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F-oiAlAd wsk 7hA3e] AE AAV AHE7] oJHE dE 9 3
to]t}. Gloudemans & Almy(2011)+= V)= d@EFeEo] 9 ojojA H
H2 g 22 FUrAde EA4E 2 9 g3}

852 Aot Aol oy FH T, 57 Fol

s e dE 1A Hule HAHETA &3 B s,

053 2E 5 FdHE AASAHGloudemans &  Almy, 2011,

Price = $300 Aircon+ $20 Area+ $0.5 Aircon < Area'? (2-3)

¢ Al A Price= 81714 F9, Aircon< oA &4 55 e
Y& YHuRfg, Areas DEHAS vt 9 A& HH ofoj7lo] &
At FHe A5 $3009 7HA F7HE oty AEHA S diie] w

g A AR Aee ¢ 4 A dF 5o WAel 100m
=
T

Bl e o ] EAFFoZHA $300 o]l $05 x 100 = $1269 7t
A FHo] 9l whA, 200m FE-S $300 o)<l $05 x 2007 = $2899]
| oldds & 4 Atk

7P el lo] $1269] F
7

= wule] AT AReM s FdiAAda ThA e BlAdY AAE
23571 8] v (Polynomial Term)¥  “d 3 283 (Interaction

Term)S T3 H o7 &3t = Aol

olsh ol REA AW SHE wAde AFHUA e BAR
A o, Aol 4 @ dUE A 2t wEs 2ge
o] g 4L wejst tcre] B & o,
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Test MSE

1.5

Mean Squared Error
1.0

Training MSE

0.5

I I I I
2 5 10 20

Flexibility

(2% 2-4] =&e B4} MSESe] #4)
% Z2]: James et al., 2013, p.31

Lo HolgE FHate A5 MSE 5o AAbst7|& 4
A g kA 2 ATolM e HolE T dFE ASFE AF dHoldy
2 FHA7]+= "W (Validation Dataset Approach)S 8311 o <] 9
(random split)S E3 o8¢ 70%+= =8 dolEH =, YywA 30%

A% dlelE R Agste] By 45 vk

sk

Ay 2y AT e AAY Fa3 ol o (Moore, 2006)
lolg Aok A xE Qe Aow B REA 714 A3 dEd A

FATE A HH AIC(Akaike Information Criterion) % BIC(Bayesian
Information Criterion) #< AXE &-&3 AF+Militino et al., 2004),

RMSE(Root Mean Squared Error)yYt MAE(Mean Absolute Error) B+

_36_



ol¢} FAFeH A xE AMES AT (Nguyen & Cripps, 2001; Hoshino &
Kuriyama, 2010; Wheeler et al, 2014), 8]32 COD(Coefficient Of
Dispersion)& &-&3F -+(McCluskey et al, 2000; Pace et al., 2002;
Moore, 2006) S°] 2l

4
N
)
oy,
o
N
oL
a5
ol

=) AL olyx|ut FFAik A H 7H(Assessment) S
At WY =49 3 g Folo A= BA A 7R A EE 2EH O

deS B dcH(Huang, 2002; IAAO, 2010; Gloudemans & Almy,
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rlo
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H1

1=
=

ko
i

AA = F4 714 (Estimated Price)o] dvly 2A 714 S 7H4 A vk
st=A Yetdl= 484 (Accuracy) 8.2, H 7+ (Appraisal Level) H&
& A (Efficiency)o] g} Hst7| % &t} 2471249 AN =474
A 7P o2 e AA3S(Sales Ratio, ©]8F ‘SRHZ ZH 8= Ao
o, TAAO013)= EES Fa =9 AAR7EY e Ht SRo
090 ~ 1.10 Ho] Z=A3}dol i RS =83 4= 9= Aoz T

et = e SR 1.005 Hx=E AAea Utk

=M= oy d AAVHA thv] FATEAE HE&, 5 SRo| /W Fs4tel
et 2 ko] glo] dutd HlE&s FASEA UEW = dH A (Equity)
o2 A7} #AA(Appraisal Uniformity)elet 3t71%= 3dtth. o] 23k &
AL =AHsE= A EE COD(Coefficient Of Dispersion), COV (Coefficient
Of Variation) % ofg 7bA7t glot AR &3 fasts AL
CODeol™ 1 4k2 & o3 2}
YISR—median(SR)|

[median(SR)|

COD=
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o5 Hre A9 Al Aed AR FL AR

& 3boll o] dA < FEato] dyste] AAldtE e Af AEdE B
o dFxAstolof & Aow didn

rpAlEe R ey Ry A A AHA] dvAdES HolAA

gh A gAY Fad guE ke ARE7F 9304 (Regressive) A Eelth

SRe] #&4t 7H4 el wek 2w, 53] avp FebdsS SR

= AoR Eu Wi avp

G
of Y& wj FAHIIA Aol EAst=

AT = FZ2 A (Progressive)©] <43} =
2 B W21(1994), Kochin & Parks(1982), Clapp(1990), Cesare
uddock(1998) & &o¢ 2o oFxhe] zpol= UAFF T3 2

2 4% B3 49 G4 RE setsuz starh
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e
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MV=3,(AP) e (2-7)

& AoA MV Al Z7Fx] (Market Value), APE= R & 53] A=3d

M 7FA (Assessed Price)s UEFAT FdHo] AdAzaE He| A3
T2 xdstd oS3 2o

InMV=1In8,+ 3, In(4AP)+e (2-8)

21 AdAl g, =1.0001"H FA7IAC ofF¥ HZF gle o=z

8, > 10001 714

’

ehd,

o ATolM = FAAe] A4S ARE SR Hdt R FHAFE, F
P4 AEZ CODE AT o2l B8 Hofdlx =3l 23 A
=2 ¥dsE s Axe RMSERS MAES F71%¢ ¥%4 #d
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A=A o] g FHE oA F)ve] AL BF ek el

D I JHE Ags dotste e BVl 7MEtH(Mason &

1. ©}3 3 A (Polynomial Regression) =¥

AYHARYL NAY mow et 484 Py s s

A Roldlth &, Be AgFARGe] 49 oklAY 4 (211
AP ARG S A (2-12)9 tddgdr= giAst= Aot

Yi — ﬁo +ﬁ1xi +e (2-11)

y, = By + By, + Byt + Byx + ..+ Bl +e, (2-12)

of w) ThggHel A4 di 2 oshE AHESHE o] FAbolth 3 i

4 o]4S A8 A9 dHolHE H}bd P (Over-Fitting) & 7Fs2d o] A

A, FA7d(Fitted Line) AA %= w5 =dAT Eas HolA

t}
oleg B H AL et B F 7

5
1= hEA
Atk AA =, EAAAANA dgHgel FEHF

_,d
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(Order)Ht &= 4] Aoy, A+ AWH
T X el s el A9 Fx(a single global
structure)&  FH3tE Helth, o E B 223§
Y = By + B+ Bori 6,5 AEE A oled 2329 ¢ AAVE X
el A el 2A FdskA AEdva BHe Aolv 2y A
Me X ghe sl wek Aol g %74]7} F4d4d 7hedel o =
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Jelel e fold
olEtl A AMT NRE RHSL BE odd RRd Hah= Azl

2. 4 u7}4E 2 & (Generalized Additive Model, GAM)

=0y T By + 0w+ +L,x, T (2-13)
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Y =B+ f (xi1)+~f2(xi2)+ +fp(“7z‘p)+ € (2-14)
)
=Bt Zlff(xz‘j)jL €

=, 7ol Audg ol dste] @5 fE Aatsln o] E @il
(Additive)?rt}. &= f= g ¥He= Aitd 4 =4, Natural
Spline, Smoothing Spline, = #3]7 (Local Regression), t}Ha 3]

14) 1 EOJ —oo, 0] FolME XE 232102 [0, o] Tl = XE 3aH4 o
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(Polynomial Regression)
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o] ¥ t}(Hastie et

3 83k

=
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Sum-of-Squares)
al.,, 2009, p.297).

j / fit;fdt; (2-15)
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el
&3ty 2 ¢ gloh wEbd GAMS 2y 2E ) A sk M
o] T3+ Axof dlFE T B 4 t(James et al., 2013, p.286).

3. Ed7]¥t 28 (Tree-based Methods)

E7INE By2 FH 2o AddE Aoz A Qo Morgan &
Sonquist(1963)7}4]  A<e L7y, ®Hu A EA48H2 ¢ H2&
Breiman et al.(1984) ¥ Quinlan(1993)9 4 Ztolk 4= 9t} EF 7Nk 1
&S " 23 o]3to A A MARS(Multivariate Adaptive Regression
Splines), SVM(Support Vector Machine) %<& R5 7| A gty oo A
AAE W EILE ol WHEL AEHQA AFIARF Y G, Y
T Yo It FTEHHFet AW 1] b
2 s

FIE ARl A glo] HelH =

rO

A
—
hvi |
=

TEHEHTIE AE5PY A5 HeHE EUIRE RS IAED B
& (Regression Tree Model)o]2tal tt}, 3| A ED EES AwW 7
(Predictor Space ¥+= Feature Space)S #&3l+= Ao = HE A ZFght}

% AWASE X, X, o X, 2 ]9 A (Region) Ry, Ry oy B2 AR A

AA A FERG ggow R Ade] &ate #EA deiHE R
Ao BFA Bk

&l
S dSFAR AAGA A R A vt 2
Zb2} A # ¥H(Residual Sum of Squares, RSS)o] H A7) HEE

(o3} 2] 2-16914 2-19% James et al.(2013) pp.306-309° 4] 2A-&).



Ao Fre &
R (j,s)={XIX, < s} and R,(j, s)= {XIX, = s} (2-17)

0o Ae Hzrstehs | 9 2 B "o

—

E (Uz - le>2

i xleR](77S)

(2-18)

_|_
_
=
<
5
o

1

ol

RSS @& Hastas 7Fow 2% T4T 4% AL Hoy
g 7bsAol ol olsh 2e AL s sld B4 2
Ag 9 Fa, Y =29 AAE AZEN(C Pruning Tree') 473
Wrel Eul® A4l @k Ede 7R Fol: JES BE 42
Hastehs Aol

|7]
2:] E ( vy ) ol (2-19)

91 AeA [T E” T 7FA|(Terminal Node) %, R,< mWA
7HA el Yt £8AY9s guEdt. o= % 3P EH(Tuning
Parameter) 24 a=0%1 4% ofFd #LE7} glon=z Hyg E7} 5
H, o7t AZFE Ef qfEe Folu. a2 uA BHEAE HE

(Cross-Validation)o]v} AZ A& (Test Data)d] 23 5& =3 A3}

ANE F3et= SFE HE(Ensemble Approach)S #H3 45 &4
2y AsY MAS 7HAe7IE . oy I EYe AHRE T
A8 HZoE= Bagging, Random Forest, Boosting 5 °©] $.th.

olgl st e A2 EF 7Wk Byl ofd tE EFo| dEiA %
AL F o EF 7Hk By 53] A5 &g&HEn. 1 olf+ &
AE HAES VI By Eo] AYe Fo At & AS MY 2 4T
o] XS 7FAE 4 A7) wiEo]th(Kuhn & Johnson, 2013, p.390)
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%9,
i 2

stite]l @ Eg o 7| %3 oS A= b Ado] "otk 4] b
ool dia] tAl st E RS ALT A5, 1 A= A 4
Fob v Aol = Ak = dSA 9 EAke]l H2 Holth oY% &
AE sidst7] S8l delH=5H 45 HolHE Y FE5td, =
E~E W (Bootstrap)S 53 B/R2 dlolE F 3 (Dataset)S 2H 33, B
Mol FAEY AFRE A4 AT F mpAHo R olE Hifsto] HF
A5 AT 5 Avh o2l d WHS Baggingeletil st ofget
2 FAo2 xdT + At (James et al., 2013, p.316).

B ~
by @) Ef (2-20)

WY Random Forest= Bagging® FASHAIRE 3AED =¥ 74
Al dlolgell E3tE p/ie] AHWST BRFE S8shA] ¥ A5 &g
ahi= kol ol 3t 5 Bagging< p/Hel AWWe RFE Fdste] A
¥ EdE A=Y W, Random Forest= m/H(m<p)e AW WHFE
st Vi EYE AT S48t AWH pEY A2 AW
TE AbEste Aol A3 B Aol whele A o= Holu, pHTh
&

4L mje] AYEEs AEToZR(EY m~Vp) HE ET ke A
7 (Correlation)S Al A AY ¢hste *’F ?l“i ool At wEbA
Random Forests &3 B2 3HAEF
=39l BALS BaggingE.th o] E A %‘ﬂr
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nZ w0 2 Boostings Bagging 2 Random Forestst €3 HFEX

Eqe] 7]2d o2 o] HYA AE 2E BEA g gl Hx
o AuelEl s Aseel SAHUA SaE asdow A9 Gar %
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Boosting Machine ¢ i12] % (Friedman, 2001)S &-8&3lo] A=
Ae v B duElFS s AwWstd o Zo(olsl 4o ¥xd

< Friedman(2001)S wskc}),

A drdntor AR 27 BdS vhEd 2ol 3

Fiy(x)=argmin_ ), L(y ) (2-21)

i=1
9 AelA = AYRHS, yu TEEFE YEIY Ly, Fao) s V2
7}s gt —’E’é%—?(LOSS Function)& <] v| gttt %-‘Zi oz &} o]

o, L

Bate] 7.

(2-22)

9o} ol ALt fAREAbel] s 71 5% (Base Learner) hy,(x)

1=
g APd F, g 2L 1 A pHAL Fol 4, & A

Vo = argminVZL(yi, E, o (z;)+h, () (2-23)
i=1

Ef By FE54 7bE FA Eofod A gits) g =
Feldman & Gross(2005)7} %2 Ed R3S olg HFA HHU=
gk AF EolP &S d=3FH L, o]F Fan et al.(2006)°] @<L Ed]

2ge olgste] A7E FEAL 4% v 9

o
SER-iN= g W}F/}/ﬂ oy 7 ETE A GFE A2 4 A7 B
o} w7t 9de Aolt}l. Kagie & Wezel(2007)°] Boostings ©]-8 3}
Hada=s Fa714S F489 3, 7H4 F o= Lasota et al.(2011)9]
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4. MARS(Multivariate Adaptive Regression Splines)
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ol¢} #2 MARS+ 4l8&5w9 F4(Lee et al, 2006), Ak &E°
o Z(De Andrés et al., 2011) & Y4 A3 HokolA A& Ald=
o BEA 7A FA BofoA FEH o E Sl Ao Bl

()]
=

5. SVM(Support Vector Machines)

SVMZ olrAl &7y el AdAHH &7 (Classification)®] A&
237 8l 1990 d el AAE (Vapnik, 1996) 7| Algts digls =
o] stvfoltt. 79 FAVE ofd AEHYH FHERFY oS0 AL A
% ®H L2 Support Vector Regression(SVR)o. 2 AH3F}7] %= st} A543
TE/MF SVME Aot dFole ozl EHHTFo] SVME 483
= A5 O Mdely =8 & s Y3t (Hyper-Plane, Maximal Margin
=)19),

AYIANELE flo)=2"8+8,°04 = FAHs7] el SVME th2-9
2l (2-27)S HAastslH, olwe V= 2 (2-28)3 o] Ao ti(Hastie
et al.,, 2009, p.434).

H(p, ,)= EV(u, fle)+ %u 1k 2-27)

V()= {0 I<e (9-28)

2 o= olv] 2 M (’e-insensitive error’),
7Y FAE BT SVME =89 AR SHo] dth ohA] EE
7 Al A (Decision Boundary) o7 SulzA BEE dolEHu
g de "ol ol = 47—%§]r ARG ol A A = A
AE5Y FEHEHFE UF= SVMol A= 2x7F 22 HolH

AN FAET AE cegwﬂ Ay w5z v
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9) AFA3F AFEFS James et al.(2013) Chapter 9, Hastie et al.(2009) Chapter 12 %
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A nlzb 7% (Cross—Validation) &3] Ak % o}

4 @2-2ne #5 BHE Axsels @ 49§ fo)e ded 2
(Hastie et al., 2009, p.435).

p= i (OA‘: - &i)xi (2-29)

~ N ~ 5 N R
f(LU): Z(al —Oéi)<l‘, xt>+60 (2-30)

6o e e wAE AYNEA A9, Quadratic

o
Programming) 2. 2 & 2=t} (Burges, 1998).

subject to 0 < a, a;, < 1/\ (2-31)
N
(a:—ai): 0,
i=1
aa: =0

glek e AfA oz 3 (a,—&i) Z olxule] Qo] oyl & 7

9 29l & (Solution)= W& (Inner Product) {(z,z,)& S| Aid A
W gholl wep depxivh B4 AR ofye}t v A A BAE X
zZet7] el WS Fo 2AAZ Ad(Kernel) 45 E8sted, &

1 2ole AEY FHH+= v Zth(Basak & Patranabis, 2007,
Kavousi-Fard, 2014 &).

of

Polynomial: k(z,z")= 1+ <{z,z'))? (2-32)
Radial Basis:k(z, 2)=exp(—~ | z— 2" I 2) (2-33)
Neural Network: k(z,2")= tanh(k, {z,z’ )+ k,) (2-34)
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SVM2 &9 §3d &3t 7|Ags dagso= AF3|AR
3], Naive Bayes s34 €8 BE #ZX7F HA3s A J&gFS T4
= Fer o4 Wl AAM ke BEA S A S5shr] o #F
A Rko]l HA st HAo| FFES wHThE 5ol Atk I ET|NE B
Y T o vAy 2P B AL AZEojy Holy 3 w2
of wel L Ad gho]l EQHAEEV|= JHH, ol REel AAH HAp
(Global Minimum)e] o} X% #Agk(Local Minima)dll +H& 7}s
dol S 9mdt bl SVM-2 o] s FA7F vud g Aoz
a4 9t (Byvatov et al., 2003).

SVMe] Hz= 7 - AAIE HE Q1A o 9o &§& AldlE v
g (Cui & Curry, 2005)°]4 4429 &(Guyon et al., 2002) EoFoll Al 4 Al
grold 4 otk SHAWE FEAb Eofdl A= EX I E(HHpiE)e] 4
(Walton, 2008) ¢dl&= Zrolx 7] 3= Holt} o= SVMo| Hluw A
(1990t o] 5 )ofl AAIH A &go] 4o HFY FTHAT J5H
A7 W] ASE Foldn
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BTl 4= A | EE2AF | t-value | p-value | 7ITHF
4=} 1.56 0.22 6.94 0.00
A+ A o -0.02 011 | -0.14 0.89
R EE -0.40 013| -295 0.00
svxd | #YAY -0.37 004 | -895 000 | =A%
R -0.44 010 | -4.26 0.00
PARE R -0.56 013 | -4.26 0.00
= -0.04 021 | -0.20 0.84
T2 A = -0.07 021 -0.32 0.75 TE
R -0.05 021| -023 0.82
P k9 -0.04 003] -130 0.19 ek
FE RS -0.02 000| -6.13 0.00
FE 0.00 0.00 498 0.00
A% WA 0.00 0.00 5.85 0.00
EA] dA 0.00 0.00 3.34 0.00
7V B} % -0.38 011| -355 0.00
Bz -0.46 009 | -502 0.00
ARtz | 2% -0.66 009 | -751 0.00 | Ao=a8E
ol ol x -0.53 007 | -712 0.00
ERE 2 -0.63 018 | -3.44 0.00
« AFAS7 1A A
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A3 A RS 599 4§

1. 497142 8 (Generalized Additive Model)

=
A& WMo (Linear Term)E9 3 52 OLS ZAZ¥3¢ FASHY AE+=
AiAdFo AE AW, Uit AHAFe EXHE npxwo g
.
=

& Ay gvto] B AE WS (Non-linear Term)® 5 5 1 Tth29),

[3 3-14] A=A A7 GAM 2¥

AT A4 | 724 | t-value | p-value | 7I=®F
Ry 6.67 272 245 0.01
A | 5AHY -4.10 271 -1.51 0.13 TFAAY
AR -2.36 244 -0.97 0.33
T244 A= -2.22 231 -0.96 0.34 =2
M 25 -2.54 2.95 -0.86 0.39
19 wFak 9 -0.07 0.72 -0.10 0.92 ak
EX HA 0.07 0.00 16.96 0.00
AETZ ootz -2.64 1.19 -2.23 0.03 | a8 e
P e 7] ¢} -3.82 2.95 -1.29 0.20 =k
A | AAA 8.08 2.49 3.25 000 _ .
ey | F3A 498 | 124| 4o01| ooo| /1A
H| A& W< (smooth terms)
AT F4 A= (estimated d.f) F-value p-value
7d 2k A 441 5.09 0.00
AE A 337 3.28 001
29) Awwsd vAyg sk, & 7144 (Basis Function)© Cubic Regression
Splines At&&tiow, Ao A9 EXHAL Fe7tAR Ayd 7prke #
A7 e Aor AEHo(F4 AF% 235 Ad WFER BRI nslA
2 g4 49 1E dude A8 Wa(FAE AFE 4202 A s Aol
g AAS Aoz FAHAY. dde] A EAUAGEFA AFE 097) 2 A
E AWAH(FA AFE 158) EF AP AHEsts o] B A o
2 I o



[% 3-15] d5A 9214 GAM =¥

Al gl <= A | E£2AF | t-value | p-value | 7R
Aeeat 0.62 0.10 5.90 0.00
Ao -0.04 0.07 -0.49 0.63
e | FEAY 2040 009 | -4.60 0.00 | . 1o
&A% e 20.40 012| 327 000 | A4
EERE 2095 023 | -405 0.00
EE) 021 012 176 0.08
= -0.05 007 | -069 0.49
q =
i R T 2013 007 | -185 006| =
PR 014 007 | -2.00 0.05
9 TGk 9 -0.02 0.03 -0.74 0.46 ak
ANE | A 0.01 0.05 023 0.82 J A
RECEE 0.01 000 | 2965 0.00
7 e = 2036 013 | -2.82 0.00
53 0.18 0.10 177 008 | _
1ETZE : doEAEE
d=7 EXEa 018 010| 180 007 | o=
A o= 0.17 0.07 236 0.02
Ao | FAA 042 011 3.89 0.00
o =4 ) 0.16 0.05 3.09 000 | FAA)
57 e A ) 011 012| -094 035
20124 0.14 0.04 397 0.00
A dw | 20139 0.07 0.04 178 008 | 20114
20144 0.09 0.05 1.88 0.06
T+ | 2% | -018 015 | -117 024 | JF7e%
H| A& W< (smooth terms)
Ay 4 FA A= (estimated d.f) F-value p-value
A 8.59 59.84 0.00
EA A 813 22.75 0.00
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2. 99 ¥ g 2E(Random Forest)

3|FIEY L007ME AAdste] WY FY2EES A LI Ay [1H
3-813% Zo. [¥ 3-8]9 52 I|AET g AP ES HoAF=
Aoz FAF9 Errores Ao HS Yepith 37 Ao 2%
2007 E¥] o]FZRE = UAI Error FOE FHI Ao Holw uwf
ZhAl 5007 E7] Ao 7|Nkek FEo FE7t gle Aos Audr

[19 3-8]¢] 52 9y X 2EE T gy Aynge Fa %
E HolFt [19 3-8] 50 AANE F 7FA AF300] wEw A
T EXWAA (Jarea), BATE AE AW (bparea)e] 7HE T L3 W
de & F AUk AT T OOFA AR AR Aol g, & A
(zone) B A& AW A (barea)o] FHA oz Fa3 MFdS F2E
At

30) %IncMSEgtx. E7]¥ #F=2 MSE(Mean Squared Error), IncNodePurity 2}
¥71" %=L Node Impuritye] #4 AX[od7]o] A= RSS(Residual Sum of
Squares)?] #a AZ]E 7|53 WA ToAAS HoFh
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9 o
qul @A FREAT, AdTe OLS 2aT fAHS
[e)

[ 3-22] MARS A%

j T 3 SR | 95 SR | RMSE MAE COD
=i

74 | BY ey 1.07 1.05 541 4.23 20.67
;Tt 3 dHolH 1.12 1.06 5.22 4.12 23.07
g | 2% dHeolH 1.20 1.06 0.50 0.36 34.79
?L A3 HolH 1.17 1.05 0.55 0.35 32.74
g | =¥ dlely 1.70 118 0.28 0.20 79.37
1—% A% dlolH 1.90 1.27 0.40 0.24 87.54

5. SVM(Support Vector Machine)

SVM= i+ (Classification) ] ##1& oF7] &l 1990 tioll A A
(Vapnik, 1996) 7] Algtsy LdarglSo) A vk A%d FEE2WHFo oo x
TdA A8T F vk & dFdA = SVM 2 o
etrHE A &3k

[ 3-23] SVM 23 A

T 2T 4 o
SVM Type e-regression34) €-regression e-regression
Kernel Function Radial Basis Radial Basis Linear
Cost Parameter 2.35 17.5 6.25
# of Support Vectors 251 912 350

34) 945d FEWMFE UF Regression #FolA £3] AREHE= SVME €
-regression¥} v-regression®|t}. F+ 7FA 39 SVM #dE IHHHE €
T vE AESe AR Aolvt vk Ak di R ARG HolojA o gt
T8 SVMS AREstA=A= 28 F83% ARQbo]l ol AAIE AREFE
Chang & Lin(2001) #=.

=
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A $+4=2] 9 Linear, Polynomial ¥ Radial BasisE =5 % &3}
, By Aol 7MY s vevde AdETE A9E=E 7H7t

Il
Agstac. &5 A 2 925+ Radial Basis, 3
Einy

o
& Agehe glo] vy ARE SHelA 4 S,

M4 F83 cost M HE teH 2 A Z2A A (pseudo RY)
ol HAdizh 2 wje o= HASITH(Smola & Scholkopf, 2004;
Rakotomalala, 2005).

o

RS
pseudo R*=1— ~—model (3-2)

RS"S;L ull — E (yz o gtmin)Q (3_3)

S
Il
—

23 deoly 5SS Ht gk (Mean) 9]
[e)

A A= vk dolHel whek FEE
o] A= AL B2 #FAS MEE WE(Support Vector)®= ¥ g
cost ko] A= AL AxE 9

=
Hel dag s BBA7 4o ofn e,
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o T RMSE MAE COD
OLS 5.83—5.11 (w¥) 452—3.82 (¥) | 28.41—27.01 (W)
GAM 5.58—4.72 (W) 4.43—357 (W) | 27.02—21.68 (W)
ﬁ Random Forest | 5.50—4.92 (W) 4.15—358 (W) | 28.19—26.99 (W)
:?L Boosting 5.39—4.84 (w¥) 4.17—-360 (¥) | 27.24—25.13 (W)
MARS 5.22—4.87 (VW) 4.12—3.72 (w) | 23.07—21.55 (W)
SVM 5.41—4.95 (¥) 4.19—3.60 (w) | 29.77—25.17 (W)
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[ 5-1] A F4

GAM RF Boosting MARS SVM
GAM 1.00
RF 0.91 1.00
Boosting 0.94 0.95 1.00
MARS 0.97 0.92 0.95 1.00
SVM 0.95 0.95 0.97 0.97 1.00
@ A% "9AF
GAM RF Boosting MARS SVM
GAM 1.00
RF 0.98 1.00
Boosting 0.97 0.99 1.00
MARS 0.98 0.98 0.99 1.00
SVM 0.95 0.98 0.98 0.97 1.00
® A e
GAM RF Boosting MARS SVM
GAM 1.00
RF 0.93 1.00
Boosting 0.93 0.94 1.00
MARS 0.87 0.85 0.93 1.00
SVM 0.94 0.91 0.85 0.84 1.00
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Abstract
Estimating single-family house prices using
non-parametric spatial models and an ensemble

leaming approach

Lee, Changro
Department of Geography, The Graduate School

Seoul National University

Estimation models of property price are being used in a variety of fields
due to increasing openness and availability of property data. For example,
they are employed for asset portfolio, estimation of collateral value,
feasibility analysis of a proposed property development, etc. In particular,
property assessment is one of the important application areas in that its

impact is spread over the whole taxpayers.

Property assessment in S. Korea, however, has been blamed for low price
level and poor price equitability from the past. The reason for this blame
lies in the fact that assessment process, that is, the price estimation models
are not appropriate, though tax payers' appeals and other political factors
contributed also to this problem. This study was initiated from an effort to

investigate more precise methodology for price prediction.

In quantitative social science studies, explanatory modeling was main trend
and explanatory power was considered to be identical to predictive power,
which is not true. This study attempts to construct predictive models

focusing on predictive accuracy of new observations.

Most traditional models such as a linear regression belong to parametric
approach and 1impose rigid assumptions including independence of

explanatory variables, normality of data, and linear functional form.
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Predictive models have been developed in machine learning field, which do
not impose the unrealistic assumptions above. Most of these models belong

to non-parametric approach.

This study tries to expand prediction methodology from parametric models
to non-parametric ones. In addition, we try to introduce the concept of
ensemble learning while determining final estimate of property price. Lastly,
we intend to predict house prices in case study areas and compare them

with actual sales prices and assessed ones.

Actual sales data between 2011 and 2014 were used in the study. Study
areas were chosen as followings to represent a large city, a middle-sized
city and a rural area respectively: Gangnam-gu in Seoul, Dukjin-gu in
Jeonju, and Haenam-gun in Jeonnam. Then non-parametric models are
applied to the dataset sequentially, and the main findings are as followings:
First, newly developed models such as MARS(multivariate adaptive
regression splines) or SVM(support vector machine) show excellent
performance of prediction, and thus active application of these algorithms
seems to be urgent. Second, house prices in rural area were found to be

more hard to predict because of heterogeneity in rural house groups.

This study also proposed local diagnostic approach for model performance.
This local approach can identify at which parts a model performs poorly or
competently. The result from the case study reveals that houses with land
size being far below or much above average size are difficult to predict.
This implies that house data should be stratified based on land area before

going to main analysis.

All the non-parametric models utilized so far do not take into account
spatial dependence, an essential feature of spatial data. Thus, this study
incorporates spatial dependence into model specification through the use of a

scale parameter in SVM, and a spatially lagged variable, WY.

An ensemble averaging technique was used to decide a final estimate of
price. The ensemble averaging was implemented through the use of a neural

network model. The result shows that the ensemble averaging performs more
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and more accurately as it predicts from in large city to rural area. The
price estimates from individual models are more diverse in rural area than
those in large city, and this leads to excellent performance of prediction in

the rural area.

Finally, the ensemble averaging was compared with current assessed price,
and the result shows that the ensemble averaging was more consistent with
actual sales price than assessed price in terms of price distribution and
spatial pattern. However, the quality of assessed price should be interpreted
with due care because the deficiency of assessed price can be attributed to

various assessment procedures including field survey and tax payers' appeals.

keywords : machine leaming, non-parametric model, spatial dependence,
ensemble leaming, assessed price
Student Number : 2012-30841
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