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Y A=) AR e FE3] S/FRIL 3leH, 20194 71E 113480 AR
7F SYdks ZAHo] oF 77%E AASHAL 20%7t WA Ady mA, U A7 AR EA
TRl Aoz YRt

b

221 T 547 ZBTN
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okt

s sy o=
1500
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o 1010 1042 1006 :

1000

; 876
725 758 o1 0
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232 232 23 233 234
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2015 2016 2017 2018 2019
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M2z | A2 20 CHSt 0|23 =2 '—|

20154 97874 djH] 15671 S7IgioH, 20154 o] oF 16%7F S7FAt S35 A&
A7h EFoke AT 20159 M| oF 21%7t S7FoH3AT

(E28| omg B2 ZZ=M

rar
oo

(9] T

= 2015 2016 2017 2018 2019
x| 978 1,010 1,042 1,096 1,134
M= 146 147 160 173 180
S 36 40 40 43 44
CH 33 35 36 41 43
21 46 47 48 50 53
a4F 21 22 23 23 23
X 24 24 24 24 26
= 17 17 18 19 19
MIE 4 5 5 10 11
&7 228 244 250 264 277
Pyl 53 54 56 57 58
== 42 44 45 45 48
=g 58 59 59 62 63
H= 56 58 58 58 59
e 64 64 67 69 70
a5 64 64 65 65 66
2 65 65 67 71 72
NEs 21 21 21 22 22

X ZIIEMB EAAAR (Www.libsta.go.kr), RSIRISTEE

20194 71 A= FAGAAGAE T4 B ito]
o2 1771 BIAGAAHA 5 7H =2 2 A= e

7P e e YRR 9F 26,5780tk

filo
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e}

|

H A
rO
iy
X
3
n
]
ol



E2-9 | I ZIXIXNHE SS=A 2 4 Hld

(2191 74, 3, %)

farw o ol Tl ol Tl i el [o] =13
R - S I PR
A 1,134 101,477 45,723 250,804 117,962 2.22
N2 180 83,206 54,051 370,706 134,143 1.54
it 44 134,895 77,587 352,960 157,728 1.74
o+t 43 106,071 56,698 295,338 159,542 1.87
OIX 53 90,286 55,793 305,682 106,803 1.62
oz 23 115,565 63,325 308,571 108,366 1.82
CH& 26 116,524 56,726 279,145 129,653 2.05
2 19 110,396 60,422 312,436 137,845 1.83
NE 11 44,421 30,961 122,820 105,899 143
47| 277 118,354 47,797 285,473 161,833 2.48
z4 58 89,060 26,578 128,387 52,297 3.35
=5 48 92,783 33,333 154,139 84,830 2.78
4 63 92,611 33,710 158,932 89,999 2.82
e 59 83,901 30,829 139,552 59,732 2.72
et 70 92,570 26,696 126,894 58,540 3.47
a= 66 95,963 40,391 174,294 76,725 2.38
a4 72 107,950 46,702 218,275 113,639 2.31
b= 22 118,909 30,500 151,907 92,935 3.9
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HRE | =Mz Q0 CHet 0|2 =2 '—|

H2E =AM QY

TREAT S oA ol 8740 et 020 TS FA A Baw
A BApol gloM, ¥ /S SRS AT/ SaxA U 7y B3 2
ofete] upo] et

1. MY 2y

Bl 402 o|g3to] EA A40] 08 FASK WHOR o5 HRY U A5Y
29, AR S ARNA VI 5 T2 AAD £ Y it S
o83t w50l ek olefet HHA £AL v FRE Soks o Wag wrE

S48 e g0 S08 AAD A 27
OIEBIUT ASHDEL A FRARE MLOR e BZelo] o] $22 of
2P, 3 BEA0] et A% ThE AEAE Sol st PHoR I Seds
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o7, HAN M 25 TATo] 4dolth, BYAZE W TAT AIS FERL 3
4 A1g, BANE 53 BeAR S

H2-10| LIMAC =3 TAMZAY EFZHEZAL Sig

M|

No XIXERI ZAIJE| A = © 2 B/C

1 N2 2H 2016-2%t OA BN 25} 737 0.69
2 471 88 2017-4%t OO g i 999 0.52
3 47l ME 2018-1%t XX REAY = 1,821 0.28
4 A4 & 2018-2%t OX 7A8A =g 618 0.29
5 ME 2Y  2018-3it VX A = 1,663 0.37
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7 T2 2019-3%t XAZAT HABMY =gt 1,003 | 046
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1M M2 28 2020-1%t XXM AR ol 822 0.67
12 M2 3% 2020-2% Fex A =g 876 0.51
13 Oift 29 2020-2%t %O Al =2 850 0.1

F 1) AgHlE EIM 7IE0|H, HES 7[ECR 2O LN 25 | XAZAZH716 8), vxEAH
(2,2109 &), OO=M2K1,223Y &), x x EMZHB02Y &), S EAEB13Y &)
2) XA HEAMG2 EAR e, SEUTY, STFAY HE2 TyE ARz, TR AlgHl= 1,003
HO|H, =AM AMHIE 694 EY
3) xX ZEM2 Mg, B4, UMY, AUZSEXY, S, KoIFARY HE2z FEE Al
Oz, MHAHIZ 1,821 H0|H, 0] & =M AMHlE 35091 =Y
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2. PIMAC Efdd ZAL

1999958 ZZ7HA] 3%t PIMAC BFdRARIA A AR & 4710 = Tety
ok 200590] et AHA AL EATS AT YA EATS SYHSY=AE B
Ao HE FYEPor 25 SO, FANER BT e THSY=AY
RIS 283130 PIMACOIIAM e HHE 799 23 tddt 7= g3 d8A A
% 7IE0= sigith

E2-13| PIMAC 3 =MEAE EFSEZA 21

No Al ZAAZ] XY SARH QUMY MHO|FUHY B/C

1 SEIHATAMZ 2005 AMS 353 FHRA CVM 0.32
2lzot Mt R

2 3‘@_%* 2007  BA 1048 Z9E CVM 0.81
2O AT - ~ _

3 1?% o 2010 &= 1370 =03 CVM 0.38
ZREUC M oima

4 H_t,z%% 2010 @ BA 8296 Z=H03 CVM 0.58
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HeZ | A 4200 Ul 02 el o)

HollAe Ao FAPEsHA 4271 TAsk= 2oz FHEUT o= AAAIL}E o]
AT FF0] FLSHA olFolRl S AT Qo E 82lo] B $8F & U= AlAt
gtk 53] 7]E SEEPIAN YEE FRvkS SISt sig A-tols R
SHOA R oyl AGA 45 1", alik 2 ZETH 5 TR EAE Wgstele,
1 A% 9E 7279 2akeo] WolAle ACE YET

(3 2-14)° 898 v} o] ShaAoa s =X 80 ¥ PAl= U=
wA617] Qo T2 A THD] Y R ATAT,, SRS Sa AT
A Be AAF R et AERA 2 SRARES 45K

55| o]akz- o]-83H2019 7h A E LA o84} ot thEH ol WA= JFS
A5t 24 A, i ASol= o]deart e & qloy A o adrt
AL At oA HEShe AoE YT

TATY] A 7] 8 B QRIEA] Qo) 2T Bt 883 wAS Alm e
EH((Data Envelopment Analysis, ©]o} DEA) 77} thQl A 02 Yepdt) R4
< FARA] 7] A 58S 5780k tEAR] 7[Ho R TATS] S ZAS,
45 FURATL o] 8ART T A 840 Aoty JES HIR=A] £40] 7R R
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2 HUAS 8 BA2 tAHY] £8 BAS 1T AL a5 WY 24
ATt A 2 HAA] Aol A wiet o] =AY o] g =8 FE PRt S
= A, TRt 7 A R4 Rt B4 Este] 80l 9L Al
Ql E4o] o]Foix] gt &3, EfFARAINE SHET,
S Fst3 oL, o B HEE Aol Hi
S 98l 71z2A77 o dagk dAot.
20089 E tid S7HEA FAALE A= EAB( =AY A2
R =AY 4% AFAEFR, AHdE 5 71BAE, AR, dAEY, o8
% ol 8AF 5) FAF FEH olE 83 Tt 8 S HY FAo] Ths SR
F7FEAT SAANAEY EATE FHEAT, FTEAT, A2EAE, AT, o
SH=A, ZIBEA oI, HYEAT, Lt AT, AEEABOR F25
o AV} g & Fel=ly Qlck. AY] EAT 78 S AP TEAARI R 2AEE
TABL 9 AZEEA F8 ZZLATo] sgE, Aol ElEAT F
A=A S B EJTTEAAL W 7 AEER FAE7|E
2 A7 AeIME =M 18 T AGAGTAARICNA il Alde® 8 9%
o] BFg/d F7IIA $83 FE2 AASHL Y= 3eEARE s SN &
AXNLE ] HolEE 283lo] -8 &S 9t BaFolx adAl S BAst
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A Rtk 55| Mg AT 7ls @A oA Hdloly E4o] g B8E AL gloH,
53| HlolE A& EA4(predictive data analysis)& 3l F=2 8= 3= HAlRY
(machine learning) = S|4 Sk5(statistical learning)S ©]-&5}0] FETAT 489
2 AkstalAt gt

T8 SR HPAARAPRIN E8EE FYRY o Medo= AAIRE
ojuf 3R ] glom, o]F &&sto] AT HlolE e o Iid EAS A=Y 5
ULt 13 olERt MEAQ1 M TSRt Eolol M = Q9&7 R0 ARGE AL Q)
o}, At Wt RS Meste Zo] ofgl dolth HAlRd T QIEAs7IRE
FRASHE A5 HLLE et Eo|HA, SHHPY} SEHS 1F IAE Uy
= 2EE 4% F97} gl Aol otk wEkA FE opeet EofojlAf o=t 7
HHE] FAIE SE0IL SAl] 289159 AF E0]aA} AFAIE 715 289157
HE AlEsiehgsd - 33, 2019).

HAl#d(machine learning) = EA14 SH5(statistical learning)S E3F Ho|g o=
2 (predictive data analysis> ¥al2|E= 085t kA HoJElQ HES Arso=
SleamH L, Ol Mk olefe] A oESHe Z1golct, $TL THIed %
gj& 5 oW garelEo] 8952 fIvt 239 Hd(optimal model)NA= 214 28
S H7] M7= & 4 gloH, of2] KPS vHEA o R AE Y Hrlshs IS B9
A tHBoehmke and Greenwell, 2020). HAld ¥a1e]Eo] HolHE Ssoh= I
oA mdo] duh} & SkEEE=A| B YA AA HolHE ks tlolH
(training dataset)®} EJAE H|o|E|(testing datase) &2 Uro] oS [ 3-117 22
1S At

£ ol A= maled o] Yel BA1A S5(Statistical Learning)?] 8 7R gt
a7 &, oft HAlEY eSS B9l AT FRAISS Alksto] A9 HdS

Hopha gk



HBE | A &&2 S8 =Mzt YW oE '—|
J33-1  MAMIS 2E¢ HOlE 24 oE 2+
Model 1 Model 2 Madel n

-| Resample 1 | |wm || el | Anaiﬂa| tual | | anstze | et |
-| Resample 2 | | Analyze || Eval | Analyze | Eval | | Anahze Eval |
T —| Resample 3 | |wm " Eval | Analyze | Ewal | | Anahze | Eval |

N Training )
@ ". -| Resample & |wlm " Eval I Tune | Anakze ‘ Eval | Tune | | Anhze | Eval |
nesm:nple n | Anahyze " Eval I [ Analyze l Eual | [ Amme“-‘ Eval |

e
L All Data

Optimal Model(s)

£X : Boehmke and Greenwell(2020), Figure 2.1(p. 14)



H2E SAA =ks2] 2 H4E

BAA S<5(statistical learning)> YA TFS Sot0] AFs 02 F3E Ho[E|ZRE <
AEZ 3t FEEE AlFols YA IS Uittt o] P2 A HFEHY ALt
Y A B AT Hgol wet AL 2 =710l MaThke 71He] ofUHEE 53
o] 7ks%t do] HQlrt. Wt AN 8 Ith Aol ol A= Irhd QIR
ZA7A] o AHLojA Hlolg 7Htoz o] JaAHS T S A =AU

2 0] HHQl AT EA 4 oIS HlolE 7]RE 2A kA
TR, 2 ATE 93 BARRE a8 At 712 AXE 2 HoA AlEstaat
it

& Eo], o" Y(quantitative response)?} p7H9] AHH(predictors)
X= (X, X,, ..., X,)E 71 FAH A S (prediction)°|H FE(inference)S 57| 9
A & Afel9 TAE 85k o] RSIth X9 YV ARl 1S 4= = WA=
7HE durAel FHiE thadt 2ol YERd 4= Qlth

oX,
1o
of
18
2
ﬂllﬂ
9
S

i)

¢

Y=f(X)+e

714 e= 529 22Hrandom erronE, f= X7t Aok Yol TRt AAHR] HH
£ YeEhdth & AtoflA= €9 Hato] 00]al XoF M2 S Ao|al 7R,

EAZ Ks(statistical learning)S A ZQl HRE A Ll= HEo] f2 245 A
9] ATHE S-Sk Zolth. 5414 gkso] d¥shs HIE X9 Y& 7HAAL 227t
StaLA} Sk AflEH{prediction)]H FE(inference) WA FA|H 02 A HH Thart
Zth

1) OI=(prediction)

AR shs A diFEY] B X= A 2 ¢ oy Hiss

o,
il
o
ne
N,
N



A7} el ofR A9 X2 5o Yol it o2g okuA) sk AL Alsele HHol
U, X5 59 Y2 34et WA £5 Aol BetsiA 271 olg thet old A=
2 =5 245 f7h Yohd 529 @3 Krandom erron®] Hato] 00]7] o], theat
2ol Yo d&A] V2 o8 4 9tk

~

Y= f(X)

01714 23 L o (prediction) WAL 9] Mt FEIS Yol A Kt

348 f7} 7Kt @ et 288 she Ao) Fasihe Aol &, f& Bgu
(black box) = & 4= oIt} o2 & o Heks] H@s) 271 YslA f71 ofd WES 53
AFQIL 7Pgeka 28 St o5 V= f(X)E AT A=A} &9 3}
o Bt treTt 2 WAAE At

FlF

0|

El(Y= V7] = El(f(X) +e— F(X))*]
= [f(X)—f (X)) + Var(e)

59 Fe=s Aarstr] siA A= 89 522 S0t 529 AolE 4
Sk f2 Foke e Yokl Zlolek ohet Var(e): F29] 92 Krandom error)
7t AA 9Ae] TRk HHoly] g ojudt f& AMgatetE 2 4 Yk &
Var(e)= 29 4 9% Q3Hirreducible erron® &X]9] Heheo] B3t 51H](lower
bound)”} Ht}.
A o&0] WEtoA 98]0 HF EHe EY 5 Ue LM reducible erronE X4
g} 3k Aoltk. &, E((f(X)— /(X)) & Hashhe /& AR HHe Sohjs

Zlolt}t. o] 'S Zoprk= FSHAQl ko] BAIA Shi(statistical learning)®]Th.



2) Z=Z(inference)

BEA| X, YE 7HAAL Al YOl gt o&2 she Zlo] obd X7 ¥ o Y7h
g FFE L=AIE o= Zo] 8T w7 5 Utk A 501, ofd AlES AB4lst
+ JAPFAIRFRALE TV, SHQ, T13A, AEAEE FoiA Rithal 7PgsiEAL ofu,
FaL AH] ZEER|RE ofEA skeAlE 588 A EAIT o] ZAlof Higt
2 A9] AR S FsiAE FEuI(X) Halo] dis] AlE R Yol olEA J¥F=
H=A] Pofok Bttt &, X, Y& B9 FEinference)= Sfiof ettt of7]4 5T H&
A Z(prediction)¥ B2] FE(inference)& T W= Y] WP} X9 == ®sl6lr] o
Ro| fE BElMbAplack boxE A P Aotk ol uldN EAH sk
(statistical learning)e A9l 20| 7R531eA Aelo] et /& Horhe Tela
ol AL EIith

o

=]

3) Z=X(estimation)

A7 }’% 2795 t= 20| o Z(prediction)lA] OFTH SE(inference) 1o et
A o]o] W= EA] k5 HPHE(statistical learning method : SLM)< ARE-dlof gttt o]&H
A SIME A B4R (parametric) I B2 4H(non-parametric) WHO = -

= 4 ok
(1) 24A HfH(parametric method)

B2 ¥ (parametric method}o— A 2 7Hke) e, A WA dAelME
FrFHE 2 dIE S0, IFHE R 2ol 7P EAL

f(X) =B, +6,X, +6,X+...+6,X,

zeA ol = A SAle 2 6 6 - 6,8 FE0ke Aotk



252 IS 27E d5gHlel] met BERlou B 739 FE(inference)l A3t
o =

374 A Zech TR oSS Wolx A9t Hek B8 Sl ol &
SRS A9 sk HOIE] et oVt sflon Bedon Hdnge o5

(2) HIZ24A 8i¥(non—-parametric method)

242 W ¥H(non-parametric method) T tigt FA14Q1 7Hg2 3HA] &
=t 1%7] HZol H5H(parametric) FH ] YA § B2 tiokE: 18T 4
ol o A3t dEES HolE o] k. il ol& oAl YntHoR HaH
e B FHET G4 W #EAt Basith B, 3PHE 546 o7
ool AgEE g vhy Ko g 7RsAo] Atk &, J3lo] BgEolE v

ol &% 7ol HA3 FolA BE dlolEd dis] thE Wy B £2 JiE Hole
HPHO 22544] 2=THno free lunch theoremd). 12]EE, BAo] Ut Hrggdy} o=
g Aol9] #3S A¥T Fart Sl

—_

4) GI= Fergut 2 oM Al0|2] FE Y& (trade off) EF

H) 2 4A(non-parametric) WY 25 (parametric) FLHO| Zjol& HH A=
a4 ] 7HE dijk Ao 2717F 284S & 4 Sl dlE 201, AP EBIA
Qo] #lEF7to] diot Hte]al 11 AE 70| ARG (least square)S ET
Qo7 7ie] A% 11 HaHS] Mk Shiel HE HeEERs Aol

olofl ulaf, H]ETX (non-parametric) FZH-S T30 Wl g7to] tiet Aol
o] B7He AR LUK ciot NS T e ol 9AE Folt A

fr 4

Jut

_u

l-J

avi d Wolpert@t William Macready”Zt 199730 ZHSt “No Free Lunch Tehrems for Optimization”
| A2 Ae= Mo S5 2A0 &8st Y12IE0] T ZHliMeE E2 ZuE 20E & Qb
2 O = FRloIRC,
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7o) e A S B HNe Bk o] Bad PIHe AA8ske
Aurh o o2 QAP A4S Sl gick %, & ARFAl AL B folst HEE A48T

T5 d& 2Pt AL 7FsAo] Y& Aotk
AW, A8 =0, AFEF
ZW(trade off)= ©Jdf5taL O]

method)S AEAS}oF S}

=
(9
=
=

Sk—

II:

5) M

=
=t

ASEZol Aot AISA]

o ¥ L 4 it} 2emE Ay
Tejsto] B

Iy By dEos Hd AgHAQl

o WE FEE=
(statistical learning

Sk v

R+ O

Eol(bias—variance decomposition)

AEA]9k] BAR] HiHbias)H AIEA]

o)

= A

2ol TAR 24t

(variance)2 29 I & 3K overfitting) T TAZTHunderfitting) 2} AZAE o] A=

ABERe ATL Tk e, o] £9) JeE Wol R0lES T FTZ) Aol
Hojx]=A] E0l5k= AL oL FQ5)t} thSofA= HEF-EAF Bfl(bias-variance
decomposition)& &3l °|#3t 294 TA A AFSTA (trade-ofHE AT EH 12}

3.

o2 98 P(X,Y)ZHE
distributed) @ FZ% H|o|E] 7&@' D= { 1,
Heba 145, ol X doleig, y

< ojnlste, thee JlggtEt Zlthek

1

'1:‘
A
5%

@ 717K Expected Label)
Foltl XER'] dfjol 27}

oo A
—-= T

y(X)

:E;AX[Y]

2 gofett.

=B (zzd

independently and identically
o (X,1,) : yE R} o] F0f

1 292 n

EHZHtarget value) = TFl(label, AEED

ofsi}

o]l
AR

< |

Zi(Labe) 2] 71H

/ yPr(yl X)oy

Y



HOY | B R BE SR wERk 0l e

@ HAE 94} 7|HZHExpected Test Error)
Zo]A dlole] gt Dofl Aeld d121E AZ 35(iraining A 719, hy = A(D)o]
th. o]gA S Fol hyE 7HAAL URESE @ XHgeneralization error)E Tt 20|

AL 4= Qi
Ex,-p [(h), —y) j]( )—y)*Pr(X,y)ayox.

® 2%7] 7)HA7k(Expected Classifier)

dloje] gt D A AREEEE(oint distribution) P& ZEE-E(distribution)Z
2 7= SE¥HS(random variable)0]IL ht= D] S0 |ER h,, A SE H4R
B % ook WA o] AGE Ot 2ol T % ek

=FE, nlh /hDPr

mpAEro & MElE GaefE0] Ae(quality& 5785171 $I8 thZt o] HAE 4
(Test Errory s 23St}

@ Expected Test Error

Eixy - pp-p Ay [[/DXU )—y)’Pr(X,y)Pr (D)o XoyoD.

A AolH FEE 7Y oS o] HiHbias)d FAKvaiance) =9l
(decomposition)ol= AL A/ 4 AUt



(® Bias-Variance Decomposition

EX,y,D [(hD(X)_y)Z]

= By plhp(X) = h(X)*]+ By [(y(X) — )] + E¢[(h(X) — y(X))]

&

% ok

7} o] 7l oJulg thest Zo] XA
Expected 1est Frror = Variance + Noise + Bias

4Hvariance):Z “Ftoo]] AEiH F11E|EE 017l lofg] o] opd thE Fedol
FHA(traning AIXITHH S hp7t ol BA duft ¥sk=717o] digh o]l Hs 51,
Hekbiag> A darejEe] ot hpoll WAE 23K error= FHQI717700| thet E&
o FHnoise)Z FE7F TR & fl= HIolH AL79] Hogo] 27|15 yehdith 2=
EAA sH5(statistical learningS ARESl0] &S Sitt= AL EiHvariance)dt HE
(bias)Z U5t Eo71H HAE Q319] 7|HiFHexpected test errory& F|Adlol= Gl
2o HeEs BA2 AEE

the T1HoA= #-4Hvariance)?t H3Hbias) 2= Qlsl 'WAYSl= Heh & T overfitting)
Fi= HAARHunderfitting)®] TAIE & & AUtk 94 EAkvariance)o] Ath= 22 A5
Hdo] Sk5 H|o]E(training data)oll HISH AUA|A] Hgsith= A5 2Ju]siH, Sk o]
Ejof] A|UA[A Zq@(fitting)/\]ﬂ AHISP7} ER] A9k Al AR rlqﬁok(biaS)2 i =
A et R AgElo] ool Ao e ARl Hold %3S oujat
ok & Hdo] E;é]' S HYS ZopA|H FAto] AR 1L, it & EH}O] s ATH
B Folt ol AR Bl IR 05E HATRb] HE B
4] g & EIAE Q440 7|k expected test errorye F|ASlol7] 919t ko] Q.

=



M3 | S/ sas St =AM

J213-2 EA-msE A=27|(Bias-Variance tradeoff)

Low Variance High Variance

Low Bias

High Bias

£ http://scott.fortmann-roe.com



1. 24 1ty

HAIH Y (machine learning)®] YE&2 A7 X85 (supervised learning)d} H]A]
E8F5(non-supervised learning), Z43FM5(reinforcement learning) Al 7HA] S3do0=
At

A EokEe HHlabe)o] U= HOTEIE B85t Sha(training A7
(test data)E EFoIAY AlISThe Shgolth Akeoks9] 4]l YagEozs YA
B E T (decision tree), 3]FEA(regression analysis), KNN(K-nearest neighbor) AE
EHIEHAl(support vector machine : SVM) 5°] Stk H] A=k A wsksyt g A
Habele] P OIS TSR 592 LR 5 AshE ESH ol o
HAQl v o g FHAEH(clustering)®] AT} % }2]'01 2 HAHreward)o] 7]¥ksto] H
FE7F 202 BAS SES BHOR GuT So] gEAS ool

2 QoA MBS 34 doldE Bestel a9 JS £ 4 Y JET
@ Aol oz Awsigel 20 YeEe WAYE, ALY S T8
20171 T HolEE 28 o152] FRlabe) 02 ot o5 BEe] FHTIL %
o 259l Sads v9g R4 Aot

HAE Holg

2. 28 =

£ Atole BASRL] S AT BAR AR SAHE I e A 3EEA
T A= F HelEY 27] 9 F4 SHoA HAle g 835t =395 A7t fonst
S 4= Q= A=Al Wi F 2570 ARl HIAIRE 33 A1e] 2008~2018'A To]E
kg5t At gith 2008~2018 W A2 AHEAY dldE & ZFoIo], AEA
FTEFEATE F 210714019, F BEA] = 1,3787l0lth diF Z5EAT HlolE
2o TS AUFAEE ARA AT, AFREEAE, TSYEAToRE L

o)

=
10

= m{m
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ZAME EATO] A7 Wt HHEAREE 486,00009 0190tk EAT AZE HHEAL 429
%o, off e e} Zo] HitfA o] 4Rt F-3(right-skewed) &
: 22 2,196m o, FY = 3284, TAT T Hyt 8THo{d2)
FAE BRoh Qe A0 YA AmAhH], 2FH], 121 1d8l= A A
T 3 Ao, A o Telolth. A izt iEd S 30090 2 & wlAH,
AFY Bt BT 71AZE BT FF3EA Tl AN Ay FA7F AFIRL A=
3.7%, o] 5*17_3 TAT 59 12.1%5 AA A
H QI ot AT = AL S DRlolARE i A W Ao
2 2 FolstuE, TATo] B g9l bE HaER 15 97t SYsi
Hee Tl F AT 9 15~644] Ale]Q] QIFE E B ARGSIITE T W] A
24 134 o 1330l Het EAT = 6.27671%1 A0E U

¥
Ir
ox
ﬂllﬂl
i)
I{
‘Fg

31| Je8AE

Hy LiE HE 5 T oEHx E|aqt Z|CHzt
visitor i N 1,378 486,170.3  500,984.18 0| 4,570,261
area ATHE(m) 1,378 2,196.823 2,450.085 0 20,229
seats S 1,378 328.914 327.55 0 2,146
books A 5 1,378 83,818.035  87,643.505 0 532,536
computers | O|2Xt HEH(T) = 1,378 27.52 26.467 0 141
ocost material | NETRHI(E &) 1,378 84,887.536 | 95,939.953 0| 1,683,260
cost op PEHI(H #) 1,378 = 290,705.08 = 379,049.47 0 6,651,878
wage QIZAH|(H #) 1,378 1 431,811.71  698,362.82 017,607,610
days A7 I 5 1,378 298.768 51.282 6 365
hour S =0 A2 1,378 71.226 17.001 0 142
private A 1,378 0.037 0.189 0 1
child OfZI0] A 1,378 0.121 0.326 0 1
center HMSkST 1,378 0.04 0.196 0 1
eng Hoj A 1,378 0.01 0.1 0 1
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Ha Lig HME £ g BEEEx} E|Agt Z|CHzk
T g 1,378 324,190.64 103,781.27 | 93,09 29
pop (15-644)) ,190.6 3,781. 3,096 529,637
totalpop T =54 1,378 428,042.23 134,080.76 | 125,249 685,279
nolib T g A 1,378 6.276 2.88 1 13
Ja3-3 HIEX} SIAET
o
O —
=
o
8 |
™
>
2
3
oo
o —
L‘Il_’ I
o
9 -
o T T T T T T
0 1000 2000 3000 4000 5000
Visitor (in thousand)
3. EAE HEX & 0l
1) QAFERLIR (decision tree)
AU Y (Tree-based model)& ¥#9] £ 3] = 4 7|20] s to]
BE TRk oful, S oIt 71%0] o) F&u grol SAksH BAA] A
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2 AU S5 HIO]E](traning data) 5 = 2t

SR Wl 7t SRpIEe] 11 TIEe] &% 59 9] B 59 S
Hajgic}, ZF ol9) 152 duelE S X110] TS ]

71A] 21 HEE0) R B E binary recursive partitioning)s & AJAEE ER7 SEE T A
22 A8 (predictor)E 7HI51aL, olof thd-oh= F&5H] Higt S A= A A
Spredictor) T2 7L B8F20] Wl CART WS el T215t 519150 Bale
Fhol "t th3ollis AU BYS cke 849 9SS AWEL TAT

dlolelg AMgalel AR A 4 olaE A EYIRE w2l

(1) =2¢

il
il>§
<t
o
p
&
)
[o

¢
i)Y
o
H
N
>
=)
)
2 o
=°L
r>~l
e
st
=4
iy
o

CART+= Z} 3150 20] Bal vl o 2 HlEo| XX (binary recursive partitioning)
= ARESH], ZF 2718 (node)oll A EollE HIOlBE dotdA Urs Theth a4
Ao ofet AR B71eS thaat At WA, ZH A¥a(predicton©] HsiA &
QA ESHsum of squared error : SSE)3= 7FY AHA| TtE= B 99 2k 94
A (predicton)d AR SSEE Blwst] 71 A2 SSEE F= AgHaE AHRi:
ohk o] oA j ATt £S5 A8l o2 2715A ARE o SlTh
FoJsfjof jitt. ST 02 WRE WhEo] 2 wf A E71FolA upAE 27138714 e

o] she] Agudsio] AgEE A% TRsstct

(2) LIl 37|(complexity)

filo
(YO

=

>4
i)
-

i

rr
)

ko
i o

oPH AE BYTHS 7T O 2 glo] whEolzl Ui aubgoz 1 un
& A

8730l A& HlolElo] 34| ke M2 ¥ (predicton@toll HISske S5HHS



#oll izt dfl&2o] GojA|A Hrt. o]F & overfitting)]2Fal 51, of2{gt T 2]
= 9] QIR 7MY AebAERl HAEHOoRE APdF o R AN 2o WE ol FE
(early stopping)2} AFFAQ1 7FAIA] 7] (pruning)7F ATh

ol FH(early stoppingi= BAIHOE YRS F7]0f A7k F= HHoloh 7t
de] 2ol FEHOoRE U Zo|(maxdepth)ol] FAIAQI Ak 5= AT 2+ o
(leaf) T= FF e=(termianl node)°ll U 5= = TSA 7i5(minsplinol] AlehE F=
Aot} 727 (pruningi= WA oJH AlghE FA] gl & W TH)E THE o]Fof A
407 HHsH 7HAE Fefle el 7HIE AAsH At H off 714
wRo] oyt 7 de] 2ol HHE BIEEAE 7FAIA]7|(cost complexity pruning)©]
o} o] WS thaa} 22 T4 EUgttt FolXl A9 aoRE T ZAY Z2 A
of hsiA thao] FE)= FHASFoh= subtree TNT'S T)7F F-A5HA SARITHL SHAF
(Breiman, 1984).

-/

| 7|

E=S8SE+alT|=Y] > (y P +al T,

m=1z,ER,,

AT, R, yR S A7 YR 79 =E(leaf = termial node) 5, mHEHA A

(leaf)9] ¥, 111, 1 FHof|A9] 4 5 UERdt: o714 B S5 vi7)
H(cost complexity parameter) Q= %(163994 7H—r7 22 URE 7= o OE 7t
2 AT 5= Stk &, a7t ARl wt BE FAskle UFe 1 3717 AopA|Ee
7A%o] Atk &, U9l 2717 AAH LAAIEHSSE)S] Al o] HIEEHE
w2 o'dE](cost complexity penalty) ET} #oF gttt
(3) A3
oA g B R EAE 2 AT R ASA S3EAR ol Hgel &St

A}, ol 95l A HlolH 3 Ki(training) T HIAE(test) HFOE "}—-—‘3} By
(training) A2 W Aol ARgslaL, W7t SET Bl AE(es) Mo Agds

24
=

0%t
H
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(predictor)E AFESIY] AIEAE FHolal THA] Bl AE(test) g W A< (predictor)©l the-
o= AR HREAL o) v E 3t Bl o 2= Bt Al HAHroot mean squared
error : RMSEYE ARESICE thgl AlSjo]] 9A] CARTY] &% hyperparameter)® 2l maxdepth,
minsplit, 12|11, o5 RMSEE Z0|= WFo =R nRAZ dfof gitt. RS 53 Aa2kd
AR} F M (grid searchS 9l maxdepth=12, minsplit=8, 1] a=0. OIO] A = 77} Lk
QAE AXJol= 2HEEOZ((AE 3-2)) O 7L CART Y E)ES Sisk(t ralmng)/‘]’ 15
HIAERE 23} RMSEZF 254,473.90] =EH 3T (T18 3-4k= CART HJ%X} g5 UF ==
Aok,

J23-4 CART %Xt 0| L2

48%e+3
100%

area < 2875

1.1e+6
24%

——area < 997 seats < 549
440e+3 813e+3 1.3e+6
30% 8% 16%
cost_op < 312e+3 wage < 311e+3 area < 5083

954e+3
7%

wage < 1.5e+6

177e+3 358e+3 6329+3 1T1e+3 869e+3 1.7e+6 1e 1.5e+6
46% 21% % % 6% 1% 6% 10%

6) FOT A22RH FFX| %0 LU2E HAS 61N LHE00F ok 2

A= S
+£ el



E3-2 | CART =24 Z{X} EtM

Top 10 minsplit maxdepth cp error
1 16 12 0.01 0.3169820
2 12 6 0.0 0.3216894
3 15 1M 0.01047189 0.3231612
4 8 4 0.01 0.3236970
5 16 1 0.0104789 0.3237405
6 13 15 0.01166318 0.3239150
7 7 8 0.01166318 0.3239332
8 14 14 0.01047189 0.3239868
9 10 10 0.01047189 0.3248563
10 8 5 0.01 0.3255435

(1% 3-519F [1" 3-61-> A4 ARt 2 W (hyperparameter)E 271 f15to] Ahs2t
Hl AR (grid searchyE ¥alE|Eo] £ol= B S4H 2RS4 (hyperparameter)

Atol9] A itk 4" FHE HolEo:

J213-5  7HX[X]7| 2&T 0i7H8H4(Pruning complexity parameter : cp)

size of tree

1 2 3 4 5 ] 7 8
| 1 1 | 1 | 1 1

10 12

08

X-val Relative Error
06

0.2
|

Inf 016 0.049 0.042 0.032 0.023 0.017 0.013

cp
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J213-6 Xl AS HETE(Cross-validated accuracy rate)

450000~

400000~

350000~

RM SE (Cross-Validation)

300000~

hed
in "

0.0 0.1 0.2 0.3 0.4
Complexity Parameter

OIR|EO 2 CARTE AREdt0] AT HIER
2 A2 ZF A (predictor)7F YLEE =
o] ofgA sHerleltt &, diE 23l gt siie F4E U 2ol € 5 Tt
= 585 AEoltt. olof Higt g2 ff3f 7 &
E—zr@rﬂ AIE [C1H3-711M AT ABHE F area(HA)0] TF=AT 78
M52 AT YR T30 7Pg 2 710k & Ao vehh 1 99 2F¥l(cost-op),
5]'“ “seats), FA] Fbooks) 52 FRE7F 1 508 w& 0= YEht: Qx|
(wage), 17Hpop), AT 7HHL(days), 7HEAIZHhours) S UF 750 A2 7oA
o= Aos Yepth 53] /A iR des =ATE L9429 eaT 2
A HEA Gths He 1Esh o] Fgtks 27 siAE:

+
r
i)
A
Mo
10
=
i

o
i

=
ok
st
£
N
R
>

-~




variable

cost_material

wage

oIt SRR PTelEe Algo] I Alo] ke Z%o] glont o
e T ofe] gueize] ulms) B Holt opARUR Tiiree-based) 2

ofolcloli B UFES 51l o159 P Biensemblerd Fdte] Fol2l

= =
A (predictor) ol HEdhe FE5HTY] ASAE W=s Zolh o2 UrE T

t} & Ao A= v 7] (bagging)(Breiman 1996a), HEHEZHAE(random forest)Breiman
2001), 182 BEAH(boosting)(Friedman 2001, 2002), ©] Al 714 WS 7HRX| 1 =A%
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2) HiZ(Bagging)

(1) A4

HEAEH A (bootstrap aggregating) T= Bl 7 (bagging)2] ole]tjol= 7hdtsich
HA 1404 & HEF-EAF Efl(bias-variance decomposition)E THA| AZs|R A}

EX,y,D [(hD(X)_?/>2]

= Ey pl(hp(X) = h(X)?]+ Ey  [(y(X) = y)*] + Ey[(h(X) — y(X))?]

sfAfstd, 71d HAE ks BARE A2, 121 ] gos e

adry

7| HE)| 2 E Q. 2} = B4+ Noise + S

I8 GAEPURE 5 i) dish o] W] S4kvariance) E= HiHbias)S
Z0jA A= HAE 2AHtest erronE £Y & Ue AREHYUR d2jF0] HSS ©
Asle AL AAAHES oot o HF F HEF(bias)2 HoHA] oL}t EXHvariance)
< £°l= o] BIZ 87 (bagging)°lTh.

FA|HoR okt th4=0] MR (Weak Law of Large Numbers)©]] 2J3] Wato] z<Ql &
%(7-4.d. random variables) x;7} mo| #HZo| w2} %XWJ%% T2 3} o|AL

1=1
Q2o Ao Hgs HA FEE proaRE F2E m9 S training I
Dy, D, ... D,,°] IRk 7PYsiAk. I8H 87t 7dioks A2 mo] AR wet
h= %Z I h& Z=8sl= Aoln, Eilyariance)S mo| 7ol wral Alekd Ao},
A= EolAlE 23 stte] Dt ojFitk= Aot o]& sfdsh| oA FEAE
W(bootstrap)S B0 thA|(replacement)s 1ol =2 =t D, D, ... D, A



A3ttt 18|31 o]F 7|Hte R Hj7] 379 X|(bagging estimator) A= Y dE(ensemble)S
oke] h} o] Holateh thuk o7 Folgt He o] WPAEensemble)o] 2 okt T
o] H2o] 7|d o= gltk= Zolth ol= A FEAE A (bootstrap) Dys Dy, ..., D,
o] Az =§o] ofd = 7] fizolth tht D= Do} 22 SEEES 7Hvkes A

SHE & ok a7y, Dy, D, .., D, = FAlvariance) £0lE Al 7MsT L2 A

w7 darelEe] A 7hdsitt. Foldl gk HolEE 7 mje] REAERY
EARHbootstrap cop)E THEIL ZF BARZO| dis] CART FalE|ES Ad¥sto] 7HAA]7]
£ ok &L 9’%13] FE 712 54 Wibase learner tree)E /3t 12 71
SEA U diEAs 9 BRI o BAEE B 2=tk 189 ko] =99
et 44440] ANEAE 7+ 71 S5 Hbase learnen)ZHES] 52| 2] Beto = 4|}
H g HEgE %"loﬂ g EX=(low bias and variance) 91&S 514 "t I8E&2
U7 (bagging) F1E|5-E TlolE|Q] ¥sjo] FsHA] 2 AEAUT 7|HHiree-based)

2ol 341—101‘1}.

T2 v (bagging = EAI7E QT BES vhEol7 ks IS SP oY A B
EAEH(bootstrap) S = HE] AJH RS2 A2 H0] SHHolA] gl HlRg 12
£ ZHA "tliree correlation). ©l= ZF U AJ/JollA HE A (predictor)7} £
AR E7] HiZott. olE FESH] gt WEL the HolA Avlistaat gk

(2) & 2t

=

oA ¥l (baggingr& A=Al S5=AIT HlolE] o] A&tk olE sl $A4 =
A2 Hole Y2 Sh5(raining) ¥} B AE(test) YF2E UseTh Sh5(training) HE>
HES Ve o ARRE I, BlAE(est) FA BP9 ALHS wshs o ARSI
ARG (predictor)E O-&5to] AESAE Folal HA| BlAE(est) HE W A8Hs
(predictor) ol H-gok= AA| BeAr =9 Blastint. Bl eHo 2= Bt AlE
HAZHroot mean squared error : RMSE)E ARSI AlA] AddoA= 2 7jo] Y& Tt
= A7RE 245l Zo] dilolnt o]gF g URE Wo| fEE dISAY] &4t

52
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A
101
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fjo
ofm
il
i
2
il
0
0
4
N
=2
Il

o

| £01E50] B g’ &S st "ok 18y olE2 AYse Al B Al
AAE BHEolUlE AP k. old e olEdhe ER EY & fle 23t
o2 Toth 1A YRS sE7he 39 ZRtle S4% 4] HAE Koot
U $7F QA 28 Fol7hd @49 7447t dofuiA] gl @4e] dekdoltt 19
Dg 53 go]E ol teiA AFE AHES oA H2 A UF A5E AsloF
St} (18 3-8k U RS 507000l 500707kA] S71A1A 2 RMSE 4E Ko
Zth oI5 "GO 100710141 20071 Afelofl ofd7tollA i darElE AR 9%
2 Wi A7t ke AS HolEn: (O™ 3-91 10090141 200 7+7HoflA RMSES]

48 HolETh

o ;2 rd

N,

J23-8 HiZ L} =712t RMSE ZA(50~5007H)

310000
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J23-9 HiZ LtR4 =71 RMSE ZtA(100~2007H)

rmse
290500 291000 291500 292000 292500 293000 293500 294000

100 120 140 160 180 200

ntree

£ AollAe 199 A v o R TAT HEAL 4= &S 913t v darelE]
A Bast U7 i85 16002 Fotglet. (19 3-1012 i grEss 53t mAfd
WAL 4= AR 3790l s S/ EE HojErh v of
A T R S B3 ER IS E T BAlo] ol ]
A AFFROl ZF U Eof] ARg sl AHs Jgto] SYstal 7 UREd] A E
Ha7]Eo] Egoba] RS0 A&7l Eol] & @ldo] UEpdtt. ozt A4t
< W (tree-correlation)]Z}alL RIth. 0|24 02 ZYAALE FAH] 4t ¢
AAEZ Hj7] WeoA YREo] AR 7t B Yol s
FAR] ZAE S5k A& AAAAHE thy 9A7E 2 Aol
TS 27 93 ¥ F st AP EFAE (random forest)O]

HofA o] HHEHAES WEA & g5 #83) & ZolH

o rlr H

il
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rfe
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-
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J33-10 HiZ 43¢ F2k
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3) 2HE! T2 AE(random forest)

(1) 274

W EHAE(random foresti= FA g UH AT A (tree correlation)E £°]1L
A ¥l 7 (baggingre F1°t W A4 Il 271 749 (randomness)ofl B8] 5714
ol B2 (randomness)l £8 WS4 T2 SKsplit-variable randomization)e Z=YgH
o} BeHS4 RS split-variable randommization)® ¥i7(bagging)& AA UEE A
gole= Bt B & wuitt AR EE £ WS AA A (predictor) H
529l (random) FEHGOIA 1 2EF ARISH= Zlolch 129, v olF= 7 U
7F F7HAQ] TRV USR] kS i o =R A (de-correlated)o] Al O]
27 2014 AT k0] T QA ek chil, B e SRS 949 A8l
OF Sl AEHse] HEUTS AL o WA e Q. TN, Raslz

H

55



HHRHAES AEA| 5T dlofe] ol A8st7] S8 4 =AT HlolH
A 5 (training) 2 BlAE(test) AFCE UseTh S5(training) FE H3= W=
= O ARSEIL, ElAE(esy H2 BP9 HYAE wdshe H ARSIt A
(predictor)E ©]-8oto] AISAE Fotal THA| ElAE(test) JE W A (predictor)
ol 8otk AA HEAF 2} B ILE Stk B $HO R B AlET HAKroot
mean squared error : RMSE)E ARESL7] & gtk gt Adgo] oA PRI AES] 21t
“*(hyperparameter)Q! mtry(Zt 2|4 AREEl= AR 753, min.node.size(Z Ut
o] BXE), numtree(HH-9] 784, sample.fraction 5-& RMSES 0|+ WJFOZ ulA|
Z78< ok etk sample.fraction S5Ol Q= e HSAE AMSSHA 2L 47
£ AR o 11 S Hoks Bl RS B9 eI AR B4(grid search)S B9
(H#3-3)2] OOB(Out-Of-Bag) RMSE 71 A9l 107]9] 224 232 ASth 00B= #
EAE(bootstrap) MET NN FEHA e BSAE, HAE(test) oA 9]

OEFES dJSole 8L U W4 FAES Yok B ASET X9 3 vy
:‘r(‘i
(o)

P

Yol 2u 7HE 7M1 WYEHAE SV EES SH5(training)Al7]
RMSE+= 171,2422 H 1 Sk (19 3-1112 AP EHAE 2SS 53 dSofA
71 A& Akl 7]ofst F8A44S HojEr), v} v R

) Wk 7 3A 7]ofste] $2490] Ald 5= ¢ & At

fr
)
T
oZ
o,
=
=

@

2
e

H3-3 | WHTHYAE TE4 AR

Top 10 mtry min.node.size  sample.fraction numtree OOB_RMSE
1 2 3 0.8 400 246,229.4

2 3 0.8 600 246,576.9

2 3 0.8 500 246,690.5



H3E | A ske2 S8t =M WEA: oE '—|

Top 10 mtry min.node.size  sample.fraction numtree OOB_RMSE
4 4 3 0.8 1000 246,916.5

5 2 3 0.8 300 246,997.6

6 2 3 0.8 700 247,033.2

7 0 3 0.8 400 2471746

8 3 3 0.8 400 2471746

9 4 3 0.8 900 247,191.3

10 2 3 0.8 800 247,313.4

d83-11 HEZYAE HdFPHS ZQL
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4) JPHCIHE EAEl(gradient boosting)

(1) A4

& At A YML) EE]E A1)} Fo] &S shH 3ol nyTt
Hi7 (bagging)o |4+ HEEH|AE(random forests)2} 2] ofe] ¥ &S F3sto] A&



(ensemble)dl= HPHo] Utk EAE(boosting S & 5 YAE(ensemble) O] St £5
ot} 13y EAH(boosting)H'HS thE FAlE(ensemble) Y H 2 v (bagging)o Lt W
HEYAE(random forests)?} 2401 Z}o]7} Qlt}. EAH (boosting)= AZ40|1 &
Z}A O E(sequentially) A2 RFES Ao gttt & FAES st dd
H2 S Al ofe] B BYL ZvikeA el BY BES 6 4aHoR
Yol Zolth S4e o mag de) 2 ojn Mo GuuEg He) 2

ARIA] & AHsl= Ao|t}

TIYAE FA"(gradient boosting) F-2AH(boosting) OFC|H o1& thaatt Zo|

st WA oFst S5 Hweak learner)2 27| AIESA S Aokl old] W2 A}
(@A AEA|et A=A] Afo]Q] Alo))E 7HA| AL st S5 AKweak learner) S SSAIA FER}
of it ASA|E RSt oA kst Ss5AKweak learnen©] 2J&] dI&H HAE 7|E

239 diEAlef F7reld IuhE EYS SHE SEAE 9 22 ol 2
o] A ARHA A 2] o5 HE=E AR olE AElshd tEt 2

et

1. glolelE oaraguel AgrinAlZItt: £ (z) =y

2 g SRR olo] YT WAE HYEOAT
hy(z) =y— F (z),

3. o|gA A M2 UFE 29 dargEe] HItt:
Fy(z)=F(z)+h (x),

4. F,9] A0 oS AAEAURE AHfinAZITt: by (z) =

5. AEE o] 99 ¢ae|Ee wditt: Fy = Fy(z)+h

6. HAUBl B WA olefet TS vk

y—Fy(x),
(@),

Ao s Tt 22 B2 A €



1 W7 HES 4715 Kol RS RS e

2 % otk I 1 Yo Aot SFjolt 7 2 Fopit
o AREQb JAsEe ARolt MO R S T712 Wske 2P o

ST} Zo] HEF 4 Ak
Fo=F _ +nh,
ne 229 2712 Yehlls 240y Bx glojy Ao s Az 3t 4 gl
ARG 50| ARE APS B AET 2 FoloF sh= ZHA(hyperparameter)
o}

vhsto Sle 2AE WA B WA AT ) AgEe Hast 1ES 2
7H} &3] AREEE 7|&(loss function) 222 HHA|lF2*HMean Squared Error : MSE)

o} H# A 22xHMean Absolute Error : MAE)7F 91tk ZExHy — y)oll TaiA] MSESH MAE
L thast o] 47t o

MSE::Z(y —

MAE:= Y ly, —y]

o] oA MSE®F MAEO] thsiA Zt2t I AE RAY wHY

o

Aggs] ek

R

JHAE RAYL HEA] FBEAT dloje] Wl Hga] s 94 EAT

|3+ S5(training ™ HIAE(test) AFOE WHrQITE S5 (training) HE>

H

< WEE ol ARSED, HAE(es) WS 2YP9| HeHS wHste o ARt
A (predicton)E °1-85o] AISAE okl T BlAE(es) HE LH A
(predictor) #}Oll H-85k= AAl BReAr et Blasioinh vl +Ho e Het Al
HAHroot mean squared error : RMSE)S ARSSICE tfgh Algdo]] QkA 1t ﬂE L
9] 24 <(hyperparameter)”?] Number of treesq(NOT), Depth of trees(DOT), Learning

F

H

o r



rate(LR), Number of minimum observation in node(NOMO), Subsampling(Sub)= RMSE
£ &0l WFOE nA|RAZ dfloF Ttk Number of treess= S 53 B2 ok
e 2P| 4, Depth of trees= 7 Tl Pol| 482 £ 35, Learning rate WA
2708t 1, Number of minimum observation in nodet= W0l Qlojof & 2|4 =4
4, Subsampling F5AY F AA AMEEl= HIEE UEHATE. RS B3 A5k
A2} EM(grid search)& S8 MAEC] 3= (B 3-4), MSEC] HisiA= (& 3-5)¢]
jBe B9 3 258 Ao

F

b

d

m>~

HE3-4 | JYCAUE HAE x4 AHXIEMY(MAE)

LR DOT NOMO Sub NOT RMSE

0.1 9 5 0.65 3829 316.4846
0.05 9 1 0.65 1847 318.3953

0.1 9 1 05 1458 318.7736
0.01 8 1 0.65 4942 319.2039
0.05 7 5 0.8 4989 319.6270
0.05 8 1 0.8 1770 319.8193
0.05 7 1 05 2914 319.8566
0.05 8 5 0.65 4926 320.4108
0.05 8 10 05 4925 320.6626
0.01 9 1 0.5 4755 320.8267

HE3-5 | JYCHE RAH =R AXIEAM(MSE)

LR DOT NOMO Sub NOT RMSE
0.01 9 10 0.5 1298 199499.2
0.01 8 10 0.5 1298 200545.8
0.05 9 5 0.5 408 200949.0
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H3E | A ske2 S8t =M WEA: oE '—|

LR DOT NOMO Sub NOT RMSE
0.1 8 15 0.65 163 201943.4
0.1 8 15 0.8 160 202009.9

0.05 8 15 0.8 167 202083.2
0.01 7 10 0.5 1298 202087.0
0.05 8 5 0.5 411 202104.3
0.05 9 15 0.65 277 202384.3
0.01 9 10 0.65 994 202691.0

HOo] A Wy o] 24 ZkS 71X 1 T AE BAYL S:5(training A7l T HIA
St A3} MAE ARE Al RMSEZF 155,544.5, MSE AR&- Al 165,379.47F H1L =Jct (18

3-12127F I HAE BARE B3 daE)E SFolAE oSA] Aol area(HZ)
A7t 7P 5840 a2 € & Sl
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b) AAEZ TJ2HC|HE HAE(extreme gradiance boost : XGboost)

(1) A4

£ FoE I TRIE $AYE BEH0R ARk el JAEY JelE
HAES AgSle] EAT R 4 oS 2P WS0] Byt JAEY Il
E Rag e 745 A9

HEAE(extreme gradiance boost : XGboost= 1t
Sk CIRCIE =9, ARSE FFs BY 9 AFEE S AY, 7 7 SHolA
AP a84de £Y & e A9 Ee RS sk 71E darElse] Bt 4
=oltt. wpebA, FAIAR A ARE thiEe A2 &35 ko AL HatakekA]l
=97} o] & A7) ke WA 2ok HAwRA(Chent Guestrin(2016))2 &715k=
Ao g ARttt oiet, 123t i 9] Adte I HAE FAYI H|I A] f-85RE

=7k gasith AR U vt Zt
1. k-fold cross validatione 7] A&7ttt
2. BE YR BE BIOJA stochastic 1T AE FAHES AYsict
3. B4Rl A B solver?t Wi o5 LalE|S2 ZAJMH:
4. 3t 9] HFE A parallel computation®] 755}tk
5. regression, classification, ranking 5 TSt B4 skrg X Y3sich
6

T2

. XGboost= 37 F5(scalable) A|AEI O 2 ASA) € Q5 BA s

A g = 3o

(2 2 20t

ol

l
;
S
inld

XGboostE A12A] T5=A Hlol8 Fgel A-8sl= A= thaat 2k 4 TAd
tlolg kS Sh5(training ¥ BlAE(test) HEO = WFUTE S5 (training) A 23
= == o] ARG, H|AE(test) FkS BP9 S Wtdh= o ARSI A
Zpredicton) S 0|83t} AZXE L5l THA] HAE(tes) A W AE¥4(predictor)
ol ti-85h= AA HHREAT et Hlwsigitk Bl o 2= et Al HAKroot mean
squared error : RMSE)S ARESITE thgl Aldjo]l 9EA] XGboostQ] X4 (hyperparameter)



H3E | A ske2 S8t =M WEA: oE '—|

Ql eta, max_depth, min_child_weight, subsample, colsample_bytree, optimal_trees 6=
RMSEE £°|= WO R HA|278E 33, optimal_trees= 3 Bt HEE 45}
+ O 29| 4 max_depthe 7 PR Yol 282 £ 3, etar= S5E(learning
rate), min_child weight+= W&ol qlojof o XA =A] 4= Subsampling< ST
% A AREERE HIEZ UEAL colsample_bytreesi= ZF U2] AJ/dollA] 88 =
2O ASTRe SPRsYl B892 Ueht kS BT 453 24 B
search/ & AR A3 (E 3-6)9 & 2245 AU

HE3-6 | XGboosting Z=Ha ZX[EfM

eta maxdepth minchildweight subsample colsample optimaltrees RMSE

0.05 9 3 0.8 0.8 107 231,073.8
0.05 9 3 0.9 0.65 106 232,329.6
0.03 9 3 0.8 0.65 170 232,475.4
0.05 9 3 0.9 0.9 95 232,587.3
0.05 9 3 1.0 0.65 121 232,807.8
0.01 9 3 0.9 0.8 438 232,829.1
0.01 9 3 0.9 0.65 458 232,830.8
0.07 9 3 0.9 0.65 77 232,845.9
0.01 9 3 0.8 0.65 429 232,862.4
0.03 8 3 0.9 0.65 162 232,910.7

9 A HA Yo xS FF2 7HA A XGboostE S5 (training)A17] 3 HIAESH 21}
RMSE7} 148791.10] BV &Ik [18 3-131& XGboosting Y& B3t dZ0]A
7}t A H<(feature)7t 522 Aile] 713t FHAE(F RS Kol H2RH o
A AHgE FaEjE TR R AISA] B0l area(AHA) W47 7MY & 3 of

o F240 AY == ¢ =+ A+

9 =

rn

SYHSE ARZOHA| R4 Follkl HIZ0| Tt FARIZ ALS
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HOY | B R BE SR wERk 0l e

of whet, vl ARt RS 99t 7 FUA AL &K overfitting) 59 2AIE
do7n A= HPo| thE Hlolg o9 A&, & Ldrtslof] A7 B7lth= ol
o, g teHregularization) Aol AltE 7ol A% 22 A€ sidske
S AlSeth

TAHOR, AY AR FA2 B i oI5 7t Aol AR A
olt}, 183l FAASH(Ordinary Least Squares : OLS)= &
AN 12t B@de) Hols Bare 1

o o

= =

< US| ke ol Ae 2480k ske 498 A whdt dlE S0,
il

rlr
Bl
o
it

»
o

<t

#8l, 92 oLs BA] el FaHe) she QA ek et A9 AmHsGeature)
3700 Ak £ 0LS BAS 245 HA3 A vl BAES 2 4 Ak
chek 3 LS whet @A) 8 o] Uele] B9 oSl R Al Foll
dols Mol Aol eigict. © A Alotol Bl HaeheA] nle) & 47t
Qick. Thet p > nQl 99 B4l Zeskl 25K A9 AgagTt B4
S0} plo] FRshA] ke A9o] 2A% A3} Hio] BYo] Unisle] a7t £L
Hpoleh 4L ofslzt hsalet. e 4ot o Tefet o] Aokl Gl the
3} e Mgk BAI% 5UT Ao LA Ik

min (SSE+ P)

o714 SSE= QAAEEHSum of Squared Errory& Eotal, P HEE & LERAct
23 Po] Aol Wt Ridge, Lasso, “LZAL Elastic net, OS] Al 714 3t
(regularized) S]HEA0] itk

(3) Ridge

Ridge A2 Alee o2l 229t 2419 sz Fofaln



min (SSE+ Aﬁ 3)

i=1

o714 A= F0i% glojg 3ol what HHR]|A] Y= Z 2 hyperparameter) 2 H|
dEl9] 27|E A4Skt A= HAE Hole Hgs o83t A S cross validation)
o= o AFH o= Aofxict. A= 00H HHt OLS wAIUS & o AU, A7F A”S
£ Hgel= AR wby B BS ol 771 A= & = ok &, ridge AR
A2 AT Sl AT J]‘(feature)”]ﬂ N Z 7PHAA = FAISHA FHet T2,
Ridge 3|42 A (feature)E ABSHA= QotA] 2F Yol Be AgHs7t
@A "ok 1EE, giek] Hloly ] A7|7F A A7t vs3AdAdel vk
W= AY AgHao] FERt0] SE5Hpet AT iAW F3I5HA] %= W Ridge
SARAE $2 gL 4 ok ot 238A] 92 B B A¥¥(eature)7t 1|

7b ot EEH LassoZl SRS AEY 4 ok

Lasso 2|84 ohx9] 243}t A2 Ao}
p
min (SSE+AY18))
j=1

Ridge@}9] 2}o] 8- 4814 0 & Ridge= L normE, Lasso= L'normE AME3ITH=
Zolet. I13H tigshs SA) 235 At AONM A7t FY(feasible
region)o] 217} ik OB R} BJ31 Lasso®] 49 Hjel, 25 BHoN AXE ol Ho]
HA| == ArgH(fearure)E0] A71= AoIH £, Lasso= 2P 9] 71413 HEC] A

T glolE el 2831 HOH °*/‘1 E}E %*@94 Aol et do] A4 l:-/‘iﬂr 131101‘51

S S5 (training) T B2 E(tes) HHOE WFSITE S (training) -2 23 vt



HM3E | SAX

A
101

|>
fjo
ofm
il
i
Rl
H
0
4
N
=2
¥

e b ARREIL, HAE(test) M BY 9| LS weshs o ARSR). A
(predictor)E ©]-&5to] AZAE Fotal THA] HIAE(test) J?J W Arg¥HZ(predictor)
ol th3oks AA HHEAF 4ot H|wskeith vl O R Het AlET HAKroot
mean squared error : RMSE)E ARERIT}. A4 @70 = RO T #7]X|(plmnet 5)=
ARgoto] At A3t AP Wt Al BAF 225,382.27F Bl E Ik Ridge®t
LassoE oA e A 53 4 A& WA FA6Ith 11 23} 63095.739
15848.930] & A7+2] &3 HloJE ol tholo] Ridge®t Lassos 913t 24 A& 242t
HusQich BaE 24 A5 7K1 dalEES A¥SE 23 Ridgew 226,180.5, Lasso
£ 229,514.97} HAE 3] RMSER 7+ B E[Qct

AP gt vlwsie] Ag a7 W2 o]f+= A 473 Ridge?} Lasso2] 7HE B3

of AU}, Ridge®} Lassoi= n < polH A ds3-4A4do] #AY A8 &
o] SEHpet TAZE 36k 2ot AHnoise) =Y W A7 Qlet 1| dA
229 B3 Flo[EFTL p << ngl Fxo|tt. IHUE HPEHPI} Ridge, Lasso’t 1
datol] & Apol7} Qs A AVfE ol Riloks AARE & & Ut

l‘llO



Hazg g

B oA TS S S SUES BO EAR B4 4 oS BYE 7519
of ASE DE AueEe W INEoRA 2u4E AT Yot de 2
R EAT EAZNE FHES 0|8 ARPNS Sste] HA 2us WY
2 FoF A TAo] B2 EAT WEA 4 ojZEgo] itk 728 wyo] ol
(G 300 71250} Stk %, EAT HEA £ o25tudt &

2 /M3 s Lzl ofE skt she EAT] £42 fYste] 2eEe 4

et Hrk

H3-7 | DM HEX} 05 2
= tree baggin i boosting xgboostin
= 99119 | forests | Gaussian Laplace g E
minsplit 16 3 10 5 3
maxdepth 12 9 9 9
nbag 160
ntree 400 1,298 3,829 107
mtry 2
_ shrinkage 0.01 0.1
x
E samsize 0.8
ES eta 0.05
lambda 1
bag.fraction 0.5 0.65
cp 0.01
Subsampling 0.8
colsample_by
trees 08
= 1
ES regression ridge lasso
o lambda
ES 63,095 15,848



M3 | A ske2 S8t =M WEX oIE

(IE 3-890 test set ©]-85t =8 A& AIE Qo6 S3oHd, JAEH
IHYAE EAE(extreme gradient boosting)®] 7F &2 o=

=24t

H3-8 | HdNIZHXHRMSE)

. random boosting
= tree baggin
CLY forests Gaussian Laplace
Root Mean 2544739 | 218,695.8 171242 165379.4 = 155544.5
Squared Error
= xgboosing regression ridge lasso
Root Mean 148,791.1 225,382 226,180 229,514
Squared Error
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HAZ | =M 2ol Fat

P

’é*'—|

H2E Xzt 2
1. 24 M=

£ AollE =7 BARARONA AlFThs 200997H 2018H=7HA] 1071
AEA W 7E TA3 HolHE F A= 1,296710]0

(E 4-1ONA distid & A&A] W 2578 75 FAIZI) visitor' & EATE Az
b 5 UEhfH, TATE A8 EA = 48R 1 oIt nolib+= TE &
S5 UEiiY Ba 1 ZAT 5 647090 pop'= T ATFE YER Y §
T4 QAT oF 327§ F0]900H, ‘books & AT A 5 YERT
A = 83,80009 W, FHAHO R ‘seats = AT Y 5 YT B 31971
FEQTh o B4 g7t EAHo]7] wiie], 1 TAe] o tigt 7EA]7E Fof
H Boltt.

i

o, X
Mo

T4-1 | JHE TA2 GO|E 7|=EAHZ

Hy Lig B HEWRL By Z|Chzk

distid XNXIF ID 11.6 75 1 25
visitor A7t HI2X 482,973.2 489,931.5 1,422 4,349,438
seats M 5 319.1 314.1 10 2,146
books M 82,836.2 87,352.5 723 532,536
pop AR QI 324,076.3 104,046.2 93,096 529,637
nolib TE M 5 6.4 29 1 13

Z:N=1,296

E 4D AAFE A= oSt 7lesATE HolEH visitore, ‘booksg,
‘seatsy, = B AT A= F 'visitor', ‘books, ‘seats & TTHZE ATt FHES 7]&dtaL
U isitorg = T A =AY FEA #E HEY, A% SEAT = 2,500,550
Tk g oItk ‘booksy, & T Ul EATE A £ HF TIRE glol S Ht A
T 434156019, AT OR seatsy = T AT 24 5 BT R HoE

75



Bt 1,65478 HEAH

HE4-2 | XxHE ZME OO 71=SAZ

Ha L& Y BEWRL EIESH Z|Hzk
visitorgu |~ ARXHIL &2 2,500,550.0  1,195,454.0 65,300 5,947,984
seatsgu PNONEEN S PN 1,654.4 800.1 34 4,242
booksgu = ARKIFIL EM 434,156.9 225,399.6 9,943 1,160,477

pop NRIFE Q1 305,039.9 99,982.2 93,096 529,637

nolib T A 5 5.2 2.5 1 13

2= N=250
2. 24 2

B QoA A A3 AS BREAT olEE Bgalo] EAT B Ao 37
< 2x5)7] stol Y EAT B9 AXPE wAT A7 B2 %fo}oq uge
R 711% EAH B#id wwb 71741:% Pl AN 2ok ow_r

2 404E 0k EA B} Aol A 1) EX S0 oA 95 i
T, THE ARASEA 5 RH S 9D 9% L EUelE v JEstus g

1) 718 =M B4 29

AEA W P AT ARE B8sto] BAR RS o2 Ak 240 ARgRL
H4: B nolibe AQIgt ©i=0] RS SRIgH A3}, w5F QAR T2 §igh Fof HE
:T,T;].E_]»o}-.E‘_ £ YeRRQITE TS B0 g 9 Hr ke AR HE o|F AR
o] 7Pk Hgg UERER s #of] disiA= A =18 Hel & Kol 285}
At

(1) log(visitor) = 3, + Bnolib +u



2

HAZ | =M 2ol Fat

P

]

(2) loglvisitor) = B nolib+a; + \, +u

(3) log(visitor) = Bynolib + Bylog(pop) +o; + N, +u

Bnolib + Bylog(pop) + Bslog(seats) + o, + X\, +u

(5) log(visitor) = Bnolib+ B,log(pop) + Bslog(books ) + c; + A, +u

( )
( )
4) log(visitor)
( )
( )

(6) loglvisitor)= 3 nolib+ @log(pop) + ﬁ3log(seats) =+ @log(books)
+o;,+ A\ t+u

(D)2 AFEFPLE OLS IHEAS At ZFolt (2= AlH('year)d A H('distid )&
71&0 2 st 1 G 7Hfixed effects) EFo|th 3)EH O)7HA]+= 7]&E 2FQI (2)of t=

AR AgHaE2] ‘pop, ‘seats’, ‘books = F7IeF HFo|tt

2) AXIFE AR 2N 05

AEA | AT D 84

ot

232 et 2ok

rlo

) log(visz’torgu) = [, + B,nolib +u

) log(visitorgu) = Bynolib+a, + X\, +u

(3) log(visitorw) = (3,nolib + @log(pop) +o;,+ A\ tu

4) log (m’sitorgu) = Bnolib + B,log(pop) + Bslog(seats gu) +a;+ N\ +u

(5) log(visitorgu) = Bnolib + B,log(pop) + Bslog (books gu) +a;+ N +u

©) 1og(visitorw) = B,nolib + B,log(pop) + B;log(seats gu) + B,log(books gu)

+o, A tu

e =AT 2 nRPIAE 2Y(1)2 ABEF 2R OLs IARAS FIt 230l
ot 2Z2)= Al year)T AY(distid )& 71 2% ?F 78 B3H(fixed effects) HFO]
ot BZPQ)FE ZFO7HE 712 23U @] e FAER] AgHaeER] pop,

‘seats’, ‘books B Z7I5t Ho|t},



B Ao 9k Holl A 47Et HlolEle} By o e BAgE AntS AAJstA} st F
BAATE B@E0] A 24, B3] 99X (significance), 184 K serial correlation),
1181 s34 (multicollinearity) 5= Z3RICE £400= RY| plm H7IAE F2 A

1) 718 =M 2 24 21

ME =AEe dos oAyt dvde tadt 2o

HE4-3 | JHE TA2 HE2Es A

Dependent varilable : log(visitor)
Q) @ (©) @ ®) 6)
-0.053* -0.007 -0.009 -0.006 -0.013 -0.010

nolib
(0.027) (0.024) (0.023) (0.022) (0.022) 0.021)
3.139%%  3.100%*  2.750% 2 .738%**

lob(pop)

(1.069) (1.058) (1.071) (1.062)
loa(seat) 0.901 % 0.581 %%
oglsea
g (0.079) (0.085)
oa(books) 0.422%%  (.411%%
O 00KS,

9 0145  (0.147)
12.847%
constant
(0.218)
Observations 1,296 1,296 1,296 1,296 1,296 1,296
R2 0.015 0.0001 0.014 0.019 0.056 0.059
Adjusted R2 0.014 -0.202 -0.187 -0.182 -0.137 -0.135
o 19.190%* (0138 7564%*  7.008%* 21316  16.828%**
F Statistic

(d=1:1294) (df=1:1,077) (df=2:1076) (df=3:1,075) (df=3:1075) (df=4:1074)
Z 900,01, *p(0.05, * p(0.1
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TE(1)2 pooled ols FHARAE RojZErt A 89 ZH-0.053)2 7ML /9] 4
10%°14 BAHCE Foulsitt. ol= ZAHo] sht F7bEH 7 Al HHEARRT %
HHOZ 516% TAske A& oulglich

Q)= A AY 1 EIHfixed effects) ZZOZ At 39 FH-0.007)2 7HA
U BAKCE |oufsitts A= fiE 2o U2t

TR APHFE A7 og(pop)E F7I5HlT. E41 21} nolib2] Alg== 1413
2 F1(-0.009y HPAL SAH LR Fou|gh Hol= ] AT log(pop)?] Al
= ¥ #G.139 7HIL 1% F25EolA AR LE FoR|sHITt log(pop)] Al
2 Tl YA 19 17t 1% SV S =AY HHEAR £7F oF 3.14%
71k oulRith

2 (4= 24 S(log(seats)”t 71 Bgo|th EAZAT} nolib(-0.006), loglpop)(3.109),
log(seats)(0.142)7F HILE|QITE. nolib®] AlG= SAXCE Fon|ehe: ghEsh= d] Aufjs}
A2t log(pop)sms T2 1%O01A], log(seats= Fla<t 10%0l4 ¥ SAZLE 9
asigict. o] B wATe] WREAR 7t Aol YRR £ QIS7E 1% S7FHA
3.109%, £ 5 1% S715H 0.142% S71ekS 2ot

2YG)r= FA Slogbooks) 7t 71 Hago|ot. 423} nolib(-0.013), log(pop)(2.75),
log(books)(0.422)7F HATE|IH. nolib?] A= BAX SR {ojnfehe Shkish= o Aufst
FO loglpoph= FFE 5%, logbookshe F2l=F 1%014 BAIZF SR Folusict.
log(pop)2] Alg g2 TAlHe] XIgE 9 Q17 1% S71oHA o A At 471
2.75% S7FoFaL log(books)d] Al 3 TEATC] A4 & 1% 589 1 EAHe] HEA}
$71 0.422% 571k QJulgith.

Y6 F4 Floglseats)t A F(logbooks)”7t F7He Eo|tt. EAZA
nolib(-0.01)2] A= 9] & Bl sty 5AA Fou)he FHEHA] Zolgly,
log(seats)(0.109)9] Al= 49 = HIL stou g SAF Fofuiehs s
B39tk log(pop)(2.738)2F log(books)(0.411)= 25 Fo] A% 2 B 319 &
FYEE 1%014] BAZHCE Fonleitt. BAXHORE Fouleh F A gk TAlTo]
AR 9 QA7 1% S7I5HH G EAT] HREAL 7 2.74% S7FokAL A

OE;"

:__1‘

N



A 2 1% =2 O =ATY HEA 7 0.41% SRR SRt

&t} FIF 45 HIAE(Honda Lagrange Multiplier Test= Al7H} X9 1714 a3}
(fixed effects)”} A 02 F9Ju|shS Ho]ZEal, Breusch-Godfrey / Wooldridge testS
55t AlY ‘M serial correlation)©] EAIX & FoJusHA| EAIgHE HojEtt. o9
w2t AlE Aserial correlation) THFE7] oA FAEZ 2 clustered standard
error} AFEElo] BH1)-O71A] B4 AP

FATEQ XK clustered standard error)@] AR AlE Al serial correlation)& T
= g 374 B9t ofyzg}t o] B4R (heteroscedasticity) = SA9] THFE 4= Ut 29
3), @), 5), 6} FEEAA (multicollinearity)°] = Aoz HIAE A7} Ut

2) MXFE TAME 2 2 2l

ot

AATE =TS ddes HEaARAT e T 2o

(Ea-4| xxime Sz Hazy 2ot

Dependent varilable : log(visitorgu)

(1 @ ©)] @ (®) 6
nolib 0.133*** 0.098** 0.095* 0.014 0.006 -0.010
0.017) (0.040) (0.040)  (0.022) (0.023) 0.017)
lob(pop) 4520 0.316 2.395%* 0.553
(3.135)  (1.257) (1.643) (1.020)
log(seatgu) 0.907#** 0.581***
(0.156) (0.213)
1.2719*** 0.719%**
log(booksgu) 0089  (0.237)
constant 13,890
0.107)
Observations 250 250 250 250 250 250
R2 0.248 0.046 0.093 0.607 0.580 0.712
Adjusted R2 0.245 -0.105 -0.055 0.541 0.509 0.662
- 81.838*** | 10.412%**  11.0256%** | 109.704*** = Q7.874*** 130.913***
F Statistic

(df=1:248) (df=1:215) (df=2:214) (df=3:213) (df=3:213) (df=4:212)
Z #p(0.01, *p(0.05, * p(0.1
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HF(1) pooled OLS S|HRAE HolEtt, A= ¥ 4H0.133)2 7ML 72 %
1%°14 SAALE Foln|sit}. o= ZAfto] sht S7EE]H s Lol A Al HEA}
7t BHHOR 14.2% 71 HojZEt),

2= A7 A9 I FEINfixed effects) ZPOZ A FO] 3H0.098)01H &
95 5%0lA BAF LR Fou|sitt. o] Al g EATO] sh 7HEH s o
A TAT HEAL 7 BFHO R 0.098% F7HHS HojE)

HFPR)2 APHSFE A4 og(pop)E F7I5HT. E4ZT} nolib2] Alg= %13
F] H0.095)2 EAL o5 10%0014 SAR LR ARSI logpop)2] Al
¥ #4.52= 7HoU TAKCE FouekE Kol SAE Sl A0E Uit

Y 4)r= FA loglseatsgw)7F 7F Egott. B2} nolib(0.014), log(pop)(0.316),
log(seatsgu)(0.901)7F HaL E|ITt. nolib®} log(pop)?] A= SAA S & Fojulghe S}
+= bl A5t 0 log(seatshi= 4= 1%014 BAH LR Femfsitt. log(seats)2] Al
e ZF 7E 7 W A 2 5 1% SEE T W 2AR A T 9 0% ST RES
Sl

HJ6)= A Slogbooksgw)7t 571 HFolet 427 nolib(0.006), log(pop)(2.395),
log(booksgu)(1.219), X7 G2 AR g5 HaL SIAH nolib} log(pop)2] AFr= A=
Fougke shEsk= ) Aufiabd oLt logbooksguy= FoIEE 1%0ll4 SAZ o2 Fojulsh
Tk logbooks)?] A= #& 2 7F 7+ W =X A 5 1% B2 7 W 24T At
°F 1.22% S7Ike omfRitt

TG A F(loglseatsgu) 2t FA Flog(booksgu))7F 371 Hgo|th E44 )
nolib(-0.01)9] A= 29 ¢k& Bl sloy A4 Fonghe SEskA] Kot
log(pop)(0.553)2] Alg= G #= Bl 5110y JA| SAA folnghE FEGHA]
STt log(seats)(0.581)2 log(books)(0.719)E E5F 9] Al 3h& Bl 519

8
M

(oY
i
morE O M

FoeE 1%014 BARHLE Fou[sit}. log(seats)?] Al g2 2 #7F 4+ W A
A4 5 1% =99 + W ZAT G2 OF 0.58% 7S skl A &

1% =2 0.72% 2718k QJu]sic},

A S0t FA 5 w0 Skt 22 2R 2 Aeof Hls] £*70.215004



0.7122 402 F7lsIqich

T EIKfixed effects)2] FAZ 5-2Jn](significance)S BIAES)7] 9fsf &} 2t
=+ 5 HAE(Honda Lagrange Multiplier Test) g ARSI, 1 At A7kt X Hof| tf
St 1 a3 fixed effects)’t BAFOZ FoJuldt A0 2 Yepdth E3F Breusch-Godfrey/
Wooldridge testE E5}0] A YAl serial correlation)S B|AERE A1} EA1F 02 §9
ujgt Ao g BAEQIL) olof upet A AlHserial correlation)yS TFE7] YoiA AR
Z 9 XHclustered standard erron)S ARESEY ZH()~O)7HA] B4 ASPsiich AR
FQ X clustered standard error)2] AR A B4 (serial correlation)e tHF+=H| &3t
AU Bt ofg} o]EAHd(heteroscedasticity) = &A0] THE 4= Ath 2d (3), (4), (5),
(6)2 =AM (multicollinearity)©] = Ao=Z HAE At ygith
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ol
1
0z

HAE F3t

35l E EAT B0 AE EAFo g 99514 kot RE oA 3t o
AR 50 F7H S T W A AR UEA o 29 ARt Y Ao
40l =
N EAT BAoAs mA o] XI5t 1] QI Z7be WA} S EAH O
FouRt A®S] B3Pt Qs Ao= Aol HIAH. L /NE =AEe] Y 5 7t
AZIHE BAZ S Fou|et WAL o= SV EASkE A os EAEL A ot 54
of IHslH EAFOCRE Fou|siA] Y2 AoT HAEIT)
vHHo] TAT A 4L ojudt B E EAHoZ Qoju]dl H _E__x} =712
et 1 248 HY Y 79 TAT £ 59 tE Ay
LS A EAFCE Foulgt sid - W TAT HEA 7} F7}0}% Aoz B

el Q7. 4 % B 2 TG o T ] A A 20
$AH 08 ol o] S, Yol HoRt Aog BAEII T /e B
oz goluldt gl gl .

T EATO] B4 S0k A 48 SIS AL A EE A Bg0] Defshe
BE 790) BAZE FOug T EAT $EA 50 F718 AAgi Teng,
EA AR A BN A 40 S71E HoRich Al EAR AR WA

71E EAT) #Y 2ot A4 42 Sk A2 Teskn @4 7 O AR 28
5ejo] 7 ol mAA) & ) Al EAT AYS Teishe Zo] SHIE Ha ke
2 e

ot EAI 5858 3% 7MsH @ Axjoido] thzy] ] oleidt AnE
BE EAT A AYARI] ulslel AL ofetE 4 otk ol Sof AlEA] Y 34
She EA A7 AIY) 49, 714 A7H) S0l 29 9 EATO] 58 e Sed
PHE QI7h g 714 AZBIEERE ALEA] 0 Q177 B71eke 9] 20 Bl
Teiste] A7 AW A FAser ¥ BaKe] U S 9k



webd] Bg A 24 NS V1 EATY £9UY 5 AuET AT EAT
AT gAIe AARA) QU 71 AT 24 ol U 5859 3% 7isA 5 X
How AME olF g AT EATC] 20 4 AAY Wast ot
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H1E 70| 29

o5 FTEATE AEAR] 715 =AY ARE SHOE T ARIHE A
S159] 7|58 ofUe}t A PAR] Y ES P15 st E=A AT E Rk
ojgiel 3 A 7|550] ol wet =119 42 A P #ol7] Rt w7 |ZANE
]l Agsoce] & Fo= AeuidatA =it 1 A3 20204 71, AESOC Are]
A7 28971 A B 16070 Ardol T3 AT B AR AT ARJo] I ARl
ok 53] 35l ok AR 737101H, SHIAY EE 2,0319] ol 253t

Floll= AESOCERE ofye} 71&E =ATe] 9o}t 9 2R Ey, AleA] Ao uE
A Al A9 5ol wet AR GAIN S5 40 AR 57T ST
olof me} APFAA A7} F5k= thati Aol dis) FAFIAR Zofl o]dsfioF sh=
AP A7R o3t B RAF 9JF] APk STkl Sl

wEbA] B/ AR dAo] Bl AT =8 500 tigt AlE et edS ol7]
QIR AEe WHE Jido] Basith S3eAT 5 WHER HRIsA = FESH
STF T B 2AE 9 AR S AS AT, 2016000 AAE TRt
e AT 4 oy, S5 eATe] B4 e B E Higt 7lel=EielS A
ok Aol e Q2019914 = $ B o= QIFAll AT S-S EATS
o7 HAFEAME Ao, FFEAT B 8 ] gt 71xAAE A
FE9 AAold.
= EATO] o] 829] EAY} 7| ATtE S AESHL vA
Al A 8K microeconometrics)?] ZZ 13 H7HProgram evaluation) HHI} Ho|g]
ToHData science) Fa Z-83t] =T 2F Al TRt 5450] o820 vA|
= FT= LB 32 0R o8 E 5T o e 8T B e Al
SHHth 27RSEATEACNA Rt Fof A B HolHE AlSstal Yo R,

[¢]

ofl M

o)

(e
re,

E
~

I
|
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ol 8319 7Aloks S ARESIo] AEAl U 35k Histe] sto g Egg
ZAP Aol 7hsdt AT HREA ¢ oS BES 7SoIoih Bt ISR A4
2= FFE BAsH] dHolH W H4Eo $245 wAsHIH:
71AISNS EaElE SR JAFE AU (decision tree), ¥l7(bagging), HE _%Ti?lﬂi\_
E(random forest), .'1311‘_401‘5 HEAE(gradient boosting), YAEH IHTAE HAE
(extreme gradiance boost : XGboost), 3]FEA & TSt 7|45k d18E5S :-_%3}04
TAT A 4 S BYS FEOIT &, 4 HYRA o)A ﬁx}a““t%
of & 2u4 IS Ao, ol 51143}04 Tyol 285k FF 2T A
T A& Bgor AgTlssith ot VIAes dalEleS AA HolE i Sk
(training) ¥} H|AE(test) FAOE o] A2 02 H5S 35HH, A5 4
28 204 AJAEY TJHTAE EAE(extreme gradient boosting)?] 7F & 9=
S Hol= Zog By ok
oY & AollAE AT 37T YA s At =AY =8 :’f—’ﬁ S o)
At 7 ARk S 28510 E42 sl o Z1Alsks Y B 834
of FF= MAE A4 HeEY AHBAE AHs] ofge Dol AThES =AY
At A ARIE S Al 94 71AsRs S B8 88 AT o o BA AAAt
= M AT 8 AAe] RS Bt A1 AR A =] eadfke L sfof
Sth= AollA F7HQl £40] 8-H
olof W} & AFolM = F7HCR TAT a9 AT 71 8l gt QA
S AR, =AT 37 dEo R Qlsto] A QA AR niAe 9F H avE 24
Soick ol SIhH WEA S8 FREAT AR S4S Uehh AEE By, B
Zﬂvr‘-’ro—roﬂfﬂ Alsdhe Aol B3t Wid AwE Z83to] 1 aTH(fixed effects)
S AgElo] BAS Satksich BHA B AL EAT B 5 Z1E
SH2 B 0] AT AT ABRIRE A E S4B B 29 A4 £E Selt
2 At @A sig 7 Wl =] 8 o] 1 AP mAIA X uf Al
AT AYS AEshof Sithe dEo] =EEIT ol He =AY AFAY ARGl
RSk | = ooy, AT AL AAEACl = ] %OC‘ SR AT EA o
% 858 &5 7IsAe AR duE EaTt e AAR:

II
ITI

il

1

A
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TEEAL o] BSNAEE At Aushs ARl 74 a5k nejsiol

3 A}ow 22 =7 ojHol G743t 1%&4 ZAjolt}. & ATolE FheAd 57
A2~EoIA Al gals FEEA B et qoles S8sjo] 21 tE Roplx &
Wl AFREIT Y VIS TS H8slo] g 24 BAL Awsiet 714

|

i GBS T} BHE BA Aolo] 1 Hel BYE TETCR HH
Ao, 7] B AN dEta o AMGE Y SR, SlARAM T t2A <
I AE Bl b 3Rt @ilo] itk &, B39 A5 Aot A okt
o] ‘,{lﬂ(Athey(ZOU) Varian(2014)).
‘q“j’]'/ﬂ FE A 05 Al BA4% F8 ¥ S8 E(importnace)E HIE
og HdyEs E%Ol'—l—’— 4T 3IFsT 8 By F5S s EeAQl iHoE St
Al A7t " asi.

E3t =57 ]'EJ‘T' SAALH L] gt 2=t Q7] diZe] & AL kel HE
T T3 SHAIENME FARE HiolE7 BT 7| ASsS B3l 579
*}F-Q-Oﬂ*x—'g AEdfE 4= Q& A0 HRlth ot A4 S7HeAis SAAIATC] 9o

T G5 dofe A3 oA F 5ol EEo] AA| HolHE ARESh=T of#Eo]
UM webA HolE HA 9 AFSIAFOIA Heh A= 0] AE/dE #ol7] {15 ko]
gQ3t Aoz HQlr}
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Public libraries nowadays are playing a role of cultural space for local communities
while still performing their traditional function of providing local people with
knowledge information through library materials. This expansion in library functions
makes a public library an axis of life. As a result, 160 of the 289 projects selected
for the SOC project in 2020 included public library and small library projects. In
particular, 73 projects among them included public libraries, and the government aid
amounted to 233.1 billion won.

Moreover, the need to remodel old and aging libraries and the demand for new
libraries in new town have increased the number of public library projects with local
governments. Therefore, the number of requests for feasibility studies under Article
37 of the Local Finance Act, which must be implemented before the investment
examination, has increased.

Therefore, it is necessary to develop an appropriate methodology to enhance the
reliability and accuracy of library demand estimation which is the core of feasibility
study. Although one can find a list of methods for demand estimation in TGuidance
for feasibility study for cultural / sports / tour investment projectsy(Local Investment
Management Center, 2016), it would be better if the list included methods specific
to public library feasibility study than otherwise. Ham Yun-ju et al.(2019) conducted
an empirical analysis of demand estimation for public libraries located in Anyang city
through a gravity model, but there is a lack of research on the estimation of demand

related to public libraries.
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This study reviewed the features imposing impacts on the library demand and the
existing method of estimating demand, and developed models that predict the demand
for public libraries through the microeconometrics (program evaluation) and the data
science. Since the National Public Library Statistics provides a vast amount of
library-related data, we have constructed a library-visitor-prediction model that can
be used for feasibility studies in the future by using machine learning methods
including XGboosting. Also, the importance of variables in data was considered
through measuring their contribution on making the prediction value.

Furthermore, this study analyzed the impact of a library provision using the number
of visitors as a measure of the impact. To this end, we used a fixed effect model
that is a method for controlling for omitted variables in panel data when the omitted
variables vary across entities but do not change over time. As a result, we concluded
that when investing in the library system of interest we should first consider increasing
the number of seats and collections of the existing libraries. Further, the construction

of a new library should be legitimate only if the capacity of the library system is short.



