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ABSTRACT

In this paper, we propose a new algorithm, called ArcX4-rODT (ArcX4 of random
oblique decision trees) to classify gene data which have very small amount of samples in
very high dimensions and noise. Our ArcX4-rODT algorithm constructs sequentially k
random oblique trees so that each tree concentrates mostly on the errors produced by the
previous ones. Furthermore, the hyper-plane obtained by Fisher's linear discriminant
analysis is also used to perform multivariate splitting data at each internal node of the
decision tree. Thus, the ArcX4-rODT can deal with very-high-dimensional data and
noise.  The experimental results on gene datasets from  datam.ilr.a-
star.edu.sg/datasets/krbd/ showed that our ArcX4-rODT algorithm outperforms random
forest of C4.5 (RF-C4.5) and SVM (LibSVM).
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Title: Classification of Gene Expression using ArcX4-rODT Learning Algorithm
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Trong bai viét nay, ching téi trinh bay giai thudt may hoc méi ArcX4 ciia cdy quyét dinh
ngau nhién xién phan (ArcX4-rODT). Giai thudt ArcX4-rODT xdy dung tudn tw tdp hop
cdy xién phan ngau nhién, cdy xdy dung sau sé tp trung lén cac mau bi phan I6p sai boi
cac cdy trudc, moi cdy thanh vién sir dung siéu phdng phan chia dir liéu hiéu qua tai moz
nit cua cdy dya trén phan tich biét lap tuyén tinh. Viéc xdy dung cdy xién phdn ngau
nhién vi thé tao cho gidi thudt cé kha nang lam viéc tot trén dit liéu c6 s6 chiéu lom va
nhiéu nhiwe dir liéu gien. Két qua thir nghiém trén cac tap dir liéu gien tu site datam.iZr.a-
star.edu.sg/datasets/krbd/ cho thdy rang giai thudt ArcX4-rODT mdi do ching 16i dé xudt
phadn logi tot hon khi so sanh véi rung ngau nhién cua cdy quyét dinh C4.5 va may hoc
vécto hé tro.

Tir khéa: Gidi thudt ArcX4, Cdy nglu nhién xién phin, Phwong phdp phén tich biét
lgp tuyén tinh, Phén logi div ligu gien

1 GIOI THIEU

Phén 16p dix liéu c6 s6 chidu 16n c6 nhidu nhu di liéu gien dugc biét 1a mot trong
10 van dé kho cua cong dong khai mo dit liéu (Yang & Wu, 2006). M6 hinh hoc
phan 16p thuong cho két qua t6t trong khi hoc nhung lai cho két qua rat thap trong
tap thir. Van dé kho khian thuong gip chinh 1a sé chiéu qua 16n 1én dén hang nghin
chiéu tham chi d&én ca tridu va dir liéu thuong tach roi nhau trong khong gian c6 s0
chiéu 16n viéc tim mé hinh phan 16p t6t c6 kha nang lam viéc vé6i dit liéu c6 sb
chiéu 16n 1a kho khan do c6 qua nhiéu kha nang lya chon mo hinh. Viéc tim mot
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moé hinh phén 16p hiéu qua (phan 16p dit liéu tt trong tap thir) trong khong gian
gia thiét 16n 1a van dé kho. Da co hai 16p giai thuat tiéu biéu 1a may hoc véc to hd
trg' cuia Vapnik (SVM [Vapnik, 1995]) va rung ngau nhién cua [Breiman, 2001]
duogc biét dén nhu 1a nhitng giai thuat phan 16p hiéu qua cac tap dit liéu co sb chidu
16n nhu di li¢u gien.

Tt nhitng ndm 1990, cong déng may hoc da nghién ctru cach dé két hop nhiéu mé
hinh phan loai thanh tip hop cac md hinh phan loai dé cho tinh chinh x4c cao hon
s0 v&i chi mot mo hinh phan loai. Muc dich ctia cdc mé hinh tip hop la 1am giam
variance va/hodc bias cua cac giai thuat hoc. Bias 1a khai niém vé 13i ciia m6 hinh
hoc (khong lién quan dén dit liéu hoc) va variance 1a 131 do tinh bién thién ctia mé
hinh so véi tinh ngau nhién cua cac mau dir li¢u hoc. (Buntine, 1992) da gidi thigu
céc ky thuat Bayes dé giam variance cta cac phuong phap hoc. Phuong phap xép
chdng (Wolpert, 1992) huéng toi viée cuc tiéu hoa bias cia cac giai thuat hoc.
Trong khi (Freund & Schapire, 1995) dua ra Boosting, (Breiman, 1998) d& nghi
ArcX4 d cung giam bias va variance, con Bagging (Breiman, 1996) thi giam
variance cua giai thuat hoc nhung khong lam ting bias qua nhiéu. Tiép cén rimg
ngau nhién (Breiman, 2001) 1a mot trong nhitng phuong phap tap hop mo hinh
thanh cong nhat. Giai thuat rimg ngﬁu nhién xdy dung cdy khong cit nhanh nham
giit cho bias thip va dung tinh ngau nhién dé diéu khién tinh twong quan thip giira
cac cdy trong rumg. Tiép cin rimg ngiu nhién cho d¢ chinh xéac cao khi so sanh voi
cac thuat toan hoc c6 giam sat hién nay, bao gom ca AdaBoost, ArcX4 va SVM.
Khi xur 1y dir liéu cho co6 s6 chiéu 16n va c6 sé phan tir it nhu dir liéu gien thi rung
ngau nhién va SVM 1a hai giai thuat hoc nhanh, chiu dung nhiéu tdt va khong bi
tinh trang hoc vet, diéu nay nguoc lai voi AdaBoost, ArcX4 rat dé bi hoc vet va
anh hudéng 16n véi nhiéu (Grove & Schuurmans, 1998).

Viéc xdy dung ciy quyét dinh théng thuong nhu giai thuat C4.5 (Quinlan, 1993)
va CART (Breiman et al., 1984) trong rimg ngau nhién va ctia AdaBoost, ArcX4
chi chon mot thudc tinh dung dé phan hoach tai mdi nat. Vi thé, ca nhan mdi cay
kém hiéu qua khi lam viéc v6i dir liéu c6 sy phu thuge nhau gitra cac thude tinh,
thuong gép ¢ nhimg dir liéu co s6 chiéu rat 16n. Dé nang cao hiéu qua xur 1y dir liéu
¢6 s6 chiéu 16n nhu dir liéu gien, chung toi de nghi thay thé cay quyét dinh thong
thuong trong ArcX4 bang ciy quyét dinh ngiu nhién xién phan (rODT). Ciy ngiu
nhién xién phan str dung siéu phang phan chia dir liéu hiéu qua tai mdi niit cia cay
dua trén phuong phap phan tich biét 1ap tuyén tinh LDA (Fisher, 1936) (khac véi
chién lugc heuristics ciia OC1 (Murthy et al., 1993)). Viéc xdy dung cdy xién phan
ngau nhién vi thé tao cho giai thuat ArcX4 cay quyét dinh ngau nhién xién phan
(ArcX4-rODT) c6 kha nang lam viéc t6t trén dit lidu co s6 chleu 16n va nhiéu nhur
dir liéu gien. Céc két qua kiém thir trén 10 tap dir liéu gien c6 sé chiéu 16n (Jinyan
& Huiqing, 2002) di cho thidy ArcX4 ciy quyét dinh ngdu nhién xién phan ma
chung t6i dé& xudt cho do chinh xac cao hon rimg ngiu nhién thong thudong cua
C4.5 (RF-C4.5) va LibSVM (Chang & Lin, 2001) dya trén cac tiéu chi vé
precision, recall, F1-measure va dd chinh xac accuracy (van Rijsbergen, 1979).

Phan tiép theo cua bai viét nay dugc trinh bay nhu sau: phan 2 trinh bay ngin gon
ve€ giai thuat ArcX4-rODT cua chiing t6i dé xuat. Phan 3 trinh bay cac két qua thuc
nghiém tiép theo sau do 1a két luan va hudng phat trién.
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2 GIAI THUAT ARCX4-RODT

Hiéu qua cua mdét giai thuat hoc nhu da nghién ctu cia (Breiman, 1996, 1998,
2001) dwa trén co so cua 2 thanh phan 13i 13 bias va variance ma & d6, thanh phan
15i bias 12 18i cia md hinh hoc va variance 13 18i do tinh bién thién ciia mé hinh so
v6i tinh ngau nhién cta cac mau dir liéu hoc. Trong nghién ciru két hop nhiéu mo
hinh phén loai thanh tdp hop cac mo hinh phan loai dé cho tinh chinh xac cao hon
so vo1 chi mdt mo6 hinh don.

Diu vao:
- m phan tur dit lidu : {(x;, y)}i=1,m v6ix; eR'vay; ¢{l, -1}
-s0 budc lap T

Hudin luyén:
» khoi dong phan phdi ciia m phan tir dir lidu Dist;(j)
cho j =1 t6i m thyc hién
Dist;(j) = 1/m

» choi=116i T thuc hién (lap 7 budc)
- lay mAu S; phan tir dua trén phan phdi Dist;
- hoc mo hinh cay xién phan ngau nhién 4, tir tip mau S;
h; = rODT(S;)
- tinh lai 13i dy doan cua ting phan tir x; khi str dung cac b phan
16p dugc xay dung trude do

i
g= X h(xj)#)yj
t=1
- cap nhat lai phan phéi ciia m phan tir dit lidu
cho j =1 t61 m thyc hién

Disty1() = (1 + &')/fac; Vi fac, =Y (1+¢,")
j=1

» tra vé tip T mo hinh cdy xién phan {h;}i=1,T

Phén lop: . )
» phén l6p phan ti x: binh chon s dong cua {h;(x)}i=1,T

Giai thuét 1: ArcX4 cAy quyét dinh ngiu nhién xién phén

Boosting dugc Freund va cic dong nghiép ctia ong phat trién trong thap nién 1990.
Pay 1a mot phuong phap ap dung mot tip cac bd phan 16p yéu (weak learner) dé
néng cao hiéu qua cua cac bo phén 16p nay bang cach giam bias va variance. Trong
cung thoi diém Breiman ciing dé xuat 16p cac giai thuat Arcing [Breiman, 1998]
nham giam ca bias va variance. Theo Breiman, Boosting 1a mot dang trong 16p giai
thuat Arcing. Trong d6 c6 giai thuat ArcX4 cho két qua twong ty nhu AdaBoost
(Freund & Schapire, 1995).

Y tuong chinh cia giai thuat ArcX4 (nhu mo ta trong giai thuat 1) ldp lai qua trinh
hoc ciia mdt bo phan 16p yeu nhi€u lan. Sau moi bude 1ap, bo phan 16p yéu (vi du
nhu: Naive Bayes, cdy quyét dinh, ...) s€ tip trung hoc trén cdc phan tr bi phan
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16p sai trong cac lan trude. Pé lam duoc didu nay, ta gan cho mdi phan tr mot
trong s0. Khoi tao, trong so ctia cac phan tir bang nhau trong lan lap dau tién. Sau
mdi budc hoc, cac trong s nay s& duge cap nhat lai (ting trong s6 cho cac phan tir
bi phan 16p sai). O budc thir i, ta liy tdp mau S; trén tap dit liéu va xay dung mod
hinh 4; tir tap mau S;. Lap lai qua trinh ndy sau 7 budc, ta sé duge 7' mé hinh co sd,
Kkét hop cadc mo hinh co s& nay lai ta s€ c6 dugc mot bd phan 16p manh. ArcX4 rat
dé cai dat va cho két qua t6t trong thyc té.

ArcX4 thuong dung giai thuat co sé yéu 1a cdy quyét dinh CART
(Breiman, 1984]) hay C4.5 (Quinlan, 1993). Nhu da nghién ctru cia (Grove &
Schuurmans, 1998), Boosting va Arcing mic du cho két qua tot trong thuc té
nhung thuong bi hoc vet khi ting sé bude lip vuot qua mot ngudng nao do. Dé
khic phyc nhugce diém nay, Friedman va cac cong sy (Friedman et al., 2008) dé
xuit st dung mé hinh co s& ciy quyét dinh phai don gian (ciy co kich thudc
khong qua 8 nut), khi d6 s6 budc lap ting cao van dam bao rang Boosting va
Arcing khong bi tinh trang hoc vet.

Chung t6i dé xudt xay dung mé hinh co s¢ dung trong ArcX4 1a cdy ngau nhién
xién phan (goi 1a rODT) thay vi sir dung cdy quyét dinh thong thuong nhu C4.5
hay CART. Ngoai viéc gi6i han kich thudc, tai mdi nut trong cia cdy, xdy dung
phan hoach xién phén (siéu phing phan hoach hiéu qua thu dugc tir phan tich biét
lap tuyén tinh FDA) dya trén tip ngu nhién cac thudc tinh. Viéc xdy dung phan
hoach xién phan gitp cai thién tinh manh mé cua cay khi lam viéc voi cac tap dur
liéu c6 s6 chiéu 16n va phy thudc 1an nhau.

O P3: X1-04 =0 O
O O
06 O O U 06 O ] o
~ O O O ~ O O
3 o] ETORISTER = €3 WHE0.2XT 025X2-0.15-0
o O [ w a ] O a
04 .
@] a g O @] O g O
o oo O O o o o O O
02 O 02
o 5 [@] o FPlXe-0165-0 o 5 O o
o} e O

0 02 04 0B 08 a 02 04 0B 08
X1 X1

Hinh 1: Phin hoach don thugc tinh (trai), phin hoach da thugc tinh (phai)

Vi du nhu trong hinh 1, bat ky viéc phan hoach don thudc tinh nao (song song voi
truc toa do nhu giai thudt C4.5 hay CART) déu khong thé tach dit liéu mot 1an duy
nhat thanh hai 16p mot cach hoan toan ma phai thuc hién nhiéu lan phan hoach,
nhung viéc phan hoach da chiéu (xién phan, két hop 2 thudc tinh) c6 thé thuc hién
mot cach hoan hao véi duy nhat mot lan. Vi thé, viéc phan hoach don thudc tinh
dugc dung dé xay dung cdy thong thuong thi khong hi€u qua trong truong hop
nay. Dé khic phuc nhuoc diém trén, nhiéu giai thut xay dung cay quyét dinh sir
dung phén hoach da thudc tinh (xién phan) tai cac nut dugc dé nghi. Nghién ciru
tién phong cua (Murthy et al., 1993) da dua ra giai thuat OC1, mét hé thong dung
dé xd@y dung cac cay quyét dinh xién trong d6 dung leo d6i dé tim mot phan hoach
xién tot dudi dang mot siéu phang.

ArcX4 ciy ngau nhién xién phan (ArcX4-rODT) ctia ching t6i xy dung cac ciy
xién phan ngau nhién dya trén siéu phang hiéu qua (phan hoach hiéu qua cao, kha
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ning chiu dung nhidu tdt) thu duoc tir huérmrluyén LDA (Fisher, 1936). Y tuéng
chinh cia LDA 1la tim vécto sao cho’khi chiéu ‘dﬁ: 1i§u 1én @6 thi do biét lép gitra
trung binh dir liéu cua 2 16p 1a 16n nhat va d6 chong lap gitia 2 16p 1a nhé nhat.

Q
OO

<

Hinh 2: Minh hoa vécto (w) ding dé chiéu dit liéu 2 thudc tinh (chiéu)
Mot cach ngin gon, xét mot vi du phan 16p nhi phan tuyén tinh (hinh tron, vuong)
nhu trong hinh 2, véi m diém dir liéu x; (i=1,m) trong khong gian n chicu (thudc
tinh). Tap dit liéu phan lam 2 16p R; (c6 N, phan tir), va R, (c6 N, phan ti). Bé tim
vécto chiu toi uvu (w) ta can tinh nhu sau.

Trung binh (trong tim) mdi 16p:

1 1

m =-— fos m, =— in (1)
N1 X, ERy Nz X;ER,

Chiéu m;, m, 1én vécto w:

~ 1 T _ T ~ 1 T _ T

ml——Zw X, =w m, m,=— ) wx, =wm, (2)
N1 XER 2 x€R,y

Khodng céch giita m; va m, sau khi chiéu 1én w (d0 biét lap tuyén tinh) :
| ﬁ2 - ﬁ1 =] WT(mz —m)| (3)

Mat do phan b (scatter) cia dit liéu 2 16p sau khi chiéu :

5= 20—yt =D 0 —wm)’ = w Sw )
VixeER XER

Sz2 = Z(yi _7712)2 = Z(WTxi _Wrmz)z = WTSzw
VixER, XER,

Véi S], S2 la:

8= 2 (x —m)(x, —m)’ 8y= 206 —my) @, —m,)” )
XeR XER,

Ti sb giira d6 biét 1ap tuyén tinh va tong mat do phan bo :

(my —my)” _w Sw (6)

S(w)=

~2 .2 T
s+, wS w
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Trong d6 Sy 1a ma tran tan xa bén trong mdi 16p va Sp 12 ma tran tan xa gitra
2 16p, dugc tinh nhu sau :

(7
S =S +85,
Sy = (my —m)(m, — ml)T ®)
Muc tiéu 1a cuc dai hoa fjw), dua dén viéc giai (9) :

)

-1
w= Sw (mZ _ml)

Ngoai ra, w toi uu con duge tim bang phuong phép lay dao ham f(w) dan dén
bai toan tim gia tri riéng suy rong (the generalized eigenvalue problem) trong (10):

SIS, w=Aw (10)

Muc dich ciia bai toan phan 16p 1a cin xac dinh siéu phang phan chia dir liéu.
Nén, w 1a vécto phap tuyén cuia siéu phang. Do 1éch (b) cua si€u phang (w, b) duoc
tinh dya trén (11):
an

b=—%wT(m1 +m,)

Viéc tim w ti uu theo LDA chi can 10 giai cua cac dang thirc tuyén tinh trén. Siéu
phing do LDA tim dugc s& khong t6t khi ma do biét lap tuyén tinh cua dir liéu
khong dya vao hai trong tam m; va m; (truong hop dir liéu phi tuyén). Van dé trén
s& khong anh huong 1on dén két qua vi m6 hinh cay quyét dinh thyc hién nhiéu
phan hoach xién phan LDA cho dén nut 14 chtr khong phai chi thyc hién duy nhat
mot 1an phan hoach.

Viéc st dung md hinh co s& 1a cac cdy quyét dinh ngau nhién xién phan thay vi 1a
phan hoach 1 chiéu nhu C4.5 hay CART giup cho ArcX4-rODT tré nén hiéu qua,
c6 kha ning chiu dung nhiéu cao, tranh hoc vet khi xir 1y dit liéu c6 ) phén t&r nho
nhung s6 chiéu rat 16n va lai c6 nhiéu nhu dit liéu gien.

3 KET QUA THUC NGHIEM

Dé c6 thé danh gia hiéu qua cua giai thuat, chiing t6i cai dat giai thuat ArcX4 cay
quyét dinh ngiu nhién xién phan (ArcX4-rODT) bang ngdn ngit lap trinh C/C++.
Dit liéu gien chung t6i chay thir nghiém, c6 s chiéu rat 16n, duoc 13y tai (J inyan &
Huiqing, 2002). Bén canh d¢, ching tdi quan sat két qua ciia ArcX4 ciy quyet dinh
ngau nhién xién phén trong thyc nghiém bang cach so sanh véi rung ngau nhién
ctiia cdy quyét dinh C4.5 va SVM. Chiing t6i ciing st dung ma ngudn cua C4.5
duogc cung cp boi (Quinlan, 1993) dé tao ra giai thuat rimg ngau nhién cay quyét
dinh C4.5 (RF-C4.5 (Do et al., 2009)). Sau cung ching t6i cling st dung giai thuat
SVM chuin LibSVM (Chang & Lin, 2001). T4t ca cac két qua déu dugc thyuc hién
trén mot may tinh ca nhan chay hé diéu hanh Linux.

Chung t6i tién hanh thuc nghiém trén 10 tap dir liéu gien ¢o s6 chiéu rét 16n tir kho
dir liéu sinh-y hoc. M6 ta cac tap dir liéu dugc tim thdy trong bang 1. Ching t6i
cha y dén cac phuong phap kiém tra duoc liét ké trong cot cudi cua bang 1. Vi
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nhiing tap dir lidu c6 san tap hoc va tap thir, ching t6i dung tap hoc dé tht diéu
chinh cac tham sb & dau vao cia cac giai thuat nhim thu duoc do chinh xéac tbt khi
hoc. Sau d6, dung mé hinh thu dugc dé phéan 16p tap thir. Néu tap hoc va tap thir
khéng c6 sin, cac giao thirc kiém tra chéo (cross-validation protocol) dé danh gia.
Do céc tap dit liéu co it hon 300 phan tir, ching t6i dung giao thuc kiém tra chéo
leave-one-out (100). Tt 1a ding mot phan tir trong tap dir liéu dé thir, cac phan tir
khac dung dé hoc. Lap lai dén khi tit ca cac phﬁn tir déu dugc dung dé thir mot lan.

Béng 1: M6 ta cac tap dir li€u gien

Ay rn Sophin  _x  .» ] Nghi
ID Tap dir liéu tik So chieu Lép thire
1 Colon Tumor 62 2000 Tumor, 100
normal
. ALL,
2 ALL-AML-Leukemia 72 7129 AML trn-tst
3 Breast Cancer 97 24481 relapse, trn-tst
non-relapse
4  Prostate Cancer 136 12600 cancer, trn-tst
normal
5 Lung Cancer 181 12533 cancef, trn-tst
normal
6  Central Nervous System 60 7129 positive, loo
negative
7 E;i&;)s;oli;ge B-Cell 47 4026 germinal, activated loo
*Subtypes of Acute Hyperdip,
8 Lymphoblastic (Hyperdip) 327 12558 rest tr-tst
*Subtypes of Acute TEL-AMLI1,
? Lymphoblastic (TEL-ML1) 327 12558 rest trn-tst
*Subtypes of Acute others,
10 Lymphoblastic (Others) 327 12558 diagnostic groups tr-tst

Dé thiy rd hon tinh hiéu qua ciia ArcX4-rODT so voi RF-C4.5 va LibSVM, chung
t6i tién hanh phan tich hiéu qua cua cac thuat toan phan 16p dua trén cac tiéu chi
nhu precision, recall, Fl1-measure va accuracy [van Rijsbergen, 1979]. Precision
ciia mot 16p 1a s6 diém dir liéu duoc phan 16p dung vé 16p nay chia cho tong sb
diém dit li¢u duge phan vé 16p nay. Recall ciia mot 16p 1a s6 diém dir ligu dugc
phan 16p dung vé 16p nay chia cho tong sb diém dit liéu cua 16p. Fl-measure 1a
tong hop cua precision va recall, va dugc dinh nghia 1a ham trung binh diéu hoa
giira hai gia trj precision va recall. P chinh xac accuracy 1a sé diém dir liéu duoc
phan 16p dung cua tat ca cac 16p chia cho tong sé diém dit liéu. Chung t6i thu dwoc
két qua nhu trinh bay trong bang 2. Nhiing két qua t6t nhat s& dwoc to dam.

Tir bang két qua phan 16p thu dugc cua cac giai thuat khi xtr 1y 10 tap dir liéu gien
cho thay giai thudt cua ching toi, ArcX4 cdy quyét dinh ngiu nhién xién phén
(ArcX4-rODT) cho két qua tot hon so véi cac giai thuat rimg ngau nhién thong
thuong RF-C4.5 va SVM chuan LibSVM. Dua trén tiéu chi precision, ArcX4-
rODT thing 8 trong 10 tap dit liéu. Vi tiéu chi recall va ca F1, ArcX4-rODT
thang 9 trong 10 tap dit licu.
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Bing 2: Két qua phén 16p ciia LibSVM, RF-C4.5 va ArcX4-rODT

Precision Recall F1-measure
1D Lib- RF-  ArcX4- Lib- RF-  ArcX4- Lib- RF- ArcX4-
SVM C4.5 rODT SVM C4.5 rODT SVM C4.5 rODT
1 68.18 76.19 77.27 75.00  72.73 77.27 71.43 74.42 77.27
2 100 95.24 100 95.00 100 95.00 97.44 97.56 97.44
3 69.23 83.33 84.62 75.00 83.33  91.67 72.00 83.33 88.00
4 73.53 75.76 86.21 100 100 100 84.75 86.21 92.59
5 88.26 93.75 100 100 100 100 93.75 96.77 100
6 47.62 4546  47.62 55.56  23.81 62.5 51.28 31.25 54.05
7 91.30 95.65 91.67 87.50 91.67 100 89.36 93.62 95.65
8 95.46 95.24 100 9546 90091 95.46 95.46 93.02 97.67
9 100 100 100 100 96.30 100 100 98.11 100
10 92.59 100 91.95 30.68 29.63 94.12 55.56 45.71 93.02

Quan sat d6 thi 1 trinh bay két qua véi tiéu chi F1 ciia ca 3 giai thuat, giai thuat
ArcX4-rODT cua ching toi d€ xuat luon ¢ can trén.
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DO thi 1: So sanh tiéu chi F1 ciia 3 giai thuat trén 10 tap dit liéu

Do thi 2 trinh bay két qua véi tiéu chi accuracy cho thiy ArcX4-rODT cua chung
t6i ludn tot hon LibSVM va RF-C4.5. Nhiing két qua dat dugc cho phép chung toi
tin rang giai thuat ArcX4 cdy quyét dinh ngau nhién xién phan cua ching toi dé
nghi phan 16p hiéu qua trén dit lidu gien c6 s chiéu rat 16n.
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Do thi 2: So sanh tiéu chi accuracy ciia 3 gidi thuét trén 10 tap dit liéu
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4 KET LUAN VA HUONG PHAT TRIEN

Chung t61 vua trinh bay giai thuat may hoc maéi ArcX4 cua cay quyét dinh ngau
nhién xién phan (ArcX4-rODT) cho phép phan 16p hiéu qua dit liéu gien c6 sd
chiéu 16n va nhiéu. Giai thugt ArcX4-rODT x4y dung tuan ty tp hop cdy xién
phan ngiu nhién, ciy xay dung sau s€ tap trung 1én cac mau bi phan 16p sai boi cac
cay trude. Y tuong chinh 1a mdi cdy thanh vién sir dung siéu phang phan chia dit
liéu hiéu qua tai moi nut cta cdy dua trén phan tich biét lap tuyen tinh. Viéc xay
dung cay xién phan ngau nhién vi thé tao bod phan 16p manh c6 kha nang lam viéc
t6t trén dir liéu c6 sb chiéu 16n va nhidu nhu dir lidu gien. Cac két qua thir nghiém
trén cac tap dir lidu gien cho thiy rang giai thuat ArcX4 ciy quyét dinh ngiu nhién
xién phan chinh x4ac hon dwa trén tiéu chi vé precision, recall, F1-measure va do
chinh x4c accuracy khi so sanh v&i rimg ngau nhién ctia cdy quyét dinh C4.5 va ca
giai thuat SVM.
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