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PHAN LOAI BANG PHUONG PHAP BAYES
TU SO LIEU ROI RAC
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ABSTRACT

The paper represents classification problem by Bayesian method from discrete data
through program estimating n — dimenstion probability density function, classifing a new
element and calculating Bayes error which are written on Matlab software. The
programs are used to for specific applied from real discrete data.
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Bai bdo trinh bay bai todn phan logi bang phwong phdp Bayes tir s6 lidu roi rac, qua
chuong trinh woc lwong ham mdt do xdc sudt, phan logi mét phan tir méi va tinh sai s6
Bayes digc viét trén phan mem Matlab. Cac chuang trinh nay dwoc sie dung dé thuce hién
cho cdc iing dung cu thé tir s6 liéu roi rac thuc té.

Tir khéa: Phwong phdp Bayes, sai sé Bayes, phén logi, ham mdt dj xdc suit

1 GIOI THIEU

Phan loai 14 viéc gan mot phan tir méi thich hop nhat vao cac tong thé da dugc biét
truée dya vao bién quan sat ciia nd. Pay 1a mot hudng phat trién quan trong cua
nhan dang khong duoc giam sat cua thong ké. Bai toan phén loai dwoc tng dung
rng rai trong nhiéu linh vuc khac nhau, dic biét trong xa hoi, sinh hoc va y hoc.
Hién tai c6 ba phuong phap chinh dugc dua ra dé giai quyét bai toan phan loai:

phuong phép Fisher, phuong phép héi quy logistic va phuong phéap Bayes [2], [3],

[10]. Phuong phap hdi quy logistic dugc st dung phd bién nhat hién nay, nhung no
chi ap dung cho dir liéu roi rac va chi phan loai cho hai tong thé. Phuong phap
Fisher ciing ap dung cho dit liéu roi rac, mac du co thé phan loai cho hai hay nhiéu
hon hai téng thé nhung phai gia thiét ma tran hiép phuong sai cia cac téng thé
bang nhau. Phuong phap Bayes co thé phan loai cho hai va nhleu hon hai tong thé,

dugce xem c6 nhiéu wu diém nhat vi n6 di dat duoc muc tiéu vé mit ly thuyet cho
bai toan phén loai. Cac két qua nghién ciru méi trong nhitng ndm gan day vé bai
toan phan loai chu yéu tap trung xung quanh phu’orng phap Bayes. Mot uu diém ndi
bat clia phu’(mg phap nay 1a tinh duoc xac suét sai 1am trong phan loai ma n6 dugc
goi 1a sai s6 Bayes. Sai sb Bayes da duogc chimg minh la xac suat sai 1am nho nhét
trong bai toan phan loai. Mot sb két qua mai rit c6 ¥ nghia vé phuong phap Bayes
da dugc trinh bay trong nhitng nim gan day boi cac bai bao [6], [7], [8].

Mot can tré 16n cua viéc ap dung thuc té bai toan phan loai bang phwong phap
Bayes trong nhiing linh vuc cu thé 1a van dé tinh toan. Phuong phép Bayes dua
trén co s& ham mat do xac sut di biét, tuy nhién s6 liéu thyc té 1a sb liéu roi rac,
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vi vay dé phan loai bang phuong phap Bayes c6 y nghia thuc té viéc dau tién la
phai ude lugng ham mat dg xac suét. Van dé tinh sai s6 Bayes, phén loai mot phan
tir moi con rat nhiéu khé khin khi gap s6 lidu 16n ciia thyc té. Trong bai viét nay,
chung t6i quan tdm dén ly thuyét tinh toan cac van dé lién quan dén phan loai bang
phuong phap Bayes tir s0 liéu roi rac. Dac bi€t dua ra mét cong thirc trong duong
clia sai s6 Bayes ma no rat thuan lgi cho viéc tinh toan. Cac 1y thuyét lién quan dén
viéc tinh toan nay s€ duogc cu thé hoa bang cac chuong trinh dugc viét trén phan
mém Matlab. Cac chwong trinh nay s& duoc sir dung dé ap dung cho bai toan phan
loai tir cac s6 liéu roi rac thuc té trong linh vuc sinh hoc va y hoc.

2 PHUONG PHAP BAYES
2.1 Phén loai mdt phan tir méi
Cho k téng thé wy, wy, ..., w; cO bién quan sat vo1 ham mat d(f)qxéc sgét‘duch xac
dinh 1a fi(x), f2(x), ..., fi(x) va xac suat tién nghém cho cac tong thé lan lugt 1a
41595955 4, +¢,-+...+q, =1. Ta cd nguyén tdc phan loai mgt phan tir méi voi
bién quan sat x bang phuong phap Bayes nhu sau:
Néu g (x)= q,f,(x) thi xép phan tir méi vao w, (1)

Trong do: ) i )

gi 12 xac suat tién nghiém cua tong the thir 7,

() =q,/,(0) V& g, (¥) = max{g, (x), g, (%),.-..&, (¥)}.

2.2 Sai s bayes )
a) Truong hop hai tong thé
Trong truong hop khong quan tim dén xéac suit tién nghiém ¢ ctia w, ta co:

7,= P(wylw) = J“lﬁ (x)dx : x4c suat phan loai mot phan tir vao w, khi n6
&

thude w,.

7, = P(wi|w,) = j (1-q)f,(x)dx: xac sudt phan loai mot phan tir vao w,

khi né6 thuoc w, .

Trong d6: R{' ={x| ¢f,(0) > (1-9) L)}, Ry = {x|¢f; (x) < (1= 9) £ (x)}.
Xac suat sai lam trong phan loai Bayes dugc goi 1a sai so Bayes va dugc xac dinh
boi cong thire:

Pe=1,+71,. 2)
Khi quan tim dén xac suat tién nghiém ¢ cta w, thi 7, tro thanh 7,va z,trd thanh
7, vOi

= j gfy(¥)dx va 7, = f(l 9)f(x)dx

Trong d6 R} ={x|¢f;(x) > (1-¢) /2, (0}, R} ={x|qf;(x) <(1-q)f2(0)}.

Dit (¢) = (g, 1-¢), khi d6 sai s6 Bayes xac dinh bai
Pe =1, +1,. 3)
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7,va 7,; T, va 7, dugc goi chung 1a hai thanh phén ctia sai s6 Bayes.
b) Truong hop nhiéu hon hai tong thé
Sai s0 Bayes trong phan loai & tong thé dugc dinh nghia boi biéu thirc

P =Y [g.fax )
=l pm\Rr
Dé thuan loi hon trong tinh sai s6 Bayes, ngudi ta thuong tinh xac suat cia sy

k r
phén loai ding Pe}s , =" J.ql. f.dx , khi d6 sai s0 Bayes s& dugc tinh boi

i=1 g

3 CAC CHUONG TRINH TINH TOAN CHO PHUONG PHAP BAYES TU
SO LIEU ROI RAC

3.1 Uéc lwong ham mat dd xac suét

Hién tai c6 nhleu phuong phap tham s6 cling nhu phi tham s6 dé wéc lugng ham
mat d xéac suat. Trong bai viét nay, chung t6i str dung phuong phap ham hat nhan,
mét phuong phap cho dén hién tai c6 nhiéu vu diém nhat. Him méat d6 n chiéu wdc
luong bang phuong phap nay co dang

o= S 7, ©)

n i=l j=1

Trong do: ) )

hj la tham s0 tron cho bién tht /, #;> 0.

K ;12 ham hat nhén cta bién thi j,

x; 1a chi€u thir i, x; 1a s0 liéu thir i ctia bién thir j, N' 1a s6 phan tir cia mau.
Theo [10] co thé chon nhiéu dang ham hat nhan khéc nhau nhu tam giac, hinh chir

nhit, song lugng,... Trong bai bao nay chiing t6i chon ham hat nhan dang chuan:

K(x) = \/;7 exp(— x’ /2) (6)

C6 nhiéu nghién ctru vé viée chon tham sb tron, nhung theo Scott (1992) khong c6
su lya chon nao 13 t6i wu. Viéc chon tham s6 tron quan trong hon ham hat nhan.

Trong bai viét nay chung t6i chon tham s tron theo Scott:
1

4 n+4
hj:(—N(n+2)j o; . (7

Trong d6 o, 1a d¢ léch chuén mau cta bién th ;.

St dung phan mém Mattlab, ching toi da viét cac chwong trinh wéc lwong ham
mat do xac suat n chi€éu nhu sau:
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Chuwong trinh 1: Chuwong trinh wéc lwong ham mdt d xdc sudt n chiéu
function f=uocluongnc(dl1,dl2,...,dIn)
% dl1, d12,....dIn 1an lugt 1a n chiéu cta dit lidu
syms x1 x2 ... xn
s = sym('s(x1,x2,...,xn)");
f=sym('f(x1,x2,...,xn)");

h1 = std(d11)*(4/length(d11)*(n+2))~(1/(n+4));
h2 = std(dI2)*(4/length(d12)*(n+2))*(1/(n+4));

hn = std(dIn)*(4/length(dln)*(n+2))(1/(n+4));

s=0;

for i= 1:length(dll)

s=sH(1/(2*pi)*.5*exp(-(((x1-d11(1,i))/h1)"2/2)))*
(1/2*pi)~.S*exp(-(((x2- d12(1,1))/h2)"2/2)))*...*
(1/2*p)".5*exp(-(((xn-dIn(1,1))/hn)*2/2)));

end

S5

f= 1/(length(dl1)*h1*h2*...*hn)*s;

3.2 Phan loai mdt phén tir méi

Dé phan loai mot phan tir méi, theo nguyén tic (1) dau tién ching ta phai tim ham
cuc dai clia cdc ham mat do xac suét. Viéc tim mot biéu thirc giai tich cu thé cho
ham cuc dai nay la mdt cong viéc vd cung phirc tap, ngay ca trudong hop mot
chiéu. Nhung str dung phan mém Matlab, chung ta c6 thé dé& dang thiét 1ap chuong
trinh dé phan loai mot phan tir méi nhu sau:
Chuwong trinh 2: Chuwong trinh phén loai mét phan tir méi n chiéu véi k tong thé
function A=phanloai(f1,f2,...fk,x11,x12,x13,...,x1n)

syms x1 x2 x3...xn

f=sym('f(x1,x2,...,xn)");

=[f1 2 ... fn];

y=subs(f, {x1,x2,...,xn},{x11,x12,...,x1n});

[a,i]= max(y);

A=[a,i] ;
3.3 Tinh sai s6 Bayes
Gia su rlrglgg{q, 1)} =q,/f, trén mién R7. Sai s6 Bayes tinh theo cong thirc (4)

duoc tuong duong nhu sau:

72



Tap chi Khoa hoc 2012:23b 69-78 Truong Dai hoc Can Tho

k
Pey) =, |a,f,(x)dx

J=L R"\R}

I
DM~

>[4,/ (x)dx - [maxlg, £,(x)}dx

1 R ju

~.
I

I 4, () - I maxla, f, (0}

=1- [maxig, /, (x)}dx

l</<k

=1- J.gmdx (x)dx (8)

So v6i cong thic (4), cong thiuc (8) cho ta mot thuan lgi rat 16n trong viée
tinh toan.

Tuy nhién, khé khin 16n nhét ctia cong thirc (8) khong nhimg la viéc xac dinh ham
Zmax(x) ma con 1a viéc tinh tich phan cua ham nay trén mién R". Trong bai viét ndy
sau khi udc lugng ham mét do xac sut theo chuong trinh 1, ching t6i tinh gan
dung sai sd Bayes theo (8) dua trén viéc tinh gan ding tich phan ham g.x(x) theo
phuong phap Moncte Carlo, mot phuong phap tinh gan dung tich phan hiéu qua
nhét hién nay. Phuong phap nay cu thé nhu sau:

Xét tich phan n chiéu trén mién V: [ = j f (x)dx, xeR". Khi d6 udc lugng

I ctia I xac dinh nhu sau:

f=MeS(V)Zf( ) )

Trong do6 x; la cac gla tri lay ngau nhién doc lap trong mién V,
N 1a téng s6 lan 1dy mau X,
Mes(V) 1a @6 do ctia mién V.

St dung viée tinh gan ding tich phan bang phuong phap Moncte-Carlo, chuong
trinh tinh sai s6 Bayes theo (8) dwoc viét nhu sau:

Chuwong trinh 3: Tinh sai s6 Bayes cho k tong thé n chiéu
function h = errorbayes(fl,12,...,fk)
syms x1 x2 ...xn fmax
f=[f112...1k];
al =[random points of the first demension]
a2 = [random points of the second demention]
an = [random points of nth demention]
an + 1=rand(1,N)
p=0;
for i=1:length(al)
fmax=max(subs(f, {x1,x2,...,xn},{al(1,i), a2(1,1),...,an(1,i)}));
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f max(subs(f, {x1,x2,...,xn},{al(1,1), a2(1,i),...,an(1,i)} ))<= ap(i)
p=ptl;

end

end

p;

fmax;

gttp = sum(fmax)/(length(al)"2*(max(al)-min(al))*(max(a2)-
min(a2))*... *(max(an)-min(an))*p;

errorb = 1-gttp*q;

h = double(errorb);

4 MOT SO UNG DUNG

Bai toan phén loai xuét phat tir nhu ciu cua thyc té ciia nhidu linh vuc khac nhau.
O day chung t6i trinh bay hai vi du trong sinh hoc va y hoc dé minh hoa cho tinh
Umg dung cua bai toan phan loai bang phuong phap Bayes. Day la nhing vi du
minh hoa cho v s6 nhitng tmg dung thyc té c6 thé ap dung trong nhiitng linh vuc
khac. Trong mdi 4p dung chung t6i thuc hién bai toan phan loai theo hai cich:
Tinh toan thu cong tirng bude mot bang Excell theo cac cong thic (5), (6), (7), sau
d6 sir dung nguyén tic (1) dé phan loai, dong thoi sir dung cac chuong trinh da viét
(chuong trinh 1, chuong trinh 2) de klem chimg két qua phén loai theo hudng tinh
thi1 cong & trén. Sai s6 Bayes trong mdi ap dung ciing dugc tinh tir chwong trinh 3.

4.1 Ung dung 1

Nam 1990, trong mot nghién ctu tim hleu mdi lién hé gitta nguy co gdy xuong
(fx) va mat d6 xwong cung mot s6 chi s6 sinh hoa khac nhu do tudi (age), ti trong
co thé (bmi), mat do chat khoang trong xuong (bmd), chi s6 hily xuong (ictp), chi
s6 tao xwong (pinp). Mot nhom bac si chon mot mau gom 137 ngudi c6 do tudi tir
60 tr¢ 1én theo doi trong 15 nam, ghi nhan bi gay xuong hay khong. S liéu cu thé
dugc lay tir bai viét cia bac si Nguyen Vian Tuan trén trang Webb
WWW. .ykhoanet.com. V&i s6 li€u trén ching ta g:an tim moi quan l}@ gitra fx voi cac
bién g‘linh ll{qng age, bmi, bmd, ictp va pinp, dé tir d6 xac dinh néu mot nguoi co 4
chi s6 cu thé, chang hgn: xo = (age = 60, bmi = 24.500, bmd = 0.796, ictp = 6.420,
pinp = 37.813) thi két ludn nguoi nay c6 nguy co bi gdy xwong hay khong. Tinh
xac suat sai lam trong phan loai nay.
i) Tinh toan tirng buwéc
~ Do khéng c6 thong tin ban du nén ta gia su xac sudt tién nghiém c6 nguy co
gay xuong va khong c6 nguy co gdy xuong déu bang nhau: ¢; = 1/2.
- Tinh gia tri cua fi(xo) bang cach udc luong £(x) theo phuong phap ham hat
nhan. Cu thé:
N, 5 _ x(i)
Jilxg) =—————— K, ;
‘ Nhlzh2zh3rh4rh5i ;1/:[ ./f

Trong do

x\7 1a phan tr mAu tht &, bién thir j cia nhém thtr 7, véi i = 1 1a nhém c6

nguy co gy xuong, i = 0 la nhém khong c6 nguy co giy xuong.
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]Vi = N2 = 137, X10~= 60, X20 = 24500, X30 = 0796, X40 = 6420, X50 = 37.810
hii,j=1,2,3,4,5;i=1,2 duoc tinh tir sb liéu mau theo cong thic (7).
Cu thé
hy1 =4.6079, hy1=32.59010, A3, = 0.13611, hy = 1.17092, hs; = 12.23564
hip =2.33054, hy=1.89549, hs, = 0.07498, hy = 0.64204, hs, = 7.36715.
Kj(.) 1a ham hat nhan dang chuan, dugc tinh boi (6).
Lap bang tinh trén phan mém Excell v6i cac tham s cu thé ¢ trén, ta c6 duoc gid
tri cu thé
JSi(xo) =2.86085E-08, fa(xp) =3.63723E-05,

d,(x,) = %fl (x,) = %2.86085E —08, d,(x,) = %fz (x,) = %3.63723E —05.

- Vi d,(x,) <d,(x,) nhu vy theo (1) ngudi nay dugc xép vao nhom khong co
nguy co gay xuong.
ii) Str dung chwong trinh da viét
Sf{ dung chuong trinh 1 dé uc')rq lwong ham mat d§ X4c suit 5 chjéu tir 137 s6 lidu
mau. Str dung chuong trinh 2 d€ phan loai mgt phan tir méi ¢ bi€n quan sat x
dtrén voi k=2, n =5, ta co két qua xuét ra nhu sau:
ans =0.012254 0

Trong do £, (x,)=0.012254.
Vay x, thu¢c nhom khong co nguy co bi gdy xuong (nhoém i = 0).
Chuong trinh 3 ciing véi k=2, n =5, ta c6 két qua xuét ra nhu sau:
ans = (0.3855
Vay sai s6 Bayes hay xac suat sai lam ctia phan loai nay 1a 0.3855.
4.2 Ung dung 2
Hoa Iris 12 mdt loai c6 gia tri dugc lidu, ,nhung ¢6 nhiéu loai khac nhau. Mdi loai
¢6 mot gia tri dugc liéu khac nhau ma mat thu(n,lg khong thé phan biét duoc. Co 3
loai kho phén biét va duoc quan tdm nhiéu nhat la Setosa (Se), Versicolor (Ve),
Virginica (Vi). Chon tir m6i loai 50 phan tir, quan sat 4 bién x;: do dai cua dai hoa,
X, do rong cua dai hoa, x;: 6 dai cua canh hoa, x4: d0 rong ctia canh hoa Ta c6 so
liéu mau dugc cho trong phy lyc. Sir dung phuong phap Bayes tur s6 liéu roi rac
nay, xac dinh cu thé néu mot hoa Irls c6 4 bién cu thé, chang han xo=(5310.3)
thi n6 s& thudc loai nao. Tinh x4c suit sai 1am cua sy phan loai nay.
i) Tinh toan tirng budc
- Gia sir x4c suét tién nghiém cia 3 nhéom hoa déu béng nhau: ¢; = 1/3,
i=1,2,3.
- Tinh gia tri cta fi(xo) bang cach udc luong f(x) theo phwong phap ham hat
nhan. Cu thé
4 X(Q
' K 7f ,
L) = e ;H h,

Trong do
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x 1a phan tir mau th{ &, bién thi j cia nhom thi 7, gan i = 1 cho (Se), i =
cho (Ve), i =3 cho (Vi).
M:N2:N3:50,X10 SXZ() 3X3() 1 )C4()—O3
hi,j=1,2,3,4;i=1, 2,3, 4 duoc tinh tir s0 liéu mau theo cong thtrc (7).
Cu thé
hip=0.20548, hy= 0.22097, h3; = 0.10123, hy; = 0.06143;
hi>=0.30089, hyn=0.18292, h3, = 0.27393, h4yp = 0.11528;
hi3=0.37067, hyy=0.18799, hy3 = 0,32172, hs3 = 0.16010.
Ham hat nhan Kj(.) van duoc chon dang chuén.

Ciing tinh toan ting budc, ta c6 két qua
d (x,) = %fl (x,) =0.16960, d,(x,) = %fz (x,) = 0.205239E — 35,

d,(x,) = % £1(x,) = 6.54542F — 46.

- Vi d,(x,) = max{d,(x,),d,(x,),d;(x,)}, do do theo (1) hoa Iris nay thudc nhom
Setosa.
ii) Sir dung chwong trinh da viét
Sf{ dung chuong trinh 1 dé u’ércqluqng ham mat d(} X4c sudt 4 chiéu tir 50 sb lidu
mau. Su dung chuong trinh 2 d€ phén loai mét phan tir méi ¢6 bién quan sat xo ¢
trén voi k= 3, n = 4, ta c6 két qua xuat ra nhu sau:
ans =0.16960 1

Trong d6 f,..(x, )= 0.16960.
Vay x, cling dugc xép vao nhom 1, tuc hoa Iris nay thudc loai Setosa.
Chuong trinh 3 véi k= 3, n = 4, ta c6 két qua xuat ra nhu sau:
ans = 0.03200
Vay sai s6 Bayes 1a 0.03200.

5 KET LUAN

Bai bdo da trinh bay bai toan phén loai bang phuong phap Bayes va cac van de ly
thuyét lién quan dén viéc tinh toan cua phuong phéap ndy tir s6 liu roi rac. Viét cac
chuong trinh trén phan mém Matlab phuc vu cho viéc tinh toan tir 1y thuyét dd néu.
Diéu nay da lam cho bai toan phén loai bang phuong phap Bayes that sy ¢ y
nghia thyc té. Hai vi vu minh hoa cho nhiéu vi du co thé ap dung trong linh vucy
hoc va sinh hoc duoc khao sat. Ching ta tin rang néu c6 day du sb liéu tin ciy va
cong cu tinh toan du manh, bai toan phén loai bang phuong phap Bayes s& tro
thanh mot coéng cu quan trong trong nhiéu linh vuc khac. Dé lam duoc diéu nay
chung ta can c6 su két hop chat ché giita cac nha khoa hoc trong linh vuc thuc
hién, thong ké va cong nghé thong tin.
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PHU LUC: DU LIEU CHO UNG DUNG 2

Setosa (Se) Versicolor (Ve) Virginica (Vi)

X1 X2 X3 X4 X1 X2 X3 X4 X1 X2 X3 X4

5.1 3.5 1.4 0.2 7.0 32 4.7 1.4 6.3 33 6.0 2.5
4.9 3.0 1.4 0.2 6.4 3.2 4.5 1.5 5.8 2.7 5.1 1.9
4.7 32 1.3 0.2 6.9 3.1 4.9 1.5 7.1 3.0 59 2.1
4.6 3.1 1.5 0.2 5.5 23 4.0 1.3 6.3 2.9 5.6 1.8
5.0 3.6 1.4 0.2 6.5 2.8 4.6 1.5 6.5 3.0 5.8 2.2
5.4 39 1.7 0.4 5.7 2.8 4.5 1.3 7.6 3.0 6.6 2.1
4.6 34 1.4 0.3 6.3 33 4.7 1.6 49 2.5 4.5 1.7
5.0 34 1.5 0.2 4.9 2.4 33 1.0 7.3 2.9 6.3 1.8
4.4 2.9 1.4 0.2 6.6 2.9 4.6 1.3 6.7 2.5 5.8 1.8
4.9 3.1 1.5 0.1 5.2 2.7 39 1.4 72 3.6 6.1 2.5
5.4 3.7 1.5 0.2 5.0 2.0 3.5 1.0 6.5 32 5.1 2.0
4.8 34 1.6 0.2 59 3.0 4.2 1.5 6.4 2.7 53 1.9
4.8 3.0 1.4 0.1 6.0 2.2 4.0 1.0 6.8 3.0 5.5 2.1
43 3.0 1.1 0.1 6.1 2.9 4.7 1.4 5.7 2.5 5.0 2.0
5.8 4.0 1.2 0.2 5.6 29 3.6 1.3 5.8 2.8 5.1 2.4
5.7 4.4 1.5 0.4 6.7 3.1 4.4 1.4 6.4 32 53 2.3
5.4 39 1.3 0.4 5.6 3.0 4.5 1.5 6.5 3.0 5.5 1.8
5.1 3.5 1.4 0.3 5.8 2.7 4.1 1.0 7.7 3.8 6.7 2.2
5.7 3.8 1.7 0.3 6.2 22 4.5 1.5 7.7 2.6 6.9 23
5.1 3.8 1.5 0.3 5.6 2.5 3.9 1.1 6.0 22 5.0 1.5
5.4 34 1.7 0.2 59 32 4.8 1.8 6.9 32 5.7 2.3
5.1 3.7 1.5 0.4 6.1 2.8 4.0 1.3 5.6 2.8 4.9 2.0
4.6 3.6 1.0 0.2 6.3 2.5 4.9 1.5 7.7 2.8 6.7 2.0
5.1 33 1.7 0.5 6.1 2.8 4.7 1.2 6.3 2.7 49 1.8
4.8 34 1.9 0.2 6.4 29 43 1.3 6.7 33 5.7 2.1
5.0 3.0 1.6 0.2 6.6 3.0 4.4 1.4 7.2 32 6.0 1.8
5.0 3.4 1.6 0.4 6.8 2.8 4.8 1.4 6.2 2.8 4.8 1.8
52 3.5 1.5 0.2 6.7 3.0 5.0 1.7 6.1 3.0 49 1.8
52 34 1.4 0.2 6.0 29 4.5 1.5 6.4 2.8 5.6 2.1
4.7 32 1.6 0.2 5.7 2.6 3.5 1.0 7.2 3.0 5.8 1.6
4.8 3.1 1.6 0.2 5.5 2.4 3.8 1.1 7.4 2.8 6.1 1.9
5.4 3.4 1.5 0.4 5.5 2.4 3.7 1.0 7.9 3.8 6.4 2.0
52 4.1 1.5 0.1 5.8 2.7 39 1.2 6.4 2.8 5.6 22
55 4.2 1.4 0.2 6.0 2.7 5.1 1.6 6.3 2.8 5.1 1.5
4.9 3.1 1.5 0.2 5.4 3.0 4.5 1.5 6.1 2.6 5.6 1.4
5.0 32 1.2 0.2 6.0 3.4 4.5 1.6 7.7 3.0 6.1 23
5.5 3.5 1.3 0.2 6.7 3.1 4.7 1.5 6.3 3.4 5.6 2.4
4.9 3.6 1.4 0.1 6.3 2.3 4.4 1.3 6.4 3.1 5.5 1.8
4.4 3.0 1.3 0.2 5.6 3.0 4.1 1.3 6.0 3.0 4.8 1.8
5.1 3.4 1.5 0.2 5.5 2.5 4.0 1.3 6.9 3.1 5.4 2.1
5.0 3.5 1.3 0.3 5.5 2.6 4.4 1.2 6.7 3.1 5.6 2.4
4.5 2.3 1.3 0.3 6.1 3.0 4.6 1.4 6.9 3.1 5.1 2.3
4.4 32 1.3 0.2 5.8 2.6 4.0 1.2 5.8 2.7 5.1 1.9
5.0 35 1.6 0.6 5.0 23 33 1.0 6.8 32 59 2.3
5.1 3.8 1.9 0.4 5.6 2.7 42 1.3 6.7 33 5.7 2.5
4.8 3.0 1.4 0.3 5.7 3.0 42 1.2 6.7 3.0 52 2.3
5.1 3.8 1.6 0.2 5.7 2.9 4.2 1.3 6.3 2.5 5.0 1.9
4.6 32 1.4 0.2 6.2 2.9 43 1.3 6.5 3.0 52 2.0
53 3.7 1.5 0.2 5.1 2.5 3.0 1.1 6.2 3.4 5.4 23
5.0 33 1.4 0.2 5.7 2.8 4.1 1.3 5.9 3.0 5.1 1.8

x1: Do dai cua dai hoa, x,: DY rong cua dai hoa,
x3: D6 dai cta canh hoa, x;: DY réng cua canh hoa.
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