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ABSTRACT

In this paper, we propose a new machine learning algorithm, called the
ARC-x4 of finite Newton Support Vector Machine (NSVM) for classifying
very large datasets on standard personal computers (PCs). SVM and
kernel related methods have provided accurate classification models but
their learning tasks usually need a quadratic programming with the
requirement of large memory capacity and long time. We extend the recent
NSVM proposed by Mangasarian for building a boosting-SVM algorithm.
We have used the Sherman-Morrison-Woodbury formula to adapt the
NSVM to process datasets with a very large number of dimensions. We
have also applied the ARC-x4 approach proposed by Breiman to NSVM
for classifying massive datasets with a very large number of datapoints as
well as a very large number of dimensions. We have evaluated its
performance on bio-medical datasets with a PC (2.4 GHz Pentium 1V, 2
GB RAM,).

TOM TAT

Chiing t6i trinh bay trong bai viét mét gidi thudt hoc méi, ARC-x4 Newton
support vector machine (ARC-x4-NSVM), cho phan loqi tap dit liéu lon
trén mdy tinh ca nhan. Mdy hoc véc-to hé tro (SVM) va phirong phdp ham
nhan cung cdp mo hinh phdn I6p dir liéu chinh xdc nhung qua trinh hudn
luyén mé hinh can gidi bai todn quy hoach todan phirong rat mat thoi gian
va can nhiéu bé nhé. Chung toi dé xudt mé rong gidi thudt hoc NSVM cua
Mangasarian dé xday dung gidi thudt cai tién SVM. Chiing t6i dé xudt dp
dung cong thirc Sherman-Morrison-Woodbury vao gidi thudt NSVM dé c6
thé xir 1y dir liéu 6 s6 chiéu rat lon. Tze’p theo sau, chiing t6i két hop voi
phuong phap ARC-x4 cua Breiman dé xdy dung giai thudt ARC-x4-NSVM
c6 thé phan logi dit liéu véi kich thiede lom vé sé phan tr ciing nhi s6
chiéu. Chiing téi danh gid hiéu qud ciia gidi thudt dé xudt trén tdp dir liéu
v sinh hoc sw dung may tinh ca nhan (2.4 GHz Pentium IV, 2 GB RAM).

1 GIOI THIEU

Tt khi dugc gidi thiéu boi Vapnik [15], giai
thuat may hoc véc-to hd trg (SVM) tr¢ thanh
phuong phap may hoc hitu hi¢u dé giai quyét cac
vén d& phan 16p, hdi quy. May hoc SVM da dugc
4p dung thanh cong trong rt nhidu tng dung nhu

nhan dang mat nguoi, phan loai van ban, phan loai
bénh ung thu (tham khao tai [8]). Bing viéc két
hop véi phuong phiap ham nhan, may hoc SVM
cung cép cac md hinh hiéu qua chinh xac cho cac
vén dé phan 16p va hoi quy phi tuyen trong thuc té.
Mic du c6 duoc nhimng wu diém ké trén, viéc huén
luyén ciia giai thuat may hoc SVM rat mat thoi
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gian va tiéu ton nhiéu khéng gian bd nhé do phai
giai bai toan quy hoach toan phuong. P phire tap
ti thiéu hudn luyén cua giai thuat may hoc SVM
luén 1a bac 2 so vdi s6 lugng phan tir dir lidu. Do
6, can thiét phai co nhimg cai tién dé giai thuat
hoc SVM c¢6 thé xir ly duge cac tap dit lidu voi
kich thudc 16n vé sb phan tir ciing nhu s6 chiéu.

Dé cai tién viéc hudn luyén giai thuat may hoc
SVM cho cac tap dit liéu lon. Cac codng trinh
nghién ctru trong [2], [4], [11] d& chia bai toan quy
hoach toan phuong gdc thanh cac bai toan con dé
giai quyét. Nghién ciru cua [12], [13] da dé& nghi
xay dung giai thuat hoc tang truong, chi nap dir
lidu timg phan rdi cap nhat mo hinh theo dir liéu
ma khong can nap toan bd tap dit liéu trong bo nho.
Cong trinh nghién ctru cta [13] dé nghi gii thuat
song song trén mang dé cai thién toc do huin
luyén. Tong & Koller [14] dé nghi phuong phéap
chon tap con dir li€u thay vi phai hoc trén toan bd
tap dit lidu gbe.

Trong bai viét nay, chung t6i muén trinh bay
mot giai thudt hoc méi, ARC-x4-NSVM, dung cho
phan loai cac tap dir liéu 16n trén may tinh ca nhan.
Ching t6i md rong giai thuat hoc NSVM cua
Mangasarian [10]. Giai thuat hoc NSVM chi can
giai cac hé phuong trinh tuyén tinh thay vi 1a bai
toan quy hoach toan phuong phtic tap hon nhu giai
thuat may hoc SVM chuén. Chung t6i da phat trién
theo hudng thich ung gidi thuat NSVM cho phéan
loai dir lidu c6 sé chiéu 16n thuong gip trong cac
véan dé vé phan loai van ban hay trong sinh tin hoc.
Dé dat dwoc muc tiéu ndy, chung toi 4p dung cong
thirc Sherman-Morrison-Woodbury [7] giap cho
giai thuat cai bién ctia NSVM c¢6 thé lam viéc cho
dir liéu c6 sb chiéu rat 16n nhung c6 sb phan tir
(dong) nhé. Sau d6, chung t6i két hop véi giai
thuat ARC-x4 cua Breiman trong [3] tiép tuc phat
trién giai thuat ARC-x4-NSVM ¢6 thé phéan loai
duoc dir liéu co kich thude 16n ca vé sb dong va sb
luong chiéu. Ching toi ciing tién hanh danh gia
hiéu qua dua trén tiéu chi nhu thoi gian huén luyén
va do chinh xac cua giai thudt ARC-x4-NSVM sur
dung may tinh c4 nhan (Pentium 2.4 GHz, 2 GB
RAM, Linux). Két qua chay thir nghiém trén cac
tap dir lidu 16n y sinh hoc [9] cho thiy giai thuét
ARC-x4-NSVM ciia chiing t6i dé nghi c6 thoi gian
huén hoc rat nhanh va cho do chinh xéc cao khi so
sanh voi cac giai thuat may hoc SVM chuan nhu
LibSVM [4].

Phan tiép theo ciia bai dugc t6 chirc nhu sau.
Phan 2 sé trinh bay tom tat vé gidi thuat may hoc
NSVM. Phan 3 s€ chi ra cach xay dung giai thuat
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ARC-x4-NSVM cho phan loai dit liéu 16n. Két qua
chay thir nghiém s& duoc trinh bay trong phan 4
trude khi két thic bang két luan va hudng phat
trién.

Chung t6i st dung cac ky hiéu va khai niém
trong phan tiép theo ctia bai viét nhu sau: tat ca cac
véc-to déu 1a vée-to cot, tich vo hudng cta 2 véc-to
x va y dugc ky higu 1a x.y, d6 dai véc-to phap tuyén
cua véc-to x dugc ky hiéu la ||x||, trong khi x”
chinh la chuyén Vi cua x va e la véc-to ¢cOt ma cac
thanh phén bang 1.

2 GIAI THUAT MAY HQC NSVM

Xét vi du phan 16p nhi phan tuyén tinh nhu
Hinh 1. Cho m phan tir x;, x2, ..., X, trong khong
gian n chiéu, biéu dién boi ma tran A/mxn], c6
nhén (16p) cua cac phan telays, ya, ..., ym cO gid tri
1 hodc gia trj -1, biéu dién boi ma trén duong chéo
D[mxm] cta 1, -1. y; = I, néu x; thudc 16p +1 (16p
dwong, 16p ching ta quan tim), y; = —I, néu x;
thudc 16p —1 (16p 4m hay céc 16p con lai).

2.1 Giai thuat SVM

Giai thuat hoc SVM cua Vapnik [15] tim si€u
phang t6i wu (xac dinh boi véc-to phap tuyen wva
d6 1éch cua siéu phang b) dua trén 2 siéu phang hd
trg cua 2 16p.

Céc“phﬁnNt('r Ai cta 16p +1 ném‘ bén phai ctua
si€u phang ho trg cho 16p +1, cac phan tir 4; 16p -1
nam phia bén trai cta si€u phang ho trg cho 16p -1.

Aiw—-b =21, Vico Dfi,i] =1 )
Ajw—b <—1, Vjc6DJjj] =-1 2)
Két hop (1) va (2) ta dugc:

D(Aw—eb) >e 3)

trong d6 e 1a vécto cot ma tit ca cac phan tir
cua n6 déu bang 1.

18 = 2/||w||

Hinh 1: Phan 16p tuyén tinh véi may hoec SVM
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Khoang cach gilra 2 siéu phing hd trg goi 1a 1&
(margin) va dugc tinh bang:

4)

trong d6 || w|| 1a d¢ dai ctia véc-to w.

Siéu phing két qua (w, b) phan chia tép cac
diém thanh 2 16p nam o glua 2 siéu phang hd trg.
Bit ctr diém x; ndo nim sai phia so vdi siéu phang
hd tro cua né duge xem la 16i. Khoang cach 16i
duoc biéu dién boi z > 0 (v6i x; nim ding phia cua
siéu phang hd trg ciia né thi khoang cach 16i tuong
g z; = 0, con ngugc lai thi z; > 0 1a khoang cach
tir diém x; dén siéu phang hd trg  tuong ung cua
no6). Viéc tim kiém siéu phang t6i wu cua giai thuat
may hoc SVM bang véi viée cuc dai hoa 1& (le
cang l6n, mo hinh phan l6p cang an toan)
va cuc tiéu hoa 16i. Giai thuat SVM dan dén bai
toan quy hoach toan phuong sau:

. I, 2
min f = C||z|| +5||w|| (%)

z,w,b
véi rang bugc D(Aw —eb) +z>e

Trong d6 C > 0 1a hing sb cho phép diéu chinh
mire d9 18i (z > 0) va do rong (1€) cta 2 siéu phing
ho tro.

Gidi bai toan quy hoach toan phuong (5), ching
ta thu duoc siéu phing (w, b). Viéc phan loai cho
phan tir moi dua trén siéu phing két qua (w, b)
duoc tinh theo cong thire sau:

(6)

Giai thuat SVM co ban chi giai quyét duoc bai
toan phan 16p tuyén tinh, tuy nhién néu ta két hop
SVM véi phuong phap ham nhan (kernel-based
method) s& cho phép giai quyét 16p cac bai toan
phan 16p phi tuyén. C6 thé tham khao chi tiét hon
trong cac tai liéu [1], [5].

predict (x) = sign(w.x + b)

Do phuc tap tinh todn cua bai todn quy hoach
toan phwong (5) t6i thiéu 1a O(m?) trong d6 m 1a s6
lwong phén tir dwoc ding dé huan luyén. Didu nay
lam cho giai thuat SVM khong phu hop véi di
liéu 16n.

2.2 Gidi thuiat Newton SVM (NSVM)

Giai thuat NSVM do Mangasarian [10] dé nghi,
cai bién bai toan SVM goc bang cach:
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— Sir dyng ham 15i binh phuong nhé nhat
el @ayvi 2]

a2l
Giai thuat SVM duoc viét lai dudi dang (7):
minf =S + 2wt o)

voirang buoc D(Aw —eb) +z>e

Trong d6 C > 0 1a hing sb cho phép diéu chinh
murc do 16i (z > 0) va 46 rong (18) ctia 2 siéu phang
ho tro.

Béng cach thay thé z = (e — D(Aw — eb))+ (V6i
(x)+ thay thé cac thanh phan am cua véc-to x boi
gia tri 0) tir rang budc vao ham muc tiéu f cia (7),
ta thu duoc bai toan t6i wu khong rang budc (8):

2

. C 1
min f= Bl ||(e -D(Aw- eb))+||2 + 5| w, (8)

Béng céch ddt u = /w; ws ... w, b]" va H=[4
-e], cong thire SVM trong (8) dugc viét lai nhur (9):

min f = —||(e - DHu)+||2 + %uTu )

w,b

Mangasarian [10] da aé xuét giai thuat lap
Newton dé giai quyét van dé t6i uu khong rang
budc nhu cia SVM trong (9). Giai thuadt dugc md
ta nhu Béng 1. Mangasarian ciing chimg minh rang
day cac gia tri {u;/ cia giai thuat 1ap Newton hoi tu
dén nghiém ti wu toan cuc. Trong hau hét cac
truong hop kiém thir trong thuc té thi giai thuat lip
Newton hoi tu dén nghiém trong khoang tir 5 dén 8
bugc lap. Chu y rang, giai thuat lap NSVM chi yéu
cau giai cac hé phuong trinh tuyén tinh (10) co
(n+1) bién (thay vi 1a bai toan quy hoach toan
phuong nhur giai thuat SVM chuan). Do d6, néu s6
chiéu dit liéu n trong bac nhé hon /00 thi tham chi
s6 phan tir dit liéu m 1én dén hang triéu, giai thuat
lap NSVM c6 thé phéan 16p chiing trong vai gidy
trén mot may tinh ca nhan.
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Bang 1: Giai thuat lip NSVM
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-Bit dau véiug e R" ! andi=0

- Repeat
D) uivs = ui - Effu)” Vfiuy)
2)i=i+1
Until Vf{u) =0
- Return u;

Vi dao ham cua f tai u;,
Vitu;) = C(-DH)"(e — DHu;)+ + u;

Zf(u;) = C(-DH) diag([e — DHu;]+)(-DH) + I

Vi diag([e

phan cta ham (e — DHu,)+

- Pau vao: tap dit liéu huan luyén, A/mxn] va D[mxm]

(10)

an

Va ma tran Hesse, dao ham ting phﬁn bac 2 cua f tai u,

(12)

— DHu,J+) 13 ma tran duong chéo (n+1)x(n+1) ma thanh phan chéo tht j la dao ham thanh

3 GIAI THUAT ARC-X4-NSVM CHO
PHAN LOP TAP DU LIEU LON

3.1 Gidi thuat NSVM cho dit lidu c6 s6
chieu lé6n nhung it phan tir

Trong cac ing dung nhu sinh tin hoc hay phan
loai van ban, cac tap dir liéu can xir ly 0 86 chiéu n
thuong rat 16n (hon 7000) nhung c6 s6 phan tir m
nho (khoang 50 dén 250 phan tir). Véi nhiing tap
dit ligu dang nay, ma trdn vudng (n+1)x(n+1)
Hesse, J&f{u;) trong (12) c6 kich thude 16n va viée
lay nghich dao (Zf{(u;)") hay giai hé phuong trinh
tuyén tinh trong (10) tré nén qua phrc tap, mat thoi
gian. Dé thich tng giai thuat NSVM cho truong
hop nay, ching t6i ap dung dinh ly Sherman-
Morrison-Woodbury [7] dé tinh ma trdn nghich dao
(Zf(uy)™") trong cong thirc (10) nhu sau.

bat O = diag(sqrt(Cle — DHu;]+) va P = Q(-
DH), ma tran nghich dao (Zf{uy)”) c6 thé dugc viét
lai nhu cong thuce (13):

Zfw)! = (1 + PTP)! (13)

binh ly Sherman-Morrison-Woodbury duogc
cho nhu (14):

(A+ UV )= 41— 41U + VIATU)! VA (14)
Tiép dén, ap dung dinh ly Sherman-Morrison-
Woodbury (14) vao v€ phai cua (13), ching ta cé
duge ma tran nghich dao (&f(u;)) nhu (15):
Pfuw)’ = A+ P'P)" =1-P'(I+PP")'P (15)

Chung ta co thé thiy rang viéc tinh ma tran
nghich ddo (&f{u;)") nhu trong cong thic (15) chi
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phu thudc vao nghich dao ma tran cap (m)x(m) 1a a
+ PPT) thay vi 1a phéai nghich ddo ma trin cap
(n+1)x(n+1) nhu trong (10). Vi thé, do phiic tap
tinh toan cia NSVM luc nay chi phu thudc vao sd
luong cac phan tir chir khong phai s6 chidu. Cach
bién ddi lai bai toan nhu the nay c6 thé xir ly duoc
céc tap dit liéu co sb chiéu rat I6n nhung it phan tu.

3.2 Giai thuat ARC-x4-NSVM cho dir liéu
¢6 s6 phan tir va s6 chiéu 16n

Dbi véi viée phan 16p cac tap dit liéu vira c6 sb
chidu 16n dong thoi sb lugng phan tir ciing rat 16n
(trén 10%), vi du nhu trong phan loai vin ban, s& ¢
it nhat 2 van dé cin giai quyét: thoi gian huin
luyén tang lén ti 1€ thudn véi sb phén tr dung dé
huén luyén va b nhé ding dé luu trir dir liéu ciing
phai tang Ién.

De giai quyét bai toan trong truong hop dit liéu
¢6 sb chiéu va sO phan tr déu 16n, ching toi ap
dung cach tiép can boosting nhu Adaboost cua
Freund & Schapire [6], ARC-x4 cua Breiman [3]
lén NSVM. Viéc lam nay mang lai 2 lgi ich:

(i) xtr ly duogc dir li¢u lon va

(ii) cai thién d¢ chinh xac.

Giai thuat Adaboost 1a mot phuong phép tong
quat dé cai tién do chinh xac cia cac giai thuat
phan 16p yeu Giai thuat 1ap lai viée huan luyén
bang cac giai thuat phan 16p yéu ¢ 1an, mdi 1an trén
mot tap con dugc lay mau tur tap dir liéu dung dé
huén luyén. Lan l3p sau tap trung huan luyén trén
céc phan tir bi phan loai sai trong lan lip trude do.
Dé lam dugc diéu nay, mdi phan tr dugc gan mot
trong s0.
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Khoi tao cac trong sd nay bang nhau. Sau mdi
budc ldp cac phan tir bi phan 16p sai s& dugc ting
trong s6 1én. Sau qua trinh ldp, ta c6 ¢ bo phéan 16p
yéu. Viéc phan loai phan tir méi sir dung két qua
binh chon trong sb tir ¢ bd phén 16p yéu. ARC-x4
cling twong tu nhu Adaboost ngoai trirt ARC-x4 tép
trung huan luyén trén cac phan tir bi phan loai sai
trong tat ca cac lan lap trude do va viéc phan loai
phin tir mé&i dua trén két qua binh chon sb dong
(khong c6 trong sb).

Chung ta ¢6 thé xem NSVM nhu mdt bd phan
16p yéu vi viéc huan luyén trong timg budc lap chi
thuc hién trén tap con cua tap dir liéu huén luyén.
Va nhu thé ta c6 thé 4p dung Adaboost hay ARC-
x4 1én NSVM.

V6i tap dir liéu c6 sb phan tir 16n, s6 chidu nho
hon 700, thi st dung NSVM nhu trong (10). Véi
dir liéu c6 sb chiéu 16n hay dong thoi 1on vé sb
chiéu va sb phén tir, boosting ciia NSVM van co
thé giai quyét dugc nhanh chéng vi méc du 5O
chidu 16n nhung trong mdi 1an lip s6 lwong phan
tir dé hudn luyén s& nho nén co thé ap dung (15)
dé giai.

Chu ¥ rang thoi gian hudn luyén NSVM nhanh
Béang 2: M6 ta cac tap dir liéu y sinh hoc
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hon rét nhiéu so v6i SVM chun trén cac tap con
(it hon rat nhiéu so véi toan bo tap huan luyén). Vi
vay, ching t6i quan tdm boosting cuia NSVM hon
1a SVM chuén.

Ching t6i da xdy dung giai thuit ARC-x4-
NSVM dé giai quyét bai toan dit liéu 16n. Theo
Breiman cong bo trong cong trinh [3], thuc nghiém
cho thdy ARC-x4 cho két qua twong duong véi
Adaboost. Tuy nhién v& mit tinh toan so véi
Adaboost thi ARC-x4 don gian hon nhiéu. Day la
cling 1a 1y do chung t6i chon ARC-x4 thay vi
Adaboost.

4 KET QUA THU'C NGHIEM

Pé tién hanh danh gia hiéu qua cua giai thuat
ARC-x4-NSVM cho phéan 16p cac tap dir li¢u 16n,
chung t6i da cai dat giai thuat bang ngdn ngir 1ap
trinh C/C++. Ngoai ra, ching t6i ciing cn so sanh
hiéu qua vé thoi gian va do chinh xac phén 16p cua
giai thuat dé xuit ARC-x4-NSVM vé&i mot giai
thuat SVM chuén, duoc st dung phé bién trong
cong ddng may hoc 1a LibSVM [4]. Tat ca céc giai
thuat déu duoc thuc hién trén mot may tinh c4 nhan
(2.4 GHz Pentium IV, 2GB RAM) chay hé diéu
hanh Linux.

Tap dir liéu S616p SO phan tir S6 chiéu Nghi thirc kiém tra
ALL-AML Leukemia 2 72 7129 38 trn - 34 tst
Breast Cancer 2 97 24481 78 trn - 19 tst
Ovarian Cancer 2 253 15154 leave-1-out
Lung Cancer 2 181 12533 32 trn - 149 tst
Translation Initiation Sites 2 13375 927 hold-out

Céac tap dit liéu thuc nghiém duoc ly vé tir
website cua Jinyan & Huiqing [9]. Day 1a cac tap
dir liéu y sinh hoc, c6 s0 chidu 16n, bac hang ngan
va sb phan tir tir vai chuc dén hang chuc ngan. Xét
tap dir li€u nhu Ovarian Cancer, véi 253 phén tu,
15154 chiéu. Néu sir dung giai thuat gdc NSVM
cia Mangasarian [10], mdi budc lip phai liy
nghich ddo ma tran kich thudc 15155x15155
((n+1)x(n+1)), do phic tap twong tng 15155
Trong khi giai thuat cai tién ctia chung toi dé xut
0 moi budc ldp thuc hién nghich ddo ma tran
253x253 (mxm) véi do phuc tap twong tng 1a 2533,
Giam d6 phuc tap khoang 210000 1dn. Tham chi
v6i mot may tinh PC, rat kho thuc hién viée lay
nghich ddo ma tran kich thudc 15155x15155. Qua
day co6 thé thdy rang giai thuat cai tién hiéu qua
so voi giai thuat gdc trong truong hop dit liéu y
sinh hoc.
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Bang 2 mo ta cac tap dir liéu thyc nghiém. Cot
cudi cua bang 2 mé ta nghi thirc kiém tra cua cac
giai thuat. Ba tp dir licu ALL-AML Leukemia,
Breast Cancer, Lung Cancer déu duoc chia thanh
tap huan luyén (trn) va tap kiém tra (tst). Doi véi
cac tap dir liéu nay, chung ta cin huin luyén mé
hinh hoc st dung tdp huan luyén, tinh thoi gian
huin luyén va dung tap kiém tra dé tinh d6 chinh
xac cho phan 16p. Tép Ovarian Cancer thi st dung
nghi thirc leave-1-out, 1dp lai 253 14n hudn luyén va
kiém tra, mdi lan chi Iy 1 phan tir lam tap kiém tra
d6 chinh xac va 252 phéin tr con lai lam tap huén
luyén dé tinh thoi gian huin luyén, cudi cling tinh
trung binh thoi gian huan luyén va do chinh xac.
Tap Translation Initiation Sites thi sir dung nghi
thirc hold-out, 1ay ngau nhién 2/3 tap dit liéu goc
lam tap huan luyén d¢é tinh thoi gian huén luyén mé
hinh hoc va 1/3 con lai lam tap kiém tra dé tinh do
chinh xéc khi phan 16p.
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Tap dir liéu LibSVM ARC-x4-NSVM
Thoi gian hudn P9 chinh xac Thoi gian huin P§ chinh xac
luyén (gidy) phénlép (%) luyén (gidy)  phén l6p (%)
ALL-AML Leukemia 9,14 97,06 5,01 97,06
Breast Cancer 269,66 73,68 75,43 84,21
Ovarian Cancer 403,60 100 10,13 100
Lung Cancer 20,80 98,66 3,51 98,00
Translation Initiation Sites 314,00 92,41 50,27 90,80

Giai thudt ARC-x4-NSVM x4ay dung 30 mé
hinh NSVM, mdi mé hinh dugc xay dung trén miu
30% tap dit liéu gbe. Ca LibSVM va NSVM déu sir
dung ham nhan tuyén tinh voi hang s C = 1000
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(diéu chinh d6 rong 1é phan hoach va 16i) cho két
qué tot nhat. Két qua thu duoc nhu trinh bay trong
Béng 3. Hinh 2, 3 cung cip d6 thi so sanh vé thoi
gian huén luyén va d6 chinh xac phén 16p.
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Hinh 2: So sanh thoi gian huin luyén
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Hinh 3: So sanh d9 chinh xac phéan lép

So sanh két qua cho thiy duoc gidi thuat ARC-
x4-NSVM thi nhanh hon LibSVM vé thoi gian
huan luyén (tr 2 dén 40 lan). B§ chinh xac khi
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phan 16p cia ARC-x4-NSVM c6 thé xem la twong
duong véi LibSVM.
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5 KET LUAN VA PE XUAT

Chung t6i vira trinh bay giai thudt may hoc méi
ARC-x4-NSVM cho phén 16p tap dir liéu l6n trén
may tinh c4 nhan. Chung t6i dé xuat mé rong giai
thuat NSVM ciia Mangasarian dé xdy dung giai
thuat ARC-x4-NSVM. Chung t6i da ap dung dinh
1y Sherman-Morrison-Woodbury dé thich tmg giai
thuat NSVM khi phan 16p dit liéu c6 sb chiéu 16n
nhung s6 phan tir nho, thudong gip trong tmg dung
sinh tin hoc, phan 16p van ban. D& xuét 4p dung
ARC-x4 1én NSVM cho phep giai thuat méi co thé
phan 16p nhanh dir liéu c6 dong thoi s6 phan tr va
sO chidu cung 16n trén may tinh ca nhan. Két qua
thyc nghiém trén cac tap dir liéu y sinh hoc cho
thdy rang giai thuat ARC-x4-NSVM hoc nhanh,
phan 16p chinh xac khi so sanh voi giai thuat
LibSVM.

Trong twong lai gan, ching toi phat trién giai
thuat song song cho phép ting téc qua trinh huan
luyén va phan 16p cia giai thuat SVM.
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