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TOM TAT

Xac dinh cac gen c6 khd ndng gay bénh 1a mét thach thirc Ion trong nghién ctu vé& biéu hién gen. Nhiéu
phuwong phép lwa chon gen chi tap trung vao viéc danh gia sy lién hé clia tirng gen riéng biét v&i bénh. Thuc té, mot
trong nhirng nguyén nhan gay ra cac bénh dwgc cho la lién quan t&i nhirvng twong tac phiec tap gitra cac gen.
Phwong phap rirng ngau nhién (RF) gan day da duwoc (ng dung thanh cong trong viéc xac dinh mét sé nhan té di
truyén cé anh hwédng I&n t&i mot sé bénh. Tuy nhién md hinh nay chi hiéu qua déi véi mot sé tap dir liéu ¢ & trung
binh nhwng lai han ché trong viéc xac dinh cac gen cé y nghfa va xay dwng cac md hinh dw doan chinh x&c cho di
lidu c6 sb chidu I&n. Trong bai béo nay chuing téi tap trung vao cac phwong phap rixng ngau nhién cai tién cho phép
chon ra mét tap nhd cac dac trung c6 lién hé chat ché véi bién dich, do d6 1am gidm sbé chiéu va cé thé xt ly tét trén
cac tap dir liéu c6 sb chiéu cao. Hiéu ndng ctia cac md hinh nay dwoc phan tich dé tim ra phwong phap phan 16p
hiéu qua véi tirng muc tiéu nhw do chinh xac hay tap cac gen cé y nghia dwa vao két qua thir nghiém trén 8 tap div
liéu bidu hién gen dwoc lay tir ngan hang di liéu y sinh (Kent Ridge) va tin sinh (Bioinformatics).

Tt khéa: D liéu biéu hién gen, Iwa chon dac trwng, phan loai, rirng ngdu nhién, rivtng ngdu nhién didu hoa,
rirng ngau nhién didu hoa c6 diéu huéng, rirng ngau nhién co diéu huéng.

Evaluation of Feature Selection Methods for Gene Expression Data Classifcation

ABSTRACT

Selection of relevant genes that have effects in some diseases is a challenging task in gene expression studies.
Most gene selection studies focused on assessing the association between individual gene and the disease. In fact,
diseases are thought to involve a complex etiology including complicated interactions between many genes and the
disease. Random Forest (RF) method has recently been successfully used for identifying genetic factors that have
effects in some complex diseases. In spite of performing well in some data sets with moderate size, RF still suffers
from working for selecting informative genes and building accurate prediction models. In this paper, we investigated
some methods in learning advanced random forests that allow one to select a sub-set of informative genes (most
relevant to disease). The method can therefore reduce the dimensionality and can perform well in prediction high-
dimensional data sets. The performance of these methods has been analyzed for finding the robust one for each
interest objective (the accuracy of the prediction model or the smallest possible set of relevant genes) based on
experiments results on 8 available public data sets of gene expression from the repository of biomedical data sets (Kent
Ridge) and bioinformatics data sets (Bioinformatics).

Keywords: Classification, gene expression data, feature selection, Random forest, Regularized Random Forest,
Guided Regularized Random Forests.

| DAT VAN DE nhé cécu dac trung cé\ v r/1ghia.1%nhf{t. Xét mot
’ vector déc trung dau vao c¢6 d bién X = {X,,.., X}
Lua chon déac trung 1a viéc lua chon tit mot vaY={1, 2,.., C} 1a gia tri d4u ra c6 thé du doan

tap hop cac dic trung dau vao dé dua ra mot tap tu vector dac trung X. Nhiém vu lya chon déc
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trung chinh la viéc tim ra cac dac trung X; co
lién quan nhat dén du doan gia tri Y. Nhiing
phuong phap phan 16p bi phu thudc rat 16n vao
yéu t6 dau vao, kha ning phan lép ctua thuat
toan c6 xu huéng gidm khi X chida cac bién
khéng c6 ¥ nghia. Khi dii liéu c6 s6 lugng dic
trung 16n, viéc tim kiém tap cac dic trung to1 uu
la rat khé. Lua chon dic trung c6 tdm quan
trong rat 16n dac biét 13 d6i véi bai toan phan
16p dii liéu gen, trong d6 vecto dic trung co rat
it cac phan ti dii liéu c6 § nghia nhung s chiéu
rat 16n va c6 nhiéu. Day 1a mot trong mudi van
dé kho cta cong dong khai pha dit liéu (Yang
and Wu, 2006). Lua chon cac gen c6 lién quan
dé phan loai mau (vi du, dé phan biét gitia céc
bénh nhin mic va khéng mic bénh ung thu) la
mo6t nhiém vu dang rat dugc quan tdm trong
hau hét cac nghién ctiu biéu hién gen (Lee et al.,
2005; Yeung et al., 2005; Jirapech-Umpai and
Aitken, 2005; Hua et al., 2005; Li et al., 2005;
Diaz-Uriarte, 2005). Khi thuc hién lua chon
nhiing gen anh huéng dén bénh, cic nha nghién
ctiu y sinh hoc thuong quan tdm t6i mot trong
hai muc tiéu sau day:

(1) Xac dinh cac gen c6 lién quan dé phuc vu
cho cac nghién ctu tiép theo; két qua ctia qua
trinh nay 1a mot tap hop cac gen lién quan dén
bién dich (c6 thé 1a moét tap gdm nhiéu gen) va
tap nay cb thé chia cic gen c6 chiic ning tuong
tu va c6 tuong tac chét ché véi nhau;

(2) Xac dinh mot tap nho cic gen ma ching
¢6 thé duge st dung cho muc dich chin doan
lam sang hay diéu ché dugec phdm; qua trinh
nay thu dugec mot tap nhd nhét c6 thé cac gen
ma két qua du doan van c6 thé dat hiéu qua tot
(cac gen "du thua" khong dugc chon).

Trong bai bao nay ching t6i tap trung vao
muc tiéu (2): thi nghiém véi cac phucng phap
lya chon dac trung khac nhau, phan tich danh
gia cac phuong phap nay tuy theo muc dich bai
toan dé tim ra dugc tap dic trung t6t nhét hay
dé dat duoc két qua du doan cao. Phan con lai
bai bao dugc bo tri nhu sau: Phan 2 gi6i thiéu
cac nghién ctiu lién quan. Phan 3 trinh bay vé
cac phuong phap rung ngiu nhién cai tién.
Phian 4 dé cap dén di liéu thuc nghiém va
phuong phap danh gia. Phan 5 trinh bay mot s6
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két qua thuc nghiém nhdm kiém ching kha
ning phéan loai ctia phucng phap lua chon dic
trung cho bai toan phan 16p di liéu biéu hién
gen. Phan cudi cung 1a két luan.

2. CAC NGHIEN CUU LIEN QUAN

Hién nay phan 16n cac phuong phap lua chon
gen 1a thuc hién ké&t hop viéc xép thi hang cac
gen (vi du, st dung cac phuong phap kiém thi
thong ké F-ratio hodc Wilcoxon) véi mot bo phan
loai cu thé (vi du, K- hang x6m gan nhat). Lua
chon mot s8 lugng dac trung toi uu dé thuc hién
phan loai 14 céng viée rat khé khin va phiic tap,
mic du da cé cac huéng dan co ban dua trén
nghién cttu md phong (Hua et al., 2005). Thong
thuong quyét dinh s6 gen dudc giti lai 1 tuy y, vi
du 50 gen véi xép hang tot nhat (Lee et al., 2005;
Dudoit et al, 2002); 150 gen (Li et al, 2004).
Céach tiép can nay c6 thé thich hop véi muc tiéu
phan loai mau nhung khong phai thich hgp nhat
néu dé tim ra tap hop nhoé nhat c6 thé cua cac
gen c6 anh hudng dén bién dich va nhiing gen
nay cho phép du doan tot. Mot cach ti€p can phd
bién khac nita (van't Veer et al, 2002; Roepman
et al., 2002; Furlanello et al., 2003) 14 loai bé dan
dan cac gen ti tap ban dau theo cac lan lap (loai
bd gen dua trén thi hang cac gen duge danh gia
theo cac phuong phép théng ké hay dua trén ty 1&
161 du doan khi thuc hién loai bo tiing gen) cho
dén khi muc tiéu duge thoa man (ty 1é 161 nho
nh4t trong tit ca cac bo gen da thi). Tuy nhién
v6i phuong phép nay cé thé sé loai bd gen néu
ding doc lap vi né it lién quan dén bénh (dua
trén su xép hang don bién, hodc dua trén tuong
tac cac cap gen (Bg and Jonassen, 2002) nhung c6
thé anh hudng 16n t6i bénh néu cé su hién dién
cua nhiing gen khac.

Mit khac, van dé chon loc gen thuong gap
khoé khan hon khi thuyc hién phéan 16p v6i nhiing
bo dii liéu da 16p (c6 nhiéu hon hai 16p) (Yeung
et al., 2005; Li et al.,, 2004). Do d6, cac thuat
todn phan I6p cung cdp cac dd do thudc tinh
quan trong nhu sy anh hudng cua cac thudc
tinh dén viéc phan loai 14 nhiing phuong phap
rat duge quan tAm dé thuc hién lua chon gen,
dac biét 1a cac thuét toan phan 16p c6 thé dap



tng dugc véi tap dit liéu c6 sd chiéu rat 16n
nhung s6 phan tt lai rat it.

Nam 2001, Brieman dé xudt phuong phap
Random Forest (RF), ddy 1la mot phuong phap
phan 16p va héi quy dua trén viéc két hgp két
qua du doan ctia mot s6 lugng 16n cac cay quyét
dinh. Trong mé hinh RF truyén théng moi cay
quyét dinh dugc xay dung tiu tap di liéu dugc
14y ngau nhién ti tap di liéu ban dau va viéc
phat trién cac nit con tit mot ndt cha dua trén
thong tin trong mot khong gian con cac thude
tinh dugc chon ngau nhién ti khéng gian thudc
tinh ban dau. Do d6, RF x4y dung cac ciy quyét
dinh tt mét tap con nhiing thudc tinh duge lua
chon ngau nhién va téng hop két qua du doan
clia cic cdy dé tao ra két qua du doan cudi cing.
Cac cay quyét dinh dudc xay dung st dung
thuat toan CART (Brieman, 1984) ma khéng
thuc hién viéc cit tia do d6 thu dudc nhiing cay
v6i d6 léch th&p. Bén canh d6, méi quan hé
tuong quan gitia cac ciy quyét dinh ciing dudc
giam thiéu nho viéc x4y dung céc khong gian
con thudc tinh moét cach ngiu nhién. Nhu vay,
su chinh x4c cia RF phu thudc vao chat lugng
du doan cta céc cay quyét dinh va mtc do tuong
quan gifia cac cay quyét dinh.

Trong thuc t& RF da trd thanh mot cong cu
tin cay cho phan tich dit liéu, dac biét la di liéu
tin sinh hoc (Bureau et al., 2005; Goldstein et
al., 2010; Goldstein et al., 2011; Winham et al.,
2012). Tuy nhién, ti€p can RF ban dau cua
Breiman chi hiéu qua cho phan tich di liéu cé
s0 chiéu thap (Bureau et al, 2005; Lunetta et
al., 2004). M6 hinh RF truyén théng khong thé
ap dung trén di liéu c6 s chiéu 16n, c6 thé lén
dén hang ngan hay tram ngan gen. Nguyén
nhan 1a trong qua trinh xay dung cdy quyét
dinh, tai mdéi nut, RF st dung mot tap con
nhiing thuoc tinh dugc lya chon ngiu nhién ti
tap thuoc tinh ban dau. Vi vay khi xt 1y véi cac
dié liéu nhiéu chiéu nhu di liéu gen, RF c6 thé
lua chon ngau nhién nhiing gen khong c6 anh
hudng dén bién dich va ti d6 tao ra ciy quyét
dinh c6 chat lugng du doan thap.

Gan day, mot s6 phuong phap ring ngiu
nhién cai tién da dudc dé xuat dé thuc hién lua
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chon cac thudc tinh gitp cai thién quéa trinh lya
chon thudc tinh va tang hiéu qua du doan véi
cac bo dit liéu nhiéu chiéu va nhiéu nhiéu nhu
phuong phap riung ngau nhién diéu hoa
(Regularized Random Forest- RRF) (Deng and
Runger, 2012), rting ngau nhién diéu hoa c6
diéu huéng (Guided Regularized Random
Forests-GRRF) (Deng and Runger, 2013) va
phuong phap riing ngau nhién c6 diéu huéng
(Guided Random Forest) (Deng, 2013). Vi vay
trong pham vi nghién cttu cua bai bao nay,
ching t61 tap trung vao cac phuong phap phan
16p rting ngau nhién cai tién cho phép tim ra
mot tap nho cac gen c¢6 anh hudng 16n dén bénh,
do @6 lam gidm s6 chiéu va c6 thé xi 1y t6t trén
cac tap dii liéu c6 s6 chiéu cao. Ching t6i tién
hanh céc thi nghiém trén 8 tap di liéu biéu
hién gen dugc 14y tit ngdn hang di liéu y sinh
(Kent Ridge) va tin sinh (Bioinformatics). Sau
d6 chung toi phan tich hiéu niang cua cac k¥
thuat trén cfing nhu s6 dic trung duge lya chon
cua ting phuong phap tit d6 dua ra dé xuat su
dung phuong phap phén 16p véi ting muc dich
cu thé (lua chon céc dic trung anh hudng dén
bién dich hay yéu cau hiéu qua du doan cao).

3. CAC PHUONG PHAP RUNG NGAU
NHIEN CAI TIEN
3.1. Ritng ngau nhién diéu hoa

Nhu da phén tich 6 trén, RF nguyén ban
cua Breiman khong phu hgp cho phan tich di
liéu biéu hién gen c6 s6 chiéu 16n, vi viéc 18y
mAu trong khéng gian con thudc tinh c¢6 thé dan
t6i viéc chon phai nhiing mau khéng tot va két
qua 1a nhiéu cay quyét dinh c6 chat lugng thap,
din dén giam kha ning du doan cia RF. Dé
khéc phuc nhuge diém nay nam 2012 Deng va
Runger dé xuit mo hinh riing ngiu nhién diéu
hoa, RRF). Cu thé cac tac gia da thay ddi cach
tinh d6 do cho mdi thudc tinh dé giam sé thudc
tinh méi dude chon cho viéc thyc hién phéan tach
nit tai bude xay dung cdy. Néu thudc tinh méi
X;va X c¢6 do quan trong la nhu nhau ma thudc
tinh X; da tung dudc chon dé phan tach nut thi
RRF uu tién chon thudc tinh X;. Thudc tinh méi
X, chi dugc chon khi chi s6 gain cta X; 16n hon
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chi s6 gain clia tat ci cac thudc tinh da duge
chon trong cac nut trude. Goi F 1a tap cac thudc
tinh da dugc st dung & cac lan chia trudc trong
mé hinh rung. Do do méi cta cac thudc tinh
dugc tinh nhu sau:
) _ (Again(X;)) X; & F
gaing (X)) = { gain(X) X, € F

O day 4 € [0, 1] 1a hé s6 phat; A cang nh thi
phat cang 16n d61 v6i nhiing thudc tinh khong
thudc tap F. RRF st dung gaing(-) dé tach nit.

3.1.1. Ring ngau nhién diéu hoa cé diéu
huéng (GRRF)

Trong phuong phap riing ngau nhién diéu
hoa, Deng et al. (2012) da thay d6i cach tinh do
do quan trong cua mdi thudc tinh do d6 RRF
lam giam d6 léch (bias) so v6i RF nguyén ban.
Tuy nhién cac chi s6 do do6 quan trong thudc
tinh nay dugc danh gia dua trén moét phan cua
dit liéu huan luyén tai mdi nit ctia cay so véi tat
ca céc thudc tinh da duge chon dé xay dung cay
trong rting. Mit khac dé6i véi cac tap di liéu co
s6 mau nhod, sd chiéu 16n thi c6 rat nhiéu cac
thudc tinh c6 cung do do. Véi N mau thi s6 lugng
to1 da cac thuodc tinh cé cac chi s6 Gini khéc
nhau trong bai toan phén 16p nhi phan la (N(N
+ 2)/4)-1 (Deng and Runger, 2013). Vi du ta c¢6
30 mau c6 sb chiéu 1a 3.000, nhu vay c6 16n nhat
la 239 thudc tinh c6 d6 do khac nhau va 3.000-
239 = 2.761 thudc tinh cung d6 do. Chinh vi vay
RRF phai chon ngiu nhién mét trong cac thudc
tinh d6 dé tach nuat. Cac thudc tinh nay cé thé 1a
nhiing thudc tinh khong t6t (khong hosic it ¢
lién quan dén bién dich) dan dén kha ning du
doan cua riing RRF khong cao.

Xuat phat tit 1y do trén, Deng et al. (2013)
da dé xuat phuong phap ring ngau nhiéu diéu
hoa c6 diéu huéng (Guided Regularized Random
Forests, GRRF) dé khic phuc nhude diém cuaa
RRF. O phuong phap GRRF céc tac gia tinh do
quan trong thudc tinh dya trén dé6 quan trong
thudc tinh dugc tao ra bdi RF goc trén toan bd
tap dii liéu ban dau. Do vay chi s6 Gini caa cac
thudc tinh c6 d0 quan trong khac nhau sé c6 gia
tri khac nhau. Khi dé véi cac bai toan c6 s6 mau
nhd, s6 chiéu 16n nhu dii liéu gen, GRRF sé chon
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dugc cac thudc tinh chia nit t6t hon va két qua
phan 16p cling t6t hon (Deng and Runger, 2013).

Néu nhu RRF gan hé s6 phat nhu nhau cho
tat cad cac thuodc tinh méi thi GRRF st dung
nhing thudc tinh c¢6 d0 quan trong I6n tu RF
truyén thong dé “hudng dan” qua trinh lua chon
thudc tinh méi phan tach nit. Thuoce tinh ¢6 do
quan trong cao thi dugc gan gia tri 1 cao, ngudgc
lai thudc tinh ¢6 @6 quan trong thudc tinh thap
dudc gan gia tri A thap. Cong thiic tinh d6 quan
trong cho cac thudc tinh méi tai nat v trong
GRRF nhu sau:
AiGaing(X;,v) X; ¢ F

Gaing(X;,v) X; €F

Véi A, € (0, 1] 12 hé s6 phat cua X; va A, dudc

tinh nhu sau:
A= =g + yim|;
Imp;

P
max; _ Imp;

Gaing (X;,v) = {

Imp; =

Trong d6 A, € (0, 1] 14 hé s6 diéu khién miic
do diéu huéng (trong mo6 hinh RRF). Con hé s6 vy
€ [0, 1] diéu khién dé quan trong cia mot thudc
tinh (da dudc chuén héa). Khi y = 0 thi GRRF
chinh Ia RRF. M6t thudc tinh ¢6 d0 quan trong
16n sé bi phat it hon. Pé thay ddi kich thuéc tap
con thudc tinh dude chon ta cé thé thay déi cac
gia tri cta A, va y va dé gidm tham s6 cho mo
hinh GRRF céc tac gid chon A, = 1. Khi d6, ta cé:

A = (L=y) + ylmp; = 1—-y(1 - Imp;)

3.1.2. Ring ngau nhién cé6 diéu hudng
(Guided Random Forest, GRF)

Tuong tu nhu phuong phéap lga chon thudc
tinh GRRF, Deng et al. (2013) da dé xuit
phuong phap riing ngau nhién c6 diéu huéng
bing cach st dung cac do do d6 quan trong
thudc tinh tit RF nguyén ban. Tuy nhién, cac
cay trong GRRF dugc xay dung mot cach tuan
tu, lién quan chat ché va khong cho phép tinh
toan song song, trong khi cac ciy trong GRF
dugc xay dung mot cach doc lap va cé thé dudge
thyc hién song song. Phuong phap nay ciing cho
phép st dung cac chi s6 do dd quan trong khéc
do do do thuoc tinh tit phuong phap riing ngau
nhién gdc (cac chi s6 c6 thé dude cung cap bdi
chinh ngudi dung thong qua chi so A).



Y tudng chinh ctia GRF 1a tang trong sd
gain(X;) dya vao do do d0 quan trong thuoc tinh
tt RF nguyén ban

gaing(X;) = A;gain(X,),

Trong d6, gain(X;) 1a d do Gini caa thudc
tinh X, dé thuc hién tach nut va A; duge tinh
nhu sau:

Imp;
Imp*

A =1-y+y

Vé6i Imp; Imp”1a do do thudc tinh va gia tri
16n nh4t cia d6 do thudc tinh ti& phuong phap
RF nguyén ban. Imp/Imp” € [0, 1] 14 hé s6 chudn
héa d6 quan trong thuoc tinh, y € [0, 1] 14 hé s6
quan trong. 0 phuong phap GRF, cac thuoc tinh
c6 d6 quan trong nhoé hon sé bi phat nhiéu hon
va d6 phat ting khi y ting (GRF tré thanh RF
khiy=0).

TU cac trinh bay cua cidc phucng phéap 6
trén, ching ta thay su khéc biét cin ban gitia
GRF va GRRF la: cac thudc tinh dudge st dung
dé xay dung cac cdy trudc trong dé cta ring
GRRF c6 thé tiép tuc dude st dung (anh hudng)
dé xay dung cay hién tai, nhung ngudc lai cach
x4y dung cdy cua GRF nhiing thudc tinh da
dudc st dung xay dung ciy trudc sé khong duge
stt dung lai (khéng anh huédng) dé xay dung cdy
hién tai. Cac thudc tinh dugc st dung trong mo
hinh GRRF 1a c6 lién quan dén bién dich va
khong lua chon 1ap lai (nhiing gen c6 chtic ndng
tuong tu) trong khi cac dic trung dude st dung
trong mot moé hinh GRF 14 c6 lién quan dén bién
dich va c6 thé lua chon lip lai (cAc gen c6 thé
dugc chon lai hodc chtia cac gen c6 chiic niang
tuong tu).
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4. DU LIEU THUC NGHIEM VA PHUONG
PHAP DANH GIA

4.1. D& liéu thuc nghiém

Dé danh gia hiéu qua cia cac phuong phap
da dé cap 6 trén ching t6i tién hanh thuc
nghiém trén 8 by dit liéu gen dugc thu thap tu
ngan hang di liéu y sinh (Kent Ridge) va tin
sinh (Bioinformatics). Bang 1 mo ta cac bo dii
lidu gen bao gébm bo dit liéu vé ung thu mau
(ALL-AML_Leukemia, MLL_Leukemia), ung
thu va (Breast Cancer), ung thu dai trang
(Colon Tumor), ung thu phéi (LungCancer-
Harvard (di@ liéu 14y tu trucong y Havard) va
Lung Cancer-Michigan (dfi liéu cung ca&p bdi
truong dai hoc Michigan)), khéi u phdi 6 hé than
kinh trung udng (Nervous System), va ung thu
budng tring.

4.2, Phuong phap danh gia

Trong bai bao nay ching t61 xdy dung rung
v6i s6 cay c6 dinh ntree = 500 va mtry = VM (M
14 s6 thudc tinh cua ting bd dii liéu) cho cd 4 md
hinh RF truyén thong, GRF, RRF va GRRF
(tham s6 mtry 1a tham s6 t6i uu theo (Breiman,
2001)). V6i mo6 hinh GRRF, ching tbi 1an luot
kiém tht véi tham s6 gamma lan lugt 1a y = 0,5,
va y = 0,1. Con md6 hinh GRF, ching téi st dung
hé s6 phat t6i da tic 1a y = 1 dé thu dude mot s6
lugng nhdé nhédt cac thudc tinh c6 thé. Phuong
phap tién hanh kiém thi duge liét ké trong cot
“Phuong phap kiém thd” & bang 1. Cu thé véi 4
bo dit liéu ALL-AML,_Leukemia, MLL_Leukemia,
Breast Cancer- Harvard

Cancer, Lung

Bang 1. M6 ta cac tap dir liéu gen

Tén tap di liéu Sé phéan t& Sé chiéu Sé1ép Phuwong phap kiém thir
ALL-AML_Leukemia 72 7.129 2 (ALL, AML) Train-Test
MLL_Leukemia 72 12.582 3 (ALL, MLL, AML) Train-Test
Breast Cancer 97 24.481 2 (Relapse, non-relapse) Train-Test
Colon Tumor 62 2.000 2 (Negative, positive) Hold-out (OOB)
Lung Cancer-Harvard 181 12.533 2 (ADCA, Mesothelioma) Train-Test
Lung Cancer-Michigan 96 7.129 2 (Normal, Tumor) Hold-out (OOB)
Nervous System 60 7.128 2 (Class0, Class1) Hold-out (OOB)
Ovarian-PBSII1-061902 255 15.154 2 (Cancer, Normal) Hold-out (OOB)
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12 nhiing bd dii lidu c6 sdn tap huan luyén va
tap thi, ching téi dung tap huan luyén dé xay
dung mé hinh véi cac tham s6 d3 néu 6 trén.
Sau d6, dung mé hinh thu dude dé phan 16p tap
tht. Nhiing bo dii liéu con lai khong c6 san tap
hoc va tap thi, ching t6i st dung phucng phap
hold-out: 2/3 tap dit liéu dé huan luyén va 1/3
dii liéu con lai dé kiém thi. PE so sanh hiéu
ning cua cic phuong phap ching toi st dung do
chinh x4c Acc dudc tinh béi cong thiic sau:

1w _
A == " 10Q(dsy) — max Q(dy,j) > 0)
~ TEa

Trong d6, I(.) la indicator function va
Q(dy)) =Tk I(he(d) = ) 13 s6 lugng cay
quyeét
dinh lyga chon d; thudc vao 16p j.

Ching t6i tién hanh thuc nghiém trén may
tinh IntelR Core 17 3.40 GHz, bd nhé chinh
32GB véi cac goéi phan mém RF, GRRF phién
ban méi nhat dude cai dit trén méi truong R.
Mbéi thi nghiém dugc chay 30 lan sau dé lay
trung binh dd chinh x4c va trung binh s6 lugng
thudc tinh duge chon dé x4y dung cay.

5. KET QUA VA THAO LUAN

Bang 2 chi ra s6 ludng cac thudc tinh dudc
Iva chon tuong tng cua tting bd di liéu véi cac
mo hinh phan 16p RF khac nhau (s6 ludng céac
thudc tinh (cac gen) dude chon chia trung binh
sau 30 lan chay) khi véi tham s6 y = 0,1
(GRRF), y = 1 (GRF). Ciing tit két qua cia bang

2 cho th4y, khi ching ta quan tdm dén d6 chinh
xac phan 16p thi phuong phap GRF cho két qua
tot hon trén 7/8 bo dit liéu, dac biét c6 nhiing bd
dit litu GRF cho két qua phan 16p chinh xac
100% (b6 dii liéu s 6), nhung phuong phap RRF
thi chi dat 83,56%, va 85,33% véi phuong phap
GRRF. Ngugc lai, s6 thudc tinh duge lua chon
cua GRF lai nhiéu hon dang ké so véi mé hinh
RRF va m6 hinh GRRF. Tuy nhién khi ching ta
so sanh véi s6 chiéu ban dau cua cac bo dii lidu
thi s gen dudc chon dé xay dung cay trong ring
GRF nho hon rat nhiéu. Véi phuong phap GRRF
(khi chon tham s6'y = 0,1) thi s6 lugng gen dudc
lua chon 16n hon s6 lugng thudc tinh dude lua
chon ciia mé hinh GRF, nhung két qua phan 16p
ciia GRRF tét hon trén tat ca cac tap dii liéu so
v6i cia phuong phap GRF.

Bang 3 1a két qua trung binh cta 30 lan
chay kiém tra dé so sanh mic d6 chinh xac du
doan clia cd bén moé hinh riing ngiu nhién RF,
GRF, RRF va GRRF khi thay d6i hé s6 diéu
khién d6 quan trong thudc tinh v (y = 0,5) (t4t ca
cac phuong phap déu duge chay véi tham s6 cd
dinh mtry = +/M, ntree = 500 cy). Két qua bang
3 cho thay rang GRF vuot tréi vé do chinh xéac
trong du doan (7/8 bd dit liéu). Khi so sanh truc
ti€p v6i mo hinh RRF, ta nhan thdy ring GRRF
st dung s6 lugng thudc tinh rat it dé xay dung
cdy, nhung d6 chinh xac phan 16p van t6t hon 6/8
bo dii liéu. T nhiing két qua thuc nghiém da liét
ké 6 bang 2 va bang 3, khi hiéu chinh tham s6 y
(y = 0,1) nhé thi mé hinh GRRF c6 do phan 16p
chinh xac cao hon so v6i phuong phap

Bang 2. D6 chinh xac phan 16p dit liéu biéu hién gen va s6 lugng thudc tinh
lwa chon dugc (#Gen) dé xay dung titng mé hinh véi s6 cay trong ritng
1a 500 vay =0,1 (GRRF),y=1 (GRF)

‘ N RF GRF RRF GRRF
So6 chieu
Acc #Gen Acc #Gen Acc #Gen Acc #Gen

7.129 78,63% 813 85,78% 302 79,90% 5 89,71% 7
12.582 78,95% 2814 82,10% 708 61,05% 27 67,37% 64
24.481 80,10% 977 80,70% 213 77,87% 11 79,26% 23
2.000 99,33% 635 99,33% 334 89,15% 91,54% 5
12.533 97,07% 551 98,39% 264 93,79% 97,78%

7.129 100% 1681 100% 461 83,56% 85,33% 12
7.128 59,51% 1443 59,13% 375 56,85% 15 58,77% 36
15.154 98,40% 2092 98,32% 532 94,58% 7 97,86% 8
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Bang 3. D6 chinh xac phan 16p dit liéu biéu hién gen va s6 lugng thudc tinh

lwa chon dugc (#Gen) dé xay dung titng mé hinh véi s6 cay trong ritng
1a 500 vay =0,5 (GRRF),y=1 (GRF)

, R RF GRF RRF GRRF
So chiéu
Acc #Gen Acc #Gen Acc #Gen Acc #Gen
7.129 78,43% 816 85,88% 302 81,18% 6 87,16% 4
12.582 81,75% 2818 80,88% 711 61,23% 27 57,19% 7
24.481 77,85% 991 80,32% 212 74,84% 11 77,59% 5
2.000 99,33% 625 99,40% 332 89,73% 3 90,54% 3
12.533 96,42% 566 98,09% 266 92,46% 3 97,08% 3
7.129 99,78% 1673 100,00% 464 85,11% 8 84,89% 5
7.128 61,24% 1459 61,11% 373 57,04% 16 57,77% 6
15.154 98,17% 2101 97,81% 529 95,73% 7 96,53% 4

RRF nhung s6 lugng thudc tinh dude lua chon
ciia md hinh GRRF lai 16n hon so véi s6 lugng
thudc tinh duge chon béi méd hinh RRF. Khi hiéu
chinh tham s6 y ting 1én (y = 0,5) thi do chinh
xac cia mé hinh GRRF dong thdi s6 lugng thudc
tinh lua chon dé x4y dung ring ciing giam di.

Nhu vay, ti phan tich 6 trén ching ta nhan
thdy ring cAc mé hinh ritng ngau nhién cai tién
RRF, GRRF da tim ra dugc tap con cac gen c6 y
nghia cho viéc phan 16p. Tap #Gen nay c6 s
chiéu nho hon rat nhiéu so véi tap gen ban dau
nhung mo6 hinh GRRF van cho két qua phan 16p
kha t6t, két qua nay cho thay rang phuong phap
nay phu hop véi cac kiéu di liéu c6 s6 chiéu 16n
nhung s6 mau nhd. Nhung khi ching ta quan
tam dén do chinh x4c cia md hinh phan 16p hon
v61 viée tim ra tap gen c¢6 y nghia thi moé hinh
GRF 14 lua chon t61 uvu.

6. KET LUAN

Trong bai bao nay, ching t6i da trinh bay
cac phuong phap ring ngiu nhién cai tién (riing
ngiu nhién diéu hoa, riing ngiu nhién diéu hoa
c6 diéu huéng, riing ngau nhién c6 diéu hudéng.
Nhiing phuong phap phan 16p nay phu hgp véi
bai toan c6 s6 chiéu cao nhung ¢d miu lai nhd
hon rat nhiéu so véi s chiéu, day chinh 1a dic
thul ctia cac bai toan phan loai di liéu biéu hién
gen. Két qua thuc nghiém trén 8 bo dii liéu gen
khéc nhau cho ching ta thay tiy thudc vao muc
tiéu bai toan ma ching ta chon phuong phap

phéan 16p cho thich hgp: Khi ching ta quan tam
d6 chinh x4c phéan 16p cia m6 hinh hon tip gen
c6 y nghia thi GRF 1a gidi phap phu hop; ngudge
lai trong trudng hop ching ta mong muén tim
ra nhiing gen c¢6 anh hudng dén bién dich véi s6
lugng it nhat thi GRRF 12 md hinh phu hgp hon
ca trong cac md hinh dudc dé cap 6 trén.
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