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Abstract: As the final energy-consuming unit of a power system, buildings directly affect the continuity of power
supply and the user’s electricity experience. Therefore, efficient fault diagnosis and repair are crucial in the event of
sudden operational breakdowns and maintenance events. Knowledge graphs can efficiently extract unstructured data
entities and their associated attributes during construction, thereby providing strong support for fault diagnosis and
intelligent operation and maintenance. However, traditional extraction methods achieve low extraction completeness
in scenarios with multiple trigger words and multiple events associated with argument elements, making it difficult to
effectively support the construction of building operation and maintenance knowledge graphs. In this regard, we de-
velop an event joint extraction method for graph construction. First, an adaptive threshold word segmentation algo-
rithm based on point mutual information and left-right entropy is studied to accurately segment text words and charac-
ters in the operation and maintenance field. Second, the unified expression paradigm of multiple relationships in the
building operation and maintenance knowledge graph is designed to address the issue of the same argument having

multiple roles. Next, a domain-specific large language model, LouYSpanBERT, is trained, and a joint extraction
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framework is constructed to extract operation and maintenance events driven by trigger word boundary markers. The

accuracy of event extraction is improved through a three-level joint extraction of “trigger word detection-boundary

marker-argument extraction.” Finally, the operation and maintenance data for a specific park are used as an example.

Compared with four existing models, when the proposed method performs the typical argument classification (AC)

task, the Fl-score effectively increases by 5.08%, 9.81%, 13.36%, and 14.99%, respectively. Here, we visually

display the extraction results in Neo4j to build an operational and maintenance knowledge graph.

Keywords: event joint extraction; knowledge graph; word segmentation algorithm; trigger word boundary;

argument classification
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N

P(Y|H)=

eSCRI'(H~Y)

Z eSCRr(HvJ") (1 5)
y'ey,

S Yy FR A AT REIRRAE T 415 4R TE B R
B,
SR ST A5 5305 6 (OB A T ) A S fe4
FRASTAS LA R
Y =argmaxSe.(H,Y,) (16)

VA P OB R AR T S 51, 181 5 s 1 g
ASCRZNHNARZE P 5 B i 2, Jorp S By sl
A%, O HARILMAARZE. CRF 234 Bi-GRU #ith
FRRFE [) ERRAEAT 03, I 18 1 s HE AR A FH AR 28 2
)2 B O B SR A2 R B A5 - B R A, 9
fih ) 1ok s U PR T AR A B-fih i T I T L BE N ()
Frp Rl EOR BARSS VE-fil A 18], 1A Fe i B Hh B
MR SARAR B TARSE , WL EAR B T ARLE 2 E, MR
PERREE ) LI AR TR 7020, foe 2 aed i T iy il
P25 B-fi A in] | 1-fi AR | T-fid A i) | E-fish AR

S S S S S S
B -fiil /% 17 B-fiil /% 7] \ B-fi % i) B-fi % i) B-fii /% 15 B-fiih %% 17
I-fith /% 5] 1-fith %% i) 1-fith % 1) > I-filh % A \ I-fiih % 7] I-fifh 2 35
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Fig.5 CREF layer viterbi decoding example
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A B il 1 R I A5 B AR IC T A, R A
LouYSpanBERT #4 Jp i 1k il i B.,, , Hovb, &
oy fib ARV R L. 2 B B — ) R TR T o3 A R
B, B2 SRR LIRS 9 i A1) 5 18R] R
fERoR , R i A B =L (6) ~ (9) PR, ¥

RS B, FRAEm ek 2 ma,
— LI
Ui = Lnorm (Bz’Jer + Amum ) (17)

Wi 0BG (9 R AE ] U B A PNEP ep gt
frigd, LR B A l BER R L8 o0, R
EKinic RS LA &, |, FIH— D42
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{S:’ﬁt} = VVstanUi + bsta.rt (18)

S:"I:Id,i = I/Vendl]i + bend
J—:tl:'j : Wstart\ Wend ﬂ‘ﬂ‘li%ﬁ, bstart\ bend ﬂ‘j PN E%@
1)l S
FRBR LR 2 0% ol sigmoid 7S pREL, 153
BN B IS TCIF IR FNZS SR B AR 5351 R
1
1+e‘51§§‘1r},
Piend — l _
I+
MR A (BE A 0.5) Bk Fe b 46y — 43 245
%, R

})istan —
(19)

w1 P =05
4 _{0 Hofts
wa_ |1 P™=05
d _{0 Hofte
TR I A, DA N BR e 234 20 Tie A 25
1, HNEAFRE 0.
1] 5 3 DG A Dt DO TR0 1) %) FF By TN 45 o Xof
PAMEREIS TUE S
3.5 MAEH
TEMEF i gE M BGS #EH, LouYSCaPE £ 7
T I 22 )RS 5 38 S U B B R pREL. AR SCE
I P HIbRE S Rl & kI, 5K (14) 25 CRF 245
BEFFANARSY , R P SR 2k sk P B 2k

(20)

1 n eS(iRF(H’Y)
ﬁtrigger =—ﬁ21g z eSCRr(H»V') (21)
i=
yeYy

WILIRAEHFE S PN BB A il & 17 T AN
Socfa e pE IF 1853 XU =z F0, B
Lo = z[ ¥ (L ot )} =

J=1]| reR;

£ 1 1
2D le———le—— (22)
=1 | reR, I+e ™ I+e ™/

A R ki o MR RIE TR G s s, T
So s IR AR ER j A AT X 1 1
DI GE A DA RN
238 5 SR A R PR i R A R, SR
BRL 3 s A YN Rk
Liion = Loieeer + AL (23)

KFAE[0, 1738 33 28 L UE R4S 18 RA L 2, L
0.05 JJAKFAHE[0, 111X (8], AE[0.60, 0.80]HFHK 54
KRB F1 B S/NT 0.5% , B F1 (HR &A=
0.67.

4 ELWELERSH

41 HIFEEELE

ARSCVARERE X 52 iz 4 Gl ic s se i 434, FH
LIS TR AR SC R B ASE Y =5 il B 20k m 5 ke A
fHET BAS RS HE W Bids% e T A0,
AR AL FRAS B FIr s SCASTE L, SR 4 ProsbriE
INEHEAT R BIRRTE , 35 1600 Z%d , f & 3%
LR | RRRE R RS REYHEE 2
P2 IR TR AR A PR L B TE] L e | B
G HEE DT R R AR, LI ZRAE 1280 4%,
M 320 4%
4.2 FEIEER

TEREFia e G AU T 55, S0 Y —Jo e
W) BT TG R BN 5 BR 28 58 42 DT TE A B LA TE 1
T, ELEAAFEIT 4 .

(1) fih A& 1) P 591) (trigger identification, TI) : fifi &
TR TIIN 485 SR 5 AR A AR i & TRl R TE .

(2) fih A& 17) 432 (trigger classification, TC) : 34
fih 2 1) DG FE T A ) SR AR 4SS 1.

(3) i JC i 9 (augment identification, Al) : 70
T 45 5 5 hR AR RS TR IE A

(4) & 708%r2 (augment classification, AC) , Blif
JCAA TR e A SR R RIS T/ S IR,

RRIFE AR ER FHUER 2 (P) L A Ia1% (R) & F1 {H
(F1) 43 53 F F 5 e B p A ) P me A . L v o
RPN AT TER AIREAS & BT A S AS ) Ee ],
RN

p= S (24)

U Neorreer TN TR FIREANEL Nan P
AT TR AR A 1R T R A B TN ) 285
HRIE B 9 FU B e, B R AR

4 1] 258 3 7R A Y TN LE A (A RE A o T A TE B A
AR, HEARN

R — __correc t
N (25)

actual

K Nycwat R FTA EFFEA DA A B35 R
FHRTIRERS U H B 2 HREAR.
F1 B2 ER R A mER AR5, 1 e
AR bR A,
PR
P+R

F1=2x

(26)
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Tab.1 Experimental environment configuration

SRR FlE
BITRG Windows 11
CPU Inter (R) Core (TM) i7-6700 HQ
CPU@2.60 GHz
GPU NVIDIA GeForce GTX1060
Python 3.8
TR JE 24 S HEZR pytorch 1.12.1, Transformer 4.28.1

SLE SRR E N 2 FiR.

®2 THWSHIRE
Tab.2 Experimental parameter setting

4.4 KWHERE5HH
441 FHIHRLER

SRy IR IE AR SRR A B 38 2 = A B AT L
P, [ CasEE®* PLMEE® BILSTM-CRF2*J &
OneEEP Wiy JE LR B R JEAT X HE L X FL & SR AN 3% 3
Fis.

CasEEP*R F i — 112 Uk AL A i BOHE 242,
R R IR T 2R3, SRS TR
ity E A &2 R L K8, SR v 2] g 4 A

PLMEE™ V& T /K £k U454 , 5 25 14l B e
SRyl & RN 5 T U 55, $2 T BERT il
SIS R AR

BiLSTM-CRFEPCR ¥ H R 5 i 0617 24

. A H{# & | Transformer | AT — . .
vk | A% R D T e | e HU, 35T BILSTM A b T SCHRie RALBERE ST, X4
50 [3x10°] 4 | AdamW | 8 12 0.01 A SCAR AT 22 2 U R AE 32 BORD A PR, fi 2838 1
Fx 3 FEEEHEERIILE
Tab.3 Comparison of extraction results from different models
- TI TC Al AC

o Pl% RI% F1/% Pl% RI% F1/% Pl% RI% F1/% Pl% RI% F1/%

CasEE™ 89.12 87.41 88.26 82.71 81.14 81.92 77.79 76.23 77.00 76.19 72.11 74.65

PLMEE™! 84.63 83.97 84.30 78.93 76.32 77.60 72.23 71.74 71.98 74.03 68.72 71.28

BiLSTM-CRF™! 91.33 80.92 85.81 85.71 72.52 78.57 79.61 72.91 76.11 75.44 69.43 72.31

OneEE®?"! 88.42 86.86 87.63 82.91 83.11 83.01 80.82 80.11 80.46 77.98 78.04 78.01

ASCA] 92.11 87.23 89.60 84.49 85.22 84.85 83.42 82.84 83.13 82.04 | 81.91 81.97

CRF A R ik 17 K38 oehn 2.

OneEEP MK F U 4 Ry it 6 SRR BT 55
& B B BSR4 T M 2 ARiC [l R
Bl A 1 SO0 Z Rl A AR

I 3 AYSEIRXT FLAS R T AT, A SCr PR AR R A E A%
FIBAEFEHIBUT 5 R 6, 78 4 DEMEE
br b F1 GRS 8, S/ METHT 5.08% , 5
KIFETHT 14.99% .

PLMEE* W g 3 7k 28 Rl U Y | 76 4% T AT 55
I RIUNME, L HAE AC R4, FTERmim s 7
F1 {4 14.99% 4T}, AT RESEHAR B AATE M T Uik
R R, [ 2 H g RaE N 2,
S LA 50K 3] 52 L 1) ok A2 3R], S JS X R TG
T, FHARBOSUR 2.

SIAH L, CasEE®Y | BILSTM-CRF?® | OneEE®”
BRI A BU Y. Horp ) BILSTM-CRFP 3 i
BiLSTM fli#i | I 2 (43 SUHKA ¢ & , HiAE T1 F1 TC
1155 th AR R I TERR 2, 0Bl HUS T 91.33% 5
85.71% ) RAFPERE, (B A [RREAIC, R HAEZ il %
TARSINAT: 55 o [ RE R AN,

BEXHE U S B (0108, CasEE M 7% i 1

I — HEHIBRE SR TS TC A AR AL B, 7T LASE S
G Topve o NIEE: 2 O e Sk SN R RN AR (BN L Y a Bl EIEN
W Abrie, S8 A I SIe T RS A, AL 5
AC 1T 55 SRR 2R g K.

OneEEPRHIR 2 , (HASCHR 52 MLk, 75 4
MESH FLAESSAERT T 2.25% .3.58% . 3.32% .
5.07% , — J7 T, A SO AR ] 4 & R AR A
LouYSpanBERT ¥4 A SCASHL 40 My ik A ] i, 1 5%
BEFU % s 4R ARIE R PRARRE 1 5 55— 7w, 4
AW < TRIG START > 45 < TRIG_END > #E#ff fill &
LouYSpanBERT + Bi-GRU + PN 5 #I FF Ji& #H i i JC
WU, PRIE fik 2 1) 5 18 TG 8] A 5 G | 3 3 P8 )
B TCIIR AN S, ILTE AL AT AC FiliER
155 345G 4 AR HORERY,

442 % RREINEAFIUER

Ry it — A SRR TE B P 2 il & 5ot %
R Z A7 A RCE, Fe R N Rl
£, IN=1.N=2 N>2, SLELERANE 6 R,

PL TC 1 AC 1155 T I Z fith A 1) S A4 IS 565
Kl 6 (a) RIS A BIRAE I SR FL (A4
ZRK, Hp BILSTM-CRFZ' & 3 f% 1, F1 Wy
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Fig.6 Comparative results of multi-trigger event extraction
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Fig.7 Experimental results of training epoch vs F1 score
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Fig.8 Compariative results of ablation experiments

HF 1B L F AR IR iR B % T AL
AR SC T H I T 1) B S R RS A R G g
PEBAAMIBOR 1 17 Xt 18 4 SCAR PR T4 AL B, o
A3 fih &1 518 e AL, #EE LouYSCaPE BB 5
RSl & Rl S5 TTHHE, DA YA GEdh IO A 2 fil &
1] 518 00 G Bk 2 g5 14 3 s b il B o8 AR 2K Y ()
LIRS TT A AR T O R R, T SR
TCAE-E L ZILR R G —FKIREX, AT EYE

2024- 2020-
2020- 03-01 2020- 08-12
04-07 i
04-15 WO.

20200---

445

2020- bl M g

03-15 T
el i 5
M\ isde B4k iz B | A Ab 3
2020- |\ A B HBBEXX N a4 ZE
05-01
fib 1] B B
mfE RS Hi '

7 S

2020- ‘ N 2 X0
05-15 DVC-
LB J&T J&F
2020- 014470 AR 40013
06-01 . BHE T
CWP1
¥

FIPRELTE , A AR A 9 .

.
([ FIEEANERE | |
! I

! o0 —
L %ﬁ“%’lé . _ ugrl:ﬁ!r@ ] :
UIE R s EE R Ty
VLB o s FBE RN
I (TG SRR ARG 350 | !
| Ea————— i — — |
[z it |
T Ty i 1 r r | |
i N BN OB 1R A RS )
t 8 ol

( s )

T

ek | NeospmmEanici ()

( amamsny )

B9 #FzdmiREiLmEinE
Fig.9 Construction process for building operation and
maintenance knowledge graph

BEHURE el X S PRz 405w , R s R it
Neodj HEATATIALIE R, IS 2 T 45 5 & 44
TR | e D DR S84 s 2R R ST I I8 T A k)
HONTTEIBISER, WA 10 s, DLEES 014470 €8
Rt A HIZE CWPL #asih | PR APZM2
HEREEE 3 ARl RR T H R S iieoofE .

iy AT otz s LA
IS
i

R H B

15
- DVC-
60042
4

S ‘ R HAPZ--
Tk e b it 4
BOGHT % 5 s i
= FIT
& B04— BOGHF &
La Wil g

E 10 #FizgmMIREG
Fig.10 Building operation and maintenance knowledge graph

5 #& &

B BERE T IB GESUAS AT AE 2 fih K i 36 AF 5800
KEEZ RO R, S EALGEEAFIBOT 5 RCRA
A, AR i AT T BRI R T SR =R i

AHhBUESS , #98E LouYSCaPE BB TiE 41
B, 1SR E5E IR

(1) & TRT AR S AR A5 5
HA R, ShAS TR SR BUE R 5 Ll AR TE DI v
R, BTk % iR S8 o0k SR A ER R,

Q) EIFTHEAEB LM G- ILEZ IR



518 - RHRZ 24 (A AR 5 TR R

5oL HSW

4 —RIBW, BHE G TUR KR FIEFAL R 8 2 18T
FAFRZS , Rl —IE o 2 F 4 A o i 2 ).

(3) FEH T —Fifh A il AR IC SR Sl R
HUHESR , #% LouYSCaPE #iAY , i o 78 fih & R i
i A < TRIG_START > 5 < TRIG_END > #xic, Biif
Ja S AR A RS TR, S 2 FAE T fik A1)
SR EVLAL.

(4) BEFREXis4E8dE0L TIL. TC,AILAC 4 2
AT 55 FF R FLI IR, b, B S s
BRI AC L5, XFHE 4 NEAHRA, A Fl
HABIRTET 5.08%.9.81%. 13.36% . 14.99%. I H.
AR B ES FaE i Neodj #y@ Mk Ta4Enl M
FEENR S, SEBLT R BEAR TR AR | R SRR
IR DRV SR G RSBIES -

S 3k :

(1] sk, fRiluT, 5% 5%, & Bl S diy
JEEL: JET AL BOREE . KBRS R[], ek
HERLER, 2024, 26(4) @ 779-789.

Zhang Xinchang, Hua Shuzhen, Qi Ji, et al. Progress
and prospects of new smart city construction: Al-based
big data, big models and big computing power[J].
Journal of Geo-Information Science, 2024, 26(4) :
779-789 (in Chinese) .

[2] Dai Y X, Hasanefendic S, Bossink B. A systematic
literature review of the smart city transformation
process: The role and interaction of stake-holders and
technology [J]. Sustainable Cities and Society, 2024,
101: 1-29.

[3] ZhongLF, Wul, LiQ, etal. Acomprehensive survey
on automatic knowledge graph construction[J]. ACM
Computing Surveys, 2023, 56(4): 1-62.

(4] EHFE, F4E, BR, S 7808 AR
P55 AR Rl 5 DG BRI AR B HAL R (0] e I
BAR, 2025, 51(4): 1747-1762
Yan Weidan, Qi Donglian, Yan Yunfeng, et al. Key
technologies and typical applications of knowledge graph
and large language model fusion in the power sector[J].
High Voltage Engineering , 2025, 51(4) : 1747-
1762 (in Chinese) .

(5] sk, =B, miA, 5. STEeassdE 2
FEAsE B AR A S (1], P L A
AR, 2025, 45(22) @ 9064-9074.

Zhang Yufang, Yuan Zhikang, Gao Shuojie, et al.
Construction and application of knowledge graph of
transformer bushing faults based on cross-modal data[J].
Proceedings of the CSEE, 2025, 45(22): 9064-9074

(6]

[7]

(8]

[9]

[10]

[11]

[12]

(13]

[14]

[15]

(in Chinese).

Yamashita D Y, Vechiu I, Gaubert J] P. A review of
hierarchical control for building microgrids[J]. Renew-
able and Sustainable Energy Reviews, 2020, 118:
109523.

WEEAh, B, WORS, S mm R IE A
) S SO RIS RO 2 L)L AR OR,
2024, 50(11): 4912-4922.

Shu Jiawei, Yang Ting, Geng Yinan, et al. Joint ex-
traction method for overlapping entity relationships in the
construction of electric power knowledge graph[J]. High
Voltage Engineering, 2024, 50(11) : 4912-4922(in
Chinese) .

Xu J H, Yang C, Kang X J. LAAP: Learning the ar-
gument of an entity with event prompts for document-
level event extraction[J]. Neurocomputing , 2025,
613: 128-139.

Li Q, Li J X, Sheng J W, et al. A survey on deep
learning event extraction: Approaches and applications
[J]. IEEE Transactions on Neural Networks and Learn-
ing Systems, 2022, 35(5): 6301-6321.

Wei Y, BoLL, Sun X B, et al. Automated event ex-
traction of CVE descriptions[J]. Information and Soft-
ware Technology, 2023, 158: 107-118.

Guan Y, Chen J Y, Lecue F, et al. Trigger-argument
based explanation for event detection[C]//Findings of the
Association for Computational Linguistics: ACL 2023.
Toronto, Canada, 2023: 5046-5058.

Yang J, Han S C, Poon J. A survey on extraction of
causal relations from natural language text[J]. Knowl-
edge and Information Systems, 2022, 64(5): 1161-
1186.

Peng J R, Yang W Z, Wei F Y, et al. Prompt for ex-
traction: Multiple templates choice model for event ex-
traction[J]. Knowledge-Based Systems, 2024, 289
111-124.

XITH, A, WIFE, % RTHEAR¥EIM
ERNIE-BiLSTM-PN i F {5 RO EFE (0], i1
FHE R4, 2025, 54(3): 411-423.

Liu Wanli, Yong Xinyou, Cao Kaichen, et al. Univer-
sal information extraction method based on prompt learn-
ing with ERNIE-BiLSTM-PN[J]. Journal of University
of Electronic Science and Technology of China, 2025,
54(3) : 411-423 (in Chinese).

Fam, UK T span F5E MK M ESMIRESR
PR 424 ST HESR [/OL]. #hil T, https:/doi.
org/10. 14107/j. enki. kzge. 20240569.

Qi Yunlei, Wang Bing. A framework for joint learning



2026 4 5 H S

Ve TR RERE T s 4R R A i i S RIS O 1 519 -

[16]

[17]

(18]

[19]

[20]

[21]

[22]

of overlapping and nested event extraction based on span
pointer networks [J/OL]. Control Engineering of China,
https://doi.org/10.14107/j.cnki.kzgc.20240569 (in Chi-
nese) .

Padmakumar V, He H. Unsupervised Extractive Sum-
Using Pointwise Mutual
[EB/OL]. https://arxiv.org/abs/2102.0b272,2021-02-11.

LiQ, GuoS, Wul, etal. Event extraction by associat-

marization Information

ing event types and argument roles[J]. IEEE Transac-
tions on Big Data, 2023, 9(6): 1549-1560.

Gardazi N M, Daud A, Malik M K, et al. BERT appli-
cations in natural language processing: A review[J]. Ar-
tificial Intelligence Review, 2025, 58(166): 1-49.
Joshi M, Chen D Q, Liu Y H, et al. SpanBERT:
Improving pre-training by representing and predicting
spans[J]. Transactions of the Association for Computa-
tional Linguistics, 2020, 8: 64-77.

Zhu Z J, Dai WH, HuY, et al. Speech emotion rec-
ognition model based on Bi-GRU and focal loss[J]. Pat-
tern Recognition Letters, 2020, 140: 358-365.

An Y, Xia X Y, Chen X L, et al. Chinese clinical
named entity recognition via multi-head self-attention
based BiLSTM-CRF [J]. Artificial Intelligence in Medi-
cine, 2022, 127: 102-112.

Velickovi¢ P, Buesing L, Overlan M C, et al. Pointer

graph networks[J]. Advances in Neural Information

(23]

[24]

[25]

[26]

[27]

Processing Systems, 2020, 33: 2232-2244.
Yao HS, Zhu D L, Jiang B, et al. Negative log likeli-
hood ratio loss for deep neural network classification
[C]// Proceedings of the Future Technologies Confer-
ence (FTC). San Francisco, USA, 2019: 276-282.
Sheng J W, Guo S, Yu B W, et al. CasEE: A joint
learning framework with cascade decoding for overlap-
ping event extraction[C]// Findings of the Association
for Computational Linguistics : ACL-IJCNLP 2021.
2021: 164-174.
Yang S, Feng D W, Qiao L B, et al. Exploring pre-
trained language models for event extraction and genera-
tion[C]// Proceedings of the 57th Annual Meeting of the
Association for Computational Linguistics. Florence,
Italy, 2019: 5284-5294.
Du X Y, Cardie C. Document-level event role filler
extraction using multi-granularity contextualized encod-
ing[C]// Proceedings of the 58th Annual Meeting of the
Association for Computational Linguistics. 2020: 8010-
8020.
Cao H, LiJ Y, SuF F, et al. OneEE: A one-stage
framework for fast overlapping and nested event extrac-
tion[C]// Proceedings of the 29th International Confer-
ence on Computational Linguistics. Gyeongju, Republic
of Korea, 2022: 1953-1964.

(AR 4 : Fh L 4)



