77 T4z 2006 8

wAIEO] JHAEA SAHI0ISS et

o2

NZURY o] B3 BT

A Study on the Model of Artificial Neural Network for
Construction Cost Estimation of Educational Facilities at Conceptual Stage

48 g

=

==k

2

Kim, Chung-Yung - Son, Jae-Ho

2 o

2 A A% DAY TR APl BAHE dEsh] 9% ATAFRTE Ao B2 Gt A
33 DA A BARIAIZOlE ZlEalAel Aude) oF deus Rdo] AT Sict et Al
A B B SRYE Ao d|5E FAE T AN AT, AAHA BB T BAE) s Ay
AHBAIoL lmsled 2 ol g HY B9 TRAE S4o) Briusto, ol TRAES uEE ST FIE A
AN 12D B AFNAE DAY Z2AES AUAH 27 2 oS Bl BAllEe] Aol K
o s BT RLE AT, ALY 29 W B3t BFAR0| 68252, BT 9318%9) FHES 7]
Z3hlct, A ABAFYRAL A 5 ABE BRALY FAIITNL YAARR Agto] SSE]
o ;

1. M2
1.1 270l 8 o =2

ABE= 20059 ‘A%E BTLBuild Transfer Lease)54 7
3 ol A} 2007E7HR] M=ol 5497K % - F - 15skRL) Al
315 WrRstylon, 2006wl el A=t 1577 A A 1€

Hgch ofs AR=ae] s 6“3 (average class

ek Jket

mlo

size) BI3LolA A3 Qore T WBAL AN 5
etz Besls) Apels A0l S 2 HE 9]
918 X|4:4/9) =2o] cbsle, EF Y % - % - RE}iL
A4 % 304 ole] At vl dxlmo 1792 A
2 Tjolem Gl B QT 57180 AR Qlste] B
F717} £} Hueke Fuo) doltt 1 73—% ek,

*auaY, AeAgden 453ty
uniyungs@hanmail. net
*% olul 3] 9l 0_] Zolsty A&gere j!__/;:‘ _g.ﬁktﬂ-/nh

A A2 (A A ),

&
jiwoodad@yahoo.co. kr

91

SAEY Al 55 a2 o B (Hed, g4 2004),
Sl ZaAE A(2) BAol AAR Aguiale) o)
g JHel n2EHIL Qs vted, ZEAE AEdA
(conceptual stage)oll49] &AM (construction cost
estimate}> ZEAE of AJujjol Asle] 11 F Qo] tiFE AL
o We Ak AR Qo detd oz sdrhA oA
of FApulAE o= 71 5HS, AHd, Hulgsk 5 22 7=
Q1A basic criteria)ofl 23 YW (single—parameter) FAt
Blof&Rdlo] AT glov T QA 9= 7] Hoju AAt
22 2ol Qo “AACE(American Association of Cost
Engineers)oll W29 Q7L -30%~ +50% A=E 1 4l
2ido] A Bolo}' (Al € 2005). AAEHI AEAZE
2 e o3 EeFAlE M (quantity takeoff)ol] 8t AAAIEAR
(detailed cost)7} AFYEISIE o, TAo] /RddAlolA d&3t
TAHIRE E QS 7 79, WAk Al Ao T 37
A 9 ARh]&57t 59 lAaE AJAA HAY, AR
AYE 718l 797 LRI,
3 LS AAAAR ] ALY B F HETHA FAR
Zofl = AP E Al iLof RoflAAA 2 ] AT S

o
=2
L

L.
L

A



M7 Hj4z 2006. 8

7 Hsquare meter prices)
A3FS 1)3]

o o=

SAR| SRR A AR o]

vy

o T

o <o

10

B (multi-parameter)?] AZA R (historical data)E Q34
ZHArtificial Neural Network, ©]5} ANN)oj| 2&3}0] W
A Z2AE ) FpdTkA oA FAH|S0] THaE FARR|R
d& AN, 1 884 A5E FHOR itk AAE FA]
dE&Rae A% 71 87 SR AR difEs weAlA
A& Z2AE O] AJA| Y =9 Yl ofilE/g T oA ZEH 0]
I ARl AEAR S Aot TR FApldEREE

L

A&shs dAY dirEdAAE /S Zolet 7] e

1.2 g9 g & B

B Aol A FAM|c)E ANNZES 72317 8) 2001¢
oA 20059714 224 Uebdel E)o] A www.g2b.go kr)
& B8l AAAZE2] A Design— Bid-Build) 22 5% A
= U457 A5 2 F - 058 FAIE AAARER =3
stoltt, AAREE BAAEY 7t BR #A 9 71X
(present value) & 7§ 4l(updating)st7] sl BAHH|A5S A&
staL ol 4hZ AAsI AAARE S sk
ARz R A QW4 WSS REEY 00 ANNEE
o] H-20]l+= Neuro Dimension, Inc.(www.nd.com)2] Neuro
Solutions 5.0 evaluation ver.& AMH&3}ith Neuro
Solutions 5.0 Microsoft®] Excel¥} ¥ AH-715% Neuro
Solutions for Excel& Al3-dh=di, o] ANNZHS] = 2
71 A gk 2170l Excel Sheet’dollAl o]Fo 2B & ALS-
A7h Hep A A 7R st

2

lo

£ Aol & 64709 ANNEHE 75317,
o) ndlg NASIEE gt} 19 12 2
Az} 3t Zolct,

oY

ZS}L].X%

[€] [¢]

7o 3

N
ox, (U

(e

T
23l
s

N
Ko

MYAR nF

A4 FopollA ANNS 283 A= thefstar &ietA Al
AL ek, 1 A8-Fof F shbe Sl ANNEES
43t Zlojch ZAAE ¢ 291(2003)0] Fato] AHZFH AAR
dof] ANNS H8stgiom 4535 2 331(2004)0] AjshdE5
] AlAof| o} & H-83190t

FAplo|SEofo = ANNE 283 ¢4t7} &ts] ZIgs|1
dom 1 9% Ane= A7 ¥EE(Case-based
Reasoning, CBR), &7 |A%(Expert System), 3|54
(Regression Analysis), Algello]A(Simulation) -9 %t
Hlwate] 1 94do] A% =ar Slek 7%3] 9 191(2004)
AR dare] o] gt Al Fx9| HAHBE o] 83t TF
TR 27] FAH|CS0l T3 A oA FAM|H|So] Glo]
SARA LD ANNE o] TS J23t 5 43s HolS
A3 # 12 A FAH| SR04 ANNEES 28
S F A AFE A3t Alojr,

M| el | msty o7 g
2y EEEEEVYIE
e XEl
9ol 2004.5 5&TH HaC uD
iz - 1ZuE olgel
N :
ol | 20008 | A Jon cime Are 9
3. 0|2 1
3.1 A X|eot HHAlE

- AAREE BAAES ZHo7] tige] @Al vl
Aol 2 242 B AaiMe o A ApzE A
sfof gttt of 2pollA FARIA T gt 1hdstAl G
A AR sk AR ARR A 7hsslt) 2 A
A AR YIS Aoty T=dd7IeddolA #3)

L AMBAEIRSE AEstct



M7 Hass 2006 8

HATA] FdEE AR, 2 S

7HEEAR B x‘x***}ﬂH MEakikoas
© A" @F=47ed7 2005)2 A ojEH, 1%%_5
20008 =2 A0 Jlo & oM lJr7H A%
200519] 6€] 7M1= Zghsllon, el A1
ek,

Ay
o,

Ot
o

mlm rir

% %
ol
i

PI
PV=HVx-—
VEHVShr

HV (Historical Value) : 227}
HI (Historical Index) : 22 A4

9]

PV (Present Value) :
PI(Present Index) :

A7
SR BT

# 2% & oA 283t dd 6 ESARIATE A

2Jgk Zloeh,
B 2 AMSNHIN- S8
oled 68 5%

T = [ 20008 | 20018 | 20028 | 20084 | 20042 | 20058
ZAH x4 00 [ 1020 | 1057 | 153 | 1253 | 128l

3.2 2343Y

0 ATAEE 7Aa

ANNoJgt “Q7tolu} F-50) 7R 1 Q) AAESHAQ) Y
A Z(neuron)= EH@}OM ?_l%ﬁﬁi A5e VeE=

Q1712) o} MHO

H~|

_I[N

ﬁ7ﬁl

e
S

T

Z
'z
flo

Md
2
il
__9_\;'
I
Oft
Ir
N
lo

7 rlo

j(ﬁ', —
olrt
-,
clu
>
olr
H
i
R
=
G

= U Hofl A HAYsk= ?a‘%*% HESHA A 02 HEGA|
ek A (black box)E

A,

o &2 |m
(o K

g mln:
2,

@ ABAAYe 25
ANNS 5514 9 1 7] et of 3] 71 S8z Bt

st ol whah A E8k5(supervised learning)

HhA Y XF%@—S—(unsuperwsed learning) A0 2 BEdF 4

et A ekl ARgAb7E B3 FHdesired output)}e A
ﬂ

=]
ZHactual network output)©| o] 7% S W3}

93

23 7t

Ei zsLﬁo].L H]—/R]o]_ﬂ xk%‘}éuul
ANNo] oA &85

Xliﬁmg 5 —EANN% 71 gtzof whet = 7}%& Hishy

o]

%(hldden layer) 7}1] E}—«uV%lEil 0| olq
E‘"’J HSHAIEES A2 ueh 7 7R e, T
E(feedforward) WE Y29} 1] &l (feedback) WIEY TR
3 4= Qlh guzs YEY T A9 QJd#AlE ) oY
F% & AA dewapy Qo] FYHAN YARUE
(recurrent) WEQAetiE Eel= gow] YEIE= 2=

olU} ZE=o| 2T/} g2 oz FslE oA A £
S 2olct, o[2{E Atolof et F|EZYE HEHIE A
A YEYaz} sla o YEYIE 54 yEYT o=
s, ZAte] A 4 S4e vEhle Aol AR A7t
F29) 47t Z7kshe ©o] itk 13 2 A =G ANNS

0| ufet ate] EAS)

Jmfro‘

ofN

=4

@t s } P 1 & F & }
wplres EiiFeroeptron
, frecnentron)

sFegediorward
e tw o r K

| Fémdback netwark
SHecurrent network)

T8 2. ANNY 5
< ArollAe a4 oz A4
37} wiell, A=3gS
HEHZE &3l

MrAze) gABIE B
She ORAUES % R

eedforward

78 38 tf=HANEE 9| Feedforward HEHTE =A1835H
Aolct, GSHAERL Q2 &S Afolof st of4k9]
FUE(EYS)0] Ak Fxoltt, A3 JdES 295
ZY5 Yo R A Uy SEZoA YHFoR]
Al ddo] ZAstA| & & 4= ot
D pERHEEe tew vHE 1870 BrlsT wanuEze B

BE S|2ReA ANNG EE22 AFET 5, 1 LI} of

P A ot $4eolc)



KA W4z 2006. 8

7
HEES sus nus
Kitoh Mtom) {1 to n)
9—> Y1
;D—-» Yo
Wi, Wk © RIS
T DNEAR OB UNS B AY SR T
F oo @042 08 80 825 2
@ . 28D MO B PEs Q L HAB BT RE PEs
T2 3 ANNY| RiEs], 201 2004)
dH L R ZRE dojHE ¥ PEs(Processing
Elements, 22|24 & FAE T 2420] PEgof| AHE Hll

_2829] PRs 0Y20| PRgR HE W2 o)d 7S A4
3lof 1 e o e Hlit ey=q ggzg PEsL 3}A5H
49} Aojakpg 71A1 9lon 9l
Holals FekslA] o¥=t} 1)1 Z+ PEs Alojoji= 91
. &2 (weight)7} lck,

04:[L°ﬂ*1 Z”LEVH
(Error Back — Propagatlon) duejEo :
ut 48|58 debH2l(Delta Rule)oll 712851 gl det
R AT A F31 gk S o3 28 79 Ajo)
oA THEofR] ol 4 ol83t, olE A& EfW e B
02 3h53 sl HA' (S 2004 2= g9 Hot,

ES

Z 229 Melo] oJst 27]|A 87k (nitial weight)7}

AAE 3 852 R (training data)7t Ygo] HH, 271947}
F2o| ot ¢HRF Alntol o] FofZiTt, o HFEEAAL] 9
ot &9 g AR RS 13t kY] LA} Alhkel i, 2atof 9
gt Ak Auto] ojFo| A AAEA7 4 Eet +4E o
A7Fg Ao o8 2= 2}= 2] MSE(Mean Square Error)?7} 7
ARE|SL 1 gro] S AA RS UET 48 sg TREL
THESHA| oS A shgAtE dETUAR EEobt ka2 ‘?_h
Eli=g

9) LAAEBE, MSE = L x S(@EY-BEY

3) WA 9% 7t Al ARe) wRu] Y, dybaE) olg

o (Exponential), dﬁé@ (Linear function), A|7LH0|=
5*’\(Slgm01d function), 7} At¥ (Linoff, G. and Berry
1997). 0] & 18 49] A LRO|EEE tIEA ) n]HI] 3
TEHN, 2 A oA 2YFT FHFY Holdtee 71EY
A Aol YFHE Ao Bk AN

1 e

8.9

8.8

/

/

B.5

/

Ba.3 /

L

a.1

-6 -4 -2 a 2 4 6
D8 4 NJZ0I=E

4. ABAZY 2YWo| 75

AIX'IXI-_;E!__I J

ANNREES 53t HdeA AN S A5

2005971K] 227 ebgE ElolAE Fall Sl 14570 i
SAE ASZeAEY diF FAY TR AARER £4

ST FAIIE N At FoR AL B A A
FTolo] 3hE] Zolo|t} 4AE TALG|AZHL ZATAN]

242 2 gate] 20059 690l 7HE HAlsIon, 19 5~
a8 78 " AARRY A9 w8 A (level of

NEXE K )

Hab
By
12%

T8 5 AN AXRISEE

xZ

o

3 2o



H7H R4z 2006. 8

21%

12 6. DSEAE HNARE

HEXZ HBES AT

051 o1
10% 4% ‘02

education)d, FAMA71E ¥]&-E& =X} 3
= 7127} 7P E BEE AR, FAR )=
7} 713 vke u]-8-2 AFA P}

D8 7. SNADIE tERiEss

TR LR

7
golotch, YAues} Feuol 99 1 o
(coding)oll B3 24HIZ h§-2 & 30 A2 Sic,

Aolch, Aoz

3953 B50) B9 % o2t
ENREE ER,
Z Abd | yod ofo] A& (489~15.22)
90| H4 (1~5)
A - (2001(1), 20024(2), 2003H(3),
2004(4), 2005(5))
org JH_/I& (1N6>
X9 - .
E] | (29U1) 27/(2) 2410 HeKa) 5505) 2
B oA (1~3)
mELey] - )
257 (£5(1), Z5{2), 1S
B E %o] H4 (0~2)
ANES - o0 F& (1~7)
CEERRET: o0] A% (478~14.06)

e

- ZAM(construction cost)E AA3IHoH,
AMEFAPLL 7| ABFAY, AZIFAL HE - FAFAL &
27BN AN F A ot JQ%—’FS’—] X

= 3
3L
[e]
Aol qlol FARZIE AR £ Tddlee] 7MY w2
Al
7¥
H

(1 oL

L

2T B RS 71208 Hestglon Agulas
A7), AA Ak 23 39 9 EYX)Y 67 N Fe

] ’

SR T A2 Al

QJeiegick, Ea waEAE a%—
35, W58 T8 F A AU

E3
tof skl
4.3 Moo 4

ANNZE] A7o] ¢lof 1 2RO} i AJojidgxo] Aol

et 48] 9, 1 254 4 4] 2 Aol wolck, tieb 4

SRR A3 oo MSlS WHstel te] RS

S50 AEHRS B9l Ao BUg A, 101% =

FEMg shewie 9 S 270) 9or, ol5e Ak
J

NEESES

VAFF BUFY PRI 252 41 Vholw, Y

FEUsE 430 R 259 Pistt ARET 243
Z

oA AR} Aaobsls Tasols SuSe] 2ol 7
24%9) PEs 47} itk 2450} 47 F7he] wet 4 P
Kolo] EAEA S S75HEE ANNY| ARHIZEE F71s}
A ), dubdon uzo] 4 N ARl 1 48
Seiritt £ ATold 1) 295l el ARe)S AN
B 79T, 2459 PEsY] 4 225 Phsd #ﬂ
o} Wolo} s}, o} ek £AGA ek K& ol A
Asjo] 1 45 S/NA AN RRS TEUh B Aoy
1= 7} shgwiseo] 23] o] 459 PRt E 274l 1)
7] B e RS TESaL, 1 2 ghe A,

=
)

(2 5
shguliee A4 eRAMT dugEy uHs
(intermediate variable)=24, e
size?} ZHE (momentum)©] Ut} step-
Sh5E(training rate)2 THEH7| =
o= 2 7P zksh wotf (S 2004) step—31ze7} A2
Al &0 k] o= A7 s, AUAA 24 A

4) AZAL, ESFAL 718 RFEA e oA



PIEigdERI=RE

M7 M4z 2006 8

3 A9 ANNS| eFgAjo] Wojzlth, YHFH O 2 step—size: 0
ol 4] 1410]2] ZEE Fale, gl 2He Zhol Alztalo] 49
S welal] 9} A3} S

2HPE o4 BN 7HEAHEHET B WS4 715
AR F ol A | G2 WS FLE B U

oftt. ol shaIbollM sk A H24

o8 oAt pRdte A WA = A% g

2 AfoMe SsHaY] HAE S| g 2ESY 2
e gHS 0.78 2YA)7) 1 2939 step-sizeSt ZHE 12|
I ZHZ9 step-sizeE HIHAA 7}31/\1 *V%‘XL el

o2 647K BEE F=3kaL
ANNREE 7337 93 2

ot
H 4, sapno] 4
75 Bvia Had
ous step-size 0.6<7<09
- c EEE 0.6<2<0.9
a1z slep-size 0.6<7<0.9
Eare)
ool a=07
3 534
ANNE 1jojakeso @ olaf Alxo] Ase Ao 9t 1
3 89] sh&3lo] W2 MSERSIA, A sh53l4E o
h58l4e7t F7Hstol| uht shgAtR | gk MSE 482 13 7
2310 AR (cross validation)?AF29] MSE 3H& %7}

s
HS o 4= it} oj= ANNEE O 5317} H3ls] S7ts)
, 35 AbR ot duishe mgo] 557 wiiolth

mebA 2 Aol F 7R el 20 A4kl
HA 2] 85314 (maximum epochs)E 100032 ﬂxﬁ}‘ﬁ
o}, 3 AEIRR O] MSE 7t HatRolo| whe} sk S
AA717] il ArERIRbR &) MSE7} 10059t 3F4to] $1e
S5 X] St Agsiolth

oot

oﬁo

TTHE o

5) sr&EAY oA ke 24 (Global Minima) 2 & =§ 3o} shA)at
Aj2do] vldgo] 7pstn E3slE 219X A (Local Minima)ol whA]
o} ol Qal7} =¥ ohe AL7t WAlst HlAY o] AE4E A
R ] ol ks
6) ANNZ o] 24350 2 Qlsto] shsatae] AUa|A Yutsele A& W
ZJ87] el sgatdolal Lao) dutst 28 AASL7] Hef AMgE

MSE versus Epoch

RS Crogs Validation)

T EeCTaiing |

i o w0

1 15 29 43 57 7 85 88 13 127 141
Epoch

T8 8. sl&El==0t ANNZZ{Linofl, G, and M. J. A 1997)

4.4 01 gtel A

oA} ZHoutlier)st

de) 2ol Al

QAAE SN e ARE ofF

S ek 1 UIOBE X F9 he AA

ARz 44, 229l AR, 25 48 A ok A4 3
o] glom, ole} 2+ ol gro] ANNS| 3ol E8E 74
9 BY0) ko] YRS FO HUF 2X7h a7, 2

AFolMe o4 g AAE Hall AlofE Eelgt 9719 o
ANNEE-E 72315 HAARlR] et 53 gt &3 o] &
&3} A2Kstandardized residual) S F8hoy, 1 k9] Ah 7t
o] 204kl AR E oA} ZHo g Aolslal 10712 AAAlE

o

£ AAsI,
o4} grol AAE 135719 AAAt== NeuroSolutions 5.0
o] B9l Ael(random selection)HHA1S AM&ato] X 59} 7 ol

BRI, AL A AT B ARsl WS Y
S A2E RGO AANTEARE SEAEe} WA

Qa2 TRk

5 MNNZC BR

3 & g

_ 3 & 80
AAEIDE —__=

a8 ARSI 20

3 7t 35

& A . 135

zd Ao
b: 7}Z}E(testmg data)g st H&
2} ¢ ,71;94 B sax]—éwﬁ 6ol gefstact. £ 69 Fa2
2ol tiaf 3k st HAIRE - A

W
o
rlo
)
=2
_Q
—i>




PSS IR=FE RI73 Haz 2006 8

Eﬂ\oﬂ )\14 _z:\_'r,L 37\],_%_‘% il a?} O]I;p_ Sensitivity About the Mean

H 6. a5H0l 2 HIE ER2RE%)

2
e4yz 3% step-size 3
step-size |  ZHE 0.6 07 08 09 3
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Abstract

The purpose of this study is propose an Artificial Neural Network(ANN) model for the construction estimate of the public
educational facility at conceptual stage. The current method for the preliminary cost estimate of the public educational facility
uses a single-parameter which is based on basic criteria such as a gross floor area. However, its accuracy is low due to the nature
of the method. When the difference between the conceptual estimate and detailed estimate is huge, the project has to be modified
to meet the established budget. Thus, the ANN model is developed by using multi-parameters in order to estimate the project
budget cost more accurately. The result of the research shows 6.82% of the testing error rates when the developed model was
tested. The error rates and the error range of the developed model are smaller than those of the general preliminary estimating
model at conceptual stage. Since the proposed ANN model was trained using the detailed estimate information of the past 5
years' school construction data, it is expected to forecast the school project cost accurately

Keywords : Construction Cost Estimation, Artificial Neural Network, Construction Cost of Educational Facility




