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TOM TAT: Trong bai bio nay, théng qua nghién ctru md phong bang phan mém thdng
ké R, tac gia so sanh hi¢u qua udc lugng thoi diém chuyén, diém chuyén cia mé hinh hdi quy
giy khuc lién tuc ctia ba phuong phép: dwa vao udc lugng binh phuong cuc tiéu SEG, dua vao
ti s6 hop 1y thuc nghiém ELR va dya vao phan du dich chuyén tham s CDBP. Cac md phong
duoc thuc hién véi mot sd phan bd caa bién doc lap va sai s6. Két qua chi ra r?mg khi uéce
lwong thoi diém chuyén thi phwong phap CDBP to ra hiéu qua hon phuong phap ELR, nhung
khi wéc luong diém chuyén, dao d6 hé s goc kha 16n thi phwong phap SEG hiéu qua hon
phuong phap CDBP.

Tir khéa: diém chuyén, hiéu qud, mé hinh hoi quy gay, thoi diém chuyén, wéc luong.

COMPARING THE EFFICIENCY OF SOME METHODS ESTIMATING THE
CHANGE-POINT OF THE SEGMENTED REGRESSION

ABSTRACT: In this paper, by simulating through statistical software R, we compare the
efficiency of estimating the time of the change and the change-point of a continuous
segmented regression model of three methods: the Ordinary least squared (SEG); empirical
likelihood ratios (ELR) and the shift of parameter estimated residuals (CDBP). Simulation
studies are performed with some distributions of independent var and error. The result shows
that when estimating the time of the change, the CDBP method is more effective than the ELR
one, but when estimating the change- point, with the change of slope is quite large, the SEG
method is more effective than the CDBP one.

Keywords: change-point, efficiency, segmented regression model, the time of the
change, estimated.

1. GIOI THIEU

Nhiéu qua trinh trong thuc té tuin theo mé hinh hdi quy tuyén tinh hai pha, & d6 cac
tham s6 diéu khién mo hinh giir nguyén gia tri trong pha dau, tai mot thoi diém nao d6 no
chuyén sang gia tri khac va giir nguyén trong pha con lai. Viéc nghién ctiru md hinh cé thay
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dbi trang thai nhu vy - con goi 1a moé hinh diém chuyén - di duoc phat trién hon nira thé ky
qua va dat dugc nhiing thanh tuu ruc rd, dugc dp dung rong rai trong nhiéu linh vuc khéac
nhau. Trong kinh té, ngudi ta thdy mé hinh diém chuyén boi 1a phit hop khi nghién ctru médi
quan hé gitra 13i suét (interets rate) dbi v6i thay doi 1ai sudt chiét khiu (discount rate) quy dinh
boi FED. Str dung mo hinh ARCH d¢ nghién ctru chudi thoi gian trong mién tan s6, nguoi ta
da phat hién ra sy chuyén doi cua chudi thoi gian chi s6 chimg khoan, ciing nhu thi truong
ngoai hdi lién hé mat thiét v6i khing hoang tai chinh & chau A va Lién X6. Viéc nghién ctru
mo hinh diém chuyén 1 can thiét va lién tuc duoc phat trién trong nhitng nam gan day. Cu
thé, xét md hinh
oy toux; te khi 1<i<k*
Vi {,80 +pBx; te khi k*<i<n

(1)

trong d6 a < x; <...<x, <b, cac sai ) {&;}1a ngau nhién, ao,al,ﬂo,ﬂl,k* chua biét.

Néu oy =, va o = f; thi mo hinh (1) duoc goi la khong co chuyén. Nguoc lai, néu
it nhat mot trong hai dang thtrc nay khong xay ra, md hinh dwogc goi la c¢6 chuyén va k* duge
goi 1a thoi diém chuyén. D6i voi md hinh c6 chuyén, o # B, va hai dudng thing
y=ay,+oyx vi y =B+ fBx citnhau tai diém c6 hoanh d6 x =z thi 7 dugc goi 1a diém
chuyén. Trong trudng hop 7 € [xk* ,xk*ﬂ) thi ham mo6 hinh duogc goi 1a gay khuc lién tuc, mo
hinh dugc goi la lién tuc. Khi do, (1) dugc viét lai dudi dang y, = f(x;)+¢;, trong do

S =ay+ax+h(x—1)(x>7)=ay+ox+h(x—1)". ()

Dé woc luong thoi diém chuyén & va diém chuyén 7 cua md hinh (1), (2), nhiéu tac
gia da dua ra cac phuong phéap khac nhau; tuy nhién hi¢u qua cua cac phuong phap chua dugc
danh gia, xem xét, boi khi xem xét mot ham mo hinh, néu no thoa man cac gia thiét cua cac
phuong phap thi ta can can nhic lya chon phuong phép nao dé c6 duoc két qua tot nhat — uée
luong duogc thoi diém chuyén, va diém chuyén t6t nhat. Trong bai bao nay, tac gia sir dung
phan mém théng ké R dé so sanh hiéu qua udc lwong thoi diém chuyén, diém chuyén cua ba
phwong phap: phuong phap SEG, phuong phap ti s hop 1y (ELR) va phuong phép cuc dai
téng binh phuwong phin du dich chuyén (CDBP) dbi véi ham mé hinh tuyén tinh don, giy
khuc lién tuc.

2. MQT SO PHUONG PHAP UOC LUQNG PIEM CHUYEN

2.1 Phwong phép binh phwong cue tiéu (SEG)

Muggeo, V.M.R. [3] da dua ra phuong phap dé udc luong cac diém chuyén lién tiép
ctia md hinh hdi quy giy khic lién tiép. Trong bai nay, chiing ta quan tdm toi viéc nghién ctru
diém chuyén cua mo hinh véi ham gay lién tuc tai mot diém 7 nao do:

S =ay+ayx; +h(x; — 7)"

Str dung khai trién Taylor bac 1 tai lan can diém T):

(x;—7)" = (%= 79)" +(z - 70)-(=D-Lys ) -
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Khi d6, hdm mé hinh (1) duoc x4p xi
F6) = @y + a3 +h((5 = 70) + (T =7 (DT oy

=g+ +h(x; = 7)" =7 lx5e0) (3)
voi y =h(t—1,).

St dung phuong phap binh phuong nhé nhat (hodc ham hop 1y), uéc lwong duge cac

tham s0 &,,q,,h,7 cia ham mo6 hinh (3). Khi do, diém chuyén z dugc udc luong boi

NN

Céch u6c lugng diém chuyén duoc Muggeo, V.M.R. xdy dung thong qua cc bude sau:

(i) Chon mét diém chuyén ban dau 1a 7.

(ii) V&i diém chuyén 7, da chon, bang cach sir dung phuong phép binh phuong nho
nhét, udc luong dugc cac tham sb, tr do cap nhat diém chuyén udc lugng mdi boi:
f=z1,+7/h.

(iii) Tiép tuc 1ap lai bude (i) va (ii), thu duge day cac diém chuyén uée luong {7} .
Khi ddy diém chuyén c6 xu thé hoi ty thi ding lai va gigi han cua diy dwoc ding dé wdc
lwong diém chuyén thyc ctia ham mé hinh.

2.2 Phwong phap ti so hop Iy thwe nghi¢ém (ELR)

Xét mo hinh gdy lién tuc véi ham mo hinh (2), & d6 {&;} 1a ddy cac sai s6 ngau nhién
doc 1ap voi ki vong khong. Liu Z. va Qian L. [4] da dwa ra phuong phap udc luong thoi diém
chuyén béng viée su dung phén du dich chuyén. Cu thé, dé udc luong sai s6 doan dau, céac tac
gia d str dung tham sb udc lugng ciia doan sau va nguoc lai nhu sau:

Bk )+ Bi(k)x, ], i=1,...k;
el-(k): yl [e()( ) él( ) l] ' (4)
vi—loy(k)+o(k)x ] i=k+1,..n
Nhan xét réng, néu moé hinh khong c6 chuyén thi E[e; (k)] =0, Vk. Vi moi &, dat
w;(k)1a khdi lugng xac suat tai gia tri e, (k)véi didu kién Zf’zla)i(k) =1. Khi dé, theo
Owen A. [2], m6 hinh dugc khéng dinh co6 chuyén néu ti s6 thuc nghi¢m hop li ( ELR) sau
day du nho.

R(k) = {sup ﬁ nw; (k)
i=1

f@wmwha@w»af@mp%
=1 i=1

Liu Z. va Qian L. da dé xuét théng ké Z, = /M, = | nax 3{—2 In' % (k)} va thong ké
<k<n—

chat cut Z) =\/M,'1 =\/mkax {2In K (k)}, voi L:[lnn]z, U=n-L, trong d6 [x] 1a s6
L<k<U

nguyén nho nhit 16n hon x, dé kiém dinh gia thuyét vé sy ton tai diém chuyén. Nhu trong [3],
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mé hinh s& dugc coi la ¢6 chuyén khi Z, hodc Z, du lén. Khi do, thoi diém chuyén duge
udc lugng boi:

k=min{k: M, =21In T (k)}

Khi d6 Liu Z. dé xuat mot thuat toan bao g6m sau budc sau:

(i) V6i mbi k b dinh, k =3,4,..., n—3, chia dit liéu ra thanh 2 nhom gém hai nhom:

nhom pha trai {(xi, ; )}f:1 va nhom pha phai {(xi, ¥ )}?=k+1 )

(ii) Udc lugng hé s6 @, (k), & (k) tir nhém pha trai va ﬁo(k), ,@1 (k) tr nhom pha phai.

Néu #(k) = PoB) =% ®) % (k)
a(k) = f, (k)

(iii) Pat 7(k) =x, , sau d6 udc lugng OLS cho cac tham sb ctia ham mé hinh (2) véi

& X, X1 ] thuc hién budc (iii); néu khong, thuc hién bude (iv).

7 =17(k) dugc cac udc luong &, (k), & (k) va ﬁ(k) . Tr d6, u6c lugng duge cac tham sb
Bo(k) = do(k)=h(k)x v B (k)= éy(k)+h(k) .
(iv) Tinh cac phan du dich chuyén e, (k) = y; —[ ,30 (k)+ ,31 (k)xi] voii=1,....,kva
e(k)y=y, —[O?O(k)+0?1(k)xi] voii=k+1,..,n.
(v) Su dung {ei (k)}?:] la s6 liéu nhap vao ham eltest trong phan mém R dé
tinh—2log R(k).

r ~ A A ) _3
(vi) Dbi voi mdi &, lap lai cac bude tir (i) dén (v) dé thu duge diy {—2 log ‘R(k)}:_3-

Xac dinh diém cuc dai k= argmax «{—2 log Sf%(k)} 1a uwéc lugng cua thoi diém chuyén.
3<k<n-3

Piém chuyén 7 dugc udc lugng boi:

Gk =Bk - e -fGE)

Bolk )—ao(k)  Bylk )—ay(k)

o i B AE)
Bo(k )=y (k)

2.3 Phwong phap cuc dai tong binh phwong phan du dich chuyén (CDBP)

(S [xk*,xk*+1)

N>
Il

& [, Xpos1)

Vi cach xay dung phan du dich chuyén nhu ctia Liu Z. va Qian L., trong [1], cac tac gia da
dé xuat cach udc luong thoi diém chuyén dua vao phan du dich chuyén dugc xdy dung boi:

12” = argmaxz ei2 (k).
i=1
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A

Dudi mdt so diéu kién, trong [1], cac tac gid da chung minh dugc rang Bn  hee oo
n

Viéc xdy dung cach uéc lugng diém chuyén cho mé hinh hdi quy lién tuc (1), cac hé sb
théa min o, + o7 = )+ 7 thong qua viéc udc lugng thdi diém chuyén duge thyc hién
nhu sau.

Tur thoi diém chuyén uée luong lén - ta tinh dugc cac ude luong cho cac hé sd & pha

trai va pha phai Aop s A > '8012,,  Boi, Duong hoi quy mau giai doan dau y = s +a i X
o A 5 e o =By R x
va giai doan sau:y = . + f,; x c6 hoanh d¢ giao diém 7 =——"———= , khong nhat
n n ~ —a A

W, Tk,

thiét nam trong [x ;X ) nén diém chuyén uéc luong 7 cho 7 dwa vao 7~ nhu sau.

A * * * *

T= xlenI(T < xlen ) +7 ](xlen <7 < xl€n+l) + xlen+l[(f > xlen+l) .

3. SUDUNG R BPE SO SANH HIEU QUA PHUONG PHAP UOC LUQNG

Trong phan ndy, ta s& so sanh hiéu qua udc luong thoi diém chuyén, diém chuyén cua
mo hinh hdi quy tuyén tinh c6 gy lién tuc. Nhu trong [1], viéc udc lugng s& khong phy thude
vao hé s6 cua doan dau ma chi phu thude vao do bién dong cua hé sb goc A trong mo hinh hoi
quy tuyén tinh lién tuc, tirc 1a ta xét md hinh y = h(x —7)" + ¢ .

3.1 Hiéu qua wéc lwgng thoi diém chuyén

Pé so sanh ba phuong phép trén, trudc hét ta tién hanh mo phong dé so sanh hiéu qua
trong viéc udc luong thoi diém chuyén k" Trong phuong phap ty s6 thuc nghiém (ELR) cua
Liu Z., va phuong phap tong binh phuong cuc dai phan du dich chuyén (CDBP), viéc udc
luong khong cin gia thiét sai sb c6 phan bd chuin. Vi vay, ta s& xem xét hai phuong phap
trong cac truong hop cu thé sau: sai sb dugc gia thiét phan bd chuan - cu thé 1a N (0,0.5%), va
khong c6 phan b chuan - 1a log N (0,0. 1). Ung véi mdi sai s0, ta s& xét mo hinh ¢ sy bién
dong cia hé s6 goc cua doan sau so v6i doan truée 1a nho, trung binh va 1én (twong tng
v6ih=0.5; 1; 2 ). Theo Liu Z. [4], viéc md phong duoc thyc hién 1000 lan, va hidu qua wdc
luong dugc dua vao ty sé RF - 1a ty s6 giita s6 1an thoi diém chuyén udc luong roi vao mién
chap nhan duogc trong tong s6 1000 1an chay md phong. Ciing theo Liu Z., & day ta sé xem xét

2R 2 . \ 2 e <1 . x . o1
thoi diém chuyén uéc luong tr L = [lnn] dén U =n— L, voi n la kich thudc mau. Khi do,
dao d6 d =|k —k | cta thoi diém chuyén uéc lugng va thoi diém chuyén thuc 1a chép nhan

. -L
duocnéu: d <D= {UT} .

Trude hét, ta xem xét mo hinh véi bién doc 14p X duoc sinh ngdu nhién tr N (0,1) thi
mién gi tri cua X gan nhu chic chin trong khoang (—3, 3) nén d6 dai mién gia tri cia X 1a
A=6.
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Véi viéc 1am nhu cta Liu Z. ta s& mo phong voi kich thuée mau # =50 va thoi diém

chuyén thuc 1a &~ =25 tirc 1a s6 liéu dwoc sinh tir mé hinh Vi =h(x;—xy5)" +e , VoL x;
duoc sinh tr N(0,1). Khidé L =16, U =34, D=3. Code R dugc ding dé so sanh nhu sau:

Code R dé woc lwong thoi diém chuyén véi phwong phdp ELR.
Liu Z.=function (h,m); {p=numeric(m); for (t in 1:m); {n=50; x=(1:n)/n; c=rlnorm(n,

meanlog=0, sdlog=0.1);

y=numeric(n);for (i in 1:25); {y[i]=c[i]}; for (i in 26:n);
{yli]=h*x[i]-h*x[25]+c[i]};

e=numeric(n);a=numeric(19);for(k in 16:34);

{al= summary(Im(y[ 1:k]~x[1:k]))$coefficients[1];

a2= summary(Im(y[ 1:k]~x[1:k]))$coefficients[2];

b1=summary (Im(y[ (k+1):n]~x[(k+1):n]))$coefficients[1];

b2=summary(Im(y[(k+1):n]~x[(k+1):n]))$coefficients[2];

for (j in 1:k);{e[j]=y[j]-(b1+b2*x[j])};for (j in (k+1):n);
{eljl=ylil-(al+a2*x[j]};

a[k-15]=el.test(e,mu=0)$"-2LLR"};p[t]=which.max(a)+15};

d=sqrt((p-25)*(p-25));g0= length(subset(d,d ==0));

gl=length( subset(d,d==1));g2= length( subset(d,d==2));

g3= length( subset(d,d==3));g4= length( subset(d,d==4));

g5= length( subset(d,d==5));g6= length( subset(d,d==6));

g7=length( subset(d,d>=7));print(g0+gl+g2+g3);

print(c(g0,g1,82,23,24,85,26,87))}

Code R dé woc lwong thoi diem chuyén voi phwong phap CDBP

dx=function (h,m); {p=numeric(m);for (t in 1:m);{n=50; x=(1:n)/n;

c=rlnorm(n, meanlog=0, sdlog=0.1);y=numeric(n);for (i in 1:25); {y[i]=c[i]}; for (i in

26:n); {y[i]=h*x[i]-h*x[25]+c[i]};
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e=numeric(n);a=numeric(19);for(k in 16:34);

{al= summary (Im(y[1:k]~x[1:k]))$coefficients[1];

a2= summary (Im(y[1:k]~x[1:k]))$coefficients[2];
bl=summary (Im(y[ (k+1):n]~x[(k+1):n]))$coefficients[1];
b2= summary (Im(y[(k+1):n]~x[(k+1):n]))$coefficients[2];
for(j in 1:k);{e[j]=y[j]-(b1+b2*x[j])};for(j in (k-+1):n);
{e[jl=ylj]-(al+a2*x[j])};a[k-15]= sum(e*2)};p[t]=which.max(a)+15};
d=sqrt((p-25)*(p-25)) ;g0= length(subset(d,d ==0));
gl=length( subset(d,d==1));g2= length( subset(d,d==2));
g3=length( subset(d,d==3));g4= length( subset(d,d=—=4));
g5= length( subset(d,d==5));g6= length( subset(d,d==6));
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g7= length( subset(d,d>=7));print(g0+g1+g2+g3);
print(c(g0,g1,22,23,g4.,25,26.27))}

Két qua md phong dugc thé hién trong Bang 1, 2 sau.

Bang 1. Két qua trong truomg hop sai s6 chuan N(0,0.5%)

g, ~ N(0.5%)
d h=0.5 h=2 h=4
CbBP ELR CbBP ELR CbBP ELR
0 31 19 76 73 182 99
1 72 45 157 118 232 163
2 69 44 128 102 159 119
3 38 55 96 100 106 98
4 79 44 60 94 53 101
5 72 56 65 80 62 78
6 79 70 72 95 35 73
>6 540 667 346 338 171 269
RF(%0) 230 163 457 393 679 479
Bang 2. Két qua trong truong hop sai so g ~ logN(O.lz)
& ~log N(O. 1%)
d h=0.5 h=2 h=
CbBP ELR CbBP ELR CbBP ELR
0 111 76 265 181 415 234
1 210 155 191 245 375 340
2 127 101 160 154 96 151
3 94 103 79 104 39 60
4 75 100 72 74 18 59
5 51 72 52 61 12 37
6 57 67 37 38 7 34
>6 275 326 144 143 38 85
RF(%0) 542 435 695 684 925 785

Nhin xét: Két qua md phong véi N =1000 1an ldp lai bang cach su dung phin mém R
dugc thé hién & Bang 3 va 4. Chang han, d6i v6i truong hop 4 =2, sai s6 & ~ N(0,0.5%) va
thiét ké déu, theo phuong phap ELR trong 1000 1dn mé phong c6 76+157+128+96=457 lan gia
tri d khong vuot qua D =3, nhu vay RF =457 %o cao hon 393 %o (xem c0t 4-5 Bang 1).

So sanh két qua & cac tinh hudng khac cip cot khac (2-3, 6-7), hodc truong hop
g ~log N(O. 12) , ¢6 thé két luan ring phuong phap tong binh phuong phan du dich chuyén t6
ra hiéu qué hon so véi phuong phap ELR.

Bay gio, ta s& mo rong trong truong hop bién giai thich dugc sinh tir phan bd déu trén
[—3, 3]. Cu thé véi code & trén, két qua thu dugc dugce thé hién trong bang sau:
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Bang 3. Két qua trong truomg hop thiét ké déu, sai s6 chudn N (0,0.5%)

d h=0.5 h=2 h=4
CbBP ELR CbBP ELR CbBP ELR
0 50 22 215 95 415 190
1 56 70 191 192 375 278
2 56 57 110 127 96 133
3 60 64 79 97 39 82
4 59 54 72 71 18 56
5 74 72 52 75 12 58
6 88 92 37 75 7 49
>6 557 569 244 268 38 154
RF(%o) 222 213 595 511 925 638
Bang 4. Két qua trong truong hop thiét ké déu, sai s6 chuén log N (0.1%)
& ~log N(O. 1%)
d h=0.5 h=2 h=4
CbBP ELR CbBP ELR CDBP ELR
0 267 30 528 91 516 185
1 251 37 468 149 484 273
2 138 48 4 131 0 135
3 81 59 0 83 0 79
4 53 52 0 88 0 67
5 32 73 0 86 0 59
6 22 84 0 72 0 47
>7 156 617 0 300 0 155
RF(%o0) 737 174 10000 454 1000 672

Nhin xét: Dya vao Bang 3 va 4 ta ciing thiy udc luong dya vao CDBP t6 ra hiéu qua
hon so véi ELR.

3.2 Uéc lwong diém chuyén

Tiép theo ta s& so sanh hiéu qua wdc lugng diém chuyén ¢ cho mo hinh
¥y =h(x—1)" +&bing phuong phap CPBP va phuong phap SEG thong qua mé phong sir
dung phan mém R.

Pé tién hanh mo phong chung ta xét mé hinh y =A(x—17)" + &, miu duoc sinh véi
kich thudc n=80 va sai s6 c6 phan bd chuan hoéa. Pé so sanh phuong phap CPBP véi SEG,
doi hoi cac gia tri cua X khong dugc qua lién nhau, ta s€ sinh X tir phan b chuan véi trung
binh 0 va d6 1éch chuan 2, diém chuyén thuc 1a 7 =2, tiic 13 véi x; < x, <... < xg, dugc sinh
tir phan b N(0,2%) va cac sai s &,,..., &, dugc sinh tir phan b chudn héa N(0,1). Céc gia
tri y, khi d6 duoc xac dinh boi y; = h(x; —2)" +&;. Sinh ra 1000 mau, trong mdi mau ta s&

wdc lugng diém chuyén, hiéu qua cua phuong phap duoc dua vao do sai léch cua trung binh
cac diém chuyén udc luong trong 1000 lan lap lai mau véi diém chuyén thyc. B¢ danh gia
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hi€u qua, ta s€ xem xét anh hudng cua su thay doi hé s6 goc gitra doan sau so vdi doan trude &

muc nho, vira phai va 16n tuong tng véi h=0.5, h=2 vah=4.

Code R dé wéc hrgng diém chuyén dwa vao SEG

seg=function(h,s); {n=80;c=numeric(s);

for (t in 1:s); {e=rnorm(n);x=sort(rnorm(n, 0, 2))

y=numeric(n);m=length(subset(x,x<=2));
for(iin 1:m);{y[i]=e[i]};for (i in (m+1):n);

{yli]=h*(x[i]-2)+e[i]};lm=lm(y~x);

fit=SEGMENTEDed(Im, seg.Z=~x);c[t]=fit$psi[2]} ;print(mean(c))}

Code R dé wéc lwgng diém chuyén dya vao CPBP
ss=function(s); {n=80;c=numeric(s);cp=numeric(s);al | =numeric(s);

al2=numeric(s);sil=numeric(s);si2=numeric(s);

1:s);{e=rnorm(n);

x=sort(rnorm(n, 0, 2));y=numeric(n);m=Ilength(subset(x,x<=2));
for(i in 1:m);{y[i]=e[i]};for (i in (m+1):n);
{y[i]=h*(x[i]-2)+e[i]} ;e=numeric(n);r=numeric(41);for (k in 20:60);
{al= summary (Im(y[1:k]~x[1:k]))$coefficients[1];
a2= summary (Im(y[1:k]~x[1:k]))$coefficients[2];

btl=numeric(s);bt2=numeric(s);for (t

n

bl=summary (Im(y[ (k+1):n]~x[(k+1):n]))$coefficients[1]
b2= summary (Im(y[(k+1):n]~x[(k+1):n]))$coefficients[2];for (j in 1:k);
{eljl=y(l-(b1+b2*x[j])}sfor (G in (k+])m)i{e[jl=yl[j]-(al+a2*x[j])};r{k-19]=

sum(e”2)};cp[t]=which.max(r)+19;

cl=summary (Im(y[1: cp[t] ]~x[1: cp[t]]))$coefficients[1];
¢2=summary (Im(y[1: cp[t]]~x[1: cp[t]]))$coefficients[2];
z=numeric(n-cp[t]);for (j in 1:(n-cp[t]));
{zljI=yljt+epltl]-(c1+e2*x[j+ep[t]])} ;

d1=summary (Im(z~x[(cp[t]+1):n]))$coefficients[1];

d2= summary (Im(z~x[(cp[t]+1):n]))$coefficients[2];u=-d1/d2;
if(u>x[cp[t]]&u<x[cp[t]+1]){c[t]=u};

if(u<=x[ep[t]D{c[t]=x[cp[t]]} ;if(u>=x[cp[t]+1]){c[t]=x[cp[t]+1]} };

print(mean(c))}

Két qua thu duoc thé hién & bang sau:

Bang 5. Trung binh diém chuyén trong 1000 lin sinh miu

h=0.5 h=2 h=4
SEG CDBP SEG CDBP SEG CDbBP
7 1.4943196 1.904715 | 1.619633 1.9961 1.676183
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Nhan thdy rang trong bang trén, trong trudng hop cho ra két qua (véih=2; 4) thi
phuong phép SEG to6 ra hi¢u qua hon so voi phuong phap CDBP. Tuy nhién, trong trudong hop
d6 1éch hé s6 goc giita doan sau voi doan trude 1 nho thi phuong phap SEG khong cho ra két
qua (vi cac gia tri quan sat cua doan sau va doan trudc sai 1¢ch nhd)- trong truong hop nay thi
phuong phap CDBP la mot giai phap.

4. KET LUAN

Bang viéc sir dung phin mém R trong viéc md phong so sanh hiéu qua ude luong thoi
diém chuyén va diém chuyén trong mé hinh hoi quy tuyén tinh c¢6 gy lién tuc, ching ta thu
duogc: khi mo hinh c6 sai s6 tuan theo quy lut chuan va ca khong c6 phan bd chuén, ca trong
truong hop phin b cua bién giai thich 1a chuan hay déu, dé udc lugng thoi diém chuyén thi
phuong phap CDBP t6 ra hiéu qua hon phuong phéap ELR dugc dé xuét boi Liu Z. va Qian L.,
va theo nhu Liu Z. va Qian L. tién hanh mé phong thi phuong phap ELR hiéu qua hon so véi
phuong phép SEG cua Muggeo, V.M.R. Trong truong hop udc luong diém chuyén, phuwong
phap SEG t6 ra hidu qua hon so véi phuong phap CDBP, tuy nhién khi do dao dong cta hé sb
goc gilta doan sau so v6i doan trude 1a nho thi phuong phap SEG khong gidi quyét duge bai
toan wéc lugng, khi d6 phuong phap CDBP 1a mot giai phap - tuy chua duge tot nhung cho
duoc udc luong cua diém chuyén.
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