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x1 BEERTRBEM

Table 1 Pig disease node properties

9 5 )@ Node attributes

245 Example

BRI F Disease_id
Fdi I A Disease _cause
JGI7 JE ) Treatment_duration

A7 F-Bt Cure_way

PIRHIR Description
S Susceptible _animals
AT Epidemiology

PRI 4B Name

J ! Pathological

I I ikl Prevent
#7259 Recommend _drug
BIRAEIR Symptom

18

K YRR IR R R ZL ST 221 The etiologic agent of Erysipelas suis is the filamentous bacterium of Erysipelothrix

rhusiopathiae
BEH 1~2 K, M 3~4 d B 8 h T 11K 1~2 times a day, for 3~4 days, every 8 hours

PUAERIRYT I BRI, DA B A A K I Antibiotic treatments, such as penicillins, are used to in-
hibit bacterial growth and eliminate infection

FEFFEE A LIPS 2 T S R (0 —Fh 24 - Erysipelas suis is an acute disease in pigs caused by filamentous
bacterium of Erysipelothrix rhusiopathiae , characterized by...

3~6 A #9455 K Pigs 3~6 months old
WEANIRIRE T, J 0 2T B3 2 oA R PR e -+

um...

Under natural conditions, pigs are most susceptible to this bacteri-

¥ 1FRE Erysipelas suis
AR BB BT M RS

age to the nervous system...
BRI % N e PR A I R

+HRIRE:, HHEK - Oxytetracycline, penicillin...

Acute lesions,damage to organs, inflammation of tissues,dam-

Some healthy pigs, pigs with erysipelas thrix in the body, when...

AR IE % 8RS 5, Uik -+ Normal or slightly elevated , hyperfunction...

Table 2 Pig disease relationship types

9 5@ Node attributes

24451 Example

HAREIR Has_symptom

RS
PIEIZT Need _check

X259 Recommend _drug

T Belongs_to

BIR TR i Recommend _method

FPEEE, A RER R IE B SRS = Erysipelas suis ,symptomatic,normal or slightly elevated body temperature
Y PRI E T AL Y Erysipelas suis, the disease category belongs to, infectious diseases

FEFIEE PRI I, TR
P Y, R R EL Erysipelas suis, recommended drug, oxytetracycline

FEPYEE B TR, NS S (RS AE BE Erysipelas suis,disease recommended preventive measures to
strengthen the feeding management of pigs

Ki#x -+ Erysipelas suis,disease diagnosis, bacteriological examination..

5 =ondiM . AR, AR A
Z AR, TR BT TR
(edge) MMM o 120, 24 NER F B 7R SCA il

A O I T ek I PP 8 R 5 B 20 B o A 2 i B
Sitg A F B R E R s, 5T LSTM AR L A o B A 5 T | o
FRIRRI1VSe 3 R B 2 075 - S 1 T8 i1 8

J B SR SR, BB BT E R A I RAE
AR T B, BIAK 4 A 4 2 o 52 91 4k Sy (disease,
has_symptom, symptom ) KA & R =04l 1h,
BT 2 AR A OF B R RE AR R O R IUAY i — 20
FIHI BERT i SCAHARLBE B3k R A7 i 98 TR it , e 2444
TH VRIS B = el A0 T R e v, 58 UM B IS
RS SRS i S ik
1.3 HEEE

LSTM & — 457 5K 1Y 1 21 4 25 ] % (recurrent
neural network, RNN) , PRI 7E BB 4387 )5 51 B4
7 R R BE S A2 Bz Y . LSTM 7R
K50 b AR G 22 ARy T R 0 i 1, DR R

AL LSTM W 24 25 4 () Bi-LSTM, H i, f{if [
LSTM 2 & TEf $2 5 A ¥ 50 22 ) 17 SCRAE )
1R 1) LSTM 2 I 671 52 48 BUA 0 R SCfF B
P i3 I b B e B 3 ) RS E R Bi-
LSTM W 4 38 3k T # AL Cist 1] A 1] A s
1) 3t — 5 B BOCCAR 1 e 370 s e R A1, HE a2 e 3
RN

E:f(e/, TZ) (D)
h=f (e his) (2)
Hy= s h] (3)
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i 1) BRI A 1) 4 5 0, RN 0 A R 1 SCRRAIE 1] 2 5
/i e LSTM HIT Y W 28 11580 R AN s H o 7R IR %1 ¢
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S(x.9)=>)(4, .,

exp(S(X.y))
2er,exp(S(X.3))
K ()~ (5) 1, SFIRIFHN 2t oA R X
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G s n R AP EE ;A ORI E
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kAN
1,:—210g(n(y,|x1,))+%uwHZ (6)
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BB PR IRBRZE T B B A5 353 A 5 A 678 1E U
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Fig.2 Bi-LSTM+CRF model
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Fig.3 BERT model architecture
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Fig.4 ERNIE model architecture
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KSR
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RENS S ER ML 45 & 1T SCfE 8, D e 2 R pr Al h
ERNIE £ 8 AH X T H AR AL (41 BERT) & 35 Ny
PE 5, T 6% BT o b 381 fie R Ak B SOAF D, PR THE:
%VERE.
1.5 HEIFMIEIR

& 585 1 2% (precision) | 4 [8] 3% (recall) | F, {H
(F\-score) 3 Fa bR it AT B BURCR PEAL , PR T8 R 119
BB A 1, PSS 8 S AR U0 ) A5 SRR A, LR T vk
=9~ s

\% (7)

7=,

A (10)~ (1) o, PRR P B B Ay 24k o
TEH SR HO 8] 3 R RS AE BT A B SS AR Sk
Bl E A TR R ke (Y LA 5 By 2R oK B ORI [ RR Y
PEHAE- B8, T2 G PR BRSOR 5 T R HU I
B A SRS 5 Fo R R N N SEAR I Bl s Py R
IR H 1 LS SRR
1.6 EHIEEFE

AW 5T AE ] Neodj BRI B A7 8048 7 6if
Neodj £l 8 52k 1] 0 a50F 20 75 I S s Mok A %
FEARAE B, DASR AL 3 B 0 RGP, AT {8 5 1
el 52 R R AL BT i PRI I Neodj 7768 480
18 5t fel A A5 8L BT 25 ) e N L | AR TR 8 SQL
2, B E A 11E 5 (cypher) FEAL AT R 5GBS
R HA TR EEEN: 5 AT
1.7 BEEREZERFHEEREBSIN

WF TR TR AR 6 I & 148 8 B 0] AL
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PG R 3BT B, B, TER G Ay, A JH Flask
HE B AL 2 5 i IR 55 3 AR APT 422 11 52 90 5 i
s P A SE I B AC L, R TR ) m) g Ay 5 T, 2
Je v AR P i AR F AR TR S (g A 1 I g
E2in )N, RGIHTIE U ZRAF R BERT 22 1853
A 5 ERNIE SE AR . {5 R0 Hh T 2
R AT 7 46 (treatment) |, J5 5 $2 B AZ OS2 4R
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FH S ke
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K (12)h, p, Fom 0] 4] J& T4 k2R BRI s u
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fe 2 PRSI0 AR AS R 28 505 i e 0 5 j 2 s 2 L 2 )
Kol ABS P BUE N 1~12, a7 AR
DI, RGHUE TS 12 8 EIXS 0 EY Cypher £ 5
B o PR TR 30 1 S A SRR, 38 3 Py2neo 3K
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21 AEEIRAKE

AW 5 AE A EE 55 9% 2R 4E (self-built swine
disease dataset, SSDD) } 2~/ G4 I, 43
1% Bi-LSTM-+CRF .BERT+Bi-LSTM+CRF 4
K AHE5E 41 H A ERNIE+Bi-LSTMA+CRF 4 #4 3¢
F14 5 A At

Vi Jg FE LR AR R 1 Bi-LSTM-+CRF 3256 45 5 4
T3P, RSB TTLIE Y, AR IZAE R A 1
FRECHEAE 1 230 w8 ], 5 6 0 0 T S0 s 25 4l 4R
AT LT B S MR RE T, P (AN R 46.00%6 . i
— 0 MGG i 2 ] 248 b5 2 B, LA [l B i
({2 46.64% ) , iX FWITE B Z T 25 R S e 1S
BT, AR 7 1)tk A ASE AR X LA 50 3 S A 2 5
T (OOV ) FAE R #4822 Ll R i, R BOR i GBS
PR . 51 A BERT MY 2R AL J5 , BERT 4244
TERE W B 4R 1 PO AR T R B AL S g T
38.36 A 43w ELRERF 158 1 84.36 %0 . (HAHT
)52, BERT W51 ARAURIREE T T4 5 A fli 15
i 0l R R 7 81.87 %0, iIX — &5 A J1 MUk B T # |
N RN DT e ) EOS TR e v N 24 2 3 G A G
AR AR, R T/AMEARY 5 YL

PRACICR .
%3 Bi-LSTM+CRF #1 BERT+Bi-LSTM+CRF
BB RITMN
Table 3 Experimental results of Bi-LSTM+CRF and
BERT+Bi-LSTM+CRF models %
e AW MR AEE F
Model Name Precision Recall  F-score
cEHRNER 61.83 65.59 63.65
e e Yidu-S4K 60.97 69.16 64.81
Bi-LSTM+CRF
SSDD 45.48 46.64 46.00
cEHRNER 75.29 77.73 76.49
BERT+Bi- Yidu-S4K 74.30 82.97 78.40
LSTM-+CRF
SSDD 81.87 87.01 84.36

5 Bi-LSTM+CRF #l BERT+Bi-LSTM+
CRFBEARIXS H, XL Net ZE44 76 25 Bdls 4 iy R
ARG 1 (% 4), 7€ SSDD $ 4l 4 I, XL~
Net+Bi-LSTM-+CRF # R4S T F, {H 4 85.63%
B ST . 7E Yidu-S4K #1 cEHRNER iX 2 /N80
£ I, XLNet B B 43 5| 3045 79.23% A1 77.81% MY F
{E, 7R H XL Net 76 40 38 5 732 15 Rk B ) Ao fg

i 51 XLNet BN ZRBEIY , it — 2552 T+ 1 1658
Hea 4k b RVERE , JCHAE A 1505 TS RAF A%
B, R WZAE R AR R S B SR T T A 36 B4 i fE
I3, U H R ARG B 1 U, XL Net B R 471
ZALBEST
%4 XLNet+Bi-LSTM+CRF # AR TG4 R
Table 4 Experimental results of XLNet+

Bi-LSTM+CRF model %
K GELIES FEJUE S FE
Name Precision Recall F\-score
Yidu-S4K 75.21 83.53 79.23
cEHRNER 77.17 78.02 77.81
SSDD 84.17 87.13 85.63

F 5 R T A5 A ERNIE+BIi-LSTM +
CRF BRS04 5 . i b B o) X L3R 3 3R 5 Y
BT A, ERNIE B R B T e i 28 & e .
—J7 W, AR5 9 B HE 4E T ERNIE ¥ F B Il B 2
89.63% ,#H [t BERT BLAY , HORF o R A1 M R4 A F2
BT, FR IR AR A e 14 A S S A0 i O —
D7 T, 7 2 A FREESE L ERNIE 58 6] FE UG T
AL B P AR . XA S e T
ERNIE #8581 (4 L A A Jay BR 45 5 £iodls , i H.
A7 5K 1) 5 0 Bz A fE ), B RE AL AR Y A TR,
fE AR 4 M A 5 R IR Y A A Y i A Bk
A

%5 ERNIE+Bi-LSTM+CRF # &5 % R
Table 5 Experimental results of ERNIE+

Bi-LSTM+CRF model %
HZFE LIS FEJUES FfH
Name Precision Recall F-score
cEHRNER 84.22 79.78 81.94
Yidu-S4K 86.72 85.40 86.05
SSDD 91.68 87.66 89.63
22 HELKEI

R T RS R TN AL X 5 S AR
S EAR TR, IF I IE A 5T $E B ERNIE (e &
R B AE A 45 SEAR U0 1 LAk L, LISE IR
B O X R T IH R SR . SR D
Bi-LSTM+CRF 54k, 535115 | A BERT .XLNet #il
ERNIE 3 32 3 7)1 25455 78 Sy 15 5 A5 e, 91 il S
B4k AN 6 TR .

IEE 2R S TP 2 A R E KB §72 e
P i B MERS , AH 1L T Baseline £ 8 (F {i 46.00 % ) {YX
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FR6 ARTUNGEBEEBSEIE 45 RXTLL
Table 6 Ablation study of different

pre-trained models %
" Tl ;
AR Pre-trained R Glaes P
Model Precision Recall  F,-score
module
Bi-LSTM+CRF None 45.48 46.54 46.00
BERT+Bi-
LSTM-LCRF BERT 81.87 87.01 84.36
XLNet+Bi-
LSTM--CRF XLNet 84.17 87.13 85.63
ERNIEJiBl_ ERNIE 91.68 87.66 89.63
LSTM+CRF

A AS - 1) i BERT B B 51 ACKE By (8 K iR 32
42 84.36 %0, ik FRWILERALTE R F I ZA5 20 3
AT ) S, RS R SCA TP I AR R IR SR AL
(bR SO SCERAE, 33 2 4 TR R M Bl 1) 51 — G
BE,

VR FE I A A g A 1) X6F b, 48 XL Net
TSR A R HED G 5 AL, fE b K PR B
T SCR AL T BERT (F {42 T+ 2 85.63%) , (H
PETHIREEAROR A R . SR, it & BERT i6 /&

5

XLNet, HAZ U HERDAT 55 32 B I 200 B ol - ir)hr B
AT . AR R AU R KA TEE A LA
AW TR E (R e o B3 Wy N BT
R X, FEOA H LT AN

LA F 5T #2 H A9 ERNIE+Bi-LSTM+CRF
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Fig.5 Knowledge graph of pig disease
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Pre-trained model-driven construction and application of a swine
disease knowledge graph
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LI Guoliang', FANG Yaping', LIU Feng', DU Xiaoyong'
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Agricultural Sciences, Wuhan 430200, China

Abstract To enhance the efficiency of acquiring knowledge on swine disease prevention and control
and to alleviate the shortage of veterinary service resources at the grassroots level, this study develops a ver-
tical domain knowledge graph and an intelligent question-answering system specifically for swine disease
prevention and control. To resolve descriptive conflicts in multi-source heterogeneous data, the study estab-
lishes a domain ontology based on veterinary pathology and introduces a BERT -based semantic similarity
fusion strategy to construct a professionally annotated corpus.Given the complex and long-tail distribution of
veterinary terms, we propose an ERNIE-Bi-LSTM-CRF entity recognition model. Named entity recogni-
tion experiments and ablation tests show that ERNIE’ s unique entity-level masking mechanism effectively
overcomes the semantic fragmentation problem caused by traditional character-level masking of complex
terms. The F, score reaches 89.63% , significantly outperforming baseline models such as Bi-LSTM-+CRF
and BERT.Based on this, the study integrates the Neo4j graph database and intent recognition technology
to develop a WeChat-based question-answering chatbot. Tests show that the chatbot can accurately under-
stand professional veterinary diagnosis and treatment issues, providing comprehensive, and scientifically
sound diagnostic guidance. This effectively assists farmers in disease diagnosis. The results indicate that the
developed system can achieve a closed-loop process, from natural language queries to knowledge retrieval
within the knowledge graph, thereby offering technical support for swine disease diagnosis and prevention
knowledge services.

Keywords knowledge graph; pig diseases; BERT ; XLLNet; ERNIE; Wechat robot

(WA B HF)



