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Abstract

This paper is concerned with issues in the finite mixture of regression modeling as well as the simultaneous
selection of the number of mixing components and relevant predictors. We propose a penalized likelihood
method for both mixture components and regression coefficients that enable the simultaneous identification
of significant variables and the determination of important mixture components in mixture of regression
models. To avoid over-fitting and bias problems, we applied smoothly clipped absolute deviation (SCAD)
penalties on the logarithm of component probabilities suggested by Huang et al. (Statistical Sinica, 27, 147—
169, 2013) as well as several well-known penalty functions for coefficients in regression models. Simulation
studies reveal that our method is satisfactory with well-known penalties such as SCAD, MCP, and adaptive
lasso.
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1. M2

Pearson (1894)°l 23l 22 #|o+H —.‘%—‘ﬂ—@fﬂ"j 3] (ﬁnlte mixture model)-2 AFA] &R 9] B
dozHE Ao RES BYIste WHoR AES §A8 viAYE 5 o7 ool AREI Qlth
312 ¢3] 7 =¥ (finite mixture of regression; FMR)2 F3t&g 23] #ZXE AslE= d&Hs
= (predictors)e Z&3slH F&§3 AHg et ofg Eopo I8 (Wedel¥} Kamukura, 2000; Skron-
dal?} Rabe-Hesketh, 2004)5] 3 it} Zzbe] mRtho] =38 5L T 2459 A=
EM-&128]% (Dempster 5, 1977)3 Markov chain Monte Carlo (MCMC) ®# (Metropolis 5,
1953; Hastings, 1970)¢] 9lon 0|5 X 3st= ¢ FHL 3 ¢ e]E (McLachlan¥} Peel, 2000)©]
e kia=
Clen (19091 SI5¥¥1 FREYRIANY Ae] 8 BEE 49 A3 £} LARE A0k 2
J th?:}(ovelrﬁttmg)oﬂ wet A o] oY
AQeHA sobetA] EoA HH ol &
FEFIARGANNE FL3A ALHTE FIAEF Eﬁéoﬂ/ﬂ 929 5 ZAsk o AW
(McLachlan¥} Peel, 2000)°] Ao} F3t&stndge] AR 2o 247 W A=) ahozg F=2

1Corresponding author: Department of Statistics, Sungkyunkwan University, 25-2 Sungkyunkwan-Ro,
Jongno-Gu, Seoul 03063, Korea. E-mail: cspark@skku.edu



200 Chongsun Park, Eun Bi Mo

52 Akaike information criterion (AIC) (Akaike, 1973)%} Bayes information criterion (BIC
(Schwarz, 1978) ¥ 5ol AREH Atk It o3 WS L3 Fol AZRERE 73 EE &
B R nesled 24 23e Folas] tEe] 1A (high dimension) A1Ee] Fol B A4k A
27U 82 2R3 BAV ek olel@ BAR HoRe PHOT WABSE A8sHe ol Uok
Chen¥} Khalili (2008)= &2Hg2] 22 BASH] fls) TFLEF AR 2] Apolghol EHF
48 $A0 HBeho] AIC, BICE AHESH: ART Aol 9438 Hark. Huang 5 (2017)2 o]
& RVAFERRIOR oto] £F 2P Aol WPY LASSO 2AVHE H-E3ho] BICHY
Hoh ALt Aso] fotn AFEFRPoNAM dad HRY £ A4S 5 dEe 5
AR gl A3 EATrE A8oke 47 EM-¢gE9] 944 2 2715 =34 (complete-data
log-likelihood function)”7} AR EEL] 2I7& x83le] FEFo] 09 2 < o]o st 7=
7] (gradient) 7} Wk2 A S7Vehs 2A1AS sl 2str] HAste] 42252 23kl EA 285k
o}

ARGl Mo WHRLE A8ste < WHEE < Tibshirani (1996)¢] least ab-
solute shrinkage and selection operator (LASSO)2} Fan¥} Li (2001, 2002)7} AJA]SE smoothly
clipped absolute deviation (SCAD) ¥&s+5 & 4= 9t} ole} & Afult} thE 715X E F
o] LASSO " 9] #e]E 7418k Adplasso(adaptive LASSO) WM (Zou, 2006)3} Zhang (2010) o] A
A3 MCP (minimax concave penalty) 3 E0] dg] AMEE T ). F3ES3s| AR oA WA
9o 72 Khaliligh Chen (2007)& AFERIATH W5 Mool chyat 0 B4 483
71€9] BIC it o 2e4ds Btk

EYAAR AN A2 AFAHT HAAASS] Aol FAo) DAVSE ABHAE AR itz
Luo 5 (2008) FAERIALFNA A28l 59} W4 Aelo] 9 P52 A8k o] @70
A 317 A% #7400 LASSO MARSE B850, EFRIY AR 5 30t 298 AAASE 2
o] Lymorm Aol WAUSE A8 PR ALAT AR S5 DA BT 7
274 WS BB Ao et

2 ATOINE AR I A Y WARGE 48] AU 42| S92l
S= Sl AdEsks S AAIskh Aol ek BES AES2 23kl
Huang 5 (2017)2] S A-8sklaL 3JFAAsE = SCAD o]&jof] bt
7VEAE St AAAE A thete] vlwstith. Mz W AR ol AA
S (2008)¢] We] FAIE HARYE AT = Aden FAA ] AHg
W AL 2R A w I7] G Ao eyttt
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2l (mixture of linear regression model)

ARG WA} olo dFsle prle] dSUFEY HEHE yot x = (21,...,7p) B T
n7le AZAE y = (y1,...,yn)" 3 o5 A7 slGshe ASAFE & (x],u:) (i =1,...,n)°]
FolRTh ZAAEAL A7IA xi = (i, .., wip)” OITh BFA yi7h KBS AR F 3 kel &3t
o g 8} ool S Fohe ASHF xi =

Yi = x?ﬁk + €

S wWEn ¢ ~ N(0,07) 8t 7183HAE olul] By = (Bux, .-, Bpr) &
A A5 thet pAAY] SAAFENH 072 L] Bilelth. Ko AR S0 thet EFEHE
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= (Oél,...,aK)ﬂ' 6‘]’1 E—“E‘ E—fl\‘%% é@"a‘]—o:] ’l,[) = (/613"'318K30—17"'70K,a1?"')aK)a]—1 l[:‘
K
2\—1 1 T 2
[y xi, ¢) = Zak(mek) fexpyTo 3 (yi —Xj 5k)

EM ¢a2|5e] 282 st dubd Q] SRR 2ol iAAe] A7 (x4, y:)l obefet 22 FAW

{ 1,  if y;|x; comes from component k,
k =
0

,  otherwise

rr

g nejshd BAE ARES) RFEERS

o H5 o) 5e) Aol AL T e LAl e A Fo] Basit

rﬂ'
-l.
.I.
ol
o1

3. SEUES} el70ll T

Autx AYS| AR Yo |A HeAE v oE AR A (forward selection), FX1A] 7 (backward elimi-
=

7 (ridge regression) 52| #hHo] 4# A Ut} F}HA|

nation), T4 &3] 7] (stepwise regression), 53 3]
g o] U E2 A8 AR Aol HEA A7 24 (Breiman, 1996)3hM AICS} BIC F& ©l
&= A SEHHSTF S-S AL Hlge] Hol Ex AR ] A7tk (Khaliligl Chen, 2007).

[}
T €
ojg} e FAIE sdsty] flal Alkd Wer WA IFRYS & 5 Uk

3.1. Hgsl Jkskgsr

A w el 48T 5 e AL WALS py(HES Oh37 2ok
e LASSO: ||, (A >0)

o Hard: A\ — (8] — M)2I(]8] < A), (A >0)

e Adplasso: Aw|f| with w > 0, (A > 0)

o

AlBl, if |B] < A,
|B]2 — 2aX|B] + A% .
. — <
e SCAD: 2(a_1) , 1f)\<\/3|7a)\, ()\>0,a>2),
2
(a+ 1A if 8] > a,

2 )
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62
)‘lﬁ|_77 lf |6‘ Sa)H
o MCP: ¢ 2a
§a)\2, if |B] > aX, (A>0,a>1)

=

Tibshirani (1996)0l] &J&] A|¢td LASSO W& Holo] 3o g AxAo] WEFA| gF= HOE 2
214 At} (Zou, 2006). °]& H&st7] A5t e r 2A4H 7 g7 Ao 44 e THeAE A8

3F= Adplasso o] Itk Fand} Li (2001)9] SCAD A= 7P S+ ¢l uiylog 2 oda

—=

il

(ot BRI
A k. MCP 4P Zhang (2010)° &3] A|¢kPon, 1A A5o)A whan ALZo|n] vw 2
HAFe 2] ko A3t wpMde W oz odeyA gtk SCADSF MCP %@@*01] =] e 4=

a® 25 372 1Y ge ARt
Fan¥} Li (2001)+ ¥AS Foste] 245 3AAT7T £2 S0 =7 93] wEsfof s A
ZE=Z EH A (unbiasedness), 3|94 (sparsity), A< o(con‘clnmty)i AAISEE T LASSOE= B3 A,
HARD+ 9474E& W& &3, Adplasso, SCAD, MCP9| 2ol 883} A454S “P}—?‘s}u%
AG FAA7 o= A 2 A BEAE S5t ARl o 2334+ Huang 5 (2017)9]

5
NS AL37 FAAFTENE Khalili®t Chen (2007)2] BATTES AL3) 754 s th23) zg

®

K

Ip(¥) = le(p) — nDy Y [log(e + pa, (k) — log(e)] = Y " ax Y pa, (VnBix) (3.1)

k=1 k=1  j=1
o714 A el e MRS ATl T Aot HFAAT T DAL Aol
Rl AL BAo] folth, AR et WA RSl EFE @S 10772 AHg3hart.

o] AolM= A5H < EM ¢ag]52 M-stepell 283 749 EM ¢ag]E< 78

:’\_
e E-STEP: HFE ¢ (t =0,1,...)o1A 4] (3.1)°] that 7]A7k

Qs ") = ZZZS,JlogaHZZZ()1og{¢(yz,xz,ﬁk,ok)}
i=1 k=1 i=1 k=1

K

k=

—nZ[log(e—ﬁ—p)\l(ak)) log(e ZPAQ (VnBir))

-

o] =
e (yz,xz,ﬁ”) gm)

Z(t) —
ik ® (t) ,2(t)
Zk 1% ¢(y1:x27ﬁ [op% )

T Zipd 25 71HAZkeIth

e M-STEP: M-stepoll A1 ¥HE ¢ + 104 Q(vp; ))& Hissls ¢ & 7oH Hedl $4 and] 3
BR= ok Al 2Bt A oW (Lagrange multiplier method)E ©]-83to] ofef o] si& 3t
= AF 2

K
Bak ZZZf)logak—nZ (log(e + pa, (ak)) (Zak—l) ] 0

i=1 k=1 k=1
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A11A log(e +pa, () E 149 A8 24 log(e +pa, (ax)) ~ log(e +pa, (o)) + [ph, (o)) /{e +
i (@) (o — of) 2 diRlekT ol eak okt 22 of TV 8 7 5 ok

t+1) Z Z(t)

371X Dy = n + nDylph, () /{e + pa (@)} — nDy S5 4, (@)l /e + pa, ()} o1

Ph, ()2 BAEE py, ()9 axoll 3 13 B30Itk o PV 00 B 4 glome Algd o)zt A
AAREA A= g0 10731 2 2he 2H HE 008 T a3 ARS 230X A A
t}.

oA F2 BFEQ 8, ¥ oS ¥ (iterative method) Ql FE-2t=E WHHS F3to] A8
ol B, R op S W ¢ (t =1,...)o N9 7S B oV e T 4] (3.1)& FanF} Li (2001)9] LQA
S BARS p()o AgBtel ThA] BRI

k=1
Koop P, (VB
(t) A2 Jk 2 2 ()
_Zak Pxz ﬁﬂjk ®) Bjk = Bik
k=1 j=1 Qﬁ]k
of Frk. olgA tha] EA WA 5T BE o183l 4,0 FARS £AAA AL Bl

thee B o7} Aok

;Zz(l? 85] [log¢(y17xlaﬁk7ak(t)):|_ak %ﬂc P (\/ﬁﬁj(? +27(Z) B?k_ﬁjzlgt)) ) =0.
a

o] A B o) 0o] opd 2Agtel dis] AR WEetT Aol 09 APl WEHA ot
B2 BTV 09 22 A¥E £ 9lr} (Khalili®h Chen, 2007). =3, o} 4% EsE 079 37

Hse

n

Zz(lz)a [10g¢(y17X17/8(t+1)7 k)] =0
=1
EEPEE
2
n t t+1
L o(t+1) i=1 Zi(k) (yi - X?,Bi ))
Ok = n t)
i=1 ka:
o] ",

3.3. 894 (tuning parameter)| Ay

fol4 AN G BHol o] Sl thE WA} 2
2 0T A7t BB O] on o B A7
287 Aekel BICE A Astele 28452 Aes

BIC(A1, \2) = log {¢ (yi;xiyﬁkaa’i } _
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Table 4.1. Frequencies and percents of number of components for p = 0.5 and K = 3

SCAD-SCAD SCAD-Adplasso SCAD-MCP
Component
n = 300 n = 500 n = 300 n = 500 n = 300 n = 500
2 4(0.8%) 1(0.2%) 18(3.6%) 5(1.0%) 11(2.2%) 0(0.0%)
3 435(87.0%)  476(95.2%) 461(92.2%)  478(95.6%) 413(82.6%)  473(94.6%)
4 58(11.6%) 23(4.6%) 20(4.0%) 17(3.4%) 67(13.4%) 25(5.0%)
5 3(0.6%) 0(0.0%) 1(0.2%) 0(0.0%) 6(1.2%) 1(0.2%)
6 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 2(0.4%) 1(0.2%)
7 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(0.2%) 0(0.0%)
Total 500(100%) 500(100%) 500(100%) 500(100%) 500(100%) 500(100%)

o o} Hrhelshe £EEAES AU Ak 01714 12 00] ohd ghoE #7

=4

2450 57}

=AYl E ol 37h0ln] 2 4R BE o = (05,03,02)Q ALE Tejstglnh BE G0
67149) el ZWast B0l T 1 gL BE BEATEEANA AU AR 2] 4% of
2a55d g AAASE F 3709 L 027 Folon AR 209 %S 027 F3lrh 27t
AR tjat FAASEL 3, = (3,1.5,0,0,2,0), B, = (2,—1,1.5,0,0,0), B = (—2,1,0,0,1,0.7)0]
T EWSEe] ABAAL JBASTE 059 089 AR()EHS TS LA F#e] 0ol
BE YR Bave] 059 FFEEANN AAFAOH BEA S ne 3007} 5009 F 39E wels
itk £340 27] 42 £8 1022 $93 LQA FuBIN JRHEE) 2/Ge BF 1/10=
S5 2tk AAATEY 271 FRS FROD 2= AFRIAAN U5E 255 44T
QT Bate] Aol APS FFOE 2t FULEE o839tk adplassoPHelA wE AL
A AT E%E BT BA3 vE PAE A8 ol stge

1o

of tist ¥H34+= SCAD, adplasso,
MCPE Agsto] dAs5 H]ﬂﬁbiﬂ}. ;91@1‘ 7ol 5001:%4 HHEste] 249 A
=2 8 FFAATEd st kel 09 7 =< 002 A AT /N Fad
C(Correct) &} kol 00] ofd A o5& &R 33 N5 Fw A IC(InCorrect) S A H
th 339 489 FEd IAATEL FAIYE Tt Ao WEE AIAA R it
Table 4.10& F39 4&9 59 Rlzxe} HEES 233t SCAD-SCADE Al9jstH e
TE A F4% ve l T 80%% dew SCAD-Adplasso®] 3o 7P =80tk 2E 3¢

Q

=
Aol A5 22 e FATE AU 42 FARAIE N whon T8 3009 A9
SCADAICP 2ol Auio% 248 428l £7} 5 o402 Yehte 297} Bateh. SCAD-

MCP BHAIAE FE47 3009 B9 AR AGE 302 24T A9 5267 el O o)

u3) JekEst WojA e Aow Barh

A5U4ES) FIASA 059 A9 AU C, 100 e A bl d2e) 2 . 3
9 C,1CE (7,00 HAASE] Aol Zze] J2o] thste] (3,3,2), (0,0,0)0] Hgholch. H£

94 398 vA AT O8] A5 SCAD-Adplasso oA T A4 NS e 2 A0 UiEl

o} 10k Aol SCADU MCP ol H3te] 07}e] fo]7} Zth. Huang S (2017)0] o]u]

S9N BIC, AICE o] 8el] 29| +8 Basie 2% B3] 2ok sl go] BYLE A}
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Table 4.2. C and IC of o and 3 (p = 0.5)

Mixing Coef. Avg. number of Avg. number of
C and IC for « C and IC for 8
n  penalty penalty
C 1C
(A1) (A2) © Ic Comp.1 Comp.2 Comp.3 Comp.1 Comp.2 Comp.3

SCAD 6.872  0.008 2.968 2.848 1.677 0.012 0.090 0.417
300 SCAD Adplasso 6.956 0.036 2.993 2.928 1.911 0.017 0.704 1.496
MCP  6.822  0.022 2.961 2.782 1.648 0.000 0.085 0.272
SCAD 6.954  0.002 2.989 2.973 1.977 0.000 0.013 0.000
500 SCAD Adplasso 6.966  0.010 3.000 2.969 1.922 0.004 0.449 0.960
MCP 6.940 0.000 2.992 2.939 1.850 0.002 0.011 0.142

Table 4.3. Frequencies and percents of number of components for p = 0.8 and K = 3

SCAD-SCAD SCAD-Adplasso SCAD-MCP
Component
n = 300 n = 500 n = 300 n = 500 n = 300 n = 500
2 15(3.0%) 1(0.2%) 19(3.8%) 2(0.4%) 23(4.6%) 1(0.2%)
3 443(88.6%)  481(96.2%) 444(88.8%)  469(93.8%) 392(78.4%)  446(89.2%)
4 42(8.4%) 18(3.6%) 36(7.2%) 29(5.8%) 76(15.2%) 48(9.6%)
5 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 9(1.8%) 5(1.0%)
6 0(0.0%) 0(0.0%) 1(0.2%) 0(0.0%) 0(0.0%) 0(0.0%)
7 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Total 500(100%) 500(100%) 500(100%) 500(100%) 500(100%) 500(100%)
Table 4.4. C and IC of o and 3 (p = 0.8)
Mixing Coef. Avg. number of Avg. number of
C and IC for « C and IC for 8
n  penalty penalty
(A1) (A2) C IC © 1°
Comp.1 Comp.2 Comp.3 Comp.1 Comp.2 Comp.3
SCAD 6.916  0.030 2.910 2.783 1.686 0.000 0.485 0.998
300 SCAD Adplasso 6.922 0.038 2.977 2.862 1.849 0.054 1.287 2.321
MCP  6.812  0.046 2.920 2.599 1.442 0.010 0.332 0.656
SCAD 6.964  0.002 2.965 2.911 1.784 0.000 0.189 0.351
500 SCAD Adplasso 6.942  0.004 2.994 2.931 1.910 0.017 0.705 1.498
MCP 6.884 0.002 2.964 2.824 1.615 0.002 0.108 0.252

|3k T o] HojF g Kol 2 RojadoAs 23R gkotrt.

o g W] A9 C, ICE EA]Oﬂ 123t lS wf SCAD-MCP o] 7P 943 2o % ot
t}. SCAD-Adplasso?] 3% CFESS (3,3,2)0] 73 714A W 1032 (0.017,0.704,1.496) 2.2 3
A ARl 00] obd g 022 F 146}— A5-7F wl%- o] Uebgdth AAMAHOZ no —7}%4% G,
IC Zo] kAo =z 24 Aoz Holw, TR F7]7} AR4LE SCAD-SCAD o] Aw 7}
Ve ez Bk

rE i

Table 4.33% Table 4.4+ AISWATEY] A7)4AAT7} 0.8Q1 9o thgt Aasolty. 429 49
L SCAD-SCAD Zgo] 714 & =g Hglon SCAD-MCP 23] 49 4R 45 307
273 vlgo] EES 300014 i

80%0l 21 FES 5000 4= 90%0] n|X|A] E5to] T}E F
of uldte] At £ ggon a4 % FUFASE HEE =T 4 AEE WS A" AL C,
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n=300 n=300
p=05 p=028
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2372 1 hees i e Y
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Figure 4.1. Boxplot of estimated «.
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Penalty

B SCAD-Adplasso
B3I SCAD-MCP

B3 SCAD-SCAD

109 28 B O A% BAGF) 2FE ol 2 Aol gglovk MCP el Ao A4F B
=

2] &gt} ICe] Aol Adplasso Wi o]
AAZR o=z C, ICE FA 23RS W S

Figure 4.10+=

atells 2 Abel7h oy AT 2
Sol=€ AL E YETh

Figure 4.20]&= SCAD-SCAD Zg<l ¢
sl thste] 5000 vHE £ FAAS

AAA o) T3k 219 SCAD-Adplasso 28-S &
& FAAFES) FAAE Aridoz doje} WEol

WEol Aidew 27 Yepirh S3, 3

oA FAAELS Helok WEo] SCAD 3

e ¥

EAgEol viste] A

CAD-SCAD Ho] A&7} 7H =&
B2 A7 ABATY 2FE ZHzbo] thste] 500 WHESE 7 A
(0.5, 0.3, 0.2))°] tigt 2HFESY IA1HES 2

.
=ghala ek,

RS} 500013 FEAST 089 A9 4R
o) JAIYE EFHACH Figre 438 S T2
B3 A% ARaYelth. BE A% 4RI

23

)

AAGEo] Adplasso BRETE
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S0l Bt ARTYEL A9 F F99 2 2ol 7k glof kst

2ot dE29k 230l e
=3}

AP S wte] US> 27 Vehgeh e
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Component 1 : Estimated Coefficients Component 2 : Estimated Coefficients Component 3 : Estimated Coefficients
¥ < <4
0] == © 04
B 0
o o = o == o R . 1.
= + = . S ° i
- - - 0 T o - =y, =
° ¢ g — i =
8 o o § § 8 ¢ i o
o —_— —_— o 0 [ 0 —_—— —— ———— oo [ [ —_—— —— [ [
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9 94 ° 1 B==
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A‘ A‘ A‘ A‘ A‘ «‘ A‘ A‘ r‘ A‘ A‘ A‘ A‘ e‘ n‘ A‘ A‘ r‘
By 2 B By By B B b bo Be b b B bn B b b by
(a) Component 1 (b) Component 2 (¢) Component 3
Figure 4.2. Boxplot of estimated coefficients for SCAD-SCAD case with n = 500, p = 0.8.
Component 1 : Estimated Coefficients Component 2 : Estimated Coefficients Component 3 : Estimated Coefficients
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Figure 4.3. Boxplot of estimated coefficients for SCAD-Adplasso case with n = 500, p = 0.8.

5. AMAIEZ=24

AEA AL He &35 AER7] f3te] ARSE AAREE vl volA Lo ALH oML
33799 1992 ABALE (WA y) 2k o9 ABE 1991952 A BAAo] Y& 167] ASHSTE
2 £3+sla ME]— Z} &+ Journal of Statistics Education®] $§ AFo] E (www.amstat.org/publications/
FONN B 5 gk AFUFEL (), TFE(), FAF(), W), 2955w
3FERT(26), T (z7), B (ws), BAS(v9), RS (9610 , EFF(211), A (z12), FARFA S
F(x13), 1991-92A)1E0] FAZIEE AJEA AR (z14), AEFA ZP—J'.OE}‘:'(ans), 1991-92A] &9 A5
E=A] o8 (z16)©|T}. Figure 5.19] %ﬁfﬂ] 235 dhg S (salary; y) 9 89 Ex
A £o g 7]&01z JeE veiln 0“3} USRS 2aMSste] ARESEloH E‘iﬁ
T o]de] 27t Ao gle FEl(Figure 5.198 L 8F)E Holfrh B2 AAARE F Y=

£ A&t 38k om v 10%-4 A5 AFol ARgsiinth 23S v l
é el BHAF L AA|FZ(root mean squared error of prediction; RMSEP) 2}
relative error of the prediction in percentage; REP)E ©]&3}tt (Wang 5,

l:

o

rlr 2

2L
= &
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Histogram of salary(y) Histogram of log(salary)
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Figure 5.1. Histogram of salary (y) (a) and log(salary) (b).

2013).
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Table 5.1. Coefficient estimates for various models (M: Mixture reg.)

N Linear reg. Linear reg. Mixture reg. M + SCAD-SCAD M + SCAD-MCP
T +Backward +SCAD Comp.1 Comp.2 Comp.1 Comp.2 Comp.1 Comp.2
Qm 0.577 0.423 0.567 0.433 0.549 0.451

Intercept —0.728 —0.755 —0.452 —1.082 —1.093 0.097 —1.052 —0.029
X1 0.169 —0.042
X2 —0.058 —0.213 0.044
X3 0.173 —0.104 —0.088
X4 0.189 0.151 0.112 0.528 0.274 0.163
X5 0.205 0.005
X6 —0.004 —0.013
X7 0.083 0.010
X3 0.283 0.276 0.271 0.176 0.261 0.333
Xo 0.130 0.112 0.037
X10 —0.156 —0.034 —0.241 —0.033
Xi11 0.044 0.077
X9 —0.047 0.009
Xi3 1.373 1.364 0.820 2.141 1.974 2.114 0.489
X14 —0.278 —0.098 —0.196 —0.159
Xi1s 1.101 1.151 0.609 1.881 0.904 0.235 1.829
Xi6 —0.081 0.258

Table 5.2. RMSEP and REP for various models (L: Linear reg., M: Mixture reg.)
L + Backward L + SCAD Mixture reg. M + SCAD-SCAD M + SCAD-MCP
RMSEP 0.373 0.352 0.282 0.213 0.220
REP 40.515 38.479 29.302 24.700 23.847
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