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ABSTRACT

This paper is to study the classification problem by Bayesian method in
which estimating probability density function, and finding prior
probability from real data are considered. The research also solves some
complex calculations of this method by the built approximation and
Matlab procedure. From the above improvements, an algorithm based on
Bayesian method to classify a disease is proposed. This algorithm is
applied specifically for a chronic kidney disease at the Can Tho Central
General Hospital with real data. The outcome shows that the proposed
algorithm has given good result in classifying this disease. Furthermore,
this result also illustrates the advantages of the proposed method in
comparison with the existing methods which are regularly used recently
times.

TOM TAT

Bai viét ndy nghién ciru bai todan phdn loai bang phwong phdp Bayes,
trong do viéc wdc lwong ham mdt do xdac sudt va tim xdc suat tién nghiém
tir 6 liéu thiee té dwoc xem xét. Nghién ciru ciing gidi quyét dirge nhiing
tinh todn phirc tap ciia phwong phdp ndy béi si xdp xi va chuong trinh
Matlab dwoc xdy dung. Tir nhitng cai tlén trén, thudt toan phdn loai bénh
bang phwong phap Bayes duoc dé xuat. Thudt todn ndy dwoc dp dung cu
thé cho mot tdp div liéu thuec té bénh _suy than man tai bénh vién da khoa
Trung wong Thanh phé Can Tho. Két qua cho thay thudt toan dé nghi da
cho két qua tét trong phan loai bénh nay. Két qua nay ciing chimg minh
wu dzem cia thudt todn dé xudt so véi cdc thudt todn dwoc dp dung pho
bién gan day.

Trich dan: V& Van Tai, Tran Trung Tin, Thai Minh Trong, Chau Ngoc Tho va Lé Thi Kim Ngoc, 2020. Phg‘m
loai bang phuong phap Bayes va ung dung trong y hoc. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 56(6A): 97-103.

1 GIGI THIEU

Phén loai 13 viéc gdn mot phan tir thich hop nhét
vao céc tong thé da duoc biét trudc dya vao cac bién
quan sat. N6 la mot hudng phat tr1en quan trong cua
thong ké nhiéu chiéu, co vai tro nén tang trong linh

vuc khai pha dit liéu. Bai toan phén loai da va dang
duoc ap dung da dang trong céac linh vyc nén hi¢n
tai duoc rat nhiéu nha thong ké va cong nghé thong
tin quan tdm (Cristianini and Shawe, 2000; Pham-
Gia et al., 2008; Tai et al., 2018). V& mat Iy thuyét,
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hién c6 bon phuong phap chinh dé giai quyét bai
toan phén loai: phuong phap Fisher, hoi qui logistic,
SVM (super vector machine) va Bayes (Tai, 2017).
Phuong phéap Fisher ra doi s6m nhét, c6 thé phan
loai cho hai hay nhiéu hon hai tong thé nhung phai
gia thiét ma tran hiép phuong sai cua cdc téng thé
bang nhau nén ¢ nhiéu han ché trong ap dung thuc
té (Tai, 2017). Hién nay, phuong phap hoi qui
logistic dwoc sir dung phd bién, nhung chi hiéu qua
khi dit liéu c6 sur tach roi tét cia cdc nhom va bién
phu thudc 1a nhi phan (Jan et al., 2010). Phuong
phap SVM tan dung su phat trién ciia cong nghé
théng tin, x4y dung mé hinh dya trén dir liéu tap
huan luyén va tap kiém tra nén doi hoi dit liéu 16n
(Cristianini and Shawe, 2000). Phuong phap Bayes
duoc xem ¢6 nhiéu vu diém, c6 thé phéan loai dugc
cho hai hay nhiéu hon hai tong thé. Phuong phap
ndy ciing khong bi rang budc boi cac gia thiét phan
phol chuan va phuong sai bang nhau cua cac tong
thé. Cac két qua nghién ctru mai trong nhimg nim
gan day veé bai toan phén loai chi yéu tap trung xung
quanh phuong phap Bayes (Tai et al., 2018).

Trong ap dung thuc té hién nay, phuong phap
Bayes duoc str dung kha han Che Trong han ché
nay, vin dé xac dinh xac sudt tién nghiém, udc
lwong ham mat d6 xac sudt va su tinh toan phuc tap
cua phuong phéap nay la nhitng nguyén nhan chinh.
Xéc sudt tién nghiém thuong duoc xac dinh dya vao
kinh nghiém, sy hiéu biét caa nguoi thuc hién, hoic
mot tong két thong ké trude d6 cho van dé ma ta can
phan loai. Mot s6 dé xut dua vao thong ké ciing
dugc xem xét va ap dung nhu phan phdi déu, ti ¢
mau, phuong phap Laplace. Tuy nhién ching chi
phu hop cho ting bo dit liéu ma khong phai 1a tat ca
(Taietal., 2018). Bén canh xac Suét tién nghiém, khi
thuc hién bai toan phan loai bing phwong phap
Bayes, ching ta phai udc luong ham mat do xac
suat. Mic du c6 nhiéu cai tién trong nhirng nam gin
day, nhung cho dén nay n6 van con nhiéu han ché
(Thao and Tai, 2017). Ngoai hai van dé trén, nhitng
phuc tap trong tinh todn nhu tim ham cuc dai, tinh
tich phan trong khong gian nhiéu chiéu ciing 14 can
trg chinh trong ap dung thuc té cuia phuong phéap nay
(Tai and Pham-Gia, 2010). Dya trén bai toan phan
tich chum mo (Pal and Bezdek, 1995; Thao and Tai,
2017) nghién ciru dé xuét thuat toan xac dinh xac
Suét tién nghiém phu hop cho timng bo dit liéu va cho
tirng phan tir cdn phén loai. Nghién ciru nay ciing dé
nghi phuong phép udc lugng ham mét do xac suét
tir s6 lidu roi rac va ap dung phuong phap Monte
Carlo dé giai quyét van d¢ tinh toan trong thuc té
cua phuong phap Bayes.
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Hién nay bai toan phan loai dugc tng dung rong
rai trong nhiéu linh vyc khac nhau. Trong y hoc, bai
toan phan loai dugc tng dung theo hai hudéng sau:

i) C6 K loai bénh déu dugc phat hién dya vao
N bién quan sat dinh tinh hodc dinh lugng. Mot
ngudi co cac chi sb sinh hoa cy thé, dya vao cac
phuong phép phan loai, chiing ta can két luan ngudi
d6 bi bénh nao trong sé K loai bénh da biét.

ii) Chung ta dang quan tim mot loai bénh cu thé
B ndo d6 cia mot ngudi. Dya trén N bién quan sat
dinh tinh hodc dinh lwong cua ngudi nay, can két
ludn nguoi nay co kha nang bi bénh B hay khong.

Ca hai van dé nay thuc chét 1a viéc giai quyét bai
todn phén loai cho hai tong thé va nhiéu hon hai tong
the. Vi vy nghién ctru nay s& ap dung nhirng cai tien
trong thuc té cia phuong phap Bayes dugc dé cap ¢
trén vao linh vuc y hoc.

[Phan tiép theo ciia bai bao dwoc cAu triic nhu sau.
Phan 2 trinh bay phuong phap Bayes va thuét toan
de nghi trong phén loai bénh. Phan 3 giai quyét cac
vén dé 4p dung thyc té cua thuat toan deé nghi. Phan
4 ap dung thug}t todn cho mot S,O lieu thuc té. Phan
Cuoi cung la két luan cia bai viét.

2 PHUONG PHAP BAYES VA THUAT
TOAN PHAN LOAI BENH

2.1 Phwong phap Bayes

Cho k téng thé W1, Wa, ..., Wi 6 bién quan sat
v6i ham mét d¢ xéac sudtn chleu f1(x), f2(X), ..., fu(X)
va xéc suat tién nghém cho cac tong thé lan lum la

% 0pr - Os G+ +..+0g =1. Ta c6 nguyén tac
phan loai mot phan tir v6i bién quan sat xo bang
phuong phép Bayes nhu sau:
Néu  grmax (%p) = djfjxp) thi xép X, vao
w, ()
trong d6 gi(X) = gifi(X) va gmax(X) = max{g(x),
g2(x); -, ()}

Xéc suat sai 1am trong phan loai Bayes dugc goi
la sai s0 Bayes va dugc xac dinh béi cong thac:

k
Pl k=2 @

: fdx,
i=LRMRN i

trong d6 n 1a s6 chiéu cua bién quan sat.

Tir cong thac (2), ta cod
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CI S

J:1Rn\R? q] f] (X)dX

K
= 2| a1 00de- Rj? gla%(c{ql i (x)} dx

k k
= 1 201000 %) RJ? e {af, 00} ax

{afofax )

=1- | max
RN 1<I<k
Str dung (3) dé tinh sai s6 Bayes cho ta mot thuan
loi ratlom, dac biét trong viéc s dung cac phan mém
toan hoc dé lap trinh.
2.2 Thuét toan phan loai bénh
2.2.1 Bai toan

Gia sir ta dang quan tim mot loai bénh B. Bénh
nay dugc chia thanh k loai wi, Wo, ..., Wi V&i nhitng
phuong phap hodc phac db diéu tri khac nhau. Trén
mdi loai bénh w;, chung ta c6 N; phan tr (ny + ny +
... + ng=N). Viéc phan thanh cac loai bénh dua trén
bién n chiéu x va tap dir liéu Z cua cac téng thé. Khi
d6, voi mot ngudi ¢ X = Xo, chung ta can két luan
ngudi nay c6 bénh B hay khong hoic xép vao loai
bénh nao, trong s k loai da biét.

2.2.2 Thudt toan

Thuat toan dé nghi bao gom cac budc sau:

Budéc 1. Kiém tra hién twong da cong tuyén caa
cac bién trén tap dir liéu va thyc hién viéc khac phuc
néu xay ra hién tuong nay.

Buréc 2. Xac dinh cac bién c6 ¥ nghia thong ké
anh hudng dén bénh B qua mo6 hinh hoi qui logistic.
Trong ap dung cua nghién ciru nay, muirc y nghia 5%
duoc str dung d@é thyc hién.

Buéc 3. Udc luong ham mat d6 xac sudt cho mdi
Wi.

_Buéc 4. Tim xéc suét tién nghiém cho cac tong
thé.

Budc 5. Tién hanh phan loai theo (1). Panh gia
hiéu qua cta phuong phap thuc hién qua xac suat
phan loai dung.

3 MOT SO VAN DPE LIEN QUAN DEN AP
DUNG

3.1 Thuat toan tim x4c sut tién nghiém

3.1.1 Gidi thiéu

K&t qua phan loai mot phan tir méi béi nguyén
tac (1) va sai s6 Bayes dugc tinh bdi (2) déu phu

99

Tdp 56, S 6A (2020): 97-103

thudc vao xac sudt tién nghiém. Mic dii c6 nhidu tac
gia da nghién ciru V& vin d& nay nhu Inman and
Bradley (1989), Miller et al. (2011), Tai et al.
(2018), nhung viéc tim mot xac suét tién nghiém
thich hop cho timg truong hop cu thé cho dén nay
van 1a mot bai toan chua co 101 giai cudi cung.
Théng thuong c6 nhitng phuong phap sau dé xac
dinh cc xac suét tién nghiém:

(i) Dwa vao phan  phbéi  déu:
1
0y =0y =...=(Qp = —.
1 2 c K
. S A X n;
(ii) Dya vao tap mau: @, = —-.
N
(iii) Dwa vao u6c luong Laplace:
nj +n/k
i=—""—
N+n

trong d6 n; 1a sé cac phan tir trong wi, n 1a s6
chiéu, k 1a s6 chum va N 1a s6 nhitng phan tir cia tap
mau.

Dua vao bai toan phan tich chum mo, nghién cau
nay dé xuat thuat toan tim xac suat tién nghiém.

3.1.2 Khainiém

Trong khong gian n chiéu, cho N phan tir véi tap
dir liéu

) N
Z z z
e :[Zi'] _| %1 222 2N
] InxN
Inl In2 ZnN

Tap dit liéu nay duoc chia thanh k tong thé, khi

do
M1 M2 MN
.. _|#H21 H22 HaN
U _I:'U'J ]kxN B
Hk1 Hk2 HkN

duoc goi 1a ma trdn phan ving mo Vi y; i 1a
xéc sudt khi xép phan tir thir j vao chum thir i (wi),
Hij € [0,1], V1<i<k, 1< j<N. Trong phéan tich
chim khong md, ta ¢6 4 =1 khi phan tir thir j
thuge cham thir i va 5 = 0 khi phan tir thir j khong

thudc chum thir i.
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Tap tat ca nhitng ma tran phan ving mo cho dit
liu [Zij] ,N =2 duoc goi 1a khéng gian phan
nxN
ving mo cia k chum:

U =[5 kN |/lij e[O,l],Vi,j,
Mk =1 k _ N )
E]_H'J :1, V], 0< kél/lij,VI

Trong phén tich chum khéng mo, phan tir dai
dién chum duoc chon 1a trong tdm cta chum. Trong
phan tich chim m, phan tur dai dién cia chum thir
i duoc xac dinh boi

N m
J-El(ﬂij) Zj
Vi=TN W

kél(/’ij )m

me [1, +0) 1a tham sb xac dinh d6 mo cua két

= <ji<k

’ =1T="n,

4)

qua phan tich chum.

cho béi

Binh phuong khoang cach tir Z dén V, dugc
2
2
DIJ (Zj,Vi) :HZj —ViH :<Z]

(0]
®)

Trong bai viét nay, khoang cach Euclide duoc ap
dung trong cac (rng dung.

3.1.3 Thudt todn

Buwoéc 1: Tim phan tir dai dién cia mdi chum
Vi,1=12,...k béi cong thic (4).

Tinh céc khoang cch Dy giwra ting phan tir
trong chum w; téi phan tir dai dién cua chum (Vi) theo
cong thuc (5).

Buwéc 2: Thiét 1ap ma tran phan ving ban dau
nhu sau:

_ .
M1 M2 MN M
0 1
u! ):[ﬂ..] | M1 H22 e HN |
I lkx(N+1)
1
M1 M2 HkN M
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trong d6 N cot ddu tién 1a ma tran phan ving
khong mo ctia cac phan ti trong tap dix liéu khi xép

vao k tong thé Wy, Wy, ..., W, (Cuthé £4 =1 khi

phan tir thit j thude chum thir i va 44 = 0 néu phan

tir thir j khong thude chum thi i). Cot cudi cing
(N+1) 1a xac suat ban dau dé Xo xép vao cac chum

W, W,,..., W, . C6 thé chon x4c suat nay bang nhau
va bang 1/k.

Buéc 3: Cap nhat ma tran phan ving méi U @
theo nguyén tac sau:

Néu D; >0 chotitcai=1,2,..,k ta tinh

@

4" theo cong thuc

,voi 1< jJ<N.

1
= 2
hgzl( Dij Phj )%m—l)

Néu tdn tai i sao cho D; =0,ta gin ,u-(-l) =0,

1
nhitng Vi tri khac con lai dugc gan ngau nhién thoéa

yi(jl) c [0,1]élyi(jl) =1
Budc 4: Tinh
1)

Lip lai cac budc trén t lan cho dén khi

HU 0 _,tD

<é&.

Khi d6 ching ta s€ c6 ma tran phan vung c6 cot
Cuoi cung (cot thir N+1) 1a x4c suat tién nghiém khi
XEP Xo vao cac tong thé tuong ing.

Trong thudt toan trén ta co

i) £ 1a mot hiang sé nho tiy . Khi & cang nho
thi vong 1ap thyc hién s& cang nhiéu. Nghién ctu
nay chon & = 1%.

i) Tham s6 mo m dic trung cho d6 mo cia két
qua phan tich chum. Khi m = 1 phén tich chum mo
tr thanh khong mo, khi m tién dén vé cung, cac xac
suit cuia cac phan tur thugc vao cac chum bang nhau
va bang 1/k. Tuy tham s m anh huéng tryuc tiép dén
két qua phan tich chum nhung 1am thé nao dé xac
dinh tham sb m& mét cach hop 1y 1a mot van dé kho.
Mic du co rat nhidu tac gia nghién ctru vé van dé
nay, nhung viéc xac dinh m mét cach cu thé van
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thuong dwoc thuc hién bing phuong phép chia ludi.

Theo d6, cac ung dung thuong ch9n m tr 1 dén 5.

Nghién ciru nay chon m = 2 trong tat ¢ cac vi du so.
3.2 M@t sb véan dé khac

i) Trong thuc té dit liéu c6 nhu cau dé thuc hién
bai toan phan loai 1a dir liéu roi rac, do d6 dé bai
toan phan loai bang phuong phap Bayes c6 tinh ng
dung thuc té, viéc dau tién phai lam 1a wdc luong
ham mat do xac suat tir dir liéu nay. C6 nhiéu
phuong phap tham s6 ciing nhu phi tham sb dé thuc
hién viéc nay. Trong bai viét ndy, ching t6i sir dung
phuong phap ham hat nhan, mot phuong phap cho
dén hién tai c6 nhiéu vu diém (Tai and Pham-Gia,
2010; Ghosh et al., 2012; Tai et al., 2018). Ham mat
d6 n chiéu wéc luong bang phuong phap niy cd
dang:

1 N n X

f)=——— 3 II Kj
Nhyh,..hy 1=1 =L h

trong do h; 14 tham s tron cho bién th j, K jO 1
ham hat nhén cua bién thir j, x; 1 chiéu thw i, X; la
s6 ligu thir i ciia bién thir j, va N 1a s6 phan tir cua
mau.

C6 thé chon nhiéu ham hat nhan khac nhau nhu

dang tam giéc, hinh chit nhat, song lwong va chuan.
Trong bai béo, chung t6i chon ham hat nhén dang

chuan:
2
1 X
f (X) = \/;exp(—zj .

C6 nhiu nghién ctru vé viéc chon tham sé tron,
nhung két luan cudi cing 1a khong ¢6 cach chon
tham s6 nao thuc su c6 wu thé so véi cac cach khac.
Trong nghién ciru nay, tham sé tron theo Thao and
Tai (2017) dugc chon:

1

4 n+4
he = — .
PoAN(n+2) ‘]

trong d6 o j1a do léch chuan mau cua bién thi j.

ii) Dé tinh sai s6 Bayes, Tai (2017) da tim cac
biéu thuc giai tich cu thé dé xac dinh trong mot sb
truong hop dic biét cua phan phbi mot chiéu cho hai
tong thé. Trong trudng hop nhiéu tong thé mot
chiéu, chiing toi da thiét lap chuong trinh xac dinh
biéu thirc giai tich cu thé ham cuc dai, dé tir d6 tinh
tich phan chiing va xac dinh chinh xéc sai s6 Bayes.
Khi ¢ nhiéu chiéu, viéc xac dinh ham cuc dai cua
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cac g; (X) vo cung phirc tap, ngay ca truong hop hai
téng thé c6 phan phdi chuan. Vi vay nghién ciru nay,
cach tinh gﬁn dung ham cyc dai ciia cac ham mat do
xac sudt bang phuong phiap Monte-Carlo (Jasra et
al., 2005) dwoc sir dung, dé tir d6 tinh sai sé Bayes
cho truong hop k tong thé n chiéu. Mot chuong trinh
tinh sai s6 Bayes trén phan mém Matlab ciing dwoc
xay dung ¢ day.

Tat ca cac chuong trinh duoc dé cap trong phan
ndy duoc su dung dé giai quyet hi¢u qua bai toan
thyc té ctia phan 4.

4 AP DUNG
4.1 Dirliéu

Bénh suy than man 1a qua trinh suy giam vé chuc
ning, cdu tric than, anh huong rat I6n dén sic khoe
cua nguoi bénh. Bénh nay co nhiéu bién chiring nguy
hiém dan dén tir vong. O Viét Nam, day 1a mot trong
nhitng bénh pho bién. Nghién clru nay su dung so
lieu thyc thyc t& duoc lay tai Bénh vién da khoa
Trung wong thanh phd Can Tho trong nim 2017. Bo
s6 liéu gdm 259 ngudi bi bénh than man giai doan
cudi, trong d6 c6 237 ngudi dwoc chira khoi bénh
va 22 tir vong. S liéu co 183 bién, trong dé bién
phu thudéc 1a Y (Y = 1: Tt vong; Y = 0: Khoi bénh).
Vi s6 luong cac bién xem xét 16n va muc dich cua
nghién ciru chi xem xét khia canh toan hoc nén bai
viét khong trinh bay chi tiét cac bién. Muc dich cua
nghién ctru nay 1a xac dinh cac bién c6 ¥ nghia thong
ké anh huong dén viéc tir vong hoic khoi bénh, tir
d6 tim m6 hinh phan loai t6i wu cho 2 nhém nay. Dé
thuc hién viéc nghién ctru, ching téi chia tap s6 lidu
thanh 2 nhom: tap huan luyén va tap kiém tra vai ty
& lan luot 13 80% va 20%. Chi tiét vin dé nay dugc
cho boi Bang 1.

Bing 1: Chi tiét cac tap so ligu

sé ligu Toanbp ' 4Pfuan  Tap

) : luyén kiém tra
Tong sb 259 207 52
T vong 22 17 5
Khoi bénh 237 190 47

4.2 Két qua thuc hién
4.2.1 Tdp hudn luyén

— Tinhhésh tuong quan cap giita cac bién dinh
luong, ta ¢ 25 cap bién c6 hé So twong quan tr 0,85
dén 0,95. Pidu nay cho thiy néu cing dua cac cap
bién nay vao mo hinh thi s& xay ra hién tuong da
cong tuyén. Tham khao thém y kién cua bac si,
chung t6i loai bo 25 bién. Nhu vay cac bién con lai
dé xem xét 1a 157.
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_— Tién hanh phan tich hoi qui logistic véi 157
bién, ta nhan dugc chi 4 bién doc lap cé y nghia
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thong ké 5% anh hudng dén bién phy thuoc Y. Chi
tiét viéc thyc hién trén 4 bién nay dugc cho bai
Bang 2.

Bang 2: Trich din phan tich thong ké 4 bién ¢6 ¥ nghia 5% anh huéng dén bién Y

Bién Hé s6 SE Wald Df Sig.
Hc -1,869 0,762 6,017 1 0,014
Cn -0,003 0,001 8,851 1 0,003
Na -0,204 0,067 9,218 1 0,002
Ca 2,760 0,851 10,511 1 0,001
Constant 23,188 8,594 7,281 1 0,007

Bang 2 cho ta thiy c6 4 bién c6 y nghia thong ké
lAn luot 1a HC, Cn, Na, Ca. Do d6 nghién cuu su
dung 4 bién nay dé tim mé hinh t&i vu cho bai toan
phan loai.

— Thuyc hién viéc udc luong ham mat d xac
Sut, tim xac suét tién nghiém trong nhimng truong

hop khéac nhau, tién hanh phan loai cho tung truong
hop 1 bién, 2 bién, 3 bién va 4 bién. Trong mai
truong hop, phuong phap Bayes véi xac suét tién
nghiém déu (BayesU), dira vao tap mau (BayesT),
phuong phap Laplace (BayesL) va thuat toan dé
nghi (BayesC) lan lugt dugc xem xét. Két qua dugc
tong két boi bang sau:

Bing 3: Xdc xuét phan loai diing (%) cic trwong hop cia phuwong phap Bayes

Trwong hop Bién Bayes U Bayes T Bayes L Bayes C
Hc 56,60 88,99 68,26 91,23
Cn 69,50 91,22 70,39 91,80
1 Bién Na 63,24 91,78 70,71 92,12
Ca 63,46 89,24 74,70 92,22
Hc, Cn 71,50 84,05 72,56 92,90
Hc, Na 65,89 84,78 72,49 92,78
2 bién Hc, Ca 66,39 83,46 75,92 93,00
Cn, Na 72,99 87,88 75,61 93,23
Cn, Ca 74,00 86,34 77,14 93,29
Na, Ca 70,98 83,36 77,40 93,17
Hc, Cn, Na 74,35 82,99 76,55 93,30
3 Bién Hc, Cn, Ca 87,54 88,74 88,14 94,05
Hc, Na, Ca 90,09 90,60 90,08 93,21
Cn, Na, Ca 91,09 93,06 91,29 94,12
4 Bién Hc, Cn, Na, Ca 78,64 83,39 81,76 95,57

Bang 3 cho thay BayesC cho két qua phan loai
dung rat on dinh va cao nhét (91% - 96%).

Thuc hién phuong phép phan loai logistic,
Fisher, SVM vai tirng truong hop caa bién, lya chon
truong hop ¢ xac suat phan loai dung cao nhat cua
mdi phuong phép, sau d6 so sanh vai trudng hop tét
nhét ciia phuong phép BayesC (Bang 3), ta c6 Bang 4.

Bing 4: Xdc suit phan loai tdi wu ciia 4 phap

. iA Y -5 4
Phwong phap 1 bién 2bién 3bién Bién
Hoi qui Logistic 91,50 91,93 92,71 92,32
Fisher 69,90 70,64 7454 7253
SVM 64,23 79,34 86,13 86,43
Bayes 9222 9290 94,12 9557

Bang 4 cho ta thay xé4c suat phén loai dung cua
cac phuong phap theo thir tu tang dan 1a Fisher (duéi
75%), SVM (duéi 87%), logistic (dudi 93%) va

Bayes (92,2% - 95,6%). Phuong phéap BayesC cho
két qua rat tt va on dinh.

422 Tap kiém tra
Str dung mo hinh t0i wu cia mdi phuong phap
duoc thiét‘lép tur tap huan luyén, thuc hi@n phén loai
cho 52 phan ti cua tap kiém tra, ta c6 két qua sau:
Bang 5. Bang phan ]oai tirng phwong phap tbi wu
trén tap kiém tra

3 S6 phan tir phan Tilg
Phwong phap P loai gl’lng (% )
Hoi qui Logistic 48 92,31
Fisher 40 76,92
SVM 49 94,23
Bayes 51 98,08




Tap chi Khoa hoc Trirong Pai hoc Can Tho

Két qua phan loai trong Bang 5 mét lan nita cho
thiy phwong phap BayesC cho két qua tdt, xac suit
phan loai dung dat két qua cao nhat.

5 KET LUAN

Bai bdo da nghién ctru phuong phap phén loai
Bayes véi nhitng cai tién va dé xuit dé 4 4p dung dugc
cho dit liéu rai rac cua thuc té. Do 1a van dé xac dinh
xac suat tién nghiém, wéc lwong ham mat do xac
Sut va tinh sai s6 Bayes. Nghién ctru da xay dung
mot chuong trinh trén phan mém Matlab dé thyc
hién hiéu qua cho s liéu thyc. Tir nhiing cai tién
nay, nghién ctru da dé xuét duoc thuat toan phan loai
bénh trong y hoc. Thuat toan nay da dugc ap dung
hiéu qua cho mot tap dit liéu thuc. Thuat toan dé
nghi ciing c6 thé 4p dung twong tu cho nhiéu linh
vue khac. Néu ¢6 s6 ligu dit 16n va tin cdy, bai ton
phan loai co thé tro thanh mot cong cu quan trong
hd tro nganh y trong nghién ctru chan doan bénh.
Chung toi s& tiép tuc nghién ctru dé xuit cac phuong
phap dé chan doan mot s6 bénh khac trong thoi gian
sap toi dua vao céac sb lidu thuc té ¢ Viet Nam.
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