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A Study on the Office Rent Estimation by the Machine Learning Methods
-Focusing on the Use of Random Forests, Artificial Neural Networks,
Support Vector Machines-
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< Abstract >

We estimate office market rent using random forests, artificial neural networks, and support
vector machines, which are commonly used in recent studies related to automatic evaluation
models. We examine each method and compare the performances based on our sample data of the
507 offices located in Seoul, and depict PD(Partial Dependence) Plots to identify the influence of
variables on predicted values. Using random forests, artificial neural networks, and support vector
machines method, we estimate office market rent determinant model based on 507 office rental
information data in Seoul. We attempt to identify the best performed model and also adopt the
Partial Dependence(PD) Plots to examine the relative impact of research variables on predicted
value. We classify the sample data into Class A, Class B, Class C, and the below Class C group. We
apply the same method for each of those group. In general, we find that the support vector
machines model performs best followed by random forests model and artificial neural networks
model. The results indicate that the rent has a positive relation with rentable/usable ratio, floor,
building age, and number of elevator. The number of parking vehicles showed the quadratic curve
on rent in the model. Our study contributes to compare and allows appraisers to have a cross
validation process with traditional valuation model against the finding from a machine learning
method on office market.

Keyword : Office Rent Model, Machine Learning Methods, Random Forests, Artificial Neural Networks, Support
Vector Machines
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3) A|2E ¥IH tAl(support vector machines,
SVM)
J3E WE] BjALe Hlo]ElE 1A (high dimension)

o] Al Z7Hfeature space)Z AMd(mapping)sto]

£|A9] oJAMA% P9 (decision boundary)E FoliUl=

dhHolct B 7dLe 19634 Vapnik and Chervonenkis
of oJslf A3 E&F7](linear classifier)2 -2 =45}

3, 19929 Boser et al.of] 9Js] H4E E@.(kemel

trick)o] A-85 vy 2R717F Qt=Qlct 1 % 1997

H Vapnik et al.o] e-27t&= &A15E 8 (e-insensitive

loss function)S =5t SVM 28-S AA|SHO 2 4

3l A9 AR Hgo] UL ALE H]
B ojde Pad 9ol o Has 9
(structural risk minimization, SRM)S F3lsto 2
W B 2Ao) A9 BT A, el Hxalg 2
2 o= Aol AR 9], 201204 AQ1E).
minimize — H w |l 2+C’Z (&+¢*)
i=1
y7_<w’z7‘,>_b§ et¢
subjectto{<w’xi>+b_y,: < et+§* (5)
&8 =0
3) & dAe oF AMEY AN 2 AREEE A|LEO0|E Fa(si
Efo| BB =
S3tt= HoM &s 22 8OI5H Sttt F7ol Ut

4) 4t 2 AN = 2Me R84S ol S84 Z20| AAFH 2
5) ZM|gH 0|42 Smola and Scholkopf(2004), Z13]& 2/(2012)&

[
= [S)re] =
MEEAZN 22702 01 1410]2] ZIOR WHA|7|= OEIH53H 340|C 0|25 ZItE CHA|

M E ¥E 04l 0FX(margin)g & tiglsh=
1o (hyperplane)s A= zdo|ct OFAlS qtﬂg}
Sh= A= A (5)2F 2ol £HHO| wet b5 F|As}s}
+ =AE UeE 4 Qo

o\

:{0 itly—fla)l<e o
ly—f(x)|—€ otherwise

37 RAIIM ALE Wef 0jAlo] £F BAA
of MEE WE] oAl CFE HE A (B T e
= 2UFS NEL F/IEUtE ol ol tsd

FazRE A5 AR Aole] 2717t e

=
AV 790 0]2 24 AFACH: Folck. 5 £
-2 e ] (e-insensitive zone)2?] {B]E UEY

A
rp-
>
o
B
-_EL

grog Fol7] sl e-Fg &= Ao
F|Oigt W2 WEA S5t s stg2 A3gsH] gt
ol 5L A Y2 el B
2(48)%, 2012), 339 &
Ol BolAl= 319 d(Runge
Ast7] el f(x) S ZTigto =
E}(Deng et al., 2012). f(x)2
woll ©Js) Aol =} wol
Fe4s f(o)E BRI,
oA e shobe TN of
S 22X 299 fATZ 54X
1 4sE t9 stk L 5|85 QXA
tigt mj'2€](penalty) & €2 2H, woll sl 274
S Rajo] WarEe} oAl 58 w0 Cjgt Edfol=
Q I(trade-off) S AXSH= L2 C7F =842 Q
A 318 st o nz waket o] YL
AL (5)ol tigt AlARS &olstA str] sk 21 ]
5% (Lagrange multiplier method)& ©]-&5}
2 9 Zx(primal problem)Al2 At 2&|(dual
problem)Al 0 2 W3tstil, Karush-Kuhn-Tucker
7<7—]g 7(-]8_6}01 _7}5]7<—13H§ E_%i}qy)). }’)(‘:.H:H T?:Kﬂoﬂ}\i
o] z|Asfol g1k 22 o} o*7} 0o] opd 72
H3&e UEAE ALE HE =2 A5y, o5 o&
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Ja) =Y, —a*) (wpw)y+b (7)
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5
=
(S}
&

& mga ze A% udY 2984
2 33T ok YAYL TAUY Ad By B2
o2 Apgsle] M2 B BUOIN NP B4 A

o, 74 &4 k 2+ AF 71'd(linear Kernel),
ttarAl 219 (polynominal Kernel), 7}-2-A]QF BFAL 7]

A &+4~(Gaussian radial basis function, RBF), 2t=

D

A "9PAF 71A&r 4 (Laplace radial basis function),
J%‘f«_}x‘ﬂé 714 (hyperbolic
ANOVA 7 5o A&

MZE HE BAloMe] 2 xRAt ¢ O, Hd
g% kolth. m3t ) &l Ao mat £7pH o=
d7dsliof Bl= 2240 FR/7F ol & Aol

Me 714 skag 71 EEAlo 2 ARRE|= RBF
148 240 A8 hheo] 07} 2942 Sk
. ofe} DjAl 2l Wa oA 2 Ajs) "o s
B ool o Aj=e) £04 ghe Ao 8PS 7
she L AR

>3

tangent Kernel),

ol

o Lo

4) Y18 ol=M ZZ(partial dependence plot,
PD plot)
WAl 2id 2 &0l 5T 292 SAshL 6
Alo] golstx] AAth= 3
box modle)C. 2 oj7AX]=0], PD

, lot2 o]2{gt =
A R &o] oA B & shuoltt. o] RH9] o
ol 574 4y ojmg #AIE 28 QA UERY
+ Y¥Y(one-way) X2 2, 1 7'g0] IFHstn] wA
ghg 3ol AlEAQl siAS 71s7 st ol &9
WAl 2id 239 ofF ZAupgto] tigh 543 &7

(feature)?] stA] &3¥Hmarginal effect)S =
QtHFriedman, 2001).

= %2/}(96571'%)) (9)

oAl 2g gES 08 2MA Yz AFg 31

ox

PD &H{partial dependence function, PD function)
= 4] (992 Bt ol o= A WS, 2= T 9o
o] ofet £ dlole] ghg ojujgict. PDREe 17

g 20 tiall BE 2)0] 24 F7Hfeature space)o]
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CE 1> WA 74 9 Ho <E 2> 7|28 - HAY
%/\Eﬁ E}-O %AA—IDq Ziii =
M —— FER WA (BE4 | BEU | oo | Hau| AR
- R
Atz | B/ | BY B YUREN | ey i
Al o | YUHEY F SAUHA ZH_-%EI QICHE(/H) | 507 | 66,191 | 22,419 | 25,000 | 146,500
SME Hl& e S| A}
&
dgs | ug | 1UEY B uswol | wEu BHBMIE) | 507 | 009 | 014 1 0 | 08
SeE O E AAste Blg | BB
HgE(H|8) | 507 | 055 | 007 | 031 0.99
dwn | W | 2 sgeE g
o oimz(m) | 507 | 11,122 | 10,118 | 3.002 | 98,959
= A = lel'%E |23k ()
T ° AE4
(3) 507 | 1802 | 823 5 123
AgBUIYZ 2
aN e | 2017 128 31277 ofal(g) | 507 | 25609 | 13013 | 1 659
Anes
ME2A|
L2474 £24717| & Hzg S4714(0)) | 507 5.58 5.14 1 36
: — i
A ) TS o= zapcya) | 507 | 266 | 389 | 5 | 4032
sapz ||| sns 353 oyl iz
Ao | g | BE=1 A0 ol=oi= | 507 | 0045 | 0208 | O 1
=L AHO| =
(1==21F)
an 2T MET 22
o] HE = =
= el % | 507 | 036 | 048 | O 1
s . _
=4 F27.57 439 i
I N R = I 2
o E o | =4
=Y H2=112 =0 8
= o
7|t 7B MR 2249| ;l oj_u"j 507 | 0.18 | 0.38 0 1
o A2=1219=0 o
7
) o 'i 507 | 021 | 041 | 0 1
A 2o tigt 7|2 EAL <& 250 AMAIE o] BN
Itk 9IA] Ui B WRx oz oF 66,19180]
P UES WAROD o ORU OHAS RECL 4 o 3o sow qrle 4R 292 A T
+dEo] ot MEE2 Fot oF 55%, AHA S H 2101 o151 sl - O = 1= R
S - ) - E3s17] Yol AA| BES 2E 71502 510 & 47
oF 11,1229, 54+ F of 185, AA2 P & A ~ _ _
[P S B 188, WHE o SFETY, UIY, FTIY, 902 st o
o] Ho LH XA 3 HE = oF 0/ 0 o] A
(S0 UEIE, A S 8 OPASKS OHA o boqan 5 6550 s ST 4Tt AwK
b mAE QES we oz selgglon] e e
oV GRS BE He2 MU BE ol 10,0008 o4, 20,0008 olstel om2g Y &
AXHS oj A7} o Nk - -
g0l AR SUAT S 3%, SHRAN AT 502 wasten & 13650 sy SR Sk
] A7} oF 9 o ol AXRS n] A7} oF
ozt o g%, ojelsaelol axiE emak b St T e e el oA &
o, 1al7 7 o) o AXRS o] A7} oF 9 _ _
Lo e L S TN AR AT AUE g 5302 wreign 5 1650l A S 4
o] 7H O k=1 ¢}
Ql o=z SholE Qi stc}, opxjeto 2 Qo] 3,000% o]Af, 5,000 O]
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34 BELSIAT A2y A2z

<E 5> 7|23AF - FHI L& <H 6 7|ZEAZ - 23 @A
AH(CHS p=A | {37 #= 2| A7F | Z|CHZF AH(C}O =AW BE 2| A7 | =|CHZF
tﬂ‘r‘o(%‘l‘l) b o oﬁ'm n‘lil‘ 5—'7‘:& }-IAHA %‘r‘o(%‘l‘l) b o oﬁ'm n‘lil‘ 5—|_A_HA Z-IAHA
oJ 2| /m
aichze/m) | 176 |61.667| 17,060 | 27,778 101(1],60 OICH2(/T) | 130 |55,014 16,309 | 25,000 | 96,429
ZAIEH|8) | 130 | 008 | 0.12 0 0.81
ZAEMHIE) | 176 | 008 | 0.14 0 0.89
HeE(H|8) | 130 | 056 | 0.07 0.4 08
HMEEMH8) | 176 | 056 | 007 0.38 0.78
HHZA(H) 130 | 3,926 | 597 | 3,002 | 4,980
AMK(H) | 176 | 7,060 | 1,441 | 5,023 | 9,999
£4(5) 130 | 134 | 343 5 20
223 176 | 1572 | 3.76 5 26
() 130 |296.91(119.38| 3 659
AA(E) 176 |26558| 120 2 530
2747144() | 130 | 2.38 | 0.44 1 4
S74714(H) | 176 | 373 | 1.07 1 7
FafOi4(M) | 130 92 47 5 480
Zafh4(0) | 176 | 166 190 34 1,832
EMHE
=MAE ASHE 130 | 0.02 | 0.12 0 1
o108 176 | 0.02 | 0.15 0 1 (1==M01 =)
(1= F)
g
St o 130 | 046 | 05 0 1
°= | 176 | 036 | 0.48 0 1 ="
4o
— "1 ;IE
e o | =4
o | =l (1"2 201 130 | 0.15 | 0.36 0 1
= 176 | 024 | 043 0 1 .
(1=| =4 sf
ot 2 | oo
o | ooz e | 010 | 039 . : x| o 130 | 022 | 041 0 1
A | A : : o)
) 7\e}
71t e | oot | o ; 1 2oy 130 | 017 | 0.38 0 1
A ' '
AAlo] Y, FRI47E Hokon, =A% Q15 onj
7 9n S3W S AEALL < 3>HE <E 650 A H[go] 22 702 eIt H Fu E3t 5
RAEo] 9k 201d 53 omAo] drjat ¥y  HEE A Yol RS HYth 2019 o5 ems
w3 oF 88,1729, BAIEL W@ oF 2%z, tfy 53 =AW 7P wWol(f 34%) FREHO| = Zlo
omao] AR W W oF 72,2249, AR = UEL, O ohg JIEREA(S} 28%), FEHA(T
B oF 9%, 2018 53 QA9 ddg o Ha 23%), AO)=HA(F 15%) =02 FHLE 0] = e
oF 61,667, BAES Wit o 8%, ¥ S eua  EUHEAW ¥ 55 enie =adol 7MY ol
o] gt Wy P ok 55014, AU Mg of (9 33%) FREO] 3l ZoR e, Eet
8%.2 LIEPCH #2 S30] =8A2 oltfg 2w} ol Tol(oF 32%) w2 =] = Zloz UEidon,
BAE 270 B2 A Yolr, 3B 5F0] F24s L HS ZIEHA( 21%) AA=UR(} 14%) 202



PR 9 202 Uert. 3018 53 enit
Zrd ool 714 Bol(F 36%) RaEo] 9k o=
UERET, 1 Che =AUS(e 24%), ZIEE (o}
21%), ofe] = H(} 19%) 202 EF]o] 9= 2O
2 Ueldth 39 53 Qmat Zduci] 71 ol
(e} 46%) £RE0] 9= 02 Lehgon], kg0
2 ofol = U(} 22%), ZIEFAA(S} 17%), =AU
(9F 15%) #02 PEso} gt o2 Yehgtt
3. A

2 Aol E AY FeAE, AF AYY, HRE
wlE] Bl 24710l ojgt AlAe) ol A B
& AHeT, 2 A DPSY S ulwatcy

2R, oAl 2ol ALgEL WA S Tzt Aol
T A9 SsEE vy Yol A3k 4 gonz
SE WAE 0 Lol Ug 2= Aist

=)
o
=
8
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N
Q
=g
O
2
ju
o
i)

a3, Eﬁéﬂ ﬂ}ﬁ%* Wﬂ% ojst7] sl JA| go]
° = dlo]g Al(train

data set)QE nyde 0_.*%@}12}. ol k7@ WA} AZ
73
=1

|
o,
T
|
i)
fin)
°
)
U
o
ol
Mr
ol
o
ol
Uy FMe
rif
fin)
°
)
o) o

k-170E stgoll AHgstal UmA] 174
% S|

0] sio] AL ghe e lole] A
A3 flo]g Al(test data set)C.2 %A ©FHo] /g

FolRg o o

£ 8 o gy of o
Boro e i oajo

X Sra1sl] Slat Hole). 458 A
RMSES} MAEZ S5t 7 218 299 4%
S 5o Aoz A 2y 730 9o} 2t oAl

o>
rf
-+

=9|9| Io|AS Q5 RMSEE 7|Z2= 2|A ZHS

>

Ni
5
[hal
od rr

o
=

1) A 29Y9] 45

HE ZAE WS 01%3}0“1 A RS =&5t
7] Y3l ntree(Lt+- 10, 20, 50, 100, 200, 300,
400, 500, 1000, 2000, 5000°.2, mtry(k= & E3F A
FAA 0 2 MBS Hao] Ti)E 15 1271H4]
Z2AstE 1, 1 Avk2 ntree?} 1,000, mtry”Zt 1191
73%-9} ntree?} 2,000, mtryZt 1291 7320l 7HF ¥t
st QAPF @2 7o Yeht & A= oY & 2
L AE 9ol 24 Bgo g MAsit
AT WS ol8sto] AR RyS EES|
ola) size(&d =t 2)2 5 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 7002 AAstP L, 1 A=
size7} 5Q1 422} size7} 6091 -0l 7P dutat
QAPF I Aog YEht £ A3 oY & BYS
A5 APY Wwe A nygor HASHA

X ILE B} 0j4lZ o] &5to] A B S =&
A5l e(e-F7= A|H9 yH])E 0.01, 0.02, 0.03,
0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4,
0.5, 0.7, 0.92, C(3]-&9 xtof tjjst H'dg =)
£ 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 322, o(RBF A
T 222)E 27(-9), 27(-8), 27(-7), ZA(—G)
27(=5), 27(-4), 27(-3), 27(-2), 2°(-1)2 =7H5I
2 Atz g0] 0.5, C71 2, o7} 27(-6)Q1 3-2-2F 50]
0.09, C7} 2, o7} 27(-6) Z-%0ll 7P d¥tst @A}
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N7} A5 B 3o] 749 sizer} 59l
54 Dgo] Aol o £L Zlo Uehion], AxE
W] o4l ) 2] HQ £0] 0.09, C7} 2, o7}
2°(-6)2) A4 Bajo] o] o & 702 Uehdrt
B 7> 24 2HE ds H
A oae | WM O3 | 45 Y3
e R,
224 | RMSE | MAE | RMSE | MAE
ntree=1.000 | ¢ 119 | 0,09335 | 0.13348 | 0.09730
, mtry=11
RF
ntree=2,000 | 1 1105 | 0,09316 | 0.13289 | 0.09689
, mtry=12
size=5 | 0.13066 | 0.10245 | 0.13416 | 0.09985
ANN
size=60 | 0.13190|0.10363 | 0.13610 | 0.10036
e0.5, =21 11971 | 0.09722 | 0.13015 | 0.09837
0=2"(-6)

SVM

e0.0% C=2.1 ) 11973 | 0.09386 | 0.12723 | 0.09577
0=2"(-6)

7 yydee HEE e ojdo AH 2ol
Hol /by S48, 1 HgoRs AY me
~E0) 54 Bgo] 450l 7 Uehton], 97
NA%el 58 Yol 49 oE Yol H4 2Ys
urhe gso] AtidoR Wojrlk 2oz Felg
Qict.

8) 2% S

=
0|

Sd(feature)z MEZ
oz gk Byo| o2

£Q& = Breiman(2001)0| #E ZAE
Of Qo] Tzt oS
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