng nho nhat trong hai bai
toan tim tri riéng suy rong. Vi GEPSVM giai hai bai toan t6i wu khong co rang budc
nén do chinh xac va kha nang mo phong dit liéu kém hon TWSVM.

TWSVM [5] ciing c6 cach tiép can tuwong tw GEPSVM [4], véi muc dich la tim
hai siéu phang khong nhét thiét song song. Tuy nhién cong thitc todn hoc cia TWSVM
la hoan toan khac véi GEPSVM. TWSVM hiéu qua hon vé thoi gian tinh toan, hon ntra
bén canh viéc phan loai dit liéu, TWSVM con c6 kha nang md phong dit liéu t6t hon
PSVM va GEPSVM, trong khi SVM chi thuc hién nhiém vu phan loai.

3. MAY VEC-TO TUA XAP Xi

Gia st tap mau can phan loai gom m diém duoc ki hiéu bdi m vector hang
4;, i =1,...,m trong khong gian R". O day A; = (Ap, ..., AT, dat y; € {1, —1} 1a 16p
cuia diém dir liéu thiz i.

Truong hop hai 16p tach dwgc tuyén tinh, SVM tiéu chuan tim véc-to cot w €
R™ va b € R sao cho

{A1W+b21, yi=1,
AiW +b < —1; YVi = —1.
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Siéu phang tach x"w + b = 0 nam gitta hai siéu phang twa x"w+b =1 va
xTw + b = —1. Hai 16p di liéu duoc tich véi [é mdi phia la ﬁ Nhiing diém dit liéu
2

nam trén cac siéu phéng twa duoc goi la cac véc-to tya. Vi muodn co 1é cuc dai ta dua
dén bai toan t6i wu sau:
1
min=wTw
w,b 2
ALW+b21, yl’:l,
AlW+b < —1; Vi = —1.
Truong hép hai 16p géan tach duoc tuyén tinh. Lac dé c6 nhing diém vi pham
b4t dang thikc rang budc. Ta can giam nhe rang budc bang cach thém vao cac bién phu
q ER™

Aiw+b+qi21; }’izl;
Aw+b—-—q;<-1, y;=-1,
q; = 0; i=1,...,m

Ta coi q; nhu 1a bién 16i twong tng véi diém dir liéu thit i. Néu bai toan 1a tach
duoc tuyén tinh thi ¢; = 0 v6i moi i, tic la khong c6 diém nao vi pham rang budc. Goi
D € R™™ ]a ma tran duong chéo nhan gia tri 1 hodc -1 twong tng vdi 16p cuia diém di
liéu 4;, i =1,...,m. Cudi cung ta ¢ bai toan SVM [é mém nhu sau:

min celq+ leW

w,b,q 2
D(Aw +eb)+q = e;
q=0

€y

O day c la hé s6 phat cac diém vi pham tng voéi q; > 0, hon ntta chon ¢ hop ly con dé
can bang gitta viéc t5i thidu 181 va t6i da [¢, e € R™ la véc-to vdi tat ca cac thanh phan
bang 1.

Y tudng ctia PSVM [6] xudt phat tlr viéc dwa bai toan (1) vé dang:

N RN
min cillqll +§(W w + b) )
D(Aw +eb)+q >e;
Nhuw vay, trong ham muc tiéu cta (2), c% llqll* thay cho ceTq va viéc t&i da Ié
ﬁ duoc thay boi ﬁ Chti ¥ ring rang budc ¢ = 0 duoc luoce bo. Pieu nay 1a boi néu
2
ton tai q; < 0 thi ta co thé thay boi ¢; = 0 ma khong vi pham rang budc va co gia tri
ham muc tiéu bé hon. Hon nita, PSVM [6] thay thé rang budc bat dang thitc trong (2)
thanh rang budc dang thiic:
N RN
min czllqll +§(W w + b) 3)
D(Aw +eb) +q = ¢;
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Trong (2) nhitng diém vi pham rang budc tuong tmg véi q; > 0, nhitng diém ndm trén
hai siéu phang twra hodc khong vi pham twong tng véi q; = 0. Nhu vay hai siéu phang
twa gan nhw gidi han hai 16p dix liéu vé hai phia.

>0 ™
4>0

h=1 p=0 h=41

Hinh 1: SVM tiéu chuan.

Tt rang budc dang thite trong (3) ta thdy rang, nhitng diém vi pham rang buoc
twong Gng véi g; > 0, nhitng diém nam trén hai 1é twong tng véi g; = 0 con nhiing
diém khong vi pham tuong tng voi q; < 0. Nhu vay d€ t6i thiéu ham muc tiéu thi hai
[é s& ndm xuyén vao gitta hai 16p dit liéu twong ting. Hai 1é nay duogc coi nhu cac siéu
phang xdp xi ma cac diém dit liéu cta 16p twong tng tu tap xung quanh chiing. Mt
khéc, cac siéu phang xap xi nay dugc day ra xa nhau nhat cé thé béi s6 hang (ww +
b?) trong ham muc tiéu. Siéu phang tach x"w + b = 0 nam gifta hai siéu phang xap xi
song song.

°

=0

‘.

®%e g<0
1/ B m Nimn -
13 H Ngg W
.Y, e "qfo L
4<0 &

®le

[ ]

h=1 h=0 h=-1

Hinh 2: PSVM

Bai toan (3) la bai toan quy hoach toan phuong 16i chat véi ham Lagrange:

1 2 1 qywn2 T
Low,b,q. D) = cxllal? +5 ||| - 2" @@Aw +eb) +q-e). @)
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véi A € R™ 1a nhan tr Lagrange. Bang cach giai hé diéu kién K.K.T [7] ta thu duoc
nghiém A = (£+ HHT)_1 e, véi H = D[A e]. Vi ma tran ldy nghich dao o day co s6
chiéu m x m, thoi gian tinh toan sé rat 1au néu bai toan c¢é nhiéu diém dit liéu. Thong
thuong s8 chigu dit liéu n 1a nho hon rat nhigu so véi s§ diém dit liéu m. Bang cach st
dung cong thirc Sherman-Morrison-Woodbury [8, tr50] dua vé tinh ma tran nghich dao
cdsOchiéula(n+ 1) X (n+ 1) ta co:

/1=C<I—H(£+HHT>_1HT)e. 5)

Chti y rdng, trong SVM cac véc-to tua twong tng véi thanh phan khac khong
ctia nhan tr Lagrange, con trong PSVM, nhan t& Lagrange A = cq, nhung véc-to 16i q
o6 cac thanh phan hau hét khac khong. Thuc t€ chi can nhiéu nhat n + 1 diém d liéu
dodc lap tuyén tinh dé€ xac dinh (w, b) € R™. Ta goi nhiing di€ém 4; twong ung véi
|g;| < € nao d¢6 1a cac e-vector twa. Co thé chon & da nho dé chi khoang 1% s6 diém dix
liéu la cac e-vector twa.

4. MAY VEC-TO TUA XAP Xi THONG QUA CAC TRI RIENG SUY RONG

Quay lai voi bai toan phéan loai nhi phan véi tap dir liéu gom m diém trong
khong gian thue R™. Gia st 16p 1 gdbm m; diém dwoc biéu dién boi ma tran A € R™*",
16p 2 gobm m, diém dwoc biéu dién béi ma tran B € R™*", véi m; + m, = m. PSVM sé
tim hai siéu phang song song véi Ié 1én nhat. GEPSVM [4] c6 cach tiép can khac la tim
hai siéu phang khong nhat thiét song song, mdi siéu phang la gan nhat c6 thé véi mot
16p va xa nhat c6 thé véi 16p con lai.

xTw® + pD =0; xTw@ +p@ =0.  (6)

O day siéu phing 1 ctia (6) gan nhat véi cac diém caa 16p 1 va xa nhat véi cac
diém thudc 16p 2, diéu tuong tw xay ra véi siéu phang 2. Viéc tim siéu phang 1 tuong
dwong vdi bai toan toi wu sau:

Iaw + exnll/ [ ]

3w + ezl | [3]]

()

(w,b)#0

voi e; € R™, e, € R™ la cic véc-to gom tat ca toa d6 bang 1, ||-|| 1a chuén L,. Ta thay
rang tt s3 chinh 1a tong cta binh phuong khoang cach tat ca cac diém thuoc 16p 1 téi
siéu phang 1, mau s6 la tong ctia binh phiong khoang cach tat ca cac diém thudc 16p 2
t6i siéu phang 1. Pon gian héa (7) cho ta:
lAw + e;b||?
(wib)#0 |[Bw + ;b2

(8)
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Dbé chinh quy hda (8), ta thém s6 hang chinh quy Tikhonov [9] vao tit sO, bai
toan tro thanh:

aw + epl2+ 8 | [7]||°
(Wb)%0 ||Blw + e,b|? L

§>0 (9)

bai toan tdi wu (9) trd thanh:
T

_ _z Gz 10
e =y 40
& day G, H 1a cac ma tran d6i xting trong RDX(+D) Ta ¢

(Gz—r(z)Hz2)

=2
vr(2) zTHz ’

(11)
ham r(z) dwoc goi la thuong Rayleigh [1, tr357]. Ham nay c6 tinh chat r(1z) =
r(z), Vz, YA # 0do dé (10) twrong duong Ergl(ionl)r(z). Vi r(z) lién tuc trén tap compact
z€es(0,
$(0, 1) nén dat cyc tiéu va cyc dai trén do. Gia s r(z) dat cuc tiéu va cuc dai tuong
tng tai Zyin, Zmax- LUc d6 Vr(zpmin) = Vr(Zmax) = 0 = Gzpin — ¥ (Zmin) HZmin = 0 va
GZmax — T (Zmax) HZmax = 0. Nhw vay, r(zyin), 7(Zmax) € (A1, A1l = 7(2) € [A4, Apyq]
khi z € §(0, 1), 0 day 4, 4,4, twong tng la tri riéng nho nhat va 16n nhat ctia bai toan
tri riéng suy rong;:
Gz=AHz, z+0. (12)

Gia st rf?mg cac cdt ctia ma tran [B e,] la doc 1ap tuyén tinh, nghiém toan cuc

cua (10) la véc-to riéng caa (12) twong tng voi tri riéng nho nhat 4,. Ky hiéu véc-to

riéng nay 1a zW thi [w®T b(l)]T = z( xé4c dinh siéu phéang 1 trong (6).

Bang cach lam tuong tu ta sé cd dugc siéu phang 2.

5. MAY VEC-TO TUA SONG SINH
5.1 Trwong hop hai 16p dit liéu gan tach dugc tuyén tinh

Véi bai toan nhw trong muc 4. Y tuong ctia TWSVM cho bai toan phan loai nhi
phan ciing 1a di tim hai siéu phang khong song song nhu GEPSVM, nhung vé mit
cong thirc thi hoan toan khac.
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Nghiém tim bdgi TSVM

Nghiém tim bgi SVM

A2
F o B N Ww s oo

Hinh 3: SVM va TWSVM

Thuec t& moi bai todn QP trong TWSVM la twong tw nhw SVM,, tuy nhién khong
phai tat ca cac diém dw liéu déu xuét hién trong rang budc cung mét lic. Ta sé thu
duoc hai siéu phang trong TWSVM bang cach giai hai bai toan QP sau:

1
n = (Aw® + elb(l))T(Aw(l) +e,b®) + cre,7q

min
(TWSVM1) {w®pg (13)
—(Bw® +e,pMW) +g=e, q=0,
va
1 T
min = (Bw® +e,b@) (Bw® + ¢,6@) + c,e,T
(TWSVM2) {w®p@q 7 ( ) ( )+ e (14)

—(Aw@ +e,bPD)+q>e, q=0.

O day ¢, ¢, 1a cac hé s8 phat d€ can bing sy vi pham va tong khoang cach binh
phuong trong mdi bai toan, e; € R™, e, € R™2 1a c4c vector toan 1. Thuat todn di tim
hai siéu phang dai dién cho hai 16p.

Truede hét ta xét bai toan (13). Ta thay rang, biéu thikc tht nhat trong ham muc
tiéu cua (13) chinh la tong khoang cach binh phuwong ctia cac diém thudc 16p 1 tdi siéu
phang 1. Rang budc la cac diém thudc 16p -1 giit khoanh cach it nhat bang 1 d6i véi
siéu phang 1. Bién phu q > 0 tai cac diém vi pham rang budc va bang 0 tai cac diém
khong vi pham. Ham Lagrange twong ting vdi bai toan TWSVM1 (13) duwoc cho boi:

1
Liw®, bW, q,a,p) = E(Aw(l) + elb(l))T(Aw(l) +e.bM) +cre,7q
—a’(—=(Bw® +e,bW) + g —e,) = BTq,  (15)
Vol a = (al, o) amz)T, B = (ﬁl, . ,ﬁmz)T la vector nhan tir Lagrange. Giai hé diéu kién
can va du K.K.T cta bai toan ta co:
0<ac=<ce,. (16)

va

AT

w@® BT _
€1T] [A e] [b(l) + [ezT] a = 0. 7
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(€Y
H=Uel 6=[8 el u=|"] a9

(17) ¢ thé viét lai thanh
HTHu+ GTa =0,
tiec la
u=—HTH) G a. (19)
D& dam bao ton tai ma tran nghich dao (HTH)™! ta thém s hang chinh quy
el, € > 0 nhu trong [2], vdi I 1a ma tran don vi c6 sO chiéu thich hop, (19) tro thanh
u=—HTH+ e G a. (20)

Tuy nhién, trong phan sau ctia bai ta van st dung (19) dé thuan tién cho qué
trinh tim hiéu bai toan, con khi lap trinh thuéat toan ta sé st dung cong thirc (20). Thay
vao ham Lagrange ta thu duoc bai toan d6i ngau cia TWSVM1 nhu sau:

1
max ela — EaTG(HTH)‘lGTa
a

0<ac<ce,.

(DTWSVM1) { (21)
Bang cach twong tu, ta xét bai tooan TWSVM2 va thu duoc bai todn d6i ngau
sau:
max ey -— 1)/TH(GTG)‘lHTy
(pTWsvM2) X eV T3 (22)
0< Y < cey.
()

(2)] duoc cho béi

va vector v = [VZ

v=(GTG) 1HTy. (23)

Hai ma trén HTH va GG cung ¢6 ¢& (n + 1) X (n + 1), trong thuyec t& s6 chiéu n
la nho hon nhiéu so véi sO phan ti ctia hai 16p di liéu. Hai siéu phéng tach dat duoc
la:

x"Tw® +pD =0, xTw@ +p@ =0. (24)

V6i mot diém di liéu mdi x € R™ ta tinh khoang cach vudng goc tir x toi hai
siéu phang, x gan siéu phang ctia 16p nao hon thi thudc vé 16p do.

Tit hé diéu kién K.K.T ta thay rang, cac diém thuodc 16p -1 twong tng véi 0 < a; <
¢, (i =1,...,my) nam trén siéu phang x"w® + b = —1, nhiing vector thudc 16p -1
nay la nhiing vector tya cua 16p 1. Diéu twong tu xay ra véi bai toan TWSVM2.

Danh gia d¢ phitc tap: Quan sat hai bai todn d6i ngau (21) va (22) thay rang cac
ma tran vuéng G(HTH)™'G" va H(G"G) *H" ¢6 & xap xi % Trong bai toan ddi ngau

ctia SVM [3], ma tran vudng cé cd m. Nhu vay néu ta coi dd phtic tap cua SVM 1a m3

8
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thi 40 phtic tap cia TWSVM la xap xi 2(%)3, qua d6 thdy rdng tdc do tinh toan cta
TWSVM la nhanh hon SVM x4p xi 4 lan.

5.2 TRUONG HOP PHI TUYEN

Khi hai 16p dir liéu la khong tach duoc tuyén tinh, twong tu nhu SVM tiéu
chudn, ta sé sit dung ky thuat kernel. Hai mat phan loai sé c6 dang;:

KGT, cCHw® +pD =0, KT, cHw® +p@ =, (25)

véi € = [g] va K 1a mot kernel nao d6. Bai toan t&i wru c6 dang nhu sau:

Ty (D (6]
(KTWSVM1) wu)bu)qz”K(A MWD +e;b®|| + crefq

—(KB,cTHwD + e,pM) + g e, q=0.

(26)

Ham Lagrange cta bai toan:
1 2
L(W(l), b(l), q, a,ﬁ) = > ||K(A, CT)W(I) + elb(l)” + C1€2Tq

—aT(=(K(B,cTYw® + e,bD) + g — ;)
-BTq, (27)
Duwa vao hé diéu kién K.K.T cua bai toan ta co:

[K(A, TCT )T] (K(A CT) e [W(l)] [K(B, CT)T]a: 0.

el € el

(28)

W
DitS = [K(4, CT) ei], R =[K(B, CT) e,], 2V = ng]

biéu thtrc (28) c6 thé dwoc viét lai thanh
75z + RTa = 0, hay z( = —(575)"'R"a. (29)
Bai todn d&i ngau cia KTWSVMI la:
1
ela — EaTR(STS)‘lRTa

0<a<ce,.

(KDTWSVYM1) {MaX (30)
Twong ty ta cd bai toan t6i wu KTWSVM2 va KDTWSVM2 cho mat
KT, CTHw® + @ = 0 nhu sau:

1 )
wrwsvmz) w2 KB CHw® +e,b@|" + czefq

(K(4, CHw® + elb(z)) +qg=>e, q=0.

(31)

1
T, _ . T Tpy—1cT
(KDTWSVMZ) {max ey —sV SRIR)TSTY 5oy

0 S)/ < créeq.

9
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w®
h@

Morrison-Woodbury [8] cho ma tran nghich dao, ta khong phai tinh nghich dao ctua

Nghiém z®) = [ = (RTR)71STy. Bang cach st dung cong thitc Sherman-

ma tran m + 1 chiéu nhw trén ma chi phai tinh nghich dao ctia ma tran m, chiéu va m,
chiéu.

6. CAI PAT THUAT TOAN MAY VEC-TO TUA SONG SINH VA AP DUNG

Thuat toAin TWSVM: Cho m diém dir ligu trong R™ dwoc biéu dién béi ma trin
C™™. Gia sir tdp dir liéu gom hai I6p, 16p {+} g6m my diém va l6p {-} g6m my diém twong 1ing
dwoc biéu dién béi cdc ma tran A™>™ vi B™2*", V6i K 1a mot kernel nao do;

i) bit  S=[K(4, CT) e;], R=[K(B, CT) e,], zV = [‘Z((ll)) ., vbi e €
R™>1 e, € RM2X1 [ cic vector toan 1.

ii) Xdc dinh a thong qua (30).

iii)  Xdc dinh z thong qua (29).

iv) Phiin loai mot diém x madi dwa vao (24).

Ngon ngtr lap trinh duoc sit dung ¢ day la Python 3.8.3. Trong céc thw vién cua
Python méi chi cai ddt thuat toan SVM mdc du da c6 kha nhiéu cai tién tot hon, tiéu
biéu la thuat toan TWSVM. T6i da cai dit thuat toan TWSVM va dwa phan code 1én
web, ban doc quan tam o thé tim thay tai
https://github.com/makeho8/python/blob/master. V& co ban ta can sit dung mét vai
thu vién cua Python:

import numpy as np

from cvxopt import matrix, solvers

from sklearn.base import BaseEstimator

K = matrix(GB.dot(np.linalg.inv(HA.T.dot(HA) + 0.0001*I)).dot(GB.T))
q = matrix((-e_B))

G = matrix(np.vstack((-np.eye(m_B), np.eye(m_B))))

h = matrix(np.vstack((np.zeros((m_B,1)), self.c*np.ones((m_B,1)))))
solvers.options['show_progress'] = False

sol = solvers.qp(K, q, G, h)

alpha =np.array(sol['x'])

self.u = -np.linalg.inv(((HA.T).dot(HA) + 0.0001*I)).dot(GB.T).dot(alpha)
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self.b_A = self.u[-1]

Dudi day toi dua ra két qua ap dung thuc t& d€ so sanh gitta TWSVM va SVM
tiéu chuan. Ban doc c6 thé thdy rang TWSVM la t6t hon SVM ca vé t8c d6 tinh toan va
kha nang m6 phong dit liéu trong hau hét cac truong hop. Dt liéu duoc 1dy tir bo di
liéu sdn c6 UCI [10]. C4c hé s6 phat déu duoc cai dat 1a 1. St dung danh gia chéo 10 Tan
(10-fold cross validation) d€ danh gia d6 chinh xac kiém thtr cho tat ca cac tap di liéu.
Tap dit liéu duoc chia theo ti 1€ 80/20, Laptop stt dung la MSI Bravo15s.

Bdng 1: B chinh xac (%)

Dit liéu TWSVM SVM
CMC (1473x9) 68.253 +/- 3.065 66.977 +/- 3.921
Heart (920x13) 79.902 +/- 5.098 80.170 +/- 4.629
Image (2100x18) 84.345 +/- 2.306 76.905 +/- 2.564
Hepeatitis (155x19) 82.821 +/- 8.107 78.013 +/- 9.178
Australian (689x14) 85.107 +/- 4.153 78.750 +/- 7.659
BUPA-liver (345x6) 66.283 +/- 7.592 68.016 +/- 10.710
Credit (690x16) 86.416 +/- 2.695 85.513 +/- 3.955
Diabetis (768x9) 77.205 +/- 4.605 74.923 +/- 5.606
Flare-solar (1066x13) 89.793 +/- 2.500 90.379 +/-2.193
German (999x25) 76.475 +/- 4.446 75.228 +/- 5.326
Ionosphere (350x35) 89.643 +/- 5.858 86.786 +/- 4.532
Spect (265x23) 80.649 +/- 8.113 80.152 +/- 7.070
Bang 2: Toc d6 chay (ms)
Dit liéu TWSVM SVM
CMC (1473x9) 269.06 3619.811
Heart (920x13) 78.017 1297.29
Image (2100x18) 1029.228 8343.87
Hepatitis (155x19) 6 34
Australian (689x14) 46.011 905.202
BUPA-liver (345x6) 14 161
Credit (690x16) 59.015 759.171
Diabetis (768x9) 64.014 846.189
Flare-solar (1066x13) 136.032 1659.375
German (999x25) 148.032 1480.331
Ionosphere (350x35) 14.002 167.037
Spect (265x23) 12.002 108.023
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May véc-to twa song sinh va dp dung

7. KET LUAN

Nhu vay tu twdng toan hoc cia may véc-to twa song sinh thuc chat 1a tim cach
téch cac 16p dit liéu boi hai siéu phang khong nhat nhiét song song, trong d6 mdi siéu
phang 1a gan nhat véi mot 1op va xa nhat c6 thé véi 16p con lai. Bang mot phuong
phap nhat quéan 1a stt dung quy tic nhan tir Lagrange dé giai hai bai todn QP, chting tdi
da trinh bay co so toan hoc ctia may véc-to tya song sinh va cac nghién cttu lién quan
nhw, SVM tiéu chuan, PSVM, GEPSVM trong ki thuét phan 16p d liéu. Cung véi d6 la
cach cai dat thuat todn may véc-to twa song sinh bang ngén ngit 1ap trinh Python,
nham muc dinh danh gia vé t6c do va kha nang mo phong dix liéu cia TWSVM so véi
SVM tiéu chuan, cho cac treong hop khac nhau, tit don gian dén phtic tap. Canh tiép
can cia TWSVM trong truong hop phi tuyén c6 thé duoc giai quyét thong qua bai toan
quy hoach ntra xac dinh duwong va quy hoach nén bac hai, day la hudéng nghién ctru
tiép theo ctia ching t6i nham muc dich cai tién thuat toan.
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ABSTRACT

The support vector machines are popular classification technique and has been
successfully applied to many different areas of the life. Because this is a pratical
problem, we chose to study, aiming to find more applications and better
improvings. There are some typical improvings such as Proximal Support Vector
Machine (PSVM), Proximal Support Vector Machine Via Generalized Eigenvalues
(GEPSVM) and Twin Support Vector Machine (TWSVM). SVM and TWSVM can
be solved by using Lagrange duality problem, but TWSVM used two nonparallel
hyperplanes to separate data classes. This paper airms to show mathematical
foundation of PSVM, GEPSVM and TWSVM, and we have setted up TWSVM
algorithm by using Python programming to evaluate effect of TWSVM compared
to standard SVM.

Keywords: Support vector machines, Twin support vector machines.
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