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NPT BAR I T A 2R 5 22 TR U PR S A U HERRE , 5 LA —FhosUa £ 38 3 AL (bidirec-
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Table I Annotation example

JFESCCAR Original text FRIEFRZS Label

T Duo to (0]
JKiE Water temperature B-C
28 T R Sharp decline 1-C
O
1€ Fish B-E
S 4 Immunity I-E
T B Decline I-E

(6]

3B G Rt M ARIREA ST . ARBIESY
F ) DLOU-CRE #4340 7 3 682 5c & B 5K
KB AIFREREAS o Ry B PR B B B 8 L S Sff 7K 7
FEBE R IRBE - IR 15 ) = OC HAERLE AT
AP MR AT 1) ) X RR AR R AT T AR Y 2 A
oy RS, Gt aE R (R 2) R BIRELE
G ERAY FRETIF N A BT 3R RS T
5 SRR AT E AR 1 v B R A

%2 DLOU-CREHEEHAXBSHEIT
Table 2 Distribution statistics of sample types in the DLOU-CRE dataset

FEARS HAIII FEA R At/ %
Sample category Typical entity Sample size Proportion
e HBEEE AR 75 (WSSV) HERRER MO | 75 0V 102 55 1561 42.4
TN F2 A (NH,-N) RS R A A pHAE KR 55 1248 33.9
FrRoH E R AR BRI oK 3G SIS A5 B R 873 23.7

R &, R g M R SRR R L R K
(42.4%) , 3% T XHHF AL BEZE A AE (WSSV) Wk fa
TR TR A 1R BT R AR AR AR X
FRARAE AL 68 7 5 FRALERBE IR 28R AR | L ik 3]
33.9% , M EHE S T AR A SR 5 AR A
i g b, B 2E VISR U] K B 5 | & B B

PEEUR 2 5 TR LRSS R T 23.704, R
TR 4 R R AR N B . X R AR
36 53 A7 SRS ALK T DA B b R 38 A8 8 R ARG 4
A 5 AR RE 2 T SRR B T IR T
AEAL (PR =B 07 B (ILED) — 2k K g CR) 7Y
R INTTEC R €S it R R e Sy ]



% 33

AR 2. RoBFM: XJw £ ad Wi ML A 7 5 T B i PR R G Z i 163

B W AE B S AR T .

G A B AE Sk B, DLOU-CRE JE 3 H {5
BEBEMRET ., —m, 675 5 28R A 205
1Rk 38.4 %6 o 31X — Fh M) g 38 AR B SCAR B 4 L %

WORHESIBR T I RIUARIR R s 75— J7 I, DR 2 4
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Table 3 Comparison of explicit and implicit causal relationship samples

KFRPT AR FREAE ST
Relationship types Text examples Feature analysis
A RR WA B = QT Al AR B G D) TR
Bk A 2R FRHAE R R KRR B S TR TR 1S 20 R) 52 PR TR T - B A AR B AR ORI I SCHEAT
R R 2R PR AR, R A RE TSR TCARR R S R B R A TR I AR S B X

OB SRS B . 3R A T 0 45
HR AT I 5 E W B IR UM A T R Y
23 [, ABF A 19 DLOU-CRE ¥4 SEREA S 4% 0
FORARAS B 7E GitHub & TR,

1.2 RoBFM & Z! i ENHELS

RoBFM #5 A1 i B AR R AN 1E] 17, 1AL
i 2205 BAL S BEM ik | B 78 v IR1E 48 05 1%
FERL BRI B 5 22 IR R R, SE3K
TR SCA R C R ARG R, A O TAE TR
FALHE : RoBERTa 4 W) i il ik A\ BILSTM 34 58
R SCHAE BFEM s A AR £ DL K A g i i
KGR

1)RoBERTa it A 2. #1556 | ] RoBER-
Ta-wwm-ext-large I Zx i 5 A i A SCAR AT
g . RoBERTa 3% A 4 A #g i (whole word mask-
ing, WWM) #1150 AH L BERT BE2E )i 5 v 6 4 37l
Gt A A O AR T SCCR I G B
() R SCE o X — R B AR S 2 i R R 6
FPEUE 55 B AL 5 o AR AR R IR R

2)BILSTM I N 3C4wf% )2 . 7E 3k 1% RoBERTa
A L TR Gt AR A — 2Dl o BILSTM X i
A B AT R A . RoBERTa SRR AL T 38 K
(42 Jr) 1 SCERAE  ARLE 4 3R 51 19 J 35 4 s AR
T B B A TP A A — 2 JR R . BILSTM il
T ) R 1) 247 1) ) BRetR A AR 38, RS AT R
] A R B AR G R R B OR B R R SCfE
B BAARARI (D)~ iR,

T=1STM (5, ) (1)
h=1STM( b, ) (2)
h=[Fs b ] (3)
H=[h, - h] (1)

XA G 753 FIH T RoBERTa Y IR )2 18 L

568 15 BILSTM W7 81 A 4, W 5 B AR
SRR TR Kb B K 7 57 B 0 B SCA TR A 2R ) R G R A
HET TSR A L U R

3)BFMALHL . X 7K 7 5 A1 SR 322 i 252 0 LY
(1 PR IE - A B - B KA AR RRAE  BEMUBE R4t T
— PR ga] ik A R AR . ML a5 A ST
(R 1) 5 i 1) ST R o, 3 ) e o) 5 IR BRI TR
SR E EE S S A T I B R R R T
ffRR o X — TR SO TP R TR 2 ORI Akl B
2 VR B A A U D T K SCAS A TG fih & 1]
BT BRHERG B 5 1 S S PR, R
FIERALIN T o % BILSTM %t Y B stk 25 2 51 0
He )£ S WL E 5 S BUERE WAV 0 5 E
HIIRE o, I RAA A AT LR 3Cep, AR (5)~
(6)i7n. [FI3, J& ) A S AL S S5 W, 0, 42 B
Je T R e, A7) ~(8) TR . e, B P
B AR B 5RIE LFRR Ve A (PR,

a,= softmax (W, h,+ b,) (5)
o= Za,h/ (6)
Bi= softma;(i( Wyh,+b,) (7)
c,,:Zﬂ,h/ (8)
V=¢;¢] (9)

L)tz . 43 BEMINBUS 18 L3k
RV B AR R AR KA. SRR
P25 ) £ S5 1), £ 57 MR 6 5 a8 o RAE A R 1Y
PR OC R AR A SR . #5511 softmax pRZSOH it
HEATIH Ak, 25 BN 1] 1 43 A 3850 A, DT A g
A1) 43 B B A 2R AR 28 (B-C L, 1-C, B-E, I-E, O) ,
56 WL AR G R Al A 55 o BAR A A (10) ~(11)
Fis o

z2,= W.V+ b, (10)
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i 1 TO Tl i3 T3 T4 TS T6 Tn
Trm Trm Trm Trm
= A &
N W 7\ '\
R Trm Trm Trm Trm
S —— KWW/V /N
o — = i
B
E fIB#A EO El E2 E3 E4 ES E6 E7
R +
T @A EA EA EA EA EA  EA EA EA
4 +
FHN [CLS] KR E®Y EB ESH Ef8 E®EH EFD
TN [CLS] KR T BE S® & fE5h e
FmERIN B-C I-C (e} 0 B-E I-E I-E O

ElH B-C/1-C \B-E/1-EAR AR A 5 45 R SRR 4G 5 45 AR AR 4, O h HAW bR

E.EA EO~En b7 B&E S0 B A ; Trm

Transformer 88 ; TO~Tn AN ZRFFAE . BEM J2 57 h A EGRCIR S s DW \CR 435138 77 16 ACE 5 PR A (AFAE 5 w L ~wa S s A i Hi 1)

H, In the figure, B-C/I-C

" and B-E/I-E denote the beginning and ending labels of the cause and effect entities respectively, and O represents

other labels. E, EA, E0-En are character, paragraph, and positional embeddings; Trm is the Transformer module; TO-T# are pre-trained fea-

tures. In the BFM layer, h is the hidden state; DW and CR represent directional weights and causal role features respectively ; wl-wn are the fi-

nal weighted output vectors.

E1 &AL
Fig. 1 Model architecture

P=softmax(z,) (11)
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3.8 MY FEIE 7, 1F PyCharm 2023.1 JF & B85 F 5¢
B o BRI SR S A B S KPS K

max_sequence _length 7 512, Y 25 %2 1K epochs 4 13,
2 2] % learning _rate 3 B A 2e-5, BILSTM Y 5 [q]
B2 R/INBE A 1 024, Dropout He 38 88 0.3 I F
BiLSTM it Ja . BEM BB NS BB i N
16 ¥k,

2) W UE MG S B ] o O T R RBR M
JHA R T8 B, 5 2% WL PEAS B AL 7R A - A A A
T EZACTERE AR A T K373 UK IE (K-fold
cross-validation) W& o 1% 7 V5 MA% 0 2 3R AE T4 5
U A SR BEAILRI 23 KA B B4 Bk it
B K=1 4PN R8BI AT 1A THEME N
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bR . 200 KRR 5 P45 5 , BUAS T
FEBR B - IEAE R e A B MBS 4. X Ph &t
B UEATL I A 80T B 1 DR A B R B AL 43 i 5 | A
ISR PER 25 . BRI , %8 T DLOU-CRE #dls 4

Fold 1 Fold 2 Fold 3 Fold 4
YL

First iteration

vt
Second iteration

S3WIEA

3rd iteration

EIZY SIS
4th iteration

SSUCEAR
Sth iteration

IS

Training set

HATREA BEAR O 50/ 0N HL S92 A B2 i R, R ™ A
AUV A 10 2o DL DR I 96 U A R ) 5 R 1, AS
GO KAHBOE J 5, 520 5 4 28 o iE i g i fe , R
PRI o 2 R AN A 2 iR

Fold 5

— '] —

——) 2

s T3 =T HJfH: (F1+-+-+F5)/5
Average

— [

—— F5

Loail= S

Validation set

B2 SiTZXEIEX5EE
Fig. 2 Logic of 5 fold cross-validation division
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4o R 3 682 A MFEA BB/ N T30 A 45 (1
DLOU-CREfE Ry & S 7K 795 3 B 163 5 7 48 2 1) o
RHEE LA W A BB . B SR AN A 4k
BRWES SR R T %l SR A 0Rs B 1 5
HEOCHERY A, R B M S T KA R PR AR
P Y EA e T Wi 5w e VAN 1T - MRS
{13 DLOU-CRE fig 6 47 5w b 38 FH £5c s J 76 T2 1
AR E 28, i OISR R AT 45 op ) 4 2
TEREHR AL 1 B A AR S A

7 DulE 42 4 fl DLOU-CRE % 42 424 iy 22
fil b, A #E— 5 56 5IF RoBFM #%.0> 41 #F RoBERTa-
wwm-ext-large I PERER L, B98I T RIINT
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FERIAE R 2k o 0 25 SR L 3R 4, AN [R) B 42 1 1
REHE AR XS o T 81 3. 45 3 SR « A g T3 FH 8k s
£ . DLOU-CRE REf% i 3 $2 THE AU Fa P i 35 AL I
(A EBORG B, 78 0 PR 3 T v o o R 4 FH B A A
PR RE B2 () U 1 S S

F4 HWER
Table 4 Test results %
" . -
PGS LT P R F
Dataset Model
BERT 66.20 61.27 63.64
RoBERTa 63.45 67.15 65.25
DulE
BERT-wwm 61.86 59.25 60.53
RoBERTa-wwm-ext-large 66.29  63.10 64.66
BERT 61.48 66.35 63.82
RoBERTa 65.81 69.40 67.56
DLOU-CRE
BERT-wwm 63.17  63.85 63.51
RoBERTa-wwm-ext-large 65.86  70.77 68.23

AN IR Y R X L

0.750 Performance comparison of different models

= fF 13 Precision K2R Precision
07251 = Bl Recall {11915 Recall
=\ fH F\-score FAH I -score

0.700

0.675 %l

‘Eﬁﬁ?‘é‘*/ﬁf@ﬁ:\f Performance score

0.650 % r—;fl

0.625 :

0.600 )

0.575

0.550

BERT RoBERTa BERT-wwm  RoBERTa-wwm-

” ext-large
I Model

3 ARRE R ERETEIRXT L
Fig. 3 Performance comparison of different models

o1 4 5K 37 0L, )4 DLOU-CRE M FEAS i
e/ T DulE, {H BT A B R 76 208080 5 1 A [l
(RS F E¥BET ., X—-WRFEWII%GES
R A i I ) 3 kWA« R o 0 e
PEAE AR E A 55 o £ A . DulE 2l £ AR AL
EOR L AH ORI Sy A R AR R R MR S, B
BITE IR E 2 G R M A W Z R Z T,
DLOU-CRE H- A # = 115 B 1o 5 % Z0 MR JE
RoBFM %5 & BEM HL] , BE % 7 2 v — Bov: K dla
R R IS, TR /NEAS 25 A T S T 1
RS i PR 4R B PR RE R I

HAK , BLBERT #8100 ], & #£ DLOU-
CRE [/ [0 3 19 3 5 1 DulE B 47 8h 1 F (Y
Hfk B4 SRR BRI 55 7E 5 1A 3R T R

Ji , i RoBERTa &% RoBERTa-wwm-ext-large Ji7 %
BRI . BuseiT Bos , 7 RoBERTa-wwm-
ext-large #5171 |-, DLOU-CRE f # [ A4 T DulE
P T 7.67 oy A F EEF) 68.23%0 (£
4), X—WEMMERRE A I HUEA T AR e
Z PRI G 22 Al BT 55 B o Jo k19 2 S0 4K 9 e
1 T A 3550 98 e AU T I A TR A R U2 0 S A
e

Zi LTt , DLOU-CRE i 4 i b4 s 5 T4 T
AT 55 YERE A te e MR . R Y S Ro-
BERTa-wwm-ext-large 45 & i}, BEAETE B s A AU -
SRR I M R RONE o X AN AN UE T #H o 1
T N AR 5T B & Bk 5 RoBERTa-wwm-ext-
large A RoBFM ) 3 fifh 42 #4) 48 44 1 1 S 14 SZIE
A
2.2 AEHEE LI

Sk 4 T S0 IE RoBF M SR (145 30vE | A F 5% 78 3
FHEUE 4 DulE 4 i & F 804G £ DLOU-CRE |,
52 FRELBARIT T RAETERPERE LB, 1
B SEER BRI 55 T MAL S8 S5 9 b v 2 B 2500 75
TR P 3 KR SR (LLMs ) RSt i g 7 s, B
{ZS/ I

1)—P %] (BILSTM-CRF) "7 HJa FE7E T
DA 52 2 o0 0 1 bk R SR S 3R , nie =OR BK
FHA R

2)~R IR (TF-ChineseERE) ") 4% 5 7 4b
PRARESE A0 ¢ R I EBIRE 13059, AR X S0 R
A Un s A s i A AR 3 R

3)—-BC ##] (BERT-CRF) %8 Al 1 B 4R
30 0 e 1 LRk ] Ak R S PR AR O R e
ZH.

4)-LC (BERT-BILSTM-CRF)2 | R 45 b o
T R SCHEA E X PSR R B AR o B S
(1, B Z s A S ML, BRI T X5 44 5 5 i il

5)RoBERTa fll BERT £ A1 . 4% B2 A )
i FH I SCPR AR RE 7, E Bl = X RS2 g f A AL, e
LA RS AT S AR B] 19 2 28 28 B 5 22 )2 Ml , 53K
FE et S R AL RS IR 5 H IR Z R

6) RiEFBIAI(LLMs). 5] A ChatGLM4-9B #l
Qwen2.5-7TBAE R X} B, 5% A il Xy =X 7 3 1 ik
F R R

5 R IELHIAIA L, RoBFM 5] A BEM AL,
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i 2 A E R BILSTM $n th AL, 528 1 % R G
HERRAE Y W X RS 5 RS . 15 45 T RoBERTa-
wwm-ext-large iR )25 R AE 5 BEM AR i€ 7
fiE 77, RoBFM I S R 1 A58 A0 X5 tab M ik ) < 5
O RO, IR SR T TR AIE S T iz A
PERE. LS RINFE SR,

x5 HKER

Table 5 Test results %
4L Dataset 7 Model P R F,
—P 61.02 50.43 55.22
LSTM 63.41 58.13 60.66
—R 58.71 64.08 61.28
BERT 66.20 61.27 63.64
DulE

—BC 59.67 60.15 59.91
—LC 64.70 64.92 64.81
RoBERTa 63.45 67.15 65.25
RoBFM 66.29 63.10 64.66
—p 60.39  51.35  55.50
LSTM 62.70 64.90 63.78
—R 58.50 59.90 59.12
BERT 61.48 66.35 63.82
DLOU-CRE —BC 58.14 63.91 60.89
—LC 62.93 65.01 63.96
ChatGLLM4-9B 58.25 62.10 60.11
Qwen2.5-7B 60.45 65.30 62.78
RoBERTa 64.36 69.71 66.93
RoBFM 65.86 70.77 68.23

TE:“—P" 3R BILSTM-CRF *f 7 ; “ —R” 38 TF-Chinese-
ERE Xf AR AL “ —BC” %78 BERT-CRF X RS 5« —LC" %R
BERT-BIiLSTM-CRF Xf L #%# . Note: *
STM-CRF comparison model; *
ERE comparison model; ‘—BC’ represents the BERT-CRF compar-

—P’ represents the Bil.-
—R’ represents the TF-Chinese-

ison model; * —LC’ represents the BERT-BILSTM-CRF compari-

son model.

RoBFM #5 B 7E R SR 5C & 4l HUE 55 v A R 9
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Table 6 Comparison of model resource consumption

A ZHhE FAREAHE BLGE R /ms RAAEE/GB B YIZRAENT /min
Model Number of parameters  Single-sample inference latency ~ Peak memory usage ~ Time per training iteration
RoBERTa-wwm-ext-large 351<10° 21 8.5 3.5
RoBFM 355X 10° 27 9.2 4.2
24 TN IFSEHESH %7 RoBFM#HE 53735 WIGIELER

EF T 7K 77 2 B T4 A58 bR 1 B HE A OME R Table 7 5-fold cross-validation results
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B N5 AR RGEBCEP T FHEE Fod 65.25 69.80 67.45
A A 4 TR RN GR AR L EAT S8l Folds 66.65 72.15 69.29
STARE . R PR EES RIS - gy T Average 65.86+0.54  70.77+0.82  68.2340.61
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performance metrics reported in this paper, and the numbers follow-

ing “+" are the standard deviations.
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Table 8 Ablation experiment
viﬁﬁ%ﬁid RoBERTa BiLSTM  BFM F/%
RoBFM-R X N NG 60.19
RoBFM-Bi N X NG 63.57
RoBFM-B N N X 64.62
RoBFM N N N 68.23

TNV FOR AR, O TR BIRIZEE . Note: “~/7 indi-
cates the module is included, and “ X ” indicates the module is re-

moved.
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Table 9 Application examples
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Fig. 4 Application flowchart
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RoBFM :causal relationship extraction for aquaculture disease
prevention and control via a bidirectional focus
enhancement mechanism

CAO Peirong',ZHANG Sijia"*, LI Zhenglin', AN Zongshi',ZHANG Jiaqi'

1.College of Information Engineering,Dalian Ocean University/Dalian Key Laboratory of Smart Fishery/
Key Laboratory of Facility Fishery,Ministry of Education,Dalian Ocean University,Dalian 116023 ,China;
2.Liaoning Provincial Key Laboratory of Marine Information Technology ,Dalian 116023, China

Abstract To enhance the accuracy of extracting complex, multi-level causal relationships in aquatic
disease control, this study introduces a bidirectional focus enhancement mechanism (BFM) and proposes
the RoBFM model (RoBERTa-wwm-ext-large integrated with bidirectional focus enhancement mecha-
nism ). The model integrates the ROBERTa-wwm-ext-large pre-trained language model to generate high-
quality word embeddings and leverages Bi-directional long short-term memory (BilLSTM) networks to
strengthen long-distance dependency modeling. The core innovation of RoOBFM resides in the BEM mecha-
nism, which employs forward and backward weight allocation to explicitly decouple and focus on causal se-
mantic roles. To systematically evaluate the model” s performance, this paper conducts baseline comparison
and ablation experiments on the public dataset DulE and the self-constructed, domain-specific dataset
DLOU-CRE. Experimental results demonstrate that the proposed model surpasses existing baselines in
terms of I, score and other metrics on both datasets.Notably, the model achieves an F; score of 68.23% on
the DLOU-CRE dataset, demonstrating that the proposed method is more effective for causal relationship
extraction in the prevention and control of aquatic animal diseases.

Keywords causal relationship extraction; bidirectional focus enhancement mechanism; RoBFM;

aquaculture disease prevention and control
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