Journal of the Korean Institute of Industrial Engineers

Vol. 48, No. 6, pp. 570-583, December 2022.
ISSN 1225-0988 | EISSN 2234-6457

"m Check for updates

https://doi.org/10.7232/JKIIE.2022.48.6.570
© 2022 KIIE

7)1 714ke] M| 2 713 24 .
53128 QA dlolel g B A5 &8

Technology-Driven Service Opportunity Analysis: Use of
Patent-Trademark Linking Data and Network Link Prediction

Hojae Kang - Jiho Lee

- Janghyeok Yoon

Department of Industrial Engineering, Konkuk University

As the importance of technology in services increases, studies that identify technology-driven service opportunities
have been conducted. Although patent-based studies have been conducted, they have limitations in obtaining service
information due to the dependence on technical data only. Therefore, this study suggests a method to identify
technology-driven new service opportunities using patent-trademark linking data and link prediction. First, a
technology element network is constructed based on the co-occurrences of patent classification codes for all patents.
Second, a set of existing technology elements used for a target service area are identified using the patent-trademark
linking database. Third, the method identifies technology elements, which can be newly introduced for the target
service, via link prediction. Finally, technology-driven service opportunities are discovered by evaluating the new
technology elements with novelty and influence indexes. A case study on educational services is carried out to show
the applicability of the proposed method. This method could be used to identify new service opportunities based on
technological advances and support establishing policies for service industries.
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Constructing a technology element network

[«— IPC co-occurrence analysis

{} Universal technology element network

Defining service-related technology elements

[«— Patent-Trademark linking DB

Target service centered technology element
network

Discovering new technology elements

le— Custqmized link prediction
algorithm

{ } Candidate technology elements

Evaluating new technology elements

[+— Novelty, influence indices

{} Portfolio map of new technology elements

Figure 1. Overall Process of the Proposed Approach
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Figure 2. IPC Co-occurrence Analysis
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Figure 3. Patent-Trademark Linking Process
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Figure 4. Process of Constructing a Target Service-Centered Technology Element Network
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0 if x and y differ in section

0.25 if x and y differ in class but not section

0.5 if x and y differ in subclass but not class 4)
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CS(z, y) =

1 ifx and y share the same subclass and main group

(Kyebambe et al., 2017), A 2] 2% 29 F2 H Ao A A Z o}
271 39T AR S SAT Y EF FASE Z 8 AT
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2 D
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Low High -
Influence

Figure 5. New Technology Element Portfolio Map.

Validation phase

Universal technology element network
(2009.07 - 2014.06)

Target service-related technology elements
(2009.07 - 2014.06)

Prediction model for identifying
new technology elements

Evaluating the model performance

Prediction phase

Universal technology element network
(2014.07 - 2019.06)

Target service-related technology elements
(2014.07 - 2019.06)

fying new

Evaluating new technology elements

Figure 6. Procedure of the Case Study
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Existing technology element(IPC)

X |——> ASN (Education service)
—> Candidate technology element(IPC)

Figure 7. Target Service-Centered Technology Element Network
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Figure 8. Performance Comparison of Link Prediction Algorithms (A: ROC-AUC; and B: F1-score @k where k denotes the number of

predicted new technology elements)
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Table 2. Part of New Technology Elements with High Link Prediction Scores

Rank New technology element Link prediction score Application (Y/N)
A61B5 2145.544984 Y
2 H04M1 1754.216109 N
3 GO06K 19 1681.762932 Y
4 GO6F16 1565.505319 Y
5 G06Q10 1520.55349 Y
6 G16C10 1464.377002 Y
7 G01S19 1445.336148 Y
8 GO06K 17 1249.139018 N
9 G06K7 1142.176729 N
10 Go01C2 1120.841182 Y
_ @ G16H 10 G16H 20 G118 20 QBZSJ 13 08251 9
GIOLDIQ H 50 16C 10
HOS5B 37
H03M°7 L H82J s
H04B 5H04B 7 H04Q 9
[ °ee © ? Woam 1
e H&W 12 HO4N 13 GDSB 19
) noafis ° 50&5?36§§§5 169 1 ot 2%681r 31 cBin33
© )
(389(3 3 689F 9
E’ AQLB 5
? 6898 20 GO6K 7
Zo 085 GgﬁT i3 G?SK?7 GQGK 19
i 1:85F 19
6860 10
ors Agar , AgBH 33
Influence

Figure 9. New Technology Element Portfolio Map(verification step)

AgoNAM 7ed FFE e AT v A 5AH 7|E8 4
7F 23E o] itk 27709 7)€ 847 A 9o Z3E o
o, o]F AAR 99 71€24E 1270t HEAHOR
“G01S197¢F 2 A4 A gt A28 B 7)<, “GosG17H 2
LAY 24 BE 7)€, “Gl6H10"9 £-& A7 3e dolg #
d 7]&o] W& AH| 2ol EYEAT £33 B 9 FFY
FAFE AR BT £ Y902 7&9 534 2HY
ik Zm oA AFE] T 83 7| e 847 TEH oy &
T AT 10 ﬂH 7|€847tB 999 XYL, AAR =
?JEJ 71E84E slolth EHCRE A9 #H 7|
“H04Q9”, A Wl TE ¢ AS A AA BE 7)ed

=
<)
“G08C177, 38HA #d 71« “G02B27” 5o YU C

Qe JFA} Aol B e Jow YEYD A
o4 7147 Tl BT SR ol AT WA o] e

g A2 ol 7] Wl =0 &0l 7|8 4Tt X9
ol Ytk 1071 71& 847 e P ol ZFHAL, o] T 4
AR B8 7€ 24E 470t aF 7]& 8 A5L “G06K16”
I 2& HoE e 715 mA B 71EH “G06F167H 2 A
B A4 #E 71E “G06Ql0nd e Y #HE )&,
“GO6T1377 22 ofjymo]d #¥ 7]&oltt npA|2o & D

P92 T AN AFAL Y2 YYo= Ve &
A SN AF3 FasAT e SRR WL e
8474 23 gt 309 7€ 847D GY o 3
0] ZAAR EYH 7€ 8 A= E, “A61B5” Y 2L )
A #H 7€, “G06K 1979} & T AL vt} 7| RH &
S AAR 7| 50A 7 st

A 7N1E84E F A L5 AF A Ve A%
2l v oz Ay HAedo] gk ool d



580 Hojae Kang - Jiho Lee - Janghyeok Yoon

d 71 B8 B 7L USG9 us JAS 93
g2Zgo|7l A% A A4 AL 911, oy 7|5 &
2 AR AN A 7|Ee §8A YO HAFL uS
ABl 2 93 B8 A& 5 9tk

42 9% RS ALFAF A Ve84 ES

T A AR B AFNM AN 6= 28-S &85}

AT ME A 7845 EE59Y. WA dlé oA 9 AA
e LAYEYIE 75T H s Au 29 AAE s
& 5343 A voleo] 2~ T3l Attt A5 &
AAA & Mu 29 AAE Ed 159002 W 1F
29 IPC &= 120712 b5t ggog B oA
ANSHE B3 dF ¢ugdss dF dAY JA 7je8a
U EY T A48ttt o] W d = Aol A AF DA A
© EA AR o & 74101] M AR 15 Al e 7%

L231ME AYS F B FI dF AFEPS)E 717 A+
71€824 5078 TE5A T <Table 3>& & JI 4= A

T

o|%, E}zﬂ Hﬂléﬁ} AA= 71%
stetatgith Ha A F AF(PS)E T =
At 71848 A4, 998 ARE
E8A TEZE L WS 5319
T A7 93 g F HA5(PS)E 9
X YE A4 Az,

A 71e8ihEg& A 7e8A ZTEZER
IR Yoz FRATG TEH Mulx9 Al
N A G109 7€ 845 2383
“G16H40”, “G16H20” & B2A A AXujgx
“H04B10”, “H04B7” 52 A% 7]&0] TFHS

© 1119 71847 TZEYE, fEH
“F21V33” 5 21 AX #d 7)go] &
< 18719 J€24aE TSI
“G07CS” T At BEe 24 5
“G01S17” %4 FAx8 A4 7
ED 92 1109 784 LT8R

Table 3. Top 10 New Technology Elements with Their High Link Prediction Scores (Prediction Step)
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Rank New technology element Link prediction score
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5 B64C39 3911.2673
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10 G16H20 3000.9574

o [® v oFe
ok g Fryy o5
Won g Bou g
B ;7 I YW IS TESY
W s e 1 wPer a2
& |© ©
= K oo W .., -
B e
R 20
8o
S 1n Rerr B
Gg%FB
od1 od2 083 lnﬂ::‘ence od3 od8 0b7

Figure 10. New Technology Element Portfolio Map (Prediction Step)
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