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Abstract

Cross taxonomy mapping links taxonomies with different purposes, typically by combining two independently
trained classifiers. However, this two stage approach propagates errors to final mappings and struggles with unseen
code combinations. This paper treats each mapping as a single label and directly aligns documents with mapping
labels for retrieval. Each label combines two classification code embeddings, while bidirectional structural negatives
separate the taxonomy axes. This represents unseen combinations as coordinates and detects novel fusion mappings by
distance from the observed distribution. Experiments on two linked datasets show superior top k retrieval, ranking
quality, long tail mapping, and novel combination detection over the two stage approach.
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Table 3. Mapping retrieval performance by domain (SCI - PAT, IND - PAT)
Domain Method Backbone R@1 R@3 R@5 MRR macro-MRR
2-stage KoBERT 0.496+0.004 - - 0.496+0.004 | 0.285+0.006
KoBERT 0.105 0.210 0.272 0.190 0.174
SOl Pro-trained Ko-SRoBERTa 0213 0.362 0.478 0.337 0.299
PAT Qwen3-0.68 0.303 0.481 0.637 0453 0.358
Qwen3-8B 0.306 0.549 0.653 0.462 0.410
Proposal Ko-SRoBERTa | 0497+0.003 | 0.756+0.002 | 0.837+0.002 | 0.540+0.003 | 0.437+0.005
P Qwen3-0.68 0.503+0.004 | 0.777+0.003 | 0.859+0.002 | 0.657+0.003 | 0.480+0.005
2-stage KoBERT 0.578+0.004 - - 0.578+0.004 | 0.321+0.006
KoBERT 0.171 0.332 0414 0.287 0.227
IND- Pro-trained Ko-SRoBERTa 0.334 0.647 0.718 0.5143 0.479
PAT Qwen3-0.68 0.402 0.665 0.758 0.5591 0.483
Qwen3-8B 0.426 0.711 0.804 0.597 0.491
Proposal Ko-SRoBERTa | 0614+0.003 | 0.853+0.002 | 0.903+0.001 | 0.741+£0.002 | 0.515+0.005
P Qwen3-0.6B 0.623+0.004 | 0.867+0.003 | 0.912+0.002 | 0.748+0.003 | 0.523+0.005
¥ 4. Ko-SRoBERTa 7|8t n}st - £35f ozl HA o7
Table 4. Ablation Study of Ko-SRoBERTa-Based SCI - PAT Mapping
Method R@1 R@3 R@5 MRR macro-MRR
Atomic General 0.256+0.005 0.633+0.003 0.711+0.005 0.455+0.003 0.312+0.002
Compositional Unidirectional 0.463+0.003 0.747+0.005 0.817+0.003 0.515+0.002 0.403+0.004
P Bidirectional 0.497+0.003 0.756+0.002 0.837+0.002 0.540+0.003 0.437+0.005




10 4 dW9S 59 LA BRAA o)

1.0
mmm 2-stage (KoBERT)
mmm Proposed (ko-sroberta)

P d 3-0.6b;]
0794 roposed (qwen )

0.8 1

head mid tail
J8 2 gk 72k ofjE M5
Fig. 2. Mapping performance by frequency interval

53 =%t 21 (Open-set) tHE M=

. B A W
o] 2ttAl 72| MSP 7|WF ©A RO} S5t} 7}
8550 4] AUROC

At e
0.823(Ko-SRoBERTa) ©. & 29HA(0.735)5 Al 4
- EFoM= Aok 0783 ©l 294 0.7120]th
FPR@9STPR EF 7 =vll =7 AR o] ¢
grol, TYd SAEA 8o HrkH3 0.592
o) 0.778, 41 0.689 TH 0.818).

5 AT ofE EX Hs
Table 5. Novel mapping detection performance

Domain Backbone AUROC | FPR@95TPR
SO 2-stage 0.735 0.778
PAT Ko-SRoBERTa | 0.823 0.592

Qwen3-0.6B 0.822 0.605
IND- 2-stage 0.712 0.818
PAT Ko-SRoBERTa | 0.783 0.689
Qwen3-0.68B 0.781 0.792

723 g T 39 gAY} oumos
=

BEoe Zlolth 41904 BASEE AF 249
e e BF gl EAse 1 Aol A
§oh 207 BRE 2 39 G0 d5T 9o
4 3 Agel Afeks A AAE BAHA 2
1, BF SUE dolE B AEEE A7
o ZAYY W AL PUE A9 B FHue

2SR B2 BRIV AYR AP A

& AUROCS} T &
L S ﬂ}““ e Al &
< 4 2o HloH F2 Holm, ol At %
A7} B off ¢ HAYS HoFr), K3t
4 2hllol| M= Ko-SRoBERTa7} Qwen3-0.6B9} 2+
AU oha oA, 14 2y g i {17t Al
F 82 Axog AAHAE ke Holt)

N rlo

F

54 A+t s g 4 =4

Aok o g4 FH e B=HA| o ujy %
o] YT HEE A=T ¢ 9lor g o
A YERA] e A2 mjge Ajlste d &8

g & glth o2 AXNAoR Felslr] Yall, #H3-
£5] =rQlolA Sgol] #ZHA ¢4 BE (s, p)
245 JAst HARE A=dt, 74 294 Tt
2 Ve #5 w9 A e Az =

62 1 Al wet FRE I AHA), 7
(B), ¥ AHOZ o] oA ook,

B

O

2

I 6 AT oiE =2 A
Table 6. New mapping candidates

Type | Novel mapping | Nearest mapping 1)
A LCO1-B81C LCO1<B81B 0.211
EG10—-H04W EG10<H04B 0.212
® EG02-D06C EG02-G21B 0.367
ND09—A42B NDO1<A42B 0.368
©) EC03-GO6E EC03<>C08L 0.554
EC02-B61H EH10<B61H 0.549

3 BRIB(24E T& AA)9} ojv| 2
o]

e Aol o] A WP ol I FHER
FAYT FEE A A2 #AS wiFo] R
E3] Z=9] 3 oA JdFH EFBSIB-BIC 5)2t
= Aotk ol g AEldlA FA x| 53
=9 A R WA 4#dE 9AE IS
HoEr.

B\ A OE 7129 o #Z5 miEdgs



Journal of KIIT. Vol. 24, No. 10, pp. 1-14, Oct. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 11

FE THA e Ao, A &7 A v
dk oA Azl Al Al 71E viE F3t]
F INHEAE AFHLE Yehlls H5rh A
T8E AL, VRS Aol siits ?Y Hm
b AR FOAA @1 F 59 gl w}a}
Y Sl JHHER, T A9 AE
2 A% B4 E AgHoR e & AE}:
Aot

old AL A WM Bed WP A4S
dol 28 5 QA I AR Hee V1€ 2
T 7M8 7Pk FRE Adsks W IAA ¥,

71E B o R SES AREA ¥ 99=
01 3]

B =52 A 27AA wHBe 7 EF71Y o
o° A
= =

W AL ohilk w3 AAE

=7 9 AHIF A wgH A FHOE g
< T

I3} - E3jeh 44 - 58 F dlolEAlelA e A
2 AR W] aHE oA HAEh A
HE 39 TR AR 9 FAAM 29A 3
A aplen), 53 Had vgel B ilﬂ%!
T2

Aol e skt 5o Fdd A £
d zddMe PIFEG FLF 724 YR

& 288 4% 45 ol Ueht, Pty WA
H o] ¥l

S
>
o
2
o
fu
it
ol 1l
ol
ol
rir
=
[
E-:' [e>
(L
2
E
b A ool
lo Hu rufc:
) i
ST

i
o
o N o o om® M oy o

kol
> K

4 2 X
i) b

o

N o ot @ o
N
ol
rr
=L
ol
oglh

rlr ot
SR
ES
>
b
=
ol
N
23]
frs
-
)
1o

Ol E% i‘%ﬁl EAstE 1 2 2L 5ol
z3 W

o
o2l
(i,
0
= o
O_L:

8e) 2ol

A Oluﬂlﬂo] UV\Q;(]

Mo ¥@ & n® (m tu WO o g
frl
o
ne
rZ
ot
i
do
)
9'1_1

References

[1] G. C. Bowker and S. L. Star, "Sorting things out:
Classification and its consequences”, MIT Press,
1999. https://doi.org/10.7551/mitpress/6352.001.0001.

[2] E. Jacob, "Classification and categorization: A
difference that makes a difference”", Library
Trends, Vol. 52, No. 3, pp. 515-540, Dec. 2004.

[3] KISTEP,
Standard Classification System", https://www.kistep.

"National Science and Technology



12 34 odulg

o

T 23

FAA =

Hr

re.kr/board.es?mid=a10305080000&bid=0002&act=vi
ew&list n0=43328. [accessed: Jun. 24, 2026]

[4] OECD, "Frascati Manual 2015: Guidelines for
Collecting and Reporting Data on Research and
Experimental Development", OECD Publishing, Oct.
2015. https://doi.org/10.1787/9789264239012-en.

[5] KIPO, "[PC-CPC  Patent
https://www.kipo.go.kr/ko/kpoContentView.do?menu
Cd=SCD0200269. [accessed: Jun. 24, 2026]

Classification",

[6] WIPO, "Guide to the International Patent
Classification”", Geneva, Switzerland : World
Intellectual Property ~ Organization, 2026.

https://doi.org/10.34667/tind.60169.

[7] KOSIS, "Korean Standard Industrial Classification",
https://kssc.mods.go.kr:8443/ksscNew web/index.jsp#.
[accessed: Jun. 24, 2026]

[8] B. Hammarfelt, "Linking science to technology:
The vpatent paper citation and the rise of
patentometrics in  the  1980s",
Documentation, Vol. 77, No. 6, pp. 1413-1429,
Oct. 2021. https:/doi.org/10.1108/JD-12-2020-0218.

[9] J. H Gwak and Y. C. Jung, "Enhancing the
Performance of Low-Resource Text Classification
through KoBERT-based Category Mapping and
LLM Integration", JKIIT, Vol. 23, No. 1, pp.
1-11, Jan. 2025. http:/doi.org/10.14801/jkiit.2025.
23.1.1.

[10] N. Li, B. Kang, and T. De Bie, "Your Next
State-of-the-Art  Could Come from Another
Domain: A Cross-Domain Analysis of Hierarchical
Text Classification", Mach Learn, Vol. 115, No.
80, Mar. 2026. https://doi.org/10.1007/s10994-025-
06993-w.

[11] M. Miwa and M. Bansal, "End-to-End Relation
Extraction using LSTMs on Sequences and Tree
Structures”, Proceedings of the 54th Annual

Meeting of the Association for Computational

Journal  of

Linguistics, Berlin, Germany, pp. 1105-1116, Aug.
2016. https://doi.org/10.18653/v1/P16-1105.
[12] Y. Luo, S. Ma, M. Nie, C. Peng, Z. Lin, J.

Shao, and Q. Xu, "Domain-Aware Cross-Attention
for  Cross-domain  Recommendation",  arXiv
preprint, arXiv:2401.11705 Jan. 2024.
https://doi.org/10.48550/arXiv.2401.11705.

[13] P. Dorta-Gonzalez, A. Rodriguez-Caro, and M. L
Dorta-Gonzdlez, "Linking Science and Industry:
Influence of Scientific Research on Technological

through  Patent  Citations", arXiv
preprint, arXiv:2502.14570, Feb. 2025.
https://doi.org/10.48550/arXiv.2502.14570.

[14] G. Wang, C. Li, W. Wang, Y. Zhang, D. Shen,
X. Zhang, R. Henao, and L. Carin, "Joint
Embedding of Words and Labels for Text
Classification", Proceedings of the 56th Annual

Meeting of the Association for Computational

Innovation

Linguistics, Melbourne, Australia pp. 2321-2331,
Jul. 2018. https://doi.org/10.18653/v1/P18-1216.
[15] D. Li, V. Yadav, Z. L. Zhu, M. M. Fard, Z.

Afzal, and G. Tsatsaronis, "Scalable Patent

Classification ~ with ~ Aggregated =~ Multi-View
Ranking", Proceedings of the 2024 Joint
International ~ Conference  on  Computational

Linguistics, Language Resources and Evaluation,
Torino, Italia, pp. 14336-14346, May 2024.
https://aclanthology.org/2024.Irec-main. 1249.

[16] C. J. Fall, A. Torcsvari, K. Benzineb, and G.
Karetka,
International Patent Classification", ACM SIGIR
Forum, Vol. 37, No. 1, pp. 10-25, Apr. 2003.
https://doi.org/10.1145/945546.945547.

[17] C. J. Im, D. W. Kim, and T. Mandl, "Text

Classification  for

"Automated ~ Categorization in the

Patents:
and Different Weighting

Experiments ~ with

Unigrams, Bigrams
Methods", International Journal of Contents, Vol.
13, No. 2, pp. 6674,  Jun. 2017.
https://doi.org/10.5392/1JoC.2017.13.2.066.

[18] S. Li, J. Hu, Y. Cui, and J. Hu, "DeepPatent:
patent classification with convolutional neural
networks and word embedding", Scientometrics,

Vol. 117, No. 2, pp. 721-744, Sep. 2018.



Journal of KIIT. Vol. 24, No. 10, pp

https://doi.org/10.1007/s11192-018-2905-5.

[19] J. S. Lee and J. Hsiang, "PatentBERT: Patent
Classification with  Fine-Tuning
BERT Model", World Patent Information, Vol. 61,
pp. 101965, Dec. 2020. https://doi.org/10.1016/
J-wpi.2020.101965.

[20] J. W. Park, W. C. Sim, S. H. Lee, B. S. Ko,
and H. S. Noh, "A Study on Automatic CPC
Classification based on Korean Patent Sentence -

a  Pre-trained

A Deep Leaning Approach using Artificial
Intelligence Language Model KorPatBERT -",
Journal of Intellectual Property, Vol. 17, No. 3,
pp. 209-256, Mar. 2022. https://doi.org/10.34122/
jip.2022.17.3.209.

[21]  KIPO, "KSIC-IPC Table",
https://www.moip.go.kr/ko/kpoContentView.do?menu
Cd=SCD0200272. [accessed: Jun. 24, 2026]

[22] T. J. Lybbert, "Getting Patents and Economic
Data to Speak to Each Other: An “Algorithmic
Links with Probabilities”
Analyses of Patenting and Economic Activity",

Mapping

Approach for Joint

Economic Research Working Paper, No. 5, 2012.
https://doi.org/10.34667/TIND.28868.

[23] KIPO,
Standard Classification and [PC-CPC Mapping
Table", https://www.kipo.go.ki/ko/kpoContentView.do
2menuCd=SCD0200273. [accessed: Jun. 24, 2026]

[24] J. Devlin, M. W. Chang, K. Lee, and K.

"National ~Science and Technology

Toutanova, "BERT: Pre-training of Deep
Bidirectional Transformers for Language
Understanding",  Proceedings of NAACL-HLT,

Minneapolis, Minnesota, USA, pp. 4171-4186, Jun.
2019. https://doi.org/10.18653/v1/N19-1423.

[25] N. Reimers and 1. Gurevych, "Sentence-BERT:
Sentence Embeddings
BERT-Networks",  Proceedings of the 2019
Conference on Empirical Methods in Natural
Language Processing, Hong Kong, pp. 3982-3992,
Nov. 2019. https:/doi.org/10.18653/v1/D19-1410.

[26] A. van den Oord, Y. Li, and O. Vinyals,

using Siamese

. 1-14, Oct. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 13

"Representation ~ Learning ~ with ~ Contrastive
Predictive Coding", arXiv preprint,
arXiv:1807.03748, Jul. 2018. https://doi.org/10.48
550/arXiv.1807.03748.

[27] J. D. Robinson, C. Y. Chuang, S. Sra, and S.
Jegelka, "Contrastive Learning with Hard Negative
Samples", arXiv preprint, arXiv:2010.04592, Oct.
2020. https://doi.org/10.48550/arXiv.2010.04592.

[28] L. Xiong, C. Xiong, Y. Li, K. F. Tang, J. Liu,
P. Bennett, J. Ahmed, and A. Overwik,
"Approximate ~ Nearest ~ Neighbor

Contrastive Learning for Dense Text Retrieval",

Negative

arXiv preprint,  arXiv:2007.00808,  Jul.  2021.
https://doi.org/10.48550/arXiv.2007.00808.
[29] Y. Sun, Y. Ming, X Zhu, and Y. Lj

"Out-of-Distribution Detection with Deep Nearest
Neighbors", Proceedings of the 39th International
Conference on Machine Learning, Baltimore,
Maryland, Vol. 162, pp. 20827-20840, Jul. 2022.
https://proceedings.mlr.press/v162/sun22d.html.

[30] AI-Hub, "Patent Data Mapped
Science and Technology Standard Classification",
https://aihub.or.kr/aihubdata/data/view.do?dataSetSn=
71531. Jaccessed: Jun. 24, 2026]

[31] Al-Hub, "Patent Field Automatic Classification
Data", https://aihub.or kr/aihubdata/data/view.do?data
SetSn=547. [accessed: Jun. 24, 2026]

[32] jhgan,
Model Repository, https://huggingface.co/jhgan/ko-
sroberta-multitask. [accessed: Jun. 24, 2026]

[33] Y. Zhang, M. Li, D. Long, X. Zhang, H. Lin,
B. Yang, P. Xie, A. Yang, D. Liu, J. Lin, F.

and J. Zhou, "Qwen3 Embedding:

Advancing Text FEmbedding and Reranking

Through Foundation Models", arXiv preprint,

/arXiv.2506.05176, Jun. 2025. https://doi.org/10.48

550/arXiv.2506.05176.

to National

"ko-sroberta-multitask”, Hugging Face

Huang,



._.
>~
o
oX,
=54
=
ol
tlo

29 24

FAA w3

“

YSINEA] FAROE : AR, 2do) AT,

o

baol 4 /A, AISE

¢

2t X| 3 (Jiho Gwak)

4 Z 2(Junho Kim)
20203 8¢ :
FFIH7]1 = (GIST)
A7 A z].74 Eivw—ﬁl-(}ﬂ }‘H
20201 10 : Sh=ggkofstd 1Y
A4
20239 119 : FFAGFA
AYgdTd A4
20243 8¢ ~ @A : A FEATY Ved
JAEOF : Ao A / AATHE [ RAG

S (Yuchul Jung)

20113 2€ : =73 &Y

@ (KAIST) R4S} shbAp

2009 1€ ~ 2013 79 :

=22 FAAT (ETRI)
A4

2013 8€ ~ 2017'd 8 :
=337 g B AT (KISTI)

A<
20174 84 ~ 2024 24 : FPF L FHTIt
AFE TS 2aa
20221 28 ~ @A FHELEHUEN AEA TR

H 2=
FulT

A4 1e =,



	합성 임베딩을 통한 교차 분류체계 매핑
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안 프레임워크: 합성 매핑 임베딩을 통한 정렬·검색
	Ⅳ. 실험 설계
	Ⅴ. 결과 및 분석
	Ⅵ. 결론
	References


