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TOM TAT: Trong bai bdo nay, chiing t6i sir dung phwong phdp bootstrap aé nghzen curu
do léch tiéu chudn cia mdt dg xuong 16i da cua phu nit Viét Nam. Két qua nay co tam quan
trong trong viéc nhdn biét mirc d@p nguy hiém ciia ciin bénh lodng xwong.

1. GIOI THIEU

Trong thong ké, theo phuong phap ma ching ta van thudong dung dé uéc lugng hay klem
dinh tham s6 théng ké 14 dua ra céc gia dinh vé phén phdi cia X hodc gia dinh vé c& mau.
Dua véo céc gia dinh nay dé tim phan phdi cia cac thong ké ma ta dang xét. Ching han dé uéc
luong khoang cho phuong sai truong hop khong biét gi4 tri cia ky vong x thi nguoi ta xét

thong ké
—\2
2 _ o X i il 2
Z ;( o zn—]
khi X ~ N(x,0” ). Nhung khong phéi lic nao gia dinh ciia théng ké ma ching ta dang xét

ludn thoa déng. Trong trudng hop vi pham céc gia dinh théng ké thi két qua ciia viéc phén tich
s€ khong cé y nghia.

Phuong phép bootstrap dé dugc xdy dung dé giai cac van dé nhu thé nay. Phuong phap
phédn tich bootstrap 12 tap hop mot so ki thuat phan tich dua vao nguyen li tai chon mau
(rcsamplmg) dé uéc tinh cac thong s ma céc phuong phép théng ké truyén théng khong co
giai dap Phuong phap bootstrap do Gido su Bradley Efron thugc Dai hoc Stanford phat trién
tir cudi thap nién 1970s, nhung mii dén khi may tinh tré nén thong dung thi méi thanh mét
phuong phap phd bién trong phan tich théng ké. Su ra ddi cia phuong phap phan t1ch
bootstrap dugc danh gia mgt cudc cach mang quan trong trong thdng ké hoc, vi né giai quyét
nhidu van d& ma trude day tuong nhu khong thé nao giai dugc.

2. PHAN PHOI BOOTSTRAP

Pinh nghta 1 (Méu bootstrap). Mdu bootstrap x* =(x{,...,x}) la mdu ngdu nhién ¢ n
trong d6 méi x' nhdn dugc véi xdc sudt 1/n bing cdch ldy mau cé hoan lai tir maéu goc
T Iy
V6i mAu ngéu nhién (X,,...,X, ), ham phan phdi cta théng ké 6, =6(X,,...,X,) dugc dinh
boi G(r)=P(8, <1).

Pinh nghia 2: (Phdn phéi bootstrap). Dat 6) =6"(X{,...,X}) la thong ké trén mdiu
bootstrap. G" (t) = ]P’(G,’f < t) la phdn phéi ciia 6 . -
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2. SAI SO TIEU CHUAN

Nguyén ly va myc dich dang sau ciia théng ké hoc 1a uéc tinh nhung thong s6 cia tdng
thé. Trong thyc te chung ta khong biét cac thong s6 nay, ma chi dya vao nhitng udc tinh tir
mdt hay nhleu mau dé suy luan cho gia tri ciia tong thé ma céc mau dugc chon. Nhung chon
mau phai ngau nhién thi méi mang tinh dai dién cao. Ctr mi 1an chon mau, chung ta cé mot

nhém ddi twong khic véi miu thir i, ching ta c6 mdt gia tri # méi cia thdng ké
6,=0(X,,...,X,). Cau hoi dit ra 1a chon nhiéu lan thi cic s # dao ddng c& nio.

Néu chiing ta chon mau N lan (mdi lan » dbi tuong), thi ta s& c6 N sb s Cl=l.... )
D0 léch tiéu chuén clia N s6 ' goi 1a sai s6 tiéu chuin, ky hiéu

se(0)= \/]_V‘jz(t =40

Trong d6 7, ——Zt Do d6, sai s6 tiéu chuan phan énh d6 dao dong hay bién thién cua cac

Liy miucadn 5“ Y
_—

Liy miucd n
—_——

B0

Liy miuedn
_—

&I

Tdng thé Phan phéi méu cua Y
Hinh 1. Y tuéng xay dung phan phdi mau cho X.

Vi du: Hinh 1 minh hoa y tuong xdy dung phén phdi mau cho X . D6 léch tiéu chudn cuia
céc gia tri trung binh chinh la sai s6 tiéu chuén.

Trong thuc hanh, véc chon mau N lan dé xac dinh do 1éch tiéu chuin cua 6, khong

kha thi. Thay vao d6 ta chi c6 mot miu (goi la mau goc) ta str dung phuong phép bootstrap dé
udc tinh do léch tiéu chuén cia 6,. Ta xem méu gdc 1a tong thé mai, thuc hién tai 1dy mau tr

mau gdc nay va tinh gia tri cac thng ké. Cac budce cu thé nhu sau:
Buéc 1: Téi ldy mdu tr mau goc ta dugc cic mau bootstrap x* (xl il Y
(i=1,...,B).

Bude 2: V6i mbi mu bootstrap ¢6 dugc & budc 1 ta di tinh gié trj cia théng ké 67 .
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Bude 3: Sau khi thuc hién hai budc trén ta c6 duge B gid tri cua thong ké dang khao sat
...,t"" ta tinh do léch tiéu chuén cla B gia tri M....,t** . Dj léch tiéu chuan ndy la ude

n o3ttt

lugng bootstrap cuia sai s6 tiéu chun,

se* (9")_: 'B_I_Ii(t:i _7"#)2

i=|

o |
Trong d6 7, =E;t,“’ :

3. KHOANG TIN CAY BOOTSTRAP-T

Goi @ 12 tham sb khong biét ciia phan phdi va @ 1a uéc lugng diém cho 6, chiing ta
xdy dung khoang udc lugng cho tham s6 & véi mirc d6 tin cdy cho trude. Cho o 1a mdt so
thwe 16n hon 0 va nho hon 1, thudng @ nhan gia tri nho nhu 1a 0.01, 0.05 hay 0.10. Véi dg tin

cly (1-a)100% thi khoang tin cdy clia 6 la (é —z(l-a/2)yse;0-z(a/ 2)-?e) . Trong d6 se
¢6 thé 1a bootstrap udc lugng hay 1a cac ude lugng khéc cho sai s0 tiéu chuan. z(1-a/2) va
2(a/2) la phan vi mitc 1- /2 v a/2 ciia phan phdi ciia bién ngiu nhién Z = (é - 9) /se.
Chu y la phan phdi cta bién ngau nhién Z khong yéu cAu phai 1a phan phéi chuén.

Vi du: Gia sir khi Z c6 phan phdi chuén tic N(0,1) thi gid tri z(1-a/2) va z(a/2) la
phén vi chun tic. Cu thé, z(0.975)=1.96 va z(0.025)=-1.96. Do dé khoing tin cdy 95%
cua @ la

(é ~1.96:5¢;0+1 .96-.;;2)

Khi Zkhong c6 phan phdi chuén hofc student thi z(1-a/2) va z(a/2) khong biét. Tuy
nhién, ching ta c6 thé ding phuong phap bootstrap dé xiy dung bang gia tri méi cho
z(1-a/2) va z(a/2).Céc budc nhu sau:

Budc 1: Tao B méu bootstrap x*',...,x"*.

Buéc 2: Vi mdi miu bootstrap c6 duge & bude 1 ta di tinh gia tri cia théng ké
5 b

#i

Z#i

se
Budc 3: Sau khi thuc hién buée 2 tacé B gia tri Z*. Ta tim gia trj cia z(1-a/2) thoa
#z"<z(1-a/2)}  q

B 2

va gia tri z(a/2) thoa

#{2" <z(al2)}
B

-
5"
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4. KHOANG TIN CAY PHAN TRAM (THE PERCENTILE INTERVAL)

Véi céc gia trj 7, tinh dugc tir mau bootstrap, ta xép ching theo thi tir ting dan. Can dudi
clia u6c luong la gia tri £/ & vi tri B-@ va cin trén cia udc luong la gia tri tf" o vi tri
B:(1-a). Cac budc thuc hién:

Buéc 1: Tao B mau bootstrap x*',..., x*#
Budc 2: Vi méi mu bootstrap c6 duoc & budc 1 ta di tinh gié tri ciia théng ké

0" =0(x:',... x’”).

2

Budc 3: Sau khi thyc hién buéde 2 ta ¢c6 B gia tri 8. Gia tri can dudi cia khoang udc

. #o" <4} 4 . #{a""<é,,} %
luong 1a 6, thoa P ) va cén trén cia udc lugng 6, thba ———= =1 e
5. HOI QUI BOOTSTRAP

" T ) A
M5 hinh tuyén tinh tdng quat ¥ = X B+ ¢ , trong d6 Y=(yl,...,yp) , €=(£,,...,£p) va

1 x]l . xlp
1 x2] e xzp
I % o X

Céc gia dinh trong phan tich hdi qui:

Gia dinh 1: Ky vong ctia £ bing khong.

Gia dinh 2: Céc ¢, c6 phuong sai bang nhau.

Gia dinh 3: Khong c6 twong quan giita cic ¢, .

Gia dinh 4: Bién giai thich 12 phi ngau nhién, tic 1a céc gid trj cia ching 1a céc s6 da duoc
xac dinh. Khéng c6 quan hé tuyén tinh hoan toan giira cac X, .

Theo dinh 1y Gauss - Markov, vé6i céc gia dinh tir 1 — 4 thi S = (XTX)" XY 1a uéc

luong tuyén tinh khong chéch c6 phuong sai bé nhét. Dé tién hanh u6ce lugng va kiém dinh cac
hé s6 m6 hinh thi nguoi ta cdn dén gia dinh 5 d6 1a vécto sai s co phan ph01 chuén. Nhu da
trinh bay & phan trudc khi .dung phuong phap bootstrap thi ta khéng cin gia dinh gi vé phan
phdi. Do d6 khi mé hinh hdi qui khéng dap ing duoc gia dinh 5 thi co thé dung phuong phap
bootstrap dé wéc lugng hay kiém dinh cac hé sb.

Bootstrap udc luong sai sb tiéu chuén cho hé sé g la

se' ()= \/B lZ(ﬂ”' ﬁ)

i=|

Trong d6 3" 1a gid trj u6c tinh cho 3, ciia mau thir i va B} la gié trj trung binh ciia B
gia tri ,BJ’.” . Pdng thoi ching ta ciing c6 thé dung phuong phép bootstrap dé tim khoang uéc
luong cho £, .
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6. UNG DUNG BOOTSTRAP TRONG VIEC XAC PINH MAT PO XUONG CUA
PHU NU VIET NAM

Trong phan niy ching tdi s& trinh bay mét (mg dung cua phuong phap bootstrap trong
viéc xac dinh mét d6 xwong cua phu nir Viét Nam. Mat do chat khoang trong xuong (bone
mineral density - bmd) 1a mét yéu td rat quan trong trong van dé tién lugng mirc d9 gdy xuong
¢ phy nir sau thoi ki man kinh. Nhirng nguoi cé bmd thép thudng cé nguy co gdy xuong cao.
Cr moi d9 1éch ti€u chuén giam bmd thi nguy co gdy xuong tang khoang 2 dén 3 lan. O do
tudi vi thanh nién, bmd ting nhanh, dat dén d6 cao nhit vao khoéang d§ tudi 18 - 30. Dén thoi
ky sau man kinh (trc sau khoang 50 tu01), bmd bit dau glam dén dan va dan dén nguy co giy .
xwong. Dé chin doan bénh lodng xuong, t6 chirc y té thé gidi dua ra chi s&

bmd , — bmdp
sd
O day bmd, 1a mat d6 xuong clia ngudi 4, bmdp 1a mét d6 xuong t6i da cia mdt quén
thé (mdt nhém ngudi hodc ciia mdt dan tdc nao do) va sd 1a do 1éch tiéu chudn cua mat do
xuong ti da. Néu chi s6 T clia mot ngudi phu nit duéi (-2.5) thi ngudi d6 duoc chan doan b
lodng xuong. Van dé quan trong dugc dat ra la ude lugng cac tham bmdp va sd .

I'=

S4 liéu sir dung trong bai bao ndy 1a s& hiru ciia Bac si Nguyén Thj Thanh Huong (Pai hoc
Y Ha Nai) va Gido su Nguyén Van Tuin (Vién nghién ciru Y khoa Garvan, Uc). Trong gioi
han cta bai bdo nay chiing t6i chi nghién ciru d¢ 1éch tiéu chuén cua mat do Xuong tbi da sd .
M5 hinh théng ké dugc dung dé biéu dién mbi quan hé giita mat d6 xwong va do tudi 1a mo
hinh hdi qui da thirc bac ba c6 dang

bmd, = B, + B,age, + p,age} + Bage) +&,, i=1,...,n
bnd
124
1,0 -
08+

0.6 -

Odm
5 10 15 20 25 30 35 40 45 5O 55 60 age

Hinh 2. M6 hinh quan hé bmd va age

Véimbi gid tri 4=age (tudi) ta udc tinh B =bmd theo md hinh sau
B=p,+ B A+ B4 + p A,
trong d6 S, /3,, 3, va f, 1a céc hé sb. D5 tudi dat mat do xwong téi da duge tinh bdi cong

thirc
-5, \/ﬂz -34.4,

34,

¢ A =
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Gié tri mat d6 xuong tbi da

- =:éo +:é14mx +ﬂA2Anzm +B3Ar::mx .

Phuong phép bootstrap c6 thé ding dé udc tinh cac gia tri 47 ,
1&ch tiéu chudn cia mat do xuong t6i da dugc tinh boi

B 2
sd:\/B—l—IZ(Aiix 7).
1=l

Dé ho trg tinh ton, chiing t6i sir dung phin mém phén tich théng ké R. Sau day la thuat
toan dé udc tinh d6 1éch tiéu chuan ctia mat d¢ xuong toi da. Dir liéu dugc luu voéi tén file 1a
data.txt.

>setwd("C:/")

>data<-read.table("data.txt",header=TRUE,na.strings=".")

>attach(data)

>n<- length (age) # xac dinh co mau

>B <-100000 #So lan tai lay mau

#Cac doi tuong de luu cac he so

>betal <- numeric (B)

>betal <- numeric (B)

>beta2 <- numeric (B)

>beta3 <- numeric (B)

# Thuc hien phep lap tinh cac he so

>for (i in 1:B)

{ Resample <- Data[ sample (1:n, n, replace =T), ]

y <- Resample [, " bmd "]

x <- Resample [, " age "]

fix <- Im(y ~ x+I(x ~2)+I(x *3))#Uoc tinh cac he so hoi qui

beta0 [i] <- fixScoefficients[1]

betal [i] <- fixScoefficients[2]

beta2 [i] <- fixScoefficients[3]

beta3 [i] <- fix$coefficients[4]}

>A.max<- (-beta2-sqrt(beta2”2 - 3*beta3*betal))/(3*beta3)

>B.max <- beta0 + betal *A.max + beta2*A.max”2 + beta3*A.max"3

>sd(B.max) #Do lech chuan cua mat do xuong toi da

[1]0.01299935

Két qua cuia thuat toan trén dugc cho bai [1].

(i=1,...,B). Hon nira, d

7. KET LUAN

Trong théng ké img dung, ngoai cic phuong phép udc luong théng ké théng thuong nhu
udc luong hop ly cuc dai, wéc lugng phi tham sb, v.v... ta con co phuong phép bootstrap.
Khéng nhiing phuong phap bootstrap khéng cin gia dinh vé phin phdi ma né con giai quyét
nhiing vin dé ma trudc day tudng nhu khong giai dugc.
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Trong bai béo nay chung tdi da trinh bay mt mg dung cua phuong phép bootstrap trong
viéc xac dinh mét chi sO quan trong cta can bénh nguy hiém nhu lodng xwong. Déy la mot
trong nhirng uu thé dac biét clia thong ké bootstrap.

LOT CffM ON: Ching téi xin cam on hai nguoi chii tri cong trinh nghién ciu y khoa la
Bdc st Nguyén Thi Thanh Huong (Pai hoc Y Ha N§i) va Gido sw Nguyén Van T udn (Vién
nghién cieu 'y khoa Garvan, Uc) di cung cdp sé liéu vé bénh loang xwong ¢ Viét Nam va co
nhitng goi y sdu sdc dé nghién citu nay duoc thuc hién. Ciing xin déong cam on cdc thanh vién
khdc cing tham gia cong trinh bao go‘.m~ Gido sw Pham Thi Minh Dirc, Lé Hong Quang,
Nguyén Vin Dinh, Nguyén Ba Dirc, Nguyén Huy Binh, Nguyén Tudn Anh, Lé Tudn Thanh, va
Bo von Schoultz.

APPLICATION OF BOOTSTRAP IN ESTIMATING THE BONE MINERAL
DENSITY OF VIETNAMESES WOMEN

Nguyen Van Thu”’, Nguyen Duc Phuong®
(1)International University, VNU-HCM
(2) University of Natural Sciences, VNU-HCM

ABSTRACT: In this paper, we apply the bootstrap method to study the standard
deviation for bone mineral density of Vietnameses women. This result is important in
recognizing seriousness of the osteoporosis
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