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3] AYUF (regression tree)E FSHWHTE 9] |
FEAT A9 dSge FuA sk vEsA etk HFUE 23] A%A oY =A
28 IRy ely E95 AT ER A Zo] sty thgd REATE AT A7 I
Hol gt} H2ol] S0+ Sela} Simonoff (2012)¢] RE-EM ¢12]Z, Loh®} Zheng (2013)2]
GUIDE 5 sidulolele} #ste] LR ey duegs AL=Uc & =RolAs 4 &
1SS AVt ERE AuEE 3, AF dlolHE A st B A} (mean squared er-
ror) & HHe g o&HE vusgitt. £4 4%, RE-EM 12|59 o &go] Jrjxoes 93
A vtk o] EnelEE S 7I9A7IAAAS 45E AHEARE 2T 2 A2 A7l
71 2 9% WA T 24E e AHor vepgten wiE 49 259 A vzl Azl
vls) ol st Aol FHHQ 2ew vebgth
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1.1. 3o He

B AT (regression tree)= FHWFE o]Fo] F7HS AFAFH R &3 T JGodM T
Aol F A9 A E3E 2R} sk HESA whi 2t URTRE PAT o MY gL =
He TN 28 AR E 840187 wjf Foty & 4 otk IAURE FAF] HsiAE
A4s M55 AES F o]& 7|F0E to|HE Wril UH X 72t 5SS FA S5 5
Huote] AALS ok S AXA Hrt wEbA ol s M E AL sl U] o 5

A
o & &L v 5 Uk
Figure (1.1)2 ¥H2 o]E3& (binary recursive partitioning) 42 &3] 7% 34

%

Me
P
N i

<
o
=

I 9tk oA 9o ®AE Zlo] E (node)Bhil Bl ZoRA 4F 7Eel =
Hle 0o g2 A4S 5 Ak &, 289 7ol Hxe Wl wet volH7 7%= olth. AA
o2 FAE Zo] 7HA (branch)2hal E2l= 2 2A ZF DAA 20 met 519 == vo|HE
o] ke S ek oleidt £ FAo] whEA o7 APE WA A HFY] BG5S o] FA
dot. 49 === 2E S5AlE (learning sample)& X33t glom, 74 #7135 0] HE EofA
2719 (split variable) 2 AEE AWHP (21, v2, x3,---)Y ol Wt #7171 WHEE = dAE A

To] =2e 20139 B A0SR 3t d7H] A 9L Dol 244
1(333-749) &5 HA F2F o= 86, =TT FHEA T
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A #AF =X (Nu, N5, Ng, Ns, No)oll o]2A] "t HF =T ofefjo]l EA|
ol &3kelth. ek 7% 712 AR 4% (constant) 3|71V 23S ST

£ AqA&zke Z H=
Lo et B G (Ta, s, Us, Us, Jo)©] HTE &, ZF == YA FEATES] FHAE
AESHOR st AT By olth. A45F (constant) 3|7V A9 AL vlolHE A A3A
Bashe 982 A HF 9 oS3k s APAer JFS nAAE vty & 5 Y

x
5.

<

s o
Figure 1.1 Regression tree: At each intermediate node, an observation goes to the left branch
if and only if the condition is satisfied.

2. AT 28
ObA A B 7)1BAQ YT 2ol AokE ol HL fdAstu
3= o] gt} Loh (2002)+= AEIH ] (selection bias) FA|2} w2}
Azt om o] ZAAH IFARFP L} £S5 IARY T gl
3 (piecewise linear regression tree) .2 FA3}Act. =, A3 (constant) 3
SO o|2ge 44 0T, & S4U5e BEgos AEsgsd 228 49 3
LoHE AYRYPS AT ASFE A=k Aot AR YRR 2
3 2ol B3 JHiE A Ed-E o] 7] ol A wiolw K2y o]
= AA+= Ao Art. Chang¥ Kim (2011)- O]ﬁ%} 274 A3 AT
(curvature test) 9 o]of] 7]¥ket vjAy B2l A3t 5 S WA TSRS
9% 9% 29 AEE G97 AT 5 2Hae] lelele] e
T= APk tEukS W4 (multiresponse variables) £ 0] F0] R HoE U A|7FS
st A A Atmet FHE o8 7K YR EY PHEEE 8=t Dzeroski®} Zenko (2004
5 (classification) ] A2} F&AsIe] tEwk-sAs B4 YRR A4S Bk 71&
H] oH E_Z]-E]-‘ﬂ'ﬁ} (cross validation)& 283t 48 o] tEHks W BERAEHo| 9lojA ¢
st 102 UERGTE Meek 5 (2002)2 AAE A5 +4& %%H 24718 UFE3 (autoregres-
sive tree models)S A+ 21, Cappelli®} Iorio (2010)2} Rea 5 (2010)2 AJA|ER}E ] oA
TR FAAES SR AU A3 A AS FolE f@]‘ﬂ‘/}'r W ES A skt
2o oM dulole e} ARzt IR R EY dueEE ALt 3d (panel) A
T ZdA T (longitudinal study)e] 593 3t 7k#] ezt & + o SdAFTE A3 iy
RUL ol ARAN TR SIS S R odl 0] A4 UBALT BATeRA A B
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Segal (1992).\‘1]- Zhang (1998) Brelman 5 (1984) o] A|etet CART (Classiﬁcation and regression
tree) Y1EES B3] TR} TE H]—% 4 28 5o At 7B B T (classification
broes) FTELE AL, o] PUES thE NUAG Foadme] FEngE 48 A%
@ Fmelelehn @ 4 Slovt TR 49 59 Al ojeigolde BAE AT A3 (Loh)
Zheng, 2013). De’ath (2002)= ©]2]3F A4 Aok a1 23H7] 98] CART ¢18&L o]_3FAch
Z, CARTA 43} 2719 =8 I A RE AEHE= B2 739 EE (impurity) 9] 7WEE& A
goto] chizo s B9e T o|F ol gFew TEM AL ANS thAT & ATk Lee (2005)%
F504E Qusel] SUARA B R A% A AL o Wiel FrAel
2y S Bols L 7 LEA HUY$E (maximum likelihood)E o] &3t B4E FA 3}
T AAE T B (split) B AESICHE Aolth 22 Solxle sduioleel HAARAY 27
2 A= ATt Selagl Simonoff (2012)+= #HEX 7+ Ao]lFE A9 EH} (random
effects) & 7+3lal o1& F 39 1 H a7} (fixed effects) 2} 4 1&dhs TS &3 F o}
PR gRoe] 245k WHL AT 242 Aslol BM 2nEL Agsigon ol
3 Aol A RE-EM W2 olgt Hi3aleict. Loh®} Zheng (2013)2 CARTS] A€l 94 5 2AE A
A GUIDE 51712 5ag S7siel s 29t Suael 48] 7Fsa des Ates

d)

o= H2 Ak duelE F dddels ARE A% AT 2F dugEs 47
3} Av R okt vlwe 7|[Fo 7= thAE 3L (multivariate regression tree;
VMRT)E 4A55o0 ABdold 23S Ba 440 toleg ngor Srds Rz A%
EQ RE-EM YRR, ZEAAS B3t AeAdg sy Ed4E 183 GUIDE 59 d58S v

of eingiTh sl ABAINS B9l A4 ©
S 27 8o REEM 2ES 44 1R 331 QAN ANAG Azl 2§
Bt mATo R 48 AL B e gl thste] 2heFs] FRSa FF ATl the Asln
skt

2. FYAE AFL 4T IAUT FuelF

2N M T BAMPEY FAUY QaeFo] Bste] Aunslz Ak EFEYS £
RE-EM 23223} sldulols] #42 913t GUIDE Rae] ¢ dnelae 2k dejshua 2
YE) 542 AvnEs

2.1. RE-EM ¢v3&

Sela®} Simonoff (2012)= #HZx] 742 5‘]"’] 24% &I} (random effeCtS)E 7]'z6]'—'_—' O]%
ol 1A e} (fixed effects) 2} &+
W Adstdnt. ¢4, t =1, ,T; ZF Al A e
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ol X siduloleE ATt 7Hgstal thd 22 B3PS 1AL
Yit = Zithi + f(Tit1, -+, itk ) + € (2.1)
(61‘1, Tty eiTi)/ ~ N(O, Rl) (2.2)
b; ~ N(0,D) (2.3)

1714 Rie tizsdo] obd ¢1oje] JAA FES Yulsty fr Rgo] s AP FHE o
ek whoF b7 1 AH FElE SAZES Ao Jukn A A A E AR (linear fixed
effects model)o] ®t}. ¥HH, Jo2} Chang (2013)oA X% b7} AP Fef 2 HAZET A o
A ktta 7Hgeld E3E T Y (mixed effects model)e] FENZF ") o]# st RHE S vlgoZ
Sela®} Simonoff (2012)°|A AAE RE-EM UF9] FAWH-S 1A a7shd o33 2t

1. ol artel BH b S 008 E1r},

2. 249 )&} b7} 58 UHU}Z] Tt 22 A4S Eslith. 74 £389 72 $53
= (likelihood function)} A3t %3k (restricted likelihood function) Zre] W3s}7F AL o
aks)
o

2745 4% e ot 22 A= Frh
(a) t=1,--,T; Zt ARIML i =1, I} 22 8 Aol e, BEAS yir — Zibi 9}
£z = (@inr, -, zurx)S LR fE ZAF (approximating) ot F VRS 373

sttt A E 3RS o] &3lo] AAIMHS (indicator variable), I(z:: € gp) S A3 3ch

714 gpe FAUFY BE FFE (terminal nodes)E YERYE FHojt}.
(b) APEFRS yir = Zishi + [(wix € gp)ptp + €S AFAITE T8 2HH Rgozr
B b2 ?%%fﬂ"jr-

3. 7 HFRe) AFwCoINY % NSRS 4Y RV ARHEL $A 247 75 4
o] & W7t pp =2 Eﬂzﬂ?fh’/]—
R

RE-EM 12|52 RollAl REEMtreezhe= 37|21 & Ssto] #dT = Qlth

2.2. GUIDE?] &%

Loh®} Zheng (2013)& the < vlolelgr ddsto] /RE A tsd]7] BYPS 449 F5Hsol
A A9, HF5AA Ry A 4 ol QoA oEES Zeshs EAI-l A AA3}
Ack dE B AR 2 Al /A FE5usel F-E AEAA A Y YRR o] A3E ok v}
A Bzt o] A, 7 UFE o)FE AWNSER] /W Tt M URRYPS oA tE YRR
o] B} B Zgske RS A (interaction) o]t M4 7F Ao w Qg JF 52 1T

e A AT vhef o]t /i E A<l ‘45% 3 A, Al 7Re F5sE FAlO FA 9
Sbe) RRES AUCHA ot BAAL HYE 4 9Irks Aolth Hie] GUIDES] ¥/
Ade e SHe® 78 7 e 2894 (unblasedneSS)"ﬂ 713te] B % Qg3 o So] 753ttt
2ot teRks FUFEH A HeE Y st Tf‘r@g AP E ] S vefste] B8R
contingency table)& WSl 7}o]A| (chi-squared) FAFS 7|02 A= AAHS AXA
<=, ol @ % GUIDE 3|7]u-79] FE 3% lA ’\Fg“ﬁ}"ﬂﬂ “J%‘J/} FAFEE Zlo|th. Loh®}t Zheng
(2013)°l] A|A]E GUIDE ths¥he 3|71 R o] fpAd due|SS 7heketA Ao d ohgat 2t

L gole] e oA M Ei FE0Se] BN g = (71, 50)E AL

_{

i e 4

—
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= (%, 208 ARET. AA REMEs wSMES] pHA 047 Vi >
\}é‘»LEHZ EYk<yk§?}_—'—T§—_}EHZk:_1§ EOL]_—E]—~
X

7k d of th&te] t}3} o] & A4 (main effects test)S A A 3HC}
(a) X7} A8 A4 Aol B 710l wet m7AY F7e2 veth deolg As7t
U 7eith AL Aol Al 72, 28A e Aol vl e R YREF it
(b) X7t 2y ALY Afole 2 A7 2152 34 9ok
(c) AEA7F AL AFollv Bxe] HFE Aste] o] iF=E Rt
(d) 29 2* (Z& 1ol +1 & 5 3 & 7Y de= FSAE A W98 AE3] e 77
Mooz 7o BEo) FAFS Mee 2/2 22)7l9 dds 42 5l X9 15ES
Yo dl= & (contingency table)E 2443k ), ZFolAlF (chi-squared) S84 HA
= A% 7Y EE (p-value) S 4H=slith
4. Tk h=E 7Y 22 R EE he] 0.05/dHE Tt AThd, o]et A AW X & A"sit
5. 237 Atid X;, X;9] O E o]0 WpEol JJr*ﬂ W52 AA (interaction test)s 4
Al gt

AAste] e 7P e G9&E ko] 0.05/d(d — 1) o Zohd s

of

7. 3G AR A 99 7S UFAVA BT Aeole ol gA 4dA A st 7
pas

GUIDES] th5REs SAUE =3 =
SHsE 7o zx sddolgd AF 7l FElE S8 = Atk GA e duEEe
(VA tERbsds oAl iR ALY jAR BEAR ol F45H4 V;E 2Esth 1
2 u;; 9 A HAE ARG dNY] e R (uy5,Y55) R o] Fo]F dlo]Elo] LOWESS (Cleve-
land, 1979) W< BE3E FACR V9 BEFES FAUT (2)DANA L R
ZE g v FFHE il 23l IS V|FEoR vnE Stk AR d e 2 3Rl A =
AHTE Y20 Y8t AEA 7L BoW 7, = +12, 28X o 7, = —12 AAS H, (3)HA o
T 7E CuEES FES A E 7111711 Hck AA HeolElY & o] B} wheF 1:AEE 93
7R RS0l Hlgh %] (treatment) 9} olof] TeF FSWHG Fho] A &H oz AT, 9719 o
AF o]FojX 9x vhs S HE R et ZHe] SAAF U} B o] R 2R HloHE 7
stot. 71 AAIESY diolEE Aol vo], AX 5 Ay 4 S AF 9 ukds WEE
TAE

Lo

A
18

N
ol oft
_&

3
gl

I g

r&

3k ¥
T

A|=38<5 (supervised learning)®] B4 oS5 Haslehs BP9 FHo) Stk B =RolA
£ A (81)F Zo] Z+ dueEY A&l AARY Aol xe AlFS B FIFAFL
mean squared error)E T8 5 ©o]& BlWITt. &, FHAFLA: 4 ¢y eaE A
AozA A5EL WL N ST & 4 ATk 374 me 2ol AW Holel ZAE 5 /)
Foln de & BAEAE A4S st =3 pAe] S9HST) dvka Apgeen fe AU
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Foll o) FAZoltt. wWebA &2 MSE 3te Uehlle Sae|S2 diAos A S55Ho] W 29

MSE — i fi@a e m) — Byslea -, mip))?

md

3.1. Algeold =Y I

Loh&} Zheng (2013)2 FaLste] Al 742 79 sjddol¥ D1, D2, D3& 443 5 7 volHE
o] &sto] daelEY AEHS FUkeIdith ol RYPS ARESto] HlolEE A/dskE, EE o ARSH
FURE U(-1,1)E G2 X, Xa 90] 3oa78] FAD 052 2742450

Yo =14 Xiu + Xouw + 2X 14 Xo2u + 0.5u 4+ by + b1u + €, (32)

A7, u = 1,2,... DS oushy by ~ N(0,0.5%)°]3 by ~ N(0,0.25%)91 YJo]&
(random effects)©|T}. €,= LAFOEA N(0,0.25%)2 wW2th 3H 7} tlolg] ¥g Z719 FA4F
\_—[—.L D}_J’]' 7]-‘;}-

vil.
[¢]
4,

A

>,
2
[

d)

qul

(D1) X3, , Xs= U(-1,1)S nj2x W

(D2) Xs, -, Xs'= U(~1,1)€ gz £28 ¥aoln] Xk 5709 WFE 2 853 ¥

(D3) Xa,- -+, Xoe U(-1,1)2 B2t £33 ¥aoln] Xok 10719 852 2= 853 vs

A% FE ANAE (-1, 1) T 5 6749 THOR U 24 77 Yolq FUAREES

2t AYUSE AT T olE 2R AAHE F 777670 (6°) HlolE ZIER o] Fo]H el
SIE AT Aol Holel 2Aso g B30 1E YA 4 320 et AA S
AEsg o FA HolEE gl 4 dneBor £49 By dSgE AESATh 74 g
39l A5 WA AA 4 318 Apdision AP desl e 103 HFEEI%M A
3.23% Hlolg (D1), (D2), (D3)E o] §3le] 7 FmelEe] =L wlwst Aot Table 3.17} 2k,

S el dlolE M 100319 ABH AL o) 4EH Ztzte] MSEZkS] BEA R EELA
= AN

Table 3.1 MSE’s of MRT, RE-EM and GUIDE (standard errors in parentheses)

=)

Data MRT RE-EM GUIDE

D1 0.5194 0.2198 0.4227

(0.002) (0.001) (0.02)

D2 0.5185 0.2382 0.4241

(0.003) (0.001) (0.02)

D3 0.5193 0.2629 0.4242

(0.002) (0.004) (0.01)
AlEd ol 23, RE-EM €12]39] o5 AjHor L4314 vehyith. A4/4% dloe 7t =
HEIAE A3 Ao]EE RE-EM ¢iE|E A§o| 7P gasttta & 4 9ot thul, dlojelo] |
29 W47k 24T WEA SRS MSEL ARE Ao Uehith @8 GUIDES) A59le

T
RE-EM #{ Xt} Z—X] AT, MRTR U= oA £2 Z1o2 eyl T3 GUIDES] 3% MSE
: AR 2 Ao e, A% 48 TS 48 B9 S
3 Fol= FUARE A% 3EL uHstel ART & Grks TRAA IAY )
BE FTYE F 1Y 5ol 4 e Aoz vehht.
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3.2. Al EHold By 11

AlEH o)A A 3.2 E3f B3 dlole e #5A R wet Weke Al (time-varying) ERRTE
< Xgeta IStk ASAIR FAgle] & Al Fetds BRE SHHSEC] 1A (fixed)H ol A
= HlolH &, A 532 =W (time independent predictors) E2 A dlo]EE A3t
Z+ dugEe 58S Hlas] Btttk R mmm package W] tlo]E AAUWHES IR &5t
thH e AR X2 RE 4709 ASA ol W W) | SHeE YA S

Y ~ N(0, %) (
o71A, R oSS Eabe A7 11, 4002 7}%5}95\‘:} 23Z 53 A9 delg (D
ZF AW E (ID), RE3¥<, SHAS, ASAHE, ST ASAHY 2348 5 5719 W
skt itk 1000719 85 AZ (learning sample)S A 3FA L U% RE-EM3} GUIDEE &3] 23
A3l 5§ 1000702 A FAUE (testing sample) 24 Z+2+e] of| &8-S Hr1atgeh. G4 o9} npRrbA
2 10039 AlEd o] g B3 BaAH LA BHAE A2t 58S vasitt

Table 3.2 MSE’s of RE-EM and GUIDE based on model (3.3) (standard errors in parentheses)

B e
w
&«

i
tlo ke rr

aris}

[e

Data RE-EM GUIDE
D4 1.04 1.05
(0.005) (0.005)
AEH A A W (time-varying) dl&H57F L8 o] QIdE A9ek= 28 RE-EM €18&
3 GUIDE®] @]é"’—'ﬂ ] 2 AolHE Holx| odth. ol BEAH AEo] ZF MAEZ 1A o
S Ao S 4550 HEIE 53 dEXE &S GUIDES ¢aelE 53¢ 719
st &3 ol (D4)oll= ’9‘ (3 2)} Zro] WAl Al AP g3} = R gty wlEel Y
23 23 Ago| 723 RE-EM 18|29 A&l A o] Rzbe x] okgkrt.
3.3. g4359d 719A7AAAF A5 24
2 =FAE AP (time-varying) SHWS7F 2E s dxtg Al 7HF FE3ln &8s F
L ﬁii UrEP"r RE-EM °L"’E]5£ 3l 71047:‘ H:l/\}x—’v: dENIAEE B3 Bk 7193

7é7<4 AFsto] A8 ZerA F Z]-rﬂ 100Xtk E’-@ A=

7HEE 202, 100H T} zZrow vith 2 AR i) FAA g sk JAIZF B A
A "=l B =RoAE= d=F23oA wE3 BSI A8 = 20129 7@ ﬁ 201449 62717 & 3770
A=F9] 43 BSIE $5H,2, wl& BSI (sales), A2 BSI (profit), A=A BSI (manpower), A}
+AH4 BSI (financial), A2 9% (manu), A7 (1) SHHFZ 3]—3’_ ﬁztﬂi YA e zolS o
o BRE Widste] djd R3PS ASh 2012 TEREHY ARE & olf= A2 A=Y wE
A e 2L F2S U2 2 8t A5 AA7}F 2013 d 7EHE o] FoiF 7| wiE o]t}

A3 YRR L Figure 317 20 Awdes A% weof £37} 1002 335k Ao Ko}
A 4ol st Jﬂ7}— T4 BRAYS & 5 vk FANTY AMA 7HA] Z71Har EE O
B A2 719 d¥e Ades 583 ‘&WT# W S oujsitt. W SYHHSs 5 A
g Agrto] WHEEz o VEhA] kg o2 7G5S HlA vhet HokE wl AL Aol A
TS FA Rk 20 B4 EAAS ANHoE £2] o2 AFNAE Aol =1 A
A0l FeF AHFer 4¥S A Frleke Ao Yyt LEFor 278 VS W
g7bd, wiEol wiE Brt 7P 22 5SS A e, o] A% HARYY Al Wi 37t
(93.44)7F Az (85.46)Htt o & Z1e=® FA4F Ut

(o]
M
:oé
1
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saless 76.5
I
profite 77.5 saless 98.5
salesx 61.5 financials 76.5
I 1
profit« 61.5 sales+ 685 6491 69.57
435 55 5934 636 profit¢ 83.5 factor(manu)=t

4
‘ salesk 855 8546 9344

71.01 prﬂfit{ 94.5

7449 8391 7909
Figure 3.1 RE-EM tree model for the analysis of BSI

Sela®} Simonoff (2012)+ &=
ol A E I} (fixed effects) 2} A
0e AT, AnHeE 4
olsttl. GUIDES] 7Z-¢-, whisk 4
2o slort el ole] 240

E]]o]E%E ;(hﬂﬁ}_ oF o} 71
73.@'6}7*1 HhgstA] Eohe AR o]
predictors) 2 TAE HloJE & AAste] B4 23} I o= o] RE-EM
ZFol7F YA = o= Zlo® YERyTH

ISR WOE AUSYUSE A AL AL AN 4D REIN LDeIFE 4
g BSI A2 & B4 Btk 719y 43S ddshes Fa% 4 ©
W, 7195 Eol A ol HgES o) A=A Aol A e FA
ol g £& 15 ARACE B v, MAzA 397 A
o= veprt.
4T} Zro] AlEd o]t AA dlolEE HtEo R sddlely B4 % IFvT GuEES A
gt o5 £L2 ASYH FAAAE Ve SHA T v 22 WS Tt JfAsHE o
P A, BT BB Holele] 3BT TAZOR WAND & AL Aolth. @ A
BULE AU YAl PRI 2 ATl B Aol THULEL JaeA
S8 = I Aot} o& £W, Charbonneau (2014)7} Aot
434 Jﬁﬁtﬂ ole] By }WFF23} Folth. o|et I thEHSs
22 WA AR FEUSE AT AT R ATE Teishe B el ARy
o] i siduole AR P d5Y S fls) dast $E5A7 e sHch

ri
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o
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Abstract

Regression tree is a tree-structured solution in which a simple regression model is
fitted to the data in each node made by recursive partitioning of predictor space. There
have been many efforts to apply tree algorithms to various regression problems like
logistic regression and quantile regression. Recently, algorithms have been expanded
to the panel data analysis such as RE-EM algorithm by Sela and Simonoff (2012), and
extension of GUIDE by Loh and Zheng (2013). The algorithms are briefly introduced
and prediction accuracy of three methods are compared in this paper. In general,
RE-EM shows good prediction accuracy with least MSE’s in the simulation study. A
RE-EM tree fitted to business survey index (BSI) panel data shows that sales BSI is the
main factor which affects business entrepreneurs’ economic sentiment. The economic
sentiment BSI of non-manufacturing industries is higher than that of manufacturing

ones among the relatively high sales group.
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