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Abstract: To solve the problems of lengthy paragraphs, sparse data, scattered knowledge, and poor specification of text
data in psychological medicine, a method based on the pre-trained model of multi-level feature extraction capability
(MFE-BERT) and forward neural network attention (FNNAttention) mechanism is proposed for the construction of
psychomedical knowledge graphs. Based on the BERT model, MFE-BERT merges and outputs all the internal encoder
layer features to obtain feature vectors with more semantics. At the same time, the FNNAttention mechanism is applied to
the two composite models to strengthen the word-level relationship and solve the semantic dilution of long text
paragraphs. In the self-created psychomedical datasets, the compound neural network models of MFE-BERT-BiLSTM-
FNNAttention-CRF and MFE-BERT-CNN-FNNAttention are designed for psychomedical entity recognition and entity
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relationship extraction respectively. The entity recognition F'1 value reaches 93.91% and the entity relation extraction
precision rate reaches 89.29%. The entity alignment is carried out by merging text similarity and semantic similarity. The
collated data are stored in a Neo4j graph database, and a psychomedical knowledge graph containing 3 652 entities and 2396
relationships is constructed. The experimental results show that it is practical and feasible to construct a psychomedical
knowledge graph based on the MFE-BERT model and the FNNAttention mechanism, and the psychomedical knowledge
graph built by the proposed improved models can be better applied in psychomedical information management, providing
a reference for psychomedical data analysis.

Key words: knowledge graph; psychomedical; named entity recognition; entity relationship extraction; MFE-BERT

model; forward neural network attention (FNNAttention) mechanism
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TEE 5(a) H, X dropout #4715 B LA 1R H E
A ILE, 7 dropout=0.3 I 1A BRI F AL 1 e, 24
dropout>0.6 i, A VEREIIC, X H T EHFHEd & F
FOASEARY ) 286 Wi SSOH FE 9918 I HL AR R 1 IR, TEVE SR I

AR 3L AR 5(b) R R/ME 30 BHEBIRPERE

ik BB, PR R E 2 K/ 2 Ji5 X DAIA 2SS, TR ik
BRIV RE AR, 7E ] 5(c) o, B FI B s AR
Hb % T, 246 RO MR FF 30 I, B 1 (EL850A
2208, AR PRI, DR i B I AR BN 30.

3.3.3 XL

N T B E R Y 7 0 B PR A SRR TS5 R T AT
PE, B AR AE o0 PR R 2 2045 2 A1 ChineseBLUE
AR 2 AR A TR A by A EAT R L S, fnk 2
Fi7R.

XoF 2 2 B S8 HHE HEAT 40 AT, AR SCHR ) MFE-
BERT-BiLSTM-FNNAttention-CRF #5#47E [ ) .00 3
[ 7 5 A 0 H R R AR L A Ty v R AT, R
TN 96.69%, 1 1IN 92.85%, F1 1t 93.91%; 1E
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ChineseBLUE “EWI& % /3 TT 44 S HISK I op B IS 1
ISEUF ) K, R 2R 9,91.16%, F 181 %7y 89.27%, F1
(=W 89.52%,‘\iﬁﬁ‘?ﬂﬁ-fﬂ‘:/bfi@%iﬁiiﬂﬁﬂ{f%qjﬁﬁ
RIREENEE

S AERTEESEG , SERG 1-6 78 HABAE 5% Z AR F (1
LR, 435 BILSTM 25 CNN Z 37T B #esiis, w
H s A S 06 4 R R B AE SLAR U %5 1, BILSTM 2
AT CAFR AR R S5 B, TRHRRAE 1] 2 BT LA (1
SCHE AT, KRR [ R Y A ER AR T AT R se G 7 sk
36 8 SEEG 9 5 11 b ATxt bl W LA HY 4% BERT
PE g 1A B ISR RS, BORER T GPT-2, X & T
BERT 18 A (980 [m] (18 5 A28 1 GPT-2 FH ()2 #la)
HE A, Kt BERT 6 7] DATE — @ F2 2 F3REC TR
SCAE X, 0T FRHE SR BT 78 A2 5 % LSS 10 558
4 12, ¥ MFE-BERT fE N TRIIZRAAY, 3 il 5 FH AN TR
(3 = I HLI BT, 76 P A 3 p S T AR AR, 18
O FR R 2200 £ TP R SCHE HH ) OBk AR Y S B s A,
F1 {2 93.91%, fEATFEHREE T F1AEHN 89.52%, 1K
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T A% GEVE B I AR, R DR R 0 BE R A 5
fii e K SUA K, FNNAttention 784 FE K SUAE S
T RERS B A RAL IR UAE S, TOAE 2 JT Bodha 4 1 285
A, A58 Attention FAUE 7 T HH RS 9 A BE, X
EEPIRE R YI 5] 6], W LA HH FNNAttention T X%

FAR, X & F Y FNNAttention HLHE 51 N — w5
o228 D 248 SR T S ARLRE, D TR ERR R,
FRBTEA R BRI R DL Rk T — 3, HA%
RERAE SCARRITE . b 3 e, 20 Bl v O #E I
SRR AR U R B A

F 2 AN[EEE AR SR TR T e A R
- . OB R B2 R A ChineseBLUEA= ) & 5 A FF Hdfi 4R
75 Bl precision (%) recall (%) F1 (%) T(s) precision (%) recall (%) F1 (%) T (s)
1 CNN-CRF"! 87.19 86.95  87.06 29.1 81.56 81.33 8145 533
2 BiLSTM-CRF"! 88.29 86.65  87.46 33.6 82.93 81.96 | 8216  60.2
3 BERT-CNN-CRF 93.82 89.46  91.67 93.7 87.23 7‘87.5‘? U 8739 136.9.
4 BERT-BiLSTM-CRF!"! 95.29 9131 9215 102.8; 89.69 87.39 87.65 143.6
5 GPT2-CNN-CRF 91.61 89.39 9046 267.3 .  86.92 86.76 86.83 2939
6 GPT2-BiLSTM-CRF 92.13 90.25 91.16-281.2 87.65 87.89 87.76 3224
7 BERT-BiLSTM-Attention-CRF!'"”! 95.96 91.36. ©92.95 136.5 90.35 88.46 88.76 175.2
8 GPT2-BiLSTM-Attention-CRF 9183 9021  91.01 3029 87.29 86.65 86.96 357
9 GPT2-BiLSTM-FNNAttention-CRF 92.06 91.65  91.85 295.1 87.56 86.59 87.07  339.6
10 MFE-BERT-BiLSTM-Attention-CRE * 9633 92,12  93.56 1453 90.51 89.03 89.76  190.5
11 BERT-BiLSTM-FNNAttq_.ntion-éRF 96.16 92.15  93.32 1326 90.19 88.63 89.21 167.3
12 MFE-BERT-BiLSTM-FNNAttention-CRF 96.69 92.85 9391 139.5 91.16 89.27 89.52  179.2

2% b, o LSt i S H MFE-BERT A5 7 fg SE AR
SHSE B A A K A v 2 Rk B R AR R I, 2 FNN-
Attention B (1) L AR A AL AE O B R 2 K SUAR KL
XS Attention 58RI FE H 5. MFE-BERT-BILS-
TM-FNNAttention-CRF 7 5 /0 B 5% 22 SRR AT 55
R DUAR GF 3R BT 21 I B REAE, 7 79 Foh 5000 45 R 35
FEILHHANEE (1R RE, BENS AT R O B4 I8 27 AH B SE A
3.3.4 SRR SLE 25

MFE-BERT-BiLSTM-FNNAttention-CRF #% 74 %}
OB ER AR AR AN ) 7 AL 3927 AT SEARBEAT M

BEMR LA, SLaREf R WK 6 From. -

1500 . +100.00
1200 b

4 90.00
— S
z 900 <
& 1 80.00 5
600 | 2
ful

200 4 70.00

60.00

F1

recall

O PR 2P M S SR R R S Ik RE SR b A R

K6

M 6 AT LA Y, O B o O BRI R
O FRBE N 4 A 4 R TUR SER G FLE AR
R ABLE 90% LA b, Fo i 6 2 42 FR S fA 1R 500 1A 280 A
BT, KRN 96.63%, H BN 93.36%, F1{HN
95.25%, 1X 2 [ A TE B0 4 v it He 3R 3R [ s, WAL 2% 5
S ) B FCHU Fey 3 75 30 0 B 8P AR Y S
FIER 85.29%, AR 022, 2 h 455 1 A
BESC AR I R RO EERER IR, L s 1L T e
%'ri\”a@%%%,‘%%ﬁﬁa”iﬂ%w\jﬁw Al R
SEAR SR 74 7] 3R A 1 1 R IR %o AR 57 15 R = 44
S AR S P ARk R A 2, o R DR A O R S 2 B 4R
FSCTF 1K B R SR (KR A D, IEAS B ZRAR.
3.3.5 MFE-BERT FHiEsh HUZ B &= 5 m

9 T W5t MFE-BERT Tl I 5458 284 4 HUAS [A] 2 &
Encoder JZ4FEXF SRR 45 A5 m, % E 6 A
IHEEZ L=2,4, 6,8, 10, 12], 7> HIHHES 6 2 55 12 )2,
FI1E. FBS5E HE. B 12 F, Uk, 82
[i) o 25 ST B AR, DR FEREAIE 20 A (135 51 1. R
MFE-BERT-BiLSTM-FNNA ttention-CRF # % 7 HiAth
SR I FERE E T 8 0 B R 2 B S AT S,
SEIGEE R 3 FioR.

M 3 AT LA Y, B A R E S 2 i 13,
BRI M BEIE D 32 TE, E4RIN 12 2 A SRRAE R, B A
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BT R 5 %, AL Rk B B £, F1ECA 93.82%;
R 14 R - 1ok e B A 2 0 I AR 24, R R 2
TEPF#E Encoder Hir th 2 1l fEHh, PR R Z, % 2)
F BT B BOAS [F)IE SUAS R bR/l DR A 2 (1) 1 R 4
ThatiR /N, 45, MFE-BERT #5704 i $f 3% A 4R 1L )2 %
%, AT DL O B R 2 SOA B B SRR 22 (R REAE
P, B IA B o0 3 & R IA e 77, AT H2 s
BRI 5R
x3 LRI EA FRGERHE RIS

alternate_name) & N 77, A&7 (is_pathogenic
site) UE N 166, SEIR (has_symptom) F & N 924, £
¥ (is_check) (& N 313, B} = (is_department) £ &N
385, I AE (accompany with) Hi /& 627, 5 B
(is_susceptible _crowd) F &N 170, 3£ 2662 250
FIMEKR.
342 ZHWE

MR 5256 3K, X MFE-BERT-CNN-FNNAttention
K F AU Y *ﬁﬁ?ﬁ&ﬁ‘]ﬁgi}?ﬁﬁﬁﬁﬂﬁ 4 iR,

SRR (%) 4 REMBASHAT
R HHUZ P R FI 2 2
MFE-BERT-2 6,12 96.32 92.37 93.52 max_len (K K 300
MFE-BERT-4 1,5,9,12 96.45 92.56 93.68 § batehisize (HILUCR/R) 32
MFE-BERT-6 1,3,5,7,9, 12 96.53 92.69 93.79 e Adam
MFE-BERT-8 1,3,5,6,7,8,10,12  96.60.92.76 93.85 A RelU
= epoch (IEIREL) 256
MFE-BERT-10  2,3,4,5,6,8,9, 10, 11,12 | 96,66 92.80 93.89 Learming rate (25 5] %) .
MFE-BERT-12 M2'y 96.69 92.85 93.91 dropout (£ 7%) 05

34 DIBEY X AMEER
3.4.1 KEEH

TR 3 5 BT 40, B 7 KK, 1
T AR A R HSK I LA SRR R R (is_

3.4.3  XFLbses

N T SRR A LE 0 BE PR 08 R BT S5 Rl AT AT
PE, AR AR B 80 PR ER # 3R A ChineseBLUE 4=
IR 22U A TR SR 5 AT X L Sse, Wik 5 B,

RS AFHEARER RO H R

e - PR 2 U 4 ChineseBLUEA ¥ 22 /A FFERE 4
P(%) R(%) F1(%) T(s) P (%) R(%) | Fl(%) T(s)
1 Word2Vec-CNN!'! 83.16 82.02 8258  67.3 81.65 79.95 = 80.79 106.2
2 Word2Vec-BiLSTM 8292 8131 8210 856 81.23 79.12% 79.92 136.4
3 BERT-CNN!' 8790 8569 8678 2628 86.06 " 84.69 85.36 372.2
4 BERT-BiLSTM 8725 85.12 8617 293.7 85.36 84.23 84.79 416.9
5 Word2Vec-CNN-Attention"” 83.85 82.33 ..83.08+4 132.1 82.52 81.27 81.89 179.5
6 Word2Vec-BiLSTM-Attention'”! 83.61 81.64 8262 147 81.61 80.83 81.23 196.3
7 BERT-CNN-FNNAttention 8823 8691 8736 3316 85.63 86.12 85.89 429.7
8 BERT-CNN-Attention N 78767 8646 87.06 356.2 86.75 86.26 86.51 459
9 MFE-BERT-CNN-Attention 88.65 87.56 88.19  396.9 87.85 87.01 87.43 506.1
10 MFE-BERT-CNN-FNNA ttention 80.29 87.69 8832 3625 87.49 86.67 87.12 479.6

X R ZR AL B0 4 AT 4 A, A SCRT R B
MFE-BERT-CNN-FNNAttention /0¥ £ 2% 3¢ £ 3l HURE
RUAE [ R 10 B S A0 SR A T S R RO, A
RILH 89.39%, A I )y 88.52%, F1 {H N 88.95%; 1T
R AT B R R B3, K% 87.49%,
H a2 HK 86.67%, F1 {H A 87.12%, AT LLFE H AT ik i)
B REA X T IE R A 1 — 2 T, Re
RO 0 B R 2 SO B AT Tl R A

TE AN B0 £ 1) Ok R0, K S0 1-4 1
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A7 XF EG, BERT il 2B 24 (1 R B4 T Word2Vec Tl
YIZRBEAY, H CNN R0 5¢ ZRRFAE 4 B RE ) 58 1
T BiLSTM %Y #5086 1 55256 5, 52460 2 55256 6
BEAT ELAE, 7T LU Y Attention HLAIR T 55 £ fl L S26
AR B P AT R AE Y, 32 2 DR 3 3 WL kAT

B, ¥ 3 23R A DB 22 K R X L s s 8
5528t o, Hll A5 BERT B A SCHR HY 1 e ik
) MFE-BERT, 7E.0 B R 8 ESF F1ED N
87.06%- 88.19%, 5 Witk () BERT | 2 &Pt 477

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 55324 111

http://www.c-s-a.org.cn

i H AR SN A

22T 7 AR B 6 RS B TR S5 7
a8, e 9 Haend 10 BT XFH, T2 A K E

J5Z R, FNNAttention ALY AE K SCAR K £ e Kk
FEIANHY, 720 B 2 345 55 Hh FNNAttention 3 EE
145 Attention T4, 78 IS AT RTIR T F1 A
TR AR T, 75 AT EHE 5 1 FNNAttention £
REMIIR TR T Attention, {E 235K LLAS InvE & SibL
il R AR 2 R R

2% |, MFE-BERT-CNN-FNNA ttention 74 7F 0>

P 52 % R IUT 55 R I R 4, Ao ) MFE-BERT
T A F AR A 405 R 13 A (R B4 B 1 O B R 2 K
RMIUT 5%
344 RFRMICIGLE R

MFE-BERT-CNN-FNN A ttention 45 7I %if iy HLE 2

K L AT I RAMEL, XF 7 Fh o FR R AT RE FE b
IR, 9045 A 7 B, S S T LU,
B I AAE A HE 5 RS NP A6 2 b S5 AT
XA, F1AE 250N 83.61% F1 83.95%, iX A& 1003
PRI FE RORE R R IR R IB 2R 5 5 P MRE R AT VR IE,
HAREHE S O 5 B AT RINIE R S A R,
FHOXFIFPOC RSN A . B TR R E R R
SR B, He F1AEIE R T 91.29%, X & KA TE S
PRI 55 Hpotet 2 rp SR 2 2 /0, FLARYE IE LA RE AR5
%, PRl it J Rk 2 0 2 AT DA AR OS2 $ B HE K.

1500 1 100.00
1200 |
~ o0 | P S 90.00 S
iz =
& 600 | i E
i 1780.00 #
¥
300 | 3
0 70.00
F D B B H K
%\ 25% 4))%‘)9’{ {& ){éy/ ”Q@/ @\\d
~ G
_— - P R—— Fl

Bl 7 0 BRI A AR OC Rl U i K P R FR bR 45 R
3.4.5 MFE-BERT ik HUZ £ &= 5
N T WS MFE-BERT Tl 5455 B4 $2 HUAS [A] £ i
Encoder JZHFFIEXT ¢ R N4 sz, B 6 ANE 1
JUZ L=[2, 4, 6, 8, 10, 12], HHt42 77 30 A SRR 545
AEHh B Sz 56— 3. A ] MFE-BERT-CNN-FNNAttention

FRORAE HA S B A R Al BT Bl 00 PR S 2 A
BEEAT ST, SEIR S R AR 6 k.
6 LIRPEAEURGEA FHCR R UZ

KAHIE R (%)

TR A Y punii = P R Fl
MFE-BERT-2 6,12 88.62 87.09 87.81
MFE-BERT-4 1,5,9,12 88.76 87.32 87.93
MFE-BERT-6 1,3,5,7,9,12 88.83 87.58 88.15
MFE-BERT-8 1,3,5,6,7,8,10,12 88.99 87.56 88.23
MFE-BERT-10  2,3,4,5,6,8,9,10,11,12  89.06 87.66 88.26
MFE-BERT-12 1-12 | 89.29 87.69 88.32

L

M 6 AT BATR Hh, BEEPRAT S 4 A,
S Z S IUB AR REIE B 4R T, R S P BB 1
5, ZESRIMPT A2 Encoder FF{EINT, BEAMEfiE ik 5] 2
£, F1 164 88.32%. 5551 ] MFE-BERT #5844 i 4 4%
(VR SRR 2, 5% 28l HURE 700 6f T/ SO f) 1 A
FEE SRR N, T2 1 B S 8 B SURFIE AR 2, M T
$RE BB 56 2 EUSCR.
3.5 OEEZFHEIREERTLL

L B [ 2 T P T A A T B B 2 R
13 5 DL S i st 0 )2 R O 2 7 9 4L . e
i+ MFE-BERT-BiLSTM-FNNAttention-CRF #5731 51
A5, MFE-BERT-CNN-FNNAttention 5% 347 5% &
A, P AR R T 2 R S B /7% BERT
HEAT LB, (IS5 P B I 2 0 R T WL o0
R S P 25 TV G REUE B ECK, R &
TSR P MySQL 4= Aack B2 45y, 1k UM 7T
AR 2 TR 1k 2 T DR % 0 B B 2 S A 5K 2 A7
fif S P P i, B 8 2 10 6 1 [ B AT 5
(A7t 2 6D, T 0 00 B2 385 Neeod 14048 2 i W4 4
AALAR AT FE T . 3843 B [ 25 1 4 I 3 T 00, 2k 5
Wik 8 Fiaw.

4 ZEiE

AR SCH 0 B IR 2 S AR R AR R DA R o B R 2
SR O ZR A BB AR g0 B [ 4 K 9 AR E A A b gk
AT VN SRIR O B PR 2 S AR Je 56 22 B4, A8 3 pl— /> 40
I35 P 24 T L TR B o0 B 2 e Rt S 8
FNNAttention L LA K % BERT FE i 7)1 2565 784 1)
BE, DO A R SCRFIESRELAE 11, [ e 7 K B
T SUAS I SURRRE IR 1) 8, 7RO RS 224 2E . Chinese-
BLUE A #¥s 82 s B 0T 138 4r 80, YEReSR
br F1AEITE 85% LA L.
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