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{ Executive Summary )

Artificial intelligence creates a new market and it is attracting attention as an
important factor that determines the success or failure of the enterprise in the
future. According to the company’s artificial intelligence capability, performance
will be devoted to achievement. The leader of artificial intelligence will generate
122% more economic value by 2030 than the current one, but the economic value
of artificial intelligence subordinate company will decrease by 23% . This study
compare artificial intelligence research capabilities of major global corporations
and draw implications.

As a result of the analysis, IBM, MS, and Alphabet are leading academic
researches on artificial intelligence in terms of quantity, and Tencent, which has
started researching later than other companies, has been surging since 2016. In
terms of quality, Microsoft’s artificial intelligence academic research papers are
the most popular, while Facebook and Tencent are small in terms of research
volume but qualitative. IBM, MS, and Alphabet have a large number of artificial
intelligence  collaborative  research institutes. and a large number of
network-centric index values, which means that these companies are located at
the center of the artificial intelligence research cooperation network . In addition,
cooperation between artificial intelligence researches among major companies such
as IBM, MS, and Alphabet is being carried out, and research cooperation
performance index is measured as high. Most companies have a high share of
global research cooperation and industry-academia cooperation. IBM, MS, and
Alphabet have continued to cooperate with research institutes, have a large share
of overseas institutions, and have varied nationalities.

The implications of the analysis are as follows. First, the achievements of
leading researchers in artificial intelligence are the result of long-term
accumulation of cooperation with the best institutions around the world. Second,
leading companies in artificial intelligence research are pursuing joint research by
forming a stronger coalition system. Third, there is a need to pay attention to
Tencent and Facebook to chase the Al group. Facebook and Tencent are pursuing
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artificial intelligence research to catch up with Microsoft, IBM and Alphabet, and
they are also active in a strong coalition network. Fourth, it is time for Korean
companies’ efforts to secure the capability of Al research. There is a need to
strengthen research in terms of quantity and quality, such as expanding
participation of Korean companies in artificial intelligence research cooperation
network, continuing research with global best institutions, and enhancing diversity.
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Relative changes in cash flow by Al adoption cohort Front-runner breakdown
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0 costs ;
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{do not expenditure o
-20 absorb
by 2030) Total @

a0 b
2017 20 25 2030

AZ: Mckinsey Global Institute(2018), “NOTES FROM THE Al FRONTIER : MODELING THE IMPACT OF
Al ON THE WORLD ECONOMY”

1) Mckinsey Global Institute(2018), “NOTES FROM THE Al FRONTIER : MODELING THE IMPACT OF
Al ON THE WORLD ECONOMY”

2) Mckinsey Global Institute(2018), “NOTES FROM THE Al FRONTIER : MODELING THE IMPACT OF
Al ON THE WORLD ECONOMY”
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[BM 550 714
IBM Research 372 416
Microsoft USA 454 1,094
Microsoft Research Asia 246 249
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Tencent 94 107
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Zola 2017do= 207 =2 Al Lab(A o B)S Hx A
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9 1] AFAS AT ASAY /1B 8 A

0 MS& 20091~2018'd ¢t ATA s A 3
7134 10770 718w, 1 F 6671 7132 37| &
o F& FHYU|H FHL 16/M=(FT, o=, 3T, AVtEE, dF, 9E,
2912, Jh, s ), ojggol, e2Egol, Y, 2F)Rl, 1=
7] o))
[#] MS2l a9 o1B3Xs 22 27| 2(2009-2018)

o Co-authored Field-Weighted
==, Count o o
25| Y| publications Citation Impact
1 Tsinghua University China 54 4.41
University of Science and Technology .
2 of China China 54 10.17
3 Hebrew University of Jerusalem Israel 53 1.99
4 Microsoft Research Asia China 53 2.41
5 Chinese Academy of Sciences China 42 7.98
6 Peking University China 41 7.82
7 Beihang University China 30 6.14
8 Technion—lIsrael Institute of Technology Israel 29 2
Hong Kong University of Science and Hong
9 Technology Kong 24 1241
10 National University of Singapore Singapore 24 13.54
11 Chinese University of Hong Kong Eggg 23 16.06
12 Harbin Institute of Technology China 23 29
13 Nanyang Technological University Singapore 23 8.14
14 Shanghai Jiao Tong University China 23 8.41
) . . United
15 University of Cambridge Kingdom 21 3.13
16 University of Tokyo Japan 16 1.61
17 Swiss Federal Institute of Technology Switzerlan 15 51
Zurich d )
) ) United
18 University of Oxford Kingdom 15 17.35
Korea Advanced Institute of Science South
19 and Technology Korea 14 2.12
University of Chinese Academy of .
20 Sciences China 14 6.77
21 CNRS France 13 1.79
22 Tel Aviv University Israel 13 1.55
23 University of Toronto Canada 12 2.28
24 Xi'an Jiaotong University China 12 13.87
25 ComUE Paris-Saclay France 11 1.95
Institut National de Recherche en
26 Informatique et en Automatique France 1 1.93
27 Nankai University China 11 6.35
28 University College London KiLrJ%lzj%dm 11 17.98
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29 University of Southampton United 10 2.45
Kingdom )
30 Zhejiang University China 10 437
31 Sun Yat-Sen University China 9 713
32 Universite Paris—Saclay France 9 217
33 Ben-Gurion University of the Negev Israel 8 1.9
. . . Hong
34 Hong Kong Polytechnic University Kong 8 7
) ) United
35 Oxford Brookes University Kingdom 8 5.84
36 Xidian University China 8 14.95
37 CAS - Institute of Automation China 7 18.81
Huazhong University of Science and .
38 Technology China 7 5.48
39 Italian Institute of Technology ltaly 7 1.51
40 University of Alberta Canada 7 1.27
) ) . United
41 University of Edinburgh Kingdom 7 1713
42 University of Technology Sydney Australia 7 3.89
43 Weizmann Institute of Science Israel 7 2.59
44 Bar-llan University Israel 6 428
CAS - Institute of Computing .
45 Technology China 6 3.13
46 Fudan University China 6 4.85
47 Max—Planck-Institut fur Informatik Germany 6 212
48 McGill University Canada 6 1.63
49 Ministry of Education China China 6 3.53
50 Polytechnic University of Catalonia Spain 6 1.6
51 Renmin University of China China 6 2.51
52 Universite Paris—Sud France 6 2.72
University of Electronic Science and ;
53 Technology of China China 6 7.9
) ) ) United
54 University of Nottingham Kingdom 6 0.71
55 University of Verona Italy 6 14
56 CSIRO Australia 5 1.65
57 Fondazione Bruno Kessler Italy 5 3.71
) United
58 Imperial College London Kingdom 5 462
59 Indian Institute of Technology, Kanpur India 5 1.34
60 KU Leuven Belgium 5 22.89
61 Northwestern Po%fghmcal University China 5 549
62 Pohang University of Science and South 5 08
Technology Korea )
63 Seoul National University south 5 277
Korea )
64 Technical University of Munich Germany 5 23.07
65 University of British Columbia Canada 5 3.18
66 University of Waterloo Canada 5 0.74
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) IBMo] 20094-20184 ¢k AFAS HA FEATE 57 o TP
19 6570 ) %oln, T F 257) ZlBe S917]w
o Fa WYMB FAL 12AHLYE, FF, AR, TP, 29,

[EZ] IBM2| sl 9] 215Xs =2¢ 8 27]|2(2009-2018)

- Co-authored Field-Weighted
57| Count o o
257 v publications Citation Impact
1 University of Tokyo Japan 18 1.55
2 Tsinghua University China 17 1.38
Tokyo Institute of
Technology Japan 13 2.8
Indian Institute of .
4 Technology, Delhi India 1 1.56
Chinese Academy of '
5 Sciences China 10 2.81
6 CNRS France 9 1.07
Polytechnic University of :
/ Catalonia Spain 9 0.93
8 Ochanomizu University Japan 8 2.08
9 University of Padova Italy 8 0.91
10 University of Toronto Canada 8 542
Australian National ‘
11 University Australia 7 1.07
Technion-Israel Institute of
12 Technology Israel 7 0.85
13 CSIRO Australia 6 1.3
. . . United
14 Cardiff University Kingdom 6 222
15 ComUE Paris—-Saclay France 6 1.17
Indian Institute of Science .
16 Bangalore India 6 043
Ministry of Education '
17 China China 6 1.84
18 Ozyegin University Turkey 6 1.56
Shanghai Jiao Tong ,
19 University China 6 1.24
) , United
20 University of Aberdeen Kingdom 6 14
University of New South 4
21 Wales Australia 6 0.89
22 Xiamen University China 6 2.26
23 Fujitsu Japan 5 0.49
24 University College Cork Ireland 5 3.7
25 University of Alberta Canada 5 2.1
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[#] IBM Research?| a2 ¢olsXls 2 =2Y

Q2Ego}l, W7
2, ol A, F)

& 2{ 7| 2(2009-2018)

ey Co-authored | Field-Weighted
257l Country publications | Citation Impact
1 Technion-Israel Institute of Technology Israel 16 0.97
2 East China Normal University China 15 3.52
3 Shanghai Jiao Tong University China 12 5.15
4 CSIRO Australia 10 1.8
5 Ben-Gurion University of the Negev Israel 8 0.36
6 KU Leuven Belgium 8 2.66
7 Universidade Federal Fluminense Brazil 8 3.12
8 University of Tokyo Japan 8 1.42
9 University of Toronto Canada 8 6.47
10 Indian Institute of Science Bangalore India 7 0.39
| et e Reere. | France :
12 Tokyo Institute of Technology Japan 7 3.63
13 Australian National University Australia 6 2.23
14 Swiss FederaILgljg;L#]tﬁeof Technology Switzerland 6 275
15 Universidade Federal do Parana Brazil 6 4.64
16 University College Cork Ireland 6 1.24
17 CNRS France 5 3.73
18 ComUE Paris—-Saclay France 5 1.06
19 Indian Institute of Technology, Madras India 5 1.61
20 Ochanomizu University Japan 5 254
21 Pontificia Universidad Catolica de Chile Chile 5 2.29
22 Tel Aviv University Israel 5 0.65
23 Universite Paris-Saclay France 5 2.27
24 University of British Columbia Canada 5 2.41
25 University of Oxford Kliﬁwgzjeodm 5 3.27

o IBM China Research Laboratory7} 2009%3~2018d <k Sl3A)%
O

571 ol IR 7| 270 Z)dEelH, 271 7]

o IBM Zurich Research Laboratory”} 2009%3~2018\d &<t Q1345
O

57 o)A FXIgE 7|~ 271 7)o, 271 7]

B &k WlE BT FF
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- Swiss Federal Institute of Technology Lausanne®} 571, Swiss Federal
Institute of Technology Zurich®} 548 F3

[] Alphabet> 20091~2018d &%+ JAFA s dd F&ATE 50 o4
2% 1 BFE 5270 ABelm, 1 F 217 A1 Be #9979

o Fo WAV TAL 16T 9T, AUk olxawd, =
S 2EFo}, A7}ER)

[#] Alphabet sl 2] e13Xs 2 2H &= 7] 2(2009-2018)

- Co-authored Field-Weighted
57| Countr o S
227 y publications Citation Impact
Swiss Federal Institute of .
1 Technology Zurich Switzerland 16 5.75
. . United
2 University of Oxford Kingdom 15 457
3 University of Alberta Canada 14 2
Technion—-lIsrael Institute of
4 Technology Israel 13 2.75
) ) ) United
5 University of Cambridge Kingdom 13 6.78
6 Microsoft Research Asia China 12 6.52
7 University of Montreal Canada 11 10.99
) ) United
8 University College London Kingdom 9 34.23
9 Tsinghua University China 8 2.26
. . . United
10 University of Edinburgh Kingdom 8 433
Institut National de Recherche
11 en Informatique et en France 7 20.17
Automatique
12 Tel Aviv University Israel 7 3.49
13 Australian National University Australia 6 1.19
14 CNRS France 6 10.68
15 ComUE Paris—-Saclay France 6 15.53
16 Bar-llan University Israel 5 267
17 | Hebrew University of Jerusalem Israel 5 2.64
18 IDIAP Research Institute Switzerland 5 7.52
19 | National University of Singapore Singapore 5 0.79
Universite de Technologie de
20 Compiegne France 5 3.41
21 University of Toronto Canada 5 11.56

[] Facebook2 20091d~2018d &<t QFAF #AHA FsAFE 5 o4
FR% 71#A= 57 71FelH, 1 F 27 713 AU E, I



SPRi ol w2l E H2019-007% =2

Nz
=~
it

o ABAL ATAY BA U AAH

[(F 3 2] MS, IBM, Alphabet &&d+ 719 = &4

[22!] MS2} Alphabet 218Xls SsAT ZI/E
Autonomous agents Error correction

Aggregates OntOlOgy Intelligent agents

i Set th
Network protocols e herneaiens o oo Functions

Computational linguistics medicine  Pipelines , Bayesian networks

Arches Research

. Joints (structural components) :
Se m a ntl cs La bEIS « Automata ’chegr?;tta SerREeepTEn

Technology S EECh p rocessin g Minl\é"lsarketiﬂg Data mining
Neu ral networks ﬁ I Agents e Video amplifiers
Association reactions Models
] Standards | I ® Security of data

go r I t h m S {%gilrtTEiJ?g algorithms
Bler&ding ® * ™

Bnd'gesA rt I ﬁ CI a I I n te | I g-C.om.munlcatlon
Learnin g Syste Ims, 5 peech recognition

Approximation algorithms Reinforcement learning Estimation
. : Animation
User interfaces Multi agent systems

[12!] IBM2} Alphabet 213 Xs ST 7|9 =

Custemer satisfaction Hash functions

Internet protocols Pe rSO n n E| t ra i n i n g Recommender systems
. e o . Image retrieval
Artificial intellig..:-
T Algorithms el cpmemens
] Reinforcement learning
rmciinios Data storage equipment

M at rix a I ge b ra Learning algorithms

o Information theory Linear algebra
Statistics Learninfg systems Multi agent systems Seiting
Natural language processing systems gy hastic ytisniis
Mapping  Distributed database systems

Electronic commerce Developing countries
Springs (components)

[23] BME MS 213 Xs

OH

ST Fl9s

Robot programming
Image analysis Public health

Mining Cognitive systems Hurman robot interaction
Computational linguisties Errors ™ Agents
S . Multimedia systems Intelligent robots
Coordination reactions Aggregates
Algorithms Machine design Hgtels e
g  Viachine aesign - percannel trainin b L 1ol
Robatics Decoding extut‘n_isd en Markov models

Artificial intellig...

Patte”f' ‘:?Cﬂgniffi'?” Robots Learning algorithms
Solar radiation F‘;{&'?ngmt;m Parallel processing systems A~

Linguistics Intelligent agents T,

World Wide Web Harmonic analysis
Knowledge representation

@
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[1] Mckinsey Global Institute(2018), "NOTES FROM THE Al FRONTIER :
MODELING THE IMPACT OF AI ON THE WORLD ECONOMY".

[2] CBInsights(2018.2.27.), “The Race For Al: Google, Intel, Apple In A
Rush To Grab Artificial Intelligence Startups”.
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