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Abstract

Traditional subway operation dispatch emergency plans rely on manual operations and empirical
judgment, lacking automated and intelligent support. Modern technologies such as the Internet of
Things (IoT) and big data analysis may not be fully utilized, leading to slow emergency response
speeds. Aiming at the problems of traditional emergency plans, this paper proposes a study on the
subway operation dispatch emergency plan recommendation system, which consists of two core
modules: the construction of an emergency plan knowledge graph and the development of an emer-
gency plan recommendation system. In the task of constructing the emergency plan knowledge graph,
the Qwen2.5 large-language model is used for knowledge extraction from emergency plan texts, Neo4j
for knowledge storage and visual display, and users can use Cypher statements to query the required
emergency plan knowledge according to their needs. In the intention recognition task, the BERT-
TextCNN model is used for text classification to match natural language with predefined templates.
Cypher is applied to search for corresponding sections in the emergency plan knowledge graph, and
finally, the information required by users is output.
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Figure 1. Construction process of the knowledge graph for subway operation emergency response plans

B 1. MITEN SR MIREERERIE

2.2. LoRa UifsCI8 AR

FIH LoRa fifixs K S Qwen2.5 BEAT A I ZR AL O AE T X IRBRE IC s A BT DA AG 2 e 2%
HIYIZRN - LoRa R IR — IR - ZEAh A e B AN T e 4 Bodfe B v a6 A TIUAR 2 %% 5 LoRa
PG R AR . BRI PP S HEE . N SO EAI A LoRa o i SR 0TRGNP IR

2.2.1. B EREEMTIRER
ORI AR B, Wk 1 FR.

Table 1. Fine-tuning basic environment configuration

F 1. HOAEMIAREE

BIERGE WIS PyTorch i 4 CUDA fiAs

Winl0 Python3.10 2.0 11.8

2.2.2. BB S TRALE

AR R IR BN AR M ERAT 2 N S G SO, AR5 RN IARAT L 2R (RIS B
L ATREE ) RBIEAT R SE 366 % . i#id EasyDataset K5 £045 45 PDF #2054 A vl # R 48 S KR TSON #%
o JSONG ¥ E instruction (F§4)~ input (FiIN)+ output (i), EFMES LoRa fll & BC 1A
o, ARSCKEH Qwen2.5 KiBFHEAL. B LR N E 2 B,

Figure 2. Partial dataset format
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223, BEMIHEERRE

NI E RIS 5, BB GaR S A . B SR e M R, A S ek
T Z AR, BRI HEON . IR, B AR E S EE R R AT
EHEFRL ORI UL F1AEX A BOR ATV 43 (32 2).

Table 2. Comparison chart of fine-tuning effects under different parameters

z 2. FEESHTROUAMER LR

S T TERBRAE AR FH e R i il A/ F1 137y
1 4 5e-5 3 32 0.77
2 8 le=5 3 32 0.84
3 16 le=5 3 64 0.81
4 8 5¢-5 3 16 0.76
5 4 le=5 5 32 0.79
6 8 le—4 2 64 0.72
7 16 le-5 5 16 0.80
8 8 le-5 3 16 0.82

TSI, BRRRAERERIRR Y 8, 22 F Y 15, IGREEHETN 3, LB K/ 32 I, i KA
RIBORBCR BT, F1AEIES] 0.84, K L ES e MR R ESHAL & .

2.2.4. ROEIRITE T EL 5347

N T HE— R BSUE TR KT B B A i — 2D B S S SR ARSI RE 1 (3R 3), AR T
FNFESLLG, FOCHAME B A AR A “ FAE 1 {subject} . FAEZFEH {subject type}. IR {predicate}
%44 2 {object} . BARFKA {object_type}o " FIHRAMMIIRCR, WM TNATMRE RFHEBAFETER
Mo FREEIARIRE 5 B A S AR BE AR B8 7T« HEERIR P AN, AR SEEG %+ Deepseek R1. Qwen2.5. llama3
SRR AR A S0 PPl X B o SIS BB TR R4 R SR AR AR AR AR R ) NGO S8 JE AR, o [ —
HEHRAT 20 S TR ) SO HEAT AR I A, ASHIE 0K N ARG 100 H T K RAEAPRIER 2,
FLL LoRa i 5 (I RKIE 5 LA S EN 25 AT XS LRI UE . R E VPl FE AR #ERAZE (Precision). H
o] % (Recall). F1 fH(F1 score).

Table 3. Comparison table of knowledge extraction effects before and after fine-tuning

= 3. WORRIE AR BV R A EE R

[t p X 41z iRTIESS HE % F1
Deepseek R1 = 0.86 0.78 0.82
Deepseek R1 = 0.90 0.84 0.87

Qwen2.5 5 0.88 0.81 0.84
Qwen2.5 & 0.93 0.89 0.91
llama3 i 0.82 0.75 0.78
llama3 = 0.86 0.80 0.83

I SR A RN L, FTRIEBEAT WO AT, X ERHER AR . H BRI FLE, AR SR A R
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2.2.5. MR AETR

PATHRE SR P KERCAGER, S SCABEEIAT RIS SECCRIE T, I S5UE B
T HUEBAAE. Nitk, ASCEBIN Rag (K Z38 50 A= 1) i Ak A7 25 18 FE I 2 L SCARHEAT 4 B g
VB, ¥ B2 T ZE AT SCAR 4 B Ak 3 AT SIS SCAR S Ay v 8 B (0 BT B “ e [4]. AT SEBUN S SRR <
I LB R MRS FENRSTREAS S, NMATE AT LA AR R R . 5 S HnT BLsg
DURE BB, IF B TR R B sl i v 3R T+ B B SO, B RIS /E y—
AN CHT TR, BRI DA ENAG . SRR AT B s B B SCAR S R T L
Bee (1) SIHSCHE: Q) #0E S 3) MANIPHI; 4) NEIRIENN; (5) BUZLENN; (6) Lkt
Rbhs (7) AEEM; (8) MR (9) ABRFEAECEY). B3 N rag VIFHIH S “B” .

R ILOWA B A5 F R, FIHLARBF 27 A AR 1E 5 Bl J5 Sr B R (S SR AT M
THRIATS TARL, . KFF EECBIX R ER, WRRANLE2EEER, FldbEmiaE.

R adEFENEE ) (ERBRBUABUE N2 HRY » WETFEALIRERTER .
LIRS B Bt AE, SR TR .

T A R AT MR X B AT R B 4.

TN RKE S, MaEEARhkEEEwS.

Figure 3. Partial text chunks split by RAG
3. RAG #1453 BB 5 ST AR

2.2.6. BETXESEBEAARHHEY

"head": "

"connect":
ntail™: "

Figure 4. Knowledge extraction results of the “Emergency Plan for Handling Main Line Interlocking Failure”
4. (ELBRSIAMLENDAR) FIRHMEERSER
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TE TR ECE P4 BN SCA 7 BB BE A B, AR A Qwen2.5 KiE 5 AL HAZAT 42 1 B2 L S TR XL
AHEAT AR 5 2% R AL, SR 5 (Entity Recognition) (A% o 7E T+ R 46 SCAS A vk b s HH T 5 S
PRI T, P 8 OO R SRS . SEARRIAT 5508 A AE S R B IR: — R SR SR, e
AR TSR IO E ;. R SRS, SR H I SRR T BAR S RINRAS . EH0 AT 5,
SiAHERAT E W E R TR CARE R, W E T WL (Organization) . f & (Role)+ 4 (Event). W%
(Equipment). Hh g (Location) & SEA 5. 5] 4 24 Qwen2.5 KB F AN (IEZR BB R U B Y S TR )
FIRAM GRS 73 5 3R

2.3. ANREAE

AT R B I A E bR N SE I — AT AT AU R AR, A E PR E SN ER
KRG SCHE . At AT L E SR R 3 A A A7 At DL BN H AR HIR I e RO A R R A 50 A iR S 2 5
TR BRI B RAT[S5]. I AT SO B U S AR EE . B S RO . AR PR S,
KT H G R TN Py2neo 5, FRIGHTSEE RAATICE T H o A FAER T N2 TS U ) iR
W, BT 3045 ANSEARTT AL 1746 X =04, BE 3 PSR, 279 MO RKEAL. K HAEMEAE Neodj
BTN, S AR B R R

Figure 5. Knowledge graph of subway operation emergency plans
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3. ETAREENMSITEAEN 2 MREERR

HBERAT 2598 P2 L 2 ISR HE A R U Y T Bk A N SN T AT 0 W 04 M HERR 4 2R . HERE R
FEAF BRI F N TR RS, 1 S5 R (K B ARTE 5 IR A EEAT 204, HERE R GEXT P B AR TE Rl R sE
PR I SRR IR R AT IR, FRESCBESEAA 6] I AT I AR5 2 A R0 K1 5 AR F P #
FIREAT IR, R P B il ) e A Dy el A, R R0 R A5 SR SR SR N RITR A ) eypher 155,
ML TG R B v A A P B &R, JE I D ECAH B SCAR BRSO S 2, T2 Rt . M
HOBRAT 2R B N S S A R G 0 AR DU BR: (1) SORTIAREE; (2) A il A) i R (3) Cy-
pher ERIEH; (4) Rl A7 RS 5. 5] 6 REMUBRAT 250 B B SIS TR R G VCTHRAE

BasE

£ ES

Figure 6. Design flowchart of subway operation dispatch emergency plan recommendation system

E 6. MEKITERENIMEREEFRGRITRIZE

3.1. BURSERE

ARSI AR IR NI ERAT 22N S TGRSR, M IERAT E N S TR M E B 0 KT m e e, |k
i o0t AT S RS BT FUACEE . H AT, MBRAT N S SR ARG TR A A S, A STIRAE I 7 S i 17F LA
Ko (b T P AT EIE E R R 2021~2022) —— N R E BT G o R TR R SRS A B
BATEE I, BB BTG N 8 NREIGN, RN TIRHEZE U, KISPFEE. RS A
K WMHLHIEE. FEEHSE, NMOUEERIER. BBTRER. RIESIREE. BRI REIRWE 4 Fion.

Table 4. Dataset annotation for subway operation emergency plans

4. WEKITENSMRBESERT

N SES bR 7] £

iE O TES 0 5 LRI B SR AN S SR Al 5 1 H 2
PARRIES 1 T KA 5 oty R (1 52 2
INVASHERAL S B S 2 IASEIEE AR DN Y 13)5 %

Wi 2 AL 1) 3 5T IR R R B AR ?
(EESS-FLEN 4 INASS TSN PSS (Sl
ISASYOSEELS (S 5 IBYErR GRS T IEER R R B A it ?
BEERREES 6 HBBRATL R B ) S R DTN ?
(LS ELES 7 J82 A BLAR B A )5 SR AL B ?

3.2. BEEHAER

A E R BTS2 3 T BERT-TextCNN 4571, BERT-TextCNN #7143y BERT /25 TextCNN
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/Z. BERT JZM1EHTE T XA Transformer 2244, XN SCABEAT gt , AR bR SCH G193 Al R R
TextCNN 2 11 FHTE T8 i B Z SR BUR IBARAE,  BEOS R HE SCAR I SCRER] o P 385 AH 45 & B SRS
ENAES VAP
3.2.1. BERT B

BEEVUNMESH, BERT 4052 FI/E HTE T &t A3 FH - B ARE S 0 A% A\ 2] BERT B8 A (1] 7).
BERT fE MR 1) 28 — JZRFAE SR AR, dad i A A5 AT 4fd, J@id A BERT A& WordPiece 73
WL ISR M EA . W AR B RN

-~ DEODOEDODODNEEER

Token
i i |¢
segment
embeddings E, E,4 Ey | E4 Ey4 Ey Ey4 Eg Eg Eg Ep Ep Ep Eg
+ + + + + + + + + + + + + + +
embeddings

Figure 7. The vector representation of BERT text
[ 7. BERT XA EEURT

3.2.2. TextCNN &

TextCNN 7 SEL R 50 JE 10 0 BR 1] 18 A3 0 A R4 R X SO Jey SRR AE AT SRR AE, Tl i K
Ak A B 1] 1) B AE AR AT R, 4 A A EREE R E R R T, TextCNN FRI7ETS F)
BERT #4b i i, BHAE N TextCNN A N & . B THOBAT BN S TR RS .
TextCNN BB KH P A TLAES: (1) BANE: 2) BRE: 3) bE: @) £i&E#Z: (5) softmax B
3.3. XWIFRERESHIGE

N TP IAF BERT-TextCNN A5 B 7E R ERAT 25 B 2 TG SCAR - RO MERE o A/ NI 100 bl S it ik
17008, SRR E R bR A e, SRI0T GO8 H AT R SCAR 258 BERT FE2Y, TextCNN f#
B, BERT-TextCNN BAL . ASCHJSLIGHEE 55 — % AHIE, 376 Winl0 HEEEEAL P T, SLii ks
BB E 5).

Table 5. Experimental parameter settings

=5 LWESHILE

BEH SRR EA
Sk 2¢-5
ek 32
PR % 4
BRZHL 3 (& HR/ 2/3/4)
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3.4. ZWERSE D

S H8 b K P MERf 3. (Precision). #8153 (Recall). F1 {H(F1 score). SZI6XT %N F I A0 = B/ A AL .
BERT ## . TextCNN f574 ) J2 BERT-TextCNN A&7, 2065 Hb 45 i 6 s

.. TP
Precision = (1)
TP+ FP
TP
Recall = —— 2
TP +FN
Fl = 2x PreC.IS.IOIl x Recall 3)
Precision + Recall
Table 6. Experimental results comparison
2 6. LIMEERATEL
T P (Precision) R (Recall) F1-score
BERT #% 0.86 0.83 0.84
TextCNN A7 0.82 0.79 0.80
BERT-TextCNN #5i %) 0.89 0.86 0.87

SIS AE RN 6 iR, SR GO USRI LF M ERAT 22 N ST BE 4R . v T BN B A S s B 2
TGS R, Kseit s RUZEE PR R E 6 FR. B e g BT bR H: A& 6
SEIG N HLAE BT A, BRI BERT A% . TextCNN 7% . BERT-TextCNN F7Y , Z SC 7 7F 3 A
PR AERS 26 e A B 228 e T AR AN AL . rp B R T SO ) B R AT 55 R ) FL B33 0.84
0.80+ 0.87, ASCHIMERIAELT FIR AN RN T SCA I ) G R0 R B, mT URE HE ) S - = 43
FAES . AJE LB TRHERE R G RIS

3.5. APEagER5EN

Table 7. Cypher query statement for starting conditions of main line interlocking failure in signaling system

%7, (52 EEBESEBUSHEY Cypher TifIEH

MATCH (p:EmergencyPlan)

WHERE p.name = ' 5 IE 4R LA 15 46 & TS 2 7 %" AND p.triggerConditions CONTAINS 'S0 £ 1IE 2817 4!
AND p.triggerConditions CONTAINS {55 IE 2B IC 8 15 7% i e

RETURN p.name AS PlanName, p.triggerConditions AS StartCondition

Table 8. Cypher query statement for partial intention categories
8. FBEE2H Cypher EifliEF]

N SES| A

TZHE R MATCH (s:DocumentSection) WHERE s.type = "TRZEHEZL UL 2" AND s.title IN ["4w il H ", "
X ERHVE R, "mH K FE"] RETURN s.title AS ¥R, s.content AS Y 4.

MATCH (r:RiskAnalysis) WHERE r.category = " X% ¥ 1% 2&" RETURN r.id AS /¥, r.acci-
KBS PEAL 2 dentType AS HFHZEH, rimpactScope AS FZMAVEH, r.riskLevel AS JRUK%FZ), r.description AS

AL T

o H I,

R 2 S R MATCH (0:Organization) WHERE o.type = "N S ZH 142 #)J5" RETURN o.groupName AS ZH4
A 4 FK, o.members AS J% 71, o.responsibilities AS 3= ZHH 1;
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33 /IR AR BRI, Xk TR N S B ARE R BT IR B B A oS
FIELRBBUR B R s 2%k 7 i BRI, UM SR I A SRR R AR T IR AN
BEGER “REFE—— R 0 R AT R 2 2, B E TS B R ST R P i
LR o BB A AN Cypher IBAJIHE 7 FraR, FEAG LT 0 BB 22 b AT 25 4R UL O AH R 6 1o
TCAMER, BREIRIER AR SUE B8], 4 8 ko B BRI S AR G A 1 A .

3.6. NEMREERGTUAL

FERE T HBRAT 22 T B N S IS M S5 A AL R B At -, HERE RGP HURIHE AHIZ BJR
MR LR DT, IZ ARG M SEPR AL ST 5, it 72T Streamlit HEZLA G AT AL T I, SRA T H
PRIE S BB FIREW S B R B =T O ReRE, KL TN “ AR B CRRERIC (1
AT -

AL T pyvis A HEIEALE, FHRA T Streamlit Ftifith . RE RV AR T A
JEITHICE R, ARsE L. ISTHA . DL 2 TR SR SOk g 5 A B T DX IS Rl )
WS AR RG], AT DL R R AR R OB BRAE R SR BRI N S, 3t DA X ER 5T
I RANLG [ R AR BV ERE . SeAh, J9dEsR ARG IIEMIVE SRR, AT A B I T S
WICSRIIRE, HI7 AR S N Sy S o T HRHE [m] P A 170 L5 B AR S 4 s RTINS B0 e SRR, ()
O S LR SR SR DO K, PRI T T, M B 8 SR 8 JRow

*mmsm @ WBITERENSTEEERERS

SR
o man= S

FeiER -

AR ARG E?

£ ZHIARNER

- APRE: ESRRANEDILAN?

+  IABIMEBXR

o HOKH: EHBESEN. occllEdi. EEHRO. BEAR

+  HEiCypherdEil:

OCCHREEHT B

Figure 8. Query schematic diagram: responsibility path response map for main line interlocking failure

8. BREE: ELEKHIRAER ST 200 L g

AT LA R G T SR B A BR AR A G A R RIE T, AE ORI R JRE 283 g i L A Ak 2 ) R
G 1 RR SR SEBR TARI SR MARISCRERE ST, gl iy Ui SO i R GE 1 AHLIp R0 T B
AR A AZ TS T SCHE

NBEARAE TR SR T2 B 51 A%, HEH RS T “MA - Bk - &l - feit” WBGUR HiZ k.
M EEF ST B REF WA RS, R4 HE05E oA IS 55 UL, R AR E#A R
SHLGT Z1) AT e S T AL SR BT A E SR I IR . — B EIRIA S, B SEARIRTE S Cypher
HIERAE, RGURWmPAT EEE i, IR R XIERPE R .

FH P AT X P 5 SR AT G R

() RAAEET R EELTRAE S, WRRSHE . AR, R AL,
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(2) WbRE il A Bl s 515 B B A il A 522y 0.89);

(3) fHFHIRBE R ZA AL L AR BRI PR SR, SCHRPBORITLC 5 B 4% LA

(4) HARERAE ] IR AR R I X e il e/ R T A s

(5) WiE CEWBAR I “IE 7 fs w5 %7 “ iR — NSRS U5 A PO il R 4
RGAE B DT 7 A AR RS A SO 2L, BR AT RUBUP 50 R B, Biln. BRAR Uil

fF“BRBURRL” itk OCC 1y “WINIRST” , HARSSWIER B0 52N Wi 6 NS5 R HE RS,
BARBRAE N : BRBUKR - il A —OCC IR 51— AT — N SR B HE A 55 .

4. &5ig

N UFARTT B SR GE FIR A I 2R DA R SR T M BRAT A P N SR B, A SR T RR B 3

BRAT A N QTG R GE . AR B BR N S TS SCA N BRI, R SO Bl AT AR B . 21K
B SRR RAEL, SITCR R . R Neodj FIBE B EAT I 2 AT EE A A AL s A D
& BRI R b 5N R 7 JEA Y BERT-TextCNN BERY, S 1) B AR 1 5 10 0 BEAT TR B A A1 S 4R
s BN Cypher iF6), If K0 B &R P/ B2 RS B e e T RR B 1 5 Ak
Z LB 7T Streamlit HEZR (4 EIE FTRLAL AT, 45 17 BB R SRR HER S 2.
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