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XAP Xi UGC LUGNG BAYES TRONG
MO HINH HOI QUI PHI TUYEN 2-CHIEU

Ung Ngoc Quang
Khoa Toén — Tin hoc, Trudng Pai hoc khoa hoc Ty nhién, Pai hoc Qudc gia TP. HCM
(Bai nhdn ngay 03 thdng 8 ndm 2005, hoan chinh sita chita ngay 02 thdng 12 nam 2005)

TOM TAT: Trong bai nay, tdc gid tim x4p xi cho ud¢ lugng Bayes clia tham 4n
dinh vi va tham &n phuong sai trong m6 hinh héi qui phi tuy&n 2-chiéu .

Tit khéa: Udc lugng Bayes, tham 4n dinh vi, tham 4n phuong sai, md hinh phi
tuyén 2 — chiéu, ham da thifc.

1.MO PAU

Bai todn tdn tai udc luong Bayes cho tham 4n dinh vi va tham &n phuong sai d6i
vdi cdc 16p udc lugng bi chin, ... va khd tich da dugc khdo sdt trong cdc bai bdo[1] - [5].
Bai todn x4p xi wdc lugng Bayes cho cédc tham in dinh vi, phudng sai va hén hop

trong md hinh hdi qui phi tuyén 1-chiéu d6i véi 16p udc lugng bi chin da duge trinh bay
trong cdc bai bdo [6] - [10].

Tiép tuc theo hudng trén bai nay s& khdo sdt xdp xi udc luong Bayes cho tham 4n

dinh vi va tham an phuong sai d6i vdi cdc udc lugng bi chin trong mé hinh hdi qui phi
tuyén 2-chiéu.

Trude hét ta khdo sat xap xi wéc Iugng Bayes cho tham 4n dinh vi.

2. XAp Xi UGC LUQNG BAYES CHO THAM }’{N PINH VI

Xét mo hinh hdi qui phi tuy&n 2-chiéu c6 dang : X = () +¢

Trong d6 :

X : vectd quan tric ngAu nhién 2-chiéu c6 tri trong khong gian R?

€ : yectd sai ngiu nhién 2-chiéu c6 tri trong khong gian R*

6 . tham 4n dinh vi va 0 ©

® . tap hop compéc trong khong gian R’

. ham phi tuyén cho trudc, ¢: 0 — R?

Anh xa Borel do dugc h:R* — R" goi la udc lugng clia tham 4n dinh vi

Tap hop tat cd cdc Woc lugng bi chan cia tham 4n dinh vi @ tao thanh m&t khong
gian Banach va ki hiéu 12 B(R’;R").Tuong ty nhu trong bai [2], phi€ém ham

¥ :B(Rz;R')-a R* dudc xdc dinh bdi hé thic ¥ (k)= j j L(h(x).6) f,(x)u(dx)z(d6)
e g

goi 1a ham mao hiém Bayes vdi phén phoi xdc sudt tién nghiém 7 trén khdng gian tham
® . Nhic lai ring , L(h(x),0) duge goi 12 ham ton that f,(x¥) goi la ham mét do c6
didu kién chinh qui va z 12 d6 do Lebesgue trén R’ ( xem [2])

Udc Iugng he B(Rz;R') goi 12 wéc lugng Bayes ctia tham 4n dinh vi #€® vdi
phan ph6i tién nghiém 7 néu ¥ (k) =inf ¥ (h)

he B(R%:R")

Tuong tu nhut trong bai [2 ] ta ¢6 dinh 1 vé sy tdn tai udc luong Bayes cho tham 4n dinh vi
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Pinhli 1.1: Cho K 1a tdp cédc udc lugng clia tham dn dinh vi & € ® va thoa cic
diéu kién:

- h(R*)cO,Vhek
- Ve>0,3 phan hoach {E} c R*vacéc diém x, e E,i=1r

saocho:
sup [[h(x)- h(x, )< ¢
xe E,
— Téntai C> 0saocho:
‘L(y',@) - L(y”,B)l < C“y’—y"“R, VY, y"eR",NOe®
Khi &y K la tdp compic tudng ddi trong B(RZ,R’) -va trong 16p wdc lugng K
ton tai wdc lugng Bayes .
Tiép theo , dé xét bai todn xdp xI udc lugng Bayes cho tham n dinh vi, ta dua
thém mdt s& gid thi€t va ki hiéu. Gidsi tp tri ciia véctd quan tric ngiu nhién 2-chiéu X
1a tip compidc I R?. Khéng gian tat cd cdc ham bi chin , xdc dinh trén I, c6 tri trong
R’, ky hiéu 12 B(I). Khodng gian cdc ham lién tuc , xdc dinh trén I, c6 tri trong R’, ki hiéu
12 C(I). Hién nhién B(I) , C(I) 1a cdc khong gian Banach va C(I) = B(I).

Pinh i 1.2 : Gié sit tdp K céic udc lugng ciia tham &n dinh vi §€® thod céc diéu
kién cda dinh 1i 1.1 . Gi4 sit ham f, (x) bi chan déu . Khi &y c6 thé xdy dung dudc mot da
thiic 2 bi€n xap xi wdc lugng Bayes .

Chitng minh : Trudc hét, theo dinh 1i 1.1, t6n tai udc lugng Bayes hek.
Theo gid thuyét 3C":|f, (x)|<C',Vxe,V0e®

Tié€p theo 13y udc lugng Bayes heK.XKhidy 3C">0sao cho :
lh(x)]., = le;,. (%) £ €% h(x) = ( () By (x)ss (%))
g

Trong d6 cdc ham ﬁj, k| =i:;'l€1 do dudc bi chin , xdc dinh trén I, c6 tri trong R .
Theo dinh 1li Lusin , véi & >0 cho trudc, ton tai cdc ham g o =f; lién tuc , xdc
dinh trén I sao cho :
,u{x el:h(x)=g, (x)} <
véi p1a do do Lebesgue trén R
Pit g=(g,,8,-8,). Ta thdy A(x)= g(x)khi va chi khi tn tai it nhat mot j sao
cho : h,-'(x)’f" g;(x)
Hon nifa " g(x)"ﬂ, <"
V4iy nén , néu dit

A={ﬁ(x)¢ g(x)},Aj ={ﬁj(x)¢gj (x)},j=1,r

S o
4rCC'C"

ta sé co: A=[r/A.
Jur 7
Suyra: A)< ; A, <;
y lu( ) ;#( J) 4-C.C'.C”
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Vi A nhu trén , theo dinh nghia cia ham mao hiém Bayes ,tacé: ;

I‘I‘ (7 —‘P(g)‘i ﬂL(h(x),B)-L(g(x),e)Ly;(x)#(dx)r(dg)
< HC“h(x) g(x)“f (At (d9)+
=£Jcllh(x)‘g (")\Lfre(x)#(dx)r(de),:E

Mt khdc véi & >0 va véi cic ham lién tuc g,,j=1,7 nhu trén , theo dinh Ii xap xi

)7(d6)

Weierstrass cho ham nhidu bién , s& tdn tai céc da thic 2 bién P, (x,x,) saocho
1 T2

g —
<—,Vj=1r
ugl -mny 8 0] 2rC J

Trong d6 c4c da thitc 2 bién P . €O bac n +n, =(n +n2)(};,e)
vaco héso:a = (&,{,) € M((ﬂl +1)(n, +1)),
véi M ((m+1)x(n,+1))1a khong gian cdc ma trdn cdp(m +1)x(n, +1) V2
k= O-,Z;s =0,n, .
Ky hiéu ho da thic (P =P

i A PRI 5
myny @27 meng 412007 n]+n,,a') mtny,a

tathdy:  |g(x)=Byna(®)], = 2'8; (%)= By ()
Do dé : ‘\P g) lP( ny+ny, a) _Ucug x) Hytng @ )“ '.fé (x)y(dx)r(d&)

=ZJ'C

Jj=t eI

g, (x)-P,., (<)o (2)ue(ax) 7 (d0)

e %, (x) y(dx)r(d9)<—§

n,-m al

rl OI

Suyra"‘P 7 ——‘-P(P )

n+ny @

< %+%= £ va dinh 1y 2.1 chifng minh xong.

Tiép theo ta dua ra mot thut todn xay dung da thic Rip . P -
Trudc hét , theo céch xAy dung trén , vi bat ky he K, ta dugc ho da thifc hai bién
o

wima =B it Fon s
c6 bic n, +n, =(n +n,)(he) vacohg sd a= (a‘,az,...,a’),trong dé
o =(al)e M((m+1)x(m+1)), % =Lr.
; Vi Kla tip compact nén ta c6 thé tim dugc s6 n +n, chung cho tit cd céc
he K Nhu vay bac (n, +n,) chi cdn phy thude £, nén ta 14y ky hiéu:
m+n =(m+m)(s)
Budc tiép theo , ta s& c& dinh s& nguyén :n, +n, = (7 + n,)(g).

RAtE n,+n,,a’)

Tir day, do dinh nghia cia phi€m ham ¥, ta thay \IJ(P:,IMZ_G) chi phu thude vao hé

§§; a= (al,az,...,a') e IM((nl +1)x(n2 +1))><J‘la\'((1v11 +1)><(n2 + l))x...xM((nl +1)X‘(n2 +1))

= [M ((n, +1)x(m, + 1))]r
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Téc la véi mbi ae[M((m+1)x(n+1))], tn tai duy nhit mot gid ui

¥ (P

n+ny,a

)EEt.

Diéu nay c6 nghia t6n tai mot ham s6 F:[M((m +1)x(n, +1))] = R*, sao cho

F(a) ‘P(
Tiép theo , dat :

P

m+ny.a

)

F L {a e [M((n‘ +1)x(n, +1)):|r :]‘P(h)—F(a)| < 5}

As g UAe.h

hek

Gid sit ham F thod cdc diéu kién dat cuc tiéu trén 4, . Khi d6 tdn tai a’ € 4,

sao cho : F(a')= inf F(a)

aed,

Goi h 1a uéc Iugng Bayes thuée K, tic 1a ‘P(i;)=inf‘P(h), hekK

V6i uSc lugng 4 nay , theo cdch xay dung trén s& t3n tai ho da thitc 2 bién

P
}F (a)—‘P(f;)l <g
Vi vy, theo dinh nghia cla 4, ,taco ae 4,
F(a')—F(&)<£
Mit khéc , ta ¢6 dong thdi

Suy ra

Viynén:

Tit (2), (3) , ta dugc :
|F(a")-F(a)| <3¢

Kéthgp (1) va (4) , ta ¢ : |
[\P(h’)-F(a‘)|<4s.

orsa €O 58 de| M ((m +1)x(m, +1)) |

, 8ao cho

(1)

(2)

3)

(4

Tit cdc hé s6 o =(a',a2,...,a’)e[M((n] +1)x(n, +1))]r, ta s& xdy dung dugc da

thitc 2 bién P

Vi da thifc nay , theo dinh nghia cda ham F
Diéu ndy c6 nghia , ta x4y dung dude mot da
Nhut vay ta 6 thé 1y da thic cye tiéu P,

2

thudt todn x4y dung da thifc xap xi u6c lugng Bayes

,tacé :‘P(}lez,n.)= F(a') .

P

.
m+n,,a

thﬁ’c Pn e <4g

Pl )

. dé& xdp xi udc lugng Bayes he K va

cho tham 4n dinh vi gidi quy&t xong.
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3.XAP xi UGC LUQNG BAYES CUA THAM AN PHUONG SAI

Pinh nghia 2.1 : Xét m6 hinh héi qui phi tuyén: X =¢(0)+¢ . Ta goi ma trén hiép

phuong sai cov(X,X)=cov(e,&) 12 tham 4n phuong sai ciia m6 hinh néi trén va ki higu :
cov(g,&)=0" 7

Nhu biét trong bai [3] , 0? e M*(2x2)c M (2x2) , trong d6 M (2x2) 1a khong
gian cdc ma trén cdp 2 va M*(2x2) 1a khong gian cdc ma trin xdc dinh khong dm cap 2.
Ki hiéu 8(2x2)va 8*(2x2) 1a cdc o - dai s6 Borel trén M (2x2)va M*(2x2).

Pinh nghia 2.2 : Anh xa Borel do dugc h :(RZ,BZ)—> (M(2x2),B(2x2)) goi I
uéc Iugng cda tham 4n phudng sai o? € M* (2x2)(xem [3])

Ki hiéu B(RZ,M(ZXZ))IE tap hdp tat cd cdc udc lugng bi chin xédc dinh trén R’
va ¢6 tri trong M ( 2%2) . Ta goi d6 do xdc suidt v 14 phin phdi xdc suit tién nghiém cida
tham 4n o’ trén khong gian tham (M*(2x2) , B*(2x2)). Tuong t nhu trong bai [3] , ta
¢6 thé dinh nghia ham mao hiém Bayes va udc lugng Bayes cho tham 4n phuong
saic’ € M*(sxs) vGi phan phdi xdc suat tién nghiémv .

Pinh li 2.1 : Cho K c B(RZ,M(2><2))12‘1 1 18p cdc udc lugng cda tham 4n phuong
sai 07 € M*(2x2)thod cdc diéu kién :

@) h(Rz)c: M?(2x2),Vhe K

(i)  Ve>0,3 phanhoach {E} < R? vacicdiém x, € E,,i =1,r sao cho:

supﬂh(x)— <gNheK,Vi=1r

h(x" )”M(m)
xek,

(i) Tén tai C > 0sao cho:

‘L(y',o'z)—L(y”,az )‘_ M(2x2) ?

Khi gy K la tip compic tuong d6i trong B(R?,M(2x2)) va trong 16p udc ludng

Vol e M*(2x2),Vy,y" € M(2x2).

K tén tai wéc luong Bayes .
Chitng minh dinh li ndy tuong ty nhu chitng minh dinh Ii 3.1 trong bai [3] .
P& xét bai todn x4p xi udc lugng Bayes , ta ki hiéu I1a tdp compact thude
R*, B(I):=B(I,M(2%2)),C(I):=C(I,M(2x2))
Pinh If 2.2 : Gid s K 1a 16p cdc udc Iugng cla tham &n phuong sai o’ € M*(2x2)
thod ¢dc diéu kién nhu trong dinh 1 2.1 . Gid sit ham m4t d6 c6 diéu kién chinh qui f, (x)
bi chin déu . Khi 4y c6 thé xdy dung dugc mot da thiic 2 bién x4p xi uc lugng Bayes ciia
tham 4n phuong sai .
Ching minh : Trudc hét , theo dinh 1i 2.1, ton tai u6c lugng Bayes he K < B(I)
Theo gid thiét, 3C":|f.. (x)|<C',Vxe V0" e M*(2x2)
Tiép theo 14y udc lugng Bayes he X .Khi dy tdn tai C">0saocho:

i), =2 2 s Ci()=(, ),

i=l =l 5=l

Trong d6 cdc ham hy, -7 -1 212 do dudc, bi chin , x4dc dinh trén I va c6 tri trong R.
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Theo dinh 1i Lusin', véi £>0 cho trudc , ton tai cdc ham 8ysisJ =1,_2 lién tuc xdc
dinh trén Isao cho: ,u{x el:h(x)=2g, (x)} £
v6i # 1a d6 do Lebesgue trén R* .

bat : g(x)z[g” (x)gn (x)]
gn (%) 82 (%)
Ta thdy h(x)#g(x) khi va chi khi t3n tai it nhdt 1 cap (i, j ) sao cho
h,(x)# g, (x). Hon nita, ng(x)"M(zxz) <C' Wxel
Viy nén , néu dit :
A= { (¥) = g(x)}, 4, ={#, (x) % g, (=)} 1.7 =1,
tas€co: A= IIJIE_ZA

Suyra: ;:(A)Si i;z(Ay.)< 2
=1 =l

SCeey

St )
W6Ccc”

!\.)

V6i A nhu trén , theo dinh nghia clia him mao hiém Bayes . & el

pB-v|s [ (o) - e’

M*(2x2) 1

H IL h(x) (g(x),az)Lfal (x)y(dx)u(daz)

M?(2x2)A4

Sy 2o ( ) g(:c),(,rz)pcrz (x) u(dx)v(do?)
j- IC“h(x ~8 x)“f; x)‘u(dx v do‘z)<§

M(zz) A

Miit khdc véi £ > 0va vdi cdc ham lién tuc gu,z j=1, 1,2 nhu trén , theo dinh li xap

xi Weierstrass cho ham nhiéu bi€n , s& tdn tai cdc da thic 2 bi€n: P, =P (Ja:l xz)
ny+ny ,a n+ny @

saocho: I Vi, j=1,

gr‘j_

&
Sy
ey 8C :
Trong d6 cdc da thc 2 bién P, .,  c6bic n+m=(n+n)(he)va cé cde he
s61a cicma trin: @’ = (c"z,"{;)e M ((m +1)x(n, +1)) vei M((n +1)x(n, +1))1a khong gian

cdcma trdincdp  (m +1)x(n, +1)vak=0,n;5=0,n,.
Ki hiéu ma trdn cdc da thic :

p | FaematFroma
K] Pn.+n; zlP,,IM, e
2 2
ta thdy: “g(x) g, a(x )u () -2 Z

i=l  j=1
Do do :

IW(g)"'W(Ha,m,,&) <

ny+ny 8"

g') n, +n,,d (x)l

| ICHg %)=Pyna®)| S ()u(dx)o(do?)

ME(2x2) [ M(2x2)
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33 [ [l () fos()o(ae?)

i=l  j=l M2{2x2) 1

2 2
3% [ [cla-Pime

i=l f=]M2(2x2) )

Suyra: |!,U(h)-l//(Pn,+n,.a)

Tiép theo , ta s& dua ra mot thuat todn xay dung da thiic x4p xi udc lugng Bayes
cia tham 4n phudng sai .

Trudc hét , theo cach xay dung trén v6i batky he K ta dugc ma trin cdc da thic 2

P |1P 12
p - mtny,a’ n+ny,a
n+ny.a
Apnl-waz a*! ‘F;, +n2,an
112
c6 bic n +m, :(n,+n2)(h,8) va c6 hé s6 a=| ,
a“a

u(d)v(de?) <<

F u( )u( o )< s
c(1)

< £ va dinh 1y 2.2 dugc chiing minh xong .

bién :

J, trong d6 mdi thanh phin o’ 1a
motma trin : a’ =(a,";’;),k =0,n;5=0,n, .

Chi § rhing , bic n,+m =(n +n,)(he) phu thudc vao he K. Nhung vi Kla tip

compact , nén ta c6 thé tim dugc mdt bac (m + n) chung cho tdt cd moi he K . Nhu vy
béc ( m, +n,) chi cdn phu thudc vao £ va ta s& ky hiéu (n +n,) =(n +n,)(€).

Budc tiép theo , ta s& c8 dinh s nguyén (m +n,)=(m +n)(€) .
n+ny,a

Tir d6 , do dinh nghia ciia phi€m ham y , ia thay W(P ) chi phu thudc vao hé

11 13

s6 a= [ZZ'Z”]’ vdia e M((n, +1)x(n, +l)),Vi,j =12, tic 1la véi mbi

8 [M((nl-i-l)x(nz +1)) M((n +1)x(n, +1))] G pd By ol 1 gld -

TEM= M +D)x(my +1) M +1)x (n, +1) .
Y (Bya) € R
Pidu nay c6 nghia, tdn tai 1 ham s8 F': M - R*saocho: F(a)= !//(P,ww)
Tiép theo , dat :
4, ; ={a eM :|i//(h)—F(a)l <s}

Ae: = U As.h
hek
Gia s ham F thoa cdc diéu kién dat cuc tri trén 4, . Khi 4y ton tai a e A saocho:
F(a )=‘11161£F(a)
L&y hla udc lugng Bayes thude K ,ticla :l,lf(f;) = ihn%‘y/(h)
Véi ude lugng i;nz‘ly, theo cdch xiy dung trén , s€ ton tai ma trin cdp 2 cia cic da

All ~12
thic 2 bién P, ,, ;. Vi hé s8 a =( Je M
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saocho: [P (a)-y () <s )

Tit day theo dinh nghia cda 4, ,tacé ae 4, .

Suy ra F(a‘)—F(&)<£ 2)
Mitkhictacé: F(a')-F(a)>-3 - @)

T (2" )va(3’),tach: 'F(a')—-F(&)l<35 (")

K&t hgp (1’ ) va (4’ ) ta dugc :

gu(f:)—F(a' )‘ <4¢
a‘lla'll

Ti ma trdn cdc hé s6 a’ =( 3 'HJEM ta s&€ x4y dung dugc da thic 2 bién
a’a

<4g.

P, i saochosly(i)-y (2 )
Nhu vdy da thitc P .la xdp xi wdc lugng Bayes he K ciia tham s phuong
saio® va thuit todn xay dung da thitc xap xi udc lugng Bayes cia tham 4n phuong sai gidi

quyét xong .

4. NHAN XET

Ta c6 thé xay dung dudc céc da thic x4p xi vdc Iugng Bayes clia tham &n dinh vi @
trong 16p cdc wdc lugng bi chin c6t yéu I° ( R R")va 16p cdc u6c lugng khi tich
Fi, (;z;RZ;R’)vc’ﬁ 4 12 d6 do Lebesgue trén R?.

Tuong tu ta cling c6 thé xay dung cdc da thite xap xi udc lugng Bayes cda tham 4n
phuong sai o trong cdc 16p udc lwgng L (;,z; RZ;M(2x2)) val (/u;RZ;M (2 2))

Hon nita ta c6 thé xay dung cic 16p wdc luong bi chin , bi chin cdt yé&u va kh3 tich
cho tham &n hén hgp A= (0,0‘2) : '

Loi cdm on: Tdc gid cdm on Gido su Nguyén Bdc Vin vé nhitng ¥ kién dinh hudng
bé ich cho bai bdo nay.

THE APPROXIMATION FOR THE BAYESIAN ESTIMATORS IN THE
2 - DIMENSIONAL NONLINEAR REGRESSION MODELS

Ung Ngoc Quang
Faculty of Mathematics - Informatics, University of Natural Sciences
Viet Nam National University — Ho Chi Minh city

ABSTRACT: In this paper, the approximation for the Bayesian estimators of

location parameter and variance parameter in the 2 - dimensional nonlinear regression
models is investigated.

Keywords: Bayesian estimators, location parameter, variance parameter, two -
dimensional nonlinear models, polynomial functions.
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