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1.PAT VAN DPE

Théng ké Bayes néi chung va uéc luong Bayes ndi riéng dang duogc khao sat rong réi ( xem
[1] — [5]). Trong [5] da ching minh sy ton tai woc luong Bayes dua trén tiéu chuan vé tinh
compact twong déi cia mot 16p ham do duoc bi chan( tiéu chuin ndy tuong tu nhu tiéu chuan
compact tuong d6i ciia Ascoli — Arzela da duoc phét trién trong [6]).

Bai ndy & tiép tuc khao sét uéc lwgng Bayes dya vao tiéu chuan compact tuong déi néu trén.
Trudc hét taduaravai ky hi¢u :

| : Khéng gian metric compact véi metric d(X, y),x, y1 1 .

X : Phan tir quan tric ngau nhién co tap tri 1a

R': Khéng gian Euclider_chiéu

B(l),B,: Cacs _daisdBorel trénlva R".

2.VE MOQT TIEU CHUAN COMPACT TUONG POl TRONG KHONG GIAN BANACH
X é mo hinh théng ké phi tuyén cé dang:
X=j@+e
Trong do:
e : Vecto sai sd ngau nhién co tri trong |
q:Thamandinhvi, g1 Q
j : Ham phi tuyén chotrusc,j :Q® 1”7
Q : Tap compact thuoc !’
Pinh nghia 2.1
Ham Borel do dugc 2:(I,B (1)) ® (17,B,) goi lausc lugng caathaman gl QI 17,

Uéc luong h goi labj chan néu: sup|[(x)|, , .
Al )

Tap hop tat ca cac uac lwong bi chan ky hiéu laB(I1,1 ")
Pinh ly 2.1: Tap hop B(I,! ") lamot khdng gian Banach vai chuan
I, =suplpcol,
Pinh nghia 2.2: Tap hop K1 B(I,!") goi la dong lién tuc tai tung diém trén | néu
("e>0,"xI 1,%d, =d(e,x)) sao cho
. <e," hl K)

Taphop K1 B(I,! ") goi ladong bj chan tai ting diém trén 1 néu (" xT 1,$M > 0) sao
cho (|h(x)[,. £M,," hl K)

Tiép theo, ta ss phét biéu mot tiéu chuan compact twong déi trong B(1,! ") . Tiéu chuan nay
da dugc chixng minh trong [5] (xem [5], dinh 1y 2.2).



Pinh ly 2.2 (Tiéu chudn compact trong déi trong B(I,! ") : Chotap K1 B(I,!") thoacéc
diéukién:

(i) K ddng lién tuc tai tirng diém trén |

(i) K ddngbi chan ting diémtrén |

Khi 4y K latap compact twong déi trong B(I,! ") .

Ta s ding tiéu chuin ndy dé khao sét bai toan woc luong tham an g1 QI 1", Mat khac
tiéu chuan nay kha giong tiéu chuan compact twong doi cua Ascoli-Arzela, tuc la tiéu chuan
compact teong doi cho |6p ham dong lién tuc va dong bi chan trong khéng gian cac ham lién tuc
c,.

Dé chimg to rang tiéu chuan compact twong déi ndy la mot mé rong dang ké ciia tiéu chuan
Ascoli-Arzela, ta phai xay dung mét [6p ham K gom cac ham do duoc, bi chan nhung khong lién
tuc va tao thanh mot tap compact tuong ddi trong khéng gian Banach B(1,1 7).

Pinh |y sau day s& chi ra sy kién d6 cho tapK 1 B(I,1"), vsi | 1 1*(xem [7], ba tap
576).

Pinh ly 2.3 (V& mét tap compact tuong ddi trong B(I,! ')): Cho tap compact | =[0,1]. Xét
céc tap hop thudc | ¢6 dang:

Xéttap K ={f,:n3 1, trongd6

. i1 xI E,
"T1o X E°
Fe2i-1 2y 62 2i+1y

n 'on va U n' on U
82 2h’ )82 2 H
Khi dy K latap compact tuong ddi trong khéng gian Banach B(I) =B(I,!")
Chaing minh: Truéc hét, tathiy diamE, —%- 2|2—nl:2—1n va
diamg, = ar1 a_1
2" 2" 2"
Tachirng to rang K thoa céc tinh chit caadinh ly 2.2.
€2-1 20
g2 2l

Lucdo, " e >0, tachon d, :d(e,x)<2—1n.

That vay, liy xI E, . Tathdy $i sao choxl

Khi dy voi d(x,y) <d_,tacé d(X, y)<i Suyra y1 (?ZI—_l 2

| E
g2 2"
Dodé f (x)=f, (y)=1.Nén - f.(y)|<e," f,1 K.
é2i 2i-16

Mat khéc, lay X1 Ef. Tathdy $isaocho X1 &=, ~——=.
82" 2" g



Licdd " e >0, tachond, =d(e,x)<2—1n

Khi ay véi d(x,y) <d, ,taco d(x,y) <2—1n
~ @21 2i-16-
Suyrayl z—,——=l E,f
y y 82n 2n ﬂ
Dovay f,(X)=f,(y)=0.Nén |f,(x)- f,(y)|<e, ", K.

Tir ddy suy raK 1aho ham dong lién tuc tai timg diém trén I. Hon niva | f (X)| £1" f,T K,
vay K 1a ho ham ddng bi chan tai tirng diém trén |. Nén, theo dinh ly 2.2, K 1atap compact tuong
d6i trong khong gian Banach B(1) = B(l, R") vadinhly 2.1 dwoc chirng minh.

Ciing theo céch xéy dung ndy thi f, lacac ham gian doantrén | =[0,1] . Vay tadaxay dung
dugc mot 16p ham do duoc, bi chin, khong lién tuc trén | vatao thanh mot |6p compact tuong ddi
trong khong gian Banach B(1) = B(I,R") .

Nhu vy tiéu chuan compact trong dinh Iy 2.2 1a mot m¢ rong dang ké ciia tiéu chuan
compact tuong doi Ascoli —Arzela( Ve 16p ham K, xem thém phan phu luc).

Trong muc 3 tiép theo, ta s& diing tiéu chuan compact twong ddi trong dinh Iy 2.2 dé giai
quyet mot bai todn uéc luong tham an thong ké.

3.UOC LUQNG BAYESTRONG KHONG GIAN BANACH

Tatrg lai md hinh thong ké phi tuyén da xét trong muc 2.

X=j@+e

Ta s3 s dung khéi niém nhu ham ton that L(h(x),q), ham mao hiémy (h), phan phdi tién
nghiémt (dq) , wdc lugng Bayes v.v...datrinh bay trong cac dinh nghia 3.3, 3.4 trong [5].
Tuong ty nhu dinh |y 3.2 trong [5], ta cé dinh ly ton tai wéc lugng Bayes nhur sau:

Pinh Iy 3.1: Gia st K1 B(l,R")latap cac uoc luong cuatham 4n q1 Q1 R’ thoacéc
dicu kién:

(i) h(1)1 Q," hi K
(ii) K dong lién tyc tai tirng diém trén |
(iii) Hamton that L(y,q) thoadiéu kién Lipshitz, ticla:

$C >0:|L(y¢q)- L(y&q)|£C|y¢ vé_ " y¢yd R,"ql Q

Khi 4y K |& tap compact twong déi trong B(l,R")va trong 16p wéc luong K, ton tai use
lugng Bayes
Tiép theo, ta xét bai toan xap xi udc lugng Bayes trong mé hinh thong ké phi tuyén 2_chiéu
¢06 dang nhu sau:
X=j@-+e
Trong do:
I: Tap compact thuoc ! 2
X: Pai luvong quan tric ngdu nhiénco taptrila 71 1?2

Q: Tap compact thuoe ! 2



q:Thamandinhvi, qT Q
] :Hamphi tuyén chotrugc,j :Q® 12,
C(1): Tap céc ham liéntuc xac dinhtrén 71 1% vacotritrong 1"
_ Tuong tw nhu dinh Iy 2.2 trong [4], tacd dinh Iy x4p xi uéc luong Bayes cua tham an dinh vi
gl Qtrong mé hinh phi tuyén 2_chiéu nhu sau.
Pinh ly 3.2: Cho K latap cac u6c luong cuatham an dinh vi g1 Q thoa céc diéu kién cia
dinh1y 3.1,

Gia st $C¢|f, ()| £C¢" xT 1,"ql Q
Khi 4y c6 thé xay dung duoc mét da thic 2 bién xp xi uéc lugng Bayes h cia tham n
ql QI 1’

Trong [5] d& chi ra dathic dy c6 dang (X, %,), véi 6 bac (n+m) =(n+m)(h,e) va

Prima
v6i hée sb a=(a%,a?,...,a"), trong d6
& =a,1 M((n+1)" (m+D),"j=1r.
Nhic lai rang, taki hisuM ((n+1)" (m+1)) latap hop tit ca c&c matran cd (n+1) hang va
(m+1) cot.
Ciing cha y ring s bac (n+m) =(n+m)(h,e) nén sb bac 4y phu thusc véohl K . Mat

A

khéc, theo dinh nghia caa ham mao hiémy , ta thiay y (P,,,..) chi phu thuoc vao h¢ 5

+m,a

al :(aj)r. VGi a =a1 M((n+])" (m+1). biéu ndy c6  nghia

j=1’

"a=(a ),1 $Y (P.ma)T 1. Dodoton tai ham nhicu bién

F:[M((n+D)" (m+D)]' ® T *saocho F(a) =y (P,....)

Do vay, véi hd Kva htt h s tdn tai (n¢+mg = (n¢+mY(h¢e) . Tir day suy ra ton tai
anhxa F:[M((n¢+1)" (me+1)] ® T* duocxée dinhbsi F(a) =Y (Pyynea) -

Nhu vay sb bac n + m khéng duoc xéc dinh duy nhit va do ¢6 ham F khéng duoc xéc dinh
trén cing mot khong gian [M ((n+1)” (m+1))]" . Piéu ndy gy kho khan cho viéc x&y dung da
thirc Xap Xi Py, e -

Tuy nhién, do tinh compact caatap K, didu khé khan ndy cé thé vuot quaboi dinh 1y sau.

Pinh ly 3.3: Cho tap compact K 1 B(l)va e >0 nhu trong dinh Iy 3.2. Khi 4y tdn tai duy
nhat nT 1, ml ! vadathactwongtng P, sao cho:

L/ (h)-y (Pna)
Chaing minh: Vi K compact, nén " e >0, ton tai hitu han hl,hz,...,th K sao cho:

<e,"hl K

e
2C

Tiép theo, taxét cac diém h,hy,....h, T K.

—_— . q N r
KI U B(h;, C(l) , trong @6 C,C¢: lahang so duoc xéc dinh theo céc dinh ly 3.1 va3.2.
=1 -



Truoc hét véi h, theo dinh Iy 3.2, ton tai n1 !, mT ! va da thac twong ting
Py sma(nem (X %) co bac (n+m) = (n, + m)(h,e) vaco hé sb
a(n,m)T [M((n,+1)" (m +1)] sao cho
Y (1)~ Y (Pyom amem))| <€
Lap luan tuong tw cho c&c h, con lai, cudi cing ta thdy, véi h,, theo dinh Iy 3.2, ton tai
n I t,m1 ! vadathactuongiing P, .. oo m, 00 S0 bac
(n,+m,) =(n, +m,)(h,.e) vacohe sb a(nq,mq)T eM ((n, +1)" (m, +1))|§jr sa0 cho
Y (0)-Y (Pomatnyomy)| <€
bit n= rlyjaé(nj ),m= rlpja£>§(mj)

Khi dy, tatim dugc dathiec P c6 bacn+mvaco hé sb

n+m,a(n,m)

a(nm)T [M((n+1)" (m+1))]" seo cho
b/ (h)_y (Pm+n,a(n,m))| <e," hT K

, A _ . e . ,
That vay, layhl K. Vi K | B(h.,——), néntontai chi so j sao cho:
at vay, lay H ('2c.c¢) j

h-h, HB(I) ) 2Ce.C¢

Dode: ly (n)-y (h)| £ AAL((,a) - L(hy(),0)[f, (CYm(cyt (dq)
QI
Foos
Ql

09~ Ry (9] £, (Im(ex (da)

N\ - e
:(xp‘h- th f, ()m(dx)t (dg) < =
Ql B(l) 2
. ~ e
vayly (0)-y (h)| <2
Mit khac, véi h, T B(1) nhu trén, theo dinh Iy 3.2, ton tai ham g; T C(1) saocho
e
y (h)-y (g <7
v6i ham g, ndy, s& ton tai cac s6 nguyén duong Nn,,m, vadathiic twong ting véi ching 1a P,
cobac n, +m vacohess a(n,,m)T gM((n, +1)" (m, +1)§ seo cho
e
<
ct 4CCe¢

ng i R‘j +m;a(n;.my)
Suy ra



& (gj)_ y (Pn]»+m]»,a(n/»,mj))| £ 00 (gj('xl’xz)’q)' L(Rq,.+m,.,a(n,.,m,.)(x1’xz)aq) fé(X)rr(dX)t (dCI)
QI

£ 8- P, oM ()
QI

Tiép theo, vi n= max(n; ), m=max(m;), nén ta xdy dung duoc dathic B, ... C0bac
1£j£q 1£j£q gty
m+nvacohess ain,mT [M((n+1)" (m+1)]" thoatinh chit sau:
I:)n+m,a(n,m) (Xl' X2) = FLJ- +m;,a(n; ,mj)(Xl’ X2) + OX;J +1'X£nj " Tt Oxfxgn = I::1j+mj ,a(n; ,mj)(Xl! Xz)
Khi éy ‘gj (Xl' X2) - R] wm; a(n, ,mj)(xl’ Xz)‘ = |g] (X]_) Xz) - I::Hm,a(n,m)(xj_u Xz)
D06 [ g, 04:) - P oy ey 52| =19, 040%) = Pramagaam 0403,

e
4CC¢C

c(l)

Suy ra ||gj (Xl' X2) - I:?1+m,a(n,m) (Xl’ X2)||C(I) <
Vay nén: b/ (g,) -y (Pn+m,a(n,Wl))| < g

cuéi ciing:y (M) -y (P, <e," h1 K vadinhly chirng minh xong.
n+m,a(n,m)
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PHU LUC

Trong phu luc ndy, tamd ta va biéu thi bang hinh v& ham do duoc, bi chan, khdng lién tuc da
duoc khao sét trong dinh ly 2.3

Xétdosn | = [0.1). Tadit B, = & 10 EF = D0
7]

il x1
Lacdd f(X)=f .
20 Xl



e .. 7 .. 2211 , A .
pit E, = él 2u é3 4u_ Ue2|21 ZLUE2—§0,12E§E,§2= QEIZ'ZI-:lg
&4’ H 84 all m8 22 2?0 P 8 ap 84’4y o 82 27 5
il x1 E2
Ldc do fz(x)—| R
i0 xl E;
bat
6l 20-63 40-6é5 60-67 80 _2,é2-1 20
= s =iE a5 iE as = iE 6 == -
= 8% 2°H 82 2°H 822 2°H &2 2°H F{s 2 "2°H
c 6. 106-62 30-64 50666 7o 2 :'é62 2i+16
SRy T, T, T Wk 2
4] 4] 4] g -0 4]
11 X1
Licdé f,(x) =1 ) E3
i0 x] ES

bat
el 20-¢é3 40-é5 60-é7 8u~é9 10U~
E,=z——vEx —VvEz —Exi-,—nE s —E
TR 2'H B2 2f 82 2'H &2 2fH &2 2%
Eeﬂ 12uE é13 14uE €15 160 _ Ue2| 12y
823’23H 824’24H 824'24H ) 824 ’24H

E° é 10 €2 30~€64 50~€é6 70~6é8 90,
4_AO4 4 4E 4 4E 4 4E 4 4E
822182 2(582 2(582 221822

2*
£ €10 116, €12 136 614 156_ U 62 2i+18

B2y 82020y 822y o B2 2
il xI E,
Lucdo f,(x) =i R
10 Xl E
Cac hinh vé:

A

v
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Hinh 1 (cho ham f,(X))

A

Hinh 2.(cho ham f,(x))

A

Hinh 3 (cho ham f,(x))






