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TOM TAT— Trong bai viét nay chiing 16i trinh bay gidi thudt tSVM cho phén 16p phi tuyén tdp dir liéu 1om. Gidi thugt tSVM sir
dung mdy hoc cay quyét dinh d‘ephan hoach nhanh tdp dir liéu I6m thanh k phdn vang duoc goi la nGt 1a. Chi nhiing nit la cé nhan
(Iép) cua cac phan tir thudn nhat (giong nhaw) dwoc giai thudt tSVM gan nhan tuong vumg nhu giai thudt cdy quyét dinh dung aé
phan 16p. NGi mdi mit lé ¢6 nhan cde phan tir khéng thudn nhat, gidi thudt tSNM hudn luyén mét mé hinh SVM phi tuyén dimg dé
phan 16p dit liéu cuc bé cia nt la. Viéc hudn luyén cac mé hinh SVM trén ting nut la c6 nhan khong thudn nhét hoan toan doc lap
Vv&i nhau, vi thé ¢ thé dwoc thuc hién song song trén cac may tinh multi-core. Két qud thuc nghiém trén cdc tdp dir liéu cia UCI va
3 tdp dir lidu nhdn dang ky tw viét tay va tdp dir liéu phdn I6p anh cho thdy gidi thudt tSVM cho két qua phdn 16p nhanh, chinh xdc
khi so sanh voi gidi thudt SVM chudn nhir LibSVM.

Tir khéa— May hoc véc-1o hé tro (SVM), md hinh may hoc cuc bg, phan 16p phi tuyén tap di liéu lon.
I. GIOI THIEU

Giai thuét cdy quyét dinh [Breiman et al., 1984], [Quinlan, 1993] va may hoc véc-to hd tro (Support Vector
Machines - SVM [Vapnik, 1995]) dugc cong dong kham pha tri thirc va khai thac dir liéu binh chon 13 hai trong top 10
giai thuat khai thac dir liéu phd bién va hiéu qua [Wu & Kumar, 2009]. Uu diém ciia md hinh cdy quyét dinh 1a giai
thuat huin luyén don gian, nhanh, xtr Iy dugc ca di li¢u rdi rac va lién tuc, luat quyét dinh rat trich tr mo6 hinh cay
quyét dinh d& hiéu v6i chuyén gia vé dir liéu. Trong khi d6, giai thuat may hoc véc-to hd tro sir dung cac ham hat nhan
(kernel function), cung cip cac mé hinh c6 d6 chinh x4c rat cao cho cac van dé phan 16p va hdi quy phi tuyén trong
thuc té. Cac ung dyng thanh cong cia SVM da dugc cong bd trong nhiéu linh vuc khac nhau nhu nhan dang mat
ngudi, phan 16p van ban va tin-sinh hoc [Guyon, 1999]. Mic di ¢6 dwoc nhitng vu diém ké trén, giai thuat huan luyén
mdt md hinh SVM c¢6 do phirc tap cao so voi giai thuat huén luyén mo hinh cay quyét dinh do phai giai bai toan quy
hoach toan phuong (quadratic programming). Do phuc tap t6i thiéu cua giai thuat huén luyén mé hinh SVM 1a bac 2
ctia s6 lugng phan tir dir liéu [Platt, 1999]. Do do, can thiét phai c6 nhing cai tién dé giai thuat hoc SVM c6 thé xir 1y
duogc cac tap di li¢u véi kich thudce 16n.

Trong bai viét, ching toi dé xuat giai thuat moi tSVM 1a giai thuat lai cua giai thudt cay quyét dinh va may hoc
SVM dé tan dung dugc vu diém cua ca hai 16p giai thuat hoc nay. Giai thuat tSVM co thé hudn luyén moé hinh chinh
xac nhu giai thut SVM géc nhung c¢6 d6 phuc tap thap hon. Bé dat dugc ca hai muc tiéu nay, giai thuat tSVM st dung
may hoc cay quyet dinh dé phan hoach nhanh tép dir liéu l6n thanh k phan ving duogc goi la nut 1. Céac nat 1a ¢6 nhén
(16p) ciia cac phan tir thuan nhat (glong nhau) duoc gan nhan gidng nhu giai thut cay quyét dinh, str dung khi phan
16p. V6i cac nut 14 c6 nhan cac phan tir khong thuan nhét, giai thuat tSVM huan luyén song song cac md hinh SVM phi
tuyén cuc bd, mdi mé hinh ding dé phén 16p dit liéu cuc bd dir liéu cua nut la. Két qua thuc nghiém trén cac tap dit lidu
ctia UCI [Lichman, 2013] va 3 tap dir liéu nhan dang ky tu viét tay [Lecun et al., 1989], [Lecun et al., 1998], [van der
Maaten, 2009] va tap dit liéu phan 16p anh [Geusebroek et al., 2005] cho thdy giai thuat tSVM cho két qua phan 16p
nhanh, chinh xac khi so sanh véi giai thuat SVM chuan nhu LibSVM [Chang & Lin, 2011].

Phﬁn con lai cia bai viét duoc té chirc nhu sau. Chﬁng ty()i s€ trinh bay tom tat giai thudt may hoc VéC:tO’ hd tro
trong phan 2. Giai thut tSVM duoc trinh bay trong phén 3. Két qua thyc nghiém s€ duoc trinh bay trong phan 4. Cac
nghién ctru lién quan dugc thao ludn trong phan 5 trudce khi két ludn va hudng phat trién dugc trinh bay trong phan 6.

Il. MAY HQC VEC-TO HO TRQ

Xét vi du phan 16p nhi phan tuyén tinh don gidn dugc m ta nhu hinh 1, véi m phan tir Xy, X, ..., X, trong khdng
gian n chiéu (thudc tinh) véi nhin (16p) cta cac phan tir twong tnglays, Y, ..., ymco gia tri 1 (16p duong) hoac gia tri -
1 (16p 4m). Gidi thuat mdy hoc SVM [Vapnik, 1995] tim si€u phing téi wu (x4c dinh boi véc-to phap tuyén w va do
Iéch cua siéu phing v&i goc toa d6 b) dé tach dit lidu ra 2 16p. May hoc SVM tim siéu phing cach xa 2 16p nhét (siéu
phang t6i wu) dya trén 2 siéu phang hd tro song song cua 2 16p. Siéu phing hd tro cua 16p +1 (Ww.x — b = +1) 13 siéu
phing ma cac phan tir X, thudc 16p y, = +1 nim vé phia bén phai cua no, tirc la: w.x, — b > +1. Tuong ty, si€u phang hd
tro cia 16p -1 (w.x — b = -1) 1a siéu phang ma cac phn tir X, thude 16p yn=-1 nim vé phia bén tréi siéu phang hd tro
16p -1, tirc 1a: W.X, — b < -1. Nhitng phan tir nim ngugc phia véi siéu phang hd trg dugc coi nhur 18i. Khoang cach 15i
dugc biéu dién boi z; >0 (voi x; ndm dung phia ctia siéu phing hd trg ciia n6 thi khoang cach 15i twong tng z; = 0, con
nguoc lai thi z; > 0 1a khoang cach tir diém X; dén siéu phang hd tro twong tng ciia né). Khoang cach giita 2 siéu phing
ho trg dugc goi 1a 1& = 2/||w]|, trong do |\w|| 1a d6 16n (2-norm) ctia phap véc-to w. Siéu phang tbi wu (ndm giita 2 siéu
phing h trg) can tim phai thoa 2 tidu chi 1a cuc dai hoa 1é (1é cang 16n, md hinh phan 16p cang an toan) va cuc tiéu hoa
15i. Véan dé tim siéu phing t&i wru cua giai thudt SVM din dén viéc giai bai toan quy hoach toan phuong (1):
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Hinh 1. Phén 16p tuyén tinh v6i may hoc SVM
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trong d6 C 1a hang sé dwong dung dé diéu chinh d6 16n cua 1& va tong khoang cach 13i; K<Xi , x]_> Ia ham nhan

tuyén tinh K<)(i , xj> = <Xi X xj> .

3 Giai bai toan quy hoach toan phuong (1) thu dugc #SV phan tur X; trong ung voi ¢ > 0, duoc goi la cac véc-to
ho tro. Chi can #SV véc-to ho trg nay ta co thé dung lai dugc siéu phang phan 16p. M6 hinh SVM thuc hién phan 16p
phan tr mai X bang (2):

predict (x) = sign(% yiaiK<x,xi>—bj 2

i=1

May hoc SVM c6 thé sir dung cdc ham nhén khac nhau dé giai quyét 16p cac bai toan phén 16p phi tuyén
[Cristianini & Shawe-Taylor, 2000]. D¢ xur Iy cac van de phén 16p phi tuyen, khong can bat ky thay doi nao hon tir giai
thuat ma chi can thay thé ham nhan tuyén tinh trong (1) va (2) bang cac ham nhén khac. C6 2 ham nhéan phi tuyén phd
bién la:

5 A d
e Ham da thic bac d: K<xi , xj> = (<xi X X; > +1)
e Ham co so ban kinh (Radial Basic Function — RBF): K<x,-, x,-> e

Mb hinh may hoc SVM cho két qué cao, 6n dinh, chiu dyng nhiéu t6t va phu hop véi céc bai toan phén 16p, hoi
quy. Nhiéu ung thanh cong cua SVM da duoc cong bo trong nhi€u linh vyc nhu nhan dang anh, phan loai van ban va
sinh-tin hoc [Guyon, 1999].

Nghién ciru trong [Platt, 1998] chi ra ring cac giai thuat huin luyén dugc dé xuat trong [Boser et al., 1992],
[Chang & Lin, 2011], [Osuna et al., 1997], [Platt, 1998] ¢ do phirc tap tinh toan 16i gidi bai todn quy hoach toan
phuong (1) ti thiéu 14 O(m?) trong d6 m 1a s6 lwong phan tir dugc ding dé hudn luyén. Didu nay lam cho giai thuat
SVM khong phu hop véi dit liéu 16n.

IIL. GIAI THUAT tSVM

Hinh 2 chi ra m6 hinh SVM phi tuyé’n toan cuc dugc L}uén luyén boi LibSVM [Char]g & Lin, 2011], st dung
ham nhan RBF vé6i tham s6 y = 10 va hiang s6 C = 10° (dung dé dung hoa d6 rong 1& va cuc tiéu 151).
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Hinh 2. M6 hinh SVM toan cuc (hdm nhan RBF véi tham sé y = 10 va hing s6 C = 10°)
A. Huén luyén mé hinh tSVM

) _Thay vi phai huép luyén md hinh SVM toan cuc nhu da thue hién boi cac giai thuat SVM chuan ©6 do phirc tap
t61 thiéu bac 2 v6i m phan tir cia tap huan luyén, ching t6i d€ xuat giai thuat tSVM, xy dung cdy quyét dinh st dung
cac luat gan nhan SVM cuc bd cho cac nut 14 c6 nhan cia céc phan tir khong thuan nhat (khong cung 16p).

Qué trinh hun luyén mo hinh phan 16p ciia giai thuat tSVM duoc thyc hién qua 2 bude chinh:

tSVM sir dung giai thuat may hoc cdy quyét dinh (C4.5 [Quinlan, 1993]) dé phan hoach tap dir liéu co m phén
tur cua tap hudn luyén thanh k phan vung (goi 1a nut 13). Qua trinh phan hoach cua giai thuat cay quyét dinh c6 thé su
dung diéu kién dirng sém néu phan ving c6 chira s6 phan tr nho hon gia tri ngudng minobj thi khong thuc hién phan
hoach nira ma xem phan ving d6 1a nat 14.

V6i cac nut 14 ¢6 chira cac phan tr ¢6 nhan thuan nhat (cung 16p) thi giai thut gan nhan cho nat 14 duoc dung
khi phén 16p. Cac nut 14 c6 chira cac phan tur ¢6 nhén khong thuan nhat, gidi thudt huan luyén song song cac md hinh
SVM phi tuyén, moi mé hinh dé€ phan 16p cuc bd dir li€u cho tung nit 14 c6 nhan khong thuan nhat.

Hinh 3 trinh bay mé hinh phén 16p thu duoc tir giai thuat tSVM trén cung tap dit liéu sir dung dé huin luyén mo
hinh SVM toan cuc da thyc hién trong hinh 2. Trong vi du nay, tSVM phéan hoach tip huén luyén thanh 5 nut 14 su
dung diéu kién dimg sém 1a minobj = 7. NGt 14 D, c¢6 chtra cac phan tir ciing nhén 14 hinh vuéng (o) dugc gan nhin 1a
hinh vuéng (o). NGt 14 D, c6 chira cc phéan tir cing nhén 1a hinh chéo (X) nén duoc gan nhén 1a hinh chéo (x). Céc nit
I4 Dy, D3, Ds déu chira cac phan tir c6 nhan khong thuan nhét, nén tSVM huin luyén cac mé hinh SVM phi tuyén,
ISVMy, ISVMs3, ISVM; (0 chinh 14 tham sé ham nhan RBF y = /0 va hiang s6 C = 10°), m&i mé hinh ISVM; phan 16p dit
lidu cuc bo cua mot nit 14 D; khong thudn nhét.

B. Phén 16p phén tir méi x bang mé hinh tSVM

M6 hinh tSVM thuc hién phan 16p phan tir méi x biang cach diy x theo dudng dan tir nut gbe dén nit 1a. Néu x
dén nit 14 c6 chira cac phan tir co nhin thuan nhét thi nhin cua x 1a nhin cia nat 14. Néu x dén nut 14 c6 chira cac phan
tor ¢6 nhan khong thuan nhét thi nhin cta x dugc du doan dwa vao mé hinh SVM phi tuyén duoc huin luyén dé phéan
16p cuc bo cac dir licu huin luyén trong nut 14 do.

C. Phan tich hi¢u qud cua gidi thudt tSVM

Qié sir tap dir lidu huan luyén c6 m phéan tir duge tSVM phan hoach thanh k nut 14 ¢6 kich thudce bang nhau 1a
m/k phan tir (hay n6i cach khac minobj = m/k).

, . 2
Huan luyén m§t mo hinh SVM cuc b cho tig nut 14 ¢6 chira m/k phan tir ¢6 d§ phuc tap 1a o(sz .
k

Chinh vi vy, d6 phic tap ctia qué trinh huan luyén song song k mo hinh SVM cuc bd cho k nut 14 cua giai thuat

2
tSVM trén may tinh c6 P-core la: o(m] = o[m min obj)-
Pk P
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So v6i huin luyén mé hinh SVM toan cuc cua cac giai thuat SVM chuén, tSVM c6 d6 phirc tap thap hon
m
min obj

lan L.
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Xy < 0.204
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Hinh 3. M hinh tSVM st dung diéu kién dirng sém minobj=7 (ham nhan RBF véi tham s6 y = 10 va hing s6 C = 10°)

tSVM sir dung tham sb diéu kién dimg sém qué trinh phan hoach cua cay quyét dinh minobj dé dung hoa giira
kha ning tong quat hoa (46 chinh xac khi du doan nhan ctia phan tir méi) va chi phi tinh toan ctia giai thuat huan luyén
mo hinh.

Néu minobj dugc dit qua nho, khi so vi mé hinh SVM toan cuc, tSVM giam thoi gian hudn luyén rat 16n, thim
chi cac nut 14 hau hét déu chira cac phan tir c6 nhan thuan nhét (cdy quyét dinh thong thuong), tinh tong quat mo hinh
thap, tSVM cho d6 chinh xac thap khi phan 16p.

! Chu y ring d¢ phirc tap tSVM ¢ day chua bao gdm do phirc tap ciia qué trinh phan hoach tap dit li¢u huén luyén cia
cay quyét dinh, tuy nhién do d¢ phirc tap cua qua trinh phan hoach rat nhd so véi do phurce tap cua viée giai bai toan quy
hoach toan phuong cua giai thuat SVM.
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Néu minobj dwoc dat qué 16n, khi so v6i md hinh SVM toan cuc, tSVM giam thoi gian huén luyén khong nhiu,
tuy nhién mé hinh tSVM c6 tinh tong quat cao, tSVM cho d chinh xac cao khi phan 16p. Thadm chi néu dat minobj =
m thi tSVM chinh 1a mé hinh SVM toan cuc.

Diéu nay cho thdy dugc tham s6 minobj trong tSVM cén duge dit di Ion (tr 200 dén 1000 [Bottou & Vapnik,

1992] tuy theo tirng tap dit liéu) d€ dung hoa dugc dd chinh xac khi phan 16p va giam dugc do phurc tap khi huan luyén.
IV. KET QUA THU'C NGHIEM

A. Cai dat chwong trinh

Chung toi ti‘én hanh danh gia hiéu qua cia giai thuat dé xuat tSVM cho bai toan phan 16p. Ching t61 da cai dat
giai thuat tSVM bang ngdn ngit C/C++ su dung chuong trinh C4.5 [Quinlan, 1993], thu vién SVM chuan, LibSVM
[Chang & Lin, 2011], thu vién OpenMP (giao dién lap trinh song song C/C++ trén may tinh da nhan st dung bo nhé
chia s¢). Chung t6i thyc hién so sanh hiu qua phan 16p cua giai thuat tSVM va LibSVM, dya trén hai ti€u chi: do
chinh xéac phan 16p va thoi gian huan luyén.

Tét ca céc thi nghiém dugc chay trén may tinh cd nhan, cai h¢ diéu hanh Linux Fedora 20, bd vi xt 1y Intel®
Core i7-4790, 3.6 GHz, 4 nhan va bd nhd RAM 32 GB.

B. Chudin bj tp dir liéu

Thi nghiém dugc thuc hién trén 4 tap dir liéu UCI [Lichman, 2013] va 3 b dit liéu ky tu viét tay chuin hai bo
cii: USPS [Lecun et al., 1989], MNIST [Lecun et al., 1998], mot bo dit lidu ky tu viét tay méi [van der Maaten, 2009]
va tap dir liéu phéan 16p anh [Geusebroek et al., 2005] Bang 1 trinh bay mé ta cia cac tap di liéu thuc nghiém. Nghi
thirc kiém tra danh gia duoc chi ra trong cot cudi cua bang. Dir liéu da dugc chia thanh hai tap: huin luyén (Trn) va
kiém tra (Tst). Chung t6i sir dung tap huin luyén dé huan luyén cac mé hinh SVM. Sau d6, sir dung cac md hinh phan
16p thu dugc dé phan 16p dir lidu trong tap kiém tra.

Bang 1. Mo ta cac tap dir liéu thyc nghiém

ID | Dataset S6 phan tir | So thudc tinh |  S6 16p Nghi thirc kiém tra

1 | Opt. Rec. of Handwritten Digits 5620 64 10 3832 Trn - 1797 Tst

2 | Letter 20000 16 26 13334 Trn - 6666 Tst
3 | Isolet 7797 617 26 6238 Trn - 1559 Tst

4 | USPS Handwritten Digit 9298 256 10 7291 Trn - 2007 Tst

5 | A New Benchmark for HCR 40133 3136 36 36000 Trn - 4133 Tst
6 | MNIST 70000 784 10 60000 Trn - 10000 Tst
7 | ALOI 108000 128 1000 72000 Trn - 36000 Tst
8 | Forest Cover Types 581012 54 7 400000 Trn - 181012 Tst

C. Piéu chinh tham sé

Chung t6i dé xuét str dung ham nhan RBF trong ca tSVM va LibSVM vi tinh tong quat va tinh hiéu qua cta no
[Chang & Lin, 2011]. Chiing t6i ciing diéu chinh siéu tham s6 y ciia ham nhan RBF va hang s6 C (tham s6 dung hoa 15
va d¢ rong ciia 16 SVM) dé co dugc két qua cao nhat. Hon nita giai thuat tSVM ciia chiing t6i co sir dung thém mot
tham sé didu kién dimg sém qua trinh phan hoach cta cdy quyét dinh minobj dwoc dat bing 1000 phan tir (nhdm tao ra
mdt su dung hoa giita do chinh x4c cia md hinh phéan 16p va chi phi tinh todn). Bang 2 trinh bay cac siéu tham sé dugc
str dung cho tSVM va LibSVM.

Bing 2. CAc tham s ciia tSVM va LibSVM

ID | Dataset Y C Minobj
1 | Opt. Rec. of Handwritten Digits 0.0001 100000 1000
2 | Letter 0.0001 100000 1000
3 | Isolet 0.0001 100000 1000
4 | USPS Handwritten Digit 0.0001 100000 1000
5 | A New Benchmark for HCR 0.001 100000 1000
6 | MNIST 0.05 100000 1000
7 | ALOI 0.01 100000 1000
8 Forest Cover Types 0.0001 100000 1000

D. Két qud phén l6p

Két qua phan 16p cua LibSVM va tSVM trén 8 tap dir liu dugc cho trong bang 3 va céc hinh 4, 5 va 6. Nhu
mong doi, gidi thuat tSVM cuta chung t6i co6 thoi gian hpén luyén r}gén hon nhiéu so v¢i gidi thuat LibSVM. V¢ tiéu
chi d6 chinh xac phan 16p, giai thuit ciia ching t6i cho két qua co thé so sinh dugc véi giai thuat LibSVM.
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Bang 3. So sanh hiéu qua cta cac phuong phap theo do chinh xéc (%) va thoi gian huén luyén (gidy)

Do chinh xic (%) Thoi gian huan luyén (gidy)

ID | Dataset LibSVM tSVM LibSVM tSVM

1 | Opt. Rec. of Handwritten Digits 98.33 96.99 0.58 0.12

2 Letter 97.40 95.65 2.87 0.42

3 Isolet 96.47 95.38 8.37 3.98

4 USPS Handwritten Digit 96.86 95.02 5.88 4.62

5 A New Benchmark for HCR 95.14 92.72 107.07 95.37

6 MNIST 98.37 98.24 1531.06 124.48

7 ALOI 95.16 93.17 2400 30

8 Forest Cover Types NA 96.73 NA 179.84
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Hinh 4. So sanh thoi gian huén luyén cua LibSVM va tSVM trén 5 tap dit liéu nho

V6i 5 tap dir liéu nho dAu tién, cai tién v& mat thoi gian cua tSVM 1a khong dang ké. Tuy nhién véi cac tap dit
liéu 16m, tSVM tang toc dang ké qua trinh huan luyén.

1 Trammng tune £5) oo lage datasets
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Hinh 5. So sanh thoi gian huén luyén cta LibSVM va tSVM trén 3 tap dir liéu 16n
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?(ét thoi gian huén luyén md hinh phén 16p cho tép dir licu MNIST, giai thuat tSVM nhanh hon LibSVM dén
12.30 lan.

Xét thoi gian hudn luyén mé hinh phan 16p cho tap dir liéu anh ALOI. Tap dit liéu nay rat ddc biét do c6 sé phan
tir 1on va s6 16p ctia d6i twong 1a 1000, néu hudn luyén mé hinh da 16p bang cach xay dung mé hinh phéan 16p nhi phan
cho timg cip 16p nhu LibSVM thi can dén 499500 mé hinh nhi phan. Trong khi d6, tSVM da phéan hoach tap huan
luyén c6 1000 16p thanh cac phan ving con, mdi phan ving c6 s6 16p it hon so véi tap huin luyén day du. Két qua la
giai thuat tSVM nhanh hon LibSVM dén 80 lan.

DPac biét, véi tap dir liéu Forest cover type (duoc xem nhu 1a tép dir li¢u kho ddi in SVM phi tuyén [Yuetal.,
2003], [Do & Poulet, 2004], LibSVM chay dén 23 ngay van chua hoan thanh qua trinh huan luyén mé hinh. Trong khi
do, tSVM thuc hién huan luyén trong 179.8 giay (3 phut) va cho d¢ chinh xac phan 16p 1a 96.73%.
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Hinh 6. So sanh d¢ chinh xac phan 16p ciia LibSVM va tSVM trén 8 tap dir licu
V. CAC NGHIEN CUU LIEN QUAN

Dé cai tién viéc hudn luyén giai thuat may hoc SVM cho cac tap dit liéu 16n, cac cong trinh nghién ciru trong
[Boser et al., 1992], [Chang & Lin, 2011], [Osuna et al., 1997], [Platt, 1998] da chia bai toan quy hoach toan phuong
gbc thanh cac bai toan con dé giai quyét.

Nghién ctru ciia chung t6i lién quan dén cac giai thuat huan luyén mé hinh phén 16p phi tuyén cuc bo. Nhom céac
giai thuat huén luyén mé hinh phan cip cho van d& phan 16p, thuc hién phan 16p qua 2 budc chinh: gom nhom tap dir
liéu huén luyén thanh k nhém (clusters); budc tiép theo 1a huén luyén cac mé hinh phén 16p cuc b cho tirng nhoém. Dé
xuét ctia [Jacobs et al., 1991] sir dung giai thuat cuc dai ky vong (Expectation-Maximization, EM [Dempster et al.,
1977]) dé chia dir liéu thanh k nhém khong tach roi (joint clusters); va huin luyén cac mo hinh mang no-ron (Neural
Network) dé phan 16p dit liéu cuc bd cho timg nhom. Nghién ctru ciia [Collobert et al., 2002] chi khac véi nghién ciru
cua [Jacobs et al., 1991] la xay dyng k m6 hinh SVM [Vapnik, 1995] cuc bo. CSVM [Gu & Han, 2013] sir dung gidi
thuat k-means [MacQueen 1967] dé phan hoach tép dir liéu huén luyén thanh k nhom tach biét; sau do huén luyén cac
md hinh SVM tuyén tinh c6 trong s6 tir cic nhom dit liéu. Nghién ciru gan nhét 1a giai thuat kSVM [Do, 2015] va
krSVM [Do & Poulet, 2015] xay dung song song k mé hinh SVM phi tuyén cuc bo trén may tinh da nhan, bo nh¢ chia
sé, dé phan 16p cuc bd k nhém, duge phan hoach tir tap dir liéu huén luyén voi k-means. DTSVM [Chang et al., 2010]
st dung giai thut hoc cdy quyét dinh [Breiman et al., 1984], [Quinlan, 1993] dé phan hoach tap dit liéu hudn luyén
thanh cac phan ving tich roi nhau va xdy dung cac mé hinh SVM cuc bo cho cac phan ving. Cac giai thuat nay déu
nhim cai tién tbc d6 huén luyén mé hinh phan 16p.

Nhom cac nghién ctru sau day thyc hién huan luyén mo hinh phén 16p tir k lang giéng clia phan tor méi x khi
phan 16p. Mo hinh hoc ctia [Bottou & Vapnik, 1992] tim k lang giéng ctia phan tir méi X, thyc hién huén luyén mé hinh
mang no-ron dé phan 16p k lang giéng nay, dung mO hinh mang no-ron cuc bd thu duge dé phan 16p phan tir x.
[Vincent & Bengio, 2001] dé xuat giai thuat huan luyén k siéu phang cuc bo (k- local hyperplane). Cac nghién ctru khac
vé giai thuat SVM cuc bo sir dung céc chién luge khac nhau cho tim kiém k lang giéng, bao gom SVM-KNN [Zhang et
al., 2006] str dung cac do do khoang cach khac nhau, ALH [Yang & Kecman, 2008] sir dung khoang céch c6 trong sb
va chon loc cic dic trung quan trong, FaLK-SVM [Segata & Blanzieri, 2010] ting téc qua trinh tim k lang giéng st
dung cay chi muyc cover tree [Beygelzimer et al., 2006].
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Nghién ctru va phan tich 1y thuyét v& cac giai thuat hudn luyén mé hinh phan 16p cuc bé duoc théo luan trong
[Bottou & Vapnik, 1992]. Nghién ctru chi ra c¢6 sy dung hoa giira kha tang tong quat cia mé hinh phan 16p cuc bg va
sb phéin to duoc st dung dé huén luyén mot mo hinh phan 16p cuc bg. Kich thudce cua tap dir liéu cuc bo dugc dung
nhu mot tham s6 ty do bo sung dé diéu khién tinh cuc bd va kha ning tong quét ctia md hinh phan 16p cuc bo.

VI. KET LUAN VA HUONG PHAT TRIEN

Chung toi vira trinh bay mot giai thuat méi tSVM cho phép huén luyén nhanh mé hinh méay hoc véc-to hd trg
cuc bd dé phan 16p dir lidu phi tuyén chinh xéc cho cac tap dir liéu 1on. Giai thuat tSVM sir dung may hoc cay quyét
dinh dé phan hoach nhanh tap dir liéu 16n thanh k ndt 1a. V&i cac nit 14 ¢6 chira cac phan tir c6 nhian khong thuan nhat,
giai thuat tSVM huén luyén song song cac mo hinh SVM phi tuyén, mbi mo hinh dé phan 16p cuc bo dit lidu cho timg
nat 14 c6 nhan khong thuan nhat. Két qua thuc nghiém trén cac tap dir liéu cia UCI va 3 tap dir liéu nhan dang ky tu
viét tay va tap dir liéu phan 16p anh cho thiy giai thuat tSVM cho két qua phan 16p nhanh, chinh xac khi so sanh véi
giai thuat SVM chuéan nhu LibSVM. Mot vi du vé tinh higu qué cta giai thuat tSVM la: thoi gian huin luyén trén tap
dir liéu Forest Cover Types (400.000 phan tir, 54 chiéu, 7 16p) chi c6 179.8 gidy va do chinh xac phan 16p tong thé
96.73%.

Trong thoi gian t6i, ching t6i du dinh s& cung cip thém cac thuc nghiém trén nhirng tap dit liéu 16n khac nira va
so sanh hiéu qua cua tSVM véi cac giai thuat hoc may khac. Mot trong nhirg hudng phat trién cta nghién ctru nay
trong turong lai 1a cai tién d6 chinh xac phan 16p ctia tSVM.
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tSVM ALGORITHM FOR NON-LINEAR CLASSIFICATION OF VERY
LARGE DATASETS

Thanh Nghi Do, Nguyen Khang Pham, Minh Thu Tran Nguyen, Huu Hoa Nguyen

ABSTRACT— In this paper, we present the new support vector machines algorithm, called tSVM for effectively non-linear
classification of large datasets. The tSVM algorithm performs the training task of large datasets with two main steps. The first one is
to partition the full dataset into k terminal-nodes, and then the second one is to learn in parallel local SVM models for classifying
impurity terminal-nodes with mixture of labels. The numerical test results on 4 datasets from UCI repository, 3 benchmarks of
handwritten letters recognition and a color image collection of one-thousand small objects show that our tSVM algorithm is efficient
compared to the standard SVM (LibSVM) in terms of training time and accuracy for dealing with large datasets.



