AU BE Y RS =23
Journal of The Korea Society of Computer and Information

Vol. 31 No. 7, pp. 141-150, July 2026

https://doi.org/10.9708/jksci.2026.31.07.141
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[Abstract]

To resolve over-segmentation in modeling highly compressed texts like Classical Chinese poetry, we
propose High-Density Compressed Text Topic Modeling (HDCTM). Unlike traditional models that
extract keywords post-clustering, HDCTM utilizes a Large Language Model (LLM) at the
pre-embedding stage. It extracts structured 3-axis metadata (Subject, Type, Emotion) as semantic
anchors, which are fused with raw texts to construct a knowledge-augmented embedding space. The
architecture executes a hybrid two-track process: top-down structural integration via entry-point sample
extraction, and bottom-up contextual discovery driven by micro-level multi-sampling and macro-level
geometric centroid verification. Evaluated on 5,247 classical poems, HDCTM successfully resolves

semantic fragmentation, establishing a robust, explainable analytical framework for computational

humanities.

» Key words: Topic Modeling, Large Language Models, Classical Chinese Poetry, Compressed Text,
Multi-sampling, Centroid Verification, HDBSCAN, Computational Humanities
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I. Introduction
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II. Preliminaries

2.1 Latent Dirichlet Allocation (LDA)

A d2]Z2d @d(Latent Dirichlet Allocation,
LDA)Z Tt A A 714l 4" ARA Hof-Ex-
oA el A EE RS HoJA|¢ 2E0 8 otk
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(Coherence)ol w43 St —ol AFH (
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A uige ZAL 4 |lo] o] EEY X

(Ontology) 2 #g3tA} SiH A8 A5]] wA[ofA]
T AZE Zojsict Blx 7)¥t 9RAle o L(Parallelism)Qt
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2.2 Embedding-based Topic Models
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2.3 Transition to LLM-Augmented Topic Models
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2.4 Recent Trends and Limitations
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III. Proposed Hybrid Topic Modeling
Architecture

3.1 Phase 1: LLM-Based Keyword Extraction
via 3-Axis Framework

£ ALl AIQtsh= HDCTM op7|El4]9] FA| mho]=
U2 Fig. 12t 2t

| Raw Highly Compressed Poetry I

Phase 1. LLM-Based 3-Axis Feature Extraction

« 1st Raw Embedding Generation
« Isolation of Qualitative Reasons for XAl

1
Phase 2-A. Top-Down Integration ‘ P B tom-Up

* 3-Axis Label Pattern Mapping

« Entry-Point Sample Selection

= Micro-Level Multi-Sampling

« Low DoF, Schema-Guided Integration = Macro-Level Centroid Verification

L v - |

Aligned Empirical Outputs & Reports

Fig. 1. System Pipeline of HDCTM Strategy

# A9t HDCTM ob|elqe] 51941 7hde 71E 57
7S] ol ojo] A S PAs] 99 o
Hg A GAA LLMZ &8st} LLM2 AoflA] a4
7|9 =Y &% 7(Reasoning)5 AAIM o2 EET

olZ 9lall & A|ARE FA(Subject), 7F(Type), 7
A(Emotion)2t= Al 7HA] S04 HE| Ftez /dd 3
= TURFY A7]0K3-Axis Classification Schema)sS At

§310], BT 2t TALL 9ho) T & Yol o1 2ol

g2 ol 83ttt E5F Uit APl 5% agollA] U
= /8% Ale] AR B4l Q7L JSON &3 A
a4 of2{(ValueError)= <lIgh Elojg AMZ YX|517]
sl ofle] A2] 719t A& A =(Retry) HAUES &
& FAlskT o) A A Al FY 3%
(max_retries=3)°f] 24 52 F&of thet A2 7 FES
ARA o= Legsto=y, 1A F9 ImA HAAQ] g
S S48} Hlolg A9 AARIA Py dS eHst
&= Aol
53] & op7[EIA = wE F1t g Al FHA|
Aol AN 8 AR AR(HA, e
A glo] BESE] ¢oll 1T97(Phase 1) €H3ollA]
EAE o= HolE((AlS] + [ER])E AAE Us
A} 712 dy|d(embedding_vector)S A§Ad
t}. o9, HgA GAZ 7Hsshe &2 (Bottom-Up) E
o] X1} T7(Phase 2-B)oflAl 19719] LLM &% 34
JIMEE At Agst KA 5479 ElAE(Enriched
Text, [Al=] + [all_keywords] + [&7])'2 FAskL o]
£ tjato g st Al 2AF Y| (enriched embedding
vector)g A0 & APFITE ol dF B gHd Al
Ao 20 e oJu] FFol g mhHst AAdE B
ot HE o] 214 Y IgolA ZiEA dwde
517] Yt 2|89 F73(Enrichment) o],
o] oM LLMo] =&3 APA 'FF

(Reasoning)' HloJE= e oz gy A4t A~
X Az](Stable Isolation)=lth. &3 A+ XA

o v
ARE e Qo] EUT B9, A2 7154

S

i)

2]
o

f ]
Mo
i)

oln

8
moroh oMo o

ol
——
i)
e

R

=

o
o
T

1
L

|

>

=2

QU5 E(Token Inflation)7} 2HAE5Te] A]AEIQ] HA
AdE oA, M2 ABd 29 1159 ofgA HE
(Variance)o.2 Q5] Z4A W &<¢te] 7]stetAl A2
I 2 B 2aidolel= & o FS{(Noise)Z Afo]
7] flzolct.

T 79 A Ao o)A 2 RE ofxetol
ol(b_cluster_id = -1) BIo|E|= AAA] te} thRA] B
Aol FAA d52 WAIs] Yol & HTML Zubda
Aol A AQIE]T, o] FA] HloEl= CSV mdo 2] A
7d(Stable Isolation)=ltt. AFAR= £ FA A A=
glolel & sl wlEtolEl g Sl LLMY] A Zits o
F(Traceback)do2H 7 A A8l 294
(XAl)g =2 4 Qloh

ox oY rlu mx x X



A High-Density Compressed Text Topic Modeling Scheme Based on
Large Language Models: Focusing on Classical Chinese Poetry 145

3.2 Phase 2-A! Top-Down Integration

259 3% vlejdole] 713o0] YR, B 2L g
olf A|o] AS-E(Degree of Freedom, DoF)9] £/ &%

o wet 5 7o) of7|Elx| e B7lwlo] Tt dtF
A A7t 27 “d=2(Phase 2-A)= Alo] ALRES &40}
(Low DoF)2ro.24 toleje] Sate] WS Aofsti
ojojex| Anyol Baig YAlske SHF Rold,

o] 2oL AeRel 2 22 Rferely] ¢l o
AE 7)Re] YR 55 2712 Wi, 08 f2sk

'‘ZA-SHAA ol XY X3 FE AEF
(topic_str)?Fe- &7t o] E(Milestone) 2 FUsHC} siE
AEYS Uiz 15 7Ask A0F AU W4T 2,
2t 2789 Bota 3RS A4l 2325 9
B 0% U oA WA 29 dacs Aud m
(Entry-point Sample)2.2 st #1A AHd2 4%
¢ OE Yol SESS 989 AEY02 Gy o) B
(LLM)ofl Z=Jettt. o]F &afl 7H'8 Algwt 119] ulA[Al W
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Uz Jig aotRe @02 wE
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otd, LLM9| M|z 1uAMd st
7t g% =& Q9FH(group_summary) HIAE XS

Odoz Al & A (summary_embeddings)2 4
3h5to] QOoFR Azo] el ARG Z7HS AiASHC o)g
3 QKR 7N AN WAL A B AV} i
=TAQl 8|4 o] =(Sparse Noise)E 7|oletAdo = §
Bislla olet 2H) 4% 458 AP ang A
24T H5502 YYE a0k W 2712 UMAP &
2] 52 &9l 3AF¥(n_components=3)Q] MAtY FIHO
S5t 5, HDBSCAN 20252 M 8ste] AZA o]
+AgKMeta Clustering)S 2H4sto 245 HA|A E}U
= Ald HE gis Al

Al(Macro-categories)22] AUs
23 A& (Hierarchical Reintegration)2 4385ttt
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3.3 Phase 2-B: Bottom-Up Clustering
v 2 AFeFAl glojy =& A 7 2(Phase 2-B
o] AL§-=2 Ssl(High DoF)sto] Hlole] WjA
2RE AR oE]A] o2 Ulx]Q UjA] AR 22
MEog gEst o)t} o] Ee | U} |
Aol 259 3% 7]9c7} Omu% Agslol, 2-B
A R A AT QY AlE U A4 57
(enriched_embedding_vector) %Z_P% 7l8to g Arzst
) 2uue g Qkxr =71 ¥l 27 UMAP(Uniform

ﬂ.l

Manifold Approximation and Projection) ¢12]&5&
=5 5x1Y¥o 2 HUsH AY H43h 3, HDBSCAN 2
1ES st AP B ZiK)Y o] FA $lol
Hlole] WiAiA de Faggol o x7] ujA] 242 F7
Sttt x7] 0jA] &4 @Ado] eEdH, #4 ROl AMAE
A Wo|(Variance)et 52401 25 et o= glo]
sl sl dAE UR 22N OF B FF
(Multi-sampling) Zeflg 7t&sitt. &5 oAl A
F W2 oig Ao BR(LLM)o] U 24 +59
7I'd Qo7 (group_summary)d} £ 7|95 Fde
Sh=l

gt

|

.|.|;|

c} olzist YA "HAE Mx2]l= o A7} A
9] ga/de Bestl Yu|A AYes SHEs
ol ft. o] ©EH Ul 24 QRS HAE o
(summary_embeddings) ¥4 7{& UMAP 7]8t9] 3
A FA(n_components=3) & HDBSCANof 9]t A=
A o} 243K Meta Clustering)2 438310 24, A
A e Ad el OiZA|(Macro-categories) 29]
27 e WAtk B Fste] sa B g o)
BF 248 B2OIAE AR 43 A5 Ikt ¢
o AIUg Yo FHFIE

5502 29 ol A 7A0) 4 ey
(Anomalous Variance Control)it E4A ZAIAS A
oz wat Azeb| 9o, olet 2 A% FA
wEbS o] 28ts BFel 715tera SAEA Centroid)

Centroid Equation (ZA%A]

Ge= |sk|):”

vE S,

o714 5= R kol w7 =

g HE) AEolw, G =
sk 4] _‘T_E(sz‘rold) o]

E5e) 12
g el 7)st
=

o] SAFA  uEele] FAIl  9AFE(Cosine
Similarity) A2l7F 7 7R AR AXEXA
(Deterministic) '2]% o B2'02 MAsty, A7t

ol™st =y O]T 1= =(Neighboring Nodes)S-g A

e

o Z3CH £5Y EE WAL LIM 7[] HF A
5 24 nad gutdelz olgslo] B B0 43

HAXAN)S  YBoh= AZ(Philological

Grounding) =72 AYUsHA| AHEstct o] ald B4
a1t} QIEEHA AR 4 dlolE] 7He] S AE A
5ot % A7Y(Multi-scale) A HIAHY &l
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IV. Experiments and Performance

Evaluation

2 FoM= At 1 E F HAE Ed Uy
(HDCTM) o|EIX9] H5& AEoluAL A+ Pt 7Hs
st A 59 s AAIE e s AS A4S 4388
Sh. A Ol S 279t Aa(daih)] Wert =
of 7|& BAR &5 7IHEs Agsl7] 7iEs ImAo]
.t 2 AdoA= ool duelE 13 wdoA &8d
29 AA 7Lt =EE FAK LR S == AR
SEU S| Ado] XA 7Hs7d

4.1 Experimental Setup and Baseline Collapse
Ak o7 lElxle] 58 4B el
o TE2 $AH AAEEBHC B 5TH A
f% 7hgstel A8 HolEle Tasidrt. o] AEE o
2 2|4 20Rko)A 564} Lele] T 0 R e EAM
EO]E Yo, Yiole i+, g, S84 tEz 2 &

mf;l‘

A 37 ol39] Siaba] x| Aol Hal 1A} FAEo]
AR G FolLBoW) YHOLE L B
3E(ZA, 98, AA) 7]9r] LLM £37]9F UMAP 2

[o X}
HDBSCAN HARS
% £ Hjojeis

31401— :erﬂHo] }\]}\Eﬂ ;\}okj_} o}_]—ia
Table 13} 7t

Table 1. Technical Environment & Algorithmic Parameters

Specific Metric /
Library

Configured Value

Classification (Parameter)

Institute for the
Translation of
Korean Classics

Dataset Specs Data Source

Classical Chinese
Poetry of Samyeon
Kim Chang-heup

5,247 Poems

Highly compressed
short text (Avg. 20 or
56 characters per

Target Corpus

Total Volume

Text Attributes

poem)
Computing System Intel Core i9-10900KF,
Hardware Env CPU 128GB RAM
Python 3.11,
Language & PyTorch 2.1.1,

Software Env scikit-learn 1.3.0,

scipy 1.11.3

Core Libraries

Gemini 2.5 Pro
(Vertex AI)
text-multilingual-
emb-002 (768-dim)

Config: Temp=0.2,

Cloud API Top-P=1.0

text-multilingual-em

Embedding Multilingual L e
Engine Encoder Model bed.dlng 002(768-dim
ensions)
UMAP (v0.5.3) |

n_neighbors = 15,
n_components = 5
(Phase 2-B main) / 3
(Phase 2-A & Meta),
metric = 'cosine’

Dimensionality UMAP (v0.5.3)

min_cluster_size = 15
(Configured via GUI),
min_samples = None
(Implicitly coupled),

Cluster Engine HDBSCAN (v0.8.29)

metric = 'euclidean’
MD5 Hashing
Optimization Cache, . Enabled (via
Multi-threading ThreadPoolExecutor)
Batch

o2 & A9 Phase 104 AME-H
UHSub]ect Type, Emotlon)L A ZIXESof Yot 7]
jI

Al %_‘HJOﬂ e 7ts Wxe
et &, &2 44 UﬂE} ﬂ 2 53 AIEY

25 0]2] ¥rYst schema-guided fittingo] opUzt, &
U2 sk BE ES |:|H7H§ &t ==& oA Axto|ct,

LIS Ny B S0
ol =1A] 4.520A 385 = g A

=
=g @2u

sl Mk @ k3l ot 49 o
(Convergent Validity) 7302 7]5sh= 92K XA
7} Bie.

4.2 Baseline Evaluation: Over-generalization
and Over-segmentation
A /IAHDCTMS] = 39142 U53P] 9lal. &
7] A ndof| A LDA(K=10)2} GuwenBERTS H=st B
3 BERTopic(n_neighbors=30, min_cluster_size=8)
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Fig. 2. Quantitative Distribution of the Top—Down Approach

4.4 Phase 2-B: Bottom-Up Data-Driven
Clustering and Centroid-Based Validation
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