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Classification Algorithm for Bone Stick Interpretation with Semantic Deficiency
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Abstract: The bone sticks excavated from the Han Chang’an City site in Xi’ah CitygShanxi Province, have provided
valuable information for research into the history of the Western Han Dynasty. Due to the long-term burial and artificial
excavation, many of the bone sticks are fractured, resulting in the loss of semantic information, which affects the
efficiency of bone stick classification. To improve the efficiency of bone stick classification and imputation, a
semantically deficient EWRCA bone stick interpretation classification model is proposed. The model utilizes ERNIE’s 8-
layer encoder to capture the deep semantic information of the text, learning from the fractured and incomplete bone stick
interpretation data. By inte;grating the outputs of ERNIE’s multi-layer encoder with the word vectors generated by
Word2Vec, the model’s ability to understand the unique vocabulary of bone stick interpretations is enhanced. The
combination of the text vector fusion module with the TextRCNN-MHAtt model effectively captures contextual
dependencies, strengthening the semantic representation of the text and improving classification accuracy. The fusion
attention mechanism is introduced to enhance the accuracy and robustness of the model when processing bone stick
interpretations. Experimental results demonstrate that the model achieves classification precision and accuracy of 95.62%
and 95.2% for the bone stick interpretations from Han Chang’an City, significantly improving classification accuracy.
Key words: bone stick interpretation; interpretation classification; ERNIE; Word2Vec; TextRCNN-MHA(t
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SRR () 4 2K M . AR S ) %2 2 4 T i
TENCA M R RN, 2 EmEPHE R R 2 2
B3R TR I M B 1 L ST R4 D S B R U Y
[CLS] i BB 7E— ey B (0t F67R SRR 1L
AT [0 . 50 2 J22 5 10 38 9 B4 L 10 77V AE T X
B SC A, BB — R A Bk, HA R R
% BTV AN 78 D X, SRR 40 KU e (L HE
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MR 2 1R B 2 A TR L, S 20 2R3
a0 E, Fm e RE. R, AR SCUE T 8 JZ 4 fd

2444
| |||

% A% A [CLST A B ik i, B g i 2 5 hy &1 7
.

A
|

Layer; output

Encoder #8
Encoder #1
Residual connection )
& normalization
L t
ﬁ Encoder #3 ayer; outpu
Feed forward | 1 1 | |
Layer, output
Aﬁ Encoder #2
Residual connection | | 1 1 | v o
& normalization > Layer, output
‘ﬁ Encoder #1 —
| I I — 1
Multi-head self-attention
>y 10 2} 3| 4 768
v
. N
X Kl 7 ERNIE #8gid =

R B N P BIA FE Y n, AN 1A ) BRI 4EFE DN d,
W — J= B 9 mxd R R] ) R

Layery - Output = [hy 1,h1 2, ,h1 4] (11)
Layer, - Output = [hy 1,22, ,ha 4] (12)
Layers - Output = [hg 1,hg 2, , hg ] (13)

P TA AR XRS5, K5 1-8 )= [

PHEAE R, (HAR)Z U R AR SRR, = 2 e 4

Jr M GAFAE, B 1) 18] fn) S B R IR

H =[hi;hig;--- shigl - (14
Hor, i 2 e 5 il 2 5 *if_@q’?#}%jiﬁiﬁiﬂ’ﬁﬂﬁ
BRRYEE N R RIS 15, 455 T % J2 gD s I R E
F R, TE R E I RHIER R,
3.2.2 Word2Vec il [

ERNIE # R7 fb -8 258 SC o ) e A AV A R
KR — R IR M, Nkt —A g, 5IANT
Word2Vec #ALYIZ 1 7], Word2Vec!"™ & —Ffi 2
TR bR SOOI A ) A BTV, D RE A S
A HH ) ] T Bl S 3B — AN T A Y [ A [ XM e B R
TNVE BE NS 3 7N 1A 2 A RS SCARALL I B FLB VR R R
Word2Vec FZAE AL CBOW (continuous bag

of words) 1 Skip-gram. £ CBOW #%4 fh | #58Y Fiil H
PRl g 2 1 H BRSNS, A K 8 fros. 1A
Skip-gram H, ARSI B - H AR S R I L _E T S
. AW R CBOW J7 kIl g ) &, [ E4E4h
768, 25 15 2 (38 A B R

X

wi = [Wi 1, wi2, . Wiges] (15)
Input © Projection Output
3
\
e

K8 CBOW #Hifl 4k &

323 XARMERME
44 ERNIE Tl kA B A Word2Vec 15 7Y i 4F

#RHES A R [CLS] &= A1 Word2Vec A % 1) 17] ] &
AT Y R 5 PR 4E A0 3, R B R AR AL & A, M
MR NS NG — R SCARR R &, B RIE5E 7T
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o 28 SC AR A R R RS AR SO AT U RIS g
AN S 25 42 T 1 43 AN Lo M O PERE. Rl /5 1 6]
B 7k

vi = [hi®w;] (16)
Hordr, h, B ERNIE #8155 1-8 |2 Encoder %
A, w; A Word2Vec B (1] [ B R 7R, @R
I B (R D R

3.3 TextRCNN-MHA(tt 3T 4 2453
3.3.1 TextRCNN %!

TextRCNN A1 28 477 JRIRph 4 4% (RNN)
FIEFASH L 28 (CNN) (IR AR AL 38 U AR E s . %45
RUFIH Bi-LSTM At AL JZ4E iz O 404, A 8ok &
ST S R I K B B R SRS SRR AIE . TextRCNN A5 Y
gER A 9 fiR.

Recurrent structure (convolutional layer)

Left context ~ Word embedding Right context

X3 ¢fvy) T c(vs)
Xy vy B <, (vs)
B g g g >
X5 ¢/vs) 2> ¢ (vs)
¥ = s
X €ve) JG ¢(ve)
v — i g ol
X; ¢fvy) ifig ¢(v7)

Max pooling Output
layer layer
aabiel LLL
-
1
> e dey
1
R R
]
1
RETNT : v
] | l
1
\ \ ’ z
~ 4
S~ }_‘-— E e

B9 TextRCNN 7Y 4 4 &

B9t Al c(vy) SRE ] v, 22 3B ST, ¢ (v))
%%Xlﬁj V; E@E"Jiﬂ-‘ ﬁ\:l:':‘, Cl(Vi) EFD Cr(Vi) ?%%K}E
H|e| B % 1r) 2.

a) = fW D) + We(vi1)) (17)

i) = FWDeris) + We(vinr))  (18)
58 S v; BRI RN
xi = [ei(vi);e(vi); e (vi)] (19)
St 2V ¥ 5 tanh WOE RS, 19 200 £ 1E
SRRy, A AR —ANE SR F A, DU AR SO A

A IR . ’
Y
W2 = tanh (W®x; + b)) (20)

332 AEERIINE

TE B SR SCCA R, Ji 38 B AS TR 43 43 T g
AN R, TR ZH B SO HE AN [F] 520 . TextRCNN
B e DL R A O H AL R, 25 5 52 31 4 JR) MOt
BEAS PR, B, ASC@E G 2 k5 B IREE T
B, 3858 TextRCNN 7E T 5 258 SCEE I 1 2 R
AR R AR RN SR M5 S BRI EE 7. RilE i = AL 4 A
WK 10 Fis.

N TR TR 4 R OB @ AR RE ), AR NS
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VER L. i 2 A AT R R 3k, 4 B
R0 9 T 5% 1§ B3] 559 22 60 A S, 4t 5B A =
(bR SRR, B0 RS SRR SR T Y
e A5 B BRI, T 4 R AL ) R A B
R SR, Tt — 45 3 R M B 2 S A [ 8 At
e /1. BINZ SRR AR T Bi-LSTM 7K
B B A T P ., 6 (08 75 S 43 KA
5% FHGE IURE ORI 05 8, M A RERE. % 3kiE
B A 2

T
Attention(Q,K,V) = Softmax( oK ) Vv 2D

Vi
0= Wox; (22)
K = Wkx; (23)
V= Wyx; 24)

Horp, Wos Wi Wy R SEAE A Z AR R B,
dy SRR AEE . 2 NE R JIERIT AT LR D IR,
2 SRIEE 1. I AR L VEAR e, R4Sk AT L%
TE T AR 28 2 sz B A5 S, IS 25 41 h A A 6
7r Z IR IRAR AR 2. R 4 BT AT T 70 Sk 1A i o R0
FE—i, JFalid AR e B f 2 it
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M-Att(Q, K, V) = Concat(head; ,head,,- - ,headp)Wo

(25)
o
|
| ) =
R E
|@",°§'“’
—
| EE’ 5
I —g
[=] - — =
5 (L& Blhg € |yl €
I K 2 iz £ E 71 5
SPERgel 12
| R 4
<
1 Al 2
8 |
' 2 fiel
1 ».1‘.4 ‘—*I
|
| o e e o o o o o o ol

ESEF-waLiNi|

62 Sk 2 A SRR b ) v 7
B, X5 TSR HEAT IRGR A, 1854 T

T
gy P (l) 6

n

S exolufu)

Jj=1

n
Xw = Za’i ‘X (27)
i=1

Forb, w, V22T A R BRI, 0 RN AT AF
(1 AL
FEREN )T 7R x, Rl b, L A) TR )

LTS A AU B, JF 3 ) 7R BT INBOR A,

BRI RE R s,

exp (viTvS) 3
¥

i ST (28)
el
j=1
m
Sq= Zﬁi X, 29)
i=1

Horp, v BT A R TR E, RN TR
[ 2 A

X4 JR SO R HEAT ARG P AR ik, s TR ) R
AT, EH R I R ARG R, JF HAE— €
Ay RPN

Sact = ReLU(sq) (30)

Hrb, head VLRI R, BENERE SR MALTE
B, BRIt Wo AR HARFE.

=) )

Lo

JEIRTE R I

B0 mb AR L SR

333 fbE

2 ik R Bi-LSTM J243 t 1 SC A (7 51
AT T ST R WA 106 P K 3 40, 5030 45 4, M T UG
B PAHETR (11  2 JE  H R TR X  S R SSOA
MOl bR AR E FORR A 0. H B, K AL PRI
b b 2 R AT O AL R . K A 38 i 5 1 S
S ORI, TRAL T BT AR R 17, S 7R R S
SRS AT N . 9B S S P 81, S
A B 5 TR, 9 0 A 2 SO o
R E 04 A, LB RO G F 51 S
SRS E, S IO B 23 ) 42 . 45 3 T 0 P 81 K
P fRIAL I 2 A BER R, 385k 5 (B B VR B AR S (5
BHRE. AL R A :

Spool = MAX(s4c0) (31)

334 HEBEMSRE

o RS TR 75 Kb 80 A SR I 3 AP I3
LA (T A, L BN E 2 — 3 2 7T, B AL
AL, BRI 002 1 B A7, TR SRR S5 K
BT S R A

Sdrop = Dropout(spool, P) (32)

Horp, p 2 ORER Y ELAI.

BB 4y 2K 3 A TR I AL S SR BT A 4
e R R S 31 f 28 1) A 200 . XP 43 Dropout
TE DA B RFAE HEAT 3 S BOTROIN . 4 3 42 2 0 12 B )
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TEF N i 2 B R 2R A . AR R AT I A

Ypred = Sofimax(Wresdrop + brc) (33)
o, Wi Fbge 73 3 387 A 3% 42 J2 A 2 R B2 AR s 22 1)
. Softmax F T VHH A KN HIMEZE. 7T LLBA R P
MR RN 1, AW

2 €7

P32 SR 2 R R B U R0 U552

1) 22 5. S 1 A 5025, MR AR 0 R S
PR SRR i 22, LB K

L==) cilog(p) (35)

Sooh, LRI, ¢, JySRBbRaE, p, SRR .

Softmax(z;) = (34)

4 SEEREER 550
4.1 XWIME )

SEIG I K, 64 47 Windows 10 BAE &4, CPU
4 AMD Ryzen 9 5900X 12-Core Processor@3.70 GHz,
GPU 4 NVIDIA GeForce RTX 3090, 32 GB 1%, (A
AbFR R AT B 3885 Python 3.8.16, J-4# i PyTorch®
VE IR FE 2 21T I HESE.
4.2 TFNIERR

BMHERR. R, ZRER. Micro-F1 DL
Macro-F1 734056 A Y P REVEA .

o HEMIZR (dcc, accuracy): & — & RIEMETER,
FR TR 53 2 TERA 1) T £ 55 e T 1) Bl
B TP+TN

TP+TN+FN+FP

Forp, TP Y IER TN IE SR R A S TN D IE6 T
A EHIREARRG FN A ol BTN A 6
KL FP g H G 5 A TR 1 O RE A

o I3 (P, precision): &1L AT A IESSFM A, 5K
B9 ISR LA, S AR AR 7 TN I SIS e s 12

TP
P=
TP+FP

o 8|3 (R, recall): ;& fEFTH SLPRIESS R, #E IEH
THOM 9 IR R LA, e B 1 A Y 4R 3R T SR AE A ) R
TP
“TP+FN

e Micro-F1 780 RERENHE LR F1 2
B, N4 FI2E5).

3
%

Acc

(37

R

(3%)

204 AR H % Software TechniquesAlgorithm

2 X Picro X Rumi
MiCrO-Fl - miCro miCro (39)

Pricro + Rmicro
Forb, Pricro ATEFTA 870 B T 45 2R 5 0 J5 , B T
I TE 2 A A rh 0000 T4 ) L AD) 5 Riicro N TE T
e B FL L IERFEA b, AR TE A R 31 H SR ELA.
® Macro-F1 73 30: B 26X 8200 B Fl
G185, SRR RIS 1AM SO PR (A, % A
Sl FRIAE AR, DR I S0 e X A [ 7 2 4

1 |
Macrom—Fl = ;‘51 . (40)
Horh, N ORI, FLIRES i A0 F1 A5
43 SRS HIEE
SR T R BB R A (I ZRCR, R e
ZHCGIAT VR DU AL A B 8. 9256 R Fi] ERNIE-3.0-
base-zh [ T LA, 3512 B0 HORFH A8 SRk, fie
SHIN R E W 4 Fiow.
K4 RUSHNER

ZH 2 ]
ERNIE T rpsi Y ERNIE-3.0-base-zh
D Word2Veci] ] &4t 5 768
max_len SCARERR K 38
hidden_size ERNIEZ % Hh 4E 768
hidden_sizel Bi-LSTMEGi = 4 2 384
hidden_size2 Bi-LSTMFR 2 4k FE 192
Ir ) HR T\ 1E-5
batch_size SRR IR ALY 32
epoch YAtk = 20
Dropout 3 1 SERE 0.5
encoder_layer ERNIE/Z#( 12

(36)

4.4° ERNIE 4B RIS

NEGUEA I HL ERNIE (1) 8 2 2 5 28 i Hi e 5
[I[CLS] I S i 25 4 5 43 ks FE AL ER L, ¢ ERNIE
A7) S s J2 5 i HE T B R S 0 AT 45 i AT X
bb, sEog gl Bk 5 pon. Hd, gigEECN 12 UF
55 — 2 4t 8% [ CLS] I & A A SCA R R, HoAl
BN K 22 2 4 b 2% ([ CLS A B HEAT HES, LLILAE
N R S A AT S5 AN Bt B 2 5 18,
RITEAERRR . KGR BRI Micro-F1 1 Macro-F1
FIVEAN Fabr b3 BoR B E ST, i 250 &2
8 JET, £ TVl 48 b 45038 B B p, Forh ki 4R Tt &2
95.20%, A Ze F1 A 7] 2 73 Jil A £ 95.62% FH 95.20%.
8 H 2 2 s P44 H m) B R s AR T 5 R g R 8
B A TR AR HE SCAR | RSB SUE R, T RO A
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R3S ST RE IRV BEAR Iy HRE L.

W 11 PR, R SR SCHUE S L, BERRA
8 JZ G i P H I SRR e e, 2 e B JR 2
m, PEREA T T . XTI 2RI T IRE
B, AT AL P T, RN T oy R HERA . BT BAA
SCRERLAE 280 22 O FL SR R e A 8 J2 g i 45 1)
PrEES WA N SOR R ROR.

K5 gD EHERR AR (%)
it E 5L Acc P R Micro-F1 Macro-F1
1 89.30 90.90 89.70 89.30 89.43
2 89.82 91.42 90.22 89.82 89.95
3 90.73 92.33 91.13 90.73 90.86
4 91.52 93.12 91.92 91.52 91.65
5 91.86 93.46 92.26 91.86 91.99
6 92.11 93.71 92.51 92.11 92.24
7 93.63 95.23 94.03 93.63 93.76
8 95.20 95.62 95.20 95.20 95.28
9 94.45 94.87 94.45 94.45 29453
10 93.89 9431  93.89 » ,93.‘89 93.97
11 93.33 93.75 ‘93.33 93.41 93.41
12 93.10 .93i52 93.10 93.10 93.18
45 HREKIE S

AR SCAEAH [R] B 2R SO 5 4 E 58 i — I R e B,
W 6 fizs, VIGEHER TextRCNN [HERTR . K%
A Macro-F1 53803 5M 84.57%- 86.56% i1 84.49%. ¥
InahE R R U S, SRR BT, R AT
BN R R AR 5 B 51\ Word2Vec
] F) S, G R TR B AR SR A TR IR
PRfgeRe 1, WERRZRARS T2 73 AT T 3.31% 1 1.94%.
Ht— ¥4 ERNIE Tl 58 5 TextRCNN # 4 )5,
FHEE B ] TextRCNN RERL, 6B 28 B8 SC I 43 R

VEN

HRRT T 6.8%. 454 Word2Vec il [ & Al H VT 7%
JIWLHI ) EWRCA #ERUFE & Ii4E b5 E#E I T 95%,
It HNE 12 W LAE A BAN K A BT, 75
VLA T A SR H 7 V2500 B 2 R S0 A R A A
| Acc

05 | B

I Micro-F1
= Macro-F1

HH (%)

12\3"156789101112
X g N
JEH

L THEI R R

% -

® 6 HASLIOHIEE (%)

it Acc P R Micro-F1 Macro-F1
TextRCNN 84.57 86.56 84.57 84.57 84.49
TextRCNN+MHALtt 85.60 87.59 85.60 85.60 85.50
Word2Vec+TextRCNN 88.91 89.53 89.32 88.91 88.80
Word2Vec+TextRCNN+MHALtt 89.86 91.71 89.86  89.86 89.71
ERNIE+TextRCNN 91.3791.7991.72 91.37 91.44
ERNIE+TextRCNN+MHAtt  92.36 92.65 92.66 92.36 92.42
EWRCA 95.20 95.62 95.20 95.20 95.28

4.6 BEBXHAMLERW S5

JYUEESR Y ¥) EWRCA BRIl E, DL 258
SCEHR A R SRR B 4, S A BERT JLR AR IR
43 K% BERT+TextCNN2L BERT+DPCNN'®),
BERT+Bi-LSTM!'°.. BERT+BextRCNNZ*ILL & 45 &
ERNIE Eﬁ%{%ﬁ‘dﬁ%@@ ERNIE+TextCNN™, ERNIE+
Bi—GQ}U”“iEﬁXﬂ‘ ECarbir. SR SE R ANER 7 R,

True label

Class 1

Class 2

Class 3

Class 4

Class 5

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label

(a) TextRCNN (b) TextRCNN+MHAtt
Class 1 400 Class 1
Class 2 Class 2

= 300

£ =
5 Class3 5 Class 3

E 200 E
Class 4 Class 4

100

Class 5 Class 5

Class 1

Class 2

Class 3

1
»s
True label

Class 4

Class 5

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label
(¢) ERNIE+TextRCNN

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label

- ¥
Class 1
400

Class 2
300

Class 3

True label

200
Class 4
100
Class 5

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label
(f) ERNIE+TextRCNN+MHAtt

B 12 REHEER

400

300

200

100

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label
(c) Word2Vec+TextRCNN

True label

500

Class 1
400

Class 2
300
Class 3

True label

200
Class 4
100
Class 5

0

Class 1
400
Class 2
300
Class 3
200
Class 4
100

Class 5

0 0 9 0

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label
(g) EWRCA

500

400

300

200

100

Class 1 Class 2 Class 3 Class 4Class 5
Predicted label
(d) Word2Vec+TextRCNN+MHA(t

500
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£ 7 XFHEREIER (%)

TR Acc P R Micro-F1  Macro-F1
BERT-Softmax 85.06 86.10 85.06 85.06 85.22
ERNIE-Softmax  86.14 87.02 86.14 86.14 86.26
BERT+TextCNN  87.95 88.30 87.95 87.95 88.01
BERT+DPCNN 88.55 89.25 88.55 88.55 88.66
BERT+Bi-LSTM  54.82 7279 54.82 54.82 52.27

BERT+TextRCNN  89.02 89.29 89.02 89.02 89.08
ERNIE+TextCNN  89.65 91.08 89.65 89.65 89.59
ERNIE+Bi-GRU  88.26 89.50 88.87 88.26 88.31

EWRCA 9520 95.62 95.20 95.20 95.28

T HHRRY], ASOTEAE—E R L T3
AT FBKGHAE, 73 IR T HAD T % A7 2k
SCREIR SCAR 4 AT 55, EWRCA 52 i 58 47 b 4 2
ANER A SC AR IR R T8 SC T 2RI, ERNIE-

Softmax FBERAE R I RESE A5 L0 T BERT-Softmax;

H.#5 % ERNIE #i)ll Z545 2 (¥ ERNIE+TextCNN 15 7
5454 BERT 2B ff] BERT+TextGNN 7Y A Lb 7E
Wy AR b4 g ¥ 1.7% A1 2.78%, o5 T 1#
JHI ERNTE 51| £ A5 700 5 346 550 A% 700 ot 285 88 SR i 3
FR AN T THI A %51 . EWRCA £ Macro-F1 {8 A
% ERNIE+TextCNN. ERNIE+Bi-GRU #; 2 &E T
5.69% 6.97%, & B FLAE Ab B 4 SCARRT B PERE.

Nt 5 B 7R EWRCA FE R ZE B 258 305y
FAE S HARIEAE, 73 BB R ZRad 7, &AL
it 2 Loss MIZRan&l 13 Fiiow.

25
— ERNIE-Softmax — BERT+TextCNN
— BERT+TextRCNN— BERT+DPCNN
20+ — ERNIE+TextCNN — BERT+Bi-LSTM
— ERNIE+Bi-GRU —— BERT-Softmax
a 15 ¢
g
310}
05
0

12345678 091011121314151617181920
IEACH A

K 13 Loss HiZexs b

iR, EWRCA BRI 8 R AEE VI ZR IR S
AN R T RE, RS s MR EBET TR, &
AZ A A B AR U Sd 2. 5 BERT+TextCNN Al
ERNIE+Bi-GRU S5 BY A bl JRUAE I e 8 7Y 7 4] B 457
AR BB, (EAEBE IS 258 i, R R
WK I B, B H I R R A R SR SRR 4
I RS 2 MEAS 2. RN, ERNIE+TextCNN 4 78 4

206 # AR H % Software TechniquesAlgorithm

10 DA Z JG A TR R DU AR E KT Bt g, il
TR E RS, SATT S, EWRCA B R IR T H
AR, ANUAE R R B ARG BE b S D 8%, Ty HLAE
JE BRI GRrb R 1R TS v AR E k. B SEIR I T AR
SRR R e b B AR R L

5 &

ARSCHR L EWRCA BUELE — Bl R 54
BRI H500 SRS BB IR B R S0 T,
I E AL R A 1T U SR RS By i
R 10 1) . AR Sk B F MU P 7 0 06d B S St
il LT FEASHCR; P ERNIE B 8 J524510
S I [CLS ] 17 R, # BB HE 5L A 1078 IR
Ok R0 T RO REAE; 3L Word2Vee YIZH(117
o BRI B I 7 £ BRRIC O ¥ RIS, R g T
ERNIE [FI[CLS] A & 7] {8 2 W& [ 18] 2 R R E A0 4 ki 5 15
S, BESRRUR  SCREAT TR (R ARG T B R
1 Bi-LSTM JZ i — 25 AL BER 1] 31 BOH 1 2 Al s S
FOAKARIE, 1R A 2 U eV 2R A o
PO XAt 43, 4R LR R MURRAE 1 X 43 35
L J5 B A 23 2 5 L R T . SR B SR
1, 5 TR LA S SRR Ee, A% SO AE B2
o3 RS RS I RIHER 5 2] 95.62% . 95.2%,
HAb AR 5] 95% A L, AT BUARBISE 52 SR 0
LR NERR

AR SCHE R 8 (B 1 3093 K BUR T 5,
TE B TiACEE AN K R B BORE 2 T 862 0N T, ket
R HR 3 M\ B R i P P TR R SO A 43 K
etk JF 2R A BRI B 55 SO 9 K0 2 B U 1,
LAMENIRA AT A, IR 24 2SI A 1.

SE

2011(3): 109-113, 149.

2 PEIR . K IR R ) BT T [ Al
. 7% ALK, 2013.

3 Devlin J, Chang MW, Lee K, er al. BERT: Pre-training of
deep bidirectional Transformers for language understanding.
Proceedings of the 2019 Conference of the North American
Chapter of the Association for Computational Linguistics:
Human Language Technologies. Minneapolis: ACL, 2019.
4171-4186.

© TEREBIK R

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


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

20254F #5344 57

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

i H AR SN A

1

1

1

1

1

1

4 Yu BH, Deng C, Bu LP. Policy text classification algorithm
based on BERT. Proceedings of the 11th International
Conference of Information and Communication Technology
(ICTech). Wuhan: IEEE, 2022. 488-491.

Cui YR, Huang CB. A Chinese text classification method

based on BERT and convolutional

W

neural network.
Proceedings of the 7th International Conference on Systems
and Informatics (ICSAI). Chongqing: IEEE, 2021. 1-6.

6 4%, Tk @4 BERT 1 BILSTM [ i SCHT SC A 43 20
T AR TR, 2023, 26(3): 58-62.

7 Sun Y, Wang SH, Li YK, ef al. ERNIE: Enhanced

representation

1904.09223, 2019.

Wang Q, Li X. Chinese news title classification model based

on ERNIE-TextRCNN. Proceedings of the 5th International

Conference on Machine Learning and Natural Language

Processing. Sanya: ACM, 2022. 147-151.

¥ SCBH, FLRHE. 3 T ERNIB-BILSTM 452 9 2% SC AT

BRI o [ L B T S8R B4, 2023, 18(4): 321-327.

[doi: 10.3969/j.issn‘.16'7.3-5692.2023.04.004]

0 Tian ZY, Kiibler S. Period classification in Chinese historical
texts. Proceedings of the 5th Joint SIGHUM Workshop on

Computational Linguistics for Cultural Heritage, Social

through knowledge integration. arXiv:

o]

o

Sciences, Humanities and Literature. Punta Cana: ACL,
2021. 168-177.

Sl e, BRYUR, B, 55, HET TextCNN A [ o 377 3¢
DRTTEDHIC. B HOR S8 TR, 2021(10): 190-192.

2 Vaswani A, Shazeer N, Parmar N, ef al. Attention is all you

—_

need. Proceedings of the 31st International Conference on
Neural Information Processing Systems. Long Beach: ACM,
2017. 6000-6010.

3 Yang ZC, Yang DY, Dyer C, et al. Hierarchical attention- |

networks for document classification. Proceedings of the
2016 Conference of the North American Chapter of the
Association for Computational Linguisctics: Human Language
Technologies. San Diego: ACL, 2016. 1480-1489.

4 Zhang S, Zheng DQ, Hu XC, ef al. Bidirectional long short-
term memory networks for relation classification.
Proceedings of the 29th Pacific Asia Conference on
Language, Information and Computation. Shanghai: ACL,
2015. 73-78.

5 Srivastava N, Hinton G, Krizhevsky A, et al. Dropout: A
simple way to prevent neural networks from overfitting. The
Journal of Machine Learning Research, 2014, 15(1):

1929-1958.

16

20

21

22

23

24

25

26

Du MX, Wang HQ, Liu R, et al. Research on bone stick text
recognition method with multi-scale feature fusion. Applied
Sciences, 2022, 12(24): 12507. [doi: 10.3390/app122412507]
Wei J, Zou K. EDA: Easy data augmentation techniques for
boosting performance on text classification tasks.
Proceedings of the 2019 Conference on Empirical Methods
in Natural Language Processing and the 9th International
Joint Conference on Natural Language Processing. Hong
Kong: ACL, 2019. 6382—6388.

Mikolov T, Chen K, Corrado G, et alﬂt Efficient estimation of
word representations in vector space. arXiv:1301.3781, 2013.
Lai SW, Xu LHg Liu K, et al. Recurrent convolutional neural
networks for text classification. Proceedings of the 29th
AAAI Cdnference on Artificial Intelligence. Austin: AAAI
2015. 2267-2273.

Yu DJ, Wang HL, Chen PQ, et al. Mixed pooling for
convolutional neural networks. Proceedings of the 9th
International Conference on Rough Sets and Knowledge
Technology. Shanghai: Springer, 2014. 364-375.

Paszke A, Gross S, Massa F, et al. PyTorch: An imperative
style, high-performance deep learning library. Proceedings of
the 33rd International Conference on Neural Information
Processing Systems. Vancouver: ACM, 2019. 721.

Zhang JW, Li L, Yu B. Short text classification of invoices
based on BERT-TextCNN. Proceedings of the 2024
International Conference on Artificial Intelligence and
Communication Technology. Sing'ff}por\é: Springer, 2024.
153-164. g

Sk, w1, T HiAZET BERT-DPCNN [ %45 30 A /)
Kt 7. H0 o 45 B7 5 AR R B, 2024, 1-15. http://kns.cnki.
nef/kcms/detail/l0.1478.G2.20240313.1318.008.htm1. (2024-
03-13)[2024-11-26]

Yuan SJ, Wang QX. Imbalanced traffic accident text
classification based on BERT-RCNN. Journal of Physics:
Conference Series, 2022, 2170(1): 012003. [doi: 10.1088/
1742-6596/2170/1/012003]

Wang MT, Xu JW. Research on Chinese short text
classification based on ERNIE-TextCNN model. Proceedings
of the 3rd International Conference on Advanced Algorithms
and Neural Networks. Qingdao: SPIE, 2023. 315-319.
W25, AR . T ERNIE BiGRU #i 8 [y 27
A4y B AIIR 5 R, 2022, 18(1): 101-104. [doi: 10.
3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037]

(BT 3 s EJRIK)
Software TechniquesAlgorithm X AFH AR 7% 207

© TEREBIK R

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


https://doi.org/10.3969/j.issn.1673-5692.2023.04.004
https://doi.org/10.3969/j.issn.1673-5692.2023.04.004
https://doi.org/10.3969/j.issn.1673-5692.2023.04.004
https://doi.org/10.3390/app122412507
http://kns.cnki.net/kcms/detail/10.1478.G2.20240313.1318.008.html
http://kns.cnki.net/kcms/detail/10.1478.G2.20240313.1318.008.html
https://doi.org/10.1088/1742-6596/2170/1/012003
https://doi.org/10.1088/1742-6596/2170/1/012003
https://doi.org/10.1088/1742-6596/2170/1/012003
https://doi.org/10.1088/1742-6596/2170/1/012003
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
https://doi.org/10.3969/j.issn.1009-3044.2022.1.dnzsyjs-itrzyksb202201037
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 相关工作
	1.1 文本分类相关工作
	1.2 古文本分类相关工作

	2 基础理论
	2.1 ERNIE模型
	2.2 多头注意力机制
	2.3 层次注意力机制
	2.4 Bi-LSTM

	3 模型构建
	3.1 数据集构建
	3.1.1 数据预处理
	3.1.2 数据增强

	3.2 文本向量融合模块
	3.2.1 ERNIE多层编码
	3.2.2 Word2Vec词向量
	3.2.3 文本向量融合

	3.3 TextRCNN-MHAtt文本分类模块
	3.3.1 TextRCNN模型
	3.3.2 融合注意力机制层
	3.3.3 池化层
	3.3.4 全连接和分类层


	4 实验结果与分析
	4.1 实验环境
	4.2 评价指标
	4.3 实验参数设置
	4.4 ERNIE编码层数对比分析
	4.5 消融实验与分析
	4.6 骨签释文分类对比实验与分析

	5 结论
	参考文献

