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Executive summary

Backgrounds of present research

The fourth industrial revolution to be proceeded rapidly over a wide range of
society cannot be supported by a few of technologies. Many kinds of
technologies will be merged to make novel technologies through various routes,
leading to big synergic effect on its progress. New demand for novel
unprecedented technologies will increase in accordance with evolution of the
fourth industrial revolution.

Along with rapid progress of big data, artificial intelligence (AI), and cloud
computing which drive the fourth industrial revolution, development of novel
technologies will be accelerated time by time. However, both materials and
process technologies are expected to remain as a time—consuming and
expensive barrier even in the fourth industrial revolution. Strategic programs of
Materials Genome Initiative of United States and New Element Project of
Japan, for example, aim to solve this rate—determining development of new
materials and processes. Thus, it 1s necessary to transform a research
paradigm which allows to digitize all the data and develop either novel
materials or new processes from the digital data with help of minimized
experiments.

Nanotechnology based on novel properties appearing at the nano—scale 1s
one of key enabling technologies for creating new technologies, but it has a
character of materials technology inseparably combined with process technology
(materials—processes technology), time—consuming and expensive.
Materials—processes technology is a backbone of manufacturing and therefore,
nanotechnology is closely related to innovation in manufacturing. Manufacturing,
especially materials industry, has a big influence on job creation, for example,
one job in manufacturing industry creates additional 0.5 to 4 jobs in the other

related areas. Nanotechnology 1s more influential on job creation than
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manufacturing, in which one job is estimated to make additional nine jobs in
the related areas.

Nanotechnology contributes to innovate manufacturing industry as well as to
make progress in the various fields including the transportation and service
business. In addition to contribution to the industrial sector, it helps to solve
global issues such as energy, natural resources, environmental protection,
necessary for sustainable growth and then, its role becomes more important in
the future.

Korea launched the national nanotechnology development program in 2001
just after the National Nanotechnology Initiative (NNI) of the United States in
2000 and has developed a wide spectrum of nanotechnology longer than 15
(R&D) for

researchers and

years, including research and development nanotechnology,

construction of infrastructures for industry, and human
resource development. Thus, we have high—level competitiveness in the area
of nanotechnology and have applied the research outcomes into the commercial
products. Recently as the fourth industrial revolution has drawn much interest
and the government drives several policies in order to participate an industrial
revolution race, we need to determine the role of nanotechnology on the fourth

industrial revolution.

The scopes of the research

Areas Subjects

Analyzing the characters, key elements, and

Trends of the industrial . . .
recent progress of the fourth industrial revolution

revolution . .. . .
to draw out implications and policy issues

Nanotechnology demand in the Finding nanotechnology required to link cyber

fourth industrial revolution system and physical systems

The state—of—the—arts of
nanotechnology, specific to the
fourth industrial revolution

Analyzing the current status, commercialization,
and prospect of nanotechnology necessary for the
fourth industrial revolution

Strategy for nanotechnology
development for the fourth
industrial revolution

Planning the strategy for nanotechnology
development focusing on the evolution of the
fourth industrial revolution
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Brief description of the research

O The fourth industrial revolution will transform all the things in society in
the end but begins from the innovation of manufacturing or production. This
study focused to find out the roles of nanotechnology on the evolution of
production revolution.

O It is provided from the review of the previous industrial revolutions that
several leading technologies are to be merged in the various patterns and
make big progress during the fourth industrial revolution.

O The activity for production revolution in the public sector was reviewed
along with that of private sector.

O The core of production revolution based on digital data (information) is a
cyber—physical system (CPS). The key technological elements comprising
CPS were investigated. Generation of large scale data, high speed transfer
of a large amount of data, real—time processing of large scale data, and
mass storage of raw and processed data should be considerably improved to
meet the requirements for practically available CPS, even though current
technology can support the CPS ar the low level of applications. Therefore,
technological innovation 1s necessary for drastic 1improvement for
high—speed transfer, processing, and storage of large amount of data. In
addition, demand of new materials for sensors with high functionality will
increase to digitize all the systems connected on the network of internet.

O The roles of nanotechnology on the fourth industrial revolution were
determined at the level of 10 sub—categories, for example, nanomaterials,
nanoelectronic devices, and computational nanoscience, in terms of
high—speed transfer and processing of data, mass storage of data, reduction
of power(or energy) consumption, and creation of novel {functionality.
Nanotechnology is verified to critically contribute to the creation of novel
functionality followed by high—speed transfer and processing of data and

low power consumption.



O Eighty research subjects to be required for the fourth industrial revolution
were extracted from the ten sub—categories as a pool of candidate research
topics. These eighty subjects are distributed over whole areas of CPS
(collection, processing and storage, and execution). Largest number of
candidate subjects belong to the field of data collection.

O Necessity of strategic nanotechnology development in response to the fourth
industrial  revolution was  determined through  strength—weakness—
opportunity-threat (SWOT) analysis. As a background of strategic
nanotechnology program, the data quoted from the fourth Korean
Nanotechnology  Initiative  (2016) were provided, indicating the
competitiveness of Korea in nanotechnology.

O Vision of ‘Provision of nano—solutions for the fourth industrial revolution’

was proposed, including three strategic targets and nine action subjects.



Provision of Nano—solutions for the Fourth Industrial Revolution
_ i

Strategic targets Action subjects (Example®)

Development of strategic e Core technologies for CPS

nanotechnology e Nanosensors and related modules for IoT applications
(Core solutions) e AJ chips for exclusive uses
Strategic promotion of e Promotion of start—ups and SME (nano—specific)
nanotech—base industries| | * Cultivation of global platform companies
(Platform companies) » Fostering SME’s nano—foundry services

e Development of nanomaterials

e Development of nanomanufacturing

e Development of nanobio—technology applicable for
diagnosis, healthcare, and therapy

_ i

Establishment of
sustainable growth
(High competitiveness)

Backgrounds of Strategic Plan

Nanotechnology Manufacturing Nano—industry

e High e High competitiveness e Large number of
competitiveness in high—precision nanotech companies
for R&D manufacturing more than 900

e Top—level High competitiveness Large volume
infrastructures of private sector revenue over 14

e High quality
human resource
and education
system

(global companies)
High competitiveness
of nanomaterials
companies (LIB)

billion dollars
Large number of
employment over
140K persons

* The ‘Example’ means that the action subjects here can be modified or

changed.
Policies proposed
Five policies including the strategic development of nanotechnology in

response to the movement of the fourth industrial revolution are proposed as

follow:
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Firstly, the master plan covering all the range of the fourth industrial
revolution should be prepared as soon as possible. We cannot participate in the
race of the fourth industrial revolution with fragmentary response without
government—level master plan. This master plan should be able to be
supported for long time without drastic change. We need much discussion at
every level of public and private sectors and then, have to draw out general
vision of Korea in the time of the fourth industrial revolution.

Secondly, an executable, effective action plans should be made without
confusing goals (targets) with tools (driving technologies). Unexpectedly large
number of technologies will be involved, evolved, and merged dynamically
during the fourth industrial revolution. Therefore, we need to develop a well
organized policy framework for timely, adequate response in accordance with
the progress of the fourth industrial revolution.

Thirdly, a big shift i1s necessary in the paradigm of research and
development. There is a strong tendency of borderless transition in the fourth
industrial revolution; fundamental research cannot be distinguished from
commercialization, commercialization process itself is a kind of research,
service is another form of physical products (servicification) and vice versa,
and an event occurring in the real space is directly synchronized with digital
imagery automatically realized in the cyber space. Speed is a crucial factor
governing this new regime. We need to develop a new R&D system to catch
up with speed.

Fourthly, practical action plans including what we can do and what we have
to do should be prepared. We have many drawbacks against the developed
countries, but on the other hand, have strong global competitiveness in several
platform technologies necessary for the fourth industrial revolution. We need to
take advantage of our competitiveness as a leverage for International
collaboration with developed countries to overcome our weakness.

Fifthly, it is evident that nanotechnology will play an important role on
digitization by providing key components. However, it cannot be simply

achieved without strategic approach. We need to run a strategic development

Xii



program focusing on meeting the urgent demand at the beginning of the fourth

industrial revolution.

xiii



Xiv



M

QF T O] TJ| @ werreeereerseesees et

1. 719

— AN M ™M -

(1) GATEQ] M 7] werereeereemssenssenssesssesis sttt

(2) QAT B E vttt s s s Rt
(3) o+

‘o
R

K

| &

o)

i

11
19
20

e

23

23
31

o D R R RNy
IT

|

s o

Fo of

°

o F=

B

g

A

> -

(1) A=
(2) Az
(3) Alx

(4) A

AL

o

B
-

s

o

37

38

A
o+
gyt

K

o

41

41

44
- 48

B

k|
G

(2) A=

o

o7

58
63
64

(1) 4%

XV



69

(A) ZFZ T 7101 0] T - werreerereseesssessssesssess s

99

99
100
110

-117

="

o

el 7142 A

(4) CPS T

127

i

127
132
136

i
vl

K

ofo

K

144

153

e

153

154

(2) A

157

165
165
2=
b B |
175

o
ap

=

1 3pA

oo

W obe)E o] o

o3

185
187
311
315

[HF 3] 100 “i=7]s ddH 7

Ejl}]{-”ﬁé xﬂl‘i‘_ LH_g_

;o_l

=
T

o

XVi



1. 71879 HNe

(1) 72 w7

47 At (4x b)) Jiolete vt 28 %ol Aw7hAle] e}

r
o
ins
i
o {
fu)
fru
r>~
ind
2
z
o
rE
td
>
N
>
o]

|22 o2&k Mat= A3 gutew #Ab

Helold, dFAs(AD, TEhv= 5 & 474 AHIHEe FEse 7
(driving technology)®] WH oz 2L 7)< /MW &5 AP o g o8 7}
AR 2l ol d & EWH, LA woket ‘TR’ BO#% A3 7l ko] A
Zrol Hol ZHe|al n]go] Wol =& FofE ol Al = Zoltt olF ZlEdofe|
Aol Al7ls i Aol e 847t El= Hoprt {'r“é‘é‘ 2

Materials Genome Initiative(MGI, 2012), €42 A4 Z2AE T 7} 2L
A N 2RI ol#d A A 7k E Aolth dE S0l MGI Z&

o] AFFste AAH Mz A e 2gse IS 12, vEE 128

9+ gom ALAE RO s sbAAEs Bo] At AFE HAshE
3% A @ Aolth (FE AZE A% 247 dsted A7 sHeirhel s
Agsta dolel g HlARSeT oA dlolelg o &(yulole)ste] Last (4

2)ERE AAlsta AdE A4S F sle AAE FHske o] a5t

tEE lEelnEg &7

o] HE= 1] FHlE|ojof slE 2 FAH7|E AHAE FAld Ztx gtk NT= vk
7] ed 1 el s 2 EAE 7|bs & ek AV AES 7hss)
A &= 7]« (enabling technology)e| X|wk A|Zte] o] Zg|x H]&o] o] ==

Clo
2
24
2 o
o
rd
N
N,
o
N
b

afedA 7w AL zZa sivh B 2Ae3R Tle



bbel

°

Aoz 2 el A

el 4 0.5~4 72 ¢

A 2%3(6.0) B}

—

A

A
=

=

RN

I+ AA

fod gheh,

I IRE Py

LS

s

o

A

=
=

Run

)74
Eetolus} AelwA thie]

gA4e] "5 AA drbelrt

o
n]=to] Z<=3F NNI(National Nanotechnology Initiative, 2000 )X ¢t}

=8|
dAZ)e 7 NT

3]

A

SHHF A

o] Folx i A

(Herles

by

2]
gl

-

-

| .

2}z}

o

-

W Aol 47k ki &l gt

o |4, AP BE A F

—

FaL ol5 o] A

J o

7F Sl s sl
A B3] 9

2 5 & B A3 9

El

O AR EALS] o] AS

CER

A

A5



—_—

R

| ug o

o)

(3) A7

7P A 5
e ) 3 .
- { el
i ~ P o lads ¢
S PENE S o R
— BT_ ) ]L.l AT.C ATJ_ ._WE o W
T e | PR N |BERN | RRT R
g TN AT - < oo W
wr K- e ) P ajo
- I R e
,maﬂgAW%urquﬂ Maﬂwf meﬁl_xﬂ b
(-l R i e TR W
T x| BEWIN | N5 =
wlw T o )
oow HERE  d el e
PRIV LPE RN D %
Jodo X B R K B HF | o B o
RRT|M DT F[F T oAk wR
[ ] L] ) ) [ ] ] [ ] [ ] L] ] ] L] L]
= I W
= o T N B Cars
S I I -
- 0
S B a =
Pz gy ul | Ho = m B
Tl ~® v P
e ® o | |t W Ly
~— N -~ N
x| w2 i % 47
o o I T + & T
C B K
o =| T 3 oM | MT Hﬂ of Jo 7R
<o 7| =Ty [T = AR
‘_Q OL ‘Q.E .Q.E 1;0 U.ﬂﬂ
w2 4 ~ Ng "
o X G IR I R
BT_ ﬂmO BT_ ﬂ ]L_l BT_ \U_l m_x \HA_I AT
Ao 70 A K of P of 7 A
R o aaty FRO AT R

o
=

—_—

K

ll

o)

B

A7H= (STEPI,

A

] ® A} 3]
KIET, KISTEP; IoT, ®lde]g, Al 3D

- As

oy

4

=
=2

TAE)E 7] 93

A el

g

Z

A

™

Hh

N
np

Ho

3

PN
T

o
=

5

bod =9l &

L_g_g

o -
= =

o] MES=Z

o -
- O

[<}]
A

al

3

[e]
IT

olgo] X

K

=4

(pool)

uA._l
i
Bk

—

’

, 7IAld, Arls

<

s}t

KIST, ETRI, 47|,

¥ 9] 3):

iy

)%



5t

e

3
L

10 7 7]

=
o

B!

A EA)). Yie7le Eoke] A

—_
o

plo

KA

7 H 2} 3] 9}

- A%

WW
:
H
o
o-

a5

]

Y2l A7 g

s

I

Jus

] 7|

- vxrle AL virle 714, BARA(E

|

(Alu)t, &

O d7<A

-
ﬂmo
T
&
Jﬂ.ﬂo
[ m
3m
2|
w|
¥ A 4
5] |
H jul EH
v oo
WT_ {F
AREAREIRE
o H 70 La.wm
TEl ]S
e} %_.E nAJI W__‘ll
N b n
A | e
O iy o? o
Rl | (2] (N
X - H H
Ll B ey
A
Al |
&

3 olalu} )

18

S

ko]

Sl

S

B A3

- A%

)

el

N
il
v

K
L

o]
ap

o|J

uleko 2 7] 39950

=
=

SREE

]

o

g FoUlE

d

X
A FRyse ARt 2Eel

1213
=

S

A<
T8

5ol

b

<

o
mze]

R
p

i

—_
N
B

o

jgige)

o



|

3t EZ3] |

o
ATHEs 4

—_—

o)

o A e 3}/

=

s

s}

°

ot

| F-Colmd)ell 3l

—

13
o

=

A
Bo 49 1]

o 7]

=

EIREEES
SEE

PhA ool AlAats], A, 2 Al A e L)

h=4

S

Harge o

Al-d A

L

<
"

O AA

x

kel
— A3 A A A A

A A]

5)
=

giin

O

|

o

)
A

-

T

Al &8 o] 4

Fed

°

webis] 9

=2

—

)

—_
o

o

j

&
o

KR

&

o

Mo
1y

ﬂAIO

23 AgE oA ArE el =}

X—” ’

=4
LN

]_

)

E3S

ol st
}

]
5

Wgol A=

-~ 719

Foof

=

}%]6

=

=

1

-1 ©°

).

1o

o7 Al A7k slglont 7=
3]

°

lo] g}

=

A Sl o
3]

sl el Al Aol A=
2 A

=]
RUn

ka3

[e]
Zr

4

al

2d



020179 12% 69 16:00 (W =520204 ) 3] 2jAl)

0
TAO
K

1

oM

A, elzld, 7IAd, A, A7

; KIST, %<+

« U | 7|

1At S (ppt oY) AHA

=

P E (7]

el gk 8

123 () &

7] E

W&

=
T8

O

=9 oA 7HAle]

H7ht

5}

=

3| ol o

7]

=l = 71419

PR ELSI

1L

olm

o

Els
o

d
i

o

el

A

e

T

oy

AAZ 47 A

=
o

2} 5 o]

o

H(BF)7

L
5|

3

o AfF7 AR ofd Tzl I A2 hevt

1
2

3

) 7% 5 felvet

EX

H

3
o AR (H2)

o

o?
o

o

El
o

w:mH
bl
-
ol
T
AR

- wo] Ukrles A FARINA et



A

(5) A9

el

boabsiele )

X

A& B AFS] A o (4

L
-

ORI EEES

i

R

E
o] ol ol dFe| vabolch

e A

il

o

71es3

=
—

o5 dE7%E o4 o}

o

—_
o

W

)

ol

o

3
5

sxdew 43 4

boarsiE el v

x

bol slofsts o] =ch webd 4

op7t Eelbe SEelA 47

o) )=]
s 5

= Hx7lgel 714

el A

ok &

o

o el

a4t sk

£

ol &+ 9.
9E=

1=
|,

o

Ankoll Whes|go] g 4






}

o] ol (1~3%

X T = W,_ TR o Mm o W TE i R uﬁ ﬂ m__h_
e PN B = T ° K olp
_ T —_ K
T Ko _ ® N A S (e T
B T Ko T 2T o0 R T m
. T T R N . o o
priftr.r bpzsie 3w Low
W o oro 3 X ® a4 T L2 < = e
ol =) R o 0} = N i ~ X o
I T MY o e P of S
ok omwo K o _,mﬂ_qﬂ_ﬂl%qo% R~y K- —
S o BTy, TN b I =
N o W ok = i o p = ) uy
T - e PR P ° o X OE
DR = o e {F -~ W o~ -
L.f ™ h o~ o K2 ™ o= ﬂmu N 0 R =
ot 0 =) ° = 1 < o o} 0o ) o LX! 0
— — el fexe) _F.._ o — \m \m
T o K —~ Ko E o) M ~r
e E - = :i H._L _ B B N
wOR . S m Bo= wp 1 — ~ ~r
‘ﬂl \ﬂl To T O_ o° M vi{ n T .~ or o 3t N
T o= ] =R e B R B Yo e =
-~ & ' o S L, = - x i
7AL o p ‘LE L —_ . —_— ;O ~ ;.AX N N —
R L N ST oo = D
o B i = ™ e 97 K oy B B = o ™ <
~n 3R e W X g LSRN < o < a5 w IJ:M AL
MT = o o ™ K 3 =~ B o E| ‘Wo g [N mmo my '
T B H e W _F = %= . o = o - K
oKW~ H - oo o P S w W = T ™ <
—_ < _ K g e B — O - = e B . ol
. S B R S T N e )
T o= T TRk X E R TR A + T W o B 7o
£ ) T Ew kT DowE v
W = up Mo . B w E OO R R S~ T oA 3
" ™ N L o oy T oo o = o P
o < Foo= M R om o m oo KO RO SR W W B <
B OB X —_ ~ ™ I~ [ LA v
o o E._ ) =< ~ ny | HOB o ™ — KA
i T o 2 Wome o o Y B = T a ®
e = 0 DR o W oxw w2 B ST CL S F -
N HT.C - TO o ﬂu| ) e 1 *i o Ton :.L =K e =
= PR BEE T T w Y L2 SR o GRS
e A A N = O Z
H — -~ = \O,.H ~ o_:._ ~ :.L ey 0 [ v To - ‘_wﬂ
- ﬁo o —~ X e N O —_— — o ) el \:L K S =] — © ol
o K <) K5 ~ 0 = mo 0 . ~ K2y B
s gy ]L_l N < Jl ) 2p) ;wo,* To 3 ZL .6L 0 ~ ﬂ_l _;T o B l_h/l N =
) Py T J— "% K- ' = s
e maﬁmo%oﬁr%_ﬁr, N A . ey M%ﬂ_ﬁr
~ S EFERRLTTITFFT RS EPT xS
z TR TR O AT P WO T S) 22!

AR R R
2% Arnold J. Toynbee(1885~1975)+ 1

(HAA A7 18750 S A FH = o A

x+ o}

1) Arnold Toynbee (1852~1883): Lecture in the industrial revolution in England.
=




o] AlAtEL Al7]el o

e (19484) ol F EAXA

A

jgixe]

e

21

el

s
—aQ

}:‘]_]__

ZA A7} N

ZAAM TEE

o 7| A=
19500 2 Ho}

|Zde] W
A E o mlola®

o)

A

I Ae o

9]

wet.)

- o
.

n}
-2

=
L

s
_£

T

i

o

=

t}. (wlolz®

| A4

-

o

A
N xR o —_
~ oz il M
B E ~ X Y B
-
\_.T_AI ‘m@ ®e o ].A_l ﬂ}l o W\ ‘HE -~
- > w |2 < = LR
P EEE | h S &M
L |exTNw x| % | " S TR w
5 n ZJEIMWATA E_m 3 me| g |
S E M e AR K| %2 T < o xu =
= ~
® o B
H K . — ;OL 0}
o o K o ﬂ\mﬂ
WIL H_AII/H E_m Y W )
S 7V o o] K = e
™ GG - E K
o O — 1M ok - H_\-Ea
T | 2 7 2 =1
% W..uﬂﬂﬂn - ol R ™ IT_M ﬂ_o_,l
S| e E T A IR W g v | w | R
— ﬂemuf‘” Y % T < lo Jﬂ ﬂArx_
- -
ln_-W‘._ —~ —~ lﬁ
[ =3 1 e
Wo SR 3 w0
E AR K e
\_.T_AI wi N T~ ~©° m rg
= » T Ao =y
B AT |~ 2T
! e i A Al e —io0 w
S || 7 7 2o 4o = | ok | = el o ik
£ TR N0 4o XA of | T me 4 3 <
= BN T RAR ] o | T T r <~ %1 H
B o oM OE
m__. T2 49
0 oR o = ™ .
g = ® oz T
T mx_ - = JXI g B N
i Ha Iz _§L ﬂ&o “ m % ;o,,_
< . T —_— 3 oyl
yAL o) ‘HAFL o = © (PW ot
A e [ e ™ "
N kS = B *

bol Abs Wskz ol

s

t2 58 &

i

o|J
—

3

)

o} 2} A

ol

o

7|

o

|
0SS

.
| .

o 7)eis

=R

e

of AH efutrh(

10



1}
s

Aol o] )% o o] oo

2).

yA
A

)(

oA A o] 7]

keis
=]

=

;01_

o

—

El

ok
|

AR W 8

&l

&

5
T

obAl Zd 71E€H (17709 o]

149

H)

o

o

(e
0:16(})1

x
bo 4

!
, 1

A]
)

Ncs

el

=T

o !
=)

H_l 5 nk

Kb~

# Ko N

3T
=

7

s, A,

’

BEeA7=,

T
7 el

3

ol T Ak (TR 2]

A, A

1
H

T
ar

LETE

’

fel, Alef7]7]

95
7]—'é‘]
2 Ad A=A

<

SEEES

%)

—

wx7 (2%
o

ofZ2}o] E 2

3

Dt‘i__]

] 33
=W 1,

T 2
o] oAl 28]
(fJERo|E;

v )

=

L

7hd| 7] |

o] =)

3

7}

2 A A (4FE}
Zoteh =)

iz

i

71 7]
717 82|

Al

=

<)

I | (=]
HEEA Il | ' who] 2 2
|

2] 9]

EA
S

AR
Al

17
(1771)

57
(1971)

oy
g

et

R
<
K

%

K

o)

A
H

T

Kjo

jgaxe]

B
P
%

\mo
w
I
<A

K

—_
o

4

ol
o
o
MH
=)

K

oJ

AR

Y 5t

Fol

a
jus

71713

=

o

bl Ak olu]

[}

|
11

1l

old oA mEo] i

17754



F(1712d) o|AFE F7|7]3 7]Eo]

71713
o

s 7 E 24

(Newcomen?2]

7]z

el

AFrE AHgete B EH(1709) o] sHkE o] A

Al

B

(

A

olm

el

slol

Eal
.

3)

Akz] 9]
" u

]
=

ZH(1785

o

717139

=
o

o)
=

o] A]7]2]

W

w

W

=

L

(lathe)e] 7i

o

71%Eo] 1730t 2E] n)ek

Fol H}A

3
T

7171

=
o

Ho

o

A

Ho
ol
o]

Y

O
J

o'

3

o A4 1905

)

g

o

|

&

18009 1

7)4do] 7z = sk,

=
o

o

12



i

£2

K

Ho

i

il

o= 22 5 (power loom)S

j
—_

i

Mo

mce]

o
—_

;O‘_
LK

™

R

¥
)

o]

o

do

o] wzA 3t

o]
H

b

bof 1

°

oAd & Al S S

=

7|713o 2 oA

d o]

=

o
A4

\mo
o
R
£2

K

£ oln)

of x| 7]el

o
T

1719} ®E{7} A|dhE glch

L

d A

1830 A & wh=A WA s}
% 1870
HE]—X

=
aT

%]
S

bel ol

MIRECE R
AR (ol 22),

beieh.

il

°

fal

°

oAb

7

s

7)o

lede}. 1855

§ o g

=
°

&

bod A71e] Bge] 7]

S
L
W, BH, F=, 242
o

1 7]

(38 3).
7] A=

‘]

x
pill

B
SR
=

K

AEA s

o},

lo] e (Nikolaus Otto) %!

Rus

]_

ol

AR

I

°

el

13

| T 27kA] w27

olth, A& Af kgl 18761 wi<d7|
[e)

1908 *x = A=

<
T

°|



batat

3]

), aLFEFelof(

o]
H

A dg 7l (M (B A

BR

—_
o

o

)

)ol wheko] = 7}

o]
H

i

)
<t

TR

ol A Ab7] A

vl &

1=
R

A 2 7 A=

™

T

14



a9 4. 1A ("F) B 2AH e EF)

Hr
)

o]

™

’

1900

ol
-

|

= 0}

W mgow uhg ek

fiuiS
hl

=
=

z}7F A2

=

o

b7] 4]

2 vh F4e) A2 Bl 1

°

W ABAE o A

o

19134d.

{m

e

=13
=

. EW A~

15

olu] 2

W (1947d) o] Ao



o
[
Agds Abgstel 2717F tiebsl 2 HFEI7HA fbsle] A= T et
R 7lge] F45] AshdA AsH(EAD, BE, HFEH Eoksel WA A4

o 7t A =edth 19699 lelule] AAlel otubul (ARPANET)o] 7Hrtso] &
B UESZY Athrt gt 1985 U EHZE 7|He & sk S (Dot com)
BS AAo 7 www(1993), Li/‘ﬂlO]E} obF(1994), TF(1998), #Ho|Ax3}
FFE(2005), ESIE(2006) 5 EHSo| BASe] AR A, FH HAdo] wiy

SolstA =i 1¥ 6°] 7EES FolA AHXEA7]%(information
communication technology, ICT)e|gtx 3} ZE R Eo| el o]zdt W3l

E5o] JREA Fuolear ).

pud

16



A 1% A5

}az ¢lel 1880wy
Foolaf, ol 7]

hus

S

7)%o] Al
o o

o uher

=23t

=
o

o~
=

3

Al Aol s

S vt A Zea 19973 AA AAES A o)

o

w
I~

L

o] A

#v)

(Corning)e] Asd¢ FAFE 7IEe 1975d2 U ESF

é]o

tot, 1996 FA o] Eeo] B %

el

L=

Ho

ol

3ol

Q.
<)

= ©]

!

-

&

T

ﬂ
0
on

-

7N 5| A]

o

A

7]

o
Hn

B

At

ﬂo

o

G

1o i Feef e

o
ERt

8

B0 = S =2

I

o

m

17



o

Aieted e As sz Al

BolFE Apxlolt),

o
=

)

R A R e e =

3

[

o]
H

}

<)

| sEobAAl = siet.

)

—

Aegapel o % &

o7 8,

Pe A >

(key technology)2

< AdEuE 9

)
——

#417]%

FEshe

Aol opret 2

GPT) 9

ol
Bo
w
MH

=

7)< (general purpose technology,

A

o'

in
MH
<2

o

o

o

)

=l
o

=

e

)

MshA e}, HE7] Sl 23]
ARl o2 e w o

A 7
O 1z — 3

) HA]

=
=2

(

2 Ader)s

]
=

=
=

)

43 9

~

2 oozl &t

o|
wmo
o
MH

b

3B

18



eel
oy

i

oy

Hol Aze 2 7]

7hsatA "ok 29 14

A7 AR o AR (FE)AA F

_]

S
pilj

AT HF

KN
-

2=
=

|

= 7

e vEbA ed sk

REE

S oage Aol 14

H

e
<n

o)
g

ok
ge

R
=

7|l

-

]_

hu f o
T —

=

olm 2 o] ol

Sloll thergt

%
o] gk

)

o

s17] olel sl A e Aoln

A
o

)¢

=

o

2 ofojitel met E71E

= Zolth

Wo

sA =)
219

Exl
.

g
/}J_

o
>

|

ghel w5 s )

[

27k, 32

)

—_
o

—

H

171 (2 A1)

%S
U

¢

o°
| .

5

e J)e7 2ol Ame "ol oa Au o
&

olr/}__

L
| .

st

YR Aol

. o
=2 =

7]

o
o

%A

NzAF el QAFE W] ofel e olfolrlE sk,

7

T

-

& ATE 3

}

2
LA

I " A71e dojrh v
3!

SESE

-

| .

19

1850 A 7|9} x}7)of o3t
d=rell A mielF s dl o] (Michael Faraday)

2002).

3) Burton Richter: The Role of Science in Our Society, SLAC—PUB—-9284 (June

WAl o] 72 FAlgHe] o]27|7bA| uieto]l H W A o]

37} ol




gy
O

e
o

el

A

Al

= 7=

=03
5

b Argolgon] A7) A& dAshE &

)
F

<9

el

A4

T

Al o] A FAroldl FY = A E(Gladstone) (Foll F=ako] ®H)o] 9]
sjefele] el ¢

A5t sl et

]
=3
o
=

72 ek o

o
H

e A

=
5

K
Ak

o
o
)
o

!
_io

(I T s s e e

¥-3}s

;OT
R

o

i

.

ju

—_
o

i

o

wjr

|

o
©
3

LN

fod A=

bat olle] Azl Abl

°

¢}

hozwe Axgch

3]

15

ol Az derlez A2 A & Zolth. (Fle9 A3
il

s

>~ =
==

7]

=
2he] 7)

[¢)

°

AR wA
WA wopEol Z1&swel AA AR B9 7%, AA, A

ofjolnt =

o
=

=
= F

A1 ol M

Hg ] s Aol el 7}

AR (A 7]1H), A (H

AL OINEE

o},

W

i
K-

)
R

iy

)

i

e

i)

EESE
ofu] dxl7h wlojw 7l Ak

A
I=]

gvol 3}

(A

9

|

%

)
eau]

K-

d.
Bp

)

—t
o

7t slek

2

_ﬁﬂ

el

e

o

i

4) 1850

v

A7} A =

Aol =7

]

ke;
pi)

AR 3
20

Al
=



Fo9g Aoleh (o142 AP Eol vle] e Sstm AP ATl ohlglon
2 oA AHEI} The AYHFE A Sshe Aol Egel DAL ¢ F gink

H
s o S glAR 714, 4k, AA, AFE REelH vhehd WslE ooz 3
A

Eaf B 47 A Bas 25 o AR ofdistal tiv|sted Eol

12 g @ o)A A #tlolE &% (Luddite movement)®), ol %

[e)
W ZFF A, ZSAE WA 5ol AEIAE, 43 A gg e g dxe s €A
=22 BEvs e Fo] AxEY o2 HE AJEHE Ak gy Abs] AHEE &
oA Ao o] 2 7|7 oJgS u|AA =H Aol
5) Richard G. Lipsey (2007): o]

A GPTel oA gtsol%] 7+4 wWste] ZHatz R
1518 = 915. (GPT(general purpose technology):
%
[e]

deste 71718, A7), WeA 3 2L 7les 23
6) 1811~1816W Ate] d= =& del4 dojt 7|A s3] FCA7} A2 LA S
wjotopztrty kg AEe]l dol 7A w3 &F).



22



3. 47 AW WFo A A

ol

she

bo of

)

of F=

o

e

A

(1) Az

o

K

oA

ol

i
o
=

A FRME AL AR A

=
=

o

5

|

X o
| .

st

°

£ of

Ak
=

3|

A

NET IR EXIES

o
=

gtx Aol 77 &

o]
H

ol

B!

Al o) =7 ez

o°
=]

°|

R

ofo

Mr

3}

Py

(e}

A8~

o]
H

Y

o Azt AMulx

>

2=
T

£4 7]
AN ezH, A the] A4 A

o] 1A A

o

=

E

o
H
e}

9
’ =l

al

o

Mo
ol

D
;umu
ﬁo
=

—

<
o[

o
ol

Bl

ply

SEL

3z

e

A

o

1 P2

.

V= Avjan BAEEo] tfRE2 Alakel gldd 717F 2R

o

)

A 2ol
Al A&

=l

=

=

o] = o
H

2

Faojzte o] 4}

hui
fE3

o
qr

3T

sy
Oo

0}
SR

el

=

el A A

=

1

4
gl

oé]_o/] 3
e apme]of ol

3’;‘0

= 7] )
=

=

of

3ol
7he HEEA] AlE
[¥3

oo}
23

[e)

=

o}
=

7

3T

=

} o}

“

S

734t AFAzA




"ol Zidtelt}, AdlaE2 Ax7IEe] AlAA

z&ogf =5
A AlskE F7hECldH B 3RS Al H Bwe AEes Axs
Zo] ozt AEE

wt= = AAI| A (machinery) & o19A "t==Xx&
& Airets gt=+= Z(to make the

“means of production”)e]t}t. =& AA FA7]7] AAL] 2k 80%E

A Bkl gk

AR AA A 7 Fed Aot Ay AxRS

FAolth, 71A Abgde]l Hlow

7} glefof olo]E, HiT A & A

= Aoz oojxn A2e

N
R
P og
d o d
X
off ox

71718 7le Aol AAEAHL

A7 A el AL

ol
o
=
o [ e O &

N

o r

il

e =

ith

o

£ (n
o2
B
N
N

CAA FE Au|aTt obeE AES 7o R sla gtk oW L}E}% A1H]
25 1 vt AEY iR wdd £ gk WTOo| wzw A4 *
9o 80%= FAbEFolw vtz 20%%ko] AlB] ol *M_Hs IR
2 3= F71e steEle 7HA7E A9 gl

AR AE FPAIFC o Edh ARjae THH—Er
olt}. 2010W@ EI}71A 7)FEo 7 AA AA M &=
13%, BRAL 8% AEE X}Xlt&#
Aol e dFolnt AHA S 27 A

ofd
2
2
i
o
>~
>
of
ofr
ol
rlr
[RaJT)

y
=2
2
ro
e
-z
offl

PAolo ofn

=| (R
ofo

B
2
4z B
A
1o I
Al 2
ol

FUEL ofs li\ﬂ

o, I rlo
%0

]
A

o

30
0P
2
[
2
=2
2
ol
i
o
€
.}
AL
rr

£
N}
=)
S
S
L
O
T
(@)
o)
N
)
bt
=2
1o
O
ol
|,
)
N
2
)
ol
£
e
rle
iy
o e
lo
o ¥
o
N}
=)
Do
]

* Six Reasons Manufacturing is central to the Economy,
Roosevelt Institute (2011. 5. 23.)

24




@ Azxy P

7b. AlA

17004 o] 2010W7h#A] 191" GDP= A &A=z AgAs|gic) iy s F
g da v EE R vetEel4] Ay 3
(g o2 GDPO FA4% S7he ) (¥ 9). AAxEelA AA 7
5™ GDP F7k7F 2000 o]l & F7HAI7F AR E3hEe AgE Holx it 4A
Abd w5l Al AlF7bA el AR sfe{cisle] GDP AAE olojrtedl dAIE =l
%= o7 ®welr}

Rl

+

a7 9. 1700~2010d 7|zF 5 Z+=re] 10" GDP W3S}

1970 o] F 7o BE AASElA AA AdsdelA Axzdde]l AAste vF
o] ALH o7 FolEe] ghrh(2d 10)D. 1970 el = U3 d&o] 30% |4
o] vlEE FAsE Y 1990W o] F 2007W7HA 30%E WE H7te F ol
& stz @loh AES HlFel 20% vwkel F7bgel wolvta glek AA 2§

T Alxd F 2ol AAste vlTE A9 22 didor Faste] o H

7) Douglas S. Thomas: The current state and trends of the U.S. manufacturing
industry, NIST Special Publication 1142 (December 2012).

25



11). 1990t FHk o] & 2o H7t5o] 20% mIte] 2&E& AxgielA] Az
Atk 2% 114 Az z& uFL 2004~5W7HA FAGA EoEThrt 1 o]
T Fol=v £t ¥R E3EHASE BolErh 201569 2 =7HS] GDPel A Al
x£qlo] AA|st= wFS 2 28 129 2oh®) Ta]»}a}(w% SF027%), 5Y
(23%), A= AoH22%) 5 vl 7Hel =7take] 20%5 A3let sloem vz =

THEE 10~20% W9 Sofgit).

i

1% 10. GDP & Alx<] A4 8|3, 2% 11, AA ¢ F ARy 28 85,

2% 12, AA GDPellA Alz=se] AAlsl= vlF (2015W).

8) Marc Levinson: U.S. Manufacturing in International Perspective, Congressional
Research Service 7—5700 R42135 (January 18, 2017).

26



= =

AA ZAAE Frsta ole v=9 Az 935 &9 7)) AA7HA 9
Zmol|A Bwl 77 133 T} 1972~20109
= Ao A¥gHow wEA AFAAste] stk ohab 2008 AlA AA H7] W 2A

|
g 3| A S Bola glrh RbHel Alxq uE2 2000d7bA =® &
o]

N
=
off
=
2
BT
2
<
o
>
>
ofr
=)
rr
N
N
0

hag &
T2 ZrAaEe] eyt 2000 o] F FAG FAE Holx stk 2008W AlA AHA

9171 ol 7hEE ™ 1§ ATt 3EE A eF

2% 13, v Azgdel 1§ W YAk Wk o).

A58 14)S B 2000 Sof whxks] A)zhsk
itk 1990t 74A = Al xe] 2§ g A FFo=
FoE53 dRot AA TEL 20% FEoE 52 ATk kAR 20008 &
of HA nL& Z7H7F A ‘0 FEFUeH AxY 1L -30% olFtE WoiF
o}, Ai7tES o8t 1§ AP 43S tfF 3 (Great Depression) W ET}E
L absto g FAsta givh oA g ARl ofstEl A AR FEolA
shbe] date]zh Abebd W ofE FEel A oF 1.9 JHe dAte| b FAlel glel sl 7]
wj Zolch, (ARl shuhe] dxte]7t gtEold wf of 2 HEollA 3 e dxte

7b RbgofAl= AARbgoly agel AT o 94 2 dFasE e

—
©

)

S

I

=2

o

o

=)

A1

Ao

=

° ofo
T

27



29 14, =] A B oAlES] el Ao agE s

27 14042 188 HElE Alxg YA wWHekel vwelH 13 1543 e
Wb 1990 el A 2000t Afolo] EELE -2.4%lA] -33.2%E FFacste F
ol & Aol AL 53.0%004 65.6%% ol 18 1504 & & 9=

AAE 22 717 < Ao AR soiwa A £3 solflFel: Ax
3

9 ;g A Fasteh Azgdelde HAY Faol nE FER AR 2
s ¢ 49

oto
0=
ox
r>~
o
rE
toke

2% 15, 1990t ~2000d ) w2 Alxede 1

28



o, Selvet

FElvete] AR E w=o] Aeok A w2 A vk 1970 o] & A A Abg el A
A zgdo] AAs= BIb7rA v|FS AEH o R FH7tsted 2010W 329%E AR st

o}, whHo| A xele 1L vFLE 19907t x| w2 A Z7}sle] ek 28%0] o] &
tte zE&H o7 7F4sle] AL 19709 FFECE Wolxm gth(2¥ 16).

a7 16, feivheke] 19709 ol F AA Abiell A AAsts Az FIhrbA 2 w89
alE (F7h7kAl= 20054 7HA 718,

|
1970t FHL HMe o]F o
(28 17). AxY 2L v Fo] 21 93 RI7hA =7k w3k 7t
A gle] A3 dx] w|ZAY R
T Fmode] Ao AL molx|z 9= Ao STt o UL = 9

=)

olf
Ry
52
Clo
§a)
)
off
Ol
o
u
N
~
k1
2
rlr
N

29



2™ 17. 1960w o] felvtel Az wF B FI7bA S7hE Mk

©® Az 7] st

2008~2009 A A AA &7 o]F AAZE9 AA AL AHY u]%g]_r/]_j_ B
T ek AR AA L A 2008 A 7] ol F viE FUHEe] £3EHI 9o
% FUEo] FolEX Ut Tt Ey dTLe SLEAT XPL(2013L4)% o]
Fote] Axde vlFe]l A7l WEe nA= IS EAH}AHZE 18). Alxd
HlFo] & ol Axq ulFo| g TEATE BE 2008 o|F H7| FHA
2 AREFEE div] AFE)o] 543 ARt AR vlFe] & 599 4F
EF AAE 2o Ziok A7) AA F s EEE A FU AA oA F
To® wEA 353 Hhd ZgA= HA o)A FEoRE I ESHA XSt ol F
gt A= ool A 74 A A E Eol AW S Al vl o= AA A A=
dol Zt= FaAHN Asste AeE & F vk

30



K
e
It
oL
>

2 18, AlA AA #1171 A5 AA AR s v

Axg g Ass(AUA) 7le, 8 AA 7le, #HFEH AA Ve, BE

M (AREA) 7le, AdaAd e 5o F5FeE Ad AxdS @A 07

= ©ote FTo® At 55 A=A AE7kA e =2 AL

s 1 M of ol2xtt. &8 ATk ASHA Az W

AbE L a AAEL sle e Eol7l Ad Al=Fo] oA sint
PR

Nelo] slslde Aw Axsde 53

Y
fru
Mo

S

N

g

[e]
S
)

N
2
e
ol
{o
=
o,
o
o

O gepA L e Alw 8 F7
Al zqdol Hekst B
A siet 28 19¢ 2w 7HRS dAA el 1HRE o B

717k RolFEoh9 1876 NHE A= 40de] ZHyow HAolE TV(19544)

i

d
2
N
oft
o
N

i
Ao
o
o
o
)
ﬁ'h‘-\
Ao

S5t 343 wel
-

| wjd e

9) ENABLING THE NEXT PRODUCTION REVOLUTION: ISSUES PAPER Background
document preoared for the Danish Production Council conference “Shaping the
Strategy for Tomorrow’s production, DSTI/IND(2015)2, OECD. 09—Mar—2015.

31



304, #MA(1964) 254, o] 5 A3(1979d) 15W, 7Helg AFE(19814) 104,
QB Ul(1981W) 5o BF L£xyl FAs W oln] RHEFIE ] AAS
HEET Qe AnfEEL 20079d 629 EA19 1 8 wrkx] 6708 FeF 8304t

ol el E=este ooz Wbt o A Axgie] whEA HuksiH

mEm}L:“.:ru

o] 7| = shARt AlAIF2] g F7|7F wepdl nhE ASGHA Az AEFS N

stof st= A5 dAFE el e shr

¥ 19. Az 7P S AAAFe] 1HRE of Bgd wj7hbx e 4973k

HA
oA %25 Astr] #h)el Az ARds hstes 71t &

Sote 2 =2 v SRR Ay 2= A7 2l2as E3F A &
shafjof st= hubE WA Ak AAAATE 20149 & & sokel Alxg AvtEE
= (2% 200 2 A Alxgle] dvht nxskse] iAot A AlxEgde] <t
A s ARl el & g sdeh @ & Fk 50 7HA o] e AlE(EE)S Ax
shsich BE AlFol BF ol Iyl A2 opa ¥R AFEel A¥e AFd
A7lse] el B ol B2 AEs A FELE S F sinde A
Iy AEe] Aoz olde FA g dvke Zeo] FEke Aotk &, A4



a9 20, AR AntEE BH AYAAEFES (20140 AYAH).

@ 7HAA &S] W3 (22 7HAAE ] ¥4,

Azsgoe] A el AbdE AR 1xF 4kl E
F Al xge] LEIHHEA A£G THAANES TS
7FA (value—added) &2 4~ A (profitability) el W37 A7 A = ]
Abgel gk 714d, @ A (F7helA 7147t dsd, A (F7H7 g or S E o
=283 e (global value chain, GVCO)E ZEFEA =t & AEAR o< £
B 26 Jqat AR o] Ao sjdste AF/HH(RED), AF AA (B A,
A el o, A& o] Feol sl =5+, wHAE, AulX(after—sale service)

| E38kslo] FA2 A Aa(R7h) 2ite] RS kel THE) E

2
[o3
L
o

cx Pee) AR nesE FY A5 BoAE Soiehr
J o o4k 2 7lel® alx Ealm ©5le R&D AF TAel, A

|
| &Folvt npAlE o] A Ho] FI7bA G oS FAAL

<d o 2 714E st =l F Isdeldt 7 Adbske AA FIPEAGV g
of T dEAlR Fio]l AAste wlTol AR E slof ThAAES FEUH

Az TAHAA AR o] 3 AR olF @PHdo| EobA= Avtd FA(smile

curve) HEIE WHEHA = oioh(2d 21).100 7FRAE] el AR EFA7]<(ICT)

10) Gary Gereffi (Duke Univ.): Global Value Chains and Development — Concepts and

33



o] 2A3l57] A<l 1980t o] F Awntd 4 e E WHsl7| A|&sks]on] ICT

=
ol A o] Foll= AR g9 747t B EoEA =3

23 21, 4gie] BEse] WE RS FEHl Wl

< AlA Aol e AR AA A A B

=
T =
oAl E FEEe AHECH Y 22). HeJAls A E(He) 787)3 olo LI B

H
F 52 2ES WAEAD}T Aoke 2H(REDS Az @k AE AxUAE
ol AHELS BF ADske FIWE HEES mE)E 2Us] AFL A

5
oh $HAdEl ®We) 7872 HeoJxte AFos dujdtch (E8 AlF A olAe| o]
_;L

Methodologies, GVC Workshop on Technical Tools and Operations, Washinton, DC
(June 17, 2016), World Bank Group, Trade & Competitiveness.

34



aH 22, Bk FEAkEe (R 787).

ol#HF THAAtE Wate Alxdel A HAEEH I 23 2w
b Adzee A Zelztn & vk AR e AEsH(EUEFH e A
Hg-o| FHaskes H =

|
ol Amr M 71l A i AY AU 4TS Ak AP ol BA F
| Ll Z

HHA Az 7ol EEA =W 7l AWEH(ARTIE ) e] E3E 1 54
o] 7beAe]l wobAlnh E3 GVCo] =7t o](ellE W 1§ FE, 7le Bs 5
I ZF2)H A5 w 2 (LuAhHES AR i E 92 T2 stk 2 A
z29] 3]A(re—shoring; M Z HFHYA BA7|AE 2522 H7]= 2 Z2 A
ol At#ll7} = Aolth k- ul§ s HMA MR VIAE HA Al AR
A 37 olF dAr] FUE AT F e e YAlo] A= AUt Ao
2 gk BekE Fhsledol ghoh

a9 213 Z22 THAAE ] WEte ARy dEod S HekArle Fa% 54

(drive) o2 =233 glu}, T ~Aupy
stAl 7=l ok AS(EFE S )2 Al AS Adske servicification (4]
H| 2311 o] ”]"/]’4 olo|th(YutA 0] 7}A| A} S oA Au| A AES A F2E o]

AR, FA, B wbAle A Aula E5E weh Au|aste ThAAME ARl A

35



o HEE TEIMdTOFTR O TRDRENDTETEE P
= - T ﬁﬁ%xﬂ_s%%ﬂ H«.ATﬁWﬂ%%%%ﬂ%
0 %u&uxt o mox% N ﬁﬂr o w4 Eﬁ%wﬂﬂﬂﬂ
K MR gy KR G I S <
B W o’ W R E T WT X Hoep = oW N
TETE g xm A B TRE e
e ~ N 7 oo oA d oo g oo R TR E I BECARO A
L Po = i | R o _ o) R/ = D . el p— T~ Mo
n B G P T T X WBwH YT s
[l i - —_
ST e S TR TS I S IR N TR
T DT RMERNR _aa® oo g AN T 2
0 = ~ = o ~ q W o) g = =
B o Klode ® & % = 2 N 5 < g gy o " g e
w o A (! Ho ~ ) 03 o N o = B = N o= = m
Tm ? 3’ x,_,._ \ﬂl 5 D ° = or _n: o I o~ X e N~
0 K = 5 — L.M K2 = T_ o) o) A R Eo < A \u| ~ oV
< X N o UEHLI\)ED.* o_.ﬂOXUL . HE]rLL.o
o G w o W= X I o = K -~ L o= = B W = =
. T OROT = BoAp R KK T 5 N of o
K ' AT._ 7._ M ,i OL ;i K m M_ul . ~ = 1;&[ »i o A - iR
I N ol 1cr., K Ak = m o )0 W Re M i M MI_ o l i B3 o Ko 1H
3 0 L..F el o _ o oR O# H Lt —~ \_ﬂOI O 0 =
A A = RGN L By mow o bk T o
i T OTRAMEISRT A NIRRT _RRTouG g
—~ p—
<. LT EP oI 4T ED FERAY TN ™ oo W
o =X o Ao — o 2 R R T L N A G
A w — T as > LT T X <~ & B =
T A I IC AT i I T T
z o B OB o ox o= BTN TE R ET T o
b alrwnwPTEF Qoo o e e m T _ TN S
Ty CRERRITsTaLec TAGPISeT 2T
T ) .
boT %ﬂ&lﬂ]ﬂw%mdpﬂmﬂﬂ? M%%%%%%%ﬂrwﬂ
—_ _ JXI] ] ! s OILF,._ ~y
ZE Py B e B 5w o I I B A
= T S & S N B o (D TR NI OV S ol
N oo do_ D o T AR S F g R R T
v = ~ o X Ho ™ ﬁﬂﬁ Xooﬂjl_l#orﬂuixt?_a_ev_o
Mo =o K my n i o 5 ) gl % T ™ Mo o o JM B} o = ~ ol B n
X S oo oG T T of TG < -
e TP xwg T adrod ey =R Tw oo oy R
Qe T o~ owrd 2ela L Le®loye o
ENOM G e mRIT T nd mewih Y R ow
* M AL AN oor o4y o el o I S, o o
) B Moo 2 Ko K L2 Y Jo of of o R
" ol © W R Mo o TR W XN T S T e - G

}71%= & (Low, 2013); Au| A7} A &3}

°

Q.

[

36

< A
7t £ 842 7 Adses AE 23 (Pacific

Economic Cooperation Council (PECC), 2011).

]

R

11) Servicizing &2 manuservice?| X




o] ZAth(L% 23).12

27 23, Ht2 A FA oA ALEE = &g W

(3) A£q Fw2| HT ol
20089 AA F5 917+ B2 AR TFo| ARPE oA A st A7
b slgie =7k FrIHel B(H), 18 FE, FE3 AL olexE Aol of
Kl

tA e EAlef gk 1wlE shAl sksich Al xS
o

sjolm ohe, A4, 5

L

ok AA =5 17 ol F AlA Alxs] FEel AA ol E AuEdIAA &HA

Ak (Felvel AR AA 10918 S0 elA w2l ool ohvrh)

D AT B FAYFAT| Mulx, B3| FF Aulze] FEs 4 E5

12) Advanced wafer processing with new materials, ASM International, Analyst and
Investor Technology Seminar, Semicon West July 15, 2015.

13) The global manufacturing sector: current issues, CIMA(Chartered Institute of
Management Accountants) sector report (August 2010).

37



o
a_.l
MHEE o
x@; foﬂa
g 4 g
| = =
=
ar.m wr.m M T
voT U
oq = noa
EE o 2 5 %w
T W E ﬁoxhow %
2 = 0}0].! \.AlﬂoM.L
% w 5 mezwum o N
a;f 5 %wé“ o & A
O_U,HIT _,_HM Ewwmﬁﬁ; EAE n_Alﬂ o
5 ia qu.g_}u, 1l ® i+
09 m wll_l]rXo \Ir.#o W#L\Wo - ]
ﬂ\ E m_ = o% N wL 6 < ifo R <M X __.M_ %A
. L= 1%% ™ ;) i b
5 P wxf_}f 44@ P %ao_e
BTM g w@ﬂuo MMMOM TN WMM_W T
ﬂlmmvo H_Al_/ ﬂﬁc_ai% %l mﬁlr O HAL:.Wﬂ
Pl J.f ~ m o X]ﬂ,ﬁ lb.lplt RN
o_xo 7eﬂ.]7o_] Eﬂao AMO Qayaﬂx N
T ]zﬂrﬂﬂ:ﬁﬂﬂﬂ JP@O 1r_/__1r R
W N JM " =5 Z0 ~ G of _\Wﬂ &o et ity = 1D| _lu ﬂ“_Ml o ofj
T+ k%zﬁoeﬂﬁTqimw m_w@ﬁxww sz
]H v —_ loanl — f 1_|1| g
o MuﬁommWoeﬂ_.oMUroawm W%ﬂw,muwwmﬂ ™
S T4@7wgzz}o>>o wﬂﬂzﬂ a0
o = ﬂumﬂ$441m; gﬁmﬁgm z
v 3 AT wqagﬁu aaLoal :
o) M ™ m) < l_llx.ll Ko = = Jo A = P <0 ™
X0 - 5 X {% W Mo
Zn Urixo ~ < o ]‘_o
Ko 0 — lo.a ﬁlx 0 _vt
: ' T : ﬁ}ei ¥ g p e 2 g
ﬂl_m}r ceiﬂAﬁodroLMﬁon_u@Eo ol,_ouﬂlium o
St wao# n_uurrw@wﬂ eTedl%abioMom ﬁc_a
‘Iv* 1|]r] 7.AZI \g.l,._ :_._\I_,AOO// o//ﬂnr o]_l
ﬁ.] 7xooLoL| oﬁo & Jleﬂt
‘IOL L.FJ- _,._EE F(x ,__._._ ,A_ o< ﬁE]OAOJ.(\ e
&3 .\olsowrﬁﬂo}o PT‘M U;z. o P ﬂUr
ﬂﬂl, umea._7L.ﬂJ|1L.oLLﬂ _
® —_ M- ~ O ~ I T jor ~ —_ < ok mK 2 T Mo o
OMjlur% Wio# %n% uwnxs{ ﬂuuT ﬂrmx
AALIOT]HJNJ ﬂﬂlE_u ﬂa_e = 1r1r
=0 o) g o 3 N ]ﬂ o# W ot O# " _ __i JVM N o
& 4EL1 onpezlw_of;_ ;335 b
T = <0 o) A0 o3 O =3 _ o il o X ol joH
1%_} e = - by o ™
X oﬂ,x]ﬁuTJEl]ddVoLt -
® H%w%muﬂ 7%5@% =
@xifio oran7}m %
EO,AP;T.oPﬂ‘/ iﬂm - s
,lmﬁE_,T]raM_o]oomHﬂ_. R ﬂu
KR Eﬁﬂtfﬁﬂﬁ . JH.
© &ﬁk};ﬂ;} 3 )
@E 7EHTA J.ﬂ Xl_
ﬁ%ﬁx w ﬂ&
Mrjlo_LﬁE T = o
@AL;AHOL | o)
m_le ,:a Rp ?J_/l
ﬁo:u HT
@zblt ~ g X
ol 4 i3
o ®
X X
2 ﬁw_L
N 0
K
A
~L
ok

38



5] Aelskal

zo 4AFE F A

ELE

Y Astel b4 Fsta ol vhebe v Tl

2 2020 opA] AA 199 ARy HFoR EAGE AE HFEE dHe

|
7} £ Z A E (National Initiatives)E o|o7pH A AAHoZ A

| =
& 1997h3 siek wl o] FAlska Y HEAQ] Ax 43} Zrage = 33
2o (A B Yge A uREe15S FAxslr] vhek)

4. ov=e] Axgd A" F8

zz v

M2 vl =g Al d e
(New Strategy for
American

Innovation)

2015

9 A=k 7)3] Hobs FASA A% (A

AEAF ok E3F)

* 1A ml= Al g (2009»3) o 2A v A
(2011) 9] 44

S EL R ECE]
(NNMID)

2012

15718 A £FHAAE(MIDE Al 3sted 37 (8009171 2]
b1 e): AT 4kE Fstel 71 RED T

m

manufacturing)
« @A (2016)74A 97H el A4

B £ ohE ] 4)

mw
(AMP) M S2q02 Az 229 4499 29 (13 5 B
e FHHoE L)
Ak Az 42 9 A8l AAME W] 7|7t
MGI (Materials Qe gs oz Fol7] gt A7 A H
Genome Initiative) 201 (HERRL Yxdst 2 F54, ALNEFHRS 54,
Al Hake fet FAdt dloly 5§ #eE 5)

NNI (National
Nanotechnology

Initiative)

2000

vir)Eoe] =7} 7&%“3—% A 247 QA
Z|Z2ATFEHE =zt 75, o ok T AR
7€ A F3; 2010938 Yi)|Es AA 4kgdstetr]

2]3}F NSI(Nanotechnology Signature Initiative) 433

14) Revitalizing American Manufacturing - The Obama Administration’s Progress in
Establishing a Foundation for Manufacturing Leadership, National Economic Council,
The White House (October 2016).

15) A&z} u)=Fe] A4kd]

SN A2, Weekly KDB Report (2016.10.4.).

39



NSDe =

Az=gol o

as

°

&

|

x
«

NND 258 Az AA Absd (e

1 32
7|& el 7|Zto] Tro] £ 8|7 wlFo] AV|HOZ A

8|

e

FHEE FA:

)ell
=

z
o

=

29

71& A (FFA AL

ok =A4, A

KR
)
X
ﬂ

—_
o

3 FHEA ske] 7] &

o]
H
c}.

A}

Dol

FAl A

=g

folel =
2

20064
2ZF(20154d A

<

2

°

o

=

2AE Fo shjz

.]

S
pill

|32 9lem 20114
X
o H

=

1

L

=
A

|

oy

i

R

o

|

H

x

-
.

|

i~ E2] 4.0(Industry 4.0)’
o

L

Folel= A= 2020°¢] 10t

2~
=

‘o
b5} 7]

U

°

¢

2014 AR7)E(T)H AZEZo](SW)

-

s

2vte}

o

-+

|

(o]
ek 20200 X35

0

ol

]7

2]

8t ~AnlE A

=

[e)

2%

=

=

2 st gith. AmntEAA, CPS, 3D =
40

-
—

a, IoT, ey, Zeh¢

S|

&

ol 4 %)



R >>
] “
<< x _.L_g v OI: 6:% _8_4

o))

i

KO

]

K

fres

—_
N
K

oA =t

5 St
9‘ ‘?——'_]—8-}3 O] r’H‘T A

|

& A
ELE

ofgko g7 A
20007~8Ld A A
O

| Al Zte] et e

|2 Z o

gl

41



ol
MH
Kd

)

bota ol

AFB(F2)e a7,

she

ao] o

e Ak, AHES A4, FEY hA A

KR

K

e

ket

Alo] of]

Zlo]ofof

|

L

A Az e

& A

T

A A2 olAFH Axd

H

bo. ek Az A

°

o]

o] glofof 7b5

2} A3

-
)

o
Ho

o

S
=

P77 ), OECD(AA@H N7 F) 7 oAl 53 W&

A
pul

o] wt} UNIDO(sH<l

LN

B

A

Fol A AEl S

L
T

o) W Ao =

jaxe]

o
s

=

bl 47} 4bgs

UNIDO(Z2¥ 24)16)=

)

3

FAZ wvtEdl=g FewWs A

3

13

L

A

=2

—_—
o

A Z (distributed

=
=

A/ A 7]

}

R

sy,
42

S|

H

H

o},

Development Organization (Vienna 2013) (IfM (Management Technology Policy),

16) Emerging trends in global manufacturing industries, United Nations Industrial
Univ. of Cambridge)

7, FIHIR7E, vtela R,

ANZE A



s Abg, AF/ SR o

Sl

o5

K

9,

&

manufacturing) ¢

responsive

A & (rapidly

A 5ol

el

e g a
53t

o

L
|

manufacturing)

o] & A% (complex

ol

R

o

manufacturing) ¢

A Z= (human—centered

9]

A
h=

=
K3

ToR

< A g AR Al

manufacturing) 2] W&ol

A| = (sustainable

}

;OL
JJo

7}

qr
X

e
e

#

Mo

il

o B B R e P - o R

A% 7ts

=
.

manufacturing) ¢

A & (innovation—receptive

)

manufacturing)

714 (UNIDO).

Az

a3 24,

A2 A

Az, A&7 A

]

Au
Kjo

~

o

K

A

% s

43



& D55 9sted B A ARE T2 M shA AmYA WHSA A%
so] gleh thE AEYASE wpazbA o]},

OECD7} #43 Alzedel =dl=(12 25)1D%E UNIDOZF #4a g3t #4hah
oh mle Azg) Wake] wjHol B S AFFRE W HAAE 54, A
S£xo% &¥T gl FRUAE dFaln ek o WA
slel Ax] HAAQ WA ANE NeE BAAE 7%, HrolE, vhe] ]
1%, ICT 71% 5 o4 74 71%% AAlsta ek &+

o

v (4u|A)e] AHEA 7 Hel= EAG AF

>
N
N
9k
>
)
rO
3
RN
[o
i
ld

H
Azste] AFFER FF &

ko
—Ll
ﬂl
>
>
o
3
o
N
_\T}_{
Mo
4
G
=2
2
>
T
ofo
|o
U
ofl
i
>
P
N
0
2
rir
0
el
|o
s

17) Enabling the next production revolution: Issue paper (Background document
prepared for the Danish Product Council conference “Shaping the Strategy for
Tomorrow’s Production”), DSTI/IND(2015)2, OECD (09—Mar—2015).

44



(OECD).

o =

A

13 25.
(=2|A&) AAL 7HE AAE

o
=

o
o

tA " 3

L=
R

o)
Zolch, wpeba deld el ojwe

71% 4= (technological readiness)el

o] ofv]e}

]

beg &g

A
hus

A

4

Zlo] e},

F 7ok

i

HE gieh 2 24 9 257F HoAAFE AxE vle F2 HSdlok

Aol Azs, Asst T dEAk A AL

]

o
R

—_
o

L

b A2 Ak A 2

pud

ko)

45

ol A~EZ] 4.0 o]y
o] 7]Hto|m] of 7|of QlF AT

3
>

SERSICN

=

|

3}

°

BIPEREE

%3

Fof o

°

==
'.I-T‘



(&

As3, 3D ZEY, UYkrlE 5 AEE VEEe] ARsE HAAAE A4l
Utk 2% 262 Q/IHAEE 4.00 AHAES BolFe el Axg Al
Alo] 5]+ Hub A=A~ (advanced manufacturing system)o] ¥ dolg, e}
E AFEH AFEHE AS HoAFy o5 AZeA AHAHL AT v
ANA7E ZrFojok e EA(FZAA/FHZ (zero defect/deviation), HE-5-AJ (Tl
A) (reactivity), F7A 7} A (traceability), <& 7}s A (predictability))= A A 8t
I sleh WdlelE o} AR E = HAh ARAIAHE YA E i E St A A

o
E
o rr
b om ¥

olo

2l (physical system)¥} Afo]# (&L 7F4b) AlA®I(cyber system)E AZg
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19) 717 The 1st International Conference of Engineering Institutions in South
Korea and Germany (Sept. 4, 2017).
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21) 1 TeepHWh = 1,000 GeishWh = 1,000,000 Mi-hWh = 1,000,000,000 K==z)Wh.
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gogxn A AZtE HA3E 4 sivk GEE ofv| o2 CPSE 80rt 7 ol4

do] W o 2 sk e kel AulE Ego 2N Au|o 4 A7tE dHFgor
A Aule 285 vEE Folu AMAEE =Y & slth McKinsey o] #A ol u}
2w d3A U2 10~40%2) FA8ES Add = glon Au|o] A A7
ol 50%7HA @&EE F 9k dES5A Au|E ds F e Z o5 shue
AEZ7F ol oz o 3

2% 300 Ay wile] el wE Al = w3t

22) Jaap Bloem, Menno van Doorn, Sander Duivestein, David Excoffier, René Maas,
Erik van Ommeren: The fourth industrial revolution — Things to tighten the link
between IT and OT, VINT Research Report, Sogeti VINT (2014).

23) James Manyika, Michael Chui, Peter Bisson, Jonathan Woetzel, Richard Dobbs,
Jacques Bughin, and Dan Aharon: “The Internet of Things: Mapping the value
beyond the hype”, McKinsey & Company (June 2015).
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g A 2| S| 3 bl ) o] Al AabAl 'l o] ‘b A
g3}’ ‘&<l (superconnectivity) gh-¢-= 7uke] ‘AbgsH( AR A1) 0|tk YAk
A|2~Eo = AabAn] Aakgkel E& FAo g fYHEE PAREE B2 dg B
EF, AFe FFolvt mMEE 23dsls EFA| 28] EgE T YA AE T x]E )

2% el (2d 26). AAAI 2R Aul(Eel), 39

sstows AA garage] a8s ST

AA AAAAE S RE Ho|lHE #gste] Al
(

[e] s

A Al~®l(physical system)3 HZ2 TxE A 2B (Alo]H A AH
system))= 7HAE 7t T3 (YA E EQl(digital twin)elgtnx= 3 23 31(Y

2)20)6te £ Al20e dEdlew dAste] Ax|ZE 5] = (feedback) 7|uke] A}

& £4E beshl kel wd AFE mlel Asa A g APE o Sohd
BuAaRs RAUE AL AR A29E A0 SR %{ﬂ% Aol
o 2

o] 7]5 o] /\}o]a-] A A~E S :rL/H }_t_ 9247 =

o odlelg o] 2u& Al B AF, &= dleolH e AL JhesiA s 14T

B AFE, dlolE #He] AJAE 5 Fl=de] 8471 AlolH A]2EIS x]Ysle]o}
i=2

L
gt 29 319 2% 1H2 GEQ tiAY Ef] RR(Eds AE 2Y)

¢

Fv Aeolth2d) yAd 2l FAAL EuE e yEhr o]ite] gle F
olBl= AAIZE spwel vERdTh R 22 dlo|B7F EutY |7k AP Ee]
el M= e o] 7hs st

a9 32+ WA iEl F2ENE e s 3l E]X]E* 2HlSs BoFE Zlojn 1

e AEe Y dole, 1 5o dlojE A AeEE

s
L O
=)
AL
ol
ol
k1
kt*
_1_1

Egle] &&= vaYA S Bolerh 17 332 ol

EF_‘
g AYo] o]H A= Fal delE7t {7t A=(dlely Az 29 9 dFAT

o

24) Industry 4.0 and the digital twin — Manufacturing meets its match, Deloitte
University Press (2017).

25) GE Digital Twin: Analytic engine for the digital power plant, GE Power Digital
Solutions (2016).
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19 33. GE tA" Bl a4 7=

<

Az Y4 EN= 9 >

mlele] AEe e AF Aol ol FEus, 25, 5755
5 AE AR LTEAS 5T & e Axolelof weh.
g AxRGE olEFZF FIHAIR(AM)(3D Z'l®] 23h)ef & HEL
o
=

Axz71e2 HAE delH 7IRbs 282 stz Axgdel @R X

A fxd gilo] =92 HAupolr}
e nxste AFIE FHoldo] ALECIE Y, HWdH o, eF A5 5ol
38 Ags(He AFshHE AAE Flolr). AA A A (physical

system)&} Alol® (t]A1&) A A (cyber system)7} £2%% CPS &2 t]jx&
E 2l (digital twin), IT(AE7]E)3 OT(£9471€)e] 8= IT+0T)7t
dnkstE Aolrt,

Az e] Fdst " A&st FARF F&3LZ Ao Fr|Hog
Mg Zeolw Az i]?l(re—shoring)ﬂ £x14 Aot}

AMul27F 3 AlF ol Awto|BE AR v|m2y A o]

A Z v A oi_,—F,{ A-]H]/\ Fu) FA o= M3E Aufo|r)

g HA- 7le FEL vl Axsol %‘ 2 e 24 2E531=0
LA 7F 97 &l Alxed A (4 AFFEH)S o] F7] YA = A& A
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o] ¥ ofo] iﬁ—%} go 2 F71g Zo|th (20159 15 ZBellA 20204 60 ZBZ

S7h). B3 kel dloleE AAst= tloly AE L £t F55ka ol

A7} Lu)sts AEo] 20159 WiH] 50% o] Solgd Awto|th, o)L

AAY LA D A 2E ko] ik 877 AA Zo|th

Wdole{} elF A5 ¢ wHstgo uet A5 A, AdYsr}

Be3lnE 2uS &P ARG 2AE Z2bE £a F A AH o]

&£ o o
A
T
2
l"_u.
ruﬂ

N —1>
u:

71E An| (33 Abd gyl A2l An])el 40~50%7F A Z&
Akl gy Foll= 100%, 23 A ¥Y Fol+= 10~20%, 33
2 oA, (28 45 #FHx)

57




A7HA 47 AbsdE el T
g 2 ofw]7}

13759 A9
patet.

[¢]

o
u

7
=

Zelet odelst 3

=
=

Agol Eof

=9 5s WEsel Ui

o

=

—_
o

—_—

~
il
e

)
R

Zolth, 4

o)
=

= AFe] Thzy] WE

)

ol ¥

#9l7t stesle] 2 Zlol7] o

al

bod vpebie 29 34

ol $E 9ok

A7E ==

=i
RUn

Be =05l

51_

o

5|

&
=

2 Babslo] 2 ALl 47 4bel

Al Zke] At A Ak4d

Holth, 17 349 Y=

o

o

o 2

=
i=]

ol A7kl

-
| .

%)

Fe71el et

-
| .

ododolu} Abal dodel ulA

olct. mekA A|ZH(A17])

=i
R

e 7]

)
_~

o

58



el
;00

0

Z)el v A

=

, AHgl (A

Zlol ot

=
=

3l o

o
K-

e

o] AZ

0

o
OB

<2

2 -

(1) 47

@ A}3] W3} (Society domain)

59



E 6. AA v (20200 o] F)e] x}3] W3E o=
S A e S
ZHAA 1509 8(2014) FH7A 3,350 8(2025) A2 A 80% 4™ (2030)
H A B A A4 49%(2015) YA "4 x4 58%(2021) =Y (AgEE
YA &7 A x4 37%(2015) Y x &7 A x4 38%(2021) (A z=H5)
al o o s G o s =¥ A 2 g
SEANE W78 AL 25%(2011) | =488 #H7)E 2L 70%(2030) s AR A
Ax= AR AE AR AN AE IMF
A7 2.25% (2001~2007) 1.6 % (2015~2020) * QRE B AL A
AARNT 72499 (2015) AlA )T 904H (2050) UN H 3427)
(604 °)AF 12.3%) (604 ©]4 21.5%) x TExR7 W3}
o g A/l 4] Rl e R 4=8]7} AYabell S w]A
dEER 2ulE B 3D =Hly 5 #wEY Ax
w99 7juke] GVC & S04 1 9 GVC F4& tAE Hwwg 3y
AAA oFFs $- ZAA A kT3 A5} G5 25 Al
A5 s FAb /R Ak 2| she] A Agt
_ BE o|E] (44 A|EFn}o] E)of % - _ -
K wjolel (4.4 ehitel=) o4 gl T IO AHEAINT g0 2za g smgn
7158k dlolEle] ulE 22% (2013) | —° 'ew (2020) H|FE F7}28)
A}3] e ol AAR QlEloll AR o o .
9] 1] } £=29)
7171 1509} 7 (2015) 7171 50001 7| (2020) loTe] Ao} = ek o]5
(A7) A7+-2lzt 4 A= A=/ AR - AL E FA4 274 (IoT)
YAE o3 -8 Hx|E ofF3) Al oA E AR (42 AH)
z) ez} of7he) He Z)d3) of7he] W3y Z2ae/mA A g
AeA 713t ol E F2 o|% %oy
g/
5/ ogAdo HALE Ax oo HA S Fol ) 4 As) Alg
el
i AT (15~644)) 257} gl o Y-S 97 =534
Bk A A Hobah AYE BE 73] T3} Aele ol A%
e} gelel =gl F) zledgqle] FEW o573} A /7R /A8 A a9l
RE/FR/F7k 3 A5 57t RE/FR/F7h 2 A% e BRG]
‘:j,j‘} =7} FA4 ol HHAA v =27FA ok A A ) Abol¥ HlE = u|Z7bE 94 3y
A\ A 8} A A 8 7h AZAZQH AR el 3y
=7 dgE 3 t=A 7)ol 1Y FY ArALel 71 Ae

@ 4Fs] W3} (Industry domain)

27) UN, Department of Social Affairs Population Division(2015),
Prospects, the 2015 Revisiony , United Nations.

28) Turner, V. et al.(2014), TThe Digital Universe of Opportunities: Rich Data and

the Increasing Value of the Internet of Thingsy , Dell EMC & International Data
Corporation

29) Cisco

M"World Population
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AAAFY L 7o A Adedol2 £5dhe v 2 2] & A (b 2 A
e AA AFY (2024) | HFEF AMAwlA AFAF MulAE Fgale AT | WdlolEAl (BrA) | YrAALA(ZEZAA)
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30) Data centres in the USA consumed 2.2% of its total electricity in 2011. Because power plants take time to build, we cannot sustain past trends
of doubled power consumption per year. (Nature 512, 147-154, 2014)
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o] 20109 o] ¥ ‘glei~Ee] 4.0(Industry 4.0)'& 24
3*&

o] =3l He] ¥ o]F Fe AHAFEL o9 glo] A

4 AU el 20l AR g1ch o

=
Al 2.0(Advanced Manufacturing Partnership 2.0
7} aL

[e}
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32) Industry 4.0 — Challenges and solutions for the digital transformation and use of
exponential technologies, Deloitte (Audit. Tax. Consulting. Corporate Finance.).
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33) Industry 4.0: Building the digital enterprise (2016 Global Industry 4.0 Survey —
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success) (www.pwc.com/industry40).

77



X 11 ARy F39 yAEsE 7ssiA &€ 3398 7l€E (McKinsey)

N tlo| g, AXk = AZt—71A _
Aean | DoAY waw s | ST | amoaa we
i olel /7l | A A2 ] B Fx % 7 AR (AM) (-
o] o] ¥ Y 2 AAHE GUI | 3D=AH)
A Ak, AR A& 3k 4] AH g aAledd s
Al A €] AFA T % AAE 53 ZE 7149 wE
3715l v | 7|AEH5 e w2 84} a2, ksl
4 Aol EhT HUE/EA
I0T/M2M At B4 b A A 2R (!
Lt E NAE daels | dA A7t-2 8 ¥9H)
A B4 | sl=de] 2 2 FA A" | M) TFEE AF A5, 7|AA 7,
A7 vlg H4 | dolH 84 33t M2M 541, gk
] ~Fd o] 9 W50 o] B Hofe]
7 !
ge$-= e vz =5 A A
] o] ] 2] A5 sle Ay
Ass 4 o x A A,
A 7ho] 7hA] 8} gAlA el oA 5
Hl e

Ag7kA o] Iy AER] 4,00 gk A Antel] 2= AA= 2w @A FFH=
e AxAe F2 dxie Axried HAYE 7EE AEIGAY sk Aol
th oA I AEeR] 4.0 oA [IHAEE 1.0~3.0(1x~3x Absisw ) #]
slod A Au YAz Z dFEHE AE
McKinsey #4o w2 2 ez] 4.0 23 Addy x| 31 32 Fr]718e
2 Fed 771E AR SEAAE o AV RHE A s Ao
Qe AR WAL 10~20%) ooz & A A& (40~50%)S 1Y 7
o7 ARTH(Y 45).34)

o 2

34) Industry 4.0 — How to navigate digitization of the manufacturing sector, McKinsey
Digital 2015, McKinsey & Company.
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35) Stefan Heng: Industry 4.0 — Upgrading of Germany's industrial capabilities on the
horizon, Deutsche Bank Research (April 23, 2014).

36) Michael RiBmann et al.: Industry 4.0 — The future of productivity and growth in
manufacturing industries, The Boston Consulting Group(BCG) (April 2015).
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o A /=1 9l= FET(field effect trans1stor) Fej ol AlA = FoAXl A elA 24
=4S A7|HeE FAs=d SAE Heold Sl wetA 7E AE FHESIHA
ALEA I3/ 4894 37 2954 BRIV 7hsd AER AlA TEe] 28 %

7HE1-E_EU]/H_Q_ ‘

- 275 Al 2 edF gAE Ax (BYEE 5 SO.(<0.15 ppm/h), CO(<25
ppm/h), NOL(<0.1 ppm/h), PM10(<50 pg/m'), (<0.001 ppm), F(<0.1 ppm),
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ko] Q3
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o 4A zteiaine) 7)sl=el ICBMeIA MelolEist BelE

Zu% | B AgeEst] v [ AAs [ v | g ]
ZEA4 2 A3 48 A7
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7 AANE 3 2E XA I)= 33
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ste @4 8de AU E HEske A4 AR
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a7 FELI S,
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Mg 5% Y Y& \
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235 A 1E AS A A
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- yUxAEZ oA thu] Si0°e T H(<75%) ¥4t 7|E 2 free standing ZE Ax
7\&
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