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Construction Method of Rail Transit Operation and Maintenance
Knowledge Graphs Based on Large Language Models

Cui Yulong, Wang Junyan, Chen Jinghao, Sun Kexin
(CRRC Qingdao Sifang Locomotive & Rolling Stock Co., Ltd., Qingdao 266111)

Abstract: To address the problems of high manual dependence, complex data processing, and low construction efficiency in
constructing knowledge graphs for rail transit operation and maintenance, this paper proposes an automated knowledge graph
construction method based on large language models. First, two-stage domain-specific prompt templates for rail transit operation
and maintenance are designed for domain concept layer generation and operation and maintenance data extraction, respectively.
Second, the zero-shot learning capability of large language models is employed to automatically generate knowledge graph data
that conform to RDF syntax specifications. Finally, a prompt-driven knowledge graph construction framework is developed to
automatically transform rail transit operation and maintenance metadata into RDF knowledge graphs and support integration
with existing knowledge graphs. The experimental results show that, compared with the general prompt, the proposed method
improves entity extraction accuracy from 81.2% to 93.8%, an increase of 12.6 percentage points; the completeness of the concept
layer increases from 68.4% to 91.6%; and the accuracy of complex relation extraction increases from 46.7% to 78.9%. In the
comparison with three triple extraction methods, namely OpenNRE, the Language Technology Platform (LTP), and Bert4Keras,
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the proposed Prompt+LLM method achieves a precision of 0.94, a recall of 0.93, an Fl-score of 0.93, and an extraction time

of 562 ms. The results indicate that the proposed method can effectively improve the efficiency and quality of knowledge graph

construction for rail transit operation and maintenance, providing a reference for intelligent rail transit operation and maintenance

decision-making and the automated knowledge graph construction in other domains.

Keywords: rail transit; operation and maintenance; knowledge graph; large language model; prompt engineering
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Figure 1 Construction framework of a rail transit O&M
knowledge graph based on large language models
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AKX
{

"classes": [

{ "name": "£ %",
"subClassOf"': "8k &",
"properties": [

{"name": "BHEL",
]

ntypen . nﬁ%}%_ﬁé .—752 n}

}
]
}
) e
{
"classes": [
{
"name": "3 %",
"subClassOf": "% &-",
"properties": [
{"name": "% FA4RIR", "type": "xs: string"},
{"name": "HiEF", "type": "xs: string"},
{"name": "4 B ", "type": "xs: date"}
1
b
{
"name": "iE 4EFLE",
"subClassOf": "F4",
"properties": [
{"name": "FHBFE", "type": "xs: datetime"},
{"name": "FHRE", "type": "xs: string"},
{"name": "ffk 5 E", "type": "xs: string"}
1
}
]
}

K3 Ao 2 A2 % Prompt 754
Figure 3  Example of prompt generation at the domain concept layer
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Table 1 The impact of prompts on the quality of

knowledge graph construction %
#FE MAETEN FRRMBUEAE J Ak RIMBUESE
i@ JF Prompt 68.4 81.2 46.7
% J% Prompt 91.6 93.8 789

2.3 WMBFHEN = THEMET EE

N Tk DI UE A SO I R R, A
U715 Prompt+LLM 5 — 2855 WL b 3C [ AR T 5 AL B
J52604% OpenNRE. 8 5 K1~ (language technology
platform, LTP)FI Bert4Keras S5 7x} tho SE8H, LA
SRR AP R, TR (Precision)
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A% (Recall). F1 {H(F1-score) X% i8] T 1F A fig 1l
AR, SEREIRIE 2 PR,
T2 4T EHIT =T EBBA SR b

Table 2 Performance comparison of four triple
extraction methods

7 ik MWHE%  BEE/%  Fl-score T/ms

OpenNRE 90 92 91 1131
LTP 94 94 94 981

Bert4Keras 89 91 90 1268
Prompt+LLM 94 93 93 562

FHE% 2 Af%n: & Prompt 5 LLM HIZH A J5154E
AR S T RIS, RS RIEF] 94%, 1l
F 93%, F1HN 0.93, HIsfTif ) ZE 1 HAbR
e SRR AHLET Open-NRE. LTP fil Bert4Keras
GHTWRES N TR, ETHZRN LLM T EBAH
SEAR T S A R S vy (R A R A%, UL AEARARAS T
& B AT I PR A W

gi b, JET LLM (R 50 4 VAR 35 T A
GUIRSEE IR, BERE Sk A HEHL SE R — o4l
FHC, I HLAE AL B R HUBEE I BA ORI AR
2.4 {RSNSEARHREN D 4

ARSCAE S0 R A E A S R IS o Sk AT
HEFE, JFHRAE 20%. 60%. 20% ) ELA915s S &) 73 Ay
s AR 3 AKX ) BT BURIRR 20%[R1E
ARSEAR IR WA A SEBG v, OB A 9] 28 (Recall)F F1
{E (F1-score) H T PA AU AL o SRS AT
%, %EH OpenNRE. LTP. Bert4Keras Al Prompt+LLM
4 PPV T R, SRR 3 B,

R3 RSNLAAHE R L

Table 3 Performance comparison of low-frequency
entity extraction

7 ik B & %% Fl-score
OpenNRE 56 62
LTP 41 49
Bert4Keras 58 65
Prompt+LLM 75 72

B 3 v FEARASEAR IS5 b, AR SO
R I T B L EARAIALE 1) Recall
FIFLAE S BIES] T 75%%5 0.72, B30 T b7 2
LTP 75 s S AR T 45 R IUAR g, (04 [R5 AR
ASEAR B 2R R4S 41%; OpenNRE 5 Bert4Keras
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