SO SANH THUAT GIAI LAN TRUYEN NGUQC VA MAY HQC CUC PQ
TRONG PHAN TiCH DU LIEU Y KHOA
Hupnh Trung Hiéu'
TOM TAT
Mang neural nhan tao la mot trong nhitng cong cu rat manh trong phan tich dir liéu voi mot
loat cdc mé hinh va cdc cdi tién dwoc dé nghi. Do do viéc danh gia, so sanh cac thudt toan dong vai
tro hét sire quan trong, gilp cdc nha nghién ciru ¢6 cdi nhin chinh xdc hon va chon cdch tiép cdn
thich hop cho badi todn g dung cu thé. Trong bai bdo nay, tdc gia trinh bai mét sw so sanh, danh
gid gifta thudt todn lan truyén ngwoc va thudt toan mdy hoc cuc dé da dwoc dé nghi gan day trén
cdc bai todn phan tich dit liéu y khoa. Qua dé cung cdp cho nguwoi doc ciing nhw cdc nha nghién
citu ¢6 cdi nhin bao qudt hon hiéu qua ciia cdc thudt todn hudn luyén mang.

A COMPARISON OF BACKPROPAGATION ALGORITHM AND EXTREME
LEARNING MACHINE IN MEDICAL DATA ANALYSIS

SUMMARY

Neural network is one of powerful tools in data analysis. Several models and improvements
have been proposed. In this paper, the evaluation and comparison between the back-propagation
and extreme learning machine algorithms on medical data analysis are presented. This plays an
important role in choosing proper models and algorithms of neural networks for many different

applications; especially for applications of medical data analysis.

1. GIOI THIEU

Phan tich dir liéu y khoa dong mot vai tro
hét strc quan trong trong viéc nang cao hiéu qua
diéu tri va cham séc sirc khoe con nguoi. Cling
v6i su phat trién cua nhiéu nganh khac nhau,
cong nghé thong tin da va dang c6 nhitng dong
gop rat tich cuc trong linh vic nay. Mot trong
nhitng cong cu dugc s dung phd bién do 1a
may hoc, cho phép tich hop kién thic chuyén
gia vao cac hé théng nham gitp bac si co thé
chan doan chinh x4c hon va nhanh hon.

Nhiéu phuong phap tiép can may hoc da
dugc dé nghi nhu cic phuong phap théng ké,
support vector machine (SVM) hodc mang
neural,... Cac phuong phap thong ké thuong
yéu cau klen thirc trudc vé phan bé cua dir licu,
diéu nay khong dé& dugc ap dung cho nhiéu bai
toan. Céc tiép can SVM thuong gip kho khin
trong viéc chon mo hinh thich hop. béi véi
mang neural, hiéu qua ctia n6 da dugc chung

minh qua nhiéu tng dung thudc rat nhiéu linh
vuc khac nhau.

Mot van dé quan trong trong mang neural
1a chon thuat todn huan luyén mang thich hop.
Truge kia, nguoi ta thuong sir dung thudt toan
glam gradlent Tlep can nay ton tai nhiéu van
dé. Co nhiéu cai tién khac nhau da duoc dé nghi
dé cai tién cac tiép can giam gradient [1-5].
Nguyen va Widrow [1] d& d& nghi mot phuong
phap chon cac trong sé khoi dong dé tang toc do
hoi tu cia 101 giai. Bén canh gradient bac nhit,
nhitng thuat giai lan truyén nguoc dwa trén
gradient béc 2 cing da dugc nghién ctru va phat
trién [5]. Ngoai ra, cling ¢o rat nhiéu phuong
phap duoc dwa ra dé khic phuc van dé
overfitting trong huan luyén mang neural. Gan
day, G.-B Huang va cac cong sy da dé nghi mot
thudt toan hoc kha hi¢u qua 1a may hoc cuc do
(ELM). N6 c6 thé dat do chinh xac cao vdi toc
dd hoc cuc nhanh trong nhiéu ung dung khac
nhau [6, 7].
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Trong bai bao nay, tac gia trinh bai su so
sanh giita cac thudt toan lan truyén nguoc dua
trén gidm gradient va thudt todn may hoc cuc do
cho cac tng dung phan tich dir li¢u Y khoa. Qua
d6 cung cip mot cai nhin chinh xac hon vé cac
tiép can cho tmg dung mang neural.

2. MANG NEURAL MOT LOP AN
VA CAC THUAT TOAN HUAN
LUYEN

2.1. Mang neural mt 16p an (SLFN)

C6 nhiéu kién tric mang khac nhau da va
dang dugc nghién ctru va phat trién. Tuy nhién
ngudi ta da ching minh dugc ring mét mang
neural truyén thang voi 16p an don c6 thé tao ra
céc bién phan loai véi hinh dang bat ky néu ham
tac dong duoc chon mdt cach thich hop. Do do,
mang mot 16p 4n da va dang duoc img dung phd
bién nhat. Kién tric tiéu biéu cia mang neural
mot 16p an véi d niit & 16p nhap, N nut & 16p an
va C nit & 16p xuit c6 thé duge mé ta nhu trong
hinh 1:

Hinh 1. Kién triic tiéu biéu ciia mang neural mét I6p dn (SLFN).

Gid sit Wi =[ Wm1, Wm, ..., Wmd] 12 vector trong
sO cua cac két ndi tir 16p nhap dén nuat an thir m,
bm la @6 dich cua né va a; =[a;, ap, ..., ain] la
vector trong sb cua cac két ndi tir 16p an dén nat
xudt thir i. Thi vector ngd xuat 0; tuong Umg voi
vector nhap x; dugc xac dinh boi

N
_ d
0j= D i f (W, X, +b,), xeR! (1)
m=1
Trong d6 f{*) 1a ham tac dong cua cac nit 4n,
W' X=<Wp,, X > la tich n0i1 gitta 2 vector wy, va
X.

Cho tap mau S={(x;,t;) | j=1,...,2}, muc
dich chinh ciia qua trinh huan luyén mang I3 tim
ra cac trong sd, bao gém w, a va b, dé tbi wu
mot ham muc tiéu nao d6. Thong thuong, ham
muc tiéu dugc chon la bac 2 dugc dinh nghia
nhu sau:

Ezg(oj_tj)z

N

=Z a, f(w,-x;+b)—t, (2)

j=1 \m=1
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2.2. Thuit toan lan truyén ngwoc

Lo1 gidi cho (2) thuong dugc tim
thong qua gidm gradient, trong d6 cac
trong sd ctia mang dugc xac dinh thong
qua cong thirc 1ap:

w, =w, —uL 3)
k k 8W

véi u dugce goi 1a hé sb toc do hoc (learning
rate). N6 thuong duge sir dung dé ting téc do
héi tu. Ngoai ra, thong ) dong luc hoc
(momentum) cling co thé dugc thém vao nhim
tang hiéu qué cta qua trinh tim trong sé mang.

Mot trong nhitng thuat toan phd bién cho
mang neural truyén thing dwa trén sy giam
gradient 13 thuit toan lan truyén nguoc
(backpropagation). O d6 gradient ciia ham muc
tiéu duoc tinh va trong sb cua mang duogc hi¢u
chinh dua trén su lan truyén 15i tir 16p xudt dén
16p nhap. C6 nhiéu cai tién khac nhau duoc dua
ra boi nhiéu nha nghién ctru [1-5]. D. Nguyen
va B. Widrow [1] da d& nghi cach khoi dong cac
gia tri trong s6 dé nang cao tdc d6 hoc. Bén
canh gradient bac nhét, nhiing thudt gidi lan
truyén nguoc dua trén gradient bac 2 ciing da
dugc nghién ctru va phat trién [5]. Ngoai ra,
cling ¢ rat nhiéu phuong phap dugc dua ra dé
khic phuc van dé overfitting trong huin luyén
mang neural. Tuy nhién dén thoi diém hién nay
phan 16n cac tiép can dya trén giam gradient gip
phai cac van dé sau:

- C6 thé bi overtraining, tir d6 din dén két
qua khong tot.

- €06 thé bi mic ket tai nhimg diém t6i vu
cuc bg, thay vi t6i wu toan cuc.

- C6 thé hoi tu rit cham néu nhu hé sb tde
d6 hoc nho. Tuy nhién, néu hé s téc do
hoc 16n thi c6 thé dan dén sy khéng 6n
dinh.

- Mic du c6 rat nhiéu cai tién cho thuat
giai lan truyén nguogc, tuy nhién dén nay
n6 van ton nhiéu thoi gian dé xac trong
s6 clia mang.
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2.3. May hoc cuc do

Mot trong nhirng thuat toan huén luyén hi¢u
qua duoc phat trién gan day 1a may hoc cuc do
hay ELM (extreme learniing machine). N6 dua
trén ¥ tuong 1a thay vi xac dinh tit ca cac trong
s6 mang bang cac qua trinh lip lai, trong s 16p
nhép va do 1éch co thé duoc chon ngéu nhién va
trong s6 16p xudt dugc xac dinh bang cic budc
don. R& rang mot mang v6i N nat 4n c6 thé xap
xi N miu voi 16i bang 0, nghia 1a tén tai cac
trong s6 w, a va b sao cho

N
t, :Zaimf(wi ‘X, +b),j=12,.,N 4
m=1

Phuong trinh ndy c6 thé dugc viét lai nhu sau:
HA=T. (5)

Trong d6 H con dugc goi la ma tran ngd Xuét
10’p én, T:[tl, tz, cees tn]TVﬁ A:[ a;, ay, ..., aN]T.
Trong [7], cac tic gia dd ching minh duoc ring
ma tran H 13 kha déo néu s6 mau trong tdp huan
luyén bang sd nut 4n va ham tac dong kha vi
phan. Trong truong hop sé nit 4n nhé hon sd
mau huin luyén thi ma tran trong s6 xuat A s&
duoc xéac dinh boi ma tran gia dao cua H véi su
chon lya ngéu nhién cua trong ) nhap va do
dich. Cac két qua nay di duoc chimg minh
trong [7]. Nhu vay, thuat giai ELM c6 thé duoc
tom tat nhu sau:

- Gan cac gia tri ngau nhién cho trong so
nhép va do dich cac nut an.

- Tinh ma trn ngd xuit 16p an H.

- Xéc dinh trong sd xuit bang cach su
dung phuong trinh sau:

A=H'T (6)

trong d6 H' dwoc goi 1a ma tran gia dao cua H.
Nhu vay, céc trong sb cua mang co thé duoc xéac
dinh boi nhitng budc don gian va khong can su
tinh toan bdi cac budc 1ap nhu cac thudt toan
giam gradient. N6 c6 thé khic phuc nhiing
nhuoc diém nhu chon lya hé s toc do hoc,
epochs, khoi dong gid tri ban dau .v.v. Pic biét
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thuat toan nay cho thoi gian huin luyén rét
nhanh. So sanh vé hiéu qua cua thuit toan nay
va thuat toan lan truyén nguoc trén cac tap dir
liéu thuc tiép tuc thao luén trong phﬁn tiép theo.

3. KET QUA THUC NGHIEM

Trong phan ndy, tac gia trinh bai cac thuc
nghiém trén bdn tap dir liéu y khoa bao gdm
chudn doan bénh tiéu dudng (diabetes), chuin
doan bénh ung thu mau (leukemia), chuan doan
béng ung thu vi (breast cancer) va chuin doan
bénh ung thu tuyén tién liét (prostate cancer).
MO té cia cac tap dir li¢u nay dugc chi ra trong
bang 1.

Bang 1. Mo td cua cac tap dir liéu

Tap dir| 0 . |sé |sé
liéu thUQC 16 m{'iu
* tinh op
Diabetes 8 2 768
Leukemia | 7,129 |2 72
Beast 24188 |2 |97
cancer

Prostate 1 1) c00 |2 | 136
cancer

Tap dir li¢u diabetes [8] da dugc su dung
trong nghién ctru ddu hiéu bénh tiéu dudng theo
tiéu chi cua to chirc sitc khoe thé gigi (WHO).
N6 bao gébm 768 mau cia cac bénh nhan. Mdi
mau c6 8 thudc tinh nhap véi cac gia tri trong
doan [0 1] dugc phan loai dé xéac dinh xem bénh

nhan d6 c6 dau hiéu bénh tiéu dudng hay
khong. 75% ca tap dir liéu dugce dung cho huén
luyén va 25% con lai dugc dung cho danh gia.

Tap dir liéu leukemia bao gdm 38 méu tiy
xuong duoc dung trong huin luyén mang va 34
mau duoc dung dé danh gia két qua. S6 thudce
tinh ctia tap dit liéu nay 1a 7,129. Chi tiét cua tap
dir lidu nay c6 thé tham khao trong [9].

Tap dir liéu breast cancer chira 97 mau
bénh, trong d6 46 mau c6 ddu hiéu phat trién
nhanh sau nim nim va 51 mau con lai twong
tmg voi truong hgp ma bénh nhan van khée
manh sau ndm ndm phat hi¢én bénh. Muc tiéu
cua nghién ctru trén dir li¢u nay la du doan kha
nang phat trién bénh, tir d6 c6 thé dua ra cac
giai phép tri li¢u thich hgp. Trong thuc nghi¢m,
78 mau dugc dung cho huin luyén va 19 miu
con lai duoc dung trong danh gia két qua. Chi
tiét cua tap dir liéu nay c6 thé tham khéo trong
[10].

Trong tap dir li¢u prostate cancer [11], tap
hudn luyén chira cac expression profiles chat
luong cao duoc trich ra tir 52 mau khéi u tuyén
tién liét va 50 mau binh thudng. Mdi mau chira
probes cua khoang 12600 genes va ESTs. Tap
danh gia c6 34 mau, trong d6 9 mau la binh
thuong va 25 mau bénh. Muc tiéu 4p dung trong
tap dir liu nay la phan biét cac mau bénh tir cac
mau khong bénh.

Céac thyc nghi¢ém duoc hién thuc trén moi
truong Matlab 7.0, ham tac dong 1a sigmoid. Sb
nat an duogc kiém tra va ting ting budc bai 2,
va gia tri tuong ddi t6i wu duoc xac dinh dyua
trén cross-validation.
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Bang 2. Két qud so sdnh ciia thudt todn lan truyén nguroc va mdy hoc cye do

Thoi PO chinh xac (%)
Tép dir licu | Thuéit toan slan S6 miit an
huin Tap huin luyén | Tap kiém tra
luyén (s) ap hu Y€ ap
. Lan truyén | 3 1135 | g1.80+1.93 75255317 |4
Diabetes nguoc
ELM 0.0109 | 78.60+1.19 77.53+2.80 20
Lan truyen | 5309 | 95.09+11.80 832441337 |2
Prostate nguoc
ELM 0.1321 | 78.63+3.36 59.11+8.48 30
. Lan ‘truyen | 14 1000 | 98.80+9.96 88.50£14.27 |2
Leukemia nguoc
ELM 0.0230 | 91.355.10 67.70£11.10 |20
Lan truyen | 55 9301 | 97.80+3.90 61.47+1095 |2
nguoc
Beast cancer
ELM 02501 | 84.97+4.01 61.37+12.48 |30
Két qua trung binh ciia 50 lan thir dugc 4. KET LUAN

chi ra trong bang 2. C6 thé thdy rang, d6i voi
cac tap dit litu c6 sd thudc tinh nhé nhu
diabetes thi ELM cho két qua t6t hon thuat toan
lan truyén nguoc. Ddi véi cac tap dit liéu co sb
thudc tinh 16n nhu microarray thi thuat toan lan
truyén nguoc lai cho két qua tot hon. Ngudi doc
c6 thé thay rang thudt toan lan truyén nguoc co
thé dat do chinh xac 88.50% va 83.24% ddi véi
tap dir liéu chuin doan bénh ung thu mau
(leukemia) va ung thu tuyén tién liét, trong khi
thuat toan ELM chi dat do chinh xac 67.70% va
59.11%.

Xét vé mit thoi gian huin luyén, ching ta
c6 thé thiy rang thuat toan ELM nhanh gép
hang trim dén hang chuc ngan 1an so véi thuat
toan lan truyén ngugc. Két qua nay 1a do thuét
toan ELM chi thyc hi¢n nhitng budc don, trong
khi thuét toan lan truyén nguoc phai thuc hién
rit nhiéu budc lap dé tim cac gia tri trong sd
mang. Tuy nhién, thuit toan ELM thuong yéu
cau s6 nit an 16n hon, didu nay dan dén mang
c6 d6 phuec tap cao hon.
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Mang neural 1a mdt trong nhiing cong cu
kha manh trong phan tich dir liéu y khoa. Mot
loat kién trac mang va cac thuat toan da duoc dé
nghi. Bai bdo nay cung cip mét cai nhin twong
d6i vé tinh hiéu qua cac thuat toan huan luyén
cho mang neural truyén thang mot 16p an.

Thuét toan ELM c6 thé dat duoc tde do rat
cao trong hudn luyén va cé thé khic phuc mot
sO van dé thuong gap trong thuat toan lan truyén
nguoc nhu chon lwa cac thong sé learning rate,
epochs, momentum, va overtraining. Tuy nhién
n6 lai thudng yéu cau sd nut an 16n hon so voi
thuat toan lan truyén nguoc. Tir cac két qua thuc
nghiém ching ta cling thdy rang, thuat toan
ELM cho két qua kha tot dbi vé6i cac tap dir liéu
c6 sb thudc tinh nhé. Bdi véi cac tap dir liéu co
s6 thudc tinh 16n thi thuat toan lan truyén nguoc
lai cho két qua tbt hon.
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