SEEA AT
As5E A1E, 199243

A ALA S Wkl gt a7

Bgm* - gl

RS AL Gel 4 o v)Ae) A WFale] A% Wt Al Aol o
A Mg AR Wehgel Fgubde %:—-Jﬂt} o1AgAle] FAGg Alret

ru

1. A

Ak} Bl wlel A FARLEN A o Aol xplAlel Aol o)sted abze] Waro|Lt
T AZEAE BY3he 2 SAgeAM F98 Il Rolr) Bt} wabA
A e WL ATEL s el e Bl WA f7o AR 2 wae
FAol Wsto] B s v R Sl A =2 o] gk}, ool 33l AmEglo z Page(1954),
Chernoffet Zacks(1964), Bhattacharyya®t Johnson(1968), Hinkely(1970,1972), Hsu(1977.
1979), Worsley(1983a, 1986), Lombard(1987), James et al(1987) 5% % 2
TS Xgshe BAARY] A9l oW njRle) AJHE s)FoR wkewSe} Ewakrle]
HIAZ} A gA] ol wR)o) A dg W Fste] 3]7]A152] WSt} glelx]of ek AR BAle
Sy e) sdsbd BAe shar, wlxe] Alde wsbdole)l gho), o & S, % ml xlEEqleky
ol ZNE] AEEHE "B*Hﬁ}«] 3ATAE dehls AR A, ol 3} A
APPERAE glelA AARAE HEsle e FFmae] wisty Fash =k
A1l Ao Mk FAE Quandt(1958,1960) o 2)sted 924w (maximum likelihood
estimation) 2 -5 2 A" (likelihood ratio test) ] A=l olel 2 HAY74=] 77} Al%s) 5 9)
Ae7hA L] QATEL o) Rt HiFE-Eeks shslelA o] oo, SmuAxye 7
TAREE 22} vl §- Bgsted A Pl RIA] ek whe] olvk. L o] S A EAeke] KEs) ek

o] R 199049 Fat A Saeke
*(609-735) HAAIA AT BHE Alohsh %A o))
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k] SRl 2)E87] W Foln o] 23k o)foll A ZAMERE T817] $13 ubEo) A= g}, Quandt
(1960) = $=vIZAEA L] LEE 7lIAFLEIR SAA7E Zol vl $4 odrhe ARLE o
At e, Worsley(1983b)+ Bonferroni #-5-4ell <%t ZAgE-S AA)skict. =&, Kimd
Siegmund(1989) = 734 mx}85-(boundary crossing probability)& ¢]-8&led S xn]7izye] 7]
el thgk ZAGEFTAHS ALk SERAAYse 92 WHe 2 Brown et al(1975)-&
A5t e s A F3FA 2 recursive residual) & ©1-83 T EA kS Aoksha efx
71E WA W] 248 =osiqrh

Macneill(1978)-2 22}ake] £ gt A% B2 3-& 7PYslx] 23 o33 7 n gl A degd
Zatel] A3t o]a 9] BAlRkS AQtslel on, o|eigt BAke) SFEE-E 7} Cramer-von Mises
BAEe] B2t L el g A fokes A Ronh old, BAlgke] X E Taled] sloAe
Helg 82312 74 (Brownian bridge process)-& °©]238llw 3AAG2 EXA HiATHE
HE3det, & A7elxe deAddSARG A Ax Ao ke 45 o]4-8led Macneill
(1978) 3% 2 el |24 FAE Akt 1 ZAE-Eoll Tele] =2)stmz} g}, o]s)
AL FARE 3 T ¥ 2EEolA Lombard(1987)9 2ste] A7 wf glew 2
TAREEZ} {A A 4 T, 718 FAEERE o] &3ty 7 4AE T 4 ol EAe]
Ardl BAIRE B AATY FHXE 28] dFoll FHE 3 AATE 2he BAlgke] A Bg
TEES =it =T RS B3l AT Fo5E Ao S AT Al
#-g3ted Algte FAMM e AEAE dopid,

2. ARRY g JjEe] AR
2.1 A4 2%

584 x, y7h REARSARAE 7IEA Aol ket ST A WS e THe
£ SRSl yE TEFE T 0 F ARk v 2 AR diske) AR 317)

H

AL vel =4 old o n]x]2] A tE 7)Fo g Al Wyl AAER] ] Bet Hakd
AE TRt gl WSl e] A Polop g oyt il MEHH RS JIAE o ozl
EAR T oz el

a B xiteg. W 1<ilt
yv={ T _ (2.1
G¥rxiteg. Tht<iln
o} et o714 t= w9 WiEHell, g v MR 539l ealdho A gl xS F(e)E
ahgrh. o)o] FEUEIS (o) AL 27 [{ £ (e)/ 1(e) 1 dF (e) < 0 & Rt} 7}A 8)AL
gt e 71879 wstel oigt s

Hytoy = o & B1 = By
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o cistel A%
Hytai=a, =4

£ ZAAsa, WIkA o] Fue o F sl 3o
2.2 -r.,.H]ﬁZ“ﬂ

=874 -2 Quandt(1960) ol 2J3ted A= 9l E, Worsley(1983a) 7} $4138) 3] 7] 2.8 ] w3l
AR FAstch
IAHE o] A fEHE
[{to2 +(n-t)of }/n]™?

A= G2z (2.2)

oF 23, 74

t -
6.’ :.§1 (yi—a=Bix)?/ t,
=

Q
~
H

=§1 (yi-az-Boxp?/ (n—t)

olch. EF a R BE Hpol Y wl o, po] HA$4FAekelw, 4, f (=1,2)% H; shelA A%
t ol o] H9FAHE vehich A (2.2€ A t9 $FEAH L= -2logAZ & o
2] FAEA e
L= max L®
2 <t<n—2
= , max 2[nlog 6% —nlog{(t6Z +(n—-t)6¢)/n} ] (2.3)

sh ol Rolgich webd $=MAAY Lot A EAges

V= max {U/Q
2 (t<n—2
£ ARgs7l2 @t o] wl, Q=nd,°lE, U, = no?- (t6f +(n-t)G¢)olch
Quandt(1960)= 58744 LY :’"*HE Fre|AlFEER F539 0} R AR
ol2|& Flo|AlFH-ETAE vl-¢ FAUTRE AME =ofElgdnl. $ER A TARREE odul
Ao g EPuggte] vido] &t Hleg 3 TAR-EE File Je ¥EH, Hawkins(1980) 2
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el o5ty =)Ao FARZE delx 9lx] gk Worsley(1983b) & $-=n]73A4 2|
7179 AAs] 1 w2 % Bonferroni $-52e) o5 $7(bound) 2H& AMrsleith. mar
Kim¥} Siegmund(1989) = A Hu 2} &-52] ZAFAE WA ol digt sldAL AA)ska 9lovt
TAREAle] Bl Boddl e gl
2.3 Macneill 734

Macneill(1978)-& ©}3-3]7] 5.8

A 57} B 0, B4 o’ AEREGE FOE 9 W 33AS § = (B, 0 ) ol
e M BAE molsieh, SYAT) 5 =i/ o Be) HAAFEYRE A e 3y
t

M= w, (/) [E (e3P (2.4

tio

Alekstsdet. A2 715 w,(t/n) &=

(2t+1)./2n

wo(t/n) = v (wWdu
2t—1)/2n

sh o] Ae)sm, y (Wi §o) obd WHEA 27

1

fu(l*u) v (wdu { w
0

A% ME AT BolAE 3 AAE A7 o skw 9lr] ol A 3 am

& M
Aol slek. Macneill(1978)-2 ukabsl Hele-saelx] (By(u) | 0 Cu<1}S #A EAE (ng?) !

| v W Bwdu (2.5)
0
of ##HEE Bk 593 p=02 A% By(wWlE TF B 1] 23 e] =™ Anderson
Darling(1952)-& v (w)=1% ] 2(2.5) ¢} EH-ZZ T} } acne111(19/8) p=0, 1, 2, 3,
4, 53 7ol 2(2.5) 9 E Fpx] MRSkl W& TAGHE-S Albstelv),
AABpL HErgo] gk Wsty FAlolA Lombard(1987)3 3H83ke] 4298 o]fslo] A

(2.4)9} 218 He)o] EARS Adsty, whamside] 7o -‘5-74]%1"’] -*7} Cramer-von Mises
BAEke] SEHEE el RebAle ndv)

pu
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3.1 HAREAZ

Ashdel] B 28 (D04 A 2y ol4she dAlel Axe] £9F A HASARE
Aojslaat get. Wb e =y, —a-fx & EAER A T W, R By -fx o £ we e
A Sme ege] 2Asehs Fasl Hoh A(2.4) 8 2 Pule EASe

Q= E (W) (£ a®)P 3.0
o} 7ol Atk 714 a(dE B4 o (),0 <u 1ol ek
1
a(=¢ (i/(n+1)) - j ¢ (Wdu
0

2 AR Apeln, ¢ (e 24 0o Hwdul o & T},

FAF Qe A(2.0) 9] A Mol a1 <912 vpre] Hdslglon 718 1/nE Fch
FAE Aol AT ol FAo] Hesty FAwYoRE HAAFFAYg =X Hodges
Lehmann $3%2 78| & 4 9lt}. Hodges-Lehmann $74 28 Adichie(1967) 2] AAREA o) 2]5}e]
Fa e Eus ol dig @ sk ok 24 olallellM /n - UHEHekolc), wEE HiA)
FFAEE AR 2784 o9t ke AdAg zZhet)h

AE. D2 Ao ¢ (WE 9T B4R b, o] o ¥&g

E a(®)-E R/(m+D-t/2 (3.2
& A tolA7AR o] ST A B Hek, $AR QO TAREEE UFE Gl Fsio
welataak g
3.2 ZAREE
Lombard(1987) & 33 24 o WHsPEde AG.D 2 Sk 2AFEE =
sjstdet. HAAS prh Foial Aol BAR Qo TAEEE HeleulAE HA) At 4

(A2 E aR), % t/n<ul t+D/n, 1<t<{n
0, L wtell

B, (W=

2} .o, Billingsley(1968) 2] Theorem 24.1° 2)5}o] Hy o] Holil n—e A o B, (W} 2=
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¥& Bahevalx] B(wel 8t 4)(3.3)¢d4 A2=§ {6 (i/(n+1))-1/2 }/nolck. E-E2] 80
g A€AA 2] (continuous mapping theorem) 2%E] (nA%)71Q9 ¥+

1
jBZ(u)du 3.4
0
o] £E ), 4)(3.4) 9 ¥F= Cramer-von Mises EA| 2] SIE-E 24 Anderson® Darling(1952)
o oJated H-EHE7} FeiFTh
e FHA g "]7‘]94 %'k“’— vehing 2% gke- ARg-shd 243 Qe 4% gkl &S
gk 4](3.2)0) A" PRYL 2AE T U-5AF UR) S SHolth 3714

U = T h[(y, B xi—yi+ B ¥ (di=d) ] (3.5)

t(l’l t) G.j) €
o} Ao} v, 4y Ei<td W 10l i) td W 00)H, Cu= (G 1 1<i, j<n, d; > d; tolch 22l
h(w)E Ad(kerne) 24 w7} 7Y o 1, Z vl -12] 3h& zerh 2(3.5)-2 Randles(1984)
o] A(4.2)¢l Aol EAZ SR ert Huz g9 AAubgS ZA4si) Uy S 7t
ElUIE u(p =t ¥ 2X189) X g -6, o FEIFE GoF & o, u(y) 9 vl (differential) &

du(p) 1,5 = (3 -%) [hw g {Wdu (3.6)

I 2ot w, ¥, v A ol ol F-e HEkelch

2732k B7b/n - LA3A2FY v Randles(1984) ] Theorem A.99% 213ha 41(3.6) 0] 0ol Akt
U= U(R)e 2L FHEEE 2 drt. S5us x; o gre] AsA J2E A5 o9
Z730] s =z, o] o At FAH Qo TAREEL A(3.4)9 A o

e
dabge] FAuel A3kl Lombard(1987) <l Sfsted A8l 42 =EE F3tel A5 <]
terd el Axg shedieh &, A ok PRE S, = z a(R)/AS) B4 (1, S & LHH=2 vehh,

S, o Walelrl Zrlelld P == o ukpd /J-o] el Ushge del oxe wames
FAs3A} Prh ol2it 2P S $AH FRBelA 2 LAl FATERS) YTl o}
B71E St Hbde A

4. 2o g vyl

4.1 meLPE 1 frelaEe) vl

ml

AR AAEAE QS TALES NG ot TS ¢ Aol ELstgled, TAREES)
NAAE AT ARHo) F5FES drhd A AloseA] RS Fale] wiwstaal gl
SARe) BAR PEE FALE, AFLE, OJFARYE U LI dsjsln, BRasle

n=15, n=25 ¢ AL siich SREF x9S 14E n7iAS] AefE A Aghste]

<y :10
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oo, i]:ﬂiiﬂ-—] A pEgke 002 Fglvh, 2eja, 718719 3 1/2, 1 % 23] Al 7HA] 75l
tisled uREEISE 1,000 Allsled Zde] &3 = S5 AYRlEER Yok
AgrE A4 Qo 71744+ Anderson™ Darling(1952) &) ¥-E£3X Table 1S #83le] 7313
Sxu] AR 71 49e AFETAA 10,0008 wHERE RojAg AR WMEHTE A
=&, Macneill A3 M2 712ES Macneill(1978) 2] Table 2914 p=14l #4-%29] & =3lsich
FojAY Aze o 1, Zo2eh Rk E9 QEADNA By Bse® 27 e Hodges-
Lehmann 333t 9 HAFFHE AT A9E Vepdch

£1. n=15 ; §=2.0 ; FFE 2=0.05(0.10) 2 7%

EA=k FUEE AR o] FA TR 2HEE
Q
Buw 0.041(0.090) * 0.042(0.088) 0. 043(0. 090) 0.042(0.092)
Bise 0.044(0.09D) 0.046(0.093) 0.045(0. 095) 0.041(0.090)
L 0.029(0. 061) 0.048(0.097) 0.095(0. 158) 0.252(0.286)
0. 379(0.474) 0.375(0.479) 0.379(0. 492) 0.391(0.517)

23] g F2AFE 0=0.104 .

2. n=25 ; $=2.0 ; FIFFE 2=0.05(0.10) ¢
EA= TUAREEL AEE o) FAFEE FARE
Q
BrL 0.038€0.093) 0.045(0.092) 0.040(0. 09D 0.044(0.088)
Brse 0.043(0.094) 0.041(0.088) 0.043(0.089) 0.031(0.083)
L 0.034(0.070) 0.059(0. 105) 0.101(0. 153) 0.255(0.294)
0.363(0.468) 0.359(0.491) 0. 380(0. 483) 0.407(0.534)

1, ¥ 29 AzzreE Aqkd 44 QO 7AHge BERE FFe] Al oA 2AKke
F-Eo| @Al %5 wbd, $wu] AAHE AFEERC FEE meE e o)FAsEEs}
FHRFNA Fo5eg AMoshA B & 5 Ak EF Macneill 342 HHPH o2 fo0ES
A3 AoIstx] 7] wlFol Sggle] AQsA BAR Aow AT 5 S & F Uk
FARE] AL $xu|PAHe thh X5 (conservative) ©lth. HEFL)G5E] @ =0.012 73
2o AgrE AR AgseEhgo] A el g=0.5, f=1¢ A= ] £ 1, E 2
A" 3} FARRE golnZ A HPAAL olof e Fe At
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4.2 LA

LA =2 RS AV AP SENA L e} e ARe] Washel 2 AoE
slmal s} @k, Macneill 4-e S92} x; = iekes Alekzdd ahol ] =osi9l7] dgol] 88
Al s Esjel ulmolx A siatalct.

7] 30 Foi2l AR Quandt(1958) ¢l SJated TEoI2) St ARolH, AFEEE Pt
eARE VIS SiS ke 1904 207409) B5E WS ARkl Qolgeh MBS
e ARRA ARAE =122 & Folch,

3E 3. Quandt®] A g

t 1 2 3 4 5 6 7 8 9 10
X 4 13 5 2 6 8 1 12 17 20
Vi 3.473 | 11.555 | 5.714 | 5.710 | 6.046 | 7.650 | 3.140 | 10.312 | 13.353 | 17.197
t 11 12 13 14 15 16 17 18 19 20
X, 15 11 3 14 16 10 7 19 18 9
Vi 13.036 | 8.264 | 7.612 | 11.802 | 12.551 | 10.296 | 10.014 | 15.472 | 15.650 | 9.871

E 39 A7 AAe] g H2AFERGS o =3.21, f=0.64°]7, ZAANAS R2=0.90°]c}.
ol Wl H2AMFFYE AT QEATN A3t A A7} 52345 pgle] 0.0792 vhehuieh,

t

12
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29 18 PAYEEEA G, §)8) AE Jehith % S - £ a®)/Acleh 7o) ¥}
Az re Wabge g t=85E t=12 Alolo] $xF¢E o & Urt. Worsley(1983b) 2] Table
20l 95l Sxwr|AAYe] §-218F pe 0.0587T 2HA Hu, o] w FAE WAL t=120]ch
£ 39 AtgolA] t=12 o9 HAAFFAGE ¢ =2.22, B =0.69°]%, AAAS R?=0.9591 ¥z
t=13 °1%9] A4Fe] g g =5.91, B =0.48, R?=0.93°224] E3| Aol wispyl RFeajls
of 4= olch =gl #Wsbd o™ o)F o AFEEFE wE FHF ASv) AR W AAAF
#Eck A o] B3e] S A Ay A& eiE

5. WS

ek T WP EA A A ARG JH sl WEAde] f-5o W AY »
wsbge] 2ubyg-g =olstich. 7129 Sxu| A A AR A A e e
e °) Hbsled AjQlEl olxbalAlel AR 71&9 o]4rbs’t TARREE ¥4t AATAHE
AR 4 e EAo] gl 2R w4E TR BALY TAEEE o5k AL AR
A-gsle] AHokgl B4 whye] d8uleke AvEgith

Ay B A el T M EAE £ o] durEQl SR HAE 5 ole Ao A A
B Q7oA == x] @otch. =gk, sty EAE o5t FAR gAshe A S ¢z
AFA = FAFEAL St

2

kil

S

[1] Adichie, J.N.(1967), “Estimation of regression parameter based on rank tests”, Annals
of Mathematical Statistics, 38, 894-904.

[2] Anderson, T.W. and Darling, D.A.(1952), “Asymptotic theory for certain goodness of
fit criteria based on stochastic processes”, Annals of Mathematical Statistics, 23, 193-212.

[3] Bhattacharyya, G.K. and Johnson, R.A.(1968), “Nonparametric tests for shift at unknown
time point”, Annals of Mathematical Statistics, 39, 1731-1743.

(4] Billingsley, P.(1968), Convergence of Probabilily Measure, John Wiley and Sons, Inc.

(5] Brown., R.L., Durbin, J., and Evans, J.M. (1975), “Techniques for testing the constancy
of regression relationships over time”, Journal of Royal Statistical Society, B, 37, 149-192.

[6] Chernoff, H., and Zacks, S.(1964), “Estimating the current mean of a normal distribution
which is subject to changes in time”, Annals of Mathematical Statistics. 35, 999-1018.

(7] Hawkins, D.M. (1980), “A note on continuous and discontinuous segmented regression”,
Technometrics, 22, 443-444.

(8] Hinkley, D.V.(1970), “Inference about the change-point in a sequence of random variables”,
Biometrika, 57, 1-17.



38 A . s

[9] Hinkley, D.V.(1972), “Time-ordered classification.”, Biometrka, 59, 509-523.

[10] Hsu, A.A.(1977), “Tests for variance shift at an unknown time point”, Applied Slatistics,
26, 279-284.

[11] Hsu, D.A.(1979), “Detecting shifts of parameter in gamma sequences with applications
to stock price and air traffic flow analysis”, Journal of the American Statistical Association,
74, 31-40.

[12] James, B., James, K.L. and Siegmund, D.{1987), “Tests for a changepoint”, Biometrika,
74, 71-84.

[13] Kim, H.]. and Siegmund, D.{(1989), “The likelihood ratio test for a changepoint in
simple linear regression”, Biometrika, 76, 409-423.

[14] Lombard, F.(1987), “Rank Tests for changepoint problem”, Biomelrika, 74, 615-624.

[15] Macneill, 1.B.(1978), “Properties of sequences of partial sums of polynomial regression
residuals with applications to tests for change of regressions at unknown times”, The Annals
of Statistics, 6, 422-433.

[16] Page, E.S.(1954), “Continuous inspection schemes”, Biometrika, 41, 100-115.

[17] Quandt, R.E.(1958), “The estimation of the parameter of a linear regression system
obeying two separate regimes’, Journal of the American Statistical Association, 53, 873-880.

[18] Quandt, R-E.{1960), “Tests of the hypothesis that a linear regression system obeys two
separate regimes”, Journal of the Americal Statistical Association, 55, 324-330.

[19] Randles, R.H.(1984), “On tests applied to residuals”, Journal of the American Statistical
Assoctation, 79, 349-354.

[20] Worsley, K.J.(1983a), “The power of likelihood ratio and cumulative sum tests for a
change in a binomial probability”, Biometrika, 70, 455-464.

[21] Worsley, K.J.(1983b), “Testing for a two-phase multiple regression”, Technometrics,
25, 35-42.

[22] Worsley, K.J.(1986), “Confidence regions and tests for a changepoint in a sequence of

exponential family random variables”, Biometrika, 73, 91-104.



A3 Aol A 2] wshdel tid A7 39

A Study on Change-Points in Simple Linear RegressionT

Kwang Mo Jeong® and Mee Hyea Han

ABSTRACT

A testing and estimation procedure is considered for changes at unknown time point in simple
linear regression model. A test statistic of quadratic form is suggested. We also discuss the

asymptotic distribution and its level control. The proposed method is compared with the likelihood
ratio test through a example.
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