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ABSTRACT: Recently, the industry actively adopts the cutting-edge technologies of the fourth industrial revolution and uses them
to enhance the productivity and service of mass-customization. The manufacturing industry is creating new processes and business
models by achieving digital transformations through a lean start-up approach aimed at achieving the highest customer satisfaction with
minimal resources. Although attempts are made to manufacture the building by introducing the latest technology in architecture, it is
applied sporadically, not as an integrated system, in the entire phase of the architectural project. This paper analyzes the changes in the
construction industry through the application of core technologies of the fourth industrial revolution. Design processes are analyzed for the
digital transformation of the construction industry by case study of advanced architectural design practice. A novel design concept model
‘Architectural lean startup’ is proposed by combining the architectural process and the lean start up method. Through the design of the
bus stop based on the architectural lean startup concept, it is confirmed that the designer repeats the 'Generate-Test-Analysis' to develop
the design and generate the final result.

KEYWORDS: Mass-customization, Digital transformation, Parametric design, Prototyping
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Table 1. Technologies for building product

Core

Factor Purpose technology

Mass- Along with the intent of the designer, explore a
customization | variety of designs to meet the needs of those
design who actually use the building.

Parametric
design

Identify design errors in the early stages and

Integrated build collaborative systems that can be resolved.
design system | The construction of the building is carried out
at the same time as the site construction.

Prototyping,
Digital
fabrication
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Ytxoz AFE 7|8 A= CIXIRI =70IM ARBkl= 22
giol mathER DR Foix £ StolM D2tOIEHE
5to 2 ot WHO = FYstE CXRIoM 1 =84
| Stist =lckJavier, 2006).
9 E20MRE 29 71X, FHHQ AE AAH MHE X
Alsletol ARSI 228 4 UCHFigure 2). 7, Of|LX]
AlZE0IM & SHS AAZIe=E Eolstn dAIIES ETA|F|
= HlolEoll 278t YFE22R2 50| 7+s3ICh 0|1 &3
al

AZ71= CH2 OfX), Ch2 £74e] ZRNE) 242te| R XS
=

= Stt 15 HEs 247129 Ho|

© M oE
nx

=
ol

I Jd

Parametric design2 Z7{= &

1
: [
l ' [
= e
LT
T 1] B
| 0w
' [

o

2

75 P P | 75| e | S

Figure 2, Stadium design prc()cess )based on parametric design
NBBJ

3.2.2 C|X|E i=a|AH|0|M
CXIE mHEz[A0|M2 AFEN 2 SHE=l=E HZE Z2A
AZE a5tH CNC 7F=(Machining), 3D ZZIE! 2l 20| 7HE0|

CHEZQI 7|&0ICt CIXE mEZAH0IM 71&2 Sat Z & M
3D ZZIE| SECR Qlall tHEOIA LafX|7| AIRBEXSH 2t
5| M22 7|&2 OfLICh 19842 E HE AHE 3D Z2IF 7|
202t & 4 Q= Rapid prototyping 7|&0]| AtASIEl0f| M
(0] RiCh Rapld rototyplngS B HES A5tz Mo 2 7]

st LRIl & AEHS HEosI7| {8t Mock—up/Prototyping
S AIMES ECt S8XCR MEst=0l F2 A= £

CHKim, 2014).
tXg 719
S|AtOlA LOjLIE 20| OlMl= AHIXte| ZHFE 2} JHRIS]
oM LojLtn ot HME HFYoM LojLts L= L
BE M8l =7t & = Al & XOICHKim, 2016). AlS
oM MIES MASke 2tdoilM 2Hsto] o2t ES REs
off dd= dAets AZA0M CIXIE mEa#H0]d 7]

—_e= =
=285 Z2EEIYE MZotn HAES 4 UL

| &dat & 308 Moz S&at AL

oy _I?,l A
2 re

0x dn

rg
fljo ofm

>



323 Z2EEl0[Z

ZZEE0E2 ChYSt on|2 A= JUXITH MF CIXte!

oM 'ARIZ0| HAEH AFBEX], O QF2E oA Mzt
K| AT AIYEH7| Sl A2 Z2EEIIS MEEE WS

olojgtet. dits AlZsta oy Aofo] HOE 3ol =ME

S
sizst= Al Z7|A0M 0| XelstH gfthst HIg8S =T
g & QlCt

ZZEERIN 2H0l2ts E0ls 2-ET| Mol ME M
HlA, AABIS AHHOE LIEHHACHE FO|A |RAFSHRIEE 2
é% ZZEEIYE MEsts HAE ntdel Zu=E2 2ot
(Hallgrimsson, 2012). ZTE2EEIQIS E6H MAXI L RE D2 X

S (=t
E Xtz Aol AA2 Skastn, ThE Fotete] 9f

Us MMotm AEst= Aolct
7% Mo Z2EEO|E WHo| M2Moz =olE|n
o 2 Zaldm|ol 4= 3|AF] ‘Kieran Timbrake Al= 74=

10
l:'_l
>
n
ol
e
0L
> 2
[>
=
on
o
|l:|

2 2EELO|Est A7 o=y
=X, ZBHMoZ AIZst= Al 27 =70
T QUCH Kieran & Timberlake(2004)

A Mo u|m fir AL
ox MO py IR o
o= b B gF
S P o
L L
X & N Tr 4o
ofF & g 2 I
m o oA W
oo
y0 Kl ol
b2
¥ o
> 0
"o
= e
= o
~ o
&

ofm
P
ol n
2 ®
Hj el
oo
1=

i)

noox
o rz
;%
o njo
-
2
w %
N H

30

o

o
Ty
1o
ikl
0
ro
[
o _|.|>||
%
X
B
0z
=
x
El
fifl

=2
Im
Ju
i o
jo
ot
>
0
nx
N
o
10
>
o
o
0]

T
>
I

2 AT =
w2
2 |g
o hu
4
0 5
me
rhl;) mjo
@ =
0 &
T
= 2
> AL
or >
L i
o
oy
ol
rin IE
o >
e b
TR
B

x
ol
-

Mo i
o
H1
T
9'I_I
k!
2
[l
H

A
J

3.3 24|58 SEitt 1= ClXl ZEMA

Blo| HE AR ZRAMAS T AYOl Waterfall model”zt
Zo| AZCAL MATA, AF, | - H2| HAZ HMYFo=
TAHE0] QUCh I MAMNRA FF HES 245 Aot M7
SE= 7124, HEHA, 7|24A|, HAIMAL| EHAZE 0|F 0
Xl O] & AZAZL AIZ ¥ RXIE RAS ZI5IT MAA

=<
L Zalo| §RE austn o,

FABRICATE

INSPIRE GENERATE EXPLORE

Figure 3. Performance—oriented design workﬂow concept
(Dreamcatcher project, Autodesk)”

Z|Z Autodesk Dreamcatcher ZZMEE MA|X}7} XHAlQ
OtO|C|0{E Parametric design, Generative design % C|X|E
mHEz|A0|d 7|&2 E8al CiYfet RS Mt 0|8 &4

St mEbsh= &gt dAlo] I3 E2RE =YSIRICH AKXt
7t oi2tHEY DES &8d M MAZH(EH, 75, M=,

=
7<o A-li E)% A X -{3}5

—~

Inspire) ZHE{= Generative design
OtS MM3t(Generate) ds A2
o|M HMEE HMIsict. dAXl= AFET7H MBS et 85
AESI0(Explore) IIZIHES ZHE $Hst= oS HHEst
Ch. M7leto] UF +ZF oldt 2R =M 3D Z2IE (Fabricate)E

thets HIAESIH ASot +HAI0| Ldg Al 01Hel aby

Jleg X8l oiYet o

-
O

HHESCHFigure 3). T2 EELO|Z, Parametric design, C|X|
mEzAolMd 7| 2 SEst CIXIRI Z2MANM AFE
A7 HEXte| dets "ol M| nigof| M=o = ISt

ct

nr e mo

0

BIM, Lean A4t 2! 2[4 CIX|E 7
AXILAY, M=, FEHEE & =
OlA a=2tsel ZRMARZ Mete|1 QUCHFigure 4, 5). 0] =t

oAl 24, CiXto|d, AN S|AL 7|& HNMEE 2 AIX|L|0f
2E Z2NE TR A H HAoA AL ™o o

olﬂ 0 IIEE rlr

o 0 o
184
mjo
om
gll__l
2
i
Rl
e
-4
A
0x
or
mjo
HI
1x
ol
k1
o
00
mjo
>

r2
fjo
n
Rl
>
N
kl
=)
i
rz
Jr oo
g'y
in]

TATZE] T 2

Ol SiLt i SEE 27 AE 24, 712 AU, &M V| 7oL A R 7RI B0 2 BHAZ RS 2 BAL dus

FEXE el 2t 20f| Chg HAIZ EH07 k= MAR0|H &A1 i B,
"https;//autodeskresearch.com/projects/dreamcatcher, E1Q1t 2018,08.05

ror
Hl
8y
<
o]
tol

l=27% 8T 45 (2018) 27



0|2{8t Hat £l MAIERE SAOE Parametric design,
ZZEF0[E, X2 E2[A0|M 7|a28 MEs o=t Z2
MAE FE5HA Folot= 3lALE 7= FOLET| &S0t E
St 7|E9| extHel ZEMANAM ZBHEFEQ| A8XH= UE
=0| #ZE o[Tdoll= A FArRE HHEE £ glrt 22
IT 2 MEY MM ZENA Tets s 2 AEIEY WH
2 =5t lot Bianchi(2014)= CIX|E m{Ez2|#0|M 7|&nt
7 2 ABIEY JHE =UsHH A&EH ANIE KIEo| 7Hsst
Oof ®MZ2 AIE EA| 7|2t HEotn, THY H|I8S HdstH &
g Ao R JME 4 U= EH=0| LstEictn MESHT,
MESHA| Cryst MAIotE MME & Qe Parametric de3|gn

AEIEYO| o2t ZZMAE
&5te BHO 2 72| mass—customizationsS 7+s5HA| &
QlCt,

_)[ i MENTI

Figure 4. BIM design process of GRO architects®

Assemble

W

Supply

2

Design

v

Technology Platform

Figure 5. Integrated workflow model of katerra®

4. 1= MA|0IM Lean startup =&} Hiot

4.1 Lean startup

2 AEIEQIS ‘T2 JjL WHOIA SO T s
Weio| SIAS “HIE Y ZRMA QolE MY J|e DS
SN T OfsH5Hs ZRMATL ZRSICHs 210|CHBlank, 2006).
2 AELEY WS 7| £E0| ASK FAO| B WAIS 7|
BIOE ot 242 IS S240| 120 278 EXE
= TS TYS wHEsts HOITh XIATQI TSHS Satof
RIZ i Z2AA E700, B2 R0l BHS0IXI7| ol E

EZ St Maurya, 2012).

Figure 6. Build—Measure—Learn feedback loop of lean startup
(Ries, 2011)

2| AEIEY diHo| met 2o= XA Q7 ME(Minimum
Viable Product) s
O ZICHRies, 2011).

T4 HAIO| EIChT T

1o
« Ofm
ot
ra
fun
N
I
1
0x
L
g
10
i)
O_I.
1o
opm
=O’I__l
=
_|

4.2 Lean startup 2HH
=2 AFR0ME S Al TEMALL ZAF9| MESt At 2AM

Az =25 QAJ|ES Lean startup?| BHE7|-EF-st& O

9Garber, R. (2014). BIM Design: Realising the Creative Potential of Building Information Modeling. John Wiley & Sons. 22

Ihttps://katerra.com/en/about—katerra/the—vision.himl, EQ1=K2018/10/25

28 Journal of KIBIM Vol.8, No.4 (2018)



(=L

2
om
it
g
o
e
1o
__>,|_

S
o

1

ot HEHA Z2MAE
(Integrated
SHHA A 7

Ot5tCHFigure 7). Lean startup2
7|1&9| BIM 7|8t ZZM|AL} IPD
Project Delivery), Pre—construction?| &S 42

NEES MEE HEXIY 27AEE MEE Ciet

230| X FAtZ st gEoto 2HA7|E Aol At

Bl AElERo| DS REE 2ERE TREN s B

= Build, Measure, Learn0|H CI2

1) Generate (Build) : Parametric design,

=

StLi=

roduct, Data, IdeaO|Ct. 4= MA|ntH-o|A &

e9lo| 2

siolot 2t

Generative

design, Rapid prototyping 322 £t 2| 221t 1A

9| Prototypes AAISIHTY.

2) Test (Measure) : Generate THA[Of| A AHA

kY, 22 2

2 &8st ouUX], 71X, H|& AE 52 AlE2)o]&at A
ZH™ m™IKPre—occupancy evaluation)S Zglst= TestE
284510 DataS AHESICE. Data= CIYSH SF2| AlE20]
A HI0|E2 MEEC
3) Analysis (Learn) : TestES 5 A4= HI0|EIE Data
mining, Machine learningS2| 7|22 S8l 244510 Idea
£ TESICL ldeas AAIRMS LXIAZ|7| I8 A TEF
TetA(0|CE,
RQA7|&0| E&=E Generate—Test—Analysis &2t FZ9| dt
AlXts Chdet TErakel ZZERI HUS Salf ArAet

5. U= 47 2 AEE

o 2ol Xg

H

5.1 Lean startup 7|} *:’_E AN AR
DE DZNEE [(jAOZ ME5I0 7E M7 2l AEEY B
S dHst7 [0l HA7E Zoistr (o HAAR AL AX|L|0Z],

=
220[¢t

Im
N
Ral
gl__l
Q'I_I
rir
o
T
b}
ro
™
[3]
Hu
X
m
T
Y
2
Q'E
kl
H

e
N Mo
ikl
ol
= el
™ lo 2
x m e L
Y [> 40 ¢
B TT o R
> m
\_‘L 9 OolI
= Ol
ru |'E L
> G mo M
m AN}
T >
Im 12 g ?5'.‘ T
B 20
02 &
0
on okﬂ
2%
£ o
roh gr
>
_>‘.|_ )
o fir
N o

B o 1
o
o 19
_||T‘_ fjo
1][0]
>
= o
ol
o
>
>

| |-|L?|O K-Iolol.j_l 0

olm
re
nx
X

El
a—
AANAH—S] 712 IHE

-3
X
o
ix
ox
5
o
>

N
|0
Hu

M

= =
MABicH meEy 2y
G

i rlo i
o
N

c

i o

|EEI [|X|—

7] 2A

ro me
mo K
L)

ME
— rO qo
0z
0x
on

enerate—Test—AnaIysi

)
o
o
K
_|>

y .
. Exploration Prototyping

“(¢) Engineering

— @ —) y@ M
ity 3 (b) Parametric design (e)
(a) Pre-design R4 ﬁ' « . Transfort
i ﬁgraming
Detail deslgn ‘ EXPIo'at"’" v&

(d) Deslgn developmen BIM

Simulation

aind

il
Al Z

e p e e
Generate  Test Analysis

Parametric Design
Rapid Prototyping
(Generative Design)

Prototype
Digital Model
Physical Model

Ideas

Simulation
Pre-Occupancy Evaluation

Design Strategies

[ )20

Pre-Design

Data Mining
(Machine Learning) REE
Simulation Data

(Sensor Data)

Fabrication

Action >
Result

Figure 7. An architectural design process model integrating

lean startup concept

Figure 8. A concept of architectural design workflow
based on lean startup model

<=7 EA

7 (@) &
ofe| QAtASE Sl CIXIl JWES ettt AAXh= o
P& =

il
Ral
ro
J0
o
i)
N
re
ogr
0z
mo
H1
]
ro
il

N H
o
i o
o=
m Im
é Ju
m O
[}
ro
g
b =
0z X
0x re
ol
= 40
o
- e
[T
o T
o gg
M 3
(T
ol
- >
5%
ox A
or rg

rz M
u

J

fofl 2l m=3t EiC,

oz {AX EFH

m v
M
rin
i
=t

4 oz B
H

E

fjo

Il
1)

)
re
iy
P
B o
I
N
rr
o]
ok
=]
il
N

o2
Q'L
o
ﬁ
ikl
1o
9..'.'
Yl
fjo
|.|'|
i
9'2
=

gl
n



« CIXIQ) n=3Hd): izt EE BHS 28sto] AAIte| O e WMot ZRMA M HoM X&Me2 ARZSCHm2t
Rlg U™AA Lh= BFEO R HER4A9| My IiH & HEZ CIXIRl). S, n2tHES D2S S8 ALZIXSE &
A7etel CIEIYS ZHdetct. AUSE Saff HAUES = ASto CHet Ciets EMstn FXEXME Sol FZEH2
Qlotod AR E &SI miath E2 Do Mt Z|H XIE 2MBHHAXILIOZ). Aui, Ho|E Dtolde St

<Mz " 28(e) (b), (o), (d)2f =Xl itEs Salf MY CIXIRl EHMIEE OF5H0] CIXIQ! A0 M 2 IHES XE5t
E A2 MA A RSS HIE ZASE st A Ch HANZAES| X Q40 CIXIQl QAZ AT ME 2
ARZEl= 211 2tolEz2] Mg 2 U2 /g 27|, Hi A0 2 o SEME, TIAEIE Sol dAIE nE3tek| ¢
X 2, MEES ot =H3t 2PYE st izt o St M7A|HERE SRISICHTIXIQ D=3, HAERE MAE 25
oz 2&stn RSt ZF EHAloll M T PAHIER! AL ChZat ZTHFigure 9).

5.2 Al HE: HAYRE (1) oi2tHE2! Cixtol
CEAMER UES0| Hlh HUHCE 2F 450| HEfsi el 28 1tz ¥ A HAFERE ME AE 241510
8ol 22t gt AR FEE HEXC 2 HiX|ske ER7t 7IZAIEE CIXIRl SEMRIY, dHY, AHOINY S)g =&
Mot mthEel ZHS Mdsty| Zolsich SHX|gh 75 M|t St AHO|MYEE 7|E2RYCE MHESIAC 7I2RAe otat
S EZALESOME XK Z2MARZ T2HMETL TIH HEZ DX L2lE Jidol Ar8e Fmzto|E(EFA E
S| A7 HZ0| YME A2 RE MAIZE +Hsl M5(TX, 2, 2= Hix| i, YT OiE /7 H IEe 0|t E U F
AZ 5)2 MEAst0 THS ZMl K] B2 AlZtat Q10| A S)E MLt HIFY AF-E Z7(Rhino Grasshopper)
SUEC) EoF A X|A0] 7HRle] Hem HA k= dR7t B E M8oi HARRES| 7|2 ni2tE REs MASITHa). 2l
Of 7| 7ol Al MARME FZ3t2= A7t LIEHLD QU X|LjoiZat CiXiQl niestof 22 Chdsh dAers Mdstn
ZlZol= a2l HE =0[7] sl =AIELl A afdol 2T FEE FE6H0 TEETHb). AX|LofZ Dt TR n=3t
gt J|ti&0| ZO0MX|D UoH =RAEEE CIXtelo| chst ANE Soff =EE M 22 +Holo] i2tHER 2HS 4
JHafo] @+t=1 Qlct o]2{gh Pl =2 AH=2] Digital HottHe). 712 meloleE Zgel sid nizto|EE =S5t
transformation2 ¢/l HANHREYS HYCZ 132 Y3 E He 3 XIS =01, 718 =01, 2 42 28 =00 SEAIT
SE Sofl 1= 47 & AREY 2ES ML OO, 7Is ZH42 25 Zo| M40 SHAIZCE H mide
AW, FUL| Attt 2ol Mot HAERES R &2 71& ¢4 Haeof SEAZCH H miEe| F & UHR| 2H H
Sith 712 RYQ F2 EXE ot 7|2 mh2iHE= 2 FE= 48 ME 742 HEsIAC
a ® C d @ D
Simulation data Digital Model Simulation data Digital model
[(structure) ] [Physical model ] Design strategies Design strategies [(visualization) ] [Physical model ]
DRI
e G'emdes,gn gssgg """'!;. |
| N | -
m ""“‘Ir = T NJ’”’J E
:f: o N,
:: N :\\ " Data mining

Engineering

Parametric design

Design development

e

Generate

R

Test Analysis

Figure 9. Bus stop design work—flow based on lean startup model

30 Journal of KIBIM Vol.8, No.4 (2018)



(2) XL
AAXtE F2E9| SHEsT Y ZHEE SAlo| st

IHACIRIRIS =&5t0 4 mi2lo|EE 2EFe=MN HAFR
A

golat= Mgt 22E UEAF|H SAlM| 27 ds0 Heet &
Agte MEsitib). ARt & HH| Y HHSE 3ot
0 ==E 22t EUZ Yo EEZXE RXISIHM 722
29| Z|HHRAE F|asfohs FERXHEE Aottt fldE%st
£ Soll ==& gde U5 FHZE EE5| el M 242 H
ghottt, A2HH RO Me nf2tolHz sty 2= H
I Fa Zut ez =5k RUA EnlEs Solf A
He| ate zlAslehs HI2ME EE3ICHa). H7I2tE & 22 2|H
3} Zutet HAYREYC| Mot 27 Ut AAIots st
T s met E2 2] HrEstthc)

(3) CIxI2l I3t
Mrotg nxststy| s EMEE oS5t 24 Zut
£ HEo=Z HAZRE Z+ Exfje| Ma HE S XISt
Instargram Scraper2t= IHO|M 2t0|22{2|E ARZ5I0] ZH <
St SNS H|0|Ef & IHM 23 7|Y=E 4#Z6tD TensorFlow<|
2to|=22{2|9} KerasQ| UIEYT APIZ EE3I0 Clxfol EBl=

(LHE, My, 2217] S)E oIEstod &7 H2tg S+Eithd). =
=
o

ANZEE Sall AISS &lsto] M| FMakg +Hst 0|
it ES 2ol gtHsitHe). THY 2E0f thst CIxrelo] o
F Z0ldez A=EH 7|2 2ES 26l HiX|HHE H
SHA[A CHYet HAYZES Mt THASE Salf ISt
(Figure 10).
5.3 Al HE Zut EA

AE 7| B ARtEY RHg ME5 HARYFEHE MAst
= IHE2 mi2thER Xl Saf MiE= dAete Sde
2 Ax|U oDt Xl nEStE Salf TA=ACE S AAot
O =&5= 2P0lA 2 EHAo A =2fAtgt2 Ch2at 2Tt

Xy, ot ER CIXFR! 2P0l A CHst a5 il mi2to|
BHE Zghote 1g0| E26t=t 47 detg 25 DtEste
dAets Mdst7|Iet slidl m2tolHE =&ot7|7t %Olﬁxl
OH

IUCH SW, AX|LIOZ THFHoM EAI2t] 3xH F&oll T

::
rol

HANEE BE 20 Mg S5 27| HelEd) 2y
2 TE5T AXLIOT} CIX TTHIE et AoHS M
SHACHGenerate). HANREC 71X 2MS Y3 mat e

g INE|MEH DTt BE 2R oY

=
=M Z2uE QAKX 2M6t ZdEE LES it
2ofl HHHESHACHANalysis).

CIXtR! 3t nbgofl A ol otold 7|&2
£ 0| =(Analysis)stt] HAXZA C|X}21 A0
£ MEs MAIMES MYt (Generate).
Al&tsto] dAQzo| fE&sts Zdutrt U
(Test) &8 LHE0| LMotH m2ZtHER ZHoj| Bt

A7

i 2 AEIEQ moilo|

nr mz =
kL
o 2 St
o M Im
on Mo o
N

02
Q'E
8
(u]

=3
[>
0z
Ju o>|
04
o

sot 715

P}

2
0o
N
or
ox

o &
2 =l

]

on
rir
i)

HolM X2 mE2|Ao|8S Sl Cifet 22| =

Hu
HM
m
1o
fjo
0=
0x
ol
ivd
nx
g
mlo
E

>

|m
on
ﬁ
9,_

14
i}
nx
X
ro
10

2
2| IR EElQIS MG MAS RASI AIRK U 37t MRS
k=)
=

FolME +EE HlolES Halzd 7s



o
=
Hl
=
™
nx
[
1]
rlo
>
P
184

=)
finl
i
s
1]
=
o
El
ol
2
rlo

0%
rx
0x
mjo
HL
o
}__l
30
[0
LS
Y
Moo
m
pal
o A
on
Ju
r\l
nx
4>
o M
oy
2
b

r=
=1
ﬂ
10

40 1
b
,E
H>
e
1> OH
mjo
Ao
o I
9'I_I

i
ol
~
:°|I:I
ﬂ
=
N
]

on
10
L
e
2
il
=2
=lOI=-
20
n
o
Mo so MWW O y-

2
I
i
i
10
[El
Hu
=
[>
2
P
Wkl

ol
-
w1
z
12

1

>
il
fjo
Q'E
T
HU rlo
olm
o
(AL
B
ikl
|0
Hu
e
o
Q'E
rir
>
>
i
o
Hu
r
rio
Q'E
]

Parametric design, C|X| THE2[AH[0|M §2| 24l 7|22 &2

Ste TE FA7F AEE0{0F BiTh RE9| Hetet SAlof AA,

o
i
HO
rlo
Hl
fm
El
om
i
lo
[>
=)
[m
=
m
2
i
=
I
0z
A
ri0
=
it

2:2016RID1A1BO 1013694).

References

Arup, (2013). It's Alive: Can you imagine the urban building
of the future?

Bianchi, M., Anhlstrém, P. (2014). Additive manufacturing:
towards a new operations management paradigm. In
20th International EurOMA Conference.

Blank, S. G. (2006). The Four Steps to the Epiphany.
Foster City, Calif.: Cafepress.com.

Chélons, C., Dufft, N. (2017). The role of IT as an enabler
of digital transformation. In The drivers of digital
transformation? Springer, Cham. pp. 13-22.

da Rocha, C. G., Formoso, C. T. (2013). Configuring
product variants in customisation strategies for house—
building. Open House International, 38(3), pp. 48.

Ghezzi, A., Cavallo, A. (2018). Agile business model
innovation in digital entrepreneurship: Lean Startup
approaches, Journal of Business Research.

Hallgrimsson, B. (2012). Prototyping and modelmaking for

product design. Laurence King.

32 Journal of KIBIM Vol.8, No.4 (2018)

Harms, R. (2015). Self-regulated learning, team learning
and project performance in entrepreneurship education:
Learning in a lean startup environment, Technological
forecasting and social change, 100, 21-28.

Hubers, J. C. (2010). IFC—based BIM or Parametric design.
Computing in Civil and Building Engineering, W. Tizani
ed., The University of Nottingham, England, 145, 47.

IDC (2015). Digital transformation (DX): An opportunity and
an imperative, IDC Executive Brief.

Javier, M. (2006). Parametric design: A review and some
experiences, 15th eCAADe—Conference Proceedings,
Vienna University of Technology.

Jo, K. D. (2006). A Study on the Integrated Management
and Revitalization of Prefabricated Building with Precast
Concrete, Inha University.

Kieran, S., Timberlake, J. (2004). Refabricating
architecture: How manufacturing methodologies are
poised to transform building construction. New York:
McGraw—Hill.

Kim, J. M. (2016). Suggestions for the Industrial Design
Education System in the Digital Fabrication Age. Journal
of Digital Design, 16(1), pp. 21—34.

Kim, S. M. (2014). For beginners personal 3D printing
guide, youngjin.com, pp. 52—53.

Lee, S. Y., Yoo, C. H. (2006). A Study on the Proportion of
the Bauhaus as an Aesthetic Function. Journal of Digital
Design 6(2). pp. 251—-260.

Lee, H. S.. Yang, H. M. (2017). Innovative Methods for
Construction Technology at the Era of 4th Ind 13ustrial
Revolution. The Korea Institute of Building Construction,
17(2). pp. 12-17.

Lee, M. S. (2017). The 4th Industrial Revolution Era,
Architectural Response. Review of Architecture and
Building Science, 61(5), pp. 4-5.

Lim, S. H., Kim, Y. T. (2015). Lean Startup Application
Study in the Healthcare Industrial point of View : The
Case of Humedix Corporation

Maurya, A. (2012). Running Lean: lterate from Plan A to a
Plan That Works. Sebastopol, CA: O'Reilly.

Monizza, G. P., Bendetti, C., Matt, D. T. (2018). Parametric
and Generative Design techniques in mass—production
environments as effective enablers of Industry 4.0
approaches in the Building Industry. Automation in
Construction, 92, pp. 270—285.



Mueller, C. (2017). Distributed Structures: Digital Tools for
Collective Design. Architectural Design, 87(4), pp. 94—
103.

Ok, Y. J., Choi, J. H. (1999). A Study as to the Residential
in the Bauhaus School. KyungSung University Bulletin.
pp. 313-321.

Ries, E. (2011). The lean startup: how today's entrepreneurs
use continuous innovation to create radically successful
businesses. New York: Crown Business.

Schallmo, D. R., Williams, C. A. (2018). Digital
Transformation Now! Guiding the Successful.

Schwab, K. (2016). The 4th industrial revolution. In World
Economic Forum. New York: Crown Business, Retrived
October 2, 2018 from https://www.weforum.org/
agenda/2016/01/the—fourth—industrial—revolution—what—

it—-means—and—how—to—respond/

van Drongelen, M., Dennis, A., Garabedian, R., Gonzalez,
A., Krishnaswamy, A. (2017). Lean Mobile App
Development: Apply Lean startup methodologies to
develop successful iOS and Android apps.

Wangler, T., Lloret, E., Reiter, L., Hack, N., Gramazio, F.,
Kohler, M., Flatt, R. (2016). Digital concrete: opportunities
and challenges. RILEM Technical Letters, 1, pp. 67—75.

Weindelt, B. (2016). Digital Transformation of Industries:
Automotive Industry. In World Economic Forum in

collaboration with Accenture. pp. 4.

ror
Hl
8y
<
o]

5|=2% 87 45 (2018) 33





