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ABSTRACT

A Model for Predicting a Price Change Pattern of the
Remodeled Multi-Family Housing Projects

Kim Jae Sung

Advisor : Prof. Cho Kyu-man, Ph.D.
Department of Arichitecture Engineering
Graduate School of Chosun University

Recently, Many Multi-family housing(MFH) complexes are faced with deterioration
in Korea. Because of this, interest and importance of remodeling works are
increased. However, present condition of remodeling projects in Korea is bad. There
are many reasons for this, and one of the main reasons is that there are lack of
researches about the economic benefits in remodeling projects.

A Successful remodeling projects in MFH owner position is which can create
economic benefits with remodeling works. In this study, economic benefits of
remodeling projects means the Price change pattern of MFH that has changed price
from before remodeling works time point to present. The prediction of economic
benefits in planning phase of remodeling project, can help the decision making of
MFH owner for remodeling projects. And the purpose of the study is finding the
way to predict the price change pattern of MFH which is planned for remodeling
project. For this purpose, artificial neural network and decision tree are employed to
develop the prediction model. Artificial neural network and decision tree have been
successfully applied in a number of diverse fields including pattern classification,
prediction, optimization and data analysis for a long time ago. Futhermore, Artificial
neural network and decision tree are frequently employed studies of construction
such as decision making in planning phase or prediction of project cost.

This study shows the artificial neural network model to predict economic benefits
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of remodeling project and use decision tree to support ANN model. Also, it uses
real cases of remodeling projects. It means that these data can be seen as good
index to MFH owners for advantages of remodeling works and then, in this study,
remodeled MFH prices are objectively compared by setting of comparative cases.
Through these model of prediction of Price Change Pattern, it can be used as the
prediction of economic benefits of the remodeling project, and it helps MFH owners
to decide the remodeling their MFH. Finally, this study can contribute to

revitalization of remodeling projects.
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Pattern Prediction
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i 1 1 H
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r Price Comparison

W PR irp / PSoarp X100

o e e ey,

r
Model
) RAm I
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Predicted Pattern Output
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Economic Performance
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o o o
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ot 80.33| 133.31| 159.47| 5994| 122.68| 14519| 177.62| 84.65| 84.93| 73.86| 11496| 59.99| 11459| 89.36| 89.36| 84.92| 7555
c? 105.04| 116.13] 177.52| 59.65| 84.84| 114.69|174.481| 84.88| 82.65| 60.83| 162.21| 59.25| 128.03| 13851 | 13851 | 8455| 59.94
c? 84.96| 12850 | 164.55| 59.98| 114.99| 11496| 80.20| 104.86| 94.75| 59.40 11559 | 109.53| 109.53| 162.41| 66.03
ct 84.94| 129.76| 134.76| 8497 140.07| 196.71| 84.78| 84.96| 59.40 109.04| 107.22| 107.22| 84.92| 59.67
H] LA} ok 12481 | 147.26| 59.21 134.90 84.96| 8277 68.88 12801 | 107.22| 107.22| 143.86| 59.93
(c”) ct 114.74| 164.73| 84.98 149.09 84.86| 84.87 84.43| 11357| 11357 8446
ol 134.04 | 239.33 84.94| 84.96 121.08| 84.59| 8459| 84.56
o 157.56 84.82 13954 | 113.21| 113.21| 226.75
C’ 163.36 119.58 84.91
c'’ 117.70
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Collection @ chosun



9 7174w g

NI~
Ho
Ho

3. gr4ag

CREEEE D

P
T

o

i Sl

g ARl A

=]
=

ERsl

=5
]

of i

(3.1

=4
[¢)

Atdl (e, C€C!)9

ceo
ged

1
1

g A, BlaAbE, 7R, A A

o)
=

C'
C

o4 Gm
RC,
R,

Remodeling Case k ; CC! = Comparative Case j of RC,

]

o

714, RG,

o] #mdsl Atde] jHAl B ALY
<2l 31>9
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file)

RG,
BR
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RC. _RC - RC
RC Ppp' Py Pp'
P=q 0 1 (3:2)
RC RC, _RC. -RC
K Pppt P’ Ppt

e

o] 7] A, Pg]?" = Price of R(, Before Remodeling ; £,,° = Price of RC, After

Remodeling ; Pfq = Price of R(, at Present

2o wyow nn FEFE Alge 34 A /1AL <2 33>3 2
: oc! cct oc! ccy _ccl . CCi
1 ] 1 1 i i
= : : : : : o (33
cor - ] ccy ccy ccj ... ccy . ccl . ocy
K e Ppr Pap Pp Ppr' Pyr Pp

o] 71 A4, ng = Price of CC/ Before Remodeling ; Pf}? = Price of CC! After

Remodeling ; PPCC*' = Price of CC}? at Present

e AAYRE vy, dudy Ao FAlA
s, 94 AR whsh ol AW B waskAwest ohd, Ful
Astel AN wE o waE BAHk Bt

9

o ZEdY M3} W 2

g
Aol Zrlagirhy, BlEdg o s THE wo] ok whekA ol Hl A
foz!
=]

AR, Hmay A

FERael Aol St W, ol A% oA Sel de 4AA9 Ao
7

S g < 34>sh 2k,
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Y 3 RC, ccy
B Py P’ /PBRk
RIPpt =P ) pii (3.4)
. o |
R/ P, Pt/ pee |

o 7] A, R,iPBR = Price Rate of RC, on CC’ Before Remodeling ; R,iPAR = Price

Rate of RCj, on CC! After Remodeling ; R} P, = Price Rate of RC, on CC] at Present

A vl FEFE Abd o) kA gede g5 Al 71Ee] ves Ryl
dha @ ul, 3% ANdew AW “RiPp,, RiPu,, RiPp o2 Ao & & 9
ohoolFA Aol vm FEFTY Al 74 v gmde gETE Al A gL,

2 Azkel nhe eudel FEFE AAusggel o e AF d 5 vk

ASAA Aela ewde Abesh nm A EY e, Puyl, Pr, Ppct, Polt,

PEY PEhys Ay A W glie, R Py, RiPuy . RiPpe 2% 38 AAE 7wk
2 AosUh 2 AR AAuEe AR 45 vad F dx, 7w Zee] i
g ol AzkAelth (i) mmAbdl Wul @lmE Alelel bl go] A% F7s
=A%, G mmabe oe) gede Alel AAuge] Prds 4% FrHAdst
Sl gaste A%, Gi) dR9Y A% g gel gt ddel Bof oAl F
st A%, aEla (v) makel ol ewdd Alde) AAu el A% gashs
AR bl & vk od @ A9 £E AHoR Felsu, £H0R 4

<A 35>¢9F 2t}

rir

o

o

au o

kv

il

_‘I7_
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Pattern 1 = {R{ Py, < R{P,, and R{P,, < R]P,
Pattern 11 = {

R{ Py, < R/P,, and R/P,, > RjPp}
(35)
Pattern Il = {R/ Py, > R{P,, and R{P,, < R/Py}

Pattern IV = {R{ Py, > R{P,, and RiP,, > R]P,

o] 7|M, RPp, = Price Rate of RC, on CC] Before Remodeling ; R P,, = Price

Rate of RC, on CC/ After Remodeling ; R/ P, = Price Rate of RC) on CC/ at Present

4 3590 A, Y 1S R PyBt RIP,,° Y =31, R P,EU R POl U &
oy, fREY S Faf 7HAR&o] AEHH o FFots o] Enf ‘gl o]

O o

FA" HES ov| g

o

Y e R Pppitt R P,p° U ¥31, R PRHUE R Ppol S+ 3ol
ST A shdskE ‘HlREE 2t o

¥ M R} Pyl RjP,,Rth R P, BT R Ppol =2 78oln, gird
o 5 o3y spAN & AT A Fsshe ol 2nr “BREy vt HA=A
e delS o)) g,

& V& R PppBth RIP, 0 YL, RIP BT} R P,o] S
Foll = THAR[Fo] AHH o R FhAdh= ol 2w “BrAYg ] AAA Tt fle" A

|g oju] gy,
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3.2 AtdlE 7HAAHE
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Al =5

o

321 AR R 3 WY

M gEEE Al b o] eRay FEFY Al AAusaE 2E5e 9
o, FERERE FEFY AHLAPALWIL o] §3fol, PrdY FANES FEO
2 3% AR 445D A44nE FusAch 38 AW 4ol Bd /1Ee o2
Sol AWy, Prdy FAIZre] 20064 TARE 20064 1297449 A5, @md
2 AR 2006 1dolar, gRdEy - A2 20079 01 AlFloltHo. i |
A N 20149 198 71F0R AFSAHD, AFGRALEe 2 TEFY U
o GANE NFoE A el sbsdth aelm 5 Wt sbAo] debdE
dooleld WMol FAsks] As 2 emae Ads MaAdE A% 55 29

33

322 ME3AR 3 A3
orel 228el A FHE F 103 Atele] 38 AF wy, AAGmsh ke o
g Ao AAuE o AE 0 <E 31>% 2o elwdd 3EFY A )
7, wlaabe] A, waabE el dwde) FEFE AAus oA b dRow
wRete] skt 7 A4 wsle Ao, AAuge HAER el
H7b gl 395 HAARE 5T 5 gAY Ade] 2ok 4UA A g A

F g Agola, A4 dolHE < & 1>o] +53qr

=
o

e
o

=
#AzEe FANA NFARS 37 A AAel agsgon, TANEL )

6
1) dude) 357 A 2 wa FEFY A AARA /17 20159 1958 20159 990]
AT WISYE AAAR Qo] E7L HolglA e Aol EAE AAstel, 20143% @A A
0% AFeA 014A% AARRT Fon TAGY e, B5olakAl 201490 2w aee] o
29 Aele.g, Ry, Ry R, Ry Bi)5S 201495 7h2o0] Eajak] 7] wjio], 20159 %
AARE GulelE ol F, 0159 WA AR ARG A8
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H 3.1 Mellg JtAE

g g

HlwArel CHH 2228 SSF J1A HIE

g 2ddy At [rC,]
7HA(E9], )

vl A [ )]
71A(E9, A4)

H LA o/ ]
grddy Atd RG]

74 v & (%)

k AR BR P j AR BR P AR BR
1 | 308500 | 584,000 | 536,000 | 1 222,000 442,000[ 355,000 139 132 151
(2005.05) | (2007.01) | (2014.01) | 2 394,000  672,000] 586,000 8 87 91
3 367,500/ 625,000[ 481,000 34 93 111
4 381,000 649,000 523,000 81 90 102
2 | 426,000 | 772,000 | 701,000 | 1 558,000/ 904,000 661,000 76 85 106
(2005.05) | (2007.01) | (2014.01) | 2 426,000 772,000 701,000 100 100 100
3 402,000 748,000 512,000 106 103 137
4 482,000  864,000[ 657,000 338 39 107
o) 542,000 832,000 661,000 79 93 106
6 512,000/  799,000[ 642,000 383 97 109
7 616,000] 1,032,000] 748,000 69 75 9
3 | 484,000 | 904,000 | 760,000 | 1 654,000/ 1,064,000[ 740,000 74 35 103
(2005.05) | (2007.01) | (2014.01) | 2 568,000 992,000] 689,000 85 91 110
3 572,000] 1,024,000] 770,000 85 38 99
4 580,000  936,000] 692,000 83 97 110
o) 602,000  920,000] 692,000 80 938 110
6 536,000  646,000] 760,000 90 140 100
7 | 1,100,500] 1,208,000 1,200,000 44 75 63
3 658,000/ 1,128,000/ 808,000 74 30 94
9 760,000 992,000[ 714,000 64 91 106
4 | 100,000 | 148,000 | 188,000 | 1 179,000] 202,000 232,000 o6 73 31
(2006.01) | (2008.01) | (2014.01) | 2 195,000] 218,000 290,000 ol 68 65
3 272,000 338,000] 360,000 37 44 52
4 280,000[  333,000[ 307,000 36 44 61
5 166,000] 191,000 228,000 60 77 82
6 242,000 307,000[ 308,000 41 48 61
5 | 321,000 | 468,000 | 464,000 | 1 640,000/  602,000[ 596,000 50 78 78
(2011.01) | (2013.01) | (2014.01) | 2 404,000  380,000] 379,000 9 123 122
3 602,000  567,000] 562,000 53 33 83
17 | 201,000 | 386,000 | 389,000 | 1 396,000 357,000] 375,000 ol 108 104
(2010.01) | (2014.06) | (2015.01) | 2 240,000  271,000] 284,000 34 142 137
3 332,000/ 286,000 300,000 61 135 130
4 275,000 270,000[ 283,000 73 143 137
P 232,000[ 259,000 272,000 37 149 143

% BR = Before Remodeling, AR = After Remodeling, P = Present
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323 7tA¥sdY =&

<E 31>9] AR RS vluAtd v 2Ry At o] 714 v &S o] &5t 714
A3l el S ©E58ts AAS RGY AdAR BY, RGO 71Fe frdy A 484,000
(deelar rdy AF= 904,000 €), 28a dA= 760,000 )t 12 aL
RGOl wlmAbEQl oy BlREE A 6540003 9), BlEdy A3 1,064,000
A), 28 A E 740,000 el BRAY A Ao grdy FETE AL
7bA L wlWARE Q] 749%(484,000 / 654,000)01H, T]Ed ZHFoi= 85%(904,000 /
1,064,000)¢] 32, & Aol = 103%(760,000 / 740,000)0]t}t. o] & ¥z = YeEhWH thS
<a¥ 3.1>3 2,

i

[¢]

o Price Rate of RC; on CC’;
(%) RC4

120 +

10 1

103

i (o

Before Remodeling O After Remodeling B Present

8 3.1 dlAtgl CHHl 2228 S8 JHAHIE Bl Al

<29 31>5 BW, <54 35>0M AR rHARSdde] d5dHs & 5 Sk
A 7HAN S 74%R Y YRy A5 JpAHE 85%7F ¥ Aa, gRdd 2
T 7HAME 8% KT AA 7FARIE 103%7F © At = 7HAHIEo] A&
Folnt. webA ol g A B2 | [ 83 E

AL
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2o o n F 10370 Atdel dis) HAu &S aZe Jepdgla, oo

160 - i Before Remodeling
OAfter Remodeling
B Present

" Price Rate of RC; on CC), RC,
150 +

140 +
130 +
120 +
110 +
100 +
90
80
70 +
60 -+
50 +

40 +
30 +

20 +
ced etk e ek e ccE eel  of el

18 3.2 HIWA CHHl cI22E SSFE JtHHIE B3 0lAI_RCs

=
R
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=

L

AEe <54 3559 4717 HElew BRI &l e & 1037 A
T WS Atde A" I ~1el sigets, sidvel aidstes Atdle A =3
el Mol sidsts Atdls oc?, ooy 271 Aot wekA sE M, Ve #9
nakA] gFe dHoleta fddata R spAwstsHol A AAIH oW, AR &
W7 glo] dAS AN &S BAd, cofE JA dEH ZFo] of# 9] AtdlolA Al
olatdeh. FrolnlstA]l ek AbE 37HE ALl F 100709 At siE I Il st
=H, F 7 dEgezs grde Alge] AAH s pAHR B8

FEA @S Jom Anddth £3 A9 o sgets AdEe F b fgom
U Ae @ 4 g
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200 T pyice Rate of RCg on CC‘L RC,4 B Before Remode-li.ng
190 + O After Remodeling
180 + H Present
170 +
160 +
150 +
140 +
130 +
120 +
110 +
100 -
90 -
80 -
70 -
60 -+
50
40 +
30 +
20
10 +

gel i cCe ces e 634

18 3.3 tluAtd OiEl 22288 S8 JtABIE B3 0l Al_RCs

<9 33>9 RC, AHEE AR BY RE HwAEE 71E Yo sgeoh
a8y AbEl Ccl, oo, OCP, coiel oCy, COYR Yol mins] B, T 7hA] &
Fdor s F Jduh Al OC¢l, CCE, CCP, CCQE RiPyp¥tt R P,pol AT
R.Ppi= R P BT 22 F3kelm] nlal AL Rh(100%) %= Yol AS & F
o},

Wb oG, oCY AvElE B, Rl PppRth RIP, R0l A, RIPyT RLP,,ET CCY,

facs

CCZ, CCY, CCIsk PHMA 2 Aol 71 shAwE o215 ] Akl (1009) 5.5 5910

cel, oct, ock, coH)E BRdE Apg o <l 7tAo] dAHow Agsle &I
5 HolAwH @A AR HANEE RS o, g REE] Al AAA 297t 2
1

Tt AwsirlelE ol go] itk
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o] Az, AE v WA BT} HAH o] 992 AHelw gong ndd Al
A9 AAD a7 EAT T B £ Q)
SHER 7|2 GEne 2Ae ga Hos Fast g /)= gEs AuE A
B} BAlo] EAFEE, o] AR fE M2 Yri gwdey sAusujed 7
s

& #4948 oA gelsg

Pattern 1 = {R] Py, < R{P,, and R/P,, < R]Pp}
Pattern I = {R] Py, < R{P,, and R]P,, > R/Pp , RiPp>100} (36)
Pattern 1 = {R] Py, < R{P,, and R{P,, > R/P, , R]P, <100}

o714, R|Pgp = Price Rate of RC, on CC; Before Remodeling ; R/P,, = Price

Rate of RC, on CC; After Remodeling ; R/ P, = Price Rate of RC, on CC/ at Present

A4t #HE OIS 7oz, =2
32>9h 2k A AW 1HIE dmde g AAE =
olth. Z, W To &at= S wa A b Gl
Aulgo] A% Frbehe Auowd dudgon A% A & A E
otk Y Mol Sahi= AdlEe mdd A%, vald 7 @e e
AAugel Frhsta, @Al o2l tha FasAT, ua FEFE Ao 744 )
£(100%) 1T S50 9= ARoA 7 & EASDL FF T ug
2 olojd JbsAel el ASelth @u AT A Mol skt AlE w9
Fe) Aol shAn &
WIS AFEI(100%) 5Tk 7hA g o] vropal

AraezA gudygor Qg A4 a7t wis FA4 &2 Atel sl
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E 3.2 HluwAtel CHHl 22 2E SSE A2 JIZBEHEHEE =]
HEd A £F7F
T
Rl RQ RB R4 RS RG R? RS R9 Rl() Rl 1 Rl 2 Rl 3 Rl 4 Rl 5 Rl 6 Rl 7
Pattern [ cct | ccy | ooy | col | ooy Cce? ces cer, ccd
(30) cc? | col | cct | cc? | cc? CCy, ey,
cel | ccy | oo | cof cey, (el
cey | cay | ocy
col | ooy | ocy
cey
cey
Pattern 11 ces cet | ool | oo cey | coly | ol cel, | ccl, | col | ool | oot
9 ocy ccy | ooy, ccly | ocyy | ecy | ool | oct,
Gy | Gy CCty | CCYy | CC5 | OCYy | CC;
ey | oy CCyy | CGYy | OG5 | CCfy | CCy
cay | oy CCly | OOy | CCyy | CCl | OOy,
ccy CCyy | CCls | OCH
ccyy | oy
ceyy | CCy
Pattern 111 coy | ccy cal | ek | oo ccy | ecl, | cop,
21 cct | cct | cc? cc?, | ool
cc? ccy
coy coy
cey
cey
ccy
cey
- 26 -
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H 4.2 HiwAtell Yl 21228 2SS Al 54 ZE2 dIg(Pattern | GlAl)
9 €l A} seTY 7149%8
My | My | My | Yy | T | T | Ty | TR | My | Ty | Ty | MY | T3 | Ty | TThs | T | M7 | TThg | TTho
RIA, 720 29 121 45, 92| 123 0| 50| 18] 100 1| 100 122 100| 94| 44| 167| 110 1
RA,, 89| 26| 80| 34| 60| 450 1 20| 29| 100 1| 100 106| 250 81| 114| 63| 65 0
R'A,, 89| 40| 73| 56| 75| 675 1 200 29| 100 1| 100| 94| 300| 81| 133| 250| 69 0
RjA, 77| 43 127 105, 57| 675 1] 33| 14| 100 1] 100 106| 115 94| 73| 167| 100 0
RyA,, 79| 62] 76| 100| 100 93 0| 50| 28] 100 1| 80| 122| 125| 100| 53| 250| 100 0
RJA,, 82| 26| 80| 34| 109| 450 1 200 29| 100 1| 100 106| 250 81| 114| 63| 65 0
RJA,, 89| 40| 73| 56| 60| 675 1 200 29| 100 1| 100) 94| 300| 81| 133| 250| 69 0
RJA, 76| 92| 77| 177, 55| 2700 1] 50| 16| 75 1| 100 122| 115 100| 38| 167| 220 1
R{A,, 77| 43] 127 105 86| 675 1] 33| 14, 75 1| 100 106| 115| 94| 73| 167| 100 0
R} A, 69| 64| 80| 59| 100| 300 0| 50 97| 100 1} 100| 111| 115 100| 62| 167| 100 0
Pattern R}A,, 740 29| 121 45| 92| 1350 0| 50| 18] 100 1| 100| 122| 100| 94| 44| 167| 110 1
I R A, 91| 26| 80| 34| 92| 450 1 200 29| 100 1] 125 106| 250 81| 114| 63| 65 0
(30) R)A, 83| 40| 73| 56| 60| 675 1 200 29| 100 1] 125 94| 300| 81| 133] 250 69 0
RJA, T 920 77| 177 67| 2700 1| 50| 16|, 75 1| 125 122 115 100| 38| 167| 220 1
R)A,, 75| 100 73| 243| 100| 2700 1] 20| 14, 75 1| 125, 89| 188| 75| 133| 167| 138 1
R} A, 83 6| 119| 13| 33| 438 1 20 72| 100 1| 100f 94, 78| 75| 78| 100/ 91 1
R}A,, 83 6| 119| 19| 23|-3500 1 33| 51 67 1| 100 72| 175 69| 47| 50| 77 0
RIA, 58 8| 99| 22| 28| 1167 1| 33| 53| 67 1| 100) 78, 70| 81| 78| 33| 77 1
RJA, 84| 19] 95| 50| 26| 700 1] 33| 56| 100 1| 100) 83| 88| 94| 140| 25, 77 0
R}A,, 58| 59| 93| 1201 33| 3500 1| 33| 53| 67 1| 100 78| 233| 106| 50| 100 77 0
RIA, 56| 90| 141| 333| 143| 733 1] 200( 18 67 1 75/ 92| 118 100| 107| 57| &9 1
RJA,, 81| 11| 114 24| 77| 314 1| 40| 32| 67 1| 100| 92| 144, 54| 119| 100| 100 1
RIA,, 99| 102 130| 117 71| 107 0| 100{ 51| 100 1| 60| 125| 35| 100| 63| 50| 82 1
- 33 -
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T 4222228 I3 2 Hu ZSFTY A2l &4 L HIE(Pattern 1) (AHH)
FT5TY tA9F8
e h) A+
my | My | Mg My T M Ty T Mg | Ty | Ty | Mg | T3 | Ty | Ty | Mg | 7 | Mg | Mg
R4, | | 30| 63| 61| 48] 130] 1| s0| 13| 67| 1| 100] 133] 100] 85| 70| 200] 88| 0
LA, | 70| 130] 80| 246] 83| 40| o 25| 2| 671 1] | 3] 375 133] 67] 200/ 150] 0
patter | BSA, | 61 54 80| 128] 83| 314 0 20| 19| 50| 1| 75 84 100| §7| 56 133 100 0
I RLA, | 71| 26| 87| 46| 65| 50| 0 33 20| 50| 1| 75| 53| 300 147| 63| 200/ 150| 0
(30) ria | 49| 13| 214] 35| 770 72 ol 10| 12| 671 1| 40| 100| 100 100 150] 0| 110] 1
RA, | 56| 52 71 168| 48] 383| 1| 20| 15| 67| 1| 50| 146| 700 150| 86| 300| 157 1
RS A, | 35| 268 130 526 100| 177| 1| 33| 33| 67 1| 40| 85| 108| 100 106] 150| 110| 1
C 34 -
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UZo = F= JAEEETE 197 olBE <3F 43>9 7]l wel 1770, 1970, 3970
= shAth w3 ShEEI EulE S A 220079 Aol
A AP FAGE 458F)E FE3ATHShim et al., 2007). L
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2g [24%| RS eEAT %ee | 2dY | 934%E
T[T e9ma | edzo
1 1 17 0 0.3 0.7 875
2 1 17 0 0.6 0.7 87.5
3 1 17 0 0.9 0.7 68.8
4 1 17 0 0.3 0.8 56.3
5 1 17 0 0.6 0.8 81.3
6 1 17 0 09 0.8 56.3
7 1 17 0 0.3 0.9 87.5
8 1 17 0 0.6 0.9 93.8
9 1 17 0 0.9 0.9 75.0
10 1 19 0 0.3 0.7 93.8
11 1 19 0 0.6 0.7 87.5
12 1 19 0 0.9 0.7 75.0
13 1 19 0 0.3 0.8 62.5
14 1 19 0 0.6 0.8 81.3
15 1 19 0 0.9 0.8 68.8
16 1 19 0 0.3 0.9 75.0
17 1 19 0 0.6 0.9 68.8
18 1 19 0 0.9 0.9 81.3
19 1 39 0 0.3 0.7 62.5
20 1 39 0 0.6 0.7 81.3
21 1 39 0 0.9 0.7 75.0
22 1 39 0 0.3 0.8 5.0
23 1 39 0 0.6 0.8 62.5
24 1 39 0 0.9 0.8 75.0
25 1 39 0 0.3 0.9 75.0
26 1 39 0 0.6 0.9 81.3
27 1 39 0 09 09 62.5

<3 45>9 A¥te, dRAY sETY e stAwstuEe ek o5 EdelM, Ha
50.0%, # o 93.8%°] o5 A=E Holv, At 752%9 dF HI=E HERAA
A

Ao mag 27 g6, dZ4FE} A Be BE 44 A4

- 44 -
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“Potential applications of neural networks in

_47_

construction.” Canadian Journal of Civil Engineering, vol.19, p.524

19) Moselhi, O., Hegazy, T., and Fazio, P. (1992).
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A sta e At e} o], dHolHuo] A2 HEH ol
a3 FAol ) AE= 2 A8 7 AdE, ErEa f&3 dEely 4t
2 AR 55 Follle AAS dely wmleldelgtal Fh(Fayyad, U. et al, 1996 ;
Heo, 2000 ; Lee et al., €] 2007). o]213F o] wiold e x4l &4 7[Rl <l

511 AYAT nFS T3 JAZAZAYUST 54 £4
e

7} %*’71%%% mo}vﬂ A8 AARE A UYL B Lo

S |
g AREE = Tlsolth 1Yy AA| SgEo] ekl Alfto] Hol A= o h
T2 Aot e o] gtk AT AW 712 (Artificial Neural Networks) ¢ WFH
o2 AFAHL v At VHEY ¢ Y& AdE AFIh gy o] WHe 59
e ARl At TlEolBn R Abghe] @A str] ol Aol Utk oAAAUYT E4
(Decision Trees)< ol gl (e]xlEe]) 9] ‘if-then'71 2= 7|¥F 22 zH7] wj&e] 7

#alar Ql7ke] ol&sly] 4% 7lEo|th(Yau, and Yang, 1998(1) ; Yau, and Yang,
1998(2) ; An, et al., 2007 ; Kumar, and Ravi, 2007 ; Shin et al., 2012).

AN W, Avel AFerIuckes AnE BHshs Ao AFsn oA
AAAL o8 oldsty] 47 mETE 4ol qid, oleld oAU B4
54% % o A Auuw, ol Wy APATES B3l o 2ol Fu
 ghe,

AA, ARAUE BAL BAGAES JEoie dHm ERee] AAd o
BRel oAV He FASE GHFY] ] AEAA0 gt AARE A old T
% 9= doleulold 71olth(Hong, 2011). 3 A2 Rde HE3 74

e Agel, Abgrel oldld 4 A wholdel ‘if-then'it 2ol

g HExE =7l el oldlsty] o (Kirkos et al, 2007 ; Kumar and Ravi,

Collection @ chosun



23,

QTHKim et al, 2004). ThA
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BE AT 49, ol

7FeAS Z7EN 721 (Joos et al, 1998 ; Kirkos et

al., 2010 ; Witten et al., 2011 ; Kim, and A. Upneja, 2014).
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R
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SPSS 23.0

el

AR
R

o] 21 2] (Binary split) U<}
o

2] (Multiple splitt U F+=2% Y= 5 A TH(Moon, 2010).

3}, Branch

Classification tree 2}
[e}

R REREE

=,
Dz

Q]

=

AF
Branchz} 12

1A

0

Rk

=

]

H(Moon, 2010). o] A7 2]A}
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=
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o] Fxd o

ge <29 5153 o] o]Fojq Uk <1¥ 51>
. 714 B
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9
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R84
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Decision Tree

Price pattern

1 o
| ™ 1000 } = 2000 so042  Rootnode
1 ® 2,000 H ;
e300 | (3000 20247 f Branch
| ! | Toa  toooeg
,,,,,,,,, T
eration period
Improyement=0.123
f
L 7y

<= 3:‘31 s \ =z SB|1 3

Parent node |

Mode 1 Mode 2

Category % n Category % n

= {000 125 7 {000 84318
B 2000 67.9 38 B 2000 43 4
3.000 196 11 3.000 214 B
Total 66.7 56 Total 33.3 28
= I =

Space area of unit house Chlld HDdE Space area of unit house

Improvernent=0.050 Improvernent=0.059

Internal node Depth

<=7248 =725 <=830 =830
Node 3 Node 4 Node & Node B
Category % n| Category % n| Category % n| Category % n
W 1.000 00 4 1000 B5 3 L] B1818 W 1000 0o o
= 5000 00 2 2000 783 36 = 2 000 891 2 = 2000 333 2
3.000 400 4 3.000 182 7 3.000 91 2 3.000 BB 7 4
Total 11810 Total 54.8 48 Total \ 262 22 Total I 718

Distance to nearest metro station

Irpravernent=0.066

!
I
==B20 =620
MNode 7 Nove 8
Category % n Category n

W 1000 oo o = 1000 56

® 7000 300 3| |®2000 817 93 |  Terminal node Leaf
3.000 600 B 3.000 28 1
Total 11810 Total 424 aa

a8 5.1 YARREUR FX & P4 24

Ugow, gaa s dugFs ved 22 54 daugFE0] 3t ID3(Inte
-rative Dichotomizer), C4.5(Classification), C5.0(Classification), CART(Classification and Reg
-ression Tree), CHAID(CHi-squared Automatic Interaction Detection) 2] 31 QUEST(Quick,

Unbiased, Efficient, Statistical Tree) ¢ #-& ¢igFEC] Ity o2 ALG-H TH(Delen et

al., 2013).
o] &, & AFolA 22l oJAPAZ U die]F2 CART(Classification and Regressio-
n Trees)& 2] & o]t}
Classification and Regression Trees

Stone (1984)ell ¢J3] FHE AT CARTE L FE A&HE = HFH9 4=

¢85 Breiman, Friedman, Olshen, 1

=i i)
w49
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52 AAEZAZAYUFE o] &
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29 B4

A A YT BAS HE, ¢4 FE5EUFe) sHHTE FAEoF sk, 2 AT
el FHuss oudy $EFY AdusAEozA JEY WFelD ok AF
AAY B3 vz x 2 4739 39 FkGe, Pattern I,I0,I0 — 1, 2, 3)S AR&38}a,

SHESE o A AR, <3 42>9 WG FHES ol &ste] AASFTA
GALAA YT EA12 SPSS 23.0& ©]83}9], CART(Classification and Regression

Trees)& 112l 5 AFE3LS AL, wE]7]F2 AY A5(Gini index)& 8|7+ o2 AME-3f

Atk A7IA AY A= CARTE LY FolA FHHFTE o4yl A9 AFgH = &2

TOo 2 7 miho A9 Bk Jbe s 7P A w=

T HAREYE Fal AAnHE A8 th(Kim, 2008). L8] aL
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OAFAZ 9] Root node= 84719 Rdd] &8 7FAWSIE AtdlE e
Aol zt wre] SFPHES HlEo] M =& FE5WF(e, Pattern ,I,IHE e
Aok y7e Fx2E e A HA 2es dadael 93] s EA=T, o=
rdsy ey JpAMstgde] g rdy T A A Aadged oa 7t
2 FEs wevs S guEt S g REEE ALY 7oA grdy g
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RePricaPattern

Node 0
[ "y 298 2§
L L4 50.0 42
L2 3 202 17
L3 Total 1000 84
Operation pariod
Improvement=0.123
<= 381.6 » 3918
Node 1 Node 2
_ Category % n
L 128 1 L 64.3 18
L4 67.9 38 "2 143 4
Total 66.7 56 Total 33328
Space area of unit house Spaca area of unit house
Improvem‘ent=0.050 Improvern‘ent=0.059
<= ‘72.5 > T|2.5 <= 93.0 > 930
Node 3 Node 4 Node 5 Node 6
_Category % n _Gatagory % n
L] 400 4 L 65 3 L] 81.8 18 L 000
"2 200 2 "2 78.3 36 "2 91 2 "2 3332
23 912
Total 119 10 Total 54.8 46 Total 26.2 22 Total 116
Distance to ganeral hospital Distance to nearest metro station Numbar of unit house Space area of unit house
ImDrovern‘ent=0.0u ImDroverrient=0.066 Improvement=0.026 Improvement=0.032
<= 96.6 ? 965 <= 620 > 62.0 <= 346.5 v 346.5 <= 96.0 > 96.0
Node 7 Node 8 Node 9 Node 10 Node 11 Node 12 Node 13 Node 14
_Category % n_ _Category % 1 _Category % n_ _Category % n_
L] 000 L | 667 4 L 100 1 "1 56 2 L 90.0 18 " 000 L 000 "1 000
"2 000 "2 3332 "2 300 3 "2 91.7 33 "2 50 1 L4 5001 "2 1000 2 "2 000
3 3 000 3 28 1 3 50 1 3 3 000 3
Total 454 Total 7186 Total 11.9 10 Total 42.9 36 Total 238 20 Total 242 Total 242 Total 454
Distance to neighborhood Park Space area of unit house Number of stories Number of stories
Improvement=0.016 Improvement=0.017 Improvement=0.032 Improvement=0.021

!—‘—\!—‘—\

8 5.2 JAB2EUR &4 2
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! | | | L | | |
<= ‘10.0 > 7|0.0 <= TB.B > Q‘B.U <= 355 > 355 <= 25.0 > 2‘5.0
Node 15 Noda 16 Node 17 Node 18 Node 10 Node 20 Noda 21 Noda 22
L 1000 3 L] 3331 L 0.0 0 L 1000 1 L §50.0 1 L 29 1 L 000 L | 947 18
"2 000 L4 667 2 LI 3333 LI 000 LI 000 Lo 971 33 2 0.0 0 2 53 1
3 000 3 000 3 000 3 3 00 0 3 1 3 00 0
Total 363 Total 363 Total 107 9 Total 121 Total 242 Total 405 34 Total 121 Total 226 19
Space araa of unit housa Viaw from aach building Coding Distanca to bus stop
Improvement=0.016 Improvemant=0.019 Improvement=0.004
<= 50.5 > 80.6 ‘1 <= 226.0 » 226.0
Node 23 Node 24 Node 25 Node 26 Node 27 Node 28
ategory ategory ategory % ategory
L] 1 u . 000 L 000 u . u 20.
n | u 100. 000 n 600 3 u 103. 2] u 80.
otal . otal otal 484 otal 605 otal 345 2 otal
Space area of unit house Space area of unit house
Improvern‘ent=0.013 Improvement=0.019
<= 95.0 > 95.0 <= 80.5 > 80.5
Node 29 Node 30 Node 31 Node 32
atagory atagory atagory
u . u 000 u 10 X
u 100. u 3331 u 100
otal otal 363 otal otal
Total floor area in MFH
Improvorrient=0.016
<= 420 > 420
Node 33 Node 34
" 000 =1 0.0 0
"2 000 =2 1000 1
Total 242 Total 121

Collection @ chosun
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Pattern 19 54 &, o] x®Q <i 51>3 oAAAYRR] <9 52>5 3 &
A8, Pattern 12> == 15, 18, 19, 22, 23, 3194 X3t Ati= AL dlEd 5
ATH o] JEEQl <G L1>olA 7 w=EEE AEAUN] 2y, S YErEES
ettt 1 F e o] YEYeE =5 o] X4 (index)207F 100% ©]do =2 1

Bual ol 2 =29 oA Pattern 1] A" 8o =55 ¢n gk
utebA] Pattern 19 EAES, <29 52>9 7} ==

U3 2 Pattern 12 Aads, @i AiH A, HAe] A, SdgAIe] A,

AstdA7A o A, HERFANA A2, T Ads, T 5 & &HA 54

oA ERETE 3 == 159 2261 4] Pattern I Abel]| ] o F42(84.0%)°] 7 E o

20) oloF= AANA FEHHEG v Eo] i Z} mirol Ao FHEWSE uE
2008).
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X 5.2 Pattern 12 =20 OISt 0

=20 B o9

u re = o] Q] x| = Hk-2-21) 2| 4
S s [ = % = % (%) (%)
sk 15 3 3.6 3 12.0 100.0 336.0

23 1 1.2 1 4.0 100.0 336.0
18 1 1.2 1 4.0 100.0 336.0
31 1 1.2 1 4.0 100.0 336.0
22 19 22.6 18 72.0 94.7 318.3
19 2 2.4 1 4.0 50.0 168.0
27 29 345 0 0.0 0.0 0.0
7 4 4.8 0 0.0 0.0 0.0
25 4 48 0 0.0 0.0 0.0
32 4 4.8 0 0.0 0.0 0.0
14 4 48 0 0.0 0.0 0.0
24 2 2.4 0 0.0 0.0 0.0
29 2 2.4 0 0.0 0.0 0.0
33 2 2.4 0 0.0 0.0 0.0
12 2 2.4 0 0.0 0.0 0.0
13 2 24 0 0.0 0.0 0.0
34 1 1.2 0 0.0 0.0 0.0
21 1 1.2 0 0.0 0.0 0.0

21) Responses= a|F SEHUMF7E 2F wirjel A 2pA| ek v &S WERIT(H B, 2008).

_59_

Collection @ chosun



il

Pattern II 9A] ©o]QJx=F el <3 52>¢ gALAAU}FC <18 52>

W, Pattern I+ =% 12, 13, 22, 24, 27, 29, 32, 34°|A] #xslal Atk

¢

=
S

A

ol
Sha
1

ol
ol

o gloldt

il

T At} Pattern 9 EFo= EE EAE0 EfF7|Foz ALgdHT. wlebA Pattern
%

el &d 43S IA A= 52
29, 329 4] Pattern 119 92.9%7} &/}

H 5.3 Pattern 119 ==0I OISt oY

k7] o)™l wIl == 13, 24, 27,

=20 B o9

u | == =) o] 9 =) & s e
S s [ = % = % (%) (%)
sy 27 29 34.5 29 69.0 100.0 200.0

32 4 4.8 4 9.5 100.0 200.0
24 2 24 2 4.8 100.0 200.0
29 2 2.4 2 4.8 100.0 200.0
13 2 24 2 4.8 100.0 200.0
34 1 1.2 1 24 100.0 200.0
12 2 24 1 24 50.0 100.0
22 19 22.6 1 24 5.3 10.5
7 4 4.8 0 0.0 0.0 0.0
25 4 4.8 0 0.0 0.0 0.0
14 4 4.8 0 0.0 0.0 0.0
15 3 3.6 0 0.0 0.0 0.0
33 2 24 0 0.0 0.0 0.0
19 2 24 0 0.0 0.0 0.0
23 1 1.2 0 0.0 0.0 0.0
18 1 1.2 0 0.0 0.0 0.0
31 1 1.2 0 0.0 0.0 0.0
21 1 1.2 0 0.0 0.0 0.0

_60_

Collection @ chosun



Pattern % ©] =3l <3 53> APAAG YT <
= 7,12, 14, 19, 21, 25, 33°14 #xEsta Atk A &
dabds, gAldiE A, dde] A, F Ads, S, 29, AuAel o 2749
=
1

. 58] wE 7, 14, 21, 25, 33004 FHA(88200) 0% Pattern M7} HFETH
Pattern M2 ©] X+ 400%°] E3t=d), ol+= & ZF =9 Z7AE<] 23] Pattern

)
= BRF AP 2 ol Ttk Aol

H 5.4 Pattern 1S ==0 Ci8t 0
=2 g o]y

B 2= A= o] Q] X] = 5] =] 2=
= H3 % - % (%) (%)
I 7 4 4.8 4 23.5 100.0 494.1
25 4 4.8 4 23.5 100.0 494.1
14 4 4.8 4 23.5 100.0 494.1
33 2 2.4 2 11.8 100.0 494.1
21 1 1.2 1 5.9 100.0 494.1
19 2 2.4 1 5.9 50.0 247.1
12 2 2.4 1 5.9 50.0 247.1

27 29 34.5 0 0.0 0.0 0.0

22 19 22.6 0 0.0 0.0 0.0

32 4 4.8 0 0.0 0.0 0.0

15 3 3.6 0 0.0 0.0 0.0

24 2 2.4 0 0.0 0.0 0.0

29 2 2.4 0 0.0 0.0 0.0

13 2 2.4 0 0.0 0.0 0.0

23 1 1.2 0 0.0 0.0 0.0

34 1 1.2 0 0.0 0.0 0.0

18 1 1.2 0 0.0 0.0 0.0

31 1 1.2 0 0.0 0.0 0.0

_6’]_

Collection @ chosun



AW oA d AN T
B omESe BRE G o] FoAAW Adst 84

=z
7Y

Mo

A
or

)
=

0

50

toh mhEb @ Al

5|
pul

A

=
L

oy

el

A
1,1,

1}

B, ZhAR s |

55>&

A
It

55>¢F Zt}. <

<3

KeN
=]

=

=3

&

= 7]Fo g i

g, == 15, 22

o] #FH
A, AR, FFEEY

=
=

[ & == 15, 22014 B Abg

1=

S

E3

oF
T

o}

i
A

o))

il
o}

A%, whel Ao A,

of 2]

22

§ sl thebube, AAl e T AR )

K

)

N

o] A

Aol Ael woz A

&

8|

X
Bl

9] Al oh

’

=
T

d

73 3t

= 98 A

84%7F =& 15, 22¢] HZF ol AT}

AW, 7hA 3o

o] EFINENA Ay

o]l &=
=

7t g
bl

ki3

i3

—_

, AIbdErt vlaabdEl o] 3815%S Zdetar, G Al

g

E

—_— —

jans jans
i
= A
_50 ,Hﬁ
-
Ea
o
CId
ko) .
Sy
= %
Ak
wp WY
S
< W
e -
O
o~
=
<
ERNG)
= o
)
Nowr
o
= .
==
o)
_&O ‘_Ir‘”
= N
oo
o X
-
0 [aN]
)
G
Y
)A
CIE

—_—

A7

b ooldA,

3|

o] nlaA}FE Q] 725% o]

1742 A 2] £196.5%

[e)
2

]
Al

af olal, oAl

WA 9] 381.5%°]

—_—

R

o] A} vlasbdle]

wALE 9] 70% 0]

R

A mE ThARESE o] = E

TEERE EER R

S

E
=

o], == 27, 324 A4

B

SRk

el

i

W 2747k 9 A e

==
y O T,

7441 e A e

¢+

o 7tAdsksE IV =EE

Abel o] 381.5%9] ©]

el Az

Br
R
e
o

1w, g AdE AL WA 725%E Zved, A

S

5

dofof

-
R

H| wLALE 9] 355%

Al u Ak 9] 62.0% 5

-
R

b, bAwsE I E 8 5

S

™, Bl AL €] 225.0% ©

=°l &=, e Il o

7, 14, 25914 70.5%°] AL

-
R

e I

_62_

Collection @ chosun



sdRA el A,

S

Ris

A el Az, A

-

AA A, W

me gmde uavx el Ayhdsrt b wAabe el 381.5%0]3F o

vl nlAL e o] 72.5%0]

e

i
£}

A

o
;OO

yase]

=

(e

M PO E R

H| uLALe] o] 72.59

77 o]

RS

2

o@'tg'r
wkop

=

bol i,

w9l Al e o]

[

Sk

T

EEE

’

d o]
uf
9] elaL, A

S
ay

3k

pal

u, Al
96.5%2] ©]3
98.0%°] 5}2]
7V

—

17149 Ak waabE el 62.0%0] 5

S

=2}
=

=

AA47 alwAbe o] 381.5%2

S sHAasae mo
H) mAFE 2] 96.0%

S

el 7AW st e m7t

9]

23}

=
=

ki3

i3

S|
Sy

B

ERY

=
=

upebA, 2R AR} 7] Aol A,

!

=
il

ﬁo

.

10 A,

[¢
_63_

, SRIATR A, A

o ZbAR s E el s st

1

[
“

7hA el E el

i

AelE ard

Collection @ chosun



o9 ) . . - .
e dua| Aa  |TRELAA|AGEGAR | F  |2LIAAA| % g MEBFIAA g ng | °19
e=) [BHEF AR T9HG T gAY | Ade | 9Ad | gw (B g uy | EAE Oy
(23) 505 ol - 1
(15) 725 o5 | 05 =H 70.0 ] 3} 3
GD |ae) & o 720 f? oen 35 ol 1
I | @9 125 —;]g{ U= 355 23} 2250 %3} 1
(18) 980 =} 62.00] 5 1
22) (3815 =7}| 93.0 o] 3} 346.5 o] 5 25.0 %3} 18
@4) N2 &S| 965 xat 700 %3 2
@7) 725 %3 ] ] 29
62.0 %3 355 3 225.0 ©] 3 =
(32) [381.5 o]&}| 80.5 = # * et 4
725 %3
I 29) 95.0 o]s} 62.0 ©]& 0 2
(4) 95.0 %3} 20 23| 1
12) 93.0 o3 3465 =3} 1
3815 %3} =
13) %0 ol 2
) 725 °|& | 96.5 o3} 4
e | B | : ;
3815 I8t~ — 62.0 o]
_—c 000 oa 0 420 ©3H 2
19) 725 %3 62.0 =7 355 o3 1
12) . 3465 7} 1
1) [381.5 %3} 930 s 346.5 ©]3} 25.0 o] 3} 1
(14) 96.0 %3 4

_64_

Collection @ chosun



6.1 &9 2E

6. 4%

o A A o)) T A A < wm W T T =
T 5% N =<
Aoy R oA o N =R m_m % o h
B I I A e o %
i ol gy R N I )
e o X Ho . R
NN - N RSN L - -
R e wYR ﬂ. o M oM om oo i oE o O
— X = N o s - — &
0 = w T SR o B oM )
o I T H MM%% ww”#iiﬂ%ywlo%.
(i Tow Mo oo ﬁ_Ao o N . ﬂo_m S T T T o O
N-oR % . o9 2 o o WoB + = I o BE
do dr . o < ¥ of ¥ = B 20 2 % 2 W
Mo iz RIS Y i o N x N o N X 171L = M wf =
oo o T oF S 2D w N g oy
T o4 X K - TR OWOIOR N & w =
A4r Ho 5 i T N
T T B T B == ' 5= 3 ol il
—~ —~ <o oS B o G N =y
Kooy R N = ° T e e o Nro i
__ B ﬂv.._ ZT Jl 1Xro ﬁi " .Mon_ r Wu.rl e s < N l’ T o~ OMU
san % TXgy wfLY Temg R 7
o ow 3 R ° 3 R o <N B HE e
R I s = N W o T om T e T PN o3 o
e S R TG U A B B =
U ~+ 03 o S < W = w2 D B ~ ) — ™ X0
AL M PR omow . T T LG iy
s B R g TR o HE TN B ET L F
iaLE.mm__omﬁ%Hmﬁ ﬂﬂxmwzfﬁa%ﬁﬂulmmwﬂ 0
ol B W T X Mmoo ow (b ﬂ%ov%ﬁ,%%ﬂwmﬁ o
P S IR WL Ho W oM R & ~ % v
&Ko I,DFA i El = ﬂ_OI T =y N_.o Ot . & @o ~ ﬂ_OI w = of HT_ N
o oR o2 E Gy . Oﬁ AT Lt ,ﬂw‘ il ri T Zﬁ N Z EE o
H._ X A —~ () — XL HT_ . ‘UA| B ZT o U1* O#E —_— < I~ = Z.E
B EEE R R N I N
T oo o ok - o= 9 do ot WO do
VIS mw.%ﬂ%ﬂ%?ﬂ%iiﬂ%ﬁ%% —_
A L TR e S
S M o o = o Nlo of S oo o wm = & o T
= o = \WA ° =k < s Hoo Np djo NE o To me Yo %o i
Sh T AT AT o RRTRBERE 4
S - O~ B e S T o s
X e A 2o T o o o = o 4o B
S BN R T E TR RET LR RN
HEHT T T TN OTHANEDT T

_65_

Collection @ chosun



Fejge AA Aot webd gudy

)

—_
fie)

gl
=

A # (e, Before remodeling, After

sy,

of @A A5E &8 Tt

o]
A

ol

oy

remodeling, Present)

HO'
olo
ol
el

o

FAth e

IEEE LI REE:

0

°©

=

o

21709 Abell7h 24} L, 938%8) S

o

gy Aol ZjedA A HE oSS

4971, 9 M

o
T

1

= I, O, Mol =&5ReH, o] T AA4 Zda47F vebd e Patter [,I]T

hARstE o Sy g 2R e AAH

R

1=

el

Nr

ek S AR o 4

o) e}
&= Ao =2 e Y T3 Pattern

=
X

SNy
1]

A 2 A
_%

o

kel
F7h Aol

¥ 31, Pattern 1

=
T

A=ol HaA

2 &

Ao
A =2

=
S

Mo

o

_o/]

F, wAAREA, S5l
shel A, SAgAte As,

=]

fLE

=

[

_66_

sAA7A 9 Az, MAAREGAA L Ar Q2o BE @

S

]

I
R

o

A = A

<)

il Pattern O A5, A
lo] B3

7o} =

o

Collection @ chosun



63:

A R

kel

6.2 79

7

q
i

ol e}

=

j=4

[€)

L83tk 38 Al

7hE WE o R, AR

o]

sk,

48
o}

KeN
=

A
AR AR QAR FgAN AA R s

1ol whE P EEE AR e
g

o

stk "AA o

E{l_

) O
==

s

A A o AE A

pl

A SRy Ao <A

bl

S

7HA el Fo] FEFY AFHFER

ol

=S
o B

3

A=

oro 2 9o A

trbar Abs

fe) =]
&3

EShus

F oAk

el

M

r
M

0%

_67_

upE,

=

=

7] A5-7F & 7

1

°
Ay A go] FA st 7)ol

T«

Collection @ chosun



< U-E >

o TR oW 1A

Construction Economy Research Institute of Korea. (2011). “System Improvement Method
for Revitalization of Remodeling of Deteriorated Multi-family Housing”, Seoul,

Republic of Korea.

Jang, N. S., Hong, S. W., and Jang, J. H. (2002). 'Data mining; , Daechung Media,

Seoul.
Kim, D. S. (1992). 'Neural Networks Theory and Applications; , Jinhan M & B, Seoul.

Korea remodeling association. (2011). “The institutional improvement committee seminar”,

Seoul, Republic of Korea.

= =] 2~
s o9 9 ey

Ahn, T., Go, S., and Song, D. (2013). “A Study on The Evaluation of The residents pref-
erence through deteriorated apartment houses remodeling for the modification method:
focused on the Gwang-ju metropolitan city.” Journal of the Union of Architectural in-
stitute Branches in Korea, 15(6), 237-245.

Chae, K., Yang, Y., Kim, Y., Jung, 1., and Lee, C. (2010). “A study on preference of
apartments remodeling items for reducing construction waste.” Korea Journal of con-

struction engineering and management, 11(2), 116-123.

Cho, Y., Lee, J., and Lee, S. (2011). “A study on importance of factors in remodeling for
aged apartment housing: using the fuzzy-AHP method.” Journal of research of real
estate and urban studies, 4(1), 101-116.

_68_

Collection @ chosun



Cho, J., Lee, K., Yoo, H., and Kim, Y. (2012). “A study on vitalizing plans of extension
remodeling for apartment housings.” Korea Journal of construction engineering and

management, 13(4), 33-47.

Cho, M., Kang, H., and Lee, M. (2014). “Research on the changes of the residential area
depending on different business methods of utilizing Monte Carlo simulation: focusing
on the reconstruction and the remodeling of Seoul.” Journal of the Korean urban

management association, 27(4), 189-221.

Choi, J. (2007). “An empirical analysis of Price differentiation among multi-family housing

types.” M.S. thesis, Hanyang Univ., Seoul, Korea.

Choi, Y. A., and Song, B. H. (2006). "A Study on evaluating the importance of the resi-
dential environment factors influencing the price of apartment house.” Journal of ar-

chitectural institute of Korea planning & design, 22(11), 115-124.

Choi, Y. A., and Song, B. H. (2007). “A Study on The Characteristics of The Price
Factors in Apartment Houses”, Journal of the Korean housing Association, 18(2),
75-82

Han, J., and Shin, D. (2012). “A study on the story increase for securing the feasibility of
aged-housing remodeling.” Korea Journal of construction engineering and manage-
ment, 13(3), 152-159.

Han, Y., Kang, B., and Kim, J. (2005). “A comparative study on the characteristics of pur-
chase between high-rise and super-high-rise apartment.” Journal of the architectural
institute of Korea planning & design, 21(11), 155-162.

Ham, H. (2003). “A study on the encouraging multi-family housing remodeling: focus on
apartment remodeling cases in Seoul.” M.S. thesis, Dankook Univ., Seoul, Republic of

Korea.

Heo, J. (2000). “A Comparison of neural networks and decision tree in the data mining”,

_69_

Collection @ chosun



Chung-ang Univ., Seoul, Republic of Korea.
Heo, S. R., and Kwak, S. J. (1994). “An Analysis of the Implicit Price of Housing
Characteristics in Seoul Apartment Market”, Housing studies review, 2(2), 27-42.

Hong, S., and Ahn, Y. (2004). “A study on countermeasures for the strategic risk manage-
ment of remodeling in construction projects.” Journal of the architectural institute of

Korea structure & construction, 20(11), 153-160.

Hwang, J., Yang, S., Park, J., and Kwon, Y. (2016). “A study on the characteristics of the
current building deterioration and remodeling situation in Korean cities.” Journal of

the design institute of Korea, 17(1), 65-82.

Hong, T., Kim, H., Koo, C., and Park, S. (2011). “Multi-family housing complex break-
down structure for decision making rehabilitation”, Korea Journal of construction en-

gineering and management, 12(6), 101-109.

Jang, H. S., and Shin, D. H. (2004). “A study on the pricing determinants of apartment
houses in medium and small sized cities: based on the analysis results of the price
characteristics of the Chuncheon area.” Journal of the Korea real estate academy, 23,
206-215.

Jeong, S., and Kang, J. (2002). “A factor impact to leasing price of A.P.T”, Journal of the

Korean regional development association, 14(2), 57-75.

Jung, S. (2005). “A study on determinants of apartment price in JeJudo”, Journal of the

Korea real estate analysis association, 11(2), 143-155.

Kim, D. (2009). “A study on the levels of co-promotion of apartment remodeling business

plan.” Journal of the architectural institute of Korea planning & design, 29(1), 53-56.
Kim, D., Choi, Y., and Kim, G. (2010). “A study on the agreement rate encouraging re-

striction factor or multi-family housing remodeling.” Korea Journal of construction en-

gineering and management, 11(1), 122-129.

_70_

Collection @ chosun



Kim, D. (2012). “A study on political trends of apartment housing remodeling and how to
realize efficient constructions: the focus on Bangbae-dong Goongjeun remodeling com-

pletion case.” M.S. thesis, University of Seoul, Seoul, Republic of Korea.

Kim, G. H. (2004). “Construction cost prediction system based on artificial intelligence at

the project planning stage”, Ph.D. Thesis, Korea Univ., Seoul, Republic of Korea.

Kim, H. (2010). “A study on the limit of effective construction which considers economic
value for remodeling project at high-rise apartment complex.” M.S. thesis, Seoul na-

tional university of science and technology, Seoul, Republic of Korea.

Kim, H., and Lee, K. (2002). “An analysis on the influence of amenity to the apartment
housing prices with each location & complex size: particular reference of apartment

housing complex in Seoul.” Journal of the Korea planning association, 37(2), 93-103.
Kim, J., Lee, S., and Park, S. (2004). “Urban growth simulation modeling using a decision
tree method for Inchon metropolitan area”, Journal of the Korea planning association,

39(4), 31-44.

Kim, J. (2010). “A study on the decision variables of sales price in housing construction

project.” M.S. Thesis, Chonnam national Univ., Gwang-ju, Republic of Korea.

Kim, K., and Han, J. (2007). “A model of the economic evaluation for aged-housing

remodeling.” Review of architecture and building science, 51(12), 27-30.
Kim, K. (2011). “The reconsideration of the direction of public housing remodeling policy:
focused on the case of Sung-Nam city.” The Journal of Korean policy studies, 11(2),

27-52.

Kim, K. C. (2011). “Directional restoration of apartment house remodeling policy”, The journal
of Korean policy studies, 11(2), 27-52.

Kim, K., and Baik, H. (2015). “Comparative analysis between RSMeans and standard esti-

mating system for selective finish demolition in remodeling projects.” Journal of the

_7’|_

Collection @ chosun



architectural institute of Korea structure & construction, 31(3), 73-80.

Kim, T. H. (2008). “Optimization of the formwork selection process in tall buildings”, M.s.

Thesis, Korea Univ., Seoul, Republic of Korea.

Kim, W. H. (2011). “Profit/Cost Prediction Model for Economic Feasibility Assessment on
Aged-Housing Remodeling Projects”, M.S. Thesis, Ajou Univ., Seoul, Republic of

Korea.

Kim, W., Cha, H., Shin, D., and Kim, K. (2013). “Profit/Cost Prediction model for eco-
nomic feasibility assessment on aged-housing remodeling projects.” Journal of the ar-

chitectural institute of Korea structure & construction, 29(4), 85-92.

Kim, Y. (2001) “Identification of buyers’ influencing factors in the assessment of purchas-
ing value of housing and its applications to marketing communications.” M.S. thesis,

Ewha Womans Univ. Seoul, Republic of Korea.
Kim, Y. (2002). “A study on the method of economic analysis for the remodeling of apart-

ments: focused on the Hedonic price.” M.S. thesis, Hannam Univ., Daejeon, Republic

of Korea.

Kim, Y., and Kang, M. (2000). “The buyers' assessment of purchasing value of housings.”
Journal of the Korean housing association, 11(4), 23-33.

Ko, H., Cho, G., Lee, Y., and Kim, J. (2007). "Estimating the value of eco-friendly factors
within an apartment housing price”, Journal of architectural institute of Korea struc-

ture & construction, 23(12), 173-180.

Koo, B. (2002). "Hedonic study of apartment prices: a case study of Bundang new town”,
Journal of the Korea spatial planning review, 34, 113-127.

Lee, D. (2014). “The process of development and prospect for apartment’s remodeling”,
Journal of the building construction, 14(2), 36-40.

_72_

Collection @ chosun



Lee,

Lee,

Lee,

Lee,

Lee,

Lee,

Lee,

Lee,

J. (2005). “Economic analysis and preference study on apartments according to busi-
ness method.” Journal of the architectural institute of Korea structure & construction,
21(8), 137-144

J. S., and Cho, J. H. (2010). “A Study on the Evaluation of Real Estate Consulting
in Korea”, Korea Real Estate Academy, 40, 5-13

J., Choi, M., and Lee, S. (2007). “A study on the forecasting model of apartment
price based on data mining.” Journal of the Korea planning association, 42(4),
135-148.

J. (2013). “A study on the rational estimation method of share of expenses in remod-
eling projects entailing with an increase of the number of household.” Journal of the

Korean urban management association, 26(3), 71-96.

J., and Ann, J. (2013). “Improvement of the estimation method of share of expenses
in apartment remodeling project.” Journal of the Korean urban management associa-
tion, 26(2), 73-96.

K., Kim, K., Kim, K., and Shin, D. (2007). “Profitability influence factor analysis by
apartment remodeling case study.” Korea Journal of construction engineering and
management, 8(2), 127-135.

K. (2014). “Study of status and problems domestic apartment remodeling.” Journal of
the building construction, 14(2), 20-24.

S., and Ju, S. (2002). “A study on the perception levels among residents in deterio-
rated apartment about remodeling.” Journal of Korean home management association,
20(6), 69-79.

Moon, H. S. (2010). “Decision trees for repeated binary data”, P.h. D. Thesis, Korea Univ.,

Seoul, Republic of Korea.

Moon, T. H., and Jeong, Y. Y. (2008). “Analysis of Determinant Factors of Apartment

_73_

Collection @ chosun



Price Considering the Spatial Distribution and Housing Attributes”, Journal of the

Korean Association of Geographic Information Studies, 11(1), 68-79.

Moon, Y., and Shin, Y. (2003). “The plan for improving a system study for activating a
remodeling of an apartment house.” Journal of the residential environment institute of
Korea, 1(1), 55-70.

Park, W., and Rhim, B. (2012). “A study on the determinant factors of the apartment

price”, Journal of the residential environment institute of Korea, 10(1), 91-113.

Seo, J., Kim, Y., and Hyun, C. (2003). “A study on the decision method between re-
construction and remodeling of the deteriorated apartment housing: focused on the

functional and evaluation.” Journal of the architectural institute of Korea structure &
construction, 19(1), 93-101.

Shim, J., Cho, C., and Lee, S. (2007). “The industrial land price appraisal based on artifi-

cial neural network.” Journal of the Korea planning association, 42(5), 223-232.

Song, J. C. (2011). “Dynamic Analysis on the Influence of Price Determining Factors on
Apartment Price”, MS thesis, Jeju National Univ., Jeju, Korea.

Ye, Y., Yun, G, and Lee, G. (2014). “A study on methods for activating remodeling mar-
ket of the existing building”, Journal of The Korean society of living environmental
system, 21(3), 468-477.

Yoo, H. (2012). “A study on the multi-family housing remodeling institution: focusing on
the standard of operator selection.” The Journal of Korean policy studies, 12(3),

215-233.

Yoo, H. K. (2012). “A Study on the Remodeling System of Apartment House”, The journal of
Korean policy studies, 12(3), 215-233.

Yoo, I., Kim, C., Yoon, Y., and Yang, K. (2004). "A feasibility study method for apart-

ment remodeling by Hedonic model.” Journal of the building construction, 4(3),

_74_

Collection @ chosun



117-124.

Yoo, L., Jeong, D., Yoon, Y., Kim, C., and Yang, K. (2004). “A management condition of
apartment house and improvement strategy of remodeling.” The conference proceedings

of the Korean institute of building construction, 4(1), 77-83.

Yoon, J., and Yu, W. (2001). “The influence of landscape outlook characteristics”, Journal

of the Korea planning association, 36(7), 67-83.

Yoon, C., Kim, S., Andrew, D. S., and Robin, F. A. (2007). “A comparative study be-
tween Korea and the United states on executive and supportive programs for the mul-
ti-family housing remodeling.” Journal of the Korean Housing Association, 18(6),
45-55.

Yoon, C., Bae, J., and Park, E. (2005). “The study on systematic improvement plans in re-
modeling by the case study of the apartment housing remodeling.” Journal of the

Korean housing association, 16(3), 17-26.

Yeon, J., Lee, H., Park, M., Kim, S., and Ahn, J. (2014). “Feasibility study on remodeling
project by using real option model: focusing on apartment house remodeling.” Korea

Journal of construction engineering and management, 15(1), 39-50.
Yoon, Y. (2015). “A proposal on customized remodeling types through a case study of do-
mestic deteriorated multi-family housing.” The 70" anniversary conference on the ar-

chitectural institute of Korea, Architectural institute of Korea, Seoul, Republic of
Korea, 125-126.

Daum Maps. (2016). http://map.daum.net/ (accessed October 21, 2016)

Declared price of Real estate in Korea inquiry system. (2016) Ministry of land, infra-
structure and transport, http://www.realtyprice.kr/notice/ (accessed January 2016)

_75_

Collection @ chosun



Google Maps. (2016). https://www.google.co.kr/maps (accessed June 6, 2016).
Kookmin Bank. (2015). http://nland kbstar.com/ (accessed June ~ September, 2015).

Ministry of land, infrastructure and transport. (2008). “The supply rate of housing”,
http://stat.molit.go.kr/portal/search/searchList.do (accessed May 2, 2016).

Ministry of land, infrastructure and transport. (2014). “The status of Annual construction of
Multi-family housing”  http://stat.molit.go.kr/portal/main/portalMain.do (accessed March

3, 2016).

Ministry of land, infrastructure and transport. (2015). Apartment management info system,

http://www k-apt.go.kr/ (accessed June ~ September, 2015).

Ministry of land, infrastructure and transport. (2015). Ranking of construction company

contracts. http://www.molit.go.kr/portal.do (accessed June, 2015).

MIRAE ASSET corp. (2015). Real estate 114. http://www.rl14.com/ (accessed June -~
September, 2015).

Naver Corp. (2015). Naver Real estate. http://land.naver.com/ (accessed June ~ September,
2015).

Seoul Real Estate Information System, (2015). http://land.seoul.go.ki/land/ (accessed June ~
September, 2015)

_76_

Collection @ chosun



Witten, 1., Frank, E., and Hall, M. (2011). Data Mining: Practical Machine Learning Tools
and Techniques, 3rd ed.Morgan Kaufmann Publishers in an imprint of Elsevier,

Burlington, MA.

o 89 W ey

An, S. H.,, Park, U. Y., Kang, K. I, and Cho, M. Y., and Cho, H. H. (2007).
“Application of support vector machines in assessing conceptual cost estimates.”

Journal of Computing in Civil Engineering, 21(4), 259-264.

Cheung, S., Wong, P., Fung, A., and Coffey, W. (2006). “Predicting project performance
through neural networks”, [International journal of project management, 24(3),
207-215.

Delen, D., Sharda, R., and Bessonov, M. (2006). “Identifying significant predictors of injury
severity in traffic accidents using a series of artificial neural networks”, Journal of

the accident analysis and prevention, 38(3), 434-444.

Delen, D., Kuzey, C., and Uyar, A. (2013). “Measuring firm performance using financial

ratios: A decision tree approach.” Expert system with application, 40, 3970-3983

Fayyad, U., Piatetsky-Shapiro, G., and Smyth, P. (1996). “From data mining to knowledge
discovery in databases”, Al Magazine, 17(3), 37-53.

Hajaizadeh, E., Ardakani, H., and Shahrabi, J. (2010). “Application of data mining techni-
ques in stock market: a survey.” Journal of economics and international finance, 2(7),

109-118.

_77_

Collection @ chosun



Hegazy, T., Fazio, P., and Moselhi, O. (1994). “Developing practical neural network appli-

cations using back-propagation”, Micro computer in civil engineering, 9(2), 145-159.

Joos, P., Vadhoof, K., Ooghe, H., and Sherens, N. (1998). Credit classification: a compar-
ison of logit models and decision trees. Proceedings Notes of the Workshop on
Application of Machine Learning and Data Mining in Finance. 10th European

Conference on Machine Learning, 59-72.

Kirkos, E., Spathis, C., and Manolopoulos, Y. (2007). “Applying data mining methodologies
for auditor selection.” Proceedings 11th Pan-Hellenic Conference in Informatics (PCI),
Patras, Greece, 165-178.

Kirkos, E., Spathis, C., and Manolopoulos, Y. (2010). “Audit-firm group appointment: an
artificial intelligence approach”, Intelligent Ststems in Accounting Finance Management,
17 (1), 1-17.

Kim, S. Y., and Upneja, A. (2014). “Predicting restaurant financial distress using decision
tree and AdaBoosted decision tree models.” Economic Modeling, 36, 354-362.

Kumar, P.R., and Ravi, V. (2007). “Bankruptcy prediction in banks and firms via statistical
and intelligent techniques — a review”, European Journal of Operational Research,
180, 1-28.

Patel, D., and Jha, K. (2016). “Evaluation of construction projects based on the safe work
behavior of co-employees through a neural network model”, Journal of the safety sci-

ence, 89, 240-248.

Rumelhart, D., Widrow, B., and Lehr, A. (1994). “The Basic Ideas in Neural Networks”,
Communications of the ACM, 37(3), 87-92.

Shin, Y., Kim, T., Cho, H., and Kang, K. (2012). “A formwork method selection model

based on boosted decision trees in tall building construction”, Automation in con-

_78_

Collection @ chosun



struction, 23(1), 47-54.

Tk, M., and Verner, R. (2016). “Artificial neural networks in business: Two decades of
research.” Journal of the world federation on soft computing, 38, 788-804.

Yau, N.J., and Yang, J.B. (1998). “Applying case-based reasoning technique to retaining

wall selection.” Automation in Construction, 7(4), 271-283.

Yau, N.J., and Yang, J.B. (1998). “Case-based reasoning in construction management.”
Computer-Aided Civil and Infrastructure Engineering, 13(2), 143-150.

_79_

Collection @ chosun



3= 1L Add Ad4e 2 e e d2dy 3539 44 v

. . _ Price Rate of
Case Price of RC, [W1,000] Case Price of CC} [W1,000] RC, on CCJ [%]
RC, RC, RC,

> (}];ife) (g’if; (gzte) | P Pan | P |RiPoBiPay BLP;
1 | 308500 | 584,000 | 536,000 | 1 222,00 442,00 355,000 139 132 151
(2005.05) | (2007.01) | (2014.01) | 2 394,000 672,000 586,000 78 87 91

3 367,50 625,00 481,000 34 93 111

4 381,000 649,000 523,000 81 90 102
2 | 426,000 | 772,000 | 701,000 | 1 558,000 904,000 661,000 76 85 106
(2005.05) | (2007.01) | (2014.01) | 2 426,000 772,000 701,000 100 100 100
3 402,00 748,00 512,000 106 103 137
4 482,000 864,000 657,000 33 89 107
5 542,000 832,000 661,000 79 93 106
6 512,00 799,00 642,000 83 97 109
7 616,000 1,032,000 748,000 69 75 9
3 | 484,000 | 904,000 | 760,000 | 1 654,000 1,064,000 740,000 74 85 103
(2005.05) | (2007.01) | (2014.01) | 2 568,00 992,00 689,000 85 91 110
3 572,000 1,024,000 770,000 85 33 99
4 530,000 936,000 692,000 33 97 110
5 602,00 920,00 692,000 80 98 110

6 536,000 646,000 760,000 90 140 100

7 1,100,500 1,208,000 1,200,000 44 75 63

8 658,000 1,128,000 808,000 74 80 9

9 760,00 992,00 714,000 64 91 106

4 | 100,000 | 148,000 | 188,000 | 1 179,000 202,000 232,000 56 73 81
(2006.01) | (2008.01) | (2014.01) | 2 195,00 218,00 290,000 51 63 65

3 272,00 338,00 360,000 37 44 52

4 280,000 333,000 307,000 36 44 61

5 166,000 191,000 228,000 60 77 82

6 242,000 307,000 308,000 41 43 61

5 | 321,000 | 468,000 | 464,000 | 1 640,00 602,00 596,000 50 73 78
(2011.01) | (2013.01) | (2014.01) | 2 404,000 380,000 379,000 9 123 122

3 602,000 567,000 562,000 53 33 33

6 | 425000 | 711,000 | 620,000 | 1 603,50 775,00 704,000 70 92 88
(2004.04) | (2006.01) | (2014.01) | 2 544,000 660,000 685,000 78 108 91

3 595,000 667,000 676,000 7 107 92

4 471,500 573,000 518,000 90 124 120

5 943,500 1,075,000 960,000 45 66 65

6 472500 492,000 520,000 90 145 119
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F 5 1 AHEE 7HEAZR R vlaAg die] g REsy 3F5FEY JHE vs(AS)
. . . Price Rate of
Case Price of RC; [W1,000] Case Price of CC} [W1,000] RC. on CCJ [%)]
RC, RC, RC, v
b (nge) (ﬁif; (gl;te) i| o | Pin | P | BiPon|FiPan BP;
7 | 603,000 |1,024,000| 696,000 | 1 549,000 644,000 516,000 110 159 135
(2004.04) | (2006.01) | (2014.01) | 2 621,000 876,000 588,000 97 117 118
3 639,000 840,000 727,000 94 122 9%
4 796,500 971,000 920,000 76 105 76
8 | 187,500 | 584,000 | 437,000 | 1 364,500 606,000 500,000 51 96 87
(2005.05) | (2009.01) | (2014.01) | 2 303,500 627,000 498,000 62 93 83
3 416,500 486,000 488,000 45 120 90
4 367,500 496,000 511,000 51 118§ 86
5 382,500 493,000 556,000 49 118 79
6 352,500 548,000 489,000 53 107 89
7 356,000 556,000 512,000 53 105 85
8 232,500 580,000 455,000 81 101 96
9 | 156,500 | 385,000 | 347,000 | 1 183,000 277,000 251,000 36 139 138
(2005.05) | (2011.01) | (2014.01) | 2 183,500 298,000 270,00 85 129 129
3 300,000 404,000 359,00 52 95 97
4 - 347,000 324,000 - 111 107
5 183,500 307,000 283,000 85 125 123
6 198,500 297,000 282,000 79 130 123
7 353,000 322,000 313,000 44 120 111
10 | 120,000 | 317,000 | 286,000 | 1 165,000 251,000 228,000 73 126 125
(2005.05) | (2011.01) | (2014.01) | 2 143,000 241,000 221,00 84 132 129
3 142,500 216,000 207,000 34 147 138
4 248,000 249,000 247,000 43 127 116
5 137,000 212,000 203,000 83 150 141
11 | 186,500 | 504,000 | 400,000 | 1 352,000 450,000 385,000 53 112 104
(2005.05) | (2011.01) | (2014.01) | 2 364,000 472,000 415,000 51 107 9%
12 | 56,000 | 121,500 | 176,000 | 1 195,000 195,000 298,000 29 62 59
(2002.04) | (2004.01) | (2014.01) | 2 - 168,500 272,00 - 72 65
13 | 632,000 | 808,000 | 848,000 | 1 928,000 735,000 780,00 68 11 109
(2011.01) | (2014.06) | (2015.01) | 2 | 1,096,000 790,000 832,000 58 102 102
3 968,000 708,000 751,000 65 114 113
4 | 1,024,000 737,000 782,000 62 110 108
5 | 1,320,000 952,000 1,008,000 43 85 34
6 848,000 629,000 675,000 75 128 126
7 |1 1,048,000 816,000 856,000 60 9 9
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5 1L AHEE 1A R R vaAke div] gRdy gE5FE 713 v (AS)

. : Price Rate of
Case Price of RC, [W1,000] Case Price of CC} [W1,000] RC, on CCJ [%]
RC, RC, RC,

> (nge) £§Z> (}I;Zte) | P Pix Pp | B Pon| BiPan| BLPp
8 1,160,00 856,00 896,00 54 A 95
9 1,304,000 1,024,000 1,072,000 43 79 79
10 | 1,232,00 944,000 1,008,00: 51 86 84
14 | 627,000 | 1,000,000 | 1,000,000 | 1 992,000 872,000 952,000 63 115 105
(2011.01) | (2014.06) | (2015.01) | 2 1,152,000 944,000 960,000 54 106 104
3 848,00 739,00 751,00 74 135 133
4 709,000 640,000 647,000 33 156 155
5 780,000 686,000 709,000 80 146 141
6 780,001 683,00 706,00 8 146 142
7 513,000 452,000 516,000 1220 221 194
8 824,000 730,000 740,000 76 137 135
15 | 557,000 | 984,000 | 992,000 1 992,000 872,000 952,000 56 113 104
(2011.01) | (2014.06) | (2015.01) | 2 1,152,00 944,00 960,00 43 104 103
3 848,000 739,000 751,000 66 133 132
4 709,000 640,000 647,000 79 154 153
5 780,001 636,00 709,00 71 143 140
6 780,000 683,000 706,000 71 144 141
7 513,000 452,000 516,000 109 218 192
8 824,000 730,000 740,00 63 135 134
16 | 319,000 | 475,000 | 483,000 1 373,00 349,00 363,00 86 136 133
(2010.01) | (2014.06) | (2015.01) | 2 441,00 400,00 420,00 72 119 115
3 1,120,000 840,000 848,000 23 57 57
4 411,00 396,00 408,00 78 12 118
5 840,000 692,000 705,000 38 69 69
6 423,000 430,000 451,000 75 110 107
7 472,000 416,000 436,000 63 114 111
8 992,000 904,000 904,000 32 53 53
9 365,00 345,00 362,00 87 138 133
17 | 201,000 | 386,000 | 389,000 1 396,000 357,000 375,000 51 108 104
(2010.01) | (2014.06) | (2015.01) | 2 240,000 271,000 284,000 34 142 137
3 332,000 286,000 300,000 61 135 130
4 275,000 270,000 283,000 73 143 137
5 232,00 259,00 272,00 87 149 143
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2 2 g wmAE o

Prdy FFFY AtEY £4 ZE v &[Pattern 1]

Rate of attribute m of RC, on CCJ
Patterns Case
T | T | T | T T 0 | T | T | T2 | T T2 | | T | 77 g | | T | 772 0 T [T g | R 772
RA,, 7229 121 45 92 123 g 50 18 100 11 100 122 100 94 44 167 11 1
RA,, 89 26 80 34 60 450 11 20 29 100 1 100 106 250 81 114 63 65 0
R'A,, 8 40 73 56 79 675 11 20 29 100 1 100 94 300 81 133 250 69 0
RJA,, 7143 127 103 57 675 1 33 14 100 1 100 106 115 94 73 167 100 0
R}A,, 79 62 76 100 100 93 g 50 28 100 1 80 122 125 100 53 250 100 0
RJA,, 82 26 80 34 109 450 11 20 29 100 1 100 106 250 81 114 63 65 0
RJA,, 89 40 73 56 60 675 11 20 29 100 1 100 94 300 81 133 250 69 0
RIA, e 92 77 177 By 2700 1 50 16 75§ 1 100 122 115 100 38 167 220 1
R A, 71 43 127 109 8 675 1] 33 14 75 1 100 106 115 94 73 167 100 0
RZA,, 69 64 80 59 100 300 g 50 97 100 1 100 111} 115 100 62 167 100 0
Pattern RiA, 74 29 121 45 92 1350 0 50 18 100 1 100 1220 100 94 44 167 110 1
I R{A,, 91 26 80 34 92 450 1 20 29 100 1 125 106 250 81 114 63 65 0
(30) RjA, 83 4 73 56 60 675 11 2 29 100 1 125 94 300 81 133 25 69 0
RYA,, 92 T 171 67 270 1 16 75 1 129 122 115 10 38 167 22 1
RJ)A,, 75 100 73 243 100 2700 11 20 14 75§ 1] 125 89 188 75 133 167 138 1
RA,, 83 6 119 13 33 438 11 20 72 100 1 100 94 78 75 78 100 91 1
R}A,, 83 6 119 19 23 -3500 1 33 51 67 11 100 72 173 69 47 50 77 0
RA,, 58 g 99 22 28 1167 1 33 53 67 1 100 78 70 81 78§ 33 77 1
RJA,, 84 19 95 50 26 700 1 33 56 100 1 100 83 8 94 140 25 77 0
R{A,, 5 59 93 120 33 3500 1 33 53 67 1 100 78 233 106 50 100 77 0
RIA,, 568 90 141 333 143 733 1 200 18 67 11 79 92 11§ 100 107 57 &9 1
R3A,, 81 11 114 24 77 314 1] 4 32 67 11 10 92 144 54 119 100 10 1
RZA,, 99 102 130 117 714 107 0 100 51 100 1] 60 125 35 100 63 50 82 1
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F Z 2. HaAbE o] SlRdY FEFY AE Y £4 AR H &[Pattem I](AS)

Rate of attribute m of RC, on CC}

Patterns Case
My | My | Mg | My | Ty | Mg | Ty | T | My | Ty | Ty | My | T3 | Ty | Ty | Mg | My | Mg | Mg
RJA,, 7§ 30 63 61 48 1350 1 50 13 67 1 100 133 100 83 70 200 83 0
Ry A, 70 130 80 246 83 440 0 23 24 67 1 73 63 379 153 67 200 150 0
Pattern Ry A, 61 54 83 128 83 314 0 20 19 50 1 75 84 100 87 56 133 100 0
I R A, 7 26 8] 46 65 550 0 33 29 50 1 73 53 300 147 63 200 150 0
(30) R A, 49 13 214 33 77 72 0 100 12 67 1 40 100 100 1000 150 50 11 1
Rz A, 56 52 71 16§ 48 383 I 20 15 67 1 50 146 700 1500 86 300 157 1
R A, 33 268 130 526 100 177 I 33 33 67 140 8y 108 1000 106 150 110 1
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F Z 2. HaAE o] SlRdY FFFY AE Y £4 AR H & [Pattern I)(AS)

Rate of attribute m of RC, on CCJ

Patterns Case
my | My | My | Ty | T | T | Ty | TR | Mg | Ty | Ty | Mg | T3 | Ty | TThs | Mg | M7 | TThg | TThg
RYA,, 74 568 8§ 1,271 200 2700 1 100 16 150 0 125 89 125 63 160 71 138 0
RZA,, 81 29 63 55 42 183 I 40 34 100 0 100 1000 100 46 103 44 84 1
R{A,, 94 33 210 13 100 107 0 20 40 100 1 75 75 35 1200 83 100 88 0
RSA, | 92 185 209 164 1200 114 o 100 29 100 1 60 100 55 100 111 67 108 0
R A, 97 51 &8 57 67 107 0 100 40 100 0 75 63 35 100 53 200 88 0
Ry A, 80 74 95 &4 67 142 1 50 14 100 1] 1000 1400 88 100 223 200 100 0
RyA,, 82 139 88 16l 91 104 1 100 40 100 0 100 120 117 146 223 600 117 0
RiA, | 80 117 70 227 77 675 1| 33 14 1000 1 100 120 175 100 181 120 117 0
Ry A, 82 26 52 36 53 245 1 20 100 100 1} 1000 127, 140 10§ 290 300 100 0
RJA,, 80 36 49 62 48 338 1 100 17, 100 1} 1000 153 &8 85 242 200 88 0
Pattern RJA,, 80 121 73 170 111} -900 1 100 20 67 1] 1000 1400 53 1000 242 300 78 0
il RLA, | 71 74 93 84 8¢ 142 1 50 14 100 1 100 140 88 1000 78 200 1000 O
(49) RLA | 8¢ 139 88 161 109 104 1 100 40 100 0 150 120 117 146 140 600 117 0
R} A, 88 36 49 62 52 338 I 100 17 100 0 100 153 88 85 64 200 8§ 0
Ry A, 88 121 73 170 80 -675 Il 100 20 67 I 1000 140 53 100 47 300 78 0
R, A, 76 70 58 261 75 300 1 33 7 100 0 1000 1400 64 92 50 150 88 0
RY A, 71 30 63 6l 57 1350 1 50 131 67 1] 1000 133 100 85 70 200 88 0
R34, 74 58 70 56 63 183 0 20 39 67 Il 75 84 94 113 91 133 100 0
RE A, 66 42 140 56 100 183 0 33 42 67 1 75 84 214 1000 125 133 100 1
R A, 73 67 133 74 107 81 0 100 42 67 1 75 89 150 1200 167} 200 113 1
R A, 78 27 91 37 107 200 0 20 34 67 175 63 136 167 125 100 100 0
REL A, 101 7 117 8 107 69 0 100 39 67 0 75 &9 167 127 125 57 90 0
Rl A, 95 19 97 25 43 1900 0 75 50 100 1] 1000 1000 125 100 175 100 114 1
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2 2 g wmAE o

grdy F5FHY AlElY £4 AR v &[Pattem I|(AS)

Rate of attribute m of RC, on CCJ
Patterns Case
my | My | My | MYy | My | Mg | My | Mg | My | Myy | Ty | Ty | Mg | My | My | Ty | Ty | g | g

RYL A, 81| 17| 140, 20| 125 61 0] 300[ 59| 67 O 75 125| 125 67| 175 100 &9 1

R} A, 78/ 56| 79| 56| 63] 158 0f 60 49| 67 1) 75/ 100f 150] 117 88 80| &0 1

R A, 79 45| 95 45 107] 158 0f 60| 46| 67 1) 75 108| 150] 167 88 80| &0 0

R} A, 80| 47) 91, 90, 94 238 0f 60| 34| 67 1) 100| 117 125] 167 78| 133| 100 0

R A, 75| 45| 87 65 88 211 1] 60| 43| 67 1) 75 108 150[ 183| 50| 100 &0 0

R\, A, 100 79| 65 74 79 112 1] 300 37/ 100 1) 100| 108 71| 117 47| 50| 114 1

R A, 75 85| 113 125 115] 380 1] 60| 43| 67 1) 75 117 136] 167, 39| 67 73 0

R A, 95| 14| 111, 15 51} 1800 0 25| 57| 100 1) 100] 86| 133] 100| 200| 125/ 114 1

R A, 81 12| 161 12| 150 58 0] 100] 68| 67 0 75 107| 133| 67/ 200 125 &9 1

R A, 78| 40| 91, 34, 75 150 0 20] 57| 67 1) 75 86| 160] 117| 100 100, &0 1

RY A, 79 33| 109 28] 129] 150 0 20] 53| 67 1) 75 93| 160] 167| 100 100, &0 0

R A, 81| 34| 105 55 113] 225 0 20| 39| 67 1) 100| 100| 133] 167| 89| 167/ 100 0

Pattern R A, 75 32| 100, 40, 106] 200 1] 20| 50 67 1) 75 93] 160] 183| 57| 125 &0 0
(59) R A, 100 57| 75| 45| 95 106 1] 100f 43| 100 1) 100, 93| 76| 117| 53| 63| 114 1
R A, 75 61 129, 76| 138] 360 1] 20| 50| 67 1) 75 100| 145| 167| 44| 83| 73 0

Rl A, 94| 34| 69 53] 50| 164 1] 33| 38| 100 1) 67/ 100[ 140[ 100 90| 50| 138 1

R A, 95 10| 92| 22| 71} 110 0 50[ 35| 100 1) 67 138| 175 113| 75 75/ 138 1

R A, 94| 24| 55 37/ 40| 153 1] 20| 36/ 100 1) 67 146 117| 175 120| 150 138 0

R A, 95| 36| 105 66| &3] 767 1] 100 30| 67 0 67 123| 280| 113| 120/ 100| 122 1

R A, 95| 28] 80 34| 53] 110 1] 20| 35/ 100 1) 67 123| 100] 138| 129| 150, 138 1

R A, 94| 52| 75 831 50| 256 1] 33| 34| 67 1] 67 131 70| 213| 113| 300f 157 0

RS A, 75 100 921 22| 71] 110 0 50[ 35| 100 1) 67 138 175 113| 75 75| 138 1

REA, 9| 24| D55 37 43] 153 1] 20| 36/ 100 0 67 146| 117 175 120/ 150| 138 0

R A, 8| 98 97 121} 67 100 1] 20| 35/ 100 0| 100] 131| 140| 113} 95/ 100| 138 1

R- A, 9| 28] 80 34/ 53] 110 1] 20| 35| 67 1) 100| 123| 100] 138| 129| 150 138 1

R A, 9| b2| 75 831 53] 256 1] 33| 34| 100 1] 67 131 70| 213| 113| 300f 157 0
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F Z 2. HaAE i) SlRdY FFFY AEY £4 AR H & [Pattern IT)(A )

Rate of attribute m of RC, on CC}

Patterns Case

|| Ty | Wy || W | Mg My | Mg | Ty | Myg | Myy | My | Tz | Ty | My | Mg | Ty | Thg | T

RA,, 51 77| 74| 360 | 100 | 1350 1] 25 9| 75 100 89| 136 63| 160 | 83| 157

R2A_ | 83| 20| 93| 49| 24| 3500| 1| 20| 58| 67| 0| 100| 83| 100| 75| 70| 50| 91
RﬁlAm 95 44 | 249 33| 100 128 0| 100 40 | 100 1 75 88 50 | 120 71 67 | 108 1
RZA, | 120 14| 139| 10| 75 640 0| 33| 40| 100 1| 75| 113 67| 120 63| 40| 93 0
RgAm 119 6| 123 4 92 533 0| 100 38 | 100 1 75| 100 | 150 | 100 | 100 | 100 | 108 0
RJA, | 100 | 23| 152 34| 80| 1600 1| 20| 16| 100 1| 75| 100 43| 100 | 63| 50| 88 1
R?Am 96 33| 210 13| 100 107 0 20 40 75 1 60 75 35| 120 83 | 100 88 0
RIA | 88| 104| 266 | 124| 71| 114 0| 100| 42| 75| 1| 60| 88| 46| 100| 100| 67| 108| 1
R'A | 97| 14| 72| 27| 120| 414 0| 100| 25| 100| 1| 100| 113| 43| 100| 223 | 100| 89| 1
Pattern RA, | 97| 13| 55| 16| 60| 363| 0| 40| 53| 100 1| 100| 113| 30| 140 | 223 | 33| 62| 1
I RSAm 78 21| 119 33| 100 112 0| 200 39 | 100 0| 100 88 50 | 120 | 207 33 62 1
(21) R84A,,, 97 7 67 11 67 483 0 67 39 | 100 1| 100] 113 67| 120 | 181 20 53 0
RgsAm 97 3 59 4 57 414 01| 200 37| 100 1| 100 | 100 | 150 | 100 | 290 50 62 0
RA,, 97| 25| 66| 35| 67 290 0] 200 | 37| 100 1] 100 | 113 | 60| 100 | 242 | 50| &9 0
R87Am 97 6 59 10 50 580 0 40 37| 100 1] 100 | 125| 100 | 100 | 242 20 67 0
R3A,, 97| 11| 55| 17| 60 483 0] 100 | 36| 67 1] 100 | 113 | 27| 80| 207 | 25| 80 0
R} A, 51 36 49 62 57 338 1| 100 17 50 1 80 | 153 88 85 64 | 200 88 0
3112 A, 99 8] 102 14 29 | -3100 1 20 1| 150 1| 100 | 108 | 108 | 107 | 131 67 | 100 0
RLA, | 45| 18| 76| 43| 29| -1550 0] 20 1] 150 1] 100 | 77| 127 | 100 | 140 | 133 | 93 1
R153 A, 66 19 | 138 35| 107 79 0| 100 55 67 1 75 58 | 150 | 100 83 57 90 1
R1130Am 72 40 | 131 55| 100 79 0| 100 37 67 1 75 68 | 214 | 140 | 100 80 90 1
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¥ 24 dRdd FEFY AAUSAE A3 4 29 =297

) Number of
Division I_{:;gf_n gl ST . R(z)lft.e Momentum l;rfgligi&n
Hidden layer 1 | Hidden layer 2 carning
1 1 17 0 0.3 0.7 875
2 1 17 0 0.6 0.7 875
3 1 17 0 0.9 0.7 68.8
4 1 17 0 0.3 0.8 56.3
5 1 17 0 0.6 0.8 81.3
6 1 17 0 0.9 0.8 56.3
7 1 17 0 0.3 0.9 875
8 1 17 0 0.6 0.9 93.8
9 1 17 0 0.9 0.9 75.0
10 1 19 0 0.3 0.7 93.8
11 1 19 0 0.6 0.7 87.5
12 1 19 0 0.9 0.7 75.0
13 1 19 0 0.3 0.8 62.5
14 1 19 0 0.6 0.8 81.3
15 1 19 0 0.9 0.8 68.8
16 1 19 0 0.3 0.9 75.0
17 1 19 0 0.6 0.9 68.8
18 1 19 0 0.9 0.9 81.3
19 1 39 0 0.3 0.7 62.5
20 1 39 0 0.6 0.7 81.3
21 1 39 0 0.9 0.7 75.0
22 1 39 0 0.3 0.8 75.0
23 1 39 0 0.6 0.8 62.5
24 1 39 0 0.9 0.8 75.0
25 1 39 0 0.3 0.9 75.0
26 1 39 0 0.6 0.9 81.3
27 1 39 0 0.9 0.9 62.5
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54 92427 IFFY 7HAEAY dF HF 2d =ERHAS)

; hid(i\legn;:ezrorflode Rate ot
Division I_{:;gf,n Y : of Momentum I;r:c(ll:l?atlcgln
Hidden layer 1 | Hidden layer 2 carning
28 2 17 17 0.3 0.7 75.0
29 2 17 17 0.6 0.7 62.5
30 2 17 17 09 0.7 75.0
31 2 17 17 0.3 0.8 93.8
32 2 17 17 0.6 0.8 87.5
33 2 17 17 0.9 0.8 81.3
34 2 17 17 0.3 0.9 75.0
35 2 17 17 0.6 0.9 68.8
36 2 17 17 09 09 87.5
37 2 17 19 0.3 0.7 93.8
38 2 17 19 0.6 0.7 875
39 2 17 19 09 0.7 68.8
40 2 17 19 0.3 0.8 87.5
41 2 17 19 0.6 0.8 75.0
42 2 17 19 0.9 0.8 62.5
43 2 17 19 0.3 09 75.0
44 2 17 19 0.6 09 68.8
45 2 17 19 09 09 81.3
46 2 17 39 0.3 0.7 62.5
47 2 17 39 0.6 0.7 75.0
48 2 17 39 09 0.7 75.0
49 2 17 39 0.3 0.8 75.0
50 2 17 39 0.6 0.8 75.0
51 2 17 39 09 0.8 93.8
52 2 17 39 0.3 09 5.0
53 2 17 39 0.6 0.9 81.3
%! 2 17 39 0.9 0.9 75.0
- 9’] -
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54 92427 IFFY 7HAEAY dF HF 2d =ERHAS)

; hid(i\legn;:ezrorflode Rate ot
Division I_{:;gf,n Y : of Momentum I;r:c(ll:l?atlcgln
Hidden layer 1 | Hidden layer 2 carning
55 2 19 17 0.3 0.7 75.0
56 2 19 17 0.6 0.7 75.0
57 2 19 17 09 0.7 87.5
58 2 19 17 0.3 0.8 68.8
59 2 19 17 0.6 0.8 62.5
60 2 19 17 09 0.8 31.3
61 2 19 17 0.3 0.9 81.3
62 2 19 17 0.6 0.9 875
63 2 19 17 0.9 0.9 81.3
64 2 19 19 0.3 0.7 75.0
65 2 19 19 0.6 0.7 68.8
66 2 19 19 0.9 0.7 81.3
67 2 19 19 0.3 0.8 875
68 2 19 19 0.6 0.8 81.3
69 2 19 19 09 0.8 75.0
70 2 19 19 0.3 09 31.3
71 2 19 19 0.6 09 87.5
72 2 19 19 09 0.9 68.8
73 2 19 39 0.3 0.7 5.0
74 2 19 39 0.6 0.7 81.3
6] 2 19 39 0.9 0.7 75.0
76 2 19 39 0.3 0.8 50.0
7 2 19 39 0.6 0.8 56.3
78 2 19 39 09 0.8 75.0
79 2 19 39 0.3 0.9 68.8
80 2 19 39 0.6 0.9 68.8
81 2 19 39 09 0.9 68.8
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¥ 24 dngy

o4

FY 7AW E Y A5 XY 2d =R H(AS)

. Number of
Division I_{;(;gf_n gl T : R(?; . Momentum l;rceéiuilc‘;ic(;’n
Hidden layer 1 | Hidden layer 2 carning
82 2 39 17 0.3 0.7 68.8
83 2 39 17 0.6 0.7 87.5
34 2 39 17 09 0.7 75.0
85 2 39 17 0.3 0.8 75.0
86 2 39 17 0.6 0.8 7.0
87 2 39 17 09 0.8 875
38 2 39 17 0.3 09 68.8
89 2 39 17 0.6 09 87.5
90 2 39 17 09 09 62.5
91 2 39 19 0.3 0.7 56.3
92 2 39 19 0.6 0.7 68.8
93 2 39 19 09 0.7 87.5
94 2 39 19 0.3 0.8 75.0
95 2 39 19 0.6 0.8 75.0
96 2 39 19 09 0.8 50.0
97 2 39 19 0.3 09 68.8
98 2 39 19 0.6 09 87.5
99 2 39 19 09 09 31.3
100 2 39 39 0.3 0.7 68.8
101 2 39 39 0.6 0.7 68.8
102 2 39 39 09 0.7 68.8
103 2 39 39 0.3 0.8 81.3
104 2 39 39 0.6 0.8 68.8
105 2 39 39 0.9 0.8 62.5
106 2 39 39 0.3 09 75.0
107 2 39 39 0.6 09 50.0
108 2 39 39 09 09 31.3
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