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Abstract: [Purpose/Significance | This research aims to explore the potential relationship between technical topics
through the multi—topic association relationship, integrate the multi—topic association relationship to supplement the poten-
tial information, and explore the potential evolution path of frontier interdisciplinary technical topics. [ Method/Process ]
Based on patent technology citations and cooperation relationships, this study proposed to strengthen relationships and new

relationships for technical topics and used the entropy weight method to integrate multi-relation. Combining topics clustering
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and similarity measurement, this study measured the strength of technology paths and identified the evolution paths of

technology topics. [ Result/Conclusion ] Using “graphene sensing” as an example, this study identifies three potential main

paths of technological topics related to biomolecule separation, purification and sensing, glucose detection and control,

and photoelectrochemical sensing, proving the effectiveness and feasibility of our method. The study also shows that multi—

relation fusion has a positive supplementary effect on the study of topics evolution; keywords reflect the relationship

between topics at the semantic level ; and the overlap of weak relationships between technical topics is helpful to explore the

potential main paths of technological topics.

Keywords: frontier interdisciplinary technology ; multi-relation fusion; main path analysis; patent text mining; tech-

nology topics evolution path
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Fig.1 Research Framework for Topics Evolution Path Identification of Frontier Interdisciplinary

Technologies From Perspective of Multi—Relation Fusion
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Fig. 2 Multi—Relation Association and Fusion of Technologies Topics
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Tab.3 Network Fusion Weights in Each Period

g 2001 20120 2016— 2019~
2011 2015 2018 2022

MB 0.435  0.185  0.198  0.190
mc 0.565  0.244  0.334  0.399
mp 0 0.570  0.478  0.410

HE B4 I 3] X 45 K—core (H R R TT &L, H2E
TEMERZLCIZE, I ESZOERERE. %
. PR, R 4PR.

®4 BROERERY., BE. THESR
Tab.4 Clustering Coefficient, Density, and Average
Distance of Each Core Layer

s PR poesw mm wwms
K-core
2001—2011 44 0. 677 0. 690 1.310
2012—2015 50 0.762 0.784 1.216
2016—2018 45 0. 450 0. 356 1. 645
2019—2022 37 0.462 0. 389 1.612
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Fig. 4 CONCOR Clustering Process of Core Layer
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Tab.5 List of Topics Clustering Results for Graphene Sensing
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F6 HETMEAIENELEM (I 2001—2011 VS. 2012—2015 A1)

Tab. 6 Similarity Matrix Between Topics of 2001—2011 VS. 2012—2015
FH F9 FR10 FH11 FHi12 FH13 F i 14 FH15 F 16
ES 0.589 0. 556 0. 496 0. 447 0. 466 0. 441 0.432 0. 443
FH2 0.599 0.557 0.477 0. 435 0. 448 0. 432 0.410 0.419
EXK 0. 600 0.563 0.515 0. 466 0. 488 0. 462 0. 454 0. 466
F 4 0. 691 0. 654 0.578 0.532 0.543 0.521 0.510 0.522
EXR 0. 504 0. 468 0. 421 0.374 0. 393 0. 366 0.362 0.371
F 6 0.533 0. 499 0. 458 0. 406 0.429 0.399 0.395 0. 407
F 7 0.563 0.538 0.504 0. 445 0.479 0. 447 0. 447 0. 460
EXR 0. 638 0. 598 0.519 0.478 0. 489 0. 472 0. 462 0. 466

R BRPEAETIXKXERQ,S5Q,HE
Tab.7 Q, and Q, Thresholds of Technical Topics

Correlation in Each Period

®8 3IMWMMETET EREZEETop6
Tab.8 Top 6 Main Paths and Weights Under Three Mea-

surement Methods

o gg;? (*gﬁ) T th 2%2 2%% 2%; ig
2001—2011 VS. 2012—2015 0. 444 0.527 1 9 17 25 0.283
20122015 VS. 2016—2018 0.443 0.518 1 9 17 26 0.283
2016—2018 VS. 2019—2022 0.459 0.538 1 9 17 27 0.283
e 1 9 17 28 0.283
R Top6, W 8PN, FXF 3 Fho A5 B = B% 1 0 7 o 0,983
BAE AT i AALXT L, R S FiR . | 0 8 s 0,83
B S, SPC5 AR U A & 5 i 2 4 9 8 T 4076
AW EAME, EaiE S B AARLE S AR T 4 9 17 27 4.002
BOTL, B SRS 1 F R A, R R i 4 10 18 27 3960
W5 5387 . BB BB AR DL BE T RLET 45 4 i A% AEARLBE 4 10 17 27 3.892
HRRAGI ,  [R)I SOORAIE T BE AR T A E . A 8 9 18 27 3.883
TG R KTE , A SBIEAE BEAR N FHTE A4 4 9 18 28 3.877
i ISR 2, R 32 2 T IR G 1R 4 9 18 27 1.000
SR AR, PR R A B AR S, AR I 4 9 17 27 0.958
£ VN ST N 1L 7 ) iR S B N HEATE X 8 9 18 27 0.890
WL 5 F A B R L B SEE 4 918 28 o088
5 T8RRI A A B A B 1) UL PR P ) A e R 4 ? 18 25 0.880
20 L SOMRR A 53 T AR B A 2 2 v s 7 086
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] Tab.9 Degree Centrality of Top 3 Word Nodes in
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Fig. 5 Identification Results of Main Paths of polymer 0.727
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Tab. 10 Top 6 Main Paths of Technical Topics
Supplemented by Weak Relationships

2001—  2012—  2016—  2019—

2011 2015 2018 2pp  HERE
4 9 17 27 0.976
4 10 17 27 0.941
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4 9 17 25 0.915
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Tab. 11 Verification of Technical Topics Identification Effect
ERIPEL 3| 2001—2011 2012—2015 2016—2018 2019—2022
WEE AR GERE R, MB) 0. 634 0.728 0.673 0.755
RIEEZE(ZIUKZE, MB+ MC + MP) 0.724 0.905 0.758 0.773
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