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Research on Construction of Knowledge Graph for Tang-Bo Ancient Road Cultural
Heritage Based on Large Language Models
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Abstract: To address the challenges of integrating multi-source heterogeneous data in the cultural heritage domain and
the issues of traditional knowledge extraction methods relying on manual annotation and having a low degree of automation,
this paper proposes a method for constructing cultural heritage knowledge graphs based on large language models
(LLMs). Firstly, by integrating domain expert knowledge and cultural heritage industry standards, this paper constructs a
knowledge ontology encompassing core cultural heritage concepts and their relationships. This ontology systematically
defines spatio-temporal attributes, cultural attributes, and physical characteristics of cultural relics, as well as the associative
relationships between them, forming a multi-dimensional, structured knowledge framework. Secondly, a joint extraction
strategy with multi-stage task decomposition is designed. Leveraging the semantic understanding and generation capabilities
of LLMs, the knowledge extraction process is decomposed into two subtasks: “entity-attribute extraction” and “triple
extraction” guided step-by-step through prompt engineering. Simultaneously, a multi-dimensional verification mechanism
is introduced to validate the generated triples from three aspects: logical consistency, domain normative compliance, and
factual accuracy, ensuring the professionalism and reliability of the knowledge graph. Experiments show that the DeepSeek-R 1
model achieves an F1-score of 86.25% in the extraction task, which is 3.13 percentage points higher than the BERT-
BiLSTM-CRF model. Ablation studies also verify the effectiveness of each module. This method provides efficient and
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automated technical support for the digital preservation of cultural heritage and interdisciplinary research.

Key words: large language models; knowledge graph; information extraction; Tang-Bo Ancient Road; cultural heritage

digitization

JoE T TEAE Ry A ) S k3 ) Sk
L PEEUR AT RS AR T OB E R, [ R
T3 s Stk FNR ZI ) R R A B e . VR
LA R ST, W SCHRGEORE B 755, HoA =
M2 ARBEFEE , BRI AR 2 9 Z i S fb kg (R
JRAC T S Iy S i A PR ) B AR . SR, TR L
YR AT F AR AN S M AR A, ™ B
T X HRGE TR ATTE

HEREE F 2012 4F i A e 1 Dok, 78 5 22 R
WIS T IVEUE R, 9z b H TR T A
TUMPELL S N TR Be S A 6sl . (P22 [
THAAA G RKTT, FR EHEE & S BRI 288
HVRAERTE OCR , R R R B F AT [lr A
SRR UM R HR E T Rt PAZS A e R Oy K58
ISR, DT V7 AT S 30 S 5 SO Ak =z ) 1 Y FE Bk
R, O PR B T S B A A AR SR
ISR SCARE P I PR Sz e 0. RRAE A RN LAY
ASTE), R B 3 AT 45 oy a8 A1 1R [ i (40 DBpedia™
Wikidata™) F1 G50 IHEE (AN BRST | Gl B0F 5540
) o SR, A& 58 0 R P ) T vk v EE AN TR
HHE A, B AUAE & R, B ELLE
o7 PR EECHT R IR AT oK o

FESC U, R A ST AT Ak AR X S B
B, FEZ IR T SO EIE AR B ReE , i BE 25 A 50
R PREENMERE RS S TE SO A A G
PR, B4 H 2006 4 T GG PR R SO ™ e Y
B S 5AiREEm E . BRic A 23 e
ot R HITR RS T B BB T A&, o i HAC R
J2 [ B A4 1R p 2 4 i A 2 %5 1584 (CIDOC con-
ceptual reference model, CIDOC CRM) , 1455 7l = % fiiz
55T B 0R KAHDCHLRE ) BE 2455 T4F . Marchand 55
AP SIS BRI A R A 24 SRR
S5 6 R IR B B T Sk st e R G A
Carriero 2542 1 3& T XD (extreme design) ik & 5
IO AT R A s Pellegrino S5 1 T —FP 3Tk
BT ER B Ui ) 7 =X, SR Ll P pgiE
HARIE S A i) SOkt = A G AE B

TEE P AR TR BE 2% 2] (1 SC TR iy 2
WS I 2k X R e S A 2T T
BB IRES 5IF & ; R A 50 Tl S HORF 6 (lan-

https://www. cnki1. net

guage technology platform, LTP) 5¢ sl SE {4 il BT 55, #4)
37BN E RS RS LR — e TR LSRR T
SCHPEE 205 4 5 25 A LR AN 2 Y m) R, AEATh ThT
e O B R ARO R = R TR B RO PR

K185 Wi (large language model, LLM ) PR H:58 K
HTE CHRAR 5 FTR IR RE T, B A FR A ERE 58 )
BTN, FlE, Liu F" RS LA 7B F BRTE
H ARG T PRARAT 55 D A S A% Ok, o A e LA
B R AR AR T LS SR . LEM TR D REAR SRR
F T S B R IS AT 55, B S AR T X
N AR R , 32 55 T R E B ™,y i =l i
1) A S PR AL T 2B B R B% AR . Bl 4N Chen 451
P T —F 4~ AutoKG B/ 9 H sl Ak HTHR E S
H M A S AU R B, VRS T4l
R AER 2 O AL Y EEG . Chen S84 ) —Fp
A1 DM RVIE AR A TR R 7 IR A Ty kA OC R A
Yu S5 i 2 A AT AR R T LLM R REARBE T, s
T R IR 55 1 55 1R K% BEAR (bidirectional
encoder adaptive reweighting) , fift 2R T Z5CHE Fs i A1 6030
2 RPER PR

SR, BN FIE F AR N FH T SR SCAR ) =t
MBS AF AT Z IR - (D) SCYid S ITRIEE
5 IR 8 A DL SRS A BUA (AMBEE R k1
] B3 ) Gy | R Z] e (2) KSR BRIHFE R
SRR SRl S (3) B2 38 e SC U T
SCHESR , B IS SR MER AN =

BEXT R )8, AR SCEE A KR F R AT PR e
J1 5 R EIG As AL B R Bt IS0t —2E T
] 2 B SO R S A T L . B A M2
i SO ST A% O A SR SOCER  Rf N UAR R
AT HESL s R DI L B o020 SRR s, £
B R & B 4 TR S8 B i — oo 4 nd B s
I, e 2 A Y R 3 o A S AR R, S B SO Ak
R = ORI S S5 e Rk

25 b A S T E Tk

(DR ESCRER)E .| 3R S S s
RO MES B B OCHROC R | T TR 55 SO SR (s
Ji) 5 SCA A T SCTIZE AR , oy Jis 252 i el i )
FEALPRIE LA

(2)$2 38 T SCy i) o 20 MR O - K



























HH ]

Xtesm % BT RIEEERREE T EXW AR E SRR 803

JH o325 B UE AL B 7125 , A RO 22 T S R
i A A S EBOMERSE , £12 71 1 4 EC o 0 36 [ EF g AR
BRI B S AR

(3) 92 LR 3 vty 1 R BTG O R A S5 A o 6T
DeepSeek-R1 1558 5¢ it R R B 5 A HE 9200, 25 R 3R iy
277 1 F1 {Hih %) 86.25% , # 1% 4t BERT-BIiLSTM-CRF
(bidirectional encoder representations from transformers-
bidirectional long short-term memory-conditional random
field) BRI T 3.13 N 43 i o AT Rl SEIE— 2P
TEEHETEEERNE , o S U R R A R Tl
AT %

1 Wik

PR PR R 7 B o PO 2 S R S
S He AR AR A R i 2 i S , 32
5T U AR A1 S A AR PRHESR 3 5 il A%
14 (ontology ) 4 #4545 A ST 5 17 S 451 J2 U] Py L4
= SR SR B, LA A 1L = Jn i T 2 ik e 4
B SEPRARIE S B XS SO A ) ol R DL R R
W BT SO UK e T — AN 245 R TR
RN iy B ] S B T

MR 2 A 7 T, FE 0 A2 5 e D sk Sk
FATNBRAE R FERE 1, 254 B R Y SOt = A8
CIDOC CRM %00 20E S, IR A& U il & K iy
TF 55 2058, Kb AR (AR J3 v T30 5 ) SEAAR B R 5 R 21 K
JEVERFAESEAT T AL, IR A s T ) SC4p 4k
FRE S 2T | Sy J 52540 J2 A R U SRR o Ak 11
T HESE,

S E A T, AR R TR AL A AR AR AE SR 4
T SEBIJE R AR ) vk i R T T SO

RSB TRAE VL5 B 5 S PIAL IERA: s 7R L A
b BT RO GRS R R AR
VRSBt i A =R TE S AR Sl B 5 i = oo 419 A 3l
IR, e 2 K AR AL 9 SO R L) = e S
Neodj EIEHE A, Se U i B SO AR R RO A A

2 P b
2.1 W&

WESZ A L B 7R R S 2 B S5 A A S
2 B O R () 12 4848 1 O EL A & R S PR e
SR I S 2 AL R B T SUPRUE RN BRI S h 4
AR Protégés.6. 4V E AR HE TR, ([ FH M AATE
5 (web ontology language, OWL)/E WA AR A EF , i#
I BHAR- LR R I T SO A AR TR A

SCHVATRA AR — o SC sk SR R S H R
PEVE T8 SRR AESE , BEAE b SO s AT AR
T IR ZE R AL S HRECY A AT S AR A
PUAZR B T SC sl & [ IR ARG AR 52
P EE, {EB CIDOC CRM KA B T 3t it
LS HRAAR P O E , 7E487K CIDOC CRM [ PR
B O CHEZR A HER - | 256 8 38 1y T8 SCr s
FA T TR 5 AF . — R T CIDOC CRM
A% 2, QN E12_¥) & 7 (E12_Proposed_Object) .
“E53_#i,5” (E53 Place) Ml“E52_Ff[A]#5 EF” (E52_Time-
Span) , Jf-4k AR HIE SN B0 T AR SR 2 1 -
BrRamifE A A M S TR . O — T 3T S 4,
BRI ARARGEG AT T aife 59, 9 74
T AR T 20745 HAT B AR A% O 125 %R
IG5, T AR SCHIAUs R A Fak i Ty, th
PETH T SRS AR BT 55 O vE R S B xR . 25 A4

Pl 1 I b 38 SO RS A e e 1]

Fig.1 Architecture for construction of Tang-Bo Ancient Road cultural heritage knowledge graph
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Fig.2 Conceptual illustration of cultural relics from Tang-Bo Ancient Road
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Table 8 Error triple classification system
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Fig.6 Proportion of error types
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Fig.7 Visualization of barbed bronze spear

WA, TR G SRS 2 i) 500 40 BB 43A
DfBe IR T iR 3 T S rh A A s
WRFIE AR SCEO IR AT T — 4% Cypher & IR H 41 F

MATCH (a:Artifact {era:" FF{t", type:" 4 #4%"})-
[:HAS PATTERN]->(p:Pattern)

WITH p.name AS pattern, COUNT(*) AS freq

WHERE freq > 5

RETURN pattern, freq

ORDER BY freq DESC LIMIT 5
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