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TOM TAT

Phan I&p di liéu 1a phwong phap phd bién dwoc st dung dé tim kiém cac tri thire tiém an tlr co s& dir liéu lon.
Trong sb nhiéu md hinh phan 1&p div liéu, cac mé hinh Rirng ngdu nhién va SVM néi |én 1a nhirng céng cu phan 16p
rét hiéu qua voi dir liéu co sb chiéu cao. Hién nay, c6 nhiéu phién ban cta Rirng ngau nhién da dwoc dé xuét. Tuy
nhién, khi phan tich di¥ liéu gene c& hang nghin dic trwng, cac phwong phap dwa trén mé hinh Rirng ngau nhién va
SVM van han ché. Ly do la di¥ liéu gene chra rat nhiéu nhiéu. Chinh vi vay, két hop phwong phap trich chon dac
trwng véi cac thuat toan phan 16p div liéu sé cho két qua cao hon. Phwong phap lwa chon dic trung clia GRF dwa
trén RF duwoc dé xuat béi Deng va Runger dugc danh gia la phwong phap trich chon dic trwng cho d6 chinh xac
canh tranh so véi GRRF, RRF, varSelRF, LASSO. Bai b4ao nay, ching tdi tom t4t cac thuat toan phan Iép di liéu
dwa trén md hinh Rirng ngdu nhién, SVM va danh gia hiéu qua phan I&p di liéu chidu cao cla cac thuat toan nay.
Tiép theo, chiing tdi két hop chon déc trwvng clia GRF véi cac bd phan 16p RF, WSRF, RUF, SVM. 7 tap di¥ liéu gene
dwoc st dung dé& danh gia cac thuat toan. Két qua thwe nghiém cho thay, viéc két hop nay khéng nhivng 1am tang do
chinh xac ma con giam th&i gian thye hién cla cac thuat toan.

Tu khéa: Phan I6p di liéu, phan I&p dir liéu chiéu cao, rirng ngdu nhién, trich chon d&c trung.

Evaluation of Data Classification Methods Base
on Random Forest, SVM before and after Using Feature Selection Method
Guided Random Forest for High Dimensional Gene Data

ABSTRACT

Data classification is a common method used for mining the potential knowledge from large databases. Several
methods have been proposed such as AdaBoost, Support Vector Machine (sVM), Neural Network, random forest
(RF), C45... Among all these classifiers, Random forest and SVM provided more accurate and efficient result for
high-dimensional data. However, the performance of these algorithms may be affected/degraded when working on
gene data with thousands of features. This is because gene data usually contain many redundant features which are
uninformative to classification. Therefore, using the subsets of selected genes may give a better performance than
using all the features. In this study, we summarized the data classification algorithms based on the random forest
models, SVM, and evaluate the effectiveness of the algorithms for classifying high-dimensional data. Next, we
evaluated the combination the features selection using GRF and other classifiers such as RF, WSRF, RUF, SVM.
Seven gene data sets were used to evaluate the methods. Experimental results showed that the combination not only
increased the accuracy but also decreased the execution time of the algorithms

Keywords: Classification, high dimensional data, machine learning, random forest, feature selection.

v o wm ban ghi va s6 thudc tinh da dworc tao ra (Rea, 1995).
1. DAT VAN DE bac biét, cong nghé sinh hoc da dat dwgc nhitng

Clng v&i sw ra doi ca nhidu cong cu thu thap ~ buoc ti.eNn vurot b«'jflC trong cong nghé gjéi ma trinh w
dir liéu tw dong, mot lwong dir liéu khéng 16 ca vé s6 gene. Gio day, toan bd hé gene c6 thé dwoc gidi ma
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trinh tw dé dang va nhanh chéng véi chi phi thip
(Mardis, 2011). Viéc tim ra tri thirc tiém &n trong co
s& dir liéu khéng 16 dang 1a nhiém vu dit ra cho linh
vwc khai pha dit liéu n6i chung va hoc may néi riéng.
Trong d6, bai toan phén 16p di liéu chiéu cao dang
1a mot thach thirc va nhiém vu chinh hién nay trong
linh virc hoc may (Xu, 2012.)

Nhiéu ki thuat phan 16p dir liéu da dwoc dé xuit
nhu Naive Bayes, Ciy quyét dinh (IC3, C4.5, C50),
Mang noron, May vector hd tro SVM, Rirng ngiu
nhién,... Trong cac phwong phap dé, 16p thudt toan
dwa trén mo hinh Rirng ngiu nhién va SVM cho do
chinh xac phan 16p cao khi so sanh véi cac thuat toan
hoc c6 gidm sat hién nay bao gbm: Boosting, Baging,
cac lang giéng gan nhit (Nearest neighbors), Neural
Network, C45,.. (Manuel et al, 2014). Tuy nhién, khi
phan tich dit liéu gene c& hang nghin dic trung, cac
thuat toan dwa trén Rirng ngiu nhién va SVM van cho
két qua han ché. Nguyén nhin 1a do di liéu gene chira
nhiéu bién nhiéu, dung lwong mau it, diéu dé sé dan
dén cdc md hinh Rirng ngiu nhién chon phai céic
thuéc tinh khéng chira nhiéu théng tin dén 16p dé
phan 1ép. Chinh vi viy, viéc két hop phwong phap
trich chon dac trung véi cac thuat toan phan lép div
liéu hiéu qua sé cho két qua cao hon.

Theo Deng (2013), két qua phin 1ép cla
phwong phap GRF (Guided Random Forest) cho do
chinh xac canh tranh hon GRRF (Guided Regularized
Random Forest). Hon nita, lwva chon dic trwng cua
GRRF cho dd chinh xac cao, cao hon so véi RRF(RF),
varSelRF(RF), LASSO(RF). biéu dé chirng to trong

Tap chi Khoa hoc Néng nghiép Viét Nam 2017, 15(12): 1653-1663
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qua trinh phan 1ép, GRF da chon dwgc nhitng tap
thudc tinh t6t, t6t hon GRRF dé phan 16p.

Vi vay, muc tiéu ctia bai bao nay la danh gia
hiéu qua cac phwong phap phan l&p dir liéu dya trén
mod hinh Rirng ngiu nhién nhw RF, WSRF, RUF va
SVM cho bai toan phan 1&p dit liéu chiéu cao. Sau dé
két hgp phwong phép trich chon dic trung cla GRF
v&i cac bo phan 16p RF, WSRF, RUF, SVM.

Bai bdo trinh bay téng quan cic phwong phap
phan loai dit liéu dwa trén mé hinh rirng ngau nhién,
phwong phap SVM, phwong phap trich chon dac
treng GRF. Sau d6 danh gia hiéu qua phan 1ép cda
cac thuat toan RF, WSRF, RUF, SVM truéc va sau khi
str dung phwong phap trich chon dac trung GRF. Dir
liéu thwce nghiém la 7 tap dit liéu gene c6 chiéu rat
cao, nhiéu nhiéu va dung lwong mau it.

2. PHUONG PHAP NGHIEN CU*U

Muc nay trinh bay vat liéu nghién cru va tom
tit cac phwong phap phan 16p dit liéu dwa trén mo
hinh rirng ngau nhién, phwong phap SVM va phuong
phéap két hop trich chon dic trung GRF véi cac bod
phéan 16p khac.

2.1. Vit liéu va thwe nghiém

2.1.1. Dir liéu thurc nghiém

Dir liéu chiing to6i chay thr nghiém la 7 tap di
liéu gene thwc c6 s6 chiéu rat 1on 14y tai dia chi
http://www.gems system.org dwgc chung toi liét ké
trong bang 1 theo chiéu ting d4n cla s6 thudc tinh.

Bang 1. Tém tit 7 tip dit liéu genes

Tap dir liéu Sé mau Sb gene Sé l6p
Leukemial 72 5327 3
Brain-tumorl 90 5920 5
Prostate-tumor 102 10,509 2
Leukemia2 72 11,225 3
Lung-cancer 203 12,600 5
11-tumors 174 12,533 11
GCM 190 16,063 14

2.1.2. Thuc nghiém

M6i trwong thwe nghiém: Ching téi tién hanh
thwc nghiém trén may tinh Windows 64-bit, Intel,
Core™ i5-4460, CPU@3.20GHz

Cac goi Randomforest, RUF, wsRF, SVM
(https://cran.r-project.org) phién ban méi nhit
dwoc cai dit trén moi treomg R. Moi thr nghiém
dworc chay 30 1an sau d6 1ay trung binh d6 chinh xac
va trung binh d6 1éch chuin.

2.2. Rirng ngiu nhién

Rirng ngiu nhién (Random forest - RF)
(Breiman, 2001) 1a mé hinh hoc tip thé cta nhiéu
cay quyét dinh khong cit nhanh.

V&1 bai todn phén 16p: Cho mot tap dit liéu huin
luyén D = {(d)}L; = {(x;, v}, véi x1a vector M
chiéuy, yieY (trong do, Y 1a 16p, gia st ¢6 C nhin 16p
Y € {1,2,.,C} (C>2).Y twdng chinh ctia mo hinh RF
12 lwa chon ngiu nhién 2 1an (ngiu nhién miu va
ngau nhién thudc tinh) trong sudt qua trinh xay
dung cay nhuv sau:

Budc 1: T tip dir liéu ban dau D, skt dung k§y
thuat boostrap (I4y mau ngiu nhién c6 hoan lai) dé
tao ra t tap dir liéu con S = {Sy, S,...,S¢ }.
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Budc 2: Trén mbi tap di liéu S;, xdy dung mot
cay quyét dinh h;. Mo hinh Rirng ngiu nhién 1a mo
hinh h = {hj};:f Thay vi st dung tat ca cac bién la
bién ng clr dé lwa chon diém chia t&t nhat, tai mdi
nut RF chon ngau nhién mot khong gian tap con M’
thudc tinh tir M thudc tinh ban ddu (M'<<M). Bén
canh d6, cdy quyét dinh trong mé hinh RF la ciy
quyét dinh khong cit nhanh.

Buwéc 3: RF dw dodn nhin 16p cia phan ti mébi
dén bang chién lwgc binh chon s6 déng clia cac cay
quyét dinh.

Uu diém cta RF la xdy dung ciy khong thuwc hién
viéc cat nhanh tir cic tap dit liéu con khac nhau, do d6
thu dwoc nhitng cay véi 16i bias thip. Bén canh d6,
mdi twong quan gitra cac ciy quyét dinh ciing dwoc
gidam xuéng nh¢ viéc xy dung cac khong gian con

thudc tinh mot cach ngiu nhién. Sw chinh xac ctia RF
phu thudc vao chit lwong dw doan cia cac ciy quyét
dinh va mrc ¢ twong quan gitra cac cay trong rirng.

Trong qua trinh xay dwng cac ciy quyét dinh,
RF phét trién cic nit con tir mot nat cha dwa trén
viéc danh gia chi s6 Gini cia mdt khong gian con M’
céc thudc tinh dwoc chon ngiu nhién tir khong gian
thudc tinh ban dau. Thudc tinh dwoc chon dé€ tach
nut £1a thudc tinh c6 diém cit lam cuc tiéu do hén
tap clia cac tAp mau sau khi chia. Céng thitc tinh chi
s6 Gini cho nut tnhuw sau:

Gini(t) = Y5, d. (O[1 — d.(D)] (1)

Gini(t) = Y&, ®. ()[1 — ()] trong d6: dc(t)
12 tAn suit xuit hién ctia 16p ce Ctrong nit ¢

Budcl:
Dung bootstrap

Tap di¥ liéu hoc ban d3u
(N phanti, M thudc tinh)
\L tao cactapdir ligu

Nut trong (khéng
phai 13)

L&y ngdu nhigén M

thudc tinh tr M

thudc tinh @& tinh

toan phén hoach di

liéu

Budrc 3:
K&t hop cac cay quyét dinh
Dya béo phiin tir méi dén bang

chién lwge binh chon 56 déng

Hinh 1. M6 hinh Rirng ngiu nhién

Goi s1a mot gia tri clia thudc tinh X, Gia st tach
nut ¢thanh 2 nit con: nidt trai # va nit phai ttai s.
Tuy thudc vao X; < s hoac X;> sta cé 2 nut con: ¢
={Xet X<s}va tg={Xict X;>s).

Khi d6, tdng d6 do chi s6 Gini cha 2 nat ¢ va tz
sau khi dung thudc tinh X;tach nut ¢tai sla:

AGini(s,t) = p(t,)Gini(ty) + p(tg)Gini(tg) (2)

Pé dat dwoc diém chia t6t, tai mdi nit RF sé tim
tit ca cac gia tri phan biét cha tit cA M’thudc tinh dé
tim ra diém phin tich nat ¢ (diém s c6 d6 do
AGini(s,t) nhé nhit). Thudc tinh chia diém phan
tach nuat fdwoc goi la thudc tinh tach nut ¢

Goi ISk(X)), ISX]. lan lwot la d6 do sw quan trong
cta thudc tinh X; trong mét cidy quyét dinh Ty
(k=1+m) va trong mdt rirng ngau nhién. Céng thirc
tinh /S, (X)) va IS X; nhw sau:
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ISk(X;) = Z AGini(X;,t) (3)

teTk

K
1
IS =1 18 %) (4)
k=1

Chuin héa min - max dé chuyén do do sw quan
trong thudc tinh X; vé doan [0,1], theo cong thitc

5):

IS, — minfL, (I8x,)

Vi, = ©!

max?, (ISX].) —minjZ, (ISx,)

K&t qua dw doan ctia mé hinh rirng ngiu nhién
1a két hop két qua clia mot s6 lwong 1én nhirng ciy
quyét dinh c6 méi twong quan thip (do RF 14y ngau
nhién mau va xay dwng cac khéng gian con thudc
tinh cling ngiu nhién) nén RF dat dugc ca do léch
thip va phuwong sai thip. Trong thuc t€ RF di tré



thanh mot céng cu tin cdy cho phan tich dir liéu
chiéu cao. Tuy nhién, ti€p cin cai dit ban dau, RF
chi cho két qua tdt trén cac dir liéu c6 s6 chiéu vira
phai va gidam dang k€& hiéu ning khi x& ly dir liéu co6
s6 rit chiéu cao c& hang nghin thudc tinh, nhiéu
nhiéu, dung lwgng miu it (bai toan phan tich dit liéu
gene la mot tredng hop cu thé). Sw chinh xac ctia RF
phu thudc vao chit lwong dw doan cua cac ciy quyét
dinh va mrc d6 twong quan gitra cac cay quyét dinh.

Chinh vi viy, dd cé nhiéu dé xuit cho viéc cai
tién moé hinh Rirng ngiu nhién. Dwéi day sé trinh
bay tém tit mot s6 phwong phap cai tién mé hinh
Rirng ngiu nhién.

2.3. Mt s6 mé hinh rirg ngau nhién cai tién
2.3.1. M6 hinh WSRF

WSRF(Weighted Subspace Random Forest) (Xu,
2012) 1a phwong phdp mé rong mo hinh RF nhim
giai quyét bai todn phin l&p dir liéu chiéu rit cao (c&
hang nghin thudc tinh) va nhiéu nhiéu. Diém khac
biét cia wsRF so v&i RF nguyén ban la viéc lwa chon
khong gian con thudc tinh M’ tai méi nut. V&i WSRF,
tai mbi nut cac thuodc tinh dwoc danh trong s6 gitp
cho viéc lwa chon khong gian con M’ ctia RF dwoc tot
hon.

Phwong phiap danh trong s6 cia wsRF duwoc
trinh bay nhuw sau:

Buéc 1: WSRF sir dung moét trong 2 phwong
phap théng ké chi-square(CS) hodc information gain
ratio(IGR) dé do d6 loi thong tin gitra cic bién X; vGi
16p Y. Gia tri théng ké chi-square cla bién X; v&i 16p
Y dwoc ky hiéu: Corrces(X;Y). Gia tri information gain
ratio cua bién X; véi 16p Y dwgc ky hiéu:
Corricr(X;,Y). Gia tri Corrcs(X;Y) hodc Corrigr(X;Y)
cang 1én thi chirng t6 bién X; cang chira nhiéu théng
tin cho viéc phan tach 16p Y.

Bwéc 2: Chuidn hoa Corres(X;Y) hodc
Corrigr(X;Y) theo cong thirc duéi ta dwoc trong so
cta bién X;,

— _yeorrX;n) (6)
= S Jeoroun

Trong d6, corr(X;,Y) c6 thé 1 Corrigr(X;Y)
hodc Corres(X; ¥). Cac wynay dwoc xem nhw xac suit
d€ lwa chon thudc tinh vao mét khéng gian con M’
thudc tinh.

Tai méi nut, wsRF st dung phwong phap
“weighted sampling” dé lwa chon ngiu nhién M’
thudc tinh. Nhitng thudc tinh c6 trong sé cao sé co
co hoéi dwoc chon nhiéu hon.

w;j

Véi cach tiép can trén, do chinh xac ctia cac mo
hinh Rirng ngiu nhién c6 thé dugc cai thién, két qua
6n dinh hon ma khong cin ting kich thwéc khong
gian thudc tinh.

Hoang Thj Ha

2.3.2. Rirng ngdu nhién diéu hoa

Nam 2012 Deng va Runger (Deng & Runger,
Feature selection via regularized trees, 2012) dé
xuit mé hinh ciy diéu hoa (Regularized Trees) gidp
cai thién viéc lwa chon thudc tinh trén ciy quyét
dinh. M6 hinh mé& rong cho tap hop cdy va nhém tac
gia dit 1a rirng ngiu nhién diéu hoa (Regularized
Random Forest- RRF).

Y twéng ctia RRF 1a han ché lwa chon thudc tinh
ma&i d€ phan tach nat. Néu thudc tinh méi X; c6 do
quan trong twong dwong véi thudc tinh X'; (X'j1a mot
thuéc tinh da tirng dwoc chon d€ phan tach), thi RRF
wu tién chon thudc tinh X Thudc tinh méi X chi
dwoc chon néu nhw né ¢é chi sd Gini nho hon tit ca
cac thudc tinh da dwoc chon trong cac nut trudc (xét
trong mo hinh rirng).

Bang thwc nghiém, Deng va Runger cho thiy
ti€p can RRF trén cic tap dit liéu c6 dung lwong mau
cao, s6 chiéu nhé cho két qua rat t6t. Tuy nhién, tai
mobi nut ctia cdy, RRF danh gia cac thudc tinh dua
trén chi s6 Gini dwgc tinh toin trong mét phan nho
cla tip dir liéu hun luyén nhwng lai so sanh véi tat
céa thudc tinh da dwoc chon chia trong rirng. Diéu d6
din dén RRF c6 thé chon phai nhitng thudc tinh
khong tot dé dwng ciy d6i véi cac tip dir liéu chiéu
cao, nhiéu nhiéu.

2.3.3. M6 hinh RUF

RUF (Random Uniform Forest) (Ciss, 2015) la
mot hwdéng ti€p cin khac cia moé hinh RF. Khong
giong RF, trong qud trinh dwng ciy quyét dinh, tai
mdi nat RUF vé ra vung cat ngiu nhién s dung
phan phdi déu lién tuc. Piém cit dwgc chon 1a mot
diém t6i wu trong tap cac diém cit ngiu nhién. RUF
hwéng téi gidm méi twong quan gitra cac ciy trong
rirng.Vi vay, tiép cin nay c6 thé gidm bias cho mo
hinh Rirng ngau nhién.

Uu diém cta RUF:

- Ti€p ciAn RUF hwéng téi muc tiéu gidm moi
twong quan gifta cic cay ring trong khi van giit
dwoc nhirng wu di€ém ctia mo hinh RF nguyén ban.

- Md hinh RUF thwong cé trung binh 16i binh
phwong thap hon so véi RF.

- RUF it nhay cam véi “overfitting” ma khong lam
tang phwong sai trung binh ctia cac cay.

- Hoi tu nhanh hon mo hinh RF nguyén ban.

2.3.4. M6 hinh GRF

GRF (Guided Random Forest) (Deng H., 2013)
12 m6 hinh phan lép dwa trén rirng ngiu nhién.
Trong GRF cach tinh d6 quan trong ctia mdi thudc
tinh da c6 sw thay d6i. GRF cin c d6 quan trong cla
cac thudc tinh dwa trén RF nguyén ban (tinh theo
cong thiec (5) tir div liéu out of bag) d€ gan hé sd
phat 4; khac nhau déi véi cac thugc tinh khac nhau.
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Thudc tinh cé dd quan trong cao thi gan gia tri 4 cao,
nguoc lai gan gia tri A thip.

Véi cach tinh nay, GRF chon dwoc it thudc tinh
hon RF. Hon nita, néu ap dung RF trén cac thudc
tinh dwgec trich chon bédi GRF thi RF cho két qua cao
hon RF nguyén ban.

Cong thirc tinh do quan trong cho cac thudc tinh
X; tai nat t trong GRF nhw sau:

AGinig(X;,t) = A AGini (X;,t) (7)

A €(0,1] la hé s6 phat gan cho cic X
0=12,..,M’). Gia tri A; dwa vao d quan trong cla X;
trong RF:

A=0—=p + yViy (8)

Trong do, A, €(0,1] 1a hé s6 diéu khién mirc do
diéu hwong, ¥ €[0,1] diéu chinh dé quan trong cta

7 X - = 7 X - = 4
w.x—b=0 \\“.x b 1O

thudc tinh da chuin héa va dwoc goi 1a hé s6 quan
trong.

bé giam tham s8 cho GRF, Deng va George
Runger chon A, = 1:

Ay=0—=p+yVly=1-x1-VIy)(9)

D€ c6 dwoc tAp thudc tinh trich chon nho nhat,
George Runger chon y = 1.

V&i phwong phap nay GRF c6 thé chon dwoc
nhirng thudc tinh c6 nghia, chira nhiéu thong tin lién
quan dén 16p.

2.4. May hoc véc to hd tro

SVM (support Vector machine) (Vapnik, 1995)
12 mo hinh hiéu qua va ph6 bién cho bai todn phin
dit liéu c6 sd chiéu lén. Bai toan co ban cua SVM la
phan loai 2 16p: cho trudc tap
[

O O

margin = 2/||w||

Hinh 2. Minh hoa mé hinh phén 16p SVM coban (P4 Thanh Nghi, 2013)

dir liéu huén luyén D={(d)}}L,={(x, ¥)}}y, v6i
la vector M chiéu, yieY (trong d6, Y 1a nhan 16p, gia
sttc62nhdnlépY € {+1,-1})

Muc dich ctia giai thuat SVM 1a ¢ gang tim mot
siéu phang (hyperplane) tich cac diém nay thanh
hai 1&p riéng biét twong ng v&i nhan cha ching. Cé
thé giai thich SVM ré hon nhw sau: trong khong gian
M chiéu cin tim siéu phing H: y = w.x - b = 0 va hai
siéu phing H1, H2 hd trg song song véi H va c6 cling
khodang cach dén H. Trong d6, H chia d6i tip dir liéu
D thanh 2 phan, mdi phan gdm toan cic d6i twong
chung mot nhin +1 hay -1 va khong cé phan ti nao
clia tap mau ndm giita H1 va H2, khi dé:

wx-b>=+1véiy=+1

wx-b>=-1véiy=-1

Két hop hai diéu kién trén ta c6:

y(wx-b)>=1

Phén 16p phin t&r x dwa vao diu cta (w.x - b).
Néu gid tri biéu thirc (w.x- b) > 0thi gan nhin cho x
la 16p duwong (16p +1), ngwec lai thi gan nhan cho x
lalép am (16p -1).

predict(x) = sign(w.x - b)
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Khoang cach giita hai siéu phiang hd tro goi la
bién (margin) va bang 2/|wi, trong d6 |w] 1a d6 1é6m
(2-norm) cta phap vector w. Trwong hop dir liéu
khéng kha tach tuyén tinh (linearly separable), ta
xem mdi phan tir nim sai phia so véi mit phing hd
trg twong ing véi 1ép cla chung 1a 16i, khodng cach
tir phan tir 16i dén siéu phang hd tro dwoc ki hiéu z
(z:>=0). Vi thé&, SVM phai dong thoi cwc dai hoa 18
(margin) va cuc tiéu ho4 16i.

Bién thé cta giai thuat SVM s dung cic ham
phan 1ép khac nhau. D€ c6 thé c6 ham phin 16p
khéc, ta khéng cin thay do6i giai thuit ma chi cin
thay d8i ham nhan tuyén tinh bing cdc ham nhan
khac. Bang cach nay ta thu dwgc cac mo hinh phan
16p dwa trén cac véc to hd tro khac nhau. Mot s6
ham nhan thwong dung dwoc cho trong bang 1.

2.5. Két hop phwong phép trich chon dic trung cia
GRF véi cic b6 phan 16p RF, WSRF, RUF, SVM

Lwa chon dic trung gidp ta c6 thé chon dwoc nhirng
bién chia nhiéu thong tin cho viéc phan 16p. Dic
biét, véi nhirng tip dit liéu c6 s6 chiéu rat 1én, ma da
phén cac bién khong cé y nghia cho viéc phéan 1ép
nhu dit liéu gene, néu khong trich chon dic trung thi



khong nhitng tdn thoi gian thwe hién ma dé chinh
xac cling sé khéng cao. Do d6, théng thwong, doi

Hoang Thj Ha

véinhirng tap div

Bang 2. Mot s6 ham nhin thwong dung

Type of kernel function

Formular

Linear kernel

Polynomial kernel

K<x,y>=x.y
K<x,y>=(x.y+1)°

Radial basis function (Gaussian) kernel —hx-yl?

K(x,y) = e 207

Phwong phap GRF_T (T la tén mét thuat toan phan 16p)

Pau vao:

- Tap di¥ liéu huén luyén D c6 N m3u va M thudc tinh
- Thuéat toan phan I&p T dung két hop véi GRF

Pau ra:

- B6 phan 16p két hop GRF_T c6 kha nang phan loai cac phan t& méi.

Bat dau

- T tap d¥ liéu ban dau, st dung GRF chonra M’ thuéc_tl'nh co do
quan trong cao, tr do ta tao 1 tap di¥ liéu con D’ c6 N mau va M’ thudc

tinh.

- St dung thuat toan phan I&p T trén tap di liéu huén luyén D’ vira tim
dwoc dé thu dwoc bd phan 1&p doi véi D'.
- Dung bd phan 16p thu dwgc & trén (budc 2), d& dy doan nhan I6p

cho phan t& méi.
Keét thic

liéu chiéu cao, nhiéu nhiéu nhw dit liéu gene, viéc
chon céc bién t6t cho qua trinh phan tach 16p trwéc
khi stt dung cac bo phan 16p 1a thwe sw cin thiét.

Nhu da trinh bay trong muc 2.3.4, GRF cho két
qua canh tranh hon GRRF (Deng, 2013). biéu dé
chirng t6 GRF c¢6 thé chon dwoc nhitng tip thudc
tinh tot hon GRRF cho viéc phan 16p.

P& lam ré hon hiéu qud GRF véi vai tro la
phwong phap trich chon dac trung va danh gia cac
bd phan 16p RF , WSRF, RUF, SVM trén dit liéu chiéu
cao, nhiéu nhiéu, chiing téi tién hanh thir nghiém két
hop phwong phap trich chon dédc trweng ciia GRF véi
cac thuat toan phan 1ép RF, wsRF, RUF, SVM trén 7
tap dit liéu gene c& hang chuc nghin thudc tinh (da
dwgc tom tit trong Bang 1). Phwong phap két hop
dwoc mb ta nhw sau:

2.6. Tham sé chay mé hinh va phwong phap danh gia

Cac tham s6 mtry (sé thudc tinh chon ngiu
nhién tai mdéi nat cla cdc md hinh Rirng ngiu
nhién), ntree (sd ciy trong rirng) dé chay mo hinh
RF, WSRF, RUF, GRF_M twong tng la: VM, 500.
Trong d6, mtry = VM, ntree = 500 la nhitng tham
s6 dd dwgc dé xudt béi (Breiman, 2001); Tham s6 y
(tham s& diéu khién cia md hinh GRF) lan lwot
dwoc chay véi cac gia tri 0,1; 0,5; 0,8 va 1. Trong dé,
y = 1 1a tham s6 dugc dé xuit bdi (Deng, 2013) dé
GRF ¢6 thé chon dwoc tip dic trung c6 nghia nho
nhat cho phan 16p. Him nhan st dung cho SVM la
ham Poly. Mdi tip dit liéu d4u vao dwoc chia ngiu

nhién thanh 2 phin: 70% cho phan training va 30%
cho testing.

Vé&i mbi tap dit lidu thir nghiém dwoc chay 30
1an dé tao ra 30 tip dit liéu con (chi chira cac thudc
tinh da dwoc trich chon dac trung). Cac thuat toan
RF, WSRF, RUF, SVM st dung 7 tdp dir liéu gene
khac nhau da dwoc trich chon thudc tinh va 7 tap dir
liéu gene gdc dé danh gid hiéu qua thuc hién cla cac
mo hinh. Sau khi chay cac thuat toan, do do Acc
dwoc str dung d€ danh gia do chinh xac cia cdc mod
hinh trén tip cc dit liéu kiém thir. D6 chinh xac
kiém thir Acc dwgc tinh theo cong thitc:

k
z i=1 d i
N

Trong d6, d;1a doi twong dwoc thuit todn phan
16p diing, N 1a t6ng s6 mau trong tap dit liéu huin
luyén.

Acc = (10)

Chung t6i st dung phwong phap paired t-test,
mic y nghia 0,05 d€ so sdnh sw khac nhau vé do
chinh xac ctia cac két qua phan 1ép trudc va sau khi
st dung GRF.

3. KET QUA VA THAO LUAN
3.1. Cac két qua ctia phwong phép phin 16p GRF khi
tham sé y thay d6i

Bang 3 cho thiy khi gia tri y ting dan (0,1; 0,5;
0,8; 1) d6 chinh xac phan lép clia phwong

Bang 3. Trung binh (mean + std-dev %) d6 chinh xac phan l6p
cia GRF khi tham s8 y thay ddi, gi4 tri t5t nhit dugc td ddm
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Danh gia hiéu qua phan I&p di liéu gene chidu cao dwa trén rirng ngau nhién, SVM va két hop phwong phap chon
dac trwng rirng ngau nhién didu hwéng

Trung binh d¢ chinh xac (mean + std-dev %)

D ligu GRF
GRF(y=0,1) GRF(y=0,5) GRF(y=0,8) GRF(y=1)

Leukemial 0,944 + 0,039 0,922 + 0,049 0,989 0,025 0,844 0,057
Brain-tumorl 0,835 + 0,019 0,826 + 0,043 0,823+0,038 0,814+ 0,032
Prostate-tumor 0,992 + 0,017 1,000 + 0,000 1,000 +0,000 0,988 +0,018
Leukemia2 0,856 + 0,034 0,800 + 0,030 0,789 +0,025 0,711+ 0,053
Lung-cancer 0,899 + 0,009 0,890 + 0,010 0,890 £0,011 0,884 + 0,006
11-tumors 0,882 + 0,019 0,877 +0,026 0,840 £0,019 0,840 + 0,030
GCM 0,688 + 0,000 0,663 + 0,022 0,667 £0,029 0,600 + 0,025

phap GRF giam din va GRF v&i tham sé y = 1 cho do
chinh x4c thdp nhit. Thwc nghiém cling cho thiy, khi
y cang tang, tip thudc tinh ma GRF chon dé phin
tach 1&p cang nhé.

3.2. So sanh cic két qua cia RF, WSRF, RRF, GRF,
RUF, SVM trén cic tip dir liéu gene ban d4u

Bang 4 thé hién két qua cac thuit toan RF,
WSREF, RRF, GRF, RUF, SVM trén 7 tip dit liéu géc.

Trong bang 4, cot “Dit liéu” chira danh sach cac
tap dir liéu thwc nghiém. Cac cot RF,WSRF, GRF,
RRF, RUF, SVM chtra trung binh dé chinh xac phan
16p clia mdi tap dit lidu da dat dwoc khi stt dung cac
phwong phap phan lép trén dit liéu géc. ’ng véi moi

tap dir liéu, két qua cé d6 chinh x4c cao nhit dwgc to
dam.

Két qua ctia Bang 4 cho thiy, m6 hinh RUF dat
két qua phan 16p cao hon ba md hinh: RF, GRF(y =
1) va WSRF véi ty 1€ 6/7 tap dit liéu. Nguyén nhan
la do m6 hinh RUF thiét 14p dwoc méi twong quan
gitra cac ciy trong rirng thip hon mé hinh RF. Mit
khac, RUF van duy tri dwgc wu di€ém ctia moé hinh
RF. M6 hinh RRF td ra khong hiéu qua, kém hon RF.
M6 hinh GRF khi chay v&i tham s6 y = 1 v&i vai tro
1a b6 phan 16p cho két qua khdng khac nhiéu so véi
RF. Nhung néu dé GRF véi vai tro 1a phwong phéap
trich chon dic trung két hop véi cac bd phan 16p
khéac sé cho két qua dang ngac nhién (xem muc
3.2)

Bang 4. Trung binh (mean * std-dev %) d§ chinh xac phan 16p
ctia cAc phwong phép Rimg ngiu nhién (tham s8 méc dinh)
va phwong phap SVM, gia tri t6t nhit dwgc t6 dim

Trung binh d9 chinh xac (mean =+ std-dev %)

Di liéu
RF wsrf RRF GRF(y=1) ruf SVM
Leukemial 0,824 + 0,045 0,852 + 0,040 0,778 + 0,068 0,844 + 0,057 0,944 + 0,076 0,944 + 0,00
Brain-tumorl 0,803 + 0,024 0,820 + 0,018 0,660 + 0,089 0,814 + 0,032 0,876 + 0,032 0,889 + 0,039
Prostate-tumor 0,991 + 0,017 0,997 + 0,010 0,713 +0,078 0,988 + 0,018 0,998 + 0,010 0,941 + 0,023
Leukemia2 0,734 +£ 0,033 0,651 + 0,050 0,733 + 0,060 0,711 + 0,053 0,872 + 0,032 0,971 + 0,042
Lung-cancer 0,886 + 0,008 0,879 + 0,008 0,727 + 0,097 0,884 + 0,006 0,900 + 0,009 0,941 + 0,000
11-tumors 0,853 + 0,018 0,851 +0,023 0,695 + 0,082 0,840 + 0,030 0,841 + 0,077 0,932 + 0,000
GCM 0,684 + 0,018 0,638 + 0,019 0,567 + 0,058 0,600 + 0,025 0,688 + 0,101 0,708 + 0,000
Béng 5. Thoi gian thyc hién cic cac thuit toan phin 16p RF, wsRF, RRF, GRF, RUF, SVM
Tap d liéu Thoi gian thie hién cla cac thuat toan

P i RF WSRF RRF GRF RUF SVM
Leukemial 2,854 (s) 16,681 (s) 2,872 (s) 6,623 (s) 17,512 (s) 27,717 (mins)
Brain-tumorl 3,833 (s) 28,733 (s) 4,257 (s) 8,810 (s) 24,940 (s) 33,047 (mins)
Prostate-tumor 8,362 (s) 51,222 (s) 8,793 (s) 20,401 (s) 38,271 (s) 1,325 (hours)
Leukemia2 6,303 (s) 32,904 (s) 6,397 (s) 14,313 (s) 34,666 (s) 1,434 (hours)
Lung-cancer 22,310 (s) 2,760 (mins) 24,599 (s) 54,000 (s) 1,384 (mins) 2,297 (hours)
11-tumors 27,704 (s) 3,313 (mins) 27,210 (s) 1,027 (mins) 1,693 (mins) 3,082 (hours)
GCM 42,052 (s) 5,482 (mins) 41,520 (s) 1,547 (mins) 4,512 (mins) 6,514 (hours)

Ghi chii: s - gidy; mins - phiit; hours - gior

Bang 4, ta con thiy két qua t6 dam chu yéu tip
trung & cot SVM, diéu d6 c6 nghia la mé hinh SVM
cho két qua dw doan cao. Tuy nhién, thoi gian thuc
hién ciia md hinh SVM chdm hon rit nhiéu so véi

1654

cac m6 hinh khac. Két qua trong bang 5 sau day thé
hién diéu dé.

Bang 5 cho biét, trong cdc mé hinh trén thi mé
hinh RF nguyén ban thwc hién nhanh hon tit ca cac



mo hinh con lai. Ti€p d6 dén RRF, GRF, RUF, WSRF
va cudi cung la SVM. Cac mo6 hinh dwa trén RF thuc
hién nhanh hon rit nhiéu so véi mé hinh SVM .

3.3. So sanh cic két qua ctia RF, WSRF, RUF, SVM trén
céc tip dir liéu gene khi két hop véi phwong phéap
trich chon ddc trung ctia GRF

Bang 6 thé hién s6 thudc tinh ma GRF trich
chon dwoc trén mdi tip dit liéu va trung binh do
chinh x4c phan 1&p ctia mbi phwong phap RF, WSRF,
RUF, SVM trén cac tap dit liéu sau khi trich chon dac
trung.

Hoang Thj Ha

AL

Trong bang 6, cot “Dit liéu” chira danh sach cac
tp dit liéu thwc nghiém. Cot “S6 thudc tinh” chira s6
thudc tinh trong tip dit liéu ban dau va sau khi str dung
GREF trich chon dac trung. Cac cot GRF_RF,GRF_WSREF,
GRF_RUF, GRF_SVM chwa trung binh dé chinh xdc phan
16p £ dé léch chudn clia phwong phap phan 16p twong
ng trén cac tap dir liéu sau khi dung GRF trich chon
dic trung. Véi moi tAp dit liéu, két qua c6 do chinh x4c
cao nhit dwoc t6 ddm. Va nhw viy, phwong phap
GRF_SVM c6 do chinh xac phan 1ép canh tranh hon so
v&i cac phrong phap con lai.

Bang 6. Trung binh (mean * std-dev %) dd chinh xac phan 16p
ctia cAc phwong phép Rimg ngiu nhién va SVM
sau khi st dung GRF lya chon dic trung, gi4 tri tot nhit dwoc to didm

S0 thuéc tinh Trung binh d6 chinh xac (mean + std-dev %)

D liéu Ban dau Sg‘:?';héyi”l’)‘g GRF_RF GRF_WSRF GRF_RUF GRF_SVM
Leukemial 5.327 330 1,00 £ 0,000 0,999 £ 0,006 0,998 + 0,011 0,998 £ 0,011
Brain-tumorl 5.920 372 0,866 + 0,012 0,834 £ 0,020 0,882 + 0,019 0,928 + 0,049
Prostate-tumor 10.509 468 0,999 + 0,004 0,999 + 0,004 0,998 + 0,009 0,974 + 0,025
Leukemia2 11.225 432 0,875 £ 0,024 0,868 + 0,036 0,882+0,020 0,928 + 0,049
Lung-cancer 12.600 558 0,907 + 0,013 0,924 + 0,009 0,912 + 0,017 0,961 + 0,019
11-tumors 12.533 653 0,910 + 0,016 0,920 + 0,013 0,862 + 0,074 0,964 + 0,012
GCM 16.063 776 0,707 0,022 0,718 £ 0,022 0,665+ 0,107 0,720 + 0,011

Béng 7. So sanh thoi gian thyc hién cia phwong phap Rimg ngiu nhién va phwong phap SVM trén cac tip dir
liéu trwédre va sau khi st dung GRF trich chon dac trung

RF WSRF RUF SVM
Tép div Sau Sau Sau GRF Sau
liéu Bgn chf_)n GRF_RF Bg:ln chfpn GRF_ B?n chf_)n RUF B?n chf)n GRF_
dau dac dau dac WSRF dau dac dau dac SVM
trwng trwng trwng trwng
Leukemial 2,96 0,58 6,16 (s) 16,68 1,95 7,537 17,51 4,05 9,638 27,72 6,94 421,85
(s) (s) (s) (s) (s) (s) (s) (s) (mins)  (mins) (s)
Brain- 3,83 0,69 8,09 (s) 28,73 3,93 11,33 24,94 9,15 16,553 33,05 3,56 222,32
tumorl (s) (s) (s) (s) (s) (s) (s) (s) (mins) (mins) (s)
Prostate- 8,73 1,31 19,30 (s) 51,23 6,10 24,08 38,27 8,71 26,70 1,33 5,30 336,27
tumor (s) (s) (s) (s) (s) (s) (s) (s) (hours)  (minus) (s)
Leukemia2 6,75 0,44 13,16 (s) 32,90 2,09 14,81 34,66 5,12 17,84 1,43 7,90 486,82
(s) (s) (s) (s) (s) (s) (s) (s) (hours)  (secs) (s)
Lung- 22,32 2,55 53,47 (s) 2,76 16,41 67,327 1,38 13,06 63,98 2,3 6,40 431,38
cancer (s) (s) (mins) (s) (s) (mins) (s) (s) (hours)  (mins) (s)
11-tumors 27,71 7,08 68,10 (s) 3,31 44,52 105,612 1,69 27,97 89,06 3,08 21,39 22,40
(s) (s) (mins) (s) (s) (mins) (s) (s) (hours)  (mins)  (mins)
GCM 42,78 12,88 106,39 5,48 1,57 3,13 (s) 2,87 58,29 151,0 6,51 39,13 40,58
(s) (s) (s) (mins)  (mins) (mins) (s) (s) (hours)  (mins)  (mins)

Chung t6i st dung phwong phap paired t-test,
mirc y nghia 0,05 dé so sdnh do chinh x4c cua cac két
qua phéan l6p truéc va sau khi st dung GRF trich
chon dic trung cha tirng thuit toan. Két qua cho
thay gia tri trung binh dd chinh xac cua ca 4 phwong

phap phan lép: RF, WSRF, RUF, SVM truéc va sau
khi st dung GRF la c6 sy khac biét. Cac thuat toan
phén 16p sau khi dung GRF trich chon dic trung hau
nhw déu cao hon khi dung toan b thudc tinh ban
d4u. Diéu d6 chirng t6 sw két hgp GRF véi cac
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Danh gia hiéu qua phan I&p di liéu gene chidu cao dwa trén rirng ngau nhién, SVM va két hop phwong phap chon

dac trwng rirng ngau nhién didu hwéng

phwong phap phan 16p RF, WSRF, RUF, SVM thuec sw
hiéu qua.

Chung t6i cling sit dung phwong phap paired t-
test, mirc y nghia 0,05 so sanh két qua cia GRF
(Bang 4) vé&i két qua cia GRF_RF, GRF_WSREF,
GRF_RUF, GRF_SVM va thiy ring cic phwong phap
GRF_RF, GRF_WSRF, GRF_RUF, GRF_SVM cho do
chinh xac t6t hon GRF.

P& lam rd hon dic diém cia cac thuit todn va
hiéu qua cta sw két hgp phwong phap dung GRF trich
chon dac trung, ching t6i danh gia thém thoi gian
thwc hién. Thoi gian thuwce hién cia cac phwong phap
dwoc thé hién trong bang 7.

Trong bang 7, cac cot “Ban dau” va “Sau chon
dic trung” lan lwot chira thoi gian thye hién cua cac
thuat todn RF, WSRF, RUF, SVM khi chay trén cac tap
dit liéu gbc va tap dir liéu sau chon dic truwng. Cac
c6t GRF_RF, GRF_WSRF, GRF_RUF, GRF_SVM lan lwot
chira thoi gian thuwc hién cta cac thudt toan RF,
WSRF, RUF, SVM khi st dung phwong phap GRF_T
(dwgc néu trong muc 2.5).

K&t qua bang 6 va 7 cho thdy: Viéc két hop
phwong phap trich chon ddc trweng ctia GRF véi cac
mo hinh phan l6p WSRF, RUF, SVM khong nhirng
lam tdng dé chinh xdc ctia két qua du doan ma con
gidm thoi gian thwc hién cua cac thuat toan. Tuy
nhién, khi két hop GRF véi RF nguyén ban thi thuit
toan chay cham hon nhwng d6 chinh xac cao hon. Vi
vay, d6i véi dit liéu gene chiéu rat cao, it mau, nhiéu
thudc tinh rac thi viéc viéc két hop phwong phap
trich chon dac trwng ctia GRF véi cac phwong phap
phan 16p (RF hodc SVM) 1a sw lwa chon t6t. Dic biét,
két hop GRF_SVM cho d6 chinh xac phan 1ép cao
hon hén so v&i cac phwong phap khac ma thoi gian
thwc hién twong d6i nhanh (chuyén tir gi& sang
phut).

4. KET LUAN

Trong bai bao nay, ching tdi da trinh bay cac
phwong phap phan 16p dir liéu chiéu cao gom: Rirng
ngau nhién nguyén ban (RF), Rirng ngiu nhién diéu
hoa (RRF), Rirng ngiu nhién cé diéu huéng (GRF),
Rirng ngiu nhién khéng gian con thudc tinh cé trong
s6(wsRF), Rirng ngau nhién déu (RUF) va SVM. Tiép
dén, chdng t6i danh gia hiéu qua thwc hién cta cac
phwong phap nay trén hai phwong dién: d¢ chinh
x4c phan 16p va thoi gian thwce hién. Sau cung, dé
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xudt két hop phwong phép trich chon dic trung cla
GRF v&i cdc mé hinh phan 16p ciia RF va SVM. Két
qud thwc nghiém cho thay su két hop nay mang lai
hiéu qua ro rét, dic biét tot khi két hgp GRF védi SVM
cho bai to4n phan 1ép dir liéu chiéu rit cao c& hang
nghin thudc tinh, nhiéu thudc tinh rac, dung lwong
mau it nhw dit liéu gene.

LOT CAM ON

Chung t6i xin bay t6 1&i cdm on chan thanh dén
TS. Nguyén Thanh Tung (Khoa Céng nghé thong tin -
Trwong dai hoc Thiy Leoi) da chia sé ngudn dit liéu
thtr nghiém va gop y cho chung t6i nhirng y kién c6
gia tri.
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