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|8l Aiel, 24, 0N, A, g2, Y EE, AEE|, |XIEE], 2 S WS Holtt
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1. A=XS0| ZAF E= AP (EE)0 2ot At

2. TARY  H27 20| TS AES0f| Tt HFEAL ZAF X =holof 2ot Al

3. TSR350 [HE A==0| RX| - 2| &l ALY | =E, 22820 [HE AHEAIA2(of 2ot AL
4. TASH H7520] ME SEARTA| A= S0l Ciet ZLIER & B M 2 Sof 2ot Arg

5.0| | = TR 1t O] E L= TARY 0f [E FFOIL 7|E SoIM A=A YR 2 -0t ALY

6. TAFMH|AMY TISH, 23200 [MHE AtEAHRIMC| 2 B TS AtYel 212 Sof 2rot Al

7. TARY H2EN 1A 1220 AXFOL AXE0| A% S ot2A= F2 A%t 37t - S - A1E S YR T
off 2Hek Aft

8. 11 Hf0i| CI2 HYPO|N HRAS| HR2 g8 At

Tt AS A AAIGS B8]0 AA7E s ASES e o] 83 AH|AE of
A-5-5F UHsHA Ad=, U¥b¥o= ARC A
(Architecture, Engineering & Construction Industry)d] €52 BEE57| ¢ 51282
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T EHol A= ASARI 4RI =9t A B ofy et Aol e Y-8k ZEA

L5t0], A% AKR10) ANFAIQ] X Wate] wiAol A AZAH] AT AZAE A

Apiate) wstol chs) st st

[E 1-1] ZSMH|IA TSHAH FQ HD

oZAA FQ MHA A2

-] raA AIEIEM 2M/ 8 U 2 ZE/ B ZE/ 3% =

At - _

J-._}; A=A CIXIQl/ OflAt AE(7AN)/ 745 HEE0F HE/ HAITA 2/

= 2E=57} M 3

Rtk SAREE 2 AEEA ] AZ2PYol| St X|=2s/ AA QT SHALRIE

22|

aw  E2 AH8Q1 Al 3

S| SX|aa| M/ HA232|(Facility Management)
EX : AAL EY
B 1-2] 2544 2 #2 MHAR(M72111)2]
JIERE  HEERO0 AE 2 ojlA
AZMA ABAEY A, HNBW, ASYT Y MR SO B3t XIS 0126101 24 7S
eyl EE 7529718 Y A 4
(0: ZASAIAIRA, 75 &, HEE AA(ZSHEA HL)
A 1% A0 2Rt =M Y AN SO AAIEA 2 A S B2 K=, 2=

EEES
Of: Hiz= 9I MR E SALA 89 Y20 thst 7IEXHE, M HAS WE 4
E, SA22e 3 U 7|4&2|e HEERI5)

SAEE  {XE HESAZHEAEM 2 T | A MRt 2| HE | LIBUE ASEE=X|

2E O S0l AZ | A|ERI H7|, 71A|, XSHIK, WX, A4 S0l Tt 24,
e, M

EX 1 RAE (2014), ASMH|AMRY SH 15 L HE{ZAL 171, SENSE, p.32~33, [H 15] & L2 U3

A% A 249 vighst AL @ AReIA BUH thg WP AL A
37] S1o AR E< Holt # jefe] Ashel 24L a7 Hrk A E-ST}
Ak 7ol Bk A0 oEiE 10d A5 L nlelz Aster.
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A} AL AZ5A 2] BHE 3] 919) A4 AL} T 7]
Z ATHIA, GPR 59 2% FAAEES TSNS ETF 15 ALY Aite] 22
AR R Bl B B9 HAUAG A% EAES A5 Y AF WA L =

Global, Look on the fringe
multiple (weird and
dispersed whacky!) Goyernment
cases, trends Institutions
and Newspapers,
megatrends magazines, websites,
journals Late Majority
Niwoberct Scientists, artists, Laggards
cases;

radicals, mystics Mainstream

degmle of

public

awareness Late Adopters

Trend
Worldview issues will
| affect uptake at this
Emerging Issues stage - “I don’t believe
Few cases, local focus :/ Early adopters that!”
Innovators
Today Future

Time

[32 1-2] EIEL| 2l0|ZAO|E
(£%: Graham Molitor, Wendy Shultz and Everett Rogers; Maree Conwav(2014), p.1901A {74t Xt2 2IR)
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WEFZH AASHE A4 A 2 A BAER TSk U 7149 47 9%
of eigk ofef ofol ML B0 3l i A0 Helth AT 2017 F
BH2016)9) 43 AT HELS B3} Aol Bt = olSol A HAHS g2
7H493, 50| QI AER 40014 23S FhAet 2 3 ole Felska Yk
8% 9120170 AU AIAEH] chat e o] A2 ke o] okt A
@ HEL 47} AYHF O 0| PL FEIIL Ao HZTALI(CPIS 4%

>
(e}

£9! Industrie 4.0 Al 22, Uaj2| L0 st =2

=201 14 AR, 43t MQ45{EH =0|0| 7|2l 20| & QAE(2013): IHZ AZ47%
ACTEEES SUH2Y YT0|E RS nHIZHE & Woj| (2014) (H22] 7 A ML)
*CPSE S8t A58t 2|23t &S, 2| 4013 O ZC(2015) (22| 24
1 |
WEF #+8{2] 42} M8 H=(2016.1)

=S50 A2 YU 4,05 M MUF R0 Al 4ap LY TiHo = By
2671 RU 7| E/AHES SUCE HAlStL, HAle| 2E HI S B M2 H|A|
'A—E.%‘%QH:'OI,AIAE:‘!%— S 42 AASHO| AP 2 A= A2 A A

ut=
OF
L « >
E:—]i 42 ey w2 m71: 33} ARIEIBo| I B (7] 6% 214
=t 80{0| Zat " MM O| ERISHASE Q1T ICT 7| &2 234
(eoecs) 2si27| st HS S 57t5Hs UM E ofgct

[ 2-1] 4%} AtRisiZiE0| 7|2t SHAt
(&%) ZAE 212017), p.6, [28 1-2)

T A4t AAE ) 2 S 02 Al QA FEjE vt ofum APAG B
o] SHoA A2 TP o= H7] o] §hAHRobert J. Gordon) 55 7|&2] A&
g S A3AL AAAE O Aol BEE(Jeremy Rifkin)% T4

1) Klaus Schwab(2016.1), “The Fourth Industrial Revolution: what it means, how to respond”, World Economic
Forum(https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-m
eans-and-how-to-respond/, AA<Y 2018.12.15.)

AT 2(2017), 4R AR 71e ST AR v AT, IR Ie AT, p.ii.
3) AEF 22017), 4R AGEE] 22 T A 3, AAATY, p.33.
AT 2017), 4R ALY 7Ie AT AN Tt A, RIS 8 AATY, pp.23~28 AL
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[ 2-1] 4% AR 221 7|Z =0l0| T2 N

K& 7 S L el chist o XtE] MYt CHO 0 AT 72

(3%} vs. 4%p)

HEUSID2& w1970W0 AIRE CIXE m RMAZ Hjgh AR QIZF w12 7IANCH(, 2R A
WOML|(2014)  Bh= JISlEECE WX QIEYUISES S0 U YHH)A M2 7|HAIC

SIELIXE 71&9 §42 oL, Alet 21Zto] ZAlM

i

19700 A|ZHE J|22] 7|

2 olof 22 2 Hapt Y
W= I o =Y

AR AHS RIXIGHRINE
30| 2B IR ARE
0] R5HR, QIEHY Alcko
= RERERIER| o &
HIXH QJOIEE ICH= 4%

AIZ QI3t ST, Uxf2]
O3, AS 2} A5} HY

= OIHE += ol ot
2 Haolol| et HSHE =
Ol A0l 22

LXt2| 201 CHH[GHAM 7|
EASS HEE A HD
SHRIZ, QIZIA .LeF2 &
= =T 0149 OIS X|L|
B2, 9ASMR 20| =5
= HH|Z ok= oot M

A= X 719 7|
StEsd wie = 20064
0% =, ‘AT &
SH It AREIACD =Y
BRY, 4xF 0= ALESE
X oL, tHEMe=zE=3
A MPSHBO| X&S TA.
JHEME 22| Hst &

H= 0o
SOt Rt HE AN

" Al 2R, XISEZ QI3 of
T2 4% 9o £

‘0l0ll= CI2CF, 0|
L4 A QIR0 X2 X
Ol AR A}

u
0x
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0z
0%

=
g

OPHIZE: Alet QIziel
BY TP HOT B

i AR0= 91t 42 4
5 2XS o261 2IoH 7|

0
2AS OIS TSR,

Al7|, A, R 20 =

Al
— 0

o (== oo

0l2] ol A Iy, =5  BXES zl2Askl| ffst

A5 E4, 2HS o8 QIMIEIE 1= HAIS SAl
#2(2016) WOXE SES 7|MCZ O wXISSIZ QS UXIE| F&, w21417|2] AZfat S| 4Xt

K2, S2feh MEsl01 88 =SAIE Y53 240 HASHHO| ARE

StEAXI UGB TRY S Q2 QIS MW= Hjch, & w3kiet OHE M22 s

mEH, 71, =71 ALl T A=A ARRIE Y Yol WE J|EeR &/

QA 2 SHSOE A wSEHsH e MM Bl el A2 SAS HA
2|271(1995) m4t QImE[O| 30 QA0 WX High ASS Qf6 W 2XHIH 0% HHSIS S5t
(201)Q204)  UX|, Sb, w7t Hoks  USIE AT =59 BY 3R} LIASH AZH(1995)
(2016) A MAHHO| T F w O XY =F0[ ATt m AHMOfLAX|RE QIESI0| ZE

THMol|AR|E QIE{LIo) 2
YOZ FiHOfAX| AAH-
0| &Eol, Atele 2#at

HA O CHRIO R ATIAS],
SREH S HIAE =30

S90St

£ 3R M1 £2(2011)
M2 MBS Sloi=
OL{X-S4-25 AAEO)

N SIS HIZ ASE E2f 2Kt MG SRSt XY HEHER(2014, 2016)

A ANZHL AT S S TRAK= BUXTIAL RXIFL 3%} 2 F0/7,

Ol SAET HAK QA B7hE2fEt 43t MAZO| AR

a7} =2 21 Cie 4e) 32 2y

TEQO16)  W2RHAIRSIEYIO| WHO M W UK(Z| UAQ| SIS QIO m 2R MISR I} 3R]
2 Qe MF0IDY, 197057t Of, 2ETAIZ I3t MY S 802 ARSI,

X 2 g8 S LIEH
19700 0|2 HH5}=Z QI
o ditkd E7t= DI0[sHH,
SAIO| BRZ0] LIEFE

=

AEHE S8 A

[ |
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e
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4
k>
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>
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=0l QIER)

EX]: ZA2 2/(2017), 4Rt MYl 7| Selut M Ikg YL, pp.8~9 (& 1-1)
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[E 2-2] Z} MASIHO| A HIHQt EF
= 1} AHASEH 2X} LA 3xt AISH 4R} LAY
A7 1760~1830 1870~1920 1960~? 20004LCH O]
(1750~1850) (1850~1930) (1945~?)
F 9t G2 =Y, 0= 0=, g2
FO MY HIY, HIY, B717] MY, 7MY, & ZRE, A, XS
2 3R A, XSt 3t QIE{HU
FQ 7|2 - 1700 TIAMEE - 1856 M2 ~ 1946 OHLI2}
B2 AR - 1769 $2%7| - 1856 k5= - 1947 TXIAEH
- 1769 22i18=7| - 1876 st - 1958 ZXI5|2
- 1776 QE2| Z/PRt - 1879UiHS - 1962 LRI 2R
et - 1886 7K KISRt - 1969 PLC ECI2084
- 1783 SFAIST|7 2 - 1888 R TS7| - 1969 OF2mpl
- 1785 <=7 | - 1896 FMTM - 1973 DNA XHEg} 7|
- 1789 EAPRIZPiE - 1903 HIR| =
o5t - 1908 D& T - 1977 02 1
= 1797 LIAFEAE AMHE - 1914 ZH[O[OfIE - 1981 IBM S22 PC
- 1804 377 At — 1994 QIE{Sll LiESt
- 1830 ZHE-THHA
HE:
SISOl B717| 2 (VBN ZARE, QB loT, HIH[O[E, Al 7[¢t
(Steam Power) (Electric Power) (Electronics & IT)  =%A
(Hyper-Connection
, CPS)
S| HIHREXL 7|4 HEXZ| YA O| HSHR XA 7]
E3 20l 7|AHst 7|3t 3t NSl
it Aist CHEZFA A Xt=3HAutomation)  XEE3HAutomisation)
(Industrialisation)  (Mass Production) 771, SWIHEIOJELS MAF EOE} 7P, SWE Ko
oA = HMSRIQ 7O ZiH(0|o] WE &2 7| QEUIJERICXHSE, AR-AS-32e ¢Z,
Ateist Hh CHZAAL SHSH 0| D29 329 M7/ 24 X(S51E S8t MTE
ZOoZ A 0|5 7
net7|E wrESbo| ASHE nEH0 U2 Vs wOidet J|Ee A
o 3} o 4st AAHNEH 2288
n st 71E0 7Y mastol LHE0| 7| wistt 7|S0| i
oo Ol ZH8E|7| A& L=l[o ) =i o St
FHM T n3Y Fao FHZE wii7|o] ZMMEY mHIX7|Y¥o| =25t
xo|#gt Mgt 2 FEoP7| AR A A2 SFE
BXEH ZHAY nSUSAT 24N wAMA ZHQ AMHIA
o ZHo| T Leist St S2Hst
AtE|28 wAZAIRS D w TS0 CfSt Q1R wHHIIES| AEN
X H3} 7 A 2S OIEL A3t =4 s
HHTO nIHA, IYAIE, nFUMAT, AP s EHMRME, H3BE
29| H, ZER 4, 32y
EX: $42(2017.2.1), p.5; Z4E(2017.5), p.69 LHES MHTH(Z4E(2017.5)2 LI SF2=E HY|)

12 HAZ} LSO M2 ZAZ M| A0l D|2HEt MY} ST



SOl A ol < ol i) 2412 212017) AR A E oA RIS
4] 7]40] TIA|e 7140] @hilo]w ol Qlsk AAH 5717k ok QoiLA] eih
= 004 A137} Aol Ee] 18 Sl AL QSR Zo] AAAYTL AT
91} Wh 8% 912017 TAGte] THATHS AelEo) a e BA) 4, A3
A A AL S 5o FAH AL A0S BAsle] HASE DY@
HPOA AR AALFE Qe HAE EAfTIco

910} e el Aol Brsha A4x AIEY £ sheH o e %01%
ofLiA|t HlehAtslol thest] 91e 2| Heirhdol AlLtel o2 ol s
sk, ol ke eh ool It A AL HoHe A SL01et
= Z0] S Apsle] o] A9l Asjolet & 4 ek 0|2} e WHoIA Selutet
4RI UBN AU A S 7 AUl AR AT ASEA HE

A0 2T = e AR AR 7139R I4ekaL Qo
O HaxfHEe| 52

WEF7FA|71_E “Al4AF A e o] Edi7} E 5U o] Alxd 941 A=kl Industrie 4.0
o A= Af]HEZA|AEI(CPS, Cyber-Physical Systems)2 841 5210 2 A|Al5}aL
Atk AlolHEZ Al AR o7 -8-0)= 2006 H= =2 eHf THthe National Science
Foundation)®] &l Z(Helen Gil)oll &J8f 583t A& I&A Ued] ole A4t
(computation), YEHZ (networking)¥ &8]& T ZA|A(physical processes) 7]
LS ArRitt. S ARHERAIAES E2F] AlAICL 7MY AV S 932+
+ & 1¥(feedback loop)E &3 &4 ZAAl] Wdd AR 151 (embedded
computers)?} HE Y71 E2]7] T2 AAE T5HL A|ojsh= A A Wttt 10)

ol

5) A 2(2017), "4 A 71 S AN T A, TEER AT, p.307.
6) &% 22017), 4R AAAEH Y 22 T =AY 3, AT, pp.36~38.

7) $74572017.2.1), “GARNA] Hl-= AFASE P E: A3} A4S B2t TS, STEPI Insight Vol.207,
1&g 8ATY, p.29.

8) W4t 21(2017.6.30), “Al4A}F A 9| AT} 5 7F=F] =2 A", STEPI Insight Vol.215, 7}3}7]
SR ATY, p.11.
9) TARA Fa(2017.11), "G4S 93t Al F49] 434 A1 EE HSAE”, p.7.

10) “Cyber-Physical Systems (CPS) are integrations of computation, networking, and physical
processes. Embedded computers and networks monitor and control the physical processes,
with feedback loops where physical processes affect computations and vice
versa.”(https://ptolemy.berkeley.edu/projects/cps/, AL 2018.10.15)
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AfolHET A 2] B, ARs AL FE 5 S22 A S HAE =R E Teke R
S AlA, difofolE, PHH = Al 52 B3l ALl o] & B3l =T @4
< T, AR Bl 22eko 24 Ato|i-E ] Al 2] EE A BAIE =Rt ol Het
A28 B8] & Al Ale] tigt Bt g HHE K PaloiA| EAste] B2 AlA 2
7HAdoll AESHA jE9 D o= 312 QI 7S F4ststo] Aeskd AlARE T

Cyber-Physical Systems - a Concept Map  see authors and contributors.
http:/ {CyberPhysicalSystems. org Economics in the Loop
. )
® T
\"b Humans in the Loop )
POSSIBLY Wireless
= s
Actuation
®
Ints

Is In the Loop )

POSSIELY
WITH

Madels of
¥y

) )
g CETCTh e Vet and |2 e Iiesoperably

THAT Analysis
\ i Time Synchronization

THAT
SUPPORTS
Design Y — >
. Scalability —_0‘1iJ arity and Composahility
and THAOUGH
Comrmunication

Management
Interfacing with
Legacy Systems

HAVE
APPLICATIONS
N

 walidation
and
Werification

Stochastic Models

[ 2-2] Cyber-Physical Systems Zi4ll X|=
(EX: https://ptolemy.berkeley.edu/projects/cps, ZA1! 2018.10.15.)

U2 JAEAET 4,004 Af|HEHAIARRE 4H] FA1E 213t A E-2 A A|AH]
O & wholzo] A28t ERE 7Ied R S, A ZEA| A AFERIEU
(Internet of Things)® A H] A1 E|Yl(Internet of Services)S A&-olo] A 22 7122}
HIZYA Bd A2S THSE QIrk12)

11) 28 2(2013), “AIHERAAY A7 5, HEABISIA 31(12), I=EAE}S], pp.8~15.

12) BMBF(Federal Ministry of Education and Research)(2013), Recommendations for implementing
the strategic initiative INDISTRIE 4.0, p.14.
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St} AT E O UB) AR AIHE S TR 7|42 FaEle 27 7]
slo] 58 S 0 2 Hojsha glow, AIE Y olet Me|4o] ot Alsle] Ery
A W52 ojulghs BN ABAS, dold 5 tXE 7142 47 A eyl
A4 B0z HelT olS FPH 0T LGl AL BHE 513 k1)

75
(sizfst, 231,
AxIHst )

@ H2 s
W 2o 2871&
O 2opd S

(22 2-3] 4x} MAHT 2A A5E7|E-LUY 2 AA
(EX: AXI LT LI2](2017.10), "4t LHASE HSS 215 7|2 LS LEXLZOA LE)

4P E el =7 AL dlS Rt B 35 ok sl EAREAS] EeA
siaRtolAt A4t Sy B AV1e] 3t 7SS A%t ’ijte s A ‘AntE
EA] ke SHA 0 R FAISHAL Qlot. ANME EA] Bk 5S4 Qe
1 715 do|8 9] 42 7J3l= OlOW 520 715 AS A L0 it 87 A
o1 Zlo 2 oVt AAMFAS G AL AASIAL Rl 43 ARt A1
AEEI AR o= Bd k’% Zleze HAE EYD), AutEEZO] IEE
a3le Eﬁ. HHoze AUME EA YERS, HbolE 5 FHEEA] et Ant
ETRE 5o A5E A 9 fAEE] o9 HSkE 7S g dlifEnt

rEa xvﬂ

ofy

13) 42AIA S 19 81(2017.10), “43F ARAE ™ -3 gt 718 HALRF, p.1.
14) XA S E 9 98](2018.1.29.), “AUEAJE] -,
15) AAlE71e] HlolEE SRSl 7Mshsle] AEE 59 A ths € -fAFE o &8 /s

M 2F - ASMHIALHM HEAMHAMRO o0 15



A | [HEEHE |[EAT ZaE [/ 8 |HE asd|[Al
71A | |(Conveniencel| |( s)|| (Resilience) ;Eﬁbbn;i |
My~ | | DE/FEH/ Aol = Al /el xz|/ 22 (AL 5]/
2o} 2R = e = A = &H S
A Y 3‘" Algl
A el i‘h 7 m e
7 = #HedzE 2] == o <~nt=o|= x| § o1}
P :
|a.. L B an i llu:i =
B, | 2 gi__;a
" NN 4
< HIO|EF L »||lop| 32 02 =
a8
Mot | [ealooAl=>|
HME -
>
o2y
& Al & Al
71& 43
23t
- EERE
5G, 2lElolH, eIZ R S(Al, loT, Cloud 715, 2eHE=x19) S

[O3 2-4] TA| LH1} 71s SFES 125 858 0flA|
(E: 4RIMASHOII5|(2018.1), “ADEAIE] $THEY, p.14)

A A4 ArI e o) sleka B el £4 7hehe ZlolH 23 5o o)

=90} 7]&olu} ekt 7|4 Aaket A 2EE a5 ThE B et ok Akeh

9l webd AR AE ] H4 5o Shego], AmEgol, YEA, Ho]
Eay

sfo] A A1) 9 A8 S A g3k ol wal3 glek1o

16) 284t 21(2017.6.30), “A42H AHAE G| =AT} = 7FH2Re] 529 OJA]”, STEPI Insight Vol.215, 2t}
713 ATY, pp.13~15.

16 HARE MRISIZO| M2 S AHIAMRIO| Dl2fsiat T} (hSHEt 17



50l
HoIE} 7]
ST

At

(7}, 2 Ax)

7Ha A

(online, cyber)

=

el
i

Fa ==

— e ECiRCHEE
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® ARZA} QIEH|O]Ax
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HAEE
TAARRES=SHE

R

HUL22ES A S8 FE, 2boh E)

HAUMA Y
(offline, physical) |__77)Hf£___| | :*_P;; ‘ l ,Jl_il__]
[22] 2-5] CIOJE] 7[4o] SAl-7Fet A AJAH
(EX: 2|4} 2](2017.6.30.), p.14 [2~3])
[E 2-3] 7|2 4%} MASHO £5 7|2 o
=X AR MASHO| FF J|E £3
#+2(2016) NS Lie7|E EMICT 7| =52t e
(WEF) - 2HEIA - HIO|7|& H}O|, AXY, Of|LfX| 2
ArEQIELl - X2atst M J|as U7t
- AEEFRt Of| LA K| x4
-3D Zaig - UXHFE S 2674
Cordes & Stacey(2017) - ZHEIA - HME X HESA gEol oy
(BCG) - AHHQIE LU S rahur 710 =8
- AlEd|0|d - HIEI0H 24
- E2RLE/ MO|HEHt H/SESH
0|M(2016) QSIS - 2R3s ZMICT 718 34
(st=28) - BIG|0[H - AREQIEH
-3D malg
HEEMI|STISMEH QSKIs - CPS ZMICT 718 E40]0
(2016) SHel[g]=] - AFEQIEY CPSE H J7|&2
=
BARXN &S - QIBXls - BHRY 7|Z ICBMO| 2I3XIs
(2016.12.27.) - AFEQIEfl -ZgIec 2 =7}
- 8IG|0[H
EX: 25 442 2(2017), p.564 (E 2-1-1)
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957 212017) AR ARISFO)] 714 S0l Tt it Holg a4
&, A28, EAE 5 3709 3912 el shast Ik olo] mEm A4 Arele
of Bl Q4714 ABQIE Y, ZeOC AR, Wlole) B4, ABA%, 2R 55
7ho]w, oleigk 5th HAlZI4o] 4% Aol QA St AT 9l(2017)7 AN
S e} o] “ol8) 715 1A EE AT o] TS0l A EdlE S| F9l
2 T8 Hgko 2 o] 19704 The] AArEl tiAE Hto] Alsklo] Akeiat Al t
EREEEERR RSN AR EERE ESR R R PRI R NS
71 WARS OJulgiekar FoIShar Sick. 3t 19] BIAoA L 434 A e tiX
9 8] I ofsieh o] 7147 A% SHoI] AAAA L, of2] Hopo] AA
IS T PO AT 43 Aol Thg ey 9igk ekTAE A

o
2 ojg7) uhey GAHHOR ol AN $USHe o Solsieha Pk 17

[H 2-4] 4x} LIAHTO| 71= SU0fl TSt M| 71X 5212 g2

29 (OM)RATIE S7AIAH (FANEHE

R e CIOJE] 715t IRIEE AIAE  CIXIZ Hglo| 4t

W " AEelEd N 5Cf SHATIES NE Sl CIXIE AEk AT AR 2t
" S20C #EY Of HIOIE} 718t 1| HE Al ®20| CIXIZakED ICT7
O Agig 7y HSE0|, MASS F0IT,
" QBRI " COEIS OHE TR MRS HIXUAS S,
L BUNAS ZEGIO] BN, AHKHOIS ETAP I 3

HiZ, MBlA, HIZUA 2R 1 A} AUASFEE 19700

(M= o Ko jum

SS MGl MR IIKIE B AIRKE CIXIZ FBH0) 5
HEGH= AAY sA71s0) WHOR of Alst
s 21

EX: YES UM 2(2017), 9ol A, p.56 (H2-1-2)

T2 ASHE 7148 AL dol 7149 oA HAE 71 o) e vy
9 APgo] w1l wistel] AL ol

9Jt}h 18

UAE A%l B ofdEl FRE U FeR whs w] s

Digitization!9} EIX|8 7|48 E7EM AL§3to] A2 5013} 7] J2| 71312
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>
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il
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e
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-
=l
N

17) BR324 2(2017), AR AJEH P2 FANEA SAT S R 71& AR Y] FRE 38
T AH AL, A1E, A QEARRIATE], p.55, pp.80~82.

18) LG CNS, IT Insight(2017.4.19.), “Digital Transformation, T8A] ARR7}?" (http://blog.lgens.com/1369,
24 2018.7.7.). F3L
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0= olo] x| g Julsitt.2)

[& 2-5] C|X|& M2KDigital Transformation)2| 2|

A Ho|

Bain & Company  CIXIE! IEITERIO IS AQIS CIXIE! 7 HIOR RFOIBHI AIRIC) #AIS 2KO2 SRS
O HiBIS A0 |= 7]

AT Kearney DHIRL, S2ASE, W0, QBXES(AY), MELIELKIOT) S CIRIZ A7 42 Susl=

7 BRA0] Hislof MHEIOR LS5H BIk) HIZXLIAC| 232 27802 0Lt
MES HIXLIAZ S5t A7 ARI2 S761= 719 25

PWC 7 [HES0IM TIXZ AHIAHR GIZAIMEIO| 7 CHohs RSS HIZLIA D3 5] 20| &
BAP = 29| g

Microsoft THE QSRS TIRIS BV | ol KhsH AAS Sof 7159) LA DS A
271 PAIGHD ARSTHHIOJE], TRHAS ZB6H= M2 WOIS +85i= 212

I1BM 71210| CIX[Ei0} S21%01 QASS E51510 HIXLIA RIS Bi5Transform)AZ [T A
(Entire Industries)l| 22 2 New Directions)= H&l6l= 2

IDC 74 I NEQ k)0 | M2t CIX[E 533 7 [HCZ MR HIZUA DA JiF
MHIAE S0 A0 M5 =510 XS71S5H 2is= 2

WEF CIRIE 7 s -G0S SAZ 4= QU= HIZUA DRS SIE510] 2215 WAl 7 = 2
Shahyan CIXIZ2H0[MIO 0 oft SHPHRI MY Tig gt
0IXl= 7 RO AIO| MRS CIXE 7 (52 2E510] FIRI0H= 1EO= LK HEZ20]

XAl ofet

Z=X: 2UHE 9(2017); Shahyan(2017); 0|X|&(2016); RQZE-ZIAT 9/(2017), p.810M el

19) “Digitization is the process of changing from analog to digital form, also known as digital
enablement. Said another way, digitization takes an analog process and changes it to a digital
form without any different-in-kind changes to the process itself.”(Gartner IT Glossary,
https://www.gartner.com/it-glossary/digitization, Y 2018.7.7.).

20) “Digitalization is the use of digital technologies to change a business model and provide new
revenue and value-producing opportunities; it is the process of moving to a digital busines
s"(Gartner 1T  Glossary, https://www.gartner.com/it-glossary/digitalization, ~AAY
2018.7.7.).

21) “Digital business transformation is the process of exploiting digital technologies and supporting
capabilities to create a robust new digital business mode.”(Gartner IT Glossary,
https://www.gartner.com/it-glossary/digital-business-transformation, 744 2018.7.7.).
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Agho]] 23S WE A} gtk 0] 9F 22 oA AR K SR ASA | AR A
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Digitization

o) et

Digitalization
MEZ =olat 7] 22 7|82 MSsH| fs OXE 715 MEsh=s 2

|

()2 et

Digital
(Business) 2715 M2 ORI HIXUA UAIZ HESD| 2ot
Transformation TN 7IST KA SHE A T

oE=

el

[22 2-6] CIX|Z Hato] Ty
(S%: 47K 5h4)

A% A 241919] T A|E Ao 24 97] 98] 714 5219 SHelAE A
5, GEole, ARQEY, 2L 5

Technology)o] 6 E& §U=HE P4 Tops| Reke AZA |24 284
o2 AREAL LT Qe §87140] EAES Holsh o] Kt AN 2
o 7Pt B3 AZAHAARl0] A% Boleks Beld S TR G A
2 DY W AR MY AAS B3 2L AAY S Ershs Alo]HEe
AR ANGE 7149 AFHOR 15T 5
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2) M4z} MASHOZ QIS MOl S}
O H4xt L{E0] A0l O|X|= Skt e

/\/\

e ety

2 A 4R AR S g ol wet Bad vt Batdol 717l A P EEA
01501 ME=2 APl AAUIL FA 748 Aozt At ‘?_P‘?i Z
o 7leR |Iet lnE Al 7 33 A1 S8 5= ARl A= A
CHal gzttt T3t T Al4AF A o] B2y o) m| R Y| 7HA] Sa%t Hotz
2HRH7IH, A Y, A 94, 224 FHiE S Al A AL EE V1e= <
3 4l 7192 B4, S, 7Holeks 7H Y A TSk 718 THAIARE S
SYAIZ|LL, glolE A4 o] Hustz Qs Au|r A 20| A= =]
0 olof t331 s M= P2 A= 24 FE7F =L Hokrh.22)

A4 w18l

A4t A g o] Abie vl Al e Y Aok st et ol & A1 o=
A&3171+= o Aol o]H| of P 4kY] F-Zofl 2H4 HA D3kt AP = 1 = ARt
= APt Abdolth
AS-IS TO-BE
3 ICT A% ICT Akt ICTA%in} | ICT 4+ 7t 2 25/4%
Digitalo] [=%|[zia]ou|e5] e8| nz[nz]as][na|su]sw M e ER B R R EE ERI B |’\"’
e ] 7 1 I /3 7 i B
g/ ojc] | ol &/ == B s B
=i of | Y s L i [
Datall  “Back office 588 £0/7| I8t “2E processol YAE
R N PSP Hests Ay
« Aol AY7|Ee oD, AYT| s * Aol B process2| 81 21H4E
support?7| 9|8 stLte| £7}x491 enabler StHEf3t7| #{ ‘must have’
- KB ST/EN S N0 Y2 ag AN - 'Data driven decision making’ - 2 W& §
- HR, accounting/finance § 0OjA ¥EXog capturedtl 0|8 & X|XO| OJAMEHE U >
ey YA g
+ Back office2Afe] TT * R/ Hu20 g BB Ay
- SMHAE 0145| ] 9K UOD| cost centerd Al - B2 MY 7|EC HE/MUAE
asgd w8 HyolgosM 2ot 2 DAIKE HE
(od: ROUXLE AL, e-commerce)
[33 2-7] S A CX|Hst s2t Y MY
(EX): 01X|E(2016.6). p.6; H2SF-LUMT 2/(2017), p.830IA LIS
22) 92 7 9 2691(2016), T4AHAIAEE Y] 54, 2 ofFjolA g, T 9 &3, SEEW,
pp.21~23 L.
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oleih tlAE Ao R QT RFE 71 7|%40) AABS HBSH SolN 41 T
Z(YEA) A AP charat gl Lhebd 2 k.29

H 2-6] LIX[E &t ohg el ey

= LHE

g RSa}, FRIep7t MIZ Rt MH|AHM Z-eloHH HAH

HE/ M| S ME2 HEX2FAXN 2 ME|IA(P2P HE)2| 23

HIZUA 228 S MEZR2 H|IZL|A RHO| SE(RIZS] MHIA)

LI HEHA| Hat T 7159 alElet M 71| TIY, B2 J1X MRS E S
A FAef Hel HZO| M| A ZTI(LAE FH]), LIMAMEME)O] ST 2T

Ex{: 1M 9/(2017), p.288 (B 5-1)

O 71940) 232 ZaH(Ae] Arol 5719 B U HIZ-MH|A SA)

HA A g = = AL HAE 7e S8 = AR AAdo] F7tske Aol
Th.29) o]= 7|E 7149 B4 Aete] SHo g vighs o Q. AR bl 24 Hlo]
B A AEE B8 S, AeHd A1 avtE B 749 BAldol 2A S7HE A
oln, o= %7 ]oﬂ t7] o] ZAlo] HAR|ut glo|g T ALEoj7} x25}g]

=

7Ho] oA Hel F47]S0lE RS} 8 Ao % Agech2) ER oA /1%
o 2802 T4 AT A% L AHl2 F4lo] Yojd Zoltt. T 7142 B8T
AP53}, Rl Az Aa Au| 2ol FHISHA AAEA B HAlo] Lofet

Zolm, A28 B|ZUA Hdo] AT Ao g AFc} 20

O CXE T2t 2 oY 7Z9| Hat

rqxle,-i. A 4 7] e K02 B Aolek ol UEAY A
A

23) A4 J(2017), 43 AAAEEY 71E FUR A T A, He1e AT, p.28s.

24) Capgemini Consulting®] Al 2H 1L 2 t)x|93le 7|h4E0] 52U A9] thE 7|1 JE] Bl
2 26% o =1L % Ut 1Y & TPAIO Z 9% T 2 WiES St A o2 YERHERA A&

B 2)(2014), "MAE EfRAz0 ]u 732 &4, el =52, p29).
25) A% A2017), "4AH e 22 T Al e Az, AT, p.d6.
26) AR (2017), 42 AAFE Y Ve ST ANY g A, I Ie B3R ATY, p.288.
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dste] 71E 4 2] AN DS AL 71 719E EEAIZ AW 7HAIAReOl 2 |

o 2HT = A2

AFE(2017.5)2 4AHAHRIE Y S22 A2 76 H SF42 Algste SR71&dT
: Information Technology)¥} 22 7|&-S Z-8-3fof ol= A4 5 &-87]
%(0T : Operational Technology) 7t 3491 g3+ BoliATE 7Fsohctal 45t
o 12U E071% 7199 28 71E 7190l AT HARl BAY 4= lov £X7]&
714(CT)ol E-871& 7199 BEHAE ARt AQ) B2 AT 4 QUrh29)

[ 2-7] 4t LASHT T-OT 8

= Fo9g RIEYEY MR UE H|

Enabler 7|2 Z2Xt Information Tech 4%} AIASIHO| 7|2 U 22M 47} AASHS |T-OT,

(ETR (Im) S HIBGH= ICT S B2 4] & Enabler-Adopter2|
232 i X} AloYEImHO o 710 BYS SO0 2Y

Adopter  7|& &8Xt Operation Tech  4x} MASHO| MER 7|=0| e <

(8% (om HMBol= HZXY § 23 LY

EX: 2A42(2017.5), p.75 (& 2)

3R} AliEd 4R} A1 EY 4R} Ay
&4 front(S4xH)
SAXH AR S
;B%S‘-}(

Nal £
i PAD 1
- - .
Meisid Ty New GPT New GPT
TnewGPT ST/ wrix|eiy|2 + olx|jo| /A2

2 SACIIH HRD|SEN . 7|= |Re| Clutd wsect= 44 RYSH o= Ligjdt
- H" GPTECK= 7220 s 22

[28 2-8] 4xt AA3{H A} MRio| Hs}
Z: GPT(General Purpose Technology)= H27|&8 st
(EX: IEZF 2/(2017), p.313 (T 3-1-2))

A110] BB} QITHA1 777 9] TR A AR 4 Sl
dlolel7h ARIS] A28 74 Aolm, HlolelE N44 08 PP BT ZAE U

27) A48 9(2017), 42 A1EEH 9] 71E 5903 A T A, A7 1E AT, pp.289~298.
28) AAE(2017.5), “42F AFAE Y - 8 7t Al -7, TAEAAEAL, AFI AT, pp.74~76.
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Slal 020, Tr3AIet &2 ME2 H|2Y A BEo] SAsHAA A2, AB|A, 1T 73
o

RAZYA 52 3018 B2 71317 HolA| 1 S8 Aol BrHsshA 4 ek

- aI0| 42 OJA| EE sh2o| Moial FH/H E
Moy pggy 0 HOH0R O

@ MYTE EaN  ADIESF: DTSN HEY Hulo] ANEZY -rSe0s
WPt ols RO AT 2400 B Rk 44 HF AEHTH
AQ(IE 7| = RIEL MH| BN UKt 20y H (@140
& FE) AQIEY: A XS 2| 57 2} o1}

Mol HIEY B3N NE M B

of Mb|A3}
@ MYTE WEE  HIIRHAIE JIE IR AE JIE 71 AE 2 JIE 7] D
e Qs (hsd)  FuRt A YR 2 oIstuxfzl elol CHSH MK T
#2(CT 7| 020@SEH) (ICT7IY, At 24 gze  HoENS
o, AEtEY] S El EQ) RN AT ZYRR A FUR
F5) JhRIAE W OBtRRIEE (CT7IR, A

ElEY) 24

SOE CADE LR JIE EN QK| JIE XHQ| Y M2 ME XA
TR0 HUMTRNE A2 YR 2A RN A A
2zEa we HOHE A B AEER 8 H0E HE

el S QIXIR I3t
X2 57}

® MMl T 2 M2 M22 UK

SHsi= 2 e

ZF 07|M MY Heks 2= HUE7IY0] B ZLE ZIRIAE0 2 Hat Q= Ee2 o

EX: 2T 1A 2(2017), p.85

29) 4R 198)(2017.10), “4RFAIAE T HES fIRE 712 AR, p.2.

30) F&F A((2017), 43 A1) 22 S A=A Y] Hi ek, AT, p.313
31) FEF A(2017), 43 A1 EY 22 S T=Atle] HiSAEh, A AT, pp.45~52



t}.32) St AABAIZHS] 20168 “FAE] 9] w|F(Future of Jobs)' EIA A=
2015~2020'3 Ato] A=FE|7H AA|H 0= 500971 o) EolE Ao R A OUs3),
Z|Z HAAo A= 20229714 QI 71A 9 FalEE 7H] s 2} 0] HskE Qls)
7.500%t 7l12] 2177t HiA| == vhH HAE 7]e2 S4H 2= Shof 19 3,3007 712 A
B2 A57F 578 4= Aokl Agstal ek 34 A Bzl QlojA e A 9 7L
| 28]7} QoA = A9 2016 9f+= Architecture and Engineering F-29] 118
AAECl 2.71% S7FE ZoE AYFOUBS, 2018\ HIAOA FAER]
(LinkedIn)i} oA 2ARY 2| S3F0llA= 2ol A5710] dAte)= A4t Aos
LFERAL QlTt30)

)4

The Jobs Landscape
in 2022

Top 10 Emerging

Data Analysts and Scientists

T
2. Al and Machine Learning Specialists
emerging 3. General and Operations Managers
roles, 4. Software and Applications Developers and Analysts
global 5. Sales and Mar!(elting Professionals
change 6. Bl_g .Data Spectallstsl o
7. Digital Transformation Specialists
by 2022 8. New Technology Specialists
9. Organisational Development Specialists
1

0. Information Technology Services

[a=! 2-9] WEF(2018) ¥XI2|Q] 0|2 E 1A Q| 2022 UX}I2| Xat
(EX: WEF ¥IAI0|E, http://reports.weforum.org/future—of—jobs—2018/shareable-infographics/, Zi*42! 2018.12.10.)

32) A2 A4 2(2017), A4 DA G AL SAT OIS Wk 71ET ARl SRS
T2 TAL, ALY, BA QEAE DTS, p.94olA AL

33) WEF(2016), The Future of jobs. Employment, Skills and Workforce Strategy for the Fourth
Industrial Revolution, p.15.

34) WEF(2018), The Future of Jobs Report 2018, vii.

35) WEF(Q016), The Future of Jobs: Employment, Skills and Workforce Strategy for the Fourth
Industrial Revolution, p.12 Table 4.

36) WEF(2018), The Future of Jobs Report 2018, vii.
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Professional Services

Marketing Specialist ]
Recruiter ]
Human Resources Consultant .
Human Resources Specialist [ ]
Marketing Manager ]
Accounting Associate [
Software Engineer [

Account Manager [ ]

Data Analyst [ ]

Financial Auditor ]
Customer Service Representative ]
Law Clerk m
Manager of Creative Services [ |
Editor [ ]
Food and Beverage Server =
Accountant [}
Journalist [ |
Salesperson |
| Architect =i
Administrative Assistant | i [ ]
0

5 -1

0x
oy
[y
rr
E
m
ro
1A
OB
0%
0
-
=
=l

[33 2-10] 2013~2017'3 ALO| HMEAMH|AY 18 EHIE(RA
(EX: WEF(2018), p.20 Figure 9)

E5] AAZAZH 2018 H1Aof| A= ]2l 21529 A53} BlEZ Agstal =]
20259730k 71A19] W= AIZIo] QI7HE $ 4T AL o st ol Uztel 4
58 SoIAE A2 ARt g4, 8 A=, 7] AR R 2 1Y 50| F
851 879 o2 A3

=

Human Machine
2018 71 29

[22 2-11] QIZkat 7|AH|2| LS A2t HIE st MY
(E%]: WEF ¥AJO|E, http://reports.weforum.ora/future-of-jobs—2018/shareable-infographics/, ZiA42! 2018.12.10.)

37) WEF(2018), The Future of Jobs Report 2018, vii.
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Human Machine Human Machine

2018 2022

Coordinating, developing, managing and advising

Communicating and interacting

Administering

Performing physical and manual work activities
Identifying and evaluating job-relevant information
Performing complex and technical activities
Looking for and receiving job-related information

Information and data processing

[O3 2-12] YREYE QIZHIL 7|H|2] LeSA|Zt HIE Ha} MY
(Ex]: WEF(2018). p.11 Figure 5)

Trending, 2022 Declining, 2022

Analytical thinking and innovation Manual dexterity, endurance and precision
Active learning and learning strategies Memory, verbal, auditory and spatial abilities
Creativity, originality and initiative Management of financial, material resources
Technology design and programming Technology installation and maintenance
Critical thinking and analysis Reading, writing, math and active listening
Complex problem-solving Management of personnel

Leadership and social influence Quality control and safety awareness
Emotional intelligence Coordination and time management
Reasoning, problem-solving and ideation Visual, auditory and speech abilities
Systems analysis and evaluation Technology use, monitoring and control

(28 2-13] D)2 =2 S30) Cigt 27
(&X: WEF(2018), p.11 Table 4 25 )

243 2(2017) EXA A TRE Hglo]| mh2 =9 AHQ Hofof|A] 7FX|ARS H3h
2 QI8 AR AAE LA 9] 7Hs/dES v A YbE 0 2 A|Afstal Q). thik A3}
2 Q8] 7] el dArE = 714 iAo =2 Zhastial YA V&S -85l
0|2 Kl 2 5o] Az}E]7} Sold Ao 7 Artslal 9t} 38) ShHo AL 7]4:9]

I
WEE Aok 71A19 A4t AlAge] A7k Al G990 s ok TS st

L

A oA A4S BT O, L AL AN, AT BETL B AR
5 HEAel ARAL D Aoleke AYE 5L A ek

38) A4 (2017), 43 A 71e FAT A v A, B 1e A ATY, pp.301~302.
39) BR= A=Y AAZIE(2015), '4RF IS Al ZAE219] vl e &4, 2lol=#E], pp.18~20.
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2 = 7[de| s P 120|222l 7[0| IS ¥ 10|
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Ef AMRAO| 7K 18 B7} EfARIO| 7P 18 2
0 25910| XSSk CIS0|
HRlold 23Y 18 ZA
(20307IK|  XISFEi=lE
10~20%)
ADE E0F LY BER[HXLA ST} B SIMHIR A0 B 74 =2 57t
(TERS| mEIOIRR|O| BiTH
mOj|L{X[2I0| CIRIS}
EfMH I wOjuiX| 22| AARIe| & BRI M2 HIZ A5 SiA RX
ALS]  2O0fLY mEHAMOY IR XIKIO| B7I2 O m R EHARFR|O| ZhA S QK|
MH|A St UXI2| B7 KU =xz A
Ef MY IS wOPiHIATHE I QK[ S x22 Bt E
7t =34 8|
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particular human activities), 7439 QPJA L FFA(the stability and permanence of
the work’s construction), HE|S £t 33} ofo]t]o] 9] HH(the communication of

experience and ideas through its form)o]|2h= E44-& S A|#of sitt.47)

ole} 2 £/ wzo] HAFABIAAY E5] UEEA dAlIA= A5S 7IsHthe
Qg ol A0] 1S SIS 3e] 2L EaPE EAIsH ol A A2
A AER 7182 Edo] AA|E= Hlle] H7]ke gt Ao 1% JANE So)AH HH
EYA Aldidls AS7PE 2 A Yo o 3L oflext AFdyfsto] Z2]w Al
S7ASk Aol RIS eieh el ol st e e e e
% 714 9 729] 2 WP} old Al7lol= AZ7e 7 SAHFAAD ] A
Aol W3t =271 gol Dol A= =7 k= dled] 7k 1452 992 A9
Ao g Holt}, ZojA=9 AFARE E8|(Etinne Louis Boulle)= A&E ‘A A19]
ZEo|M 712 g4 ol Adshke =7, WSS "ARIY dle & 4w ojof qith
- 2L A%0] Tjet 20 thesl B0l oI ke 2] AL gk
o S0, AZ71e} 7] 47te) AL R AP HIE 18784 AA 4571
3]9Jo]lA] o & AEZO] WS EHeKEmile Trela)s A&7 = &L - A&
Holl AU, 159 olsiiAl= 918 Fotal AL, 159 I 7= T
ofs) 457 Ik, AE7PE AR AL A efoks 35231 0|97 k. ojsh 2

< o] Lofdtid dleS fsiM= 2 Aol 2 Zlolnt 49zl T3t vf Qi

ol r:i oY, r

o
(
AN

o]

2 4o

(¢]

—_

47) Encyclopaedia Britannica®llA] ‘Architecture’ o] 3t -8 AA 2.
(&A: https://www.britannica.com/topic/architecture, 744 2018.8.16.)

48) o13(2002), ™A AS5T THAFCIEY WAL, L, pp.101~102004 Q18-
49) o}/43(2002), %] A, p.294014] QU-E-
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Cost and schedule overruns are the norm in the construction sector.

Estimated overrun in capital expenditure, @ Mining 4 Infrastructure @il and gas
% of original quoted capital expenditure

Average: 20 months
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Delay beyond original schedule, years

(23 2-16] 214 20| I % 7|2t £}
(EX: McKinsey&Company(2016.6), p.3)
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O X2 L3 diky

@wﬂaziagﬁﬁgi%%&@%aemiﬁﬂ%&@ﬂ%aa%ﬂ%mm
o W8] e 5.0 8 Ao| A gha Ik ol Sjutete] B9 T AR
AIA of2] 719} ] Tt e 420l A0 2 ujelErt 52 7o) 22 A3}
A1 E O] A 7]4-S B A FALS A sk Qe A ] A4 AL FA1A

&2 59 A 84
Q1714 g 9 EQJo] He oA 4 % shie 881 k. Avithe] A4

_:

>,
Q

-

51) WEF(2016.5), Shaping the Future of Construction: A Breakthrough in Mindset and Technology,
p.16 Figure 4 Z11.

52) McKinsey&Company(2017.2), Reinventing Construction. A Route to Higher Productivity,
pp.2~3.
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Real gross value added per hour worked
by persons engaged, 2005 $

Index; 100 = 1995
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Total economy
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120 Construction
100
80 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 ]
1995 2000 05 10 2014
1 Based on a sample of 41 countries that generate 96% of global GDP.
[72 2-18] B2 S 744 M0| RS =SHMY
(EX: McKinsey&Company(2017.2), p.2 Exhibit E1 Y5 23| Y %
Construction labor productivity, 2015’
2005 $ per hour worked by persons employed, not adjusted for purchasing power parity®
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Construction labor-productivity growth, 1995-2015'

Annual growth in real gross value added per hour worked by persons employed

(T3 2-19] Y cSUME It |

(EX: McKinsey&Company(2017.2), p.3 Exhibit E3 2& M)

2T e,

53) WEF(2016.5), Shaping the Future of Construction: A Breakthrough in Mindset and Technology,
p.15901A4 QL&
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54) WER(2016.5), Shaping the Future of Construction. A Breakthrough in Mindset and Technology,
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The construction industry is among the least digitized.

McKinsey Global Institute industry digitization index; Relatively low Relatively high
2015 or latest available data darasin D WG
@ Digital leaders within refatively undigitized sectors

Assets Usage Labor
5\ N2 N &\ \ \ '\ \ o\
\aRakiak 5 ek g shadad
‘\\‘?@ {%% N S \ % h % \ N\ % ‘\V" %\\ '% %\

Sector AN \\I “ﬁ’i \'\ %' \‘\ \'\% %g% \‘\%ﬁ' %\%%@ \ > N
IcT2 _-_-----
Media N O | e !
Professional services - ----
Finance and insurance - - - --
Wholesale trade ' | ] ' i
Advanced manufacturing I g i || !
Ol end gas | . ]  —
Utiiities | | ‘ | I
Chemicals and pharmaceuticals - I -
Basic goods manufacturing - | I
Mining [ ] .
Real estate ° == =i I
Transportation and warshousing ® ] |
Education ® I
Retal trade o | | _ | . |
Entertainment and recreation -- ---
Personal and local services [ | - || |
Government ® ]
Healthcare

Haospitality

AorouTirs and huning EE-—----=]

Construction

*Based on a set of metrics to assess digitization of asssts (B metrics), usage (11 metrics), and labor (8 metrics).
“Information and communications technology.

Source: AppBrain; Bluewolf; Computer Economies; eMarketer; Gartner; IDC Research; LiveChat; US Bureau of Economic Analysis;
TS Bureau of Labor Statistics; US Census Bureau; McKinsey Global Institute analysis
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(&X: McKinsey&Company(2016.6), p.3 Exhibit 3 2 HZl)

57) HYEdle] 714K2016.8.20.), “H X 2W 109 HECH... & I S g
(http://news.mt.co.kr/mtview.php?no=2016081219513877235, A4 2018.5.10.) 5 &1L

58) McKinsey&Company(2016.6), /magining construction’s digital future.
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Future-proof
design and
construction

Next-generation
5-D building
information

Dasigning with
materials and methods
of tha future

modeling
Design platform for
the future

3

Digital collaboration
and mobility
Moving to paperiess

projects, from the office
fo the workiorea

EX: McKinsey&Company(2016.6), pp.4~12 &S EMZ 74

WEF(2016.5) HALA oA = Ad1tiol M 85 Hoke] S42 HAEs) - HAE
7l& 9 ZeAA0] Fdat uf ] - o]t of et A H4l2 27| DA SARE EA7L

A| Zpike] o710l AAH M2 752 7FssHA ATt.59)
ESHBCG(2016.3) H A oA = A-AR](Engineering & Construction)2] T A &3}
= oA g AIFE Y o, A A B 71| AREe] AR YA EERRE QIS A AlAIF L

ZH M 8 Sl u1§S 1% 2 ol BT 4 9IS Ak oS5t ek

stk 445}
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59) WEF(2016.5), Shaping the Future of Construction. A Breakthrough in Mindset and Technology, p.24.

60) Boston Consulting Group(2016.3), Digital in Engineering and Construction, pp.9~10.
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PLANNING  DESIGN AND ENGINEERING CONSTRUCTION OPERATIONS
<« Life cycle integration

Big data and analytics ﬁ T
Simulation and virtual reality ﬁi Mobile interfaces and augmented reality D
Building information modeling (in the cloud) E\_')

Ubiquitous connectivity and tracking %

Additive manufacturing

mmtaupr;ysrcal

integ

T
layer é

3-D scanning

Intelligent construction equipment and robotics {
Sensors and

equipment
Unmanned aerial vehicles g Embedded sensors
<

<« uonesSajuL ASojouyde | —>

Cybersecurity

Source: BCG analysis.

[38! 2-24] ZAMARI(EEC) 7EXIALE0N 22 CIXIE 7|& M8 7ty
(&X: BCG(2016.3), p.4 Exhibit 1)

IMPACT ON LIFE CYCLE
CASE STUDY CORE LEVERS COST ($MILLIONS)?

Office building « BIM throughout the life cycle

« 5 stories « Data-driven construction J =
« 10,000 m? planning and lean execution

» 30-year life cycle « Rigorous construction

» 14 months to build monitoring and surveillance +0% —12% —18%

Vertical
construction

Highway « BIM throu Ehoutthe life cycle
» 62 miles (100 km) » Automated and autonomous
« 4 bridges construction

 35-year life cycle « Condition monitoring and

+ 42 months to build predictive maintenance +0% —19% —10%

Power plant « BIM throughout the life cycle

« Combined-cycle « Data-driven construction ' =
gas turbine plant planning and lean execution

« 25-year life cycle, « Smart and efficient

« 20 months to build operations and maintenance 50 —14% —~10%

Infrastructure
construction

o

Industrial
construction

o $0.3 trillion to $0.5 trillion (10% to 17%)
Additional savings on operations in 2025

$0.7 trillion to $1.2 trillion (13% to 21%)
Total E&C cost reduction potential in 2025

I Design and engineering [lll Construction Operations
Sources: IHS; BCG analysis.

ILife cycle cost is shown as the inflation-adjusted net present value. The cost of equipment (for instance, gas turbines in the power plant) and of
non-building-related operations (for example, fuel for the gas turbines) is excluded.

[ 2-25] ZAARI(E&C)2] CIXIZIEHR QI8 244 U SH22| |G T2
(E%]: BCG(2016.3), p.10 Exhibit 3)
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[22! 2-26] L& i-construction?] 742
(EX: ZXH(2017), p.51 [2Z IV-4])

Jé*l 21 AOH e
7t g ok 1A MEBEAE H-83F Algo|th AntEQlmEtof| tisAE A
+ICT + SWHA 2 1A= Zi“l%} SPCO| Al ZAAE Folsh= 5 A8ARIZIE,,

TF 43 5 A4 Tm2aA0 fAE E_-;_o}ﬁ Qlt}.62)

61) ZA8(2017), “434 A S o] e YRAMAIRIC) the ek 8l AAKE, TAEAH 2R, ey
BAATY, pp.50~51.

62) TAIFA 3H5(2018.6.28.), “AEAI] FARIRY W8-S aroto] A .
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[E 2-12] 22U} FL ADIE 7447]& R&D AKY(9h

= Fl& EXH|IE L 7|cHEat
Fal= DN *BIM Z3HZ 315 +9F 2, 0002424('20 ~*27)
HEXISS 2R ME « 74 MAEO| 217 | A AT 3 QAL OffEt

SHY NS(REDY, 7HAS)
* XSSt 2EW +7(18.7)

ADE RXM2|  -loT, EIH0|E] 7|4t ZMo| RX|H4 7| -2 1,400221(20 ~'26)

7y <MHE AEE 2=
‘A= WREY B H Y B -At=HHIE |
XS oI 71E 7
ADE 280z ~U2A BAM=E 26t +2F 1,600224(°20 ~"26)
I HHRA| HE +TZE29| WEES
‘ULATHE OIS0 B 232E 7Y Y- B [y t —~ HIZZEY, ok
o 32
HI7IAEZK EYUHLY, TR (floating) SHAE{E, +2f5,10022(20"25)
+EHE 25 7l e o7t =2 559
*STOHR| Aflet SHE, HIO|R Lz 2vle &
A X X[ol=8 SHE 71& E ]

EX: BAEX 8=(2018.6.28.), p.9
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[ 2-27] ADIEQIZE0)| CHEH 7 A| MESA JHE
(BX: HAISR §5(2018.6.28.), p.10
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2) AX0ll st At=IgHN 27 et

O FQ 7|20| MAlSk= O|2H 0|52t A=2| D|2ted

S5 FE7HEoPe @& 75t ARRAIA 715 §Etke T8 841
T AIA ol 719 2 71 8E2 vlEiAre] o Hste) AA50] njeof] sl E=total Aut
o] ol = AASHAL ik
AAAQ DA 1R B1ARRI Sf-(ARUP)S] 2l A5-7138?] Arup Foresight= 2013
d 3t B Ao A njef ASEC] HalHdS AAISIAH. ASEd Bs) 150l 53t
© AR F2 M3} SRAL2 RITS7F, ‘AR, V1% ), A BE(ATF AP
=2 Ry, AR A, Ht B A AR, e XS, (ATTE A, Q)
dHE 9, Ye-vo| Ve HY, ‘2REo W ARSSF, ARGAR FE AL,
FUERF AL B, AEH AH 5 F 14714 24% 29FHThed
o] HAAoJ A o]e} Z-2 W5} 51 Rtgsto] mje A A&Eo] ZE50jok & 7]
WA A RS AASEL Qlek. HA] ASE-2 Wiloh= ARl A&2 08 258
2857) el g o= ARl wet 222 E 3 A1l A, wA % 4
25 %%e %‘Eﬁi TZE %l%ﬂ}. olof H3to] A= ofulA], =olAFE 457t
5 & FAols 1] 719951,
73 2400 H-S3th. TR 7155}
EIL E’\M"ﬂ EH—OM %-a—f;’_— WE, TEAE H =2 35 EA Y 559 E
FHIL o= AFHE AH|A o[HIES fJsf ARGETH v e & vl o] HSE2
T4 02 As(brainyE 7H AUtE AIA” 0 24 AlA, HlolE, AHE3E 7|&
Sl 5= WolF-S] 75 ek, Al A L AREAL o] ARsA o ‘:&3‘6}@1 =
Z|5}e 2 ‘}l 7152 AlE 7.6 o] 9k Zo] ofj o] ARt ASEC] vl ARS]-
A 874 7o) A5 07 Hkgsl= A|5akE 2R 07 Qokst 4= Qlr}65)
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63) Arup Foresight(2013), /t's Alive: Can you imagine the urban building of the future?, p.2.
64) Arup Foresight(2013), /t's Alive: Can you imagine the urban building of the future?, pp.3~9.

65) Aot T4 A7 Ax HlglA AFES I AA7F ERCE BAlS —go 3 9tk QE|A
(Otis)7} 18538 AeHo]E|E 22 A/Wgt ol HAHEC 2RES= F&5M A= 0] gtk A&
ol A AA|EH= H|G- F Ho|A| g= HEo] Eojrk= v, & SAIY- v F4 S41H] oL LA W EY
—01 Eol7k= HIQ«I H]5L Eake-aukE AR ek AFIIHEA: 74JoH2017), “A4At AHY
Wil AZAE| AL 0] X5Y, MAZT TAIZTE Vol.28, AZEAIZZMATLA, p.018).

44 HAZ} LSO M2 TS MH|ALO] D|2HSt MY} (S Tf Gt



Infegrated energy )
production systems such o cccccccaaan 3 Water collection and

as micro wind power L N e e L 4 recycling system lirked o

food preduction medules

Viewing platform
and gallery

Robelic cleaning and

%4- === maintenance systems

Continuous robotic

Modular building
components can be pa-eagm ¥

upgraded and rearmanged ) assembly and
over fime maintenance of building
systerns

Phase Change Materials
allow for interior surfaces to .
function as heat recovery » Urban food production
Sy 5 / > === Modules containing meat.
poultry, fish and vegefable
farms

Algae facade that
produces biofuel

| Pedesirian connector
Cable car provides efficient fommm < . <-4 bridges provide access
inner-city mobity - networks between high-ise
structures

Heat recovery windows Building membrane

with natural ventilation ¥~~~ P e mmmmmmme < converts carbon dioxide infc
oxygen
Reactive facades respond e
to local climate conditions - - 4:: Community space with
and friggers Tl N) (S 090 «--------—-- 4 exhibiion and gallery

facilities

Solar PV paint applied fo
facade elements

Realtime data feeds
display energy
consumption, news,weathe:
and travel information

Community health and
educdation cenire Co-working centre with tele-
presence facilifies for mobile

workers

Carsharing, bike sharing,

s o - Recycling centre
and logistics consolidation

auternatically segregates
and packages from waste
feed

-----4

i Digital fabrication facility
""" base material is recyclable

Building systems fully
integrated with smart grid |

ind urban resource streams T £ S Underground fransport hub

~="Y integrated with buiding
infrastructure

[2& 2-28] 0l (Arup)0| 2= Df2] AS=2| HAII
(&X: Arup Foresight(2013), p.3)
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LRSS 5 TRt A 2ok AlE 9l A E74 7ol AFokal e AlAE
A ZA71AF 7140 A (Siemens) A5 APGE] HIVIERJIES EA |9}, Q1 e},
AlAIS}, 715 Wt S0 Byl AntEEY AlAR ] glof Qb b, ouA] %
Apike] gEAy, ST ARSAL B84 2] ZHAIE AIRbeAL It o & Adl vl A
=2 AolE7]o] 2H 94 HAREARS] e} g7 {AsHA| HEste] 57 2%
9 5E4S Y e BedtAaE o R FYHIL, oA & 5 AN A B 5,
A 87 24, B 5l b 8 52 917t of 3 AlAEo] {71 o' AA-SRE Al

or
ogl
r o)

SIEMENS

[33 2-29] X|HA(Siemens)?t T12l= 1522 O2H4
(EX: Siemens §5E SH4(2010.10.22.), “Smart buildings - the future of building technology” ¥
(https://www.youtube.com/watch?v=gCuPx9shWTO0, 42! 2018.6.28.)

4I
15

66) Siemens(2018), “The Future of Smart Buildings” Z2|AIE|o]A & Al
(https://www.siemens.com/press/pool/de/feature/2018/buildingtechnologies/2018-12-hq/pr
esentation-future-of-smart-buildings-e.pdf, HA<Y 2018.12.20.).
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T=2(Google)2] ABAE iyt EZE F[o|Ato] =(Quayside) Aol ARFEAIE 7}
RS 7185} Q1 Aol E T B A(Sidewalk Labs)= 53} 5] Alg] @ A&+
B2 510} TR, EAIS] 8 7HE A, A&7Fs/ 52 ol E 1AlskaL Qltt o]
of wet A& W AP 428 Walo] f-ASHA th3shr] St B RXE T
(Loft structure) & AIQtotal, 374 AAKAZ) A|ARRS EQUste] A Fel(Affordable
Housing) 35& E26k= A2 AQIskaL Qlet ERF A5 A= o5 Adskal A&
7FsAS ER5H] Y5 5835 942 B, A2 7] A3t ZA(CLT, Cross
Laminated Timber 5)& P29 115 AEE &= =JstaLA} gth.67)

A Flexible Loft for the Future City

[O3 2-30] MO|EYIHATL HIQtsH= 2OE X
(&%: Sidewalk Labs(2017.10.17.), p.26)

THIS IMAGE 1S FOR
ILLUSTRA

Ty — Q

‘Omo possibiltyfor rouse ofthe
Hoarn s an on-site modular

[2% 2-31] AO|ETUAT} Hlotsh= &AM BER A
(E%: Sidewalk Labs(2017.10.17.), p.111)

Hi

67) Sidewalk Labs(2017.10.17.), Vision Sections of RFP Submission(RFP No. 2017-13), pp.25~26 Jal, &
A Apgofl et Z7F2Q1 82 Olivia Jia(2018.10.23.), “Can Future Cities be Timber Cities? Google's
Sidewalk Labs Asks the Experts”, ArchDaily 7]AF &l
(https://www.archdaily.comy904271/can-future-cities-be-tinber-cities-googles-sidewalk-labs-asks-the-experts).
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QEAA AFQA YFIFA(Wiki House)E AMSE BE Q= 7|5k At
(Wikihouse Foundation)2 7|2 A% AkQjo] B4 =1 FEo|Z 3+ +22 Q9|
5

o184 9 2 wele] B, AR A5

Investment

Short-term

speculative real estate

investment
Deslgn & regulation
Opaque, labour-
intensive design and

lanning process
pRong.p Construction

Outdated,
unsustainable
building methods

The 20th century e
supply chain -

) ) . seeking. Low
The challenge is not just construction methods themselves, resilience.

but the whole stack of knowledge systems, supply chains and Wasiafil fivear
business models behind them. materials chain

Demolition

0. Investment

Land as a platform. Long
term investment based on
5. Disassembly social and economic returns

Rapid, simple, safe disassembly for
re-use of all materials and parts

1. Digital design
and regulation
Digital 5D design,
automated, open
‘patterns’ and rules-
4.Use based regulation
Building log capturing

performance data for

monitoring, insurance and

operation. Suggests

upgrades.

2. Manufacturing

3. Assembly Digital, distributed, flexible

Rapid, simple, safe assembly by fabrication on and off-site

local contractors, on and off-site

[T 2-32] 91715t2A XHEH(Wikihouse Foundation)0| HAlst= Z1SE 33 A& el
(EX: WikiHouse Foundation(2018), “Build x”(Version 0.5), p.4($l), p.19(0f2H) 13 HZ)

1= oY R EYU.S. Department of Energy)@} HA|H L= AYAE 29 A4 (Pacific
Northwest National Laboratory)+= Pl2} Z5=29] v]A-E H/A} A5 AlAH, 7]
AR|, AFUE, 87 5 57H] SHollA AARI olof w2 w|H o] ASE2 HA
oA S5 S FYE A R DS A3 A A A"ES AlFShAL, 5 Al

68) WikiHouse Foundation(https://wikihouse.cc/) 2.
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£R19] Sl mEe Pl HHL ol ANTH YT 98 7N 49 AL
1§ 92 ofstoliob 5], A/}l L 9 IS 91 ol 5 A1)
e R EEEL R +T*4~Xﬂ%6ﬂ o g} ET ARUE 52

L ole] 7)% 9 TheRe AHIAS Ag s, A Sl Akl At Alagle g
317 452183 4 Slofok B0

A Vision for What will buildings be like in 100 years? By working closely with leaders from
(3 . ‘scademia and industry we have defined anintegrated, coherent, and achievable
uture Buildings & -
i targets to help us get there. We are hegzmmgwcamphullu the functions
futurebuildings.pnnl.gov ‘and capabilitios of these future bulldings, today.

Characteristics

Building
Systems
Optimized systems for o clura - v jiverse of human
personalized enviranment & arosera . i 3 support ity na o the built
improved health & wellbsing building comp

Occupants Utilities Community Environment

@ Consist of modul

intalligent Cor
transportat

Measure & disclose hy
performance

Targets/
Metrics

Building Stock Turnover =i @
Building evalution s a relatively slow but continuous process. Acknowdedging the focus of \

mmdﬁomwwdngulsdmmmanembm neutral in the
not-too-disitant future, we need to plan now for what our future buildings will be.

growihin 0Dy ———

sorica e and 1% annual growth; 200% tetd!

s 80 ysars of bullding

e =

@ Olderthan10ys () Higher Efficiency

k. LR =
EN

ERGY Pciic Northwest

[28 2-33] 0= oy X|5e| Oj2f HAZE HIH
(&X: https://futurebuildings.labworks.org/#modal, Z{A42! 2018.10.25)

69) https://futurebuildings.labworks.org/ W& B2 2H4.
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O 2040 FETS EUCSO 75 A MSIZHA 27 #at

12040 RIS V|7 IeE&2AL 0= SRS Zofe] vjEf HiulE fjs) Ao
ZETsoF 2 g7 Ies EE0l] HIRt RAICIH. o] AKS STEEP 42 EH
= 9] ¥ 29 24 9 AE7H =28 71A v EMEE &St o]of we
FHE 71728 AASIL At

£

[H 2-13] 72040 ZEWE ORI7IS0ISZAL 700 HZIEHE 2 ZEWE 71E5+2(Needs)

STEEP HI7IEE == ZEWS O[2fALE] 7|&42(Needs)
Social ATIE Y NSATHSNE 1. DTSN HelS s
Arsisas) get 2. MBIE OIXIE Hi2foHs TAKIAL
3. TEURIS HR{ot= DEAAH
e 4. EAIB0] ChS = CHB7IOl S
Technological MeP7[&Q UM HH ZEWS 7|& 5. TAIU/X|S 2t Het HuEsH 25
Jeg=d  ICTEu" 6. ICTO} TA|- REAIAEO] S8
Litz | et 7. &Er AIATHO] M
2R7jzol wy 8. 22|41 2EWET | 83
Economic 29 AT AR St 9. EA|, 715, ZUE Aef Mzt
10. B2 AIAE 7|3t 22 ZHTE S|
QlHolze 2REs 1. 2R 1&/I88 wErH EHE
Ecological K| A2ts} o K|2itst st 12, EAKZ AR AL B
7|58} ; -
StAQHo| =7t 13. SOCAM/HEE 2| St
oL OIURIKIE20] 57 14. SHAICIZ CHHIOIAX] JH2t KP4
X w5 15. BIZIS OL{xIo| ZTH 57}
16. A§ O|LIXIY DE4Ero| aisf
SAZEZO| Nt 17. XIS A TS
Political Oh OKM  XfohAfc ChH| 18. QRGP SBEL= Af2]7 [N
19. X-Eventoll LB 7¥HA1 9!
Btz Sl Alr) 20. £ HIZ2] KT SFX|S] et

EX: LENEL ZEDEIET|STEL(2013), 12040 ZEWE 0247 |S0IESEAL, p.84, & 3-3

70) FEWER-ZE W ENSHEATA(2013), 2040 FETE v|F71&dERAL.
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71) United Nations, Department of Economic and Social Affairs, Population Division(2015), World
Population Prospects: The 2015 Revision, Key Findings and Advance Tables. Working Paper No.
ESA/P/WP.242; Arup Foresight(?), Cities Alive: 100 issues shaping future cities 4] A&

72) United Nations, Department of Economic and Social Affairs, Population Division(2014), World
Urbanization Prospects: The 2014 Revision, Highlight, Arup Foresight(?), Cities Alive: 100 issues
shaping future cities 4] A&

73) PZZEAHHZAN2016), IS 2050 vl F5l, pp.32~37.

74) FERER . ZE 72357 |&254(2013), 12040 FENE 0|#71&ERAh, pp.43~50 Y& X
J5ko] 24,
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[O% 2-34] 2 LIzt Q17T Ax0| Hst MY
(BX: st==E-EZAN2016), "THEHTI= 2050 O] &6, p.33)

75) FETER - FENENSEETA(2013), 2040 FENF v|#7]&dERAL, p.6l.
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U A AMMED}L CAD, BIM S r4x1 75 P85 %xo | el £

Al bAE ek Olﬂio dAE %%6}04 "é—% 63:%/\1@%*‘1 0] A]4
AH| Akf o= ofsle A7I7EE 4 ek HollA vt 3.

Sejutet A 9 Pl AHIAYS AT AR BiTHRRT0 o5 AiHe
2 2} 2 AR B8] FAE Bl We Ao w HopnE D glet 21
A E70] WAL wEPOFAl G WAoA Mol §7] whEo] 4w A%
AAEAE UAE AEE B9 15 AAHES ol i wet w7l 2 medEs g
WIS Helons AL S SRS 7|91S vhela 4 9k, e AR ASAME
Fak g ASAFEL] Hle) TIAY BT £o] et 54 9 18 018 njelst
7] ofele Aol mg tixd [go] Wano] Folw BT Ww o] Hekg vlest
A ghe o H719ate) TAE ARk S AR FisAo] Ack

H 2-14] 2016\ HSHA X 22 MUIAY AHHS SN

19 1~39 3694 5~10 10~30 30

ae oy op om oom oom o N 2016 mEEtEEease)

% % % % % % % AR AR
T 231 370 121 96 95 8.8 100.0 | 2435.2 149.9
BRIOpt 352 513 96 2.3 0.5 1.0 100.0 | 209.2 88.6

2R 1.6 134 194 263 296 97 100.0 | 1271.8 115.8
PR 00 0.0 0.0 0.0 0.0 100.0 100.0 | 16623.0 126.1
opRd 0.0 0.0 0.0 0.0 0.0 100.0 100.0 | 96100.0 153.3
EX: M$H 2(2017), p.xiv [E 12]

76) 20154 702 ASAA 9 A A BIAY AFAA| 5 75%7tSAFRL 591 v[RE 7] Holl siEA: 4147
2](2017), p.51)

77) A5274 £1(2017), p.xiv.
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2lo] 5l-20] oJEs}l= HlA Bloju ApE3t 253k AH|A7E 7 4= Sl
S 71 9 A ARkl tAg HekO = Qlsf| 1571et 149 opg 2 1A Q1 A9
ST AR o= B & o]of th-gsto] ngE FH|ok= AAEAM] #A I
o] TG0l Tt ZY-2 =015 Bl 1 TS APk Fasdo] et oK
Hgas A 2] 78S T e AU EEA(WeBuildHomes)i= AT E A
BA7E ARt Al E 2ol 2RI BEE AAEE 11 2H o] & A= AH|A
SO RN AZAHA H & ZAAF HIAZ|2L 1 oH AFAM] TS BT 5H]

Ao
o

H
o

11‘.

H
rE

£ o

As
= o
TSl Sl
8 plm pimd Al
WeBuildhomes Locaties  Huizen  Over WeBuildhomes . 020-6306581 Legin Comact Privacy 38

Aalsmeer, Garden Village Villa's in Den Haag e Verkocht | Andere locatie

WeBuildHomes e

i/ De grootste collectie 5@
design huizen § ‘

y Jij kiest, wij bouwen! ﬁﬁ
| @ Van vele architectenbureaus
n' @ 70-100% minder energiskosten ]

@ Vaste prijs incl. twin en berging

;\abm' ar,

@ Vicerverwarming in alle kamers
@ Erfpacht of eigen grond II‘
Je hebt al een WeBuildhomes huis vanaf

€ 249.900,-

Kies uit 91 huizen

HANK House Wit Freshhw Les Open Wonlng
120m? 140m? 140m? 140m?

[O3 2-35] 221 & % ST USMH|A MH|(IEEER)

(EX: gUEEx —‘ZIHIOIII ps://www.webuildhomes.nl/)
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A3 AZAH 24 714 ENE

L. AFAH29] 7l& E-IE

2. 35N A B Jle 7Y ERIE

g
£ A0 HR AEA |G ofv] H8HT e 2 B ohiz o 148

O

HAE AMEl 712(2016.3), Digital in Engineering and Constructiord)

=

Aol B /oM YA 7le @S 247 o] HaM oA v Akl Bl

1) AEC(Architecture, Engineering and Construction) Industry.
2) Architectural Service Industry.

3) BCG(2016.3), Digital in Engineering and Construction. The Transformative Power of Building
Information Modeling W8-S EXZ 24,
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3 Al7]& 280l =UH o] 4] Fopol A= TAEa}o] whE ARt Halr} IggE 1L
U= Foll FEIAL E&C A4S BIstAIE 8 7|4 o] s A=lstal Slck
o] HiA= E&C AFY 9] HAE 719 S5 ARSAF *IEH|o|A B o & Aol 4
(User Interfaces and applications), 2ZE o] Z3HE 2 A|oj(Software platform
and applications), TJA8/ &84 5 AlZ(Digital/ Physical integration layer),
AlA L Z}H](Sensor and equipment) 5 47H| & T&85}111, Z2H] &9]0] sl
84 7S AEsilon, 44 4 AR Yo F-AF-2Fof o] 2= 3TA2 7IX A&
of W&} fAd 7= Qs 7Fssixl A= 7130 sl At Ak

oj2fgt 7|& M| FHL ARE o] ERFT O BIME 7HIARES weh BE o]
ARSI AFHZ )] 2ol ZAtelEo] Hiet 71 B3} Alg#o]d FHE Al
919, ol e 7Ie SIS 7= tollA 71s sl ot AlA 5L ] 7e2 v
AAE B3l AlE 2 29 Foll A2l JHE AR EUEF & = 3o =22
Sl Al A2 AL AAFE = ATt 9714 I3 = Ao] ohet Al sekd A
7171 R 252 e AE G E o] v @A glol= B et =Y AR e A
o7 &%= qlt} 3D ZAY I} 2 A= 7Hg(additive manufacturing) 71&-2 7
HES A e T 845 UesH AEHL 9leH, 3D &Y Ve Bt A
=9 gAd RS AAshs H AR H o] 2ieHo]dS GolstA sk, FE& HE5}
™ Az o] Hot S BUE R & = QM| etk BIMO| UF-=A] 7MJada AEdo]
AL oAEH, A d w82 /R4S et Qe Ho| A0t F FAL Aoz A
A 3 e AHIe] AARE QAASS 7Rs S . HH|olE 242 oA A4
Aol A AREE]7] AlARE A 2= oA o]F F3f A eAEoM WSk A
¥ tlolEE A 25l o] & E-g3to] AE AAE FEAIZIL AR A B S &
olsHA 3t A|52] oS wolal AAZR] TS AEE o A

Az o7 o] HuAoA= ol2et AE 7ae =Ushke 71de e
E/S deloto] ZRAE 2|y 2388 WA 7hsAde 29 4 e,
FAS I 5 Ug Aoz WAL Q). 75 29 ¥lE Alg el AdolA

7, IRl 3 A vl8-2 48 2 718 2 =
Y 29 Boll= 15%~25%7H] 2L 4= AoH, 9 cm]oﬂ/qL u]% A7}0] H 9
7} 14%~23%°| o1& o2 ASA31aL it

ﬂ.(-lI]
é
_lq
I
o
\°
>—A
N
x
%E
[¢]
3
My

4) A 3 Ao 7 GACIA = HAIE 71 EUol| whE H-8-Edo] ojubA] Y=t ol ofluiX] A&
ol 22 F7H ]l 24 Aol SHE7] HH(BCG(2016.3), p.10 L)
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=29 3-1. BIM &at 2 & |X|=E BIM2 20 7t RES HSoIH A= 2E I RARE Z28. 22
2 27| AN WY B2 MY AYS ol, 2 HAGM B2t =
HuE
3-2. 7k Q= R A|RH CIXIE YRIQt 7[E2 AT Z2MAS IH Ztasist = QUE. OIS 501 7|
YS2 HIEE AT HAE RHIY HXISE Sof| SHE0A AR HI0IE L=

A} BIOJE{S 278 4 2O B HOIEIS 3D DY HEAR Ariy HH2

AH HAE 4 IS, E3t BIMS 20| AR} EE SHRIO HE 24 ¢

0| BIOIEIE SEFOE ST 4 QU7 HEH, O] HIOJEIS AIS5101 424] 2
S NBHOKIGHD XM HES ISOR Xhiat 4 IS

3-3. ADIE 298 Y RX|& BIME HIZ3 02 ZX{] HI0|EIS SESIT £AI5101 7192 2% U KAl
+(0&M) 232 8242 20| T MER 742 E 4= US. 0l HEE A
OLE A|ABI2 BIM AH|A ZZeIX| BDS VirCon0| IBM1} 22i6t0] 7iLs}
1 9IS, BYO| 31N QR4 RS SBA 7|20 46101 714 % 17|
T8 A9 Z2 57T 7|58 E0FE BIM 220 H| WY = AT SA|0f
22| IfFZO|Lt O] £E2| XD £F St 22 71 HH0j| M2 =+ US
3-4. JH ELIEZ 3 OIYH 22| MM, ZHH|EH EE= 3D 201K ATHLE Sall St CIOIEo| HAZICZE HFE
SiM HES XEHO= DLEZSI U H2E WS AT 01ES
5 2= ZIAL LU OfJALR| 26F TTEF 5140 Of|Hl KH|Q| US ZQUOZM HIRS
Ay BuE 4 U
3-5. M&BHN RS AN 28X BE5 MU= RXIEE= BIM BE2 HAKRL AX|L07t FQ £=2] B JH4= Al 2
o 4 Qs W8 EE Tl PBS WISH: B =20/ 2 4 AU
PLANNING  DESIGN AND ENGINEERING CONSTRUCTION OPERATIONS
13 Data- | N 3.5 Fast
driven @ d d rencation
o | 0 e 010 -
Fabrication ci
- ﬁ methads termination
| 14 Parallel and robust 2.1 Reabtime datasharing, integration, 3.1 BIM-enhanced operations  Life cycle
design and mstnmﬂng and coardination across stakeholders and maintenance. BIM
| | || *
e wee S i s
of physical engr%aanng e .
structures ‘rf'- : ' ‘:: sitvealianes v e A
e i L) 2 gz ..
i‘nwgraﬁyh ﬁayer = ._T H R -?F]-zaﬂrwal
’ over
LD — [ o edosr |
and rap 2.2 Datadriven S0
PrOBYRIng ons ,ﬁd n { iggggmm
planning n nd radlmwa
Sensorsand axscution : Lo i ane 8
equipment — z e e
5 2.4 Automated
I * I and autonomous .* ! * I
construction

£*{: BCG(2016.3), 13 2 ¥ pp.6~9 LIS H L T

60 H4xt LASH0| T2 HEMH|ALRIO| DJ2HHSt MY} ST 7

=



O wZIX| o ZHML|(2018.10), Seizing opportunity in today’s construction
technology ecosysterr?

o] HuA= 74 *}‘ﬁ@ﬂr”xﬁ_ A AIAIL] 2,40070 o1 71 71H9=2] SEHL U]
olEl2 T2elo] A4 71 EAS oA BAsIct
o] KA A= 7|¥E0] ASt= 71& £54 AHRlolA Ueh= 71s 7F 984S
B2 Aphe ool 24 AE Ak el MeA AL A0 s 4
7] 714 0.2 Q13 A5 W B4 (Artificial Intelligence and analytics), “3D T&
8, g3k} 2235 (3D Printing, modularizaton, and robotics), “CIA € E9 7]
<"(Digital Twin technology), ‘&34 &3t 9 A& (Supply chain

optimization and marketplaces)S A|AI5aL Jct.

[o

Design simulation
Value engineering

Building Information Virtusl
Productivity Modeling (8IM) ; roing
management Process simulation 3-D modeling
L} . Drone-enabled
Risk vard inspection
Portfolio planning management Design .
and management managgment e
Testin SN =
Capital Project _m _Q fabrication Lasar
ApILa. fustomerRelstionship schiedufing and scanping
financing; Management (CRM) Docurment. training ®
management .
mating, ifeso Robotics/automation ol
Enicrog DIE” o . printing
resoun Cuality: = 7, .
Labor and plaafiiog _ebntcal Progress tracm?g snd
prafessional Bidding (ERP) 5 performapce dashboards' Real-time manitoring
marketplaces proc: mn'\agemenf_ g and conta}
‘ . Menpater
optimization: Machine
Construction materials leAmia
marketplaces  Equipment Materials Compliance. Bern
B management Predictive in
marketplaces Bt ! _ learping =
.}_,_ szset performance L =
S, G NAgemen: ano ans
gt

Sources: McKinsey Startup and Invest
Capital 1Q. Data asof QZ 2018 Number of companies per use case includes all
companies that provide that technology, even ifitis not their primary o

For more on this research. see our article Ing-ancortunt in

[’;

 Constellations

[23 3-1] 24 715 MEjA X|=
(ESH McKlnsev&Companv(2018.10). p.3)

5) McKinsey&Company(2018.10), Seizing opportunity in today’s construction technology ecosystem

&S Bz 24

6) & X 3140) 4] Construction Industry‘— FHE @ el B4, A7 9 qlxUojel A, Stk
AM T2AE AH9] glo|TAlo|EL xSl 98-

ol

H3F - AFMHALY J1E EHE 61



O 7ls BAUZO| 26t =2 J[AL

 AAUo1R L 7 41104 714 BA1S) S0 dhet Qle] Sl 212
o1o] T 1A SO Uk, YRR FAFEL 73 419 EAES TR %
T 9] 84 71ES FHOE T 74 1SS 82 Felslel ST
* Design Blendz(2018.8.17.), “6 IMPORTANT AEC INDUSTRY
TRENDS IN TECHNOLOGY"?7)
u]539] A% tAel 9 A4 He) P FFH HP|AE AFSRe Design Blendzt=
AEC Ao 383 6714 714 EACE “BIMG| §F8 37F, “Fek9E 71491 7]
Sloba A, "HEHAS, SR AN, 3D BUY 9 1Y Z14", MR LR

S H Ut

i

i
T

o] Zof whzpl “BIM'L LA Eo] Tt Hlole] Al Folx 7k B 0FE
So} ZRAE 49 ¥ 82 2740 BSHe d] 7]eisti o] A AAH R HE

meAE|A oJ5abt A A Aol “Fee.E 714ro] 1 Ak H AlAHL.
2 SRS SPE CAD LS B Y20 TR0 B AUAe
2 4% A0 Ak olck. B 2 “mEe A%7o] e 7] e oo
o] 7R3 AHS 21 58k 1 9101 Sl 21499] 255718 202 9]
309l “EE S obd £ ARl 27 Bg T YA Eoht A e 7| u
b 241 5l 47 6 go] B8 Aolb, 30 29k 3p 2l 71 B
Ajo] LeAE 3o LAY E B BEHOR UL 4 Y ACR oAt
U} THFRAL B B4 AU RN B ¥l 8-S Fo|1 A4S BA|R B
HPESRE ARRS HOReE 4= o] £ AHIolA] o] B ARg R o] A4 02 M x

* Redshift(2018.1.16.), “b Technology Innovations Can Help Your
Architecture Practice Work Smarter’8)

QR EdAT(Autodesk)7} AladR= YRR Redshifto] St 7|Ao A= A% GH-E Hit
AntESH] Adgstr] Y3t 5714] 7|1e2 “dlhloly”, “A4d 7?%’?‘5145-_1(8001911 Virtual

7) DesignBlendz Blog(2018.8.17.), “6 IMPORTANT AEC INDUSTRY TRENDS IN TECHNOLOGY"
(https://www.designblendz.com/blog/G-important-aec-industry-trends-in-technology, XY
2018.10.22.)

8) Matt Alderton(2018.1.16.), “5 Technology Innovations Can Help Your Architecture Practice Work Smarter”
(https://www.autodesk.com/redshift/technology-architecture/, 74 2018.10.22.)
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Reality)”, ‘A", “F4AA", “FAA YAQ1(Generative Design)’& A|A S

o] Zof|A= ASEAAATA Perkins+Willol A Al=skL Qli= 714 289 ol & Edf
& 3to] 5712 7]zl Hisf Agstal et Perkins+WillolA= “HH|o]8” £4& &
8 ool % ZRAES T o ZA7HIAYTE 4 Qe ZRAE tig] v]2] &
FO2H ASTPHARIC] gIAE 4 AES =2 5 UES She AlLES ARt
‘28 7PFAA 2 PerkinstWillofl A 7t E2 HElEH 0] AY 71&2 =Ust A
BAR] A5 7V Ao] B ARl A she Aol vl @A et o] o2 ARgAt
WA S AEHAL QAT F = X S, 0] ol Perkins+Willol A=
TR SRS BE5to] S AA A E H EUES A Fstal ARSAR

5 S ThE o] AL k. A TR MAlE Y gate
& AREste] 1577 A o3t ARl B, w7l WS 9 AloF S0 whet of2 o
A1 kS ThEoHi= A2 =, Perkins+Will 20161 LEH AT} G LEHA

[23 3-2] Perkins+Wille] AN VR &2 [22! 3-3] Perkins+Will2] MR &2
(X htips:/Awwautodesk comyredshift/technology-architecture/) (&4 hitps://wwv.autodesk conyredshift/technology-architecture/)

e Dassault System(2017.6.29.), “AEC Industry Trends: Driving
Toward Connection, Digitization, Transformation”®)
CATIA 5 CAD AZE[0|9} 3D &34-E Al Bt thA7]A4Q1 thRAI AR A=
AEC A Zgto] A% |3}E 714538 0l EFER AR 9 2 93 HARL, AR
A BEwd A%, “dlolg Sk oA A% (data-driven decision-making)”, “BIM

spy, 57 9 7Mg RAle) 44 3 9k

9) Dassault System(2017.6.29.), “AEC Industry Trends: Driving Toward Connection, Digitization,
Transformation” (https://blogs.3ds.com/perspectives/aec-trends-connect-digitize-transform/, 734
22018.10.22.)
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* Microdesk(2018), “The Top 3 Technologies That Wil Impact AEC in 2018710)

2%, dxYolyg & AM Ao A 9] 7|& ALY S AlFol= vlo| AR HI AT A=
AEC AF 9] ¥ o] Sk J3k& v]& 7]& 2 “Connected BIM”, “AFERIEY(0T)",

Siach-l
0= X&A 0= o] Estal W 4= lom [ of TRt AJAREE T 3k
AR Z2AA A B2 & 5= ek THIAA" AA BIMOIA S Ao = M)
S B0l © L] HEd AR TS A Yotal AlRES Aokt 5= QA jit
* Harvard Design Magazine(2007), “Innovate or Perish: New

Technologies and Architecture’s Future”1)
2007'd SPHE A1 B A X9 3t 7| Al A= 59] nlFjo] k& A 2L 71&
42 3D YR, ‘sRMEZ YRRI(Parametric Design)’, “BIM’, “AFAR:
(prefabrication)”, “frH|HEI X HHRE" 52 AASIAH.
o] oA “3D Y 7] o] WA} v|-E stk AE7E stojg W2 T2 EE
Y= AR 5 AeF b o= A= AHARI US55 A7} 7FssHA E Ao,
R EE HARI" O] 5 WS Al AFE-L ARl A f-Esh shue] &
A E 9] miepH| E 8] tjAQlo] thE ZRAEojA k. MY E o] ARg-E 4= Stk Fol
A T AS57HEC] AR =771 2 Aol Aisieith

10) Microdesk(2018), “The Top 3 Technologies That Will Impact AEC in 2018”
(https://www.microdesk.com/articles/top-3-technologies-will-impact-aec-2018/, 744< 2018.10.22.)

11) David Celanto(2007), “Innovate or Perish: New Technologies and Architecture’s Future”, "
Harvard Design Magazinel, No.26

(http://www.harvarddesignmagazine.org/issues/26/innovate-or-perish-new-technologies-and
-architectures-future).
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2) ASMHIAMY FQ J|& EHE

WA 71E BAES O et Ve 84 W EFEY V|EE EHE H ARES

FR-EGsto] ASAH A GAE SHo= 57}114 FRIle EA=-AE Y ”274]
ARESF, AFUAlld E72A 2UF Ve B8, T HAE Alx g oz e,
TAE ELS S 29de, A5 d 3 /\l/\Eé! T A=A BIMY Y- &

A% 72 % A SAGIA L vlole] B4, ABA 714 52 Fol Wit AR € oA

Q1 IAE dlolg 7|¥Hdata-driven) 2.2 X535} = A-E3lolo] o]of AQ = A|7H
7 welg H7|40 % Fo|nE Asks ATEY] s sl

A5 A 9 A DAIM ZE&A] ARUAeld BT =AM VRAR T =93 Ve
(Immersive technology) T ¥ 23S tiA5to] A3 majAlgolA, 2HiE Ul
AAR A& H A54E] 5o B8HAL AEA T -

=

AlE GAo A= 3D ZHE 5 X8 A|Z(Digital Fabrication)o]] that A+ 2 A
o] Al&E AL =t FAIHRI A tARIS] 14, 1ok w5y AL 7S A
kS B3 2 ARl o] F, A% oA Q] AJIZE AoF, AR St Al F o E ]l J
H 5 oz SHo|A o] Qlo] A= AR 4% 5o R E Zo = 7gidtt

A" EYUL A TdA] FA = LHE S o o] G He] DAoA] oA A

=
§ M3t wF A 8EC] §ARS © 2lRdYe] 2% 52 HEH 38 0}74] A48 7}

fob o o

k1S

o=

=

[E 3-2] AZAH|AARIO| X9 7|& EHE
HEMH|A S| . _
= . 7= X2k
718 A ASZE 2

AL MRS e e - - S AP U BB B
20i3 71s O e e O FHSLFAOK M
CIXIZ HIE - e e - ORISR M
Cix/g E2 - 0 O e  olzENYYeuHs Iy
BIM - e e e He P2 Y M

X @= IR &3 UF, O A UZ
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® A& Y ™A Xt=3KPlanning and Design Automation)

O 7§

A4z} A S g oIt &o17t thiiF=7] o] FE] of2] AHY ofoll A= 71A1A I AsSt
£ Hol 3450l 7Y Lt 582 AR diAllsks A2k Al=sl ot %
AAYU AlS oks 157t ARs3h A&7t o2l AbjlolH, 53] A% A= A
Efu} 250] R[S 4= Qls 57 o9l 2Hd o= Q1A Eof fitt. T2y AH o]
R AS57F ek, 2R|AL 7|4E2 A5 A" L AA ZotollA ol & A&sh| sk
Aot AdS A&StaL lth

AFE AFE 2 AA(CAD, Computer-aided Design) AT Ef]o}= 1980t
NRAE HFE7F SR o= A= Aol At YF= AT 27] AFAES
HFE A A7 2L 252 FARAN W72 tiFE A4 2
ol 2t EHS

AR 7] Zlo} WS B A8 B 13tk T A
E

2 (Parametric) YAR] AZEQo]7} 54 5kal 2PdsHAA A7

-
—_
o
I
e
o
=

O A TEAAE THEA 0 7 HTIA7]7] AR S EY E2 ARESto] A%
7He Aol a3t AR M4 AAotal ol g 2T XA thfst A &
ofstA My stal AT 4= 9lom, A& 231 WM BE(Parametric Model)<
FE Risto] sl o GA A8 5 ol A= thE LA Eof sl e Al o
A Mg 27gste] AR 5= =Kol Stk o3t A9 Fe3 HE AE
Q1 AAGA oM HT} & AF2 o)1 HE2Ql WAl9] MARMS =&T 4= Atk
Aot} AEA R M alolA A7k AARKS 2Hds7| ol A EAol gt o
2] Aok 2707 B1E WHskolal o] F 1at 42 B 7|eS Bl DU B 4
$20] HARES A |SHcE. ¥ mEte| E g H w40l A= A A 24 digh Aok 24

A AZ7H= shure) SAe AASHE Al thEAe B e tRjelsh Ao
olck. olefet B2k tixiele] Zzte] Mg she 22 wdo] ofs) &
5 % 5P LEhe, A AQ) tixtel MRS olei 2494 B3k

12) ©] £ Danil Nagy et al.(2017), “Project Discover : An Application of Generative Design for
Architectural Space Planning”, autodeskresearch< E|Z 25t o™ o] 22| & 3 Ioi= A
Aot FE2 fZH(")E #2713
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i E g G iAol A e A/d A TR (generative design) A A &
5| A=719] 5o] Aufst= FYol = AA tijte] HEE7HE AFEHE Sof A+
ot 2t} A YRR AAgA QA XA Q] ZehA Q] A Al S BHlsl= Aoz A
AR} E= A Yol = A=, Al 9 -8 A 2k 2-2 o7l Mo} 34| A4 A
A AT ELJolo)] A HEE YHIth EEZA] FH3Ktopology optimization)2}
g o] AL EJ o= &£F49] 1LE 753t £ H(permutation)= BAsHo] X145
A et AT 4= 9l o 7 HkE 2HY-& B9l F-9lo] AREolal AEolA] EAlE

B AES|T SRt} 13)

B8R A AR obd] 2719 A 9 ot A Ak Foll A /1S AlE 71+ =l
7igto] 7158l of| wet o] & A Hoks AR E o] Bi=A] 1sket 4= Ut} HARRI 4

ZEQojof Tt A 7|21 LEH AT (autodesk)= 53T EHE SFA7 = A
7HS] A1 kS AT <= Q= AT CAD Z=2 138 Q1 =7 A (dreamcatcher)
£ 7idsto] AlzHe] o5 FSAIRT

rE mlm

cizfolu7t EUAA LTS AASSIel 75 8T AR, AR §8, A% W, 4 7]
2 9l W] AR 5o] mYE BT A BEE Yeste, AAEL T BEE

WEA1717] 1) AE e o) $54E B7kste] 21710 540) s Hlole)
o} 37 AH8 A0 A G ETE. TiRjolu = AE SFHE AN R Bk 4 g0
o AEA A 3ol QAR Bob} RS} 208 2ol Azt A L

% Slk. TRkl B2hE B Fol Tolul RIS Al BT FeshAL
1 Aol £7ol) A2 29 Wl 4 Sich 10

Define Generate Explore Fabricate

= 0

[O3 3-4] REHIAE E8HH XSS
(&X: https://autodeskresearch.com/projects/dreamcatcher, ZA42! 2018.9.10)

13) R EG| AT “what is generative design” W82 EHZ 24
(EA: https://www.autodesk.com/solutions/generative-design, Y 2018.9.10)).

14) L EH A3 “The Dreamcatcher wokfflow” W-& HS
(ZA: https://autodeskresearch.com/projects/dreamcatcher, 74 2018.9.10))
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. 2 =D =D o,
a2 AR G S
£, . B D D
=0 w3 D O
R, R, S =D
s B Ly R

[22 3-5] M8 CIX[Ia ME GlA|

(EX: https://www.autodesk.com/solutions/generative—design)

oleig A AR A FALL QEAs, WolE 714 Erjz A% B ohet
8ot s 5 s Holol M AEEIT Itk oloh B AL A% Holol 4 oby
27]8HA0171 st A&7 AU olol7] SlEshs Aol Holut A% A @
Ao et zgy_sa} A1 AASRE A7t AR glo] W 1% A A4
ol Fae vld Aow ot

% T W A% 2o AAG Aol wpel thE L ol 71 7]0] Bl 28]
o] A%FU A%7IlA E2e F7] Aol 53] A%-2o] g Wit AES
of 8 A]410] W9] ol GLom A% AFH % G FRT A5 A4 F it
olt}. e} AF7EAE Aol wfe T AR A% HTHE whEA) sefsl
Yl Alglo] AEe, A% TR 874 50| We4E ARle] ¥tol A
AEsHe o ojelgo] ik, Ea ASFRA S AIEIS AR 99 3 thA)
o A8 S SAET Ze WS A4 Hoshe ) ofF, A7t 5olA ol
0wl 97 B8 Aok AL A Azte] Ho] Aele 5 MAZGo] e,
ol ufet o] 2 sl2A AHEBSHEE Alwt dojubar ek

11=-9] Upcodes= B4R 115 ¥+ S Z2AE 392 ES & e ARAEAS
St} A HEF HHo] 7= skt BIM KA} 455to] AAIRM] theh i+t 75 AE
D s AL ARSI SRluRtol A HH|olH B )3 Als 7IHte e A%
Wt B 54k HE o[BS A5t S Adof] ksl ARl AsE 9 9 ol
o] FEE A|F5H= Landbooko] 7= o] AH|IAE AJZ6ISIT. TR AIAIAQ] A%
*‘174]*]' 2?1 SHoP= MITS] /\]”] ‘:ﬂola CARl ‘5‘7‘/\%% Joh= AR gt
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_

7Wdsto] A5 AlY Z2A|20] Mol o|arsial it o] T2 TR2 21 HlolH
Hho 2 e &eof weh Aldi(setback), B4, 54, 85 5= 245k
= MAE FdeRit

7
Kl

0 ol

£

Aesidontial Co 4
Rosidantia Fsclisntin GCommeroal
R R i 2
|
= CF CF

by ZoEin

Manutnctring

R M c

[21&! 3-6] SHoP Envelope Al 3
(EX: https://archpaper.com/2017/05/envelope-startup-zoning/)

) TR, MIBLUTATIZE 143
3 /

g &
ME F702|517} 62-35 RANG/S % T —a y.m/

o
® sgesrn)

&

o s A
A o m‘" o
15', ?s 36 Ve
T zz, Ty t =

3
G n_‘u .

H3BLUFARIY o

‘EIléE;Jﬁ w455
A8 s

527.79m*

FEH R 2

: 4 W
22 il : y ] y (

[ b

8 991 o 1 61 8\35 HIZUFARA |
. » . 22 l

|

|

15

5316m? | 1 ,:3'-‘?'“19 i 62| () v, A | |

(61%) I 1 |

A iy e e i ol i st 7% 5
A ATy WOl TE el AL vH S0l Tu A Ll?,l =N 115
e oieiel 40101 4 esfol B e L et

r 7
22 \)— NG
N

=tX

[2& 3-7] HEE MH|A 3}H(ZHX)
(EX: HE=S EM[O|X, https://www.landbook.net/)
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R E YAl 9 A4 GARIE e B9 F-EolAFE =2 12, 7414
?l & AlLH AAE A4 efsto] AARRs Sl &8 = At =, ol A| AlE
old ¥ S AR R ERlst AAkE WA= HlofElel 27t YAE=
$-9] 7501 7Fs3ltt. ol Bl SV HE diAl, thE 2419 Z2A| o] 7171
LTRAE WSS AAUE Adstke ARSI 7 st dlE 01 =2
51 T2 oA 71241 2AGIA], 8=, A& 5)°l FoA L eAskL
Al sk (&, A, 74 5) #he A7gstd miR EE briel B A4 bRl
Lare|Eo] oA 27231E TSk et Hitke AT o A wEEE o
ARl 71&2 B8t A1 HAshe 72 e} 7] shutz, F0171 £3F ol A A
=2o] B 2RIt H1 2 Hehe B4 A 3 7] 2Hsieh g Ao 4t
4 B7dol Sl dHiolA Ao Al RS o 88l 272 H A S H=A
o] 7Fsdttt. o, B, AsA A 5 TRt 2ol A ket o] o] FofR|aL 9)
o A5 = Al & o1& A8l glem diett F2E A 3o 271 94

< 27317 A3l SV 22ekE B85t G AA BAlRIAE FAIL 7 L g =

e
N
(o)

25} 718e B8 5 ek Y M0} AABL 509 127 Y42 AFHo]

2 AZ7F= ol& +d%(constitutive) TAFRIO] Z-8-54aL Q)T

LEGIAT= A EEE ARSS HiA|Shs b ARSARS] AE| 24 2 B = o
2] Z3rof] mE 249 wiR|Q2 AAshs AdS MRt HE Qlom, ofdiE 7]9dRl
Fenestrat= A5 IMAHE TAQIE 2| 20l5hs S2H-E 7|HE £ E ol S 7idsto]
AASAIA Y A=) A= A= B 52 A5k 7S A5t o

[32! 3-8] REHAT AMSS (YR & CIUSH HIXIQ MY
F: US| DTN N5, K AR M5, AZ, MY, HT, 98 T 54 2

(EX: Danil Nagy et al.(2017), Figure 2)
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o A X33t

AA AFEst AT E o= AE71] A4S AASRE gaEES S0l i AR A
AL TE+= b E= 18I AIZRS E7|FH o' R0

20119 A9 H Aditazz= Z2HEC] B3 Wt A9t A, ASS0] QAR 5-& Y
F(codify)ote] HAIME As A dok= AT EQ o1& 7idsto] AA| ofe] A% =24
Eof A&sta 9t} HEdhd TejufE e E HA 9 Al-Z5k= Cover Technologies
= ATA s T EE EUT SAE QI AT ERojE Bl A F=8A A 1170]
85k= 715 A, 1A AR 5ol TRt AR e EYE ofo] Arso s UrEy

PAZS ) AFHOZA F718 AL G| S Y Frk15)

Design Synthesis
Application

Computational design using
codified objects and rules.

Request Demo

[22! 3-9] Aditazz A7 AZEZ0]
(EX: https://www.aditazz.com/applications/building-design—automation/)

How will you primarily use your Cover space?

.

Hosting Guests Rental In-Law Suite I'll Move In

i =

Art/Music Studio Pool House Gym

[22 3-10] Cover At2| MAIE 2t M2 stH
(&X: https://www.cover.build/updates)

15) o] 3Pt AlEshe 22 EERIOA 27 Hlofute AL of29-H, A Ae|xuof 5 AR 2|0
ARE AR|A7} s
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@ HAZUAOM =722M 223 7= (Immersive Technology)2| &2

O 7§

=U% 7Ie2 S AlAY HAE B AlEE 0l © AlA 9] BAE 225k sho
AFEAIA] 297 e Mol RS AT 10 U (37 e Yitdoz
MR, ST, £ 59 Ve SRl
7HFEAA(VR, Virtual Reality)2 AR E814 3742 diAlsk= gAE 402 A AR
= /44 3D & Al55to] ARSARE ol I, S| =Rk E T /\"iﬂﬂ-ﬂ' S=Ed
7)(head tracking/S S} AHEA1] FEo] WFSTITE WE Ef77t S2to] w2 m=
WG A gohes AT AR = QITh17) S AA(AR, Augmented Reality) AA| &
21 7ol ek, e, orfo W lek she] 7] o AR g AN R Bt
Sto] ARGt S AL o] 3t A AlA 9] 848 TR} ApEStE W, AlE
o] p v molo] ARgAFS] A1 AASIS] 4ol 1S BT Rt 19 &
LHAMR, Mixed Reality)oll A 7H bl 2= 573 HNAAH Xﬂ 2ol w%‘jﬂ
3L 3 el 1= o] = A-ERIt). EdE A= 5%
IS 2 = AT o] 23t A &= A
2% U ALE AN 58] B2 BAoIh19 ofefe B
HEAL o, ofu] B 4F
=3 9k 7k E 2019"914= 20228714]

o] &HRH 7| FE0 = EUY 71ES AHSIL, 25%= Akl BRI A
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2
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=)
Y
JSE
N,
m1>
im
R

AZAHAAY L AZE 5 294 BB S T, A% IoIA ot AA}
Qe AZioke B, B, 3 29Y 5 7Mge] WA 02 BATTH Hold 2UF 7]
£9] Wa o] 1, 7120 30 BEY £ HHH 0T g3k 7] o] ol
AASIe] BT 2 A 7RsAo] Pk EF BYG Uk AR AT AFHo]
27, AR, A%F 70 AAEE AN O R AU 4 Ak

16) Y717 oK https://en. wikipedia.org/wiki/Immersive_technology, Y 2018.11.5.) il
17) 7YEY IT Glossary(https://blogs.gartner.com/it-glossary/vr-virtual-reality, 744 2018.11.5.) Fal.
18) 7FEY] IT Glossary(https://www.gartner. com/it-glossary/augmented-reality-ar, 7724 2018.11.5.) 2L

19) Gleb B.(?), “VR vs AR vs MR: Differences and Real-Life Applications” Fal.
(&A]: https://rubygarage.org/blog/difference-between-ar-vr-mr#article_title_5, 74 2018.11.5.)
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VR, AR, MR 5-& CAD, BIM E79} 15 5he o5 2]7o] 4l 2 S=glols 53] w2
Mg AAS BRI % 9l ol 710) mHlolt E4 BFE tiAlsle] Akl
A 9 2 Tl A7k H 8-S Hokska | U] Welat ASelo] 252 U
A o ASAH|A0) BT AE B % 9o

AR L] G BYF 7171 S FHto s A% A W AM AL ko2 sk of
& 79] 21 ofSelAodat |27} o] TEET Glom UE 7oAl o]
2 A Aste] g1 B,

[22 3-11] IrisVRO| HIE5h= HEE MR, VR
(EX: https://irisvr.com, ZA1 2018.10.29)

[T 3-12] ASMAMNZRA Perkins+WilloflA] 75 VRED T MR(S)
(EX: https://www.autodesk.com/redshift/technology-architecture, Z{A42! 2018.10.29)
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=2 2448 I a8l H2E A8 ARE o Sl A7 B A
z

58 A8 5 7M o]ul

47 958 2710 Slst

"ol Qs AZFL A%

[13 3-13] 3434 7|2 DAQRIZ} It ADIE S2fA
(EX: https://daari.com/worksense, Z{A42! 2018.10.29)

i
>

[ 3-14] SZEA 71Y DAQRIZH JHLSH ADLE #Sl
(EX: https://www.autodesk.com/redshift/augmented-reality-in—construction, ZA2! 2018.10.29)
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@ COX|9 MI=(Digital Fabrication in Architecture) 222| X2t

‘At o 2 ‘TAE A = 1952900 MIT7F L HAlo] =] A|o] 2| E HX|gH b
A HIEE o2, 3] AEE w72 714 8 A Alofohe T S ERit 20
YAE AXE fIsiAle= 3D e o] o] 9bA o] Fofxok st TX|E Al Z+=olE
ZZ(additive) = BAKsubtractive) A|22} Aol A4t 1Mozt & 4= Qltt. )R]
d g 9 A 20| 542 AR} A 9] 5 o 75 BIAESkE H AR 4 A=
=4 BdS M= A0 AR S AR oA TE A5} w40 o]27]
7HA] BhFet A Fofol] 24 U2

Hzg A& ¢St 71 A2 CNC(Computer Numerical Control) 2H-H, oA A
€], 12|31 3D ZHE 7} tfo|t}. £5] 3D g 7|&2 of g =204 42} A1) E
wo] 914 7|22 4713 glon] ofn] o717, BB AEA, A 50 ¥l
Ui 2 S BAISYS o] AL ST 90tk 3D Beld 7]48 AES)E) T A%
Ejo] oJ8) BAISIE 7|47 Zel=

O
YRR 04 Ee o] B4 295

A% DRAEL $2 959 TRl a78H) 3D LeEL o §7HsT A} o
YL TAS1S] AV A2 90 S RS el s B ol 854
QLT AP AR 7] o] A% ARl 283 X7} et 3D mEPL 4
SRS 05 W Aol STk e ol o] W A A
s} obfet A%t AU o]0 el AHAlo] o)t A% E Tzt
29 /R4S Bet JEs Ao Solsl| L sict. w3t A%

21 230] RSl A0 2 3D WYL 4]
shof wlz Zeld 4= 9tk

el

B o
S—l"
>
39,
mlo

o
we,
-

BN

[©)
=>e

=

203 PGS Qs tEo] A4 Bl ZH e AU AH8-L Fol1 1Y)
5o 72| WS QRerh Holq TRl AHE 9Irk22 o]gh 2 of ) A
3} 7154 2o A2 ARolA theRl 3D elE| 5 AN 28293 28 RS
3 A7 B go] U3 o] FolA| 1 gl FAolch

20) ek 473 91 26912016), AHAIAEF] 2,1 D AVBES] 2, A A% Y, A BE
22 WHEL ), 29 ojdol s 98, AN 9 99, SEEW, p42.

21) https://searcherp.techtarget.com/definition/digital-modeling-and-fabrication H-& H%
22) BCG(2018), Will 3D Printing Remodel the Construction Industry 31151 ZHA].
23) 3D IYHE AF5 ZROE & 4= Qi
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[28 3-15] 244 LiedofiM] 3D Z2IE2] MY
(&%}: BCG(2018), Exhibition 1 ]

3D I2E vs.
oAl

=& 3D CIXIQI0| 4I9X|T 3% Q10| ZO{STA HEHQl 24

« HZT}, CIXRO|L, AXILIOf Q M2 7181 WA, JEsA0) oist 21 2e
o (A (] IEEE ASNOT HEY 4 W W0 2SS M7 LRSI 27| FHS T
5 . R 3D TR 1S u{UXIE, ol TR FRu|2| MBS AL

bUES HP 2TRIE HS U 12 J2E0| URSIKIS X2 XYL 2 ZRsT, Mt XS

EE . TEIE 01 HIZ0| ARE|L 7[EH HHISS] 20| SO HIZ0| A4E

Al A2 (] 2002t 2 FHsE ZREL O[3} ZHO| 2H7H 47 WMSK= X% HIG 50| 24
w o el oixls 43 ) H7Ig HEZ0| ET, MR A RHPL 22
g ZEME 9|3 SO 22 JleNQl YBS QoL 913, 23, TY ST BAT AT 24

0

= Aot oIE QA5 /] Ao oY7L MO X A4 MO Ol) HS 40| Al Y

SHEA Q 3D Z2E © 70| HEY 37t U Tl WHO| S o a4t
@ amsive vz @ s @ ws=

(221 3-16] 2441 {12401 3D Z2iele] Of
% T2} olejs, 3D Zelg 71801 44 A 245 7L THION E30| EIICHD JFHS Th| HISL; T2k 517t HIZOILt
43 HIZ2 THEX 22

(E4]: BCG(2018), Exhibition 3 $1%}

T8y 3D Zigo] gAY AR 7S 5 Aot 22 ofyth MIT HIES}
QA AIEZHCentre for Bits and Atoms)2l d AL E=(Neil Gershenfeld)= 3D T&
B2 50d ol SR HAIA & Bt AR IA7E f-8517 1= st 9
YRS 5 A = o 2har shar, 2178 Al &2 24 241 Aol
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U T AL AL AR ARG A S D o202k
3 B T H18 2K ofe]9h 3D Lo A5-S
o THgo] Q.78 245Kz vhEo] ojo|7} # 18 2K AL ololE9] £ 7]40]
3188t Ant o AL, ol #l1 27150] Az 2 e ti%}

3 & o8] A AR o)) (49 HL g )
ohiz 1219l WAle] Hls) A Ao tiXWss etk watrt.2)

o]} gro] A% ATHIA Bl A Aol T E AR TR R e A AR AT
% QIERe 3D 1Y 71 Teh it 7| act v WL jnje} /542 744l o]
o8 4 Qlrk. AZAHIAAIIO] Sl B o) XY Al ) JR A 3
o7|Brks tiXY 7142 B9 A% A=, 44 @ A3 7ol 1UsH SYE A%

oz o] HAIHel HishR Wl 4 9he olct.

A5 FopollA gAE Az 7]e] =2 1ok ghEa ik 7hssHA sk, A4
o Az 8 AR
o] 5711 5 % ek oA S A A Al9le] 4 Felo] B 7ol zick
AAA 27T (the Swiss National Science Foundation)< A= AF4ol A TA]
g Az 7lee vl AR EHE A%t A B SR Q14]3kal NCCR(National
Centre of Competence in Research)o|&t AE=2 Q1 AL X9 T2 IHS F5f 32
5] AL HSHETH Zurich)S 7|HFC 2 dH= ALAIE|(NCCR Digital Fabrication)
4319 2.9 Folth20 E3F 17 A tiel 9 Ao] PRt AE A EAE
APl vt Qe 5 5 EVI2E tSHUniversity of Stuttgart)—c—’— 2019¢ 5E
A AELAHthe German Research Foundation)] A|g-& vhol t) A€ A% Sof &
A 2 2 H(Cluster of Excellence IntCDC(Integrative Computational Design
and Construction for Architecture)& -5 oj’§o|t}.27) o] Q]oj Iz v|=t, F=F 5 o
2] Uete] A5 disto Ak ofof] TRt Aot Ad o] sHA| o] FoiR|aL 9l
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24) S92 77 91 26°12016), 4AHAIREEY 54, (h E ALEEY 2, HAE AR Y, A HE
Z& es ), X9 ojFlolx 2, AA3] & &4, TEEW, p.42.

25) S 7 9] 26°1(2016), 4R AT H O] A (h d AKEES] F, TR AR &Y, AL e
& W= "), pp.31~55; Olivia Solon(2013.3.13.), “Digital fabrication is so much more than

3D printing", WIRED(https://www.wired.co.uk/article/digital-fabrication, Z*4¥ 2018.9.10) W
82 Fwst 24
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26) 2912 NCCR dfab &30 X|(http://www.dfab.ch/) & & B 1A RE(ZQ)EAH 1A 2T

27) =Y F5EZIZE 8} ICD(Institute for Computational Design and Construction) SH|0]X] 211
(&A: https://icd.uni-stuttgart.de/?p=24111, AL 2018. 9.22)
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[T 3-17] 3D TZIEio] MM Ml 7t5 Al7|
(E%: BCG(2018), Exhibition 3 &%)

[72! 3-18] ICONALS| 3D Z=2IE) e T2 EELR! [I& 3-19] &= WinsunAle| 3D DZIE| FEH
(EX: https://www.iconbuild.com/new-story/) (5 http://Awww.winsun3d.comyEn/Product/pro_inner 5/id/106)
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[23 3-20] CIX|E IHE2|H|0|M 7|&2 M5t HH|(HEE) ¥ AF S2iE(AfIA NEST)
(EX: 22| 27§ AtEI(http://dfabhouse.ch/in_situ_fabricator), O 271 AFRI(GIRX} ZIH £, 2018.9.13))

[32! 3-21] Digital Grotesque |1(CIX|Z ME Z2IE])
(EX: http://digital-grotesque.com/images.html)
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@ COX|E EQ(Digital Twin)S S8t 2F22|

O e
A B9 AR AAC] A Ei= Al29] Tl Aolth29) tAY EQL The
U7k A 100 ek 7l EAE) B s Ak 2 VR 9 AR 7140] ol
T 7147 QEojA7|E sht Axzte R AAE L et o] Hojglo] ols] &
201 714 melojahs o)A B4 2] Ei= B7HS B FMFo 2 Afals}
AT 242 Adolet & 5 9tk

E9l0] 5042 224 AAL} A Al 1ol A7) ke Ao] s
7| o, oF A7 1 A TAES Bl 71 W0 R BrRs T el A1
3 WS} 7M1 4= 91t 30 A2 EQL 10T E8) 224 Al do]
7o 2Alsha, 44 dlolHE F3t8) Helole @ 717 8 714 52

slo] 34 W 2L S U] 2 5 YEE Bk

Bl

rlr rl
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AE

=
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o
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mlm

> We
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A7
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1x

[]_al 3- 22] 11|x _._I-i ElIIE-I E$ |E|:1|
(EX: 220|E(2017.2), “QICAEZ| 4,02t CIX|2 E&, O3 1)

28) 7FEY IT-Glossary?] digital twin H1(“A digital twin is a digital representation of a real-world
entity or system) (EA]: https://www.gartner.com/it-glossary/digital-twin)

29) 7FEY Q] 10t AHZF 7] 2017, 2018, 2019 25 A%,
30) €20|E(2017.2), “QUEAET] 4,07 tAd EQY .
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A=oIM HAE EG2 BIM, [oT 52 A2 7leS videe +dE = 3.2 BIM
o] A= ¥dl FHE FTHH R 75 Helthe ytehd, HAE E92 BIM HlofE
o= EHE U5 I Be A5l 298 A WAcke 54 HiolHE 4 - 2401
o TAEE ThdstAY 22 2Zel] At 7S AlLF R ol o Qi

A2 A=0| A oA 53] Fagtd ﬁ%ﬂ SR(HVAC) AlAH,

5 b

- TIRfQl AIZ2I01M 2 A THeo] MAIZ 2UE
T 2 A% A7, Aol dl AF TAGIA ARk tlAkel, s 9 ALE
M 52 AESAL ARSI AN 5 27149 T4 £ 1851 4
ARFO5 A% T4 B E5te] Kotk B A EITh T TRl 9 A 7]

o] WAt ute} t]4919) A ABold, AUe 23 Alo] 52 Wao] AXw
A U9 E9 759 LaAE 93 FoE gtk

COMPUTATIONAL SYSTEM PHYSICAL SYSTEM

“\(S\CAL FIBRE €L,

\i\ —v’/’ ¥

AGENT BEHAVIOR

v / b
.r_ ROBOT SENSOR INTERFACE "

o sgpemant v

T e

SYSTEM ANALYSIS REAL TIME NJON!TORING )

———
S TSN ST S
Robetsomed
Ao Cumntieinen Foesion n

[12 3-23] FEEJIZE LSt ICD/ITKE S+ Iflz|20] HEE CIX|Z E]UAOHEZIAAL) HEE
(EX: https://icd.uni-stuttgart.de/?p=12965)

31) Wired Brand Lab(2017.11.1.), “Creating a building’s ‘digital twin’, IBM Internet of Things blog &7} 2k
(https://www.ibm com/blogs/internet-of-things/creating-buildings-digital-twin, 7* 2018.8.1.)
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[ 3-24] +EEJ|2E [t ICD/ITKE ¢i7 miiz|2 HA
(EX: (ZPhttps://icd.uni-stuttgart.de/?p=12965, () https://icd.uni-stuttgart.de/?p=11187)

- 729 2% U XM QX

A% B30 A B, 154 A1 59 245 99 AE 39 24 5 0%
27] QAR 1229 BAGIIA ololA %2 T4 a4t 4% S0 el
o s o] v 9 AR 2] Sl el 2ei 2194 29 48
ol ojn] ¢EE ASE U AHES A Eglos Tt 4 Itk

N

il

22| 74 A (Reality Capture)i= HAE EAS AASH ] I3t 7|2 AA| AlACA
ARE, & s ARIES A7HSHL, T H|oJBE A % AlS A E290] 783 =
g 9 AR R E Hilohs ZEAAE Uttt 59], 59 AT E A 7&
A 4 HE AnEofolA 22T 4= Qe o] AU 3D S 4l&skal
AFoH wh= 4= 1ol A5 # 2eHold @& S0t B7kohs 7159 WS o
ARt 2L e HAHE e B8 22 73S0l HUnmanned Aerial
Vehicles), AFl &5, glo]&A A70d, BIM A27H(Scan-to-BIM) 59 7|1&S E3] ¢
OJE| & ZHdfjof qtt}32) o]2|3t 7[&2 e ASE By E= ASE W =5
AAE 52 WA 82 = Utk vl FAoF A Slak= 7t ol W40 Am up
= A A H wAsoF sh= =ellA 3D A7d 2 Bl S 55 AdAte] 9

=
Y BAAIT AR} ¥ 82 2L 5 At

14
]

(o]
lt:1

o

32) Connect&Construct(2018.4.13.), “Reality Capture Technologies Construction Managers need to Know” L
(https://connect.bim360. autodesk. com/reality-capture-for-construction-managers, A 2018.8.1.)

33) BUILDING DESIGN+CONSTRUCTION(2017.8.28.), “3D scanning solution brought in to beat the
heat on challenging fuel pipe demolition and replacement project”
(https://www.bdcnetwork.com/3d-scanning-solution-brought-beat-heat-challenging-fuel-pi
pe-demolition-and-replacement-project)
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[122! 3-25] Z=X|0} 121 WA ¢ig O0|Xo| 3D AjfY U mHa
(EX¢ htips:/ A bdenetwark.comy3d-scanning-solution-brought—beat-heat-challenging-fuel-pipe-demdlition—and-replacement—project)

[13 3-26] O|ZF2| WHA SHE O0|H2| 3D AL & BHIE
(& https;/Anbdanetwork conyachvancedHaser-scanningr-technology-supports-data-collection-and-modiling-efforts-rissouris-iatan-1)

- EA| Rt2i0 2212

&2 ALY YA d EAS A A0 271A] SifE = Stk A7EEE S -ATA
“H(National Research Foundation Singapore)°] A71E2 ZE#(Singapore Land
Authority, SLA), ZE/NEA(Infocomm Development Authority of Singapore, IDA)Z}
502 X5k Qe HFY A7IEE Z2AE(Virtual Singapore Project= A4
TN ELR 7MY EAIE THE0] A9 /I A, iE H ARl iRt 24 A Het
TAA dojus dE2 AAZEC 7 FAR0 2 AFA}F O] AH|A Alg5h= $F
W A BAS solsha £AS] vege T8 4 YES Eusk glrk

of

4,

34) LIl BARRIO), "R Arhma 0, /9] HRo] A Py
COMPASS(TFHRA| AEZ uff A )

(https://compassmag.3ds.com/kr/8/Cover-Story/node_2609, A~ <Y 2018.11.2)
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[O23 3-27] K A7 2 T2HEZ A5 7MY TA|
(EX: http://www.aamgroup.com/_blog/News/post/virtual-singapore-win/ 2018.11.09.)

® AlAH”HI E8F =72 M BIM(Building Information Modeling)2] 2F%}

O 7HQ

BIME 1970tk L o] SHEI910 1 buildingSMART(IADEHS ¥]ede] 4]
2]0] 19961 A=A AR Zvio|q 2 8]7] A|2ste o3, Sl 20081
R&D T “THIAGAAE AL A7E B9 71%0] w30

AE A B Y BIM, Building Information Modeling)2 0= =+ A& JH 1d
& Z2AE YU3Sl(the US National Building Information Model Standard
Project Committee)2] ‘g Jof W= “A|dE2] 24 W 7|54 E4& HAIE B4
O % FHT AT AEEL A7 B LS St ARE o s 7N
FAol= A EE Al 5 A4 AF¥(a shared knowledge resource) ©]th. BIM
o] 7] AAl= AdE2] Aoll719] of ] dAoA A2t olsiTAAS] FiolH
o]& &3l BIMOl FH-E A%, 5, AHIPIE E= g5t s oA S
A3kl REgRtet.57) 20109 =S YF7H TR ASZ0F BIM A8 710l =, o]l A

35) AR1%H2010), “BIMS] 7idzt FAF, A%, A543 A1, HebAZsts], pp.18~19.
36) o154 £1(2018), 319l BIM EAE 9 =] B]H A7, S=AEA1585) 7], A18W A28, p.18

37) National BIM Standard — United States Z#|°|%]
(https://web.archive.org/web/20141016190503/http://www.nationalbimstandard.org/faq. php#
faql, 74 2018.10.20.)
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£ BIM EYQ) B2 A 20 718, HA|, AE, fAweY E U0 Hast 2ol
A g, 4 9 Tl Aol T RS BEHoE Y, B8, 4, 95, ¥el 2
AT A QR St TS ST 3] 1% Aole Agsta 9lek
71E0] A% A= 2 e, A9,

o 23 ofe] olshEARE k9] )AaEo] A7 SIQITh BIME ofefat AAE 2k
D o] A] lofu} 334 B2, AZL, H1.8 5 33 o] ARE d x| gatsto]

3]

. Y
S| I =X o0
Pozm 3 A, ZRAE RS 5
& ol g
SRRl
BIM-enabled project
Typical construction project
Knowledge
Loss of
information
at interfaces
Project start » Loss of time
» Additional cost
» Inconsistencies
Idea Planning Construction Handover Operation in quality
Timeline D N )

[18 3-28] BIMS S5t X|AIHE &4 UIX[S LEH= 7HEE
(&X: Siemens Switzerland(2016), “Building information modeling(BIM): The holistic view by Siemens”)

Earlier conflict Improve Fewer
and error budget .« accidents ‘
detection @ reliability @D v on job-sites 4
_— — e

N~
Up to 1 oo/o savings Up to 400/0 N N’ Q
in budget due to collision decrease in non-budgeted

management change-orders

Faster Basis for Higher

project life cycle cost building

delivery optimization quality

Up to 70/0 Up to 90/0 I‘ / Up to 3.5% N

shortened project operation costs more efficient
timeline lowered occupancy

(@
(@

[ 3-29] BIM At0]| M2 Z2HE JiM Fat
(EX: Siemens Switzerland(2016), “Building information modeling(BIM): The holistic view by Siemens”)

38) FENYE(2010), "HAEEOCF BIM &€ 7lo]&,, p.1.
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« 3D CAD concept work;  « 3D CAD by all parties ~ « 3D CAD by all parties
2D statutory approval
documentation = All parties exchange = All parties use a single
information using a shared project model
= Each company publishes common file format to (Open BIM)
and maintains its own create a consolidated
data BIM model

Sources: Expert interviews; BCG analysis.
Note: CAD = computer-aided design.

[22 3-30] BIM LiolA] 7|52 ¥el & Hugte| &
(EX: BCG(2017.2), The BIM Revolution Comes to Building Materials, Exhibit 2)

—-E_
el

wbaeany

———> Flow of information

Source: BCG analysis.

(33 3-31] 7182 &AS S7MI7I=BIM
(&%: BCG(2017.2), Exhibit 3)
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AE ol 5 A ol 2A =L
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BIM ARE HQ= T2 A EQ] A3 9 G4 ¢k
oo, Z2AE e, AH G 9

I 99 ofEeAeIA 52 xE & 39

29 A& Y S
Aef BUE> Y T4 U HAHS o|HAS
Oy SRS At sietud £t 35

H0JE| S HE XY E|0]E] S& oy

A4 9 R MAE Bt

AARIS o5t GIOIE KA

Hj0[E] FEA

T ol g

,.{ggg =EREE

Sl Bon= 5t AEH0|M

ol A&t
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HEHY
Y 3t
D2HE
U ZAIE22t HE @
Glojg et
A58} Zajm =201
@ A2 (ol 9 X% 7138
=T ofst ey o)z
AE

[23 3-32] A== MoiF7(of Z% BIM HE
(EX: BCG(2016.3), p.17 12 %)

39) ¥7]mt]ot AM(Building information modeling) 23+ Fal.
(https://en.wikipedia.org/wiki/Building_information_modeling#cite_note-4DBIM-R-02-21)
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A2l gl A A A BIME =] Y-S S A 279k Al5AdS AEst
of Aol A2 ARG AT AR A S ARGk Bl ARG o ZRAE 27
o #FE 5 27T = A"E 7t Fez:A YARI-U =(design-build)
T= B9 Z2A E Uik (integrated project delivery) & AlEaL Hoh @21
FHIO ZEAE YFAS A A1) AlF DA A= BIMS 25 750l tigh Al
EeoldE 53 22, A 59 A, 37 Ao 5ol T TR AU S HE

Sto] JH]7F @l= 2 d(lean construction)©] H=E A3ttt 9 ©A Fol= BIM
o] obz] d2] ARGE A= FAR, 2 A S8 2L Sl BIMZ S5 719

51 71e R B HolHE vER 38 ARE A, 74 #E 3 °“*1V\‘£ T Sil i,

ol2 53 A9 9 £ 121 SATRO0&M) FHIL Ec} agHOR S5
A ek, ol ol BIME dlo] 4 270, A4, 25 A4 Bl ALEFo] 5 E}— 1‘411

9 =S AFele] 1 HUE B4 4 Uk

SelteRE ulEs) A ol Uelol X B3 U5 A4 Aol BIME 9 A 08 £9
SR A2 Hleisti Lo o]oh e 241 BIMO] Arker S84 A4 AR Aut
of UAg A FRA] Pt 2lAlo] olzle] ukeh vg Sk Ao dgEr.

European Union

BIM has been recommended

for use in EU-funded projects
! Norway

Canada UK “ BIM is mandator_y for new buildings
BIM is used extensively Government has required % .+ financed by public funds
< public-sector projects to ¢ South Korea
X use fully collaborative BIM has been compulsory
¢ 3D BIM since 2016 for all projects over
Germany

$50 million and for all
public-sector projects
since 2016

" Despite wide use, BIM will
“ not be mandatory until 2020

France

USA v Use of BIM for pub ic projects
BIM has been mandatory in is mandatory starting in 2017 China d
public projects since 2008 BIM is used extensively in the design and engineering

of infrastructure projects; national BIM standards are
being developed as part of the next five-year
construction plan (2015-2020)

Brazil

BIM use is in early stages but o
is increasing rapidly Australia
BIM is used widely but is not
mandated by the government
Maturity of BIM market

0 very mature [l Mature Less mature

Sources: Chinese National BIM Standard (in development); European Commission, “Public Procurement Directive”; French government, “Plan
Transition Numérique dans le BAtiment™, National BIM Standard-United States; UK government; expert interviews.

[ 3-33] 0i3f Liate] BIM 9! Xz
(E%: BCG(2017.2), Exhibit 1)

40) BCG(2016.3), pp.16~17 U182 ETIE 24
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2. AZAH A B 714 7Y EAE

Az Au| AR 0] TR E A3k EFTE ulolsly] 9s) AU A9 TelE 74 )
£ 532 ZABILE ASAHA B 39 7|& 7|AEQ B2 S &3] Y
& 9A 2ol B3 RS R v 2201 WA § 222 (Tech Crunch)7}
2051 glo]Ejo] A A AQ] A X|Ho|A4DE B3] ZAVSIYTE TAA|Ho] AL
AEFEQRE Z&(fortune)A A% 7|97 2249 7149 B4 53 A S EAE
£ mofst £ QU= 715 AR E Algsit

N, Q

4

T 7Y 552 I-AAH o] A4 “architecture”, “construction”, “architecture

construction” 52} 7|} == HASHo] ASAH| A0 BE 7| B5-2 FE51L S5
7199 A 7194 552 F7IRE S AR M|o] A7 F Al Sthe 9 A Eof| w9 3570
7| 9E9] F5-2 A5t 42 AR o] A 9= AHA| 7Rt Far ol wet Al

SA], 19, Yoy WA 9 A 5 AR RE Sl Al EH, ol= 7|49 =

of w2 Zo] otyzt 714 2] 4% 7 g0l 282 = Aol=tal & 4= Qlrh. A-AX|Ho]

AR5 7|g0 BEE Aol o ns 2 EMEE molsty|ofl= g7 gt

A7E Ao vl 71 NET 71s 71 4ol et FAP 7P st dofuke yet
ojHZ AHIA 9] H3} 5 wefthe Hie Ewol 8 Aos wotEnh

[E 3-3] ASMH|A 213 7|127|Y 22

CBASF X EvITe=) g9 HPd: WI3Y A9

293 Katerra 0|2 42|ZL|0F Z2|IE CiXeI-8= 2015 1.2B 144.4M

434  PlanGrid 0| Z2JELI0F ZhgRr2| AZEQIOl 2011 69.1M  16M

516 Procore g vajmijop piMme| ADEYO 2002 220M  46.3M
Technologies

905 Lennar 0= 2220t FEAIZ, RS4 1954 30M  13.3B
Corporation

1,004 Plant Prefab  D|= Z2|ZL{0} Z2|IfE CAfRI-EE 2015 9.7M
2,394 HoloBuilder ~ D|= ZAZ|ZL{0} &2 ATDEQN 2016 2.9M 1.5M

2,544 HELIX 0= A2 ZL0} SAXHE AZEQN 2012 444M  5M
2,582 Rhumbix Oj= #2|ZL|0F Hdu2| AZEQ 2014 28.6M 4M

5,440 Blu Homes Ol= Z2(ZL0F IZ=2|IHE CIXQI-UE 2008 197.5M  27M
5,674 IrisVR 0= == HAXIE AZEQINf 2014  97M  2.7M

41) www.crunchbase.com
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CB=¢l* ¢Hd T7HX|) 22 iz mazgw szt
6,617 Imerso LEQ0| &2 M AZEQQ 2014 2.5M -
7,365 Kasita O] HIAFA oe2jmje CXel-dE 2015 11.6M 6M
7526  Blokable, Inc. D2 YAE D2~ CXIQI-LE 2016  75M  2M
7,653 Architizer 012 52 MHIA QIZ ZHE 2009  135M  5M
gegy  _omnect 0} #2ELj0p D2m= CXQI-WE 2011 OM  7.2M
Homes
10,110  nearmap.com 0O|= QEt HME2 ATEY0 2009 15M -
10,266  WorldViz O|= ZA2|ZL|of MAX|E AZEQ0 2002 5.8M 8M
10,480 %;’s;ologies 0|2 Z2ZL0} DajE CIRII-WE 2014 1.6M  2M
10,821  GenieBelt GO SIS Adae] ADEQ 2013 3.4M -
11,601  Newforma 0= 7O 43z ADEQ0 2003 25.1M  32M
12,724  Houzz 012 Z2TLOF XIT§ 2 ME ZHE 2009  613.6M 12M
13,308 UpCodes 0= A2|ZL|0F HAX|YE ADEQYN 2016 785K -
13,944  InsiteVR 012 2 MAXIY ATEQD 2014  1.6M  3M
14,720 ?;immgy D2 YA CXIAXEDEZE) 2014 72M -
15,414  Apis Cor 2{AI0F 2ATHE CIX|Z ME(D O2E) 2014 6M -
17,665  Autodesk 0= A2|ZL|0F HAK|YE ATEQYN 1982 - 2.1B
17,862 Modumate 0|= A2(ZLI0F HAX|YE ATEQYN 2017 1.5M -
18207 MY mammuor AT ADEQl 2002 146M  7.2M
Technologies
18,703 ?ggf\leogies 0|2 Y2|i0]  HAMPE| AZEQYO 2014 218M  5.5M
18,952  Visual Vocal  O|= QAH HAXIY AZEQ| 2015 6.1M 2M
19,228  Modelo 012 HALRME AR AZEQO 2014  34M -
20,199  Aditazz 0|2 ZBZLOF MK AZEQO 2010 56M  5M
21,663  CL3VER ATRIHERARL} MAX|Y ATEY0] 2011 (23;71“,’\'/1;) M
28,207  Ai Build e CIR[E HEGD Z2IE) 2015 L oN e -
85.7K $)
28,405  Arcbazar 02 HAEME  AHIA 9IZ ZHZ 2010 7433K  2.6M

Z1: CB(IHRIH0|A) =2/= 2018.10.23. 7|Z0|H ZM A0 M2t RSHMOZ HE 4 QL

32: U = K Za2Y), MR 2ai), B(MY Z2Y)

EX: THX[H|0|AMww.crunchbase.com)X|A] “architecture”, “construction”, “architecture construction”
O=F 7|Q|C M AN F HSMHIAC HAHE T IY F5

el

alo

42) %94 AN AR o w A ER 74 A7) Het ¥AE], 74 7)9]=o] ueh ke 7]
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a2 d AZE O, 3D ZHH 5 HA|

‘T E GRRI-EE" 7|2 ejufjHajAlold 9 HEd S 7IRke s A oA

HE| A7) Y-S ABH O St ZARE F 3570 % 770 719e] ol st
o] A2 L AA 4 ALEYol FROIAL wlole], AFA% 714 58 Bl Wit

4 B 7112 AESHAL, 3D REE] B 29U 71&(VR, AR, MRS A ¥5H= 7]

=0] o] gttt AdwE] AP AZE o] Fi29] 742 AlE SAlOlA
ool B&/4dS =ol7] Aol =1, AR, @ 715 52 7150|u ZRAE A &
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Codify Knowledge Optimize Designs Elevate

Capture organizational knowledge Generative algorithms use deep Deliver greater value with a

by codifying rules and physical computation to turn objects and continuous improvement and
objects into digital equivalents, rules into efficient design for feedback cycle,
specific project goals.

[ 3-43] Aditazz2| C|X|Es}El CIXIQI T2 M|A 7HE
(EX: https://www.aditazz.com/applications/building-design—automation/, ZIA12! 2018.10.8)

54) o}tjerA E o)X (http://www.aditazz.com/) W& E|Z ZH4.

55) WEF(2017.2), Shaping the Future of Construction: Inspiring innovators redefine the industry W
-8 Z1sta] 2R,

o=

102 HiAZH ARISII0) T2 ASAHIALRI0] Dj2faE MY} ST 47



O IrisVRS6)
ofo|Z| AVRS 7HIAAA AA AE 4 FHS 7HsoM o= YT AZEF &
Al &ote] 75 T ol HAR T TS Y&SHA ofal AA| AAYS] S-S AES}

T HAES S Qe AU

ofo|Z|AVRY| AE2 HAIHIM AREE 4= Q= Prospect ©F HHFY AERL

=
‘Scope’ 2 T-EEH AF, Ay, I5AL TS I8t thafst AH|AE A3t

@ IRISVR PRODUCTS v INDUSTRY v Bloa  PRICING  LooIN
INSTANTLY MAKE YOUR
"\ DESIGN CONCEPT COME
S TO LIFE IN A TRUE-TO-
\\\\ SCALE ENVIRONMENT

s with 3D software you already use to give a
of dopth and space before anything has been

TRUSTED BY

MarmonMok ennead CALLISOIRTKL HMC Architects

[1 3-44] IrisVR ZA=33 AH|A MH
(&X: https://irisvr.com/industry/architecture, ZIA! 2018.10.23)

25 F2 Ad| A THvh o] 88 A WS 4= Q= 11
Z0]7] Y3l 7|20l AR5 Sketchup, Rhino, Revit 2
AETH 32 7HEEAS = ot Sl S The= AR Y 8-S Axtetal

AR HE S Taslshe 2 ARttt

w AR
S

3!

i)

Q.

E

s
T

S

=

AH2(QA, Quality Assurance/ QC, Quality Contro) & g4 QA s
o}, TG ARB A0 1% 47 T G o5} pAlglo] ATl HAT 11 AU 7}
X

dEUS 53l DA 713 I3 fEE ARAP| AL S R 4 Sl

56) olo]2]AVR EH|o]X|(https://irisvr.com/) W8-S EX|Z ZH4.

H 3% - HEMuALY 7] E-E 103



W5 Ao = 7HIAA S B SMIEL AARNS 101 A4 TSt m El
D Qo] A5 AYE Al = Sl OB AVRE: ASEA AR EE 2AAY,
gHl, I A 5 Rt T2 ATHEE &4 Aol 7ssi.
ofo|ZAVRY 117 F SHRI StudioMB= H/JE DC $4HA " (Washington Fish
Market)®ll %}+= Potomac Distilling Co. & ?|8ll A= ¥Hbar)E AASHA = A=T,
TR Y of g A2 AR EA 227t 9 37 BAES B & mfefst
7] 18l BIMZ: O] 831l 7M A 2L EQo1E B35 583 YAl 7573-5*% LHE”
T AU At StudioMB= BFE] 271 AAIRES FEOIAESR} 7
‘Prospect & °]-&5}0] o AR} AT F S HAE sFloH, o= 55| A &
AES okt HEdt =72A STHo|AEoiA vt AT vitud b2 A
HA & A3 SN E= 7WIAA onAES FAREY -/

S]AR= BIM 223} ‘Prospect’ &L E019] ¢1-50] 7] tfjizof| th& & X“—E—Oﬂfﬂl:v-
AATG NN A= ARSI o A 0], B 1M 55 AldsEo=A A

i
Ol

te] BZHA =AE olsfstal 2gshar AL giet.57)

[12 3-45] StudioMB2| Hi(bar) Z2H|E 0|0|X| ¥ HIAIEE ATEQ0{Q ‘Prospect’ 0|8 2&
(EX: https://blog.irisvr.com/blog/case-study-studio—mb, ZiA2! 2018.10.8))

O Modumate, Inc.58)

LHFHo|Ex AS7HE 913 33 B Y E2 53 A= A 9T 2H STt
O] A7 252 A &% 0 & JASHEE X Rt EFH|o|EVF /IS AR Eol=3
AY Hdga olF 2D EHCE AF sk Ve, dAHP 9 YEAF
(walkthrough) 7|53 Z2AE A4t T 7|5 AL},

57) IrisVR blog(https://blog.irisvr.com/blog/case-study-studio-mb).
58) RFHo|E EHo]X|(https://www.modumate.com/) W-&-= EZ ZH4.
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Reimagining
3D design tools
for Architects

® beautiful 3D design
© automated drafting
@ building insights

B stayInformed |

) DESIGN IN BEAUTIFUL 3D (53 AUTO-GENERATE 2D DRAWING SETS (%) DISCOVER BUILDING INSIGHTS

[22! 3-46] Modumate AH|A 31
(EX: https://www.modumate.com, Z44 2018.10.23)

3AMY 252 Unreal Engine 45 /\]-—9—6}01 3xY AE S Akl A

rulo .lZi
o
2

AE ZAAE 251 9ol A THLASS BUUSHE B Aaws AR F7HA

16} 58 o glo] 02 S UAEE AT 5 AT B A4 =T A4
2 3709 BEoIA] AEOR 2D ERE SR 7150 % FEARE, A, AR
AR 5 AT 4 9T 0|2 B9 LE Hlo|HS X3kt R =S £ 24T
% olek. 3k, £ 4 Al AR50 AuloEx|o] 417 Beld 4 ek Al 9 9]

SFwalkthrough) 7] AHIZS] 21 9 B2 o] st Aelo]
8 ofjulold A 715 elet, ol ool meAlE Tl AN AH 2L Ag
ol L B4 242 B LRAE H1 8L X440 BT 4 QA Fivk

>,
]

AUTOMATE DRAFTING.

Spend all your time designing in 3D, and Modumate instantly sets up 2D views, sheets, references, schedules and details, while installing tags, annotations and
notes. That means your drawing set is effortlessly clear, complete, correct and up-to-date every step of the way.

ROOM TAGS WALL TAGS. 00" TAGS
o6
A o ﬂ.ﬂfv o Modumate contains procedural rules for laying
out all 2D annotations based on your 3D model.
You choose and compose the objects in 3D,
Modumate automatically drafts your drawing
setin 2D.

Modumate’s tags, legends and schedules easily
display data from the data-complete objects in
your design.

With every click as you expand or revise your
3D model, Modumate expands and revises your
set to match.

@

[23 3-47] Modumate2| Xt5 =M MM 7|5 &
(EX: https://www.modumate.com/products/, Zi4

29
HO
=2

12018.10.23)
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O Modelo59

BERE 45719 A1) Aol L 3AT IR 33U BEL ol 83k FelHe]
EiAel BEe] Bk 4 B 4 UwS AUTh Qe /MR, 360 heek
o} A6 3 22 715 B ohfel 33 mUS BUH O el 4 gl 4]
$54 52 A5 ek

25 9 QH|F o] ol A= 360% shedtnt AT 2 7V YAATE AT
B ofdt CAD AZEo] ARSAES A3 &0 E3E2?] DAM(Design Asset
Management, A1 AH4E ) EF4-S Algoto] 331 o] A1z} A e
e, ol A 2 35 59 7152 BRI BEo] o] o8& o BIM HoEE A}
Fo = 5] AS5-AA Yo F-A1F 4] dAES Soto] 3522 Ajisto]
FAIE 4S5 AU o] SAte] = DAMS 33l A571=0] Bddo® 33 4.6
AIES HFRTAL St A Yol B AlS FeoflAl= 7V A 3o s A 74]
AESIo] Al o] Aol ZAIRS B 2T = 3l oH, A 752 o 'Y
¥} AEotal QmERloly FRoAE ZRAE uk] 9 WK 5 o] 8 31‘:]'.

Modelo: Supporting you throughout the design-to-

construction process

3D Collaboration in the Cloud

Communicate effortlessly with colleagues, clients, and consultants to
discuss ideas, markup designs and PDFs with your feedback, keep
files together with your design, and prepare presentations allin one
centralized platform

0:00/0:19

and designer, on average, 4.6 hours per week in time and >~
productivity improvements. Discover how DAM can make an impact

in your practice.

Design Asset Management (DAM) from Modelo saves each architect

[12! 3-48] Modelo?| 75 X QIH|2|0] 22 AR QLY
(EX: https://modelo.io/architecture—interior.html)

FEA AR SHolA = Aok 9] 3605 et AH Fe E5f S L™ B Al o]
ol S A s AN AR = ok, B2 = USo]A URLE S °P°4

Qltt. 35t Bu 1ldAPIE]"‘ /\13]
ABlAE Agsha ot

59) B & EHo]X|(https://modelo.io/) W& EZ 4.
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E ALE AT AT E 0} T SjARRA T, AR, @ R
152 SE o= Hefete] WA e A AT Bt Yl Hl AT g Ao dEE 4
U= A ARttt AlE IAY OIS0 0| FAARE2 20104 ofe|wi= EAIE A=
AN ARG 7R B H ZEE A9 7%**% QIAIsH 2011 E; 1]
=S st A f-E e Aol &5t S, 2AF E&C, T E&C 5
HBALSIAOIA B ABIAE ARSSIL e AC= AHA At
ER T =Tt 2ARE AL RS W2 19] 3,500%F 22 Al4te] 12542 obs 9 2
ol FARIM SRR =E S5l Y A B892 VS22 SHlsd of sontd
o] o]2= A 0= FASIAL Qlrt. WA TFAES M 2 S0 e Sd1E s
FAREE AL R 3 F 4 SARH T551AL, FolE AMSBIA] S Al
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[13 3-49] E3172|E FQ 7|5 HY
(&X: https://www.plangrid.com/ko/)

60) Z2H121= EHo|A|(https://www.plangrid.com/) Y& B2 2H4.

61) https://www.plangrid.com/projects/childrens-hospital/ 2.
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H 3-5] EHI2|E9| 2 MH|A

FRAHARS M5 AHIA e
SMstEY  ADIEAE SUS A, Y3, HOZYSH0 52 Y2, IO 2HE

(Documents) (Smart sheets)

= A7,
O g YH0IE, SIOIHEIE &

:‘02
k>
o
i)
|.|-|
re
oY
1=

=2

(Documents)

HEAMEAL7I2HLZ M HH EMZ B2 7tS, 7
Hgt2M 8%, EM UL JHs

=M HE 2tAst

SHY PHIQ| 2M MIZS ZtAsIeHH 2T & 52l Es H
(Submittals) Ot M5 M2, 8 X2|sioret 2M =2 &RIste ¢
T 2429 2%, &5 2R 2 A 71 S T
HE2XM =l X153t HRCE AIUME CI2ZE 7H538HA|ER Bkl HIE0|
(Automatic submittal log) ZQ3t SH=SES Ttot0] SFEYXI0AH &gt
Y 2H(RFIs(Request S =Mt AASH HYHOHMS slo|HHIZ SHSI EHH
For Informations)) 3R
2M 3718t +HE BME S22 F7I3EH ZHHY, 0|HY o=
(Instant sync) =¥ AU 8
O2ME X8 0f=F(Markups) TEZY, SIME E= HAE MR 22013 ¢ EFE O
o8 = A5 MMOZ AL, EH 3 0% Hell 3R

(Progress) Iﬂilalﬁ

SHIHOA HX|ZAE YSS T2 4= U DISHZA

[ AA-
(Punch lists) Of| (2 JES HHHSH0] MAUZE QA AT b, HIE X SAL
7|2t ASot0] WX|ZAEES e ot B B A Ch2t
0
oTr
=il 2 TH 2HEZ SIHY0A A (overlay) 27| T2
(Sheet compare) MOZ 5}0|2}0|E 50 H|W 7Hs
AR 3 H|E[R ARZIO| Ol Y 7|5 012, GPS 0|8, $&9| H|C|Q E=
(Photos & videos) 360 It-2H0f APl 2

BOMEY BOMEY

(Reporting)  (Field reports)

YRS ABKEOl BT U4 AIS = LR Tfef PDF
ABE Ths, DHUMOIA TS ALK 2 221 2MS HE
ﬁl-o:l pNDS| E'A-II:H 3 RSEAN

o, N2 uo &8 2o
PDF H11M PlanGrid O|2X}7} OIL|0|E EHo| EX 282 AHALX
(PDF reports) 2 sy B 29
E5= ZTE A U MR 2 MO S| 25t JH 220 &
(As-builts) TE [IREC Jis

oZd™E 29 A 2[(Admin console)

om | OF MM

o Z2HES SACM 2

Rt R

(Enterprise)

& 0H(Security) 2245t HO|E F4 2Ot D2 0|2, TRHEY Cits!
HRUS MY It
ATEQI0} S3i(ntegrations) 7I1Z2] LISt A ATE0I 58 7k

Workspaces 7|5
(Workspaces)

PlanGrid WorkspacesE 0|85}0] T2ZME HAH A
E S &Y 260 e, HeigE 3 o2 2, XS
HIO|E &7

EX: 28 72| EL0|X|(https://www.plangrid.com/) LIES ECHZ A
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O Rhumbix62)

FHAE 20144 FASH 7|02 &% Hlo|HE AR R =5k IEfok= Hlof|
Cl5to] 15/ 43S 574 5kal o] & AH A FAARY 21 TE(ERP) 2 3]A] A|AF]
I AFEAE A Yok= Au| A= AlS3it

ERP & ACCOUNTING SYSTEMS

S 9 ® &

§lickbooks Payroll Fistd
Operations

—> 5 Accounting
) Timecars \ @% @
sage 7 <
P p— g
e VIEWPOINT Project Mangers Exacutives
B qunies Yengens

[23 3-50] Rhumbix2] MH|A SET
(EX: https://rhumbix.com/how-it-works/)

FHIA 2 4 53 Al @AM e E 9 AR 52 F7Isto] E AR
d 5ol gt HEE Agohd 2Ae] Z2AE x4 B4 34 ¢
FHA 4 22 TR B AEEA ARl sl AE 9 5Qlgt o]
(System-to-Sytem)7}F B3 45421 H|o|E A&of 2= A|7H 1|9} FE F0]
o AR A B 9 242 55 Wjd e o]9], &4, InF HiE % olit 5o By
F= 7FeoHl stal 2aHA 0 2 g ALY ol 7109t

[E 3-6] SA2| 2 MH|A 7HQ

HEY FQ MHIA EF L&
H|0| = CIXIEste Azt 715 A3 A% HEX7L 0183 | #2 led AR 7|15 AlAH
(Basic) (Digital timekeeping)
Q14| 2| RE ZEA Y 3 AIZH0] SiLte] SN YR
(Digitized payroll) CHYMO = QIZ4H| 22| Jts
=0 &2 =0 X5 B YHIH0| ZE 22X 3 A7t gt
(Centralized approvals) ~ HIO|EIS SA| FZst| HE L 591
LSXYIIE ES CIXIE MY, 2R AR B2 ARE 54 3 2 &2 =0l
(Compliance) St X 7|E E
Q174t] C|O|E] 2| (Payroll ZRAIZH7|S & OtL|2} SiXH ZItFEQI T2 ME H|E S Lt
data import/export) 5t G|O|E{2] O[3 22|

SEE 3 (Integrations 70 |AI2| 5|7 AZEQIO{E Rhumbix 3121 S8IGt

for seamless accounting) 0f 20 X{2| ZtAS}

62) E9A oA (https://rhumbix.com/) W& ET|Z 2H4].
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HNEE F2 MH|A EY e

T0{ (Core) ity 2| O2NE MUKt A 22 AlZE MXIE XY 422 &
(Production tracking) QI510] Yol MAtY stol gl X1
S M| Xt I Y #E Kz OE 2 Mot X[ E 24018 Sol itk M1

(Foreman feedback)

2 K2 (Daily notes) SAF XS, FH|, Q12 2 2| HE S Oj510] Z=HE
2AF 22|

O2ME 210|2 = IR BE(XIT RIASES 2102 UT|0|ESH0 2| LA

(Project live feed) ARt I It

QIHGH 22t St OIHEHH AYES RIS = 23 3l J|S510 QHXigh 2

(Safety observations) A XY

S1PH0l 21 (Powerful & & HIO[EQ] MAIZt ETE Sof| TZHE T3 OAIZEH

intuitive reporting) PN R N st i

UA 0| H &4 mef =4 M AT 9 2012 metsto] 24| oiZE

(Daily profit & loss)

Of}AF 2+2|(Budget health) AIMTZ|HE S5 T2HE XIsHAISIO| EUICQL 27| Q0!
2 Mf5H0 T

Y&t H|IE HI0|E] A Z2ME CHEHYESHH0|BIE 7 |He s 3% AF

(Accurate historical cost data) HO{IA Z%42] kA

EX: 29/A ZT0|X|(https://rhumbix.com/products-overview LH2S EZ KH7A

4) 3D Z¥E S XIS M= 7|Y

O Branch Technology63)

B2 HHZE52A4= A5 ARl E3E ditE 3D ZY & 7|Y9o= A5t
2, 71A AR o], S8k, 4] TAold F- 0 & A E o] Qlet. o] SAk= A
Aolz EAV 12 AlojH xR Fgo] glo|= 7]oleat 2R BAS B et E
4 FE2EE TE 4 U 1SS 196k, C-FABO|Zk= 3D ZHY TRAA
£ 55 &9 3 3

BA] HA=2AE= 457 L Ao v ] F A RIS 3D PO R 1A%
5 AES A Yshe b AAHQA Z2AAE HARI-AZE-AZo 2 w9 7hskal
@A o|t}, AZ7IY tizte| |7t R E E& TRl YL ofo] 3g mHU S =
SHH ARA| 219K 412} E(C-FAB)Z 591 3D REls 2R3 A5E 4= s HEd

f

63) B2A] H|TZ=2 X E#o|X|(https://www.branch.technology/) W& EU|2 214

110 HARE MO M2 ZAZAMH|AMRAO| DJ2is} MYD} (STt et



Wk, o] % ApAIA 0 2 Jdet 3D ZY 222 55 AAYolE, AR H AA(EH)
et B39 B Axe @ HolM F2EE BEsolo] Aol 2HdTh

[22! 3-51] Branch Technologies2| H|Z} XtH
(&X: https://www.branch.technology/)

[13 3-52] ZASMA AR A SHoPLt S Zigist milz]|2
(&X: https://www.branch.technology/projects—1/2017/6/9/shop AIX! Xi7)
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O Apis Cort4)

ofu| A Foj= FA|ote] ARtE e 2 ARoA AE HAE e8] AT = =0

—_

57M5% 3D LREE e 229 SjAol}. o] FA10] 3D ZelEl oF 2£0] 77
2 1o Aevko 2 Ahg3 4 93, 4] 9 o] Bolsin A4 W71 5E 72| 1)

A g=t}. o] ZAH= AFEo| Ao F1 Rl YIRoHA| ==t & A -olA 132
' HE7ZHA] QIS 4= Q11, o] & ThE X|H O = o]FolH ¢ {2 WA A4 A&5S
= Qi o] JAtof| EH TR A EY Ut F3 2 E AS5Eo] H|o] Xt 40%2] H
8 éi‘%@# ‘2151 2417k Qo) At ASES QAT &= Qlrhar Fity. EFE 2o
= "a FFFFNASAONA FZ[ok= “3D-Printed Habitat Centennial
Chanllenge” 65)01] 2lojsto] 9= 7]1x] A7) Jdto| = 8IS 7lskar Qict,

O

[32 3-53] Apis Cor7} 7St 0|5 7kSSt 7188 T2iE Y ZREEIR]
(&X: http://apis—cor.com/en/3d-printer)

64) ot A 310] 0| A|(http://apis-cor.com/en/) W& ECIZ 4.
65) NASA &3o|A|(http://www.nasa.gov/3DPHab) L.
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5t Aol 7S A UEL QA 2 2R/ st A4 71902 3D
3] e Hofe] chost AR ISR 74
At 714 AEAR 74, 7] o, el
ERI9Le 413 A7k st Hek gl
g Sh=glo] 2 o] 2 sk AxE o]
2 puslgint. o] SAKe ABAS U 25F5 7|42 B9 ek Hud FEBS T

= =2
BRI or] A% ol i ZaelE 22 Aot ARYRE 715, FYY 72
7

[28] 3-54] Ai Build7} 7HLSH SIELI0{(AiMaker)2t 2 EQ|0f(AiSync)
(EX: https://ai-build.com/technology.html)

[12 3-55] Ai Build2| HxHE HEE(ZD2t Arupzt 2l IH2|2(2)
(&X: https://ai-build.com/projects.html)

66) Al ¥1= ZHo|X|(https://ai-build.com/) W& EZ 2H4.
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15 37800 A oblElol A A% A B 4F B AR e
of YAo|E R 3} S AFIE BRBolet. 0|8 B A7, A3, 1%
o W LA AT A% A L AES R o ol A EY

QAL sk AxRe} w2 A GTe Ay 4= 9k,

of7[Eto| Aol A= A W 7 A, 7, 21 59 RS AMStL BT = UL
o o5 AAkst= AXJAE 3, A9, 7]‘ HE GAsto] S2t HARE

= et E3F Journal & &5l 7H 2ol Ao = ASE tlolHHlo| AL o] 8
VU=t o= AFA & A5 A 9 HH Y, ARIRAL AE 7IelE, ARAAE 1%t
E 5O 8 FEHAY HEo] £5H TSR A% EAE O] A H S A5kl /loH
L2AE 59, &3 Ak, it 59 71224 AR £ oYzt o' A7 ARE: B Y=
A 5ol et o ik HA 4= QIS o] Qlth
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Architizer

Discover architectural projects and the
manufacturers that bring them to life

Products

UL = s
Wilkhahn )ea Delta Millworks pba | Architectural Hard... s Geiger

104 Projects 11 Projects 26 Projects 13 Projects

[T 3-56] Architizer ZH[0|X| ZAY S5
(EX: https://architizer.com/)

67) oFFIete]A EHo]A|(https://architizer.com/) W& EZ 214,
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St A% SRk Stold Fevt TS BE AB L8 AEALE A
SYEoltt. & Hmo)d D AeelolS et 29 5 2% A

—1 O =
UES 2o 841, F9 5 Rud erd <lejziol R A% Sfat A7), O

A%2 913 22 ATl A%} 9 o], ARl UE B, AL,
206, QlEjelo] tixtolu], 277} Sol Ewlo] ou] o] BN F2 AF Hu
2 s 2 9L Aol thet T} o] A% AEsbEe] 2ukEo] vk 5] U
2 58] ofa] A% Aol A 1Y) Hgol P AEANE 12 S Y= Fv,

h houzz Q, Search Pros, Phetos, Products & More. a w Your Houzz

Kitchen & Bathroom Remodelers
£ Home Design & Remodeling

Landscape Contractors

Swimming Pogl Builders

Home Improvementv

Appliances
Artists & Artisans

Architects & Building
Designers Design-Build Firms General Contractors

Backyard Ceurts

Bedding & Bath
Builsing Su
Cabinets & Cabinety

Carpers

Carpet Dealsrs

Cioset Designers & Professional

Organizers

Dacks, Patios & OUtdosr

Enclosures

Door Deaters A 5 2 <
Interier Designers & Kitchen & Bathroom Kitchen & Bathroom Landscape Architects &

Driveway Installation & Decorators Designers Remodelers Designers

Maintenance

Fence Contractors
Fireptaces

Furniture & Accessaries

Garage

r Sales

Glass & Shower Door Dealers
Handyman

Harcwoad Fiooring Dealers
Home Autsition & Home
Media

ot Tub & 5p8 Deslers Landscape Gonfractors Stene, Pavers & Concrete Swimming Pool Builders Tile, Stone & Countertops

Ironwork

[13 3-57] Houzz EL|0|X| S22 ME7} ZA S1H
(EX: https://www.houzz.com/professionals)
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o}au}x}% A% 2947} AR e A% DA fis) AATRE shof Usl
2 A

5t 4= Qe S X Yot BEo|) o] 7o) A% 40747} A2}

68) 3F-Z & o] A|(https://www.houzz.com) W82 B2 ZH4.
69) o} 8EA} o] X|(https://www.arcbazar.com/) Y-8 EtZ ZH4.
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[22! 3-58] Arcbazar TI38 2HH0]| 245t
(EX: https://www.arcbazar.com/)

4973

e =y August20,2017

= Off Grid Retirement Home in Eastern..
{a) © Canada

By ANK Studio from Indonesia

\79 \7=2 ) 73 \7 ) | ¢ ’ \7¢ ’

O 8A0EmA-~A

yorERs ¢
CHOICE

o — v :
Mekano Studio “ Mckevin Des! . 8 “ PHArch ] n

[22 3-59] Arcbazar®il\| MASZE FIsHst At
(&%} https://www.archazar.com/single~fanmily-homes—design/competition/off-grid-retirement-home-in-eastem-ontario-canads)
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1) RIBA-Microsoft(2018), “Digital Transformation in Architecture”, pp.24~25.
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olo} 22 AZAH| 24110 e Axhe] 2 Waks oz o] A% WG] TEAO

2 Wslefol & WA Ik FL AARITES

5) 7730t W= T QA2 oA H o2 ASARF A= AEL AR ZEAAE TFF7] Qo) HAls|jof
% Zlolo} 2 o)t I @S ST 4% 21ste] Felo] Fashd Zolet et nehd 2
5 W82 "TAIo| 1 FE F419] oA Hlolu A7t 58E HAAZEA| A(research integrated
design)7} =jof Rtk 1 461 JTHEA: 7/4d0H2017.10), “4AHAII S Al o] AE4A w3 &
ZEE]”, AZAL sno.582, pp.150~159).
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1. AZAHAAGA] OAE 714 29 57
2. D% YA 2% 208 59 94 e 24

3. OAE A &0 9ot WA= A vt

1. AZAEAAIR] PR 7% B9 &4

AFAH| 24 0] ke 0 & e A a} opd & 1A Q1 AR A A0A Zs)
7] fletiA = ASAHI2ARIARSC] A" E70] §-8/3& QAL o5 AFA 0%
EUT Lot Utk ASA HIAATAS B0 AL Ao OJEsh= Alo] of et &
ZEYo1E W =R E8she E40] ot SR UE S A HIAAFAARS] AR
Ql ORI AgO] Pl 2EAQ] o] WEL Ukl & 4 gtk

LU ASAE AR PR ARIAZE TR oSl E ASEA 2 -
A AYG] 73920159 7120 & 591 ujgto] 75%% AHA|SHaL Qleh.D Ty A
4:9] 49 BIM, AR/VR 5 HAIE Z=7-5 Ao 28317 913 A 74 L 2
T8 5= 5 UAE A AR AEE oAl o, A tithel At ASARAL
F4:0] A8 A E=79] L)l thgt T} 927} Tk stef et A Egof Hl-g
o} A w5 o A=F A3LE 919t ARES FHSH] of2]R AXo|th2) E5] BIMY| 7
S AAH o7 =S WY H Sfistal glout ASAM MRS BIMO| &87/d0] His)

1) A44 91(2017), "AZAH|AARI0] B8 2 A, p.51.
2) AZAAE A BAR 23] 0] A7E Evfj2 24,
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[33 5-1] 2015 ZZA{H|A L] HER0FQ| ZAMK} 2 ALiRI4 14|
(EX: M3 21(2017), p.51 [22 2-15] Y )
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x|
St BIM 28532 At

"G BIM M2 2%
" 2H2XHST )2 BIMOI| ChSt Q14 £
=3 " AEF U HAXLO| BIMOY| S Q1A 2=
"BIM IS D20 82X
uCHE APRA 91F0| BIM TEEZ 741t 0 Ty
" BIM GIO|Ef GSHIA 4| 0jf
#BIM 2H= /S & K0 St K= SR
o= B RRIO) CHt Q1A £
™S ® BIM GIO|Ef 2Q0]| T3t 752t
" HHIY0lIA REret HIOJE 015 =7t
" LA St 2to[ERiE] 21l
X ASZ 2(2016), “ZEAHIAME BIM ZY o HES 9I3 57| YAHOY, BACDESIE| =27 21(4), p.369

3) A& 9(2016), “AZAHAAY BIM = € E-8-2 95t 5471 ZAARY, SH=CDEsH] =23
21(4), p.368.
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%) BIM/GIS 28 2=

[23 5-2] ZASAT] U 221 MHIAY] AlRIKI] BIM i GIS £8 0fst
(EX: M+H 2/(2018.5.15.), “HEMAMY S8 U MEY”, Tauri briefs No.172, p.12)

What digital technologies are you using or planning to invest in?

Social media

Artificial Intelligence
or machine learning

Building Information
Modelling (BIV)

Smart digital assistants
or 'bots’

tools

Internet of Things

Cloud computing
(including document
management)

Immersive technologies
(MR, AR, VR)

Mobile/apps

- Using now - Plan to use within 5 years - Not sure if will use in 5 years

[18 5-3] F= AE7|e| CIX|E 7|& AL U Xt A& 318t
(EX: RIBA-Microsoft, 'Digital Transformation in Architecture. , p.20 Figure 4)
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A7} 2 A (Building and Construction Authority, BCA)S] 3% A A
A Z3t] ko= BIM @Y= A|¥sk7| #I8t BIM 7|2 (Building Information
Model Fundy& 2932l 3t BIM 7152 A7 @719 BIMO] =9 £33 o1& 3%
AY S4= A5l 5 9, AEHE, AZE 0] = SF=go]of| wE vl AHst

[e]
o 0|5 &3 A Al 5720} Hl-go] Wol 225 = AR 52 Ecle de FHeR

p=)

Sttt o] 7|92 (Accounting and Corporate Regulatory Authority Singapore,
ACRA), A7FEZ AA Y] E3](Professional Engineers Board Singapore, PEB), 7
SAFE 3] (Board of Architects), Tz 10| 55E0] QU= 7|Y0 & A = FF
BIM= 0]-&3t ZRAES FstAY T Algo] = 71U o2 girhd

AR A B TG S 919 A A WS o] SoJt L wakE mU
% 8 2 Was} ik, AU oo RE A7kEE 0] ARlE Hatstel BIME A 85Hs
2AE 4] A B AN 29 18 E 22 E 0] A48 225 1§ Y
£ AP, 2772 271 8] 71901 TAIH O BIM EL AR VR 59] ALES]

o] Bl &2 A ¥sh= Wete A& E o Ut

rr

T 0
oo

o T

4) X712 2 AGE ZHo]X(https://www.bca.gov.sg/bim/bimfund. html, AL 2018.12.20) 2L,
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9l AL RIS 4= U9t Eat AR A% A4 A1Rlo] HA1F LS} o]
20j7]7) gr2 7]5]0] deloq QlAlE|] Al w A% 71&(Building Tech) 71%]

Ak Sl A0 etk W felele) 2

st A7 AU ot AAIA ] Ao Blst

= 71& 9Al2 G F=0| R&DE FAIEE 0] Aoh ol & St At FF2
2 YAE 7|eo] vz =YEhs o E‘% 670"5? e "5—‘%1 A‘Eﬂﬁﬂﬂ 2SR =

Investment in construction technology has doubled over the past decade.

Investment spending, $ billion
3 27

Late-
Early-  stage 201318
stage venture

venture capital

capital

500812 Total 200818

Debt

Transactions, number

McKinsey&Company | Source: Pitchbook data

[122! 5-4] 20084~2018k AIO| 244 7|& EXI2 5}
(&%: McKinsey&Company(2018.10), p.6 Exhibit 2)
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[123 5-5] A9|A NCCR Digital Fabrication0OflA] 7HZ|E A ZAHHA
(EX: A7t 2 29, 2018.9.13)

132 MRt MASH0| M2 ASMH|AL0| O|2HHE} MY} (ST



AR AOA AR 7 WS oA ASAEL B ASA AR} Bgo]
8, 84, 30 2, 25 5 1CT7|<d0] 3 wRste] AUAE & 4 s 32
2 g Wask ook TASA A AEH o ASA A AFA A

31 2] o] 95t 2747} 9 o] Qlot BT A4 AR flis Algole, A

2% 591 o4J0] AZAH|2AIIAP} QsHe A0 Hlo] Qo] B S

Sz ol FTbEol ) gich. A% Au| 24119 TAE Aeke EA8] e A

ZAE2AIAE R 0 2 mol Qr|uTks AEAHAAAA T4 714 719

o § molwE Aeke vl Wash ok

olelgt AF AL A% 71%0] tje £} dAEE S —:;ag_ea shejg 2 glom,
= A5t ¥

HAE 7le 74| A= 7]e0l =

o

Iﬁ

5) (A% AN 2409 AE) ALEASAN 249 AEAA) 25

o]l‘l

HM5d-Z28 133



3. OAE A 43S 9t A A 2 7
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AL, olof Het A5 N0 =Y EaefA|aL )

5
A Q22 25 A2 L FES 58T 5 UEE o

l_.
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Z)(Cross-Laminated Timber, CLT)= 11 S-8AJo|x 511 2 |Y=kE H|&51o]
2 Ul A 2 999] olf= 115 AS5E0] A8 4 /I F Fof Stk A7k
29] 39 29 12018 o} }e] 2= HA AN FAI5k= THAIE AaLste], 17
T2 WA 247H oo ® wI, A2 A3 E= A5 718 7#A(Outcome/
Performance based regulation)® o] 7 22 ET -2 52 59 =F9 =

o] AljtE 74 it Uct.0
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o] -golgt HARIZ A5t ==

ARl 7|5 vt urk. WHE HARIZ o] goljt AAIE = Hskl &3 7|&

Aof| S22 £ Als TS 7Sk A2 FHE Q] AT E HARI AR #

FSKStandardisation), @<d(Simplicity), @Y 5% Q4(Single integrated
e

= [e)
elements) 37}A]o]t}. EESh= AR I Alg FAE Ao AP 4= Jar, &

Manufacturing and Assembly Technologies) 7]& T= ZHA] 125 ARS9l A%
of| A ] A =ol= Hl 7]ofett. @Y S 84 A 4
Beoto] 7ol A AP A|2Fstal Ato] Eofl AX[sh= HbAloltt. A7 204 = 415,
o]l W F- 7S FAS] - B A 0] 2,0004151] 8 o] A2 BF &

=
A0 WEE Al H4E FEAACk ST WekE tlAel Wk 7R A 02 Qe

0.

6) McKinsey&Company(2017.2), Reinventing Construction: A Route to Higher Productivity p.67 W
|- Farsto] 2.
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Pushing for Higher-end DfMA Technologies

Components; CONTINUUM OF PREFABRICATION & DFMA Int assemblies:
Incremental Improvement  ~ ga ging improvement

Precast Structural Steel/ Mass Engineer Timber PPVL
Advanced Precast/Hybrid (MET)/Hybrid

Manpower Savings A
(Project Level)

Engineered
tinber floar

DOn-site Dry Applied Finishes

Manpower Savings
(Trade Level)

PPVC

Flexible Water Pipe/ Prafab Ceiling Module
Sprinkler Drapper Prafab Plant

Lifting Hooks
Lifting Collar Frame

Compartment
floor segregating
the dwelling
units

[22! 5-6] DfMA 7|& 7H2 2! 0f|A|
(&X}: Singapore Building and Construction Authority(?), 'Design for Manufacturing and Assembly., p.7, p.27, p.37 12 TZ)

7) Singapore Building and Construction Authority(2017), Code of practice on buildability, 2017
edition, p.8.
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Prospects of Future Changes in the
Architectural Service Industry according
to the Fourth Industrial Revolution

SUMMARY

Jin, Teseung

Kim, Shinsung

This study was designed to present a policy response strategy for the promotion of the
architectural service industry based on the comprehensive analysis of how the
phenomenon called the 4th Industrial Revolution will affect the architectural service
industry.

The 4th Industrial Revolution is not a complete discussion of it or a clear vision of the
future, it is an ongoing process. Therefore, this research focused on the digital
transformation of the architectural service industry as a process of implementation,
focusing on the usefulness and influence of the 4th Industrial Revolution, as outlined in
the preceding study, rather than discussing the differences or exploring the ideal

orientation in a straightforward manner.

The architectural industry has chronic problems such as the opacity and risk of the
business process due to the inaccuracies of the initial plan, low labor productivity,
analog knowledge transfer systems, and inaccessible services. The architectural service
industry can generate productivity and higher value added through the process of digital

switching, while it needs to respond to social, economic, and environmental future
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changes such as urban population growth, housing price increase, low growth economy,

climate change, and depletion of natural resources.

The architectural service industry technology trends can be summarized in five
categories, 'Automation of Planning and Design' by architectural service level,
'development of immersive experience technology as a communication tool, 'transfer to
digital manufacturing method', 'Operation Management through Digital Twin' and
‘extension of BIM as a system integration tool for the entire construction process’. At the
architectural planning and design stage, attempts are being made to dramatically reduce
the time and effort required to automate or autonomous the legal review and design
process through digital technology into data—driven. As an efficient communication
tool at the architectural design and construction stage, immersive experience
technologies such as VR/AR are replaced by drawings and models and are utilized and
newly developed for architectural presentation, review of design plans and construction
monitoring within the work team. Research and implementation of digital
manufacturing, such as 3D printing, continues at the construction stage, and is expected
to be a driving force for the growth of the building industry in many ways, including
implementation of innovative architectural designs, advanced custom production,
environmental benefits through saving time through saving building materials, and
securing accuracy due to autonomous construction. Although the digital twin is relevant
and can be implemented at all stages, it is likely to be used in particular in order to
optimize energy use and to determine the maintenance and remodeling of older facilities
during the operational management phase. BIM is an integrated tool for collecting and
communicating data generated throughout the construction process, and its concept

and scope are gradually expanding.

On the other hand, based on a survey of technology companies' trends in architectural
services through the CrunchBase, which provides the latest technology firm database,
the technology firms involved in architectural services can typically be divided into five
categories, depending on the scope of their activities: Prefabricated design—builds’, 'plan
and design support software', ‘construction management support software' and 3D
printing’ and 'architectural service connectivity platforms’. This is the case for a
'prefabricated’ firm, which is based on the pre—fabrication and modular construction
method, seven out of 35 companies surveyed in a package of design—to—construction.

Among them, Katerra is an overwhelmingly large company with both investment
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inducement and annual profits, and its business model continues to thrive, integrating
the value chain of design, material logistics, and construction based on digital
technology. In the "Planning and Design Supporting Software' category, companies that
review legal and real estate values through big data and Al technologies or support 3D
modeling or immersive technology (VR, AR, MR) are included. In order to improve the
efficiency of construction management at the construction stage, companies in the
"Software for Construction Management" sector support digital tools for managing and
collaborating various information produced at the overall project stage or recording of
drawings, photographs, site records, etc. These companies are already recognized for
their wide range of activities and growth potential in the market. A "architecture service
connection platform” is a platform that provides materials and products for design and
construction, and a service that connects designers or products from consumers, but it is
meaningful to facilitate the delivery of architectural services — architectural customers
and architectural service providers. Although 'Digital Manufacturing such as 3D
Printing’ is realizing a radically different design than before, it has yet to prove its success
in the market.

Based on these technology trends, the productivity and efficiency of architectural
services will continue to improve and transform into more user—centric services. In
addition, the integration of the value chain of the architectural service industry, driven
by digital technology, can bring major and minor changes to the existing industrial
ecology, which can be predicted by several scenarios depending on how quickly the
technology—employee and builders accept digital technology and succeed in switching
to digital. If the digital transformation of construction service providers and
construction companies is carried out together, the productivity and efficiency of the
entire industry will gradually increase without significant changes in the existing
industrial structure and while maintaining positive cooperation. In the second case,
construction service providers have a faster digital conversion rate while builders are
slow. While the digital capabilities of the construction service provider are strengthened,
if the digital capabilities of the construction service provider fail to meet the
requirements of the architectural service provider, architects and others will lead and
manage the overall construction project, and if possible, they will be able to carry out all
processes from planning to completion of the building without the contractor, along
with digital application technology suppliers such as 3D printing. Building service
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providers have recently created a team dedicated to digital technology solutions within
a firm, or, even a minority, start a new technology company derived from a company,
and architects are trying to start a technology—based business. The third scenario is
when the digital transformation of the contractor is rapid, while the change in the
architectural service provider is slow. The contractor will employ architects within the
firm for productivity and quality innovation, or buy several architectural firm offices to
carry out the project in an integrated manner. If the project can be carried out without
an architect under the system, the contractor may be able to work with the design
automation software provider. That would reduce the role of architects across all phases
of the project and take the initiative in the project to constructors. In general,
construction service operators capital size is significantly larger than that of
architectural service providers, and recent investments in construction technology have
increased dramatically, according to McKinsey & Company (2018.10) report, spending
on construction technology has doubled between 2008 and 2012.

Judging from what you are doing, this possibility is compelling. Finally, both the
construction service provider and the construction company's digital switchover is
delayed. At this point, IT-based solution companies looking for opportunities in
underdeveloped industries can emerge as new entrants, potentially transforming their
industry structures. The possibility that they will lead the architectural design market

with abundant data is not ruled out.

To counter this change, the government first needs to support the adoption of digital
technology by architectural service providers, as in Singapore. In addition, innovative
ecosystems for digital switching should be created by facilitating exchange between
related industries so that research, education, practice and investment can be made
together. Finally, as the architectural industry is digitized, it is necessary to allow room
to accommodate new building materials and construction methods or to quickly

identify and take action to improve regulations.

Keywords :

the Fourth Industrial Revolution, Architectural Service Industry, Prospects of Future Change
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Zurich)3 27 FW(EPF Lausanne) 5 o8 tEY 71#o=w A4

o AfA FYNEHIES NCCR dfab 19H4(2014~2018) Aol 1,340%F 2~
A mEHElslE oF 1549)S R|Ystel 1, 4 294 A7 (2018~2022)2
9] (A7)0 A 20269714 |4 979)

o NCCR dfab2 7% FolAl gxd A2 (Digital Fabrication)?] =Y&
A8 Yal AA, Fx gl A= #e), HAHFEH ﬂ@r, Aol AlAH]
o}, 3% 33 5 gz 8% A7E Agord A& B ohig goF

b Fofo] Aat 9 s1EArt Feske Ao E’“(lSL‘l @A 601)

Ol o].d
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o A Hofo gxg Ao #g AEAHQA A+E 5 20159 FH ]
3 6—} W 15 A5sty dEgos AFE g 2R 5 1719
AT AU ES 4|3 A7 (Robotic Fabrication Laboratory)2 wH

- O]FolA ket =4 YL BF PAPE AT, A AlA A A

713, GA 5ol olE Farst] Asf HEsk 9=

- 8g 552 NCCR dfab®] 8 F49] 4450 Q= Fs] FHhst
AZ71eA7A(nsttitute of Technology in Architecture)® T 20]1 )2

HAAY W BE 22 T SN Lf 3D ZRIEY

NCCR dfab®iA 7§iZ/E ROB | ARCH 2018 ¥3& XA
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O NCCR dfab 5% A5-Hof

o NCCR dfab®] % dF&okH= ZA On Site Digital Fabrication(3%
txE A, Bespoke Digital Prefabrication(4] tixd AR A12h),
Sustainability Assessment(X|€7+s/ B7HE F&

o On Site Digital Fabrication(@% tA|2 A1)

- A% oA HE 2EES B9 gAY Ao JhsoteE HE 7
Adsta, o2 QIR BRal 2R, BRa &gt 7t FEHA &
A9 2 BES vhAsks AT HoF

- ol ot AA AEEPt obdEt AFEH ARl (computational design)it
A4 8% Z2AAY 58L& 59 U5 AAY FAE S

- okt @ AR ols 7Feth B2 714 Bd(n Situ Fabricator), AFH
H7Eo] ¢lal AHEo R AREL(HHEE) FH9| ZAYE FRE 7t
sk ¥4 BEEMesh Mould) Y 55 4 5

it

Hu
M
o
am
i
=
2
=
oo

——
.

St M 2202 TIE ZI2E HHIR M4 SC NCCR dfab HTAIM L B BE(5Y)
(EX: http://dfabhouse.ch/in_situ_fabricator/)
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o Bespoke Digital Prefabrication($&4] tX|€ AHAIZ)

- A A% ARdollA F25H tiTE i 9P (mass customization) %
ESE Awsy| A8 715, As, ¥4 & AE 7 84F IER YES
tx et | mejsjEeAe)ld P og ARFHbe V|es Ndse £oF

- A% AolA mejsfEeAold 'H4lo] A5 A2 22 ofut HAE Ak
(digital fabrication) 7|&S F8dk= AL v/fF Eofz, B dis =g
By HA 4 A4 Z2AAE fAE o R Bl As REE §

- o]= AUlEgEZ|Q o] B} AASE WEY ARAAR =g Eof

A% 24 9 5842 FolT A4 W72 Folt dolx aiHe

- ofe] vo] 2%, 3D ZAE 52 B4 4B 74 2248 9EgoE Uy
dsistol AT 4 UES TR A4 AR 9 AT ALES ALY 2
ohje} oleit /)& Ane] B A% TKele] A2e A4 4Y F

®3 4o 2R2 St 27X 75 My ECIERTAEERTESRE
(ROB | ARCH 2018 ¢38) (NCCR dfab H7AIE)

y S
3D DEGoZ MEE HFE 232E 7|S(5Y) 3D ZRIgoR MEE Z32IE S0t HA(SY)
(NEST 20| & H8) (NEST g0l AH &g)
— 6 —

HAZ} ARSI TH2 HZMH|AAIO| 025} LT} ST 17t
—H=o = o o



o Sustainability Assessment(X|&754 B7))

- 7% Hopo] OAg AZ rl&o] 840 mAk 718 &L Y 94S mo}
s Aoz H A7) WAl A=l 4= H7te Hof

- A&7 SR OAE PAos AP A% xeAE J)E A
HHAo] Z2AEE HW-grlste] X&7bsA SRE QS A% 759 2
23t 712 TS Ag BHoz ¢

=

by

- NCCR dfabo] #o3l “DFAB HOUSE'(NEST g9 98 Gul)e} 72
AA Z2HEE tfdoR Yol=7|HIHLCA, Life Cycle Assessment)

5221 %
O AT 4te] 2 ekt $5 A%
° YAOL GE oI BAY slee] T AdAeln AR A7
APsH= o Ws) NCCR dfab® 77He mlefel A% @go)A AA] 21.8o]

A5 714 AESHE o RS S IS

o ¥ Hopo] Ayt sl&Hont At Wo] ot Ade] HY T,
A8 A7 5 ARl Rudon A8E] 9% HZIA Hoiglo]
AT A7t 97 SaE) die 94 Ago] 29 Rew a4

o NCCR dfabolH= AT 47 Shbe mwsls] o] 2914 ) & A77|@
9 gl AelAleh gesle] A4 AW mRAE(eg NEST U)ol Fold
oui AT 4TE 4zl ARlonel B AL AR 3

o NCCR dfab® 3471402 Mg 47 9 A% meAsc da 244
e sk St BRES A gom AAT ATAEL ez
o A7slate) §e, AgiAe A9 9 Wel, 4% Aag D AR 28
(P 5 AR P4 ) 52 B AT AT BHe (¥R
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2) ROB | ARCH(Robotic Fabrication in Architecture, Art and Design) 2018 A

O AnsEAs
od A
0% A
oF #
o% &
oW &:

X A

o HH :

N8a

1 2018.9.12(), 17:00 ~ 9.14() 19:00 ~ 20:00

: s A% TSHETH Honggerberg) W HPH Building

: NCCR Digital Fabrication, ETH Zrich

© Autodesk, Kuka, Arup, Boston Consulting Group, Sika, ERNE

AG Holzbau, Moog, Bachmann Engineering

A, de 9 bRl oA 22 9 gAY 7ls g9 #at
A A9, AETt ER, 97 =% 9 o4 A2E uu

UM FEIIRL SIM0| EOsts §28(9.9~9.12) 4

AAVols, A% et =2 ek 9 Aw He Bopo)

A%,
@7 % AR 4009

= AlZt Z=H| H|D
912 BB B e SE V2 M IE BEE
=) ladistadd | LA Chris Luebkeman(Arup Foresight)
09:00~10:00 |= &2 . Mette Ramsgaard Thomsen(Cita, Kadk)
o ZAMEA MM 1
- Mzt TRAMA(Material and Processes)
913 10:15~17:25 | FAHEA MM 2
=) ’ i - A& 2X(Construction and Structure)
o FOEA HM 3
- Ham Hall(Application and Practice)
17:45~18:15 | & Z% : Philip Yuan(Archi-Union/ Tongji Univ.)
09:00~10:00 |» Z™ : Jonas Buchli(Deepmind)
- o ZAMEA MM 4
T T — CIRQIZ AIZH|0[M(Design and Simulation)
9.14
@ 13:30~15:15 | ZAORIA A4l gl 12 BEE
BT o AMPEA MM 5
10:00~16:45 —- M2 HZHControl and Fabrication)
16:45~17:30 | = Hg|
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O F4 2d 9 fd 28 a8

o Arup Foresight H#]E|Ql Chris Luebkeman? 71 ZA("Towards Digital
Building Culture”)ellX A&(A4) 449 Tdo] tld F& 45 &HEt
AL BT HE 4= tH“Everything inconvenient can be changed’)Eh=
AZroz AZ(AA) 4doA A8 2ke] Bibe 3t 389 LE8e Ax

Aintz dddletist IT 713 AlE(CITA) Mette Ramsgaard Thomsen
o R 7ee As Z2AA B A2 fu AlLH 35t AhE
e

4715t olafat Zo] A%e) e muEHele Fxsit FPoRA o
17} St 4

(o]
o,

o

o ZF= 54| g} A= ¥40|A}+ Archi-Union® #HAQ Phillip Yuane
Atilo] Fefdt the] AA] A% ZRAE S B9 15 UAR, A2
HeAlE AlEdeld 2 A3}, 22 A& 9 29 A o|2+= HAH”

A& (digital fabrication) 439 AqSt TR MAE A

o T FAE W2 Deepmind FTHES sl Frhet 71 AFst 2)
Jonas Buchli= £28%2 &5 4% 200 94 A|(&EE 7ed 25,
it 1oF 27, AtE MY, 7St AlE 2 d Z2AA HE I
2% 4 9lon ol HsAE NCCR dlabollA9] &t 2o ofe Hof &
=715 FYol Fa%E 4=

o £ Ao 221 W ERo|AL o] Hopo] Al
olEA] AR BakE % YL

QY =5 WA GE Ao
2R3t Qe HERe oA o

A
1 9]71o] & 9
& 5 e At ke Zlo] Fa

Chris Luebkeman HXg 7% 28} 24 9] 3T(Tool, Team, Time)7}
Lo Az A EoF SAREC] 2% 2 (Tool)d ®zhe Bt
HAFH oz golgo|il thEol AREMNER H(Team)E HIMI|EE L
gloF ot o] & YdllAl= oF4 AlZHTime)o] 8T Holet= 24

A%(04) ARle] UAE Hee ERsh] FelMe AVE 48 Az
SHe 449l JAEN(e.s AL xeluy ASB e S48
A% 29)= shiel Wl F 4 %e
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- B ATEL firEo] oE4

- olgh Ze A7) B44 A%FS AT 2R AF,

AT 714 A8RE Aol AFES, U4 S FWeIA festois
28 UFT + At 45 @79 Z2ARS} ASHolo} B 2

oz9] Sike THEI] fsiMe BH
HE 750 28
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e

= OAd JaTt 22 gske

Aol
A= @ 4 2EA A, AR AFAR 5

. he) e AN

AT} oje WAl HAE A(digital
5% 294 2B EY 347 US
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%}ﬂﬂ Aze A% A= Ee 22IE §
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o offl HAFHA] AEH =& F FFEA AZ2A HAE AF AL
7Fs4S AARE 3HS 94 =F(Young Potential Best Paper)2& A%

- “FIBERBOTS; Design and Digital Fabrication of Tubular Structures Using

Robot Swarms”, Markus Kayser 2|(The Mediated Matter Group, MIT)

! FIBERBOTSE: 4898 FIHEE ol & 7Jxo £B JIXE
EEE A% dAE 2% F(Robot Swarms)Z o= 7HE# < i%‘:Oﬂ
AE AAQL A4 wiARSE B o2 ty 2R 74X 23"
AEE uet AAAY X449 HH glolk FEO Zol ¥ FES A
A8 Aog 4= . w7 ] whet teFst FEjY 27 AR 4
gow mH o FHARQl RE AAH JtedE HolSal Q&

(27 = =1

e

Ji FIBERBOTS| 74 94 D0 (2 A(enerative) T2

FIBERBOTSS S5t 75 M&upy

(&%} Robotic Fabrication in Architecture, Art and Design 2018 =27, pp.286~296)
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- “Towards the Development of Fabrication Machine Species for
Filament Materials”, Maria Yablonina and Achim Menges(Institute for
Computational Design and Construction, Univ. of Stuttgart)

P 5Y EEVIEZE W5} [CD AF-aoME 25ES B3 SEHE Agd
Eod 72 AR AAHS ASHOT AT . ol HEAHL 23
49 oz gdole od mEne ¥ AA¥S B Wi
ARE MEA FHcte AES A5t ol st ZEAEA
AR o BHoE AFE 2R g9 & AUe TFAE AA

O] 27 &= AARIS S5 A HEF o
(EA1: Robotic Fabrication in Architecture, Art and Design 2018 =2%|, pp.152~166)

- “Hard + Soft: Robotic Needle Felting for Nonwoven Textiles”, Wes
McGee, Tsz Yan Ng, Asa Peller, Univ. of Michigan, Ann Arbor
7o) Akt Wopdel ME(RAES TS 4B) hE YAS 28E

Z83 OAd A0 HEFe RN HES toftt A5 E4Z 7
wpoiE Jse gaos st o 2392 2 A7

ZE J|Hs LHAR] 3RM SRy
(BA: Robotic Fabrication in Architecture, Art and Design 2018 ==2%, pp.192~204)
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Al gl Hrjgga}
o AwE A4 Robotic(Digital) Fabrication 2ok2] @zl F&sH 7134
9 FA oA At ofe] A3 HEYT T 559 LHEE ER

- Community Contribution Award: 59| ZX3ex} 4 H|ZUA HE
#3291 euRoboticse] Bernd Liepert HFAL

- Pioneering Industry Award: 7= £AA¢] A=(AE)EE 3D =98 7Y
Branch Technology #Al Platt Boyd

- Pioneering Achievement Award: =2¢°]1¢] AAHL AFSAAA T

Sng hetta®] Carsten Leddesel and Kjetil Traedal Thorsen
- Technology Transfer Award: = A& Xu Wieguo ZF

- Pioneering Research Award: Deepmind®| 252583 Jonas Buchli
(#i ETH Zirich 1<)

o WL =7 4 3% SSdHolAe AT T4 347Ee] AEee
Aol ojEo] B Fope] A£&FQ] 47t EXHER A

o o] go| BMAL 7|7 % WA 5L B A A B A7 2

— e
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3) NEST(Next Evolution in Sustainble Building Technologies) Z1&S HAl

0O NEST 78

o NESTE: A2 4% 714, A2 2 449 5 BY2 2404 4,
A7 9 AFFoRM WY D% MEAAE AFOR AN Sl

wrEol 4¥ A5E

o
e

AFE2 A9A A9 AR I8t 2 71& A5713HEmpa, the Swiss federal
laboratories for material science and technologyy& $412& NCCR dfab ¥
218 b Faefs B A Sol Aol 75

o NESTE GAd A4 A, oA 714, ALE A7) 5o 488 37,

AT, &AL, A7 33 5 ofF fHeR A 2EE AP eR
A= A2 ZE fH0] F7H s AYEL 5

= R
s

NEST I8 HAEM AZ 52 $20| DFAB HOUSE |X)
(EX: (Zhempa EH|0|X|(https://www.empa.ch/web/nest/downloads), (R)2E Z=HH)

NEST L& &g
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[0 DFAB HOUSE 94

o NEST Z&E9 959l DFAB HOUSE: NCCR dfab9] txgd A&t 7)<«
(digital fabrication) 9 43 A5 A% 59 A

o o] fyole @4 AF ZH(n situ Fabricator)& $3f Azt ZAE
A Al3-E H4 E=(Mesh Mould), 3D ZHER = 7PEa 7151513
B4 &HE(Smart Slab), EROE AR AFH EA ZHY(Spatial
Timber Assemblies) 5°] A&

v S

Y A =2RE SO HH 2= A Y

(EX: http://dfabhouse.ch/in_situ_fabricator)

\ . —
e =~

NCCR dfab HTAMOIA AR HEE =X Zl(EHt AlZ 22E 25
(EX: (Zhhttp://dfabhouse.ch/spatial_timber_assemblies/, (R)2I& &)
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Solar Fitness & Wellness : JEUA 7|34 LAsHE 2= X],
A% 9 SREE B AAEE= HYE oyA, CO2 s|EREE 5-& &8
stol o4 QRS A8SH o e9HE 2544

Urban Mining & Recycling : A&sle d Q3 ZE A7 AEE
E AAEO] ZF5IAY Mol QoI ARTHE A BE fr08
e ALES AR 98 AY

SolAce : A7 W 24 Aol JKsSES 18 WA=o] Y BE U
Bord 2717 BHE SUW, Lt G RN DR ofulA Fl&e]
48 4

chub : Z& AA9 oA & & #F] 2oz AEY AuA 2
Ag Ele 24510 olvA 82 soli olleiEs TAE &Y
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Az A EAE=9] Digital Fabricationol] 33t 24l 53F mtef

o AsdA HAE Az 2t S
Lol opfet A, AAY, AlF, 2FHI9 ojl2= HA AF =

Aol A BHE AT AL
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2 A9 Yol BestE 7sAel =0 € &+ e

o

)

ASAH2)AYE FAE 930 Digital Fabricationdl] thgt AT £x7 €

o AflA FRe AS AYoA OAE A e dS v A4
3t dhgahA] & R 9145kl NCCR dfabe 5o A=4 A7 AY
Z23HE Y F
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