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Abstract: Data plays a crucial role in the successful deployment of urban rail transit large language models (LLMs). Retrieval-
Augmented Generation (RAG) technology emerges as a promising approach for developing industry-specific LLMs and
mitigating hallucination issues. However, the lack of comprehensive industry knowledge bases hinders its effectiveness. This
study proposes a novel framework for constructing a knowledge graph-based RAG knowledge base for urban rail transit
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LLMs. This framework consists of four key dimensions: classification skeleton, semantic benchmark, feature rules, and logical
relationships. These dimensions are implemented through entity classification systems, terminology dictionaries, attribute
libraries, and entity relationship tables, respectively. By incorporating industry-specific attributes for entities, this approach

goes beyond the traditional subject-predicate-object triple structure of knowledge graphs, resulting in a comprehensive and
multi-faceted representation of industry knowledge. This knowledge base serves as the core component of the RAG system,
providing standardized, reliable, and traceable domain knowledge through a systematic pipeline of data collection, structuring,

vectorization, and knowledge representation. This process significantly enhances the reliability and domain expertise of the

content generated by urban rail transit LLMs, paving the way for a new era driven by both data and knowledge.

Keywords: urban rail transit; artificial intelligence; large language models; DeepSeek; retrieval-augmented generation; knowledge

base; knowledge graph; vector database; data annotation
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Figure 1 Relationship between urban rail transit knowledge base and large language models
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Figure 2 Architecture of urban rail transit knowledge base
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as core, three axes of development, and four interactive spheres

‘R TEAR LR,

K Foe GdsiE, AR FEFsbaikak
BAEEH, P HE A%, 5 A%, @R

BATRG R4, HoBIE ALK, EXEN AR, R
) s 3E Rk
RFEAZE RS, ARTH, B, LHK, B
Br. kA, BT, BRFZRA. BEARK
. REARG, MW, BE. Fa. REE
A%, KEBRERT 5
BRAERETREAG, BHER RRTE
#ARETE, FEEE, LTRSS
iy 4. @, Bk, TOD, #hFE. X
IFE . AT R R A

Gk BREBEK TR, XK, T LE, EE54

I EH % BEEE SEEREFHR
- 7 A ORPIAZE(RR). FEELE LEREHK.

BIEA  RTAR, RBwWM ., AEATESKER
FBAKX CIERE. BUF. mib k., B AEAET
T A AR AdEALT . AR =T

BAEPRIT BATACR | BRI T E ] | A

BV R, BARERK, TREBRAEE, IHFR
T F 5k
. /o ag, AAF HA T2 SR 25
wE iRk

AR S AR S S i BT R S P AR AR A

B AR B VAZF . AT IR0 AR B R K AL B RS
R GNRIRIE AL FANR . Wik, RR. K
fid. BERARE, AR EWZHHA R
PR AN SR

2) ahd AR, R RHERCE T A, DLk
FRUURZE, WAL By C 2K, HAgmd W T2 &4tk
24, B A-01 E—245r 3] A-0101------01, LAk
R BEAS SEAR ID 724 JRVa A —JE — . B ) |,
£ ABC =, SARAEETE A

i, SEARFEAM )25 A-0101010101, B
VAR T — 02K A-IBIT RS 01-HEHL R4 0101-4%5 ]
AtH 01010125 % 01010101 —#2f k4 0101010101 —
ZRARFE 010101010101 —NIPEZESF2AN 0101010101
0101 X702k, FHUEIIHG 7 H R4 5 E TR,

2.3 AKiEiF#

R D] B R R AR P O ) R SO E,
PR AR PRAT MY ATE 22 S ) 8, AR 2 X a2 |
FHSARAE T o
24 BI%E

JeE P SR R AR I B SRR AR EE o R PR
g bR R AT E k. AR A RE R
B T RS AIE R 11 5 FEAE S

1) 45 (ID): JZZAbgmi% (i A-0101010101) 42 5L
PR A O ME—AR I, AR RIS

2) FRZE: SRR R O SO6S R A (i SE B fl Y (1)
FRZE Ny fuh M9 -catenary), Af{R ABLAS B —0k;

3) KA. SR IR A R A G il (A S A
el A 2Rk 225 | i TD, B A-01010101), LAk
B 7 4k A L5

4) JEmfEME: AR R TR S
MEHE =R TSGR AL R BT 52 | R IR G
AL S e B A S V2.3, IREE R, I8
.

5) AR s oA — AN ARTE B R A A A S
PEUEATRERE, AR SR DEe. BT E PR —
ANMEEA, ANEE—TIESES EFREE TR
R TCRR,  3—J7 AT 84 A i A & 3 55t h
FRIRFE R I .

AN A SRRl M () 25 (ID) A A-0101010101,
B2 b Hz il (9 -catenary, 28714 A-01010101(tR HAC
KAG| I ID); AT s P O IR E: Hr B2
A B? @QWRSEY: HI 1500 V? Hif 750 V?
LA SERE A AR A I A ], R, %
TR % .

25 EHRXEEX

SEARIC R R G SRR AU 4%, AL 10
RERK R LR REVESE .

SEARIC R AR 10 ZRILREC RIEATR A, Wk 2
FiRe BRSSP HARMES ST R E, KR
KGR E AL, AT T SRR e, ANLb )R
B 10 Fo

Lo, 3 n] LLBEE 7 ) P R () 96 R 0 56
R)s BUEATIE (SR AT R B (SE 1 B),
SRR, 3T R (S A4 B) S E BN AT 2 B (S AK A),
KPR S MR R IS IR J& 7 F Sk W %
RURAE, ROCH R RBIRERR, WOF gLl (44

URBAN RAPID RAIL TRANSIT 5§



EHIRBIZE - F38% F 28 2025F 4 A

A)VFCHER R R 2 b ik 22 N VAR IX (4K B): 10
S TA) A R o P ] LA d S R R IR TR, n e — A
S REN R SR TR
x2 WHHEBRBRAXRER
Table 2 Urban rail transit entity relationship types

%% T
. BT BRI (R A) S E A F AR

ARXA  wuan)

Mt % KIS (TR A) B & 1(54R B). &% 2(F4K

C). %% 3(5 4k DYFLA

INIB K Fo IR AR S (AR A)AE TR T A 35 3E (R 4 B)

1B R BRARA(ER AET =L EHBILY S (EK B)

—— mx%ﬁ%#&%%m%%m%#ﬁ%#&@
R B)Z A

Iy— izﬁ%;%m%ﬁ%&ﬁ&%m%i%gz%
X

1% A 7 A B B (B AR AL REATFE L AR(FE R B)

T ABAExE

PR ﬂiﬂ%%%&é&%%mmﬁmoé%ﬁﬁ&
(%:4k B)

REXRFE  RE(ERA)BIHH IA(ERB)TRESFLL

FREAR  FZH(FEHR A)SBRRI(ER B)F L

3 KR T ORI R Pl % 100 5 s e B R

Ykt

R ASIA MM 5 e S R AL i Y
FET R AR v, T HEAE i SAE TP B b
PG 35 5 AR TR T RAEIR,  ASCANE
& BT A2 I SR R 5 2% B 2 (R AR RS He T,
R ARV WAL B T e . Bis vt Bl 02K
BRERE . Bibric, BERRIONOPER, KR
TR RR B SCHURR AL, I AR @I AAT
P FITREE IR
3.1 HiRETHIE

MR HHT S, IR AT LU SO K 1]
BHt . MU AN S -

AR S, SRR A Ay P p A A
SR ATE AR ARSI AFAAT
FN o DI SCAE G A I3 T 0 IR U, i 3 P

Bl i R R A R E B RRIIRIT B %0 H
R ARE LIRS v BRI B R R I 5 4 PR
SRV TE R A I dn s, i DR i ST S 55 1
FHRAE
3.2 #HEER®

HCE T 2 AR R T S TR R R AR 1) 15 R

6 URBAN RAPID RAIL TRANSIT

PEXRI SCA AT AR LT L PR L T B S A b B,

i PR A A% X T SR RNENE K s R SCAS AR D L
HERE A€/

x3 WIXEKESE
Table 3 Classification of text data for urban rail transit
5B RIREE 4
aiE RFIEIR REATREE. ARHEESF
MEE BREBMGKIFE, TEE
AATE ., Gt F%. A GRS,
WaRRE ME. U, HEGE, AEAR. e R

RSN

#7038 355 A RIRELA X5 5
A SR WX, FHF. FA. KF TFLARBREG

AT BB, BEBEF) ATLBR. FEAE
FARE . AT AT, BRIRE S
AR ZA I, R FA. BETIRE . b
IR, IFE, AIEE, E&EL5XE

4 Ak F4 FH. ETHKE. FEKE, BERE. K

B 4m i - PRI B YRR B B EEEIR
A FEmBmHIE, SLARER, SLHF
RIS

A o JCHR PPT. TAEZT. TR, 230L%.

H iR PAAFARE . R WP RGTE . I EME

/|

3.3 HEHE

BRI T Wi, H— LAY R, D
FEATME I o FER I I LA A0 2 TS 265 I,
AP o> SR AEFEA 2> LA b, AR AR R AR
AT,

1) FEAh R AR AR B 1 B Y,
WP R Bhia . AL T ROCARN
B P AR ) 4 A5 R T
B 5E Ko

2) ATMEI» e S IR A Y S AR TSI AR A
BRI 2R, WiE SRS 5 (D) AR%E. A, ATk
DPRUNTET . PLEAHE), W AN 58 .
SRS (R AR — B T A4 R A R A, BLHE AR
O AR, ISR, MESCAA, SRS, F
s iiss.

3.4 #HEERSHRIC

s RS PR A B ORT SR AR o« FEAt e P L
AeTeRG AT B R E R AR B, Gl TERE
BbmE, JFER BSOS 1 A .
SRRSO ARG Ly,
YR AARIGAT S5 7oK B BN S Bt Rt A AT
3.5 FREMRIE

SRRy A FEA R AT A, TEAC B A



B FAIREZRIMAA T RAG 12 F1E5E AR E T

HLPM A, BUSGIE LA R0 P N TR i o JEAthS
6 TR AL e A DR S 1 SCOR A — 2. AT kA SR
FEHE TR R B G 6 AR i 15 A5 5 SEAR R IR
ARIE ML, JBYEE . SLRRRK, IFFDR A hs
TS D S RAAEAEHXT L, BTN

4 BEATIAETE RAG BRSO
TEH

4.1 127 RAG HRMNMEXRIZE

KON RAG B ARSRAEIRE T A0S ke, R
T T TIN5 S ORI AN, AT A PR AR
R Rz AL iy R AESE 2 0 1)
4.2 IR%EN RAG iE X R F4K

SEFVRIE SR RS R, AR A Bk s
A EAARE DL AR T i), SRR R T
SORFE, EEONARAE. BINE. TALRORTE, W ERE
TR GRIE, AT AR A OB R RS
4.3 1RFE RAG fEheh7SiE R

SIRERIZh A B H RAG HRAE ) 547 R 8
[, JFRP8LIE NI E 2B R AR .
4.4 1% RAG i iR IR

HIRPEAIAE RAG BN E REH. nfE. FiR
I S A A (RS ) o 4 it 3 m] DG IBE AR 1) 2R
KR, T R 45 S-SR - SR S R R AT
5 gk

SR AA T SRV A A G AR A BT W AR
Fenti b, g G A AT R RER B AR RS, M
S AR . RS R SO . ARTE T L, SE
RO SEARSCRPE L AULEIG . 4 Rtk a7
i) 0 2 R v R R AR A 2 B B b 0k
AN —ANIMERATIERZE, BRI S RN R
B AR RS T RE SN, A RAR TR AL 1|
RSO, RIS 3 B RAG AR %0
AU, BRI A KA TR A, 2R 18 i S Lt 45 R )
FEERE, LRGN SRR e AR SR A 22 Pl gl gl IR 55

AR ALK B 28 5 iH - R & e - T 2T
R =RIT W R BE 5T

1) &RFEE: BAEG. S, S 2R
P, AN IR e UL (1 e U S B L B

2) FAIERD: 107 Agentic RAG R4 &N
By, ARHEIEA TR AT P ST, AL B A
AU RAG I RE 542 HiE%, #—D4EE RAG

BOARAE A S ] o IR 28R 5

3) THIFA: el A briE TR AR 1, —
DT RAF AT s RSB TR, P
AP R PP B M RR 1

B RGP BT S SGR A RAAE g & K LAY
AN AKMIFILIEF, UEATEHEMK R LEHE
AR F)

S 3k

[1] MIAO Yukai, BAI Yu, CHEN Li, et al. An empirical study
of NetOps capability of pre-trained large language models
[EB/OL]. 2023: 2309.05557. https://arxiv.org/abs/2309.
05557v3.

[2] QUE Haoran, LIU Jiaheng, ZHANG Ge, et al. D-CPT law:
domain-specific continual pre-training scaling law for large
language models[EB/OL]. 2024: 2406.01375. https://arxiv.
org/abs/2406.01375v1.

[3] WU Ji, LIU Xien, ZHANG Xiao, et al. Master clinical medical
knowledge at certificated-doctor-level with deep learning
model[J]. Nature communications, 2018, 9(1): 4352.

[4] PENG Xiao, CHEN Liang. Athena: retrieval-augmented
legal judgment prediction with large language models[EB/OL].
2024: 2410.11195. https://arxiv.org/abs/2410.11195v1.

[5] TaME, x4, 2R KATALE ZAEBMTIL

3 T A G R R SRS [T]. AR BB, 2023,
36(5): 1-10.
YU Songwei, LIU Wei, ZHONG Yingying. Comprehensive
evaluation of sustainable development of urban rail transit
based on open complex giant system theory[J]. Urban rapid
rail transit, 2023, 36(5): 1-10.

[6] B R&#IEE. X Tasta iR (IE4m% 497/
# ) & a4 [EB/OL]. (2024-10-21)[2025-01-05].
https://mp.weixin.qq.com/s/'uMcMcauaM6HyOE-3vIMvyw.

[7] BRAFEAFER X TREBEFZZLHRZAE
o 5236 % JL(E B E (2024 ) 1822 5)[A/OL]. (2025-01-
13)[2025-02-20]. https://www.ndrc.gov.cn/xxgk/zcfb/tz/
202501/t20250113 1395643.html.

[8] A, Eads, XRIE, & KRB\ EFREZL[]]]. &
A 23R, 2020, 31(2): 302-320.

CAI Li, WANG Shuting, LIU Junhui, et al. Survey of data
annotation[J]. Journal of software, 2020, 31(2): 302-320.

9] AR, E5L, M, 4. EFmiriniEkiiits

ZAME]. P B AARAEE I, 2023, 14(21): 1-4.
MA Hetong, WANG Xuwen, SHEN Liu, et al. Medical
knowledge labeling system design and annotation system
construction[J]. China health standard management, 2023,
14(21): 1-4.

[10] E%&, @&k, B4, F ERETREFEFENREZ

MG EHR]. PEIARZEFREE, 2021, 18(2):
189-193.
WANG Xia, XU Xiangdong, ZHOU Guanghua, et al.
Research on the construction method of the tag system for
health care big data[J]. Chinese journal of health informatics
and management, 2021, 18(2): 189-193.

(k% E3#4)

URBAN RAPID RAIL TRANSIT 7



