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(Table 1) Review of research related to Al technology trend analysis using patent and literature data

Authors (year)

Research overview

Choi, J. H and S. H. Jun, (2018)

Analysis of artificial intelligence technology trend using bayesian inference-based
statistical analysis with patent data of artificial intelligence technology.

Chung, M. S and J. Y. Lee, (2018)

Suggestion of core technology and possible growth research related to artificial
intelligence using text mining and topic modeling by collecting papers related to
artificial intelligence in SCIE journal.

Park, J. Y., (2018)

Suggestion of directions of artificial intelligence technology research and trend analysis
of core artificial Intelligent technology using quantitative analysis of patent information.

Park, J. S. et al, (2017)

Research on the core technologies of artificial intelligence by using the LDA topic
modeling for artificial intelligence abstracts on US patent documents.

Niu, J et al., (2016)

Research on recent issues and technology trends in artificial intelligence by analyzing
data from SCIE and CPCI-S using spatial analysis and social network analysis.
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Expansion of search keywords
(1st) Search and collect
information from open Text (lat::\ Generation .
source projects preprocessing of tonic's Extraction
(Search by ‘AT’ or (removing co occul:'l'ence of terms ic li
< Artifici 4 . s special symbols, B " related to AI Loniclst
rtificial-Intelligence numbers, etc.) matrix related to AI
keyword) P
Text data e N Analysis
(2nd) Search and topic preprocessing G(;llfl a}l:m Frequency ?ﬂ.lﬂén;lf of technology
data col.le(‘tio.u.ol't —>] ‘ (1'.emoving —> coj}cct:lli'l:e:lce —> analy.sis‘ 4:1' e.a(‘h —> tzl"nali::*ctt:o:l(;s —> trends ]
open source projects special s?'lmbols, matrix major topic for major topics based on t(lnpu'
numbers, etc.) by year
Data analysis

(Figure 1) Research Procedure
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o] Zolgt A& 1y, v o] EFS} ol 7o 2 ¥ Rzt AA T4 BT
el A= 1% B vmBAe] BEAAG 7t we EFE & o] Ui ololAx
(<Formula 1- Formula 2> %=). poH, oF 7lE BokollA &8Fo dAsta
Je 712 AT ¢ At olek iz, &9
AL = DC(A,t) — u(DC(t)) O HEel A4 A48 257 w2 EXS 3
* a(DC(D)) Zl&e] o] Ao, g 7je EoplAx
AEHA e T A= 92 Vleolgtal &
Freq(A,t) — u(Freq(t
a,() = q(A,t) — p(Freq(t)) o) T Aok
a(Freq(t))
DC(A, t) : Degree centrality of topic(t) by year(A) U 717
Freq(A, t) : Frequency of topic(t) by year(A) 4 _"—__-'I ELI’
L o B 4.1 QIBXS LE AA ATE 0]
FE3HE g 7Nke g HE HFH Aol 27 ZZNHE FQ 835
At Exge] o ofut 28 WL B3 v
oo g EXy) BEE 7% e =78 1) B delA 24 didez #3149 d3AT
ERATh E, A7 T4 3 Wgel on] V1€ BAR oF &2 ARESf mRAE
= 02 go]= 3 ALEHE= Ao =7S E9] 20093 FE 2017d7HA] = A A3}
o) m) &Ch(<Figure 2> &%), & g5 2ti(<Figure 3> F=x).
Topic Frequency
‘." Topic Frequency ‘t Topic Frequency
Topic degree tentrality " Topic degree centrality ‘t
Topic Degree Centrality .
l’ Topic Frequency ‘ Topic Frequency
Topic degree ﬁmmg*ﬁf' Topic degree centrality t

(Figure 2) Technique Trend Matrix
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(Figure 3) Number of projects by year
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7}3}03 o 2 5597114 HHE 2FE &2 AZE

]ﬁoi —ZFEO HL}I‘T@ ?_]%‘7‘]‘*5‘
AEe] vts =] JIPHAA AI7IE, AFA
T &9t olMES FElEtEA JEAE, |
2'd(deep learning), 714 <5(machine learning)
Foll thig A 7& Jido] 438 71817
AZFRE Al71o|t) 20170 AAE ZEAHE
T 14213702 #AJFHALH, o= 2009

B 20169714 AAE ZZAE Fo FHQl
3,555709] oF 4njell 747he x| olth 2018\ 1
4R 7974 AAPE ZEAEQ £+ 8,737
NE I

o] M AL w7
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TH<Table 2> Z%). 20093 HE 20123744 &
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(Table 2) Frequency of Artificial Intelligence Related Topics Top 10

2009 ~2012 2013~2015 2016~2018.7

Topic Freaq. Topic Freaq. Topic Freq.

Machine Learning 57 Machine Learning 652 Machine Learning 15,842

Artificial Intelligence 26 Python 211 Deep Learning 8.299

Python 16 Artificial Intelligence 193 Python 5.174

Neural Network 15 Neural Network 149 Neural Network 4.523

Natural Language Processing 12 Deep Learning 144 Tensorflow 3.644

Java 11 Java 95 Artificial Intelligence 2.555

Genetic Algorithm 7 Natural Language Processing 78 Keras 1.766

C++ 7 Data Science 57 Reinforcement Learning 1.493

Java Script 5 C+ 43 Data Science 1.339

Deep Learning 5 Computer Vision 38 Convolutional Neural Network | 1.278
M= §oj= yehdt) o]9] Ao A E(natural £ Holn, § 2 EF =¥ W=7} 82997
language processing), XA} &3] F(genetic 2 AFAT EFY 4 Wk 25557 B} =

algorithm), @ 214 (deep learning)©| Z+7+ 127), & Zo =2 YEhth

70,5718 £ WIEE Holg A& 1T ol &4 713hel FAHA FUE M2 =
= o 2= EAZZE$(tensorflow), #ZF2(keras)
20133 FH 20159714 &8 ¥= A9 EF 9} o] &aglF MY FAMEo] 2Hzt 3,64470,
< 714 sk, FolA, JAFAsol 47 6527K, 1,76670 2 UERstth o)) 73} S (reinforcement

21170, 1937) 1, 2009 d 7€ 20123 7173} 5
A3 Eo] 49 Ao g Yehdth | 2ol
144719 E9d NIEE B ltﬂ OW 7|12+ vl al
g = ek o]

RS
rzi

(computer vision) £ o] 3870 &3 H=

2 ]11] Aol Aot A A9 107H«l E

10

learning), ¥/d¥ 417 @ (convolutional neural
network) E¥ o] Z+ZF 149371, 1,27871= 734
10742 Exo g 2aEoh

£5 YEHT 2Y

_/] 1:1/\-1 7«1_1,} 71—
ko] 71208 A4 A4 *CM 10719 B35S
o F2). 20093 55 2012
W7kA A4 448 49 EFLE 714 <, o
:101 [e]

H, 1_.
W(neural network)©] Z+Z}
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(Table 3) Degree Centrality of Artificial Intelligence Related Topics Top 10

2009~2012 2013~2015 2016~2018.7

Topic Cent. Topic Cent. Topic Cent.

Machine Learning 0.748 Machine Learning 0.706 Machine Learning 0.664

Artificial Intelligence 0.276 Python 0.324 Deep Learning 0.418

Neural Network 0.276 Artificial Intelligence 0.275 Python 0.319

Python 0.272 Neural Network 0.236 Neural Network 0.280

C+ 0.154 Deep Learning 0.216 Artificial Intelligence 0.238

Natural Language Processing 0.126 Java 0.166 Tensorflow 0.235

Java 0.122 Data Science 0.122 Keras 0.140

Visualization 0.110 C+ 0.092 Data Science 0.120

C# 0.106 Natural Language Processing 0.085 | Convolutional Neural Network | 0.111

Medical Imaging 0.106 Java Script 0.080 Reinforcement Learning 0.107
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o SR EAS T JRE AT SE gaas g6 mnse) 0w 29 Wws
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HOo=— Zk 8l (visualization)2} &3t 317 2% Pu o] 22 ENES JeERfo] Al
(medical imaging) E3°] A& FA/Ado] 42 714 S3ko] W3} 302 5913} th(<Figure 4>
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Abstract

A Study on the Development Trend of Artificial
Intelligence Using Text Mining Technique:
Focused on Open Source Software Projects on Github™

JiSeon Chong** - Dongsung Kim** - Hong Joo Lee*** - Jong Woo Kim****

Artificial intelligence (Al) is one of the main driving forces leading the Fourth Industrial Revolution.
The technologies associated with Al have already shown superior abilities that are equal to or better than
people in many fields including image and speech recognition. Particularly, many efforts have been actively
given to identify the current technology trends and analyze development directions of it, because Al
technologies can be utilized in a wide range of fields including medical, financial, manufacturing, service,
and education fields. Major platforms that can develop complex Al algorithms for learning, reasoning, and
recognition have been open to the public as open source projects. As a result, technologies and services
that utilize them have increased rapidly. It has been confirmed as one of the major reasons for the fast
development of Al technologies. Additionally, the spread of the technology is greatly in debt to open source
software, developed by major global companies, supporting natural language recognition, speech
recognition, and image recognition. Therefore, this study aimed to identify the practical trend of Al
technology development by analyzing OSS projects associated with Al, which have been developed by the
online collaboration of many parties. This study searched and collected a list of major projects related to
Al, which were generated from 2000 to July 2018 on Github. This study confirmed the development trends
of major technologies in detail by applying text mining technique targeting topic information, which
indicates the characteristics of the collected projects and technical fields.

The results of the analysis showed that the number of software development projects by year was
less than 100 projects per year until 2013. However, it increased to 229 projects in 2014 and 597 projects
in 2015. Particularly, the number of open source projects related to Al increased rapidly in 2016 (2,559

* This work was supported by the Ministry of Education of Korea and the National Research Foundation of
Korea in 2017(NRF-2017S1A3A2066740).
** Department of Business Administration, Graduate School, Hanyang University
*** Department of Business Administration, The Catholic University of Korea
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Tel: +82-2-2220-1067, Fax: +82-2-2220-1169, E-mail: kjw@hanyang.ac.kr
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OSS projects). It was confirmed that the number of projects initiated in 2017 was 14,213, which is almost
four-folds of the number of total projects generated from 2009 to 2016 (3,555 projects). The number of
projects initiated from Jan to Jul 2018 was 8,737.

The development trend of Al-related technologies was evaluated by dividing the study period into
three phases. The appearance frequency of topics indicate the technology trends of Al-related OSS projects.
The results showed that the natural language processing technology has continued to be at the top in all
years. It implied that OSS had been developed continuously. Until 2015, Python, C ++, and Java,
programming languages, were listed as the top ten frequently appeared topics. However, after 2016,
programming languages other than Python disappeared from the top ten topics. Instead of them, platforms
supporting the development of Al algorithms, such as TensorFlow and Keras, are showing high appearance
frequency. Additionally, reinforcement learning algorithms and convolutional neural networks, which have
been used in various fields, were frequently appeared topics.

The results of topic network analysis showed that the most important topics of degree centrality were
similar to those of appearance frequency. The main difference was that visualization and medical imaging
topics were found at the top of the list, although they were not in the top of the list from 2009 to 2012.
The results indicated that OSS was developed in the medical field in order to utilize the Al technology.
Moreover, although the computer vision was in the top 10 of the appearance frequency list from 2013 to
2015, they were not in the top 10 of the degree centrality. The topics at the top of the degree centrality
list were similar to those at the top of the appearance frequency list. It was found that the ranks of the
composite neural network and reinforcement learning were changed slightly.

The trend of technology development was examined using the appearance frequency of topics and
degree centrality. The results showed that machine learning revealed the highest frequency and the highest
degree centrality in all years. Moreover, it is noteworthy that, although the deep learning topic showed a
low frequency and a low degree centrality between 2009 and 2012, their ranks abruptly increased between
2013 and 2015. It was confirmed that in recent years both technologies had high appearance frequency and
degree centrality. TensorFlow first appeared during the phase of 2013-2015, and the appearance frequency
and degree centrality of it soared between 2016 and 2018 to be at the top of the lists after deep learning,
python. Computer vision and reinforcement learning did not show an abrupt increase or decrease, and they
had relatively low appearance frequency and degree centrality compared with the above-mentioned topics.

Based on these analysis results, it is possible to identify the fields in which Al technologies are
actively developed. The results of this study can be used as a baseline dataset for more empirical analysis
on future technology trends that can be converged.

Key Words : Artificial Intelligence, Technology Trends, Open Source Software, Github, Text Mining
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