ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/278030034

A New Feature Sampling Method in Learning Random Forest for SNP Data
Analysis (PHUONG PHAP LAY MAU THUOC TINH MG TRONG RUNG NGAU
NHIEN CHO PHAN TICH DU LIEU SNP)

Article - March 2015

CITATIONS READS
0 185

4 authors, including:

.. Hong Thi Thu Phan Thuy Nguyen
Université du Littoral Cote d'Opale (ULCO) VNUA

14 PUBLICATIONS 55 CITATIONS 54 PUBLICATIONS 422 CITATIONS

SEE PROFILE SEE PROFILE

&#@%a Thanh-TungNguyen
. Hanoi Water Resources University
22 PUBLICATIONS 158 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Uncertain time series moddelization View project

roject  Vietnam-Belgium project View project

All content following this page was uploaded by Thanh-Tung Nguyen on 12 June 2015,

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/278030034_A_New_Feature_Sampling_Method_in_Learning_Random_Forest_for_SNP_Data_Analysis_PHUONG_PHAP_LAY_MAU_THUOC_TINH_MOI_TRONG_RUNG_NGAU_NHIEN_CHO_PHAN_TICH_DU_LIEU_SNP?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/278030034_A_New_Feature_Sampling_Method_in_Learning_Random_Forest_for_SNP_Data_Analysis_PHUONG_PHAP_LAY_MAU_THUOC_TINH_MOI_TRONG_RUNG_NGAU_NHIEN_CHO_PHAN_TICH_DU_LIEU_SNP?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Uncertain-time-series-moddelization?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Vietnam-Belgium-project?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hong_Phan10?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hong_Phan10?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universite_du_Littoral_Cote_dOpale_ULCO?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hong_Phan10?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Nguyen23?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Nguyen23?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Nguyen23?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thanh_Tung_Nguyen2?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thanh_Tung_Nguyen2?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hanoi_Water_Resources_University2?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thanh_Tung_Nguyen2?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thanh_Tung_Nguyen2?enrichId=rgreq-5c7f19a0c7da8af54b11f38050aa6d02-XXX&enrichSource=Y292ZXJQYWdlOzI3ODAzMDAzNDtBUzoyMzkzOTg1NDk3MTY5OTJAMTQzNDA4ODQ3MDk1OA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

J. Sci. & Devel. 2015, Vol. 13, No. 2: 301-307 Tap chi Khoa hoc va Phat trién 2015, tap 13, sb 2: 301-307
www.vnua.edu.vn

PHUGNG PHAP LAY MAU THUQC TiNH MGI
TRONG RUNG NGAU NHIEN CHO PHAN TiCH DU LIEU SNP

Nguyén Vin Hoang’, Phan Thi Thu Hong, Nguyén Thanh Tung, Nguyén Thi Thiy
Khoa Cong nghé thong tin, Hoc vién Nong nghiép Viét Nam
Email’: nvhoang@vnua.edu.vn

Ngay gui bai: 22.10.2014 Ngay chép nhan: 20.12.2014

TOM TAT

Gan day, cac nghién ctru lién k&t mire toan hé gen (GWAS) da dat dwoc thanh cdng trong viéc xac dinh mot s
bién thé di truyén c6 anh hwéng twong déi I&n t¢i mot sb6 bénh phirc tap. Hau hét cac GWAS st dung cac tiép can
don SNP (da hinh don nucleotide) chi tap trung vao viéc danh gia sw lién hé gitra tirng SNP riéng biét véi bénh. Tuy
nhién, trén thwc té, cac bénh phirc tap dwoc cho 1 lién quan t&i nhitng nguyén nhan phirc tap bao gém nhirng
twong tac réc réi gitra nhidu SNPs. Do d6, cin c6 nhivng cach tiép can khac dé xac dinh sy anh huéng cta cac SNP
ho&c nhitng twong tac phirc tap ctia cac SNP téi bénh. Phwong phap rivng ngau nhién (Random Forest, RF) gan
day da dwoc ing dung thanh cdng trong GWAS cho viéc xac dinh mét s6 nhan té di truyén cé anh hwéng I1&n téi mot
sb bénh phlrc tap. Mdc du RF xt ly tét trén khia canh chinh xac dy doan trén mot sé tap div liéu co kich c& trung
binh, nhwng md hinh RF truyén théng c6 nhiéu han ché trong viéc xac dinh cac SNPs cé y nghia va xay dwng cac
mé hinh dy doan chinh xac. Trong bai bao nay, ching tdi d& xuat mét phwong phap l4y mau hai bwéc dé Iwa chon
cac dac trung cé y nghia trong viéc huén luyén mé hinh rirng ngau nhién. Phwong phap nay cho phép chon ra mét
tap nho cac dac trung c6 lién hé chat ché véi bién dich (bénh), do d6 1am giam sb chiéu va cé thé xt ly tét trén cac
tap div liéu c6 sb chidu cao. Chung ti ciing tién hanh cac thwc nghiém trén hai tap di liéu chudn SNP & mUrc toan
bd hé gen dé lam sang té hiéu qua ctia phwong phap dé xuét.

T khoa: Genome-wide Association Study, hoc may, khai pha di liéu, rivng ngau nhién

A New Feature Sampling Method in Learning Random Forest for SNP Data Analysis

ABSTRACT

Recently, Genome-wide association studies (GWAS) have been successful in the identification of genetic
variants that have effects in some complex diseases. Most GWA studies used single SNP (single-nucleotide
polymorphism) approaches that mainly focused on assessing the association between each individual SNP and the
disease. However, in fact, complex diseases are thought to involve complex etiologies including complicated
interactions between many SNPs. Thus, different approaches are necessary to identify SNPs that influence disease
risk jointly or in complex interactions. Random Forest (RF) method recently has been successfully used in GWAS for
identifying genetic factors that have effects in some complex diseases. In spite of performing well in terms of
prediction accuracy in some data sets with moderate size, RF still suffers from working in GWAS for selecting
informative SNPs and building accurate prediction models. In this paper, we propose a new two-stage sampling
method in learning random forests. The proposed method allows to select a sub-set of informative SNPs which are
most relevant to disease. Therefore, it reduces the dimensionality and can perform well with high-dimensional data
sets. We conducted experiments on two genome-wide SNP data sets to demonstrate the effectiveness of the
proposed method.

Keywords: Genome-wide Association Study, machine learning, data mining, random forest
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1. DAT VAN DE

Cong nghé sinh hoc da dat duge nhiing budc
tién vudt bac trong céng nghé gidi ma trinh tu
gen. Gio day, toan bd hé gen c6 thé dude giai ma
trinh tu dé& dang va nhanh chéng véi chi phi
thap Mardis, 2011). Hé gen dugc giai ma trinh
ty nhanh chéng da tao diéu kién cho nhiing
nghién cu lién két mic toan bd hé gen trd nén
kha thi. Thuc t& 1a nhfing nghién ctiu lién két
muc toan b hé gen (Genome-wide association
studies - GWAS) da gidp x4c dinh dugc nhiéu
bién di gen 14 nguyén nhan dan téi mot s6 bénh
phtic tap (Wellcome Trust, 2007). Nhiéu bién di
gen c6 lién hé véi cac bénh nhu bénh tim mach
(Mohlke et al., 2008), bénh vé mién dich (Lettre
et al., 2008), bénh tiéu dudng (Sladek et al.,
2007) va nhiéu bénh ung thu khac (Easton et
al., 2007; 2008) da dugc xac dinh thong qua cac
nghién ctu lién két miic toan bd hé gen. Hau
hét cac GWAS da dugc tién hanh st dung tiép
can don SNP. Tiép can don SNP st dung chi
xem xét anh hudng cua ting SNP riéng 1é dén
bénh quan tdm. Tuy nhién, cac bénh phitc tap
duge cho rang do su tac dong két hgp ciia nhiéu
SNP (Moore, 2005). Do d6, tiép can don SNP
khoéng x4c dinh dude nguyén nhan di truyén ctaa
nhiing bénh phtc tap 1a két qua ctia su tuong
tac gitia nhiéu SNP. Chinh vi vay, nhiing
phuong phap nghién ctu cho phép phat hién
anh hudng cong tac cua nhiéu SNP dén cac
bénh 1a thuc su can thiét.

Tuy nhién, xét trén quy mé toan b hé gen
s6 luong SNP 1a vb cung 16n. Dii liéu SNP 1a di
liédu vé hang tram ngan SNP dugc 14y mau ti
vai nghin, tham chi chi vai tram ca thé. Do d6
dit liéu SNP c6 s6 lugng thudc tinh 16n hon rat
nhiéu so véi s6 lugng mau. Nhu vay, di liéu
SNP 1a dii liéu c6 s6 chiéu cao va cac md hinh
thong ké truyén théng khong con thich hop dé
phan tich. Ngoai ra, cac nha nghién ctu sinh
hoc tin rang chi c6 mot lugng nhé SNP lién quan
t61 mot loai bénh cu thé nén di lieu SNP 1a di
lidu c6 d6 nhiéu cao. Vi vay, viéc xac dinh nhiing
nhém SNP c¢6 anh hudng 16n t6i bénh 12 mot bai
toan kho.
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2. CAC NGHIEN CUU LIEN QUAN

Trong muc nay ching téi phén tich cac
huéng tiép can da cé cho bai toan phan tich di
liéu SNP. Huéng tiép can don gian nhat 1a kiém
tra tdt ca cac t6 hop SNP c6 thé. Tuy nhién do
s6 lugng t6 hop 1a rdt 16n nén doi héi gia thanh
tinh toan 16n. Tiép can kiém tra t&t ca cac td
hgp gébm 2 SNP da dudge thuc hién va cho thay la
rat ton thoi gian, cu thé can t6i 33 gis dé phan
tich d@ liéu 1.000 truong hgp bénh va 1.000
truong hop doi chiing trén cluster véi 10 cpu
(Marchini et al., 2005). M& rong ra, viéc kiém
tra tdt ca cac t6 hgp SNP sé trd nén khéng kha
thi v& mait tinh toan (Cordell, 2009). Mot tiép
can khac la xay dung mét tap con nhiing SNP ¢6
kha n#ng lién quan t6i bénh thong qua nhiing
kiém tht don bién trén mdi SNP sau d6 kiém
tra tit ca cac t6 hgp SNP trén tap con SNP viia
dugce xay dung. Tiép can nay gitp giam chi phi
tinh toan tuy nhién c6 thé sé loai bd nhiing SNP
ma néu ding ddc lap né it lién quan téi bénh
nhung c6 thé anh hudng 16n t6i bénh trong su
hién dién cia nhiing SNP khac.

Random Forest (RF) 1a mot phuong phap
phan 16p va héi quy dua trén viéc két hop két qua
du doan cia mot sb luong 16n cac cdy quyét dinh.
Trong m6 hinh RF truyén théng méi cay quyét
dinh dudc xay dung ti tap dit liéu dugc 14y nglu
nhién tir tap di liéu ban dau va viéc phat trién cac
nat con t& mét nit cha dya trén théng tin trong
mot khéng gian con cac thudc tinh duge chon ngau
nhién tit khéng gian thudc tinh ban dau (Brieman,
2001). Do d6 RF xay dung cac ciy quyét dinh tu
mot tap con nhiing thudc tinh duge lua chon ngau
nhién va téng hop két qua du doan cta céac cay dé
tao ra két qua du doan cudi ciing. Cac cay quyét
dinh dugc xay dung st dung thuat toan CART
(Brieman, 1984) ma khong thuc hién viéc cit tia
do d6 thu dudc nhiing cdy véi do léch thap. Bén
canh d6, méi quan hé tuong quan gifia cic cay
quyét dinh ciing duge giam thiéu nhd viée xay
dung cac khéng gian con thudc tinh mét cach ngau
nhién. Do d6, viéc két hop két qua cua mot s
lugng 16n nhiing ciy quyét dinh doc lap c6 do léch
thap, phuong sai cao sé giip RF dat duge ca do
léch th&p va phuong sai thap. Nhu vay, su chinh



xac cua RF phu thudc vao chat lugng du doan ctaa
cac ciy quyét dinh va mitc do tuong quan gitia cac
cay quyét dinh. Trong thuc t& RF da trd thanh
mot cong cu tin cay cho phan tich dit liéu déc biét
14 di liéu tin sinh hoc. RF cting da dugc st dung
trong nhiéu nghién ctu phan tich dit liéu SNP
(Bureau et al.,, 2005; Goldstein et al., 2010;
Goldstein et al., 2011; Winham et al., 2012).

Tuy nhién, tiép can cai dat RF ban diu cua
Breiman chi hiéu qua cho phéan tich di liéu c6
s6 chiéu th&p. Bureau va cdng su di cho thay
rang RF cho két qua t6t véi dit liéu SNP d6i
chiing (case-control) véi cd chi 42 SNPs (Bureau
et al., 2005). RF ciing c6 thé ap dung trén cac
tap dii lidu gia lap véi s6 lugng SNP khong qua
1.000 (Lunetta et al., 2004). Do d6 tiép can cai
dat ban d4u caa RF khéng thé ap dung trén di
liéu hang trim ngan SNP. Vi vay, RF hiém khi
dugc ap dung trong phéan tich dd liéu SNP trén
toan hé gen.

Dé c6 thé ap dung RF 1én dii liéu SNP trén
toan hé gen, cdn c6 nhiing cai tién thich hop.
Tiép can cai tién dau tién 14 tham s6 mtry. mtry
12 ¢d cua khong gian con thudc tinh duge 14y
ngiu nhién tit khong gian thudc tinh ban dau dé
x4y dung cic cdy quyét dinh. mtry thuong dudge
14y gia tri méac dinh 1a log,M+1 véi M 14 s6 thudc
tinh trong dii liéu ban ddu. Tuy nhién gia tri
log,M+1 chi thich hgp véi dit liéu c6 s6 chiéu nhd
va hoan toan khéng thich hgp cho dii liéu c6 s
chiéu 16n, déc biét 1a di liéu c6 dd nhidu cao nhu
dii lieu SNP. Trong truong hop dit lieu SNP, néu
mtry qua nhé thi s6 luong SNP duge st dung dé
tao dung cay quyét dinh sé it, hon niia do c6 rat
nhiéu SNP khong lién quan t6i bénh nén cé thé
sé dan t6i viéc chon ra mot tap con SNP ma
phan 16n 1a cac SNP khong lién quan t6i bénh,
diéu nay sé dan tdi viéc tao ra nhiing ciy quyét
dinh c6 chat lugng thap, ti d6 anh hudng t6i
chat lugng du doan cua RF. Do d6, véi dit liéu c6
s6 chiéu cao va nhidu nhu di liéu SNP thi mtry
can phai chon du 16n dé dAm bao su chinh xac
cua du doan (Wu et al., 2012). Tuy nhién, néu
chon mtry 16n thi chi phi tinh toan kém theo sé
16n. Hon niia viéc tim kiém gia tri t6t cho tham
s6 mtry ciing khong kha thi vé mét tinh toan.

Mot tiép can khac dé cai tién RF la thay ddi
phuong phap sinh cac khong gian con thudc tinh
cho xay dung cac ciay quyét dinh. Trong cai dit
cua Brieman, khéng gian con thudc tinh duge
sinh ra bing cach 14y ngiu nhién c6 thay thé ti
khong gian cac thudc tinh ban dau. Viéc 13y
ngiu nhién nay da dan t6i viéc c6 thé sinh ra
cac khong gian con SNP chtia dung hau hét cac
SNP khong cé lién quan t61 bénh va ti d6 tao ra
cay quyét dinh c6 chat lugng du doan thap.

3. PHUGNG PHAP DE XUAT

Nhu da phan tich trong muc 2, tiép can cai
dit ban dau ctia Breiman khéng phu hgp cho
phan tich dii liéu SNP c6 s6 chiéu 1én vi viéc 14y
mAu khéng gian con thudc tinh c6 thé dan téi
viéc chon phai nhiing mau khong tot va két qua
12 nhiéu ciy quyét dinh c6 chat lugng thap dugc
sinh ra. P& khic phuc nhudc diém nay ching toi
dé xuat mot phuong phap 14y mau méi dude tién
hanh theo hai budc.

O bude dau tién ching téi ¢d géng loai bd
nhiing thudc tinh (SNP) khong c6 lién quan téi
bénh (bién phu thuoc, bién dich), ching dude goi
13 nhiing thudc tinh nhiéu. P& thuc hién diéu
nay, trude tién ching t6i bd sung vao tap di liéu
huan luyén nhiing thuoc tinh thuc sy nhiéu
bing cach sinh ngau nhién. Nhiing thuéc tinh
thuc su nhidu nay khong cé gia tri trong viéc du
doan bién dich. Sau d6 RF dugc xay dung ti tap
dii liéu huén luyén da bé sung cac thudc tinh
thuc su nhidu dé wdc lugng mic do quan trong
cua mdi thudc tinh t6i viéc du doan bién dich.
Ta thu thap gia tri mic d0 quan trong 16n nhat
cua cac thudc tinh thuc su nhidu qua méi lan
udc lugng mtic do quan trong cta cac thudc tinh
dé hinh thanh mot miu so sanh. Cuéi cung thuc
hién kiém tht Wilcoxon cho méi thudc tinh dé
kiém tra liéu trung binh hé s§ quan trong cua
thuoc tinh c6 16n hon trung binh ctia mau so
sanh (tic hé s6 quan trong 16n nhat ctia cac
thudc tinh thuyc su nhidu) hay khéng. Tat ca
nhiing thuoc tinh ma kiém thi Wilcoxon c6 p-
value 16n hon mot ngudng cho truée & (gia tri
mac dinh la 0,05) dugc coi 1a nhiing thudc tinh
nhiéu, khong c6 y nghia trong viéc du doan
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thudc tinh phu thudc va dudge loai bd khai tap di
liéu huan luyén.

O budc thi hai, tap cac thudc tinh con lai ky
hiéu 14 X sé dugc phan tach thanh hai tap: tap
cac thudc tinh c6 anh huéng manh téi thudc tinh
phu thuéc, ky hiéu 1a X, va tap cac thudc tinh c6
anh hudng yéu téi thuoc tinh phu thuoc X,,. Dé
tach X thanh hai tap X, va X,,, ching téi tinh
thuc hién kiém thii =2 cho mdi thudc tinh. X, 1a
tap tat cad nhiing thudc tinh (SNP) s6 hiiu p-
value nhé hon ho#c bing 0,05 thong qua kiém
tht +2 va X,, = X\X,.

Cuéi cing dé sinh ra tap con thudc tinh cho
x4y dung cdy quyét dinh, cic thudc tinh sé& dugc
chon ngiu nhién va doc lap véi nhau ti hai tap
X, va X,,. S6 lugng thuoc tinh dugc chon tit mdi
tap phu thudc vao c¢d cia khong gian con thudc
tinh va c¢d cua hai tap X, va X,,. Néu can lay
mtry thudc tinh dé x4y dung khéng gian con
thudc tinh thi mery; = [mtry. (IIX11/]|X]D] thuoe
tinh dugc 14y tit tap X; va gtry, = |mtry. (1%, 1/
[IX])] thudc tinh duge 14y tu tap X, trong d6
IIA]l chi s6 lugng phan ti cta tap hop A. Bing
cach lga chon khong gian con thudc tinh nhu
vay s& dam bao khong gian con thudc tinh luén
chtia dung nhiing thudc tinh c6 anh hudéng 16n
t6i thudce tinh phu thudc dong thoi duy tri dudc
viéc lya chon ngau nhién cac thuoc tinh.

4. KET QUA VA THAO LUAN

4.1. Cac do do dugc udc lugng trong thuc
nghiém

Trong phan thuc nghiém, chiing t6i da ap
dung phuong phap dé xuat (tit day goi 1a nRF),
tiép can cai dit RF ban dau cta Breiman
(Breiman, 2001) (tu day goi la RF) va wsRF (Xu
et al., 2012) trén hai bo di liéu déi ching dé lam
sang t6 hiéu qua cta phuong phap dude dé xuit.
Trong qui trinh tién hanh thuc nghiém, ching

toi st dung phucong phap cua Breiman
(Breiman, 2001) dé tinh toan do do trung binh
(s), @ do tuong quan trung binh (f) va c/s2=fi/s?
dé do luong hiéu ning cia RF. Tudng quan
trung binh A phan 4nh mtc d6 doc lap cta cac
ciy quyét dinh trong ring. D6 do trung binh s
phan anh d6 chinh xac hay chat lugng cua céac
cdy quyét dinh trong ring. P& c6 mo hinh RF
tot, cac cAy quyét dinh phai c¢6 do chinh xac cao
va su tuong quan gifia cac cdy thap, diéu nay
dudc phan anh qua ti s6 f/s?, do d6 c/s2 phan
anh d6 chinh xac téng quat ctia mé6 hinh RF.

Ngoai cac d6 do trén, hai dé do nita cting duge
st dung lam sang td su chinh x4c va hiéu ning
ctia m6 hinh RF 1a Area under the curve (AUC) va
d6 chinh xac kiém thi duge tinh nhu sau:

N
1
Acc = NZ 1(Q(d;, y;) —maxQ(d;,j) > 0)
£ J#Yi

trong d6, I(.) la indicator function va
Q(d;, ) = Xy I(hye(dy) = ) 1a s6 Tugng cay quyét
dinh lga chon d; thudc vao 16p j.

4.2. D@ liéu thuc nghiém

Ching téi ti€n hanh thyc nghiém trén hai
bo di liéu SNP trén toan bo hé gen véi nhiing
tinh chat dugec mé ta trong bang 1, trong dé cot
“Abbr.” chi ra tén viét tat cua cac tap di liéu
dugc st dung trong thuc nghiém.

Tap dit liéu dau tién 1a di liéu bénh chiing
cho bénh Alzheimer (ALZ) chta dung 380.157
SNPs dugc 14y mau tit 188 ca thé ngusi cé tinh
trang than kinh binh thudng (dé kiém chiing) va
176 ca thé ngudi mic bénh Alzheimer (bénh)
(Webster et al., 2009). Tap di liéu thi hai 1a tap
d@ liéu bénh ching cho bénh Parkinson chta
dung 408.803 SNPs dugc 14y miu tit 541 ca thé,
trong d6 271 truong hop kiém ching va 270
trudng hgp bénh (Fung et al., 2006).

Bang 1. M6 ta hai tap dit liéu SNP

Tap dir liéu Abbr. #SNPs # Cases hoac Controls # Classes
Alzheimer ALZ 380.157 364 2
Parkinson PAR 408.803 451 2
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4.3. Két qua thuc nghiém

Bang 2 cho th4dy trung binh d0 chinh xac
kiém tht va AUC cta 3 phuong phap nRF, RF
va wsRF. K&t qua trong bang 2 cho thay nRF va
wsRF ludén cho két qua tot véi cac gia tri mtry
khac nhau. wsRF va RF cho két qua t6t hon khi
mtry 16n hon. nRF véi mtry = \[M,, cho két qua
t6t hon RF va wsRF trén ca 2 bd dii lidu, ¢ day
M, = |IXsll + 11X, ]| 1a s6 lugng SNP con lai sau

khi da loai bé nhiing SNP nhiéu. Nhu vay, nRF
thuc su to6t cho phan tich di lieu SNP c6 s6
chiéu cao vi khong doi héi tham s6 mtry phai
dudc thiét lap qua cao nhu hai phudng phap con
lai nhung van dat dugc két qua tot. Nhu da
phan tich & trén, viéc thiét lap mtry qua 16n sé
dan t6i thoi gian tinh toan rat lau, nRF thuc su
da rat ngin dang ké thoi gian xt 1y, do d6 c6 thé
ap dung cho dit liéu cé s6 chiéu cao.

Bang 2. So sanh sy khac biét gitta cac phuong phap véi cac gia tri mtry khac nhau

Tap di¥ liéu Phwong phap Mtry Values Acc AUC

ALZ nRF \/1717 45 0,907 0,975

wsRF log, M 19 0,561 0,711

wsRF VM 616 0,692 0,757

RF log, M 19 0,530 0,623

RF VM 616 0,632 0,729

PAR nRF JM, 22 0,895 0,959

wsRF log, M 19 0,754 0,850

wsRF VM 638 0,837 0,917

RF log, M 19 0,564 0,722

RF VM 638 0,799 0,848

Bang 3. So sanh su khac biét trong mitc dé chinh xac du doan
khi s6 lugng cAy quyé&t dinh thay d6i
a ~ A . K

Tap di liéu Phwong phap 20 0 80 100 200
ALZ nRF 0,711 0,775 0,791 0,846 0,893
wsRF 0,528 0,588 0,527 0,602 0,593
RF 0,517 0,491 0,505 0,555 0,533
PAR nRF 0,852 0,871 0,858 0,861 0,871
wsRF 0,647 0,680 0,708 0,710 0,745
RF 0,579 0,557 0,553 0,597 0,580

Bang 4. So sanh su khac biét ¢/s2 khi s6 lugng ciy quyét dinh thay déi

K

Tap di¥ liéu Phwong phap 20 0 80 100 200
ALZ nRF 0,711 0,775 0,791 0,846 0,893
wsRF 0,528 0,588 0,527 0,602 0,593

RF 0,517 0,491 0,505 0,555 0,533

PAR nRF 0,852 0,871 0,858 0,861 0,871
wsRF 0,647 0,680 0,708 0,710 0,745

RF 0,579 0,557 0,553 0,597 0,580
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Bang 3 cho thay mtc d6 chinh xac trong duy
doan va bang 4 cho thdy giéi han 16i tong quat
cia cic md hinh RF dugc sinh ra bdi ca ba
phuong phap. C4 ba phuong phap déu duge chay
véi tham s6 mtry dugc nhan gia tri c6 dinh la
[log,(M) + 1] trong khi s6 lugng cay quyét dinh
trong riing dugc diéu chinh trong méi lan chay.
Cu thé ching t6i da tht nghiém ca ba phuong
phap véi s6 lugng cdy quyét dinh thay déi tit 20
t61 200 cay. Két qua da cho thdy rang nRF vugt
troi RF va wsRF vé su chinh xac trong du doan
va muc d6 16i téng quat (c/s2) thap hon so véi
hai phuong phap con lai.

5. KET LUAN

Chung tdi da dé xuat mot phuong phap 14y
mau tap con thudc tinh méi dua trén phan tich
diém yéu cta phuong phap 14y miu trong mé
hinh RF truyén théng dugc dé xuat bdi Breiman.
Phuong phap dé xuat da ddm bio dudc chat
lugng cua cac cdy quyét dinh khi RF duge xay
dyng trén tap dii liéu c6 s6 chiéu cao va do nhiéu
16n trong khi van duy tri dudc tinh ngiu nhién
trong RF. K&t qua thuc nghiém cho thay phuong
phap dé xuat cho mot ké&t qua t6t hon tiép can cai
dit ban dau ctia Breiman cling nhu mot s§ giai
thuat cai tién cta RF gan day. Véi phuong phap
18y mAu dé xuit, RF c6 thé ap dung dé phan tich
cac dii liéu c6 s6 chiéu cao trong d6 di lieu SNP
chi 1a mot truong hop cu thé.
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