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SUMMARY

This research aims to understand the rivalry and conflict between the US and China
on issues of ICT technology leadership. It analyzes the hegemonic power struggle
between the US and China, and what role ICT technology plays in the rivalry between
the two countries. The policies and institutions deployed by the US and China for ICT
technology dominance are analyzed, with the objective of deducing policy implications
for Korea.

In chapter 1, the conflict between the US and China from the security, military and
geopolitical power struggle perspective is analyzed by looking at the Hwawei case.
Chapter 2 analyzes the complex linkage between geopolitical power struggle and ICT
technology rivalry using an analytical framework adopted from the New Growth Theory
where technology dominance plays an important role in economic development.

Chapter 3 looks at how mutual interdependence can become a weapon for power
struggle in the context of technology competition. In a world of ICT based
interdependence and geopolitical rivalry, not only traditional trade policy tactics such as
tariff escalation but also strategies to dismantle the opponent’s ability to acquire
knowledge and innovate can act as weapon to hurt the opponent.. It becomes possible
to weaponize all aspects of the interdependence between the two countries, in the areas
of trade, finance, investment, academic and human exchanges.

Chapter 4 analyzes the policies and legislative actions taken by the Trump
administration aimed at China, and the implications of such actions taken by the US.
Chapter 5 engages in a quantitative analysis of the academic research in the field of

ICT in the two countries by looking at the ratio of reference adoption. It also looks at
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the competition between the two countries in the areas of Al, autonomous vehicle,
quantum computing etc., with the objective of analyzing ICT technology leadership in
the US and China. Chapter 6 analyzes the global value chain surrounding ICT and the
effect on US-China trade rivalry, with a focus on the semiconductor and 5G industries.

Chapter 7 provides policy implications in the context of prolonged US-China rivalry.
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( 101y 2018~19 O
o3 ‘ 232 , /
2018 .3 |0 22 301 , (500
25% )
03 (USTR) 1,300
2018.4 |05 | 1,500
03, O 1
2085 | )
D2, O 3
2018.6 |0 15 | (USTR), 500
0 500
06 , 340 25%
2018. 7 |0
010 , 2,000 10%
o1, 10% 25%
o3, 600 5~25%
o s |07 (USTR) 160
O
02, 4
017 2,000
0189 1 g o 10%, 2019 1 1 2% )
O ) \
2018. 10 , 2,670
( 5,056 )
0 L2019 1 25% 2,000
2018. 12 2010
o7 -9, O ,
2019.1 |03 ~31 , O ,
014 ~15 , O ,
01920 , O
2019.2 (021 ~24 , O ,
024 , 2000
2019.3 (028 ~29 , O ,
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2019. 4
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~250
2019, 5 013 , 6 600 5~25%

031, , ‘ (unreliable list)’

g1, , 600 25%
g2 G-20 O

2019,6 3000

2019.8
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2 D
O 1
O * 7% (Lovely
& Huang, 2018)
*
: ( , 2019)
¢ 102
(2017) (2016)
6.97% 30.43%
27.31% 31.65%
46.39% 40.96%
(Electrical equipment) 36.31% 21.54%
: US Census data; Lovely & Liang(2018), (2019)
O 1
(geopolitical) (
, 2019)
O 0 (patent-intensive) 80%
1) O 1,000 ) ; ;

. Mary E. Lovely &
Yang Liang, “Trump Tariffs Primarily Hit Multinational Supply Chains, Harm US
Technology Competitiveness”, PIIE, 2018. 5
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(Win-Win)

ARM, 0S

, VMware

SwW ( , 2019)
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3
O L y
o O O 0
O
L]
O
O :
O (divergence)
O
O
O
o ICT (New Globalization)
O Baldwin(2016) G7
o ICcT (knowledge) :

, G7

(convergence)
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% G7 67%(1993)  46%(2014) ,
%  20% (Baldwin. 2016)
# , ( ) ,
(trade cost), ,
(communication cost), (face-to-face
cost)
o Baldwin(2016)”
O 20 (trade cost)
O
(communication cost) , O
(cluster)
g ,
G7 ,
: , (Great Divergence)
O 90 ICT ,
) ; (Great
Convergence):
o , G7 (flow) :
o ICT (flow)

2) Baldwin. R.(2016). “The Great Convergence: Information Technology and the New
Globalization:”, p. 80~81
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. , (open innovation)  ICT

O (face-to-face cost)

(job offshore )

( 101) (global income)

China + India
Year 1000

G7, Year 1000

. Baldwin(2017)

o G, U

3) 14 ) )

(telepresence)

(%

G7, 2014

, 2017
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L] (Innovation)

© Romer( )(Romer, 1986):
a , , (private)

R&D

(aggregate knowledge)

ICT

TFP

, TFP

Romer, Grossman & Helpman

(frame)

(accumulation)

(stock)
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O Lucas (Lucas, 1988) , (human capital)
. (aggregate)
)
© Romer( )(Romer, 1990):
O R&D,
O , R&D
0 R&D (private return) :
, O (institutional features)
O R&D
R&D . R&D
R&D cost (forward R&D spillover)
D y 1 1
O

O Grossman & Helpman(1991), Aghion & Howitt(1992): quality ladder
quality O

a quality :
forward spillover

a . ’ . quality

o scale effect:

(more R&D)

25
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o GPT: (small improvement) . : ,
GPT
a — (complementary inputs)
( ) —
O
( )
L] (Interdependence)
© learning-by-doing
spillover ,
O Grossman & Helpman(1995): learning-by-doing spillover
o R&D
O R&D :
4
[] S ICT
o) 0 ,
D ] il
4) R&D (R&D spillover) Helpman, E. ‘The

Mystery of Economic Growth’(Harvard Univ. Press, 2004)
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IFETTENES1
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o 4

%
o

o

m Al talent

17,255 T
1 - - A 1 7

Top Al talent

ﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂ

. Statista(https://www.statista.com/statistics/941479/ai-experts-by-country/ 2019. 9. 30.)

( 202 10 (019 1 )
( . %)
373 | 184 | 93 | 19 | 18 9 9
100) | (49.3) | (249) | 5.1) | (48) | 24) | (24)
6 | 36 3 0 2 1 0
100) | (783) | 65) | (0.0) | (43) | @2 | (0.0)
- 4 | 18 | 16 1 2 2 2
(100) | (409) | (36.4) | (2.3) | (45) | (45 | (45)
4 | 2 3 9 3 1 1
(100) | (50.0) | (6.8) | (205) | (68) | (23) | (2.3)
2 | 16 | 1 3 0 0 0
(100) | (50.0) | (34.4) | (9.4) | (00) | (0.0) | (0.0)
31 | 18 7 1 0 0 2
100) | (58.) | (226) | (32) | (00) | (0.0) | (65)
27 | 10 6 1 4 1 0
! 100) | (37.0) | (222) | 37) | (148) | 37 | (0.0)
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24 9 4 2 1 1 1
(100) | (37.5) | (16.7) | (83) | (42) | (42) | (42
20 5 8 0 2 0 0
(100) | (25.0) | (40.0) | (0.0) | (10.0) | (0.0) | (0.0)
20 7 7 0 2 1 0
(100) | (35.0) | (35.0) | (0.0) | (10.0) | (5.0) | (0.0)
18 10 5 1 0 1 0
(100) | (55.6) | (27.8) | (5.6) | (0.0) | (5.6) | (0.0)
17 14 2 0 0 0 1
(100) | (82.4) | (11.8) | (0.0) | (0.0) | (0.0) | (5.9
15 5 7 1 0 0 0
(100) | (33.3) | (46.7) | (6.7) | (0.0) | (0.0) | (0.0
12 3 8 0 1 0 0
(100) | (25.0) | (66.7) | (0.0) | (8.3) | (0.0) | (0.0
2 0 2 0 0 0 0
/ (100) | (0.0) |(100.0)| (0.0) | (0.0) | (0.0) | (0.0
9 8 1 0 0 0 0
(100) | (88.9) | (11.1) | (0.0) | (0.0) | (0.0) | (0.0)
11 2 3 0 1 1 2
(100) | (18.2) | (27.3) | (0.0) | (9.1) | (9.1) | (18.2)
i . 1 1 0 0 0 0 0
BI(Business Intelligence)
(100) |(100.0) | (0.0) | (0.0) | (0.0) | (0.0) | (0.0
()

: CB Insight
Startups Redefining Industries”.

https://www.cbinsights.com/research/artificial-intelligence-top-startups/

o 20

CBinsights(2019. 2. 6.), “Al 100: The Artificial Intelligence
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< 203> 20 (2018 )
($B)
2013. 5. 29 2018. 5. 29
1 Apple $418 $924
2 Amazon 121 783
3 Microsoft 291 753
4 Google/Alphabet 288 739
5 Facebook 56 538
6 Allababa - 509
7 Tencent 71 483
8 Netflix 13 152
9 Ant Financial - 150
10 eBay + PayPa* 71 133
11 | Booking Holdings 41 100
12 Salesforce.com 25 94
13 Baidu 34 84
14 Xiaomi - 75
15 Uber - 72
16 Didi Chuxing - 56
17 JD.com - 52
18 Airbnb - 31
19 | Meltuan-Dianping - 30
20 Toutiao - 30
$1,429 $5,788

: Crunchbase news(2018. 12. 18.)
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< 204> 2016
( : $M)
240,905 | 32,414 | 6,068 549 380 368 338 233
190 169 165 131 119 114 111
: Statista(https://www.statista.com/statistics/940913/fintech-credit-volume-by-country/, 2019. 10. 2.)
< 205> 2019
(%)
91 49 43 37 36
89 41 34 34 31
62 31 26 24 23

. Statista(https://www.statista.com/statistics/942325/leading-countries-fintech-adoption-by-categ

ory/, 2019. 10. 2.

ICT

(flow)
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3
O
O
a job
3
U ,
(geopolitical)
( , 2019)
U ,
( , 2019)
< 301> 2018~19 O
g3 ‘ 232 , /
2018. 3 |0 22 , 301 500
25%
03 (USTR) 1,300
2018, 05 1,500
03 1
2018. 05, 0 2
g2 3
2018.6 |0 15 , (USTR), 500
O 500
06 340 25%
2018. O
010 , 2,000 10%
01 10% 25%
2018, 03 600 5~25%
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2018.

a7

O O

22

: (USTR) 160

2018.

9

, 2,000
24 10%, 2019 1

1

5% )

2018.

10

, 2,670
5,056

2018.

12

O

, 2019 1 25%
2019

2,000

2019.

2019.

2019.

2019.

2019.

I I I Iy

OO
= = ©
w O

03 250

10%
5~25%

(unreliable list)’

25%

2019.

) ; 600
, G-20 O
3,000

25%

2019.

12

15
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loT

» Baker McKenzie

* Lamsoft(

2%

2019. 4. Economist, 7. 11
)
0 5G + loT
O \

5G

5G

600

(the Economist, 2019. 7. 11. a)
25%
, logistics
(the Economist, 2019. 7. 11. b)
0 , 0 :

( ;
, ‘Global Supply Chain Special Report

hedging
)
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O
a ‘political & financial risk’
a , , ‘Hong Kong Policy
Act of 1992
. 4 70%
, , ICT
. FDI 60%
WTO
a ‘political risk’ ,
‘Hong Kong Policy Act of 1992’
L 3_M1] 0O ICT FDI
( 9
7,000,000,000
nE=-=0=F0l
£,000,000,000

nl[=->Z=FDI
5,000,000,000

4,000,000,000

3,000,000,000
2,000,000,000
[l
0 I.IIIIIIl I - - |||III 1

1950 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2018

: The US-CHINA Investment Hub
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0 M&A,

O CFIUS(Committee on Foreign Investment in the United State)
M&A

O Foreign Investment Risk Review Modernisation Act: CFIUS

technology’ (telecommunications, quantum computing), Al +
set any industry
O “Made in China 2025”
U FIRRMA:
, CFIUS
. DIUx

% DIUx “China’s Technology Transfer Strategy(2018. 1)”

, 2015~2017
13%
O FIRRMA (critical technology)

personal data)

O , FIRRMA
o ICT

‘critical

Act

(sensitive
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© CFIUS (export control)

O CFIUS  case-by-case ,

. M&A controlling interest (deal)
O
o , FIRRMA
O leading edge
. 0 (1st Offset), : ,
O (2nd Offset) )

, , (3rd Offset)

[] DIUx “China’s Technology Transfer Strategy”

O
2010~2015 6%, 2016 16%
0 ve , , Private equity(PE), special purpose
vehicles,
© O ‘critical future technology’

U : : , AR/VR, Gene
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[ 30 2] VC(Venture Capital)

. Crunchbase news(2018. 12. 18)

o (licit), (illicit)
O (stolen) 3 (“The Report on the Theft of
American Intellectual Property”. National Bureau of Asian Research, 2013. 4)
O (Industrial espionage): 2016 Report to Congress of the

US-China Economic & Security Review Commission:

O Cyber theft: IP Commission Report(The National Bureau of Asian Research,
2013) 93% ,

1 , 3 stolen

, 25 =30

O : STEM graduate 25%
57%, 53%, 50%
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NISS

, DB

(sponsored) (associations),

[ 303]

lllegal
Chinese tech
transfer orgs/
Professional
assoclations
Acquisitions
Legal
Chinese: Early Stags
research centers in LS (e
‘Open Source
tracking of foreign
innovation
Low Medium High
'Y
& L4
Activity Level

. DIUx(2018. 1)

(target)
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Cyber theft
O
O
U ,
( : AVIC )
O
O ‘critical tech’
, JAPEC(Joint Acquisition Protection & Exploitation Cell)
» 2016
JAPEC(Joint Acquisition Protection and Exploitation cell)
(Department of Defense. 2018.6,21)
< 302> (2010~2016)
Seed/Ange | Series A | Series B S | Series C Series D | Series E+
32.73% 26.31% 17.12 12.31% 5.70% 5.79%
Avg $12.9M $34M $40.3M $61.1M $167.6M
. $1.4M $8M $17.5M $24M $36.5M $45M
median

: DIUX(2018. 1)
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[ 304) (2015~2017)
India: 2%
Other/Unattibuted: 6% $48 Japan: 7%
$138
Israel: 2%
\ \ $138
V China: 13%
s$248
us: 33% ——— B
$598 $4B

Europe: 20%
$36B

Singapore: 3% Russia: 2%
$6B Canada: 3% $4B
$68

: DIUX(2018. 1)

¢ 303
6 6 WI Harper Group, SVC
Westlake 0 1 6 Angel Fund, Amino Capital,
Ventures FreeS Fund, Spider Capital,
5 ) | Benhamou Global Ventures
H 1 6 KiloAngel, Danhua Capital
ZGC Capital gel prial,
. , 5 Plug & Play( ), Santa
Corporation | U
Clara
0 HEDA g
HEDA 5 0
O
g
(SASAC) “ 2 )
H 20% et ), Angel Fund
( ) 50% » AN ’

: DIUX(2018. 1)
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FDI
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1 0 5)
(] 2015 O
°o( )
( , 2019)
o ( ) 2015 O
(AFA)
O : (PMS:
Particular Market Situation)
5)

17-09-01, 2017
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( , 2017)
0 2015 AFA
PMS 0
( , 2017)
o( ) 2016 5
265%  451%
o 201 !
o ( ) (USITC) 201
)
O , / (AD/CVD) “ (material)
" ‘ (serious) ’
0
AC/CVD
0 2002
EU WTO Y
6) (2017), T 1, :
p.90

7) 19 US.C. § 2251,
8) United States — Definitive Safeguard Measures on Imports of Certain Steel Products,
WT/DS248/AB/R , 2003. 12. 10.
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g
o( )
0 2018 2 (30%) (50%)
2002
232 !
o ( ) 1962 232 [ ]
a (i) , (i)
(D) 11 b}
10)
g )
g 232 2017 26
2 Y1979 "
1982
9) (2017), * 1
, p-95
10) 1962 232(b)(2)(A)
11) Inside US Trade, Trump to order national security investigation of imported steel,
April 19, 2017.
12) 232 1975

, 232 (b)
. Federal Energy Administration v.
Algongquin SNG, Inc., 427 U.S. 548(1976).
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O WTO 232
2
13)
U :
°o( ) :
b 232 (B)”
0 2018 3
25%, 15%
[] 301
o ( ) GATT
(unilateral action)
O , 1995  WTO
O 301
(DSB)
WTO WTO
O USTR 301
13) Ibid.
14) (2017), *
p.90

1999

232

20

14)

1974

301

, WTO
301

2001

WTO

301

WTO

15)

15) WT/DS152/R, 22 December 1999, UNITED STATES: SECTIONS 301-310 OF THE
TRADE ACT OF 1974, Report of the Panel, paras. 7.38-7.39.
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WTO
WTO
( , 2017)”
1999 7 EU 301 100%
K EU
WTO DSB
WTO 301
301
. 2017)
: 301
2018 3
(cyber-theft)
301
( , 2019)
(USTR) 6 15 500
25% 2 ;1
7 6 340 ( 818 )
( , 2019)
) 2018 7 16 310
2 ,
301

16) International Trade Administration(ITA) (http://www.trade.gov/mas/ian/tradedisputes-en
forcement/retaliations/tg_ian_002103.asp, 2019.8.28.)
17) Federal Register / Vol. 64, No. 57 / Thursday, March 25, 1999 / Notices, 14486.
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O

(trade war)

2019

6

G20

2019

25%

5

10

(

( , 2019)

, 2019)

3,250

2019

2,000
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2 D
301 O
,2019 5 10 11
2019 5
O
(global value chain: GVC)
2010 2 ( , 2019)
O
(unfair and aggressive)
O : O
D y
(USTR, 2018)
o 0O (U.S.-China Economic and Security Review Commission:;



54

O
O y
O
O USTR
500
O
O
L]
O 6 D 113
?11
( , 2019, pp.36~37)

(

18)

, 2019)

, 2019)

, 2019)
WTO

301

18) White House Office of Trade and Manufacturing Policy, How China’s Economic
Aggression Threatens the Technologies and Intellectual Property of the United States

and the World, June 2018.



0 (iii)
0 (iv)

040 0000 OO0 0O 0OOO0OO 00O OO0 00O Ooo oo 55

(intellectual properties: ‘1P )
(
, R&D )
D 1
( , 2019)
) (DOD)
(Defense Innovation Unit Experimental) ( ‘DIUX

) « "

(House, W., June 2018)
) (cyber tools)

1,800 5,400
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0 USTR

, 2019)

10
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3 [
(2019. 5. 14)
o( ) 2019 5 14
(Im 5 1 (Bureau of Industry and
Security: BIS)  “Entities List”
O 5.14
Entities List
o ( ) “Entity List”
(BIS) (license) (EAR)
(KOTRA, 2019. 5. 28.)
D Y ) 1
(KOTRA, 2019. 5. 28))
o (EAR)
0 ( )
1940 (Export Control Act: ECA)
0 1949 (ECA)”

19) 50 U.S.C. ch. Appendix O Export Regulation § 2401 et seq.
“An Act to provide authority to regulate exports, to improve the efficiency of
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, 1949
ad 1979 (Export Administration Act of 1979: EAA)

20)

0 1979 EAA (Export  Admi-

21)

nistration Regulations: EAR) , (BIS)
EAR

(12019 8 (ECRA)”

o( )2018 2 2018 8
, 2019

(EAR)
0 (CFIUS)

o( )

export regulation, and to minimize interference with the ability to engage in
commerce”

20) Public Law 96 - 72; Enacted September 29, 1979

21) 15 C.F.R. § 730 et seq.

22) Braumiller Law Group, United States Export Control Reform Act
and “Emerging Technologies:, 2019.8.16.
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°( ) ECRA

* EAR 1994

EAR
O , BIS “
Control List: CCL)

o ( ) BIS 2018 11
(Emerging Technologies)

BIS “om 14

19

(BIS)

EAR

”(Commerce

“Advanced Notice of Proposed Rule-Making(ANPRM)”
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0 ANPRM EAR
0 CCL
< 401>
1
* Neurotech.
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(: )
) (Al)
(:
(: :
o Al
< Al
3 (PNT) .
4 * SoC( -on-Chip)
5
6
7 * Quantum
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8 L]
» DBLS(Distribution-Based Logistics System)
9 Additive 3D printing
10 |
. (Robot Compliance)
1| o )
12 Hyper-sonics
. , )
13 .
14 .
: BIS(2018)
° ( ) , BIS
() (i)
(iii)

O BIS
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o ( ) , BIS
. ECRA
1. y
2.
3. ( 1703 1950 721 1
)
4,
5.
O ICT (2019. 5. 15)”
o( )2019 5 15 “ ”(a Foreign Adversary)
23) R. Hunter, President Trump Issues Supply Chain Executive Order,

Baker McKenzie(https://www.bakermckenzie.com/en/insight/publications/2019/05/presi
dent-trump-issues-executive-order, 2019. 10. 15)
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(Executive Order on Securing the Information Communications Technology and

Services Supply ChainL:

O

~

150

(10

1977

)
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24)

o( ) (FDI)

(FDI)
O
o, “1950 ”(National Production Act)  Section 721
“ "(Foreign Investment Risk Review Moder-
nization Act of 2018: ‘FIRRMA’)” ,
02018 8 13
O FDI “
(G ”(Committee on Foreign Investment in the United States:
‘CFIUS’)
0 2007 FIRRMA
CFIUS “ "
O FIRRMA CFIUS
24) , , FTA TRADE
Report, 2019 2 | 0 , p.37.

25) Subtitle A of Title XVII of Public Law 115-232, Aug 13, 2018.
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1975 , CFIUS
O FIRRMA CFIUS FDI
5
 1990: Mamco Manufacturing
« 2012: Sany Group Ralls Corporation
» 2016: (Fujian Grand Chip Investment Fund)
Aixtron
» 2017 Lattice Semiconductor
Corp
+ 2018
o ( FDI ) CFIUS
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o (FIRRMA )
CFIUS 3

O (1) 30
45 O
() - "

o (FIRRMA
g () :

O (ii) ,

» (V)
, (v) CFIUS
CFIUS
U FIRRMA
(Regulations)

g FIRRMA

g CFIUS

20 30
15 45

) FIRRMA

CFIUS

(non-controlling investment), (iii)

, CFIUS
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U FIRRMA
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1
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, 10%

) FIRRMA CFIUS
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1%

CFIUS

0 ( )

CFIUS
oc )
CFIUS
0 ( )
13 1%

* CFIUS

o (CFIUS ) , FIRRMA

, FIRRMA

(Regulations)
2020 2 13
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U ‘ 2025’ 10

26)

FDI

0 USTR 0 (U.S.-China

Economic and Security Review Commission)

g
(economic espionage)
O Matt Sheehan *“
"(In sum, Trump’s trade war isn’t about trade, it’s about
technology.)
O O (U.S.” long-term

technological edge)

26) , , FTA TRADE
Report, 2019 2 . , pp.40-41.
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(global value chain: GVC)
, “ , 2019)

(long-term technological edge)

( , 2019)

, FDI

27) , , FTA TRADE
Report, 2019 2 . , p41.
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1 ICT
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o IcT
ICT

Elsevier 1996 2018
23 ICT



LI(

© 1996

0 2018

© 1996

0 FWCI

o FWCI

O 1998
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ICT

2018

1,2

689,885

O

23

12

1/3,

O

(Electrical and Electronic Engineering)

695,907

17

2008

20%

75

, 2018

(Electrical and Electronic Engineering)

O

FWCI(Field Weighted Citation Impact)

, FWCI

2018

1.25

FWCI

08,

25%

FWCI

0.25
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<

s0 1>

1996 22,881 4,132 1,598
1997 24,328 4,255 1,801
1998 24,760 5492 2,018
1999 24,269 3,884 2,879
2000 25,266 6,019 2,784
2001 25,932 7,565 3,429
2002 29,918 7,495 3,602
2003 29,259 8,816 4,308
2004 27,666 11,727 4,040
2005 28,589 20,404 4,442
2006 32,971 25,735 6,499
2007 37,985 32,643 7,544
2008 38,631 40,093 7,853
2009 34,814 42,148 8,229
2010 32,377 44,315 7,505
2011 31,375 47,936 7,889
2012 31,806 42,561 8,363
2013 31,219 44,937 8,028
2014 32,699 51,056 8,095
2015 34,296 53,938 9,031
2016 31,387 55,521 8,872
2017 30,868 58,238 8,712
2018 32,611 70,975 9,208
695,907 689,885 136,729

. Elsevier(SciVal)
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< 502>

1996 0.54 0.17 0.45
1997 0.51 0.19 0.49
1998 0.58 0.15 0.49
1999 0.56 0.2 0.44
2000 0.62 0.19 0.58
2001 0.72 0.17 0.62
2002 0.7 0.21 0.61
2003 0.72 0.22 0.62
2004 0.76 0.19 0.66
2005 0.81 0.15 0.78
2006 0.8 0.18 0.72
2007 0.87 0.21 0.71
2008 0.9 0.21 0.7
2009 0.85 0.21 0.72
2010 0.9 0.22 0.81
2011 0.93 0.22 0.81
2012 0.92 0.25 0.82
2013 0.88 0.25 0.69
2014 0.89 0.28 0.72
2015 0.88 0.29 0.72
2016 0.89 0.3 0.73
2017 0.89 0.31 0.82
2018 0.84 0.29 0.7

0.8 0.25 0.71

. Elsevier(SciVal)
0 O ICT )
o Elsevier
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O
< 503>
Cognitive Radio; Surface Emitting Lasers; Semiconductor
MIMO Systems;
1 - Lasers;
Orthogonal Frequency Division Hich Power Lasers
Multiplexing(OFDM) g
Wireless Sensor Networks; Sensor Gallium Arsenide; Semiconducting
2 | Nodes; Gallium;
Routing Protocols Solar Cells
. . ) Nanocrystals;
3 Lo_cat_lon, Algorithms; Semiconductor Quantum Dots; Zinc
Wi-Fi .
Sulfide
Semiconductor Quantum Dots;
4 Semiconductor Quantum Wells; Gallium
Avrsenide
. Elsevier(SciVal)
L] O (Wireless Communication)

o Cognitive Radio; MIMO Systems; Orthogonal Frequency Division Multiplexing
0 2009

< 504> 1

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
2801 | 2778 | 2746 | 2609 | 2706 | 2399 | 2381 | 2389 | 2444 | 2523
3690 | 4241 | 4103 | 4870 | 4889 | 4838 | 4445 | 4970 | 4978 | 5908
1045 | 1019 | 1030 | 1094 | 987 994 | 1028 | 1020 | 1085 | 1043
. Elsevier(SciVal)
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<

6
5
5
5
5
4
4
4
4
3,
3
3
3
2
2,
2,
2,
1
1
1
1

000
750
500
250
000
750
500
250
000
750
500
250
000
750
500
250
000
750
500
250
000
750
500
250

(o]

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

. Elsevier(SciVal)

o0 5>

Field-Weighted Citation Impact

Field-Weighted Citation Impact

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2.57

24

2.67

2.24

2.6

2.69

221

2.23

213

2.17

0.75

0.8

0.82

0.88

112

0.93

1.2

135

133

122

11

1.27

122

1.2

121

1.37

1.14

1.54

1.36

1.39

2.70
2.60
2.50
2.40
2.30
2.20
2.10
2.00
1.90
1.80
1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

N N

2009

2010

2011

2012

2013

2014

2015

201é

2017

2018

. Elsevier(SciVal)
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O Wireless Sensor Networks; Sensor Nodes; Routing Protocols

O

50 6> 2

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

2315 | 2405 | 2112 | 1877 | 1890 | 1616 | 1666 | 1578 | 1584 | 1814

2613 | 2950 | 2835 | 3279 | 3368 | 3319 | 2829 | 3098 | 2914 | 3724

696 743 674 700 701 626 600 669 657 715

3,800
3,600
3,400
3,200
3,000
2,800
2,600

2,400
2,200
2,000
1,800
1,600

1,400
1,200
1,000
800
600
400
200

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. Elsevier(SciVal)

O , Field-Weighted Citation Impact
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< 507> 2 Field-Weighted Citation Impact
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
2.29 2.26 2.2 2.26 2.12 1.87 1.97 1.9 1.9 2.4
0.73 0.81 0.92 0.87 0.94 0.9 1.08 0.98 1.15 143
0.94 1.04 0.91 1.03 1.08 11 0.91 0.88 1.17 1.35
o
. Elsevier(SciVal)
© Location; Algorithms; Wi-Fi
0 2009
< 508> 3
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
289 279 314 325 340 327 333 345 393 457
339 415 426 526 611 651 603 752 961 1194
89 129 134 140 97 114 118 145 137 149
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1,200
1,150
1,100
1,050
1,000
950
200
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
S0

Scholarly Output ( total value)

o

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

. Elsevier(SciVal)

0 9>

Field-Weighted Citation Impact

Field-Weighted Citation Impact

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

217

181

2.6

24

2.27

3.54

243

2.46

197

0.81

0.66

0.85

1.06

1.03

1.07

151

134

124

0.96

0.95

0.94

0.89

0.95

0.88

0.86

1.39

1.07

1.02

0.9

3.60
3.40
3.20
3.00
2.80
2.60
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00

Field-Weighted Citation Impact ( total value )

0.80
0.60
0.40
0.20
0.00

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

. Elsevier(SciVal)
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Ll O (semiconductor)

o Surface Emitting Lasers; Semiconductor Lasers; High Power Lasers

O
< 5010> 1
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
226 232 219 240 238 225 187 165 230 170
269 256 246 272 275 229 216 230 239 273
24 12 19 16 8 14 13 15 7 8
. Elsevier(SciVal)
O Field-Weighted Citation Impact , 2013
Field-Weighted Citation Impact
< 501> 1 Field-Weighted Citation Impact

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

103 | 125 | 118 | 135 11 135 | 136 | 156 | 143 | 149

035 | 028 | 032 | 027 | 036 0.3 05 0.49 05 0.51

025 | 047 0.3 031 | 374 | 016 | 029 | 021 | 0.08 | 0.37
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3.80
3.60
3.40
3.20
3.00
2.80
2.60
2.40
2.20
2.00
1.80
1.60
1.40

/.__‘/'\’,/_‘
120 /\/\ ~

1.00

Field-Weighted Citation Impact  total value )

0.80
0.60
0.40
0.20
0.00

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. Elsevier(SciVal)

o Gallium Arsenide; Semiconducting Gallium; Solar Cells

O

50 12> 2

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

96 105 130 124 134 124 133 137 103 67

83 89 85 91 94 111 67 80 65 53

13 15 14 7 10 13 12 14 8 4

Scholarly Output { total value)
~
]

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. Elsevier(SciVal)
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O Field-Weighted Citation Impact

< 5013 2 Field-Weighted Citation Impact

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

092 | 1.27 1.7 112 | 107 | 196 | 09 | 102 | 147 | 074

019 | 026 | 049 | 023 | 026 | 038 | 039 | 0.33 0.4 0.34

024 | 017 | 161 | 038 | 133 | 036 | 068 | 043 0.6 0

2.00
1.90
1.80
1.70
1.60
1.50
1.40
1.30
1.20
110 J
1.00
0.90
0.80
0.70
0.60

Field-Weighted Citation Impact  total value )

0.50
0.40
0.30
0.20
0.10

0.00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. Elsevier(SciVal)

© Nanocrystals; Semiconductor Quantum Dots; Zinc Sulfide

O 2009

< 5014> 3

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

617 701 767 788 891 930 887 874 834 704

763 863 | 1083 | 1184 | 1351 | 1377 | 1322 | 1262 | 1382 | 1325

176 247 271 328 351 381 387 366 347 315
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Scholarly Output ( total value )

1,400
1,350
1,300
1,250
1,200
1,150
1,100
1,050
1,000

950

200
850
800
750
700
650

600
550
500
450
400
350
300
250
200
150
100

50

2009

2010

2011

2012

2013

2014

2015

2016

T T

2017

2018

. Elsevier(SciVal)

50 15>

3

Field-Weighted Citation Impact
2016

Field-Weighted Citation Impact

87

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2.32

241

249

2.32

2.18

2

18

1.6

1.44

1.53

124

1.14

1.19

1.29

11

1.07

1.03

1.18

13

1.38

125

1.54

1.67

1.44

131

1.32

1.32

1.26

113

0.87

Field-Weighted Citation Impact  total value )

2.50
2.40
2.30
2.20
2.10
2.00
1.90
1.80
1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

. Elsevier(SciVal)
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o Semiconductor Quantum Dots; Semiconductor Quantum Wells; Gallium Arsenide

U ,
< 50 16> 4

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
1045 961 1050 | 1000 949 919 779 721 734 651
459 462 540 516 533 534 504 478 492 515
146 109 98 114 98 117 89 102 91 96

. Elsevier(SciVal)

O Field-Weighted Citation Impact

2009~2011 , 2018
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4

Field-Weighted Citation Impact

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

111

1.24

1.04

1.25

1.06

0.94

0.84

0.93

0.9

0.93

041

0.45

0.47

0.59

0.59

0.51

0.48

0.55

0.52

0.48

051

0.74

0.74

0.64

0.59

0.38

0.53

0.62

0.66

0.5

Field Weighted Citation Impact  total value )

1.25
1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

2009

2010 2011

2012

2013

2014

2015

201e

2017

2018

. Elsevier(SciVal)
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2 ] ICT
1 28)
(@]
4
O (2018) ,
41 4 , 1
(Al )
(@]
O Clarivate Web of Science DB , 2007-2016
( , 2018)
( 500 2) 2007~2016
120,000
99,737 97,789
100,000

4 & N 497
7 4

80,000

60,000

40.000 27,288

. 26,687
24831 22879 30008 19926 19,359 18359 1161
- I I I I I I I ’
0 (I |
B 2 F > [ 5 e
% N P v A

N g

: Clarivate Analytics(2017); (2018)

28) (2018), TICT O 5
p.17~18
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, 2007

( 50 3)

Scholarly Gutput

M China
o |1 France
XL India
o italy
+ ‘o South Korea
+ BB United Kingdom

4 M United States

Publication Year

(2018);

(

(2018)

50 4)

140,000
120,000
100,000
80,000
60,000
40,000

20,000

128,653

% |

(2018);

(2018)
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O
0O Elsevier DB , 2013~2017
128,653 1, 80,059
O Clarivate DB ,

2.
L]
o 29)
O (bit) 1 0
(qubit) (superposition)
0 1
O
(entanglement)
O
(quantum parallelism)

O : 2M=16
O

O

29) O (2019), (2014)
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O
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900
800
700
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400
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200
113
81 86 79
100, 4, 23 27 58 54 59
99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17
. Statista(https://wwuw.statista.com/statistics/947914/quantum-computing-patent-app
lications-worldwide/, 2019. 9. 30)
0 2018 16 3,000 2023 64 1,000
31.5% ( 0 , 2019)
o
1l
( 0 , 2019)
O (

, 2019),
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(one-way)

O RSA(Rivest-Shamir-Adleman)

0 2019

(Thousand Talents Program)’

30) The New York Times(2019. 10. 23)
31) The United States Senate(2019)

31)

30)



050 OO0 OOOIcTtobo0 0ob 000 bo0 oo oo oo

2000
0 2003
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32)

( 501 6) 1999~2017
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O 2019
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, IBM

32) MIT Technology Review(2019. 12. 2)
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(¢ 5018)
1 () ( )
2 () ()
3 IBM( ) ()
4 () MIT( )
5 € ) ( )
6 NTT( ) ()
7 € ) C )
8 O ( ) C )
9 C ) C )
10 C ) C )

. Enterprise Management 360(2019), Quantum Daily(2019)

O
O 2009 :
, ( O , 2019)
O 2016 (Office of Science and Technology Policy)
“Advancing Quantum Information Science: National Challenges and Opportunities”
O 2018 9
(National Strategic Overview for Quantum Information
Science) :
O , 2018 5 12

(National Quantum Initiative

Act)
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50
O 72-

Bristlecone

(Quantum Supremacy)

(Quantum Al Lab)

[ 507]
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2017 20-

IBM

33)

* Quantum Computing Patent Families by Priority Country and Year

* The US. patent families follow a
similar growth curve as the
quantum computing industry as a
whole, showing an increase in 2003
followed by exponential growth
beginning in 2015.

* While Japan has a greater total
number of publications where they
are the listed as the priority country,
China overtook Japan in 2014 on a
yearly basis,and is projected to
grow at a rate of mare than twice
that of Japan for 2017.

3\

L

250

200

150

100

0

1990s 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

—S —rp N

Note: Based on 1,416 Quantum Computing patent documents from a worldwide search in Thomson Innovation; limited to one cocument per family, based on DWPI with US as primary country.

/

2013 2014 2015 2016 2017p

. Patinformatics(2018)

33) The Economist(2019.

9. 28.)
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02019 10
O
O, IBM
U]
O
O 1990~2000
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0
248
0
O 12-
O
0 2006
(
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5 2,900
, 2018)
0206 13 5

53-

34) The Washington Post(2019. 8. 18)

20
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(2016~2020)

(Summit)

63

(2006~2020)
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6
, 2018)
g 2017
10
17 ( , 2018)
g
(Quantum Communication)
g
, 2018)
O 2017 g 2,000km
[ 508]

5 (2018 -)

Quantum patents

An analysis of global patents in quantum technology since 2012 shows
China dominating quantum communication, but North America ahead
on quantum computing.

Quantum key distribution (quantum communication)
Quantum computing (including software)
Other quantum technology

China
United States
Japan
Canada
South Korea
United Kingdom
Australia

|

o 100 200 300 400
enature Number of patents

al
O-
o

. Nature(2019)
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2020 100

( 0 , 2019)

O 73.0%
, 82.5% 2.7
, 66.3% 5.8
02014 12 ( )

0 2019
250 , 2019 ()
( , 2019. 2. 21)

35) MIT Technology Review(2018. 12. 19)
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2018 “ICT R&D 2023’

© (Autonomous vehicle Self-Driving Vehicle)

[ 509]

We are currently in the 2"9-3™ era of AVs ...

(National highway Traffic Safety Administration)
0 5

3 Humandriver (5 System

.. but the real impact will only occur once we reach true autonomy (level 4 & 5)

Official SAE levels of automation

Level @
—_No automation
™~ Level @
N Diver Assistanco

\,

\ — \ Level @

A \ Partial automation

Level € (~2018)
Conditional
automation

Level @ (-2020)
High automation

Level @ (-2020-26)
Full automation

Steering, Monitor
accelerating & driving F;‘:’J;:‘ﬂkw cf:::my
braking (SASE) i

Partial automation —"hands off": Car PY ®
° handles SASB but lets driver take over to Na

respond to events not registered by car - -

Conditional automation — "eyes off" Car . ° -

monitors surroundings and handles all s o

SASB in certain environments Oz -

High automation = "mind off": Car monitors
Some driving modes

surroundings and handles all SAB. Driver =
° switches on automatic driving only when - F;-L‘aé_; F;-L‘g- (geo-fenced

system accesses it is safe to do so. De facto z areas™)

Self-driving cars

Full automation - "steering wheel

optional”: Driver sets destination and car =3 25 All driving
° can drive itself anytime, anywhere, under @7 @z modes

any conditions. Fully Driverless car

. Qvartz(2019)
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O 2-3

(advanced driver assistance systems, ADAS)

g 2020~2021 4
2020 5

0 2018 3 S

O

o %)
O 2014 2017 800
O 2026 5.6
2025 60 , 2035 2,100

0 2040 (km)  60%

36) Allied market research(2018)
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O ICT
ICT
(@]
0 2018 (European Patent Office)
ICT
U
2011 2017 330% 7
U
[ 50 10] EPO
4500 3998
4000
3500 3173
3000 2603
2500
2000 1843
1500 1121 1285
1000 2
500
2011 2012 2013 2014 2015 2016 2017

37) European Patent Office(2018)

103

20
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0 2011~2017 EPO
1,400 468
382 194

[ 5011] 2011~2017
( %)

=5l ¢ RE

33.7

[ 5012] 2010 1 ~2017 7 WIPO

gosch @ soscn | ¢
Audi - CooD = I 5 ¢
Continental | @uinenats  mem N 420
i e = I o>
o cencens worer: = Y 350
svw == I 0
Toyota
Volkswagen (@) = I -
paimler Datvzzn 1R NG 30
Google Google == NG :::

: Statista(http://driverlessreport.com/2017/08/who-leads-the-autonomous-driving-patent-race/, 2019. 9.
30)
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O 2010 2017 (World Intellectual Property

Organization) , , ,

(distance per disengagement)

O (disengagement)
a o,
0 2018
11,154
1
g al
[ 5013]
Miles per Disengagement’
wame W ES | I 11,1543
eMcruise ClUISe mE= | D 5,204.9
zoox zpax E | B 10223
oo nUro = B 10283
Pony.Al cony - - 1,022.3
Nissan @ @ I 2105
Baidu Bal.&ﬁﬂ - I 205.6
Aurora . E I 99,9
Driveai drive.ar EE | 83.9
Nvidia <24 nviDia E 20.1
Mercedes-Benz ‘m“\:"m_“ - k=
Apple g EE 1.1
uber Uber E 0.4

. Statista(https://www.statista.com/chart/17144/test-miles-and-reportable-miles-per-disengageme
nt/, 2019. 10. 2)



106

© (Artificial Intelligence, Al)
5G

L]
[0 Qvartz

o
O ‘ 2025’
2030

38) The Wall Street Journal(2019. 9. 24.)
39) Quartz(2019)

5G

38)

ICT

10%

39)
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O ) 1,500
2,500

3/4
112

107

O 4,600

[ 5014]

Consumers' openness to try autonomous driving
Percent of respondents

- Unlikely or Very Unlikely - Neutral - Likely or Very Likely

& = (D > =

o————  Furope ————— @

: Qvartz(2019)

3,500
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[]
< 5019 (Autonomous Vehicles Readiness Index)
2019 2018 2019

1 1 25.05
2 2 24.32
3 23.75
4 3 22.58
5 22.48
6 22.28
7 5 21.58
8 21.15
9 20.69
10 11 20.53
11 9 19.87
12 7 19.80
13 10 19.79

: KPMG(2019)

O
0 KPMG(2019) (Autonomous Vehicles Readiness

Index)"” 13
O 3~5
( , 2016)

0 2020 Level 3

40) Autonomous Vehicles Readiness Index KPMG

) 2) 3) 4)
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02017 11 17 30
( , 2018)
O 11 2018
5.5km ( , 2018)

ICT

JcT
( , 2018)
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3 U] ICT
1. O Al
(14
o 4 ’
|:| 1
0 ,
L] ; Al
o ‘America First’
( , 2019)
O NSTC( ) Al R&D '(’16. 10),
’(16. 10), * , . (16, 12)
( , 2019)
© Al
( , 2018)

0 2018 3
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(Rise of Machines, Artificial Intelligence and its Growing Impact on U.S.
Policy, '18. 9)( , 2019)
0 2019 2 The American Al Initiative

5
g o Al , O Al Al
, O Al , O
Al .0
Al ( , 2019)
o 2018 (DARPA) 5  (2018~2022 )
(Al Next Campaign) 20
( , 2019)
O R&D DARPA Al Next Campaign
Al
O Contextual reasoning Statistical learning
( , 2019)
% Contextual reasoning:
, Al ( , 2019)
0 Al ( :

2019)
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[ 50 15] Al Next Capaign

Increasing symbiosis ———

Handcrafted | Statistical Contextual

knowledge learning reasoning

L 4

Making the machine more a partner

: DARPA(2019). TAI Next Campaigns

L] . Al 0
@)
( , 2019)
0 13 , CCTV
, 2019)
0 :
% 2018 4 5
A
0 ,
o ICT
( , 2018, p.20~21 )"

41) (2018), "ICT 5, 20-21

O
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O Kai-Fu Lee(d Google China ) ‘Al Superpowers( Al )’
0 ,
D y
O
P Baidu (Andrew Ng)
Al
O
0 ,
a (Engineer)
(Scientist)

4
( , 2018)
Al

0 2016 , 2017 Al ( ,

2019)

- 2030 Al 1 LAl 10

( , 2019)
. T C17.7), Al G

) 30 1,500 24 8000 )
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156 4
© 5G Al

0 ( )

AR(Augmented Reality), VR(Virtual Reality),

( , 2019)

O ( ) ms
0 ( )
5G 1km?
© , 5G 20Gbps
100
L] 5G O O
o 5G
O 2019 4 3
20
5G
O 5G

loT

LTE

1ms

AT&T

2020

, Al

20Ghps
(UHD,

20

2019
19
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2019 11
O : ( ,
) 2019 11 : : , 8
6000 5G
O 3 2019 9 5G
1,200
o) 5G
O IDC 5G 2020 1.1
2022 30 ( 18.2%) (IDC, 2018. 9)
O , ZTE 5G : C
2020
O 2019 4 ( ,
2019. 4.17) 2020 5G
o 2019 3 40 5G
7 5G
O (2018 ) 31%
, 5G 21%, 17%
50 20>
2017 2018
1 (28%) (31%)
2 (27%) 27%)
3 (23%) (22%)
4 ZTE (13%) ZTE (11%)
5 (3%) (5%)

© IHS Markt(2018. 3. 13, 2019. 4)
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3.ICT
JIcT (
) (Al ), ICT
© ICT
( , 2018)
(Al ) Al 9
© (US Dept. of Commerce)
28 ('19. 10. 7)
O (Xinjiang) 100
O 28
o 6 Al
O r Al 2(17.7) Al
(Al Champion) 15 5 Al 6

O iFlytek, SenseTime, Megvii, Yitu, Hikvision
750 *

42) Wall Street Journal, “Expanded US Trade Blacklist Hits Beijing’s Al Ambitions”,
2019. 10. 8.
43) The Economist, “America Blacklists China’s Best Al Firms”, 2019.10.10.
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50 21> Al

iFlytek

SenseTime , 6

Megvii

Yitu 60 1 ( )

Hikvision

Dahua 2

: SPRI Al Brief “J , O Al

Al
O MIT  SenseTime 28 ,
(Techcrunch, 2019. 10. 19.)

[ (56 ) ZTE

o 2 ZTE
0 ZTE ,
, ZTE 7
( , 2018)
% () @51 ), (283 ) O

0 ZTE 14 ( 10 , 4 )

#2017 ZTE 1,088 ( 18 )
20
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(@]

0 2018 8 ,

02019 9 15 ,

© 5G,

O 5G loT

)
Entity List
(
, EG EU
ICT
Al, 5G,

HW, SW,

5G

5G

ICT
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ICT

ICT
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Oed UUO0 OO0 UdbO dodbo: obdd o
000 oo bodd

1 H
1
O ICT
o ICT
(
2019)
0
( , 2019)
O 1
, ARM, NXP (
2019)
o 2000 ICT

ICT
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60 1) ICT ““’
(%)
2000 2005 2010 2015 2017
17.7 307 29.1 26.5 27.1
20.0 143 10.6 9.4 9.5
: UNCTADStat(https://unctadstat.unctad.org/, 2019.10.30)
; (2019)
O 10 8 ICT \ ; :
, 2018 2019 7
( -16.8% , KITAnet)
0 : (
63%—> 51%, 56%—>48%) "
O , ICT :
( 30~40% ) , 2019)
O 1
( , 2019)
D 1 Lt

domestic value content

46)

44) Information and communication technology goods exports include computers and
peripheral equipment, communication equipment, consumer electronic equipment,
electronic components, and other information and technology goods(miscellaneous).

45) 000000(@019. 5. 5000 0000000000000 0OO0

46) WTO(2019), GLOBAL VALUE CHAIN DEVELOPMENT REPORT 2019, WTO
Domestic value added in gross exports is an estimation of value added, by an
economy, in producing goods and services for export, simply defined as the
difference between gross output at basic prices and intermediate consumption at
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O ICT O
2005 43% 2015 30% , ICT
47)
0O O
, ICT ,
U]
o .o
O O ,
, 2025
D 1 1
( , 2019)
O 1 1
O USTR 3,805 (HS
85171200), (85171800),

purchasers’ prices. The measure is a percentage share of value. Value added can be
decomposed into the following components: compensation of employees; gross
operating surplus; mixed income; and other taxes on production less subsidies on
production. It can also be derived as the difference between GDP(at market prices)
and taxes on products less subsidies on products.

47) OECD(2018. 12), Trade in Valeu Added: CHINA
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0 25%
48)
O
L] O 5G0O
O
1
0 2018 ,
(SEP, Standard Essential Patent)
2019. 5. 9)
O 2016 20 5G
2025 5G
O 5G
(21%), (20%) 4 (17%)
5G

14%

31%

49)

, 5G

(24%),

, 56
(TP,

4G

483) 000000 (@019.5. 150 ODOOOoOooOOoOoOooDooOoooDoooo
49) HUAWEI(2019. 6. 27), DO OO OOOCOOOOOOODOOO—-—-D0O0OO

gooooooo
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[ 601] 5G SEP
El940|
oy 15.05%

- 1ITP(2019. 5. 9)

o EAR , IP, SW,
, 5G ( , 2019)
0 0S API ,
( , 2019)
g AP
, IP, SW
( , 2019)
* AP IP
ARM
o y
(Red Supply Chain)
P , NPU Da Vinci ,
Cambricon-1A , (microkernel) 0S
HarmonyOS , 0S

( , 2019)
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¢ 602
10 P20 20 P30
NAND
DRAM
AP
TI TI
cIs
NXP NXP NXP NXP
wifi
- - IDT IDT
BOE BOE
OLED LGD LGD
:00000(2019.5 30, 0000000000 OOOOOOOoOOooOO;
(2019)
L]
o ICT
R&D
( , 2019)
D 1

0 2017 , () 263
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65 (25%) , 108 | 24 18
8 40 o
O Flex, , , ,
51)
O 1 1
0 5G
5G
O ARM( IP), 0 ( ), D ( ) —
, — ICT
0 5G 5G : ,
ICT
50) KOTRA(2019. 5. 28), “ 0 (HUAWEI) ,

(http://news.kotra.or.kr/user/global AlIBbs/kotranews/album/2/globalBbsDataAllView.do
?dataldx=175182, 2019. 11. 15)

51) Trading Places Research(2019. 5. 31), Huawei and Their U.S. Supplier: Stay away for
now; (2019)
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2 [

5G

[] 5G 4
© 5G g g 4

U4

5G
° 5G

( , 2019)
0 56 4G 20 . VR, AR
( , 2019)
O 90%
( , 2019)

( , 2019)

[] 5G

( , 2019)
0 GSA(2019) , 2019 10 27 ,
FWA, 5G
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[ 602] 5G

© GSA 2019

Powered by Bing

© GeoNames, HERE, M5FT, Microsoft, Thinkware Extract, Wikipedia

B Operator(s) investing in 5G B Operator(s) actively deploying 5G

B Operator(s) with launched 5G networks

© GSA(2019)
(@]
O O (V2X)
V2X 2020 5G NRfh V2X
0 V2X WAVE
V2X 5G
O V2X C :
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O
5G ACIA, 5GAA
0 5G-ACIA  5G
5G (ZVE))
O 5GAA
0 5GAA 5G
/
0 56
[ 56
o ETRI(2017) 5G 26
(50%)
[ 603] 56

129

32 5G AT MY
=56 OIS ENEA

2020 20234 20264

MA 5G AIF HY
=56 SO|SENHY
3

202014 202344 20261

: IBK (2018), ETRI(2017)
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O 5G
O
: 19
0 56 19 34
O sl
ZTE
O 28GHz 5G
o 5 (16~20 ) 5G 85
: 3 ( I )
7 5G 2,000 40 )
O 30 ( 5 ) 20-30 (5 )
O 5G 22
500 (19.6 ), 50%
O ZTE 70%
O 4G
O 9 8§ —20 36 —21 70 — 22 200
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[ 604] 5G
(H =) mZ|® = o
1.200 1,100
1,000
1,000 | ano
840
800 r 700
800
400 360
200 g
20190F 2020F 2021F 2022F 2023F 2024F 2025F
(2019)
o 4 (19~24 )5
16 ( 4G 5G 30
)
g 4,500 50% 5G
( , 2019)
< 603> 5G
NTT KD [
2020 2020 2020 2020
3 3 6
7,950 4,667 2,061 1,946 1 6,624
3.7GHZ,
45GHz 8,001 30,107 7,335 15,787 61,230
28GHz 5,001 12,756 3,855 7,948 29,560

(2019)
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0 5G
]
o 17~18 2 1
2,3 ,
3%, 5%
0
o 18 4 19 1 5G
3% 1
0 5G
O
0 20 5G 20%
[ 601 5]
(%) 2017
40 - W2018.1H
2019F
32 1 £ —_ HY2I1E2) Huawel, ZTE S|
i 2o|R=2 o=, LFlof, AMER
24 7 . i HEA} 55 EO
16 A
=1
||
8 —
= '
0 T T T -
Ericsson Nokia Huawei ITE Samsung Others

(2019)
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20% ,
ZTE , / / O
AT&T, , , ,
5G ( , 2019)
China mobile, China telecom, China unicom , ZTE, ,
5G (ZDNet Korea, 2019. 6. 17)
ZTE ,
O , 5G ZTE
[ 601 6] (2017 )

ZTE
35%

=70
10%

(2019)



134

O NTT , KDD, 5G
O 70% , O
O
¢ 604 , 5G
NTT , Fujitsu, NEC,
KDDI , )
Softbanks )
(2019)
[]5G
< 605> 5G
. i (FWA) “18. 12,
Verizon 19. 4.5 28GHzZ(mMMW)
AT&T 19. 8. 19 (
Sprint “19. 5. 30 2.5GHz , 9
T-Mobile ‘19. 6. 28 600MHz , 6
SKT ‘19. 4.5
KT ‘19. 4.5
LG U+ ‘19. 4.5
Deutsche ,
Telekom 19.7.3 6
Vodafone ‘19. 7. 16
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EE ‘19. 5. 30 6
Vodafone UK ‘19. 7. 3 7
Three 19. 8. 19
Monaco 19, 7. 10 1
Telecom
Vodafone ‘19. 6.5 5
TIM ‘19. 7.5 6
Swisscom ‘19. 4. 17 54
Vodafone ‘19. 6. 15 15
Vodafone ‘19. 8. 13 5
UAE Etisalat UAE 19. 5. 30.
. . , 5G ,
Elisa Oyj 18. 6. 28 5 (36PP)
FWA
‘19 1 )
Optus 9.1. 30 19
o 2019 , , , 5G 20
5G
0 3/4G 5G
O O
o 2019 5G
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[ 607] 56

@ ALLOWED (54) @ BANNED (4) UNDECIDED (48) NO DATA (92)

ALLOWED BANNED

Angola, Argentina, Armenia, Austria, Bahrain, Bangladesh,  Australia, Japan, New Zealand, United States
Belarus, Brazil, Cambodia, China, Cyprus, Egypt, Estonia,

Faroe Islands, France, Germany, Hong Kong, Hungary,

Iceland, Indonesia, Iraq, ltaly, Kazakhstan, Kenya, Kuwait,

Latvia, Malaysia, Maldives, Mauritius, Moldova, Monaco,

Mozambique, Myanmar, Nepal, Netherlands, Oman,

Pakistan, Papua New Guinea, Philippines, Poland, Portugal,

Qatar, Russia, Samoa, Saudi Arabia, Serbia, Slovakia,

South Africa, South Korea, Spain, Turkey, United Arab

Emirates, United Kingdom, Uzbekistan

: NPR(2019)

) , 2018
5G
, Three UK

O 12 70
5G

(Guardian, 2019)
O 2019 11 (Reuter,
2019b)
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Telefonica  5G (Stefan
Nicola, 2019. 12. 11)
(Reuter, 2019a)
, , Vodafone
5G (RT, 2019)
5G O
5G
5G
5G NSA LTE
5G
L 60 8] 5G (19. 4 )
(7H)
25 -
20
15 1
10
) I
0 - |
LS| == ObMOF  OFZ ATt &2
(E= =2

(2019)
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O , 5G
5G
< 606> 5G
ZTE
OLT/ONU
] [ [ ] [
. RRH,
RE ] [ o [
. RRH,
RF i ®
RRH, RF ]
RRH ]
RFHIC RF [ ) [ ) [ ) o
(2019)
[ 601 9] (17 )
ZTE
35%
7|0}
10%

(2019)
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LG
KPN(

),

(

(

),

50

(
(

), EE/02(
), STC(

('19.6

), VIVA

)

), TIM(

(

),

Softbank(

), TDC(
vodafone(

), BT

(

),

AT&T, Verizon, Sprint, KDDI,
), MTS(
),

(

(

(

),

(

(2019)



140

3 ]
O O
O ( )
O
o PC (CPU), AP (
) . (loT),
[ 601 10]
] ] 0 ]
mmﬁ'ﬂ-ﬂﬂ
e 7 RO HE LA (AF)
- »
D " =3
* LED i
(2019)
U] (IDM: , Intel )
( ) ( )

( , 2019)
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[ 60 11] Value Chain
=1 A m ZEURHA
Zﬁlaulﬁ (Design) (Manufacturing) (Packaging&Test)
I SEHEHS|At (IDM)
S —— ros
o3 IP HalA izl I2ce ZEBEA
e I_'Il_ﬁ B » (Fabless) *‘%f—?-ﬁ_ (Foundry) (Packaging&Test)
(2019)
o ( , Fabless) ( ,
Foundry) ( , 2019)
O '
O , Nvidia, MediaTeck (Fab)
0
O TSMC, UMC
(Fab)
o (IDM: , SK , Intel )
(] Gartner(2019) : 18 4,746
(3,118 ) (1,628 ) 2

50%~60%
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O Gartner(2019) 1,040 (18 ) ,
628.7 (18 ) 517.3 (17 )
L] :
(IDM), (Fabless), (Fabless)
(
o Gartner(2019) 11
6 , 0 0 1
1l
P CPU 134% 1
, 34% 2 ,
32% 3
< 608 ’18
( )

1 Intel 63,549 13.4% IDM
2 Broadcom 16,261 3.4% Fabless
3 Qualcomm 15,375 3.2% Fabless
4 Texas Instruments 14,593 3.1% IDM
5 STMicroelectronics 9,213 1.9% IDM
6 NXP 9,022 1.9% IDM
7 Samsung Electronics 9,004 1.9% IDM
8 Infineon Technologies 8,755 1.8% IDM
9 NVIDIA 8,073 1.7% Fabless
10 MediaTek 7,889 1.7% Fabless
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( )
11 Apple 7,739 1.6% Fabless
Non-Memory Top 11 169,473 35.7%
Non-Memory Market 311,853 65.7%
Semiconductor Total Market 420,393 100%
. Gartner(2019)
L] 2014 ¢ ’
, 2020
40%, 2025 70% (KOTRA,
2019. 11. 14)
o 2015 15% 2025 70% ,
2015 ¢ ’ 1 ( 170 )
(KOTRA, 2019. 11. 14)
]
o IC Insight(2019) 2018 (Fabless) : :
69%, 17%, 5%, 4%
O HiSilicon(Huawei ), UniSoc,
MLS, Bitmain ,
( , 2018)
O MediaTek, Novatek
( , 2018)
ES ‘ g g ’
(TSMC )

( , 2018)
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[ 6012] 2018

Japanese
Companies
<1%

European
Companies
2%

Other Companies
1%

Chinese
Companies**
13%

U.S. Companies
68%*

Taiwanese
Companies
16%
2010
us. 69%
Taiwan 17%
China 5%
*Broadcom classified as a U.S. company Europe 4%
**7% excluding internal transfers of Japan 1%
HiSilicon (Huawei), ZTE, and Datang Other 4%
. 1C Insight(2019)
O , Nvidia, AMD
1 1 I P 1
O (MediaTek), (HiSilicon)
( , 2019)
O , Gartner(2019) 2018 50
Silicon Works™ 22 1

52)
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¢ 609) 18
( )
2017 2018
1 Qualcomm 16,099 15,375 14.8% -4.5%
2 NVIDIA 6,537 8,073 7.8% 23.5%
3 MediaTek 7,837 7,889 7.6% 0.7%
4 Apple 7,862 7,739 7.4% -1.6%
5 AMD 5,085 6,295 6.1% 23.8%
6 HiSilicon Technologies 4,480 6,035 5.8% 34.7%
7 Xilinx 2,476 2,904 2.8% 17.3%
8 Marvell Technology Group 2,393 2,800 2.7% 17.0%
9 Novatek 1,548 1,815 1.7% 17.2%
10 Realtek Semiconductor 1,369 1,516 1.5% 10.7%
Top 10 55,686 60,441 58.1% 8.5%
Others 41,928 43,564 - 41.9% 3.9%
Total Market 97,614 104,005 - 100.0% | 6.5%
: 2018 Fabless 10 Y7 /451, ( )2 @93, ( )
1 /60
. Gartner(2019)
a O
l:‘ 1
o) , O
, 0
L] PC CPU (

(Accelerator)
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o GPU, FPGA, ASIC
( , 2018)
O Al GPU, FPGA, ASIC
(Al accelerator) ,
, PC, , loT
( , 2018)
0 Al GPU,
FPGA, ASIC, ( , 2019)
O Al CPU ,
( , 2019)
[ 6013]
T =3 w3

GPU(Graphics Processing
Unit)

Al Alide] gz &8, CPURTE o]u]7]
dgd 227 8 ¥E A9 715S

A

ge g AY aus
e 24

FPGA(Field Programmable
Gate Array, T2 7171
7bs s gheA)

sdakA oA sz 74kl =g
welE FE, B AN A5 AT
wA A8 zuge] A2 7

B 27 A

ASIC(Application Specific
Integrated Circuit,
s )

ZE
T i

wshe a7 Age] e}
szE A0l Bk

(&-& &oF )

Google2] TPU(TensorFlow Processor
Units) 22 AREAF 2 32 7HF

e 2845 AF

1)

. Microsoft Docs(https://docs.microsoft.com/ko-kr/azure/machine-learning/how-to-deploy-fpga-
web-service#fpgas-vs-cpu-gpu-and-asic, 2019. 11. 15)
(2019)
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U] (Neuromorphic)
@]
O g ,
Al
( , 2019)
] :
()
o (2018)
< 6010> 9 ()
EU EU

100 | 84.2 | 822 | 888 | 88.2 | 100 | 78.0 | 79.0 | 825 | 813

100 | 97.7 | 87.8 | 91.2 | 825 | 100 | 98.0 | 81.0 | 94.0 | 84.0

100 | 91.8 | 86.5 | 92.0 | 56.8 | 100 | 89.0 | 77.0 | 100.0 | 56.0

100 | 845 | 92.1 | 87.2 | 874 | 100 | 784 | 88.6 | 85.0 | 85.0

100 | 80.7 | 75.8 | 81.5 | 81.0 | 100 | 86.3 | 75.0 | 83.8 | 825

loT 100 | 95.7 | 936 | 914 | 96.4 | 100 | 95.0 | 85.0 | 90.0 | 90.0

100 | 80.8 | 84.3 | 948 | 95.6 | 100 | 80.8 | 78.1 | 94.8 | 95.0

100 | 68.1 | 76.3 | 75.6 | 90.0 | 100 | 70.0 | 75.0 | 70.0 | 85.0

100 | 91.3 | 92.1 | 954 |100.4 | 100 | 80.0 | 85.0 | 90.0 | 95.0

(2018)
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o , 100 )
784, 78 ,
( . 2018)
o ) ’
EU
( . 2018)
O
O D )
, (
2018)
< 6011>
EU
00 | 78 | 79 | 825 | 813
100 | 78 | 8 | 813 | 825 O
100 | 88 75 925 | 925 E ))TSMC’
00 | 92 | 105 | 938 | 938 E;
00 | 85 | 73 | %25 | %25 | |
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[ 60 14] Al

Semiconductor companies IP licensors

Intel Nvidia Qualcomm Xilinx NXP ST ARM Cadence
+ Data centre - Data centre - ADAS .
Tarq.et - - ARVR + Retail anslyfies |+ Gompufervision - Data centre for ADAS .wmwﬁgm . Consumer robats lmﬂmﬂa’m
applications + Drones - Smart citiss  Medical . esratie
- Sunveilance  + Suveifance
MKL § ,
reVISION 532 Design Tensilica NN
DL SDK CUDADNN  Snapdragon SDAaceel Studio IDE STz ARM NN mapper toolkit
. . Vision SDK TensorRT NPE SDK ookt Visionspi | STM32 Cube er SOk
Al libraries Movidius
Myriad Dev Kit
Cortex-ATS
Xeon PHI Cortex-A55
Hexagon DSP Tensilica
(Snapdragon NPE) Vision C5 DSP
Al processing, Pascal (Volts)
- Maxwel
hardware/silicon Tesla
Aria 10 Zyng MPSoC
Nervana NNP
o S32V Vision AL SaC for
Myriad X AsiC-TRY Processor Byase ARMML
Loihi NMP
Source: PwC research W Taining [l nference [l Bonn

. PwC(2018)

o (IP & EDA ) IDM IP  EDA Tool
IP EDA Tool
1l IP 1 ARM ,
IP EDA
% ARM: (IP)
IP ex) (Cortex)-A77,
(Mali)-G77, Arm
% Synopsys: EDA Tool 1 , Al
(ML) EDA Tool ex) ,

: ‘ (PrimeTime)’
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( 6012) 2018 (IP)
Rank Company 2017 2018 | Growth |2018 Share|CUMUIAIVe
Share

1 ARM(Softbank) 1659.9 1610 -3.0% 44.7% 44.7%
2 | Synopsys 527.6 629.8 19.4% 17.5% 62.2%
3 Cadence 159.5 188.8 18.4% 5.2% 67.4%
4 | Imagination Technologies 126.9 119.7 -5.7% 3.3% 70.7%
5 Ceva 875 77.9 -11.0% 2.2% 72.9%
6 | Versillicon 54.7 66.3 21.2% 1.8% 74.7%
7 | Achronix 15.0 525| 250.0% 1.5% 76.2%
8 Rambus 54.0 52.1 -3.5% 1.4% 77.6%
9 | eMemory Technology 45.0 479 6.4% 1.3% 79.0%
10 | Waves Computing 43.0 41.0 -4.7% 1.1% 80.1%
Top 10 Vendors 2,773.1 2,886.0 4.1% 80.1% 80.1%

Others 627.0 716.6 14.3% 19.9% 100.0%

Total 3,400.1 3,602.6 6.0% 100.0% 100.0%

. SemiWIki(https://semiwiki.com/semiconductor-services/ipnest/8164-design-ip-in-2018-synop
sys-and-cadence-increase-market-share/, 2019. 10. 30)

o(P EDA )
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IP
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