TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 10 - 2008

SU' DUNG BOOTSTRAP TRONG VIEC XAC PINH MAT PQ XUONG CUA
PHU NU VIET NAM

Nguyén Vin Thu®, Nguyén Pirc Phuwong?
(1) Truong Pai hoc Quéc té, PHQG-HCM
(2) Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Bai nhdn ngay 12 thang 03 nam 2008, hdan chinh siza chira ngay 24 thang 04 nam 2008)

TOM TAT: Trong bai bao nay, ching t6i si- dung phuwong phap bootstrap daé nghién ciru
dé léch tiéu chuan cia mdt dé xuong toi da cua phu niz Viét Nam. Két qud ndy cé tam quan
trong trong viéc nhan biét mirc g nguy hiém ciia cian bénh loding xweong.

1. GIOI THIEU

Trong thong ké, theo phuong phap ma chiing ta van thuong dung dé wéc lugng hay klem
dinh tham sb thong ké 1a dwara céc gia dinh vé phan phdi cia X hoac gia dinh vé co mau.
Duwa vao céc gia dinh ndy dé tim phan phédi cua cac thong ké mata dang xét. Ching han dé udc
lwong khoang cho phuong sai truong hop khong biét gia tri caa ky vong m thi nguoi ta xét
thong ké
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khi X ~N (ms 2) . Nhung khéng phai Ic ndo gia dinh cia théng ké ma ching ta dang xét
ludn thoa dang. Trong truong hop vi pham céc gia dinh thong ké thi két qua caa viéc phan tich
<2 khéng c6 y nghia.

Phuong phép bootstrap da dugc xdy dung dé giai cac van @ nhu thé ndy. Phuong phap
phan tich bootstrap Ia tap hop mot so ki thuat phan tich dya vao nguyén |i t& chon mau
(resampling) dé wéc tinh cac thong s6 ma cac phuong phép thdng ké truyén théng khéng co
giai d&p. Phuong phép bootstrap do Gido su Bradley Efron thugc Dai hoc Stanford phét trién
tr cudi thap nién 1970s, nhung mé dén khi méay tinh tré nén thdng dung thi méi thanh mot
phuong phdp phé bién trong phan tich théng k& Su ra doi cia phuong phdp phan tich
bootstrap dugc danh gia mot cuoc cach mang quan trong trong théng ké hoc, vi n6 giai quyét
nhiéu van dé matrudc day tuong nhu khong thé ndo giai duoc.

2. PHAN PHOI BOOTSTRAP

#

Pinh nghia 1 (Mau bootstrap). Mdu bootstrap x* =(x1 ,1/4,xf) |& mdu ngau nhién ¢ n
trong @6 moi x* nhdn duwoc véi xac suat 1/n bang cach ldy mau c6 hoan lgi tir mdu goc
x= (x4, %,).

Vi mau ngau nhién (X, %, X, ), ham phan phoi ciathdng ké q, =q(X,,%, X,,) duoc dinh
bsi G(t)=P(q, <t).

Pinh nghia 2: (Phan phsi bootstrap). Pat g :q#(Xf,%,X:) |a théng ké trén mdu
bootstrap. G”(t) = P(q:‘ <t) |a phan phéi cia q .
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2.SAI SO TIEU CHUAN , , 7

~ Nguyén ly va muc dich dang sau caa thong ké hoc la uéc tinh nhirng théng so cua tong
thé. Trong thuc te chling ta khdng bict cac thong so nay, ma chi dya vao nhitng uéc tinh tir
mot hay nhicu mau de suy luan cho giatri cia tong thé ma cac mau duoc chon. Nhung chon
mau phai ngau nhién thi méi mang tinh dai dién cao. Cr moi 1an chon mau, ching ta c6 mét
nhém déi tugng khac véi mau thir i, ching ta c6 mot gia tri t' méi coa thong ké
d, =q (X, %, X, ). Cauhsi dat ralachon nhiéu Ian thi cac s t;, dao dong c& no.

Néu chung tachon mau N 1an (mdi lan n ddi twong), thi tass c6 N b t', (i =LK, N).

Do léch tiéu chuan cia N s t! goi lasai sb tiéu chuan, ky higu

()= (-3 (01

N
é t' . Do d6, sa s tiéu chuan phan anh d dao dong hay bién thién cia cac

Liy miu cf n
_— J

Liy mfu o n

Liy miu o n

=

Tong thé Phan phdi mau cua X
Hinh 1. Y tuéng xay dung phan phdi mau cho X .

Vi du: Hinh 1 minh hoay tuéng xay dung phan phdi mau cho X . B¢ léch tiéu chuan cia
céc giatri trung binh chinh la sai s tiéu chuan.

Trong thyc hanh, véc chon mau N lan dé xéac dinh d¢ léch tiéu chuan cia g, khong
kha thi. Thay vao d6 ta chi c6 mot mau (goi la ~m§u’géc), tasir dung phuong phép bootstrap dé
udc tinh d¢ 1éch tiéu chuan cua g,,. Taxem mau goc latong theé maéi, thuc hi¢n téi lay mau tir
mau gbc ndy vatinh giatri cac thong k& Céc budc cu thé nhu sau:

Buéc 1. Ta ldy miu tr miu gbc ta dugc c&c mau bootstrap x* = (xf 7% ) ,
(i=1K,B).
Budc 2: Vi mdi miu bootstrap c6 dugc ¢ budc 1 tadi tinh giatri caathéng ké g .

Trang 18



TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 10 - 2008

Budc 3: Sau khi thuc hién hai budc trén ta cd duoc B giatri ciathdng ké dang khao sét
t™ ¥4,t*® tatinh do léch tiéu chuan cia B giatri t™ %,t"® . Do léch tiéu chuan nay la uéc

lwong bootstrap cuasai s tiéu chuan,

B .
Trong do t* :lé th.
Bia

3. KHOANG TIN CAY BOOTSTRAP-T

Goi q latham sb khéng biét caa phan phbi véq) laude lugng diém cho q , ching ta
x&y dung khoang udc luong cho tham sb q véi mic d6 tin cay cho truge. Cho a la mot sb
thuc [6n hon 0 vanho hon 1, thuong a nhan giatri nhé nhu 120.01, 0.05 hay 0.10. Véi d6 tin
ciy (1- a)100% thi khoang tin cay cia q la (d zZ(1- a /2)-§e;d- z(a /2)-§e) . Trong d6 e
c6 thé 1a bootstrap udc lugng hay 14 cac uéc luong khéc cho sai s6 tiéu chuan. z(1- a /2) va
z(a /2) laphanvi miac 1- a /2 vaa /2 ciaphan phdi caabién ngiu nhién Z =(d q)/ée.
Chu'y laphan phdi caabién ngau nhién Z khéng yéu cau phai 1a phan phdi chuan.

Vi dy: Gia sir khi Z c6 phan phéi chuan tic N(0,1) thi giatri z(1- a /2) va z(@/2) la
phan vi chuan tic. Cy thé, z(0.975)=1.96va z(0.025)=- 1.96. Do d6 khoang tin ciy 95%
ciaqg la

(ci -1.964q +1.96-ée)

Khi Z khéng c6 phan phéi chuan hoac student thi z(1- a /2) va z(a / 2) khéng biét. Tuy
nhién, chlng ta c6 thé dung phuong phdp bootstrap dé xay dung bang gia tri méi cho
z(1- a /2) va z(a / 2) . Cac buéc nhu sau:

Budc 1: Tao B mau bootstrap x™ %, x*®.

Buéc 2: Vi mdi mau bootstrap cd duoc ¢ budc 1 ta di tinh gia tri caa théng ké

SH q‘
$#i "
Budc 3: Sau khi thuc hién budc 2tacd B giatri Z* . Tatim giatri cia z(1- a / 2) thoa

#{z" <z(1- a /2) L2

Z#i =q

B 2
vagiatri z(a / 2) thoa
#{z" <2212} a
]

N
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4, KHOANG TIN CAY PHAN TRAM (THE PERCENTILE INTERVAL)

Véi cac giatri t* tinh dugc tir mau bootstrap, ta xép ching theo thir ty tang dan. Can dudi
cia uéc lugng la giatri t* & vi tri Ba va can trén caa udc lugng la gia tri t* & vi tri
B-(1- a). Céc budc thuc hién:

Budc 1: Tao B mau bootstrap x™ ¥4, x*®

Budc 2: Véi mdi mau bootstrap cé duoc & budc 1 tadi tinh giatri ciathdng ké
#:

q#i =q (Xn1,1/4,X:l) .
Budéc 3: Sau khi thyc hién budc 2 tacd B giatri g™ . Giatri can duéi cia khoang uwéc
#{q#i <q|} B #{q#i <qu} B a

— vacan trén ciaudc lugng g, thoa =1- —.

lwong la g, thoa
uonglaq, tho B 2 d 0 B 5

5. HOI QUI BOOTSTRAP
M& hinh tuyén tinh tong quét Y = Xb +e , trongdd Y = (yl,1/4,yp)T ,e= (e1,1/4 ,ep)T va

a x L x,06

&% Loxg,l

oW

B ox L x5

Céc gia dinh trong phan tich hdi qui:

Gia dinh 1: Ky vong cia e bang khong.

Gia dinh 2: C&c €, ¢6 phuong sai bang nhau.

X =

Gia dinh 3: Khéng c6 twong quan gitta céc e, .

Gia dinh 4: Bién giai thich |a phi ngiu nhién, tuc 1a céc giatri caaching 1a céc sb da duoc
xé&c dinh. Khéng c6 quan hé tuyén tinh hoan toan giira cac X, .

Theo dinh Iy Gauss - Markov, véi cac gia dinh tr 1 — 4 thi b :(XTX)'l XY lauéc
lugng tuyén tinh khong chéch c6 phuong sai bé nhét. é tién hanh wéc lugng vakiem dinh cac
hé¢ so md h‘mh‘thi nguoi ta can dén gia dinh 5 d6 1a vécto sai so6 ¢ phan phoi chuan. Nhu da
trinh bay ¢ phan trusc khi dung phuong phap bootstrap thi ta khong can gia dinh gi vé phan

phdi. Do d6 khi mé hinh hoi qui khdng dp ang duoc gia dinh 5 thi co thé dung phuong phép
bootstrap dé wdc lwong hay kiém dinh céc hé sb.

Bootstrap uéc lugng sai sb tiéu chuan cho hé 6 b, 1a

Se#(bj):\/ﬁé:(b#l _ 5 )

Trong d6 b lagiatri uéctinh cho b, caamauthe i va b/’ lagiatri trung binh cua B

giatri b". Bong thoi chiing ta ciing ¢6 thé ding phuong phép bootstrap dé tim khoang wéc
lugng cho b; .
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6. UNG DUNG BOOTSTRAP TRONG VIEC XAC PINH MAT PO XUONG CUA
PHU NU VIET NAM

Trong phan ndy chdng t6i s3 trinh bay mét tng dung caa phuong phép bootstrap trong
viéc xé&c dinh mat do xuong cua phu nit Viét Nam. Mat do chat khoang trong xuong (bone
mineral density - bmd) 1a mét yéu té rat quan trong trong van dé tién lugng muc d6 gay xuong
& phu nit sau thoi ki man kinh. Nhirng nguoi c6 bmd thap thuong ¢ nguy co gdy Xwong cao.
Ctr mdi do léch tiéu chuan giam bmd thi nguy co gy xuong tang khoang 2 dén 3 lan. G do
tudi vi thanh nién, bmd tang nhanh, dat dén do ceo nhat vao khoing do tusi 18 - 30. Bén thoi
ky sau man kinh (tic sau khoang 50 tudi), bmd bt dau giam dan dan va dan dén nguy co gy
xuong. Bé chan doan bénh loang xwong, t6 chirc y té thé gioi duarachi s

bmd,, - bmdp
s

O ddy bmd, lamat do xuong caangusi A, bmdp 1a mat do xwong téi da cia mot quan
thé (mot nhdm nguoi hodc cia mot dan toc nao do) va sd 1a do 1éch tiéu chuan caa mat do
xuong toi da. Néu chi sd T ciia mot nguoi phu nir dudi (-2.5) thi nguoi d¢6 duoc chan doén bi
lodng xuong. Van dé quan trong duoc dit ralaudc luong cac tham bmdp va sd .

S5 lidu sir dung trong bai béo nay 1a so hitu cia Béc si Nguyén Thi Thanh Huong (Pai hoc
Y Ha Noi) va Gido st Nguyén Van Tuan (Vién nghién cau Y khoa Garvan, Uc). Trong gidi
han cia bai béo ndy chang téi chi nghién ciru do léch tiéu chuan caa mat d6 xwong téi da sd .
MG hinh théng ké duoc ding dé biéu dién mdi quan h¢ gitra mat do xuong va do tusi 1a mo
hinh hoi qui dathtc bic ba cé dang

T=

bmd, =b, +b,age +b,age’ + b,age’ +e,, i =LK,n

osl /‘_\L

1o 15 20 25 30 35 40 45 50 55 G0 age

Hinh 2. M& hinh quan h¢ bmd va age
V6i mdi giatri A=age (tudi) tawdc tinh B =bmd theo mé hinh sau
B=b, +b,A+b,A> +b,A®,
trong d6 b,,b,,b, va b, lacac hé sb. Do tudi dat mat do xuong téi dadugc tinh bsi cong

thuc
-b,- \bZ- 36,0,

3b,

A =
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Giatri mat d6 xuong tbi da

B = Do + DA, +D, AL, + DAL, .

Phuong phép bootstrap cd thé ding dé uéc tinh céc giatri A7 , (i =LK, B). Hon nita, do
léch tiéu chuan ciamat o xuong ti da dugc tinh boi

— 1 & ~# )2

= _\/B- 1%(%* A

D¢ ho trg tinh todn, ching t6i sir dung phan mém phan tich thong ké R. Sau déy |a thuat
toan dé udc tinh do Iéch tiéu chuan cua mat do xuong toi da. Dt liéu duoc luu véi tén file [a
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)

>beta? <- numeric (B)

>beta3 <- numeric (B)

# Thuc hien phep lap tinh cac he so

>for (iin 1:B)

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

y <- Resample[, " bmd"]

X <- Resample[, " age"]

fix <- Im(y ~ x+1(x 22)+I(x *3))#Uoc tinh cac he so hoi qui

beta0 [i] <- fix$coefficients 1]

betal [i] <- fix$coefficients2]

beta2 [i] <- fix$coefficients 3]

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

>A.max<- (-beta2-sgrt(beta2"2 - 3* beta3* betal))/(3* betal)

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

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

[1] 0.01299935

Két qua caathuat todn trén duoc cho bai [1].

7. KET LUAN

Trong théng ké ¢ng dung, ngodi cac phuong phép uéc lugng théng ké théng thuong nhu
uéc luong hop ly cuc dai, udc lugng phi tham s5, v.v... ta con c6 phuong phép bootstrap.
K hong nhitng phuong phép bootstrap khdng can gia dinh vé phan phdi ma né con giai quyét
nhitng van dé matrude day tuong nhu khéng giai duoc.

Trang 22



TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 10 - 2008

Trong bai bao nay chling toi dé trinh bay mét trng dung cua phuong phap bootstrap trong
viéc xac dinh mét chi so quan trong cua can bénh nguy hiém nhu loéng xuong. Bay la mot
trong nhitng wu thé dic biét caathong ké bootstrap.

LO! CAM ON: Ching t6i xin cam on hai nguoi chii tri ¢ong trinh nghién cizu y khoa la
Bac s Nguyén Thi Thanh Huong (Pai hoc Y Ha Néi) va Gido s Nguyén Van Tuan (Vién
nghién ciru y khoa Garvan, Uc) da cung cip so liéu vé bénh lodng Xxuong ¢ Viét Nam va co
nhitng gei Y SAu sic dé nghién cizu nay dugc thuc hi¢n. Ciing xin dong cam on cac thanh vién
khac cing tham gia céng trinh bao gom Gido sr Phgm Thi Minh Biic, Lé Hong Quang,
Nguyén Van Dinh, Nguyén B& Pirc, Nguyén Huy Binh, Nguyén Tugn Anh, L& Tudn Thanh, va
Bo von Schoultz

APPLICATION OF BOOTSTRAP IN ESTIMATING THE BONE MINERAL
DENSITY OF VIETNAMESESWOMEN

Nguyen Van Thu®, Nguyen Duc Phuong®
(DInternational 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
recognizng seriousness of the osteoporosis

TAI LIEU THAM KHAO

[1]. Michaelr. Chernick. Bootstrap Methods: A Guide for Practitioners and Researchers.
A John Wiley & Sons, Inc., Publication. (2007).

[2]. Bradley Efron. An Introduction to the Bootstrap. Chapman & Hall/CRC, Inc.,
Publication. (1994).

[3]. Phillip Good. Permutation, Parametric and Bootstrap Tests of Hypotheses. Springer
Publication. (2004).

[4]. F.M. Dekking and C. Kraikamp. A Modern Introduction to Probability and Satistics.
Springer Publication. (2007).

[5]. John Bibby and Helge Toutenburg. Prediction and Improved Estimation In Linear
Models. A John Wiley & Sons, Inc., Publication. (1977).

[6]. Roger W. Johnson. An Introduction To The Bootstrap. Teaching Statistics. 2001; 23:
49 - 54. (2001).

[7]. Chris Ricketts and John Berry. Teaching Satistics Through Resampling. Center for
Teaching Mathematics, University of Plymouth, UK.

[8]. Jason S Haukoos and Roger J Lewis. Advanced Statistics: Bootstrapping Confidence
Intervals For statistics with “"Difficult" Distributions. Academic Emergency
Medicine. Apr 2005; 12, 4: 360 - 365; ProQuest Medical Library. (2005).

Trang 23



Science & Technology Development, Vol 11, No.10 - 2008

[9]. James Carpenter and John Bithell. Bootstrap confidence intervals: when, which,
what? A practical guide for medical statisticians. Statist. Med; 19:1141 - 1164.

(2000).

[10]. Kenneth A. Bollen and Robert Stine. Direct and Inderect Effects. Classical
and Bootstrap Estimates of Varuability. Sociologica Methodology; 20: 115 - 140.
(1990).

Trang 24



