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Monitoring mean change via penalized estimation
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Abstract

We suggest a monitoring procedure to detect changes in the mean of the stochastic process. The monitoring
procedure is based on penalized least squares estimates. Unlike the fluctuation (FL) monitoring, we use the
numbers of nonzero estimates not the fluctuations of sequential parameter estimates. We investigate the

behavior of the proposed monitoring procedure by means of a simulation study and compare its performance
with CUSUM monitoring.
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21718] 71 0] 5B (ARMA) 23} ARCH, GARCH 5¢] a4 AAGRYPES EA AHH
T AAE A57F A4S Bt gt S A5 F AAL 7
ol €5k, Akl wet By Ry w3k WA ?%’ti‘rl 7Hgsity. 1 |
AALY E4E Uetlle 247t 712 Yol deke A7t 5% den, o] F¢ A =
AAE ARE 25 o83t Y Agetal vl g ]"EPEE A Sgkol & kA okerh 1
2 Fo3 AAEG ARE o]85te] B4 IS AESL, B4 o] WE AHE A6k
AAE EA A vl F23 FAIth. BE o] FAIE W3R ©A 4 (change point problem)
Hzu olel #AH AFol= Brown 5 (1975), Ploberger?} Kramer (1986), Incldn¥} Tiao (1994),
Csorgé2}t Horvath (1997), Lee 5 (2003) 5] At

T Chu 5 (1996)9] A7l &l3hd o5 A7 AFhe $84 WAL Ao 8] ujee] Bl
Aol H A 712 Sl BE 8T} FoIAA a1 AR} S ERFoE BEH o] FrhE s
Aol ] o] WE o HE MEAoR JET Wol A7 ojth webd Chu 5 (1996)S
4 Aol ohd €34 24 7EE A7, AFAARGAAY CUSUM ZUE I} FL B4
e Ak CUSUM RUEge Amrt shis «xi4os #59 uuict w40z 57
Y2 AP Qe BAEC) A m2 oA AARSE Wik €7 BUHYL BET 57
A%e] Zhol MYTET BRshe whyelth. 19T FL BuUHPL MEAoR A2 AAASY 243
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So Walere wigo BUHDS A5A o) RE Bk Ptk Chu 5 (1996)°] CUSUMS
FL 2UE A5 /hadt ol?—i AR3| 7Y b okt o AAE ﬂoﬂxu nsol Wale 7
E357] 913 o RUEE Aaksol A7 L= it olek #Ed AAHIE W8-& Leisch 5 (2000),
Horvath % (2004), Berkes 5 (2004), Zeileis 5 (2005), Horvath 5 (2008), Na 5 (2011) 5& &%
317] vheiet.

H 9o A+ least absolute shrinkage and selection operator(LASSO) Y smoothly clipped absolute
deviation(SCAD) 59 HHS+E o]-23F WA FAWHE 7vkez o Ust ZUHY S
pstaiat get. Faol e BUE S ABE FERES {y,¢ = 0,£1,.. .Jol2kaL sfar, A
BUE PSS AIZe AL i = 1o]gka ®7)sith & o] A|AF 0 o)Fke] A|HL 747t RUE S A
Zrst 0|39} o] AS S=sirt. I2]a Chu 5 (1996), Horvath 5 (2008), Na 5 (2011) A9 &34
{yiyi=0,%1,.. }= 282

v = H + €i, l € {07 715 723 . '}a (11)
w+0;+e, i€{1,2,3,...}

2 wEatia ARath oA, uc Rt BUHD o4 35 B3 Julshs mielw, bi(c
R)2 RUEHS AIFE o] i AlFoA 9] a3t BUEH o] 35 F7He] AolE vehle 2
Foltk. Z8AL {e;,i = 0,+1,...}= Fwo] 0 WA 5 FEHFor LAY vehdoh. oA &
o BAT 2L BE ol9l9) Bk WalA) ghow, BEw LU AAE o] WY 4 Yk
ckisng
BUEYE AL oF F@ol polA THE GO We 1G-S reka E18h,

7 =min{i € N: 0; # 0}
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==

Uz
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o] FAFE ol&st] wE EH BE AAE a7k, 480 Roddds AAste] e A3E Ha
Sttt wpAEe 2 5o At Aol tiek Aol lth

2. CUSUM U g

CUSUM EUEE-E Chu 5 (1996)°] A= Aat oz RUsd A2 3 718 x4 ol
™, Na 5 (2011)°l s AIA DA rbAl 2ol tiet RUEY 2A= 23 A= 3k 2204

= WF Asjel Bk CUSUM BUHZS 2708k, 7 42S 2] AR ax) s,

2.1. CUSUM Z2L|EY HX}

Heo tist RUEHE A3t oA #5E n Y FARAR yo,y-1,...,y1-n7F FAA 31, B
UEHE AlZst o] & yl,y2,...°l cAHoR s HE5E wj, CUSUM EYUHE ZA+= v 2
o).

(S1) FAAE yo,y-1,-- -, y1-n T FEBF § = Y yi-i/nd BEED 7 = 3 (1o —
7)?/(n — 1)L A3}
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wheF BART b()7F inficacos b(z) > 02 WFHdhe Ao, A} FAZ | et 294
(o) =)

; ‘ W ()|
nlLH;oP (Tb < o0lf; =0,Vi € N) (02281 { b1/ (1 = ac))} > 1) (2.3)
T Atk o7 W()2 BE Bk &%0]1, o8t A" AAgH &2 Na 5
Al 13} 28 F=37] it

4] (2.3)9] FHHolA 0, =0, Vi € N& o] RUEF o|Fo = Wakx] Qheths Fola, 7 < oot
RUEPS 9Ech & Pl Mskckn Bk Eolck. agug 4 (23)2 BUHY 717 5
ok Fio] Wakx| ghgrhe AR/} Fol WA Y el B A ARNA A1Be o F
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> sv/n (1 + ) } (2.4)
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Na S (2011)& #z317] ulebc),
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1 k
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O3, fixm = T+ % (yi— T —Or )/ (n+k)oITh ZTE A Q,2(9)
i=1,..., k9 FET BUED o|he} A Aze] A% nv W 78
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Table 4.1. The number of cases where the estimated stopping times are less than or qual to N = 100 for § = 0
among 100 simulations

CUSUM n o 0.10 0.05 0.01
10 7 5 1
100 1 0 0
300 0 0 0
1000 0 0 0
SCAD n K 1 2 3 4 5 6 8 9 10
0 58 41 26 15 12 12 9 5 1 1
10 98 88 71 60 53 47 39 36 31 26
100 99 81 54 35 20 14 8 5 4 1
300 97 75 40 16 9 3 1 1 0 0
1000 49 30 10 2 0 0 0 0 0 0
LASSO n K 1 2 3 4 5 6 7 8 9 10
0 55 33 21 14 10 7 5 2 1 1
10 95 65 40 30 27 22 18 16 15 12
100 90 21 4 3 1 0 0 0 0 0
300 86 11 1 0 0 0 0 0 0 0
1000 15 1 0 0 0 0 0 0 0 0

o Fw Wsl=a7]: §=0,1,2,3,5,
o o] WA m = 10, 30,
o 317 22 9] 7|4 n =0, 10,100, 300, 1000.

Zyzke] 7ol 38elA 273 WS} HJLAFFAFE 7R 3 RUH P 242 CUSUM 2y
B S AAEGIth ot CUSUM RUHPE n =04 ol B oug n > 02 A9y AAS
AL, B BE Aol BRUEY $8 AFES N = 10002kl stgich
HAs} HaAFFAHE o] A TR LASSOS Ly B8 SCAD EAgrE 11
ATk n > 09 A, ANSA RS GICHA 22 A4 v9) o2 log(n + k)& A&, 029
FoR A AmEe] FREMN £ oAt 283 n = 09 B, v = log(e® + k), po = 0
=15 AF%?S}O% GICY & ATt ez 3 B3} JoAFF40e v 4
(3.6)° BoJ® k=1, 2,. 100 g EE AAANDE 72 FIHAL, 7o = 10191 A2 ZUEHFS F
8 w744 supyey ||0n\|o < kY-S w] gt
CUSUM EUH A= AAZRTE A-Trehs 183dth. Fo+F o8 2 & 0.01, 0.05, 0.10
Al 75 134?’#%11 olell t-gHE AAANT 75& T VAR BUEHE T8 w7
CUSUM RUEFE B3R %3 39 AAAZRE 70 = 1010]2ka BASSIT)
RAARPE F 10094 wHEsiglon, Z4zke] Ao Fok AAANES 7 ¥ HAa-EE
Figure 4.155 4.57bA] A2|stitt. Figure 4.12 AAAXR7} FoIAA] 42 492 7479
Al AF 1049 ARk, S1,..., S100]2kar FA1E A" SCAD BAHE o 7
AANZY Ty & = 1,2,. 10301] 3t Aojx, Holl Y= L1,...,L1008k2 FAE 10719 2@
LASSO9] L %‘@%‘-”FE o]-g3fo] -3t Zéxl/\ll‘éﬂ d2t2 g olth. Figure 4.1& ¥ n = 091 74
%, BT e ZAAANTEY Aol A RS & Ark 23 B Wska ] 69 Fhol
2 ol Al 3 Ex 4 o] kel tgEE AAAEC] ¥sE & AT ®uk ohe} WA
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o
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Figure 4.1. Boxplots of estimated stopping times obtained from 100 simulations with n = 0 when the mean

changes from p =0 to p+ 6 for § € {5,3,2,1}.
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Figure 4.2. Boxplots of estimated stopping times obtained from 100 simulations with n = 10 when the mean

changes from p =0 to pu+ 6 for § € {5,3,2,1}.
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Figure 4.3. Boxplots of estimated stopping times obtained from 100 simulations with n = 100 when the mean
changes from p =0 to pu+ 6 for § € {5,3,2,1}.
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Figure 4.4. Boxplots of estimated stopping times obtained from 100 simulations with n = 300 when the mean
changes from p =0 to pu+ 6 for § € {5,3,2,1}.
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Figure 4.5. Boxplots of estimated stopping times obtained from 100 simulations with n = 1000 when the mean

Okyoung Na, Sunghoon Kwon

Oto 5 m=10

Oto 3, m=10

LB e o B
Cl0 S1 sS4 S7 S10 L3 L6 L9

Oto 2, m= 10

IS
C10 S1 sS4 S7 S10 L3 L6 L9

Oto 5, m= 30

LSRN e e e
C10 S1 sS4 S7 S10 L3 Lé L9

L
C10 S1 sS4 S7 S10 L3 L6 L

Oto 3, m= 30

LB e o B
Cil0 S1 sS4 S7 S10 L3 L6 L9

59999

BBQ

IS
C10 S1 sS4 S7 S10 L3 L6 L9

changes from p =0 to pu+ 6 for § € {5,3,2,1}.

o] 2o

10%9°) 7122 vl

A%E Wl gL

27 A7t S wf Wele

100

80

2 PR w9 BHES

LSRN e e e
C10 S1 sS4 S7 S10 L3 L6 L9

L
C10 S1 sS4 S7 S10 L3 L6 Lo

A= E3la W3/t vy R dddels vjgo] i Erh. I8y k9
g};o] Z7VAY FA A5 g no] AXH AR Hdels vlgo] wEA ZAshe AS ¢ 5 AT

RO AP A= Table 4.137} Figure 4.158 4.558 ZA=Z Z+Zko] nof wel 25 A3t v)&
il Attt n < 10‘3



Monitoring mean change via LASSO 1441

Table 4.2. The sample quantiles of the estimator 7, obtained from 100 simulations when m = 10 (The numbers
in the parentheses are those of 7;,)

n K 4 Qo Qo.1 Qo.25 Qo.5 Qo.75 Qo.9 Q1

5 10.0 13.0 14.0 15.0 16.0 16.0 16.0

0 10 3 10.0 12.9 14.0 15.0 15.0 16.1 18.0

2 10.0 12.0 13.0 15.0 18.0 19.2 57.0

1 14.0 19.0 53.5 101.0 101.0 101.0 101.0

5 14.0 18.0 18.0 19.0 20.0 20.0 21.0

(10.0)  (11.0) (11.8) (12.0) (13.0) (14.0) (16.0)

3 15.0 18.0 19.8 22.0 100.0 100.0 100.0

0 0 (9.0) (12.0) (13.0) (14.0) (16.3) (19.0) (22.0)

9 14.0 19.0 25.0 100.0 100.0 100.0 100.0

(11.0)  (12.9) (15.0) (17.5) (22.0) (26.0) (88.0)

1 19.0 30.0 100.0 100.0 100.0 100.0 100.0

(12.0)  (15.9) (23.8) (34.0) (60.0)  (101.0)  (101.0)

5 15.0 15.0 16.0 16.0 16.0 16.0 17.0

(12.0)  (13.0) (13.0) (14.0) (14.0) (15.0) (16.0)

3 13.0 15.9 16.0 17.0 18.0 20.0 34.0

100 - (14.0)  (15.0) (16.0) (17.0) (18.0) (19.0) (22.0)

9 16.0 20.0 22.0 25.5 31.0 40.1 69.0

(15.0)  (18.0) (19.0) (21.0) (23.0) (25.1) (32.0)

1 25.0 45.7 64.0 101.0 101.0 101.0 101.0

(25.0)  (28.0) (31.0) (35.0) (41.0) (50.0) (62.0)

13.0 13.0 14.0 14.0 14.0 14.0 15.0

> 1a0)  (15.0) (16.0) (17.0) (17.0) (18.0) (20.0)

3 13.0 14.0 14.0 15.0 17.0 19.0 28.0

500 ; (18.0)  (19.0) (20.0) (21.0) (22.0) (23.0) (26.0)

9 15.0 17.0 20.0 23.0 29.0 35.0 45.0

(20.0)  (24.0) (26.0) (28.0) (30.0) (31.0) (36.0)

1 24.0 40.9 52.8 85.0 101.0 101.0 101.0

(29.0)  (39.0) (44.0) (48.0) (57.0) (64.1) (81.0)

11.0 12.0 12.0 12.0 12.0 12.0 12.0

(200  (21.0) (22.0) (22.0) (23.0) (23.0) (24.0)

3 11.0 12.0 12.0 13.0 14.0 16.0 20.0

oo s (26.0)  (28.0) (29.0) (30.0) (31.0) (33.0) (37.0)

9 11.0 13.9 16.0 19.0 23.0 27.0 48.0

(36.0)  (37.0) (40.0) (41.0) (44.0) (46.0) (50.0)

1 14.0 31.0 40.0 60.0 101.0 101.0 101.0

(57.0)  (63.9) (68.0) (75.0) (81.3) (87.1)  (101.0)
£l k= 1002k 3FF L, no] 100, 300, 100091 A Z+z; ko] o=z 7, 5, 32 A3 5 SCAD
HRAGFTE 0|83t 24zl -85+ AAALES 73k, ©] g= CUSUM BUEHEY F {9+
a = 0.109] &=+ FA A vl dte] Table 4.22} 4.30]] A2ttt Zzke] FolA Qp+ 1001
o] AgeA d2 FAAIZY p € {0,0.1,0.25,0.5,0.75,0.9,1} E9F=oltt. & <ol HFEjd ARES
B A 259 Mg nol AW Wste] 37] §7F 22 A4 CUSUM RUE|Po] "X ES &
o 2 A AT, W2 A 2R F noluf WiEta 7] §9] Fro]l 2 A$-<l SCAD BHIFE o] %
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Table 4.3. The sample quantiles of the estimator 7, obtained from 100 simulations when m = 30 (The numbers
in the parentheses are those of 7;,)

n K g Qo Qo.1 Qo.25 Qo.5 Qo.75 Qo.9 Q1
17.0 32.0 33.0 34.0 35.0 36.0 36.0
0 10 g 12.0 32.0 33.0 34.0 35.3 37.0 39.0
9 10.0 32.9 36.0 40.5 51.0 64.4 101.0
) 9.0 63.7 101.0 101.0 101.0 101.0 101.0
5 14.0 34.9 36.8 38.5 40.0 40.0 40.0
(11.0)  (30.9) (33.0) (35.0) (37.0) (38.0) (40.0)
19.0 34.9 38.0 41.0 100.0 100.0 100.0
0 0 3 (9.0)  (33.0) (35.0) (39.0) (44.0) (49.1) (56.0)
9 21.0 36.0 44.0 100.0 100.0 100.0 100.0
(13.0)  (35.0) (38.0) (46.0) (54.3) (62.2) (89.0)
1 20.0 42.5 100.0 100.0 100.0 100.0 100.0
(15.0)  (38.9) (53.8) (77.0)  (10L.0)  (101.0)  (101.0)
5 32.0 34.0 35.0 35.0 36.0 36.0 37.0
(31.0)  (33.0) (34.0) (35.0) (36.0) (37.0) (39.0)
3 33.0 34.0 36.0 37.0 39.0 40.0 46.0
100 . (31.0)  (35.0) (37.0) (38.0) (40.3) (43.0) (45.0)
9 33.0 37.0 41.0 44.0 47.0 54.1 101.0
(32.0)  (38.0) (40.0) (43.0) (46.3) (50.0) (54.0)
1 38.0 58.0 79.3 101.0 101.0 101.0 101.0
(43.0)  (50.9) (53.0) (61.0) (70.0) (76.1)  (101.0)
31.0 33.0 33.0 34.0 34.0 34.0 35.0
 330)  (35.0) (36.0) (37.0) (38.0) (39.0) (41.0)
3 31.0 33.0 34.0 35.0 36.0 39.0 45.0
400 5 (38.0)  (40.0) (40.0) (42.0) (44.0) (46.0) (48.0)
9 32.0 35.9 38.0 41.5 46.0 50.1 66.0
(42.0)  (44.0) (46.0) (49.0) (51.0) (54.0) (59.0)
1 32.0 56.9 75.0 101.0 101.0 101.0 101.0
(50.0)  (61.0) (63.8) (73.5) (81.0) (89.0)  (101.0)
5 31.0 31.0 32.0 32.0 32.0 32.0 33.0
(39.0)  (41.0) (42.0) (42.5) (43.0) (44.0) (46.0)
3 28.0 31.0 32.0 33.0 34.0 36.0 37.0
oo s (45.0)  (48.0) (49.0) (51.0) (53.0) (54.0) (60.0)
9 30.0 32.0 35.0 39.0 43.0 47.1 57.0
(52.0)  (57.0) (60.0) (62.0) (64.0) (66.0) (76.0)
1 31.0 44.0 56.0 77.0 101.0 101.0 101.0
(72.0)  (83.9) (88.8) (94.0)  (101.0)  (101.0)  (101.0)

@ BUEo] MaAHS B 2 BHshs AL @ 4 9tk 58] n > 300013 6 >
A AAAZEE) Al Mz VA ki, WMETE doluiukA M A gA s 2L el
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