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gAFrR Y FE ANY £4%0] BA% ANFSE FRAG. B APNE Bas 2
AGFE F457] Asto] Kang 5 (2000)€] L ol88ch Kangh Huh (2006)8] 24549
PRSI Juar) 2FOR BAAFES FANL, S8 BAAFES o 85el BAL B2
Yo AYRYFS AXT Aolth ALE 2P ARAFLA FUSEE HolFy noAY
2 bl 7| 2e] F4Y AR FAFL vlwstur Sk,

BARE RS BT S AUAA 59 220l o850} AN 24 A (pre-
cision)ol GFE Fr Baolth. TP AYTLE o8 MEsH ¥4 249 UF (bandwidth)2)
Ao 245 o] Aok e otk 1 2o BAA WHEo] Bad FAlNE B FL 2l
ot B} AT UEo] 2Eo] 2% 4BS 53 Atk Rice (1984), Casser 5 (1986),
Miiller £} Stadtmiiller (1987), Hall3} Carroll (1989), Hall 5 (1990), Ruppert 5 (1997)3} Yu<2} Jones
(2004) o] BFIRGoA Bt HEsA 242 dFsnh o5 d7e BT d54d
7370l o]0l ZHolnt.

A 5, Y AGFAFY A9 (bias)o] THEE
TrE A5 Axet BHo] Arke A2 o3| LA Yok 9] 2olal e Fa pATIAHY
(local pth polynomial fit)< A H
ALY Aol Yoke AGFALY HE 4L & AUtk Miiller (1992)2 EALHE
A% 3 ATTY ALFAHDFE AXFATF (consistent estimator)o] H X gFow, AL HAil
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2047 BASAL 1 W), Kangsth Hub (2006)% 91491 87849 AdZggon BEol

7 JAAFES ©l&3 Nadaraya-Watson 8 F 08 EQASHY J237] 9 2480 245 4
T39ith Huh (2005)+& A7 A4 Aol 244849 2453 FHS oA 8589 8
&Aoo 2H o=z Aostty. sHH, Yu9l Jones (2004)= o] ofd BAESE 2 W3lele] 24
AP A3t (local linear fit)o]l &3t 2 IHAFSIS (log-variance function)?] g0z BEAiHghgo] 24
< A3kt Huh (2009 2015)% Yu$} Jones®] AFE o]&dlo] 2R EALH FHo
2 $OR5S] BA4T 249 U2 AFE A9k ol ohd G IS BABS A% 202 9
of7] 93 Chen 5 (2009) IFAAHES EIWHETE o] &S AP F T 2R AY
TS AR 6}93&} Huh (2014)%& Chen %] xﬂom A 2 AAAFES o83t BALA
EARe] AdR:A TS A <ete] Huh (2015)4 W3} v g AEEkT)

Kang 5 (2000)2 3|9 &57F A% 2o Gasser-Miiller o2 FHE BALHe] A=
27) 24%oz A BRE A4 AFTLRRE Pojd BRA AAY 220l 7S
o) AYFARE ANNT ) oz 247 sz A4AE BA% DA B4e) FDRE AN
S9TF 2 AFOIAE Kang 5 (200009 WL o] 85}0] Rakel BALSE A9 AHH 4%}
o] Bl RS ANEAFE ANFILA B,

24N EAtso] EdSH FAGY Juar] FAHAHE o] &3 AT A W ol
o] g3 EAL EAgge] =4 S| AH2AF (integrated

i BAF A}
squared error)9] FHEE o] BAL #Ae 4

3} v AL IA ek,

olWEk BE {(X.,Y), i=1,2,--,n}2 FEHE (X,Y)2RE =YHoz FEHcky st

A EaAdeE 247 m(z) = E(Y|X = 2)9 v(z) = Var(Y[X = )2 T4, IARYLS
o3} 2ol

Y = m(X;) + 03 (Xi)ei, i=1,2,--- ,n (2.1)

AAEt A% e SPWRF Xy, -, X, T Sl B B4R ZH7E 03 1)t} FHE X9

SEIETTE f(z)ol E (support)t [0,1]0]2} 31} oM B4 goll tisle] Qoo A 22 H

) H=3T 22 47 g (2) = limy—o— g(y), g4 () = limy—.4 g(y) 2 FH, BT}
S

A=vy(1)—v_(7) (2.2)
BT R BAGE AT A] > 0013, YA Yei A = 0olc). AT}
59l olfii HATAT} HAKA F99} ANV Aol 7 WATS AL BA% A7) o,
BAel AL HARe BASAS FHOE RAGSY BASAE FHT 4+ ALk B ATolAE
T2 492 neeknA k.

Kang¥} Huh (2006)+= Nadaraya-Watson F3#o 2 BEisto] BALHI O HolA H=z37)
£ 24317 Y35k, WA A4S Nadaraya-Watson FHHFo 2 243 & AAAFES 0831
EOi7} [0,1]9 2R A8 (one-sided kernel function)Z oJH F zolA v(z)2] L& A

r_%
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Y — m(X;)E AT, Nadaraya-Watson 3 mol 2|8 Zkxlo]1 &= wl=o]
Atolt). FAAFE (2.3)S o83t B 29 F=37) FAHFES

E
() =7 Hojate] |A(z)|7t A7t He A o2 BASH AL 707 AN F
A BAGH 7ol d=a7) AF)E 4 (22)9 =Z37] Ag) FHFo= Al
=3t Kangd Huh& 73} A 3591 R2 £S5 o]83to] Nadaraya-Watson AEG3:AHgo 7 t}23}
Zo] BEd% E4grE AT

S LE(X: — a 7) R2

Drcn (2;7) = = (2.4)
> Ly (Xi — 2 7)
i=1
714 his 4 (2.3)Y WFE b Ie o WEo|y L (u — x;t) & T3 2ok
1
A < 3 >I[m—h<u<t} t—h<z<t
1 uU—x
Li(u—x;t) = hL< 5 >I[t<u<$+h} t<z<t+h (2.5)
1 uU—T
Ll > 9.

S L Ef [-1,1)E 7R+ Aol I+ EA1ES (indicator function) o]t 4] (2.5)¢] #
G Lie 295 AT 7E 7R 9 M L8R HAlEEE | '5‘}% =
skal ok webA ro] 4% Bavteet 2 BF Bt 44 79 9% IS L85 A
wee ©83t9 Nadaraya-Watson #4702 F4HT

2 delA o] Nadaraya-Watson %2 ZAFNA Helo] £HEE wjio] o]gHor 4
o] A=t Hojdth. FAH (24)€ 2d5H FAHES VIEeE MHAEES F FELE Yo &
Z} Nadaraya-Watson 4502 A8 FA517] wo] AAAE 24 (boundary problem)7} &
A5 FAF MR oA At 253 FAF FHA dojue BARE A& 535

71 f15te], & AFolA e FAATT7E EALQA A9l Gasser-Miiller o2 248 AL A
3237 29902 43045 T8e AGUANYLEAH 2V THY AT £30d Y
2

9] AQYFAFL AL A Jo F48 HZ a7 ALAE BAS AT 24N A
A3k Kang % (2000)2] W& 1%6}04 2oL B AQF RS xwmx} z&vr.
WA, A (2.1)9) B4 BT AR

B
r-]m
rL i
ol
%>
N
¥
ttlo

I~
=

v(z) =w(z)+ AxIr <z <1 (2.6)
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A9 =4 IAAFES o8& Nadaraya-Watson FHZFSZ 4] (2.6)9] AL w(x)o] FHF

= T3t Zo] AldEt

A7 Ly(z) = h~'L(z/h)olth. 9] AL FRS = Bu
oA FZ RES BT o83 HE AHE 7HAA =
(2.6)= o83t thx 2] HFTHoR EAL 24 v(x)

Up(x;7) = w(x; T

+
>)
S
X
o
)
IA
5
IN
=
©
L

—~

o] Aol A= 2Fo|A] A|QHEE Al (2.9)9] BAAL HAFS 2H T,
£ HojZ= 34 St} Kang} Huh (2006) 2} Huh (2009)= 2] 913
A(F)e H24AL thew} 2ol B By

F—7|=0p(n""Y), |AF) — Al = Op((nh1)~"?). (31)

A7 A, = Op(Bn)L 9499 44 et n > Noll ko] P(|An/Bn| > M) < & BE3k= A
M3} No] Atk o jojct.

flol s IEAE 2L vt Zh
(A1) X9 EUETS f infiep,1f(z) > 0& WE3LT Lipschitz 131248 W53t}
(A.2) SEUEIS FEFFA A4 K+ Lipschitz 144213 H538kal K(0) > 00]aL 0 < u <
Lol tjste] K (u) > 0°]t}.

(A.3) n — oo @] hy — 0, hy/logn — 00| nh} — 05 WHE3ITh
AN
ES

FAY Up(; 7)) AZAFLA FHEEE HoF7] 9% 2453 A<= v

57)9 ARAFAL) FHEE
29l

=
73

AQHer HA1

7 2t

(C.1) A (2.6)9] 3 we] o] AEZ 4 w2 Lipschitz 132 A& wr&E3ic}.

(C.2) U= A} L Lipschitz 12124 w3t}

(C.3) n — 0o w} h — 0, nh/logn — coS =3}

gl 24 (A)~(A3)% (C1)~(C.3)5 T8t Bitey AT Uy(2; 7)) ARATLAe] +3

Ses nes g
[ 6w — vt
(0]

2
logn logn  (logn)? logn 1
— 4 2 2 —_—
=Or [ M+ (nh1> +0r <h1 wh ¥ ) ORI ) HOr n2h? )’
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B ;A BARS 249GV BAR5) A the) go] EAATH

Op(2;7) — v(x) = (Op(2;7) — 0(2; 7)) + (V(2;7) — v(2)).- (3.2)

~

~ I~ n X;—=x
A (@ 7) = ks S K (5 ) {R? - <
A RiAA R = Y — m(X;)E o838 24 A=Y f(2)

f(m)i nh Zz IK( '_z)o]q—
Wl(:r) = K(X )7 = 17 7n°]ﬂ' l_l;'"@a é]' (32)9/] g—%g %i t\ﬂ“ﬂ 63"8‘ 1—4—%‘?} ZELO] E‘_

h
B},

nhf(z)
52 7) ZW B -A@r<x <1 - (R -A@IF< X < 1)}
= 3" Wale) {0~ m(X0)? — 2R, (R(X) - m(X,)}.
$) Aol ls14] Theel sl
iWi(m)

2
SUD, 0,1 0 (73 7) — (3 7)| < b, cpoy SUp,c 0, [7(2) = m(x)| }

i=1
+ 28up,cpo,q Z Wi(z)Ri| sup,epo 1) | (z) — m(z)]. (3:3)
i=1
Mack% Silverman (1982) 9l &34 sup, ¢ 1) [(z) — m(z)| = Op(h1 + 12%)011 Kang¥} Huh

(2006)2] Lemmalell &J31A] sup,¢ o 1 >, Wz(m)Rl‘ = Op(y/!EM)olmg 4] (3.3)= SUP,¢[0,1]

[Up(z;7T) — 0(z;7)| = Op(h2 8ny 4 Op(hiy/ lffh" + logh;’h)% Rla=cia=

nhi

S, 4] (3.2)9 e 2% T wg) g ke o] HAHAT]
Up(; ZW VR — AI[X; > 7] — w(z)
+ ZW HAIX: > 7] — A@IX; > 7} + {A@1z > 7] — Allz > 7]} (3.4)

SAAFHL ¢ = & + 12 T, 9 A9 A WA F2 A4 (267 T, Wia) = 1o I3 o3
A7 4B o471 & BTl 09 FEAFo|Th

ZW ) {R} — AILX; > 7]} — w(=)
—ZW )ei — AIX; > 7]} — w(x)

= ZWi(m)W(Xi)& + {Z Wi(z)w(Xi) — w(fﬂ)} + ZW( ) AIX; > 7]8s. (3.5)

Kang3} Huh (2006)9] Lemmale]] 2JalA 9 A (3.5)2] A WAl &3} A AR 2 Op (log")ol
o}, Kang¥} Huh (2006)¢] 4] (5.26)° 2JaiA] 4] (3.5)2 F WA &2 Op(h + (/1 E2)olt}h. 4]
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logn  logn
SUP, (0,1 [0(%; T) — v(@)| =Op hi + —— | +O0p | M1 +
nh nyvhih

—
w
(=2}

=

logn
+ OP h + + OP + h1
nh

ol At} 4l (3.6)0] A Fele] AFHE AL 5 Ytk
Kang¥} Huh (2006)9] Therem 3.29] A} vlal 8t p = 291 AEAFL A 390
o FAY A I pESEE TN AL, & ATE Y= 29 0182
A5L o] get 7)o AEAFOAE Amay] ZHee] sHEE] AF (nhy) 2o
2314 "t Kang¥ Huh./] AT A 2 1A fELT
(n ) 2o g2y, Az A7) A sHET = 3]
FUGEE 1 99 $UGE FES0) ul3) wh27) o] ARAF A
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 Adsign. HARee} BARSE 2457 99 4 (25)9 (28)9 ALFLE e 2ol
Epanechnikov #Ad-& A" 33t
L(z) %(17m)><1[71<z<1]

Kang¥} Huh®] #4keta S A ket 24 %2 vlastr] A% 4@@0133 v v o] £
L3 rE2 ok A

e}
015E ’d iy S

Table 4.13} 4.2%= ZVZF v 3 1v28] & v
A9V 249 5(m17)2] F49 AAGAE A4S T % hol 2 el A4 AV
E HojF3 gt 23 L A" A = = S
b byl AROZA AGT 2HF 5,(0;7)0) 2T ARAFLASE S
3 ok W= by, 0] 0.059 Aol vku(x; 7)Y Hael 49 2
A ARAZL AR Ak 1 92) Aol 5, (ai7)°) Bl 24T

J}k

dl

ARAF LA A A
& o0 ATk WS o] 0059 W T (5720 (05 A4S 29 AEAZ LA 2
1 0 o ARAFLAE] e

Table 4.1 The minimum estimated ISE over hwith the standard errors given in parentheses and
the minimizing bandwidth hfor the case of vy

h hy Kang and Huh Proposed
m h ISE h ISE

0.05 0.10 0.006943 (0.000202)

0.05 0.10 0.09 0.006814 (0.000190) 0.10 0.006827 (0.000190)
0.15 0.10 0.007462 (0.000186)
0.05 0.15 0.010151 (0.000211)

0.10 0.10 0.11 0.011508 (0.000159) 0.16 0.010998 (0.000163)
0.15 0.15 0.013386 (0.000163)
0.05 0.26 0.042283 (0.000488)

0.15 0.10 0.24 0.064695 (0.000238) 0.28 0.045339 (0.000306)
0.15 0.28 0.060955 (0.000301)

Table 4.2 The minimum estimated ISE over hwith the standard errors given in parentheses and
the minimizing bandwidth hfor the case of va

o h Kang and Huh Proposed
’ h ISE h ISE
0.05 0.10 0.007344 (0.000263)
0.05 0.10 0.10 0.006924 (0.000211) 0.11 0.006959 (0.000217)
0.15 0.10 0.007577 (0.000206)
0.05 0.16 0.010645 (0.000297)
0.10 0.10 0.11 0.011698 (0.000191) 0.17 0.010579 (0.000197)
0.15 0.16 0.013479 (0.000181)
0.05 0.26 0.043140 (0.000607)
0.15 0.10 0.24 0.064500 (0.000254) 0.28 0.045530 (0.000353)

0.15 0.28 0.061035 (0.000323)
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Figure 4.1 The estimated ISE as function of log-bandwidth for the case of vy and h,, = 0.05.
The estimated ISEs of U, (x; 7) and Uk g (x; T) represented by the solid and the dotted line respectively.

S

—=.5 —s.0 —=z.5 —=z.0 —a1.s

logdh>
Figure 4.2 The estimated ISE as function of log-bandwidth for the case of v; and h,, = 0.10.
The estimated ISEs of U, (x; 7) and Uk g (x; 7) represented by the solid and the dotted line respectively.
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IS

0%
\

logdh>
Figure 4.3 The estimated ISE as function of log-bandwidth for the case of v1 and h,, = 0.15.
The estimated ISEs of U, (x; 7) and Uk g (x; 7) represented by the solid and the dotted line respectively.
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Abstract

In usual, the discontinuous variance function was estimated nonparametrically us-
ing a kernel type estimator with data sets split by an estimated location of the change
point. Kang et al. (2000) proposed the Gasser-Miiller type kernel estimator of the
discontinuous regression function using the adjusted observations of response variable
by the estimated jump size of the change point in Miiller (1992). The adjusted obser-
vations might be a random sample coming from a continuous regression function. In
this paper, we estimate the variance function using the Nadaraya-Watson kernel type
estimator using the adjusted squared residuals by the estimated location of the change
point in the discontinuous variance function like Kang et al. (2000) did. The rate of
convergence of integrated squared error of the proposed variance estimator is derived
and numerical work demonstrates the improved performance of the method over the

exist one with simulated examples.

Keywords: Change point, jump size, kernel function, residual, variance function.
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