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) Nguyén Hong Nhung
Truong Dai hoc Sw pham Ky thudt Thanh pho H6 Chi Minh, Viét Nam
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TOM TAT

Nhiéu phirong phdp thong ké ¢ dién khi tim khoang tin cdy cho cdc h¢ $6 héi quy can
gid thiét vé phan bo tién nghiém cua cdc sai s6. Véi mot SO gia thuyet nhat dinh, khong can
gid thiét vé phan phoz cua sai so, thu tuc bOOtStrap ¢6 ¢ mau ldy lai ¢é dinh hodc ngau nhién
6 thé thiee hién xdp xi bootstrap cia phdan phdi wéc lwong binh phuong 16i thiéu cac hé so
hoi quy. Trong bai bdo ndy, tac gia trinh bay thudt toan xdc dinh h¢ so hoi quy cia mo hinh
héi quy bootstrap véi ¢ mau ldy lai la bién ngdu nhién N,,. N,, nhdn gia tr; Ia Cac so nguyén
dwong trén [m,n] voi kha nang la nhu nhau tai moi gla tri, trong dé m 1a sé nguyén dwong
nhé nhdt 16n hon hodc bang n/4. Sir dung phdn mém Matlab xdc dinh hé sé6 hoi quy
bootstrap thuc nghiém va dwa ra nhdn xét.

Tir khéa: Phwong phdp bootstrap; hoi quy; ldy lai mdu; ¢& mdu ngdu nhién;, phan phoi déu.
ABSTRACT

To find confidence interval for regression coefficients, classical methods require the
distribution of errors. Under mild conditions, without knowing the distribution of errors, the
bootstrap approximation with fixed or random resample sizeto estimate the distribution of
the least squares is valid. In this paper, the author presents algorithms to determine
regression coefficients of the bootstrap regression model with random resample size N,,. N,, is
a positive integer-valued in [m, n] with the ability to be the same at all values, where m is the
smallest positive integer greater than or equal to n/4. Matlab software is used to seek the
empirical bootstrap regression coefficients and create analysis comments.

Key words: bootstrap; regression; resampling; random resample size; uniform distribution.

L CIGI THIEU théqg kév boetstrapi. Phan phdi thyc
) nghiémFE, caa thong ké bootstrap duogc goi la

Nam 1979 Efron [1] dua ra mot qua phén phdi bootstrap. Phan phdi bootstrap la
trinh tong quat lay lai mau tr mau goc ban  w¢c lwong cua phan phdi thong ké ta dang
dau goi la bootstrap. Coi mau goc S, = quan tdm. Phuong phép bootstrap ciia Efron
(X1, Xy, ..., Xp)d0ng vai tro la tong thé ma tr - x4p xi phan phéi miu cua vn(6(F,) -
do n6 duoc rat ra. T mau ban dau lay lai H(F)) bsi phan phéi mau lip lai

mau ngau nhién bang phuong phap lay mau X . N
¢6 hoan lai. Mau lay lai gol la mau bootstrap ‘/E(Q(F n) — 0 ")) dya trén mau bootstrap

ngau nhién S; = (X2y, Xip) o, Xi) €O C3 Sp ma trong d6 phén phdi ban dau F dugc
mau n.Gia st Xy, X, ..., X, doc lap cing thay thé b0| phan phéi thuc nghlem F,dya
phan phéiFvad (F) 1a tham sé can quan tam. trén mau gdc S,VaF, duoc thay thé boi phan
GoiF, 13 ham phan phdi thuc nghiém cua phdi thuc nghiém bootstrap E; dya trén mau
miu S,,0(F,) la mot uéc luong cua bootstrap S;;. Enno Mammen [2] gidi thleu
9(F).Ung véi mai miu bootstrap, thong ké qua trinh lday mau bootstrap véi c& mau la
cuia tham sé cn quan tam 6(E;) duoc goi I3 bién ngau nhién c6 phan phéi Poisson.
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Trong [3] Rao, Pathak va Kolt trinh bay
quéa trinh 1ay mau bootstrap 1a qua trinh ldy
ngau nhién lan luot c6 hoan lai cac phan tir
tr S, cho dén khi com = [n(1—e "] +1
phan tir phan biét trong mau gbc. Nhu vay, ta

thu duoc mau bootstrap
Siy = = (Xp1, Xigs s Xy, ) €O €& mMAu N, la
ngau nhién, mién la trong
1 Xnzs s Xy 0O m=n(l—e™h) phan

tir phan biét trong mau géc. C& mau N, c6
thé phén tich thanh tong cac bién ngau nhién
doc lap nhu sau:

Np = Npg + Npp + -+ Ny 1)

trong dd m=[n(1—e H]+1;, Ny =1 va
v6iméi k,2 < k <m,

i—1
Pl =0=(1-)(5) . @
v6i P* 1a ky hiéu xéac suat co didu kién
P | Xy, ) X))
Ky vong cua ¢& mau lay lai N,coa tha

tuc bootstrap nay l1a E(N,) =n E + ﬁ +

L _ _ -1
n_m+1].V0|m =n(l—e ')suyra

E(N,) =n+ 0(1). (3)

Rao, Pathak va Kolt da thiét 1ap tinh
vitng cua luge do lay mau nay trong [3].

Trong [4] N.V. Toan da nghién curu qua
trinh bootstrap voi ¢ mau lay lai N, khong
doc 1ap véi mau goc va théa man didu kién:
c6 mot day cac sé nguyén duong (kp,)1<n<o
tién ra oo khi n tién dén oo sao cho day
(ﬁ) hoi tu theo xac suét co diéu kién
’fn lsn<oco | -
dén mot bién ngau nhién duong v véi Xac
suit 1. Két qua dat duoc cho thay c6 thé su
dung uéc luong bootstrap véi ¢ mau ngau
nhién thay cho udc luong bootstrap véi co
mau n (?).

Trong truong hop ¢& mau lap lai 12 bién
ngau nhién nhan gia tri nguyén duong N,doc
lap vai day X, X5, ...;va thoa dieu kién

N,, —p ookhin — oo, 4)
thi vai hau hét moi ddy mau X;, X5, ...,
*n—F||—>p0khin—>00. (5)

O day,

| v () = F(D)],
v6i Fy la phan phéi thyc nghiém dya trén
mau bootstrap Sy ¢6 ¢& mau ngau nhién
laN,,. Két qua nay N.V. Toan da ching minh
trong [5] cho thay qua trinh bootstrap thuc
nghiém co hiéu luc khi N,, thoa mén (4).

~ Trong [6] N.V. Toan da dua ra dieu kién
tong quat cho ¢ mau ngau nhién dé qua
trinh bootstrap thuc nghiém tong quat voi c&
mau ngau nhién duoc danh dau boi ‘mot 16p
cac ham F va dua trén do do xac suat P thoa
man dinh ly gigi han trung tam.

y —F||=sup_

Muc tiép theo trinh bay thu tuc bootstrap
d6i véi md hinh hdi quy trong trudng hop ¢
mau lay lai 1a bién ngau nhién nhan gia tri
nguyén duong va doc 1ap véi mau goc. Bong
thoi trinh bay cac diéu kién co thé sir dung
ude lwong bootstrap véi ¢ mau ngau nhién
dbi véi phan phdi cua wdc luwong binh
phuong bé nhit. Cac két qua nay dugc ching
minh trong céc tai liéu [7] va [8].Phan cubi
muc, t&c gia minh hoa tng dung cua cac két
luan ly thuyét boi qua trinh xac dinh khoang
tin cdy cho hé sd hodi quy thuc nghi¢m cho
mo hinh hoi quy bootstrap voi ¢d mau ngau
nhién. Cu thé, ¢& mau ly lai N,,la bién ngau
nhién nhan gia tri 1a cac s6 nguyén duong
trén [m, n] véi kha nang nhu nhau tai moi gia
tri, m 12 s6 nguyén duong nho nhat 16n hon
hodc bang n/4. Khi do,

P(Ny = i) =——,i € {m,...,n} (6)

P(N, = k) - 1khin —> oo, véimoi k.  (7)
Nhu vay N,, 1a bién ngiu nhién nhan gia

tri nguyén duong thoa mén (4).

2. MO HINH HOI QUY BOOTSTRAP
VOI CO MAU NGAU NHIEN

2.1 M5 hinh hdi quy
Xét md hinh tuyén tinh boi

Y(n) = X(n)B + e(n). (8)

Trong phuong trinh nay S 18 motp x 1
vecto cua cac tham sb chua biét dugc wéc
luong tir dit liéu. Y(n) la mot n X 1 vecto dix
liéu, Y (n) 1a vecto ngau nhién hay bién dap
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ung.X(n)la mot n X p ma tran di liéu cé
hang la p < n, X(n) con duoc goi la ma tran
thiét ké.e(n)1a mot n x 1 vecto khong quan
sat duoc, e(n) duoc goi 1 sai s6 ngau nhién,
phan du hay nhiéu. Dit liéu quan sat c6 dang
(X(n),Y(n)) va ta goi X(n) la tap hop céac
diém thiét ké cua md hinh.(X;, Y;) la hang th
i,1<i<n,ctaX(n),Yn)).Tagoi (8) la
m6 hinh hdi quy néu cac phén tich duoc dua
ra dua trén cac diém thiét ké X (n).
Gia thiét (8) thoa man cac diéu kién:

(A1)X (n) 1a khong ngau nhién.

(A2) Trong mé hinh (8) cac thanh phan
€1 €2, v, €n CUA g(n) 1a doc lap c6 cung phan

ph01 F voi trung binh bang 0 va phuong sai
0%. Ca F va 02 déu chua biét.

U'éc lugng binh phwong bé nhét cho g 1a
Bm) = XM X)) XMWY (n). (9)

Vecto Y dugc khao sat la gia tri quan sat
cua vecto ngau nhién X(n)B + e(n). Khi dé
£ (n) c6 trung binh 8 va ma tran hiép phuong
sai o2{X(n)TX(n)} 1. Giasu
(A3)-{X(n)"X(n)} - V xéc dinh dwong.

Pong thoi gia sir rang cac phan tir cua
X(n) déu bé so voin. Khi d6 vn(f(n) —
B) tiém can chuan véi trung binh 0 va ma
tran hiép phuong sai 2V =1, Dic biét, phan
phdi cua {X()"X(m)} V(B (n) — B}/
tiém can chuan vai trung binh 0 va ma tran
hiép phuong sai 1a ma tran don vi cip p.

Néu ta thém gia thiét, cac phan du ;c6
cung phan phdi chuian N(0,02), tac la
e=(g,..,5)T O phan phdi chuan
N(0,021I,,).Khi @6 ta cé thé xac dinh khoang
tin cay cho céc hé s6 hdi quy B; va thuc hién
cac kiém dinh vé hé sé hdi quy. Trong [9]
N.H. Du d3 chi ra khi £ c6 phan phéi chuan
N(0,02I,) thi U=X"X)Y2(f—-p) co
phan phéi chuan (0,021,); (B — B)c6 phan
phdi chuan N(0,0%(XTX)™1).Néu nhu diéu
kién vé phan phdi chuan caa md hinh khéng
chi ra duoc thi qué trinh 1ay mau bootstrap s&
la mot lua chon dé giai quyét cac bai toan
thudc dang nay.

2.2 Mo hinh hdi quy bootstrap

Gia thiét rang mé hinh hdi quy (8) thoa
min cac diéu kién A(1-3). Ta xem X(n) lan
hang dau tién cua mot ddy vo han céc hang.
Tuong tu, Xem &, &,, ..., &, la n phan tr dau
tién cua ddy vd han céac bién ngau nhién doc
lap cung phan phdi F . Tur mau gbc
(X(n),Y(n)) ta tinh duogc udc lugng binh
phuong bé nhat cua 8 1a f(n). Tir d6, ta xac
dinh dugc vecto phan dué(n) xac dinh bai

é(n) =Y(n) —X()B (10)
Goi E, 1a phan phéi thuc nghlem cua
é(n), co trung tam tai ky vong, nén E, dat
trong lugng 1/n tai &(n) — A, va [ x dE¥ =
0. Theo E. Mammen [10], thuc hi¢n qua trinh
lay mau bootstrap tir tdp cac phan du trung
tam {& — &.}, & ta
dugc cac bootstrap sai s6 £*(n) Ia n vecto
ma thanh phan thi i 1a &; gia st &7, ..., &,
doc lap co diéu kién cung phan phdi E,. Dt
Y*(n) = X()B(n) + £*(n). (11)
Bay gio ta c6 b s6 ligu danh dau sao dé
udce lugng tham so. Udce lugng bootstrap cua

B(n) la

Brm) = (XM)TX(m) " XY () (12)
Nguyén ly bootstrap cho ring phan phdi
ciavn(B* — B), ma ta o thé tinh truc tiép tir
dir licu, xip xi phan phdi cia vn(B — B).
Freedman [7] da ching minh rang xap xi nay la
rat tét khi n 16n va o2p. trace(XTX) ™1 nhé.

oA 1
trong do €.=—2i

Trong [7] Freedman da phat trién mot s6
dinh Iy xap xi ung dung trong md hinh hoi
quy bootstrap cua Efron véi ¢ mau lay lai la
m khac véi n 1a ¢& mau ban dau. Dit liéu
danh dau sao sinh bai

Y*(m) = X(m)Bn) + &(m) (13)
mx1 mxp px1 mx1
Vi €5, ..., &, doc lap co diéu kién cung phan

phdi £,. Bay gio f*(mm) la tham sé uéc luong
dua trén dir liéu danh dau sao:

Br(m) = (X(m)TX(m)) " X(m)TY* (m)(14)

px1 pPXp pXm mxl1
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Vm(B*(m) — B (n)) la xap xi phan phéi
rit tot cua vn(B—pB) khi m lon va
o?p.trace(XTX)™* nhé. Trong [7]
Freedman da khang dinh hau chic chin cua
tiém can khi m va n tién téi . Trong [8]
N.V. Toan da chirng minh qué trinh bootstrap
¢6 hiéu luc véi md hinh hoi quy néu ¢& mau
bootstrap N,, la bién ngau nhién nhan gia tri
nguyén duong, doéc lap vai Y;,Ys,, ..., Y, va
théa man (4).

2.3 Mo hinh hdi quy bootstrap véi ¢& miu
ngiu nhién
Gia sir mo hinh héi quy (8) thoa man
A(1-3). Theo hau hét cic didy mau, cho
Y1, Y, ...,Y,, N. V. Toan trong [8] da chting
minh dwoc khi n tién ti oo:

(B1) Phan phdi co didu kién cua
,/Nn{,[?*(Nn) — [?(n)} hoi tu yéu dén phan
phdi chuan véi trung binh 0 va ma tran hiép
phuong sai g2V 1,

(B2) Phan phoi 6 diéu kién cta 65, hoi
tu dén diém c6 khdi luong tai o.

(B3) Phan phdi c6 diéu kién cua
{X(Nn)TX(Nn)}_l/Z{B*(Nn) - B(n)}/é\-ltln

héi tu dén phan phdi chuén trong RP.

Pé minh hoa cho cac két qua da dugc
chting minh trong 1y thuyét, tac gia xay dung
qué trinh xac dinh hé sé hdi quy bootstrap
thyc nghiém véi c& mau thuc nghi¢m la mot
bién ngéu nhién. Cic budc thyc hién qua
trinh 14y lai mau bootstrap tir miu gbc ban
dau va xac dinh hé s6 hdi quy ciia mo hinh
hdi quy bootstrap v&i ¢& mau ngiu nhién
dugc trinh bay nhu sau:

Buéc 1: Tir sb liéu gbc ban dau (X;,Y;)
trong do 1 <i < nta tinh dugc udc lugng
binh phwong bé nhat f(n) cua g trong mod
hinh hdi quy (8) theo cdng thuc (9).

Budc 2: Xac dinh cac thanh phan cia vecto
phandu ém)laé;, =Y, — X, 1 <i <n.

Buwéc 3: Xac dinh mot gia tri ngau nhién
cua bién ngiu nhién N,.Lay ngau nhién lan
luot c6 hoan lai tir tap cac phan du trung tim
{&, — &.}, trong do .= %Z?zl é;, ta duoc

cac bootstrap sai s6 £*(N,,) l1a N,, vecto ma
thanh phan thu i 1a &/

Budc 4: DatY*(N,) = X(N,)B(n) +
&*(N,) vai thanh phan thri,1 <i < N, la
Y[ = XiB + &

Buwéc 5 V6 mdi di lieu sao
(X(N,),Y*(N,) ta tinh duoc ude luong
bootstrap cua £ (n) 1a

ﬁ* (Nn) =
(X(NDTX(N,)) X (N)TY*(Ny) (15)

la mot vecto p x 1.

Ta xét mot vi du minh hoa vé mé hinh
Y=XF+¢e ¢cb vecto tham s6
B = (B1, B, B3)T chua biét dang can wdc
luong; vecto dit liéu Y cap 150 x 1; ma tran
thiét k& X cdp 150 x 3 va vecto sai sb
£ = (&, ..., £150)7 khong quan sat duoc.

Pau tién ta khao sat do thi cua cac dir liéu.

+* *
+
+
*
140 * ¥ - *y
s e ¥
120 * +
* e ¥ O
e, o N
100 ¥ ¥ o«
* * fy kg ¥ * *r
> % % *OTE Tk LA S
80 ++ ¥ £+ ¥y g N
% ¥ -
* * *
60 * * ¥ jﬁ* % * % *
* ¥ % £+
40 . *
25 L ¥ *
£y L
20 £+ 5

Xthe third column Xthe second column

Hinh 1. Pé th; phan tan biéu dien mai quan
hé gira X vay

Theo hinh 1, cac diém tap trung gan mot
mit phang nén ta dy doan co thé sir dung mo
hinh héi quy tuyén tinh dé biéu dién mdi
quan hé gitra X va Y.

Tu cac sai sééitinh duoc ta v& do thi
phén tan cuaé; theo gia tri dy doan y;, dugc
hinh 2. Xu thé trong d0 thi s& chimg to cac
sai sb &;c6 doc 1ap hay phu thudc véi y;.
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Hinh 2. Pé thi phdn tan ciia cdc sai s6¢; Va
gia tri du dodn y;

Trong hinh 2 ta thiy khong c6 xu thé nao
ctia chim diém thé hién mdi quan hé giira sai
sO & va gia tri du doan y; nén ta chap nhan
gia thuyét doc lap gitta sai s6 & va bién du
doan Y. Mat khac ta thdy khoang rong ctia do
1éch gan nhu 14 nhu nhau tai moi phan cua d6
thi nén ta chap nhan gia thuyét phuong sai
ctia sai s € 1a khong d6i. Nhu vay, bo sb lidu
thoa man A(1-3).

30
25

20

hatepsilon

Hinh 3. Biéu d6 mod phong phan phdi cua
Cac sai S &

Hinh 3 cho thay sai s6 € khdng c6 phan
phdi chuan va ta ciing chua biét dang phan
phdi cua cac sai s6 e. Nhu vay voi s6 licu
nay ta khong thé st dung cac phuong phap
xéc dinh hé s6 hdi quy truyén thong.

Trong bai bao nay tac gia sir dung phan
mém Matlab dé phan tich s6 liéu. Sau day la
thuat toan tim khoang tin cay 95% cua tham
s6 hoéi quy B bang cach st dung qué trinh

bootstrap voéi ¢& méu lay lai 13 bién ngiu
nhién co6 phéan phoi déu trén [n/4; n].

>>[n p]=size(X); # Xac dinh cd ma tran X

>>hatbeta=inv(X'*X)*X'*Y # Udc lugng
hop ly cuc dai cua 8.

hatbeta = [3.7457 4.0935 2.9579]"
>>hatepsilon=Y-X*hatbeta; # Vecto £(n)

>>data=hatepsilon-
(sum(hatepsilon)/n)*ones(n,1);# Ma tran
phan du trung tam dong vai tro la mau gbc dé
lay lai mau.

>>betaB=zeros(p,10000);

>> r=randi(n,1,10000); # Day 10000 sb
nguyén duong ngau nhién co gia tri 1 dén n.

>>forl =1:10000rs=r(1,i);
Whilers<(n/4)rs=randi(n,1,1);end
Es=zeros(rs,1); # Ma tran phan du bootstrap

Xs=zeros(rs,p);# Ma tran X gom cac hang
tuong &ng V4i cac &; 1ay lai tir mau géc.

while det(Xs*Xs)=0 rb=randi(n,1,rs);

for j=1:rs
k=rb(1,j);Es(j,1)=data(k,1);Xs(j,:)=X(k,:);
end

Ys=Xs*hatbeta+Es;
betaB(:,i)=inv(Xs™*Xs)*Xs™*Ys; # H¢ s6 B
bootstrap twong rng mau lay lai thir i.

end

12

10

“ WM ‘Mpll\i \H W

the first beta

4

-6
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
ith bootstrap samples fori= 1:n

Hinh 4. D6 thi cac hé so B, bootstrap véi c&
mau ngau nhién co phan phoi déu trén
[n/4;n].
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the first beta

Hinh 5. Bleu do moé pheng phan phol cua
cac hé so B, bootstrap Vi €& mdu ngau
nhién ¢é phdn phoi déu trén [n/4;n).

Khoang udc luong bootstrap véi c& mau

ngau nhién cua hé sé B;véi do tin cay 95% la

(0.4768;6.9116).
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the second beta
rS

Hinh 6. P thi céc hé s6 B, bootstrap véi c&
mau ngau nhién co phdn phoi déu trén
[n/4;n].
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the second beta

Hinh 7. Bleu dé mod phong phan phol cua
cac hé so S, bootstrap V6i €6 mau ngau
nhién ¢6 phdn phoi déu trén [n/4;n].

Khoang uéc luong bootstrap véi ¢ mau
ngau nhién cua hé so B,véi do tin cay 95% la

(3.8840; 4.3157).
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0 1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000
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the third beta

Hinh 8. P th; cac hé sé B, bootstrap véi c&
mau ngau nhién co phdn phoi deu trén
[n/4;n].
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the third beta

Hinh 9. Bleu d6 md phong phan phol cua
cac hé so Bs bootstrap Vi €& mdu ngau
nhién ¢é phdn phoi déu trén [n/4;n].

Khoing uéc lugng bootstrap voi ¢& mau
ngau nhién cua hé s6 B5vai do tin cay 95% la
(2.8223; 3.0974).

Ta bac bo cac gia thuyét g, = 0; B, =
0; B3 =0 ; vi cac khoang udc Ilugng
bootstrap véi ¢& mau ngau nhién cia cac hé
sb nay khong chira 0.
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Hinh 10. D6 th phan tan cia cac hé so
B; bootstrap vai cd mau ngau nhién cé phan
phoi déu trén [n/4;n].
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Dé so sanh két qua gitra cac phuong phép
bootstrap, ta xac dinh hé sb hoi quy bootstrap
trong trudng hop ¢& mau Iy lai ¢é dinh bang
¢ mau gbécn; hoic bingm = [0.625n] <
nhay bangM = 2n; va trwong hop ¢& mau
bootstrap ngau nhién sao cho mau lay lai co
ding m ~n(1 —e ') ~ 0.632n phan tu
phan biét caa mau goc. Tong hop cac két qua
tir qua trinh phan tich s6 lidu ta c6 bang 1, tir
d6 ta c6 cung két luan 1a cac hé sd hoi quy
bootstrap cua mo hinh nay khac 0.

Bing 1. Khodng tin cdy 95% ciia cdc hé hoi
quy bootstrap.

Khoang udc lugng
bootstrap voi dd tin
cay 95%

(0.4768;6.9116)
B, | (3.8840; 4.3157)

Co mau liy lai| B,
N, la bién ngiu

nhién c6 phan
phdi déu trén | B3 | (2.8223; 3.0974)
[n/4;n].

Co mau Iy lai c6 | £, | (1.3645; 6.0832)
dinh bang ¢o mau 5 1" 3 9397: 4 2466)
goc n.

B, | (2.8591; 3.0600)
(0.7706; 6.7809)

Co mau lay lai cé | B,

dinh la m nho )

hon o5 MU géc B, | (3.9035; 4.2915)
n. Bs | (2.8316; 3.0852)
Co mau lay lai ¢ | B, | (2.1015; 5.3848)
dinh 1a M =2

| ;n hon o8 méﬁ B, | (3.9857; 4.2048)
gdc n. Bs | (2.8890; 3.0285)

Co mau lay lai 1a| B, | (1.8359;5.1854)
ngau  nhien sa0 5 7 3 9903. 4 2081)

cho c¢6 dung
m~n(l—e™1) | B3 | (2.9003; 3.0438)
phan tr phan biét

cua mau goc.

3. KET LUAN

Qua trinh phan tich thyc nghi¢m da minh
hoa dwgc cu thé qué trinh xac dinh khoang
tin cdy cho hé sé hdi quy cho mé hinh hdi
quy bootstrap v6i ¢& mau ¢b dinh va truong
hop ¢& mau lay lai 1a ngiu nhién. Trong bai
bao nay, tac gla da thuc hién dugc qua trinh
xac dinh hé s6 héi quy bootstrap thuc nghiém
v6i ¢ mau lay lai 14 bién ngéu nhién ¢ phan
phdi déu [n/4;n]. Qua d6 lam phong pha
thém cac phuong phap xac dinh cac hé sé hoi
quy bootstrap.

Két qua phan tich thuc nghiém cho thay
néu ¢& mau ly lai ting thi do dai caa khoang
wdc luong giam. Tuy nhién, khi ¢ mau gdc
ban dau la n I6n néu ta lay c& mau lay lai la
bang ¢ mau gbc hoic bangM = 2n thi sb
lan lay phan tir tr mau gbc khi ldy b mau
bootstrap 1a nb hay2nb s& rat 16n, 1am ton
thoi gian cho qua trinh phan tich sb liéu.
Truong hop ¢ mau lay lai 12 bién ngiu
nhién ma cu thé 1a bién ngau nhién cé phan
phdi déu trén trén [n/4; n] thi sb lan liy
phan te trung binh 1a E(N,)b =
~(2+n) b = 0.625nb st tiét kiém thoi gian
hon cho qua trinh phan tich sé ligu.

Trong [11] N.V. Toan da chi ra toc do
hoi tu cua xap xi bootstrap cua phén ph01
trung binh miu v6i ¢d miu lay lai 1 bién
ngiu nhién N,,. Hudéng nghién ctru tiép theo
c6 thé thuc hién viée xdc dinh toc do héi tu
ctia xap xi bootstrap ctia phan phdi udc lugng
binh phuong bé nhét trong mé hinh hoi quy
¢6 ¢& mau bootstrap c6 dinh hay 1a bién ngiu
nhién N,,. Bién ngau nhién N,, 13 s6 nguyén
duong thudc [a, b] hodcN,, 1a so l1an lay phan
tr tr mau goc cho dén khi xuét hién m =
n(1—e™1) = 0.632n phan tx phan biét
trong mau gdc.
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