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TOM TAT— Hién nay cic mé hinh hoc sau (Deep Learning) tiéu biéu nhw mé hinh mang no-ron tich chdp (Convolutional
Neural Networks - CNNs) ducgc itng dung thanh cong trong bai todn phdn 16p danh, van ban, nhdn dang tiéng néi. Uu diém ciia cdc
mé hinh hoc sdu ld tw dong hoc cdc dic trung cia dif liéu dé thiét lp cdc dic trieng mdi va phan I6p diF liéu. Trong bal b&o nay
chiing 16i dé xudt xdy dung mé hinh kién triic mang no-ron tich chip dé phan [6p dit ligu biéu hién gen microarray cé sé chiéu lom.
Két quda thue nghiém trén 10 tdp diF liéu biéu hién gen microarray digc ldy tir ngdn hang dir liéu y sinh (Kent Ridge) va co s¢ dir
ligu Gene Expression Omnibus (GEO) ciia NCBI cho thdy rang mé hinh mang no-ron tich chdp cé dj chinh xdc cao hon cdc mé
hinh don gian nhu k ling giéng (k Nearest Neighbors - kNN), cdy quyét dinh (Decision Tree - DT). Mang no-ron tich chap dat duoc
do chinh xdc twong dwong véi mé hinh may hoc véc-to ho tro (Support Vector Machines - SVM), rirng ngdu nhién (Random Forest -
RF) va 16t hon so véi Adaboost va Bagging ciia cdy quyét dinh.

Tir khéa— MG hinh hoc sau, mang no-ron tich chdp, phan Iép dit liéu biéu hién gen microarray, k lang giéng, cay quyér dinh,
may hoc véc-to ho trg, rig ngau nhién, Bagging, Adaboost.

I.  GIOI THIEU

Trong nhitng thap ky gan day, mdc du c6 nhidu nghién ctru trong diéu tri bénh ung thu tuy nhién chua mang lai
hi¢u qua thuc sy hiéu qua cho bénh nhén do sy lién quan phirc tap gitra cac yeu t6 di truyen mb hoc, dot bién gen & cac
khdi u (Serlie, 2001). Viée phan 16p chinh x4c cac khdi u rt quan trong va can thiét de chan doan diéu tri bénh ung thu
thanh cong (PaWItan 2005). Bang cach cho phép theo ddi mirc d6 biéu hiéu cia mot sé luong 16n cac gen trong mot thi
nghiém c6 thé kham pha ra vai trd cac gen cu thé trong qua trinh dleu tri bénh (Schena, 1995). Su phat trién cua cac
cong nghé chip dir liéu biéu hién gen da tao ra cac bo dir liéu co s6 mau nho va s chidu rat 16n duge phén tich tur
cuong do biéu hién gen cua céac té bao ung thu thu dugc qua cac thi nghiém microarray goi la dir liéu biéu hién gen
microarray (microarray gene expression data - MGE).

Phén 16p dit liéu c¢6 s6 chiéu 16n thuong dugc biét 1a mot trong 10 van dé khé cua cong ddng khai mo dir liéu
(Yang, 2006). M6 hinh phéan 16p cho két qua t6t trén tap huan luyén nhung c6 Kkét qua thap trén tap kiém tra. Van dé
kh¢ khan thuong gép chinh 1a dir liéu c6 s6 chiéu qua 16n 1én dén hang nghin chiéu va dit liéu tach rdi nhau trong
khong gian ¢6 s6 chiéu 16n nén viéc tim mé hinh phan 16p tt 12 kho khan do c6 quéa nhiéu kha ning lwa chon mé hinh.
Dé tim kiém mot mé hinh phan 16p hiéu qua (phan 16p dit liéu tét trén tap kiém thir) trong khong gian gia thuyét 16n 1a
vAn d& kho. Pa c6 nhiéu giai thuat hoc ty dong dugc nghién ctru phan 16p dir liéu co s6 chiéu 16n nhu k lang giéng kNN
(Fix, 1952), cdy quyét dinh CART (Breiman, 1984) va C4.5 (Quinlan, 1983), Bagging (Breiman, 1996), Adaboost
(Freund, 1995), rimg ngau nghién RF (Breiman, 2001) va mdy hoc véc-to hd trg SVM (Vapnik, 1995).

Nhirng ndm qua, md hinh hoc sau dic biét 1a mang no-ron tich chap CNNs la mé hinh duoc sir dung phd bién trong
cong dong may hoc cho hidu qua trong cic bai toan phan loai hinh anh (Krizhevsky, 2012), phan loai vian ban (Kim,
2014) va gan day da c6 nhiéu nghién ctru stir dung mang no-ron tich chap trong linh vuc tin sinh hoc (Min, 2016) nhu
phan tich Protein (Zacharaki, 2017), phén tich anh y khoa (Li, 2014). Uu diém ciia CNNGs Ia tan dung duoc tinh ning
trich chon dic trung ctia 16p tich chap va bo phéan 16p dugce huan luyén dong thoi. Y tuong hoc cung lic dic trung va
bd phéan 16p c6 thé hd trg v6i nhau trong qua trinh huan luyén va qua trinh phéan 16p tim ra cac tham s phii hop vai cac
véc-to dic trung tim dugc tir 10p tich chap va ngugc lai 16p tich chap diéu chinh cac tham sé cua 16p tich chap dé cho
c4c Véc-to dic trung thu duoc 1 tuyén tinh phu hop véi bd phén 16p cia 16p cudi cung. Dén thoi diém hién nay, chwa
c6 nghién ctru st dung CNN's trong phén 16p dit liéu biéu hién gen MGE. Trong bai viét ndy, ching toi dé xuat huén
luyén md hinh mang tich chap CNNs dé phan 16p dir diéu MEG Vva so sanh hiéu qua cia CNNs v&i cac giai thuat khac
nhu k lang giéng (KNN), cdy quyét dinh (DT), may hoc véc-to hd tro (SVM), rimg ngau nhién (RF), Bagging,
Boosting. Két qua thuc nghiém trén 10 tap di liéu biéu hién gen MEG tir kho Kent Ridge (Jinyan & Huiging, 2002),
GEO (Edgar et al., 2002) cho thdy ring mang no-ron tich chap CNNs dat dugc do chinh xac tuong dwong véi mé hinh
méy hoc SVM, rimg ngau nhién RF va tot hon so vai k lang giéng kNN, cay quyét dinh DT, Adaboost va Bagging.

Phan con lai ctia bai viét dugc to chirc nhu sau. C4c nghién ctru lién quan vé mé hinh phén 16p dir liéu biéu hién
gen MGE dugc trinh bay trong phan II. M6 hinh mang no-ron tich chdp phén I6p dit li¢u biéu hi¢én gen MGE dugc
trinh bay trong phan II1. Két qua thye nghiém s& dugc trinh bay trong phan IV trudce khi két luan va hudng phat trién
trong phan V.

Il.  CAC MO HINH PHAN LOP DU LIEU BIEU HIEN GEN MICROARRAY
M6 hinh k ling giéng gan (k Nearest Neighbors — kNN)

Giai thudt kNN (Fix & Hodges, 1952) la mdt gidi thuat hoc don gidn nhung cho hiéu qua cao trong khai pha dir li¢u
(Zhou, 2009). Giai thuit KNN khong c6 qué trinh hoc. Khi du doan 16p (nhdn) ciia mdt phan tir X méi dén, giai thuét
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kNN tim trong m phan tir cta tip hudn luyén k lang giéng ctia X, sau d6 thyc hién gan 16p cho x dya vao lut binh chon
$0 dong tir cac 16p cua k lang giéng.

Nhiéu nghién ciru sir dung KNN dé phan 16p dir liéu MGE bdi tinh don gidn nhung cho két qua tbt. Li va cac cong
su sir dung giai thuat di truyén dé giam chiéu va phan 16p bénh Lymphoma bang KNN (Li, 2001). Nghién ctru ctia
Doudoit va cs (Dudoit, 2002) d so sanh va chimg minh KNN dat két qua phan 16p tét. Tap dir liéu MEG vé bénh
Prostate Cancer dung KNN phan 16p dat két qua chinh xac 90% (Singh, 2002). Ngoai ra KNN dugc sir dung trong nhiéu
nghién ctru phéan 16p dir liéu MGE trong cac nghién ctru da dugc cong bd trong nhitng nim gan day (Liu, 2002), (Pan,
2004), (Yao, 2006), (Deegalla, 2007), (Parry, 2010), (Su, 2011), (Halder, 2014), (Halder, 2015).

M6 hinh cay quyét dinh (Decision Trees — DT)

Mb hinh may hoc cay quyét dinh DT (Breiman et al., 1984), (Quinlan, 1993) 1a mé hinh méay hoc tu dong duoc sir
dung rat nhiéu trong khai mé dir liéu (Zhou, 2009) véi tinh don gian va hiéu qua.

Gia sir tap dir liéu c6 m phan tir X1, X2, Xm trong khdng gian n chiéu c6 16p tuong tng 1a y1 y2....ym. Giai thuat ciy
quyét dinh x4y dung cdy bat dau tir ntit gbc dén nut 14. bay 1a giai thuat ¢ quy phan hoach tép dir liéu theo cac bién
doc lap thanh céc siéu chir nhét roi nhau ma ¢ d6 cac phan tir dit liéu X;, X;.. Xk ciia phan vung (nit 14) c6 cac yi, yj....pxla
thuan khiét (giéng nhau trong van dé phan 16p). Giai thuat ciy quyét dinh thuc hién 2 budc xay dung cdy va cat nhanh
dé tranh hoc vet.

M6 hinh cay quyét dinh ciing duoc sir dung dé phan 16p dit liéu MEG nhu trong nghién ctru cta Netto (Netto,
2010) dé phan 16p dir liéu bénh Leukemia, nghién ctru cta Snousy (Snousy, 2011) dé phéan 16p dir liéu ung thu trén
toan bo cac gen khong giam chiéu. Ngoai ra, md hinh ciy quyét dinh duoc sir dung trong mot sé nghién ctru khac nhu
(Ulfenborg, 2013), (Ludwig, 2015).

Mé hinh Bagging va Boosting

M0 hinh Bagging (Bootstrap AGGregatING) dugc (Breiman, 1996) dé xuit nham giam 16i variance nhung khong
lam tang 15i bias quéa nhiéu. Giai thuat Bagging xay dung mé hinh gdm ba cac budc: dau tién tur tp dir liéu hoc LS ¢6
m phan tir, xdy dung T mé hinh co s& doc 1ap nhau, mé hinh thir t dugc xay dung trén tdp mau bootstrap thir t (1dy mau
m phan tir c6 hoan lai tir tap hoc LS). Du doan 16p ciia phan tir méi dén véi chién luge binh chon s dong thu dwoc tir
dy doan 16p ciia T mo6 hinh co sé.

Mb hinh Boosting v6i gidi thuat tiéu biéu Adaboost cua (Freund & Schapire, 1995) 1a mot phuong phap tong quat
de cai tién do chinh xéac cua cac bo phén 16p yéu. M6 hinh Adaboost dugc xay dung bang cach lap lai viéc huan luyén
tudn ty cac bo phan 16p yéu T 1dn, mdi 1an 1ap huan luyén bd phan 16p yéu tir dya trén tap dit lidu dugc 1y mau tir tap
huin luyén tap trung Vao cac phﬁn tir bi phan 16p sai trong c4c 1an ldp truée d6. Phan loai phan tir méi sir dung két qua
binh chon trong s6 tir T bo phan 16p yéu.

M6 hinh Bagging va Boosting duoc (Tan, 2003) st dung dé phan loai 7 tap dir liéu MGE d4 cho thiy hiéu qua cia
Bagging va Boosting t6t hon so v&i cdy quyét dinh. Bagging dugc két hop v6i Boosting qua nghién ciru cua (Dettling,
2004) dé phan 16p bénh ung thu. Nghién ctru cta (Osareh, 2013) di so sanh hiéu qua cua giai thuat Adaboost, Bagging
véi cac phuong phap khac trén 8 tap ditr liéu MGE, giai thuat Adaboost va Bagging dat hiéu qua cao trén da sé cac tap
dwr liéu da chon.

M6 hinh Rirng ngiu nhién (Random Forest - RF)

Rimg ngau nhién (Breiman, 2001) 1a mot trong nhiing phuong phap tap hop mé hinh thanh cong nhét. Giai thuat
rimg ngau nhién xay dung cdy khong cit nhéanh nham giit cho bias thap va dung tinh ngau nhién dé diéu khlen tinh
tuong quan thap giita cac cay trong rumg. Rimg ngau nhién RF tao ra mot tap hop cac cay quyét dinh khong cat nhanh,
moi cay dugc xay dung trén tdp mau bootstrap, tai mdi nat phan hoach t6t nhit dwoc thyc hién tir viéc chon ngiu nhién
mot tap con cac thudc tinh. Loi tong quat ctia rimg ngau nhién phu thudc vao do chinh xac cua ting cay thanh vién
trong rimg va su phu thudc 1an nhau gita cdc cdy thanh vién. Giai thuat rimg ngau nhién cho do chinh x4c cao khi so
sanh véi cac thudt toan hoc cd giam sat hién nay, chiu dung nhiéu tét.

Nghién ctru tiéu biéu cho thiy hiéu qua st dung rimg ngiu nhién dé phéan 16p 9 tap dit liéu MGE cta (Diaz-Uriarte,
2006) so v&i cac md hinh kNN va SVM. Rirng ngau nhién cho thiy hiéu qua ot hon khi thuc hién phan 16p cac tap dit
liéu y sinh v6i sb chiéu cuc 16n khi dugc so sanh véi cac giai thuat Bagging va kNN qua cac nghién ctru (Statniko
2008) va (Pirooznia, 2008). Mot sé nghién ciru cai tién giai thut rimg ngiu nhién nhu (Do Thanh Nghi, 2010), (P
Thanh Nghi, 2016) cai thién hiéu qua cua rung ngau nhién cao hon so véi tiép can truyén théng va twong duong véi
SVM. Véi higu qua cao giai thuat ring ngau nhién duge sir dung nhiéu trong cic nghién ctru phan 16p dit liéu MGE
(Moorthy, 2011), (Chen, 2012), (Aytekin, 2016), (Nishiwaki, 2017).

M6 hinh mdy hoc véc-to' hé tro (Support Vector Machines — SVM)

Mo hinh may hoc SVM dua trén 1y thuyét hoc thong ké ctia Vapnik (Vapnik, 1978). Trong van dé phén 16p nhi
phan (2 16p duong va am), giai thuat SVM (Vapnik, 1995) tim siéu phang t6i wu dé cho phan hoach cac diém dir liéu
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thanh 2 phan sao cho cac diém cung mot 16p nim vé mot phia cia siéu phang Siéu phing t6i uu la siéu phang tach 2
16p ra xa nhit c6 thé dua trén 2 siéu phang hd trg song song cua 2 16p, siéu phing phan lop t6i wu 1a siéu phang nam
gifta 2 siéu phing hd trg. Khoang cach giira 2 siéu phang hé trg dugc goi la 18. C6 thé thay rang 1& phan hoach cang 16n
thi mo hinh phan 16p cang an toan. Nhirng phin tir ndm nguoc phia voi siéu phing hd trg dugc coi nhu 16i. Giai thuat
SVM tim siéu phang t01 wu can phai cuc dai hoa 1& va cyc tiéu hoa 101 Trong phan 16p da 16p (nhidu hon 2 16p), SVM
c6 thé xdy dung truc tiép mé hinh t&i wu cho k 16p (k>2) nhu dé xut ciia (Weston, 1999). Trong thyc té c6 ba phuong
phap duoc st dung 1a mot chdng lai tat ca 1-vs-all cua (Vanik, 1995), mot — mot 1-vs-1 cua (Krebel, 1999) va phan
tach hai nhém cua (Vural, 2004).

May hoc véc-to hd tro dugc sir dung nhiéu dé phan 16p dit liéu MGE nhu nghién ctru ciia Mukherjee (Mukherjee,
1999) phan loai bénh Leukemia thu dugc d6 chinh xac dat 100% trén tap dir liéu c6 7129 gen. Nghién ciru ctua Furey
(Furey, 2000) sir dung SVM dé phén 16p bénh Ovarian bang k¥ thuat xép hang gen dé giam chiéu va ding SVM dé
phan 16p. Noi bat nhat va duoc trich ddn nhiéu nhét 14 nghién ctru cia nhom tac gia Isabelle Guyon (Guyon, 2002) da
sit dung SVM dé giam chiéu va xdy dung mé hinh phan 16p véi d6 chinh x4c cao khi phan 16p dir liéu MGE thu tir
bénh ung thu dai trang. Két qua cta nghién ciru nay cho thiy SVM c6 hidu qua tot véi do chinh xac 98%. Ngoai ra
nghién cru cua Guyon da chimg minh duoc cac gen dugc lua chon béang ky thuat SVM s& xay dyng dugc bo phén 16p
t6t hon _trong viéc phén loai bénh ung thu. SVM con dugce str dung trong rat nhiéu nghién ctru khac nhu trong nhiing
nim gan day nhu (T. Li, 2004), (Chuang, 2005), (Phan, 2005), (Huerta, 2006), (Alba, 2007), (Hsieh, 2010),
(Vanneschi, 2011), (Nagi, 2012), (Statnikov, 2013), (Vanitha, 2015), (Cogill, 2016).

11, MO HINH MANG NO-RON TiCH CHAP PHAN LOP DU LIEU BIEU HIEN GEN MICROARRAY
Mgang No-ron tich chdp

Mang no-ron tich chdp (CNNs) (Lecun, 1998) 1a mot mé hinh hoc séu c6 thé xdy dung dugc cac hé thong phan loai
v6i d6 chinh xé4c cao. Y tudng cia CNNs dugc 1y cam hing tir kha nang nhan biét thi giac cta by ndo nguoi. Dé co
thé nhan blet duoc cac hinh anh trong v6 ndo nguoi ¢6 hai loai té bao 1a té bao don gian va té bao phirc tap (Hubel,
1968). Cac té bao don gian phan ng v6i cac mau hinh dang co ban ¢ cac vung kich thich thi gidc va cac té bao phuc
tap tong hop thong tin tir cac té bao don gian dé xac dinh cac mau hinh dang phirc tap hon. Kha ning nhén biét cac
hinh anh cta ndo nguoi la mot hé théng xU 1y hinh anh ty nhién manh mé va ty nhién nén CNNs dugc phat trién dua
trén ba y tuong chinh: tinh két ndi cuc bo (Local connectivity hay compositionality), tinh bat bién (Location
invariance) va tinh bat bién d6i v6i qua trinh chuyén ddi cuc bé (Invariance to local transition) (LeCun, 2015). CNNs la
mdt dang mang no-ron chuyén dung dé xu 1y cac dir liéu dang ludi 1 chiéu nhu dit liéu Am thanh, dit liéu MGE hodc
nhiéu chiéu nhu dit liéu hinh anh, video.

Céu triic co ban ciia CNNs gdm cac 16p tich chap (Convolution layer), 16p phi tuyén (Nonlinear layer) va 16p loc

(Pooling layer) nhu hinh 1. Céc 16p tich chap két hop vai cac 16p phi tuyén sir dung cac ham phi tuyén nhu ReLU hay
tanh dé tao ra thong tin triru twong hon (Abstract/higher-level) cho cac 16p tiép theo.

Input layer (51) 4 feacure maps

(C1) 4 feature maps (52} 6 feature maps (C2) & feature maps

| convolution layer | sub-sampling layer | convolution layer | sub-sampling layer | fully connected MLPl

Hinh 1: Cu triic co ban ciia mang No-ron Tich chap (Lecun, 1989)

Céc 16p lién két trong CNNs dugc voi nhau thong qua co ché tich chép. Lop tiép theo 1a két qua tich chap tir 16p
trude do vi vdy CNNs c6 duge cac két ndi cyc bo vi moi no-ron ¢ 16p tiép theo sinh ra tir mot bo loc duge ap dat 1én
mdt vung cuc b cua 16p trude do. Nguyén tac nay duoc goi 1a két ndi cuc bo (Local connectivity). Mdi 16p nhu vay
dugc ap dat cac bo loc khac nhau. M6t 86 16p khac nhu 16p pooling/subsampling duing dé loc lai cac thong tin hitu ich
hon bang cach loai bo cac thong tin nhleu Trong sudt qué trinh huan luyén, CNNs s& tyr dong hoc cac tham sb cho cac
16p. Lép cudi cing duoc goi 1a 16p két ndi day du (Fully connect layer) dung dé phan 16p.

Mang no-ron tich chip dung dé phén 16p dir liéu MGE c6 kién trac mang gom nhiéu ting. Lép dau vao cua mang
(Input layer) 1a mot ma tran cuong do bleu hién gen cua dir liéu MGE. Lop dau ra cua mang (Output layer) 1a s6 16p
cua dit li¢u. Gilra 16p dau vao va dau ra gdm nhiéu tang tich chép va mot 16p ket nbi day du. Mdi tang gdm mét 16p
tich chap, mot 16p phi tuyén va mot 16p loc. Dit lidu khi duge huin luyén qua cac ting tich chap s& dugc phan 16p & 16p
két ndi day di st dung bd phan 16p Softmax.
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Lép tich chap (Convolution)

Tich chap dugc sir dung dau tién trong xr ly tin hiéu s0. Nho vao nguyén 1y bién doi thong tin c6 thé ap dung ki
thuat nay vao xir Iy anh va video sd. Trong 16p tich chép s dung mét bo cac bo loc co kich thude nho hon véi ma tran
dau vao va ap 1én mot ving cia ma tran dau vao va tién hanh tinh tich chap giira bo filter va gia tri cia ma tran trong
vung cuc bo do. Cac filter s€ dich chuyen mot budce trugt (Stride) chay doc theo ma tran dau vao va quét toan bd ma
tran. Trong s6 cua filter ban dau s& dugc khoi tao ngiu nhién va s& dugc hoc dan trong qua trinh huén luyén mé hinh.

Lé&p phi tuyén Relu (Rectified linear unit)

Gia st mang CNNs ¢6 L 16p c6 16p input 1a 16p thir 0. Mang s& ¢6 L ma trén trong s6 w duoc ky hi¢u la W' €

Rd(l_md 1 =1,2...Trong d6 W'la cac két ndi tir 16p thr I-1 dén 16p thi |, phan tir w thé hién két ndi ctia no-ron thir i

ctia 16p (I-1) dén no-ron thir j cta 16p I. Cac bias th (1) dugc ky hiéu 1a b' € R, De thuc hién phéan 16p c6 két qua toi

vu 13 qua trinh di tim b tham s w va b. Mdi no-ron khéng phai 16p input duogc tinh bang cong thirc:
D = F(wTa + ) ®

Trong cong thuc (1) f1a mdt ham kich hoat phi tuyén dugc ap dung cho mot ma tran. Trong kién trac mang CNNs
thuong sir dung ham kich hoat f(x) = max(0,x) chuyén toan bg gia tri am trong két qua l4y tir 16p tich chap thanh gié tri
0 dé tao tinh phi tuyén cho mé hinh goi 1a Relu. Ngoai ra con ¢6 nhiéu ham kich hoat khic nhu signmod, tang nhung
ham relu dé cai dit tinh toan nhanh va hiéu qua (Krizhevsky, 2012)

Lop Pooling

Lép Pooling st dung mdt ctra $6 truot quét qua toan bg ma tran dir liéu theo mét budce trugt cho trude dé tién hanh
ldy mau. Cac phuong thirc 1dy phé bién trong 16p Pooling 1a MaxPooling (liy gia tri 1on nhét) MinPooling (liy gia tri
nho nhét) va AveragePooling (liy gia tri trung binh). Cong dung cua 16p Pooling ding dé giam kich thudc dit liéu, cac
tang trong CNNs chdng 1én nhau €6 16p Pooling ¢ cudi moi tang gitip cho kich thude dir liéu duoc co lai nhung van
giita dugc cac dic trung dé 14y mau. Ngoai ra giam kich thudce dir liéu s& giam sb luong tham s cua mang ting tinh
hiéu qua va kiém soat hién tugng hoc vet (Overfiting)

Lé6p két nbi day da (Fully connect layer)

Lop két ndi day du 1a mot 16p gidng nhu mang no-ron truyén théng cac gia tri dugc tinh todn tir cac 16p trude s€
dugc lién két day du vao trong no-ron cua 16p tlep theo. Tai 10p két nbi day du s& tién hanh phén 16p dir liéu bang cach
kich hoat ham softmax dé tinh xac suit & 16p dau ra.

M®& hinh mang No-ron tich chdp phén lop dii ligu MGE

Dir liéu MGE da dugg chuén ho4 12 mot ma tran co cac dong tuong Ung cac méau bénh con cac cot tuong Ung voéi
Ccac gen, gia tri tai mot diém trong ma tran 1a cuc‘mg do biél} hién gen cua ma“u} thir dir liéu twong ung vai gen tai cot do.
Nhu vay dir liéu MGE c6 déc diém dang luéi 1 chiéu co6 thé sit dung CNNs dé phan 16p.

Mo hinh CNNs dung dé phan 16p dir liéu MGE ¢6 cdu triic nhu hinh 2. Lép du vao nhan dau vao la dir liu biéu
hién gen. Cac tang tich chap 16p tich chap (Convolution 1D), 16p loc (Maxpooling 1D), 16p phi tuyén Relu chong 1én

nhau goi 1a 1 tang. M6 hinh gdm nhiéu tang cuia 3 16p trén xép chdng 1én nhau. Sau khi di liéu dugc trich suit qua cac
tang tich chap duoc dua vao mot 16p két ndi day du va duge phan 16p tai 16p dau ra.
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Hinh 2. M6 hinh CNNss phén 16p dir liéu MGE

Mang CNNs s& duoc huén luyén trén cac tap dir liéu MGE, ban chat qua trinh huan luyén 1a sy thay d6i cac trong
sO lién két cta mang. Trong qua trinh nay, céc trong sO clia mang s& hoi tu dan t6i cac gid tri sao cho voi mdi vector
dau vao tr tap huin luyén, mang s& cho ra vector dau ra nhu mong mudn. Dé c6 duoc bd tham sb cho hiéu qua phan
16p tdt can dleu _chinh cac tham s6 cua mang nhu do dai cac bo loc trong cac 16p tich chap va pooling. Dbi voi cac tap
dir ligu co s6 mau nho va sé chiéu rat 16n khi huin luyén d& xay ra hién tuong overfiting. Khi d6 mang hoc c6 két qua
rat tbt trén tap hudn luyén nhung cé két qua thip trén tap kiém tra. Hién tuong ndy xay ra do khi mang dugc huin
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luyén, mang chuyén tor cac ham anh xa don gidn dén cac ham anh xa phuc tap. Mang s€ dat dugc mét cAu hinh téng
quét hoa t6t nhat tai mot diém nao do trong qua trinh hoc. Sau thoi diém d6 mang bi mo hinh hoa nhidu, nhiing gi
mang hoc dugc s& tré thanh overfiting. Trong truong hop nay chiing t6i sir dung k¥ thuat huén luyén dimg som (Early
stop traning) dé chon dugc mo hinh c¢6 két qua tot nhat nhung khong bi overfiting.

IV. KET QUA THU'C NGHIEM

Chung t6i cai dat mo hinh CNNs bang ngon ngir Python, sir dung thu vién Tensorflow (Martin, 2015) va Keras
(Chollet, 2015). Cac giai thuat kNN, DT-C4.5, RF-C4.5, Bagging-C4.5, Adaboost ciing dugc cai dit bang ngdn ngit 1ap
trinh Python c6 ké thira tir ma ngudn C4.5 duoc cung cap boi (Quinlan, 1993) va thu vién Sklearn (Pedregosa et al.
2011). Ddi véi giai thuat SVM, chiing toi str dung thu vién LibSVM cua (Chang, 2011). Chiing t6i chay thuc nghiém
trén moi truong véi CPU Intel Xeon 3.07GHz, b nhd RAM 8GB, hé diéu hanh Fedora.

Dir liéu thwe nghiém

Dé so sanh CNNs véi cac md hinh khac chung t6i st dung 10 tap dit liéu tir cdc nghién ctru biwéu hién gen cua bénh
ung thu duge da duge cong bo cong khai tai Kent Ridge (Jinyan, 2002) va kho co s¢ dir liéu biéu hién gen GEO cua
NCBI (Edgar, 2002). Dt liéu thuc nghiém c6 tinh da dang bao gom cac tap dir liéu 2 16p, 3 16p; 7 tap khong co tap dir

lidu kiém tra, 3 tap dir lidu c6 tap kiém tra. Thong tin chi tiét cia cac tap dit liéu dwoc trinh bay trong bang 1.

Bang 1: Mo ta cac tap dir liéu biéu hién gen microarray

TT tap dir liéu Tén tap dir liéu S6 miu | S6 chiéu | S616p | Nghi thirc Ngudn
1 Lung Cancer 181 12533 3 loo Gordon, 2002
2 MLL 30 12582 3 trn-tst Armstrong, 2002
3 Breast Cancer 72 7129 2 trn-tst Veer, 2002
4 Brain Tumor 118 22215 5 loo Pomeroy, 2005
5 Breast Cancer 96 7129 2 loo Chin, 2006
6 Lung Cancer 77 7129 2 loo Beer, 2002
7 Cron Cancer 30 4522 3 loo Burczynski , 2006
8 Colon Cancer 62 2000 2 loo Alon, 1999
9 Breast Cancer 104 22283 2 loo Chowdaly, 2006
10 Prostate Cancer 102 12600 2 trn-tst Singh, 2002

Thuwc nghiém

Dbi véi céc tap dir liéu khong san co tap kiém tra, chung 61 dung giao thirc kiém tra chéo leave-one-out (100) vi cac
tap dit liéu nay ¢6 phan tir nhé hon 300. Ching tdi tién hanh danh gia hiéu qua ctia cac mo6 hinh phan 16p dya trén cac
tiéu chi danh gia nhu Precision, Recall, F1-measure va Accuracy (Rijsbergen, 1979).

M6 hinh CNNs duoc hudn luyén véi tde do hoc 14 0.01, sir dung ham kich hoat softmax trong 16p day du. Ham kich
hoat Relu dugc st dung toan bd trong cac tﬁng an cua 16p tich chép, s6 1an hoc nhiéu nhit cua mang 1a 100 lan. Kién
tric mang co ban gom: Lép déu vao —Céc tang [Lép Convolution — Lép Maxpooling — Lép Activation]—Lép dau
ra.. Khi hudn luyén mang chiing t6i chon tham s6 Batch size=32 dé chon kich thudc miu duoc hoc va diéu chinh cac
tham s trong cac 16p cia mang dé c6 do chinh xac t6t nhat. SO 1an huan luyén mang t6i da 1a 100 1an. M6 hinh c6 két
qué phan 16p tot nhat trén tap hudn luyén s& dugc chon s& duoc kiém tra trén cac tap kiém thir && danh gi.

Dbi voi md hinh kNN chung t6i thir nghiém véi nhiéu tham sé k (k=1,3,5,7) dé chon két qua tbt nhat. Di véi cac
phuong phap tp hop m6 hinh ching t6i chay thi nghiém voi nhiéu s6 lugng cdy quyét dinh khac nhau dé chon két qua
t6t nhat. S§ cay quyét dinh duoc thir nghiém tr 10 cay dén 350 cay. Qua thuc nghiém chung t6i thiy duoc giai thuat
RF xay dung 200 cay quyet dinh s&€ dam bao duogc do chinh xac cao con cac giai thuat Bagging, Boosting xdy dung s6
cdy nho hon 50 cay quyét dinh dé dam bao dugc do chinh xac tot nhét. Giai thuat SVM sir dung ham nhén tuyén tinh 1a
phan 16p tét nhit cac tap dir liéu MGE. Két qua thu dwoc tir cac md hinh phan loai (v&i cac tham sé t6i uu) nhu trinh

bay trong bang 3, 4, 5 va 6.

Bing 3: Két qui phan 16p ctia 7 giai thudt trén 10 tap dit lidu voi tiéu chi danh gia Accuracy (%)

TT tap dit liéu DT kNN RF BagDT| Adaboost SVM CNNs
1 94.63 93.96 100 99.33 94.63 98.66 100
2 100 100 100 100 100 100 100
3 52.63 63.16 89.47 68.42 63.16 68.42 78.95
4 74.7 91.57 100 97.59 68.67 100 100
5 65.56 87.78 82.22 83.33 65.56 86.67 85.56
6 77.97 88.14 86.44 90.68 86.44 87.29 88.14
7 100 98.96 98.96 98.96 98.96 98.96 95.3
8 60.63 77.17 80.31 77.95 67.72 94.49 88.98
9 89.42 91.35 96.15 95.19 95.19 97.12 97.12
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10 | 55.88 | 73.53] 88.24 | 85.29 47.06] 94.12] 97]

Bing 4: Két qua phan 16p ciia 7 giai thuat trén 10 tap dit liéu voi tidu chi danh gia Precision (%)

TT tap dir liéu DT kNN RF BagDT | Adaboost SVM CNNs
1 95.94 96.22 100 99.33 95.94 98.82 100
2 100 100 100 100 100 100 100
3 54.01 67.54 89.47 68.42 60.53 67.22 79.1
4 76.3 91.62 100 96.53 65.59 100 100
5 66.16 82.03 77.74 80.36 66.16 82.82 85.56
6 84.64 89.33 88.11 90.26 86.35 87.26 88.14
7 97.92 99.05 98.97 100 97.92 99.05 95.3
8 57.92 77.19 84.7 75.32 70.03 93.9 80.65
9 90.38 91.39 96.2 95.3 95.3 97.14 97.12
10 95.94 96.22 100 99.33 95.94 98.82 100

Bing 5: K&t qua phén 16p cua 7 giai thudt trén 10 tap dit liéu véi tidu chi danh gi4 Recall (%)

TT tip dir liéu DT kNN RF BagDT | Adaboost SVM CNN
1 94.63 93.96 100 99.33 94.63 98.66 100
2 100 100 100 100 100 100 100
3 52.63 63.16 89.47 68.42 63.16 68.42 78.95
4 75.9 91.57 100 96.39 66.27 100 100
5 60 86.67 82.22 85.55 65.55 86.67 85.56
6 84.75 88.14 87.29 89.83 86.44 87.29 88.14
7 97.92 98.95 98.96 100 97.92 98.95 95.3
8 58.26 77.165 80.31 76.37 82.26 93.7 80.65
9 90.38 91.35 96.15 95.19 95.19 97.16 97.12
10 55.88 73.53 92.59 85.29 47.06 94.12 97

Bang 6: Két qua phan 16p cua 7 giai thuat trén 10 tap dir lidu vai tidu chi danh gia F1 (%)

TT tip dir liéu DT KNN RF BagDT | Adaboost SVM CNN
1 95.02 94.55 100 99.32 95.02 98.69 100
2 100 100 100 100 100 100 100
3 53.18 63.78 89.47 68.42 60.18 67 78
4 75.52 91.52 100 96.38 62.19 100 100
5 62.78 84.56 77.96 82.11 64.55 84.57 85.56
6 84.66 87.61 86.79 89.56 86.28 87.1 88.14
7 97.92 98.98 98.93 100 97.92 98.98 95.3
8 57.9 76.34 76.76 75.28 68.92 94.46 80.65
9 90.38 91.29 96.14 95.16 95.16 97.12 97.12
10 55.02 62.31 86.21 83.13 454 93.86 97

Két qua phan 16p cua 10 tap dir lieu MEG véi cac tiéu chi danh gia Precison, Recall, F1 va Accuracy cua 7 giai
thuat DT, kNN, RF, BagDT, Boosting, SVM va CNNs tu cac bang 3, 4, 5, 6 cho théiy CNNs c6 d0 chinh xac
(Accuracy) t6t nhat voi két qua tot nhat 5/10 tap dir lidu, ké tiép 14 SVMs va RF co két qua tot 4/10 tap dir licu.
Adaboost ¢ két qua thip nhung tréi hon mét it 1a DT, kNN va BagDT. Ddi véi tiéu chi Precision, CNNs, RF va SVM
turong dwong nhau c6 két qua tot nhit 4/10 tap dir liéu, Bagging c6 két qua tdt nhit trén 3/10 tap dit liéu cao hon DT,
Adaboost va KNN. Panh gi tiéu chi Recall, CNNs c6 két qua twong dwong RF khi t&t nhat 4/10 tap dit liéu va chi thip
hon SVM trén 1 tap dir liéu, Bagging c6 két qua tot nhat 3/10 tap dit liéu cao hon cac giai thuat DT, Adaboost va KNN.
V6i tiéu chi F1, CNNs c6 két qua tét nhat trén 6/10 tap dit liéu tréi hon SVM va RF ¢6 két qua tét trén 4/10 tap dit liéu
va tot hon tat ca cc giai thuat khac. Dic biét CNNs c¢6 két qua chinh x4c tdng hop cao hon cac giai thuat khac trén cac
tap dir liéu ¢6 sd chiéu 16n hon 10000 chiéu nhu cac tdp Lung Cancer (12533 gen), MLL (12582 gen), Brain Tumor
(22215 gen), Breast Cancer (22283 gen) va Protates Cancer (12600 gen).

Hinh 3 va 4 thé hién biéu do truc quan so sanh két qua ciia tiéu chi danh gia Accuracy va Precision ciia 7 giai thuat
trén 10 tap dir liéu. Hai bi€u d6 nay chi ra rang dugc giai thuadt CNNs c6 hiéu qua tot twong duong voi SVM va giai
thuat RF.
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V. KET LUAN VA HUONG PHAT TRIEN

Chung t6i vira trinh bay dé xuit huan luyén mo hinh mang tich chap CNNs dé phan loai dit liéu biéu hién gen MGE
va so sanh hiéu qua ctia mo hinh dé xuit véi cac mé hinh kNN, ciy quyét dinh, Bagging, Adaboost, rimg ngau nhién va
méy hoc véc-to hd trg. Két qua thyc nghiém trén 10 tap dir liéu biéu hién gen cho thdy mo hinh CNNs c6 thé phan 16p
véi do chinh xac cao hon cac mo6 hinh hoc nhu KNN, cay quyet dinh va Bagging, Adaboost. Mang tich chap CNNs cho
két qua phan 16p tuong duong véi may hoc SVM va rimg ngau nghién.

Trong tuong lai ching t6i tiép tuc nghién ciru cac md hinh hoc sau dé phan loai dir lleu MGE bing céch tinh chinh
cac tham soO cua mang va xay dung cac bd phan 16p khac sau khi dit liéu dugc ket Xuét qua céc 16p tich chap. Ngoai
nghién ctru cai thién chat lugng mo hinh phan 16p, chung t6i s& tap trung cai tién téc do huan luyén mo hinh phan 16p
va qua trinh phan 16p cia céc giai thuat.
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A COMPARISION OF DEEP LEARNING MODEL AND OTHER METHODS IN THE
CLASSIFICATION OF GENE EXPRESSION MICROARRAY DATA

Huynh Phuoc Hai, Nguyen Van Hoa, Do Thanh Nghi

ABSTRACT— In recent years, deep learning models, such as Convolution Neural Networks (CNNs) have been use image
classification, natural language processing and speech recognition. The advantages of CNNs is that they automatically create new
features from raw data and classify them. In this paper we propose to use a convolution neural networks to classify microarray gene
expression data with hight dimensions. Using ten microarray datasets from the Medical Database (Kent Ridge) and NCBI Gene
Expression Omnibus (GEO) database we conclude that CNNs is better higher accuracy than simple classification methods including
k nearest neighbors, decision tree. CNNs are outperformed by bagging and adaboost and have performance same to random forest
and SVM.



