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<E 2> AFYE &M ZI}

<G| 24>

=4 7= JIEARUE W 23 =HE MEMZI 23
1 LED CHIP 100.0% 18

2 LENS 100.0% 18

3 OPTICAL PROPERTY 100.0% 18

4 CONVEX FACE 100.0% 17

5 CUP PART 100.0% 17

6 SIMPLE PRODUCTION METHOD 100.0% 17

7 EXCESS RESIN MATERIAL 100.0% 17

8 RESIN MATERIAL 100.0% 14

9 TRANSPARENT LAYER SEAL 100.0% 8

10 REFLECTOR LAYER 100.0% 8

" UPPER SIDE 100.0% 8

12 TRANSPARENT LAYER 100.0% 8

13 BLUE LED 16.7% 6

14 LIGHT EMITTING DEVICE 0.0% 5

15 FLUORESCENT LEAK DETECTION MATERIAL 100.0% 4
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85.6% 10.72
<&7| 24>

=2 7= J|EARUE W 232 &E MEY7l g3
1 CONCAVE MIRROR 100.0% 40

2 TRANSPARENT REFLECTIVE OPTIC 100.0% 40

3 CURRENT REGULATOR CIRCUIT 100.0% 40

4 FLEXIBLE MEMBER 100.0% 40

5 POWER TYPE 100.0% 40

6 POWER LED 100.0% 40

7 ADDITIONAL OPTIC 100.0% 40

8 CONDUCTIVE MATERIAL 83.3% 36

9 MINIMUM SIZE HOLE PORTION 100.0% 26

10 INTERIOR SURFACE 100.0% 26

" PROTECTIVE RESIN 100.0% 26

12 MAIN SURFACE 100.0% 24

13 IMAGING ELEMENT 100.0% 24

14 SEMICONDUCTOR ELEMENT 100.0% 24

15 IMAGING DEVICE 100.0% 24
| A 10574 FI =0 e g 23 o &4 M2Y7l g7 83

85.6% 11.53
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Abstract

Keyword Network Analysis for Technology Forecasting

Jinho Choi - Heesu Kim' - Namgyu Im"”

New concepts and ideas often result from extensive recombination of existing concepts or ideas.
Both researchers and developers build on existing concepts and ideas in published papers or registered
patents to develop new theories and technologies that in turn serve as a basis for further development.
As the importance of patent increases, so does that of patent analysis. Patent analysis is largely
divided into network-based and keyword-based analyses. The former lacks its ability to analyze
information technology in details while the letter is unable to identify the relationship between such
technologies. In order to overcome the limitations of network-based and keyword-based analyses, this
study, which blends those two methods, suggests the keyword network based analysis methodology.
In this study, we collected significant technology information in each patent that is related to Light
Emitting Diode (LED) through text mining, built a keyword network, and then executed a community
network analysis on the collected data. The results of analysis are as the following. First, the patent
keyword network indicated very low density and exceptionally high clustering coefficient. Technically,
density is obtained by dividing the number of ties in a network by the number of all possible ties.
The value ranges between 0 and 1, with higher values indicating denser networks and lower values
indicating sparser networks. In real-world networks, the density varies depending on the size of a
network; increasing the size of a network generally leads to a decrease in the density. The clustering
coefficient is a network-level measure that illustrates the tendency of nodes to cluster in densely
interconnected modules. This measure is to show the small-world property in which a network can
be highly clustered even though it has a small average distance between nodes in spite of the large
number of nodes. Therefore, high density in patent keyword network means that nodes in the patent
keyword network are connected sporadically, and high clustering coefficient shows that nodes in the
network are closely connected one another. Second, the cumulative degree distribution of the patent
keyword network, as any other knowledge network like citation network or collaboration network,
followed a clear power-law distribution. A well-known mechanism of this pattern is the preferential
attachment mechanism, whereby a node with more links is likely to attain further new links in the
evolution of the corresponding network. Unlike general normal distributions, the power-law distribu-
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tion does not have a representative scale. This means that one cannot pick a representative or an
average because there is always a considerable probability of finding much larger values. Networks
with power-law distributions are therefore often referred to as scale-free networks. The presence of
heavy-tailed scale-free distribution represents the fundamental signature of an emergent collective
behavior of the actors who contribute to forming the network. In our context, the more frequently
a patent keyword is used, the more often it is selected by researchers and is associated with other
keywords or concepts to constitute and convey new patents or technologies. The evidence of
power-law distribution implies that the preferential attachment mechanism suggests the origin of
heavy-tailed distributions in a wide range of growing patent keyword network. Third, we found that
among keywords that flew into a particular field, the vast majority of keywords with new links join
existing keywords in the associated community in forming the concept of a new patent. This finding
resulted in the same outcomes for both the short-term period (4-year) and long-term period (10-year)
analyses. Furthermore, using the keyword combination information that was derived from the
methodology suggested by our study enables one to forecast which concepts combine to form a new

patent dimension and refer to those concepts when developing a new patent.

Key Words : Patent Analysis, Keyword Network, Text Mining, Technology Forecasting, Network Analysis
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