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Abstract

We investigate a monitoring procedure for the early detection of parameter changes in location-scale time
series models. We introduce a detector for monitoring procedure based on modified residual cumulative
sum (CUSUM). The asymptotic properties of the monitoring procedure are established under the null and
alternative hypotheses. Simulation results and data analysis are also provided for illustration.
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A&H oz A3ttt Leisch 5 (2000), Horvath 5 (2004) 3} Zeileis 5 (2005)2 3FARFHANH &
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Yt = PYr—1 + €,
et = Vhine, hi =w+ a1 + Bhi1. (2.4)

&, (3= Ene =0, Enf = 10]3L Enf < 0@ iid. BEHLdolth. |4 <1, 0#0,0<a,8<1, 2
B

&’Enp +2aB+ 6% < 1

ol¥ {y}= A4S BAAEL wWEsl1 dl2uYsty Ey! < coolth (Francq$}t Zakoian, 2019). whah
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o]y_
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< A 28W B4t ©x RS AHE RRJAFIH 44 (A1)-(A6)S WHF
e & 9lom (Ohe} Lee, 2019a) AR(1 )GARCH(l,l) 239 7hes EHWIsE R
0, FANAT A2 AFALS BEsng 27 (A7)S =St} (Francq} Zakoian, 2019).
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el 2.1 =4 (M1), (M2) (A1)~(A7)S BE56ED b(-)2 (0,00)0IA H5011 infocr<oo b(t) > 00I%H, Ho
SHOIA THS O] &St n— cod O,
sup T~ sup ,
1<k<oo vR(1+ 2)b() 0<s<1b(s/(1—s))
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1555007 Z ( (On) _nt) T n t:ZI (nt (On) —7715) =op(1)
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Lemma 2.2 Fg| 2.19| JIMES UI501H CHS0| AElsit

[rt o) - =2 5, o) =8 ot 1) = @ wa)
15hEe va(i+5)e(k 0 (L+7)(r)
0] Mzlstct

ZH: Oh$} Lee (2019a)ollA HQl uie} o] {Uy(0o) — EUL(00)} & AATH Foln] 23t nf
g7d x}o](martingale difference) o]l

n+k n+k

> " Ui(8o) - 2 :: k > Ui(00) = > (Ui(8o) — EUL(60))

t=1 t

Il
=

olt}. Z22]¥ Berkes 5 (2004a)2] Lemma 6.63} 22 =7 0] 2]3}o] o] lemmaZ} A HEE YL 5
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=
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3 = gotd, de] &3l sup, [W(s)|e] Bx3ol ek &4
slo] th2-0] AEES & 4= Ut} (Csorgos} Révész, 2014).

ftfo

2
lim P(k, < co|Ho) =1 — {P ( sup [W(s)| < b)}
n—o0o 0<s<1

4N (—1)F % (2k + 1)? ’
_|:7r22k+leXp<_ 802 >]

k=0

o Aol b7k Al (2.1)04 Fol7 §2l4% aol & 7)25ke] Ak

2.2. UHEJHE ofolM 2UEed Ext

2o Wzt dojytie iy sl RUHZ Axte] de AL s sk, =Y
(2.2)90 4 2tz AAl 257} 00 = (pg, AG)T 2k 01 = (], AT)T (# 60)) F AALD {yo.} 3+ {y1.}<
welsixl. 2o WEkE BUEY e A yi, . yne s BEIAL AR 04 kY (< n+ kol
A Bae] Wslr) dolyttid ti g b et 2.

yo,t, t<n4+k",
Ha:ye = .
Yi,t, t>n+k’ .

Y 7Hd Ha stollA] BUEE Ax1e "2 44dS Hol7] s (M3)3} (M4)7F g strhar 71Hg skt
(M3) {yo,t}F {y1,¢}= Be] 0012 {F )-S5, A8 Fdol o248t

(M4) k* = k™(n), limsup,,_, . (k*/n) < co.

3 g(Yit—1,Yist—25 - -5 )= Gip(H) 22

Yit = 9Wit—1,Yit—2, -5 1)
\/h(yi,tfh Yit—2,-..50)

2 7:0(0), i = 1,28 S BT ol UL A

(C1) (i) €99 A€ O thated, Ego,o(teo)no,0(teg, A) # Egr,o(t)m,0(tg, ).
(1) A1l € @0l HhHol, End o(sa, Ao) # Enf o (1, Ao).

o] & Eol, AR(1)-GARCH(1,1) 23X X B (o) WL HE B (wo, o, o) HIHA] &
o

Ego,0(¢0)m0,0(80) = ¢oEyo,—1Eno = 0
olx W F¢

Eg1,0(¢0)n1,0(00) = ¢oBy1,—111,0(60) # 0
olmg o] Aol (C1)()E W), W, A Bavh WalaL 97 247} WalA ehzrhy

Eng o(80) = Eng =1
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Ent 0(80) # 1
ojlm g o] A& (C1)(ii)S wEsrh
fol 2AES WSS /M Ha dhollA th3e 238 4& 5 ok

Ha| 2.2 71 (M2)-(M4), (A1)~(AT)2k (C1) (i) L= (i) 2 DHE 5L b(-)2 (0, 00) 0l A 14501 infocrcoo b(t) >

0, SUPg«t<oo b(t) < 00O|H, THEIIHE Hy SHOIA CHE0| dEe!

Dy (k) P
sup ———————~ — ©

A o)D)

S} n — oo I,

ol|Ct. Jde=,

lim P(kn < oo|Ha) =1.
n— oo

Ol

1
L Vi (11 E) b (5)
a8 A 2,10 23kl

SN OSAVEES A H) ‘Loo.
n+k n__

i m ' 5, ( 7, (én) B nZkZUt (en))’ =0p(1)

n

®: 5, = 5(< 00) +op(1) 9| BE 5B 93ke] theol HATL HolW FETh n - 0o

1 7% n+k B R n+k n_o_ R b
B T B (E) \ SHPSEACHRES SEACH) H T (20)
o] AUTS HolAk °o]E H3lAE
| @) (8) = 2 20y o) (0a)|
L Vi (L 56 () B @7)
‘Z?+1k ﬁ? ( n) - TLT-HC Z?:l ﬁt2 (én) P
k*i‘iﬂw (L1 E)b(E) e 28)
ol AYdS Hold Ak =4 (CLQ () (i) 7F A=5=™E 24 4 (2.7)3% (2.8)°] AHTTh WA
(CHE) 7 B= uf, A (2. 7)o] ABIS Holx}b, k> kY o,
n+k y R n+k n o R
(Ge7e) (en) i Z (ge77e) (en)
n+k n
= t:;rl {(Eltﬁt) (en) - (go,tno,t)(oo)} - %; {(étﬁt) (én) - (go,t"]O,t)(eo)}

=k"-Gi+(k—k") (G2 +G3) — k- Ga.
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Ia—a
1" . 1 ntk A
G = T t§.1 {(gt'f/t)(en) - (go,ﬂlo,t)(eo)} , Ga= R t:n;*ﬂ {(gtﬁt)(Bn) — (91,t771,t)(90)} ,
n+k n
Gs =1 ,lk* > A910m.e)(80) = (goamo.)(80)}, Ga= %Z {(gtﬁt)(én) - (go,tng,t)(eo)} .
t=n+k*+1 t=1

oluff, Oh2} Lee (2019a)2] Lemma 49} 2]3}

sup [5u(1) = 914 ()| < V(o) 07 as (2.9)
sup [he(p) — hao(p)| < Va(yie—1,...) PR as. (2.10)
6c®

qde & 4 3 ol9} tjEo] (M4)2} Ohet Lee (2019a)2] Lemma 19 %ol wWe}l supy. pcoo
(k= k) - Go| /{v/n(1 + k/n)} = op(1) ¥ HA & & Atk E3F suppe oo [k Gil/{v/n(1 +
k/n)} = op(1)°l3L supys cpcoo [k - Gal /{v/n(1+k/n)} =0P(1)?:'% &5 ek 2P (M4)7F =
HB2 (k, — k) /v/n = 009} ky = O(n) S W& 54 (k)< 3 A"E 4 gla, (CL)(i)el
osted [E(g1,0m1,0)(00) — E(go,0m0,0)(00)| # 00| B& o] AT} of = Aol &)t

n+fcn

T
arg

/ k 1,61m1,t)(00) — (go,tm0,¢) (0
\/ﬁ(1+ %ﬂ) En — k* t_ng*ﬂ{(g 171,6)(00) — (g0,670,¢)(60) }
__ ka— kk IE(g1,071,0)(80) — E(g0.0m0.0)(80) + op(1)| — oo.
N (1 + 77)
=z

o] AHEo oste] 4] (2.7)0] APde). 1T GASHA (C1)(ii)
JHEe B 4 Aok aejEe A (26)° 4Rt =

B AT Akt BUEE W] deg ot y] 95t 4 (2.4)9F 22 AR(1)-GARCH(1,1) &
oA BoAHES F3sict. 9% 2ol 31D AR B4 (0)9) & B4o sf5e= GARCH 2
F(w,a, B)2 AZLE BUEH 317] 3ty fel& AAREE A5 ARty oebA o+

a = 0.059] 25 = 7123k 2 Song#} Kang (2020)9] Table 104 Al &8k= gk b = 2.4935 A}&
sty 83 7 BoA A vHESleE 2,000 o]0 AlAE AEES AYAFH] Hdte] ARgS B
= (¢, wo, a0, Bo) = (—0.2,0.5,0.1,0.3) 0], {n;} = ZEAFEZE 2= d5-ES AR3T 2Y
HE dAE 53 AIF K& 359 A59 37] noll vl#Es =S APSFHEK =

27 A At RUE Y dAxe AR T2 AIA flo] 84 Eﬁﬂ% 1 712436 94
Eojok iAok BoA A= A8AE FogET A4EE S5 Atk T3 AAS Ao Ao
g g3l

Figure 3.1014] Xo]& ufe} o] z+zh 43k K/noll ths 52~
g" ZrAstH A °‘7§§P HkOE THES FAFE # Uk ‘”ﬂ K/n7} 57} 5 1
2 K Z 0.059 77 R
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K/n=4 K/Nn=6 K/Nn=8
()3 ooooacont\1ooanancac00an000a06aB0000a00a0A00A0ADEAN0ANNABANEOACOBOAGOEOANKENADANEADAGEADEINOA00aDAC0aNANA0000ATCADATEACONNAn00DAN000a0AnNaDAnDABaTD
(D)) oonoasonoanthoshth000a000000605000000000A00A0ABEAC0BANNABANEACOBOAGOEOANDENANANNDAGEANEANOA00aDAONNANA000AEADATEACONNAc00DAN000aDAnNaDAnCABaTD
(D553 0000a0000a00A0AGE0C00A0DNNANGPLIAAINADA00aDaDaOnoRaaNaBAEEOAc0a0aY, READ00aDAnn0R B0/ A00a00a0a0000a0aBouBA BoaBNQEAcanogr Eoan0oow/Aaoanoasaads
o 1000 2000 3000 4000 5000

n

Figure 3.1. The plot of empirical sizes of monitoring procedure at 5% significance level when n increase from 200
to 5000 for each cases K/n =4, 6, and 8.

o BUEE dajd vt 484 A4He AT ol f6M vt 2ol A% ¢, w, agt
pe] WslE ejdict.

(i) (¢0,0J0,040,/30) = ( 0.2,0.5,0.1,0 3) — (¢>1,w1,o¢1,[31) = (0 2 0. 5 0. 1 0. 3)

(ii) (quo,UJo,Ozo,/Bo) = ( 0.2,0.5,0.1,0 3) — (qﬁl,wl,al,ﬁl) = ( 0. 2,0.1,0.1,0.3)
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(iv) (o, wo, a0, fo) = (—0.2,0.5,0.1,0.3) — (¢1, w1, a1, B1) = (—0.2,0.5,0.1,0.7)
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Figure 3.2. The plots of empirical powers of monitoring procedure with £*/n = 0.5 when n increase from 100 to
1500 for each cases K/n = 4, 6 and 8 in set-ups (i), (ii), (iii), and (iv).
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Figure 3.3. The box plots of the stopping times(k,/n) with k*/n = 0.5 for each cases n = 600, 800, and 1000 in
set-up (i), (ii), (iii), and (iv).
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Date

Figure 4.1. Dow30 data from Dec 6, 2012 to Mar 23, 2017.
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Figure 4.2. Log return of Dow30 data from Dec 6, 2012 to Mar 23, 2017.
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