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Pattern Analysis of Apartment Price Using Self-Organization Map
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Abstract With increasing interest in key areas of the 4th industrial revolution such as artificial
intelligence, deep learning and big data, scientific approaches have developed in order to overcome
the limitations of traditional decision-making methodologies. These scientific techniques are
mainly used to predict the direction of financial products. In this study, the factors of apartment
prices, which are of high social interest, were analyzed through SOM. For this analysis, we extracted
the real prices of the apartments and selected a total of 16 input variables that would affect these
prices. The data period was set from 1986 to 2021. As a result of examining the characteristics of
the variables during the rising and faltering periods of the apartment prices, it was found that the
statistical tendencies of the input variables of the rising and the faltering periods were clearly
distinguishable. I hope this study will help us analyze the status of the real estate market and study
future predictions through image learning.
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1. A

HEA 7HA L v] {57 Apatol ARt 3H3A R RpAE
OF Rt A FofAEo] EA sl Eokelth. E3]
oAb B2 9 s g@ishs AR 718 183
AFE A% A4 52 A= T2 oJSRHAE 23 A
Zofgith. o] Al HolApEolA S84 R EAfct=
QA Ale FEAt 1A d% oot 4 W
A&tz Aolzt & 4= Q= o= gA HET 5 fi=
wAo]7] W&ol ATHo]1 ]l wet 71Eo0] 2ol
Hot F8sith oty FAE 79 712y &5
sdstr] gt 712490 84 F shr] wizo] A
Ao gk R AW FoH Fas5cH1].

FHZ 421 Akfo] HIstHA Hefd(deep learning)at
013 A %5(artificial intelligence)d 71&S #8234
AAE 712 9] WY & st AtEl7E Eolval Stk
& AgAol1 Aol HHES A Ko 5 A
stal ApFog A EAIE 2T 4= ik o=
AEH O R 55 sl AREEE AHAEA], VAR(vector
autoregressive model) 53 FL WHAlo] thEd|
olgigt A5 WAL thEFAd(multicollinearity)
4 257 W tist H2{(noise) 22 5] o= 435
SAE st ITH2). FE AT FokllAE 714
St (machine learning)¥ ®o|olE|(big data) 5=
&) TRt AlAIL] tigt oS 7T EdotA X%
skal gk 2 T2 Z4Abof| tigh oS At TlolH
o gt ol &gt aF At AlAE S dl&she
A7 S AP Ql=T FEdL 719 AF
A&2E SVM(support vector machine)& &8 37}
ol Sstar SJAke] WA 7R ek AT AR Q1A
FA5HTH3]. AR AM 7|9EY HlElolEE
71A15Hs 2go) A& ETF(exchange traded fund)
9 744 WFYE dEstl=t ol A &0l Hls|
S48 A Hole AL & 4 A4l T4F2
ZF7F &S A8 LSTM(Long Short Term Memory)
239 I dlE 7S FHA908ke BLSTM 232
AQrstar AAIA Haet 7 71919 wA[A WSE A
SRSl &3l stolEgE mAlEd(machine
learning)& o185l AT R|4=0] WRFGE A&s3l=t
&5t st 247 60% od9] dlSEE Kol glom
A Hdo] HsfA HF oF 5~10% o9 7HA<E
HalTHol.

-

i (T

a4 B AAE S BRE =S AR
vl g 7ASEY RS2 Y 714 24 EA
Agoto] v A=Y thEIHEA H|5iA
SVM, RF(random forest), GBRT(gradient boosting
regression tree) 12|11 DNN(deep neural networks)
9] o& Aol $ot%ial 11 FollA GBRTZF 7H8
d&go] =JYTH7l. FAoK=  GARCH(generalized
autoregressive conditional heteroskedasticity) =&}
d2dS ol&sl =Y ALY 7HAE St An
g9 49 MSESF RMSEZF 42} oF 38.03 6.1&
UEREY GARCH 289 ¢ 247t @ 4287 652
9999 d&go] § 3t A & & AAHIBL
oA P2 T8 7HA0l e = F 12719 A HSE
ol 3 Al Y (artificial neural network)d ¥ WF
(input data)& A4t} HgE AAtL & AP
SkQith 1 Zat AX A W] 99} H|A|A W HE
oF 90% A&9] d&gs EATHOL

1 4o 9] =E-& EH Cao et al= A 47}
AFTAFTS ol &34 529 F7F AAE dS
3 Aot 7149 AZIS 9 AEIIH oj] A7}
ZH HEZ FAHSE AHosiqit. 1 23 oY

=

AFTAIFT ZFo] T AFAFT 2ol HlshAl
A& 450l FRAH10I. Jirong er al2 F-54F 714

9] AI&Z fIsl 71AeE 25 st SVMel {44t
&8 Z(genetic algorithm)S &85l G-SVMZ
ARkt A} 719 SVMo]| HlsiA] &-55HA S 27t
S o] A HEHAQl 7RSS AME AIAIE Y
ol HFG clEol FLE AL =t v f5H
FEAE 7HA ] iRt A A0 Tt At ol
H|g] Ax3t Holr}, wabA 2 AtoAs SAEF
(clustering) 7§ o]-&dl| g2 olE 714 A5
7371 =% 7l stoll 71 8 e ot 7 i EE
[9050] Ze= SAA HFE FFHE EAstaA
gtk HEo] BAA EAS g4 misb] flof Hese
Hlo|HE HAlY AERE HATOEHN ol tigt AHgE
Eol= WS Ajsit

2 =29 LS g A 280 M = & A9
AFEZ] tisf] 7|&stal 3ol = ST AE TGS flet
2 Hpo] oA Amggitt. T3 4804 A A
4 A3l B4 781 o7 5FME AES AA|
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H
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Fig. 1. Real Apartment Price Index

A ot 744 A A(1)3} o] 2 27 Ao
Aol folge OME 7V A4e] L olge
A7fetel Atk A(1)9) d(CP) 27k A%9] 9
498, d(AP)E oBtE 7Hd 449 4¥ 49

I3 AP, = A4 olE 714 A4E uigit
(d(CP)—d(AP))*AP,_,+AP,_, 1)

OMEA AA 7HAE AEsHE 9L ek
2 d1t ZYAHYL 4 olnE slA9 EFE
(trend>e RA3HE Zlo] F1 BHo]y] thid] 2t

o W 4018 A7 HAE o §ATHI2)

2.2 K7 |=RISHK| =
7| 22| = (Self Organizing Map; ©13F SOM)=
g S AMSSE AT stUE A ohs 23S
7Idto 2 3t H|A = Sh&(unsupervised learning)oll
&£31cH13]. SOM2 948 Z(input layer), 3% &
(competition layer) 183 &3 Z(output layer)©]
Fet A T2 B2 ARA AREE A HolH
24 o9 pAdoE A" EI 7HEA dE
(weight vector)7} 278} S Edj4 EF oz
o= T2 MY 2719} HAE o] &ettH14l 7IA
HWE|9] 27|38} HHL A9 Z7|3Klinear initialization)2t
FZ9 %z7|8Krandom initialization)”} Itk SOM<
E7%F 23} gho] §lo] Y dHlolE7} FojRl= ARE Sy
oA HIRRE Y ghE0] 0= Sl IAES
AR 150 A5 9o 288 Ad BeE 5575;4
2 Uk & A9 @Y A E4E E6f v
HolEES 22 1508 B AL Yueith Fig 2%
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Fig. 2. Structure of self-organization map
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< olgd] s AT 45H WA Yk e A=
g 71BEES e 99 29 g mo o e
St E 67 Qth A RAGIR e oo AHo] 9l
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Q.

l

A9 B A(feedforward flow)S
Ago7] fiol g FANA S22t Ads] wEr,
o Uoprt A& sls5 7]50] 7hsdiA g 29 BAA
Bx7) Holsld sk B st _'17‘]0]] oA Wsksicl

B AFoAE SOM €8S VBA(visual basic
for application)2.& —_rLﬁOH/ﬂ o2 A4 Agst=

U doleg o) UFe ARt
3. QEs My

2 AFoA= oE 714 Ao IFE F= F
16709 99 ¥4E AAstaL ol& =
3l SeAHY EA4S stalA gtk B A
AEY BEAS A5 dHolHY gH 9 FA] 7
Istyl AYPATLE SfA tFe] [0 F2
st 9@ AP W¥(trial and error method)?]
SHAEY S oA F 10719 Y HeE
tH16l & ofESt TWHE <oF 50719 71YE=
(keyword)E H}E]'OE E4 AlA9 A shaE B9
A Aeel 22 16719 HE 20 Ads NFgith

Table 1= ¥ 167119 U ¥59F A4 ofmE 714
Aote] FASE YeRd oot AHAlS= 19861
1958 20219 69749 AR=E ARESHl=H A1 A
0% 1 B -19] Wl 7P W gloH, 32 4
S 21 Sle W] Utk E35] AN 8%
A4 ol E 714 x]_,__,] A7 0.86°02 7MY w2
dtdof] w2 £ -0.692 7P ¥ AATAE
HeIc} E5 3 QF l 1~169] SAh= ZIREA F2ofA
AAA olel g F7] e dH®E(numbering)& #7|5
Aolw G Al AY Aol nlRl= JFol stk

olgA A" AsEL WEsH= Yuiet Tl
t27] fiZo] ¥ A= ALols &9 5ol e &
At oA 2 ARoA= F Ao 2AA ZAEA
(data scaling)& AA|sk=H 7 AFse] 7]Eo]
&&= Z-score Normalization®} Min-max Normalization
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Table 1. Clustering Input Data

Input Data
Raw Material Index Rent Demand
(1:061) 9 :0.86)
Construction Index Stock Price Index
(2 :0.33) (10 : 0.14)
Sales and Demand Completion Volume
(3 : 0.59) (11 : -0.03)
Consumer Prices Households Volume
(4 :0.74) (12 : 0.29)
The Price of Oil Unemployment Rate
(5:-017) (13 : 0.21)
Inflation Rate Housing Transactions
(6 :0.04) (14 : -0.38)
Land Index Amount of Currency
(7 : -0.08) (15 : 0.41)
Loan Rate Unsold Housing Volume
(8 : -0.26) (16 : -0.69)
4, AeiAel & AaEY

B AoNE ol A9E & 1679 9 wes
dlgro® SOM 2melZo] H8stel A obte 74
X120k G Bl BASFIA Tk

OlmtE 7o) JFE t Z 1674
W2 glo[elE sHlolal 7%t
SOM %Pifqz—e FollA SYAEPE § E}

L JL J L JL JL JL J
50 T ' I l

1
1986-01-01  1992-01- 01 1998-01- 01 2004 01 01 2010-01-01 2016 01- 01

—Real Apartment Price Index

Fig. 3. Momentum Cycle of Apartment Price Index

Table 2. Experimental plan
Factors

Details

Subjects to

. Real Apartment Price Index
experiment

Total 16 Input Data

Input Variables (See Table 1)

Clustering Method SOM algorithm

Experimental

period 1986.01~2021.06

Data Cycle Monthly
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A tidel A4 oltE 714 A=<l Fig. 32 19984
IMF 34| §171€ Aelstal 44 oltE 714 X8 &
714 BHoIAM Fo7ieh FE BEe AF SR
whed ol A9 2deM vee 74 #2HUL, N1,
U3, N3)¥ ®is E42 2457 fidelsh. & 73k
¢ HFer FHoHe BiHo] evde RIS
TFqor AAst=t FAT Z2 7] vl ol
ofy7] miZo] 7FAA QL BN FHE Yt A9
golEE2 A4 oltE 714 A4E ZAsiA F 1770
2109849 1€7H YER Ho|EE . Table 2
€ & =29 dgAge JEst Zolo

=
4.2 ZAuEA

N
o

I

2 doA+= 16719 ¥ H4E SOM €rdES
Bl 2" (momentum) 73F EE HS HFH
o7 FAgh Ul~U3E& A% 7ol NI~N32 S5
2 AE slgke] Ftolot, REAE 2pAke] EAA; F
FEL 9EA G714 djvi= AgstA] %7 HE
71890 THoA el 2l o5 E45tax} gict

Table 32 A9 2740 sl 72202 RAs|F+= &
Adl ZH #7148 g} s F719] A optE 7149
d5E 191§ 717 59 F iE 5 vERL
St BE HE Ul~U3E oF 30% o9 oles 2
ol A P 9 &% stet 739l L1~3L By
FES 75T Aor YEd,

Table 3. Experimental Status

Start date End Date Rate of Rise Total Cvles
(yy-mm) (yy-mm) Months t4
1986-01 1990-01 53% 49 U1
1990-01 1997-10 12% 94 L1
1999-10 2002-04 38% 30 U2
2002-04 2010-01 4% 94 L2
2010-01 2017-10 38% 94 U3
2017-10 2020-10 4% 37 L3
Table 4. Clustering Basic Results
Cvcles Number of Success rate Standard
v success months deviation
U1 40 82% 1.58
L1 75 79% 0.93
U2 22 72% 1.24
L2 80 85% 0.82
U3 76 81% 0.93
L3 31 86% 1.34

Table 4= S8|AER9 23} 7S 7F 742 Yet
W Qg g F719] F 16709 W45 729
atollAl QAPHS] 90% Qo &oh= FHER] A9l BE
312 7Y (counting) Ftt. o714 B2 Fig. 4
oF Zro] z+ 2719 3709] qE 15FE 25 V&S
AAsict. 1 A3 BE 7104 ok 80% ol HEE
< Ho|1 §lon ol FTAHYS B3 oflfE 710
FFE F= T8 W7t 8o AREHAGE A
o] m|gict.

ClEo] B Ao A B84t /M4 93 F= F
16709] A9 W4E F710 9A 6749 15es 29
AP HFH o BA5] o) Fig. 49+ Zo] AR
FER AWE Azt

U1_No.1 U1_No.2 U1_No.3
1 1 1
16 2 16 2 16 2
15 3 15 3 15 3
14 < 4 14 - 4 14, - 4
13 % 5 13 H 13 5
12 6 2 6 12 6
11 7 1 i 1 7
10 8 10 8 10 8
9 9 9
N1_No.1 N1_No.2 N1_No.3
1 1 1
16 2 16 2 16 2
157 ——3 157 3 15 3
14 4 14 4 14, 4
13 5 13 H 13 5
12 6 12 6 12 6
1 7 1 7 1 7
10 8 10 g 10 8
9 9 9
U2_No.1 U2_No.2 U2_No.3
1 ! 1
16 2 16 2 16 2
15 3 15 3 15 3
14/ /) 4 14 - 4 14/ 4
13 5 13 5 13 5
12 3 12 6 12 6
1 7 1 7 1 7
10 8 10 8 10 8
9 9 9
N2_No.1 N2_No.2 N2_No.3
1 1 1
16 2 16 2 16 2
15 3 15 3 15 3
14, 4 14, - 4 14, & 4
130 { i p- 5 13 - 5 13 < s
12 (3 12 6 12 6
7 7 1 74 i 7
10 8 10 8 10 8
9 9 9
U3_No.1 U3_No.2 U3_No.3
1 1 1
16 2 16 2 16 2
15 3 15 3 15 3
14 - 4 14 4 14 4
13 | 5 13 o s 13 - 5
12 6 12 6 12 6
1 7 1 7 1 7
10 8 10 8 10 8
9 9 9
N3_No.1 N3_No.2 N3_No.3

1
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15 3 E
= R -
14, 4 14, 4 14, 4
13 5 13 5 13 5
12 6 12 6 12 3
1 T
10 8

9 9 9

Fig. 4. Patterns of Input Data by Cycle
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